
Final Drainage Report 

for the 

McGehee Subdivision 
El Paso County, Colorado 

July 2021 

Prepared for: 
Mr. Dale McGehee 
10958 Mount Evans Drive 
Falcon, Colorado 80831 

.r 

Prepared by: 
Kenneth C. Harrison, P.E. 
KCH Engineering Solutions 
5228 Cracker Barrel Circle 
Colorado Springs, Colorado 80917 
719-246-4471 
ksharrison5228@msn.com 

PCD No. SF2111 

1 



TABLE OF CONTENTS 

Certifications and Approvals ..... . ....... ..... ......... ........ .. .... . .. ... . ...... 3 
I. Report Purpose ................. . ..... . ... ............ ..... .... ... ... .......... .. .. .. . 4 

II. General Description ..... ......... ............................ .. ...................... 4 
Ill. Design Criteria and Methodology ........ . ......... ......... ... .. ...... . .......... 6 
IV. Existing Reports, Mapping, and Information .......... .. ... ...... ... .... ....... 9 
V. FEMA Floodplain ...... ............. .. ... ............ .... .... ........................ . 9 

VI. Hydrologic Soils Information ........ . .... ..... ............ ..... ... . .... ....... . .... 9 
VII. Existing Drainage Conditions .. ...... ....... ............ .. ....... ........ .......... 9 

VIII. Developed onsite Drainage Conditions ... ...... .............................. 16 
IX. Existing/ Developed Runoff Comparison ....... ..... ... ............ ... .. ... ... 19 
X. Full Spectrum Detention Pond ........ . ..................... ... .... .. ... ..... ..... 21 

XI. Four Step Process ..... .................. . .. .... ........... ... .... ..... ...... ...... . . 21 
XI I. Erosion Control. .. .... .... . ... .. ..... .. .... ..... ... .......... .. .. . ............ ........ 21 

XIII. Stormwater Management Plan (SWMP) ..... . .. . ... ... .. .... .. . ...... ......... 21 
XIV. Drainage/ Bridge Fees ........... . .............. . .. . .. . ..... . .. . .. ... .... ..... . ... .. 21 
XV. Summary ........ . ... .. .... ...... ..... . ..... . ................................. .. ........ 22 

Exhibit 1: 
Exhibit 2: 
Exhibit 3: 
Exhibit 4 
Exhibit 5: 
Exhibit 6: 
Exhibit 7: 
Exhibit 8: 
Exhibit 9: 
Exhibit 10: 
Exhibit 11 : 

Location Map 
FEMA FIRM Map 

APPENDIX 

SCS Soils Map and Data 
Charts and Tables 
Calculation Sheets 
Hydrologic Calculations 
Hydraulic Calculations 
State of Colorado Water Tank Jurisdiction 
Existing Swale Photographs 
Historic Drainage Conditions (map pocket) 
Developed Drainage Conditions (map pocket) 

2 
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El Paso County 
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Jenner Irvine, P.E. (Date) 
County Engineer/ ECM Administrator 
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See Section V of this report 
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I. 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. 

• 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. 

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

• Recommendations regarding onsite drainage improvements. 
• 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. 

• Discussion regarding detention and storm water quality. 
• General recommendations regarding erosion control. 

II. 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 6th 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: 

• Lot 1: 5.0-acres 
• Lot 2: 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 
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locations of these ponds are shown on the Drainage Map included in the map 
pocket of this report. 

The high point of the swale (S 1) 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 
SB 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 
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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: 

• The existing 24 " culvert, noted as STR 1, under the existing 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. 
This culvert is to be installed at approximately 150-feet south of the 
northeasterly property corner (see Developed Conditions Map). 

Ill. 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 

• El Paso County Engineering Criteria Manual (EPCECM), Revised 
2020 

• Colorado Springs Drainage Criteria Manuals, Volume 1 and 2, dated 
May, 2014 
• Urban Drainage and Flood Control Manual, Volumes 2 and 3, dated 

August 2018 
• COOT Erosion Control Field Handbook, dated April 20, 2017 
• GIS mapping obtained from El Paso County. El Paso County 

Information Technologies at 325 South Cascade Avenue, Colorado 
Springs, 80903. 

b. Specific Criteria 
• 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. 
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• 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. 

• 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 DP?. This was based on the 
assumed velocity in the existing swale segments 1 through 4. This 
is summarized in the "Surface Routing Summary" table in Exhibit 7 
of the Appendix. 

• Drainage swale and borrow ditch sizing 
The only swale that drains this site is located approximately in the middle 
and it drains the site in a west to east direction. This entire swale is broken 
into segments, S1 through S4. The swale drains all the offsite and onsite 
runoff to an existing stock pond noted as STR 1. 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 
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visual obseNations, all swale sections appear to be relatively stable with 
only a minimal amount of erosion and down cutting. 

• Stock Ponds (see Appendix, Exhibit 8) 
There is a total of four (4) stock ponds located along the existing swale. 
Three (3) of the stock ponds are small and therefore non-jurisdictional. 
The ponds located east of the largest pond are minor with embankment 
heights between 2 to 4 feet. The furthest easterly one is the largest and 
jurisdictional. Based on visual obseNations 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. 

• Culverts 
■ The existing 24 " culvert, noted as STR 1, 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. 

• 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 
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reasons are based on El Paso County criteria as well as Colorado State 
criteria. 

• Erosion control 
The following facilities are anticipated to be required along the proposed 
driveway located as shown on the Developed Conditions Drainage Plan: 

• Erosion Control Blankets 
• 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# 08041CO305G (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. 

VI. 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: 
• Well drained 
• Runoff Class; Medium 
• Depth to water table: >80 inches 
• Frequency of flooding: none 
• Frequency of ponding: none 
• 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 
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proposed culverts are summarized in the tables included in the Appendix 
(Exhibit 7). 

ii. Design Point 1 
Description 
DP1 is the collection point for runoff from Sub-basin OS1 (34.1 acres). 
This Sub-basin is vegetated with natural grasses with a few bushes and 
trees located along the flowline of the existing swale (S 1 ). All the runoff is 
collected by an existing natural and stable swale (S1) that basically 
bisects the site in a west to east direction. The swale routes the water to 
DP1 located on the westerly property line 300-feet south of the 
northwesterly property corner of the study tract. The portion of the sub 
basin to the north of the swale slopes from north to south at an average 
slope between 4.0% and 7%. 

Hydrologic Summary 
The hydrologic characteristics of the runoff from OS1 at DP1 for the 
existing conditions is as follows: 

- Drainage Area = 34.1 acres 
- Runoff Coefficients: 5 year = 0.09, 100 year = 0.36 
- Time of Concentration: 23.2 minutes 
- Runoff: 5 year = 8. 7 cfs, 100 year = 58.5 cfs 

Hydraulic Summary for Offsite Swale 1 (S1) Cale Sheets CS1, 
CS2. 

- Runoff: 5 year = 8.7 cfs, 100 year = 58.5 cfs 
- Average Bottom width: 5 feet 
- Average Side Slope ratio: 20 to 1 
- Average Slope: 4 .7% 
- Velocity: 5-year = 2.9 fps, 100 year = 4.9 fps 
- Depth of Flow = 5-year = 0.3 ft, 100 year = 0.7 ft. 
- Froude No.= 5-year = 1.21 (Supercritical), 100 year = 1.38 

(Super critical) 

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 (S 1) that basically 
bisects the Sub-basin in an east to west direction. 
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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 

iv. Design Point 3 (offsite) 
Description 
DP3 is the collection point for runoff from Sub-basin OS4 (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 

v. Design Point 4 (offsite) 
Description 
Runoff from Sub-basin OS? (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 
OS? 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. Design 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 

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: 
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- 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 

x. Design Point 10 (offsite) 
Description 
Runoff from Sub-basin OS2 (10.3 acres) sheet flows into the stock pond 
from the south. There is no specific collection point. DP10 only 
represents the total amount of sheet flow that enters the stock pond. 
Sub-basin OS2 slopes from south to north at an average grade of 7.3%. 
Sub-basin OS2 is vegetated with natural grasses. All the runoff is 
collected by the existing stock pond. 

Hydrologic Summary 
The hydrologic characteristics of the runoff from OS2 at DP10 for the 
existing conditions is as follows: 

- Drainage Area = 10.3 acres 
- Runoff Coefficients: 5 year = 0.10, 100 year = 0.36 
- Time of Concentration: 17.9 minutes 
- Runoff: 5 year = 3.3 cfs, 100 year = 20.5 cfs 

xi. 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 
OS8 is vegetated with natural grasses. All the runoff is collected by 
the existing swale (S4). 

Hydrologic Summary 
The hydrologic characteristics of the runoff from 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 
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xii. Design Point 12 (offsite) 
Description 
Runoff from Sub-basin OS10 (0.5 acres) is collected by the 
westerly borrow ditch (S4) along Thompson Road. The high point of 
the borrow ditch is located approximately 500-feet south of the 
culvert under Thompson Road at DP14. The water flows from south 
to north and joins the water flowing from the north from Sub-basin 
OS9. The water is then routed under Thompson Road via a 30-inch 
corrugated metal culvert at DP14. 

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

Hydrologic Summary 
The hydrologic characteristics of the runoff from OS 10 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) Cale 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. 

xiii. 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 
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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 (SG) Cale 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 (Cale 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 

xiv. 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). 
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VIII. 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. 

i. Design Point 5 (Onsite) 
Description 
Runoff from Sub-basins OS1 (34.1 acres), OS3 (0.6 acres), OS4 (0.6 
acres), OS5 (0.4 acres), OS7 (3.6 acres) and onsite Sub-basin A (6.3 
acres), resulting in a total drainage are of 45.6 acres, is collected at 
DP5 which is located at the entrance to the existing stock pond. The 
DP is also located where the existing swale (S2) routes the water 
outside the site along the southerly property line. The swale (S2) is 
grass lined and stable with only a minimal amount of erosion. 

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

- Drainage Area = 45.6 acres 
- CA: 5 year = 4.16, 100 year = 16.31 
- Time of Concentration: 27 minutes 
- Runoff: 5 year = 11.0 cfs, 100 year = 72.2 cfs 

Hydraulic Summary for Onsite Swale 2 (S2) (Cale 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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ii. 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: 5 year = 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 (53) (Cale 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 DPS (Cale 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. 

iii. Design Point 7 (Onsite) 
Description 
DP? is located on the easterly property line between the pond outlet 
and the culvert under Thompson Road. DP? 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 DP? for the existing conditions 
is as follows: 

a. Drainage Area = 62.5 acres 
b. CA: 5 year = 5.71, 100 year = 22.37 
c. Time of Concentration: 29 minutes 
d. Runoff: 5 year = 14.5 cfs, 100 year = 95 cfs 

Hydraulic Summary for Offsite Swale 3 (S4) (Cale Sheets 11 and 12) 
a. Runoff: 5 year = 14.5 cfs, 100 year = 95 cfs 
b. Average Bottom width: 5 feet 
c. Average Side Slope ratio: 10 
d. Average Slope: 8.3% 
e. Velocity: 5-year = 4.8 fps, 100 year = 8.0 fps 
f. Depth of Flow = 5-year = 0.4 ft, 100 year = 0.9 ft. 
g. Froude No.= 5-year = 1.69 (super critical) , 100 year = 1.92 (super 

critical) 

iv. 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 OS 10 (0.5 acres) join the 
runoff at DP? (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 (Cale Sheet 
10) 

a. Runoff: 5 year = 15.9 cfs, 100 year= 97.9 cfs 
b. Culvert Size: 30-inches 
c. Conditions: inlet control 
d. Headwater to Depth Ratio: 5 year = 0.76, 100 year = >6.0 
e. Upstream Depth: 5 year= 1.9 ft, 100 year = roadway overtopping 
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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 Sub basins B (Lot 1) and A (Lot 
2). 

■ Runoff Coefficients 
o Gravel Driveway: Lot 1 = 250 ft. Lot 2 = 420 feet; C5 = 0.59, 

C100 = 0.70 
o The driveways were conservatively sized at 20 feet wide. 
o The roof of each house was conservatively estimated to be 

3,000 sf each with the following coefficients: C5 = 0.90, 
C100 = 0.96 

o It was conservatively assumed that ½ acre would be 
landscaped resulting in the following coefficients; C5 = 0.12, 
C100 = 0.39 

o 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. 

ii. 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 8) 

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 Lot 2 (sub basin A: C5 = 0.11, C100 = 0.37 

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

conditions. 

d. 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 8) 
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 cfs, Q100 = 8.9 cfs 
2. Developed Conditions: Q5 = 1.9 cfs, Q100 = 11.1 cfs 

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

i. Existing Conditions: Q5 = 15.9 cfs, Q100 = 97.9 cfs 
ii. Developed Conditions: Q5 = 16.4 cfs, Q100 = 98.5 cfs 

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

The disturbed are was determined as follows: 
• Gravel Drive: Lot 1 = 250 ft by 20 ft = 5,000 sf; Lot 2: 420 frt by 20 ft= 

8,400 sf 
• Residence footprint: Lot 1 = 3000 sf; Lot 2 =3000 sf 
• Totals disturbed area: Lot 1 = 8,000 sf, Lot 2 = 8,820 sf, Total = 16,820 sf 

XI 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 WQCV 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 

XII EROSION CONTROL 
The following erosion control measures are recommended for the proposed 
private driveway: 

• Silt fence along the southerly side of the proposed driveway 
• Erosion control fabric on all disturbed surfaces 
• Buried riprap at the outlet end of the proposed culverts installed under the 

proposed driveway. 

XIII 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 
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Preface 

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

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

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/ 
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
{https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/? 
cid=nrcs 142p2 _ 053951 ). 

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

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

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

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer. 
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How Soil Surveys Are Made 

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

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

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

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

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

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

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

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

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

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

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

7 



Soil Map 

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

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

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

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

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

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

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

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

Soil Survey Area: El Paso County A rea, 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 

21 Cruckton sandy loam, 1 to 9 2.0 
percent slopes 

67 Peyton sandy loam, 5 to 9 55.9 
percent slopes 

68 Peyton-Pring complex, 3 to 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 impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape. 

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
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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 
Farmland classification: Not prime farmland 

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

Description of Cruckton 

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

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

Properties and qualities 
Slope: 1 to 9 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Well drained 
Runoff class: Medium 
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 - 0 to 12 inches: sandy loam 
Bl - 12 to 25 inches: sandy clay loam 
BC - 25 to 35 inches: sandy loam 
C - 35 to 60 inches: sandy loam 

Properties and qualities 
Slope: 5 to 9 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Well drained 
Runoff class: Medium 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr} 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Moderate (about 7.3 inches) 

Interpretive groups 
Land capability classification (irrigated): None specified 
Land capability classification (nonirrigated): 4e 
Hydrologic Soil Group: B 
Ecological site: R049XB216CO - Sandy Divide 
Hydric soil rating: No 
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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 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 - 0 to 12 inches: sandy loam 
Bl - 12 to 25 inches: sandy clay loam 
BC - 25 to 35 inches: sandy loam 
C - 35 to 60 inches: sandy loam 

Properties and qualities 
Slope: 3 to 5 percent 
Depth to restrictive feature: More than 80 inches 
Drainage class: Well drained 
Runoff class: Low 
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.60 in/hr) 
Depth to water table: More than 80 inches 
Frequency of flooding: None 
Frequency of ponding: None 
Available water capacity: Moderate {about 7.3 inches) 
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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 - 0 to 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: 
Hydric soil rating: No 
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Oue of lhe basic assumplions underlying lhe Ralionnl Mel hod is I hat runoff is a funclion of lhe nvcrage 
rainfall rnte during the lime required for water to flow from the hydraulically most remole part of the 
drainage area under consideration to the design poinl. However, in practice, lhe time of concentration cnn 
be an empirical value that results in reasonable and acceptable peak flow calculations. 

For urban areas, the lime of concentration (le) consists of an inilial time or overland flow time (11) plus the 
travel lime (I,) in lhc storm sewer, paved gutter, rondside drainage ditch, or drainage chnnnel. For non­
urln111 <1retts, the time ufco11cc11(rntion cons_ists ofun ovcrlnnd flow time (11) plus the time oftrnvcl in o 
conceulrnted form, such as a swale or drainageway. The travel porlion (I,) of the time of concentration 
can be eslimaled from the hydraulic prope11ies of the storm sewer, guller, swale, ditch, or drninngeway. 
Jnilial time, on the other hnnd, will vary with surface slope, depression storage, surface cover, antececlcnt 
rainfall, nnd infiltrnlion capacity of the soil, as well as distance of surface flow. The time of concenlration 
is represented by Equnlion 6-7 for both urban and non-urban areas. 
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(Eq. 6-7) 

Where: 

le;:::: lime of concenlralion (min) 

t1 = overland (initial) flow time (min) 

11 = travel time in the ditch, chmmcl, gutter, storm sewer, clc. (min) 

3.2.1 Overland (Initlnl) Flow Time 

The overland flow lime, /1, may be ca lculated using Equation 6-8. 

0.395(1.1 - C5 )Ji, ( =--~- ~~-/ 8 0.13 
(Eq. 6-8) 

Where: 

11 = overland (initial) flow time (min) 
C5 = runoff coefficient for 5-ycar frequency (see Table 6-6) 
L = length of overland flow (300 fl maximum for non-urban land uses, 100 fl maximum for 

urban land uses) 
S = average basin slope (fl/fl) 

Nole that in some urban walcrshcds, the overland flow lime may be very small because flows quickly 
concentrnlc and channelize. 

3.2.2 Travel Time 

For catchments with overland and channelized flow, the time of concentration needs to be considered in 
combination with the travel time, t,. which is calculated using the hydraulic prope11ies of the swalc, ditch, 
or channel. For prcliminmy work, the overland travel time, t1, con be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999). 

Where: 

6-18 

V = velocity (fl/s) 

C,. = conveyance coefficient (from Table 6-7) 

s ... = watercourse slope (fl/fl) 

City of Colorado Springs 
Drainage Criteria Manual, Volume I 

(Eq. 6-9) 
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conccnlrnlion, all othcl' factors being equal. Although it is possible to calculate a lougel' time of 
concenlrntion for a post-development condition versus a pre-development condition l>y increasing the 
length of the flow path, ti.tis is oficn a result of selecting unrealistic flow path lengths. As a mailer of 
practice imd for the sake of conservative design, it is required tlrnt the post-development time of 
conccntrntion be less than or equal to the pre-development time of conceutration. As a general rule and 
when sufficiently delailed development plans arc not availal>lc, the post-development time of 
concentration can l>c estimated to l>c about 75% of the pre-development value. 

3,2,6 Common E1·1·01· in Cnlculnting Time of Conccnh'ntion 

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

3,3 Rninfoll Intensity (I) 

The average rainfall inteusity (I), in inches per hour, by recurrence interval, can be found from the 
Intensity-Duration-Frequency cmvcs provided in Figure 6-5. The value for I is l>ascd on the assumption 
that the peak runoff will occur when the duration of the rainfall is equ11I to the time of concentration. For 
example, Figure 6-5 indicates a rainfall intensity of approximately 5.00 inches/hour for the 100-year event 
for a catchment with a time of conccnlrntion of 20 minutes. These curves arc based on the rainfall depths 
for an elevation of 6,840 feet in the Colorado Springs aren. 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 
recmrence interval needed. The Z-1 (Zone l) tali should be used for Arkansas River basin locations. 

3.4 Drninngc Bnsin Aren (A) 

The size of a drainage l>asin contributing nmoff to a design point, in acres, is used to calculate peak runoff 
in the Rational Method. Accurately delineating the area contributing to each design point is one of the 
mos! important tasks for hydrologic analyses since the estimated rnnoff is directly proportional lo the 
basin area. The area may be determined through the use ofplanimctric-topogrnphie 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 b.isin lines arc determined l>y the natural topography, 
pavement slopes, locations of downspouts and inlets, paved and unpaved yards, grading of lawns, and 
many other features found 011 the urban landscape. In areas where there are storm drains, the entire 
contributing drainage area can sometimes be greater than the drainngc area determined by topographic 
analysis oflhe ground surface, due to storm drains collecting runoff from areas that lie outside of the 
surface topographic extent of the bnsin. 

4.0 NRCS Curve Nu1nber Loss and Dhnensionless Unit 
Hydrograph Method 

The NRCS curve number loss nncl dimensionless uuit hydrograph method has used been the most widely 
used method in the region. It can be applied for drainage basins as small as 10 acres and is the only 
method thnt should be npplicd for drninnge basins lnrger than 640 acres. This method cnn be used to 
estimate peak flows or to produce a runoffhydrograph and also provides estimates of rnnoff volume. 
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Figure 6-5. Colonulo Springs Rainfall Intc11sHy D11rntio11 Frequency 

5 10 15 20 25 30 35 '10 

Duration, o (minutes) 

IDF F.qunllons 

T100 = -2.52 ln(D) + 12,735 

150 =: -2.25 ln(D) + l 1.375 

[ 15 = -2.00 ln(D) + 10.111 

I 10 "' -1. 75 ln(D) + 8.8117 

fs"' - l.50 In(D) + 7,583 

11 = - l.19111(D) + 6.035 
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equations may 1101 prec isely 
duplicnlc v11 l11cs rc~d from ligurc. 
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Chapter 6 Hydrology 

Table 6-7. Conveyance Coefficient, C,, 

Type of Land S111'f11ce C1, 

Heavy meadow 2.5 

Tillage/ficlcl 5 
Riprnp (not buried)• 6.5 
Short pnsture nnd lawus 7 

Nearly bare ground 10 

Grassed waterway 15 

Paved areas and slrnllow paved swalcs 20 
l:or buried nprnp, select C,. vnluc based on type ofvcgctnt1vc cover. 

The lrnvcl lime is calculated by dividing the flow distance (in feel) by the velocity calculated using 
Equation 6-9 and converting units to minutes. 

The time of conccnlrnlion (le) is then the stun of the overlnnd flow time (t1) nnd the travel time (11) per 
Equntion 6-7. 

3.2.3 First Design Point Time of Concentration in Url>nn Catchments 

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

Where: 

L 
t =-+10 
" 180 

(Eq. 6-10) 

le= mnximum time of concentration at the first design point in an urban watershed (min) 

L = waterway length (fl) 

Equation 6-10 wns developed using the rainfall-runoff data collected in the Denver region a11d1 in esscncc1 

represents regional "calibration11 of the Rational Method. Normnlly, Equation 6-10 will result in a lesser 
time of concentration at the first design point and will govern in an urbrmized watershed. For subsequent 
design points, the time of concentration is calculntcd by accumulating the travel times in downstream 
drainageway reaches. 

3.2,4 Mlnl11111111 Tlmc of Conccntrntlon 

If the calculations result in a le of less than 10 minutes for undeveloped conditions, it is reconunendcd I hat 
a minimum value of JO minutes be used. The minimum le for urbnnized areas is 5 minutes. 

3.2.S Post-Development Time of Conccntrntion 

As Equation 6-8 indicates, the time of concentration is a function of the 5-ycar nmoff coefficient for a 
drainage basin. Typically, higher levels of imperviousness (higher 5-ycnr nmoff coefficients) correspond 
to shorter times of concentration, and lower levels of imperviousness con-espond lo longer times of 
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HYDRAULIC DESIGN 3-41 

trol were developed. These nomogrnphs give hcadwalcr-disclrnrgc rcln­
tio11ships for most convcntio11ni culverts flowing with inlet control through 
a rnnce of headwater depths or dischnrgcs. An cxnmplc of these nomo­
graphs is shown in Figure J .25. 
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Exhibit 6: Hydrologic Calculations 



DP 

1'I 

DP 

1'1 

Stonnwater Runoff Summary Comparison 

Existing Conditions 

Contributing Sub 
Area Tc 

basins 
cs ClOO CA5 CAlOO 

DP7, OS9, OS10 63.11 29 6.28 23.05 

Lot 1 (sub basin 13) 5.5 12.9 0.11 0.37 

Lot 2 (Sub basin/\) 5.0 1'1.8 0.11 0.37 
' 

Developed Conditions 

Rational 

Contributing Sub 
Area Tc 

basins 
cs ClOO CA5 CAlOO 

DP7, OS9, OS10 63.4 29 6.47 23.18 

Lot 1 (sub basin B) 5.5 12.9 0.11 0.37 

Lot 2 (Sub basin A) 5.0 14.8 0.11 0.37 

Notes 

Q5 QlOO 

15.9 97.9 

1.8 13.3 

1.2 8.9 

QS QlOO 

16.4 98.5 

2.5 1'1.1 

1.7 9.11 

1 
Design Point 1'1 is located at the upstream encl of the culvert under Thompson 

Road 

2 The majority of Lot 2 is located in sub basin A. 

3 The majority of Lot 1 is located in sub basin 13. 

4 All of the runoff from the sub basins not shown in the above table remains The 

same as shown on the Existing Conditions Drainage Plan 

5 CA values are used in order to accurately reflect controlling Tc 



Curnrnulative Acreage at Design Points 

DP Suh Basin Suh basin 
Suh total 

ID Area 

1 OS1 34.1 34.1 

5 OS1 34.1 

OS3 0.6 

OS4 0.6 
I OS5 0.4 

I A 6.3 

5 OS7 3.6 45.6 

6 DP5 45.6 

OS6 0.9 

B 3.5 

6 OS2 10.3 60.3 

7 DP6 60.3 

C 0.8 

7 OS8 1.4 62.5 

14 DP7 62.5 

I OS9 0.4 

14 OS10 0.5 63.4 



DP Contributing Sub basins 

1 OS1 

2 053 

3 054 

4 OS7 

5 0S1,0SJ, 0 S4, OSS,0S7,i\ 

6 DPS,O56,13,O52 

7 DP6, C, 0 58 

8 055 

9 056 

10 052 

11 058 

12 0510 

13 059 

1'1 DP7, 059, 0 510 

Lot 1 located in sub basin 
13 

Lot 2 Located in sub 

basin A 

Design Point Summary 

Existing Conditions 

/\rea Tc cs c1ool cAs 

34.1 23.2 0.09 0.36 

0.G 15 0.08 0.35 

0.G 13.3 0.17 0.41 

3.G 15.5 0.12 0.38 

45.G 27 4.16 

60.3 28.4 S.47 

62.S 29 5.71 

0.4 10.9 0.08 0.35 

0.9 15.2 0.08 0.35 

10.3 17.9 0.10 0.36 

1.11 14.1 0.08 0.35 

0.5 5.3 0.57 0.72 

0.4 6.1 0.70 0.81 

61.5 29 G.28 

5.5 12.9 0.08 0.35 

5.0 14.8 0.08 0.35 

CAlOO Q5 QlOO 

8.7 58.5 

0.2 1.2 
~ 

0.4 1.5 

- 1 •· , ;) 8.0 

16.31 11..0 72.2 

21.28 111.0 91.5 

22.37 14.5 95 .0 

0.1 0.9 

0.3 1.9 

3.3 20.5 

0.11 3.0 

1.5 3.1 

1.4 2.6 

23.05 15.9 97.9 

1.8 13.3 

1.2 8.9 



Design 
Point 

Swale ID 

Contributing 
Basins 

CA5 

CA100 

Tc (min) 

Q5 (cfs) 

Q100 (cfs) 

Cummulative Flows 
Existing Conditions 

DP1 DP5 DPS DP7 

S! S2 S3 S4 

OS1. DP1, 
DPS, B, DP6,OS6 OS3, OS5, 

OS4 OS7, A 
OS2 , C, OS8 

3.18 4.36 5.47 5.71 

12.6 16.31 21 .28 22.37 

23.2 27 28.4 29 

9.1 11 14 .. 0 14.5 

60.6 72.2 91 .5 95 

DP14 

S5 

DP7, 
OS9, 
OS10 

6.28 

23.05 

29 

15.9 

97.9 



DP Contributing Sub bas ins 

1 OS1 

2 OS3 

3 OS4 

4 OS7 

5 0S1,0S3, 0S'1, 0S5,0S7,i\ 

6 DP5,OS6,13,OS2 

7 DPG, C, OS8 

8 OS5 

9 OS6 

10 OS2 

11 OS8 

12 OS10 

13 OS9 

1'1 DP7, OS9, OS10 

Lot 1 locatecl in sub basin 

13 

Lot 2 Located in sub 

basin A 

Design Point Summary 

Developed Conditions 

Area Tc cs ClOO CA5 

-- -
34.1 23.2 0.09 0.36 

0.6 15 0.08 0.35 

0.6 13.5 0.17 0.41 

3.6 15.5 0.12 0.38 

'15.6 27 - '1.28 

60.3 28.4 - 5.GG 

62.5 29 5.71 

0.4 10.9 0.08 0.35 

0.9 15.2 0,08 0.35 

10.3 17.9 0.10 0.36 

1.4 1'1.1 0.08 0.35 

0.5 5.3 0.57 0.72 

OA G.1 0.70 0.81 
-

63.4 29 6.'17 

5.5 12.9 0.11 0.37 

5.0 14.8 0.08 0.35 

CAlOO Q5 QlOO 

8.7 58.5 

0.2 1.2 

0.3 1.3 

1.5 8.0 

16.39 11.3 72.6 

21.42 1'1.5 92.1 

22.37 1'1.5 95.0 

0.1 0.9 

- 0.3 1.9 

-
3.3 20.5 

-

OA 3.0 

= 
-

1 ,. 
.J 3.1 

1.4 2.6 

23.18 16.4 98.5 

1.7 9.4 

2.5 14.1 



Design 
Point 

Swale ID 

Cummulative Flows 
Developed Conditions 

DP1 DP5 DP6 DP7 

S! S2 S3 S4 

Contributing OS1. DP1, 
DPS, B, DP6,OS6 

OS3, OS5, 
Basins OS4 OS7, A 

OS2 , C, OS8 

CA5 3.17 4.28 5.66 5.9 

CA100 12.57 16.39 21.42 22.53 

Tc (min) 23.2 27 28.4 29 

Q5 (cfs) 9.1 11.3 14.5 14.9 

Q100 (cfs) 60.5 72.6 92.1 95.7 

DP14 

S5 

DP? , 
OS9, 
OS10 

6.47 

23.18 

29 

16.4 

98.5 



TOTAL 
BASL'l AREA 

(,taa-) 

OSJ 34.10 

OS1 10.30 

os.s 0.60 

OS4 0.60 

OS5 o.~o 
OS6 0.90 

OS7 3.60 

OS8 1.tO 

OS9 CAO 
OSJO 0.50 

A 6.30 

B 3.50 

C 0.80 

Sub Total. 63.40 

l£ot;s t.o be dewdoped 
!Lot 1 locmed ir. Sub basir. 
1 5.00 

!Lor 1 wcmcd in Sub basir. 
P, 5.50 

MS Cfv7L. INC 
Drainage Cales £.,\7STING 

MCGEHEE TRACT 
DRAINAGE CALCULATIONS 

(Area Runoff Coefficient Summary) 
Existing Conditions 

§ee surf ace jl,qH,· routing table for total combined jZqw tU culvert under Thompson Road 

GR4 VEVASPHALT ROADS DEVELOPED LOT'S .1\:4.TURAL 

AREA c~ I 
C100 AREA Cs C100 AREA 

I 
Cs 

(Aaa-) 
' (.-tcra-) (.-1.aa-) I 

0.60 0.59 0.70 0.00 0.3S 0.57 33.50 o.os 
0.40 0.59 0.70 0.00 0.3S 0.57 9.90 o.os 
0.00 0.59 0.70 0.00 03S 0.57 0.60 o.os 
0.10 0.59 0.70 0.00 03S 0.57 0.50 0.0S 
0.00 0.59 0.70 0.00 0.38 0.57 0.40 0.0S 
0.00 0.59 0.70 0.00 0.38 0.57 0.90 0.0S 
0.30 0.59 0.70 0.00 03S 0.57 3.30 0.0S 
0.00 0.59 0.70 0.00 0.3S O.S7 1.40 0.0S 
0.30 0.90 0.96 0.00 0.3S 0.57 0.10 o.os 
0.30 0.90 0.96 0.00 0.3S 0.57 0.20 o.os 
0.00 0.59 0.70 0.00 03S 0.57 6.30 o.os 
0.00 0.59 0.70 0.00 0.3S 0.57 3.50 0.0S 
0.00 0.59 0.70 0.00 0.3S 0.57 o.so I 0.0S 

I 

I I 

Pagel 

RUNOFF COEFFICIE."ff 

C100 ½ C.oo 

0.35 0.09 036 
0.3S O.JQ 036 
0.35 0.08 035 
0.35 O.li 0.41 
0.35 0.08 035 
0.35 0.08 035 
0.35 0.11 038 
0.35 0.08 0.35 
0.35 0.70 0.81 
0.35 0.57 0.71 
0.35 o.os 0.35 
0.35 0.08 0.35 
0.35 o.os 0.35 

0.08 0.35 

f/.08 0.$5 

12/22/2010 



F,01nAlw'a~JICof"g.dntt~ 

B,\SL" 
AREA c, c, .. 

TOTAL 

/,lac:r) ,-:CL~;..: 

OSI 34.,o 0.09 0.36 
OS:! 10.30 0 10 0.26 

OS3 060 I o.os I 0.35 
OS4 0.60 0.17 0.41 

oss OAO o.os 0.35 

OS<i 0.90 o.oe 0.35 

OS7 3.60 0.12 0.3t 

oss 1A0 O.Ot 0.35 

OS9 0.40 0.70 0.81 

OSI0 0.50 0..57 0.72 
,! I 5.30 o.os I 0.35 

B 3.50 o.os 0.35 

C 0.80 o.os 0.35 
Sub Tot,zJ 63.<0 

'/Ats u, ht: ,k,dbpd 

Lot 2 locaftd ir. Sub basir. 
!i.00 0.0S 0.35 

-1 

u,r I ux:atd ir. Sub basin 
e 

5.50 0.0S 0.35 

k!S CJHL. INC. 
Drainage Cales EXISTING 

MCGEHEE TRACT 
FINAL DRAINAGE REPORT 

(Area Drainage Summary) 
Existing Conditions 

See surfacejZOY.· routinz table for total combir.ed/7,ow at cul~·ert under 17:ompsor. Road -

OV£RI..,IJVD CHAN:-."£!.. FLOW Tir.:, o/Trm·cl (T ,) 

c, Lu:1,h H<l:;bl Te Lfn:th Slop, Vcloclry T, TOTAL CHECK 

/fl) /fl/ lmllf) ,,,, /~) (//,,) lmbr) lmi,,) lmi,r) 

0 09 300 •0 13A 1000 •ti". I 3.;I ~:: :.,.: --
0.10 :,.oo I :o 16.7 :-00 s.3•. J.3 1.: 179 13.;I 

ooa 300 30 1'.9 I 0.1~. I o.s 0.0 IS.0 11.i 

0 17 300 I 35 13.0 100 10.~• I ... o.• ID 1:.: 

0.05 I 100 s 10.S I 0.1 ... o.s 0.0 10.9 I 10.6 

0.08 ISO s I 1s.: I 0.1!• o.s 0.0 1s.: 10.S 

0.12 300 I :s 1$.: 100 15.0-. I s.s 0.J I.S.S 1· -

o.oe I so o.s 13.0 :so I 7.3•,,. I <.! l.O l <.I 11.7 

0.70 : o o.s :.• sso I ::i•♦ :.s ·'· ◊.I 13.: 

0.57 :o o.s 3.: ~$0 I s.:•. I O.;I I :.1 S.3 I 13.: 

o.os I :oo I :o I 1:.: sso S.$•• I 3.S :.6 I 1'.S 10.: 

0.0$ ISO 10 1: .1 175 S."i'•·~ I 3.6 o.s 1: .9 11.S 

O.Ot ISO 10 1: .1 :so 10.0-• ... I 0.9 1: .9 1: .: 

I I I I 

I I ' 
l<.S 10.0 

' 
I : .9 10.0 

Page i 

1.vn:xszrr · TOT.-IL FW?.!S 

1, l:oo Q, Q,,. 

fl,.fk,/ tW•rl /eµ) (G(J..) 

: .9 .i.s s:: I S&.$ 

3.3 s.s ;.; :o.s 
3.S S.9 o= 1.; 

3."i' 6.: O.J /.S 

4,0 6.7 OJ 0.9 

3.S S.9 O .. i I 1.9 

Jo.$ I ~.s /.S 8.0 

3.6 I 6.1 O.J I J.O 

..:.9 I s.: /.J :.& 

S.I s.s /.S I 3./ 

3.S S.9 IA I JJ.I 

3.S 6.3 IJ ,. , 

).7 6-' a= L$ 

).l ~.I 1= &9 

<.I 6.9 u IJ-J 

}2/22/:!020 



MCGEHEE TRACT 
FINAL DRAINAGE REPORT 

(Surface Routing Sutt1nu1ry- surface runoff) 

Existing Conditions 
Fnxn Aua R,.mff C<NffJClt nl s~~ry· 11meo/Trm·el (T1) INTENSITI' ' TOTAL FLOWS 

J)n1GN l'OIN'I Sw• lr ID CONTIUlllJTING BASINS CA, CA111 TOTAL I , .... Q, Q,,. CO:v!MENTS 

(min) fi111hr> li1tlhr> tcrs. > fc.(s.> 

DP/ SJ OSI, OS3, OS4 J .18 12.60 23.2 I 2.9 ,1.8 9.1 60.6 ,·est prop<rty line 

Dl'5 S2 DPI ,OS5,OS7,A 4. 16 16.31 27.0 I 2.6 4.4 11.0 72.2 lmtrnnre lo the ~ock pond 

DP6 SJ DP5,B, OS2 5A7 21.28 28A I 2.6 4.J J.1.0 9/.5 butlct lo the pond 

DP7 S-1 DP6,OS6,C,OS8 5.7 1 22.37 29.0 I 2.5 4 .2 1-1.5 95.0 H1ompson Rood cukcrt 

I 
DP/-1 S 5 DP7,OS9,OS10 6.28 23.05 29.0 I 2.5 4.2 15.9 97.9 l'hompson Rood cu!,·ert 

MS CIVIL, INC. 
AkGeftee _Drainage Cales EXISTING Page I 7/1512021 



TOTAL 
BASil\' AREA 

(A a-a) 

OSI 3-:-.10 

OS:?. 10.30 

OS3 o.eo 
0$4 0.60 
oss 0.40 
OS6 0.90 
OSi 3.60 

OS8 1.40 

OS9 0.40 

OS10 0.50 
,1 6.30 

B 3.50 
C o.so 

Sub Total 63AO 

lloi::s- to be: dew:l.opc:d 

Lor 2 wcaud in S ub Basin A 5.00 

IL.or 1 locaud in S:ib Basu: B 5.50 

MSC!VlL.IXC 
Drarr.ag~ Cales DEYElOPED 

MCGEHEE TRACT 
DRAINAGE C4LCULATIONS 

(Sub basin Runoff Coefficient Summary) 
Developed Conditions 

See szgfacejlow rourinz tahl.efor total combined.flow at cufrert under Tl:o~on Road . 
GR4VEUASPHALT ROAl)S ROOFS .VA.Tl.iR-tL 

AREA c~ C 100 AREA C5 I C100 AREA C 5 
(,la-a) (.4a c:s) 

I (Acre;) 
0.60 0.59 0.70 0.00 0.3S I 0.57 33.50 0.0~ 
0.40 0.59 0.70 0.00 0.3S 0.57 9.90 0.0S 
0.00 0.59 0.70 0.00 0.3S 0.57 0.60 0.0S 
0.10 0.59 0.70 0.00 0.3S 0.$7 0.40 o.os 
0.00 0.59 0.70 0.00 0.3S 0.57 0.50 o.os 
0.00 0.59 0.70 0.00 0.3S 0.57 0.90 0.0S 
0.30 0.59 0.70 0.00 0.3S 0.57 3.30 0.0S 
0.00 0.59 0.70 0.00 03S 0.57 1.40 0.0S 
0.30 0.90 0.% 0.00 0.3S 0.57 0.10 0.0S 
0.30 0.90 0.96 0.00 0.3S 0.57 0.:20 0.0S 
0.19 0.59 0.70 0.07 0.3S 0.57 6.04 0.0S 
0.11 0.59 0.70 0.07 0.3S 0.57 ~.:;2 0.0S 
0.00 0.59 0.70 0.00 o.:;s osz a.so 0.0S 

Page I 

Rlf:liOFF COEFFICIE:W 

C.oo Cs C100 

0 ,< /J.119 /J.36 
0.35 0.10 0.36 
0.35 0.08 0.35 
0 .35 0.1S 0.3S 
0.35 0.10 O.J-1 
0 ,< 0.08 0.3S 
0 ,< 0.12 0.38 
0.35 0.08 0.3S 
0.35 0.70 /J.81 
0.35 0.S7 0.72 
0 '< .:,_ 0.10 0.36 
0 ,< 0.10 0.3i 
0.35 0.08 0.35 

0.11 0.37 

0.11 0.3i 

/2/2212020 



Frc.,m A,l"t'u Rt11K>JfCo.-1fid,-,v S"""''Cl';I 

EASC'> A.REA 
TOTAL C, C 100 

(Aa c:d 1-:ct::.u .. ;.1 

OSI I 3-:. ,o 0.09 0.36 
OS2 ,o.30 o.,o 036 
os;; 0.60 0.08 0.35 
OS-I 0.60 o.,s 0.35 
oss 0.40 o.,o I 0 . .l4 

OS6 0.90 I 0.03 0.35 
OS7 3.60 0., 2 033 
oss 1.40 o.oa 0.35 
OS9 0.40 0.70 I as, 

OSl 0 0.50 0.57 072 
A 6.30 o.,o 0.36 
E 3.50 o.,o 0.37 
C 0.80 o.oa 0.35 

Sub Totals 63.40 

!Lott to b,: d,:vdopaf 

IL.or 2 locar,:d in Sub Basir: ~1 5.00 o., , 0.3i 

IL.or I locatd in Sub .Basin .e 5.50 o.,, 0.37 

MSCMLINC. 
Drainage Cales DEVELOPED 

MCGEHEE TRACT 
FINAL DRAINAGE REPORT 

(Area Drainage Summary) 
Developed Conditions 

~ t:t: SUTJace Jww TOUIU:f! UUJt.e JOT Iola/. ccmbuzed.flow at cufrert under Thompson Road 

OVERL,V>V CR.-lJ\"N'EL FLOW 
Tim,of 

Tren•,I (T J 

c, Lcn;:th lkl::ht Tc Lc-n;:tb Slope V"loc:I~· T, TOTAL 

,m (n) lmlrrJ (I>) ("/J ((p ,J lm lr.J lml.r.) 

0.09 300 I 40 13.-l 1900 -l.7'• :;.,3 9.i =~-= 
o.,o 300 I :o I 16.7 300 I s.:;~. I .:.:; I 1.: li.9 

0.08 ;oo 30 l-t9 I I 0.1!. o.s I 0.0 IS.O 
o.,s 300 3S 13.: 100 10.0% .. , I 0.J 13.S 
o.,o 100 I s 10.6 I o.t!e o.s 0.0 10.i 

0.08 ISO s IS.: l 0.I~• o.s l 0.0 1:;.: 
0.,2 I 300 :5 I ts.: 100 I IS.Cl¾ s.s I 0,3 IS.S 
0.0S ~ 0.5 13.0 : so i.3-:-e O.I I 1.0 IJ. l 

0.70 :o I 0.5 :.J sso I -- I : .5 I ·"•' 0.1 ...... 
0.57 :o o.s 3.: sso s.:! .• ....... I : .t S.3 

o.,o I :oo :o 1: .0 sso I $,$! . I 3.5 I : .6 !J.S 

o.,o ISO I 10 11.S liS I $.~ . 3.6 o.s 1: .9 

0.08 !SO 10 1: .1 :so 10,0"1 -ti I 0,9 1: ,9 

I I 

14.S 

t:.9 

Page I 

h'-TENSITY • TOT,11, FLO"I/S 

I, 1,,. Q, Q,., 

nn11ir, l ln/Jv ) fer.~) (c.f.x ) 

: .9 I J.S S.7 ss.s 
3.3 s.s .J..S ::fl.S 

3.S I S.9 o.: I 1.: 
,., ti .: o.; I u 
~.o o.s o.: J.: 

3.S I S.9 o,; J.? 

:;.,5 s.s IS I s.o 
3.6 6.l O.J 3.0 

J.9 I s.: J,J ' 6 

!-.1 s.s J.S $./ 

3.S I S.9 " U.6 

3.i I 6.3 J..< s.o 
,., I 6.3 o.: I J.$ 

I 

3.I 5.l J,7 ?.J 

·I.I 6.9 =.!, J,t,J 

D~tc: 12/11/2019 
Checked by: ________ _ 

1212212o;o 



MCGEHEE TRACT 
FINAL DRAINAGE REPORT 

(Su1face Routing Sunin,ary- surface runoff) 

Developed Conditions 
J'ro:tt Area R11n,Jj/C0<tff1<ltrJ Sc.n.-mq 7ime o/Trm·el (I'1) INTENS/TI' • TOTAL FLOWS 

DESIGN POINT SWal• ID CONTIUUlff lNG BASINS CA5 CA100 TOTAL I, I,oo Q, Q tco COMMENTS 

{min) (i111hr) (;111hr) (cfs.) (<.hJ 
DPJ SJ OSI, OS.3, OS4 3.17 12-57 23.2 2.9 ,1.8 9.1 60.5 ,·e,t prnperty Line 

DP5 S2 DPI ,OS5,OS7,A 4 28 16.39 27.0 2.6 4..1 11.J 72.6 ,enlrdllce lo the >loc.k pond 

DP6 SJ DPS, B, OS2 5.66 21..12 28.4 2.6 4.J J.1.5 92.1 ,utlet lo the pond 

DP7 S./ DP6,OS6, C,OS8 5.90 22 53 29.0 2.5 4.2 U.9 95.7 

DP/./ S5 DP7,OS9,OSI0 6.47 2).18 29.0 2.5 4.2 16 . ./ 98.5 niompson Rood culvert 

-

MS CIVIL, INC. 
,\fcGehee _ Drainage Cales DEVEi.OPED Pagel 7/15/2021 



Exhibit 7: Hydraulic Calculations 



Swale Summary 

Existing Conditions and Developed Conditions 
Neglgible Changes for Developed Conditions 

Swale Design Contributing Slope 
Design Flow Depth of Flow Velocity Froude Flow 

# Points Subbasins QS Q100 QS Q100 QS Q100 
Number Regim 
(5 year) e 

% cfs cfs ft ft fps fps 
S1 1 OS1 4.7 8.7 58.5 0.3 0.7 2.9 4.8 1.21 super 

S2 1 to 5 OS1,OS3, 
5.5 11 72.2 0.3 0.7 3.4 5.5 1.32 super OS4, A, OS7 

S3 5to 6 DPS, B, OS2 8.3 14 91.7 0.3 0.8 4.4 7.2 1.66 super 
S4 6 to7 DP10,C, OS8 8.3 14.5 95 0.4 0.9 4.8 7.9 1.7 super 
S5 12 OS10 5.0 1.5 3.1 0.2 0.3 2.8 3.5 1.2 super 
S6 13 OS9 5.5 1.4 2.6 0.2 0.3 2.8 3.4 1.27 super 



12/9/2020 Opon CIHlnnel Flow Calculator 

' - - --
- f i The open channel flow calculator ~ LOQ- ·e 

,. i . ' ' t ... ... 
L _j ' ~~; : V Iv IJ 

Sek el Channel Typl); Trnpozold v IV 

~ 
,, ,I . 

t . .... . y 

lt,IJWF~ ' ' llr1l,1011lr hMr111lr· ·~·· = -~ ~ 
I Depth from Q V IISck 1:1 nnil ~y,1cm: Feel(fl) V I 
lc hnnncl slope: !.047 1rvr1 I jjWnlcr cleplh(y): I0.20 Ill I ill Bollom widlh(b) ]15 1n :u 
1f1low vclocit}i 2.9425 l!Vs I IILcfiSlopc (Z I): 120 I Ito 1 \H:v)j IIRighlSlope (Z2): 120 I lo 1 (H:V) I 

!Flow dischargcl0.7 lfl•J/s I lltnpul n vahiq.035 11 or solecl a I 
t cotculalotl !ls1a1us:lcntcul<1lion llnlshcd I ill Resol] I 
!Welled pcrimclc1( 16.19 Jin I llrlow nreal2.90 J11•2 I llrop wicl1h(T)l10.11 ]IT[ I I 
lspcci fie cncrgylo.-i 1 1111 I j!Froudc numbc1I 1.21 I IIFlow slalt1~Suporcrilical Oow I I 
jc riticnl dcpthj0.31 1111 I ]!critical slopcjo.o3o~ J1t1n I ]!velocity hca(llo.13 ]In I l 

https://www.ong.auburn.odu/~xzl0001/Handbook/Channels.html 1/1 



12/9/2020 Open Channel Flow Calculator 

-- - \ J ~ 

The open channel flow calculator "5ll0"5l /_ I -
► -' '. 

' ... ' ... 
,~~ Iv 

i 
I I ' ~t,....._J,7 !v ~~ 

·. 0 1 
Sclt-c l ( ' hn11 11cl Type: Trapezoid v I V 

..... . ., ◄ . .. 0 ., 
. v l 

0 1•1l ,mr11,· lh1Jn .. Fo1d l 11,1nr1lv t IJI 11· ~-
I Dcplh rrorn Q V ]lscll'c1 u11i1 sy,lcm: Feet(rt) V J 
lc hnnncl slope: 1.047 Ill/fl I ]!water dcpth(y): 10.66 I rt I j[loottom wldlh(I>) 115 lrt I I 
!Plow velocit}{4.851 lfVs I !ILcflSlopc (Z I ): 120 I 1to 1 (H:V)I llrtightSlopc (Z2): 120 Ito 1 (H:V) I I 
!flow dischnrgcl58.5 lrtAJ/s I l!rnput n vahi~ .035 11 or soloct a I 
![ Calculatot] jls tnt11s:(Cntculnli011 finlst,e<I I lit Rosot l I 
lwcttcd pcrimctcij31.40 lln I llrlow arenj12.oo lrtA2 I jjTop width(T)(31.46 llrt I 
[s pecific cncrgyl1.03 llrt I II From le 11111111.>cil 1.38 I llrlow stnh1~S11porailical Row I I 
lcriticnl dcpllilQ-77 Jin I llcrilicnl slopc(0.0232 J rvn I Jlvclocity hca<lj0.37 llrt I I 

https://www.eng.auburn.edu/ ~xzf0001/Handbook/Channe ls.html 1/ 1 



111 / , ) /,I ·?,. -
12/10/2020 Open Channel Flow Calculator \...:.,.,-.../ Vtf _.} 

=====================-----======0=) -~ e¥: , ·'"' ·n_ 
The open clrnnnel flow calculator ""Sw ik ,t:5 

Sck .:I ( 'ha1111cl Typ<': Trapezoid v l._~_I !v 
b •t 

I Depth from Q v IISclccl 1111il ~y,1c111: Feel{II) v 

' d II' 

111111 -=-,,. 

lchnnncl slope: j.05 lft/fl I ilWntcr dcpth(y): jo.?.1 Ill I HI Bollom widlh{b) l 12 
~r';=lo=w=v=cl:==o=:ci=tyl~2~. 7~84~6~63~ l~rv~s~~r=, ==~ ll;pL=cn===s=::=lo=p=c ';:(Z~l~):~j3~~~l~lt~o~1 ~{H~:V~)lr===~JIRightSlope (Z2): 13 

1ft I I 
Ito 1 (H:V) I 

l~lr;;:,1::;;o,;;;;v;;;;d;;;;is;;;;c;;;;hn.=r;;,gc~:l=1.=6======~1r=tA=3=/s===~ l =~J:._l"~'l=lll=t=;n:...v ... nl ... 11~ .0~3~5~~~l!~o~r~so~l~oc~1gd,...=====,rr====~===========~I r C~lculnlol I Ustnl11s:ICnlculnllo11 hlll$h(ld I 11; Rosol I I :===~===.~~~~~=~ 
!Wetted perimelc1!3.3 ll'fop wicllh(T)j3.23 I nc==J ] iln I JIFlow nrcn 0.64 lf!A2 I 

lspcci11c cncrgy!0.33 !!Plow stnh1s!Superc1ill~ I Row I ~=~~~~===;==== 
lcriticnl clcplhj0.23 _]lvcloci~y hcnd!0.12 = 1111 ·~ l 

Jin I 1lFro11clc 1111111lic1!1 .2 I w, - I ==11Criticnl slopcl0.03?.1 1wn I 

https://y1ww.ong.aubu1n.edu/~xzf0001/Handbook/Channels.html 1/ 1 



12/10/2020 Open Channel Flow Calculator < 

LU.(llJui .-

The open chmmel flow calculator 
.,. 1 

"So()Jte j;:\ 5 
. 

I 
.., ... 

I ! " :~ J· 
, 

' ·~ 11 ! 
Sck d Cl1111111cl Typl·: Trapezoid v ,, j " , I ,, p• 

I• r, ... . 
... j 

u,.-, lo:UHJl•· ltdJJl"/IJ(d .!_!Mllllf• t tu,,. 

I Depth r,om a V ]ls c1ci:1 1111 i1 ~y~1c111: Feot{n) V I 
jc 1u11111cl slope: 1.05 trvrt I _ jlWalcr dcplh(y): lo.3 In l J!laouom width(b) 112 In I I 
!Flow vclocil}13.504871 lrl/s I JjLcf\Slopc (ZI): 13 llto 1 {H:Vfl JIRightSlope (Z2): 13 Ito 1 {H:V) I 

!Flow dischargel3, 1 ln'Jts I lllnput n valnq .035 II or solocl a I 
t Colculal~ Jls 1a111s:IColculallo11 finlshccl I I~ Rosol I I 
Jwcllcd pcrimclc1!3.92 qn I IIFlow nrcnl0,88 111'2 I JJ·rop widlh(T)l3.02 lln I I 
Specific cncrgyl0.49 ~lln I HFrondc 1111111\Jc,I 1.20 I Jlrlow slntmf Supercritical now I I = -
jcri1icn l dcpihlo,35 lln 1 Jlcrilicnl slopel0.0203 1wr1 I ]!vclocil)' hcndlo, 19 1111 I I -

https://www.e ng.auburn.edv/·-xzf0001/Hondbook/Channols.html 1/1 



12/10/2020 Open Channel Flow Calculator 
/ 1 '' ,., \ . 

The open channel flow calculator ~a~ 
. ,. . 

► ' .... ,, Q, I I IV lv l '_B· O' 
Sek el l 'lwnm:I Type: Trapezoid v , 1 I" 

t, , I ,I 11 .. t, . , ... ' 'y . ' lhul1111nt1• IMJtl'/(llrl I lllll1Jl1~ I III Ir 

I Depth from Q V !lsck cl lllli l sysk lll: Foet(II) V I 
lchnnncl slope: I .055 1,u11 I llwntcr dcpth(y): lo.:1 1 111 I Iii Bollom width{b) "5 1u I I 
jrlow velocit>iJ.375452 l(Us I jjLcflSlopc (ZI): jto I Ito 1 (H:V)j jjRightSlopc (Z2): f 18 I to 1 (H:V) j_ I . ....., 

jrlow discharge! 11 JftAJ/S I llrnpu1 n valu~ .035 11 or soloct a I 
I Calculalol] j!Stn1us:lcn1c11l:ilion finlshr:11 I If Rosol j I 
1Wcl1cd pcri111ctc1! 16.13 1111 I llrlow nrea!J.26 f1tA2 I IITop width(T)l16,11 l1u I I 
lspccific cncrgylo.49 Jin I jjFroudc 11umbc1!1.32 I jjrtow slntu~Suporcrillcal Oow I J 
jc rilical dcplh!0.36 !Jn I jjc rilical slopcf0.0287 10111 I llvc!ocily hcad!o.18 Jin I I 

https://www.ong.auburn.edu/~xzf0001/Handbook/Channels.htm1 1/1 



12/10/2020 
IO.(') \/ {✓. \ 

Open Channel Flow Calculator 
<f!6 J -,(a 

) -

-::5'..-0<::~e 
I 

The open channel flow calculator ·z 
. • 

...,. I .... 
o ' [_ _j ' ,~ ; I 1 

· -~-Selci:t CIH111111.:I Type: Trapezoid v .. p• 11' 
· I , . . 

,. to I- 4 
. Y I 

l1,tp1•1r11d . ' II,·, 1.mqh llldllJlli• I mh· 
~ ~-

I Depth from Q V IISclccl 11 11i1 ~ystcm: Fool(fl) V I 
jchnnnel slope: 1.055 l[llft I ]water dcpth(y): I0.73 In I Iii Bottom widlh(bJ 115 In I I 
lrlow vclocit)i5.515 lll/s I IILcflSlopc (Z I): I 18 J !to 1 (H:Vil IIRightSlope (Z2): 118 Ito 1 (H:V) J 

jrlow dischnrgcf 72.2 lllh3/s I lllnpul 11 vnluq.035 11 or solocl a I 
j1 <:alculotol I j!s1n1us:lcarcolollo11 r,nlshcd I lj;riosot] I 
lwc11cd pcrimclc1l 31.15 jln I llrrow arcal13.o9 111'2 I IITop wicllh(T)l31.11 lln I I 
Spcci fie energy( 1.2 1111 I llrromlc m1mlJC1f 1.5 I llrrow slnlt1~Suporcrillcal now I I 
jcrilical dcpthlo.oo Jin I llcrilical slopcfo.022 l(lf(t I J IVclocily hcmllo.'17 Jin I J 

https://www.ong.auburn.edu/~xzf0001/Handbook/Charmols.htrnl 1/1 



12/10/2020 Open Channal Flow Calculator 
✓.\ "/. u-

The open channel flow calculator "$ l U (\f2e,, 3 
. 1 ... ... 

ol I I ' ~ 
I lv ~ -Sekel Ch11 1111d Type: Trapozoid v • V ,v , I 11 

t, ., .... . , j 7 'y 

lldllr'/'IJTII ln,1n11lo• .. 
I lt•• hrnr1f•· tmh· 

I Dep01 from Q " ] !Sek el unit system: Fool(fl) V I 
lctrnnnel slope: I .003 jwn I _ Jwatcr dcpth(y): I 0.32 In I jjlsouom widlh(b) jl5 In I I 

!Flow vclocit>i4,394402 lrtts I IILcflSlopc (ZI): 115 I Ito 1 !H:V)I IIRightSlopc (Z2): I 15 f to 1 !H:V! I ] 
jrtow disclmrgd 1'I lfth3/S I lltnpul II vnhi~.035 11 or select a I 

E§iculalol I jls1nt11s:ICnlc11l;11lo11 finished I lj[Rosot I I 
!Welled pcrimctc1I M. 72 lln I IIFlow nrcnl3,10 jfth2 I ll·rop width(T)IM,7 llu I I 
lspcci lie cncrgyj0.62 lln I j!Froudc 1111ml>e1( 1.66 I l!Flow stntu. Suporc,ilical flow I 

lcriticnl dcpthlo.<12 _ llrt I -
]!critical slopclo.0274 Jwn I !lvclocily hcadf0.3 !In l I 

https://www.e ng.auburn.edu/- xzf0001/Handbook/Channels.html 1/1 



12/10/2020 

Sclccl t'h111111d Type: Trapezoid v 

Oeplh from Q V 

Open Channel Flow Calculator 

The open channel flow calculator 

l -, I r ~ 
... 

I hljll'IOld lo~rir1I,· 

C::. S B 
I c:,,c;J ·v ..e1.b­

"':':>LU l\,Q_e - '?J 

. .... ._, . 0: 
!,,-__ Ii," ' 

-., .. / ' ' ,; ;vj 
I Ill 11~ 

l!Sck et 1111it ~y,tcm: Foot(ft) v _ J 
!Chnnnel slope: l.083 lft/fl I Hwnter depth(y): IO.i' I ~~ ] loottom widlh(b) J 15 @ I I 
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Improved Inlets 
Culvert cnpacity mny l>e incrensed through the use of special inlet designs. 

The Federal Highwny Administration has developed extensive dnta19
,l0" on 

these. While these designs incr(\ase the flow, their use has not l>een as 
expected. The increased costs of the special treatments is apparently respon-

sible. 2 L} ,, ~ ({')~ e 6, ~\L ?o"--d( 
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111:ADWATER DEPTH FOR 
12 CORRUGATED STEEL PIPE CULVERTS 

WITH INLET CONTROL 

1:luure 3.20 Inlet control nomouraph lor corrugaletl steel pipe culvorts.
13 

The 
manufacturers rocommend keeping HWID to a maximum of 1.5 and preferably to no 
moro than 1.0 for diameters groator than 4 lo 5 feet. 

- -------
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Improved Inlets 
Culvert cnpncily may be increased through rite use of special inlet designs. 

The Pedernl Highway Achninis1rn1ion has developed ex1ensive data19•20 on 
these. While these designs incn,ase the flow, their use has nol been as 
expected. The increased costs of the special treatments is apparently respon-
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fluuro 3.20 lnlol control nomograph for corrugated steel pipe culverts.
13 

Tho 
manufacturers recommend keeping HW!D lo a maximum of 1.5 and preferably lo no 
more than 1.0 for diameters groalor than ti lo 5 feel. 



12/10/2020 Open Channel r-low Calculator 
<S-- , 1 e,i,-

The open channel flow calculator -sw,~ ij 
-

. • 
' -I I ' _jl, ' 

, 
' ~- Dl 

Sck.:1 ( 'hillllll'I Type: Trapezoid v ; V ,, 1v I V ' t, ,J ,, ll ,, . , . . 
' Y I 

I f 1ffll ... l01tl 
I • 

(Lp, l.uv1h .. l1M111Jlu 111,f,· 

I Dopth from Q V ]1sc1cc1 1111it ~y,1c111: Feel(fl) V I 
!c hannel slope: l,003 111111 I llw.11cr dcplh(y): lo.35 In I !llaouom wldlh(b) 115 tn I I 
!Flow vclocit)i 4.019392 jrlls I 111.cOSlopc (Z I): I 10 I Ito 1 (H:V/I IIRightSlopc _(22): I 1Q:___ Jto 1 (H:V) J I 

Ir tow clischargcl 14.5 lflhJ/S I lllnpul n valuq.035 11 or solocl a I 
r Colculatotl jjs1atus:ICol"11lnlin11 finlsltml I ii Rosel) I 
!wetted pcrimclc1!12.09 Jin I jlrlow nrca 3.01 1nh2 I IITop wiilth(T)I 12.06 Jin I I 
Specific cncrgyl0.71 1111 I llrroudc 11111nl>c1I 1.7 I Jlrlow slalu~SuperCfillcal now I I 
lcrilic;il clcplhj0.47 )In I jlc rilical slopd0.026 1nm I IIVclocily hcadl0.36 lln I I 
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12/10/2020 Open Channel Flow Calculator I c..-x~ ''-I .e..-..\ 

The open clrnnnel flow calculator '"'S luc'),l e.. ~ 
I 

' ' ' I 

l - -I I ' !11 I ' ffi', Di 
Sekel Clt11 1111cl Typc: Trapezoid v I I' I y ,, ,, , I ,1 t, 

- ., :y I r• c, .. f- . 
, ... ,,,,,_un1rr IMpUOJIJ lu,11111!1· I u1h• 

I Depth from Q V llsek<"I 1111i1 ~y,lclll: Feel(ll) V I 
lchnnncl sloJJc: 1,003 Ill/fl I l!Wntcr dcplh(y): I0.07 In I j[IBoltom widlh{b} 115 In I I 
Plow vclocit>i7,930 (IVs I IILcOSloJJe (ZI): 110 !Ito 1 !H:V)j IIRightSlopc (Z2): I 10. Ito 1 !H:V! I I 

lriow dischargcl95 jflhJ/S I i1111put n valutj .035 11 or solecl a I 
1r Calcutalol 1 lls1a1us:!ca1c.ulolion nnl~hc:<I I I~ ~osol I I 
!Wetted pcri111ctc1j22.53 1111 I llriow areal 11.97 111•2 I IITop widlh(T)l22.44 lln I I 
[spcci lie cncrgyl 1.8~ _J !n I llrroudc 1111111bc1! 1.92 I llrlow statu~Suporciilical now I I 
jCritical dcpthj 1.19 1111 I ]jc riticnl slopcjo.02 IIVII I llvclocity hcndlo.oo Jin I I . -

htlps://www.eng.auburn.edu/- xzf0001/Handbook/Channols.htm1 1/1 



12/11/2020 Open Channel Flow Calculator 

·- t , \ I •C'-.d,_\,- • 

The open channel flow calculator 
, 

- ov l\>l <' f> 
' . 

' ' . 
' 

I I 
... 

' ~~ ' Iv ·-~ · 01 Sekel C'ha1111cl Type: Trapezoid v • y j y ,, ,1 -. . b 

1\;] .. / 
. 

n .. ... . 
Y ' 

ltd]f/'10111 lnf_1tt11h• 
I 

fir, l,mr1h· - ,11111•_ 

I DepU1 from Q V llsclc(' I 11ni1 ~y.,1cm: Feol(fl) V I 
lclmnncl slope: l.055 Ill/fl I llwa1cr dcplh(y): 10.10 lrt I jtlBollom widlh(b) ]12 Ill I 

lrlow vclocil~2.846931 ( rt/s I IILcfiSlope (Z I): 13 1110 1 (H:VJI lltHghlSlope (Z2): 13 llo 1 (H:V) j_J 
[rrow disclmrgrl1.t1 ln•3ts I lltnpul n vnlucj .035 11 or sclocl a I 
[ Calculalol I lls1a111s:lcn1w1a11011 linlshr.d I II! Rosol I I 
!Welled pcri111clc113.21 lln I jlrlow area 0.49 in•2 I l!Top widlh(T)l3.15 1111 I I 
lspccilic cncrgylo,32 :]111 I !lrroude m1111l>e1j 1.27 I jlrlow stntuslSuporcrilical now I I 
lc rilicnl dcp1hl_2;23 lln I jlcrilicnl slopcl0.0303 lfl/lt .I Jlvclocily hcnd[0.13 1111__. I I -
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12/11/2020 Open Channel Flow Calculator 
--

The open chmmel flow calculator / oo , 1,1..:~'( . 
(, J , W-2e~ Jo (,,,,.. 

• ' 

J ' 
~~ 

' ,},.. /J. I 

~· o . Sekel Chai111d Typt•: Trapezoid v l V j V /' ! V 
b ,1 , 1 ,I 

' I ,. b . ... ~ 

/Y ' . ' Cir, l,wq l1• I ld)ll, ltlld llldllljh· lu, I,· 

I l!Scic~t 1111it sy,arn1: Feel{II) 
-
I DepU1 from Q V V 

lc hnnncl slope: j.055 lru11 I llwntcr dcplh(y): I 0.27 In l llloonom wldlh(b) 112 In I I 
lrlow vclocit)i3.435106 IIUs I jjLcflSlopc (Z I): 13 I Ito 1 !H:V)) ilRightSlopc (22): j3 Ito 1 (H:V) I I 
lriow disclmrgcl2,6 l1th3/s l 1!111put n vnlu~ .035 11 or select a I 
j1 Calculator I )jstnlt1s:jcn1cu1111ion fi11lsho11 I rn Rosol I I 
!Welted perimclc1j3.7 Jin I JIFlow nm,j0.76 jw2 I JITop widlh(T)j3.62 Jin I I 
jspccilic cncrgyjo.45 lln l IIFroudc 1111111bc1j 1.32 I jjFIO\V stntu. SupercriUcal now I I 
jcrilicnl dcplhlo.32 Jl11 I llcrilical slopcj0.0203 1nm I jjvclocily hcmljo.10 II!!_ I I =~ 
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Exhibit 8: State of Colorado Water Tank Jurisdiction 



(I 

STATE OF COLORADO 

DEPARTMENT OF WATER RESOURCES 

Office of State Engineer 

t·andord Plans, rawing1 

and 

SPECI Fl CATIONS 

Including 

RULES AND REGULATIONS 

Pertaining to 

THE FILING OF APPLICATIONS 

for 

THE APPROVAL 

of 

l.HVESTOCK WATER TANKS 

PURSUANT TO n.o. No. 7u0 

SESSION LAWS OF l0U 

DENVER. COLORADO, MAY 1, 1941 



APPLICATION FOR APPROVA&. OF t.lVESTOCK WATER TANK 
T}1ln L\l)}Jllcation nncl Srotement lo mmlc in confol'mity with prnvloiono of tho Livcotocli: 

Water Tank Act of Colorodo. S36 <j 
TJ1ls nppllcatlon must be nccompnnied by n filing foe of ono dollar, }Hlyable to tho State 

Engineer of C9I9rado. fl . ,. 1 /. 
;;r···············-··~'·/.ILC.."Y. ..... '/Y.Liwt.f?-.1-_ruL,... . .. P.f?x. .. R.-r.~ ... :1.~-···~·Q .. Q.-.,..5..j?..7~.,._C.oJQ ... 

YT Ale\ N1u10 ot Owner / a 11 :; I) P.O. AdcJuu / r- ti/ Location of Tnnk .. -5.~%.Scctlon .. . .J ..... , Townohip._._.{.L.-·- ···-·······-• Rnnge_ .-ta . ..z ... '1/..f,. .. _f..n, . 

~ll=ll~;~ c:~~; =~~=11;\;~~~~/~;~_l.~ .. '.~.~~~=~~~~:•~:==!:=~~~~==:~~~~t=:~:~~=~ 
•'Al)proxlmntc nrea of drnlnagc bfu~in above tnnk--···•- 4JZ ......... •·····--··acres. 

Nature of vegetative cover over drainage basin nbove tnnk ..... Rr..<\.t\°'.- - ······- ···-···········-·-······· 

Character of topogrn}lhy of dt·llhmgc bnsin (steep, medium or flnt) ... J.11:.d..i.«.:m.. ............. -•-··· 

Chamctot· of aurfnco fornrntlon of droh~~ge baoln (rock, rocky ooil, 01• noll) ..... 5.r.u'./. .. _ ............ . 

A~;;o;·l~nte elcvntlon of dt•~ilrngc .. bm1in obo;e sen level .: ... 1?1..r.i·.:::.~:~:.~·.:::·:~::·.·.:·.~::::·.::r~~i: 
Io wutor courne uubject to floods at tlmes .... M1.. .............. -.............. -·•·················-··•········-······- ····· 
HolgJ1t of top of dnm nbove bottom of wntcl' course ... -.9~.~~··- ·· ····-······························- ·feet. 

)tight of bottom of oplllwlly nbove bottom of wntc1· com·11e.£..S.:-:_ ................ - ................. - fect. 
Approximate cnpncity of tank_---2..t.~- ·-·---- ·P. . .&.~ .. - ·--·-·ncre feet. -/2 . 
Location .of .eplllwny with. respect to dnm.'ci.~·~r::..·~; f;_~.f-_ 5:.1.'sL~-···.·-<!...CJ..ZL4--: 
Bottom width of spillway nt nnrrowc11t 11olnt .... i?.£ ............. _ ....... feet. 
Dl11tanco of Jowcl' end of spillway below dmn ..... 7.£ ..... ••······- ··--·-fcot. 
!~:tlri:kro~•~~.~~~.~.l~.~- ~J~}~~~~:. .. ~ locat~ (t·oc~.ahn)o, c)ny, ea~:~~·•·-~-~-~~~~Ul'~ .. ~~ .. ~~~~ 
Width of top of dmn ...... 3' .. Q _ ............. .......... fcct. · 
Length of tOll of dnm ... .&..O..a .................. .. feet. 
Slopo of upstl'cnm fnce of dnm ...... .2.L.I.. .. -··············-·········--·• 
Slope of downstream fnce of dnm.2./.../.. .......................... _._. 
Nnturc of l'iprnp or other protection to be plnccd ovo1• wnte1· fnoo of dnm ............ -········-··· .. -····· 

!»1110 ·r.eeorvolr to ·be ·provided witlt on· outlet ·pJpe ..... JJ!o···- ···-····•···-·········- ········-·····•·-············ · ····· 
/If so, gtve kind and size of pipe ...... -,- ·········- ···-·--·- - ··---··--·- - ·- ··-···-······-··--······· .. ............ . 

Give locntlon by noctlon, townuhlp nnrl range, nnd size of every other stock tnnk now conah·uct­
cd in drnlnnge bnsin in which this tonk will bo located -·····- ······-··········-·········- ······--······-·•··-··· 

···········-···--·--·_.·--·-····-·- ····-·············•··••·· ···~--- -----•·· · ----········ ······· .. --........ ____________ ........ ........... - ----
···-·············-··············-·- ·····----------·-··- ---- ----·- ·- ~···· .. ···--~----·--·---·•···- ---- ---·•···•····- ·-··--······-
NOTE- ncmnindor of ~tntcmenta to bo furnished by Stnte Engfneet'\jlf[lfe~ '67 
Date of l'ecelpt of opphcatlon by St.ate E11gineor .. ................ ·•·-~··············· •··-·····--······, 19- ···· 
Date of notice ft-om applicant of completion of ro11l<.. ................ -·····-·· ·····················- ······, 19·- ···- · 
Tnnlc or nlto inspected bY·-•······- -········-·-·•····---•··-·- ···· .. ····- ·- ············- ·····--·-··- -······• 19.·-····• 
Recornmcndntlon of Inspector ........... •··-----·- ····- ···-····-·-- ·-····-········-·-~··- ··- ··~- --···· 
Dnte of 1·etum of pJnna nnd opcclflcntlons to applicant tor con·ectlon or revision ............ __ ... _ . 
----------~ .. --- ..... ----------··-·····--·--
ROllIIOll8 therefor -·········-··········· ... ···- ····-·--··--······-··-·- ··---- ·---···---·--·-· 

• •• •• - -- - • • •• • • ' ••••••• - - · ·- ---- - • • ••• -· • • • • • ♦------ -~ • -•• • ••••• • ••• • • • • •• • ••••• ·····-- ••• -- - • • ---........ .. ,. _ _ • - - - - • - - ~---..... . . ........... . ·-- - • • - • - - - ·--. -- • • -
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MAXIMUM OROSS·SEOTION OF DAM 

OROSS·SEOTION OF OAM SITE ANO SPILLWAV 
SMtt IIIIQlh (}fld hf/Ohl ol 00111 ol'ld llr/dlh of 1pll/•01 on dra•lflf 

STATEMENT BY (H(NEff 

l<{>Of, qi} fflM by 1/)IH p(IU11II: Th(JI IM "'ld-l111QM</ 
J'l/.ftl.~.?: ... '::l/2n-"1.{f,'f.'1l\"!'On pc<1/cll;r, addlm 
1,(JhtaY-.£f.\'.J., .. C.<t('1,,.J.r,.p.,\', lvn ttlfltf/J b 
M ~ ~'Ill SW~"' tOM, ll>f flll~liOl ,-.,Mii 
cl ~'(Ji o,f th<Wn Cy 11111 mop OM fJaH, ...-..~,. lo• 
gt/,.,, MIit IN ~//lg oppllcalioll olld • lo II -
l!lfnfl OIi llrt1b1 (I/Id nll/1 ,,.. Stolt Enalnltl 

p(JIIW/11 I,) 1M ptqy/1/0/II cl low. 

n11h 1/tlQ>II c,f don, ONVI ~19m ol WO/ll•t:<NIH 
II 9,,;,.IHI. 

Tfll,d: ra10I copoclly ol 1ol4 S/oxl w.,~ TOll,l , • 

.. 1k • .2t.,. 0(11 '"'· 

flA, ANO fLAHS 

fO/t 

.il,..O..?u/?..?...fl.J .. STOCK WATER TANK AND OAII 

I. r, 1 /..S / clJ / /__if 
LOCATEO Ill S-£0TIQN ,1, TWP../., .... ftAH<iE.W.x .. OI .11. .. = .• P.M. 

,£1.. ... ll . .?. .. rz couN,r a 
OIMINAGE AMA MOVE O.lW /l..(/., ACMS 

Pl.AN OF TANK ANO OAM 



STA'l'E Of COLORADO 
DEPARfMENT OF WATER RESOURCES 

OFFICE OF STATE ENGINEER 
SPECIFICATIONS TO GOVERN THE CONSTRUCTION OF A LIVESTOCK WATER TANK 

IN COLORADO CONSTRUCTED AFTim APRIL 17, 1941 
'rho following s11eclncnt1011s nnd attached gencrnl t>lnno ehnll be followed In tho c6otroctlou of etock 

wntcr t.nnk No. ____ , ... , locntcd In Scc,_f_2_ __ , TownshJp __ JL5-____ , llnngo -.£.J1( .. ~.~:~:'.!" 
for which the undersigned ofl-.. _____ fM.c..i../.!,J.?..~----·- ··-----------mcd on opplicntlon with 
tho St.nto Euginoc1·, ns rcqulrod by lnw, 

Prop11r11tlo11 of Fonnd11tlon for Dam- All vogotnblc mnttor ot every description, Including roots to n depth 
of two foot., shnll be removed from tho entire nrcn upon which tho dnm will rest, following which tho top six. 
inch lnyer of soil, togothor with boggy or unetnble 11tt1torfoln oholl be removed ond deposited 011L<ildo the toes 
of tho dnm. 'l'ho bnnkil of tho strcnm chonncl sholl bo dtcsacd too olope of about 1¼ :1, A bonding trench, with 
sloping sides 1111d n bottom width of not loss tl111n 5 foot ond depth of -i foci, eholl then bo excnvnted bcneoth 
U10 center lino of tho dnm the full length thereof, which tTCnch ebnll he refilled with tho moat hn11crvious 
mnterlnle nvntlnblo, The foundntlon of tho dnm oholl then be lightly 11lowed lo11gthwlee of the dnm, to 11rovlde 
1>ropor conlnct between tho foundntion ond the dnm ombonkment;. 

Placbig of Dam Emb1111kment-Tl10 mutcrlole 11holl be ploccd in the bonding trench ond 111 tho embonkmont 
of the dnm h1 loyoro not oxcoedlug 6 Inches 111 thlcknoss, nftor which ench lnyor eholl be thorouglily com­
llllClod by o henvily loaded disc cultlvotor, n corrugnted 01· uhocp'o foot roller, tho trends of n cnterplllnr 01· 
trneke, or by llvcst0-0k used In tho construction. During tho constnictlon poriod, tl10 top of tho embnnlm1ent 
oholl bu mnlnt.ained ns n horir.ontnl plnno tho full width nnd longth thereof, nnd no oido dumping of moterlnls 
uholl ho pormlltcd, 'fho mntoriols shnll ot nll times contain just oufflclenl molsluro t-0 1>rovido proper compoc­
lloll, Puddling of mntcl'lol with water ohnll not be pcru1itted. No frozen Jllnlcrinl 01· Iorgo clods 01· s lonco uholl ho 
lncorpornled In the dom. Tho 1111stre11m face o! tho dam ahnll be constnictcd with n olopo not steeper them 
2~!1:1, nnd tho downstream fnco on n slope uot olcepet· thnn 2:1, The crest or top of tho finished dnm 11hnll bo 
not lea, thou 8 feet iu width. 

The u11strcom two-thirds of tho dom ellRII bo conetr11cted of the moat lmporvlouo motcrinle, ouch ns cloy 
loom, or n mixl\lro of clny nnd annd, nnd the downstreum one third of more 11orvious rnntorlnl, such nu aoncl 
or gravel, The upatrenm fnco of tho dRm nholl bo ode<11111toly protected 11gnfo11t wnvo nctlon by stone rl1nop, 
01· othot· suitnblo mntcrlnls. 

Outlet- Should tho ulllto ongincor so require, thoio shntl ho locnlcd beneath tho 11nm II gnlvnnizetl, corn1-
g11ted steel 111110 of No. 14 gouge 011d not leftR thnn 8 lncheo in diameter, cqulp11cd wlt.h n eultoblo control vnlvo 
ntt.nched to the upstreom end of tho 11ipo, together with oultnblo mcel1nnlam for 01iernti11g the valve. Such outlet 
plpo, when required, shnll bo provided with conc~to collnt'D enclosing e11cl1 joint of the pipe, The pipe ulmll 
bo plnccd In n trench bottomed iu otoble fol'motlone, 1111<1 eholl bo completely ourrounded with well compnctcd 
hnpervlous mntcrhlle, 

Splllwny- Fo1· tho 1>rotcctlon of tho domj nn odcquoto splllw.oy 01· chnnncl sl1oll be constructed around 0110 
or both- ends of tho dnm, of. RUl!iclcnt wldt I to provldo n cn))nclty to cony tho entire dlschorgo from the 
dminngo bnalu nbovo the dom during perloc.ls of unusnnl runoff. The eplllwoy ehall bo locntcd in atoble tor• 
mollono not cnslly eroded, nnd shall extend to n point well downell·enm from tho dnm. Tho following tnble ul1nll 
bo used to detormlno the necess~ry depth ond width of aplllwny t-0 meot tho nbove rcqultomonts. The top ot 
tho dnm nt nil 11olnts shnll ho not Ice& thnn 4 feet nbovo the bolt.om of tho s1illhvny. 
'l'nblo Showing Required Frnoboord, Widths ond slopes of Spillways tor 11moll Eorth Dnma, with Drninnge Arcos 
nbove the Snmo os Shown, Dosed upon n mnxlmum Penk RunofI of 040 Second Feet per Squnro MIio, or 1 
Second Foot per Aero, with 011 Allownnco of n Minimum Frccbonrcl bolwecn tho Mnxlmun\ Ulgh Wnte1· Linc 
nnd To11 o1. Dom, of 2.3 Fcot., ond Moxlmum Velocltiea of S.6 Feot per Second of 'l'fmo. 
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Exhibit 9: Existing Swale Photographs 



Figure 1: facing east along central sivale (S1, S2) Figure 3: Facing NW from east side of property 

r 

Figure 2: Facing east along central sivale 

Figure 4: top of Stock Pond Embo11kme11t facing south 



Exhibit 10: Historic Drainage Conditions (map pocket) 



150' 0 150' 300' 
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LEGEND: 
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---

[3> 

0 
~ 

AREA~ 
(ACRES) 

SCALE: 1" = 150' 

INDEX CONTOURS 

INTERMEDIATE CONTOURS 

SUBDIVISION BOUNDRY 

SUBBASIN BOUNDRY 

DIRECTION OF FLOW 

EXISTING SWALE CENTERLINE 

DESIGN POINT 

SWALE NUMBER 

- SUBBASIN I.D. 

DRAINAGE STRUCTURE NIUMBER 

DRAINAGE STRUCTURE 

EXISTING BUILDING 

NO BUILD AREA BOUNDARY 

EXSITING STOCK POND 

Cummulative Flows 

Design 
DP1 DPS DP6 DP7 

Point 

Swale ID S1 S2 S3 S4 

Contributi 0S1. 0 S3, DP1 , 0S5, DP5, B, DP6,0S6, 

ng Basins 0S4 0S7, A 0S2 C, 0S8 

CA5 3.17 4.28 5.66 5.9 

CA100 12.57 16.39 21.42 22.53 

Tc (min) 23.2 27 28.4 29 

Q5 (cfs) 9.1 11.3 14.5 14.9 

Q100 
60.5 72.6 92.1 95.7 

(cfs) 

DESIGN POINT SUMMARY 
DESIGN CONTRIB SUB AREA Tc C5 C100 CA5 CA100 
POINT BASINS fACRESJ (CFSJ (CFS) (CFSJ (CFSJ (CFSJ 

OS1 34.1 23.2 0.09 0.36 

2 OS3 0.6 15 0.08 0.35 

3 OS4 0.6 13.3 0.17 0.41 

4 OS7 3.6 15.5 0.12 0.38 

5 OS1 ,OS3,0S4,0S5,0S7,A 45.6 27 4.16 16.31 

6 DP5,0S6,B,OS2 60.3 28.4 5.47 21.28 

7 DP6,C,OS8 62.5 29 5.71 22.37 

8 OS5 0.4 10.9 0.08 0.35 

9 OS6 0.9 15.2 0.08 0.35 

10 OS2 10.3 17.9 0.10 0.36 

11 OS8 1.4 14.1 0.08 0.35 

12 OS10 0.5 5.3 0.57 0.72 

13 OS9 0.4 6.1 0.70 0.81 

14 DP7,0S9,0S10 61.5 29 6.28 23.05 

Lot 1 located ,n sub 
5.5 12.9 0.08 0.35 

basin B 
Lot 2 located ,n sub 

5.0 14.8 0.08 0.35 
basin A 

DP14 

S5 

DP7, 0S9, 
0S10 

6.47 

23.18 

29 

16.4 

98.5 

05 0100 

(CFSJ (CFSJ 

8.7 58.5 

0.2 1.2 

0.4 1.5 

1.5 8.0 

11.0 72.2 Swale Summary 

14.0 91.5 Existing Conditions and Developed Conditions 

14.5 95.0 Negligible Changes for Developed Conditions 

0.1 0.9 

0.3 1.9 
Swale Design Contributing Slope 

Design Flow Depth of Flow Velocity 

# Points Subbasins Q5 Q100 Q5 Q100 Q5 Q100 
3.3 20.5 % cfs cfs ft ft fps fps 
0.4 3.0 S1 1 OS1 4.7 8.7 58.5 0.3 0.7 2.9 4.8 
1.5 3.1 

1.4 2.6 
S2 1 to 5 

OS1 ,OS3, 
5.5 11 72.2 0.3 0.7 3.4 5.5 

OS4,A, OS7 

15.9 97.9 
S3 5 to 6 DP5, B, OS2 8.3 14 91.7 0.3 0.8 4.4 7.2 
S4 6 to7 DP10,C, OS8 8.3 14.5 95 0.4 0.9 4.8 7.9 

1.8 13.3 S5 12 OS10 5.0 1.5 3.1 0.2 0.3 2.8 3.5 
1.2 8.9 S6 13 OS9 5.5 1.4 2.6 0.2 0.3 2.8 3.4 

Froude Flow 
Number Regim 
(5 year) e 

1.21 super 

1.32 super 

1.66 super 
1.7 super 
1.2 super 
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Exhibit 11: Developed Drainage Conditions (map pocket) 



150' 0 150' 300' 

~--■-■-kJ I I 

SCALE: 1'' = 150' 

LEGEND: 

Design 
Point 

Swale ID 

Contributi 
ng Basins 

CA5 

CA100 

Tc (min) 

Q5 (cfs) 

Q100 
(cfs) 

--X·X·X--

-------
< 
---

8> 
0 

INDEX CONTOURS 

INTERMEDIATE CONTOURS 

SUBDIVISION BOUNDRY 

SUBBASIN BOUNDRY 

DIRECTION OF FLOW 

EXISTING SWALE CENTERLINE 

DESIGN POINT 

SWALE NUMBER 

- SUBBASIN I.D. 

[K] DRAINAGE STRUCTURE NIUMBER 

8 DRAINAGE STRUCTURE 

r1//2Zl 
cillD 

EXISTING BUILDING 

NO BUILD AREA BOUNDARY 

EXSITING STOCK POND 

Cummulative Flows 

DP1 DPS DP6 DP7 

S1 S2 S3 S4 

OS1. OS3, DP1, OS5, DP5, B, DP6,0S6, 
OS4 OS7, A OS2 C, OSB 

3.17 4.28 5.66 5.9 

12.57 16.39 21.42 22.53 

23.2 27 28.4 29 

9.1 11.3 14.5 14.9 

60.5 72.6 92.1 95.7 

DESIGN 
POINT 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

DP14 

S5 

DP7, OS9, 
OS10 

6.47 

23.18 

29 

16.4 

98.5 

DESIGN POINT SUMMARY 
CONTRIB SUB AREA Tc C5 C100 CA5 CA100 05 0100 

BASINS (ACRES) (CFSJ !CFS) (CFS) (CFS) (CFS) (CFS) (CFS) 

OS1 34.1 23.2 0.09 0.36 8.7 58.5 

OS3 0.6 15 0.08 0.35 0.2 1.2 

OS4 0.6 13.5 0.17 0.41 0.3 1.3 

OS7 3.6 15.5 0.12 0.38 1.5 8.0 

OS1 ,OS3,0S4,0S5,0S7,A 45.6 27 4.28 16.39 11.3 72.6 

DP5,0S6,B,OS2 60.3 28.4 5.66 21.42 14.5 92.1 

DP6,C,OS8 62.5 29 5.71 22.37 14.5 95.0 

OS5 0.4 10.9 0.08 0.35 0.1 0.9 

OS6 0.9 15.2 0.08 0.35 0.3 1.9 

OS2 10.3 17.9 0.10 0.36 3.3 20.5 

OS8 1.4 14.1 0.08 0.35 0.4 3.0 

OS10 0.5 5.3 0.57 0.72 1.5 3.1 

OS9 0.4 6.1 0.70 0.81 1.4 2.6 

DP7,0S9,0S10 63.4 29 6.47 23.18 16.4 98.5 

Lot 1 Iocatea ,n SUD 
5.5 12.9 0.11 0.37 1.7 9.4 

basin B 
Lot z locatea ,n sub 

5.0 14.8 0.08 0.35 2.5 14.1 
basin A 

Swale Summary 

Existing Conditions and Developed Conditions 
Negligible Changes for Developed Conditions 

Swale Design Contributing Slope 
Design Flow Depth of Flow Velocity 

# Points Subbasins Q5 Q100 Q5 Q100 Q5 Q100 

% cfs cfs ft ft fps fps 

S1 1 OS1 4.7 8.7 58.5 0.3 0.7 2.9 4.8 

S2 1 to 5 
OS1,OS3, 

5.5 11 72.2 0.3 0.7 3.4 5.5 
OS4,A,OS7 

S3 5 to 6 DP5, B, OS2 8.3 14 91.7 0.3 0.8 4.4 7.2 
S4 6 to7 DP10,C, OS8 8.3 14.5 95 0.4 0.9 4.8 7.9 

S5 12 OS10 5.0 1.5 3.1 0.2 0.3 2.8 3.5 

S6 13 OS9 5.5 1.4 2.6 0.2 0.3 2.8 3.4 

DEVELOPED CONDITIONS 
CONTRIBUTING SUB 

AREA Tc C5 C100 CA5 CA100 05 0100 DP BASINS 

14 DP7,0S9,0S10 63.4 29 
. . . . . . . . .... 

6.47 23.18 16.4 98.5 ......... . . . . . . . . 
.... 

. . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . ... 

(sub B) .. .. .. .. ....... Lot 1 basin 5.5 12.9 0.1 1 0.37 .. .. .... . . . . ..... 2.5 14.1 . . . . . . . . . . . . . . . .. .. .. ... .......... .. .. . .. ......... . .. ..... . . . . . .... . . . . . . . . . . . . . . . .. .. .. .. . . . . ...... .............. . ....... . . . . . . . . . . . . . . . 
Lot 2 (sub basin A) 5.0 14.8 0.1 1 0.37 

......... . . . . 
1.7 9.4 . . . . . . . . . . . . . . ......... 

. . . . . . . . . . . . . . . ......... . . . . 
. . . . . . . . . . . . . . ........ 

NOTES: 

1. DESIGN POINT 14 IS LOCATED AT THE UPSTREAM END OF THE CULVERT UNDER 
THOMPSON ROAD. 

2. THE MAJORITY OF LOT 2 IS LOCATED IN BASIN A. 
3. THE MAJORITY OF LOT 1 IS LOCATED IN BASIN B. 
4. ALL OF THE OFFSITE SUB BASINS ARE UNCHANGED FROM EXSITING CONDITIONS. 
5. CA VALUES ARE USED IN ORDER TO ACCURATELY REFLECT CONTROLLING Tc. 
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