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Certifications and Approvals

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 applicable master plan of the drainage basin. | accept
responsibility for any liability caused by any negligent acts, errors or omissions on my part in

(_ﬂ - L/'- 20 3.)
Date

I, the owner/developer have read and will comply with all of the requirements specified in this
drainage report and plan.

"~ G/ 4/al

Ensor, Manager Date
ip Properties LLC

P.O Box 511

Rocky Ford, CO 81067

El Paso County:

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and
2, El Paso County Engineering Criteria Manual and Land Development Code as amended.

Jennifer Irvine, P.E. Date
County Engineer / ECM Administrator

Conditions:
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REPORT PURPOSE

The purpose of this study is to evaluate the drainage characteristics for
both theexisting and developed conditions of the Prairie Ridge Subdivision
in accordancethe current El Paso County Drainage Criteria. A drainage
study and report were previously prepared by Troy Kent of Land
Development Consultants (LDC), submitted and approved by El Paso
County on May 28, 2008. Subsequent to the report approval the plat was
never recorded, and the project remained dormant until recently. An
Early Assistance Meeting was held on August 28, 2018 to review current
requirements for reconsidering the plat. According to the Meeting Minutes,
the existing drainage study needed to be amended to address current
drainage criteria. El Paso County amended it criteria on January 27, 2015.
At thismeeting El Paso County adopted the adopted Chapter 6
(Hydrology) and Section 3.2.1 of Chapter 13 (Full Spectrum Detention) of
the May 2014 City of Colorado Springs Drainage Criteria Manual Volume 1
(DCMV1). The changes in the criterion that impact this report are:

+ Design storm for the minor event was changed from the 10 year to the
5-yearstorm

* The Curve Numbers (CN) used in the NRCS method were amended to
more accurately reflect the runoff for both the existing and developed
conditions. However, the Curve Numbers presented in the User's
Manual for the TR55 Method (see Appendix, Exhibit 5), were used
since the results closely correlate to the results obtained from the
Rational Method (see Appendix, Exhibit 4). These results are shown on
the two (2) Drainage Plans included inthe map pocket.

+ Additional detail describing the components of this study was
required to meet requirements.

It was decided to use the sections of the existing report where no
changes were required. Sections of the narrative were updated where
required. Hydrologic calculations were modified to reflect the new Curve
Numbers. The drainage maps prepared for the existing and developed
conditions are basically the same with only minimal modifications.

GENERAL DESCRIPTION
The property is approximately located in the SE ¥4 of the SE V4 of Section

12, Township 11 South, Range 66 West of the 6th P.M., El Paso County,
Colorado.The property is comprised of 40.7 +/- acres and is more
particularly located on the south and east sides of Brown Road
approximately 0.5 miles north of the intersection of Brown Road and
Walker Road (Appendix, Exhibit 1).

The project is currently undeveloped agricultural ground and has been
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used for pasture and grazing land. There are no buildings or irrigation
ditches located on the property, however there are observable natural
drainage corridors on the site.One of the natural drainage corridors bisects
the site north to south, while the other runs west to east along the southerly
boundary. The site is to be divided into 7 single-family lots with a minimum
size of 5 acres.

Offsite improvements include the leveling and the placement of Class 6 road
base at the northeast and northwest corners of the property. Roadway
improvements to Brown Road, at the northwest corner of the site include
increasing the existing turning radius of Brown Road on the east side from a
30' radius to a 100" radius. This widens the road approximately 15' at the
corner. At the northeast corner of the property a 60' radius emergency
turnaround will be constructed. This will be accomplished by widening the
road to the south approximately 75' from its existing edge. Roadside ditch
restoration at both locations will be provided to continue to direct runoff
along the edge of Brown Road.

The Soil, Geology, Geologic Hazard, and Wastewater Study dated May 31,
2007,by Entech Engineering, Inc., addresses the general soil conditions and
erosion potential of the site. The soils on the subject property have been
generally classified as sandy-clay and sandy clay-silt.

The existing channel along the southerly portion of the site is well vegetated, and
is in good condition, however, since it is subject to seasonal flooding and
further erosion, this region of the development is being preserved. Some
ponding of water exists on the site within the southerly drainage corridor, where
water has been impounded behind an earthen dam east of the site for a stock
pond. This portion of the site, in addition to the lesser drainage way running from
north to south has been identified as a no-build area, and has been included
within a proposed drainage easement.

The Entech report states that "the soil types observed on the site are mildly to
highly susceptible to wind erosion, and moderately to highly susceptible to water
erosion”. This is in reference to areas that are to be disturbed during the
construction. Since no site grading is proposed, the erodible soils will not be
exposed to weathering, therefore no on-site erosion control measures have been
presented. As individual lots are developed, erosion control measures are to be
installed, according to the specific needs of each parcel consistent with the
recommendations of Entech's report.
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Undeveloped and unplatted parcels, ranging in size from 4.67 to 97-acres
surround the site, along with an existing MVEA overhead power lines along the
southerly and easterly side of Brown Road.
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DESIGN CRITERIA AND METHODOLOGY

The existing and proposed runoff patterns, runoff estimates, and
proposed drainage improvements were evaluated based on the
criteria and procedures outlined in the El Paso County Drainage
Criteria Manual.

Design Manuals

0O

City of Colorado Springs Criteria Manual, Volume I.
The charts and graphs used from this manual are reproduced
within thepertinent sections of the Appendix.

Soil Survey of El Paso County Area, Colorado United States
Departmentof Agriculture, Soil Conservation Service
(Appendix, Exhibit 3)

Flood Insurance Rate Map, Federal Emergency Management
Agency
(Appendix, Exhibit 2)

Urban Storm Drainage Criteria Manual, Urban Storm & Flood
Control District, Copyright 2005 updated January 2016

Soil, Geology, Geologic Hazard, and Wastewater Study-
Prairie Ridge, El Paso County, Colorado, Entech Engineering,
Inc., dated May 31, 2007 Not duplicated in the Appendix of the
report. The report is available upon request.

Design storms

0]
o

Minor storm: 5-year
Major storm: 100-year

Drainage Areas

o

Areas for the offsite and onsite sub basins were obtained from
the May 28,2008 drainage report that was previously approved
by El Paso County

Runoff Methods

(¢]

Rational Method

This method was used to determine runoff quantities for sub
basins withless than 130 acres. Intensity-Duration-
Frequency (IDF) curves were obtained from the Colorado
Springs Drainage Criteria Manual (DCM) ( Appendix , Exhibit
4). This method was used to estimate existing from offsite
basins at design points 2, 3, and 5. Runoff from sub basins A,
B, C D, and E were used to verify the stability of the existing
swales that drain these sub basins. Based visual observation
and existing vegetative conditions, it is expected that these
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swales safely convey the runoff from both the minor and major
to the site's outfall point at Design Point 6.

o National Resources Conservation Service (NRCS) (TR 55)
This method was used for the entire drainage area that
impacts the subdivision which has an area of 296.3 acres. The
runoff values that were determined for the areas less than 130
acres were compared to those determined with the Rational
Method. The values obtained from the SCS TR55 method
were used since the overall drainage area was in excess of
130 acres.

* Culverts

Sizing

o The 5-year storm was used to size the culvert under Brown
Road located at the southwesterly corner of the site.
Assumptions were necessary due to the limited field data.

o The 100-year storm was used to evaluate the over topping
conditions anticipated at the existing culvert under Brown
Road.

Culvert Velocities
o Maximum velocity= 18 fps
o Minimum velocity= 3 fps when the pipe is 50% full

+ Drainage Swale and Borrow Ditch Sizing

Sizing

o Estimated runoff from the design the design storms were used
to verify the stability of the existing onsite swales as well as
the borrow ditch along Brown Road. Rock ditch checks will be
added to roadside ditches at the time of future roadway
improvements.

o The 100-year storm event was used to evaluate roadway
overtopping conditions along the borrow ditches.

Velocity
o Less than the erosive velocities typical for the existing soils.

Freeboard Requirements
o 12" for the minor storm and no roadway overtopping for the 100
year.

Flow Regime

o Drainage improvements are not recommended for swales
that are characterized by a subcritical flow regime. This
occurs when the Froude No's. are less than 1.0.
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o Erosion control improvements are recommended for
swales where the runoff is characterized by a supercritical
flow regime. This regime is characterized by high velocities
and erratic, erosive, and unpredictableflows. This occurs
when the Froude No. is 1.0 or greater.

e Detention/ Water Quality Pond
Basis of evaluation:

The requirements for Post Construction Stormwater Management
(Detention/Water Quality Ponds) are evaluated in accordance El
Paso County Engineering Criteria Manual, Appendix 1.7.1. Itis
determined that the site is exempt from providing Water Quality
facilities by virtue of the exclusions provided in ECM Sections
1.7.1.B.2 (Excluded Roadway Redevelopment), 1.7.1.B.3
(Excluded Existing Roadway Areas) and 1.7.1.B.5 (Large Lot
Single Family Sites). A full discussion regarding the requirements
for Water Quality Treatment is presented in Section Xl of this
report. Storm Detention is also not required for the site since the
proposed large lot single family home sites present negligible
increase from existing to developed conditions.

o ESQCP and SWMP

According to ECM Section 1.4.1, an Erosion and Stormwater
Quality Control Permit (ESQCP) and Stormwater Management
Plan (SWMP) are required for projects that disturb 1.0 acres or
more and/or disturbs more than 500 CY of material. This project
involves the disturbance of 0.74 acres and less than 500 CY of
material for the purpose of replenishing the gravel surface
thickness of existing Brown Road on the west and north sides of
the site. ESQCP and SWMP are not required for this project since
the applicable thresholds are not met.

EXISTING REPORTS, MAPPING AND INFORMATION
o The project lies within the East Cherry Creek Drainage
Basin. There are drainage fees associated with this basin.
o No drainage reports have been prepared for any of

the tracts that surround the site.

FEMA FLOODPLAIN

The project is within Zone X (other) as shown on the Flood Rate
insurance Map, EIPaso County, Colorado and Incorporated Areas, Panel
325 of 1300; Map Number 08041C0305 G, Effective Date December 7,
2018 (Appendix, Exhibit 2).
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VI.

HYDROLOGIC SOILS INFORMATION

The hydrologic soils groups were obtained from the USDA
National Resource Conservation Service website for soil types in El
Paso County, Colorado (Appendix, Exhibit 3). The soils are
identified as follows:

* Brusset Loam 3-5% (SCS No. 15)

+  Peyton-Pring Complex 8-15% (SCS No. 69).

The soils and their characteristics are described in the soils report
included in the Appendix, Exhibit 3. All of the soils in the project area
are classified within the B hydrologic group.
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Southeast? It appears
that your are referring
to the pond at DP 6
which is at the
southeast corner.

Vil. DOWNSTREAM DRAINAGE CONDITIONS
A stock pond is located immediately downstream of the subdivision
at Design Point 6. A total of approximately 295 acres drains
through the pond. According to the drainage plan offsite sub basins
0S1, OS2 and OS3 drain through the project site. A total area of
292.8 acres drains through the existing pond located on the south
corner of the site. This area excludes runoff from sub basin E which
flows offsite at Design Point 7. Of this total area offsite basins
comprise 255.5 acres. Onsite sub basins consist of area A, B, C, D,
and E with a total area of 40.8 acres. This represents 14% ofthe
total area that drains to the existing pond. As mentioned before this
does not include runoff from sub basin E.

All of the runoff from offsite and onsite basins, with the exception of sub
basin E, are carried to the stock pond via a natural grassed swale
(swale 1) located along the southerly boundary of the project site.
Based on visual observations, the swale and pond appear to be
stable with only a minimal amount of erosion.

The condition of the swale as it enters the pond is also stable
with negligible signs of erosion. Based on visual observations of the
upstream and downstream swale of the pond, and the relatively
small percentage that the project site is compared to the total
drainage area, it is reasonable to assume that the pond is
adequate to accommodate the minor increase in runoff flows as a
result of development.

A detailed analysis of the hydraulic and structural characteristics of the
pond isoutside the scope of this report.
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VIil.  HISTORIC OFFSITE CONDITIONS

Basin 0S-1 (based on 0% Impervious for Undeveloped,
Pasture/ Meadow)

Sub basin OS-1 is approximately 211.8 acres, and extends from the
westerly boundary of the site to the top of the watershed. The
topography within the basin ranges from 9.9% near Spruce Hill to
2.9% near thesite boundary. Runoff from this basin flows easterly to
the southwest corner of the site, crossing Brown Road via an
existing 24-inch CMP at an assumed slope of 2.0%. This culvert is
in good condition. O S 1 comprises the primary source of flow in
the existing channel located along the south side of the project site..
A stock pond (east of DP1) is located within this channel,
immediately upstream from the site (Design Point 1) on the westerly
side of Brown Road.

Since this sub basin is greater than 130 acres, the NRCS-TR55
method was utilized. Values were obtained from the TR-55 User
Guide.

o Area= 211.8 acres

o Curve Numbers = 69 ( Appendix, Exhibit 5). These values
presented in this ttable were used instead of the ones published
in the DCMV1 since they are specific to the TR55 method and
the runoff produced are comparable to those of the Rational
Method.

o Time of Concentration= 33.4 minutes

o TRS55 Estimated Runoff
Minor Storm (5year): 69.6 cfs
Major Storm (100 year): 279.5 cfs

Basin 0S-2 (based on 0% Impervious for Undeveloped,
Pasture/ Meadow)

Basin OS-2 is approximately 31.8-acres, and drains most of the
region south of the site. The topography within this basin ranges
from 6.5% at the top to 5.1% near the existing channel. Runoff from
this basin flows to the northeast, and intersects the existing channel
fong the south of the site boundary. Runoff from Sub basin 0S-2
outfalls into the Reach 3 of the swale along the south side of
the property.
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Since this sub basin is less than 130 acres, the Rational Method was
utilized with the following hydrologic parameters and characteristics.
Area = 31.8 acre.

o Runoff Coefficients
Minor (5 year) storm =0.08 Exhibit 5 has the SCS
Major (100 year) storm = 0.35 Method Calculations.
Revise accordingly.

o Time of Concentration: 26.9 minufes

o Estimated Runoff (UDFC Ratiopal)(Appendix. Exhibit 4)
Minor Storm (5 year): 6.4 cfs
Major Storm (100 year): 47.1/cfs

o Estimated Runoff (UDFC Rational)(Appendix. Exhibit 5)
Minor Storm (5 year): 17.4 cfs
Major Storm (100 year): 65.5 cfs

Basin OS-3 and sub basin D (based on 0% Impervious for
Undeveloped, Pasture/ Meadow)

Sub basins OS3 and D were combined since sub basin D is
relatively small in comparison to OS-3. It is also expected, due to
the location of the Sub Basin D in the "watershed" that no
development will occur. Basin OS-3 and D is approximately 13.6
acres, and drains the region south of the site and east of Basin
OS-2. The topography within this basin ranges from 4.5% at the
top to 5.9% near the site’s southeast corner. Runoff from this basin
flows to the northeast, and outfalls into the existing swale 1 at DP6
located near its southeast corner.

Since this sub basin is less than 130 acres, the Rational Method
was utilized with the following hydrologic parameters and
characteristics. They were compared with those determined by
the TR55 Method.

0 Area 13.6 acres

o Runoff Coefficients
Minor (5 year) storm =0.08
Major (100 year) storm= 0.35

o Time of Concentration: 31.7 minutes
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o Estimated Runoff (UDFC Rational Method)
(Appendix, Exhibit 4):
Minor storm (5 year) = 2.5 cfs,
Major Storm (100 year) = 18.2 cfs

o Estimated Runoff (TR55) (Appendix, Exhibit 5):
Runoff from 0S3 was not determined using the TR55 program.
The runoff from 0S3 was included with the runoff from sub
basin D for the developed conditions.
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IX.

HISTORIC ONSITE CONDITIONS

General

The site is bounded on the north and west by Brown Road and
to the south and east by undeveloped agricultural land. A
defined drainage channel (Swale 1) runs along the southerly
boundary of the site, which is tributary to East Cherry Creek.
The site drains primarily to the south and east, where this
drainage channel intercepts it. Stock ponds exist immediately
upstream and downstream from the site. The subject property
consists of approximately 40.7-acres, and is divided into five (5)
historic basins, identified as Basins A through E. Approximately
255.5-acres of off-site area tributary to the site is divided into
three (3) basins, labeled OS-1 through OS-3. The hydrologic
characteristics of these offsite sub-basins are described in the
previous section. The historic hydrologic conditions of the onsite
basins are described in more detail below. The TR55 program
was used to compare the flows obtained using the Rational
Method. The TR55 data is shown for information purposes only.

Sub-basin A (historic) (based on 0% Impervious for
Undeveloped, Pasture/ Meadow)

Sub-basin A is approximately 10.7 acres, and drains the
westerly portion of the site, along Brown Road. The topography
within this basin ranges between 2.2% and 6.5%. Runoff from
this basin flows to the south and intersects the existing channel
at the southerly boundary approximately 250-feet east of Brown
Road. At this point, flows were evaluated at Design Point 2
(DP2), where runoff from Basin OS-1 combines with that from
Basin A. Since this sub basin is less than 130 acres, the
Rational Method was utilized with the following hydrologic
parameters and characteristics. They were compared with those
determined by the TR55 Method.

a) Area 10.7 acres

e Runoff Coefficients
e Minor storm (5 year): 0.08
e Major Storm (100 year): 0.35

b) Time of Concentration: 25.9 minutes
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¢) Estimated Runoff (UDFC Rational Method) (Appendix, Exhibit 4)

e Minor storm (5 year): 2.2 cfs
e Major Storm (100 year): 15.8 cfs

d) Estimated Runoff (TR55) (Appendix, Exhibit 5)

e Minor Storm (5 year): 5.8 cfs
e Major Storm (100 year): 22.0 cfs

Sub-basin B (historic) (based on 0% Impervious for
Undeveloped, Pasture/ Meadow)

Sub-basin B is approximately 19.6-acres, and drains the central
portion of thesite. The topography within this basin ranges between
2.1% and 10.4%. Runoff from this basin flows to the southeast, and
intersects the existing channel near the southeast corner of the
site. At this point, flows were evaluated at Design Point 4 (DP4),
where runoff from Basins OS-1, OS-2, and Basin A combine with
runoff from Basin B. Since this sub basin is less than 130 acres,
the Rational Method was utilized with the following hydrologic
parameters and characteristics. They were compared with those
determined by the TR55 Method.

o Area 19.6 acres

o Runoff Coefficients
Minor storm (5 year): 0.08
Major Storm (100 year): 0.35

o Time of Concentration: 26.3 minutes

o Estimated Runoff (UDFC Rational Method) Appendix, Exhibit 4
Minor Storm (5 year): 4.0 cfs
Major Storm (100 year): 29.3 cfs

o Estimated Runoff (TR55) (Appendix, Exhibit 5)
Minor Storm (5 year): 10.4 cfs
Major Storm (100 year): 39.4 cfs

The estimated runoff utilizing the Rational Method was used to
evaluate thehydraulic characteristics of the existing swale that drains
the sub basin
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Sub-basin C (historic) (based on 0% Impervious for Undeveloped,
Pasture/ Meadow)

Sub-basin C is approximately 5.3-acres, and drains most of the
easterly portion of the site. The topography within this basin ranges
from 2.0% to 15.7%.

Runoff from this basin flows to the southeast, and intersects the
existing channel near the southeast corner of the site,
approximately 130-feet downstream from DP4. At this point, flows
are evaluated at Design Point 6 (DP6), where runoff from Basins
0S-1, 0S-2, 0OS-3, A, B, and D combines with Basin C.

Since this sub basin is less than 130 acres, the Rational Method
was utilized with the following hydrologic parameters and
characteristics. They were compared with those determined by
the TR55 Method.

o Area= 5.3 acres

o Runoff Coefficients
Minor storm (5 year): 0.08
Major Storm (100 year): 0.35

o Time of Concentration;21.8 minutes

o Estimated Runoff (UDFC Rational Method) Appendix, Exhibit 4
Minor Storm (5 year): 1.2 cfs
Major Storm (100 year): 8.6 cfs

o Estimated Runoff (TR55) (Appendix, Exhibit 5)
Minor Storm (5 year): 3.5 cfs
Major Storm (100 year): 12.6 cfs

The estimated runoff utilizing the Rational Method was used to
evaluate thehydraulic characteristics of the existing swale that drains
the sub basin

¢ Sub-basin 0S-3 and D (historic) (based on 0% Impervious for
Undeveloped, Pasture/ Meadow)
These two sub-basins were combined since the runoff from 0S-3
flows into sub-basin D. Sub-basin OS-3 is 12.1 acres and Sub-basin
is approximately 1.5 acres. The sub basins drain to the
southeasterly corner of the site. The topography within this basin
slopes at approximately 12.5%. Runoff from this basin flows to the
northwest from the southerly side of the existing channel, and
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intersects it near the southeast corner of the site, approximately
130-feet downstream from DP4. At this point, flows are evaluated at
Design Point 6 (DP6), where runoff from Basins 0S-1, 0S-2, OS-3,
A, B, and C combine with Basin D.

Since this sub basin is less than 130 acres, the Rational Method
was utilizedwith the following hydrologic parameters and
characteristics. They were compared with those determined by
the TR55 Method.

0 Area=13.6 areas

o Runoff Coefficients
Minor storm (5 year): 0.08
Major Storm (100 year): 0.35

o Time of Concentration: 31 minutes

o Estimated Runoff (UDFC Rational Method) (Appendix,
E xhibit 4)

Minor storm (5 year): 2.5 cfs
Major Storm (100 year): 18.2 cfs

o Estimated Runoff (TR55) (Appendix, Exhibit 5)
Minor storm (5 year): 7.0 cfs
Major Storm 100 year): 26.7 cfs

The estimated runoff utilizing the Rational Method was used to
evaluate the hydraulic characteristics of the existing swale that
drains the sub basin.

Sub-basin E (historic) (based on 0% Impervious for Undeveloped,
Pasture/ Meadow)
Sub-basin E is approximately 3.7-acres, and drains the northeast
corner of thesite. The topography within this basin ranges from 2.4%
to 7.7%. Runoff from this basin flows to the southeast, and exits the
site at the eastern boundary, approximately 700-feet south of the
north boundary. At this point, flows are evaluated at Design Point 7.
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o Area=23.7 acres

o Runoff Coefficients
Minor storm (5 year): 0.08
Major Storm (100 year): 0.35

o Time of Concentration: 21.3 minutes

o Estimated Runoff (UDFC Rational Method) (Appendix,
Exhibit 4)

Minor storm (5 year): 0.8 cfs
Major Storm (100 year): 6.0 cfs

o Estimated Runoff (TR55) (Appendix, Exhibit 5)
Minor storm (5 year): 2.1 cfs
Major Storm 100 year): 7.6 cfs

The estimated runoff was used to evaluate the hydraulic
characteristics of theexisting swale that drains the sub basin.

All Offsite and Onsite Sub-basins (historic) (based on 0%

Impervious)
All runoff from the sub-basins described above ultimately leaves
the site at Design Point 6 which is located at the southeast
corner of the site. The runoff historically enters an existing stock
pond. The physical and hydraulic characteristics of this pond are
outside the scope of this report since there is only negligible
increase in runoff for both the minor (5 year) and major (100
year) storm events.

Since the total drainage area is greater than 130 acres, the
NRCS TR55 method was utilized to determine the following
hydrologic characteristics:

o Drainage area = 296.3 acres

o TR55 Curve Number= 69 (based on an imperviousness of 0%)
(see Appendix, Exhibit 5)

o Estimated Runoff
Minor storm (5 year)= 86.7 cfs
Major Storm (100 year)= 3360.77 cfs

Please fix the typo
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EXISTING DRAINAGE IMPROVEMENTS

The only drainage facility on this site is a 24-inch corrugated metal
pipe located under Brown Road at the southwest corner of the site
(DP 1). This DP is located on the westerly side of the project. The
stormwater runoff at this location was estimated to be:

Location: Brown Road
Contributing sub basin: OS1
Contributing Drainage area: 211.6
Method: TR 55

Minor storm (5 yr.) = 69.6 cfs
Major storm (100 yr.) = 279.5 cfs

C O 0O O o 0

The hydraulic characteristics of the existing 24-inch culvert were
determined by assuming the inverts and the length of the culvert
since field data was not obtained. This is a safe assumption since
the outfall "swale" is broad and is expected to have minimal depth
that would create an "outlet control condition". Based on the
limitations described, the hydraulic conditions were determined to be
as follows (Appendix, Exhibit 6)

o The culvert has a capacity of 20.5 cfs (Appendix, Exhibit 6).
This is based on a headwater to depth ratio of 1.5. This
provides an upstream depth of 3.1 feet.

o The culvertis operating under inlet control since the
downstream depth is expected to be negligible.

o The velocity in the culvert was not determined since data
regarding the pipe slope was not obtained.

Conclusions
o The existing culvert is undersized to safely accommodate the
runoff from the 5-year storm event.
o The runoff from the 100-year event is expected to overtop the
existing roadway and therefore has the potential of damaging
the existing roadway cross section.

It is recommended to replace the existing culvert. Since the culvert
only accommodates runoff from offsite sources, the culvert is to be
replaced by other parties and not as part of this subdivision’s
improvements.
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Xl. DEVELOPED DRAINAGE CONDITIONS

Offsite Sub-basin Characteristics for Developed Conditions
There are no plans to develop the tracts located upstream of the
project site. Therefore, the hydrologic conditions for the offsite sub
basins will remain the same, as described Section VIl of this
report, under the developed conditions.

Onsite Sub-basin Characteristics for Developed Conditions
Since the development of this site consists of 5-acre parcels, the
majority of the hydrologic parameters for onsite sub-basins,
presented in Section IX, remain the same. The only change is in
the determination of the Runoff Coefficient and Curve Number.
The following is a summary of how the runoff coefficients for the
developed conditions were calculated.

o Drainage Sub Basins identification is the same as existing
conditions

o Developed Lot Characteristics

- Typical total lot area = 217,800 square feet (lot size of 5
acres)

- Average house footprint = 4,000 square feet

- Average area for driveways, patios, walkways = 2,500
square feet

- Average area to remain in its existing condition = 210,100
square feet

o Runoff Coefficients (Rational Method "C" coefficient) (Table 6-6,
CSDCM)(Appendix, Exhibit 4) and TR55 Method "CN" Curve
Numbers (Tables 2-2a- 2d) (Appendix, Exhibit 5). Typically,
published design tables for use with the Rational Method
and the NCRS Method do not provide runoff coefficients and
curve numbers for 5-acre developments. It only provides
values for 2.5 acres and smaller. As a result, the composite
coefficients (Table 6-6) and curve number (Table 2-2a- 2d)
for each developed lot were determined as follows:
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Average roof size= 4,000 square feet
e % Impervious: 90%
e Rational Method: Minor storm (5 year) runoff coefficient:
0.73
e Rational Method: Major storm (100 year) runoff
coefficient: 0.81
e NCRS Curve Number = 98

Average area for driveways, patios, and walkways =

2,500 squarefeet

e % Impervious: 100% (This is a conservative
assumption. It assumes a paved driveway as opposed

to a typical gravel one.
e Rational Method: Minor storm (5 year) runoff coefficient:
0.90

e Rational Method: Major storm (100 year) runoff coefficient:
0.96

¢ NCRS Curve Number= 98

Average area for "grassed " lawn = 1,200 square feet
e % Impervious: 0%
e Rational Method: Minor storm (5 year) runoff coefficient:
0.08
e Rational Method: Major storm (100 year) runoff
coefficient: 0.35
e NCRS Curve Number= 69 (fair condition)

Average area in existing condition (Pasture/Meadow)
= 210,100 square feet
e Rational Method Impervious: 0%
¢ Rational Method: Minor storm (5 year) runoff coefficient:
0.08
e Rational Method: Major storm (100 year) runoff
coefficient: 0.35
e NCRS Curve Number= 69

The value from Table 6-9 ARC |, instead of Table 6-10
ARC II, was used since the "undeveloped" area of the
lot will not be disturbed and will remain "un-watered/
irrigated”.
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- Composite Runoff Coefficients and Curve Numbers for
developed conditions ( Appendix , Exhibit 4 and 5)
Exhibit 4 in the Appendix includes the tables used for the
Rational Method. Exhibit 5 in the Appendix includes the
tables used for the NCRS method. Based on the above
assumptions the following composite runoff
coefficients were determined as follows:

- Developed Conditions: the following is for developed lots

only and not for offsite areas.

e % Impervious= 2.8%

e Rational Method: Minor storm (5 year) runoff
coefficient: 0.10 (developed conditions)

e Rational Method: Major storm (100 year) runoff
coefficient: 0.37(developed conditions)

e NCRS Curve Number = 70

- Existing Conditions (for comparison purposes)
= % Impervious = 0%
= Rational Method: Minor storm (5 year) runoff
coefficient: 0.08(existing conditions)
= Rational Method: Major storm (100 year) runoff
coefficient: 0.35 (existing conditions)
= NCRS Curve Number = 69

- Time of Concentration

e The time of concentration for each sub-basin remains the
same.

o Rainfall Intensity
The rainfall intensity for each sub-basin remains the same
since the timeof concentration remains the same.

o Estimated Runoff
Based on the above assumptions, runoff for the minor (5
year) and major (100 year) storms were estimated for each
sub-basin

Sub-basin A (developed)
o Design point = 1

o Drainage Area= 10.7 acres
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o Runoff Coefficients
% Impervious =2.8
Rational Method: Minor storm (5 year): 0.10
Rational Method: Major Storm (100 year): 0.37
NCRS Curve #: 70

o Estimated Runoff
Rational Method: Minor storm (5 year): 2.7 cfs (see
Appendix,Exhibit 4)
Rational Method: Major Storm (100 year): 16.7 cfs
(see Appendix,Exhibit 4)
NCRS: Not Applicable

* Sub-basin B (developed)
o Design Point =3

o Drainage Area= 19.6 acres

o Runoff Coefficients
% Impervious =2.8
Rational Method: Minor storm (5 year): 0.10
Rational Method: Major Storm (100 year): 0.37
NCRS Curve #: 70

o Estimated Runoff
Minor storm (5 year): 5.0 cfs
Major Storm (100 year): 31.1 cfs
NCRS: 5 year = 11.5 cfs, 100 year = 41.3 cfs

* Sub-basin C (developed)
o Design Point =6

o Drainage Area= 5.3 acres

o Runoff Coefficients
% Impervious= 2.8
Rational Method: Minor storm (5 year): 0.10
Rational Method: Major Storm (100 year): 0.37
NCRS Curve #: 70

o Estimated Runoff
Rational Method: Minor storm (5 year): 1.5 cfs
Rational Method: Major Storm (100 year): 9.1 cfs
NCRS: 5 year = 3.3 cfs, 100 year = 11.6 cfs
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* Sub-basin 0S-3 and D (developed)
o Design Point =4

o Drainage Area = 13.6 acres

o Runoff Coefficients
% Impervious = 0.0
Rational Method: Minor storm (5 year): .08
Rational Method: Major Storm (100 year): 0.35
NCRS Curve #: 69

o Estimated Runoff
Rational Method: Minor storm (5 year): 2.5 cfs
Rational Method: Major Storm (100 year): 18.2 cfs
NCRS: 5 year = 7.0 cfs, 100 year = 26.76 cfs

* Sub-basin E (developed) (flows offsite at DP7)
o Design Point=7

o Drainage Area= 3.7 acres

o Runoff Coefficients
% Impervious= 2.8
Rational Method: Minor storm (5 year): 0.10
Rational Method: Major Storm (100 year): 0.37
NCRS Curve #: 70

o Estimated Runoff
Rational Method: Minor storm (5 year):1.0 cfs
Major Storm (100 year): 6.4 cfs
NCRS: 5 year = 2.1 cfs, 100 year = 7.6 cfs

e All Sub-basins (developed) (NCRS Method) (Appendix, Exhibit 5)
o Design Point =6

o Drainage Area= 296.3 acres

o Runoff Coefficients
% Impervious = 2.1
Rational Method: Minor storm (5 year): Not Applicable
Rational Method: Major Storm (100 year): Not Applicable
NCRS Curve #: 70 (+-)
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Estimated Runoff (Developed)
Rational Method: Minor storm (5 year): Not Applicable
Rational Method: Major Storm (100 year): Not Applicable
NCRS: 5 year = 86.7 cfs
NCRS: 100 year = 365.3 cfs

Estimated Runoff (Historic)
Rational Method: Minor storm (5 year): Not Applicable
Rational Method: Major Storm (100 year): Not Applicable
NCRS: 5 year = 87.0 cfs
NCRS: 100 year = 363.1 cfs

Conclusions
The increase in runoff is negligible for both the minor and

major stormevents as a result of development.
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XIl.

PROPOSED IMPROVEMENTS

Culvert Improvements

The existing culvert (24" CMP) was evaluated in Section X of
this report. It was determined that the existing 24" culvert had a
capacity to pass 20.5 cfs based on a headwater to depth ratio
of 1.5. This is substantially less than the discharge for the 5-
year storm event which is 69.6 cfs. This was determined based
on the assumptions described in Report Section X.

It is recommended to replace the existing culvert at the time of
future Brown Road improvements. The recommended culvert
described below was sized only for the 5-year storm since
data regarding the existing and/or proposed roadway at the
culvert crossing was not available. The final design of the culvert
will require field data to obtain inverts, roadway cross section,
and inlet and outlet topography. The design and construction of
this culvert is not part of this subdivision’s improvements since
the stormwater runoff from the subdivision does not impact
this culvert.

The following recommendation is based on the size culvert
required to pass the 5-year flow with a limiting headwater to depth
ratio of 1.5 (Appendix, Exhibit 6);

o Criteria
Minor storm (5 yr.): Headwater to Depth ratio=1.5
limit with no roadway overtopping.
Major Storm (100 yr.): not used in the following concept
design.

o Recommended culvert
- Size: 42" RCP Culvert
- Headwater to depth ratio: 1.5
- Culvert Capacity = 80 cfs
- % slope=1.0%
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Brown Road Borrow Ditches (Appendix, Exhibit 8)

@]

- Headwater to depth=1.5

- Culvert Velocity= 7.8 fps

- Culvert Depth of Flow= 2.2 _ outfalls to the adjacent

- Endtreatments: Flared end sections erty.

- Riprap protection at the outfall: 12" D5C§), 38 feet
long by 12 feetwide

- Concrete low water crossing

Please clarify/revise this
statement as Basin E

Contributing Runoff from Sub basin areas for t
Road Borrow Ditches
Only the runoff from a small sub basin (sub basifi E) outfalls into
the borrow ditch also Brown Road. No runoff from the other
onsite sub basins is collected by the borrow ditches along
Brown Road. The drainage characteristics of the Brown Road
borrow ditches (sub basins B1 and B2) are summarized below.

Brown

Brown Road Borrow Ditch along West Property Line

- Drainage Area: BR1, 0.9 acres

- Slope: 5.1%

- Discharge (at DP6): 5yr. =1.8 cfs 100 yr. = 3.6 cfs

- Side Slope: 3 to 1

- Manning's Coefficient: 0.035

- Flow Depth: 5yr. =0.2ft. 100 yr. = 0.3 ft.

- Velocity: 5yr.=3.0fps 100 yr. = 3.7 fps

- Froude Number: 5 yr. = 1.24 (supercritical) 100 yr. =1.3
(supercritical)

- Recommended Improvements: to be evaluated upon design

construction of the ultimate improvements to Brown

in the future.

):5yr.=16cfs 100 yr. =3.2cfs

. =0.3ft. 100 yr.=0.4 ft.

- Velocity: 5yr. =23 fps 100 yr. =2.9 fps

- Froude Number: 5yr. = 0.93 (subcritical), 100 yr. = 1.0
(Boundary flow)

d construction gf the ultimate improvements to

Brown Road in<the future. The drainage plan indicates that
stone check dams at 50" are
recommended at the time of Brown
Rd Improvements.
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Onsite Swales (Appendix, Exhibit 8)

There is a total of four (4) grass lined swales that cross the site in
basically in a north to south direction. Runoff from these swales is
collected by swale 1 which traverses the site in a west to east
direction. The onsite swales are characterized by heavy native
grasses (Manning Coefficient of 0.12), varying slopes (the average
slopes are shown on the drainage map), wide bottom widths (average
of 30 feet), and shallow side slopes (average of 0.1 ft to 1). The
hydraulic characteristics of each swale are summarized in the chart
entitied “Borrow Ditches and Onsite Swales” included in Exhibit 7 in
the Appendix.
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XIil.

DETENTION AND WATER QUALITY

Criteria

El Paso County Engineering Criteria Manual, Appendix |, contains
the policies and procedures for Stormwater Quality. Section
[.7.1.B provides for exclusions to the requirements to provide Post
Construction Stormwater Quality facilities. All areas of the Prairie
Ridge project qualify for the allowed exemptions. No water quality
or detention facilities are required for this site as discussed below.

The project consists of large (5-acre) single-family residential lots
and dedication of right-of-way for existing Brown Road. There are
no activities or improvements that require permanent water quality
facilities for this project based on the exclusions found in Section
1.7.1.5.B.2, Section 1.7.1.5.B.3 and Section 1.7.1.5.B.5.

According to Section 1.7.1.B.5, “A single-family residential lot, or
agricultural zoned lands, greater than or equal to 2.5 acres in size
per dwelling and having a total lot impervious area of less than 10
percent” is excluded. The total area of the site is 39.77 acres. Of
the total, 39.57 acres are comprised of 5-acre single-family
residential lots and the remaining 0.20 acres is right-of-way
dedication for existing Brown Road. The total lot imperviousness
for 5-acre rural residential lots is less than 10%. The areas of the
residential lots are excluded.

Section 1.7.1.B.2 of the ECM provides exclusion for Roadway
Redevelopment as follows: “Redevelopment sites for existing
roadways, when 1 of the following criteria is met: 1) The site adds
less than 1 acre of paved area per mile of roadway to an existing
roadway, or 2) The site does not add more than 8.25 feet of paved
width at any location to the existing roadway”. The project involves
adding new gravel surface to the existing Brown Road roadway to
bring the gravel thickness up to the required thickness in the
isolated locations along the roadway that have been found to be
deficient. No pavement will be added to the roadway (criteria 1).
The total area of disturbance for adding the new gravel is 0.74
acres (criteria 1). The roadway width will not be expanded with
this project (criteria 2). The areas of Roadway Redevelopment are
excluded.
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Also, Section 1.7.1.B.3 excludes Existing Roadway Areas. “For
redevelopment sites for existing roadways, only the area of the
existing roadway is excluded from the requirements of an
applicable development site when the site does not increase the
width by 2 times or more, on average, of the original roadway area.
The entire site is not excluded from being considered an applicable
development site for this exclusion. The area of the site that is part
of the added new roadway area is still an applicable development
site.”. Again, the project will add new gravel surface to some of
Brown Road up to 0.74 acres in area. No new width or pavement
surface is proposed. The areas of the Existing Roadway are
excluded.

Storm Detention is not required for this site since the resulting flow
increases from development of the site into 5-acre rural residential
homesites is found to negligible and inconsequential as noted
below:

Hydrologic for Existing and Developed Conditions (see Report
Section XI)

o Estimated Runoff (Historic)
e Rational Method: Minor storm (5 year): Not Applicable
e Rational Method: Major Storm (100 year): Not Applicable
e NCRS: 5 year =87.0 cfs
e NCRS: 100 year = 363.1 cfs

o Estimated Runoff (Developed)
e Rational Method: Minor storm (5 year): Not Applicable
e Rational Method: Major Storm (100 year): Not Applicable
e NCRS: 5 year=87.7 cfs
e NCRS: 100 year = 365.3 cfs
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XIv

FOUR STEP PROCESS

The El Paso County Engineering Criteria Manual (Appendix 1, Section 1.7.2)
recommends the consideration of a “Four Step Process for receiving water
protection that focuses on reducing runoff volumes, treating the water
quality capture volume (WQCV), stabilizing drainageways, and
implementing long term source controls”.

It is determined in the section above that this project is exempt from the
requirements of Section 1.7.1 to provide Post Construction Stormwater
Management Facilities with Water Quality Capture Volume (WQCV).
However, aspects of the Four Step Process are considered and
implemented in the Prairie Ridge Project as discussed below.

Step 1: Reduce runoff by disconnecting impervious area, eliminating
"unnecessary” impervious area and encouraging infiltration into soils
that are suitable.

The impervious areas for the project include roofs, concrete patios and
sidewalks, and the possibility of asphalt driveways. All runoff from the
impervious areas drains onto open grassed surfaces. All downspouts for
each residence are planned to discharge either within landscaped areas or
natural areas. The majority of the site will remain in its existing natural
condition.

Step 2: Treat and slowly release the WQCV.

This project meets the exemptions or providing Post Construction
Stormwater Management Facilities including facilities with Water Quality
Capture Volume (WQCYV) such as a Full Spectrum Detention Pond and
therefore does not have the slow release WQCV component.

Step 3: Stabilize stream channels.

All existing swales will remain covered with the existing natural grasses. All
of the onsite swales are “U” shaped with wide bottoms widths and flat side
slopes. The hydraulic analysis of these swales demonstrate that the
estimated flows are subcritical which are characterized by stable flow and
low velocities. Based on visual observations the swales are very stable with
only negligible indications of erosion. The vegetation for each swale
includes medium height prairie grasses that are periodically mowed. It is not
anticipated that any of the swales will be modified in the future. It can be
safely assumed that the negligible increase in flow as a result of
development will have minimal negative impacts on the existing onsite
swales.

Step 4: Implement source controls.

The rural residential site is not anticipated to contain storage of potentially
harmful substances or use of potentially harmful substances. No Site
Specific or Other Source Control BMP's are required.
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XV.

XVI.

XVIL.

EROSION CONTROL

The following erosion control measures are recommended. Exhibits
for all of the erosion control facilities recommended below.

¢ Stone check dams (by others) in the roadside swales under
supercritical conditions

o Riprap outlet aprons (by others) at locations where the storm
sewer exitvelocity is great enough to cause excessive erosion.

e Siltfences are recommended along the lower edge of grading
activity.

DRAINAGE FEES
The site is located in the East Cherry Drainage basin for which there are
no drainage fees.

SUMMARY

This report provides a thorough analysis of the historic and
developed drainage conditions for the proposed Prairie Ridge
Subdivision. The property is comprised of 40.7 +/- acres and is
located on the south and east sides of Brown Road approximately
0.5 miles north of the intersection of Brown Road and Walker Road.
The subdivision is to be subdivided into seven (7) consisting of
areas 5-acres or greater.

The vegetation consists of primarily prairie grass with no trees. There
is a main natural drainage way that is located along the southerly side
of the boundary. It has been demonstrated that there is only a
negligible increase in runoff as a result of development. Also, based
on the present engineering criteria for El PasoCounty a water quality/
detention pond is not required.

Erosion control facilities include staked hay bales, erosion control check
dams,and stone check dams. A small portion of these facilities are to
be installed with this project while the majority of them are to be
installed when Brown Road is constructed to its ultimate section. The
location and details for these are included on the Storm Water
Management Plan. Included in the map pocket are drainage maps for
the Historic Drainage Conditions and the Developed Drainage
Conditions. No storm water structures are proposed for this subdivision.

Although storm detention is not provided, the large lot rural residential
single-family development will have negligible and inconsequential
increases in storm runoff flows with no effects on the existing site
drainage and drainage conditions downstream. The proposed project
will not, with respect to stormwater runoff or water quality, negatively
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impact the adjacent properties and downstream properties.
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Exhibit 1
General Location Map
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Exhibit 2
FEMA FIRM Map
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Exhibit 3
SCS Soils Map and Data
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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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Custom Soil Resource Report

Map Unit Legend

’ Map Unit Symbol I Map Unit Name l Acres In AOI Percent of AO]

15 | Brussetit loam, 3 to 5 percent 239 o 7.8%
[ slopes

6T | Peyton sandy loam, 5 to 9 I 147.0 4?73°/:.

percent slopes

[6ts] Paylon-Pring complex, 8 to 15 90.5 28.5% |
| | percent slopes

71 Pring coarse sandy loam, 3 to 8 26.8 8.7_%
percent slopes

192 i | Tomah—Crowf_cmoamy sands, 18.4 - 6.0%
| | 3to 8 percent slopes

Totals for Area of Interast

306.6 100.0%

Map Unit Descriptions

The map units delineated on the detailed soil maps in a soil survey represent the
sails or miscellaneous areas in the survey area, The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soifs. 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 landscaps.



Custom Soil Rescurce Report

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 ptanned, however,
onsite investigation is needed to define and locate the soils and miscellaneous

areas.

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

Soils that have profiles that are almost alike make up a soif 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 erasion, 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
commoenly indicates a feature that affects use or management. For example, Alpha
silt loam, O to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellanecus 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 assaciation 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 propartion 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.
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Custom Soil Resource Report

El Paso County Area, Colorado

15—Brussett loam, 3 to 5 percent siopes

Map Unit Setting
National map unit symbol: 367k
Elevation: 7,200 to 7,500 feet
Frost-free period: 115 ta 125 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Brussett and simifar soils: 89 percent
Estimates are based on obsejvations, descriptions, and transects of the mapunit.

Description of Brussett

Setting
Landform. Hills
Landform position (three-dimensional). Side slope
Down-slope shape: Linear
Across-siope shape: Linear
Farent material: Eolian deposits

Typical profile
A - 0 lo 8 inches: loam
BA - 8 to 12 inches: loam
Bt - 12 to 26 inches: clay loam
Bk - 26 to 60 inches: silt loam

Properties and qualities

Slope: 3 to 5 percent

Depth lo restrictive feature: More than 80 inches

Natural drainage class: Well drained

Runoff class: Low

Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 infhr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Freguency of ponding: None

Calcium carbonate, maximum in profile: 5 percent

Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)

Available water storage in profite: High (about 9.1 inches)

Interpretive groups
Land capability classification (irrigated); None specified
Land capabilily classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: Loamy Park (R048AY222C0)
Hydric sail rating: No

Miner Components

Other soils
Percent of map unit:
Hydric soif rating: No
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Custom Soil Resource Report

67—Peyton sandy loam, 5 to 9 percent slopes

Map Unit Setting
National map unit symbol: 369d
Elevation: 6,800 te 7,600 feet
Mean annual air temperature: 43 to 45 degrees F
Frost-free period: 115 to 125 days
Farmland classification. Not prime farmland

Map Unit Composition
Peyton and similar soils: 85 percent
Estimates are based on observalions, descriptions, and transects of the mapunil.

Description of Peyton

Setting
Landform: Hills
Landform position (three-dimensional). Side slope
Down-slope shape; Linear
Across-slope shape: Linear
Parent material: Arkosic alluvium derived from sedimentary rock and/or arkosic
residuum weathered from sedimentary rock

Typical profile
A-0to 12inches: sandy loam
Bt- 12 to 25 inches: sandy clay loam
BC - 25 to 35 inches: sandy loam
C - 3510 60 inches: sandy loam

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Nalural drainage class: Well drained
Runoff class: Medium
Capacily of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 inthr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Freguency of ponding: None
Available water storage in profile: Moderate (about 7.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capabilily classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: Sandy Divide (R048BY216C0)
Hydric soil rating: No



Custom Soil Resource Report

Minor Components

Other soils
Percent of map unit:
Hydric soif rating: No

Pileasant
Percent of map unit:
Landform: Depressions
Hydrie soil rating: Yes

89—Peyton-Pring complex, 8 to 15 percent slopes

Map Unit Setting
National map unit symbo!: 369g
Elevation: 6,800 to 7,600 feet
Farmiand classification: Not prime farmland

Map Unit Composition
Peyton and simifar soils: 40 percent
Pring and similar soils: 30 percent
Estimales are based on observalions, descriptions, and transects of the mapunit.

Description of Peyton

Setting
Landform: Hills
Landform paosition {three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Arkosic alluvium derived from sedimentary rock and/or arkosic
residuum weathered from sedimentary rock

Typical profile
A-0to 12 inches: sandy loam
Bt - 12 to 25 inches: sandy clay loam
BC - 25 fo 35 inches: sandy clay loam
C - 3510 60 inches: sandy loam

Properties and qualities
Sfope: 8 to 9 percent
Depth to restrictive feature: More than 80 inches
Nalural drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer ta transmit water (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to walter table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile. Moderate (about 7.3 inchaes)



Custom Soil Resource Report

Interpretive groups
Land capability classification (irrigated). None specified
Land capability classification (nonirrigated): 4e
Hydrologic Sofl Group: B
Ecological site: Sandy Divide (R049BY216CO)
Hydric soif rating: No

Description of Pring

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-sfope shape: Linear
Across-slope shape: Linear
Farent matenial: Arkosic alluvium derived from sedimentary rack

Typical profile
A - O to 14 inches: coarse sandy loam
C - 14 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 8 to 15 percent
Depth fo restrictive fealtire: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00
infhr)
Depth to water table; More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available waler storage in profile: Low (about 6.0 inches)

Interpretive groups
Land capabilily classification (irrigated): None specified
Land capability classification (nonirrigated); 6e
Hydrologic Soil Group: B
Ecological site: Loamy Park (R049BY222C0)
Hydric soff rating: No

Minor Components

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

Pleasant
Percent of map unit:
Landform: Depressions
Hydric sofl rating: Yes
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Stormwater Runoff per Sub basin

Historic Conditions

June 2021
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C #: | Curve #:
05-1 2116 33.4 urve ! 69.6 2795 | TR55 method
69 69
05-2 31.8 26.9 0.08 0.35 6.4 46.9 | Rational Method
0S3 12.1 17.9 0.08 0.35 3.0 22.2
05-3 and
Da” 13.6 31.7 0.08 0.35 2.5 18.2 || Rational Method
A 10.7 26.9 0.08 0.35 2.2 15.8 || Rational Method
B 19.6 26.3 0.08 0.35 4.0 293 || Rational Method
C 53 21.8 0.08 0.35 1.2 8.6 | Rational Method
E 3.7 225 0.08 0.35 0.8 6.0 Rational Method
BR1 0.9 15.2 0.59 0.7 18 3.6 | Rational Method
BR2 0.9 195 0.59 0.7 16 3.2 | Rational Method




Stormwater Runoff per Sub basin

Developed Conditions

June 2021
5 . 5
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C #: | C #:
05-1 211.6 33.4 urve urve 69.6 2795 | TR55 method
69 69
05-2 31.8 26.9 0.08 0.35 6.4 46.9 || Rational Method
05-3 and
Da” 13.6 316 0.08 0.35 25 18.2 || Rational Method
A 10.7 26.7 0.10 0.37 27 16.7 || Rational Method
B 19.6 25.1 0.10 0.37 5.0 31.1 | Rational Method
c 53 21.6 0.10 0.37 15 9.1 || Rational Method
E 3.7 39 0.10 0.37 1.0 64 | Rational Method
BR1 0.9 15.2 0.59 0.7 18 36 | Rational Method
BR2 0.9 193 0.59 0.7 16 3.2 | Rational Method




Individual Sub basin and Cumulative Runoff at Design Points

Historic Conditions

June, 2021
Rational Method
T : TR55 Curve
Contributing Sub Basins Runoff Runoff
: Numbers
Coefficient
E g Ez | 2 & 3
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o £ sE 3 | ¢ = )
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2 29 | E 3
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1 0s1 211.6 334 | 2118 1 TR55 69 69 69.6 | 279.5
2 A 10.7 26.9 NA 1 Rational |  0.08 0.35 69 69 22 | 158
2 cumulative 0S1,A NA NA 222.3 1 TR55 722 | 289.3
3 0S2 31.8 26.9 NA 2 Rational || 0.08 0.35 69 69 6.4 | 46.9
3 Cumulative 0215’2A’ NA NA 254.1 2 TR55 782 | 3185
4 B 19.6 26.3 NA 3 Rational | 0.08 0.35 69 69 40 | 293
4 Cummulative || 051,A,052,8 273.7 3 TR55 341.0
5 0S3 121 17.9 NA NA Rational || 0.08 0.35 69 69 3.0 | 222
6 0S3,D 13.6 317 NA 4 Rational || 0.08 0.35 69 69 25 | 182
6 C 5.3 22.8 NA 4 Rational | 0.08 0.35 69 69 1.5 8.6
0S1, A,
6 cumulative 082, B, NA 292.6 NA 4 TR55 86.2 | 358.4
083,D,C
7 E 3.7 225 NA | Outfall | Rational | 0.08 0.35 69 69 0.8 6.0
0S1, A,
Outlet cumulative]| 052 B: NA NA 296.3 | Outfall | TR55 857 | 356.0
utiet cumula OS3,D,C, B , 2
BR1 BR1 0.9 21.4 NA NA Rational || 0.59 0.7 1.8 36
BR2 BR2 0.9 19.5 NA NA Rational || 0.59 07 | 1.6 3.2
Notes: 1. Average Runoff Coefficients for the Rational method and average Curve Numbers for the TR55 method
Qles- were not determined for the cummulative flows listed above
2. Both the Runoff Coefficients for the Rational Method and the Curve Numbers for the TR55 Method are
shown since both were used in determining the runoff for individual sub basins (Rational Method) and for the
determining cumulative flows (TR55)




Individual Sub basin and Cumulative Runoff at Design Points

Developed Conditions

June, 2021
. . Rational Runoff
Contributing Sub Basins TR55 Curve No. Runoff
Coef
s -]
E 9 v e 5 2
2 3 EZ |3 5 5
o. = — £ o o E —
2 0 | £ |EF| ¢ £ g | T | &
‘a (7 o 7 8 5 S 3 s ) o wn =] k) -
g © 2 ¢ @% (S« 2 £ i S =z = u 5
a faa) = o ® -~ & 3 8] — o 2 @ 1]
a v g =] 9w © o & o] o >
5 = = Le |29 & = a S
[ > T 3 &g S wn S
T 3 c = =
S T Q £ 5]
5 2 © 5 @
c b=t Q =4
- 1S
1 os1 2116 33.4 211.6 1 TRS5 69 69 69.6 | 2795
2 A 10.7 26.9 NA 1 Rational 0.1 0.37 70 70 2.7 16.8
2 cumulative 0Ss1, A 222.3 1 TR55 = 72.4 | 289.7
3 052 31.8 26.9 NA 2 Rational 0.08 0.35 69 69 6.4 46.9
3 Cumulative 0s1, A, OS2 254.1 2 TR55 79.0 | 319.1
4 B 19.6 26.3 NA 3 Rational 0.1 0.37 70 70 5.0 311
4 Cummulative 0S1,A,052,B 273.7 3 TR55 83.3 341.0
5 053 12.1 17.9 NA NA Rational 0.08 0.35 69 69 3.0 22.2
6 053, D 13.6 31.7 NA 4 Rational 0.08 0.35 69 69 2.5 18.2
6 c 5.3 22.8 NA Outfall | Rational 0.1 0.37 70 70 15 9.1
051, A, 052
i el oag 287.3 4 86.9 | 360.4
6 cumulative B,053,0,C |
7 E 3.7 22.5 NA Outfall | Rational 0.1 0.37 70 70 1.0 6.4
QEscopment J[SRIRArGu; NA NA 296.3 | Outfall TRSS5 87.7 | 3653
Cumulative B,0S3,D,C, E
Not 1. Average Runoff Coefficients for the Rational method and average Curve Numbers for the TR55 method
otes:

were not determined for the cummulative flows listed above

2. Both the Runoff Coefficients for the Rational Method and the Curve Numbers for the TR55 Method are
shown since both were used in determining the runoff for individual sub basins (Rational Method) and for the

determining cumulative flows (TR55)
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Juby Sy
bg LJQRC@R?Q Lot

Area-Weighted Runoff Coefficient Calculations
Version 2.00 released May 2017

Designer; Ken Harrison
Company: KCH Engineering Solutions
Date: 6/26/2020
Project: Prairie Ridge Historic Conditions
Location: El Paso County

=
ed an overrides

S

Subcatchment i 13
re for calculated resuits ba

Name
Typ 5 acre lot

See shest "Design Info" for imeiou_sness—based runoff coefficient values.

ff i Cc
Sub-Area Area Hy':::osgic Percent Sunoff Sogfiiclent,
ID (ac) Soil Group Imperviousness| 2-yr 5-yr 10-yr 25yr 50-yr 100-yr 500-yr
= 0.74 0.76 0.78 0.81 0.83 0.84 0.87
' - Roof 0.0918 B 90.0 : : : - - - - —
:?*m = S . =
. Patio, walks, - 0.0574 8 : 100.0 0.84 0.86 0.86 0.88 0.89 0.89 0.90

"f
ot apit drives

T @(’ ' Lawn 0.0275 B 0.0

J\0,102 Natural 4.8233 B 0.0

0.00 0.00 0.06 0.25 0.33 0.43 0.54

0.00 (.00 0.06 0.25 0.33 0.43 0.54

Area-Weighted C 0.02 0.02 0.08 0.27 0.34 0.44 0.55
Total Area (ac)l 5.0000 Area-Weighted Override C| (.04 0.10 0.17 0.27 0.32 0.37 0.55

SR

Area Weigfted C, Weighted C 6/26/2020, 7:08 PM



Hydrology

Rainfali Intensity, | (in/hr)

Figure 6-5,

5.0
4.0

3.0 |—

¢
|
!

-—
| ' '
: 1 '

L =~ —e~100-Year |

[ —e~50-Year

_ ) b _‘ ~B~25-Year :
= — | =%-10.-Year .

—4~5-Year

Chapter 6

Colorado Springs Rainfa]l Intensity Duration Frequency

2.0 - — i
‘Data Sdurce: NOAA Atlas | _ A_“—:__‘h[::_?“‘éj:
10 |- 2, Volume il; Regional 1, : | = = B B |
. '-Elevalionll= 6,840ft f —I ||' ; - ]I |I -
0.0 L : ( . |
1 6 10 15 20 25 30 35 40 45 50 §5 60
Duration, D (minutes)
IDF Equations
Ligg =-2.52 In(D) +12.735
Isy =-2.25 In(D) + 11.375
I;s=-2.00 In(D) + 10.111
Im =-1.75 ln(D) + 8.847
I5=-1.50 In(D) + 7.583
I,=-1.19 In(D) + 6.035
Note: Values calculated by
cquations may not precisely
duplicate values read from figure.
6-52 City of Colorado Springs May 26174

Drainage Criteria Manual, Volume 1



Table 6-7. Conveyance Coefficient, C;

¢ |

Type of Land Surface
Heavy meadow 2.5
Tillage/field 5
Riprap (not buried)’ 6.5
Short pasture and lawns 7
Nearly bare ground 10
Grassed waterway 15
Paved areas and shallow paved s_\‘vales 20

"For buricd riprap, select C, value based on type of vegetative cover.

2e



Table 6-6. Runoff Coefficients for Rational Method
(Source: UDFCD 2001)

-

{LM alie St Surtace hartant Iﬁ Runolf Coefilcients
Characteristics Impervious 2-year S-year 10-year 25.year 50-year 100-year
HSGARD | HSGLRO | HGARS | HSGLRD | 15GARD HSG 20 | H3G ARD | uss cap | Hss AeD | 56 can | usgarn HEG CBD
Business
Commarelsl Arazs a5 0.79 0,80 .81 082 <083 0.84 0.85 087 0.87 0.88 0.88 0.39
Naighborhood Arees 0 0.45 0.49 0.43 0.53 0.53 .57 (.58 0.62 06 (.65 0.62 0.68
Residentia) ) 0
1/B Acre or legs 05 0.41 0.45 0.45 048 0.49 0.54 0.54 059 0.57 0.62 0.5¢ Q,ss
1/4 Acre 40 023 0.28 0.20 035 .36 a4z .47 Qasg 048 .51 0.50 41 psA
1/3 Acre ¢ 0.18 0,22 0,25 030 .32 038 0.39 0.47 0.43 0.52 0.47 0.57
1/2 Acre 25 0.15 0.20 Q.22 028 0.30 036 0.37 0.46 041 051 0.46 0.56
1Acre 1} 032 0.17 0.20 0.26 4.327 034 0.35 044 040 Q50 D.44 0.55
industeial - =
Ught Areas B 0.57 0.60 0.59 063 0.63 D65 0.66 6.0 068 0.722 .70 0.74
Heavy Areas %0 0.71 0.73 0.73 0.75 0.75 077 0.78 0.80 0.0 0.82 0.81 0.83
Parkg and Cemeterles 7 0.05 [150;] 032 039 0,20 029 .30 0,40 034 046 0.33 052
Maygrounds 13 o4 013 16 .23 0.24 031 032 042 037 048 0.41 0.54
Rallroad Yard Arpas o a0 0.23 03 020 035 0.36 042 042 0.50 046 0.54 0.50 0%y
Undeveloped Argas
Histode Flow Analysis-- 2
Greenbelts, Agrdaulture 003 a0s .09 Q.16 0.17 0.26 0.26 0.38 .31 .45 0.36 0.51
Pasture/Meadaw 1] 02 a0l a0 als D.15 0,25 028 0.37 0.30 0.44 0.35 0,50
Foraxt 1) 002 0.0 0,08 0.15 0,15 025 .25 037 0.30 0.44 - | 0.35 0.50
Exposed Rack 100 059 0.69 1] 056 0.92 0.52 094 031 0.98 0.95 0.96 0.56
Olfsite Flow Analysis {when 5 .
landuse is undefl’ncd) 0.26 0831 032 037 .38 0.44 0,44 a5 0.48 .55 0.51 0.59
Streets B
__Pevad 100 0.89 0.589 0.90 0.50 0.92 0.92 0.94 0. 0.95 0.95 0.95 D.95
Graval B 154 0.57 a.60 0.59 0.63 063 0.66 0.66 070 0.68 0.22 0.70 0,74
Drive and Walkg m 089 0,89 0.23 a0 042 0.92 0.94 384 (.95 Q.85 095 0.66
[Roefs 90 0.71 0.23 073 0.75 0.75 .77 0.78 QFn AE3 082 081 | o083
liawng B 002 | ot [ am | 15 | 015 | on | 0 037 | 030 | o044 | 035 | geo
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WinTR-55 Current Data Description

-—- Identification Data --—-

User: Harrison Date: 6/9/2021
Project: Prairie Ridge Units: English
SubTitle: Existing Conditions Areal Units: Acres
State: Colorado

County: El Pasco

Filename: C:\Users\Owner\Documents\Business-Consulting\Prairie Ridge\Drainage\June 2021 revised submit

-—-—- Sub-Area Data ---

Name Description Reach Arealac) RCN Tc
05-1 Reach 1 211.6 69 556
08-2 Reach 2 31.8 69 243
05-3 and D Reach 4 13.6 69 274
A Reach 1 10.7 69 243
B Reach 3 19.6 69 258
C Reach 4 53 69 134
E Outlet 3.7 69 0.280

Total area: 296.30 (ac)

—-—-— Storm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr I=¥r
(in) (in) (in) (in) (in) (in) {in)
2.1 2.7 3.2 3.6 4.2 4.6 0
Storm Data Source: User—-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 6/9/2021 6:16:27 PM



Harrison Prairie Ridge
Existing Conditions
E1 Paso County, Colorado
Storm Data

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10~-Yr 25-Yr 50-Yr 100~-Yr 1-Yr
(in) (in) (in) (in) (in) (in) (in)
2.1 2.7 32 8.6 4.2 4.6 0
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 6/9/2021 6:16:27 PM



Harrison Prairie Ridge
Existing Conditions
El Paso County, Colorado

Watershed Peak Table

Sub-Area Peak Flow by Rainfall Return Period
or Reach 5~-Yr 100-Yr
Identifier (cfs) (cfs)
SUBAREAS
08-1 69.61 279.49
08-2 17.37 65.45
0S5-3 and D 7.02 26.69
A 5.84 22.02
B 10.42 39.39
o} 3.50 12.60
E 1.88 7.19
REACHES A
Reach 1 72.17 289.29 1
Down 72.08 28906 O *9
Reach 2 78.72  318.45 ngq A OS2
Down 78.61 318.22 1 ]
4 I3
Reach 3 82.74 339.38 ¥ i 5]
Down 82.66 339.07 a
Vs N 7Y 0S5 3>\
Reach 4 86.23 358.49 # )
Down 86.21 358.38

Toa\ ousRew (Rsdnarge] %m
P G, B Incl\)& hcri—

OUTLET 86.98 363.06

WinTR-55, Version 1.00.10 Page 1 6/9/2021 6:16:27 PM



Harrison

Sub-Area
Identifier

Prairie Ridge
Existing Conditions
El Paso County, Colorado

Sub-Area Summary Table

Sub-Area
Description

Total Area:

WinTR-55,

Drainage Time of Curve Receiving
Area Concentration Number Reach
(ac) (hr)

211.60 0.556 69 Reach 1
31.80 0.243 69 Reach 2
13.60 0.274 69 Reach 4
10.70 0.243 69 Reach 1
19.60 0.258 69 Reach 3

5.30 0.134 69 Reach 4
3.70 0.280 69 Outlet
296.30 (ac)
Version 1.00.10 Page 1

6/9/2021

6:16:27 PM



Harrison Prairie Ridge
Existing Conditions
El Paso County, Colorado

Reach Summary Table

Receiving Reach Routing

Reach Reach Length Method
Identifier Identifier (ft)

Reach 1 Reach 2 600 CHANNEL

Reach 2 Reach 3 300 CHANNEL

Reach 3 Reach 4 300 CHANNEL

Reach 4 Outlet 200 CHANNEL
WinTR-55, Version 1.00.10 Page 1

6/9/2021

6:16:27 PM



Harrison Prairie Ridge
Existing Conditions
El Paso County, Colorado

Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted Travel
Identifier/ Length Slope n Area Perimeter Velocity Time
(ft) (ft/ft) {sqg ft) (ft) (ft/sec) (hr)
0S-1
SHEET 100 0.1000 0.150 0.106
SHALLOW 3700 0.0200 0.050 0.450
Time of Concentration .556
05-2
SHEET 100 0.0500 0.150 0.140
SHALLOW 1600 0.0714 0.050 0.103
Time of Concentration .243
08~3 and D
SHEET 100 0.0330 0.150 0.165
SHALLOW 1600 0.0643 0.050 0.109
Time of Concentration .274
A
SHEET 100 0.0330 0.150 0.165
SHALLOW 1200 0.0700 0.050 0.078
Time of Concentration .243
B
SHEET 100 0.0330 0.150 0.165
SHALLOW 1500 0.0769 0.050 0.093
Time of Concentration .258
c
SHEET 100 0.3300 0.150 0.066
SHALLOW 1100 0.0780 0.050 0.068
Time of Concentration .134
E
User-provided 0.280
Time of Concentration 0.280
WinTR-55, Version 1.00.10 Page 1 6/9/2021 6:16:27 PM



Harrison
Existing Conditions
El Paso County,
Sub-Area
Identifier Land Use

Prairie Ridge

Sub-Area Land Use and Curve Number Details

Colorado

Hydrologic

Sub-Area

Area

Curve
Number

0s5-1 CN directly entered by user

Total Area / Weighted Curve Number
0s-2 CN directly entered by user

Total Area / Weighted Curve Number
08-3 and DCN directly entered by user

Total Area / Weighted Curve Number
A CN directly entered by user

Total Area / Weighted Curve Number
B CN directly entered by user

Total Area / Weighted Curve Number
C CN directly entered by user

Total Area / Weighted Curve Number
E CN directly entered by user

Total Area / Weighted Curve Number
WinTR-55, Version 1.00.10 Page 1

6/9/2021

6:16:27 PM



Reach Channel Rating Details

R

Manning's

each

Prairie Ridge
Existing Conditions
El Paso County,

Friction
Slope
(ft/ft)

Colorado

0.13
0.13
0.13
0.13

Top
Width
(£t)

[ S

Friction
Slope
(ft/ft)

[ =

Harrison
Reach Reach
Identifier Length
(ft)
Reach 1 600
Reach 2 300
Reach 3 300
Reach 4 200
Reach
Identifier Stage
(ft)
Reach 1 0.0
0.5
1.0
2.0
5.0
10.0
20.0
Reach 2 0.0
0.5
1.0
2.0
5.0
10.0
20.0
Reach 3 0.0
0s:5
1.0
2.0
5.0
10.0
20.0
Reach 4 0.0
0.5
1.0
2.0
5.0
10.0
20.0

WinTR-55, Version 1.00.10

1543.
4125.

1Sy

130.
549.
1543.
4125.

l6.

160.
672.
1888.
5048.

.000

826

.000
693
.676
820
308
403
826

.000
754
.215
061
090
388
039

Page

152.5

640

1

0.0167

0.01le7

0.025

6/9/2021

6:16:27 PM
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Rev 1oed FOR
DeVefopb

WinTR-55 Current Data Description

-~- Identification Data ---

User: Harrison Date: 6/11/2021
Project: Prairie Ridge Units: English
SubTitle: Developed Conditions Areal Units: Acres
State: Colorado

County: El Paso

Filename: C:\Users\Owner\Documents\Business-Consulting\Prairie Ridge\Drainage\June 2021 revised submiil

-~- Sub-Area Data ---—

Name Description Reach Area (ac) RCN Tc
0S-1 Reach 1 211 69 556
0s5-2 Reach 2 31.8 69 243
05-3 and D Reach 4 13.6 69 274
A Reach 1 10.7 70 243
B Reach 3 19.6 70 258
C Reach 4 5.3 70 .134
E Outlet 3.7 70 0.280

Total area: 296.30 (ac)

—=-— Storm Data --

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10=Y1s 25~Y1 50-Yr 100-Yr 1-¥r
(in) (in) (in) (in) (in) (in) {in)
2.1 2.7 3.2 3.6 4.2 4.6 0
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type II

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page il 6/11/2021 10:07:01 aM



Harrison Prairie Ridge
Developed Conditions
E1l Paso County, Colorado
Storm Data

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr

(in) (in) (in) (in) (in) (in)

2.1 2.7 3.2 3.6 4.2 4.6
Storm Data Source: User-provided custom storm data
Rainfall Distribution Type: Type 11

Dimensionless Unit Hydrograph: <standard>

WinTR-55, Version 1.00.10 Page 1 6/11/2021

10:07:02 AM



Harrison

Sub-Area
or Reach
Identifier

SUBAREAS
0s-1

05-2

0S-3 and D

REACHES
Reach 1
Down

Reach 2
Down

Reach 3
Down

Reach 4

Down

OUTLET

WinTR-55;

5-

Yr

(cfs)

T2
72.

78.
78.

83.
83.

86.
86.

87.

.61

.37

.02

.45

.51

.83

.08

41
30

97
86

34
27

92
89

73

Peak F1
100
(c

26.

23.

41.

13.

289

289.

319.
318.

341

340.

360.
360.

365.

Version 1.00.10

Prairie Ridge
Developed Conditions
E1l Paso County, Colorado

Watershed Peak Table

ow by Rainfall Return Period
-Yr
fs)

69
11
30

20

55 = Rlowos D@%ﬁ\tf

)

. 051

1, A

08 !t ) 032

84

) 11

B

/\ Ch?'i3;1% Q,

.04
77

/)

" d
w0

37

- Total disdasg< QS?M\E
@ [T\ e sle mc&Odlw\? -

Page 6/11/2021

10:07:02 AaM



Harrison

Sub-Area
or Reach
Identifier

El Paso County,

Prairie Ridge
Developed Conditions

Colorado

Hydrograph Peak/Peak Time Table

Peak Flow and Peak Time

5_

Yr

(cfs)

{

100
(c
hr)

She
fs)

(hr)

by Rainfall Return Period

SUBAREAS
0s-1

058-2

0S-3 and D

REACHES
Reach 1

Down

Reach 2

Down

Reach 3

Down

Reach 4

Down

OUTLET

12.

12.

12.

12=

¥e.

12.

12

12¢

12.

12.

12.

12.

12.

12.

11.

08

02

.02

.45

51

.83

.08

.41

.30

.97

.86

.34

.27

.92

.89

.73

12.

12.

12

12.

i2.

11.

12.

12«

12.

12.

12

12.

12;

12.

12.

65.

04

26.

.07

23.

05

41.

07

s .

97

07

WinTR-55, Version 1.00.10

69

11

30

20

.55

.73

.42

.08

.84

.04

77

.40

.37

.34

Page

1

6/11/2021

10:07:02 AM



Harrison

Sub-Area
Identifier

Prairie Ridge
Developed Conditions
El Paso County, Colorado

Sub-Area Summary Table

Sub~-Area
Description

Total Area:

WinTR-55,

Drainage Time of Curve Receiving
Area Concentration Number Reach
lac) {hr)

211.60 0.556 69 Reach 1
31.80 0.243 69 Reach 2
13.60 0.274 69 Reach 4
10.70 0.243 70 Reach 1
19.60 0.258 70 Reach 3

5.30 0.134 70 Reach 4
3.70 0.280 70 Outlet
296.30 (ac)
Version 1.00.10 Page 1

6/11/2021

10:07:02 AM



Harrison Prairie Ridge
Developed Conditions
El Paso County, Colorado

Reach Summary Table

Receiving Reach Routing
Reach Reach Length Method
Identifier Identifier (ft)
Reach 1 Reach 2 600 CHANNEL
Reach 2 Reach 3 300 CHANNEL
Reach 3 Reach 4 300 CHANNEL
Reach 4 Outlet 200 CHANNEL
WinTR-55, Version 1.00.10 Page 1 6/11/2021 10:07:02 AM



Prairie Rildge

Developed Conditions

El Paso County, Colorado

Sub-Area Time of Concentration Details

Harrison

Sub-Area Flow
Identifier/ Length Slope

(ft) (ft/ft)

08-1

SHEET 100 0.1000

SHALLOW 3700 0.0200
0S8-2

SHEET 100 0.0500

SHALLOW 1600 0.0714
05-3 and D

SHEET 100 0.0330

SHALLOW 1600 0.0643
A

SHEET 100 0.0330

SHALLOW 1200 0.0700
B

SHEET 100 0.0330

SHALLOW 1500 0.0769
c

SHEET 100 0.3300

SHALILOW 1100 0.0780
E

User-provided

WinTR-55, Version 1.00.10

Mannings's

n

.150
.050

.150
.050

.150
.050

.150
.050

250
=050

.150
.050

Page

End

(sq ft)

Time

Time

Time

Time

Time

Time

Time

Wetted
Area Perimeter Velocity
(ft) (ft/sec)

of

of

of

of

of

of

of

Concentration

Concentration

Concentration

Concentration

Concentration

Concentration

Concentration

6/11/202

Travel
Time
(hr)

0.106
0.450

.556

0.280

0.280

1 10:07:02 AM



Harrison Prairie Ridge
Developed Conditions
El Paso County,

Sub-Area Land Use and Curve Number Details

Colorado

Hydrologic

Soil
Group

Sub-Area
Area
(ac)

Curve
Number

Sub-Area

Identifier Land Use
0S-1 CN directly entered by user

Total Area / Weighted Curve Number
0S-2 CN directly entered by user

Total Area / Weighted Curve Number
0S-3 and DCN directly entered by user

Total Area / Weighted Curve Number
A CN directly entered by user

Total Area / Weighted Curve Number
B CN directly entered by user

Total Area / Weighted Curve Number
C CN directly entered by user

Total Area / Weighted Curve Number
E CN directly entered by user

Total Area / Weighted Curve Number
WinTR-55, Version 1.00.10 Page 1

13.6

10.7

10.7

19.6

19.6

6/11/2021

70

70

70

10:07:02 BM



Harrison Prairie Ridge
Developed Conditions
El Paso County, Colorado

Reach Channel Rating Details

Reach Reach Reach Friction Bottom Side
Identifier Length Manning's Slope Width Slope
(ft) n (ft/ft) (ft)
Reach 1 600 0.13 0.0333 30 1 #l
Reach 2 300 0.13 0.0167 30 1:1
Reach 3 300 0.13 0.0167 30 1 :1
Reach 4 200 0.13 0.025 30 1 :1
Reach End Top Friction
Identifier Stage Flow Area Width Slope
(ft) (cfs) (sq ft) (ft) (ft/ft)
Reach 1 0.0 0.000 0 30 0.0333
0.5 19.336 15 30.1
1.0 60.263 30.1 30.2
2.0 184.730 60.4 30.4
5¢0 775.675 152.5 31
10.0 2179.432 310 32
20.0 5826.058 640 34
Reach 2 0.0 0.000 0 30 0.0167
0.5 13.693 15 30.1
1.0 42.676 30.1 30.2
2.0 130.820 60.4 30.4
5.0 549.308 152.5 31
10.0 1543.403 310 32
20.0 4125.826 640 34
Reach 3 0.0 0.000 0 30 0.0167
0.5 13.693 15 30.1
1.0 42.676 30.1 30.2
2.0 130.820 60.4 30.4
5.0 549.308 152.5 31
10.0 1543.403 310 32
20.0 4125.826 640 34
Reach 4 0.0 0.000 0 30 0.025
0.5 16.754 1% 30.1
1.0 52.215 30.1 30.2
2.0 160.061 60.4 30.4
5.0 672.090 152.5 31
10.0 1888.388 310 32
20.0 5048.039 640 34
WinTR-55, Version 1.00.10 Page 1 6/11/2021 10:07:02 AM



Juw aced

Chapter 2 Estimating Runoff Technical Release 55
Urban Hydrology for Small Watersheds

Table 2-2a  Runoff eurve numbers for urban areas V

Curve numbers for

Cover description ~——hydrologic soil group
Average percent
Cover type and hydrologic condition impervious area ¥ A B G D
Fully developed urban areas (vegetation established)
Open space (lawns, parks, golf courses, cenieteries, ete.) ¥
Poor condition (grass cover < 50%) vvvnrieennn. ORI 68 79 86 89
Fair condition (grass cover 50% to 756%) - 49 69 79 84
Good condition (grass COVEL > 7890) ceuivvuirrumreeceersessserensenens 30 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding rght-0f-Way) ..o crcerveiernirsennns et e 98 98 98 98
Streets and roads:
Paved; curbs and storm sewers (excluding
right-of-way) ........ e TR AT e T T T e S ST 98 98 98 98

Paved; open ditches (including right-of-way). 83 89 92 93
Gravel (including right-of-way) ...o.cvveronee. o 6 85 89 91
Dirt (including right-0f-Way) . o.oveiovieie e 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) 4 ......uiviiens 63 77 85 88
Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel nwulch
ANd DASIN DOTALYS) vocvrer et s e crereessessesesssersnsseens 96 a6 96 96
Urban districls:
Commercial And DUSHIESS ..o revesensesssssssssessessssoses 85 89 92 94 95
Industrial 72 81 a8 o1 93
Residential distvicts by average lot size:
1/8 acre or less (Fown houses) e e W . 65 7 86 90 92
el OO 38 61 75 83 87
1/3.8CT€ v, O AN — 30 B7 72 81 86
172 acre | 25 b4 70 80 8b
IFACT® remereess maimosat s soiott bcons S s O 0T e s T S v, B 20 51 68 79 84
ZUACTES ..ottt er e e bt ve e s st et es e 12 46 G5 7 82
Developing urban areas
Newly graded areas
(pervious areas only, no vegetation) /., . e 77 86 91 94

Idle lands (CN's are determined using cover types
similax to those in fable 2-2¢).

I Average mnoff condition, and T, = 0.28.

¢ The average percent impervious area shown was used to develop the composlite CN's. Other assumiptions are as follows: impervious areas are
dhvectly connected to the drainage system, impervious aveas have a CN of 88, and pervious areas are considered equivalen! to apen space in
good hydrologic condition. CN’s for other combinalions of conditions may be computed using figure 2-3 or 2-4.

3 CN's shown are equivalent to those of pashire. Composite GN's may be computed [or other combinations of apen space
cover type.

+ Composlte CN's {or natural desert landscaping should be compuled using figures 2-3 or 2 based on the impervious arca percentage
(CN = 98) and the pervious area CN. The pervious area CN's are assumed equivalent to desert shuub in poor hydrelogic condition.

8 Composite CN's Lo use for the design of temiporary measures during grading and construetion should be computed using figure 2-9 or 24
based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas.

(210-VI-TR-55, Second Ed,, June 1986) 2-h
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Chapter 2 Estimating Runoff Technical Release 65
Urban Hydrology for Small Watersheds

Table 2-2b  Runoff curve numbers for cultivated agricultural lands V

[
Curve numbers for
Cover description = hydrologic soil group
Hydrologic
Caver type Treatment ¥ - condition ¥ A B C D
Pallow Bare soil - 77 86 91 94
Crop residue cover (CR) Poor 76 86 90 93
Good 74 83 88 90
Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89
SR + CR Poor 71 80 87 90
Good 64 75 82 8b
Contoured (C) Poor 70 79 84 88
Good 6b % 82 86
C+CR Poor 69 78 83 87
Good G4 74 81 85
Contoured & terraced (C&T) Poor 66 74 80 32
Good 62 71 78 81
C&T+ CR Poor 65 73 79 81
Good Gl 70 77 80
Small graln SR Poor 65 76 84 88
Good 63 76 83 87
SR+ CR Poor 64 76 83 86
Good 60 7%, 80 84
C Poor 63 74 82 85
Good 61 3 81 84
G+ CR Poor 62 73 81 84
Good 60 72 80 83
C&T Paoor 61 72 9 82
Good 59 70 78 81
C&T+ CR Poor 60 71 78 81
Good b8 G9 77 80
Close-seeded SR Poor 86 7 85 89
or broadcast Good 58 72 81 85
legumes oy C Poor 64 75 a3 85
rotation Good 65 69 78 83
neadow C&T Poaor 63 73 80 83
Good b1 G7 70 80

I Average runoff condition, and I,=0.25

2 Crop residue cover applies only if residuc is on at least 5% of the suiface throughout the year.

3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canapy of vegetative areas,
(1) amonnt of year-round cover, (¢) amount. of grass or close-seeded legumes, (d) percent of residne cover on the Iand swince (good 2 2090),
awid (e) degree of swiTace roughness.

Poor: Factors impair infiltration and tend to increase runofl.

Good: Factors encourage average and better than average infilration and tend to decrease runoff.

] (2L0-VI-TR-55, Second Ed., June 1986)
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Estimating Runoff Technical Release 55
Urban Hydrology for Smal Watersheds
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Table 2-2c  Runoff curve numbers for other agricultural lands v

el
— S—— e
Cuwrve numbers for
Cover description -_— hydrologic soil group ——
Hydvologic
Cover type R - condition A B (& B]
.. _T__,'-_-‘. Pasture, grassland, or range—continuous Poor 68 i 86 89
J forage for grazing. 2 Tair 49 (o8 ) 79 84
Good 39 i T4 80
Meadow-—continuous grass, praotected from - 30 b8 71 78
grazing and generally mowed for hay.
Brush—brush-weed-grass mixtwre with brush Poor 48 67 77 B3
the major element, ¥ [Fair 35 it 70 77
Good a0 48 65 73
Woods—grass combination (orchard Poor 67 (& 82 80
or tree farm), & IPair 43 G5 76 82
Goad 32 58 72 70
Woods. & Poor b i} 77 83
Fair 36 B30 73 74
Good o 65 70 77
Farmsteads—buildings, lanes, driveways, - 68 74 82 86

and sm‘roundlgg‘lgts_.

' Average runoff condition, and I, = 0.2S.
¢ Poor: <50%) ground cover or heavily grazed with no muleh,
Fair: 6010 76% ground cover and not heavily grazed.
Good: > 75% ground cover and lightly or only occastonally grazed.
1 Poor: <50% ground caver,
Fair: 50to 76% ground cover,
Good:  >76% ground cover.
* Actual curve number is less tha 30; nse CN = 80 {or nmof{ compuiations,
7 CN's shown were compuied for areas with 50% woadls and 50%6 grass {pasture) cover. Other combinations of conditions miay be computed
from the CN’s for waads and pasture.
“ Poor: Forest litter, small trees, and brush are destroyed by lieavy grazing or regular burning.
Fair: Waads are grazed hut nnt, thimed, and some forest litter covers the soil.
Good: Woods are protecled from grazing, and litter and brush adequately cover the soil.

(210-VI-TR-55, Second Ed., June 1986) !
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Chapter 2 Estimating Runoff Technical Release 65

Urban Hydrology for Small Watersheds

Table 2-2d  Runoff curve numbers for arid and semiavid rangelands V

[=—r — - ]
Curve numbers for -
Cover description -— —— ——— hydrologic soil group —w—

Hydrologic

- Cover type B condition & AY B _C D
Herbaceous—mixture of grass, weeds, and Paoor 80 87 93
low-growing brush, with brush the Iair 71 81 89
minor element, Good 62 74 86
Qalc-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48
Pinyon-juniper—pinyon, juniper, or botly Poor 76 85 89
grass understory. Fair 88 73 80
Good 41 61 71
Sagebrush with grass understory. Paor 67 80 a5
Fair 51 63 70
Good 3b 47 55
Desert shinb—-major plants include saltbush, Poor 63 77 85 88
greasewoad, creosotebush, blackbrush, bursage, Fair 65 72 81 86
palo verde, mesquite, and cactus. _Good 49 68 79 84

U Average runoff condition, and 1, = 0.28. For range in humid regions, use lable 2-2¢.
Poor: <3086 ground cover (litter, grass, and brush overstory).

Fair 30 to 706 ground cover.

Good: > 70% ground cover.

d Curve numbers for group A have been developed ondy for desert shiub.

2-8 (210-VI-TR-65, Second Ed., June 1986)
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" Hydrology Chapter 6

Table 6-9. NRCS Curve Numbers for Pre-Development
Thunderstorms Conditions (ARC I)

Pre-Development CN
i i " Hydrologic
Fully Developed Urhan Areas {vegetation established) Treatment condition %1 usen | wses | usce | wseo
Open space {lawns, parks, golf courses, cemeteries, etc):
‘—""‘é | __Poar condition (grass cover <50%) e - 47 61 72 77__
> Fair condition {grasscoverS0%to75%)  } e ] oo --- 29 48 61 69
C Good candition (grass cover > 75%) I R 21 40 54 63 |
Hmpervious afeas:
Paved parking lols, raofs, driveways, etc. {excluding right-of-way] - | - 95 g5 95 95
Streets and roads:
Paved; curbs and storm seviers (excluding right-of-way} | -~ | «eee- 95 95 95 95
Paved; open ditches {including right-of-way) | = ... e .- 67 77 83 85
Gravel (induding right-ofway) | - e - 57 70 77 81
Dirt (including right-af-way} ] e e - 52 66 74 77
Western desert urban areas: R B
Natural desert landscaping {pervious areas anly} —eem R 42 58 70 75
Artificial desert landscaping {impervious weed barrier, desert | [ . a1 - o1 o1
shrub with 1- to 2-inch sand or gravel mulch and bastn bordars) s
. 3 Hydrologic
Developlng Urban Areas Treatment s | %1 | HSGA | HSGB HSG C HSG D
Condition
Newly graded areas (pervious areas only, novegetation) | ..l == —-- 58 72 33 87
Cultivated Agricultusal Lands® Treatment i‘;‘i’:::g‘nc %1 | HSGA | HSGB | HSGC | WsGD
e paresoil | - 58 72 81 87
Faliow Crop residue Poor .- 57 70 79 85
cover {CR) Good .- 54 67 75 79
Straight row Poor - 52 64 75 31
{SR) Good 46 60 70 77
SR4CR Poor 51 63 74 79
Good -~ 43 56 66 70
e e o T
Rev crons CHCR Poar .- 48 60 67 74
Good 43 54 64 70
Contoured & Poor - 45 59 63 66
terraced {C&T) Good - 41 51 60 64
C&T+CR Poor a4 53 61 64
Good --- 40 43 58 63
R Poor a4 57 69 75
Good 42 56 67 74
SR+ CR Poor 43 | 56 67 72
Good = 39 52 63 69
B Poor 2 4 | 66 70
small grain Good = 40 53 64 69
€1 CR Poor Poor -a 41 53 64 69
Good --- 39 52 63 67
c&T Paor - 40 52 61 66
Goond -~ 38 49 60 64
C&T+ CR Paor --- 39 51 60 64
- Good -es 37 48 58 63
SR Paor --- A5 58 70 77
Good -em 37 52 64 70
Close-seeded ar broadcast lepumes or rotation meadow C gzg; — gj ig 2; 2‘7)
c&T Poor - 42 53 63 67
Good 30 46 57 63
6-26 City of Colorado Springs May 2014
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Chapter 6 Hydrology
Table 6-9. (continued)
. 1 Hydrologic
4 HSG SGB
Other Agricultural tands Treatment Condition %1 A H HSG C HSG D
. . oy SR Poor - 47 61 72 e
Pastureﬂ, grassland, or range—continuous forage for - | Fair o 29 48 61 69
grazing
| Good == 21 40 54 63
Meadow—continuous grass, protected {rom grazing L -
and generally mowed for hay 15 3y 51 50
— Poor = 28 46 58 67
Brush—brush-weed-grass mixture with brush the =
¢ s T e Fair =2 ig8 35 49 58
major element f———=— —_ .
I —— R Good - 15 28 4 53
----- Poor = 36 53 66 72
Woods—grass combination {orchard or tree farm)® - Fair - 24 44 57 56
e Good | - 7 | 3 52 61
..... Poor = 26 45 58 67
woods’ Fair - 19 39 53 61
S — (- Goad - 15 34 49 58
Farmsteads—buildings, Janes, driveways,and | L
surcounding lots B 38 54 66 72
Arid and Seml-arid Rangelands’ Treatment Hydrologlg %1 H5G A H5G B HSG C HSG D
Condition
- Poor == = 63 79 8BS
Herbaceous—mixture of grass, weeds, and low- - Fair _'_ - i Y
growing brush, with brush the minor element 77
----- Good = 41 54 70
Qak-aspen—mauntaln brush mixture of oak brush, = Paor = 0 =a 45 54 61
aspen, mountain mahogany, bitter brush, maple, and | - Fair 28 36 42
other brush —— Good - i 15 23 28
P both - Paor e 56 70 77
inyon-juniper—~pinyon, juniper, or both; grass 5
..... r —
understory 2 37 53 63
- Good = 23 40 51
i Paor — 46 63 70
Sagebrush with grass understory -— Fair - ] e 30 42 49
il . —-— Good i [ 18 27 34
Desert shrub—maljor plants include saltbush, = Paor 42 58 70 75
greasewood, creosotebush, blackbrush, bursage, palo - Fair - 34 52 64 72
verde, mesquite, and cactus e Good . 29 47 61 6a

! Average runoff condition, and la = 0.15.

“Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.

* Hydraulle condition is based on combination factors that affect infiltration and runoff, including {a) density and canopy of vegetative areas, (b)
amount of year-round cover, {c) amount of grass or close-seeded legumes, {d) percent of residue cover on the fand surface [good 2 20%), and
(e) degree of surface roughness, Poor: Factors Impalr infiltration and tend to increase runoff. Good: Factors encourage average and better than

average infiltration and tend to decrease runoff.

* Poor: <50%} ground cover ar heavily grazed with no mwuleh. Fair; 50 to 75% ground cover and not heavily grazed. Good: > 75% ground cover

and lightly or only occasionally grazed.

* poor: <50% ground cover. Falr: 50 to 75% ground cover. Good: >75% ground cover.
* CN's shown were computed for areas with 50% woods and 50% grass {pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.

" poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning. Fair: Woods are grazed but not burned, and some
forest litter covers the soil. Good: Woods are protected from grazing, and litter and brush adequately cover the sail.

"poor: <30% ground cover {litter, grass, and brush overstory). Fair: 30 to 70% graund cover. Good: > 70% ground cover.

May 2014

City of Colorado Springs
Drainage Criteria Manual, Volume 1
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Hydrology Chapter 6

Table 6-10. NRCS Curve Numbers for Frontal Storms & Thundeystorms for
Developed Conditions (ARCII) '

P . Pre-Davelopment CN _]
fully Developed Urban A tlon established)® Treatment | HATOIOBE |
p an Areas {vegetatlon established) Condition P e T ST
Onen space {lowns, parks, golf courses, cemeteries, ete.j: -
Poorcondllion (grasscover<S03) | - N 68 79 86 89
Falr candition {grass caver 50% ta 75%} e - 49 69 79 84
Good condition {grasscover>75%) | -eee semm 39 61 74 BQ
Impervious areas:
Paved parking lots, roofs, driveways, etc. {excluding right-af-way] - ——— == )98 98 98 48
Streets and roads:
Paved; curbs and storny sewers {excuding right-of-way) e R - 94 9B 8 98
Paved; open ditches {including right-of-way) ]| - —-- -- 83 89 92 93
Gravel {Including right-of-way) e 76 85 89 91
Dint (Including deht-of way) | e | eee-- ~-- 72 82 87 29
Waestern desert urban areas:
Natural desest landscaping (perviousareasonly) | eeee | eeee- - 63 77 8s a8
Artificial desert tandscaping (Impervious weed barrler, desert - . oF 56 - =
shrub with 1- to 2-inch sang or gravel mulch and basin borders)
Urban districts:
Commercial and businass R e 8s 89 92 94 55
Industrpd 0000} e s 72 81 | 88 91 93
Residential distsicls by average lot size:
1/Bacre orless [town houses) = e 65 77 85 S0 92
WYaacie e ) -eee= 38 61 75 B3 87
1/3acre — . = e L e 30 5721 72 | 81 RG
1/2acre R 25 54 70 RO 85
1acre ) I D 20 51 68 79 84
2aces - o o =l el meeee 12 46 65 77 82
Developing Urban Areas’ Treatment? :Z:;T:;g: %1 H3G A HSG B HSG C HSG D
Newly graded areas [pervious areas only, novepgetationf | ----- e .- 77 86 g1 94
Cultivated Agricultural Lands’ Treatment 'li‘ff&'ﬁﬁ: %1 | usGa | wsGe | Hsec | HsaD
| Baresoif |  ---- - 77 86 91 94
fallow Crop residue Paor 76 85 S0 93
cover {CR) Gaod --n 74 83 88 90
} Straight row Poor — 72 51 | 88 91
(SR} | Good 67 78 85 89
SR+ CR Poor 71 Bgﬁ 87 20
e w Good - &4 75 82 85
Contoured (C) Poar = | 70 79 B4 33
Row crops Good 65 75 82 86
C4CR Poor -~ 69 78 a3 87
Good 64 74 81 85
Contoured & faor — 66 74 80 82
terraced (C&T) Good .- 62 71 78 g1
o R TAGR Poar 65 73 79 81
Good - 61 70 77 80
sh Poor 65 76 B4 88
Good 63 75 83 87
SR+ CR Poor -s 64 5 B3 | 86
Gaod -- 60 72 B0 84
c Paor - 63 74 82 85
. Goad 61 73 81 84
Ermal e Poor | - | 62 73 81 84
- C+CRPaoor
Goad = 60 72 80 83
CaT Paar 61 72 9 | 8
Good - 59 70 78 81
CRT+CR Poor 60 71 78 81
Good 58 | 69 77 80
6-28 City of Colorado Springs May 2014
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Table 6-10. (continued)

Other Agricultural Lands® Treatment Hydro'lf?glc %1 | HSGA | HSGB | HSGC | HSGD
Condition
----- Poor - 68 79 86 89
Pasture, grassland, or range —continuous forage forgrazing4 - Fair - 49 69 75 84
----- Good —- 39 61 74 20
Meadow—continuous grass, protecled from grazing and generally L . By 8 - 78
mowed for hay o — il R
----- Poor == 48 67 77 83
Brush—brush-weed-grass mixture with brush the majorelement® | -.... Fair 35 56 70 77
----- Good --- 30 48 65 73
----- Poor - 57 73 82 86
Woods—grass combination (orchard or tree farm)® | -l Fair - 43 65 76 82
----- Good 32 58 72 79
- Poor == | 45 66 77 83
Woods’ Fair 36 60 73 79
----- Good -e- 30 55 70 77
Farmsteads—bulldings, lanes, driveways, and surrounding lots e B --- 59 74 R2 86
Anld and Sem-arid Rangelands* Treatment | VORI o pesa | e | msac | msep
— Condition
Herbaceous—mixture of grass, weeds, and low-growing brush, [ ———— PFZ?: e —— 3‘; zz 3;
with brush the minar element —= oo o = = =
Oak-aspen—mountain brush mixture of oak brush, aspen, e Po?r R g6 2L} 2
mountaln mahogany, bitter brush, maple, and otherbrush ~ |———— falr R a8 27 ] 6
=== Good i 30 41 48
----- Poor --- aeenn 75 85 89
Pinyon-junlper—pinyon, juniper, or both; grass understory L Falr el 58 73 80
----- Gond —- 41 61 71
----- Paor weens 67 80 85
Sagebrush with grass understory e Fair — |- 51 63 0
----- Good - e on- 35 47 55
Desert shrub—major plants include saltbush, greasewood, | ool Poor - 63 77 85 88
creosotebush, blackbrush, bursage, palo verde, mesquite, and | ... Fair - 55 72 81 86
ractus T Gaod | — [ 49 68 79 84

fa=018
Crop resldua covar applies onlyif residue Is on atleast 55 of the surface throughout the yoar,

' Hydraulic condition Is based on cambinatian factors thatalfectinfiltration and runolf, Includlng (a) density and canopy of vegetative areas, (b) amount of yaar-
round cover, {c) antount of grass or close-seeded legumes, {d} percent of residue cover on the land suface {gvod 2 20%), and {e) degrec of surface roughness. Poor:
Factars impair infiltration and tend to increase runoff. Good: Faclors entaurage average ond better than average infiltration and tend lo decrease nunoff.

' poos: <503%) ground covar of ieavily grazed with no mulch. Fair: 50 to 75% ground cover and not heavily grazed. Good: > 75% ground covet and lighlly oronly occasianal
Ypoor: <S03 ground covar. Fair: 50 to 75% ground cover, Good: >75% ground cover.

 th's shown were computed for areas with S0/ woods and 50%_31:155 [pasture] cover. Dther combinations of conditions maybe tomputed from the CN's for woods

" poor: Forest litter, small tiees, and brush are destroyad by heavy grazing orregular burnlog. Falr: \Yoads are grated but not burned, and some forest liker covers
the soll. Good: \Woeds are protected fram grazing, and litter and brush adequately cover the soil.

" poor:<30% ground cavar {Hiter, grass, and brush overstory). Fair: 30 10 70% ground tover. Good: > 70% ground cover,
.
4.6  Lag Time

While the NRCS curve numbers are used to calculate the volume of runoff and magnitude of losses, to
transform the volume of runoff into a hydrograph using the NRCS dimensionless unit hydrograph, the lag
time must be specified. The lag time is defined as the time from the centroid of the rainfall distribution of
a storm to the peak discharge produced by the watershed. For this Manual, the lag time is defined as a
fraction of the time of concentration (t.) as shown in Equation 6-13.

tog = 0.6 1, (Eq. 6-13)

May 2014 City of Colorado Springs 6-29
Drainage Criteria Manual, Volume 1
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Surface description n' |
Smooth surfaces (concrete, asphalt, gravel, bare soil, etc.) 0.011
Fallow (no residue) 0.05
Cultivated Soils:
Residue cover <20% 0.06
Residue cover >20% 0.17
Grass:
Short grass prairie 0.15
Dense grassgs_z_ B 0.24
Bermuda grass 041 |
Range (natural) 0.13
Woods *
Light underbrush 0.40 |
Dense underbrush | 0.80 |
4. 'The values arc a composite of information compiled by

Engman (1986).

3 . -
5. “Includes species such as weeping lovegrass, bluegrass,
buffalograss, blue gramma grass, native grass mixiures,

6. *When selecting 1, consider cover to a height of about 0.1
feet. This is the only part of the-plant cover that will obstruct

sheet flow.

- \,i'

able 6-11. Roughness Coefficients (Manning’s n) for NRCS Overland Flow
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Exhibit 6
Culvert Capacity Exhibits



Determination of Culvert Headwater and Outlet Protection

Project: Prairie Ridge: Existing culvert capacity

Basin ID: OS1

P

=

)

bk

Soil Type:

@ Sandy

r— Chedea One:
C Non-Sandy

ﬁ'f)esiqn information (input):

Box Culvert:

Design Discharge

Circular Culvert:

Bamel Diameter in Inches
Inlet Edge Type (Choose from pull-down list}

Barrel Height (Rise) in Feet

o ——

Square End Projection

OR

Heght (Rise) =
Width (Span) =

D= 24 linches
-

Barrel Width (Span) in Feet ft

inlet Edge Type (Choose from pull-down list)

Number of Barrels No = 1

inlet Efevation ElevIN = 5100 ft

Outlet Elevation OR Slope So = 001 Rt

Culvert Length = 60 ft

Manning's Roughness n= 0022 |

Bend Loss Coefficient Ky = 0

Extt Loss Coefficient k.= 1

Tailwater Surface Elevation ElevY, = 5099.8 ft

Max Allowable Channel Velocity = 18 ft/s
Required Protection {Output):

Tasiwater Surface Height Y= 040 ft

Flow Area at Max Channel Velocity A= 444 f

Culvert Cross Sectional Area Available A= 962 i

Entrance Loss Coefficient K= 050

Friction Loss Coefficient k= 1.01

Sum of All Losses Coefficients k= 251 ft

Cuivert Normal Depth Yo= 208 f

Culvert Critical Depth Y.=| 279 n

Tallwater Depth for Design d= 315 f

Adjusted Diameater OR Adjusted Rise D, = = f

Expansion Factor 1(2*tan{©)) = 077

Flow/Diameter * OR Flow/(Span * Rise' ) QD 5 = 349 s

Froude Number Fr= - Pressura flaw!

Talwater/Adjusted Diameler OR Taitwater/Adjusted Rise YYD = 011

Intet Control Headwater HW = 514 fl

Outlet Control Headwater HW,, = 5324

Design Headwater Elevation HW = 5,105.24 ft

Headwater/Diameter OR Headwater/Rise Ratio HWID = 1.50

Mmnimum Theoretical Riprap Size iy = AR i

Nominal Riprap Size thn = - I

UDFCD Riprap Type Type = Very Big

Length of Protection L= 11 f

Width of Protection = 18 ft




Determination of Culvert Headwater and Outlet Protection

Project: Prairie Ridge: proposed culvert at DP2 designed for Syr storm

Basin iD: 081

Soil Type:

[ Cheese G ]

(8 Sanely
£ Mon-Sandy

— BIrEAn

|Besign information {input}:

Design Discharge

Circular Culvert:

Barrel Diameter in Inches

Iniet Edge Type {Choose from pull-down tist)

Box Culvert:

Barel Height (Rise) in Feet

Barrel Width (Span) In Feet

Inlet Edge Type (Choose from pull-dawn list)

N ——
D=| 42 linches

Square tnd Projection

Height (Rise) =|

OR

-

i
Width {Span) Lt

Number aof Barrels MNo = 1

Inlet Elevation EleviN = 5100 ft

Outlet Elevation OR Slope So= o1 ft/ft

Cuivert Length L= 60 ft

Manning's Roughness n=|_ 0022

Bend Loss Coefficiant kg = 0

Exit Loss Coefficignt k= 1

Tailwater Surface Elevation ElevY,= 5099.8 ft

Max Allowable Channel Velocity V= 18 ft/'s
Required Protection (OQutput):

Tailwater Surface Height Y, = 0.40 fi

Flow Area at Max Channel Valocity A= 4 44 I

Culvert Cross Sectional Area Avallable A= 962 Ly

Entrance Loss Coefficient k, = 0.50

Friction Loss Coefiicient k= 101

Sum of All Losses Coefficients Ky = 251 It

Culvert Normal Depth Ya 208 fi

Culvert Critical Depth Y= 279 fl

Tallwater Depth for Design d= 315 i

Adjusted Diameter OR Ad)justed Rise U, = - i

Expansion Factor 1/(2"tan(®)) = 077

Flow/Diameter’ * OR Flow/(Span * Rise' ') QD2 5= 345 fl' s

Froude Number Fr= - Pressure flow'

Tallwater/Adjusted Diameter QR Taiwater/Adjusted Rise YD = 011

Inlet Control Headwater HW, = 514 n

Outlst Control Headwater HW, = 524

Design Headwater Elevation HW = 5,105.24 fi

Headwater/Diameter OR Headwater/Rise Ratio HWID = 1.50

Minimum Theoretical Riprap Size ey = 46 in

Nominal Riprap Size dsg = - in

UDFCD Riprap Type Type = Very Big

Length of Protection L= 1 id

Width of Protection = 18 ft




Exhibit 7
Drainage Swale Hydraulics



Borrow Ditches and Onsite Swales

Developed Conditions

June 2021
Ditch/ Swale Design Flow Aveo Depth of Flow Velocity Froude #
g Slope % Comments
Location 5yr 100 yr 5yr 100 yr 5yr 100 yr 5vr 100 yr
cfs cfs % ft ft fps fps y

swale il, 72.4 2897 3.33 1.1 27 2.1 36 0.35 0.39 TR55
Reach 1
SHaE 79.0 318.1 167 15 35 1.8 3.0 0.26 0.28 TR55
Reach 2
Swes 1, 83.3 341.0 167 15 37 1.8 3.1 0.26 0.23 TR55
Reach 3
Swale 1, 87.0 360.4 2.50 14 3.3 2.1 36 0.29 0.23 TR55
Reach 4
Swale 2 27 16.7 6.50 0.1 0.4 07 16 0.37 0.46 Rational
Swale 3 50 31.0 7.10 0.2 05 1.0 2.0 0.41 0.51 Rational
Swale 4 15 9.1 8.30 0.1 02 06 13 0.40 0.48 Rational
Swale 5 1.0 6.4 7.10 0.1 0.2 05 1.1 0.37 0.43 Rational

BR1 18 36 510 0.2 03 3.0 37 1.24 1.30 Rational

BR2 16 32 2.90 0.3 04 23 2.9 0.93 1.00 Rational




Tone o) Rey)
Q?_&:@K:\’_\_ 5\} <

The open channel flow calculator

|

1]

*‘_T_‘i 1 — t'_"" !
Select Channel Type: | - Iy b f h %1/ |
Trapezoid v Sl L 22 & _
Rectangle Tlapezoi_d . Tnangle
[ Depth from Q v IISelect unit system: Feet(ft)
. : {
Channel slope: |.033 | Water depth(y): [T73 7 | Bottom width(b)  |[30 |
[feft | ft
Flow velocity]2.133 | LefiSlope (Z1): [0 [T @] RightSlope (Z2): {0.1 B
[ft/s | lto 1 (H:v) |
Flow discharge[72.4 | |[Input n value[0.13 || or select n
[frars |
| Calculate! | Status:|Calculation finished | Reset
Vfi/etted perimeter|32.27 | Flow areal33.94 [z | Irlf“top Wldt’h(T)|30.23 |
ISﬁpemﬁc ie nergyl1.2 | Froude number|0.35 | II;):; r?ttiizllsﬂow '
Critical epth|0.57 l Critical slope[0.3067 Toe Vﬂeloc1ty head|0.07 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.




The open channel flow calculator

—1—

—_1—
Select Channel Type: - \@/ L, W L
Trapezoid v oty —-i
Rectangle Tcapszoud Triangle
| Depth from Q ”Select unit gystem: Feet(ft)
I(f:ﬂl;temnel sllope: |.033 | Water depth(y): [267 I | :ltottom width(b)  |[30 |

Flow Velocity‘ 3.591 l
|ﬁ/s i

LeftSlope (Z1): |0.1 |[to 1 (H:v)]

RightSlope (Z2): [0.1 |

[to 1 (H:v) |

Flow discharge|289.7 Input n value{0.13 | [ﬂ select n|
ftr3/s
Calculate! | Status:|Calculation finished ] [ Reset )
Wetted perimeter|35.36 | Flow arca[50.63 oz | Top width(T)|30.53 |
ft [t |
Specific energy|2.87 | Flow status
7 | Froude number{0.39 | [Subcriical flow |
(:trltlcal depth|1.43 | Critical slope0.2437 [ I\éelomtylheadk)z ]

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.



Joo,m

e Ao Qe

Q@l\r&h Q — ST

The open channel flow calculator
f—T— ; s [ | T b = ;__...
= . : ! A K‘T\

S_I_er;e;;ZCOiléa131el Type: Iy Wﬁ \zﬁ; L (T /%ia\l D

—t— fed y

_ Rectangle Tra;:ezoid Tnangle y Cicle - !

| Depth from Q v ”Select unit system: Feet(ft) w I
(fl;ﬁannel slope: |.0167 | Water depth(y): [T27 — :ottom width(b)  |[30 |
Flow velocity|1.789 | LeftSlope (Z1): [0 [T V)| RightSlope (Z2): [0.1 |
[ft/s | [to 1 (H:v) |
Flow discharge|79 | ||Input n value0.13 || or select r|
[ftr3rs |
| Calculate! | Status:[Calculation finished | || Reset |
Wetted perimeter]32.94 | Flow arca[#.17 2 l Top w1dt(T)|30.29 -
[fr__] .
Specific energy|1 51 | Froude numberf0.26 ] Flow §t,atus
[t | [Subcritical flow |
_(;trltlcal depthf0.6 | Critical slope[0.3005 ] \f/telocny head|0.05 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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p—éd-c.b Q~lcOy—

The open channel flow calculator

—T1— ey T < —
sz < /
Channel Type: P : \Tf7
b Ak ML gy
P fe— 1y —— — v |
Rectangle Trapezoid Tuangle Circle
Depth from Q v ”Select unit system: Feet(ft) j
Channel slope: |.0167 | Bottom width(b)  |]30 |

Water depth(y): [3.52 It

ft

Flow Velocityi 2.988 |

RightSlope (Z2): |0.1 I

LeftSI. Z1):10.1 H:v
|ft/s | ftSlope (21) IO jlti” ( )I Ito1 (H:V) |
Flow discharge|319.1 | ||input n value[0.13 |[ or select ]

:

ft*3/s

{ Calculate! ‘ Status:|Calculation finished Reset

\f?:/'etted perimeter| 37.07 ] Flow area{T06.78 [z liop w1dt|h(T)|§o.7 |
Specific energy|3.66 | '[Flow status

0 | Froude number]0.28 | [Subcritcal flow 5
Critical depth{1.52 | Velocity head|0.14 |

Critical slope[0.2405

e

|

[

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.




The open channel flow calculator

—

]

—1—
Select Channel Type: ] ~ Iy R 2 1 Iy WL
Trapezoid v e e
f .. Rectangle Ttapezmd Tnangle aifei Citge |
Depth from Q ”Select unit system: Feet(ft) J
Channel slope: |.0167 | Water depth(y): [T57 I Bottom width(b)  |{30 |
|ft/ft ' ft
: | . :
Flow Velomtyl 1.825 I LefiSlope (Z1): [0.1 o7 V)] nghtS‘lope (Z2):|0.1 l
|ft/s | [to 1 (H:V) |
Flow discharge|83.3 | |[input n valuef0.13 || or selectr
[ft3s |
[ Calculate! ] Status:|Calculation finished [ Reseﬂ
Wetted penmeted 33.04 | Flow area[45.65 ez Top width(T)[30.3 |
]
Specific energy}1.57 Flow status
_ Froude number|0.26 ! [ Subcritical flow |
Critical depth|0.62 | Critical slope[0.3008 [ Velocity head|0.05 |

,|ﬂ !

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.



Q0N C
Read 3 oyt

The open channel flow calculator
i w4 - : 3
Select Channel Type: 4 Iy \ﬁ@w s ™A L
Trapezoid v e D ad 21~ 22
| Rectangle Trapezoid Tnangle
I Depth from Q v ”Select unit system: Feet(ft) w
Channel slope: [.0167 | Water depth(y): [367 T Bottom width(b)  |[30 |
[fuft ] ft
Flow velocity]3.06 | LefiSlope (Z1): [0 o7 RightSlope (Z2): 0.1 B
[fus | [to 1 (H-V) |
Flow discharge{341 | |[Input n valuef0.13 || or select |
| Calculate! | Status:[Calculation finished | Reset |
\f?:fetted perlmeted 37.38 | Flow area[111.45 iz | I’lf“top w1dtlh(T)|30.73 ]
Specific nergy|3.82 | Froude number0.28 I Flow §t'atus
ft | [Subcritical flow B
|Critical epth[1 .59 | Critical slope[0.2382 fom N Velocity head|0.15 |
it | |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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p(‘.: .;". \ ! 3- J
l
The open channel flow calculator ’
=z ) 8 ; : ! .
- ally b RAL N )
fo g ——e] o ]
y
Rectangle Trapezoit_i _ Trangle Cir;:._l‘e |
[ Depth from Q v ”Select unit system: Feet(ft) w :l
Channel slope: |.025 Water depth(y): [T37 T | Bottom width(b)  |[30 P
[t | ft |
Flow velocity|2.104 | LefiSlope (Z1): [0 o7 V)] nghtS'lope (Z22): 0.1 -
|ft/s | [to 1 (H:V) |
Flow discharge|87 | |[Input n valuef0.13 || or select 1]
[ Calculate! | Status:[Calculation finished [ Reset
Wetted perimeter|32.76 ] Flow area[d1.35 oz | Top width(T)[30.27 |
] | N
: l |
r—_isftp SEiE eEEy] LA I Froude number{0.32 [ ‘ IFSISE(I: r?ttii;lllilow !
(fl‘trltlcal depth|0.64 | Critical slope[0.2963 [ | l\f/telocny Ihe:ad| 0.07 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel flow calculator

i =y

f v : ; !—_—-*/'
Select Channel Type: Iy N 1 ]’1 Ks/x I_P

Trapezoid v o T ® b 22 z1 ¥ 22
Rectangle Trapezoid _'T rangie C'Ic—l‘e
liDepth from Q v*_dISelect unit system: Feet(ft) w ‘
Channel slope: [.025 | l[Bottom width(b) |30 |
Water depth(y): |3.34 It |

lrvit___| | [
Flow velocity|3.555 | LefiSlope (Z1): [0 o7 V)] RightSlope (Z2): |0.1 |
[ft/s | [to 1 (H:V) |
Flow discharge|360.4 | ||Input n valuef0.13 || or setect |
([ft*3/s
‘ Calculate! ] Status:{Calculation finished [ Reset ]
Wetted perlmetexi 36.72 ] Flow arca[T0137 e | Top width(T)[30.67 |
]
Spe01ﬁc energy|3.54 | | Flow status
[ft i ‘ Froudemumber}0:34 ! [ Subcritical flow |
Critical depth| 65 | Critical slope[0.2368 Tra— Velocity head|0.2 B
[f___]

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.



Select Channel Type:

Trapezoid v
Depth from Q - !
Channel slope: .065 ] Water depta(y): [T73 T I Bottom width(b)  |[30 |
| it
Flow velocity[0.734394 | LefiSlope (Z1): [0 o7 W) RightSlope (Z2): [0.1 |
[ft/s | [to 1 (HV) |
Flow discharge[2.7 | |linput n valudo.12 [ or select |
[fitrars |
{ Calculate! Status:|Calculation finished [ Reset
|Wetted perimeter|30.25 | Flow arca[3.63 [ | ITop widtlh(T)lso.oz |
ft ft
Specific energy[0.13 B Flow status
M | | roudé nummber:87 I [Subcriical flow |
I(;lrltlcal depth|0.06 | Critical slope[0.5742 o | l\:le]omty Ih¢:~:ad[0.01 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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Select Channel Type:
Trapezoid v

‘1 lf*(‘f unit system:

Feet(ft) v

Depth from Q v
_(;ﬁlmel slope: |.065 | Water depth(y): [5.35 - 1’E‘iottom width(b)  }(30 |
Flow vclocxty| 1.554386 | LeftSlope (Z1): [0 [ 7 0v)] InghtSlope (Z22): |0.1 |
|ft/ ] ‘to1 (H:V) '

ft~3/s

il

Flow discharge|16.7 | ~ Input n value(0.12 _—_] [ or select rf

[Calculate! Status:|Calculation finisned Reset ]
N hJ N _|
Wetted perimeter|30.72 | Flow areaT0.72 e ] Top width(T)|[30.07 |
‘ﬁ l Ift |
Specific energy|0.4 | Flow status
rE Froude number[0.46 J [Suberitical flow |
=

itical depthj0. | iy i 0. |
Critical depth}0.22 Critical slope[0.3419 o Velocity head{0.04
[t i . [ft |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel flow calculator SN T

Select Channel Type:

Trapezoid v
Depth from Q ¥ Select unit system: Feet(ft)

Channel slope: ‘.071 l Water depth(y): [0.17 T l Bottom width(b)  |{30 B
e | [t |
Flow velocity[0.971262 | LefiSlope (Z1): [0 [T ) RightSlope (Z2): [0.1 |
/s | [to 1 (V) |

Flow dischargeE | ||fnput n value{0.12 =|[ or seleﬂs,

lﬂ"B/s |

[Calculate{j Status:|Calculation finished [ ResetJ

Wetted perunete. Flow arca[5.15 e ] Top w1dth(T)|30.03 ]

|ﬂ | [ﬁ l
".Specmc energy|0.19 | Flow status

] Froude number]0.41 | [Suboritical flow -

Critical depth|0.1 | Critical slope]0.4206 Tfom u Velocity head|0.01 |
] |

Copyright 2006 Dr. Xing Fang, Department of Civil Engineering. Lamar University,
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The open channel flow calculator

Select Channel Type:
Trapezoid v

Depth from Q - Select unit systen:

Channel slope: |.071 | Water depth(y): [03 T ] Bottom width(b) |30 |
[t | |
| Flow velocity|2.044 | LefiSlope (Z1): [0 1TV RightSlope (Z2): |0.1 |
Iﬂ/s | |to 1 (H:V) I

Flow discharge[31 | |{Input n value{0.12 [ or select 1|

ftr3/s

[ calculate! | Status:| Calculation finished [ Reset |

Wetted perimeter]31.01 ] Flow arca[15.17 [ ] Top w1dth(T)|30.1 !

Specific energy|0.57 | . Flow status
- Froude number|0.51 | [Subsritical flow |

Critical depth|0.32 I Critical slope[9.3078 CTE \f/telomty head|0.06 '

ft

i

]

|

—

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar Untversity.
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[

Select Channel Type:
Trapezoid v

v

Select unit system:

Feet(ft

The open channel flow calculator

Depth from Q r |
[Channel slope: |.083 1

- ] |
Water depth(y): |0.08 e J Botiom width(b) {30 !
Ift/ft i ft
[Ef:/ow velocity[0.637588 | LefiSlope (Z1): [73 T 1 R1ghtS?ope (22): [o.1 ;

s Ito 1 (HV) ] ] B
Flow discharge|[1.5 | |[Input n value] 012 || or selectr '
Iﬁ"3/s ]

Calculate! | Status:|Calculation finished [ Reset |
, i ' 1 =
Wetted peumeted 30.16 | Flow areal2.35 2 ] Top w1dth(T)|30.02 ]
] - |
Specific energy|0.08 | Flow status
‘ﬂ E Froude numbedo_—_d,_____| [Subcriﬁcal flow ]
(f?tntlcal cliepth|0.04 | l Critical slope[0.5309 o 8 \:telomty headm i

Copyright 2008 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel flow calculator ,

- |
|
|

Select Channel Type:
T_rapezoid v

DepthfrdrriQ _ v ISc-lccl unit system: Feet(ft) v

Channel slope: ‘.083 l Water depth(y): [0.23 i l Bottom width(b) 30
[wﬁ | It |
Flow velocity[1.316112 | LefiSlope (Z1): [5 o7 V) RightSlope (Z2): 0.1 I
s | [to 1 (F:v) |
Flow discharge[9.1 ] ||mput n value{0.12 1| or select rj
[rars |
Calculate! Status:|Calculation finished [ Reset

. ) | N
Wetted penmeter{ 30.46 | Flow arcal6 51 e ] 'l;top width(T){30.05 !

ft

ifi I . l
Sﬁpem ic energy]0.20 Froude number]0.48 | Es;rsittiigsﬂow —
|

Critical depth]_o.14 i Critical slope[0.4052 o i Velocity head]0.0B |
[t | | [ft ]

—

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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Trapezoid v

Select Channel Type:

l Depth from Q v

Select unit system: Feet(ft) v

[ A e 2" L
Channel slope: [0.071 | Water depth(y): [758 TR Bottom width(b)  |[30 i
x| ft |
Flow velocity[0.523175 | RightSlope (Z2): |0.1 j

== LeftSI 1):10.1 1 (H: ————
W] eftSlope (Z1): || o 1 (HV)] o 1 () |

Flow discharge[1 | |llnputnvalug012 ]| or sefect rj

Iﬂ"?:/s |

[ Calculate! ] _] Status:|Calculation finished [ Reset

Wetted perimeter]30.13 | Flow area[T8] oz l Top width(T){30.01 ]
] [f ]

Specific energy|0.07 | | Froude number]0.37 ] Flow sﬁatus

ft ! | Subcritical flow |
Cf‘,trxtlcal depth{0.03 l Critical slope[0.5541 T i '\f/telomty head|0 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel flow calculator

Select Channel Type:
Trapezoid v

Depth from Q v ||Select unit system: Feet(ft) w
Channel slope: [0.071 | Water depth(y): [02 I i :ottom width(b)  |[30 B
Flow 1.087725 i 2). {0.

oW Ve oclf}’[_a____[ LeftSlope (Z1): 0.1 N [to 1 (H:V)] f%__ﬁ%’f] (Z2) |_91___|
Flow dlscharge[-ﬁ.zl | ||lnputn value{0.12 _H or selectj
ft*3/s

Calculate! Status:[Calculation finished [ Reset |
Wetted perimeter] 30.39 Flow area[5.68 [z i Top w1dth(T)|30.04 ]
[ , I .
Specific energy|0.21 Flow status

021} Froude number]0.43 | [Suboriical flow ]

?trmcal ?epth|0.1‘| l Critical slope[0.433 o 7 \f/telocxty head|0.02 |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel tflow calculator

‘.J}

‘B‘D_—z__

Select Channel Type:
Trapezoid v

- Tiapezoid

Reclangle =

~ Trangle

Depth from Q

ISC]LL[ uml system: Feet(ft) w

Channel slope: |.029 | Water depth(y): [025 T ! ' 1:E:ottom width(b j A
,:77'7'1".1'1'%'?"’—. " - — — —_— _.--T —— : /
Flow velocity|2.328458 .| LefiSlope Z1): [ 7 o)) RightSlope (Z2): |3 - |
fl/s to 1 (H:V) | ]
|[Flow di%chargebﬁ__ - J Input n Valuelo 035 ; H or selectrﬂ
| CED . |
Lga_lcu_lat_e' ] Status: ICalcmahon finished ]l Reset ] '
\f?:/etted perimeter{3.58 | Flow arca0.68 [ | "ljop width(T)[35 |
Specific mergylo 33 | Froude numbufo 4 Flow st.atus
I l ——I | Subcritical flow ]
Critical depthlg 24 ) ( . \[Velocity head[0.08 ]
Critical slope[0.0314 | ft/ft |
T [ = —
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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The open channel flow calculator

- 5\]@ w2 E Teeks b L'_}__f{_‘?d] . lbq t?}
[y dT ‘
857

Select Channel Type:
Trapezoid v

l Depth from Q

< . . 4 ' y ]
Channel slope: |.029 | Water depth(y): [036 77 l|Bottom width(b)  |[2 ]
e — | |
Flow velocity]2.911081 /| LefiSlope (21): [3 o7 )] \nghtSlope 23~ | —[
s i oty | |

Flow discharge|3.2 /

| |

|ft"3/s |

—

.l'nput n valueg0.035 | [»lsele-c_ta

LCalCL_Jlaté!A]_ . J !_S_tatu% Calctiatlon finished _j H Re_set_}_ J
| |\f)\l/ctted p]en'meted4.26 ] ] Flow arcalT 2 | l’lf‘top WldtIh(T)[4.15 ]
|Specific energy[o.49 ] Froude number / | F lqw status
st l——— | Critical flow j

Critical depth|0.36 B
n___|

Critical slope[0.0286 | fuft

]

Velocity head0.13

| O

Copyright 2000 Dr. Xing Fang. Department of Civil Engineering, Lamar University.
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The open channel flow calculator

67162&»«

e |

' Water depth(y):|0.23 o lﬂ l

=R 2o
Select Channel Type: = e b e =6
Trapezoid v = =i = b Re R =
| F o e eshee e E = = : PEE— . | i
| Reclangle - Tiapezoid  Tuangle Gidle
I Depth from Q v"@:lcct_u_nil systenmt: Feet(ft) o |
[Channe! slope: [.051 ~ | [Bottom width(b)  {[2 ]

|

Flow velocity|2.984008 |

fi/s

LeftSlope (Z1): |3 ~

[[to 1 (H:v)]

RightSlope (Z2): |3_/ — ]
[to 1 (HV) |

Flow discharge[1.8 3/

-

Input n value].035 -~ H;br select 1]

A3/

| Calculate! | Status:[Calculation finished ] |[Reset ] ]
erimeter[3.43 [Top width(T)[3.

\;tVetted perimeter|3 Flow arcalo s [z ‘ ﬂop width(T)(3.35

'|Specific energy|0.36

Froude numbel‘[1 24 7 __J

Flow status

] | I — |[Supercriical flow |
.. 1 5

Critical depth|0.26 [ Critical slope[0.0788 [fon Velocity head|0.14 ]

it It |

Copyright 2000 Dr. Xing Fang, Department of Civil Engincering, Lamar University.
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The open channel flow calculator

Select Channel Type:
Trapezoid v

. Rectangle  Trapezod

l' Depth from Q

v ”Sclect unit system: Feet(ft)

Channel slope:|.051 e _i

Bottom width(b) | [2 |

ft

R » Water depth(y):{0.33 /  {ft | = ___|
Flow veloc1ty|3.673684 | LefiSlope (Z1): [3 o7 )] RightSlope (Z2): |3 | !
s — | CXRGEUN |
Flow discharge|3.6 ,~ | |[Input nvalug.035 || or select ] |
[fras | |
| Calculate! | Status:{Calculation finished | Reset | |
|[Wetted perimeter|4.08 | Flow area[0.08 o Top width(T)[3.97 |

|

Specific energy|0.54 B

[ s

Flow status
Froude numbeli 13 ~ j L - .u .
[Supercritical flow

J

Critical depth{0.38 |
ft

|
|

—

Velocity headigﬁl _____ |
it

Critical slope]0.0282 ffwee

Copyright 2000 Dr. Xing Fang. Department of Civil Engineering, Lamar University,
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Exhibit 8
Drainage Map for Historic Conditions
(Inside map pocket)
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Exhibit 9
Drainage Map for Developed Conditions
(Inside map pocket)
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Noftes: 1. Average Runoff Coefficients for the Rational method and average Curve Numbers for 07051
' the TR55 method were not determined for the cummulative flows listed above Sheet
- - eet:
2. Both the Runoff Coefficients for the Rational Method and the Curve Numbers for the
TRS55 Method are shown since both were used in determining the runoff for individual sub
basins (Rational Method) and for the determining cumulative flows (TRS55)
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