
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 
 
  
 

R E P O R T  F O R :     F r o m :  

Jan Scriver & Mark Fiechtner  Eric B. Gjersvik, PE 

Janmark, LLC    ISG

840 Dynamic Avenue    101 South Reid Street, Suite 202 

Harrisburg, SD 57032   Sioux Falls, SD 57103 

janscriver@gmail.com   605.274.6401 

markfiecher@gmail.com   Eric.Gjersvik@ISGInc.com

 

 

Stormwater Management Report 
Hunt Addition – Phase 1  
Milbank, South Dakota 

 
Date: September 21st, 2023 

 

ISG Project #: 23-29236 



  

Architecture + Engineering + Environmental + Planning Page i 

 

 
 

SIGNATURE SHEET 
 

I HEREBY CERTIFY THAT THESE CALCULATIONS WERE PREPARED BY ME OR UNDER MY DIRECT SUPERVISION 

AND THAT I AM A DULY LICENSED PROFESSIONAL ENGINEER UNDER THE LAWS OF THE STATE OF SOUTH 

DAKOTA. 

 

 

 

  

 
Eric B. Gjersvik, PE 
Reg. No. 12288 
 

 

ISG 
101 South Reid Street 
Suite 202 
Sioux Falls, SD 57103 
 
 
 
Hunt Addition – Phase 1 
Milbank, South Dakota 
 
Engineer's Project Number: 23-29236 
 
Dated this 21st day of September 2023 
 

  



  

Architecture + Engineering + Environmental + Planning Page ii 

 

 
 

TABLE OF CONTENTS 
 
Introduction .................................................................................................................................................................. 1 

Existing Site Drainage Conditions ............................................................................................................................... 1 

FEMA Floodplain ...................................................................................................................................................... 2 

Proposed Site Drainage Conditions ............................................................................................................................ 2 

Stormwater Calculations ............................................................................................................................................. 3 

Stormwater Requirements ...................................................................................................................................... 3 

Stormwater Rate Control ......................................................................................................................................... 3 

Conclusion .................................................................................................................................................................... 4 

 

APPENDICES 
 
Appendix A: Existing Drainage Areas Map + FEMA Map ........................................................................................... A 

Appendix B: Proposed Drainage Areas Map .............................................................................................................. B 

Appendix C: USGS Web Soil Survey Map .................................................................................................................... C 

Appendix D: Existing HydroCAD Report ...................................................................................................................... D 

Appendix E: Proposed HydroCAD Report .................................................................................................................... E 

Appendix F: Pipe Sizing – Hydraflow Calculations ...................................................................................................... F 

Appendix G: Riprap Design Calculations .................................................................................................................... G 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Architecture + Engineering + Environmental + Planning Page 1 of 4 

 

 
 

INTRODUCTION  

This stormwater management report was prepared in conjunction with site plans to facilitate new construction 

of a residential development in Milbank, South Dakota. The project site is located near the intersection of Track 

Avenue and Northridge Avenue. The total property is 34.10 acres, with the area of development (Phase 1) as 

10.57 acres, and disturbed area for this phase of construction is approximately 12.01 acres. 

The proposed project scope will include future building pad grading and construction of roads, connecting 

sidewalks, supporting underground utilities, and stormwater management for Phase 1.  

In concurrence with the production of the site plans, hydrologic and hydraulic models were developed to generate 

the data presented within this report. Given that the project will disturb more than one acre of land and is part 

of a larger development plan, a NPDES Construction Stormwater Permit will be required. This project will also be 

submit for review to the City of Milbank.  

EXISTING SITE DRAINAGE CONDITIONS 

The existing site is currently a vacant lot and utilized for row crop farming. Soils onsite were determined by USG 

Web Soil Survey, and provided in Appendix C. The existing soils vary throughout the site; however, a primary 

pattern was identified. The soil is a mix of silt loams and clays.  

This project is located within the city limits of Milbank, SD. Because Milbank has no stormwater performance 

standards, standard best management practices were used to design the stormwater system. The site will 

control stormwater to improve water quality standards and mimic existing conditions. The existing site drainage 

area includes the property area of Phase 1 and Phase 2, offsite drainage from the southwest, and some area to 

the north totaling 56.71 acres and consists of six (6) drainage areas. Table 1 below summarizes the 

characteristics of the drainage area for the existing conditions as illustrated on the Existing Conditions Drainage 

Map in Appendix A. The site is relatively flat with an existing waterway that diverts flow to the northeast of the 

site, ultimately out letting to the South Fork Whetstone River. There is an ultimate low in the southeast which 

also discharges to South Fork Whetstone River. FEMA does identify a floodplain through the southeast corner of 

the site with an elevation of approximately 1123 feet.  

Table 1. Existing Drainage Areas 

Drainage Area Total Area (AC) Impervious Area (AC) Pervious Area (AC) Flows To 

EX-1 1.74 0.00 1.74 Waterway 

EX-2 20.19 0.42 19.77 Waterway 

EX-3 0.24 0.00 0.24 North  

EX-4 10.96 0.00 10.96 East 

EX-5 6.25 0.00 6.25 South 

EX-6 17.34 1.10 16.24 Culvert 

TOTAL 56.71 1.52 55.19  
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FEMA Floodplain 

The southeast corner of the property is located within Zone AE, or regulated flooding area. The highest 

elevation of the floodplain within the relevant property area is 1123.00. The emergency overflow is set at 

1124.00, allowing for a foot of freeboard. Additionally, there is no fill within the floodplain, ensuring an equal 

amount of storage post-construction. The FEMA FIRM map, FIS Study, and an engineer-verified exhibit showing 

the field verified base flood location are provided in Appendix A. 

 

PROPOSED SITE DRAINAGE CONDITIONS 

The proposed site will include the expansion of existing roadway networks, storm and sanitary sewer, watermain 

and services, 32 lots, and corresponding stormwater management. The proposed development stormwater will 

be conveyed through storm sewer to the proposed swale. The swale will act as a live detention basin, allowing 

proposed stormwater rate to be reduced when compared to existing. All stormwater within the development is 

anticipated to be collected via the proposed stormwater collection system and ultimately be routed to the swale 

in the southeast of the site. 

The total proposed impervious is approximately 5.52 acres, which includes the street, sidewalk, and houses, as 

well as off-site existing development. The proposed drainage areas are split into five overall drainage areas. The 

proposed area of Phase 1 is designated as Drainage Area 1 or “DA-1”, the northeast is Drainage Area 2 or “DA-

2,” the drainage area containing both the existing and proposed swale is “DA-3,” the southeast drainage area is 

“DA-4,” and the large region to the west is Drainage Area 5, or “DA-5”. For visual reference, refer to Appendix B 

which contains the Proposed Conditions Drainage Map.  

Phase 2 is a future phase with an unknown start date, therefore the proposed swale and outlet system is 

considered temporary and is only sized for Phase 1 construction. Although the swale takes into account runoff 

from the Phase 2 area (DA-3), only impervious area from DA-1 and offsite impervious is accounted for. Phase 1 

is anticipated to be 38% impervious space. When Phase 2 is constructed, additional stormwater management 

may need to be provided on-site. Below, Table 2 below summarizes the characteristics of each drainage area. 

Table 2. Proposed Drainage Areas 

Drainage Area Total Area (AC) Impervious Area (AC) Pervious Area (AC) Drains To 

DA-1 10.04 3.92 6.13 Swale 

DA-2 15.32 0.08 15.24 East 

DA-3 8.47 0.42 8.06 Swale 

DA-4 5.54 0.00 5.54 River 

DA-5 17.34 1.10 16.24 South 

TOTAL 56.71 5.52 51.19  
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STORMWATER CALCULATIONS 

Stormwater Requirements 

The location of the project involves no agency with permanent stormwater requirements. However, the South 

Dakota Department of Agriculture and Natural Resources dictates that stormwater controls must withstand a 2-

year 24-hour participation during earth moving activities. Using this, as well as other best management practices, 

the proposed stormwater management system reduces rate for the 2-year, 5-year, 10-year, and 100-year 24-

hour precipitation events.  

Stormwater Rate Control  

The proposed project limits peak runoff flow rates from existing conditions for the 2-, 5-, 10-, and 100-year rainfall 

events. The majority of existing condition land use was modeled as row crop, with some impervious area factored 

in. Hydraulic calculations were performed for the proposed and existing stormwater utilities using the rainfall 

depths obtained from the NOAA Atlas 14 and following the SCS TR-20 rainfall distribution curve. Utilizing this 

information, the stormwater management system was modeled in HydroCAD to determine the runoff rates and 

stormwater basin elevations.  

A swale constructed for both conducting flow and water detention is proposed south in the overall development. 

The outlet structure is located at the southeast corner of the swale and contains two pipes of differing sizes and 

elevations to control the rate. The outlet structure has a 24” pipe at 1116.48, the lowest elevation of the swale, 

and a 30” pipe at 1120.00. The overflow outlet for the events great than the 100-year discharges via a broad-

crested weir at an elevation of 1124.00, which allows for over a foot of separation from the 100-year high water 

level (1122.12). The EOF of 1124.00 is also 1’ above the FEMA floodplain (1123.00), allowing for more detention 

and rate control in higher storm events. A summary of the peak stormwater runoff rates is provided in Table 3. 

In addition, Table 4 summarizes the HWLs for all events and the basin.  

Table 3. HydroCAD Peak Runoff Calculations  

Rainfall Event (100-Year Storm) 
Conditions 

Existing Peak Flow (CFS) Proposed Peak Flow (CFS) 

2-Year (2.55”) 28.28 27.73 

5-Year (3.16”) 40.46 36.91 

10-Year (3.70”) 51.63 45.94 

100-Year (5.77”) 95.91 83.15 

 
 

Table 4. Proposed HWL Summary + System Elevations  

Site Profile Storage (cf) Outflow (cfs) HWL Elevation (ft) 

2-Year 24-hour storm 21,487 19.07 1119.33 

5-Year 24-hour storm 34,332 24.45 1120.08 

10-Year 24-hour storm  47,643 30.06 1120.68 

100-Year 24-hour storm 97,162 53.78 1122.12 
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Bottom of Swale  - - 1116.00 

Normal Water Line - - 1116.00 

Emergency Overflow 188,816 - 1124.00 

Top of Swale  255,273 - 1125.00 

As shown in Table 3, the peak stormwater runoff rate leaving the site is reduced for all storm events. The 

complete Existing and Proposed Conditions HydroCAD reports are provided in Appendix D and E, respectively. In 

addition to the hydrologic and hydraulic model, the rational method was used to calculate pipe sizes and the 

standard step method was used to determine hydraulic grade line (HGL) through Hydraflow. The pipe sizing 

calculations are provided in Appendix F. Riprap design calculations were also completed using the South Dakota 

DOT EM-1601 Equation; results and equation can be found in Appendix G. 

CONCLUSION 

The proposed project provides a stormwater management system that improves the stormwater flow rate for the 

2, 5, 10, and 100-year precipitation events. The DANR Construction Stormwater Permit will be applied for prior 

to construction and available as soon as the permit is obtained. The proposed project as designed not only 

provides but exceeds minimum flow rate requirements. 
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous 
areas in a specific area. They include a description of the soils and miscellaneous 
areas and their location on the landscape and tables that show soil properties and 
limitations affecting various uses. Soil scientists observed the steepness, length, 
and shape of the slopes; the general pattern of drainage; the kinds of crops and 
native plants; and the kinds of bedrock. They observed and described many soil 
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The 
profile extends from the surface down into the unconsolidated material in which the 
soil formed or from the surface down to bedrock. The unconsolidated material is 
devoid of roots and other living organisms and has not been changed by other 
biological activity.

Currently, soils are mapped according to the boundaries of major land resource 
areas (MLRAs). MLRAs are geographically associated land resource units that 
share common characteristics related to physiography, geology, climate, water 
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey 
areas typically consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that 
is related to the geology, landforms, relief, climate, and natural vegetation of the 
area. Each kind of soil and miscellaneous area is associated with a particular kind 
of landform or with a segment of the landform. By observing the soils and 
miscellaneous areas in the survey area and relating their position to specific 
segments of the landform, a soil scientist develops a concept, or model, of how they 
were formed. Thus, during mapping, this model enables the soil scientist to predict 
with a considerable degree of accuracy the kind of soil or miscellaneous area at a 
specific location on the landscape.

Commonly, individual soils on the landscape merge into one another as their 
characteristics gradually change. To construct an accurate soil map, however, soil 
scientists must determine the boundaries between the soils. They can observe only 
a limited number of soil profiles. Nevertheless, these observations, supplemented 
by an understanding of the soil-vegetation-landscape relationship, are sufficient to 
verify predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They 
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock 
fragments, distribution of plant roots, reaction, and other features that enable them 
to identify soils. After describing the soils in the survey area and determining their 
properties, the soil scientists assigned the soils to taxonomic classes (units). 
Taxonomic classes are concepts. Each taxonomic class has a set of soil 
characteristics with precisely defined limits. The classes are used as a basis for 
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic 
classification used in the United States, is based mainly on the kind and character 
of soil properties and the arrangement of horizons within the profile. After the soil 
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scientists classified and named the soils in the survey area, they compared the 
individual soils with similar soils in the same taxonomic class in other areas so that 
they could confirm data and assemble additional data based on experience and 
research.

The objective of soil mapping is not to delineate pure map unit components; the 
objective is to separate the landscape into landforms or landform segments that 
have similar use and management requirements. Each map unit is defined by a 
unique combination of soil components and/or miscellaneous areas in predictable 
proportions. Some components may be highly contrasting to the other components 
of the map unit. The presence of minor components in a map unit in no way 
diminishes the usefulness or accuracy of the data. The delineation of such 
landforms and landform segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, onsite 
investigation is needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map. 
The frequency of observation is dependent upon several factors, including scale of 
mapping, intensity of mapping, design of map units, complexity of the landscape, 
and experience of the soil scientist. Observations are made to test and refine the 
soil-landscape model and predictions and to verify the classification of the soils at 
specific locations. Once the soil-landscape model is refined, a significantly smaller 
number of measurements of individual soil properties are made and recorded. 
These measurements may include field measurements, such as those for color, 
depth to bedrock, and texture, and laboratory measurements, such as those for 
content of sand, silt, clay, salt, and other components. Properties of each soil 
typically vary from one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of 
characteristics for the components. The aggregated values are presented. Direct 
measurements do not exist for every property presented for every map unit 
component. Values for some properties are estimated from combinations of other 
properties.

While a soil survey is in progress, samples of some of the soils in the area generally 
are collected for laboratory analyses and for engineering tests. Soil scientists 
interpret the data from these analyses and tests as well as the field-observed 
characteristics and the soil properties to determine the expected behavior of the 
soils under different uses. Interpretations for all of the soils are field tested through 
observation of the soils in different uses and under different levels of management. 
Some interpretations are modified to fit local conditions, and some new 
interpretations are developed to meet local needs. Data are assembled from other 
sources, such as research information, production records, and field experience of 
specialists. For example, data on crop yields under defined levels of management 
are assembled from farm records and from field or plot experiments on the same 
kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on 
such variables as climate and biological activity. Soil conditions are predictable over 
long periods of time, but they are not predictable from year to year. For example, 
soil scientists can predict with a fairly high degree of accuracy that a given soil will 
have a high water table within certain depths in most years, but they cannot predict 
that a high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the 
survey area, they drew the boundaries of these bodies on aerial photographs and 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Grant County, South Dakota
Survey Area Data: Version 24, Sep 12, 2022

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Jun 17, 2022—Jul 
21, 2022

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend (Grant County, SD)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

BbB Hokans-Svea complex, 1 to 4 
percent slopes

0.2 0.2%

J217A Parnell silty clay loam, 
occasionally ponded, 0 to 1 
percent slopes

1.6 1.7%

J225B Forman-Aastad complex, 1 to 4 
percent slopes

56.0 59.0%

La LaDelle silt loam 8.4 8.8%

Lb LaDelle silt loam, channeled 4.7 4.9%

Po Poinsett-Waubay silty clay 
loams, 0 to 2 percent slopes

8.4 8.8%

RbB Renshaw loam, 1 to 6 percent 
slopes

0.0 0.0%

Sd Svea loam, 1 to 3 percent 
slopes

10.1 10.7%

Ta Tonka silty clay loam, 0 to 1 
percent slopes

2.8 2.9%

Va Vallers clay loam, 0 to 2 percent 
slopes

2.3 2.4%

W Water 0.4 0.5%

Totals for Area of Interest 94.8 100.0%

Map Unit Descriptions (Grant County, SD)
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
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and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.
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Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report

13



Grant County, South Dakota

BbB—Hokans-Svea complex, 1 to 4 percent slopes

Map Unit Setting
National map unit symbol: 2w8dp
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Hokans and similar soils: 60 percent
Svea and similar soils: 20 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Hokans

Setting
Landform: Moraines
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Fine-loamy till

Typical profile
Ap - 0 to 15 inches: loam
Bw - 15 to 22 inches: loam
Bk - 22 to 40 inches: loam
C - 40 to 79 inches: loam

Properties and qualities
Slope: 1 to 4 percent
Surface area covered with cobbles, stones or boulders: 0.0 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr)
Depth to water table: About 47 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 30 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: B
Ecological site: R102AY010SD - Loamy
Forage suitability group: Loam (G102AY100SD)
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Custom Soil Resource Report
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Description of Svea

Setting
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Fine-loamy till

Typical profile
Ap - 0 to 13 inches: loam
Bw - 13 to 17 inches: loam
Bk - 17 to 27 inches: clay loam
C - 27 to 79 inches: loam

Properties and qualities
Slope: 1 to 3 percent
Surface area covered with cobbles, stones or boulders: 0.0 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr)
Depth to water table: About 20 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 25 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C/D
Ecological site: R102AY020SD - Loamy Overflow
Forage suitability group: Loam (G102AY100SD)
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Minor Components

Lakepark
Percent of map unit: 10 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Buse
Percent of map unit: 5 percent
Landform: Moraines
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex

Custom Soil Resource Report
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Ecological site: R102AY012SD - Thin Upland
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Parnell, occasionally ponded
Percent of map unit: 3 percent
Landform: Moraines
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY001SD - Shallow Marsh
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Fordville
Percent of map unit: 2 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY010SD - Loamy
Other vegetative classification: Droughty Loam (G102AY120SD)
Hydric soil rating: No

J217A—Parnell silty clay loam, occasionally ponded, 0 to 1 percent 
slopes

Map Unit Setting
National map unit symbol: 2vv63
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Parnell, occasionally ponded, and similar soils: 65 percent
Minor components: 35 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Parnell, Occasionally Ponded

Setting
Landform: Depressions on moraines
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Local alluvium over till

Custom Soil Resource Report
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Typical profile
Ap - 0 to 8 inches: silty clay loam
A - 8 to 20 inches: silty clay loam
Btg1 - 20 to 37 inches: silty clay
Btg2 - 37 to 71 inches: silty clay
2Cg - 71 to 79 inches: clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Occasional
Calcium carbonate, maximum content: 15 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Ecological site: R102AY001SD - Shallow Marsh
Forage suitability group: Not suited (G102AY000SD)
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Minor Components

Parnell, frequently ponded
Percent of map unit: 10 percent
Landform: Depressions on moraines
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY001SD - Shallow Marsh
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Vallers
Percent of map unit: 10 percent
Landform: Swales on moraines
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Hamerly
Percent of map unit: 10 percent
Landform: Moraines
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Linear
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Ecological site: R102AY006SD - Limy Subirrigated
Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Lakepark
Percent of map unit: 5 percent
Landform: Swales on moraines
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

J225B—Forman-Aastad complex, 1 to 4 percent slopes

Map Unit Setting
National map unit symbol: 2w8dv
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days

Map Unit Composition
Forman and similar soils: 55 percent
Aastad and similar soils: 20 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Forman

Setting
Landform: Moraines
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Fine-loamy till

Typical profile
Ap - 0 to 9 inches: clay loam
Bt - 9 to 25 inches: clay loam
Bk - 25 to 79 inches: clay loam

Properties and qualities
Slope: 1 to 4 percent
Surface area covered with cobbles, stones or boulders: 0.0 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.60 in/hr)
Depth to water table: About 47 inches
Frequency of flooding: None
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Frequency of ponding: None
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Ecological site: R102AY010SD - Loamy
Forage suitability group: Loam (G102AY100SD)
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Description of Aastad

Setting
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Fine-loamy till

Typical profile
Ap - 0 to 9 inches: clay loam
A - 9 to 23 inches: clay loam
Bt - 23 to 38 inches: clay loam
Bk - 38 to 64 inches: clay loam
BC - 64 to 79 inches: clay loam

Properties and qualities
Slope: 1 to 3 percent
Surface area covered with cobbles, stones or boulders: 0.0 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr)
Depth to water table: About 20 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 25 percent
Gypsum, maximum content: 1 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2c
Hydrologic Soil Group: C/D
Ecological site: R102AY020SD - Loamy Overflow
Forage suitability group: Overflow (G102AY500SD)
Other vegetative classification: Overflow (G102AY500SD)
Hydric soil rating: No
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Minor Components

Mehurin
Percent of map unit: 12 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY011SD - Clayey
Other vegetative classification: Clayey Subsoil (G102AY210SD)
Hydric soil rating: No

Tonka, occasionally ponded
Percent of map unit: 8 percent
Landform: Moraines
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY004SD - Wet Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Parnell, frequently ponded
Percent of map unit: 3 percent
Landform: Moraines
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY001SD - Shallow Marsh
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Vallers
Percent of map unit: 2 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

La—LaDelle silt loam

Map Unit Setting
National map unit symbol: g144
Elevation: 1,000 to 2,000 feet
Mean annual precipitation: 19 to 29 inches
Mean annual air temperature: 39 to 45 degrees F
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Frost-free period: 120 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Ladelle and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ladelle

Setting
Landform: Flood plains
Landform position (two-dimensional): Footslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Silty alluvium

Typical profile
H1 - 0 to 18 inches: silt loam
H2 - 18 to 36 inches: silty clay loam
H3 - 36 to 60 inches: stratified silt loam to clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 1.98 in/hr)
Depth to water table: About 42 to 60 inches
Frequency of flooding: OccasionalNone
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Gypsum, maximum content: 2 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water supply, 0 to 60 inches: High (about 11.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: B
Ecological site: R102AY040SD - Loamy Floodplain
Forage suitability group: Overflow (G102AY500SD)
Other vegetative classification: Overflow (G102AY500SD)
Hydric soil rating: No

Minor Components

Castlewood, undrained
Percent of map unit: 5 percent
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY020SD - Loamy Overflow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes
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Playmoor
Percent of map unit: 5 percent
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY007SD - Saline Lowland
Other vegetative classification: Saline (G102AY895SD)
Hydric soil rating: Yes

Lb—LaDelle silt loam, channeled

Map Unit Setting
National map unit symbol: g145
Elevation: 1,000 to 2,000 feet
Mean annual precipitation: 19 to 29 inches
Mean annual air temperature: 39 to 45 degrees F
Frost-free period: 120 to 160 days
Farmland classification: Not prime farmland

Map Unit Composition
Ladelle, channeled, and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ladelle, Channeled

Setting
Landform: Flood plains
Landform position (two-dimensional): Footslope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Silty alluvium

Typical profile
H1 - 0 to 18 inches: silt loam
H2 - 18 to 36 inches: silty clay loam
H3 - 36 to 60 inches: stratified silt loam to clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 1.98 in/hr)
Depth to water table: About 42 to 60 inches
Frequency of flooding: OccasionalNone
Frequency of ponding: None
Calcium carbonate, maximum content: 15 percent
Gypsum, maximum content: 2 percent

Custom Soil Resource Report

22



Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water supply, 0 to 60 inches: High (about 11.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 6w
Hydrologic Soil Group: B
Ecological site: R102AY040SD - Loamy Floodplain
Forage suitability group: Overflow (G102AY500SD)
Other vegetative classification: Overflow (G102AY500SD)
Hydric soil rating: No

Minor Components

Marysland, undrained
Percent of map unit: 3 percent
Landform: Flood plains on outwash plains
Landform position (two-dimensional): Toeslope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Svea
Percent of map unit: 3 percent
Landform: Swales
Landform position (two-dimensional): Footslope
Down-slope shape: Linear
Across-slope shape: Concave
Ecological site: R102AY020SD - Loamy Overflow
Other vegetative classification: Overflow (G102AY500SD)
Hydric soil rating: No

Aastad
Percent of map unit: 3 percent
Landform: Swales
Landform position (two-dimensional): Footslope
Down-slope shape: Linear
Across-slope shape: Concave
Ecological site: R102AY020SD - Loamy Overflow
Other vegetative classification: Overflow (G102AY500SD)
Hydric soil rating: No

Rauville
Percent of map unit: 2 percent
Landform: Flood plains on outwash plains
Landform position (two-dimensional): Toeslope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Forman
Percent of map unit: 2 percent
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Landform: Plains
Landform position (two-dimensional): Backslope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY010SD - Loamy
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Playmoor
Percent of map unit: 2 percent
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY007SD - Saline Lowland
Other vegetative classification: Saline (G102AY895SD)
Hydric soil rating: Yes

Po—Poinsett-Waubay silty clay loams, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2t5qv
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Poinsett and similar soils: 60 percent
Waubay and similar soils: 30 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Poinsett

Setting
Landform: Plains
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Periglacial loess over loamy till

Typical profile
Ap - 0 to 8 inches: silty clay loam
Bw - 8 to 24 inches: silty clay loam
Bk - 24 to 62 inches: silty clay loam
2C - 62 to 79 inches: clay loam

Custom Soil Resource Report

24



Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr)
Depth to water table: About 49 to 61 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 30 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.6 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: C
Ecological site: R102AY010SD - Loamy
Forage suitability group: Loam (G102AY100SD)
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Description of Waubay

Setting
Landform: Swales
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Periglacial loess

Typical profile
Ap - 0 to 8 inches: silty clay loam
A - 8 to 15 inches: silty clay loam
Bw - 15 to 31 inches: silty clay loam
Bk - 31 to 50 inches: silt loam
C - 50 to 79 inches: silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr)
Depth to water table: About 30 to 41 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 25 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Very high (about 12.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 1
Hydrologic Soil Group: C
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Ecological site: R102AY020SD - Loamy Overflow
Forage suitability group: Overflow (G102AY500SD)
Other vegetative classification: Overflow (G102AY500SD)
Hydric soil rating: No

Minor Components

Tonka, undrained
Percent of map unit: 4 percent
Landform: Potholes
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY004SD - Wet Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Cubden
Percent of map unit: 4 percent
Landform: Rims on swales
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Convex
Ecological site: R102AY006SD - Limy Subirrigated
Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Rusklyn
Percent of map unit: 2 percent
Landform: Plains
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Convex
Ecological site: R102AY012SD - Thin Upland
Other vegetative classification: Limy Upland (G102AY400SD)
Hydric soil rating: No

RbB—Renshaw loam, 1 to 6 percent slopes

Map Unit Setting
National map unit symbol: 2w8f9
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: Prime farmland if irrigated
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Map Unit Composition
Renshaw and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Renshaw

Setting
Landform: Hillslopes
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Linear
Parent material: Loamy glaciofluvial deposits over sandy and gravelly outwash

Typical profile
Ap - 0 to 7 inches: loam
Bw - 7 to 15 inches: loam
2Bk1 - 15 to 20 inches: gravelly loamy sand
2Bk2 - 20 to 79 inches: very gravelly loamy sand

Properties and qualities
Slope: 1 to 6 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 30 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 4.3 inches)

Interpretive groups
Land capability classification (irrigated): 4s
Land capability classification (nonirrigated): 4s
Hydrologic Soil Group: B
Ecological site: R102AY014SD - Shallow Gravel
Forage suitability group: Very Droughty Loam (G102AY130SD)
Other vegetative classification: Very Droughty Loam (G102AY130SD)
Hydric soil rating: No

Minor Components

Sioux
Percent of map unit: 5 percent
Landform: Hillslopes
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Ecological site: R102AY016SD - Very Shallow
Other vegetative classification: Shallow (G102AY003SD)
Hydric soil rating: No
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Fordville
Percent of map unit: 5 percent
Landform: Hillslopes
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Base slope
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY010SD - Loamy
Other vegetative classification: Droughty Loam (G102AY120SD)
Hydric soil rating: No

Spottswood
Percent of map unit: 3 percent
Landform: Hillslopes
Landform position (two-dimensional): Footslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Concave
Ecological site: R102AY003SD - Subirrigated
Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Arvilla
Percent of map unit: 2 percent
Landform: Hillslopes
Landform position (two-dimensional): Summit, backslope
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY014SD - Shallow Gravel
Other vegetative classification: Very Droughty Loam (G102AY130SD)
Hydric soil rating: No

Sd—Svea loam, 1 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2w0mt
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Svea and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Svea

Setting
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Parent material: Fine-loamy till

Typical profile
Ap - 0 to 13 inches: loam
Bw - 13 to 17 inches: loam
Bk - 17 to 27 inches: clay loam
C - 27 to 79 inches: loam

Properties and qualities
Slope: 1 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr)
Depth to water table: About 20 to 35 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 25 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
Ecological site: R102AY010SD - Loamy
Forage suitability group: Loam (G102AY100SD)
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Minor Components

Hokans
Percent of map unit: 5 percent
Landform: Moraines
Landform position (three-dimensional): Rise
Down-slope shape: Convex
Across-slope shape: Linear
Ecological site: R102AY010SD - Loamy
Other vegetative classification: Loam (G102AY100SD)
Hydric soil rating: No

Hamerly
Percent of map unit: 5 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY010SD - Loamy
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Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Lakepark
Percent of map unit: 3 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Parnell, occasionally ponded
Percent of map unit: 2 percent
Landform: Moraines
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY001SD - Shallow Marsh
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Ta—Tonka silty clay loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: 2tlc4
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Tonka and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tonka

Setting
Landform: Depressions
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Local alluvium over loamy till

Typical profile
Ap - 0 to 8 inches: silty clay loam
A - 8 to 14 inches: silty clay loam
E - 14 to 24 inches: silt loam
Bt - 24 to 40 inches: silty clay
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Cg1 - 40 to 54 inches: silty clay loam
2Cg2 - 54 to 79 inches: clay loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.60 in/hr)
Depth to water table: About 0 to 18 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Calcium carbonate, maximum content: 20 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C/D
Ecological site: R102AY004SD - Wet Meadow
Forage suitability group: Wet (G102AY900SD)
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Minor Components

Cubden
Percent of map unit: 5 percent
Landform: Rims on depressions
Down-slope shape: Linear
Across-slope shape: Convex
Ecological site: R102AY006SD - Limy Subirrigated
Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Hamerly
Percent of map unit: 2 percent
Landform: Rims on depressions
Down-slope shape: Linear
Across-slope shape: Convex
Ecological site: R102AY006SD - Limy Subirrigated
Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Vallers
Percent of map unit: 2 percent
Landform: Rims on depressions
Down-slope shape: Concave
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Parnell
Percent of map unit: 1 percent
Landform: Depressions
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Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY001SD - Shallow Marsh
Other vegetative classification: Not suited (G102AY000SD)
Hydric soil rating: Yes

Va—Vallers clay loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: 2vv6q
Elevation: 920 to 2,130 feet
Mean annual precipitation: 22 to 31 inches
Mean annual air temperature: 37 to 46 degrees F
Frost-free period: 120 to 160 days
Farmland classification: Prime farmland if drained

Map Unit Composition
Vallers and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Vallers

Setting
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Fine-loamy till

Typical profile
Ap - 0 to 10 inches: clay loam
A - 10 to 16 inches: clay loam
Bkg - 16 to 38 inches: clay loam
Cg - 38 to 79 inches: clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.20 to 2.00 in/hr)
Depth to water table: About 6 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 30 percent
Gypsum, maximum content: 2 percent
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Sodium adsorption ratio, maximum: 2.0
Available water supply, 0 to 60 inches: High (about 10.7 inches)
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C/D
Ecological site: R102AY002SD - Linear Meadow
Forage suitability group: Wet (G102AY900SD)
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Minor Components

Hamerly
Percent of map unit: 10 percent
Landform: Moraines
Landform position (three-dimensional): Rise
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY006SD - Limy Subirrigated
Other vegetative classification: Subirrigated (G102AY700SD)
Hydric soil rating: No

Lakepark
Percent of map unit: 3 percent
Landform: Moraines
Landform position (three-dimensional): Talf
Down-slope shape: Linear
Across-slope shape: Linear
Ecological site: R102AY002SD - Linear Meadow
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

Quam, occasionally ponded
Percent of map unit: 2 percent
Landform: Moraines
Landform position (three-dimensional): Dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: R102AY001SD - Shallow Marsh
Other vegetative classification: Wet (G102AY900SD)
Hydric soil rating: Yes

W—Water

Map Unit Setting
National map unit symbol: 2wx3y
Elevation: 970 to 3,940 feet
Mean annual precipitation: 13 to 31 inches
Mean annual air temperature: 39 to 50 degrees F
Farmland classification: Not prime farmland

Custom Soil Resource Report
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Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Water

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 8
Hydric soil rating: Unranked
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Existing Conditions

EX1

EX-1

EX2

EX-2

EX3

EX-3

EX4

EX-4

EX5

EX-5

EX6

West Drainage

 (Existing)

ECD

Existing Conditions

 Discharge

OSE

Off-Site Drainage

 (Existing)

Routing Diagram for 29236 HydroCAD
Prepared by I&S Group, Inc,  Printed 9/19/2023
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Subcat Reach Pond Link
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Rainfall Events Listing

Event# Event

Name

Storm Type Curve Mode Duration

(hours)

B/B Depth

(inches)

AMC

1 2 yr 24 hr Type II 24-hr Default 24.00 1 2.55 2

2 5 yr 24 hr Type II 24-hr Default 24.00 1 3.16 2

3 10 yr 24 hr Type II 24-hr Default 24.00 1 3.70 2

4 100 yr 24 hr Type II 24-hr Default 24.00 1 5.77 2
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Area Listing (selected nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

1.523 98 Paved parking, HSG C  (EX2, EX6)

6.247 78 Row crops, straight row, Good, HSG B  (EX5)

48.941 85 Row crops, straight row, Good, HSG C  (EX1, EX2, EX3, EX4, EX6)

56.711 85 TOTAL AREA



29236 HydroCAD
  Printed  9/19/2023Prepared by I&S Group, Inc

Page 4HydroCAD® 10.20-2g  s/n 02403  © 2022 HydroCAD Software Solutions LLC

Soil Listing (selected nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

6.247 HSG B EX5

50.464 HSG C EX1, EX2, EX3, EX4, EX6

0.000 HSG D

0.000 Other

56.711 TOTAL AREA
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Summary for Subcatchment EX1: EX-1

Runoff = 2.74 cfs @ 12.07 hrs,  Volume= 0.176 af,  Depth= 1.22"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

1.736 85 Row crops, straight row, Good, HSG C

1.736 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

12.4 100 0.0160 0.13 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

2.3 160 0.0160 1.14 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

14.7 260 Total

Subcatchment EX1: EX-1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

3

2

1

0

Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=1.736 ac

Runoff Volume=0.176 af

Runoff Depth=1.22"

Flow Length=260'

Slope=0.0160 '/'

Tc=14.7 min

CN=85

2.74 cfs
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Summary for Subcatchment EX2: EX-2

Runoff = 9.33 cfs @ 13.06 hrs,  Volume= 2.050 af,  Depth= 1.22"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

19.773 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

20.191 85 Weighted Average
19.773 97.93% Pervious Area
0.418 2.07% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

1.5 140 0.0110 1.57 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

32.0 910 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

17.1 688 0.0020 0.67 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

92.6 2,290 Total
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Subcatchment EX2: EX-2

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=20.191 ac

Runoff Volume=2.050 af

Runoff Depth=1.22"

Flow Length=2,290'

Tc=92.6 min

CN=85

9.33 cfs
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Summary for Subcatchment EX3: EX-3

Runoff = 0.52 cfs @ 11.96 hrs,  Volume= 0.024 af,  Depth= 1.22"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

0.237 85 Row crops, straight row, Good, HSG C

0.237 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.9 32 0.0290 0.14 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

3.9 32 Total,  Increased to minimum Tc = 5.0 min

Subcatchment EX3: EX-3

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

0.55
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0.05

0

Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=0.237 ac

Runoff Volume=0.024 af

Runoff Depth=1.22"

Flow Length=32'

Slope=0.0290 '/'

Tc=5.0 min

CN=85

0.52 cfs
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Summary for Subcatchment EX4: EX-4

Runoff = 7.99 cfs @ 12.51 hrs,  Volume= 1.113 af,  Depth= 1.22"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

10.960 85 Row crops, straight row, Good, HSG C

10.960 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.4 100 0.0060 0.09 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

19.7 752 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

12.3 608 0.0030 0.82 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

50.4 1,460 Total

Subcatchment EX4: EX-4

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

8

7

6

5

4

3

2

1

0

Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=10.960 ac

Runoff Volume=1.113 af

Runoff Depth=1.22"

Flow Length=1,460'

Tc=50.4 min

CN=85

7.99 cfs
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Summary for Subcatchment EX5: EX-5

Runoff = 5.34 cfs @ 12.15 hrs,  Volume= 0.427 af,  Depth= 0.82"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

6.247 78 Row crops, straight row, Good, HSG B

6.247 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment EX5: EX-5

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

5

4

3

2

1

0

Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=6.247 ac

Runoff Volume=0.427 af

Runoff Depth=0.82"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=78

5.34 cfs
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Summary for Subcatchment EX6: West Drainage (Existing)

Runoff = 12.30 cfs @ 12.59 hrs,  Volume= 1.856 af,  Depth= 1.28"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment EX6: West Drainage (Existing)

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=17.340 ac

Runoff Volume=1.856 af

Runoff Depth=1.28"

Flow Length=1,961'

Tc=56.5 min

CN=86

12.30 cfs
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Summary for Reach ECD: Existing Conditions Discharge

Inflow Area = 56.711 ac, 2.69% Impervious,  Inflow Depth = 1.19"    for  2 yr 24 hr event
Inflow = 28.28 cfs @ 12.61 hrs,  Volume= 5.646 af
Outflow = 28.28 cfs @ 12.61 hrs,  Volume= 5.646 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach ECD: Existing Conditions Discharge

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=56.711 ac

28.28 cfs28.28 cfs
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Summary for Reach OSE: Off-Site Drainage (Existing)

Inflow Area = 17.577 ac, 6.29% Impervious,  Inflow Depth = 1.28"    for  2 yr 24 hr event
Inflow = 12.34 cfs @ 12.59 hrs,  Volume= 1.880 af
Outflow = 12.34 cfs @ 12.59 hrs,  Volume= 1.880 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach ECD : Existing Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSE: Off-Site Drainage (Existing)

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=17.577 ac

12.34 cfs12.34 cfs
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Summary for Subcatchment EX1: EX-1

Runoff = 3.88 cfs @ 12.07 hrs,  Volume= 0.249 af,  Depth= 1.72"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

1.736 85 Row crops, straight row, Good, HSG C

1.736 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

12.4 100 0.0160 0.13 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

2.3 160 0.0160 1.14 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

14.7 260 Total

Subcatchment EX1: EX-1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=1.736 ac

Runoff Volume=0.249 af

Runoff Depth=1.72"

Flow Length=260'

Slope=0.0160 '/'

Tc=14.7 min

CN=85

3.88 cfs
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Summary for Subcatchment EX2: EX-2

Runoff = 13.39 cfs @ 13.05 hrs,  Volume= 2.900 af,  Depth= 1.72"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

19.773 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

20.191 85 Weighted Average
19.773 97.93% Pervious Area
0.418 2.07% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

1.5 140 0.0110 1.57 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

32.0 910 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

17.1 688 0.0020 0.67 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

92.6 2,290 Total
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Subcatchment EX2: EX-2

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=20.191 ac

Runoff Volume=2.900 af

Runoff Depth=1.72"

Flow Length=2,290'

Tc=92.6 min

CN=85

13.39 cfs
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Summary for Subcatchment EX3: EX-3

Runoff = 0.73 cfs @ 11.96 hrs,  Volume= 0.034 af,  Depth= 1.72"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

0.237 85 Row crops, straight row, Good, HSG C

0.237 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.9 32 0.0290 0.14 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

3.9 32 Total,  Increased to minimum Tc = 5.0 min

Subcatchment EX3: EX-3
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=0.237 ac

Runoff Volume=0.034 af

Runoff Depth=1.72"

Flow Length=32'

Slope=0.0290 '/'

Tc=5.0 min

CN=85

0.73 cfs
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Summary for Subcatchment EX4: EX-4

Runoff = 11.44 cfs @ 12.50 hrs,  Volume= 1.574 af,  Depth= 1.72"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

10.960 85 Row crops, straight row, Good, HSG C

10.960 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.4 100 0.0060 0.09 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

19.7 752 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

12.3 608 0.0030 0.82 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

50.4 1,460 Total

Subcatchment EX4: EX-4
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=10.960 ac

Runoff Volume=1.574 af

Runoff Depth=1.72"

Flow Length=1,460'

Tc=50.4 min

CN=85

11.44 cfs
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Summary for Subcatchment EX5: EX-5

Runoff = 8.36 cfs @ 12.14 hrs,  Volume= 0.648 af,  Depth= 1.24"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

6.247 78 Row crops, straight row, Good, HSG B

6.247 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment EX5: EX-5

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=6.247 ac

Runoff Volume=0.648 af

Runoff Depth=1.24"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=78

8.36 cfs
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Summary for Subcatchment EX6: West Drainage (Existing)

Runoff = 17.40 cfs @ 12.58 hrs,  Volume= 2.602 af,  Depth= 1.80"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment EX6: West Drainage (Existing)
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=17.340 ac

Runoff Volume=2.602 af

Runoff Depth=1.80"

Flow Length=1,961'

Tc=56.5 min

CN=86

17.40 cfs
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Summary for Reach ECD: Existing Conditions Discharge

Inflow Area = 56.711 ac, 2.69% Impervious,  Inflow Depth = 1.69"    for  5 yr 24 hr event
Inflow = 40.46 cfs @ 12.60 hrs,  Volume= 8.007 af
Outflow = 40.46 cfs @ 12.60 hrs,  Volume= 8.007 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach ECD: Existing Conditions Discharge
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Inflow Area=56.711 ac
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Summary for Reach OSE: Off-Site Drainage (Existing)

Inflow Area = 17.577 ac, 6.29% Impervious,  Inflow Depth = 1.80"    for  5 yr 24 hr event
Inflow = 17.45 cfs @ 12.58 hrs,  Volume= 2.636 af
Outflow = 17.45 cfs @ 12.58 hrs,  Volume= 2.636 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach ECD : Existing Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSE: Off-Site Drainage (Existing)
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Inflow Area=17.577 ac

17.45 cfs17.45 cfs



Type II 24-hr  10 yr 24 hr Rainfall=3.70"29236 HydroCAD
  Printed  9/19/2023Prepared by I&S Group, Inc

Page 23HydroCAD® 10.20-2g  s/n 02403  © 2022 HydroCAD Software Solutions LLC

Summary for Subcatchment EX1: EX-1

Runoff = 4.92 cfs @ 12.07 hrs,  Volume= 0.317 af,  Depth= 2.19"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

1.736 85 Row crops, straight row, Good, HSG C

1.736 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

12.4 100 0.0160 0.13 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

2.3 160 0.0160 1.14 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

14.7 260 Total

Subcatchment EX1: EX-1

Runoff
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Time  (hours)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=1.736 ac

Runoff Volume=0.317 af

Runoff Depth=2.19"

Flow Length=260'

Slope=0.0160 '/'

Tc=14.7 min

CN=85

4.92 cfs
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Summary for Subcatchment EX2: EX-2

Runoff = 17.11 cfs @ 13.05 hrs,  Volume= 3.688 af,  Depth= 2.19"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

19.773 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

20.191 85 Weighted Average
19.773 97.93% Pervious Area
0.418 2.07% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

1.5 140 0.0110 1.57 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

32.0 910 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

17.1 688 0.0020 0.67 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

92.6 2,290 Total
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Subcatchment EX2: EX-2

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=20.191 ac

Runoff Volume=3.688 af

Runoff Depth=2.19"

Flow Length=2,290'

Tc=92.6 min

CN=85

17.11 cfs
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Summary for Subcatchment EX3: EX-3

Runoff = 0.92 cfs @ 11.96 hrs,  Volume= 0.043 af,  Depth= 2.19"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

0.237 85 Row crops, straight row, Good, HSG C

0.237 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.9 32 0.0290 0.14 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

3.9 32 Total,  Increased to minimum Tc = 5.0 min

Subcatchment EX3: EX-3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=0.237 ac

Runoff Volume=0.043 af

Runoff Depth=2.19"

Flow Length=32'

Slope=0.0290 '/'

Tc=5.0 min

CN=85

0.92 cfs
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Summary for Subcatchment EX4: EX-4

Runoff = 14.60 cfs @ 12.50 hrs,  Volume= 2.002 af,  Depth= 2.19"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

10.960 85 Row crops, straight row, Good, HSG C

10.960 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.4 100 0.0060 0.09 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

19.7 752 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

12.3 608 0.0030 0.82 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

50.4 1,460 Total

Subcatchment EX4: EX-4
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=10.960 ac

Runoff Volume=2.002 af

Runoff Depth=2.19"

Flow Length=1,460'

Tc=50.4 min

CN=85

14.60 cfs
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Summary for Subcatchment EX5: EX-5

Runoff = 11.23 cfs @ 12.14 hrs,  Volume= 0.859 af,  Depth= 1.65"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

6.247 78 Row crops, straight row, Good, HSG B

6.247 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment EX5: EX-5
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Time  (hours)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=6.247 ac

Runoff Volume=0.859 af

Runoff Depth=1.65"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=78

11.23 cfs
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Summary for Subcatchment EX6: West Drainage (Existing)

Runoff = 22.04 cfs @ 12.58 hrs,  Volume= 3.289 af,  Depth= 2.28"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment EX6: West Drainage (Existing)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=17.340 ac

Runoff Volume=3.289 af

Runoff Depth=2.28"

Flow Length=1,961'

Tc=56.5 min

CN=86

22.04 cfs
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Summary for Reach ECD: Existing Conditions Discharge

Inflow Area = 56.711 ac, 2.69% Impervious,  Inflow Depth = 2.16"    for  10 yr 24 hr event
Inflow = 51.63 cfs @ 12.60 hrs,  Volume= 10.198 af
Outflow = 51.63 cfs @ 12.60 hrs,  Volume= 10.198 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach ECD: Existing Conditions Discharge
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Inflow Area=56.711 ac

51.63 cfs51.63 cfs
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Summary for Reach OSE: Off-Site Drainage (Existing)

Inflow Area = 17.577 ac, 6.29% Impervious,  Inflow Depth = 2.28"    for  10 yr 24 hr event
Inflow = 22.11 cfs @ 12.58 hrs,  Volume= 3.333 af
Outflow = 22.11 cfs @ 12.58 hrs,  Volume= 3.333 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach ECD : Existing Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSE: Off-Site Drainage (Existing)
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Inflow Area=17.577 ac
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Summary for Subcatchment EX1: EX-1

Runoff = 9.01 cfs @ 12.06 hrs,  Volume= 0.591 af,  Depth= 4.09"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

1.736 85 Row crops, straight row, Good, HSG C

1.736 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

12.4 100 0.0160 0.13 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

2.3 160 0.0160 1.14 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

14.7 260 Total

Subcatchment EX1: EX-1
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=1.736 ac

Runoff Volume=0.591 af

Runoff Depth=4.09"

Flow Length=260'

Slope=0.0160 '/'

Tc=14.7 min

CN=85

9.01 cfs
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Summary for Subcatchment EX2: EX-2

Runoff = 31.87 cfs @ 13.04 hrs,  Volume= 6.875 af,  Depth= 4.09"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

19.773 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

20.191 85 Weighted Average
19.773 97.93% Pervious Area
0.418 2.07% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

1.5 140 0.0110 1.57 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

32.0 910 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

17.1 688 0.0020 0.67 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

92.6 2,290 Total
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Subcatchment EX2: EX-2

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=20.191 ac

Runoff Volume=6.875 af

Runoff Depth=4.09"

Flow Length=2,290'

Tc=92.6 min

CN=85

31.87 cfs
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Summary for Subcatchment EX3: EX-3

Runoff = 1.67 cfs @ 11.95 hrs,  Volume= 0.081 af,  Depth= 4.09"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

0.237 85 Row crops, straight row, Good, HSG C

0.237 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

3.9 32 0.0290 0.14 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

3.9 32 Total,  Increased to minimum Tc = 5.0 min

Subcatchment EX3: EX-3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=0.237 ac

Runoff Volume=0.081 af

Runoff Depth=4.09"

Flow Length=32'

Slope=0.0290 '/'

Tc=5.0 min

CN=85

1.67 cfs
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Summary for Subcatchment EX4: EX-4

Runoff = 27.10 cfs @ 12.49 hrs,  Volume= 3.732 af,  Depth= 4.09"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

10.960 85 Row crops, straight row, Good, HSG C

10.960 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

18.4 100 0.0060 0.09 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

19.7 752 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

12.3 608 0.0030 0.82 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

50.4 1,460 Total

Subcatchment EX4: EX-4

Runoff

Hydrograph
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=10.960 ac

Runoff Volume=3.732 af

Runoff Depth=4.09"

Flow Length=1,460'

Tc=50.4 min

CN=85

27.10 cfs
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Summary for Subcatchment EX5: EX-5

Runoff = 23.18 cfs @ 12.13 hrs,  Volume= 1.758 af,  Depth= 3.38"
     Routed to Reach ECD : Existing Conditions Discharge

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

6.247 78 Row crops, straight row, Good, HSG B

6.247 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment EX5: EX-5
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=6.247 ac

Runoff Volume=1.758 af

Runoff Depth=3.38"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=78

23.18 cfs
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Summary for Subcatchment EX6: West Drainage (Existing)

Runoff = 40.28 cfs @ 12.57 hrs,  Volume= 6.056 af,  Depth= 4.19"
     Routed to Reach OSE : Off-Site Drainage (Existing)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment EX6: West Drainage (Existing)
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Hydrograph

Time  (hours)
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=17.340 ac

Runoff Volume=6.056 af

Runoff Depth=4.19"

Flow Length=1,961'

Tc=56.5 min

CN=86

40.28 cfs
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Summary for Reach ECD: Existing Conditions Discharge

Inflow Area = 56.711 ac, 2.69% Impervious,  Inflow Depth = 4.04"    for  100 yr 24 hr event
Inflow = 95.91 cfs @ 12.58 hrs,  Volume= 19.093 af
Outflow = 95.91 cfs @ 12.58 hrs,  Volume= 19.093 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach ECD: Existing Conditions Discharge

Inflow
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Hydrograph
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Inflow Area=56.711 ac

95.91 cfs95.91 cfs
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Summary for Reach OSE: Off-Site Drainage (Existing)

Inflow Area = 17.577 ac, 6.29% Impervious,  Inflow Depth = 4.19"    for  100 yr 24 hr event
Inflow = 40.39 cfs @ 12.57 hrs,  Volume= 6.137 af
Outflow = 40.39 cfs @ 12.57 hrs,  Volume= 6.137 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach ECD : Existing Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSE: Off-Site Drainage (Existing)

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Inflow Area=17.577 ac

40.39 cfs40.39 cfs
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Proposed Conditions

DA1

DA-1

DA2

DA-2

DA3

DA-3

DA4

DA-4

DA5

West Drainage

 (Proposed)

OSP

Off-Site Drainage

 (Proposed)

PCD

Proposed Conditions

 Discharge

1B

Basin

Routing Diagram for 29236 HydroCAD
Prepared by I&S Group, Inc,  Printed 9/21/2023
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Subcat Reach Pond Link
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Rainfall Events Listing

Event# Event

Name

Storm Type Curve Mode Duration

(hours)

B/B Depth

(inches)

AMC

1 2 yr 24 hr Type II 24-hr Default 24.00 1 2.55 2

2 5 yr 24 hr Type II 24-hr Default 24.00 1 3.16 2

3 10 yr 24 hr Type II 24-hr Default 24.00 1 3.70 2

4 100 yr 24 hr Type II 24-hr Default 24.00 1 5.77 2
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Area Listing (selected nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

5.520 98 Paved parking, HSG C  (DA1, DA2, DA3, DA5)

51.191 85 Row crops, straight row, Good, HSG C  (DA1, DA2, DA3, DA4, DA5)

56.711 86 TOTAL AREA
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Soil Listing (selected nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

0.000 HSG B

56.711 HSG C DA1, DA2, DA3, DA4, DA5

0.000 HSG D

0.000 Other

56.711 TOTAL AREA
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Summary for Subcatchment DA1: DA-1

Runoff = 14.05 cfs @ 12.23 hrs,  Volume= 1.319 af,  Depth= 1.58"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

3.918 98 Paved parking, HSG C
6.127 85 Row crops, straight row, Good, HSG C

10.045 90 Weighted Average
6.127 61.00% Pervious Area
3.918 39.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.8 100 0.0070 0.07 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.90"

6.0 541 0.0100 1.50 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.8 641 Total

Subcatchment DA1: DA-1
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=10.045 ac

Runoff Volume=1.319 af

Runoff Depth=1.58"

Flow Length=641'

Tc=28.8 min

CN=90

14.05 cfs
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Summary for Subcatchment DA2: DA-2

Runoff = 7.82 cfs @ 12.91 hrs,  Volume= 1.555 af,  Depth= 1.22"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

15.237 85 Row crops, straight row, Good, HSG C
0.079 98 Paved parking, HSG C

15.316 85 Weighted Average
15.237 99.48% Pervious Area
0.079 0.52% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

18.6 529 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.5 688 0.0020 0.40 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

81.2 1,317 Total

Subcatchment DA2: DA-2

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=15.316 ac

Runoff Volume=1.555 af

Runoff Depth=1.22"

Flow Length=1,317'

Tc=81.2 min

CN=85

7.82 cfs
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Summary for Subcatchment DA3: DA-3

Runoff = 4.57 cfs @ 12.93 hrs,  Volume= 0.907 af,  Depth= 1.28"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

8.056 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

8.474 86 Weighted Average
8.056 95.07% Pervious Area
0.418 4.93% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

3.2 140 0.0110 0.73 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

17.2 228 0.0010 0.22 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

19.3 1,096 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

81.7 2,016 Total
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Subcatchment DA3: DA-3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=8.474 ac

Runoff Volume=0.907 af

Runoff Depth=1.28"

Flow Length=2,016'

Tc=81.7 min

CN=86

4.57 cfs
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Summary for Subcatchment DA4: DA-4

Runoff = 7.38 cfs @ 12.13 hrs,  Volume= 0.562 af,  Depth= 1.22"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

5.536 85 Row crops, straight row, Good, HSG C

5.536 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment DA4: DA-4

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=5.536 ac

Runoff Volume=0.562 af

Runoff Depth=1.22"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=85

7.38 cfs
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Summary for Subcatchment DA5: West Drainage (Proposed)

Runoff = 12.30 cfs @ 12.59 hrs,  Volume= 1.856 af,  Depth= 1.28"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  2 yr 24 hr Rainfall=2.55"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment DA5: West Drainage (Proposed)
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Hydrograph

Time  (hours)
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Type II 24-hr

2 yr 24 hr Rainfall=2.55"

Runoff Area=17.340 ac

Runoff Volume=1.856 af

Runoff Depth=1.28"

Flow Length=1,961'

Tc=56.5 min

CN=86

12.30 cfs
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Summary for Reach OSP: Off-Site Drainage (Proposed)

Inflow Area = 20.852 ac, 0.38% Impervious,  Inflow Depth = 1.22"    for  2 yr 24 hr event
Inflow = 9.07 cfs @ 12.16 hrs,  Volume= 2.117 af
Outflow = 9.07 cfs @ 12.16 hrs,  Volume= 2.117 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSP: Off-Site Drainage (Proposed)
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Inflow Area=20.852 ac

9.07 cfs9.07 cfs
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Summary for Reach PCD: Proposed Conditions Discharge

Inflow Area = 56.711 ac, 9.73% Impervious,  Inflow Depth = 1.31"    for  2 yr 24 hr event
Inflow = 27.73 cfs @ 12.81 hrs,  Volume= 6.189 af
Outflow = 27.73 cfs @ 12.81 hrs,  Volume= 6.189 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach PCD: Proposed Conditions Discharge
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Summary for Pond 1B: Basin

Inflow Area = 35.859 ac, 15.17% Impervious,  Inflow Depth = 1.37"    for  2 yr 24 hr event
Inflow = 23.75 cfs @ 12.35 hrs,  Volume= 4.082 af
Outflow = 19.07 cfs @ 12.78 hrs,  Volume= 4.072 af,  Atten= 20%,  Lag= 25.7 min
Primary = 19.07 cfs @ 12.78 hrs,  Volume= 4.072 af
     Routed to Reach PCD : Proposed Conditions Discharge
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 1,119.33' @ 12.78 hrs   Surf.Area= 14,463 sf   Storage= 21,487 cf

Plug-Flow detention time= 20.3 min calculated for 4.072 af (100% of inflow)
Center-of-Mass det. time= 18.2 min ( 886.1 - 867.9 )

Volume Invert Avail.Storage Storage Description

#1 1,116.00' 255,273 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,116.00 1 0 0
1,117.00 3,751 1,876 1,876
1,118.00 7,233 5,492 7,368
1,119.00 12,253 9,743 17,111
1,120.00 19,000 15,627 32,738
1,121.00 27,843 23,422 56,159
1,122.00 38,650 33,247 89,406
1,123.00 49,663 44,157 133,562
1,124.00 60,845 55,254 188,816
1,125.00 72,068 66,457 255,273

Device Routing     Invert Outlet Devices

#1 Primary 1,116.48' 24.0"  Round Culvert   L= 33.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,116.48' / 1,116.33'   S= 0.0045 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

#2 Primary 1,120.00' 30.0"  Round Culvert   L= 16.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,120.00' / 1,119.52'   S= 0.0300 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 4.91 sf   

#3 Secondary 1,124.00' 4.0' long  + 4.0 '/' SideZ  x 16.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=19.06 cfs @ 12.78 hrs  HW=1,119.33'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Barrel Controls 19.06 cfs @ 6.07 fps)
2=Culvert  ( Controls 0.00 cfs)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,116.00'  TW=0.00'   (Dynamic Tailwater)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)



Type II 24-hr  2 yr 24 hr Rainfall=2.55"29236 HydroCAD
  Printed  9/21/2023Prepared by I&S Group, Inc

Page 14HydroCAD® 10.20-2g  s/n 02403  © 2022 HydroCAD Software Solutions LLC

Pond 1B: Basin

Inflow
Outflow
Primary
Secondary
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Inflow Area=35.859 ac

Peak Elev=1,119.33'

Storage=21,487 cf

23.75 cfs
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Summary for Subcatchment DA1: DA-1

Runoff = 18.96 cfs @ 12.22 hrs,  Volume= 1.784 af,  Depth= 2.13"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

3.918 98 Paved parking, HSG C
6.127 85 Row crops, straight row, Good, HSG C

10.045 90 Weighted Average
6.127 61.00% Pervious Area
3.918 39.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.8 100 0.0070 0.07 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.90"

6.0 541 0.0100 1.50 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.8 641 Total

Subcatchment DA1: DA-1
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=10.045 ac

Runoff Volume=1.784 af

Runoff Depth=2.13"

Flow Length=641'

Tc=28.8 min

CN=90

18.96 cfs
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Summary for Subcatchment DA2: DA-2

Runoff = 11.21 cfs @ 12.90 hrs,  Volume= 2.200 af,  Depth= 1.72"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

15.237 85 Row crops, straight row, Good, HSG C
0.079 98 Paved parking, HSG C

15.316 85 Weighted Average
15.237 99.48% Pervious Area
0.079 0.52% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

18.6 529 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.5 688 0.0020 0.40 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

81.2 1,317 Total

Subcatchment DA2: DA-2

Runoff
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=15.316 ac

Runoff Volume=2.200 af

Runoff Depth=1.72"

Flow Length=1,317'

Tc=81.2 min

CN=85

11.21 cfs
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Summary for Subcatchment DA3: DA-3

Runoff = 6.47 cfs @ 12.91 hrs,  Volume= 1.271 af,  Depth= 1.80"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

8.056 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

8.474 86 Weighted Average
8.056 95.07% Pervious Area
0.418 4.93% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

3.2 140 0.0110 0.73 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

17.2 228 0.0010 0.22 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

19.3 1,096 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

81.7 2,016 Total



Type II 24-hr  5 yr 24 hr Rainfall=3.16"29236 HydroCAD
  Printed  9/21/2023Prepared by I&S Group, Inc

Page 18HydroCAD® 10.20-2g  s/n 02403  © 2022 HydroCAD Software Solutions LLC

Subcatchment DA3: DA-3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=8.474 ac

Runoff Volume=1.271 af

Runoff Depth=1.80"

Flow Length=2,016'

Tc=81.7 min

CN=86

6.47 cfs
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Summary for Subcatchment DA4: DA-4

Runoff = 10.49 cfs @ 12.13 hrs,  Volume= 0.795 af,  Depth= 1.72"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

5.536 85 Row crops, straight row, Good, HSG C

5.536 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment DA4: DA-4

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=5.536 ac

Runoff Volume=0.795 af

Runoff Depth=1.72"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=85

10.49 cfs
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Summary for Subcatchment DA5: West Drainage (Proposed)

Runoff = 17.40 cfs @ 12.58 hrs,  Volume= 2.602 af,  Depth= 1.80"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  5 yr 24 hr Rainfall=3.16"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment DA5: West Drainage (Proposed)

Runoff
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Type II 24-hr

5 yr 24 hr Rainfall=3.16"

Runoff Area=17.340 ac

Runoff Volume=2.602 af

Runoff Depth=1.80"

Flow Length=1,961'

Tc=56.5 min

CN=86

17.40 cfs
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Summary for Reach OSP: Off-Site Drainage (Proposed)

Inflow Area = 20.852 ac, 0.38% Impervious,  Inflow Depth = 1.72"    for  5 yr 24 hr event
Inflow = 13.13 cfs @ 12.15 hrs,  Volume= 2.995 af
Outflow = 13.13 cfs @ 12.15 hrs,  Volume= 2.995 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSP: Off-Site Drainage (Proposed)

Inflow
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Inflow Area=20.852 ac

13.13 cfs13.13 cfs
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Summary for Reach PCD: Proposed Conditions Discharge

Inflow Area = 56.711 ac, 9.73% Impervious,  Inflow Depth = 1.83"    for  5 yr 24 hr event
Inflow = 36.91 cfs @ 12.87 hrs,  Volume= 8.642 af
Outflow = 36.91 cfs @ 12.87 hrs,  Volume= 8.642 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach PCD: Proposed Conditions Discharge
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Inflow Area=56.711 ac
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Summary for Pond 1B: Basin

Inflow Area = 35.859 ac, 15.17% Impervious,  Inflow Depth = 1.89"    for  5 yr 24 hr event
Inflow = 33.05 cfs @ 12.35 hrs,  Volume= 5.657 af
Outflow = 24.45 cfs @ 12.86 hrs,  Volume= 5.647 af,  Atten= 26%,  Lag= 30.2 min
Primary = 24.45 cfs @ 12.86 hrs,  Volume= 5.647 af
     Routed to Reach PCD : Proposed Conditions Discharge
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 1,120.08' @ 12.86 hrs   Surf.Area= 19,728 sf   Storage= 34,332 cf

Plug-Flow detention time= 20.3 min calculated for 5.641 af (100% of inflow)
Center-of-Mass det. time= 19.3 min ( 878.3 - 859.0 )

Volume Invert Avail.Storage Storage Description

#1 1,116.00' 255,273 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,116.00 1 0 0
1,117.00 3,751 1,876 1,876
1,118.00 7,233 5,492 7,368
1,119.00 12,253 9,743 17,111
1,120.00 19,000 15,627 32,738
1,121.00 27,843 23,422 56,159
1,122.00 38,650 33,247 89,406
1,123.00 49,663 44,157 133,562
1,124.00 60,845 55,254 188,816
1,125.00 72,068 66,457 255,273

Device Routing     Invert Outlet Devices

#1 Primary 1,116.48' 24.0"  Round Culvert   L= 33.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,116.48' / 1,116.33'   S= 0.0045 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

#2 Primary 1,120.00' 30.0"  Round Culvert   L= 16.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,120.00' / 1,119.52'   S= 0.0300 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 4.91 sf   

#3 Secondary 1,124.00' 4.0' long  + 4.0 '/' SideZ  x 16.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=24.45 cfs @ 12.86 hrs  HW=1,120.08'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 24.40 cfs @ 7.77 fps)
2=Culvert  (Inlet Controls 0.05 cfs @ 0.97 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,116.00'  TW=0.00'   (Dynamic Tailwater)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 1B: Basin

Inflow
Outflow
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Hydrograph

Time  (hours)
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Inflow Area=35.859 ac

Peak Elev=1,120.08'

Storage=34,332 cf

33.05 cfs

24.45 cfs24.45 cfs

0.00 cfs
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Summary for Subcatchment DA1: DA-1

Runoff = 23.32 cfs @ 12.22 hrs,  Volume= 2.206 af,  Depth= 2.64"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

3.918 98 Paved parking, HSG C
6.127 85 Row crops, straight row, Good, HSG C

10.045 90 Weighted Average
6.127 61.00% Pervious Area
3.918 39.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.8 100 0.0070 0.07 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.90"

6.0 541 0.0100 1.50 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.8 641 Total

Subcatchment DA1: DA-1

Runoff
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=10.045 ac

Runoff Volume=2.206 af

Runoff Depth=2.64"

Flow Length=641'

Tc=28.8 min

CN=90

23.32 cfs
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Summary for Subcatchment DA2: DA-2

Runoff = 14.33 cfs @ 12.90 hrs,  Volume= 2.797 af,  Depth= 2.19"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

15.237 85 Row crops, straight row, Good, HSG C
0.079 98 Paved parking, HSG C

15.316 85 Weighted Average
15.237 99.48% Pervious Area
0.079 0.52% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

18.6 529 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.5 688 0.0020 0.40 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

81.2 1,317 Total

Subcatchment DA2: DA-2

Runoff
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=15.316 ac

Runoff Volume=2.797 af

Runoff Depth=2.19"

Flow Length=1,317'

Tc=81.2 min

CN=85

14.33 cfs
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Summary for Subcatchment DA3: DA-3

Runoff = 8.20 cfs @ 12.90 hrs,  Volume= 1.607 af,  Depth= 2.28"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

8.056 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

8.474 86 Weighted Average
8.056 95.07% Pervious Area
0.418 4.93% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

3.2 140 0.0110 0.73 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

17.2 228 0.0010 0.22 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

19.3 1,096 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

81.7 2,016 Total
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Subcatchment DA3: DA-3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=8.474 ac

Runoff Volume=1.607 af

Runoff Depth=2.28"

Flow Length=2,016'

Tc=81.7 min

CN=86

8.20 cfs
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Summary for Subcatchment DA4: DA-4

Runoff = 13.33 cfs @ 12.13 hrs,  Volume= 1.011 af,  Depth= 2.19"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

5.536 85 Row crops, straight row, Good, HSG C

5.536 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment DA4: DA-4
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=5.536 ac

Runoff Volume=1.011 af

Runoff Depth=2.19"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=85

13.33 cfs
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Summary for Subcatchment DA5: West Drainage (Proposed)

Runoff = 22.04 cfs @ 12.58 hrs,  Volume= 3.289 af,  Depth= 2.28"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  10 yr 24 hr Rainfall=3.70"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment DA5: West Drainage (Proposed)
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Type II 24-hr

10 yr 24 hr Rainfall=3.70"

Runoff Area=17.340 ac

Runoff Volume=3.289 af

Runoff Depth=2.28"

Flow Length=1,961'

Tc=56.5 min

CN=86

22.04 cfs
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Summary for Reach OSP: Off-Site Drainage (Proposed)

Inflow Area = 20.852 ac, 0.38% Impervious,  Inflow Depth = 2.19"    for  10 yr 24 hr event
Inflow = 16.87 cfs @ 12.15 hrs,  Volume= 3.808 af
Outflow = 16.87 cfs @ 12.15 hrs,  Volume= 3.808 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSP: Off-Site Drainage (Proposed)
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Inflow Area=20.852 ac

16.87 cfs16.87 cfs
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Summary for Reach PCD: Proposed Conditions Discharge

Inflow Area = 56.711 ac, 9.73% Impervious,  Inflow Depth = 2.31"    for  10 yr 24 hr event
Inflow = 45.94 cfs @ 12.87 hrs,  Volume= 10.901 af
Outflow = 45.94 cfs @ 12.87 hrs,  Volume= 10.901 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach PCD: Proposed Conditions Discharge

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Inflow Area=56.711 ac

45.94 cfs45.94 cfs
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Summary for Pond 1B: Basin

Inflow Area = 35.859 ac, 15.17% Impervious,  Inflow Depth = 2.38"    for  10 yr 24 hr event
Inflow = 41.49 cfs @ 12.35 hrs,  Volume= 7.103 af
Outflow = 30.06 cfs @ 12.87 hrs,  Volume= 7.093 af,  Atten= 28%,  Lag= 31.1 min
Primary = 30.06 cfs @ 12.87 hrs,  Volume= 7.093 af
     Routed to Reach PCD : Proposed Conditions Discharge
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 1,120.68' @ 12.87 hrs   Surf.Area= 24,993 sf   Storage= 47,643 cf

Plug-Flow detention time= 21.6 min calculated for 7.085 af (100% of inflow)
Center-of-Mass det. time= 20.8 min ( 873.5 - 852.8 )

Volume Invert Avail.Storage Storage Description

#1 1,116.00' 255,273 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,116.00 1 0 0
1,117.00 3,751 1,876 1,876
1,118.00 7,233 5,492 7,368
1,119.00 12,253 9,743 17,111
1,120.00 19,000 15,627 32,738
1,121.00 27,843 23,422 56,159
1,122.00 38,650 33,247 89,406
1,123.00 49,663 44,157 133,562
1,124.00 60,845 55,254 188,816
1,125.00 72,068 66,457 255,273

Device Routing     Invert Outlet Devices

#1 Primary 1,116.48' 24.0"  Round Culvert   L= 33.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,116.48' / 1,116.33'   S= 0.0045 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

#2 Primary 1,120.00' 30.0"  Round Culvert   L= 16.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,120.00' / 1,119.52'   S= 0.0300 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 4.91 sf   

#3 Secondary 1,124.00' 4.0' long  + 4.0 '/' SideZ  x 16.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=30.04 cfs @ 12.87 hrs  HW=1,120.68'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 27.04 cfs @ 8.61 fps)
2=Culvert  (Inlet Controls 3.00 cfs @ 2.80 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,116.00'  TW=0.00'   (Dynamic Tailwater)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 1B: Basin

Inflow
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Hydrograph
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Inflow Area=35.859 ac

Peak Elev=1,120.68'

Storage=47,643 cf

41.49 cfs

30.06 cfs30.06 cfs

0.00 cfs
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Summary for Subcatchment DA1: DA-1

Runoff = 40.03 cfs @ 12.22 hrs,  Volume= 3.869 af,  Depth= 4.62"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

3.918 98 Paved parking, HSG C
6.127 85 Row crops, straight row, Good, HSG C

10.045 90 Weighted Average
6.127 61.00% Pervious Area
3.918 39.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

22.8 100 0.0070 0.07 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.90"

6.0 541 0.0100 1.50 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.8 641 Total

Subcatchment DA1: DA-1

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=10.045 ac

Runoff Volume=3.869 af

Runoff Depth=4.62"

Flow Length=641'

Tc=28.8 min

CN=90

40.03 cfs
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Summary for Subcatchment DA2: DA-2

Runoff = 26.67 cfs @ 12.89 hrs,  Volume= 5.215 af,  Depth= 4.09"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

15.237 85 Row crops, straight row, Good, HSG C
0.079 98 Paved parking, HSG C

15.316 85 Weighted Average
15.237 99.48% Pervious Area
0.079 0.52% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

18.6 529 0.0010 0.47 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

28.5 688 0.0020 0.40 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

81.2 1,317 Total

Subcatchment DA2: DA-2

Runoff
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=15.316 ac

Runoff Volume=5.215 af

Runoff Depth=4.09"

Flow Length=1,317'

Tc=81.2 min

CN=85

26.67 cfs



Type II 24-hr  100 yr 24 hr Rainfall=5.77"29236 HydroCAD
  Printed  9/21/2023Prepared by I&S Group, Inc

Page 37HydroCAD® 10.20-2g  s/n 02403  © 2022 HydroCAD Software Solutions LLC

Summary for Subcatchment DA3: DA-3

Runoff = 15.04 cfs @ 12.88 hrs,  Volume= 2.960 af,  Depth= 4.19"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

8.056 85 Row crops, straight row, Good, HSG C
0.418 98 Paved parking, HSG C

8.474 86 Weighted Average
8.056 95.07% Pervious Area
0.418 4.93% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

34.1 100 0.0010 0.05 Sheet Flow, 
Grass: Short   n= 0.150   P2= 2.90"

7.9 452 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

3.2 140 0.0110 0.73 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

17.2 228 0.0010 0.22 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

19.3 1,096 0.0040 0.95 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

81.7 2,016 Total
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Subcatchment DA3: DA-3

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=8.474 ac

Runoff Volume=2.960 af

Runoff Depth=4.19"

Flow Length=2,016'

Tc=81.7 min

CN=86

15.04 cfs
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Summary for Subcatchment DA4: DA-4

Runoff = 24.54 cfs @ 12.12 hrs,  Volume= 1.885 af,  Depth= 4.09"
     Routed to Reach OSP : Off-Site Drainage (Proposed)

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

5.536 85 Row crops, straight row, Good, HSG C

5.536 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

14.0 100 0.0120 0.12 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

6.2 369 0.0120 0.99 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

20.2 469 Total

Subcatchment DA4: DA-4
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=5.536 ac

Runoff Volume=1.885 af

Runoff Depth=4.09"

Flow Length=469'

Slope=0.0120 '/'

Tc=20.2 min

CN=85

24.54 cfs
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Summary for Subcatchment DA5: West Drainage (Proposed)

Runoff = 40.28 cfs @ 12.57 hrs,  Volume= 6.056 af,  Depth= 4.19"
     Routed to Pond 1B : Basin

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type II 24-hr  100 yr 24 hr Rainfall=5.77"

Area (ac) CN Description

16.235 85 Row crops, straight row, Good, HSG C
1.105 98 Paved parking, HSG C

17.340 86 Weighted Average
16.235 93.63% Pervious Area
1.105 6.37% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

10.4 100 0.0250 0.16 Sheet Flow, 
Cultivated: Residue>20%   n= 0.170   P2= 2.90"

27.9 1,167 0.0060 0.70 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

18.2 694 0.0050 0.64 Shallow Concentrated Flow, 
Cultivated Straight Rows   Kv= 9.0 fps

56.5 1,961 Total

Subcatchment DA5: West Drainage (Proposed)
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Type II 24-hr

100 yr 24 hr Rainfall=5.77"

Runoff Area=17.340 ac

Runoff Volume=6.056 af

Runoff Depth=4.19"

Flow Length=1,961'

Tc=56.5 min

CN=86

40.28 cfs
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Summary for Reach OSP: Off-Site Drainage (Proposed)

Inflow Area = 20.852 ac, 0.38% Impervious,  Inflow Depth = 4.09"    for  100 yr 24 hr event
Inflow = 31.79 cfs @ 12.15 hrs,  Volume= 7.100 af
Outflow = 31.79 cfs @ 12.15 hrs,  Volume= 7.100 af,  Atten= 0%,  Lag= 0.0 min
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach OSP: Off-Site Drainage (Proposed)
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Inflow Area=20.852 ac

31.79 cfs31.79 cfs
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Summary for Reach PCD: Proposed Conditions Discharge

Inflow Area = 56.711 ac, 9.73% Impervious,  Inflow Depth = 4.23"    for  100 yr 24 hr event
Inflow = 83.15 cfs @ 12.86 hrs,  Volume= 19.975 af
Outflow = 83.15 cfs @ 12.86 hrs,  Volume= 19.975 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach PCD: Proposed Conditions Discharge
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Inflow Area=56.711 ac

83.15 cfs83.15 cfs
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Summary for Pond 1B: Basin

Inflow Area = 35.859 ac, 15.17% Impervious,  Inflow Depth = 4.31"    for  100 yr 24 hr event
Inflow = 74.52 cfs @ 12.36 hrs,  Volume= 12.885 af
Outflow = 53.78 cfs @ 12.87 hrs,  Volume= 12.875 af,  Atten= 28%,  Lag= 30.9 min
Primary = 53.78 cfs @ 12.87 hrs,  Volume= 12.875 af
     Routed to Reach PCD : Proposed Conditions Discharge
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
     Routed to Reach PCD : Proposed Conditions Discharge

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 1,122.12' @ 12.87 hrs   Surf.Area= 39,982 sf   Storage= 94,162 cf

Plug-Flow detention time= 23.2 min calculated for 12.861 af (100% of inflow)
Center-of-Mass det. time= 22.8 min ( 859.2 - 836.4 )

Volume Invert Avail.Storage Storage Description

#1 1,116.00' 255,273 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

1,116.00 1 0 0
1,117.00 3,751 1,876 1,876
1,118.00 7,233 5,492 7,368
1,119.00 12,253 9,743 17,111
1,120.00 19,000 15,627 32,738
1,121.00 27,843 23,422 56,159
1,122.00 38,650 33,247 89,406
1,123.00 49,663 44,157 133,562
1,124.00 60,845 55,254 188,816
1,125.00 72,068 66,457 255,273

Device Routing     Invert Outlet Devices

#1 Primary 1,116.48' 24.0"  Round Culvert   L= 33.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,116.48' / 1,116.33'   S= 0.0045 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

#2 Primary 1,120.00' 30.0"  Round Culvert   L= 16.0'   Ke= 0.500   
Inlet / Outlet Invert= 1,120.00' / 1,119.52'   S= 0.0300 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 4.91 sf   

#3 Secondary 1,124.00' 4.0' long  + 4.0 '/' SideZ  x 16.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.68  2.70  2.70  2.64  2.63  2.64  2.64  2.63   

Primary OutFlow  Max=53.75 cfs @ 12.87 hrs  HW=1,122.12'  TW=0.00'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 32.58 cfs @ 10.37 fps)
2=Culvert  (Barrel Controls 21.17 cfs @ 6.43 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=1,116.00'  TW=0.00'   (Dynamic Tailwater)
3=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 1B: Basin
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Appendix F: Pipe Sizing – Hydraflow Calculations 
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Combination inlets use a grate and a curb opening inlet. An equal length combination inlet has 

a curb opening that is the same length as the grate. When the curb opening is longer than the 

grate length, the inlet is called a sweeper inlet. 

The procedures for combination inlets in sag start with a trial inlet depth measured at the face 

of the curb at the inlet. The trial depth is used to calculate a resulting trial flow. The trial is

repeated with a larger depth until the resulting trial flow is equal to or greater than the design 

flow at the inlet. 

Equal length inlets

The interception capacity of equal length combination inlets in sags is equal to that of the 

grate alone in weir flow. As the depth over the grate increases, it changes from weir flow to 

orifice flow. In orifice flow, the capacity of the equal length combination inlet is equal to the 

capacity of the grate plus the capacity of the curb opening (ref. HEC-22). 

Computing the flow through the grate of an equal length inlet

The trial depth at the inlet is used to find the flow at the grate by using the smaller flow from 

the weir and orifice equations. The depth of water over the grate used in these equations is 

the average depth found at the center of the grate. Therefore, based on the inlet and 

depression dimensions, the trial depth is altered to use the corresponding depth over the 

center of the grate. 

The equation for the weir flow at the grate is: 

Where:

Cw = 3.0 (1.66) 

P = Perimeter of the grate in ft (m) disregarding the side against the curb 

d = Depth of water over the center of the grate, in ft (m). The trial inlet depth is adjusted to 

use the depth over the center of the grate. 

The equation for orifice flow at the grate is: 

Where:

Combination Inlets in Sags
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Co = 0.67 

Ag = Clear opening area in sqft (sqm) 

g = 32.16 (9.8) gravity 

d = Depth of water over the center of the grate in ft (m). The trial inlet depth is adjusted to 

use the depth over the center of the grate.

If the resulting trial flow is from the weir equation, it alone is compared to the design flow. 

If the resulting trial flow is from the orifice equation, it will be increased by the flow through 

the curb opening. The same trial depth is used to find the flow through the curb opening using 

the methods described in the procedure for curb inlets. The total trial flow (from combining the 

grate and curb opening) is compared to the design flow. 

Computing the flow through the curb opening of an equal length inlet

Curb inlets operate as weirs to depths equal to the curb opening height, and as orifices at 

depths greater than 1.4 times the total curb opening height (equal to the sum of the throat 

height, local depression, and gutter depression). At depths in between, flow is in transition 

stage. 

In transition flow, Hydraflow Storm Sewers Extension solves both the weir and the orifice 

equations using the trial depth, and uses the smaller flow rate. 

The equation that is used depends on whether the curb opening is a depressed or non-

depressed inlet. 

Depressed curb opening

The equation used for the interception capacity of the inlet operating as a weir is: 

Where:

Cw = 2.3 (1.25) 

L = Length of curb opening in ft (m) 

W = Gutter width in ft (m) 

d = Depth at the face of the curb, measured from the cross slope, Sx, in ft (m). The trial 

depth at the face of the curb is adjusted to use the depth above the cross slope, Sx. 

NOTE:

� If L > 12 ft., the equation for non-depressed inlets is used, as specified in HEC-22. 

� The equation for depressed curb opening is used when there is either local depression, 

gutter depression only, or both local and gutter depression. HEC-22 indicates that this 
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equation will yield conservative estimates of the interception capacity for curb-opening 

inlets with a continuously depressed gutter. 

Non-depressed curb inlets

The following equation is used to determine the interception capacity of inlets without any 

depression when operating as a weir: 

Where:

Cw = 3.0 (1.60) 

L = Length of curb opening in ft (m) 

d = Depth at the face of the curb, measured from the cross slope, Sx, in ft (m)

Operating as an orifice

The equation used for the interception capacity of the curb inlet (depressed and non-

depressed) operating as an orifice is: 

Where:

Co = 0.67 

H = Total height of the curb opening orifice in ft, which is the sum of the throat height, gutter 

depression, and local depression.

L = Length of the curb opening orifice in ft 

g = 32.2 (9.8) gravity 

do = Depth measured to the center of the inlet opening in ft (m). The trial depth is adjusted to 

use the center of the inlet opening. 

Trial depth iterations

The resulting flow from the curb opening is added to the resulting flow from the grate to 

create the trial flow.

NOTE: Both weir and orifice equations are used independently for the grate and curb inlet

analysis, so the curb opening could be in weir flow, while the grate is in orifice flow. 

The resulting trial flow is compared to the design flow to the inlet. The trial is repeated with a 
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larger depth until the resulting trial flow is equal to or greater than the design flow at the inlet. 

Sweeper inlets

When the curb opening length of a combination inlet is larger than the grate length, the inlet 

is a sweeper inlet, and the extra length of the opening always contributes to the capacity of 

the combination inlet in sag. If the grate is in weir flow conditions, only the extra length of the 

curb opening contributes to the capacity. If the grate is in orifice flow conditions, the entire 

length of the curb opening contributes to the capacity. 

The following procedure for sweeper inlets is the same as for equal length inlets, except that 

the extra length of the curb opening is combined with the grate flow. 

Computing the flow through the grate of a sweeper inlet

The trial depth at the inlet is used to find the flow at the grate by using the smaller flow from 

the weir and orifice equations. The depth of water over the grate used in these equations is 

the average depth found at the center of the grate. Therefore, the trial depth is altered to use 

the corresponding depth over the center of the grate, based on the inlet and depression 

dimensions. 

The equation for weir flow at the grate is: 

Where:

Cw = 3.0 (1.66) 

P = Perimeter of the grate in ft (m), disregarding the side against the curb 

d = Depth of water over the center of the grate, in ft (m). The trial inlet depth is adjusted to 

use the depth over the center of the grate. 

The equation for orifice flow at the grate is:

Where:

Co = 0.67 

Ag = Clear opening in sqft (sqm) 

g = 32.16 (9.8) gravity 

d = Depth of water over the center of the grate, in ft (m). The trial inlet depth is adjusted to 

use the depth over the center of the grate.
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Computing the flow through the curb opening of a sweeper inlet

Curb inlets operate as weirs to depths equal to the curb opening height, and as orifices at 

depths greater than 1.4 times the total curb opening height (equal to the sum of the throat 

height, local depression, and gutter depression). At depths in between, flow is in a transition 

stage.

In transition flow, Hydraflow Storm Sewers Extension solves both the weir and orifice 

equations using the trial depth, and uses the smaller flow rate. 

The equation that is used depends on whether the curb opening is a depressed or non-

depressed inlet. 

The length in the equations is initially the additional length beyond the grate length. This is 

combined with the weir flow through the grate to determine the total resulting trial flow. When 

the grate becomes orifice flow, the length equal to the grate length is also used to compute 

the flow through that section of the curb opening. The two sections of the curb opening are 

computed separately and added together with the grate flow to determine the total resulting 

trial flow. 

Depressed curb opening

The equation used for the interception capacity of the inlet operating as a weir is: 

Where:

Cw = 2.3 (1.25) 

L = Length of curb opening in ft (m) (either length of grate or length beyond the grate) 

W = Gutter width in ft (m)

d = Depth at the face of the curb, measured from the cross slope, Sx, in ft (m). The trial 

depth at the face of the curb is adjusted to use the depth above the cross slope, Sx. 

NOTE:

� If L > 12 ft., the equation for non-depressed inlets is used, as specified in HEC-22. 

� The equation for a depressed curb opening is used when there is local depression, gutter 

depression only, or both local and gutter depression. HEC-22 indicates that this equation 

will yield conservative estimates of the interception capacity for curb-opening inlets with a 

continuously depressed gutter.

Non-depressed curb inlets

The following equation is used to determine the interception capacity of inlets without any 

depression when operating as a weir: 
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Where:

Cw = 3.0 (1.60) 

L = Length of curb opening in ft (m) (either length of grate or length beyond the grate) 

d = Depth at the face of the curb, measured from the cross slope, Sx, in ft (m) 

Operating as an orifice

The equation used for the interception capacity of the curb inlet (depressed and non-

depressed) operating as an orifice is: 

Where:

Co = 0.67 

H = Total height of the curb opening orifice in ft, which is the sum of the throat height, gutter 

depression, and local depression.

L = Length of curb opening orifice in ft (m) 

g = 32.2 (9.8) gravity 

do = Depth measured to the center of the inlet opening in ft (m). The trial depth is adjusted to 

the center of the inlet opening. 

Trial depth iterations

When the trial depth results in a weir flow through the grate that is less than the orifice flow 

result, the weir flow result is combined with the flow through the extra length of curb opening 

for the total resulting trial flow. The resulting trial flow is compared to the design flow to the 

inlet. The trial is repeated with a larger depth until the resulting trial flow is equal to or greater 

than the design flow at the inlet. 

When the grate flow becomes orifice flow, the length of the curb opening equal to the grate 

length is also added for the total resulting trial flow. 

NOTE: Both weir and orifice equations are used independently for the grate and each section 

of the curb inlet analysis, so the results may produce different sections in weir or orifice flow. 

Combination inlet design
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Setting the grate dimensions to 0 (zero) will assign default values. If the curb opening inlet 

length is set to zero or the grate width is set to zero, the default value from the Design Codes 

will be used. If the grate length is set to zero, Hydraflow Storm Sewers Extension will calculate 

a length value. This length value will vary as the width value varies, but it is not computed 

using the flow value so it does not represent a computed design length. The open area will be 

computed as the product of the length and the width values. 
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Appendix G: Riprap Design Calculations 



RIPRAP SIZING: MILBANK, SD

OUTLET Y (ft) Sf Cs Cv Ct V (fps) K1 Sg D50 (SIZE) CLASS

FES-1 2.21 1.2 0.3 1 1 10.98 0.994 2.48 1.139 A

FES-12 1.39 1.2 0.3 1 1 5.06 0.994 2.48 0.184 A

FES-16 0.65 1.2 0.3 1 1 3.14 0.168 2.48 0.623 B
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