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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 Degie Q@gts, errors or
omission on my}part in prep i ¢ )

Signature , )

(Kenneth C. Harrison, P.E.) W
Developer/Owner Statement y T I (¢ I 2
|, the developer/owner, Dale D. & Stephanie B. McGehee, have readsght Ny with all of the

requirements specified in this drainage report and plan.

(Business Name)

By: Dale DWM SWW Z WW July 21, 2021

(Signature) (Date)

Print Name and Title DaleDand Stephanie B McGehee

Address: 10957 Mount Evans Dr, Falcon, CO 80831

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.

, APPROVED
For El Paso County Engineer Engineering Department

10/26/2021 9:01:40 AM

Jenner Irvine, P.E. dsdnijkamp

County Engineer/ ECM Administrator EPC Planning & Community
Development Department

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:

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

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

¢ 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 |ot2:5.5-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 swale located in the bottom of the
existing stock pond is noted as Swale S3. It extends from DP5 to DP6. The
average slope is 8.3%. The swale is heavily vegetated with natural grasses and
appears to be very stable.

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 (S8). The following physical characteristics of
S8 were obtained from the topographic map used for the Drainage Maps;

Bottom Width (average): 15ft to 25ft

Side slopes (average): 6 to 1

Slope (average): 5%

Vegetation: Thick grass cover with negligible signs of erosion

Based on the physical characteristics of Swale 8, the stability of the swale based
on visual observations, and the negligible increase in flows as a result of
development (Q5 = 0.5 cfs, Q100 = 0.6 cfs), it is accurate to state that no
negative impacts will result on downstream facilities as a result of the increase in
flows. A detailed hydraulic analysis of swale east of the Thompson Road
crossing is beyond the scope of this report. Also, a drainage report for Mountain
Shadow Ranch was not available.

Additional runoff from small acreage sub basin OS9 located along Thompson
Road is collected by borrow ditch S6 that carries the water to the culvert under

Thompson Road..

Additional 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 performed 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 and will not have an impact on the existing facilities.

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
o Urban Drainage and Flood Control Manual, Volumes 2 and 3, dated
August 2018

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

» Intensity-Duration-Frequency (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.

e 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.

e 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 (STR4), 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 understood 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 negligible increase in runoff (Q5 = 0.5 cfs, Q100 = 0.6 cfs)
is not significant enough to have a negative impact on the hydraulic and/or
physical characteristics/ conditions of the existing culvert.

e 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.

e 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
s 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:
o Well drained
e Runoff Class; Medium
e Depth to water table: >80 inches
e Frequency of flooding: none
e Frequency of ponding: none
e Hydrologic Soil Group: B
A detailed description of each of the type soil is included in Appendix Exhibit
3.

VII. 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).

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: 6 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,
Ccs2.

- 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)

iii. 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.

10



iv.

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-
basin OS4 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

]

1

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
0S7 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

11



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

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. Deéiqn Point 5 (see Onsite Drainage Areas for Existing
Conditions)

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

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

1

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:

12



X.

- 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 cfs, 100 year = 1.9 cfs

Design Point 10 (offsite)

Xi.

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.

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: § year = 3.3 cfs, 100 year = 20.5 cfs

Design Point 11 (offsite)

Description

Runoff from Sub-basin OS8 (1.4 acres) sheet flows into an existing
grass lined swale (S4) 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 swale S4. Sub-basin OS8
slopes from south to north at an average grade of 5.5%. Sub-basin
0S8 is vegetated with natural grasses. All the runoff is collected by
the existing swale (S4).

Hydrologic Summary
The hydrologic characteristics of the runoff from OS8 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
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Xii.

Design Point 12 (offsite)

Xiii.

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
0S9. The water is then routed under Thompson Road via a 30-inch
corrugated metal culvert at DP14.

Sub-basin 0S10 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.

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

Hydraulic 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

14



Xiv.

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

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 following section of this
report (Onsite Drainage Areas for Existing Conditions, Sub Section
iv).

15



VIIL.

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

Hydraullc 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

Hydraulic 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

cooo

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)

@ 000 T

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

Peo oo
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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

O
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 %z 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.
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= 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 (sub basin 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. Lot 2 (sub basin A)
1. Existing Conditions: Q5 = 1.2 c¢fs, Q100 = 8.9 cfs
2. Developed Conditions: Q5 = 1.9 c¢fs, 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

i. 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 (WQCYV) pond is not required for lots 2.5 acres or larger. Also, since the
area of disturbance is less than 1- acre a WQCYV 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
o 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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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

o Buried riprap at the outlet end of the proposed culverts installed under the

Xl EROSION CONTROL
The following erosion control measures are recommended for the proposed
private driveway:
o Silt fence along the southerly side of the proposed driveway
o Erosion control fabric on all disturbed surfaces
proposed driveway.
Xl STORMWATER MANAGEMENT PLAN (SWMP)
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.
XIV__ DRAINAGE/ BRIDGE FEES
The site is located in the Cherry Creek Drainage Basin for which there are no
established fees.
XVI. 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 southerly half of the site which
correlates to the approximate center of the Mountain Shadow Ranch Second

Phase subdivision.

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.
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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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Exhibit 3: SCS Soils Map and Data



USDA United States A product of the National Custom Soil Resource
a Department of Cooperative Soil Survey,
Agricullure a joint effort of the United Re Po It for

States Department of
N RCS Agriculture anq other E l P as 0 C o u n ty

Federal agencies, State

Nalural agencies including the

Resources Agricultural Experiment A C l d
Conservation Stations, and local rea ] o O ra o
Service participants

ISmpSonRa

ih

|0 1 ot o o 600 4

October 24, 2020




Preface

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

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

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

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

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

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

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require



alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made

Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.

Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that

share comman characteristics related to physiography, geology, climate, water

resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA,

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

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

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

research.

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

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

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

properties.

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

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

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



Soil Map

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

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

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

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

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

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

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

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

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

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

Date(s) aerial images were photographed: Sep 8, 2018—May
26, 2019

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

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

Cruckton sandy loam, 1to 9 2.0
percent slopes

Peyton sandy loam, 5t0 9 55.9
percent slopes

Peyton-Pring complex, 310 8 0.0
percent slopes

Totals for Area of Interest 57.9

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 Iimpractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.

The presence of minor compeonents 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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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.

12
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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
Farmiand 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 -0to 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

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

Depth to water table: More than 80 inches

Frequency of flooding: None

Frequency of ponding: None

Available water capacity: Low (about 5.9 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

Minor Components

Other soils
Percent of map unit:
Hydric 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 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: 5 to 9 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Well drained
Runoff class: Medium
Capacily of the most limiting layer fo fransmit 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
Hydric 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 observalions, 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 - 35to 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 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)

15
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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 transmit water (Ksat): High (2.00 to 6.00

in/hr)

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

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: R048AY222CO
Hydric soil rating: No

Minor Components

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

Other soils
Percent of map unit:
Hydiric soif rating: No
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Table 6-6. Runoff Coefficients for Rational Method
(Source: UDIFCD 2001)

Runoll Coeflicients

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

HSGABB | H5G €0 | 1SGABB | HSGCAD | HSGALB | 1SG CAD | HSGARB | HSG CAD | HSGABB | HSG CAD | HSG ARB | HSG (D

Business
Commercial Areas 95 0.79 0.80 0.81 0.82 083 0.84 0.85 0.87 0.87 0.88 0.88 0.89
telghborhood Areas 70 0.45 049 0.49 0.53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68
Residential [
1/8Ace or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 059 0.57 0.62 0.59 ,.d.t.s
1/4 Acre 40 0.23 0.23 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 050~ 058
1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 038 0.39 0.47 0.43 0.52 0.47 0.57
12 Acre 25 015 0.20 0.2 0.28 0.30 0.36 037 0.46 0.41 0.51 0.46 056
1 Acre 20 0.12 017 | 020 0.26 027 034 035 | 044 0.40 0.50 0.44 0.55
Industial - = SRS
Light Areas £) 0.57 0.0 0.59 0.63 0.63 0.66 0.66 0.70 0.63 0.72 0.70 0.74
Heavy Areas %90 071 | 073 0.73 075 | 075 0.77 0.78 0.80 080 | o082 0.81 083
Paiks and Cemeteries 7 0.05 0.0 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 013 0.16 023 0.24 031 0.32 042 037 0.48 0.41 054
Rallroad Yard Areas 40 0.23 0.28 0.30 035 0.36 042 0.42 0.50 046 054 0.50 0.58

Undeveloped Areas

Historic Flow Analysis-- 2 )

Greenbelts, Agriculture | 0.03 0.05 0.03, 0.16 0.17 0.26 0.26 0.38 031 0.45 0.36 0.51

Pasture/ieadow 0 0.02 0.0§" 0.03 0.15 0.15 0.25 0.25 0.37 0.30 0.44- 0.35 050

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 0.9 0.9 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Offsite Flov;Anz!yslsluvhcn 45 .

landuse Is undefined) 0.26 031 0.32 0.37 038 044\ | 044 051 0.48 0.55 051 0.59
Streets

Paved 100 0.69 0.89 0.9 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.95

Gravel £0 0.57 0.0 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 0.9 0.50 0.92 0.92 0.9 0.949 0.95 095 0.96 0.96 !
Roofs 90 071 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 0.03 0.15 0.15 0.25 - 0.25 0.37 0.30 044 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 (he 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 (1;) 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 ina
concentrated form, such as a swale or drainageway. The travel portion (¢) of the time of concentration
can be estimated from the hydraulic propeities of the storm sewer, gutter, swale, ditch, or drainageway.
Tnitial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent
rainfall, and infiltration capacity of the soil, as well as distance of surface flow. The time of concentration
is represented by Equation 6-7 for both urban and non-urban areas.

May 2014 City of Colorado Springs 6-17
Drainage Criteria Manual, Volume 1
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o=t +1, (Eq. 6-7)
Where:

1. = lime of concentration (min)

t;=overland (initial) flow time (min)

{,= travel time in the ditch, channel, gutter, storm sewer, etc. (imin)
3.2.1 Overland (Initial) Flow Time
The overland flow time, £, may be calculated using Equation 6-8.

0.395(1.1-C. VL
L= ( NI (Eq. 6-8)

Where:

f; = overland (initial) flow time (min)
Cs = runoff coefficient for 5-ycar ficquency (see Table 6-6)
L = length of overland flow (300 ft maximum for non-urban land uses, 100 i maximum for

urban land uses)
§ = average basin slope (/1)

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

IFor catchments with overland and channelized flow, the time of concentration needs to be considered in
combination with the travel time, 4, which is calculated using the hydvaulic properties of the swale, ditch,
or channel. For preliminary work, the overland travel time, #, can be cstimated with the help of Figure 6-

25 or Equation 6-9 (Guo 1999).
Pl g™ (Eq. 6-9)
Where:

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

S\ = watercourse slope (f/ft)

6-18 City of Colorado Springs May 2014
Drainage Criteria Manual, Volume |
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concentration, all other factors being equal. Although it is possible to calculate a longer time of .
concenlration for a post-development condition versus a pre-development condition by increasing the o
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 Caleulating Time of Concentration

A common error in estimating the time of concentration occurs when a desigoer does not check the peak
ranoff gencrated 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.

33 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 intensily 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 arca. 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 b
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 cach design point is one of the
most important tasks for hydrologic analyses since the estimated runoff is divectly 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 arcas 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 lic 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

uscd method in the region. It can be applicd 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. W\

6-20 City of Colorado Springs May 2014
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Hydwology - | __ Chapter 6
Figure 6-5. Colorado Springs Rainfall Intensity Duration Frequency
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Chapter 6 Hydrology

Table 6-7. Conveyance Coefficient, C,

Type of Land Surface Cy
Heavy meadow 2.5
Tillage/ficld 5
Riprap (not buried)’ 6.5
Short pasture and lawns 7
Nearly barc ground 10
Grassed waterway B 15
Paved areas and shallow paved swales 20 |

" For buried riprap, sclect 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 unils to minutes.

The time of concentration (/) is then the sum of the overland flow time (#;) and the travel time (1) 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 runof¥ first enters the storm sewer system.

L
{.=—+10 Eq. 6-10
< =180 (Eq )

Where:

f. = maximum time of concentration at the first design point in an urban watershed (min)
L = waterway length (1)

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 downsfream

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 /£, for urbanized arcas 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 S-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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trol were developed. These nomographs give headwater-discharge rela-
tionships for most conventional culverts flowing with inlet control through
a range of headwater depths or discharges. An example of these nomo-

graphs is shown in Ligure 3.25.
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Exhibit 6: Hydrologic Calculations



Stormwater Runoff Summary Comparison

Existing Conditions

Contributing Sub
hasins

Area | Tc C5 | C100 (| CA5 | CAL00| Q5 |Q100

DP7, 0S89, OS10 63.4 | 29 6.28 | 23.05 [ 15.9 | 97.9

12,9 ( 0.11 | 0.37 1.8 | 13.3

1
152

Lot 1 (sub basin B)

8.9

Lot 2 (Sub hasin A) 5.0 | 14.8 | 0.11 | 0.37 1.2

Developed Conditions

Rational

itributin I
Contributing Sub | oo | T¢ | ¢5 [ci00| cas [cat00]| as |Qioo

hasins
DP7, 059, 0S10 63.4 | 29 6.47 | 23.18 | 16.4 | 985
Lot 1 (sub hasin B) 55 | 129 { 0.11 | 0.37 25 | 141
1.7 9.4

Lot 2 (Sub basin A) 5.0 | 14.8 | 0.11 | 0.37

(93]

Notes
Design Point 14 is located at the upstream end of the culvert under Thompson

Road
The majority of Lot 2 is located in sub basin A,

The majority of Lot 1 is located in sub basin B.
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




Cummulative Acreage at Design Points

DP Sublgasln Sux:;zsln Sub total
1 081 34.1
5 0S1 34.1

083 0.6

0S4 0.6

0S5 0.4

A 6.3

5 087 3.6
6 DP5 45.6
086 0.9

B 3.5

6 082 10.3
7 DP6 60.3
C 0.8

7 0S8 1.4
14 DP7 62.5
0S89 0.4

14 0Ss10 0.5




Design Point Summary

Existing Conditions

DP | Contributing Sub basins | Area | Tc C5 | C100 | CA5 |CAL00| Q5 [Q100
1 0s1 34.1 | 23.2 | 0.09 | 0.36 8.7 | 58.5
2 0S3 0.6 15 | 0.08 | 0.35 0.2 1.2
3 0S54 0.6 | 13.3 ] 0.17 | 0.41 04 | 1.5
4 0s7 3.6 | 155 ] 0.12 ) 0.38 = 1.5 8.0

5 051,053, 054, 055,057,1\_ 45.6 27 4,16 16—.3; 11..0 _7;;
6 DP5,056,B,052 60.3 | 284 547 | 21.28 | 14.0 | 91.5
7 DPo, C, 0S8 62.5 29 571 | 22.37 | 14.5 | 95.0
8 0S5 0.4 | 10.9 | 0.08 | 0.35 0.1 0.9
9 056 0.9 | 15.2 | 0.08 | 0.35 03 | 1.9
10 0s2 103 | 17.9 | 0.10 | 0.36 3.3 | 205
11 0s8 1.4 | 14.1 | 0.08 | 0.35 0.4 | 3.0
—1_2— 0510 0.5 53 | 057 | 0.72 15 31
13 059 0.4 | 61 [ 0.70] 081 1.4 | 2.6
14 DP7, 059, 0510 61.5 29 6.28 | 23.05 | 159 | 97.9
Lot 1 Iocate(ll}in sub basin s5 | 129 | 0.08 | 0.35 18 | 133
Lot 2 Located in sub so | 148 0.08] 035 12 | 89

basin A




Cummulative Flows

Existing Conditions

D::iigt“ DP1 | DP5 | DP6é | DP7 | DP14
SwalelD | SI | s2 | s3 | s4 | s5
Contributing gg;' gg;' DP5, B, |DP6,0S6 ggg‘
Basins | os4 [os7,a| 952 | €98 os19
CA5 318 | 436 | 547 | 571 | 6.28
CA100 | 126 | 16.31 | 21.28 | 22.37 | 23.05
Te(min) | 232 | 27 | 284 | 29 | 29
Q5(cfs) | 91 | 11 | 14.0 | 145 | 159
Q100 (cfs) | 60.6 | 722 | 915 | 95 | 979




Design Point Summary

Developed Conditions

hasin A

DP | Contributing Sub basins | Area | Tc C5 | C100| CA5 [ CAL00| Q5 [Q100
1 0s1 3a.1 | 232|009 036| 8.7 | 585
2 0Ss3 0.6 15 | 0.08 | 0.35 0.2 1.2
3 0S54 0.6 | 135 0.17 | 0.41 0.;— ﬂl_; |

—: < 0s7 3.6 | 1551 0.12 ] 0.38 1.5 8.0
‘5‘ ﬁ0;1,0;3, 0S4, 085,087,A | 45.6 | 27 4.28 | 1639 | 11.3 | 72.6

6 DP5,056,B,052 60.3 | 28.4 = 5.66 | 21.42 | 145 | 92.1
7 DP6, C, 0S8 62.5 29 571 ( 2237 | 145 | 95.0
8 0S5 0.4 | 10.9 | 0.08 | 0.35 0.1 0.9
9 0Ss6 09 [ 15.2 ] 0.08 | 0.35 0.3 1.9

10 082 10.3 | 17.9 | 0.10 | 0.36 3.3 | 205

11 0S8 1.4 | 141 ]| 0.08 | 0.35 | 0.4 3.0

12 0510 0.5 53 | 057|072 1.5 3.1

13 0Ss9 0.4 6.1 | 0.70 | 0.81 = 1.4 2.6

14 DP7, 0589, 0510 634 | 29 6.47 | 23.18 | 16.4 | 98.5

Lot 1 Iocate(I; in sub basin ss | 120 | 011 037 |- 17 | 94
Lot 2 Located in sub 50 | 148 008] 035 E 25 | 141




Cummulative Flows
Developed Conditions

Design | ot | pps | prs | DP7 | DP14

Point
Swale ID Sl S2 S3 S4 S5
0s1. DP1, DP7,
DP5, B, |DP6,0S6 0o,

Contributing

. 083, | 0ss,
Basins os4 |ost.a| 952 | COS8l gsi0
4.28 5.66 5.9 6.47

CA5 3.17
CA100 | 12.57 | 16.39 | 21.42 | 22.53 | 23.18
Te(min) | 232 | 27 | 284 | 29 | 29
Q5(cfs) | 91 | 11.3 | 145 | 149 | 164

726 | 921 95.7 | 98.5

Q100 (cfs) | 60.5




MCGEHEE TRACT
DRAINAGE CALCULATIONS
(Area Runoff Coefficient Summary)
Existing Conditions
See surface flow routing table for total combined flow at culvert under Thompsor Road

GRAVEL/ ASPHALT ROADS DEVELOPED LOTS NATURAL RUNQOFF COEFFICIENT
TOTAL |
BASIN AREA AREA CA_; C1 06 AREA Cs Cmo AREA C5 C]_ 00 Cs (:: 00
(loes) (Aeres) | (leres) (lores)

0s1 2410 0.60 0.59 0.70 0.00 038 057 33.50 0.03 035 0.09 0.36

OS2 10.30 0.40 0.59 0.70 0.00 038 0.57 9.90 0.08 0.35 0.10 .36

oS3 0.50 0.00 0.59 0.70 0.00 038 0.57 0.60 0.08 0.35 2.08 0.35

0S4 0.50 0.10 0.59 0,70 0.00 038 0.57 0.50 0.08 0.35 017 041

0S5 0.20 0.00 0.59 0.70 0.00 038 0.57 0.40 0.03 0.35 0.08 0.35

0S6 0.90 0.00 0.59 0.70 0.00 0.38 0.57 0.90 0.08 0.35 0.08 0.35

os7 3.60 030 0.59 0.70 0.00 038 0.57 330 0.08 0.35 012 0.38

0S8 1.40 0,00 0.59 0.70 0.00 038 0.57 1.40 0.08 0.35 0.08 0.35

os9 0.£0 030 0.90 0.96 0.00 0.38 0.57 0.10 0.038 035 0.70 0.81

0S1y 0.50 030 0.90 0.96 0.00 038 0.57 0.20 0.08 0.35 0.57 0.72

A 6.30 0.00 0.59 0.7 0.00 038 0.57 6.30 0.08 035 0.08 035

B 3.50 0.00 0.59 0.70 0,00 038 0.57 3.50 0.08 0.35 0.08 0.35

C 0.20 0.00 0.59 0.70 0.00 0.38 0.57 0.80 0.08 0.35 0.08 0.35
Sub Total 62.40 |
\Lots to be developed [
\Lot 2 located ir: Steh basin |

4 5.00 0.08 0.35

Lot 1 located ir: Sub basir:
2 5.50 0.08 0.35

MS CIVIL, INC s
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MCGEHEE TRACT
FINAL DRAINAGE REPORT
(Area Drainage Summary)
EXxisting Conditions

See surface flow routing table for total combined flow at culvert urder Thompsor Road

—_—
From Area Runoff Confficient Summary OVERLAND CHANNEL FLOW Time of Travel (T ) INTENSITY * TOTAL FLOWS
E“ST v ARE"\ v 1 » -
B TOTAL G Co G Leagth Helzbt Te Lenzth Slope Velocity T, TOTAL | CHECK 15 Y Q G
{Aeres) Fovam D Tadls 2n} [i2/] /m fmim) i) f?:‘_) fos) {frrtin) fmin) Lmin) (in/itr) (iniler) (e fx) fc. .}
OS1 34,10 0.09 0.26 0.09 300 40 124 1900 4.7% 33 8.7 - ) ] 29 413 T 88
082 10.30 0.10 0.36 0.10 300 20 167 300 $.3% 43 12 17.9 133 33 5.5 33 20.5
083 0.60 0.08 0.35 0.08 300 30 149 1 0.1% 0.5 0.0 15.0 17 3.5 59 0= ) A
084 0.60 0.17 0.41 0.17 300 35 13.0 100 10.0% 4.7 0.4 133 o 3s 62 0.4 L5
0S5 0.40 0.08 0.35 0.08 100 s 108 1 0.1% E 0.0 10.9 10.6 4.0 6.7 o4 2.9
056 0.30 0.08 035 0.08 150 5 152 1 0.1% 0.5 0.9 152 10.8 38 59 03 L9
OS7 2.80 0.12 0.38 0.12 300 2% 152 100 15.0% 53 0.3 15.8 123 38 53 L5 | 20
088 1.20 0.08 0.3%5 0.08 50 0.5 13.0 2% | T3% 41 1,0 18 1.7 36 6.1 04 | 3.0
059 0.40 0.70 0.81 0.70 20 0.5 s $%0 | 2% 2 37 6.1 12 49 82 14 |  =ze
0S10 0.50 057 0.72 0.57 20 05 32 50 | 2% &3 & $3 132 5.1 55 15 | B
A 5.30 0.08 0.25 0.08 200 20 135 150 $.5% 35 26 148 142 35 59 L5 3.1
2 3. 0.08 0.35 0.08 150 10 2.1 178 5.7% 36 0.5 12.9 11.8 38 6.3 17 .y
c 0.80 0.08 0.25 0.08 150 10 121 250 10.0% 4.7 0.9 129 s 3T 6.3 0= L8
Sub Total 62.40
\Lots 2o be developed
21 . . 1 1 1
i“' ed in Sub b 5.00 0.08 035 148 10.0 31 sl F &9
é"’ 1 located in Sub basin 5.50 0,08 035 129 10.0 4 3] X 133

MS CIVIL, INC. '
Drainage Cales EXISTING Page]



MCGEHEE TRACT
FINAL DRAINAGE REPORT
(Surface Routing Summary- surface runaff)

Existing Conditions

From drea Runaff Coefficient Semmary Tuime of Travel (T,) INTENSITY * TOTAL FLOWS
ESIGN POINT Swale ID CONTRIBUTING BASINS CAs CApp TOTAL Is Lo Qs Qies COMMENTS
(min) (inchr) | (inkr) (cfs) (c.f5.)
bPr1 S1 0Sl1, 083, 0S4 318 12.60 232 I 29 48 9.1 60.6 |[west property line
DP§ S2 DP1,0585,087,A 416 1631 210 I 26 44 110 72.2 |entrance to the stock pond
DP6 83 DP5, B, O52 547 21.28 284 I 26 43 4.0 91.5 [putlet to the pond
DP7 84 DP6,056,C,0S8 571 2237 290 I 25 42 14.5 95.0 |[Thompson Road culvert
DPI4 S5 DP7,089,0810 6.28 23.05 29.0 | 25 42 15.9 97.9 |[Thompson Road culvert
MS CIVIL, INC.
771572021

McGehee Drainage Cales EXISTING Page 1




MCGEHEE TRACT
DRAINAGE CALCULATIONS

(Sub basin Runoff Coefficient Summary)
Developed Conditions

See surface flow routing table for total combined flow at culvers under Thompson Road

GRAVEL/ ASPHALT ROADS ROCFS NATURAL RUNQFF COEFFICIENT
TOTAL |
BASIN AREA AREA Cq Cioo AREA Ce Cioo AREA Ce Cioo Cs Croo
flos) (loes) (Aoes) (Aeres)
O0S1 2410 0.60 0.59 0.70 0.00 038 | 057 33.50 008 033 0.09 7.36
os2 10.30 0.40 0.59 0.70 0.00 0.38 0.57 9.50 0.08 035 0.10 0.36
oS3 0.60 0.00 0.59 0.70 0.00 0.38 0.57 0.60 0.08 035 0.08 0.35
oS+ 0.60 0.10 0.59 0.70 0.00 0.38 0.57 0.20 0.08 035 0.15 0.35
OS5 0.40 0.00 0.59 0.70 0.00 0.58 0.57 0.50 0.08 035 0.10 044
0S6 0.80 0.00 0.59 0.70 0.00 0.38 0.57 0.50 0.08 038 0.08 0.35
OS7 380 30 0.59 0.70 0.co0 0.38 | 0.57 3.30 0.08 035 0.12 [
0S8 1. 0.00 0.59 0.70 0.00 0.38 0.57 1.40 0.08 0.35 0.08 0.35
osy 0.40 0.30 0.90 0.96 0.00 0.38 0.57 0.10 0.08 035 0.70 0.81
os1o 0.50 0.30 0.90 0.96 0.00 0.38 0.57 0,20 0.08 035 0.57 0.72
A 6.30 0.19 0.59 0.70 0.07 0.38 0.57 6.04 0.08 035 0.10 0.36
E 3.50 0.11 0.59 0.70 0.07 0.38 Q.57 332 0.08 035 0.10 037
c 0.80 0.00 0.59 0.70 0.00 0.38 0.57 0.80 0.08 035 0.08 0335
Sub Total £3.40

\Lots to be developed
Lot 2 located in Sub Basin A 5.00 0.11 037
\Lot I located in Sub Basin B 550 0.11 0.37

MS CIVIL, INC

Drainage Cales DEVELOPED Pagel 2/22/2020



MCGEHEE TRACT
FINAL DRAINAGE REPORT
(Area Drainage Surmmary)

Developed Conditions
See surface flow routing table for total combined flow at culvert under Thompson Road

—_—
From Arecs Rumeff Corecient Summery OVERLAND CHANNEL FLOW :,_;”':“,' g 4 INTENSITY * TOTAL FLOWS
BASIN AREA o ¢ ¢ L ‘el ' T 1
TOTAL 3 8 3 | Lensh Boktit Te Lengih Slepe Velocky | T, TOTAL L Ligs Q, Queo
|
(Acres) Fovem DU Tukie 21 "m m i) Lzl (] /foz) Lorzin) {mirz) (In/ir) I (ir/ir) fefix) (c.fz)
0S1 34.10 0.0¢ 03¢ 0.08 300 40 13.4 1800 4% 33 9.7 232 29 | 4= &7 585
2 1020 0.10 028 0.10 300 20 16,7 30 | 83% P 1.2 1 33 | ss 23 20.5
3 0.60 0.08 0.5 0.08 300 30 149 1 | oa% 0.5 0.0 15, 3.5 59 0.2 52
0S8+ 0.60 0.15 0.35 0.15 300 35 132 100 | 10.0% a7 | 4 13.5 3.7 6.2 0.3 L3
Qoss 0.40 0.10 0.44 010 100 = 10.6 1 | et 0.5 0.0 10 4.0 6.8 0.2 12
0S6 0.50 0.08 0.25 0.08 150 5 152 1 0.1% 0.5 0.0 15.2 3.5 | 59 0.3 1.9
7 2.60 0.12 028 0.12 300 25 152 100 15.0% 35 3 155 s | 58 L5 5.0
0S8 1.40 0.08 0.35 0.08 50 0.5 13.0 250 7.3% a1 1.0 14.1 3.6 | 6.1 0.4 0
(20 0.40 0.70 0.81 0.70 20 0.5 24 550 27% 25 3.7 6.1 49 $2 14 2.6
0S10 0.50 0.57 072 0.57 20 0.5 3.2 550 $.2% 43 =1 53 5.1 35 15 31
A 6.30 0.10 0.235 0.10 200 = 12.0 550 5.5% 3.4 2.6 14.8 3.5 59 2 156 |
E 3.50 0.10 0.7 0.10 150 10 118 175 £7% 36 0.8 12.9 37 6.3 13 &0 |
C 0.80 0.08 0.35 0.08 150 10 12.1 250 10.0% 7 0.8 12.9 3.7 6.3 0.2 Ls |
Sub Totals 53.40 | | |
|
\Lots 20 be developed ; ‘L ‘.
[
\Lot 2 located i Sub Besin A 5.00 0.11 0.27 148 it | s L7 2.4
|
\Lot I located in: Sub Ecsin B 550 0.11 0.37 129 11 ! 69 =g el
3 Date: 12/11/2019
Checked by:
MS CIVIL. INC. )
A /22,202
Drainage Cales DEVELOPED Page | 12/22/2020



MCGEHEE TRACT
FINAL DRAINAGE REPORT
(Surface Routing Summary- surface runoff)

Developed Conditions

From Area Runoff Cee fficle rt Swwmary Time of Travel (T,) INTENSITY * TOTAL FLOWS
DESIGN POINT Swale ID CONTRIBUTING BASINS CA; I CAim TOTAL Is Lo Qs Qo COMMENTS
(min) (inhr) | (inthr) (cfs) (c.fs)
DPI SI 0OS1, 083, 084 317 1257 232 29 4.8 9.1 60.5  |hwest property line
DFP§ 82 DP1,085,087,A 428 1639 270 26 44 11.3 72.6  [fentrance to the stock pond
DP6 S3 DP5, B, 082 5.66 2142 284 2.6 43 14.5 92.1 |putlet to the pond
DP7 S DP6,0S6, C,088 5.90 2253 290 25 4.2 14.9 95.7
DPI4 S5 DP7,089,0810 6.47 23.18 290 25 12 16.4 98.5 |[Thompson Road culvert

MS CIVIL, INC.
McGehee Drainage Cales DEVELOPED Page I

7/15/2021




Exhibit 7: Hydraulic Calculations



Swale Summary

Existing Conditions and Developed Conditions

Neglgible Changes for Developed Conditions

Design Flow

Depth of Flow

Swale [Design| Contributing | Slope . NF rou: o RFloyv
# |Points| Subbasins @5 [atoo] o5 [afoo] a5 Tatoo] 5”;‘;;; eg"“
% cfs cfs ft ft fps fps
S 1 oSt 47 | 87 | 585 | 03 | 07 | 29 | 48 121 | super
0s1,083,
$2 | 1105 | you i oey | 55 | 11 | 722 | 03 | 07 | 34 | 55 132 | super
S3 |[5t06 | DP5,B,0S2 | 83 | 14 | 917 | 03 | 08 | 44 | 72 166 | super
S4 | 6t07 [ DP10,C,0S8 | 83 | 145 | 95 | 04 | 098 | 48 | 7.9 17 | super
S5 12 0S10 50 | 15 | 31 | 02 | 03 | 28 | 35 12 | super
S6 13 0S9 55 | 14 | 26 | 02 | 03 | 28 | 34 127 | super
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Open Channel Flow Calculator

Seleet Channel Type: Trapezold v

The open channel flow calculator

LapeEzond |

Lranigle

v

IEtik'Cl unit system: Feel(ft) v

] Dapll{ from Q v =
IClmnncl slope: |.047 fwn | Water depth(y): [0.28 [n | - _J[Bouom widih(b) ][5 [n _I_]
[Flow velocity[2.9425  [fus ]  |[Lenstope z1): [20 o 1 (H:v)) |[RightStope (z2): [20 [o1v)] |
lFlow dischargels.7 [wars ] Illnput n valu{,035 |lorsolecty l
rc:alculatel ] - ”Slalus:l(:n!cu!alion linished | — |[ﬁé§al ] .____,__-ﬁ__,__ﬁﬁ_ﬁ*l
Welted perimetei{16.19 |1 | IFlow_nJrea[z.% [rnz | I-Tﬂp widih(T)[16.17 Jim | ]
Specific energy|0.41 | (O Froude numbei1.21 | |[Flow statug{Supercritical flow ]
Critical depthf031 ][0 ] |[criticalstopefo0sor " fwn ] [[Velocity headfo.is T[] |
Copyrlght 2000 Dr. Xing Frog, Departmentof Civil Engineering, Lamar Uniyersity,
in

https://vivaw.eng.auburn.edu/--xz{0001/Handbook/Channels.html
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Open Channel Flow Calculator

The open channel flow calculator

Seleet Chiamnel Type: Trapezold v

5

¥
A
3 #

e tangl Trapezonl

N

‘lv

7

- ] Depth fro;n Q T 77;; iuglu_;nﬁu— i)il'clt:iFeal(ﬂ) 7\; - - - B
I(thl'lt}cfl_“ﬂe: |.047 o] ___”}Valer depth(y): [0.66 |n | |[[Bottom wisinp) — [5 ]
[Flow velocity{4.851 s | LeNSlope (Z1): [20 |[to 1 (H:v)) [[RightStope (22): [20 o1y) ] |
,Flo\v dischargc[58.5 [n*ars | Input n value{.035 | or select rf B I
[ caleutatel | IS_lullls:ICﬂiculmim\ finished ] "[ Rosel | I
Welted perimetei{31.49  |[n | |[Flow area[12.06 {2 | |[Top widin(r)[31.46 |t | |
Specilic energy|1.03 ][0 ] _J[!-‘mudc numbei|1.38 | [[Ftow statug{Supercritical flowr | |
Critical depthfo.77 [0 | |[Critical stopefo.0232 fwn— ] [|Velocity head[0.37 o]

Coparight 2600 D, Xing Fang, Departwment of Civil Fogincering, bamar University,

https://wavw.eng.auburn.edu/~x2{0001/Handbook/Channels.html

i1
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12/10/2020 Open Channel Flow Calculator (- 2 ﬂ

o B N )N e .aﬁ;:@dr
The open channel flow calculator “5) ake. &

- Deplll rrom Q v Seleet unit \yxiun Feel(ll) v
ICleclslupc los — fwn | ”Walcr depth(y): [0.21 ] _]nBoltumwidlh(_b}_ 2 |
li_"ﬁ)w velocity|2.784683 s | ] LeftSlope (Z1):[3 Jfto 1 (H:v)] "Righlslope (Z2):[3 fto1(H:v) |
Flow discharge|[1.5 {ars | _I Input n valuc{.035 || or select o] 7 i
| Calculato | |[Status:[Calcotation finished |  |[Resat] |
Welted perimeter|3.3 [ ”FIOW areal0.54 n~2 | “Top width(T)[3.23 I[0 | _]
[Specific cnergy[0.33— [n | ||Froude numbeif1.2 | [|Elow statudSuporciiticalfow ] |
lCriticnl depthjo.23  fjn | ________JICn'Iicalslopcl0.0321 B (. B ,7][‘{‘?’_9‘?!}!,1‘,?@'9-3, I | O ]

Copyeight 2000 By, Ning Faog, Department of Civil Enginceriog, Pamar University,

https:/fvnvnw.eng.auburn.edu/~xz0001/Handbook/Channels.html i1
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12/10/2020 Open Channel Flow Calculater
— R — _ = _L « JV?’ |- —
: . i 4 -
The open channel flow calculator S0 ’Llff 12 25

Seleet Channel Type: Trapezold v

Depth from Q v ~ISeleat unil system: Feel(l) v
Channel slope: [.05 fun ] |[Water depth(y): [0.3 [n ] [[Botomviah) 2~ v ] |
Flow velocity3.604871 [1Us | |[LenSlope (21): [3 J[to 1 (H:v)] |[RightSlope (£2): [3 fo1@v] |

IFIow discharge[3.1 {nagss | Input n valug{.035 [ or solect rf

@E@J Status:[Calculation finished J - ﬁ'nRL_sellgkik - __l

[Wetted perimeteif3.02 — J[n U_I_mmhﬁl Flow arcaf0.88 w2 ] |[Top widih(T)[3.62 Illl- ]
[Specific energylo4o v ] ~ |[Froude number[1.28 1 ~ |[Flow statugsuperciitical o] |
[Critieat aepfoss ][] Jfcritial slopefo0ass —[ur ] [[Velocitybead@do ] |

Copyright 2000 D, Nng b ang, Depactment ol Civil Engincering, Lamar Univeasily,

https://vaav.eng.auburn.edu/~x2(0001/Handbook/Channels.html

in
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Open Channel Flow Calculator

e ,fﬁg‘fi’—:‘_\_}:&

QS s
L

The open channel flow calculator

Seleet Channel Type: Trapezoid v

Hedkangle

]Schrcl unit system: Feel(ft) v

afe

3R 2

Toapezond Firanqle

B Depth from Q v
lChmmcI_ slope: |.055 fun | ”Watcr depth(y):[o.31  |n ] | |Boltom width(b)  }[5 in | I
Flow velocity[3.375452 s | |[enstope (z1):[18 ][0 1 ¢1v)] |[Rightstope (Z2):[18" [ot@v) ] |
Flow Jiseharge[llbﬂ_ [rars ] [[mput n valud.035 ][ or solect rj |
[[cacutatol] B |[status:[Catcuration finshod | ][ Resat] ]
[\Vellcd perimetei{16.13 |n | ]]I-‘Iow arca|3.26 {n*2 | Top width(T)[16.11 jim |
’Spcciﬁc encrgy[0.49 — ]i.'l ] [[Froude numbeif1.32 ] . |[Flow statug{Superciitical fow | |
[Critical gppiilhgj_;_:jﬁ;__] |[critical slopcfo.0267[wn | [|Velocity headlo.1s ][ L B

Copyeight 2000 Dy, Xing Fang, Department of Civil Enginecriog, Lamar Unlveisity.

https:/fvrvav.eng.auburn.edu/~x2(0001/Handbook/Channels.html

N
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12/10/2020 Open Channel Flow Calculator g ?.3 (4’/
o . o o [\ @0
The open channel flow calculator X Z

Seleet Channel Type: Trapezoid v

vy ECE
:
—5

Herlangte

ARG tofd

Deplth from Q v _ISu[ccl unil system: Feel{fl) v
[@Tu_:l_s_lgpf: 055 fwn | o J[‘:\’nlcr depth(y): [0.73 r | maoltom widlh(b) ]_]7577 I 7LJ
[Flow velocity{5.515 {tvs | |[LentStope Z1):[18 ][to 1 (Hv)] |[Righ|SIope (2218 o1V | ]
Flow discharge{722 (35 | "I nput n value{.035 |[orsetocty o J
T@@g _ __v____J[Slatus:{(:n!cutnﬂun finfshed | "-M_ B _I
Welled perimeter|31.15 || | “Flew arca[13.09 {2 | Top widlh(T){31.11 ||t | l
. E;:iciﬁ?c energy[1.2 | | |[Froude numbei( 15— | Flow statugSuperciitical flow | ]
|Criji§::}[ depthfo.88 | (O I Critical slopef0.022  fun | “Yclocily headfo47 o | 77J

Copyeight 2000 D Niong Fangy Depariment of Civil Eoglincering, Lame University,

https://vnw.eng.auburn.edu/~x2(0001/Handbook/Channels.html

in
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0.5 1

Open Channel Flow Calculator i
. ns.)“_'__\,')_ N

z

The open channel flow calculator Soales

Seleet Channel ‘Type: Trapezoid v

w Y. Y
L} £

Lrapezond

e tangle

j[‘lj:u unit system: Feel{ft) v

. N R
I%n_!!gl_slopc: |.083 | [T _J[Wnlcr depth(y): [0.32 [ | mBoltom widih(b) ][5 n__ ] |
Flow velacity[4.394482_[1Us ] |[Lenstope (z1): [15 J[to 1 (H:v)) ~ |[Rigntstope (z2):[t5_ o1y ] |
Flow discharge{14 [rars ] "lnpm n valug].035 |( or select 1| I
ﬁiﬁé@_ 7 o [[Status:[Catcutation finished |l | Resol | ]
Mc!led perimeter{14.72 [0 | |[Flow area[3.19 [ | Top width(T)|14.7 J[n | ]
@Egi_ﬁc energy|0.62 ||n | ”l?_roudc numbei|1.66 | - ][Flow status| Superciitical flow | l
{Crilicnl depthfo4z o | - Jlg'itical slope[.0274 [ | ”Vclacily head[0.3 | O _]

https://vavw.eng.auburn.edu/~xz{0001/Handbook/Channels.htm!

Copyeight 2000 Dy Niogy Pang, Depaitment of Chil Bagineciiug, Lasoar Unbversity,

N
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Open Channel Flow Calculator

ES 8

[ eaon]ed

—

The open channel flow calculator

=0 ake )

Seleet Chanuel Type: Trapezold v

rapesod

e tangle

Depth from Q v Seleet unit system: Feel(fl) v -
[_(Ehgnlft_:_l__s!c‘:_pe: |.083 foe | ”Wﬂterdepth(y):lo.?! i ____II[E£‘!_°T“£"”1("’__”§ 7ﬁh::l:"jﬁ_l__]
[Flow velocityf7.207 (s ] [LenStope 1y: (15 Jor@iv]  |[RightStope (22): [15 I CXXCEYN
[Fkiv iisclmrge[m.? [rars | _“lnput n value|.035 |[ or select -

Calculate! | __]|SIalus:lCnlwialmn finlshed ] ' Roset | I
Welted perimeteif26.43 |0 ] ) [[Flow areaf1z72 w2 ] Top widih(T)26.08 |0 ] |
[_Sﬁp_e_cific energy(1.58  |ln | J[Froudc numbei[1.89 ] ][{-‘Iow statugfSuperciitical low | ﬁ|
[Critical deptiftos ][] [oritical stopefo021t _fwn ] [[velocity headfoot 0 ] |

Copyright 2000 D Ning Fang, Depaciuent of Civib Enginecring, Eamar University,

https://vavvreng.auburn.edu/~xz(0001/Handbook/Channels.html

i



Improved Inlets

Culvert capacity may be increased through the usc of special inlet designs.
The Federal Highway Administration has developed extensive data!®? 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-

sible. ) n
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WITH INLET CONTROL

Figure 3.20 Inlel conlrol nomograph for corrugaled sleel pipe culvarts.” The
manulacturers recommend keeping HW/D lo a maximum of 1.5 and preferably to no
more than 1.0 for diamelers greater than 4 to 5 feel.
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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'®? 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-

sible. e Q
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Figure 3.20 Inlet conlrol nomograph for corrugaled sleel pipe culverts.”® The’
manufaclurers recommend keeping HW/D to a maximum of 1.5 and preferably to no

more (han 1.0 for diamelers greater than 4 lo 5 leel.



12/10/2020 Open Channel Flow Calculator

The open channel flow calculator

Seleet Channel Type: Trapezoid v

W Y
()

e bangle Trapezond iranyle

[ Depthfoma v |[selectunit wium: Feel(ft)

[Chmmel slope: 083 [wn ] "Walerdcpthfy):|o.35 n ] mBouomwidlh(b) |5 [ | I
[Flow velocityf4stossz_[ws ] [jenStope(@t:fo __Jfo1tiv)] [[Rightstope (z2): (0. Jro1tiv) ] |
IFiow discharge[14.5 - wars | Input n valug{.035 ][ or select r} ) _]
[:CE;cul;!&I S - Sljlls:l(:ﬂlfll!ﬂﬁmi finished | IIESE!] _]
Mell@c;i::wl;[ﬂ.og |t ﬁilm ) [Flow area3.01 | [ [[fop wia(mfizos [ ] |
|$ijijic energylo.71  ][n ] J[qude numbeif1.7 | |[Frow statug{superciitical flow | |
I(}fiﬁffl depthfo47 — ][n | J|critical slope[0.026 [run | || Velocily head0.36 [ ]

Copyeight 2000 Dy, Ning Fang, Depaitocat of Civll Engliueciiog, s Univasity.

https://vaav.eng.auburn.edu/~xz(0001/Handbook/Channels.html 11
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Open Channel Flow Calculator

g |2
o Ny ey,

The open channel flow calculator

Seleet Channel Type: Trapezoid v

|Svlcrt unil system: Feel(ft) v

Depth from Q v
[(_lhgnnc!_s!opc: [o83  fwn | ”Wutcr depth(y): [0.67 n | JﬂBollom widih(b) ][5 [t | |
lF[ow velocity]7.938  {iUs | |[LcﬂSlopc (Z1):10 |lto 1 (HV)] "RighlSlope (22): |10. fot(hy) ] |
|Flow discharge[95 freais ] ”Inpul n valug].035 |[ or select II

E_('_:_ilculalal ]

“Slulus:|Cmcu!ulion finfshed

"l Rosel |

|Wcllcd perimeten|22.53 Jin | "["Iow areal11.97 2 ”Top widh(T)f2244 [0 |
!Slﬁciﬁc encrgy(1.85  |[n | Froude numbei| 1.92 j |[Frow statug{Supercitica flow . l
@irlicnl depth1.19 ][ | |[Critical slope{0.02 [run __JIVelncity headfoos o ] ]

Copycight 2000 Be, Niog Fang, Depacioent ol il Engiocering, Lamar Unlversity,

hitps://vnnw.eng.auburn.edu/~xz[0001/Handbook/Channels.html

n
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12/11/2020 Open Channel Flow Caleulator
o . o . _(;\'):ﬁLL\zh"‘ R
The open channel flow calculator SOV Re 4

W N Y.
(s 4 '/

Seleet Channel Type: Trapezold v g

Trapezoud Tananle

l

Depth from Q v Sclect unit system: Feel(ly v

lChanncl slope: 055 fun | q]h@@grrgcplh(y): .19 [n | J"Bollom widih(b) |2 {n J__]
[Flow velocity2.846931 s | [[Lenslope (Z1): [3 J[to 1 (H:v)) [[RightStope (22): [3 [o1gtv)] |
]Flow discharge|1.4 o mas ”tnput n value| 035 ( or setect 1} ]
| Calculato! | ~|[Status:[cateutation finished | || Roset ]

Welled perimeterf3.2t — |[n ] I Flow arca|0.49 [n~2 | JI'[(':IP width(T)[3.15 fv ]
Specific energyjo.32 —— Jfn | ﬁj [roude numbeif1.27 | |[Flow statug{Suporcritical flow ] |
(Critieat depfozs [t ] lcritiealstopefo030s  wn_ ] [[Velocity headfoss —J[w ] |

Copysight 2000 Py, Ning Fang, Depadment of Civil Engincering, 1ainar University.

https://vvave.eng.auburn.eduf/~xz(0001/Handbook/Channels.html

11
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N e am
Open Channel Flow Calculator Cos 4‘

The open channel flow calculator

Seleet Clinel Type: Trapezoid v

Toopezod

| Deplh from Q v Seleet unit system: Feel(fty v
,Clmnncl slope: [055  [wn | _"Watcr depth(y):[o.27 n | :maouom widlh(b)  |[2 n |
Flow velocity[3.435106 s | Hl_.f;ﬂslopu (Z1):[3 J|to 1 (H:v)] ]lR_ighlSlopc (Z2): 3 Jto 1 (Hv) |

Flow discharge|2.6 Cfmsis |

Ilnpui n valug|.035 | or setect r|

B

Calculate! |

[Sla[!ls:[(?allculaliml finishad

[ Roset ]

Welted perimeteif3.7 I[n |

_Jll?low areal0.76 [z |

J Top width(T)[3.62 |l |

[Specific encrgy[0.45 |[n ]

|[Froude numbeif1.32

J

[[F1ow statu{Superciticalfiow ]

[Critical depthfo.32 [ |

|[critical stopefo.0203 ] [[velocity headfts___Jlt |

|
|
|

Copdelpht 2000 D Xiog Vang, Department of Civi) Pugincering, Damar Universisy,
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Exhibit 8: State of Colorado Water Tank Jurisdiction
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STATE OF COLORADO

DEPARTMENT OF WATER RESOURCES
Office of State Engineer

Standard Plans, Drawings
ond
SPECIFICATIONS
' Including
RULES AND REGULATIONS
Perkaining to
THE FILING OF APPLICATIONS

for

THE APPROVAL
of

LIVESTOCK WATER TANIKS

PURSUANT 10 K.B, No. 760
SESSION LAWS OF 1941

DENVER, COLORADO, MAY 1, 1941
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e et

APPLICATION FOR APPROVAL OF LIVESTOCK WATER TANK

'This application and Statement i xande in conformity with provinions of the Livestock

1!
|

Water Tank Act of Colorado. S 36 4

" ‘This a %itiation must be accompanied by a filing fee of one dollar, payable to the State
tngineer of Colgrado. . .
ok .zizg_c.z...-.ﬂuf,p sex Lolox. el s. . Colo. Spgs, Cola..

............ P, 0, Addreas

N TSk
'/Lo‘cntion of Talzﬂf-éigz%féectlon../...7._.., Township._. L/ 520 ...._. Range._.. -5 ul6"0.m .
)]

Name of water courtte

Ya water course normally dry ... SO 1
~Approximate area of drainage bhvin above tank ... L& . o acres.

Nature of vegetative cover over drainage hasin above tank...... YR e en e

1 which ?ﬂk s locntedmpz'?:t.'ﬁ._...ﬂh.hzaxi_.%x.‘r:ymﬁtu_!‘:

Clivor of topography of drainage basin (steop, medium or flat) . HZest.C € k.o
Cimmcter of surface formation of drni_:mge bn;in Zi‘ocl{, r-o‘l-zl-cy ﬂoi], o'r ﬂoll_)é'r.uf_
Arroximate olovation of dvalnage basin above aca lovel .. Z 270 . oco..d0c,
Helght of top of dam above bottom of watey coursc..._.?.-..»:5.'.‘._:..".._._._._...

}oight of bottom of spillway above bottom of water COMNBEAZ 15T e eeernaree e kR
Approximate capacity of tank.. 2 s& ..., 2. ARz acro feot. | :
Location of spillway with respect to dam..._ Axound 47 4.%J31.sﬁf~...'£«gd.z7¢.i__.
R e e 12.«A.zn..ﬁ.f):.td.él.t...._,....-..,. e
Bottom width of spillway at narrowest point... 25 . ... ... feet.

Distance of lower end of spillway below dam.... 73 "..............._._feet.
Kind of formations in which }pillwny in located (rock, shale, clay, earth or mixture of soll
A

and rock) .cooenems EaylaA_ . — e AT RS

Width of top of dam.. & Q_...................fect.

Length of top of dam..2.Q2 .. ... .. feet.

Slope of upstream face of dam... 2L,
Slope of downstream face of dam.2.,". £......
Nature of xiprap or other protection to be

placed over water face of dam.........

Ti7tive Tomorvors to o DrOVIAod Wit A1 OUEIEE DIPO.... AZrmroommooeosee oo
1f 80, give Kind and 8§z of PIPe...co o e s

roa—t—a o P ——

NOTI _Romaindor of statements to be furnished by State ‘iﬁ.}ﬁééiﬁ-‘gl'{ggr;‘g.“s‘ """""""""""""
Date of receipt of application by State Engineer ... DRS00
Date of notice from applicant of completion of taNK.....c.cooeiiiimicneeeey 10

Tank or Aite NPt DY . .o et e s

Recomnmendation of Inapector ........cooevvi.. - o S
Date of veturn of plans and specifications to applicant for correction ox revision............ ...

. e e A Bl em 52 A& e e £ B A T8 At §

U PP T T et et el

/i‘i'li}'{é"ﬁéé"I"'iii}i'.'_'.'.'.'f_'_'.'.'.'.f'.f_'_'_“""""""""
Application approved this..
Number agsigned this stock tank ig




- (SN

S~ Top ot Dom ".ﬁw NO. ﬁézm

$367

.l-'ﬂ?,\ ?rb?

.
n"'.l o
. .

STATEMENT BY OWNER

W}({m by Ibtss peasenta: Thol I wdinilpoed
bt At eyetiabor poaloflics eddiais
intlolar, £13.3,. 8000, 5pg.8) oy covrd b
b0 boated s Skoch Wakir Tonk, the enneakol feghurdd
of which or ehomm by IN8 map ond plons, which to-
gilhee with o occompanying opplicalion oad atole~
manta ara heveby filed with Ihe Stote Enginser
putiuaal 1 ha provitions of low.

CROSS=SECTION OF DAM SITE AND SPILLWAY
$how langlh oad hiight of dom ond widih of epillacy on draulng ﬂ’.'i \,’-‘5’3’ ot v chive Solm of weN-ioures

Second: l‘g@ mruﬂy odova boltom of wokie =
covrne 0s

Third: Tola) copocily of tald Skeh Woke Took 18
Bea2a. otea faal,

Fowth  Tha source of wpply fg'r toid Sloﬁ Woler

— Ex e % ( f o —ets rm.nz%;fmm}}:;? (."Yce' ik
o<

rifth:  Filing of IN companying Hale=
manls ,with Iha Stale Engingpt was mada on Ihe .
ol dop o AT, oy 1937

%4/64/4‘”/#4”“
!

MAP ARD PLANS
Laigh Woler Lina ron
.ﬁ.@.&!%ﬁéﬁ.ﬂ..&fock WATER TANK AND DAM
Thigh Waler Ling="™,, Al .

; s
—— L L AT
.ﬂ...ﬁ.é..Qmum 0,

DRAINAGE AREA ABOVE DAM 1.7 ACRES

nw.-md d{ a/@ﬂo')%.uﬁ?

PLAN OF TANK AND DAM




e ———— e ——

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 apecifications and attached general plans shall be followed in tha coystruction of atock

water tank No.___....., located in See. /7., Towmship_.// 5., Range W el i

for which the underaigned on—..  Dec. /D 1987 oo —filed an application with
tho State Euginoer, as required by law,

I’mpntat’fou of Foundation for Dam-—All vegetable mntter of every deseription, including roots to a depth
of two feat, shall be removed from the entixe aren upon which the dam will rest, following which the top six-
inch layer of soll, togethor with boggy or unatable materialas shall be removed and deposited outside the toes
of the danm, The hanks of the stream channel shall be dressed to a alope of about 1%:1, A honding trench, with
aloping sides and a bottom width of not less than & feot and depth of 4 feet, shall then be excavated beneath
the conter line of the dam the full length thereof, which trench shall he refilled with the moat impervious
materlals available, The foundation of the dam shall then be lightly plowed lengthwise of the dam, to provide
proper contact between the foundation and the dam embankment,

Placing of Dam Embankment—The materinls shall he placed in the bondini; trench and in the embankmont
of the dam in layors not exceeding 6 inches in thicknoess, after which each loyer shall be thoroughly com-
pacted by n heavily loaded dise cultivator, a corrugated or sheep's foot roller, the treads of a caterpillay ox ‘
trucka, or by livestock used in the construction. DnrinF the construction period, the top of the embankment
shall be maintained as a horizontal plana the full width and longth thereof, and no side dumping of materinls
shall bo pormitted, Tho materinls shall at all times contain just aufficient moisture to provide proper compne-
tion. Puddling of material with water shall not be gnnmttcd. No frozen materinl or lavge clods or stones :1hnﬁ ha
incorporated in the dam. The upstream face of the dam shall be constructed with n alope not stecper thon
2%%:1, and the downstream fnce on o slope not ateeper than 2:1, The crest or top of the finlslied dam shall be
not less than 8 feet in width,

The upstream two-thirds of the dam shall be conatructed of the most imporvious materinls, such ns clay
loam, or a mixture of clay and aand, and the downstrenm one thivd of more pervious matorinl, such ag sand
or gravel, The upstream fnco of tho dam shall be adequately protected agninat wave action by stone riprap,
or other auitable materinls,

Outlet—Should the state engineer so xequire, there shall bo loeated heneath the dam n galvanized, cornu-
gated steel pipe of No. 14 gauFe and not lesa thon 8 inches in dinmeter, equipped with a suitable control valve
attached to the upstream end of the pipo, together with puitable mechanism for operating the valve. Such outlet
pipe, when required, shall be provided with concrete collava enclosing each joint of the pipe. The pipe shall
be placed in a trench bottomed in stable formations, and shall be complotely surrounded with well compacted
impervious materinls,

Hpillway—Ior the protection of the dam, an adaequate spillway ox channel shall he constructed around one
or hoth-ends of the dam, of sufficient width to provide a capacity to carry the entire discharge from the
drainage hasin above the dam during periods of unusual runoff, The spillway shall ho located in stable for-
wations 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 apillway 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.

Tablo Showing Required Freghoard, Widths and slopes of Spill\vn&s for amall Earth Dams, with Drainnge Areas
above the Same as Shown, Based upon o meximum Peak Runoff of 640 Second Feet por Square Milo, ox 1
Hecond Foot per Acre, with an Allowanco of n Minimum Frecboard between the Maximum High Water Line

and Top of Dam, of 2.3 Feet, and Moximuwm Velocitiea of 8.6 FFeot per Second of Time.
ARFA OF AK X yrloolYy  mEaUagp vl W or D ot or
ORAIHAGE BARIN THR U?H ll‘{'l W, P BPILLW,
) {4
2,'&-" pAu ¥ i ¥ TARRGAVERT I AY .3. :
100 100 8.0 (1] 1.5 0.85
200 200 8.0 i 15 0.20
800 300 3.0 L] 14 0.85
400 400 8.9 63 15 0.28
509 50O 2.0 110 1.5 025
600 €00 8.0 11 1.8 0.23
100 700 8.0 188 15 023
£00 200 2.0 11 13 0.4
$00 £00 2.0 £33 15 0.3
1000 1000 3.0 10 1.5 0.25
1100 1100 2.0 10 1.0 0,23
1800 1200 88 214 1.7 025
1800 1800 33 20 149 025
1400 1400 24 240 L7 085
1540 1569 84 260 14 035
1600 1600 3.5 210 b 0.25
1700 1100 2.8 185 V] 025
1800 1800 8.6 i 11 085
1800 1900 85 318 14 0858
£os0 B4ED 85 110 L3 0.85

The ahove spillway widths may be reduced at a point 60 feet below intake, by 26 per cent, where the
opillway fs located the full length thereof in hard clay or shale, and by 60 per cent when located in haxd
rock formations, if the slope or grade of the bottom is incrensed accordingly. Theogmda for clay and shale
formations should bo 0,30 foot por 100 feet, and for rock formations 0.0 foot per 100 feet, The width of the
entrance to tha spillway must in all cases Lu one-third wider than shown in the Table, and the bottom should
slope from the lower ¢nd of the funnel section, toward the reservolr 1.0 foot in the distance of 50 feet.

Dorrow Pits—-Borrow pits, from which materinls avo taken to build the dam, shall be ¢leared of all vege-
tablo matter, and no material shall bo borrowed within a distanco of 50 feet of any part of the dam. Mate-

rinls excs/uted from tho spillway, when‘puitublo, are to bo used in byj)ding tho dam,
pate Xl /3 1 LTS T Mf‘*&%fﬁw_’ﬂﬁ\ 1
er S " /
6&*%"“"{{{ vprngs I3 Gt

Port'Ofllee Adtresn

——
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[ 189 JAREICIAR
J -
- 4 |
L 4T
: C;‘».e'n'lfdmf'-sm )
v Wy ¥
‘"}'GB'G(ONTIILOIJ)P'S'OmRa;_ﬂ; g

i) ?‘,"\:.;“\r

\_'\ 'Q‘
N\

=
X

)

A{(

¢ —. ] \ i
4 /.‘--.,. R

W NN

ogEs
S
N\




Livestock Water Tank / Erosion Conlrol Dam Report
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Complotion of Enl_lslrucllnn g

et wy i

Upan the connpletion of e contontion of the

YL Tioavnon lve Stock Water Tank, located
e W Tap WS Moz osvleEEn . the
approved Phnsand Specifivations of which are hereta attached, indicate
i the blank a1 the Dattom of this form, the date of completion of con.

stonction and vebun o
THE SEATE ENGINEER, CAPITOL BLDG, DENVER, COLO-
AT, £ that Bes gy, 06 he dedines, dnepect sald tank,

Date of completion ()"f( : (1‘1}:':'( i /7f/./ s

Sectlon - BLM database

Section S19T11S RGSW
Meridian  Sixth

Stale 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 1: facing east along central swale (51, 52)

BRI

Figure 2: Facing east along central swale

Figure 3: Facing NW from east side of property

Figure 4: tap of Stock Pond Embankment facing south




Exhibit 10: Historic Drainage Conditions (map pocket)



DESIGN POINT SUMMARY . 35 ¢
E?:?%§§'gg°c
©C6Z8%  Bgeg
DESIGN CONTRIB SUB AREA Te c5 C100 CAS5 CA100 Q5 Q100 845358288 %
POINT BASINS 5500 ps 058
(ACRES) | (CFS) | (CFSY | (CFS) | (CFS) | (CFS) | (CFS) | (CFS) NS
- - - @ = 0o
1 0S1 34.1 23.2 0.09 0.36 |- - - 8.7 58.5 3525§§JZ§§$§
, o o cw-g*GEg%%;CE'-
2 0S3 0.6 15 0.08 0.35 - - 1 o2 1.2 CALER ROAG %é%%“%igizsg
gas.:'-g*’ g-?r; > ‘:3%
3 0S4 0.6 13.3 0.17 0.41 0.4 1.5 | VICINITY MAP £38558c23£8%
4 0s7 3.6 15.5 0.12 0.38 1.5 8.0 — 5 NO SCALE
FILLY LANE . %
5 | 0S1,053,054,055,0S7,A| 45.6 27 416 | 1631 | 11.0 72.2 Swale Summary — = : 2
s " - 5=
6 DP5,0S6,B,052 60.3 28.4 | | 547 | 21.28 | 14.0 91.5 Existing Conditions and Developed Conditions ~ o] WHERESE P°'”; CED 9
ES
7 DP6,C,0S8 62.5 29 _ _ 5.71 292.37 14.5 95.0 Negligible Changes for Developed Conditions § ROPERS POINT 8 = 53'5
o] §|:| Jd<kz
158 i 150 B0 8 0S5 0.4 10.9 0.08 0.35 0.1 0.9 - - 5 UaRROW PATH > © 3o
' : : : : : : Design Flow | Depth of Flow Velocity Froude | Flow < w 5= gz
Swale |Design| Contributing | Slope © o - 3%
9 036 0.9 15.2 0.08 | 035 |- 0.3 1.9 _ _ Number | Regim Q < 352
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1 0s8 4 | 141 | 008 | 035 04 | 30 S1 1 0S1 47 | 87 [ 585 ] 03 | 07 | 29 [ 48 | 121 | super ( S
OS1 OSB = HODGEN ROAD[50 i
12 0S10 0.5 5.3 0.57 0.72 - - 1 15 3.1 ,0S3, 33
~ = = S2 [ 1tod 0S4 A OS7 2.5 11 72.2 0.3 0.7 3.4 2.5 1.32 | super Ug‘ \
13 0s9 0.4 6.1 0.70 0.81 | 8 - 1.4 2.6 s 1, 5
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tot 1 ocated in sub 5.5 12.9 0.08 0.35 1.8 13.3
: basin B _ ' ' ' ‘ ' ‘ S5 12 0S10 5.0 1.5 3.1 0.2 0.3 2.8 3.5 1.2 super Z
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Exhibit 11: Developed Drainage Conditions (map pocket)



DESIGN POINT SUMMARY
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DESIGN CONTRIB SUB AREA Te c5 C100 CA5 CA100 Q5 Q100
POINT BASINS (ACRES) | (CFS) | (CFS) | (CFS) | (CFS) | (CFS) | (CFS) | (CFS)
1 0S1 34.1 23.2 0.09 0.36 |- « - 8.7 58.5
2 0S3 0.6 15 0.08 0.35 0.2 1.2
3 0S4 0.6 13.5 0.17 0.41 0.3 1.3
4 0S7 3.6 15.5 0.12 0.38 15 8.0 —
5 | 0s1,083,054,085,0S7,A | 45.6 27 428 | 1639 | 11.3 72.6 Swale Summary .
6 DP5,0S6,B,0S2 60.3 28.4 566 | 21.42 | 145 92.1 Existing Conditions and Developed Conditions ~
7 DP6,C,0S8 62.5 29 5.71 292.37 14.5 95.0 Negligible Changes for Developed Conditions
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m:d' 8 0S5 0.4 10.9 0.08 0.35 0.1 0.9 ] L Design Flow | Depth of Flow Velocity Froude | Flow
Swale |Design| Contributing | Slope )
. , 9 0S6 0.9 15.2 0.08 0.35 0.3 1.9 ] ) Number Reg|m
SCALE: 1" = 150 # |Points| Subbasins Q5 | Q100 | Q5 ([ Q100 | Q5 | Q100
10 0s2 10.3 17.9 0.10 0.36 3.3 20.5 % ofs ofs ft f o5 e (Syear) | e
11 o5t 14 1% 008 B30 0t i S1 1 OS1 4.7 87 | 585 | 0.3 0.7 2.9 4.8 1.21 | super \
12 0S10 0.5 5.3 0.57 0.72 1.5 3.1 081,083,
S2 1105 0S4. A OS7 5.5 11 72.2 0.3 0.7 3.4 5.5 1.32 super
13 059 0.4 6.1 0.70 0.81 1.4 2.6 , A,
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basin B _ ' ' ‘ ‘ ' ‘ S5 12 0S10 5.0 1.5 3.1 0.2 0.3 2.8 3.5 1.2 super
XX¥- — = INDEX CONTOURS otz oectec M |50 | 148 | 008 | 035 25 | 141 s6 | 13 0S9 55 | 14 | 26 | 02 | 03 | 28 | 34 | 127 | super
XXX — INTERMEDIATE CONTOURS
DEVELOPED CONDITIONS
= m= = = — SUBDIVISION BOUNDRY
DP CONTRE';L;TILNSG SUB | ARea | Te c5 | c100 | CA5 |ca100| Q5 | Q100
— SUBBASIN BOUNDRY
14 DP7,0S9,0S10 63.4 | 29 6.47 | 2318 | 16.4 | 985
<«<——— — DIRECTION OF FLOW '
Lot 1 (sub basin B)| 55 | 12.9 | 0.11 | 0.37 25 | 14.1
- — =ASIING Bite SENTERLNE Lot 2 (sub basin A)| 5.0 | 14.8 | 0.11 | 0.37 1.7 | 9.4
@ — DESIGN POINT BTES:
(X) - 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.
— SUBBASIN I.D. 3. THE MAJORITY OF LOT 1 IS LOCATED IN BASIN B.
AREA 4. ALL OF THE OFFSITE SUB BASINS ARE UNCHANGED FROM EXSITING CONDITIONS.
(ACRES) 5. CA VALUES ARE USED IN ORDER TO ACCURATELY REFLECT CONTROLLING Tc.
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According to Colorado law,
you must commence any
legal action based upon
any defect in this survey
within three years after you
first discover such defect.

In no event, may any action
based upon any defect in

survey be commenced more

than ten years from the
date of the certification

shown hereon.
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