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Certifications and Approvals

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 had been prepared according to the criteria established by El Paso County for
drainage reports and said report is in conformity with the master plan of the drainage
basin. | accept responsibility for any liability caused by any negligent acts, errors or
omission on my part in preparation this report

Signature Seal
(Kenneth C. Harrison, P.E.)

Developer/Owner Statement
I, the developer/owner, , have read and will comply with all of the

requirements specified in this drainage report and plan.

(Business Name)

By:

(Signature) (Date)

Print Name and Title

Address:

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.

For El Paso County Engineer

Jenner Irvine, P.E. (Date)
County Engineer/ ECM Administrator

Flood Plain Statement

See Section V of this report



Report Purpose
The purpose of this report is to evaluate the existing and developed drainage
characteristics for the McGehee Residence project site. This will include:

e The evaluation of offsite conditions both upstream and downstream of the
project site.

e A description of the existing offsite and onsite drainage improvements.

e Hydrologic analysis for both the existing and developed conditions. The main
purpose for the analysis of the developed conditions was to demonstrate the
negligible increase in runoff as a result of development.

e A hydraulic analysis was performed for both the existing and proposed culverts,
the onsite swales and the Thompson Road borrow ditch.

e Recommendations regarding onsite drainage improvements.

e Research and provide a summary of information provided by the Satate of
Colorado Water Resources regarding the existing large stock pond located on
the project site.

e Discussion regarding detention and storm water quality.

e General recommendations regarding erosion control.

General Description

Location

The site is a 10.5-acre tract is noted as Lot 3 (the site) of the Mountain Shadows
Ranch Second Phase Subdivision which was platted December 12, 1999 (Exhibit
1, Appendix). Mountain Shadows Ranch Second Phase Subdivision is located in
the northerly section of El Paso County in the Section 19, Township 11 South,
Range 65 West of the 6" Principal Meridian, El Paso County, Colorado.

Lot 3 of the Mountain Shadows Ranch Second Phase Subdivision consists of
approximately 10.5-acres It is proposed to subdivide the site into 2 lots. The
sizes of these lots are:

e Lot 1:5.0-acres
e Lot2: 55-acres

The property to the north of the site is unplatted. The property to the west and
east of the site 3 is Mountain Shadows Ranch Second Phase Lots 1 and 2. The
property to the east of the site is the Thompson Road right-of-way with a varying
right-of-way width.

Topography

The topographic characteristics of the site were determined from GIS mapping
provided by El Paso County. The majority of the runoff from the site is collected
by a natural swale that traverses the site in a west to east to west direction.
The swale is stable and vegetated with natural grasses and a few bushes and
trees. There are several stock ponds located along the swale. The approximate



locations of these ponds are shown on the Drainage Map included in the map
pocket of this report.

The high point of the swale (S1) located west and offsite of the site is located
approximately 2,200 feet west of the site’s westerly property line. The average
slope of the swale west of the site is 4.6%. Despite the relatively steep slope the
existing swale (S1) appears to be stable with only minimal signs of erosion. The
average slope of the swale (S2) within the site boundaries of Subbasin A is
approximately 3.6%. Swale S2 outfalls into a large stock pond at DP5. The
pond's embankment is located approximately 130 feet west of the easterly
property line which is also the westerly right-of-way line of Thompson Road. It
appears that the pond is typically dry since the vegetation throughout the bottom
and sides of the pond is well established. The embankment of the stock pond is
approximately 12 feet high. The outlet of the pond consists of a 24-inch
corrugated metal pipe (STR1). The water from the pond is routed to the 30-inch
culvert (STR2) under Thompson Road via Swale 4 (S4). Once under Thompson
Road the water is routed in a northeasterly direction in another stable grass-lined
swale (S7). A hydraulic analysis of swale east of the Thompson Road crossing is
beyond the scope of this report.

Additional runoff from a small easterly portion of the site is collected by the
borrow ditch (S6) located along the west side of Thompson Road. Offsite runoff
from OS8 is collected by another section of the Thompson Road borrow ditch
(S5) located south of the culvert at DP14.

Only preliminary hydraulic analyses for the swales and culverts discussed above
was conducted to obtain a “preliminary” estimation of the suitability of each
drainage facility. A complete analysis of each drainage facility is outside the
scope of this report since the increase in the runoff, based on the developed
conditions, is only negligible.

Structures (Existing and Proposed)
There are three (3) existing drainage culverts (see Existing Conditions Drainage

Plan) and one (1) proposed culvert see (Developed Conditions Drainage Plan)to
be installed. They are as follows:

e The existing 24 “ culvert, noted as STR1, under the existing large stock
pond.

e The existing 30", noted as STR2, is located under Thompson Road
approximately 270 feet south of the northeasterly property corner. All of
the runoff from the site drains to this culvert.

e The existing 18" culvert, noted as STR3, under the farm access road off
of Thompson Road. This is located approximately 225-feet north of the
southeasterly property corner.

e The proposed culvert, noted as (STR4), is proposed under the proposed
driveway access to be constructed to access the proposed residences.



This culvert is to be installed at approximately 150-feet south of the
northeasterly property corner (see Developed Conditions Map).

lll. Design Criteria and Methodology
a. Design Manuals
Applicable excerpts from the following manuals are included in the Appendix
of this report (Exhibit 4, Appendix) El Paso County Drainage Criteria Manual
(EPCDCM),dated September 30, 1990, Revised July, 2019
e El Paso County Engineering Criteria Manual (EPCECM), Revised

2020
e Colorado Springs Drainage Criteria Manuals, Volume 1 and 2, dated
May, 2014
« Urban Drainage and Flood Control Manual, Volumes 2 and 3, dated
August 2018

e CDOT Erosion Control Field Handbook, dated April 20, 2017

¢ GIS mapping obtained from El Paso County. El Paso County
Information Technologies at 325 South Cascade Avenue, Colorado
Springs, 80903.

b. Specific Criteria
e Design storms
The design storms are as follows:
Minor storm: 5 year
Major storm: 100 year
Any recommended drainage facilities are sized for the 5-year storm
event.
Routing of the 100-storm event is analyzed and discussed regarding the
safe conveyance to offsite facilities.

e Drainage Areas
Areas for the offsite and onsite sub basins were delineated from available

topographic GIS mapping obtained from El Paso County. El Paso County
Information Technologies at 325 South Cascade Avenue, Colorado
Springs, 80903.

e Runoff Estimation
»  Rational Method: This method was used to determine runoff
estimates since the Offsite and onsite drainage basins are less than
130 acres.

L Intensity~Duration—Frequehcy (IDF) curves were obtained from the
CSDCM (Appendix, Exhibit 4)

= Time of concentration was determined using the equations
provided in the EPC Drainage Criteria Manual (Appendix, Exhibit
4). The time of concentration values shown in the “Area Drainage



Summary” tables (Appendix, Exhibit 7) reflect the time it takes for
all of the runoff from each individual sub basin to reach the DP for
each sub basin. The time of concentration used to determine the
total runoff for the entire site was determined from the cumulative
time for water to travel from DP1 to DP7. This was based on the
assumed velocity in the existing swale segments 1 through 4. This
is summarized in the “Surface Routing Summary” table in Exhibit 7
of the Appendix.

Drainage swale and borrow ditch sizing

The only swale that drains this site is located approximately in the middle
and it drains the site in a west to east direction. This entire swale is broken
into segments, S1 through S4. The swale drains all the offsite and onsite
runoff to an existing stock pond noted as STR1. The swale was evaluated
for both the minor 5-year storm and the major 100-year storm events. The
swale is a stable natural swale lined with native grasses with a few bushes

and trees.

The Froude Numbers are shown for both the 5 year and the 100-year
storm events for information purposes only. By definition, values under 1.0
indicate sub critical flow which is stable. Values above 1.0 indicate super
critical flow which can cause a substantial amount of erosion. Values from
0.9 to 1.1 are considered to be unstable. The Froude numbers indicated in
this report are determined from a substantial number of assumptions
regarding the physical characteristics of each swale. These characteristics
were determined based on the topography made available from El Paso
County. Additional field information is required in order to obtain a more
accurate determination of the stability of each swale section. Based on
visual observations, all swale sections appear to be relatively stable with
only a minimal amount of erosion and down cutting.

Stock Ponds (see Appendix, Exhibit 8)

There is a total of four (4) stock ponds located along the existing swale.
Three (3) of the stock ponds are small and therefore non-jurisdictional.
The ponds located east of the largest pond are minor with embankment
heights between 2 to 4 feet. The furthest easterly one is the largest and
jurisdictional. Based on visual observations they appear to be stable with
permanent stands of native vegetation. Evaluation of these ponds are
outside the scope of this report. The State of Colorado Water Resources
Department was contacted to obtain information regarding the largest of
these ponds. This information is included in Exhibit 8 of the Appendix. It is
also assumed that the property owner owns the ponds as well.



e Culverts

»  The existing 24 “ culvert, noted as STR1, functions as the outfall to
the large stock pond.

" The existing 30", noted as STR2, is located under Thompson
Road approximately 270 feet south of the northeasterly property
corner. All of the runoff from the site drains to this culvert.

*  The existing 18" culvert, noted as STR3, under the farm access
road off of Thompson Road. This is located approximately 225-feet
north of the southeasterly property corner.

=  The proposed culvert, noted as (5TR4), is proposed under the
proposed driveway access to be constructed to access the
proposed residences

The culvert under Thompson Road was evaluated as follows:

» Headwater to Depth Ratio = 1.5 for the 5-year storm
= One lane open along Thompson Road for the 100-year storm.
Since this criteria typically produces substantial erosion at the outlet
the allowable velocity in the culvert was limited to no greater than
10 fps.
It is assumed that the Owner will not be required to install any erosion
control improvements at the outfall of the 30” culvert under Thompson
Road since the increase in runoff as a result of development is only
negligible and therefore has little, if any, effect on the existing hydraulic
condition of the culvert.

Detention/ Water Quality Pond

A full spectrum detention pond is not required for this development.
Reasons will be discussed in a subsequent section of this report. The
reasons are based on El Paso County criteria as well as Colorado State

criteria.

Erosion control
The following facilities are anticipated to be required along the proposed
driveway located as shown on the Developed Conditions Drainage Plan:
» Erosion Control Blankets
n Silt fences
= Staked hay bales
= Erosion control fabric
= Erosion control logs



IV. EXISTING REPORTS, MAPPING AND INFORMATION
No drainage reports have been prepared for the areas adjacent to the project site

V. FEMA FLOODPLAIN
The project site is located in FEMA map # 08041C0O305G (eff 12/7/2018)
(Appendix, Exhibit 2). The entire site is located outside the 100-year floodplain in
Zone X which is an “Area of Minimal Disturbance” for which there are no special
requirements for the construction of commercial or industrial structures.

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

a. Peyton Sandy Loam (Soil ID 67) which have the following characteristics:
e Well drained
e Runoff Class; Medium
e Depth to water table: >80 inches
e Frequency of flooding: none
e Frequency of ponding: none
¢ Hydrologic Soil Group: B
A detailed description of each of the type soil is included in Appendix Exhibit
3.

Vil. EXISTING DRAINAGE CONDITIONS
a. Existing Drainage Reports
The drainage report for Mountain Shadows Ranch Second Phase Subdivision
was not available through the EDARP service from El Paso County.

b. Offsite Drainage Areas for Existing Conditions
i. The hydrologic characteristics for both the existing and developed
conditions of the site are included in the Appendix (Exhibit 6). The
hydraulic conditions for the existing swales and the existing and the
proposed culverts are summarized in the tables included in the Appendix

(Exhibit 7).

ii. Design Point 1
Description
DP1 is the collection point for runoff from Sub-basin OS1 (34.1 acres).
This Sub-basin is vegetated with natural grasses with a few bushes and
trees located along the flowline of the existing swale (S1). All the runoff is
collected by an existing natural and stable swale (S1) that basically
bisects the site in a west to east direction. The swale routes the water to
DP1 located on the westerly property line 300-feet south of the
northwesterly property corner of the study tract. The portion of the sub




basin to the north of the swale slopes from north to south at an average
slope between 4.0% and 7%.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS1 at DP1 for the

existing conditions is as follows:

- Drainage Area = 34.1 acres

- Runoff Coefficients: 5 year = 0.09, 100 year = 0.36
- Time of Concentration: 23.2 minutes

- Runoff: 5 year = 8.7 cfs, 100 year = 58.5 cfs

Hydraulic Summary for Offsite Swale 1 (S1) Calc Sheets CS1,

CS2.
- Runoff: 5 year = 8.7 cfs, 100 year = 58.5 cfs

- Average Bottom width: 5 feet

- Average Side Slope ratio: 20 to 1

- Average Slope: 4.7%

- Velocity: 5-year = 2.9 fps, 100 year = 4.9 fps

- Depth of Flow = 5-year = 0.3 ft, 100 year = 0.7 ft.

- Froude No.= 5-year = 1.21 (Supercritical), 100 year = 1.38
(Super critical)

Design Point 2 (offsite)

Description

DP2 is the collection point for runoff from Sub-basin OS3 (0.6 acres).
Runoff at this DP flows to the south and enters swale 1 near DP1. The
Sub-basin slopes from north to south at an average grade of 10%.
Sub-basin OS3 is vegetated with natural grasses. All the runoff is
collected by an existing natural and stable swale (S1) that basically
bisects the Sub-basin in an east to west direction.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS3 at DP1 for the
existing conditions is as follows:

Drainage Area = 0.6 acres

Runoff Coefficients: 5 year = 0.08, 100 year = 0.35
Time of Concentration: 15 minutes

Runoff: 5 year = 0.2 cfs, 100 year = 1.2 cfs

Design Point 3 (offsite)

Description

DP3 is the collection point for runoff from Sub-basin 0S4 (0.6 acres).
Runoff at this DP flows to the north and enters swale 1 near DP1. The
Sub basin slopes from south to north at an average grade of 8%. Sub-
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basin 0S4 is vegetated with natural grasses. All the runoff is collected
by the existing natural and stable swale (S1).

Hydrologic Summary
The hydrologic characteristics of the runoff from OS4 at DP3 for the
existing conditions is as follows:

- Drainage Area = 0.6 acres

- Runoff Coefficients: 5 year = 0.17, 100 year = 0.0.41
- Time of Concentration: 13.3 minutes

- Runoff: 5 year = 0.4 cfs, 100 year =1.5 cfs

Design Point 4 (offsite)

Description

Runoff from Sub-basin OS7 (3.6 acres) sheet flows onto onsite Sub-
basin A. There is not a specific collection point. DP4 only represents
the total amount of sheet flow that enters onsite Sub-basin A. This
DP is also located at the entrance to the large stock pond. Runoff at
this DP flows to the north and enters swale 2 (S2) at DP4. Sub basin
OS7 slopes from south to north at an average grade of 8.3%. Sub
basin OS7 is vegetated with natural grasses. All the runoff is
collected by the existing natural and stable swale (S2) which outfalls
into the stock pond.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS7 at DP4 for the
existing conditions is as follows:

Drainage Area = 3.6 acres

Runoff Coefficients: 5 year = 0.12, 100 year = 0.38
Time of Concentration: 15.5 minutes

Runoff: 5 year = 1.5 cfs, 100 year = 8.0 cfs

I

The hydraulic characteristics for the swale that drains this study site
are summarized in the Onsite Drainage Areas for Existing
Conditions section of this report in order to account for all of the
upstream runoff that contributes storm water to swale 2.

v. Design Point 5 (see Onsite Drainage Areas for Existing

Conditions)

vi. Design Point 6 (see Onsite Drainage Areas for Existing

Conditions)
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vii. Design Point 7 (see Onsite Drainage Areas for Existing
Conditions)

viii. Design Point 8 (offsite)
Description
Runoff from sub basin OS5 (0.4 acres) sheet flows onto onsite Sub-
basin A. There is not a specific collection point. DP8 only represents
the total amount of sheet flow that enters onsite Sub- basin A. Sub-
basin OS5 slopes from north to south to north at an average grade of
1.2%. Sub basin OS5 is vegetated with natural grasses.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS5 at DP8 for the

existing conditions is as follows:

- Drainage Area = 0.4 acres

- Runoff Coefficients: 5 year = 0.08, 100 year = 0.35
- Time of Concentration: 10.9 minutes

- Runoff: 5 year = 0.1 cfs, 100 year = 0.9 cfs

ix. Design Point 9 (offsite)

Description
Runoff from Sub-basin OS6 (0.9 acres) sheet flows onto onsite Sub-

basin B. There is not a specific collection point for the runoff from Sub-
basin OS6. DP9 only represents the total amount of sheet flow that
enters onsite sub basin B. Sub-basin OS6 slopes from north to south
to north at an average grade of 5.0%. Sub-basin OS6 is vegetated with

natural grasses.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS5 at DP8 for the

existing conditions is as follows:

- Drainage Area = 0.9 acres

- Runoff Coefficients: 5 year = 0.08, 100 year = 0.35
- Time of Concentration: 15.2 minutes

- Runoff: 5 year = 0.3 c¢fs, 100 year = 1.9 cfs

x. Design Point 10 (offsite)

Description
Runoff from Sub-basin OS2 (10.3 acres) sheet flows into the stock pond

from the south. There is no specific collection point. DP10 only
represents the total amount of sheet flow that enters the stock pond.
Sub-basin OS2 slopes from south to north at an average grade of 7.3%.
Sub-basin OS2 is vegetated with natural grasses. All the runoff is
collected by the existing stock pond.
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Xi.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS2 at DP10 for the

existing conditions is as follows:

Drainage Area = 10.3 acres

Runoff Coefficients: 5 year = 0.10, 100 year = 0.36
Time of Concentration: 17.9 minutes

Runoff: 5 year = 3.3 cfs, 100 year = 20.5 cfs

Design Point 11 (offsite)

Xii.

Description

Runoff from Sub-basin OS8 (1.4 acres) sheet flows into an existing
grass lined swale (S5) that routes the storm water from the outlet of
the stock pond to the existing 30-inch culvert under Thompson Road.
There is no specific collection point from OS8. DP11 only represents
the total amount of sheet flow that enters S4. Sub-basin OS8 slopes
from south to north at an average grade of 5.5%. Sub-basin OS8 is
vegetated with natural grasses. All the runoff is collected by the
existing swale (S4).

Hydrologic Summary
The hydrologic characteristics of the runoff from 0S8 at DP11 for the

existing conditions is as follows:

Drainage Area = 1.4 acres

Runoff Coefficients: 5 year = 0.08, 100 year = 0.35
Time of Concentration: 14.1 minutes

- Runoff: 5 year =0.4 cfs, 100 year = 3.0 cfs

1

Design Point 12 (offsite)

Description

Runoff from Sub-basin OS10 (0.5 acres) is collected by the
westerly borrow ditch (S4) along Thompson Road. The high point of
the borrow ditch is located approximately 500-feet south of the
culvert under Thompson Road at DP14. The water flows from south
to north and joins the water flowing from the north from Sub-basin
089. The water is then routed under Thompson Road via a 30-inch
corrugated metal culvert at DP14.

Sub-basin OS10 is composed of native vegetation and asphalt
roadway for Thompson Road. All the runoff is collected by the
existing borrow ditch (S5) which routes the water under Thompson
Road via a 30-inch CMP culvert.

13



Xiii.

Hydrologic Summary
The hydrologic characteristics of the runoff from OS10 at DP12 for

the existing conditions are as follows:

- Drainage Area = 0.5 acres

Runoff Coefficients: 5 year = 0.57, 100 year = 0.72
Time of Concentration: 5.3 minutes

Runoff: 5 year = 1.5 cfs, 100 year = 3.1 cfs

Hydraul:c Summary for Offsite Swale 5 (S5) Calc Sheets 3-4,

Runoff: 5 year = 1.5 cfs, 100 year = 3.1 cfs

- Average Bottom width: 2 feet

- Average Side Slope ratio: 3 to 1

- Average Slope: 5%

- Velocity: 5-year = 2.7 fps, 100 year = 3.5 fps

- Depth of Flow = 5-year = 0.2 ft, 100 year = 0.3 ft.

- Froude No.= 5-year = 1.2 (Supercritical), 100 year = 1.28
(Super critical)

- Swale Condition: the swale is in good and stable condition, with
minimal erosion, despite the super critical flow range. This is
due to the low velocities and the heavy vegetation.

Design Point 13 (offsite)

Description

Runoff from Sub-basin OS9 (0.4 acres) is collected by the westerly
borrow ditch (S6) for Thompson Road. The high point of the borrow
ditch is located approximately 550-feet north of the culvert under
Thompson Road at DP14. The water flows from north to the south
and joins the water flowing from Sub-basin OS10. The water then is
routed under Thompson Road via a 30-inch corrugated metal
culvert at DP14.

Sub-basin OS9 is composed of native vegetation and asphalt
roadway for Thompson Road. All the runoff is collected by the
existing borrow ditch (S6) which routes the water under Thompson
Road via a 30" CMP culvert

Hydrologic Summary
The hydrologic characteristics of the runoff from OS9 at DP13 for

the existing conditions is as follows:

- Drainage Area = 0.4 acres

- Runoff Coefficients: 5 year = 0.70, 100 year = 0.81
- Time of Concentration: 6.1 minutes

- Runoff: 5 year = 1.4 cfs, 100 year = 2.6 cfs

14



Xiv.

Hydraulic Summary for Offsite Swale 6 (S6) Calc Sheets CS13,

14.

Runoff: 5 year = 1.4 cfs, 100 year = 2.6 cfs

Average Bottom width: 2 feet

Average Side Slope ratio: 3 to 1

Average Slope: 5.5%

Velocity: 5-year = 2.8 fps, 100 year = 3.4 fps

Depth of Flow = 5-year = 0.2 ft, 100 year = 0.3 ft.

Froude No.= 5-year = 1.27 (Supercritical), 100 year = 1.32
(Super critical)

Swale Condition: the swale is in good and stable condition, with
minimal erosion, despite the super critical flow range. This is
due to the low velocities and the heavy vegetation.

Preliminary Hydraulic Summary for Proposed Driveway
Culvert 150 south of NE Property Corner (Calc Sheet 9)

Runoff: 5 year = 1.4 cfs, 100 year = 2.6 cfs

Culvert Size: 18- inches

Conditions: inlet control

Headwater to Depth Ratio: 5 year = neg, 100 year = 0.6
Depth at inlet

5 year = neg, 100 year = 0.9 ft

Design Point 14 (offsite)

Description

DP 14 is located at the entrance to the existing 30-inch culvert
under Thompson Road. The hydraulic characteristics are discussed
in the “Onsite Drainage Areas for Existing Conditions” in the
following section of this report (Onsite Drainage Areas for Existing
Conditions, sub section iv).
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VII.

DEVELOPED ONSITE DRAINAGE CONDITIONS

Supercritical vs. Subcritical Flow

Sub critical flow is characterized by relatively stable energy flow. Supercritical
flow is characterized by unstable flows that will typically go “through” a hydraulic
jump in order to dissipate energy which can typically cause a lot of erosion. The
state of flow is determined by the Froude number. A number less than 1 is
considered subcritical and above 1 critical. The flow regime for the majority of the
swale conditions evaluated were determined to be supercritical. Since there is
very little erosion in the existing primary swale that is located in the center of the
site, it is assumed that the flow is fairly stable even under the major storm event.
It is assumed that is because the hydraulic program that was used only assumed
that the flow was “straight” where in actuality it meanders through the “valley”.
Photographs of the existing swale are included in Exhibit 9 of the Appendix.

Design Point 5 (Onsite)
Description
Runoff from Sub-basins OS1 (34.1 acres), OS3 (0.6 acres), 0S4 (0.6
acres), OS5 (0.4 acres), OS7 (3.6 acres) and onsite Sub-basin A (6.3
acres), resulting in a total drainage are of 45.6 acres, is collected at
DP5 which is located at the entrance to the existing stock pond. The
DP is also located where the existing swale (S2) routes the water
outside the site along the southerly property line. The swale (S2) is
grass lined and stable with only a minimal amount of erosion.

Hydrologic Summary
The hydrologic characteristics of the runoff DP1 for the existing conditions is

as follows:

Drainage Area = 45.6 acres

CA: 5 year = 4.16, 100 year = 16.31

Time of Concentration: 27 minutes

Runoff. 5 year = 11.0 cfs, 100 year = 72.2 cfs

Hydraulic Summary for Onsite Swale 2 (S2) (Calc Sheets 5 and 6)
- Runoff. 5 year = 11.0 cfs, 100 year = 72.2 cfs
- Average Bottom width: 5 feet
- Average Side Slope ratio: 18
- Average Slope: 5.5%
- Velocity: 5-year = 3.4 fps, 100 year = 5.5 fps
- Depth of Flow = 5-year = 0.3 ft, 100 year = 0.7 ft.
- Froude No.= 5-year = 1.32 (Supercritical), 100 year = 1.5
(Supercritical)
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Design Point 6 (Onsite)

Description
DP6 is located at the 24-inch outlet for the stock pond. Runoff from

Sub-basins B (3.5 acres) and OS2 (10.3 acres) and OS6 (0.9 acres
combines with runoff at DP 5 for a total contributing drainage acreage
of 60.3 acres. The water from this acreage is collected in the stock
pond and is routed under the pond embankment via a 24-inch CMP.
The water in Swale 2 is routed to the south of the site’'s southerly
property line along the bottom of the stock pond. Swale 2 swale
routes the natural “low flow" section when there is no water in the
pond. This pond may provide some type of “detention” should the
flow into it become substantial. The structural and hydraulic
evaluation of the stock pond is beyond the scope of this report.

Hydrologic Summary
The hydrologic characteristics of the runoff at DP6 for the existing conditions

is as follows:

- Drainage Area = 60.3 acres

- CA: 5year=5.47, 100 year = 21.32

- Time of Concentration: 28.4 minutes

- Runoff: 5 year = 14.0 cfs, 100 year = 91.7 cfs

Hydraullc Summary for Offsite Swale 3 (S3) (Calc Sheets 7 and 8)

Runoff: 5 year = 14 cfs, 100 year = 91.7 cfs

- Average Bottom width: 5 feet

- Average Side Slope ratio: 15

- Average Slope: 8.3%

- Velocity: 5-year = 4.4 fps, 100 year = 7.2 fps

- Depth of Flow = 5-year = 0.3 ft, 100 year = 0.8 ft.

- Froude No.= 5-year = 1.66 (super critical), 100 year = 1.89 (super
critical)

Preliminary Hydraulic Summary for Existing culvert at DP6 (Calc Sheet
9)

- Runoff: 5 year = 14 cfs, 100 year = 91.7 cfs

- Culvert Size: 24- inches

- Conditions: inlet control

- Headwater to Depth Ratio: 5 year = 1.1, 100 year = out of range and

roadway overtopping.

Design Point 7 (Onsite)

Description

DP7 is located on the easterly property line between the pond outlet
and the culvert under Thompson Road. DP7 is located approximately
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530-feet north of the southeast property corner. Runoff from Sub-
basins C (0.8 acres) and OS8 (1.4 acres) join with runoff at DP6
(60.3 acres) resulting in a total drainage area of 62.5 acres.

Hydrologic Summary
The hydrologic characteristics of the runoff at DP7 for the existing conditions

is as follows:

Drainage Area = 62.5 acres

CA: 5 year =5.71, 100 year = 22.37

Time of Concentration: 29 minutes

Runoff: 5 year = 14.5 cfs, 100 year = 95 cfs

0oTo

Hydraulic Summary for Offsite Swale 3 (S4) (Calc Sheets 11 and 12)
Runoff: 5 year = 14.5 cfs, 100 year = 95 cfs

Average Bottom width: 5 feet

Average Side Slope ratio: 10

Average Slope: 8.3%

Velocity: 5-year = 4.8 fps, 100 year = 8.0 fps

Depth of Flow = 5-year = 0.4 ft, 100 year = 0.9 ft.

Froude No.= 5-year = 1.69 (super critical), 100 year = 1.92 (super
critical)

@™o apToD

Design Point 14 (Onsite)

Description
DP 14 is located at the upstream end of the 30" CMP culvert under

Thompson Road. Runoff from OS9 (0.4 acres) and OS10 (0.5 acres) join the
runoff at DP7 (62.5 acres) resulting in a total acreage of 63.4 acres.

Hydrologic Summary
The hydrologic characteristics of the runoff at DP14 for the existing condition

is as follows:

a. Drainage Area = 63.4 acres

b. CA: 5 year =6.28, 100 year = 23.05

c. Time of Concentration: 29 minutes

d. Runoff: 5 year = 15.9 cfs, 100 year = 97.9 cfs

Preliminary Hydraulic Summary for Existing culvert at DP14 (Calc Sheet
10)

Runoff: 5 year = 15.9 cfs, 100 year = 97.9 cfs

Culvert Size: 30-inches

Conditions: inlet control

Headwater to Depth Ratio: 5 year = 0.76, 100 year = >6.0

Upstream Depth: 5 year = 1.9 ft, 100 year = roadway overtopping

o0 T
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IX. EXISTNG/DEVELOPED RUNOFF COMPARISON

Offsite Sub-basin Characteristics for Developed Conditions

There are no plans to develop the tracts located upstream and/or adjacent to
the project site. Therefore, the hydrologic conditions for the offsite sub basins
will remain the same, as described Section VII.

i.  Onsite Sub-basin Characteristics for Developed Conditions
The development of this site consists of the subdivision of the entire
10.495-acre into one 5-acre parcel (Lot 2) and a 5.5-acre parcel (Lot 1).
Lot 1 is located in Sub-basin B and Lot 2 if located in Sub-basin A. The
development includes a single-family residence, area landscaping, and a
gravel driveway. The hydrologic parameters used to estimate runoff were
determined based on the following parameters;

Drainage Area Sub basins:

o}

The only sub basins that will change to reflect proposed
development will be onsite Subbasins B (Lot 1) and A (Lot
2).

Runoff Coefficients

O

Gravel Driveway: Lot 1= 250 ft. Lot 2 = 420 feet; C5 = 0.59,
C100=0.70

The driveways were conservatively sized at 20 feet wide.
The roof of each house was conservatively estimated to be
3,000 sf each with the following coefficients: C5 = 0.90,
C100=0.96

It was conservatively assumed that 2 acre would be
landscaped resulting in the following coefficients; C5 = 0.12,
C100=0.39

The remaining area of each lot would remain as the native
vegetation resulting in the following coefficients: C5 = 0.08,
C100 = 0.35.

Time of Concentration

O

The time of concentration for each sub-basin remains the
same despite development since the time of concentration is
defined as the time it takes for runoff from the farthest
“corner” of the contributing drainage sub-basin to reach the
design point.

Rainfall Intensity

O

The rainfall intensity for each sub-basin remains the same
since the time of concentration remains the same.

19



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

basin.

Runoff Comparison Summary
a. Drainage Area

The areas are as follows:
o Lot 1: 5.000 acres (portion of sub basin A)
o Lot 2: 5.495 acres (portion of sub basin B)

b. Composite Runoff Coefficients

Exist Conditions
o Lot 1(sub basin B): C5=0.08, C100 = 0.35
o Lot 2 (sub basin A): C5=0.08, C100 = 0.35
Developed Conditions
o Lot 1(sub basin B): C5=0.11, C100 = 0.37
o Lot2 (subbasin A: C5=0.11, C100 = 0.37

. Rainfall Intensity
i. The Rainfall Intensity is the same for both the existing and proposed

conditions.

. Estimate Runoff for each Developed Lot
Runoff from each lot will sheet flow to swales (S2, S3, S4) and the stock
pond. The runoff for the existing and developed conditions are summarized
as follows:
i. Lot 1 (sub basin B)
1. Existing Conditions: Q5 = 1.8 cfs, Q100 = 13.3 cfs
2. Developed Conditions: Q5 = 2.5 cfs, Q100 = 14.1 cfs
ii. Lot2 (sub basin A)
1. Existing Conditions: Q5 = 1.2 cfs, Q100 = 8.9 cfs
2. Developed Conditions: Q5 = 1.9 cfs, Q100 = 11.1 cfs

. Total Discharge at Thompson Road Culvert
Refer to Surface Routing Summary for table using the Times of Concentration
applicable to determining cumulation runoff in the channel located in the
center of the site.

i. Existing Conditions: Q5 = 15.9 cfs, Q100 = 97.9 cfs

ii. Developed Conditions: Q5 = 16.4 cfs, Q100 = 98.5 cfs

As demonstrated, the increase in runoff, as a result of development, is
negligible and therefore has little, if any, impact on the existing facilities.
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Reference is made to El Paso County Engineering Criteria Manual, Appendix 1,
Page 1.18-19. According to El Paso County criteria a Water Quality Capture
Volume (WQCV) pond is not required for lots 2.5 acres or larger. Also, since the
area of disturbance is less than 1- acre a WQCV pond is not required.

e Gravel Drive: Lot 1 = 250 ft by 20 ft = 5,000 sf; Lot 2: 420 frt by 20 ft =

e Totals disturbed area: Lot 1 = 8,000 sf, Lot 2 = 8,820 sf, Total = 16,820 sf

X FULL SPECTRUM DETENTION POND
Criteria
The disturbed are was determined as follows:
8,400 sf
e Residence footprint: Lot 1 = 3000 sf; Lot 2 =3000 sf
Xl FOUR STEP PROCESS

Even though the 4-step process is not required for this project the following are
descriptions of the steps that are being taken to address the 4-step process.

Large Lot Single Family Sites.

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. A total lot imperviousness greater than 10 percent is allowed
when a study specific to the watershed and/or MS4 shows that expected soil
and vegetation conditions are suitable for infiltration/filtration of the WQCYV for a
typical site, and the permittee accepts such study as applicable within its MS4
boundaries. The maximum total lot impervious covered under this exclusion
shall be 20 percent. In accordance with section 4.0 of chapter 1 of the El Paso
County ECM Appendix 1.7.1, the four-step process applies to “projects with
construction activities that disturb 1 acre or greater or that disturb less than 1
acre but are part of a larger plan of development or sale”. Therefore, the four-
step process does not apply to this development.

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

are suitable.

All of the downspouts for each residence is planned to discharge either
within landscaped areas of natural areas.

Step 2: Treat and slowly release the WQCV.

A Full Spectrum Water Quality Detention Pond is not required for this site
and therefor does not have the WQCV component..
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Xl

Step 3: Stabilize stream channels.

An existing swale located in the center of the property is stable )see
Exhibit 9, Appendix. And therefore, it can be safely assumed that the
negligible increase in flow as a result of development will have minimal
negative impact on the existing swale.

Step 4: Implement source controls.
There are no water sources with the project limits or runoff

EROSION CONTROL

X1

The following erosion control measures are recommended for the proposed
private driveway:
e Silt fence along the southerly side of the proposed driveway
e Erosion control fabric on all disturbed surfaces
e Buried riprap at the outlet end of the proposed culverts installed under the
proposed driveway.

STORMWATER MANAGEMENT PLAN (SWMP)

X1V

A SWMP will not be required for this site since the improvements are limited to a
shared private gravel driveway with a shared access off of Thompson Road.

DRAINAGE/ BRIDGE FEES

XVI.

The site is located in the Cherry Creek Drainage Basin for which there are no
established fees.

SUMMARY

This report provides a thorough analysis of the historic and developed drainage
conditions for the proposed McGehee Subdivision. The property is comprised of
10.5 acres and is located north of Hodgen Road and west of Thompson Road.
The subdivision is to be subdivided into two (2) consisting of a 5-acre lot and a
5.5-acre lot.

The vegetation consists of primarily prairie grass with no trees. There is a main
natural drainage way that is located in the approximate middle of the site.

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 Paso
County a full spectrum detention pond is not required. Improvements are to be
limited to two (2) residential homes, a common gravel driveway with a common
access to Thompson Road, and a driveway culvert located approximately 150-
feet south of the northeast property corner.

Included in the map pocket are drainage maps for the Existing Drainage
Conditions and the Developed Drainage Conditions. No storm water
structures are proposed for this subdivision.
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Exhibit 1: Location Map
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Exhibit 2: FEMA FIRM Map
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To obtain more delaed information in ereas where Base Flood Elgvalions (BFEs)
end'of fioodways have been delermined, users are encouraged 1o consut the Flood
Profies snd Floodway Data and'or Summasy of Stlazter Elvations tables contained
wirin tha Fliood Insurance Study (FIS) report thet eocompanies this FIRM.  Users
ghou'd ba swsre that BFEs shown on tha FIRM represent rounded whole-fool
eevations. Thasa BFEs ere infendad for Food insurence refing purposes orly and
should not ba used as the sole soures of food elevaton Informstion.  Accordngly,
food elevaton data presantad in tha FIS report should be Lvized in conjuncton wih
the FIRM fot purposes of consiruction endior Poodpdsin management.

Coastal Base Flood Elevatlons shown on this map epply ooly lendward of 0.0° Nadh
Amedcan Verticad Datum of 1628 (NAVDE3). Users of this FIRM shoud be swere
that cosstal food elavatons are also providad in the Summarny of Sthaater Elvatons
tabia in tha Flood Insurence Study report for this jurisdiction. Elsvations shoun in the
Summary of Sthaater Bevations tabfe ehoud be used for construction andior
fioodpizin managamant purposes when they are higher than ths elevations shown e
s FIRM.

Bourdaries of the floodways were compuled el goss sactons and interpolsied
between cross sectons. The foodways were based on ydraulic considerations with
regerd fo requirements of the Nafonal Fiood Insurance Program, Fioodway widths
end cther perfnerd Eoodway data are provided in the Flood Insurencs Study repor for
thia jurisdiciion.

Certa'n areas nol In Spacizl Flood Hazard Arezs may ba protected by flood control
slructures. Refer to ssction 2.4 "Flood Protecfon Measures® of (he Flood Insuranca
Study report for Irformation on food contral structures for this jurisdicton.

The projection vsad in the preparation of Uvs mep wes Universal Transversa
Mzrcator (UTM) zone 13. The horizontal dztum was NADE3, GRSS0 sphercid.
Derences In dstum, spherold, projection of UTM zores zones used In the
producton of FIRMs for adacent Jurisdcfons may resut in sight postonsl
dfferences in map faatures across jurisdicton boundaries, These d¥ecences do not
azct tha accuracy of 1i's FIRM.

Fiood efavations on th's map ece referenced to tha North American Vertical Datum
of 1983 (NAVDE3). Thess Food elevafons must be compared to shuchuore and
ground elsvatons referenced to tha sama vertical datum. For Information regarding
conversion between the Metonsl Geodstc Vertcal Datum of 1929 end the Nodh
American Vertcal Datum of 1883, vist the National Geodetic Sunvey websie st
Hipihww rgs roaa govl of cortact the Nationsl Geodefie Survey at the following
address:

NGS Information Senices
NOAA, NNGS12

Natonal Geodetic Survey
SSMC-3, #2202

1315 East-West

Sitver Spring. MD 20910-3262

To cbta'n current elavation, description, endior lacafon information for banch marks
shown on this map, please contsd the Informston Senvices Branch of the NaSonal
Qeodstia Sunvey 6t (301) 713-3242 or Vgl s webs2a al Rt lwanw.ngs noza govl.

Base Map information shown on this FIRM was provided in gital formst by El Paso
County, ado Springs Utites, City of Fountaln, Bureau of Land Managemant,
Hatonal Oceanic and Almospheric Admin'stration, Unded Stsles Geclogical Sunvey,
end Andersen Consu'tng Engnears, Inc. Thess dzta are current as of 2005,

This map refacts more detaed and up-to-dste stream channel configurations and
fioodplaln delinestions than thoss shown on the previcus FIRM for this jufsdction.
Tra foodplaing and foodways thal were transferred from tha previous FIRM may
have been adjusted to conform to thesa new shesm channel confguratons. As a
result, 2 Fleod Profes and Floodway Da'a tsbies in the Flood Insurancs Study
Report (which conlzins euthoritatve hydreu’s data) may refect steam channsl
dstances that der from what i3 shown on Ih's map. The profie basstings dapicled
on this map represant the hydreuic modeling baseings that match the food profies
end Fioodway Data Tebles if eppfcatle, in the FIS reporl. As a resuit, tha profia
baseines may deviala elgnificanty from (ha néw basa map channsl representation
&vd may eppear ouls'de of the fioodplain,

Corporate limits shown on this mep &re based on Lhe bes! dsta avalable at the tme
of publcaton. Because changes du2 1o annexations or de-ansations may have
ocoured a%er IS map was pubfshed, map uters should contscd epproprisie
communty offcia's o verify cument corporate Fmit locations.

Piease refer (o tha separately printed Map Index for en ovenview map of the county
showing the layout of map pane's; communty map repostory addressas; and a
Listing of Commun®es lstle containing Nefonal Flood Insurance Program dates for
each communly as wel 25 a Fstng of the pant’s on which each commurdty Is
located.

Contzct FEMA Map Servica Center (MSC) via the FEMA Map Informaton eXchangs
(FMIX) 1-877-335-2627 for informaton on avelelia products mssociated with this
FIRM. Avalztls producls may indiuda previously lssued Letters of Map Change, a
Fiood Inswrarce Study Reped, endlor dighel versions of this map. The MSC may
gso ba resched by Fax st 1-8600-358¢620 end s websie sl
hitp lwww maa fema govd,

i you have questions ebout this map or quesfions concernng tha Natonal Flood
Ingurence Progrem In gensal, pleass cal 1-877-FEMA MAP (1-877-335-2827) o

FEMA webste at htto /i ibusine:
Paso County Vertical Dalum H‘l-hk
Vertical Dyt
Fisodiag Bourca Offsat (B)

REFER TO SECTION 3 3 OF THE EL PASO COUNTY FLOOD l\&lﬂk‘\ﬁe ETLU\'
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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 LEGEND MAP INFORMATION
Area of Interest (AOI) =5 Spoid Area The soil surveys thal comprise your AOl were mapped al
Area of Interest (ACI) P Stony Spot 1:24,000,
Soils % Very Stony Spot . . .
] Sod Map Unit Polygons m b Y Waming Soil Map may not be valid al this scale.
) ¥7  WeiSpot
por " SoRMap UnR Lines N othe Enlargement of maps beyond the scale of mapping can cause
a Soi Map Unit Points A o misunderstanding of the delail of mapping and accuracy of soil
o= Special Line Features linz placement. The maps do not show the small areas of
Special Point Fealures contrasting sois that could have beea shown at a more detailed
(¢) Blowout Water Features . scale.
® 6o pa Sireams and Carals
mow
"' Transportation Please rely on the bar scale on each map sheet for map
I Frey Rals measurements.
O Closed Dapression Interstate High,
Gravel Pit ot miersiale Haizys Source of Map: Naltural Resources Conservation Service
b4 Lk st US Routas Web Soil Survey URL:
& Gravelly Spot Major Roads Coordnate System: Web Mercator (EPSG:3857)
@ lencd g Local Roads Maps from the Web Soil Survey are based on the Web Mercator
A- Lava Flow Back ad projeclion, which preserves direction and shape but distorts
crarau X distance and area. A projeclion that preserves area, such as lhe
al;,  Marshorswamp 9] Aerial Photography Albers equal-area conic projection, should be used if more
gp MneorQuany accurale calculations of distance or area are required.
(
©  Miscellancous Vyater This product is generated from the USDA-NRCS carlified data as
O  Persanial Visler of the version date(s) listed below.
W ReckOuicrop Soil Survey Area”  El Paso County Area, Colorado
- salne Spot Survey Area Data:  Version 18, Jun 5, 2020
ss;  'SandySpod Soil map unils are Iabeled (as space allows) for map scales
=  Severely Erodzd Spot 1:50,000 or larger.
{  Sinkhoiz Date{s) aerial images were pholographed: Sep 8, 2018—May
b Skds or Slp 26, 2019
g Sodespat The erthophelo or other base map on which the soil lines were

compiled and digitized probably difers from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident,
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Custom Soil Resource Report

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AO| Percent of AOI
Cruckton sandy loam, 1to 9 2.0 3.5%
percent slopes
Peyton sandy loam, 5 o 9 55.9 96.5%
percent slopes
Peyton-Pring complex, 3 to 8 0.0 0.0%
percent slopes
Totals for Area of Interest 57.9 100.0%

Map Unit Descriptions

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

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

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

The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
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Custom Soil Resource Report

landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
onsite investigation is needed to define and locate the soils and miscellaneous

areas.

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

properties and qualities.

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

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

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

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

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

An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

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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El Paso County Area, Colorado

21—Cruckton sandy loam, 1 to 9 percent slopes

Map Unit Setting
National map unit symbol: 367s
Elevation: 7,200 to 7,600 feet
Mean annual precipitation. 16 to 18 inches
Mean annual air temperature: 42 to 46 degrees F
Frost-free period: 110 to 120 days
Farmland classification: Not prime farmland

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

Description of Cruckton

Setting
Landform: Flats, hills
Landform position (three-dimensional): Side slope, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from arkose

Typical profile
A -0 to 11 inches: sandy loam
Bt - 11 to 28 inches: sandy loam
C - 28 to 60 inches: loamy coarse sand

Properties and qualities

Slope: 1 to 9 percent

Depth to restrictive feature: More than 80 inches

Drainage class: Well drained

Runoff class: Medium

Capacily of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.60 to 2.00 in‘hr)

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water capacily: Low (about 5.9 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hycdlrologic Soil Group: B
Ecological site;: R049XB216CO - Sandy Divide
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit;
Hydlric soil rating: No

13
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67—Peyton sandy loam, 5 to 9 percent slopes

Map Unit Setting
National map unit symbol: 369d
Elevation: 6,800 to 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 hased on observations, descriptions, and transects of the mapunit.

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 12 inches: sandy loam
Bt - 12 to 25 inches: sandy clay loam
BC - 25 to 35 inches: sandy loam
C - 35 to 60 inches: sandy loam

Properties and qualities
Slope: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Moderate (about 7.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: R049XB216CO - Sandy Divide
Hydric soil rating: No

14
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Minor Components

Pleasant
Percent of map unit:
Landform: Depressions
Hydiric soil rating: Yes

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

68—Peyton-Pring complex, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 369f
Elevation: 6,800 to 7,600 feet
Farmland classification: Not prime farmland

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

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 12 inches: sandy loam
Bt - 12 to 25 inches: sandy clay loam
BC - 25 to 35 inches: sandy loam
C - 35 to 60 inches: sandy loam

Properties and qualities
Slope: 3 to 5 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacily of the most limiting layer to transmit waler (Ksat): Moderately high (0.20
to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water capacity: Moderate (about 7.3 inches)
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Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated); 4c
Hydrologic Soil Group: B
Ecological site: R049XB216CO - Sandy Divide
Hydric soil rating: No

Description of Pring

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

Typical profile
A-0to 14 inches: coarse sandy loam
C - 14 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmif water (Ksat): High (2.00 to 6.00

in/hr)

Depth to water table: More than 80 inches
Frequency of floading: None
Frequency of ponding: None
Available water capacily: Low (about 6.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: R048AY222C0
Hydric soil rating: No

Minor Components

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

Other soils
Percent of map unit:
Hydric soil rating: No
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Chapter 6 Hydrology

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

Runoff Coefficients
Land Use or Surface Percent
Characteristics Impervious 2-year S-year 10-year 25-year 50-year 100-year
HSGA&B | HSGC&D | HSGA&B | HSG C&D | HSGARB | HSG C&D | HSGAEB | HSG C&D | HSG ARB | HSG CAD | HSG ARB | HSG C&D

Business

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

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

1/8 Acre or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 ,.d.BS

1/4 Acre 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 ~| 0,58

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

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

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

Light Areas g0 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74

Heavy Areas S0 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54
Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58
Undeveloped Areas

Historic Flow Analysis-- 3 .

Greenbelts, Agriculture 0.03 0.05 0.08, 0.16 0.17 0.26 0.26 0.38 0.31 045 0.36 0.51

Pasture/Meadow 0 0.02 0.04" 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44- 0.35 0:50

Forest . 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Exposed Rock 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Offsite Flow Ana!ysis (when 45 N

landuse is undefined) 0.26 0.31 0.32 0.37 0.38 044" 0.44 0.51 0.48 0.55 0.51 0.59
Streets

Paved 100 0.89 0.89 0.90 0.50 0.92 0.52 0.94 0.54 0.85 0.95 0.96 0.96

Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74
Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96 |
Roofs 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83 |
Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 - 0.25 0.37 0.30 0.44 0.35 0.50

3.2 Time of Concentration

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

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

May 2014 City of Colorado Springs 6-17
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Hydrology Chapter 6

f. =4 +14 (Eq. 6-7)

Where:
I = time of concentration (min)
f; = overland (initial) flow time (min)

1, = travel time in the ditch, channel, gutter, storm sewer, ctc. (min)
3.2.1 Overland (Initial) Flow Time
The overland flow time, #;, may be calculated using Equation 6-8,
,_0395(L1-C WL

T Sﬂ.33
Where:

(Eq. 6-8)

t; = overland (initial) flow time (min)
Cs = runoff coefficient for S-year frequency (see Table 6-6)
L = length of overland flow (300 ft maximum for non-urban land uses, 100 fi maximum for

urban land uses)
§ = average basin slope (fi/ft)

Note that in some urban watersheds, the overland flow time may be very small because flows quickly
concentrate and channelize. :

3.2.2 Travel Time

For catchments with overland and channelized flow, the time of concentration needs to be considered in
combination with the travel time, ¢, which is calculated using the hydraulic properties of the swale, ditch,
or channel. For preliminary work, the overland travel time, #, can be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999).

V=g » (Eq. 6-9)
Where:

V= velocity (ft/s)
C, = conveyance coefficient (from Table 6-7)

S, = watercourse slope (ft/ft)

6-18 City of Colorado Springs May 2014
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Hydrology Chapter 6

concentration, all other factors being equal. Although it is possible to calculate a longer time of .
concentration for a post-development condition versus a pre-development condition by increasing the ;
length of the flow path, this is often a result of selecting unrealistic flow path lengths. As a matter of

practice and for the sake of conservative design, it is required that the post-development time of

concentration be less than or equal to the pre-development time of concentration. As a general rule and

when sufficiently detailed development plans are not available, the post-development time of

concentration can be estimated to be about 75% of the pre-development value.

3.2.6 Common Error in Calculating Time of Concentration

A common error in estimating the time of concentration occurs when a designer does not check the peak
runoff generated from smaller portions of the catchment that may have a significantly shorter time of
concentration (and, therefore, a higher rainfall intensity) than the drainage basin as a whole. Sometimes
calculations using the Rational Method for a lower, urbanized portion of a watershed will produce a
higher peak runoff than the calculations for the drainage basin as a whole, especially if the drainage basin
is long or the upper portion has little or no impervious cover.

3.3  Rainfall Intensity (I)

The average rainfall intensity (I), in inches per hour, by recurrence interval, can be found from the
Intensity-Duration-Frequency curves provided in Figure 6-5. The value for I is based on the assumption
that the peak runoff will occur when the duration of the rainfall is equal to the time of concentration. For
example, Figure 6-5 indicates a rainfall intensity of approximately 5.00 inches/hour for the 100-year event
for a catchment with a time of concentration of 20 minutes. These curves are based on the rainfall depths
for an elevation of 6,840 feet in the Colorado Springs area. IDF curves for other elevations or locations
can be created using the UD-Rain spreadsheet based on 6-hour and 24-hour rainfall depths for each
recurrence interval needed. The Z-1 (Zone 1) tab should be used for Arkansas River basin locations.

3.4 Drainage Basin Area (A)

The size of a drainage basin contributing runoff to a design point, in acres, is used to calculate peak runoff
in the Rational Method. Accurately delineating the area contributing to each design point is one of the
most important tasks for hydrologic analyses since the estimated runoff is directly proportional to the
basin area. The area may be determined through the use of planimetric-topographic maps, supplemented
by field surveys where topographic data has changed or where the contour interval is too great to
distinguish the direction of flow. The drainage basin lines are determined by the natural topography,
pavement slopes, locations of downspouts and inlets, paved and unpaved yards, grading of lawns, and
many other features found on the urban landscape. In areas where there are storm drains, the entire
contributing drainage arca can sometimes be greater than the drainage area determined by topographic
analysis of the ground surface, due to storm drains collecting runoff from areas that lie outside of the
surface topographic extent of the basin.

4.0 NRCS Curve Number Loss and Dimensionless Unit
Hydrograph Method

The NRCS curve number loss and dimensionless unit hydrograph method has used been the most widely

used method in the region. It can be applied for drainage basins as small as 10 acres and is the only

method that should be applied for drainage basins larger than 640 acres. This method can be used to

estimate peak flows or to produce a runoff hydrograph and also provides estimates of runoff volume. N

N
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[ligure 6-5. Colorado Springs Rainfall Intensity Duration Frequency

10.0

|

~&=100-Year - .

| =¢=50-Year

' ~-25-Year

— e —i ~#%-10-Year —— -  —
| —#—5-Year
i

Rainfall Intensity, I (in/hr)

‘Data Souice; NOAA Atlas
1.0 .2, Volume Ill, Regional 1,

: ‘Elevation = 6,840t e S5 IR R _l
6 i : ‘ : ‘ ! _,

0 5 10 15 20 25 30 35 40 45 50 55 60
Duration, D (minutes)

IDI" Equations
Lo = -2.52 In(D) + 12,735
Iso =-2.25 In(D) + 11.375

[25 =.2,00 III(D) + 10,111

Lio=-1.75 In(D) + 8.847
Is= -1.50 In(D) + 7.583

L=-1.19 In(D) + 6.035

Note: Values calculated by
equations may not precisely
duplicate values read from figure,
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Table 6-7. Conveyance Coefficient, C,

B Type of Land Surface i
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 swales 20

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

The travel time is calculated by dividing the flow distance (in feet) by the velocity calculated using
Equation 6-9 and converting units to minutes.

The time of concentration (£,) is then the sum of the overland flow time (1) and the travel time (#) per
Equation 6-7.

3.2.3 First Design Point Time of Concentration in Urban Catchments

Using this procedure, the time of concentration at the first design point (typically the first inlet in the
system) in an urbanized catchment should not exceed the time of concentration calculated using Equation
6-10. The first design point is defined as the point where runoff first enters the storm sewer system,

L
l.=—+10 Eq. 6-10)
=130 (Eq
Where:
fe = maximum time of concentration at the first design point in an urban watershed (min)

L = waterway length (ft)

Equation 6-10 was developed using the rainfall-runoff data collected in the Denver region and, in essence,
represents regional “calibration” of the Rational Method. Normally, Equation 6-10 will result in a lesser
time of concentration at the first design point and will govern in an urbanized watershed. For subsequent
design points, the time of concentration is calculated by accumulating the travel times in downstream

drainageway reaches.
3.2.4 Minimum Time of Concentration

If the calculations result in a 7, of less than 10 minutes for undeveloped conditions, it is recommended that
a minimum value of 10 minutes be used. The minimum f. for urbanized areas is 5 minutes.

3.2.5 Post-Development Time of Concentration

As Equation 6-8 indicates, the time of concentration is a function of the 5-year runoff coefficient for a
drainage basin. Typically, higher levels of imperviousness (higher 5-year runoff coefficients) correspond
to shorter times of concentration, and lower levels of imperviousness correspond to longer times of

May 2014 City of Colorado Springs 6-19
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Exhibit 6: Hydrologic Calculations



Design Point Summary

Existing Conditions

DP | Contributing Sub basins | Area | Tc C5 | C100| CA5 [CA100| Q5 | Q100
1 0s1 34.1 | 232 | 0.09 | 036 | '7 : 87 | 585
2 0s3 0.6 | 15 | 008|035 02 | 1.2
3 054 06 | 133|017 | 041 | 04 | 15
4 057 36 | 155 | 0.12 | 038 B= 15 | 8.0
5 051,053, 0S4, 055,057,A | 45.6 27 4.16 16:31—1-11..0-|-72.2
6 DP5,056,B,052 603 | 28.4 | 547 | 21.28 | 14.0 | 915
7 DP6, C, 058 62.5 | 29 | 57| 2297 [ 145 | 950
8 055 0.4 | 109 | 0.08 | 0.35 - 0.1 | 0.9
9 056 09 | 152 008|035 | 03 | 1.9
10 052 103|179 010 [ 036 | 33 | 205
11 058 1.4 | 14.1 | 0.08 | 0.35 04 | 3.0
12 0510 05 | 53 | 057|072 15 | 3.1
13 059 04 | 61 |070 08t | | 1426
14 DP7, 059, 0510 615 | 29 | 6.28| 23.05 | 15.9 | 97.9
Lot 1 Iocatecéin sub basin ss | 129 0.0; 035 | __—___ = 18 | 133
Lot2 Locatedinsub | o | 145 008 035 :— :- 12 | 89

basin A




Design Point Summary

Developed Conditions

DP | Contributing Sub basins | Area | Tc C5 | C100 | CA5 |CA100( Q5 |Q100
1 0s1 34.1 | 232|009 |036| 8.7 | 585
2 053 06 | 15 | 0.08 | 035 0.2 | 1.2
3 054 06 | 135|017 | 0.41 03 | 13
4 0S7 3.6 [ 155 0.12 [ 0.38 1.5 | 8.0
5 051,083, 0S4, 0S5,057,A | 45.6 27 = 4.28 16.39 | 11.3 | 72.6
6 DP5,056,B,052 60.3 | 284 |V 566 | 21.42 | 145 | 92.1
7 DP6, C, 0S8 625 | 29 571 | 2237 | 145 | 95.0
8 0S5 0.4 | 10.9 | 0.08 | 0.35 01 | 09
9 056 0.9 | 152 0.08] 035 | 03 | 1.9
10 0s2 103 | 17.9 | 0.10 | 0.36 | - = 33 [205
11 0S8 1.4 | 14.1 | 0.08 | 0.35 = 0.4 | 3.0
12 0510 05 | 53 | 057|072 : g 1.5 84
13 059 0.4 | 61 |070|081| = | 14| 26
14 DP7, 059, 0510 63.4 | 29 6.47 | 23.18 | 16.4 | 985
Lot 1 locatecéin sub basin ss | 120 | 0.11 | 037 | 1.7 9.4
Lot 2 Locatedinsub | ¢ o | 1481 0.08 | 035 | = 5 | 141

basin A




Cummulative Acreage at Design Points

DP Sub Basin | Sub basin Sub total
ID Area
1 0S1 34.1 34.1
5 0S1 34.1
0S3 0.6
0S4 0.6
0S5 0.4
A 6.3
5 0S7 3.6 456
6 DP5 45.6
0S6 0.9
B 3.5
6 082 10.3 60.3
7 DP6 60.3
C 0.8
7 0S8 1.4 62.5
14 DP7 62.5
0Ss9 0.4
14 0510 0.5 63.4




Stormwater Runoff Summary Comparison

Existing Conditions

Contributi
DP tingSub | \rea| Tc | cs |c100| cas |cat00| as |Qio0
basins
14 DP7, 0S9, OS10 63.4 29 6.28 | 23.05 | 159 | 97.9
Lot 1 (sub basin B) 55 | 129 | 0.11 | 0.37 1.8 | 13.3
Lot 2 (Sub basin A) 5.0 14.8 | 0.11 | 0.37 1.2 8.9
Developed Conditions
Rational
Contributing Sub
DP HOE Area| Tc | c5 |c100| cas |cat00| a5 |Qioo
basins
14 DP7, 059, 0510 63.4 29 6.47 | 23.18 | 16.4 | 98.5
Lot 1 (sub basin B) 55 | 129 ] 0.11 | 0.37 25 | 141
Lot 2 (SubbasinA) | 5.0 | 14.8 | 0.11 | 0.37 1.7 | 94
Notes
1 Design Point 14 is located at the upstream end of the culvert under Thompson
Road
2 The majority of Lot 2 is located in sub basin A.
3 The majority of Lot 1 is located in sub basin B.
4 All of the runoff from the sub basins not shown in the above table remains The

same as shown on the Existing Conditions Drainage Plan
CA values are used in order to accurately reflect controlling Tc
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MCGEHEE TRACT
FINAL DRAINAGE REPORT
(Surface Routing Summary- surface runoff)

Existing Conditions

MS CIVIL, INC.
Drainage Cales EXISTING Page |

From Area Runaff Coe fficient Summary Timeof Travel (T} INTENSITY * | TOTAL FLOWS
IDESIGN POIN1 Swale 1D CONTRIBUTING BASINS CAjg CAjgo TOTAL Ig Liga Qs Qiea COMMENTS
(min) (in/hr) in/hr) (cfs) (c.fs.)

DPI S1 08I, 083, 054 318 1260 232 I 29 48 9.1 60.6  |fwvest property line

DpPs 8§52 DP1,085,087,A 416 1631 27.0 r 26 44 110 72.2 |fntrance to the stock pond
DP6é 53 DP5, B, 0S2 547 2128 284 [ 2 13 140 | 915 |buie to the pond

DP7 S84 DP6,056,C,088 571 2237 290 [ zs 42 14.5 95.0 |fThompsen Road culvert
Drid S DP7,089,0810 6.28 2305 29.0 I 25 42 15.9 97.9 |[Thompson Road culvert

minimal change from DP7

12/22/2020
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MCGEHEE TRACT
FINAL DRAINAGE REPORT
(Surface Routing Summary- surface runoff)

Developed Conditions

From Area Runoff Coefficiert Swrmary Time of Travel (Ty)  INTENSITY * | TOTAL FLOWS
DESIGN POINT Swale 1D CONTRIBUTING BASINS CAs I CAyw TOTAL 15 T Qs Qm COMMENTS
(imin) (in‘hr) | (in‘hr) (cfs) (c.fs.)
DPI S1 081, 083, 084 317 1257 232 29 48 9.1 60.5 |fwest proparty line
DPs 82 DP1,085,087,A 4.28 1639 27.0 26 44 11.3 72,6 |kotrance to the stock pond
Dre6 S3 DP5, B, OS2 5.66 2142 284 26 43 145 92.1 [outlet to the pond
DP7 S4 DP6,C,, 088 5.90 2253 |29.0 25 42 14.9 95.7
Dri4 S5 DP7,089,0810 647 2318 290 25 42 16.4 98.5 |[Thompson Road culvert
MS CIVIL, INC.
Page 1 12/22/2020

Drainage Calcs DEVELOPED




Exhibit 7: Hydraulic Calculations
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12/9/2020

Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type: Trapezoid v

[FAnnl

Depth from Q v Select unit system: Feel(ft)
[Channel slope: [[047 v | ||[Water depth(y): [0.28 [ ] [[Bottom widin) ][5 [ | |
[Flow velocity[2.9425  [fus | ||LeRSlope (Z1): [20 |[to 1 (H:v)] |[RightSlope (22): [20 [o1Hv) ] |
IF low discharge|8.7 [rrars | ”Input n value{.035 ][ or select ) l
| catculate! | |[Status:[Calculation finished ] || Reset | |
[Wetted perimeter{16.18 ][ | |[Flow arcal2.96 [z | |[Top width(T)[16.17 ][t | ]
]Speciﬁc energy[0.41 BIC | ”Froude number{1.21 | ”Fiow status|Supercritical flow | l
[Critical depth[0.31 | [ | |[Critical slope[0.0304 [rs ] | Velocity head[0.13 |[r | |

https://www.eng.auburn.edu/~xzf0001/Ha

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

ndbook/Channels.html
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12/9/2020 Open Channel Flow Calculator
2O < aiv
-7
The open channel flow calculator 0O % 4_
Select Channel Type: Trapezoid v e ' ‘ W
| Depth from Q v Select unit system: Feel(ft) +
[Channel slope: [047 v ] |[Water depti(y): [0.66 [ | | [Bottom widthp) ][5 [t ] |
lF[ow velocity]4.851 |ivs | ”LeﬁSlope (Z1):]20 [[to 1 (H:v)] ”RightSlope (Z2): |20 Jto 1 (H:v) | I
lFlow discharge[58.5 frrars ”[nput n value[.035 |[ or setect ]
[ calculate! | ”Slatus:lCaIculalion finished | “[ Reset | I
[Wetted perimeterf31.49 ][R | ||Flow area[12.06 w2 | ||Top width(T)[31.46 [ | |
[Speciﬁc energy[1.03 [t | ”Froudc number{1.38 | ”F!ow status|Supercritical flow | I
[Critical depth(0.77 | [ | |[Critical slope[0.0232 [ | ||Velocity head[0.37 ][ | |

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

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 17




4
12/10/2020 Open Channel Flow Calculator @/ 9 ﬂ 3 __,,

The open channel flow calculator

Select Channel Type: Trapezoid v

[ Depth from Q Y ”Sclccl unit system: Feel(ft) |
[Clsa:mel slope: |.05 frun | ”Watcr depth(y): [0.21 | “[Bottom width(b)  |[2 |t [ I
[Flow velocity[2.784683 [t ] ||LeftSlope (Z1): [3 |[to 1 (H:v)] |[RightSlope (22): [3 [o1(rv)] |
IFlow discharge[1.5 s | ”Input n value{.035 | [ or select ] '
H Calculate! ] ||Status:|CaIeulalion finished | “[ Reset l |
IWeﬂed perimeter|3.3 | [t | ”Flow area(0.54 | [ | ”Iop width(T)[3.23 [ | ]
|Speciﬂc energy|0.33 ||t | HFroude number]1.2 | ”Fiow status|Supercritical flow | I
[Critical depth[0.23 |[ft | |[critical slope[0.0321 [t | (|Velocity head[o.12 ][ | ]

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

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html iVal



12/10/2020 Open Channel Flow Calculator

The open channel flow calculator =<0 Q,ll? By

Select Channel Type: Trapezoid v

Depth from Q v Select unit system: Feet(ft)y
IChannel slope: [.05 Jruit | ”Water depth(y): [0.3 [ | |||Boﬂom width(b)  |[2 [it | |
IFIOW velocity]3.504871  [fis | ”LeﬁS!ope (z1):]3 |[to 1 (H:v)] ”RjghtSlope (Z2): (3 fto1(H:v) | |
|Flow discharge|3.1 frras ] ”Input n value].035 |[ or select I
| calculate! | ||Status:|CaIcuIation finished | “[ Reset | J
[Wetted perimeter{3.92 R ] |[Flow area[0.88 [z | |[Top width(T)[3.82 [ | |
|S?eciﬁc energy|0.49 ||t | ”Froude number{1.28 | ”Flow status| Supercritical flow | |
[Critical depth[0.35 [ ] |[Critical slope[0.0283 [ | ||Velocity head[0.19 | [t ] |

Copyright 2000 D, Xing Fang, Department of Civil Engineering, Lamar University,

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 1N



12/10/2020

Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type: Trapezoid v

Lrrangl

Depth from Q v ||Sc!ec1 unit system: Feet(ft) v
[Channel slope: [[055 [ ] |[Water depth(y): [0.31 | | ([Bottom widthiw) ][5 [ ] |
[Flow velocity[3.375452_[fus | |[ensSlope (z1): [18 | [to 1 (H:v)] ||RightStope (z2): [18 iy ] |
IFlow discharge[11 [rrars “Input n value[.035 [ or select 1} i
I{ Calculale!] “Status:lCalcuIation finished | |H Resset ] |
|Wetted perimeter{16.13___| [ | |[Flow area[3.26 w2 | |[Top width(T)[16.11 | [ft | |
]Speciﬁc energy[0.49 |t | ”Froude number|1.32 | “Flow status| Supercritical flow | I
[Critical depth[0.36 [ | |[Critical slopc[0.0287 [vr | (|Velocity head[0.18 ][ | ]

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

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html

1”1



12/10/2020 Open Channel Flow Calculator

Select Channel Type: Trapezoid v

The open channel flow calculator

ranqls

| Depth from Q v Select unil system: Feet(ft)
[Channel slope: [.055 [ | ||Water depth(y): [0.73 [ | ([Bottom widn(b) ][5 [t ] |
[Flow velocity[5.515 |[fus | ||LeftStope (z1): [18 |[to 1 (H:v)] [RightSlope (Z2): [18 fto1(Hv) ] |
IFlow discharge{72.2 [ftr3ls | ||Input n value{.035 |[ or select | |
| calculate! | |[status:[Calcutation finished || Reset ] |
[Wetted perimeterf31.15__|[f | |[Flow area[13.09 (2 ] [[Top width(T)[31.11 [ ] |
5 ISpeciﬁc energy[1.2 e | ”Froude number{1.5 | ”Flow status{ Supercritical flow | I
[Critical depth[0.88 |[it | |[Critical stope[0.022 [fun ||Velocity head[0.47 | [/ | |

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

https://www.eng.auburn.edu/~xz{0001/Handbook/Channels.html

i”n



12/10/2020 Open Channel Flow Calculator -
D) v
The open channel flow calculator Swile. 3

Select Channel Type: Trapezoid v

[ Depth from Q v ||Sclect unit system: Feet(t) v

lChamlel slope: [.083 Jrutt | ”Water depth(y): [0.32 {it | “I Bottom width(b)  |[5 [ | |
[Flow velocity[4.394482_[[ius | ||LeftSlope (Z1): [15 [[to 1 (H:v)] [|RightSlope (22): [15 1) ] |
|Flow discharge|14 frars ”Input n value.035 | [ or setect rf ]
[[ Calculate! ] "Sta’rus:lCalculaliun finished | “[ Reset ] _l
IWetted perimeter| 14.72 |1t | ||FIow area|3.19 frr2 | ]rl"op width(T)[14.7 |[n | l
lSpeciﬁc energy(0.62 I | ”Froude number{1.66 | ”F]ow status| Supercritical flow | l
|Critical depth{0.42 ||t | “Cn'tical slope0.0274 [rm | ”Velocily head[0.3 I | |

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

https://www.eng.auburn.edu/~xz{0001/Handbook/Channels.html 1”1



12/10/2020
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Open Channel Flow Calculator
[N edr

&U(\R’Q,B

The open channel flow calculator

Select Channel Type: Trapezoid v

frangle

I Depth from Q v Select unit system: Feel{ft)

IChalmcl slope: |.083 Jruit | “Waler depth(y): [0.77 | ||| Bottom width(b)  |[5 [t | l
|Flow velocity] 7.207 {fvs | “LeﬂSlnpe (Z1):[15 |[to 1 (H:v)] B ”RightS!ope (22): 15 fto1(H:Vv) | I
’Flow discharge{91.7 |itvars | —“lnput n value{.035 |[ or setect ] |
| calculate! | ”Sla(us:lCaIculatlon finished | “[ Reset | ]
[Wetted perimete{28.13 | [n | ||Flow area[12.72 2] |[Top width(T)[28.08 ] [it ] |
@eciﬁc energy(1.58 [t | ”F roude number{1.89 | j[Flow status| Supercritical flow | |
[Critical depth[1.03 ][ ] |[critical sope[0.0211 wn ] |[Velocity head[o.81 [ [it | ]

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html

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

Culvert capacity may be increased through the use of special inlet designs.
The Federal Highway Administration has developed extensive data!®20 on
these. While these designs increase the flow, their use has not been as
expected. The increased costs of the special treatments is apparently respon-
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Figure 3.28 Inlet control nomograph for corrugated steel pipe culvers."® The
manufacturers recommend keeping HW/D to a maximum of 1.5 and preferably to no
more than 1.0 for diameters greater than 4 to 5 feet.
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Improved Inlets

Culvert capacity may be increased through the use of special inlet designs.
The Federal Highway Administration has developed extensive data!20 on
these. While these designs increase the flow, their use has not been as
expected. The increased costs of the special treatments is apparently respon-
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more than 1.0 for diameters greater than 4 to 5 feet.
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12/10/2020 Open Channel Flow Calculator

The open channel flow calculator

Select Channel Type: Trapezoid v v

o
| Depth from Q v Select unit system: Feet(ft) I
’Charmel slope: [.083 | [0 | ”Water depth(y): [0.35 |t | I][ Bottom width(b) |56 [ | |
[Flow velocity[4.819392  [fus | ([LefiSlope (Z1): [10 |[to 1 (H:v)] [[RightSlope (22): [10. oty | |
IFlow discharge[14.5 | (P ”Input n value].035 | [ or select | I
|| Calculate! | ||Status:]Cafcuia|irm finished | ”{ Resel | ]
[Wetted perimeterf12.09 | [f | |[Flow area[3.01 [z | [[Top width(m)[12.06 ] [n | [
lﬁciﬁc energy[0.71 ][t | |[Froude number|1.7 | ”F low status|Supercritical flow | f
[Critical depth[0.47 ][t | ||Critical slope[0.026 [run | || Velocity head[0.36 [r | |

Copyright 2000 Dy, Xing Fang, Department of Civil Engineering, Lamar University,

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 1N



12/10/2020 Open Channel Flow Calculator
[OC N e,

The open channel flow calculator <Swalke a

Select Channel Type: Trapezoid v

| Depth from Q v Select unil system: Feet(ft) |
[Channel slope: [083 v | |[Water depth(y): [0.67 [r | [[Bottom widtne) ][5 [r ] |
IFlow velocity] 7.938 jius [ ”LeﬂSlopc (Z1):[10 [{to 1 (H:v)] ”RightSlope (Z2): [10. fto1(HV) | ’
[Flow discharge[95 frrars | “Iﬂput n value].035 |[ or setect |
[ calculate! | |[status:[Calcutation finished | || Reset | |
l@ued perimeter|22.53 it | ”Flow area|11.97 [fr2 | “Top width(T)[22.44 it | I
ISpeciﬁc cnergy|1.85 [t | ||Froude number|1.92 | ||F low status Supercritical flow | j
ICritical depth[1.19 ][t | ”Crilical slopef0.02 |t | ”Velocity head|0.98 |[rt | _l

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

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html mn



12/11/2020

Open Channel Flow Calculator

e
€\ e AF—

The open channel flow calculator

Select Channel Type: Trapezoid v

SuVRe 4

[FA gl

| Depth from Q v "Sclcct unit system: Feet(ft)

[Channel slope: [:055 [ ] |[Water depth(y): [0.19 [r | |[Bottom widtnb) | [2 [r | |
[Flow velocity[2.846931 |[fus ] ||LeftSlope (Z1): [3 |[to 1 (H:v)) ([RightSlope (22): [3 o1y | |
lFlow discharge(1.4 | = ”Input n value[.035 ][ or setect ] l
[ calculate! | ”S[atus:]Cafcu!aHon finished [ “[ Reset | ]
|Wetted perimeter{3.21 | [t | ”F!ow area|0.49 | [ | ”Top width(T){3.15 1@ | |
lSpeciﬁc energy|0.32 ||t | ”Froude number1.27 | ”Flow status| Supercritical flow | |
[Critical depth[0.23 |[t | |[Critical slope[0.0303 [rwa ] |[Velocity head[0.13 | [r ] ]

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

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html

1



12/11/2020 Open Channel Flow Calculator C'6 [/\4‘

O D

Select Channel Type: Trapezoid v

fangle

tectangls

Depth from Q v Select unit syslem; Feet(ft)
[Channel slope: [[055 v | |[Water depth(y): [0:27 [r | |[Bottom widin) ][ [r ] |
[Flow velocity[3.435106__[fus | |[LeftSlope (21): [3 |[to 1 (H:v)] [RightSlope (22): [3 toiry) ] |
IF low discharge|2.6 [rrars [ ”Input n value].035 |[ or select rf |
[ calculate! | “Status:lCalcuIalion finished | w Reset | I
|Wet1ed perimeter{3.7 ||t | ”Flow areaf0.76 (rr2 | ||Top width(T)[3.62 | |it | |
ISpeciﬁc energy|0.45 [t | ||Froude number{1.32 | “F low status| Supercritical flow | l
[Critical depth[0.32 | [/ | |[Critical stopc[0.0293 [t ] ~|[Velocity head[o.18 [ | |

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

https://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html m”n



Exhibit 8: State of Colorado Water Tank Jurisdiction



STATE OF COLORADO

DEPARTMENT OF WATER RESOURCES

Office of State Engineer

Standard Plans, Drawings

and

SPECIFICATIONS y‘

| Including

RULES AND REGULATIONS
Pertaining to
THE FILING OF APPLICATIONS

for

THE APPROVAL
of

LIVESTOCK WATER TANKS

—————

e —
E——

PURSUANT TO H.B. No. 750
SESSION LAWS OF 1941

DENVER, COLORADO, MAY 1, 1941




APPLICATION FOR APPROVAL OF LIVESTOCK WATER TANK I

This application and Statement is made in conformity with provisions of the Livestock
Water Tank Act of Colorado. S 36
This application must be accompanied by a filing fee of one dollar, payable to the State

Engineer of Colgrado. .

e LB T Hemp sen. .. [ZQZ’Z’I._.ZEZCC..._3.:_.-.QQ_/_Qu_X/??:.S.-,..Cp_/_a,_
/ . Name of Qwner . " P P. 0, Address "

Location of Tank.-Sé/#, Section../.7...., Township__. L/ 22 _, Range_ .. &5 ul6’

Name of water coursie én which tank is located__ 7/ 4. 7% _..Zfarji_@iey_ry._ﬂrs&!i

Is water course normally dry .._ /€5 . . - e S W -
~Approximate area of drainage bsin above tank—.... L& __ . .. acres.

Nature of vegetative cover over drainage basin above tank....! S S U

pproximate elevation of drainage basin above sea level N e o 1/ S feet
Is water course subject to floods at times.. 4@ .. e
Height of top of dam above bottom of water course.. Zes3_ ... ... feet.
ight of bottom of spillway above bottom of water COUEBEAT 10T oL,
Approximate capacity of tank. 2.2 .. @ AAe _.acre feet. :
Location of spillway with respect to dam.._AYou=ao/ f2 gk~ 519/€ .‘tgx.uzr_?__.
........ . Ol 2 ST L CA LI oo
Bottom width of spillway at narrowest point... 23 ... _feet,
Distance of lower end of spillway below dam._._7Z-9 .. _feet.
Kind of formations in_which Zpillway is located (rock, shale, clay, earth or mixture of soil
and rock) ... ar7: . N
Width of topof dam.__ & Q . ... _feet.
Length of top of dam..2.02 . . feet.
Slope of upstream face of dam___...Z. fod e
Slope of downstream faceof dam.2.... /. .
Nature of riprap or other protection to be placed over water face of dam._..... -
he reservoir to be provided with an outlet pipe..... [ S

ﬁOTE:ﬁemaiﬁ&er of statements to be furnished by State Engineer'ad:gélf,eﬁ 57

Date of receipt of application by State Engineer . .. . ey 19
Date of notice from applicant of completion of tank............ e g 1 T
Tank or site inspected by —— , 19
Recomnmendation of Inspector ... —

# Date of return of plans and specificatfons to applicant for correction or revision.... ... ..

Reasons therefor —.....oos

/ﬁi}'ﬁi"ﬁéé"I'iéfiii'.'.'.'ff_'.'.'.If:""""" ———— 7 Yo T N
Application approved this..... >
Number agsigned this stock tank is.._.

“o.m .




STATEMENT BY OWNER

ijgm by Ihese prasents: Thal Iha wndaraigoed
Widbe.. fanad fY0l whose postofiics address
wllolor. 7l%.3,.C000, 5235, by coussd
be loocied fhis Slock Waler Tonk, the esaendol feclures
of which ore ehowm by Ihis map ond plans, which to-
gother with e occomponying application end afote =
manla ore heraby filed with the Stata Enginser
puriuoal o the provisions of low.

GROSS-SECTION OF DAM SITE AND SPILLWAY
Show langlh 0nd height of dom ond widih of spitiway on drawing is o5 Toal,

Flrsl:  Haight of dom obove bollom of woler-cowse

Sscond: l;iggg( spiilway obova botlom of walker=
courre favdam, feal.

Third: Totol capocily of eotd Stock Waler Took i
A%, ocra feal.

Fourlh  The source of supply for soid Stock Woler
s Took is (0o of streom) 721 AvresZoerrnnn
Z-Tz;-/q" Cherry Creek
rifth:  Filing of thizs map oeccomponying sfale=
menls ,with the Stale Engingst; was mada on e .

e s doy of 2Lk, 193,

AP AND PLANS
High Waler Line For
ZZ.QM/EE_E‘T.?I.STOGK WATER TANK AND DAM

Y74
rocareo w secrond. Trwn Ll mance 65 o pu

.Z:Z/?f.sﬂ COUNTY 7)

ORAINAGE AREA ABOVE Dam 1. AGRES

PLAN OF TANK AND DAM




STATE OF COLORADO _5‘36?
DEPARTMENT OF WATER RESOURCES
OFFICE OF STATE ENGINEER
SPECIFICATIONS TO GOVERN THE CONSTRUCTION OF A LIVESTOCK WATER TANK
IN COLORADO CONSTRUCTED AFTER APRIL 17, 1941

The following specifications and attached general plans shall be followed in the cgatmctiuu of stock

water tank No.___._...., located in Sec._Lz_. Township // S , Range
for which the undersigned on Dec. 13 1957 filed an application with
the State Engineer, ag required by law.

Preparation of Foundation for Dam-—All vegetable matter of every description, including roots to a depth
of two feet, shall be removed from the entire area upon which the dam will rest, following which the top six-
inch layer of soil, together with boggy or unstable materials shall be removed and deposited outside the toes
of the dam. The hanks of the stream channel shall be dressed to a slope of about 1%5:1, A bonding trench, with
sloping sides and a bottom width of not less than 5 feet and depth of 4 feet, shall then be excavated beneath
the center line of the dam the full length thereof, which trench shall be refilled with the most impervious
materials available. The foundation of the dam shall then be lightly plowed lengthwige of the dam, to provide
proper contact between the foundation and the dam embankment.

Placing of Dam Embankment—The materials shall be placed in the bondinf trench and in the embankment
of the dam in layers not exceeding 6 inches in thickness, after which each layer shall be thoroughly com-
pacted by a heavily loaded disc cultivator, a corrugated or sheep’s foot roller, the treads of a caterpillar or
trucks, or by livestock used in the construction. During the construction period, the top of the embankment
shall be maintained as a horizontal plane the full width and length thereof, and no side dumping of materials
shall be permitted. The materials shall at all times contain just sufficient moisture to provide proper compac-
tion. Puddling of material with water shall not he permitted. No frozen material or large clods or stones shall be
incorporated in the dam. The upstream face of the dam shall be constructed with a slope not steeper than
2%:1, and the downstream face on a slope not steeper than 2:1, The crest or top of the finished dam shall be
not less than 8 feet in width.

The upstream two-thirds of the dam shall be constructed of the most impervious materials, such as clay
loam, or a mixture of clay and sand, and the downstream one third of more pervious material, such as sand
or gravel. The upstream face of the dam shall be adequately protected against wave action by stone riprap,
or other suitable materials.

OQutlet—Should the state engineer so require, there shall be located beneath the dam a galvanized, corru-
gated steel pipe of No. 14 gauge and not less than 8 inches in diameter, equipped with a suitable control valve
attached to the upstream end of the pipe, together with suitable mechanism for operating the valve. Such outlet
pipe, when required, shall be provided with concrete collars enclosing each joint of the pipe. The pipe shall
be placed in a trench bottomed in stable formations, and shall be completely surrounded with well compacted
impervious materials,

Spillway—Ior the protection of the dam, an adequate spillway or channel shall be constructed around one
or both-ends of the dam, of sufficient width to provide a capacity to carry the entire discharge from the
drainage basin above the dam during periods of unusual runoff, The spillway shall be located in stable for-
mations not casily eroded, and shall extend to a point well downstream from the dam. The following table shall
be used to determine the necessary depth and width of spillway to meet the above requirements. The top of
the dam at all points shall be not less than 4 feet above the bottom of the spillway.

Table Showing Required Freeboard, Widths and slopes of Spillways for small Earth Dams, with Drainage Areas
above the Same as Shown, Based upon a maximum Peak Runoff of 640 Second Feet per Square Mile, or 1
Second Foot per Acre, with an Allowance of a Minimum Freeboard between the Maximum High Water Line
and Top of Dam, of 2.3 Feet, and Maximum Velocitiea of 3.6 Feet per Second of Time.

AREA OF PEAK “ASSUMED VELOCITY  AEQUIAED WIDTH oF DRPTH BLOPA OF
" PILLWAY SPILLWAY in
O ANAVE oAl TR 8 THROUDM 2ur HARRGAWASY POINT 19 P ILLWAY 1M PRET bAR 100
N _ACRES SRR _SECOND PR SEGOND 1M _FRET FUST OF _LEHOTH

100 100 8.0 " 1.6 0.23
200 8.0 44 1.5 0.28
200 300 3.0 68 1.5 0.25
400 400 8.0 53 15 0.28
130 ] 50O 3.0 110 1.5 0.25
600 600 3.0 153 1.8 0.23
100 700 8.0 158 1.5 0.25
800 800 8.0 1 1.5 0.28
900 500 3.0 20 15 0.28
1000 1000 3.0 1.5 0.25
1100 E100 3.0 210 1.8 0.£5
1200 1200 8.2 214 1.7 0.25
1300 1200 i3 £20 .7 025
1400 1400 4 240 LT 025
1560 8.4 280 1.7 (-5 1.3
1800 1 3.5 270 L7 0.25
1700 1700 3.8 285 L7 0.£5
1800 1800 3.6 260 1.7 .05
1800 1900 85 315 19 0.5
o080 85 3 LY 0.25

2080

The above spililway widths may be reduced at a point 60 feet below intake, by 256 per cent, where the
apillway is located the full length thereof in hard clay or shale, and by 60 per cent when located in hard
rock formations, if the slope or grade of the bottom is increased accor ingly. The grade for clay and shale
formations should be 0.30 foot per 100 feet, and for rock formations 0.9 foot per 100 feet, The width of the
entrance to the spillway must in all cases be one-third wider than shown in the Table, and the bottom should
slope from the lower end of the funnel section, toward the reservoir 1.0 foot in the distance of 50 feet.

Borrow Pits—Borrow pits, from which materials are taken to build the dam, shall be cleared of all vege-
table matter, and no material shall be borrowed within a distance of 50 feet of any part of the dam. Mate-

rials ex ted from the spillway, when suitable, are to be used in byjjding the dam/
Date -:GZZ ..... ._ SN

e /5, /957 e, &

Post’Office Adifress

67‘/\’,@,51 .

€ F HFEER €O SENTIR COLD
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Livestock Water Tank / Erosion Control Dam Report

Racet Apgication Type e ation It Tl Na Acgicat Hame oY WD Crerly ——Llocation —— Trhtay
Sty QIS TS Reg PM
5! SHETLVESTOC RATER TAR | | F’H\:ur-écu | 1 ] s FLreso lr.n |t) uui r,sn| sl
[ .~:rzzi1.r.ssmc-cu.n£rm.‘:< ] |TH*:UFE-B1 [ ['mcur_{u | 1 | ] F.r;_la P'" |1: | e 1 £5n|

Receipt No. [ 5369 @ i oo | Courty: [ECPAsD > "
Application Date 12/16/1957 Appleation Status (2] Diisizn | 1w WD l g v
Comglzton Date
Apphication for: [LvesTook WATER TANG i
Tile | Titkz No.
Apphicant Name: [wneer [rHoMPsoN
2rd Appheart Nama: I l
Company Name: |
Address: {HOTOR RTE3
Cty/syZip: [cororana sFariGs [co|
Lecatan: Q40 Q160 Secticn.  Township Rangs Principal Mandian:
W] 18 [ ~[s[~] [ & | [V]WT~] [sath 53
UTM Ceordnstes (NAD 83} Noaheng (uim_y) 4325506 7 Easting (utm_x) 5231074 [ ™~
Tank Dimensions:
Height of top of dam: ! fest.  Dam Vertcal Hegh + Spvay Freebosrd
Vertical height: [ feet,
Reservolr:
Stream or Weter Source: [
Surface Area: 2cres.
Czpzoty: 22 zaefeet.
Drzinage Area: | 8 zores.
Emergency Spiway:
Bottom width: I feet.
Outlat Conduit:
Material Type: | |
Drameter: inches.
Commants
Close Last modfed en by
Receipt lio, 3089 E woBD Courty. [FrPaso ~] ll
Applcation Date 111]10!1947 Appteation Status r";! Drasion I 1~ WD I
Compiztion Date I
Apptcation for: [vesToox waTER TaNK [~]
Title frHomeson Tittz Ko. |
Apphcant Nama: [vmeur [rromFsON
2nd Agptcart Nama: I [
Company Nama: [
Address: [uTRRT3
Cry/SYZip: [cotorano srrriss [co [zas03
Location: Q40 Q60 Secticn: Tonnship: Ranga: Principal Meridan:

[T o1 [0 [T [ & W

UTM Coordinates (MAD 83} Nasthing (Wm_y)

Tank Dimensions:
Height of top of dam:
Vertical height:

Reservoir:
Stream of Water Source:

Surface Area:
Capacity:
Drainag2 Area:
Emergency Spihvay:
Bottomn widgth:
Outlet Conduit:
Matenizl Type:
Dizmeten:

Commerds

5751074 | =]

4325605 7 Easting (utm_x} I

fest.  Dam Vertical Haight + Spitazy Freebosrd

fest.

[ 53

Cate I last medfed on by



g |
2 .
Completion of Consiruction .
_— - FEALFT By 0 e

P
Upon the completion of the constrnction of the....

W. THOMBLON . ... Live Stock Water Tank, located
fn See X Twpo oM S0 Rog 65¥LEREN . the
approved Plans and Specifications of which are hereto attached, indivate
in the Blank at the bottom of this formy, the date of completion of con-
struction ad returm to—

THE STATE ENGINEER, CAMITOL BLDG., DENVER, COTLO-.
RADO, 5o that he may, if he desires, inspeet said tank.

Date of completion . 6‘-"'7"( o C:[(‘izn;:if A ./ 7// —

Section - BLM database

Section S19T11S R65W
Meridian Sixth

State Colorado
Source BLM
GLO GLO Township Records

Calculated Values

Acres 670

Centroid 39.0783479, -104.7098090

Corners NW 39.0855777, -104.7195110
NE 39.0856382, -104.7000033
SE 39.0711175, -104.7001627
SW 39.0710445, -104.7195517




Exhibit 9: Existing Swale Photographs



Figure 2: Facing east along central swale

Figure 4: top of Stock Pond Embankment facing south



Exhibit 10:Historic Drainage Conditions (map pocket)



DESIGN POINT SUMMARY SWALE SUMMARY s 8,28
o558585 E2s
DESIGN CONTRIB SUB AREA FROUDE | FLOW So85£82837
Esic! \TRIB Te c5 C100 CA5 CA100 Q5 Q100 Swate | DESION | conTRIBUTING | sLope DESIGN FLOW DEPTH OF FLOW  VELOCITY [ROuDE | rLow Sg5astegices
(ACRES) | (CFS) (CFS) (CFS) (CFS) (CFS) (CFS) (CFS) POINTS SUBBASINS Q5 Q100 Q5 Q100 Q5 Q100 (5 YEAR) SELSS 2 g;e;g
e 09 .
1 0S1 34.1 23.2 0.09 0.36 8.7 58.5 % cfs | cfs ft ft | fps | fps ofe oy 0850¢
1 1 0S1 4.7 87 | 585 | 03 | 07 | 29 | 48 1.21 | SUPER oy 858858, £3
= S 0'-0—-0-5'_ Q CL._—C
2 0S3 0.6 15 0.08 0.35 0.2 1.2 OST.OST, s o Sg8ETEe U85t
2 170 5| ooy oay 5.5 11 | 722 | 03 | 07 | 34 | 55 1.32 | SUPER 8 5 f.28%c0t
3 0S4 0.6 13.3 0.17 0.41 0.4 1.5 i VICINITY MAP 239855533835
3 5 TO 6| DP5,B,0S2 8.3 14 | 917 | 03 | 08 | 44 | 7.2 1.66 | SUPER 88 10 SCALE
4 0S7 3.6 15.5 0.12 0.38 1.5 8.0 — 3
4 6 TO 7| DP10,C,0S8 83 | 145 | 95 | 04 | 09 | 48 | 7.9 1.7 | SUPER FILLY LANE| , »
5 | 0S1,053,054,0S5,0S7,A | 45.6 27 4.16 16.31 11.0 72.2 N : 1
5 12 0S10 5.0 15 | 31 | 02 | 03 | 28 | 35 1.2 | SUPER T g5
6 DP5,0S6,B,0S2 60.3 28.4 5.47 21.28 14.0 91.5 ~ o S8
6 13 0S9 5.5 14 | 26 | 02 | 03 | 28 | 34 | 1.27 | SUPER 7 o £g
7 DP6,C,0S8 62.5 29 5.71 22.37 14.5 95.0 : ROPERS PONT 3 = 5l
e} <k
) 1) ) Z >_ w <O§
150 0 150 500 8 0S5 0.4 10.9 0.08 0.35 0.1 0.9 g AT > N o2k
" n® E—— ® x ¥ 1 S&4
9 0S6 0.9 15.2 0.08 0.35 0.3 1.9 O < 232
SCALE: 17 = 150 STORMWATER RUNOFF SUMMARY Z r QOW = 3t
m 2
10 0S2 10.3 17.9 0.10 0.36 3.3 20.5 EXISTING CONDITIONS e o E
— 50
1 0S8 1.4 14.1 0.08 0.35 0.4 3.0 (NEGLIGIBLE CHANGES FOR DEVELOPED CONDITIONS) S 2z
HODGEN ROAD[50] S
12 0S10 0.5 5.3 0.57 0.72 1.5 3.1 ,é:g‘
DP CONTRIBUTING SUB | ypea | e C5 | C100 | CA5 |CA100| Q5 | Q100 °3 ’
13 0S9 0.4 6.1 0.70 0.81 1.4 2.6 BASINS -
&
<
| EGEND: 14 DP7,0S9,0S10 61.5 29 6.28 23.05 15.9 97.9 14 DP7,059,0S10 63.4 | 29 6.28 | 23.05 | 15.9 | 97.9 g
’ o t)(;::iaedBm oup 5.5 12.9 0.08 0.35 1.8 13.3 Lot 1 (sub basin B)| 55 | 12.9 | 0.08 | 0.35 1.8 | 13.3
XXX — INDEX CONTOURS Lot 2 ';’(]C;;edA in sub 5.0 14.8 0.08 0.35 1.2 8.9 Lot 2 (sub basin A)| 5.0 | 14.8 | 0.08 | 0.35 1.2 8.9
XXX — INTERMEDIATE CONTOURS
(2]
= mm mm = — SUBDIVISION BOUNDRY Z| .
Ol s
21 =t I
— SUBBASIN BOUNDRY SEE
wi 31w
xX|o|Z
< — DIRECTION OF FLOW 3
>—
'_
—— = = — EXISTING SWALE CENTERLINE 5
(@]
@ — DESIGN POINT
(X) — SWALE NUMBER
| S
— SUBBASIN 1.D. | S S
AREA 5 S
(ACRES) <0 | W\ s
X — DRAINAGE STRUCTURE NIUMBER QL 5 5
4 <8 :, s
_ WAk 5 2
DRAINAGE STRUCTURE 5 4 2 F 3
. 900 Zls 8 5 6
— EXISTING BUILDING e e o e - ——— —— " — :-_—;/_ﬁ_—; A > oF
r-_r:_:ELPE_:PL?!.!PLP!.!P—?!- —————————————————— i & D_§
- |I @ 3
— NO BUILD AREA BOUNDARY 1l A | \ BF 2|3
e}
I | LZ 0S 7510 T 2| o
— EXSITING STOCK POND | Iy %) = 8/8
- o 2 o
b\ > [ 9 & /GSBN AREE
I | 2 | w , =g 5| E
I \ S a8
CUMMULATIVE ACREAGE ' | TUNPLAIED \WAl S E |z 8|3
C(a A Il A | e S s oy’ EmE S e (A . ¥ — e é ‘m E % 8 ;f §
________________________ o A w
AT DESIGN POINTS NS g . b= 8|8
% 65 &, 23 et
Il N S ® o G>J é} z |5
SUB BASIN | SUB BASIN | & & \ 40 S w c 2|42
0 \REA | SUB TOTAL e 3 N 1% & 0 \ ‘ OBl A D S L O |2 |H|0
i ! L6t 1 / /" —0 =g g
(0] / 3]
DP1 O *Lot o~ /0ST S MOUNTAIN' SHADOW s g o
DR MOUNTAIN 2HADOWY RANC)] ” ~= & RANGH SECOND PHASE 7 5| X
N o T~ 192 L= T ' /‘ 2 &
~ L X
DP5 T N ¢ ~ Y St [ ¢ @
\\\ \ ~—=—="7 Z /
\ *
0S1 34.1 X ( = o 1 s
\.\\ @ __’%\ "l«. /‘,I
0S3 —~—=> i v " N - ©
0.6 \'\._ » -|’l*l“‘ \ . - QO oy
N \ NN
0S4 0.6 \\\\\ N e
~ \ T
0S5 0.4 Sh =T TN *lot\ 55 % Z
S MOUNTAIN, SHADOW RANCH 0 O
A 6.3 N SEGOND. PHASE -/
S ¥R n
0S7 3.6 45.6 S “540 hdd
S A7 /OS2 S 2
DP6 N tl
S 2, z O
N 550 ~ A<k
DP5 45.6 S = MOUNTAIN | SHADOW M=o
RS CEENNN 27 RANCH\ SECOND_PHASE s
0S6 0.9 //\ \\ e =TT T - o O
5 35 S +«NPLATTED O S N ¥ 7)) < O
0S2 10.3 60.3 A N e P < o
4 _ -’ Sk L 5 »
DP7 e N e T X
N *UNPLATTED eSS oo x=2z e ] N
DP6 60.3 N N 85 0)
=
Q O |~
: S X :
08 AP gg @)
0S8 1.4 62.5 S Iv 2
X
/\66O AP \ =
DP14 255
,V)Q
DP7 62.5 e
7
0S9 0.4 540 | :
Project No.:
0S10 0.5 63.4 20018

Sheet:

F:\20000\20018 - McGehee Subdivision\Engineering\ken Harrison Thompson rd\ContoursKenHarrison\20018 - DRAINAGE PLAN.dwg



Exhibit 11: Developed Drainage Conditions (map pocket)



DESIGN POINT SUMMARY SWALE SUMMARY s 3.8 %
FROUDE ,552589, 55
DESIGN CONBTSIFNSSUB AREA Te Cc5 C100 CA5 CA100 Q5 Q100 Swate | DESION | conTRIBUTING | sLope DESIGN FLOW PEPTH OF FLOW|  VELOCITY FROUDE F:‘Eglvh\; 823 iEz §88e3
PONT (ACRES) | (CFS) | (CFS) | (CFS) | (CFS) [ (CFS) | (CFS) | (CFS) POINTS |  SUBBASINS G5 Q100 | G5 10100 | 05 Q100 |, "V2 seR2gianest
e v
1 0S1 34.1 23.2 0.09 0.36 8.7 58.5 % cfs | cfs ft ft | fps | fps ofe oy 0850¢
1 1 0S1 4.7 87 | 585 | 03 | 07 | 29 | 48 1.21 | SUPER B 0358, 88
2 0S3 0.6 15 0.08 0.35 0.2 1.2 5ST 53 ke o §285°L03°8% "
2 170 5| ooy oay 5.5 11 | 722 | 03 | 07 | 3.4 | 55 1.32 | SUPER 8 5 f.28%c0t
3 0s4 0.6 13.5 0.17 0.41 0.3 1.3 = VICINITY MAP <285%&£<8353%
3 5 T0 6| DP5,8,0S2 8.3 14 | 917 | 03 | 08 | 44 | 7.2 1.66 | SUPER 88
4 0S7 3.6 15.5 0.12 0.38 1.5 8.0 — 3 NO SCALE
4 6 TO 7| DP10,C,0S8 8.3 145 | 95 04 | 09 | 48 | 7.9 1.7 | SUPER FILLY LANE , »
5 0S1,053,054,0S5,0S7,A | 45.6 27 4.28 16.39 11.3 72.6 N : 28
5 12 0S10 5.0 1.5 31 | 02 | 03 | 28 | 35 1.2 | SUPER T g2
6 DP5,0S6,B,0S2 60.3 28.4 5.66 21.42 14.5 92.1 ~ Q S8
6 13 0S9 5.5 1.4 | 26 | 02 | 03 | 28 | 3.4 1.27 | SUPER = o £g
7 DP6,C,0S8 62.5 29 5.71 22.37 14.5 95.0 = ROPERS PONT 3 = 5l
le] J<
) ) ) Z| >_ w <O§
120 0 1°0 500 8 0S5 0.4 109 | 008 | 0.35 0.1 0.9 g oS g8
o S— 5 e < 2 cgs
9 0S6 0.9 15.2 0.08 0.35 0.3 1.9 o0 -
SCALE: 17 = 150’ % S A 5%°
oM 2
10 0S2 10.3 17.9 0.10 0.36 3.3 20.5 STORMWATER RUNOFF SUMMARY e o E
—
11 0S8 1.4 14.1 0.08 0.35 0.4 3.0 EXISTING CONDITIONS < F
HODGEN ROAD [50] 2
12 0S10 0.5 5.3 0.57 0.72 1.5 3.1 )%j%‘
DP CONTRIBUTING SUB | ycea | 1c C5 | C100 | CA5 |CA100| Q5 | Q100 % ’
13 0S9 0.4 6.1 0.70 0.81 1.4 2.6 BASINS -
I
=
| EGEND: 14 DP7,059,0S10 63.4 29 6.47 23.18 16.4 98.5 14 DP7,0S9,0S10 63.4 | 29 6.28 | 23.05 | 15.9 | 97.9 g
' o ltfjsqﬁedgm oub 5.5 12.9 0.11 0.37 1.7 9.4 Lot 1 (sub basin B)| 5.5 | 12.9 | 0.08 | 0.35 1.8 | 13.3
|
XXX — INDEX CONTOURS Lot 2 'g’ocs,;edA n sub 5.0 14.8 0.08 0.35 2.5 14.1 Lot 2 (sub basin A)| 5.0 | 14.8 | 0.08 | 0.35 1.2 | 89
|
XXX — INTERMEDIATE CONTOURS DEVELOPED CONDITIONS
wn
= e mm w= — SUBDIVISION BOUNDRY z
DP CONTRIBUTING SUB | spea | 1c c5 | c100 | cAs |cat00| Q5 | Q100 Ols
BASINS oIS
— SUBBASIN BOUNDRY S
14 DP7,059,0S10 63.4 | 29 6.47 | 23.18 | 16.4 | 98.5 4 E
< — DIRECTION OF FLOW ‘ 3
Lot 1 (sub basin B)| 55 | 12.9 | 0.11 | 0.37 25 | 14.1 >
—— = = — EXISTING SWALE CENTERLINE z
Lot 2 (sub basin A)| 5.0 | 14.8 | 0.11 | 0.37 1.7 | 9.4 3
@ — DESIGN POINT NOTES:
@ — SWALE NUMBER 1. DESIGN POINT 14 IS LOCATED AT THE UPSTREAM END OF THE CULVERT UNDER
THOMPSON ROAD.
2. THE MAJORITY OF LOT 2 IS LOCATED IN BASIN A. o
— SUBBASIN I.D. 3. THE MAJORITY OF LOT 1 IS LOCATED IN BASIN B. 8
AREA 4. ALL OF THE OFFSITE SUB BASINS ARE UNCHANGED FROM EXSITING CONDITIONS. S
(ACRES) 5. CA VALUES ARE USED IN ORDER TO ACCURATELY REFLECT CONTROLLING Te. =
X — DRAINAGE STRUCTURE NIUMBER 5 =
l B E
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KCH Engineering Solutions; LLC

April 9, 2021

Ms. Lupe Packman

El Paso County

Planning and Community Development
2880 International Circle, Suite 110
Colorado Springs, Colorado 80910

Re: McGehee tract PCD No. SF 2011

Dear Lupe;

The following is a summary of the items that were addressed based on the “redline”
comments that were received from El Paso County in April, 2021.

Cover Sheet
e The PCD No was added.
o The work “Preliminary” was removed from the title.

Sheet 2
e The page numbers for each section was added

Sheet 3
e El Paso County Signature Section was revised as required

Sheet 4
e Correspondence with the State Engineers Office regarding the jurisdiction of the

large stock pond is included in Exhibit 9 of the Appendix.

Sheet 7
e According to the State Engineer the owner of the land is typically the owner of

the stock ponds

Sheet 12
e The typo of S5 was changed to S4

Sheet 16
e A discussion was added to described the differences between subcritical and

supercritical flow regimes. Included were possible reasons why the program that
was used for this report was limited in its description of the identification of the
two regimes. A significant amount of additional work, both survey and
engineering, would be required in or to arrive at a more accurate assessment of
the flow regime for each section of the existing swale. | t was decided to not
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KCH Engineering Solutions, LLC

spend the extra time since the existing conditions are very stable and the
increase in flow as a result of development is negligible.

Sheet 21
e Additional narrative was added to the ‘Four Step Process” section. Criteria from
the El Paso County ECM was added for clarification.
e An estimate of disturbed area was also determined

If you have any more questions of need additional information please contact at the
contact information included at the bottom of this sheet.

Sincefely

== ) WM/ =

Ken Harrison, P.E.
KCH Engineering Solutions, LLC

Ge:
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