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CERTIFICATION

DESIGN ENGINEER’S STATEMENT

The attached drainage plan and report were prepared under my direction and supervision and
are correct to the best of my knowledge and belief. Said drainage report has been prepared
according to the criteria established by the County for drainage reports and said report is in
conformity with the master plan of the drainage basin. | accept responsibility for any liability
caused by any negligent acts, errors or omissions on my part in preparation of this report.

SIGNATURE (Affix Seal):

Colorado P.E. No. 49487

OWNER/DEVELOPER’S STATEMENT

|, the developer, have read and will comply with all of the requirements specified in this
Drainage Report and Plan.
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Jennifer Irvine, P.E.
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INTRODUCTION

PURPOSE AND SCOPE OF STUDY

The purpose of this Final Drainage Report (FDR) is to provide the hydrologic and hydraulic
calculations and to document and finalize the drainage design methodology in support of the
proposed Tract DD of Hannah Ridge at Feathergrass (“the Project”) Filing No. 1 (“the Site”) for
Watermark Residential. The Project is located within the jurisdictional limits of EI Paso County
(“the County”). Thus, the guidelines for the hydrologic and hydraulic design components were
based on the criteria for the County and City of Colorado Springs, described below.

LOCATION

The 15.39-acre parcel (TSN: 53324-04-001) is located at the northwest corner of the
Marksheffel Road and Constitution Avenue intersections. The site is also adjacent to Akers
Drive at its terminus with Constitution Avenue on the westernmost site boundary. A vicinity map
has been provided in the Appendix A of this report.

DESCRIPTION OF PROPERTY

The Project is located on approximately 15.39 acres of land consisting of vacant land with native
vegetation and is classified as “Undeveloped” per Table 6-6 of the City of Colorado Springs
Drainage Criteria Manual. Filing No 1 consists of 9 multi-family buildings, 12 garage buildings, a
front office building, and a clubhouse amenity space with a pool deck. The Site does not
currently provide water quality or detention for the Project area. The existing land use is
undeveloped vacant land.

The existing topography consists of slopes ranging from 1% to 40% and generally slopes from
North to South.

NRCS soil data is available for this Site and it has been noted that soils onsite are generally
USCS Type A/B. The NRCS soil data can be found in Appendix B. There are no major
drainage ways or irrigation facilities within the Site.

Improvements will consist of mowing, clearing and grubbing, weed control, paved access road
construction, roadway grading, one detention ponds, culverts, drainage swales, and native
seeding.

An updated Topographic field survey was completed for the Project by Barren Land, LLC. dated
September 23, 2020 and is the basis for design for the drainage improvements.

DRAINAGE BASINS

MAJOR BASIN DESCRIPTIONS

The Site improvements are located in Zone X, as determined by the Flood Insurance Rate Map
(FIRM) number 08041C0756G effective date, December 7, 2018 (see Appendix A).

The Project is located within El Paso County’s Sand Creek Drainage Basin.
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EXISTING SUB-BASIN DESCRIPTIONS

Site runoff flows from north to south via sheet flow over vacant land to Constitution Ave. Below
is a description of the existing onsite sub-basin.

Sub-Basin EX-A

Sub-Basin EX-A consists of the entirety of the 15.39-acre multi-family development. Drainage
flows overland from North to South and conveys along the southern boundary to the West at
Design Point 1. Runoff during the 5-year and 100-year events are 4.41 cfs and 29.59 cfs,
respectively. Cumulative flows from this basin, including the flows from Sub-Basin OS-1, are
5.69 and 37.64 cfs, respectively. Runoff from this basin is currently directed to design point 1
where it will drain into the crosspan along the north side of Constitution Avenue across Akers
Drive, where it conveys into an existing drainage inlet and storm drain system that runs
underneath Constitution Avenue to the South. This sub-basin has an area of 15.39 acres. The
impervious value for this basin is 2%. Refer to Appendix D for the Existing Conditions Drainage
Map.

Sub-Basin 0S-1

Sub-Basin OS-1 consists of an offsite basin to the North of the Property. Drainage flows
overland from North to South and conveys to the northern line of Sub-basin EX-A at Design
Point 2. Direct runoff during the 5-year and 100-year events are 1.28 cfs and 8.04 cfs,
respectively. Runoff from this basin is currently directed to design point 2 where it will drain into
the Sub-basin EX-A, which is on-site. This sub-basin has an area of 4.55 acres. The impervious
value for this basin is 2%. Refer to Appendix D for the Existing Conditions Drainage Map.

Additionally, the adjacent property to the northwest of the site has a detention pond within the
tributary area for this sub-basin. The release flows from this pond drain directly into the sub-
basin at a rate of 0.1 cfs for the 5-year and 0.8 cfs for the 100-year events. These flows have
been included in the cfs quantities as listed above, and account for all anticipated flows from
offsite. Refer to Appendix D for the Offsite Detention Pond release rates as referenced.

PROPOSED RATIONAL SUB-BASIN DESCRIPTIONS

Sub-Basin B1 consists of a portion of the multi-family development in a portion of the west half
of the site. Runoff from this basin will be directed to design point B1 where it will drain into the
full spectrum detention South Pond, which will outfall through the proposed outlet structure to
the west into an existing 24-inch storm drain pipe. This sub-basin has an area of 2.98 acres.
The impervious value for this basin is 100%. The basin will generate runoff of 13.83 cfs and
24.74 cfs in the minor and major storm event.

Sub-Basin B2 consists of a portion of landscaping, club house, and building unit in the west side
of the site. Runoff from this basin will be directed to Swale B2 which will outfall to Culvert 1 at
design point B2 and ultimate outfall into the South Pond. Culvert 2 has been adequately sized to
convey flows from this Sub-basin. This sub-basin has an area of 1.01 acres. The impervious
value for Sub-Basin DA2 is 16%. The basin will generate runoff of 0.80 cfs and 3.10 cfs in the
minor and major storm event.

Sub-Basin B3 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
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Pond. This sub-basin has an area of 0.16 acres. The impervious value for Sub-Basin DAS3 is
90%. The basin will generate runoff of 0.61 cfs and 1.13 cfs in the minor and major storm event.

Sub-Basin B4 consists of landscaping, sidewalk and a parking lot. Runoff from this basin will be
directed into design point B4 and where it will be directed to the west through a curb cut and
outfall to a Swale B5. This sub-basin has an area of 0.23 acres. The impervious value for Sub-
Basin DA4 is 100%. The basin will generate runoff of 1.08 cfs and 1.93 cfs in the minor and
major storm event.

Sub-Basin B5 consists of landscaping at the west side of the site. Runoff from this basin will be
directed into design point B5 and where it will be directed the South Pond. This sub-basin has
an area of 0.17 acres. The impervious value is 2%. The basin will generate runoff of 0.05 cfs
and 0.39 cfs in the minor and major storm event.

Sub-Basin B6 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.13 acres. The impervious value for Sub-Basin DAG is
90%. The basin will generate runoff of 0.49 cfs and 0.91 cfs in the minor and major storm event.

Sub-Basin B7 consists of the South Pond and portions of the roofs of the proposed building
units. This sub-basin has an area of 1.66 acres. The impervious value for this basin is 17%. The
basin will generate runoff of 1.58 cfs and 5.91 cfs in the minor and major storm event.

Sub-Basin B8 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.16 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.62 cfs and 1.15 cfs in the minor and major storm event.

Sub-Basin B9 consists of a portion of the multi-family development in a portion of the east half
of the site. Runoff from this basin will be directed into design point B9 where it will be directed
to the South Pond. This sub-basin has an area of 4.10 acres. The impervious value for this
basin is 100%. The basin will generate runoff of 16.87 cfs and 30.19 cfs in the minor and major
storm event.

Sub-Basin B10 consists of landscaping and roofs of the multiple building units. Runoff from this
basin will be directed into design point B10 where it will be capture by an inlet and directed to
the South Pond via storm drain system. This sub-basin has an area of 0.94 acres. The
impervious value for this basin is 41%. The basin will generate runoff of 1.59 cfs and 4.01 cfs in
the minor and major storm event.

Sub-Basin B11 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.16 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.61 cfs and 1.14 cfs in the minor and major storm event.

Sub-Basin B12 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.15 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.56 cfs and 1.05 cfs in the minor and major storm event.

Sub-Basin B13 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
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Pond. This sub-basin has an area of 0.11 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.41 cfs and 0.76 cfs in the minor and major storm event.

Sub-Basin B14 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.11 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.43 cfs and 0.80 cfs in the minor and major storm event.

Sub-Basin B15 consists of landscaping and roofs of the multiple building units. Runoff from this
basin will be directed into design point B15 where it will be capture by an inlet and directed to
the South Pond via storm drain system. This sub-basin has an area of 0.86 acres. The
impervious value for this basin is 42%. The basin will generate runoff of 1.57 cfs and 3.93 cfs in
the minor and major storm event.

Sub-Basin B16 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.14 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.52 cfs and 0.97 cfs in the minor and major storm event.

Sub-Basin B17 consists of a portion of a roof of a proposed building unit. Runoff from this basin
will be directed into the proposed storm drain system where it will be directed to the South
Pond. This sub-basin has an area of 0.14 acres. The impervious value for this basin is 90%.
The basin will generate runoff of 0.51 cfs and 0.95 cfs in the minor and major storm event.

Sub-Basin B18 consists of landscaping. Runoff from this basin will be directed into design point
B18 and where it outfalls into the full spectrum detention South Pond. The drainage swale
withing Sub-Basin B18 has been adequately sized to convey anticipated offsite flows from the
northern property. This sub-basin has an area of 1.09 acres. The impervious value for this basin
is 2%. The basin will generate runoff of 0.27 cfs and 1.96 cfs in the minor and major storm
event.

Sub-Basin OS-1 consists of landscaping offsite to the North of the Property. Runoff from this
basin will be directed into design point OS-1 and enters the swale in Basin B18 where it outfalls
into the full spectrum detention South Pond. This sub-basin has an area of 4.62 acres. The
impervious value for this basin is 2%. The basin will generate runoff of 2.11 cfs and 10.39 cfs in
the minor and major storm event.

Additionally, the adjacent property to the northwest of the site has a detention pond within the
tributary area for this sub-basin. The release flows from this pond drain directly into the sub-
basin at a rate of 0.1 cfs for the 5-year and 0.8 cfs for the 100-year events. These flows have
been included in the cfs quantities as listed above, and account for all anticipated flows from
offsite. Refer to Appendix D for the Offsite Detention Pond release rates as referenced.

Sub-Basin OS-2 consists of landscaping offsite to the North of the Property. Runoff from this
basin will be directed into design point OS-2 and travels through Basin B1 where it outfalls into
the full spectrum detention South Pond. This sub-basin has an area of 0.18 acres. The
impervious value for this basin is 2%. The basin will generate runoff of 0.08 cfs and 0.55 cfs in
the minor and major storm event.
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DRAINAGE DESIGN CRITERIA

DEVELOPMENT CRITERIA REFERENCE

The proposed storm facilities are designed to be in compliance with the City of Colorado
Springs and El Paso County “Drainage Criteria Manual (DCM)” dated October 2018 ("the
MANUAL"), El Paso County “Engineering Criteria Manual” (“the Engineering Manual”), Chapter
6 and Section 3.2.1 of Chapter 13 of the City of Colorado Springs Drainage Criteria Manual
dated May 2014 (“the Colorado Springs MANUAL").

There are no known master plans or studies for the site.

HYDROLOGIC CRITERIA

The 5-year and 100-year design storm events were used in determining rainfall and runoff for
the existing and proposed drainage analysis per the MANUAL. The rainfall depths for site were
determined from equation 6-1, equation 6-2 utilizing Figures 6-6, 6-11, 6-12, and 6 -17 from the
DCM. Refer to Table 1 below for the rainfall depths utilized for the site and Appendix B for the
hydrologic calculations for the site.

Table 1: Rainfall Depths

Duration (HRS)

Storm Event 1 HR
5 Year 1.52
100 Year 2.55

Calculations for the runoff coefficients and percent impervious are included in the Appendix B.
Rational method was used to determine the peak flows for the project. These flows were used
to determine the size of the proposed curb cuts, inlets, culvert, storm drain system and on-site
swales.

The proposed impervious values in Table 6-6 of the DCM were utilized in this report for the final
design. Refer to Appendix B of this report for Table 6-6.

The Site is providing one full spectrum detention pond. The Site is maintaining the historic
drainage patterns as much as possible.

There are no additional provisions selected or deviations from the criteria in both the MANUAL
and Colorado Springs MANUAL.

HYDRAULIC CRITERIA

Applicable design methods were utilized to size the proposed pond, culvert and drainage
swales, which includes the use of the UD-Detention spreadsheet, UD-Inlet spreadsheet, rational
calculations spreadsheet, StormCAD, HY-8 and FlowMaster, V8i software.

Proposed drainage features on-site have been analyzed and sized for the following design
storm events:
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e Major Storm: 100-year Storm Event

One full spectrum detention pond is proposed in order to maintain historic flows and water
quality. The detention pond known as the South Pond. The South Pond is in the southwest
corner of the Site with a proposed volume of 1.5 ac-ft and designed for the 100-year storm
event. With a discharge rate of 21.9 cfs, water from the South Pond is discharged into an
existing 24-inch storm drain located at the southwest corner of the site and ultimately out falling
to Sand Creek (Sand Creek’s East Fork). Pond calculations are provided in the Appendix C.

Curb cuts, inlets, grass lined swales, and storm drain pipes are designed to carry flows from to
the South Pond. The curb cuts, inlets, swales, and storm drain pipes calculations are provided
in the Appendix C and the design points are provided in the Proposed Drainage Map located in
Appendix D. The pond is designed to release the 100-year flow rates below the pre-
development flow rate.

Emergency overflows will be routed over the southwest corner of the pond. It will follow existing
drainage conditions and enter the existing crosspan that conveys across Akers Drive on the
North side of Constitution Avenue. This flow enters an existing 5’ Type-R Inlet that flows into an
existing box culvert that crosses underneath Constitution Avenue to the South.

THE FOUR STEP PROCESS

The Project was designed in accordance with the four-step process to minimize adverse

impacts of urbanization, as outlined in the County’s “Four-Step Process” for selecting structural
BMPs (ECM Section 1.7.2 BMP Selection).

Step 1. Employ Runoff Reduction Practices- The project is proposing a residential
development that will be designed to minimize the impact to the current existing terrain.
The Site’s proposed paved roadways will increase the Site’s impervious area; however,
drainage swales will be constructed to slow down the runoff velocity and reduce runoff
peaks. A full spectrum detention pond will be used to capture stormwater and maintain
flows discharging off site at or below historic levels.

Step 2. Stabilize Drainageways— Stabilizing proposed drainage swales by designing
them with slopes that control the flow rates. Placement of riprap upstream and
downstream of culverts to help reduce erosion of the drainage swales. Rock chutes will
be constructed to reduce the velocities of runoff entering the ponds at the channel
locations. We anticipate this will minimize erosion.

Step 3. Provide Water Quality Capture Volume (WQCV) —Permanent water quality
measures and detention facilities will be provided with the Project. More specifically, this
project proposes the construction of an Extended Detention Basin to provide for the
required water quality capture volume.

Step 4. Consider Need for Industrial and Commercial BMPs — The proposed project

is proposing a residential development; therefore, covering of storage/handling areas
and spill containment and control will not need to be provided.
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DRAINAGE FACILITY DESIGN

GENERAL CONCEPT

The proposed drainage patterns will match the historic patterns. To maintain historic flows, a full
spectrum detention pond is being proposed and will capture and control the flows from the
proposed development to convey flows with a series of swales, parking lot sheet flow, and a
storm drain system.

Provided in the Appendix B are hydrologic calculations utilizing the Rational method for the
existing and proposed conditions. Provided in Appendix C are the hydraulic calculations for the
proposed conditions HY-8 culvert calculations, Flowmaster details and cross sections for
proposed drainage features. As previously mentioned, the and existing drainage map and
proposed drainage map can be found in Appendix D.

SPECIFIC DETAILS

The existing conditions of the Site have flows conveying from the north to the south corner and
spill into Constitution Ave. Runoff conditions for the Site were developed utilizing the Rational
Method described in the Hydrologic Criteria section of this report.

Sub-basins B1 through B18 consist of a future multi-family buildings and detention pond. All
basins have flows being captured and conveyed onsite. Flows are conveyed from the north side
of the Site to the southwest corner of the Site. On site flows enter South Pond which then
discharges into an existing 24-inch storm drain pipe at the northeast corner of Constitution Ave
and Akers Drive.

The hydrologic calculations, hydraulic calculations, and Drainage Maps are included in the
Appendix B, Appendix C, and Appendix D of this report for reference.

The Site will disturb more than 1 acre and will require a Colorado Discharge Permit System
(CDPS) General Permit for Stormwater Discharge Associated with Construction Activities from
the Colorado Department of Public Health and Environment (CDPHE).

The required fees for the Sand Creek Drainage Basin based upon the 2021 fee schedule, are
listed below. Fees will be paid prior to plat recordation.

- Drainage Fee/lmpervious Acre = $20,387 x 9.83 acres= $200,404.21
- Bridge Fee/lmpervious Acre = $8.339 X 9.83 acres=$81,972.37
Total = $282,376.58
SUMMARY

The proposed drainage design is to maintain the historic drainage patterns, the overall
imperviousness and release rates for the Site. Runoff from the Site will flow through an existing
storm drain system to an existing El Paso County drainage basin: The Sand Creek Basin. The
basin ultimately discharges to Sand Creek. The drainage design presented within this report
conforms to the criteria presented in both the MANUAL and the Colorado Springs MANUAL.
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Additionally, the Site runoff and storm drain facilities will not adversely affect the downstream
and surrounding developments, including Sand Creek.

REFERENCES

1. City of Colorado Springs “Drainage Criteria Manual (DCM) Volume 17, dated May, 2014
2. El Paso County “Drainage Criteria Manual”, dated October 31, 2018
3. El Paso County “Engineering Criteria Manual” Revision 6, dated December 13, 2016

4. Chapter 6 and Section 3.2.1. of Chapter 13-City of Colorado Springs Drainage Criteria
Manual, May 2014.

5. Urban Drainage and Flood Control District Drainage Criteria Manual (UDFCDCM), Vol. 1,
prepared by Wright-McLaughlin Engineers, June 2001, with latest revisions.

6. Flood Insurance Rate Map, El Paso County, Colorado and Incorporated Areas, Map

Number 08041C0756G, Effective Date December 7, 2018, prepared by the Federal
Emergency Management Agency (FEMA).
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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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Soil Map
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Area of Interest (AOIl) = Spoil Area
Area of Interest (AOI) 8 Stony Spot
Soils i) Very Stony Spot
Soil Map Unit Polygons -
bl Wet Spot
— Soil Map Unit Lines !
a Other
o Soil Map Unit Points
P Special Line Features
Special Point Features
o) Blowout Water Features
Streams and Canals
Borrow Pit
Transportation

-1 Clay Spot Rails
o Closed Depression — Interstate Highways
;H; Gravel Pit US Routes
S Gravelly Spot Major Roads
@ Landfil Local Roads
n Lava Flow Background
o Marsh or swamp - Aerial Photography
L= Mine or Quarry
@ Miscellaneous Water
@ Perennial Water
LY Rock Outcrop
+ Saline Spot
:: Sandy Spot

Severely Eroded Spot

s} Sinkhole
Iy Slide or Slip
Sodic Spot

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

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: El Paso County Area, Colorado
Survey Area Data: Version 18, Jun 5, 2020

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

Date(s) aerial images were photographed: Aug 19, 2018—Sep
23,2018

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

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
8 Blakeland loamy sand, 1 to 9 17.5 78.8%
percent slopes
10 Blendon sandy loam, 0 to 3 4.7 21.2%
percent slopes
Totals for Area of Interest 22.3 100.0%

Map Unit Descriptions

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
maijor 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
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,
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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.

Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.

12
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El Paso County Area, Colorado

8—Blakeland loamy sand, 1 to 9 percent slopes

Map Unit Setting
National map unit symbol: 369v
Elevation: 4,600 to 5,800 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 48 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

Map Unit Composition
Blakeland and similar soils: 98 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Blakeland

Setting
Landform: Hills, flats
Landform position (three-dimensional): Side slope, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from sedimentary rock and/or eolian deposits
derived from sedimentary rock

Typical profile
A -0to 11 inches: loamy sand
AC - 11 to 27 inches: loamy sand
C - 27 to 60 inches: sand

Properties and qualities
Slope: 1 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95

to 19.98 in/hr)

Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Available water capacity: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: R049XB210CO - Sandy Foothill
Hydric soil rating: No

Minor Components

Pleasant
Percent of map unit: 1 percent

13
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Landform: Depressions
Hydric soil rating: Yes

Other soils
Percent of map unit: 1 percent
Hydric soil rating: No

10—Blendon sandy loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 3671
Elevation: 6,000 to 6,800 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 48 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

Map Unit Composition
Blendon and similar soils: 98 percent
Minor components: 2 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Blendon

Setting
Landform: Terraces, alluvial fans
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium derived from arkose

Typical profile
A -0to 10 inches: sandy loam
Bw - 10 to 36 inches: sandy loam
C - 36 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low

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: 2 percent
Available water capacity: Moderate (about 6.2 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e

14
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Hydrologic Soil Group: B
Ecological site: R049XB210CO - Sandy Foothill
Hydric soil rating: No

Minor Components

Pleasant
Percent of map unit: 1 percent
Landform: Depressions
Hydric soil rating: Yes

Other soils
Percent of map unit: 1 percent
Hydric soil rating: No

15
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Chapter 6 Hydrology

The methods described in this Manual require only that the 1-hour, 6-hour and 24-hours depths be used as
input. The storm return periods required for the application of methods in this Manual are the 2-, 5-, 10-,
25-, 50- and 100-year events. The 6-hour and 24-hour depths for these return periods can be read directly
from Figures 6-6 through 6-17 at the end of this chapter. Thel-hour depth for return periods can be
calculated for all design return periods following this procedure:

Step 1: Calculate 2-year, 1-hour rainfall based on 2-year, 6-hour and 24-hour values.

Where:
Y, = 2-year, 1-hour rainfall (in)
X1 = 2-year, 6-hour rainfall (in) from Figure 6-6
X, = 2-year, 24-hour rainfall (in) from Figure 6-12

Step 2: Calculate 100-year, 1-hour rainfall based on 2-year 6-hour and 24-hour values
Y100 = 1.897 + 0.439-(X35X3/X,) — 0.008 Z (Eq. 6-2)

Where

Y100 = 100-year, 1-hour rainfall (in)
X3 = 100-year, 6-hour rainfall (in) from Figure 6-11
X4 = 100-year, 24-hour rainfall (in) from Figure 6-17
Z = Elevation in hundreds of feet above sea level
Step 3: Plot the 2-year and 100-year, 1-hour values on the diagram provided in Figure 6-18 and connect

the points with a straight line. The 1-hour point rainfall values for other recurrence intervals can be read
directly from the straight line drawn on Figure 6-18.

Example: Determine the 10-year, 1-hour rainfall depth for downtown Colorado Springs.

Step 1: Calculate 2-year, 1-hour rainfall (Y,) based on 2-year, 6-hour and 24-hour values. From Figure 6-
6, the 2-year, 6-hour rainfall depth for downtown Colorado Springs is approximately 1.7 inches (X;), and
from Figure 6-12, the 2-year 24-hour depth is approximately 2.1 inches (X;). The 2-year, 1-hour rainfall

is calculated as follows:

Y,=0.218 + 0.709-(1.7-1.7/2.1) = 1.19 in (Eq. 6-3)

Step 2: Calculate 100-year, 1-hour rainfall (Y 140) based on 100-year, 6-hour and 24-hour values. From
Figure 6-11, the 100-year, 6-hour rainfall depth for downtown Colorado Springs is approximately 3.5
inches (X3), and from Figure 6-17, the 100-year 24-hour depth is approximately 4.5 inches (X,). Assume
an elevation of 6,840 feet for Colorado Springs. The 100-year, 1-hour rainfall is calculated as follows:

Y100 = 1.897 + 0.439-(3.5-3.5/4.6) — 0.008-(6,840/100) = 2.52 in (Eq. 6-4)

Step 3: Plot 2-year and 100-year, 1-hour rainfall depths on Figure 6-18 and read 10-year value from
straight line. This example is illustrated on Figure 6-18, with a 1-hour, 10-year rainfall depth of
approximately 1.75 inches. Figure 6-18a provides the example, and Figure 6-18b provides a blank chart.

May 2014 City of Colorado Springs 6-9
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Figure 6-6. 2-Year, 6-Hour Precipitation Tenths of an Inch (NOAA Atlas 2)
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Figure 6-12. 2-Year, 24-Hour Precipitation Tenths of an Inch (MOAA Atlas 2)
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Figure 6-11. 100-Year, 6-Hour Precipitation Tenths of an Inch (NOAA Artlas 2)




Figure 6-17. 100-Year, 24-Hour Precipitation Tenths of an Inch (MOAA Atlas 2)




Rainfall Depths

Notes
2 yr, 6 hr rainfall (in) X1 = 1.7 From Figure 6-6
2 yr, 24 hr rainfall (in) X2 = 21 From Figure 6-12
100 yr, 6 hr rainfall (in) X3= 3.5 From Figure 6-11
100 yr, 24 hr rainfall (in) Xq = 4.6 From Figure 6-17
Elevation (hundreds of feet)] = 64.5
2 yr, 1 hr rainfall (in) Yz2= | 1.193719 | Equation 6-1
Y100
100 yr, 1 hr rainfall (in) = 2.550076 | Equation 6-2
Graph
X-axis Y-axis
21Y2 1.193719 | Calculated from Eq 6-1
100 | Y100 | 2.550076 | Calculated from Eq 6-2
Y5 1.52 Determined From Graph below
Y10 2.75 Determined From Graph below
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096302009 Tract DD, Hannah Ridge at Feathergrasss Filing No. 1 4/8/21
Drainage Report Calculated byBAH
Colorado Springs, CO

I= 28.5 P,
(10+TD)0.786

Where:
| = rainfall intensity (inches per hour)

one-hour rainfall depth (inches) from Table 6-2 One-
P, = hour Point Rainfall Depth

City of Colorado Springs Drainage Design
Tc = storm duration (minutes)

2-yr 5-yr 10-yr 100-yr
P, = 1.19 1.52 1.75 2.55

Time Intensity Frequency Tabulation

TIME 2YR 5 YR 10 YR [ 100 YR
5 4.05 5.16 5.94 8.65
10 3.23 4.11 4.73 6.90
15 2.71 3.45 3.97 5.79
30 1.87 2.38 2.75 4.00
60 1.21 1.54 1.77 2.58

120 0.74 0.94 1.09 1.58
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Table 6-6. Runoff Coefficients for Rational Method
(Source: UDFCD 2001)

Runoff Coefficients

Land Use or Surface Percent
Characteristics Impervious 2-year 5-year 10-year 25-year 50-year 100-year

HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D | HSG A&B | HSG C&D

Business

Commercial Areas 95 0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.87 0.87 0.88 0.88 0.89

Neighborhood Areas 70 0.45 0.49 0.49 0.53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68
Residential

1/8 Acre or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 0.65

1/4 Acre 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 0.38 0.39 0.47 0.43 0.52 0.47 0.57

1/2 Acre 25 0.15 0.20 0.22 0.28 0.30 0.36 0.37 0.46 0.41 0.51 0.46 0.56

1Acre 20 0.12 0.17 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55
Industrial

Light Areas 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74

Heavy Areas 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54
Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

Undeveloped Areas
Historic Flow Analysis--

Greenbelts, Agriculture 0.03 0.05 0.09 0.16 0.17 0.26 0.26 0.38 0.31 0.45 0.36 0.51
Pasture/Meadow 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50
Forest 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50
Exposed Rock 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
Offsite Flow Analysis (when 5

landuse is undefined) 0.26 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0.48 0.55 0.51 0.59
Streets
RS

l Paved 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
— — — — — — — —

Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74
Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
Roots 50 0.71 .75 0.73 0.75 0.75 0.77 0.78 .80 .80 D.82 0.81 0.83
Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

3.2 Time of Concentration

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average
rainfall rate during the time required for water to flow from the hydraulically most remote part of the
drainage area under consideration to the design point. However, in practice, the time of concentration can
be an empirical value that results in reasonable and acceptable peak flow calculations.

For urban areas, the time of concentration (t;) consists of an initial time or overland flow time (t;) plus the
travel time (t;) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel. For non-
urban areas, the time of concentration consists of an overland flow time (t;) plus the time of travel in a
concentrated form, such as a swale or drainageway. The travel portion (t;) of the time of concentration
can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.
Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent
rainfall, and infiltration capacity of the soil, as well as distance of surface flow. The time of concentration
is represented by Equation 6-7 for both urban and non-urban areas.

May 2014 City of Colorado Springs 6-17
Drainage Criteria Manual, Volume 1



096302009

Weighted Imperviousness Calculations

Tract DD, Hannah Ridge at Feathergrass Filing No. 1

El Paso County, CO

Drainage Report

5/19/2021

Calculated by: JAR

SUB- AREA AREA ROOF ROOF ROOF LANDSCAPE|  LANDSCAPE LANDSCAPE PAVEMENT| ~ PAVEMENT PAVEMENT WEIGHTED WEIGHTED COEFFICIENTS

BASIN (SF) (Acres) AREA IMPERVIOUSNESS C2 C5 C10 €100 AREA  [IMPERVIOUSNESS| C2 C5 C10 | C100 AREA | IMPERVIOUSNESS | C2 C5 C10 | C100 | IMPERVIOUSNESS C2 C5 C10 C100
B1 129791 2.98 0 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 |2.979591 100% 0.89 | 090 | 092 | 0.96 100% 0.89 0.90 0.92 0.96
B2 44027 1.01 0.16 90% 0.71 0.73 0.75 0.81 ] 0.850721 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 16% 0.13 0.18 0.24 0.42
B3 7044.7314 0.16 |]0.161725 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 90% 0.71 0.73 0.75 0.81
B4 10113.61 0.23 0 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 [ 0.15 | 0.35 |0.232177 100% 0.89 | 090 | 092 [ 0.96 100% 0.89 0.90 0.92 0.96
B5 7234 0.17 0 90% 0.71 0.73 0.75 0.81 | 0.16607 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 2% 0.02 0.08 0.15 0.35
B6 5654.3088 0.13 ] 0.129805 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 089 | 090 | 092 | 0.96 90% 0.71 0.73 0.75 0.81
B7 72490.486 1.66 0.29 90% 0.71 0.73 0.75 0.81 | 1.374153 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 089 | 090 | 092 | 0.96 17% 0.14 0.19 0.25 0.43
B8 7168.5788 0.16 ] 0.164568 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 | 0.96 90% 0.71 0.73 0.75 0.81
B9 178639.71 4.10 0 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 |4.101004 100% 0.89 | 090 | 092 [ 0.96 100% 0.89 0.90 0.92 0.96
B10 41057.563 0.94 0.42 90% 0.71 0.73 0.75 0.81 | 0.522552 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 41% 0.33 0.37 0.42 0.55
B11 7068.5201 0.16 |]0.162271 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 90% 0.71 0.73 0.75 0.81
B12 6531.5353 0.15 |]0.149943 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 90% 0.71 0.73 0.75 0.81
B13 4736.8861 0.11 |]0.108744 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 90% 0.71 0.73 0.75 0.81
B14 4984.6058 0.11 ]0.114431 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 089 | 090 | 092 | 0.96 90% 0.71 0.73 0.75 0.81
B15 37253.102 0.86 0.39 90% 0.71 0.73 0.75 0.81 | 0.465214 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 | 0.96 42% 0.33 0.38 0.42 0.56
B16 6028.3106 0.14 ]0.138391 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 | 0.96 90% 0.71 0.73 0.75 0.81
B17 5882.7155 0.14 ] 0.135049 90% 0.71 0.73 0.75 0.81 0 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 90% 0.71 0.73 0.75 0.81
B18 47410.979 1.09 0 90% 0.71 0.73 0.75 0.81 | 1.088406 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 2% 0.02 0.08 0.15 0.35
0§-1 201069 4.62 0 90% 0.71 0.73 0.75 0.81 | 4.615909 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 2% 0.02 0.08 0.15 0.35
0s-2 7927 0.18 0 90% 0.71 0.73 0.75 0.81 ] 0.181979 2% 0.02 | 0.08 | 0.15 | 0.35 0 100% 0.89 | 090 | 092 [ 0.96 2% 0.02 0.08 0.15 0.35

TOTAL 19.10 2.52 90% 0.71 0.73 0.75 0.81 4.47 2% 0.02 | 0.08 | 0.15 | 0.35 7.31 100% 0.89 | 090 | 092 [ 0.96 51% 0.44 0.46 0.49 0.56



http://www.novapdf.com

096302009

Tract DD, Hannah Ridge at Feathergrass Filing No. 1
Drainage Report
El Paso County, CO

SUMMARY - PROPOSED RUNOFF TABLE

DESIGN BASIN BASIN AREA | DIRECT 5-YR | DIRECT 100-YR |CUMULATIVE 5-YR | CUMULATIVE 100-

POINT | DESIGNATION (ACRES) | RUNOFF (CFS)| RUNOFF (CFS) | RUNOFF (CFS) | YR RUNOFF (CFS)
B1 B1 2.98 13.83 24.74 13.90 25.29
B2 B2 1.01 0.80 3.10 0.80 3.10
B3 B3 0.16 0.61 1.13 0.61 1.13
B4 B4 0.23 1.08 1.93 1.08 1.93
B5 B5 0.17 0.05 0.39 1.93 5.41
B6 B6 0.13 0.49 0.91 0.49 0.91
B7 B7 1.66 1.58 5.91 5.89 23.68
B8 B8 0.16 0.62 1.15 0.62 1.15
B9 B9 4.10 16.87 30.19 16.87 30.19
B10 B10 0.94 1.59 4.01 1.59 4.01
B11 B11 0.16 0.61 1.14 0.61 1.14
B12 B12 0.15 0.56 1.05 0.56 1.05
B13 B13 0.11 0.41 0.76 0.41 0.76
B14 B14 0.11 0.43 0.80 0.43 0.80
B15 B15 0.86 1.57 3.93 1.57 3.93
B16 B16 0.14 0.52 0.97 0.52 0.97
B17 B17 0.14 0.51 0.95 0.51 0.95
B18 B18 1.09 0.27 1.96 2.37 12.35

0s-1 0s-1 4.62 2.11 10.39 2.11 10.39

0S-2 0S-2 0.18 0.08 0.55 0.08 0.55

5/19/2021
Calculated by: JAR



096302009

Tract DD, Hannah Ridge at Feathergrasss Filing No. 1

Drainage Report

El Paso County, CO

5/19/2021

Calculated by: JAR

Tract DD, Hannah Ridge at Feathergrass Filing No. 1 - Drainage Report Watercourse Coefficient
Proposed Runoff Calculations Forest & Meadow 2.50  Short Grass Pasture & Lawns ~ 7.00 Grassed Waterway  15.00
Time of Concentration Fallow or Cultivation 5.00 Nearly Bare Ground ~ 10.00 Paved Area & Shallow Gutter  20.00
SUB-BASIN INITIAL / OVERLAND TRAVEL TIME T(c) CHECK FINAL
DATA TIME T(t) (URBANIZED BASINS) T(c)
DESIGN | DRAIN AREA AREA | C(5) | Length | Slope TG) | Length | Slope | Coeff. | Velocity| T(f) | COMP.| TOTAL | L/180+10
POINT BASIN sq. ft. ac. ft. % min ft. % fps min. T(c) LENGTH min.
Bl B1 129,791 2.98 0.90 49 6.5% 14 772 3.5% 20.00 3.7 34 5.0 821 14.6 5.0
B2 B2 44,027 1.01 0.18 68 8.5% 6.8 218 7.0% 7.00 1.9 2.0 8.8 286 11.6 8.8
B3 B3 7,045 0.16 0.73 32 0.5% 4.8 0 20.00 0.0 0.0 5.0 32 10.2 5.0
B4 B4 10,114 0.23 0.90 15 4.5% 0.9 229 1.5% 20.00 2.4 1.6 5.0 244 11.4 5.0
B5 B5 7,234 0.17 0.08 36 3.0% 7.8 152 1.0% 7.00 0.7 3.6 11.4 188 11.0 11.0
B6 B6 5,654 0.13 0.73 29 0.5% 4.6 0 20.00 0.0 0.0 5.0 29 10.2 5.0
B7 B7 72,490 1.66 0.19 85 17.5% 5.9 0 20.00 0.0 0.0 5.9 85 10.5 5.9
B8 B8 7,169 0.16 0.73 33 0.5% 4.9 0 20.00 0.0 0.0 5.0 33 10.2 5.0
B9 B9 178,640 4.10 0.90 97 1.5% 3.2 813 2.5% 20.00 3.2 4.3 7.5 910 15.1 7.5
B10 B10 41,058 0.94 0.37 34 2.0% 6.2 240 2.5% 20.00 3.2 1.3 7.5 274 11.5 7.5
B11 B11 7,069 0.16 0.73 31 0.5% 4.8 0 20.00 0.0 0.0 5.0 31 10.2 5.0
B12 B12 6,532 0.15 0.73 30 0.5% 4.7 0 20.00 0.0 0.0 5.0 30 10.2 5.0
B13 B13 4,737 0.11 0.73 32 0.5% 4.8 0 20.00 0.0 0.0 5.0 32 10.2 5.0
B14 B14 4,985 0.11 0.73 33 0.5% 4.9 0 20.00 0.0 0.0 5.0 33 10.2 5.0
B15 B15 37,253 0.86 0.38 64 9.0% 5.1 190 2.8% 20.00 3.3 0.9 6.0 254 11.4 6.0
B16 B16 6,028 0.14 0.73 32 0.5% 4.8 0 20.00 0.0 0.0 5.0 32 10.2 5.0
B17 B17 5,883 0.14 0.73 32 0.5% 4.8 0 20.00 0.0 0.0 5.0 32 10.2 5.0
B18 B18 47,411 1.09 0.08 112 8.5% 9.7 1530 1.0% 7.00 0.7 36.4 46.1 1642 19.1 19.1
0S-1 0S-1 201,069 4.62 0.08 100 3.5% 12.3 650 3.5% 7.00 13 8.3 20.6 750 14.2 142
0S-2 0S-2 7,927 0.18 0.08 25 41.0% 2.7 0 1.0% 7.00 0.7 0.0 5.0 25 10.1 5.0



http://www.novapdf.com

096302009 Tract DD, Hannah Ridge at Feathergrasss Filing No. 1
Drainage Report
El Paso County, CO

Tract DD, Hannah Ridge at Feathergrass Filing No. 1 - Drainage Report
Proposed Runoff Calculations Design Storm 5 Year
(Rational Method Procedure)
BASIN INFORMATION DIRECT RUNOFF CUMULATIVE RUNOFF
DESIGN DRAIN AREA| RUNOFF [ T(c) | CxA I Q T(c) CxA I Q NOTES
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs
B1 B1 2.98 0.90 5.0 2.68 5.16 | 13.83 13.90 |Includes 0S-2
B2 B2 1.01 0.18 8.8 0.18 432 | 0.80
B3 B3 0.16 0.73 5.0 0.12 516 | 0.61
B4 B4 0.23 0.90 5.0 0.21 5.16 1.08
B5 B5 0.17 0.08 110 [ 0.01 396 | 0.05 1.93 [Includes B2, B4
B6 B6 0.13 0.73 5.0 0.09 5.16 | 0.49
B7 B7 1.66 0.19 5.9 0.32 4.92 1.58 5.89 |Includes B5, B18
B8 B8 0.16 0.73 5.0 0.12 516 | 0.62
B9 B9 4.10 0.90 75 3.69 457 | 16.87
B10 B10 0.94 0.37 7.5 0.35 457 1.59
B11 B11 0.16 0.73 5.0 0.12 516 | 0.61
B12 B12 0.15 0.73 5.0 0.11 516 | 056
B13 B13 0.11 0.73 5.0 0.08 516 | 041
B14 B14 0.11 0.73 5.0 0.08 516 | 0.43
B15 B15 0.86 0.38 6.0 0.32 4.89 1.57
B16 B16 0.14 0.73 5.0 0.10 516 | 052
B17 B17 0.14 0.73 5.0 0.10 5.16 | 0.51
B18 B18 1.09 0.08 19.1 [ 0.09 3.06 | 0.27 2.37 [Includes 0S-1
05-1 0s-1 462 | 008 |142| 037 | 354 | 211 Pond outfall
included.
0S-2 0S-2 0.18 0.08 5.0 0.01 5.16 0.08

5/19/2021
Calculated by: JAR
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096302009

Tract DD, Hannah Ridge at Feathergrasss Filing No. 1
Drainage Report
El Paso County, CO

5/19/2021
Calculated by: JAR

Tract DD, Hannah Ridge at Feathergrass Filing No. 1 - Drainage Report
Proposed Runoff Calculations Design Storm 100 Year
(Rational Method Procedure)
BASIN INFORMATION DIRECT RUNOFF CUMULATIVE RUNOFF
DESIGN DRAIN AREA | RUNOFF[ T(c) [ CxA [ Q T(c) CxA [ Q NOTES
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs
B1 B1 2.98 0.96 5.0 2.86 8.65 | 24.74 25.29 |Includes 0S-2
B2 B2 1.01 0.42 8.8 0.43 7.25 3.10
B3 B3 0.16 0.81 5.0 0.13 8.65 1.13
B4 B4 0.23 0.96 5.0 0.22 8.65 1.93
B5 B5 0.17 0.35 11.0 0.06 6.64 0.39 5.41 [Includes B2, B4
B6 B6 0.13 0.81 5.0 0.11 8.65 0.91
B7 B7 1.66 0.43 5.9 0.72 8.26 5.91 23.68 [Includes B5, B18
B8 B8 0.16 0.81 5.0 0.13 8.65 1.15
B9 B9 4.10 0.96 75 3.94 7.67 | 30.19
B10 B10 0.94 0.55 75 0.52 7.67 4.01
B11 B11 0.16 0.81 5.0 0.13 8.65 1.14
B12 B12 0.15 0.81 5.0 0.12 8.65 1.05
B13 B13 0.11 0.81 5.0 0.09 8.65 0.76
B14 B14 0.11 0.81 5.0 0.09 8.65 0.80
B15 B15 0.86 0.56 6.0 0.48 8.20 3.93
B16 B16 0.14 0.81 5.0 0.11 8.65 0.97
B17 B17 0.14 0.81 5.0 0.11 8.65 0.95
B18 B18 1.09 0.35 19.1 0.38 5.14 1.96 12.35 [Includes 0S-1
0s-1 0s-1 4.62 0.35 14.2 1.62 594 | 10.39 Pond outfall included.
0S-2 0S-2 0.18 0.35 5.0 0.06 8.65 0.55
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096302009

Weighted Imperviousness Calculations

Tract DD, Hannah Ridge at Feathergrass Filing No. 1

Drainage Report
El Paso County, CO

5/19/2021
Calculated by: JAR

SUB- AREA AREA ROOF ROOF ROOF LANDSCAPE[  LANDSCAPE LANDSCAPE PAVEMENT|  PAVEMENT PAVEMENT WEIGHTED WEIGHTED COEFFICIENTS

BASIN (SR (Acres) AREA IMPERVIOUSNESS C2 C5 C10 C100 AREA  |IMPERVIOUSNESS| C2 C5 C10 [ C100 AREA | IMPERVIOUSNESS | C2 C5 C10 | C100 | IMPERVIOUSNESS C2 C5 C10 €100
EX-A 670487 15.39 0 90% 0.71 0.73 0.75 0.81 | 15.39226 2% 0.03 | 0.09 | 0.17 | 0.36 0 100% 0.89 | 090 | 092 | 0.96 2% 0.03 0.09 0.17 0.36
0s-1 198099 4.55 0 90% 0.71 0.73 0.75 0.81 | 4.547727 2% 0.03 [ 0.09 | 0.17 | 0.36 0 100% 0.89 | 090 | 092 [ 0.96 2% 0.03 0.09 0.17 0.36
TOTAL | 868,586 [ 19.94 0.00 90% 0.71 0.73 0.75 0.81 19.94 2% 0.03 | 0.09 | 0.17 | 0.36 0.00 100% 0.89 | 090 | 092 [ 0.96 2% 0.03 0.09 0.17 0.36
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4.8.2021
Calculated by: JAR

096302009 Tract DD, Hannah Ridge at Feathergrass Filing No. 1
Drainage Report

El Paso County, CO

SUMMARY - EXISTING RUNOFF TABLE

DESIGN BASIN BASIN AREA | DIRECT5-YR | DIRECT 100-YR |CUMULATIVE 5-YR| CUMULATIVE 100-
POINT | DESIGNATION |  (ACRES)  |RUNOFF (CFS)| RUNOFF (CFS) | RUNOFF (CFS) | YR RUNOFF (CFS)
1 EX-A 15.39 4.41 29.59 5.69 37.64
2 0s-1 455 1.28 8.04 1.28 8.04
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096302009

Tract DD, Hannah Ridge at Feathergrass Filing No. 1
Drainage Report
El Paso County, CO

4/8/2021

Calculated by: JAR

Akers Road - Drainage Report Watercourse Coefficient
Proposed Runoff Calculations Forest & Meadow 250  Short Grass Pasture & Lawns ~ 7.00 Grassed Waterway ~ 15.00
Time of Concentration Fallow or Cultivation 5.00 Nearly Bare Ground ~ 10.00 Paved Area & Shallow Gutter  20.00
SUB-BASIN INITIAL / OVERLAND TRAVEL TIME T(c) CHECK FINAL
DATA TIME T(1) (URBANIZED BASINS) T(c)
DESIGN DRAIN AREA AREA C(5) | Length Slope T() Length Slope Coeff. | Velocity| T(t) | COMP.| TOTAL [ L/180+10
POINT BASIN sq. ft. ac. ft. % min ft. % fps min. T(c) LENGTH min.
1 EX-A 670,487 15.39 0.09 100 2.0% 147 1287 1.0% 10.00 1.0 215 36.2 1387 17.7 17.7
2 0S-1 198,099 4.55 0.09 100 3.5% 12.2 1937 2.0% 10.00 14 22.8 35.0 2037 21.3 21.3
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096302009

Tract DD, Hannah Ridge at Feathergrass Filing No. 1
Drainage Report
El Paso County, CO

4/8/2021
Calculated by: JAR

Akers Road - Drainage Report
Proposed Runoff Calculations
(Rational Method Procedure)

Design Storm 5 Year

BASIN INFORMATION DIRECT RUNOFF CUMULATIVE RUNOFF
DESIGN DRAIN AREA | RUNOFF | T(c) CxA | Q T(c) CxA | Q NOTES
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs
1 EX-A 15.39 0.09 17.7 1.39 3.18 4.41 5.69
2 0Ss-1 4.55 0.09 213 | 041 2.89 1.28 1.28 |Additional 0.1 CFS from pond included.
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096302009

Tract DD, Hannah Ridge at Feathergrass Filing No. 1

Drainage Report
El Paso County, CO

4/8/2021
Calculated by: JAR

Akers Road - Drainage Report
Proposed Runoff Calculations
(Rational Method Procedure)

Design Storm 100 Year

BASIN INFORMATION DIRECT RUNOFF CUMULATIVE RUNOFF
DESIGN DRAIN AREA | RUNOFF T(c) CxA | Q T(c) CxA | Q NOTES
POINT BASIN ac. COEFF min in/hr cfs min in/hr cfs
1 EX-A 15.39 0.36 17.7 5.54 5.34 29.59 37.64
2 0s-1 4.55 0.36 21.3 1.64 4.85 8.04 8.04 |Additional 0.1 CFS from pond included.
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Final Drainage Report
Tract DD, Hannah Ridge at Feathergrass Filing No. 1, El Paso County, CO

APPENDIX C: HYDRAULICS

15 Kimley»Horn



Curb Cut - Design Point B4 - 5-yr

Project Description

. Mannin
Friction Method Formulg
Solve For Normal Depth

Input Data
Roughness Coefficient 0.013
Channel Slope 0.006 ft/ft
Bottom Width 3.00 ft
Discharge 1.08 cfs

Results
Normal Depth 1.8in
Flow Area 0.5 ft2
Wetted Perimeter 3.3 ft
Hydraulic Radius 1.7 in
Top Width 3.00 ft
Critical Depth 19in
Critical Slope 0.005 ft/ft
Velocity 2.37 ft/s
Velocity Head 0.09 ft
Specific Energy 0.24 ft
Froude Number 1.071

Flow Type

Supercritical

GVF Input Data

Downstream Depth 0.0in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description N/A

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.8in

Critical Depth 19in

Channel Slope 0.006 ft/ft

Critical Slope 0.005 ft/ft

Bentley Systems, Inc. Haestad Methods Solution FlowMaster

Curb Cut Sizing.fm8 Center [10.03.00.03]
1/27/2021 27 Siemon Company Drive Suite 200 W Page 4 of 6

Watertown, CT 06795 USA +1-203-755-1666



Curb Cut - Design Point B4 - 100-yr

Project Description

. Mannin
Friction Method Formulg
Solve For Normal Depth

Input Data
Roughness Coefficient 0.013
Channel Slope 0.006 ft/ft
Bottom Width 3.00 ft
Discharge 1.93 cfs
Results
Normal Depth 2.6 in
Flow Area 0.7 ft2
Wetted Perimeter 3.4 ft
Hydraulic Radius 2.3in
Top Width 3.00 ft
Critical Depth 2.8 in
Critical Slope 0.005 ft/ft
Velocity 2.94 ft/s
Velocity Head 0.13 ft
Specific Energy 0.35ft
Froude Number 1.107

Flow Type

Supercritical

GVF Input Data

Downstream Depth 0.0in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description N/A

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 2.6 in

Critical Depth 2.8 in

Channel Slope 0.006 ft/ft

Critical Slope 0.005 ft/ft

Bentley Systems, Inc. Haestad Methods Solution FlowMaster

Curb Cut Sizing.fm8 Center [10.03.00.03]
1/27/2021 27 Siemon Company Drive Suite 200 W Page 3 of 6

Watertown, CT 06795 USA +1-203-755-1666



Curb Cut - Design Point B9 - 5-yr

Project Description

. Mannin
Friction Method Formulg
Solve For Normal Depth

Input Data
Roughness Coefficient 0.013
Channel Slope 0.022 ft/ft
Bottom Width 9.00 ft
Discharge 16.87 cfs
Results
Normal Depth 3.31in
Flow Area 2.5 ft2
Wetted Perimeter 9.5 ft
Hydraulic Radius 3.1in
Top Width 9.00 ft
Critical Depth 5.7in
Critical Slope 0.004 ft/ft
Velocity 6.86 ft/s
Velocity Head 0.73 ft
Specific Energy 1.00 ft
Froude Number 2.315

Flow Type

Supercritical

GVF Input Data

Downstream Depth 0.0in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description N/A

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 3.31in

Critical Depth 5.7in

Channel Slope 0.022 ft/ft

Critical Slope 0.004 ft/ft

Bentley Systems, Inc. Haestad Methods Solution FlowMaster

Curb Cut Sizing.fm8 Center [10.03.00.03]
1/27/2021 27 Siemon Company Drive Suite 200 W Page 2 of 6

Watertown, CT 06795 USA +1-203-755-1666



Curb Cut - Design Point B9 - 100-yr

Project Description

. Mannin
Friction Method Formulg
Solve For Normal Depth

Input Data
Roughness Coefficient 0.013
Channel Slope 0.022 ft/ft
Bottom Width 9.00 ft
Discharge 30.19 cfs
Results
Normal Depth 4.7 in
Flow Area 3.5 ft2
Wetted Perimeter 9.8 ft
Hydraulic Radius 4.3 in
Top Width 9.00 ft
Critical Depth 8.51in
Critical Slope 0.003 ft/ft
Velocity 8.57 ft/s
Velocity Head 1.14 ft
Specific Energy 1.53 ft
Froude Number 2.416

Flow Type

Supercritical

GVF Input Data

Downstream Depth 0.0in

Length 0.0 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.0 in

Profile Description N/A

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 4.7 in

Critical Depth 8.51in

Channel Slope 0.022 ft/ft

Critical Slope 0.003 ft/ft

Bentley Systems, Inc. Haestad Methods Solution FlowMaster

Curb Cut Sizing.fm8 Center [10.03.00.03]
1/27/2021 27 Siemon Company Drive Suite 200 W Page 1 of 6

Watertown, CT 06795 USA +1-203-755-1666



HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 0.8 cfs
Design Flow: 3.11 cfs
Maximum Flow: 10 cfs



Table 1 - Summary of Culvert Flows at Crossing: Crossing 1

Headwater Elevation | Total Discharge (cfs) | Culvert 1 Discharge | Roadway Discharge Iterations
(ft) (cfs) (cfs)
6448.44 0.80 0.80 0.00 1
6448.66 1.72 1.72 0.00 1
6448.85 2.64 2.64 0.00 1
6448.94 3.11 3.11 0.00 1
6449.19 4.48 4.48 0.00 1
6449.34 5.40 5.40 0.00 1
6449.49 6.32 6.32 0.00 1
6449.65 7.24 7.24 0.00 1
6449.83 8.16 8.16 0.00 1
6450.03 9.08 9.08 0.00 1
6450.24 10.00 10.00 0.00 1
6451.00 12.65 12.65 0.00 Overtopping




Rating Curve Plot for Crossing: Crossing 1

Total Rating Curve

Crossing: Crossing |

6451.04

(o)
o
o
ot
wn
|
T T
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6449.5

Headwater Elevation (ft)

6449.0 1

6448.5

Total Discharge (cfs)




Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwater |Inlet Control Outlet Flow Normal Critical Outlet Depth | Tailwater Outlet Tailwater
Discharge | Discharge [Elevation (ft)] Depth (ft) Control Type Depth (ft) Depth (ft) (ft) Depth (ft) Velocity Velocity
(cfs) (cfs) Depth (ft) (ft/s) (ft/s)
0.80 0.80 6448.44 0.441 0.0* 1-S2n 0.202 0.333 0.202 0.352 5.614 1.395
1.72 1.72 6448.66 0.660 0.0* 1-S2n 0.294 0.493 0.294 0.469 7.035 1.690
2.64 2.64 6448.85 0.850 0.0* 1-S2n 0.364 0.616 0.364 0.551 7.967 1.881
3.11 3.11 6448.94 0.944 0.0* 1-S2n 0.395 0.671 0.395 0.586 8.350 1.959
4.48 4.48 6449.19 1.187 0.0* 1-S2n 0.477 0.812 0.485 0.672 9.066 2.147
5.40 5.40 6449.34 1.338 0.0* 1-S2n 0.527 0.895 0.527 0.720 9.755 2.249
6.32 6.32 6449.49 1.492 0.0* 1-S2n 0.573 0.972 0.584 0.764 9.923 2.339
7.24 7.24 6449.65 1.654 0.0* 5-S2n 0.617 1.042 0.617 0.804 10.564 2.420
8.16 8.16 6449.83 1.830 0.0* 5-S2n 0.660 1.106 0.678 0.841 10.524 2.494
9.08 9.08 6450.03 2.026 0.0* 5-S2n 0.701 1.165 0.701 0.875 11.212 2.561
10.00 10.00 6450.24 2.242 0.0* 5-S2n 0.741 1.219 0.741 0.908 11.491 2.624




* Full Flow Headwater elevation is below inlet invert.



Straight Culvert
Inlet Elevation (invert): 6448.00 ft, Outlet Elevation (invert): 6444.88 ft
Culvert Length: 83.06 ft, Culvert Slope: 0.0376




Culvert Performance Curve Plot: Culvert 1

(ft]

Headwater Elevation

Performance Curve
Cubvert: Cubvert 1

Inlet Control Elev Qutlet Control Elev
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - Crossing 1, Design Discharge - 3.1 cfs

Culvert - Culvert 1, Culvert Discharge - 3.1 cfs

6451
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 6449-
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Elevation (ft
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-20 0 20 4ID 60 80 100
Station (ft)

Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 6448.00 ft
Outlet Station: 83.00 ft
Outlet Elevation: 6444.88 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 1.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n: 0.0130
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: Crossing 1)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)
0.80 6444.99 0.35 1.40 0.18 0.59
1.72 6445.11 0.47 1.69 0.24 0.61
2.64 6445.19 0.55 1.88 0.29 0.63
3.11 6445.23 0.59 1.96 0.30 0.64
4.48 6445.31 0.67 2.15 0.35 0.65
5.40 6445.36 0.72 2.25 0.37 0.66
6.32 6445.40 0.76 2.34 0.40 0.67
7.24 6445.44 0.80 2.42 0.42 0.67
8.16 6445.48 0.84 2.49 0.44 0.68
9.08 6445.52 0.88 2.56 0.45 0.68
10.00 6445.55 0.91 2.62 0.47 0.69




Tailwater Channel Data - Crossing 1

Tailwater Channel Option: Irregular Channel

Roadway Data for Crossing: Crossing 1
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 30.00 ft
Crest Elevation: 6451.00 ft
Roadway Surface: Paved
Roadway Top Width: 60.00 ft



Worksheet for Swale B2 - 100-yr

Project Description

. Manning
Friction Method Formula
Solve For Normal Depth

Input Data

Channel Slope
Discharge

0.069 ft/ft
3.11 cfs

Station

(f)

Section Definitions

0+00
0+12
0+20
0+28
0+62
0+72
0+84
0+85

Roughness Segment Definitions

Elevation
(ft)
6,453.25
6,451.98
6,451.92
6,452.06
6,452.39
6,452.74
6,455.67
6,455.62

Start Station Ending Station Roughness Coefficient
(0+00, 6,453.25) (0+85, 6,455.62) 0.030
Options
Current Roughness Weighted Pavlovskii's
Method Method
Open Channel Weighting Pavlovskii's
Method Method
Closed Channel Weighting Pavlovskii's
Method Method
Results
Normal Depth 1.6in
Roughness Coefficient 0.030
Elevation 6,452.05 ft
. 6,451.9 to
Elevation Range 6,455.7 ft
Flow Area 1.3 ft2
Wetted Perimeter 16.1 ft
Hydraulic Radius 1.0in
Top Width 16.09 ft
Normal Depth 1.6in
Critical Depth 19in
Critical Slope 0.029 ft/ft
Velocity 2.41 ft/s
Velocity Head 0.09 ft
Bentley Systems, Inc. Haestad Methods Solution FlowMaster
Swale Calculations.fm8 Center [10.03.00.03]
4/8/2021 27 Siemon Company Drive Suite 200 W Page 1 of 2

Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Swale B2 - 100-yr

Results
Specific Energy 0.22 ft
Froude Number 1.502
Flow Type Supercritical
GVF Input Data
Downstream Depth 0.0in
Length 0.0 ft
Number Of Steps 0
GVF Output Data
Upstream Depth 0.0in
Profile Description N/A
Profile Headloss 0.00 ft
Downstream Velocity Infinity ft/s
Upstream Velocity Infinity ft/s
Normal Depth 1.6 in
Critical Depth 19in
Channel Slope 0.069 ft/ft
Critical Slope 0.029 ft/ft

Swale Calculations.fm8
4/8/2021

Bentley Systems, Inc. Haestad Methods Solution
Center
27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

FlowMaster
[10.03.00.03]
Page 2 of 2



Worksheet for Swale B5 - 100-yr

Project Description

. Manning
Friction Method Formula
Solve For Normal Depth

Input Data
Channel Slope 0.008 ft/ft
Discharge 3.50 cfs

Section Definitions

Station Elevation
(ft) (ft)
0+00 6,450.19
0+29 6,444.64
0+37 6,446.64

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient
(0+00, 6,450.19) (0+37, 6,446.64) 0.030
Options
Current Roughness Weighted Pavlovskii's
Method Method
Open Channel Weighting Pavlovskii's
Method Method
Closed Channel Weighting Pavlovskii's
Method Method
Results
Normal Depth 7.4in
Roughness Coefficient 0.030
Elevation 6,445.26 ft
. 6,444.6 to
Elevation Range 6,450.2 ft
Flow Area 1.8 ft2
Wetted Perimeter 5.8 ft
Hydraulic Radius 3.61in
Top Width 5.70 ft
Normal Depth 7.41in
Critical Depth 6.2in
Critical Slope 0.021 ft/ft
Velocity 1.99 ft/s
Velocity Head 0.06 ft
Specific Energy 0.68 ft
Froude Number 0.632
Flow Type Subcritical
GVF Input Data
Bentley Systems, Inc. Haestad Methods Solution FlowMaster
Swale Calculations.fm8 Center [10.03.00.03]
4/8/2021 27 Siemon Company Drive Suite 200 W Page 1 of 2

Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Swale B5 - 100-yr

GVF Input Data

Downstream Depth 0.0in
Length 0.0 ft
Number Of Steps 0

GVF Output Data

Upstream Depth 0.0in

Profile Description N/A

Profile Headloss 0.00 ft

Downstream Velocity 0.00 ft/s

Upstream Velocity 0.00 ft/s

Normal Depth 7.4in

Critical Depth 6.2in

Channel Slope 0.008 ft/ft

Critical Slope 0.021 f/ft

Bentley Systems, Inc. Haestad Methods Solution FlowMaster

Swale Calculations.fm8 Center [10.03.00.03]
4/8/2021 27 Siemon Company Drive Suite 200 W Page 2 of 2

Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Swale B10 - 100-yr

Project Description

. Manning
Friction Method Formula
Solve For Normal Depth

Input Data
Channel Slope 0.026 ft/ft
Discharge 4.01 cfs

Section Definitions

Station Elevation
(ft) (ft)
0+00 6,451.28
0+25 6,449.17
0+49 6,450.29

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient
(0+00, 6,451.28) (0+49, 6,450.29) 0.030
Options
Current Roughness Weighted Pavlovskii's
Method Method
Open Channel Weighting Pavlovskii's
Method Method
Closed Channel Weighting Pavlovskii's
Method Method
Results
Normal Depth 3.8in
Roughness Coefficient 0.030
Elevation 6,449.49 ft
. 6,449.2 to
Elevation Range 6,451.3 ft
Flow Area 1.7 ft2
Wetted Perimeter 10.6 ft
Hydraulic Radius 19in
Top Width 10.62 ft
Normal Depth 3.8in
Critical Depth 3.91in
Critical Slope 0.024 ft/ft
Velocity 2.36 ft/s
Velocity Head 0.09 ft
Specific Energy 0.41 ft
Froude Number 1.037
Flow Type Supercritical
GVF Input Data
Bentley Systems, Inc. Haestad Methods Solution FlowMaster
Swale Calculations.fm8 Center [10.03.00.03]
4/8/2021 27 Siemon Company Drive Suite 200 W Page 1 of 2

Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Swale B10 - 100-yr

GVF Input Data

Downstream Depth 0.0in
Length 0.0 ft
Number Of Steps 0
GVF Output Data

Upstream Depth 0.0in
Profile Description N/A
Profile Headloss 0.00 ft
Downstream Velocity Infinity ft/s
Upstream Velocity Infinity ft/s
Normal Depth 3.8in
Critical Depth 3.91in
Channel Slope 0.026 ft/ft
Critical Slope 0.024 f/ft

Swale Calculations.fm8
4/8/2021

Bentley Systems, Inc. Haestad Methods Solution

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Center

FlowMaster
[10.03.00.03]
Page 2 of 2



Worksheet for Swale B15 - 100-yr

Project Description

. Manning
Friction Method Formula
Solve For Normal Depth
Input Data
Channel Slope 0.018 ft/ft
Discharge 3.93 cfs
Section Definitions
Station Elevation
(ft) (ft)
0+00 6,457.79
0+35 6,450.55
0+59 6,453.92
Roughness Segment Definitions
Start Station Ending Station Roughness Coefficient
(0+00, 6,457.79) (0+59, 6,453.92) 0.030
Options
Current Roughness Weighted Pavlovskii's
Method Method
Open Channel Weighting Pavlovskii's
Method Method
Closed Channel Weighting Pavlovskii's
Method Method
Results
Normal Depth 6.0in
Roughness Coefficient 0.030
Elevation 6,451.05 ft
. 6,450.6 to
Elevation Range 6,457.8 ft
Flow Area 1.5 ft2
Wetted Perimeter 6.1 ft
Hydraulic Radius 3.0in
Top Width 6.00 ft
Normal Depth 6.0 in
Critical Depth 5.8in
Critical Slope 0.021 ft/ft
Velocity 2.62 ft/s
Velocity Head 0.11 ft
Specific Energy 0.61 ft
Froude Number 0.922
Flow Type Subcritical
GVF Input Data
Bentley Systems, Inc. Haestad Methods Solution FlowMaster
Swale Calculations.fm8 Center [10.03.00.03]
4/8/2021 27 Siemon Company Drive Suite 200 W Page 1 of 2

Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Swale B15 - 100-yr

GVF Input Data

Downstream Depth 0.0in
Length 0.0 ft
Number Of Steps 0
GVF Output Data

Upstream Depth 0.0in
Profile Description N/A
Profile Headloss 0.00 ft
Downstream Velocity 0.00 ft/s
Upstream Velocity 0.00 ft/s
Normal Depth 6.0 in
Critical Depth 5.8in
Channel Slope 0.018 ft/ft
Critical Slope 0.021 f/ft

Swale Calculations.fm8
4/8/2021

Bentley Systems, Inc. Haestad Methods Solution

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Center

FlowMaster
[10.03.00.03]
Page 2 of 2



Worksheet for Swale B18 - 100-yr
Project Description
Friction Method Manning
Formula
Solve For Normal Depth
Input Data
Channel Slope 0.010 ft/ft
Discharge 12.35 cfs
Section Definitions
Station Elevation
()
0+04 6,457.41
0+19 6,452.38
0+29 6,453.11

Start Station

Roughness Segment Definitions

Ending Station

Roughness Coefficient

(0+04, 6,457.41) (0+29, 6,453.11) 0.030

Options
Current Roughness Weighted Pavlovskii's
Method Method
Open Channel Weighting Pavlovskii's
Method Method
Closed Channel Weighting Pavlovskii's
Method Method

Results
Normal Depth 9.0in
Roughness Coefficient 0.030
Elevation 6,453.13 ft

. 6,452.4 to

Elevation Range 6.457.4 ft
Flow Area 4.8 ft2
Wetted Perimeter 12.5 ft
Hydraulic Radius 4.6 in
Top Width 12.38 ft
Normal Depth 9.0in
Critical Depth 8.0 in
Critical Slope 0.019 ft/ft
Velocity 2.59 ft/s
Velocity Head 0.10 ft
Specific Energy 0.86 ft
Froude Number 0.738
Flow Type Subcritical

GVF Input Data

Swale Calculations.fm8
5/20/2021

Bentley Systems, Inc. Haestad Methods Solution

Center

27 Siemon Company Drive Suite 200 W

FlowMaster
[10.03.00.03]
Page 1 of 3

Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Swale B18 - 100-yr

GVF Input Data

Downstream Depth
Length
Number Of Steps

0.0 in
0.0 ft

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss

Downstream Velocity

Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.0in
N/A
0.00 ft
0.00 ft/s
0.00 ft/s
9.0in
8.0 in
0.010 ft/ft
0.019 ft/ft

Swale Calculations.fm8
5/20/2021

Bentley Systems, Inc. Haestad Methods Solution

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Center

FlowMaster
[10.03.00.03]
Page 2 of 3
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Worksheet for Type 13 Design Point B10

Project Description

Solve For Spread
Input Data
Discharge 4.01 cfs
Left Side Slope 4.000 H:V
Right Side Slope 4.000 H:V
Bottom Width 333 ft
Grate Width 1.91 ft
Grate Length 3.3 ft
Local Depression 0.0in
Local Depression Width 23.0in
Grate Type Curved Vaned
Clogging 50.0 %
Results
Spread 6.9 ft
Depth 5.4in
Wetted Perimeter 7.0 ft
Top Width 6.92 ft
Open Grate Area 1.1 ft2
Active Grate Weir Length 8.6 ft

Valley Grate Calculations.fm8
4/8/2021

Bentley Systems, Inc. Haestad Methods Solution
Center
27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

FlowMaster
[10.03.00.03]
Page 1 of 1



Worksheet for Type 13 Design Point B15

Project Description

Solve For Spread
Input Data
Discharge 3.93 cfs
Left Side Slope 4.000 H:V
Right Side Slope 4.000 H:V
Bottom Width 333 ft
Grate Width 1.91 ft
Grate Length 3.3 ft
Local Depression 0.0in
Local Depression Width 23.0in
Grate Type Curved Vaned
Clogging 50.0 %
Results
Spread 6.8 ft
Depth 5.21in
Wetted Perimeter 6.9 ft
Top Width 6.78 ft
Open Grate Area 1.1 ft2
Active Grate Weir Length 8.6 ft

Valley Grate Calculations.fm8
4/8/2021

Bentley Systems, Inc. Haestad Methods Solution
Center
27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

FlowMaster
[10.03.00.03]
Page 1 of 1



Version 4.06 Released August 2018

|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project:

Watermark at Akers

Inlet ID:

|-—Teack Terown

T, Tuax

Seack
—

Heurs
d

Gutter Geometry (Enter dat: the blue cells’

Maximum Allowable Width for Spread Behind Curb

ISide Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 0.0 ft
Seack = ft/ft
Neack = 0.020
Heurs = 6.00 inches
Terown = 35.0 ft
W= 2.00 ft
Sx = 0.014 fuft
Sw = 0.083 fuft
So = 0.000 fuft
NsTREET = 0.016
Minor Storm Major Storm
Tux =| 35.0 | 35.0 it
Ahaax =| 6.0 | 6.0 linches
r r
Minor Storm Major Storm
Quow=| _ SUMP | SUMP _|cfs

UD-Inlet_v4.06.xIsm, Inlet B5

1/28/2021, 1:44 PM



| INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) - MINOR MAJOR
Type of Inlet ‘ CDOT Type R Curb Opening j Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 6
\Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.0 inches
Grate Information MINOR MAJOR [ Override Depths
Length of a Unit Grate L, (G) = N/A feet
Width of a Unit Grate W, = N/A feet
/Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw (G) = N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) Co(G)= N/A
ICurb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C)= 5.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
/Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) W, = 2.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) C:(C)= 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cy (C) = 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deye = 0.33 0.33 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.57 0.57
Curb Opening Performance Reduction Factor for Long Inlets RFcyn = 0.79 0.79
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q,= 27.6 27.6 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peaK REQURED = 13.8 24.7 cfs

UD-Inlet_v4.06.xIsm, Inlet B5 1/28/2021, 1:44 PM



Rip-Rap Calculation 8 oz i
Culvert 1
. 7
Applicable Equations: I vl Pl Il 7l =
L, = (1/2tan@)(A/Y,D) Equation 9-11 per USCDM FF g y / 4 /'
A=QV Equation 9-12 per USDCM &g éﬁ/ J /
0= tan” (12 ExpansionFactr) Equaton 913 per USDCH g I VA .
W =2(Ltan@)+D Equation 9-14 per USDCM E 4 y s KS o |7 -
T=2Ds Equation 9-15 per USDCM = / / / SA A
g [TV
Assumptions ';{: 2 y. ,,/
Maximum Major Event Velocity is 7fps for FES outletting into trickle channels = / y 4’
1 /i¥ A
Input parameters: T
Description Variable Input Unit (s} A 2 3 4 5 3 T 8
Width of the conduit (use diameter for circular conduits), D: 1.50 ft TAILWATER DEPTH/ CONDUIT HEIGHT, ¥4/D
Rectangular conduit H: 0.00
HGL Elevation 644547 ft
Invert Elevation 644488 ft Figure 9-35. Expansion factor for circular conduits
Tailwater depth (ft), i 0.59 ft 7
Expansion angle of the culvert flow o: 0.08 radians &0l /
Design discharge (cfs)* Q: 311 cfs /
Froude Number F, 0.40 Subcritical L o S /
Unitless Variables for Tables: :D b@f;,ﬁ\"_,{g, A
For Figure 9-35 Q/D*° 1.3 s Q}“"’ / e L]
For Figure 9-36 QWH™? #DIV/0! L1 el
For Figure 9-35 Y/D 0.39 / = (7= .
For Figure 9-38 Q/D"° 1.69 L—1 ) !
For Figure 9-38 Y/D 0.39 ) =] I
Allowable non-eroding velocity in the downstream channel (ft/sec) V: 5 ftlsec % 2 vip ° 5 0
Expansion Factor (Figure 9-35), 1/(2tan(6)) 6.5
Use Du insteod of D whenever flow is supercriticol in the barrel.
Solve for- ¥®Use Type L for o distonce of 3D downstream
Description Variable Output Unit Figure 9-38. Riprap erosion protection at circular conduit outlet (valid for Q/D; << 6.0)
1. Required area of flow at allowable velocity (ft’) A 062 f!
2. Length of Protection Ly: -2.90 ft RIPRAP DESIGNATION %Gﬁ'%E;-SEE%TS?N L?.EE”NE.E;?J{‘EEEHDECS D™ (INGHES)
L,<3D? Yes
Lpmin 450 ft s %ﬂu = ‘3?3 1 2
3. Width of downstream riprap protection W 2.00 ft 2o .
4. Rip Rap Type (Figure 9-38) - L O .
5. Rip Rap Size (Figure 8-34) D! 9 inches TYBE L 33; - ;g ! .;) 5
2 - 149 5
Rip Rap Summary 70 — 100 21
Length L 5.00 ft TYPE M g 12 12
Width w 2,00 ft i !
Size Ds, 9 inches TvpE 1:0:) = 1;(]:? gg
Type - L- o 325 = |FE|IJ 15? =
Thickness T 18 inches
*Dey = MEAN ROCK SIZE
Figure 8-34. Riprap and soil riprap placement and gradation (part 1 of 3)




DETE

ON BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
Project: Watermark at Akers
Basin ID: South Pond

] N
voLume| eunv | wacy
28 T

ZONE 1 AND 2- onimce. Depth Increment =
PERMANENT. ORIFICES. Optional Optional
oot Zone C ation (| ion Pond) Stage - Storage Stage Override Length Width Area Override Area Volume Volume
Description (f) Stage (ft) (f) (ft) (ft) | Area(ft) | (acre) (ft) (ac-ft)
Watershed Information Top of Micropool - 0.00 - - - 45 0.001
Selected BMP Type =|  EDB 6440 - 1.00 - - - 6,156 0.141 3,100 0.071
Watershed Area = 19.10 acres 6441 - 2.00 - - - 10,663 0.245 11,510 0.264
Watershed Length = 2,125 ft 6442 - 3.00 - - - 15,275 0.351 24,479 0.562
Watershed Length to Centroid = 600 ft 6443 - 4.00 - - - 21,009 0.482 42,621 0.978
Watershed Slope =| 0,020 |ft/ft 6443.5 - 450 - - - 24,100 0.553 53,898 1237
Watershed Imperviousness =| 51.00% |percent 6444 - 5.00 - - - 27,39 0.629 66,772 1.533
Percentage Hydrologic Soil Group A = 80.0% percent 6444.5 - 5.50 - - - 30,697 0.705 81,295 1.866
Percentage Hydrologic Soil Group B = 20.0% percent 6445 - 6.00 - - - 34,819 0.799 97,674 2.242
Percentage Hydrologic Soil Groups C/D = 0.0% percent 6445.5 - 6.50 - - - 39,242 0.901 116,190 2.667
Target WQCV Drain Time = 40.0 hours - - - -

Location for 1-hr Rainfall Depths = User Input - - - -

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using - - - -
the embedded Colorado Urban Hydrograph Procedure

Optional User Overrides - - - -

Water Quality Capture Volume (WQCV) = 0.333 acre-feet acre-feet - - - -
Excess Urban Runoff Volume (EURV) = 1.112 acre-feet acre-feet - - - -
2-yr Runoff Volume (P1 = 1.19in.) = 0.865 acre-feet 1.19 inches - - - -
5-yr Runoff Volume (P1 = 1.52in.) = 1.162 acre-feet 1.52 inches
10-yr Runoff Volume (P1 = 1.75in.) = 1.391 acre-feet 1.75 inches - - - -
25-yr Runoff Volume (P1 = 2in.) = 1.827 acre-feet 2.00 inches - - - -
50-yr Runoff Volume (P1 = 2.25in.) = 2.179 acre-feet 2.25 inches - - - -
100-yr Runoff Volume (P1 = 2.55in.) = 2.693 acre-feet 2.55 inches - - - -
500-yr Runoff Volume (P1 = 3.14in.) = 3.626 acre-feet inches - - - -
Approximate 2-yr Detention Volume =|  0.739 acre-feet - - - -
Approximate 5-yr Detention Volume =|  0.994 acre-feet - - - -
Approximate 10-yr Detention Volume =|  1.218 acre-feet - - - -
Approximate 25-yr Detention Volume =|  1.451 acre-feet - - - -
Approximate 50-yr Detention Volume =|  1.596 acre-feet - - - -
Approximate 100-yr Detention Volume =|  1.812 acre-feet - - - -

Define Zones and Basin Geometry - - - -

Zone 1 Volume (WQCV) = 0.333 acre-feet - - - -
Zone 2 Volume (EURV - Zone 1) = 0.779 acre-feet - - - -
Zone 3 Volume (100-year - Zones 1 & 2) = 0.700 acre-feet

Total Detention Basin Volume = 1.812  |acre-feet - - - -
Initial Surcharge Volume (ISV) = user i - - — —
Initial Surcharge Depth (ISD) = user ft - - - -
Total Available Detention Depth (Hiotar) = user ft - - - -
Depth of Trickle Channel (Hr) = user ft - - - -
Slope of Trickle Channel (Stc) = user ft/ft - - - -
Slopes of Main Basin Sides (Smain) = user H:v - - - -
Basin Length-to-Width Ratio (Riw) = user - - - -
Initial Surcharge Area (Asy) = user liss - - — —
Surcharge Volume Length (Lisy) = user ft - - — —
Surcharge Volume Width (Wisy) = user ft - - — —
Depth of Basin Floor (HrLoor) = user ft - - — —
Length of Basin Floor (Lrioor) = user ft - - — —
Width of Basin Floor (Wroor) = user ft - - — —

Area of Basin Floor (ArLoor) = user liss
Volume of Basin Floor (Vroor) = user i - - — —
Depth of Main Basin (Huaw) = user ft - - - -
Length of Main Basin (Luaw) = user ft - - - -
Width of Main Basin (Wman) = user ft - - — —
Area of Main Basin (Aman) = user ft2 - — - -
Volume of Main Basin (Vmam) = user lisd - — - -
Calculated Total Basin Volume (Viotar) = user acre-feet - - - -
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DETENTION BASIN STAGE- GE TABLE BUILDER

MHFD-Detention, Version 4.03 (May 2020)
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DETENTION BASIN OUTLET STRUCTURE DESIGN

MHFD-Detention, Version 4.03 (May 2020)

Project: Watermark at Akers

Basin ID:

South Pond

ORIFICES
Example Zone Configuration (Retention Pond)

used to drain WQCV in a Filtration BMP)

User Input: Orifice at Underdrain Outlet icall
Underdrain Orifice Invert Depth =

B

100-YEAR
ORIFICE

N/A

Underdrain Orifice Diameter =

N/A

inches

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type
Zone 1 (WQCV) 2.27 0.333 Orifice Plate
Zone 2 (EURV) 4.27 0.779 Orifice Plate
Zone 3 (100-year) 5.43 0.700 Weir&Pipe (Restrict)
Total (all zones) 1.812

ft (distance below the filtration media surface)

Underdrain Orifice Area =

Calculated Parameters for Underdrain

N/A

Underdrain Orifice Centroid =

N/A

ftz
feet

User Input: Orifice Plate with one or more orifice

Invert of Lowest Orifice =

s or Elliptical Slot
0.00

eir (typically used to drain WQCV and/or EURV in a sedimentation BMP)

ft (relative to basin

Depth at top of Zone using Orifice Plate =

4.27

ft (relative to basin

Orifice Plate: Orifice Vertical Spacing =

N/A

inches

Orifice Plate: Orifice Area per Row =

N/A

inches

User Input: Stage and Total Area of Each Orifice

Row 1 (required)

Row (numbered from lowest to highest)

Row 2 (optional)

bottom at Stage = 0 ft)
bottom at Stage = 0 ft)

WQ Orifice Area per Row =

Calculated Parameters for Plate

N/A

Elliptical Half-Width =

N/A

Elliptical Slot Centroid =

N/A

Elliptical Slot Area =

N/A

ftz
feet
feet
ftZ

Row 3 (optional) Row 4 (optional)

Row 5 (optional)

Row 6 (optional)

Row 7 (optional)

Row 8 (optional)

Stage of Orifice Centroid (ft)

0.00

0.60

1.60 2.40

3.20

Orifice Area (sq. inches)

1.23

1.58

1.58 1.58

1.58

Row 9 (optional)

Row 10 (optional)

Row 11 (optional) | Row 12 (optional) | Row

13 (optional) | Row 14 (optional)

Row 15 (optional)

Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input: Vertical Orifice (Circular or Rectangular)

Invert of Vertical Orifice =

ft (relative to basin bottom at Stage = 0 ft)

Depth at top of Zone using Vertical Orifice =

ft (relative to basin bottom at Stage = 0 ft)

Vertical Orifice Diameter =

Not Selected Not Selected
N/A N/A
N/A N/A
N/A N/A

inches

Vertical Orifice Area

Vertical Orifice Centroid

Calculated Parameters for Vertical Orifice
Not Selected Not Selected
N/A N/A
N/A N/A

o)
(0]

feet

User Input: Overflow Weir (Dropbox with Flat or

Overflow Weir Front Edge Height, Ho =

Overflow Weir Front Edge Length =

Overflow Weir Grate Slope =

Horiz. Length of Weir Sides =

Overflow Grate Open Area % =
Debris Clogging % =

User Input: Outlet Pipe w/ Flow Restriction Plate

Zone 3 Weir Not Selected
4.30 N/A ft (relative to basin bottom at Stage = 0 ft)
4.00 N/A feet
0.00 N/A H:V Grate O
2.92 N/A feet
70% N/A %, grate open area/total area
50% N/A %

Circular Orifice, Re:

strictor Plate, or Re

ctangular Orifice)

Height of Grate Upper Edge, H;

Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe)

Calculated Parameters for Overflow Weir

Overflow Weir Slope Length =

pen Area / 100-yr Orifice Area =

Overflow Grate Open Area w/o Debris =

Overflow Grate Open Area w/ Debris =

Calculated Parameter:

Zone 3 Weir Not Selected
4.30 N/A
2.92 N/A
5.21 N/A
8.18 N/A
4.09 N/A

for Outlet Pipe w/

Flow Restriction Plate

feet
feet

ftZ
ftZ

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.57 N/A ft2
Outlet Pipe Diameter = 24.00 N/A inches Qutlet Orifice Centroid = 0.58 N/A feet
Restrictor Plate Height Above Pipe Invert = 12.00 inches Half-Central Angle of Restrictor Plate on Pipe = 1.57 N/A radians
User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 6.10 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.87 feet
Spillway Crest Length = 13.00 feet Stage at Top of Freeboard = 7.97 feet
Spillway End Slopes = 4.00 H:v Basin Area at Top of Freeboard = 0.90 acres
Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 2.67 acre-ft
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) =| N/A N/A 1.19 1.52 1.75 2.00 2.25 2.55 3.14
CUHP Runoff Volume (acre-ft) = 0.333 1.112 0.865 1.162 1.391 1.827 2.179 2.693 3.626
Inflow Hydrograph Volume (acre-ft) =| N/A N/A 0.865 1.162 1.391 1.827 2.179 2.693 3.626
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.2 0.3 1.0 5.7 8.6 13.2 21.5
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A 1.0 5.7 12.3 21.4 28.9 37.6
Predevelopment Unit Peak Flow, q (cfs/acre) =| N/A N/A 0.05 0.30 0.64 1.12 1.51 1.97 1.12
Peak Inflow Q (cfs) = N/A N/A 11.3 15.3 18.3 25.8 31.1 38.5 52.0
Peak Outflow Q (cfs) = 0.2 0.4 0.3 0.4 2.5 7.6 11.8 16.1 17.4
Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.1 0.2 0.4 0.4 0.4 0.8
Structure Controlling Flow = Plate Plate Plate Plate Overflow Weir 1 | Overflow Weir 1 | Overflow Weir 1 Outlet Plate 1 [Outlet Plate 1|
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.3 0.9 1.4 1.9 2.1
Max Velocity through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 43 67 62 69 69 67 65 63 59
Time to Drain 99% of Inflow Volume (hours) = 47 75 69 77 78 76 75 73 71
Maximum Ponding Depth (ft) =| 2.27 4.27 3.63 4.23 4.47 4.69 4.83 5.11 5.89
Area at Maximum Ponding Depth (acres) = 0.27 0.52 0.43 0.51 0.55 0.58 0.60 0.64 0.78
Maximum Volume Stored (acre-ft) = 0.334 1.114 0.809 1.093 1.221 1.339 1.422 1.597 2.148
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DETENTION BASI LET STRUCTURE DESIGN

MHFD-Detention, Version 4.00 (December 2019)
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DETENTION BASIN OUTLET STRUCTURE DESIGN

Outflow Hydrograph Workbook Filename:

Inflow Hydrographs
The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP
Time Interval TIME WQCV [cfs] [ EURV [cfs] | 2 Year [cfs] | 5 Year [cfs] | 10 Year [cfs] | 25 Year [cfs] | 50 Year [cfs] [ 100 Year [cfs]|500 Year [cfs]
5.00 min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.03 0.43
0:15:00 0.00 0.00 1.17 1.97 2.38 1.60 2.01 2.01 2.85
0:20:00 0.00 0.00 4.25 5.73 6.64 4.21 4.92 5.34 6.89
0:25:00 0.00 0.00 9.03 12.64 15.09 8.84 10.53 11.60 15.37
0:30:00 0.00 0.00 11.31 15.32 18.34 21.16 25.75 30.02 41.32
0:35:00 0.00 0.00 10.81 14.38 17.14 25.79 31.12 38.49 52.04
0:40:00 0.00 0.00 9.92 12.98 15.40 25.57 30.79 38.13 51.27
0:45:00 0.00 0.00 8.81 11.62 13.79 23.17 27.86 35.68 47.99
0:50:00 0.00 0.00 7.88 10.54 12.35 20.95 25.26 32.43 43.73
0:55:00 0.00 0.00 7.08 9.42 11.06 18.47 22.24 28.95 39.24
1:00:00 0.00 0.00 6.33 8.39 9.89 16.23 19.49 25.97 35.33
1:05:00 0.00 0.00 5.73 7.56 8.96 14.29 17.11 23.36 31.86
1:10:00 0.00 0.00 5.15 7.03 8.40 12.34 14.72 19.79 26.97
1:15:00 0.00 0.00 4.68 6.50 7.98 10.96 13.03 17.03 23.18
1:20:00 0.00 0.00 4.26 5.93 7.34 9.66 11.44 14.53 19.69
1:25:00 0.00 0.00 3.88 5.38 6.52 8.51 10.03 12.33 16.61
1:30:00 0.00 0.00 3.50 4.85 5.73 7.32 8.58 10.40 13.91
1:35:00 0.00 0.00 3.13 4.34 5.01 6.20 7.23 8.61 11.43
1:40:00 0.00 0.00 2.80 3.72 4.39 5.19 6.00 6.9 9.18
1:45:00 0.00 0.00 2.55 3.23 3.94 4.30 4.93 5.58 7.23
1:50:00 0.00 0.00 2.42 2.94 3.69 3.66 4.18 4.58 5.91
1:55:00 0.00 0.00 2.17 2.76 3.49 3.30 3.75 3.99 5.11
2:00:00 0.00 0.00 1.94 2.57 3.22 3.09 3.50 3.62 4.59
2:05:00 0.00 0.00 1.58 2.08 2.61 2.48 2.80 2.84 3.59
2:10:00 0.00 0.00 1.25 1.64 2.07 1.93 2.18 2.17 2.72
2:15:00 0.00 0.00 0.99 1.29 1.63 1.52 1.70 1.65 2.05
2:20:00 0.00 0.00 0.77 1.02 1.27 1.17 1.32 1.25 1.54
2:25:00 0.00 0.00 0.60 0.79 0.98 0.91 1.02 0.96 1.18
2:30:00 0.00 0.00 0.47 0.60 0.75 0.69 0.78 0.73 0.90
2:35:00 0.00 0.00 0.36 0.46 0.56 0.52 0.59 0.56 0.68
2:40:00 0.00 0.00 0.27 0.34 0.43 0.40 0.44 0.43 0.52
2:45:00 0.00 0.00 0.21 0.26 0.33 0.30 0.34 0.33 0.40
2:50:00 0.00 0.00 0.15 0.18 0.24 0.22 0.25 0.24 0.29
2:55:00 0.00 0.00 0.10 0.13 0.16 0.16 0.17 0.17 0.20
3:00:00 0.00 0.00 0.06 0.08 0.10 0.10 0.11 0.11 0.13
3:05:00 0.00 0.00 0.03 0.05 0.06 0.06 0.06 0.06 0.07
3:10:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.03
3:15:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Final Drainage Report
Tract DD, Hannah Ridge at Feathergrass Filing No. 1, El Paso County, CO

APPENDIX D: DRAINAGE MAPS

16 Kimley»Horn
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1. PLAN REVIEW BY EL PASO COUNTY IS PROVIDED
ONLY FOR GENERAL CONFORMANCE WITH DESIGN [ DESIGNED BY: EJG
CRITERIA. EL PASO COUNTY IS NOT .
RESPONSIBLE FOR THE ACCURACY AND gﬁégsz[?YéY- éﬁg
ADEQUACY OF THE DESIGN, DIMENSIONS, -
AND /OR ELEVATIONS WHICH SHALL BE DATE: ~ 5/19/21
CONFIRMED AT THE JOB SITE. EL PASO
COUNTY, THROUGH APPROVAL OF THIS
DOCUMENT, ASSUMES NO RESPONSIBILITY FOR
COMPLETENESS AND/OR ACCURACY OF THIS
DOCUMENT.
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SUMMARY - EXISTING RUNOFF TABLE
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Kimley»Horn

Kimley-Horn and Associates, Inc.

PROJECT NO.

[ _ CALL UTILITY NOTIFICATION] DESIGN BASIN BASIN AREA | DIRECT 5-YR | DIRECT 100-YR | CUMULATIVE 5- |CUMULATIVE 100- 096302009
)7~ CENTER OF COLORADO POINT |DESIGNATION | (ACRES)  |RUNOFF (CFS)| RUNOFF (CFS) | YR RUNOFF (CFS) | YR RUNOFF (CFS)
N Y 1-800-922-1987 SHEET
A CALL_ 2-BUSINESS DAYS IN ADVANCE 1 EX-A 15.39 4.41 29.59 5.69 37.64
BEFORE YOU DIG, GRADE, OR EXCAVATE 700
FOR THE MARKING OF UNDERGROUND C
MEMBER UTILITIES ) 2 0S-1 4.55 1.28 8.04 1.28 8.04
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| 1. THESE DETAILED PLANS AND SPECIFICATIONS
WERE PREPARED UNDER MY DIRECTION AND
SUPERVISION. SAID DETAILED PLANS AND DESIGNED BY: EJG
SPECIFICATIONS HAVE BEEN PREPARED DRAWN BY:  JAR
ACCORDING TO THE ESTABLISHED CRITERIA FOR :

| DETAILED DRAINAGE PLANS AND CHECKED BY: EJG
SPECIFICATIONS, AND SAID DETAILED PLANS

| AND SPECIFICATIONS ARE IN CONFORMITY WITH
THE MASTER PLAN OF THE DRAINAGE BASIN.
SAID DETAILED DRAINAGE PLANS AND
SPECIFICATIONS MEET THE PURPOSES FOR
WHICH THE PARTICULAR DRAINAGE FACILITY(S)
IS DESIGNED. | ACCEPT RESPONSIBILITY FOR

| ANY LIABILITY CAUSED BY ANY NEGLIGENT

| ACTS, ERRORS OR COMMISSIONS ON MY PART
IN PREPARATION OF THE DETAILED DRAINAGE

’ PLANS AND SPECIFICATIONS.

|

|

|

|

|

|

|

DATE: 5/19/21

/ 317

oo 0.14 | 28

—
6453 mmpry s = e =" T e ST T LD L
! A 6453 W

} © ss ss
U ———

PROP. PRIVATE
STORM DRAIN SYSTEM

y'd 0.13 o8 PN

0.91

' ‘\'""

'PROP. INLET BS
TYPE R INLET

(L=30")

PROP. CULVERT 1
AN

oS

i PROP. SWALE BS
\ ¥

2. PLAN REVIEW BY EL PASO COUNTY IS PROVIDED
ONLY FOR GENERAL CONFORMANCE WITH DESIGN
CRITERIA. EL PASO COUNTY IS NOT
RESPONSIBLE FOR THE ACCURACY AND
ADEQUACY OF THE DESIGN, DIMENSIONS,
AND/OR ELEVATIONS WHICH SHALL BE
CONFIRMED AT THE JOB SITE. EL PASO
COUNTY, THROUGH APPROVAL OF THIS
DOCUMENT, ASSUMES NO RESPONSIBILITY FOR
COMPLETENESS AND/OR ACCURACY OF THIS
DOCUMENT.
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SUMMARY - PROPOSED RUNOFF TABLE

DESIGN BASIN BASIN AREA | DIRECT 5-YR | DIRECT 100-YR | CUMULATIVE 5- | CUMULATIVE 100-
POINT | DESIGNATION | (ACRES) |[RUNOFF (CFS)| RUNOFF (CFS) | YR RUNOFF (CFS) | YR RUNOFF (CFS)

B1 B1 2.98 13.83 24.74 13.90 25.29

EL PASO COUNTY, COLORADO
CONSTRUCTION DRAWING PLANS
PROPOSED DRAINAGE MAP

UPLAND FLATS BY WATERMARK

B5 B5 0.17 0.05 0.39 1,93 5.41

B6 B6 0.13 0.49 0.91 0.49 0.91

UNDERNEATH CONSTITUTION AVE.
B7 B7 1.66 1.58 5.91 5.89 23.68
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/ B8 B8 0.16 0.62 1.15 0.62 1.15

P B9 B9 4.10 16.87 30.19 16.87 30.19
/ PRELIMINARY

B10 B10 0.94 159 4.01 159 a.01
FOR REVIEW ONLY
NOT FOR

B12 B12 0.15 0.56 1.05 0.56 1.05 CONSTRUCTION
81 1 Know what's below. / k B13 B13 0.11 0.41 0.76 0.41 0.76 Klmley») Horn
o  Call before you dig. W B14 B14 0.11 0.43 0.80 0.43 0.80 Kimley-Hom and Associates, Inc.
L\ /,
-\ B15 B15 0.86 1.57 3.93 1.57 3.93

PROJECT NO.
2

B16 B16 0.14 0.52 0.97 0.52 0.97 096302009

B11 B11 0.16 0.61 1.14 0.61 1.14

7

CALL UTILITY NOTIFICATION]

CENTER OF COLORADO CRAPHIC SCALE IN FEET B17 B17 0.14 0.51 0.95 0.51 0.95 SHEET

1 '800'922-1 987 0 30 60 12|O B18 B18 1.09 0.27 1.96 2.37 12.35

CALL 2-BUSINESS DAYS IN ADVANCE
BEFORE YOU DIG, GRADE, OR EXCAVATE 0s-1 0s-1 4.62 2.11 10.39 2.11 10.39 ( : 70 1
FOR THE MARKING OF UNDERGROUND

MEMBER UTILITIES J 0s-2 0S-2 0.18 0.08 0.55 0.08 0.55




