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DESIGN ENGINEER’S STATEMENT: 
 

The attached drainage plan and report were prepared under my direction and supervision and are correct 

to the best of my knowledge and belief.  Said drainage report has been prepared according to the criteria 

established by the County for drainage reports and said report is in conformity with the applicable master 

plan of the drainage basin.  I accept responsibility for any liability caused by any negligent acts, errors or 

omissions on my part in preparing this report.  

 

              

Scott A. Zimmermann, PE # 38571      Date 
For & On Behalf of Merrick & Co. 
 

 

 

OWNER / DEVELOPER’S STATEMENT: 
 

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

report and plan. 

 
 
              

Joe Sprys         Date 
Charter Development Company, LLC 
3850 Broadmoor SE 
Grand Rapids, MI  49512. 
 
 
 
 
 

El PASO COUNTY: 
 

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1 and 2, El Paso 

County Engineering Criteria Manual and Land Development Code as amended. 

 
 
              

Jennifer Irvine, P.E.        Date 
County Engineer / ECM Administrator 
 
Conditions: 
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I. GENERAL LOCATION AND DESCRIPTION 

A. SITE LOCATION 

This Drainage Report is being prepared for the proposed Mountain View Academy K-8 Charter School 

located southwest of the intersection of Meadowbrook Parkway and Pinyon Jay Drive, within the Claremont 

Ranch Subdivision. The project site consists of Tract H, Claremont Ranch Filing No. 4, located in the 

northeast quarter of Section 4 Township 14 South, Range 65 West of the Sixth Principal Meridian, County 

of El Paso, State of Colorado.  The site is bounded by Meadowbrook Parkway to the north, a vacant tract 

owned by Cherokee Metropolitan District to the west, Hames Drive to the south, and Pinyon Jay Drive to 

the east. The site and adjacent properties are zoned PUD CAD-O and were platted and developed as single 

family subdivisions with Claremont Ranch Filings 2, 3 and 4 in the early 2000’s. 

 

 

 

FIGURE 1 – VICINITY MAP 

SITE 
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This report will analyze developed runoff from the site for the proposed site improvements and compare 

and contrast them to those proposed with the approved Final Drainage Report for Claremont Ranch, Filing 

No. 4 by Matrix Design Group, Inc, June 2003.  (MASTER STUDY).  

B. DESCRIPTION OF PROPERTY 

The site is comprised of 7.88 acres, more or less and is situated within Tract H of Claremont Ranch Filing 

No. 4 with an assigned mailing address of 2103 Meadowbrook Parkway. Proposed improvements feature 

those typical of a smaller school, including a single-story building with associated curb and gutter, drive 

aisles, parking, hardscape, landscaping and access to surrounding streets.  

Developed site runoff will be accommodated by a private on-site storm drainage system, where the majority 

of developed runoff will be routed to an on-site water quality pond for attenuation before being released to 

the existing public storm drainage system.  

There is approximately 10 feet of fall across the site, with existing slopes averaging 1.2%, and the 

northwestern portion exhibiting slopes approaching 4:1 and a relatively flat area in the southeast to central 

portion of the site.  The site generally slopes from southeast to northwest. Per the NRCS Web Soil Survey 

for the site, the hydrologic soil group for the site is Type A, though actual on-site conditions encountered 

may vary due to the described earlier development and possible placement of urban fill.   

The site is located within FEMA delineated floodplain zone X (area of minimal flood hazard) as determined 

by Flood Insurance Rate Map No. 08041C0756G, dated December 7, 2018. 
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II. DRAINAGE BASINS AND SUB-BASINS 

A. MAJOR DRAINAGE BASINS 

The site is located within the East Fork Sand Creek Watershed and has previously been studied as part of  

The MASTER STUDY preceded by the Sand Creek Drainage Basin Planning Study prepared for City of 

Colorado Springs dated October 1995 (REGIONAL STUDY). Major Basins surrounding the subject property 

were discussed and analyzed in detail in the MASTER STUDY (adopted herein by reference) and are not 

be repeated here. Furthermore, storm attenuation in the form of the 10-year and 100-year storm were 

provided at the regional level and discussed in the MASTER STUDY and the REGIONAL STUDY.  

B. MINOR DRAINAGE BASINS 

The proposed drainage conditions generally follow the drainage patterns shown in the MASTER STUDY. 

Under the proposed conditions, the vast majority of the site’s impervious area (thus stormwater runoff) will 

be captured and routed to the proposed onsite water quality detention pond prior to entering existing 

stormwater conveyances. The rest of the site, consisting of low impervious percentage areas, will overland 

sheet flow into existing adjacent perimeter curb and gutter to follow patterns established with the MASTER 

STUDY before being intercepted by existing curb inlets along Meadowbrook Parkway, Hames Drive, and 

Pinyon Jay Boulevard.   

The building rooftops will drain to a private downspout collection system and routed directly to the proposed 

onsite EDB Water Quality Pond adjacent to Hames Drive. The entire parking lot has been designed with 

adequate slope to ensure that it sheet drains into the same pond for treatment and release into an existing 

24” RCP storm sewer extension from the paired Type-R sump inlets in Hames Drive.  

The existing 24” RCP storm sewer and proposed pond outlet structure are large enough to pass rainfall 

events up to the 100-year event in a manner consistent with the MASTER STUDY. In the event of 

catastrophic failure of the outlet works, the pond will overflow directly into the sump area of Hames drive to 

be intercepted by the 10’ and 5’ Type-R sump inlets that were placed with the prior development. Due to 

lack of an embankment, there is no traditional armored spillway per se. Instead, during an overflow event, 

the pond will overtop in a manner not unlike “an overflowing bathtub” with sheet flow overflow proceeding 

via overland directly into the sump inlets in Hames Drive, which have sufficient capacity to capture the 

runoff.  
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The site is divided into six (6) sub-basins, which are further described below along with descriptions of 

surrounding receiving areas:  

 

BASIN OS-1 (Q5=0.8cfs, Q100=3.3cfs) 

Approximately 1.73 acres and consisting of an athletic field, two smaller play fields and overland grasses. 

Runoff is via overland sheet flow into the south curb & gutter of Meadowbrook Parkway to be conveyed to 

the west to enter into the Filing 2 storm system.   

 

BASIN OS-2 (Q5=0.1cfs, Q100=0.8cfs) 

This 0.77 acres consists native grass landscaping and will sheet flow into the western curb and gutter of 

Pinyon Jay Drive to be intercepted by the curb inlets at the SW corner of Pinyon Jay Drive and 

Meadowbrook Parkway.  

BASIN OS-3 (Q5=0.2 cfs, Q100=1.3 cfs) 

0.75 acres that drains to the west onto the existing tract owned by Cherokee Metropolitan District. Due to 

lack of hydraulic gradient and Type-A soils, it will likely infiltrate rather than run offsite. 

BASIN A-1 (Q5= <0.1cfs, Q100=0.1cfs) 

This is a small 0.15 acre basin that drains into the water quality pond, but due to lack of impervious cover, 

provides little to no stormwater contribution.  

BASIN R-1 (Q5=4.1cfs, Q100=7.4cfs) 

1.07 acres consisting entirely of rooftops. The roof drainage will be captured via downspout drains and 

routed via storm sewer directly to the on-site water quality pond.  

 

BASIN P-1 (Q5=10.4cfs, Q100=20.2cfs) 

3.41 acres consisting mostly of the school’s parking lot. The parking lot will provide the majority of the site 

runoff as well as most of the actual pollutant load. The lot will sheet flow into the pond where the runoff will 

be treated for water quality enhancement.  
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III. DRAINAGE DESIGN CRITERIA 

A. REGULATIONS 

All applicable regulations were taken from criteria manuals and guidance document promulgated by El Paso 

County, including, but not limited to: 

• El Paso County Engineering Criteria Manual, Rev. 6, December 13, 2016 

• Volume 1, City of Colorado Springs / El Paso County Drainage Criteria Manual, October 12, 1994, 

as adopted by El Paso County 

• Volume 2, City of Colorado Springs Drainage Criteria Manual, November 01, 2002, as adopted by 

El Paso County 

These documents shall be collectively referred to as the “MANUAL”. 

B. DRAINAGE STUDIES, MASTER PLANS, and SITE CONSTRAINTS 

As discussed previously, the following drainage studied were considered in this report: 

• MASTER STUDY: Final Drainage Report for Claremont Ranch, Filing No. 4 by Matrix Design 

Group, Inc, June 2003 

• REGIONAL STUDY: Sand Creek Drainage Basin Planning Study prepared for City of Colorado 

Springs, October 1995 

C. HYDROLOGIC CRITERIA 

Storm runoff rates for all onsite basins are calculated based on the following criteria found in the MANUAL. 

The minor storm (5-year event) and the major storm (100-year event) are considered to size drainage 

facilities and verify conformance with drainage criteria and previously approved drainage reports. Runoff 

rates are calculated using the Rational Method Equation, Q=CIA. The values for the runoff coefficients are 

taken from “Runoff Coefficient Equations based on NRCS soil group and storm return period” found in the 

MANUAL. Rainfall intensities “I” are taken from the Intensity-Duration-Frequency found in the MANUAL 

Time of concentration is calculated as the sum of the overland flow time and travel time. Overland flow time 

is calculated over a maximum 300 foot distance using the FAA equation Ti=0.395(1.1-C5) L0.5 S-0.33 where: 

 C5  = basin composite runoff coefficient for the five-year storm event 

 L = length of overland flow in feet 

 S = slope of flow path in percent 

 Ti = travel time in minutes 

Travel time is calculated as the flow time through a length of street gutter or channel by multiplying the 

average flow velocity by the travel length. Flow velocity is obtained though Manning’s equation based on 

the allowed flow depth for the initial and major storms.  

dsdlaforce
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D. HYDRAULIC CRITERIA 

The few necessary hydraulic calculations are in compliance with the MANUAL for pipe sizes, inlet 

capacities, etc. The bulk of the design effort with this study centered on design of the water quality pond 

and release structure, while verifying interception of stormwater runoff during overflow events. 

E. WATER QUALITY ENHANCEMENT 

Per the MASTER and REGIONAL studies, flood attenuation in the form of the 10-year and 100-year event 

was handled at the regional level. Due to later and evolving MS4 criteria, a water quality pond in the form 

of an EDB has been proposed on site to treat point source runoff for water quality enhancement.  
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10 

 

IV. STOMWATER MANAGEMENT FACILITY DESIGN 

A. STORMWATER CONVEYANCE FACILITIES 

The proposed development will generally exhibit runoff patterns contemplated and established with the 

MASTER STUDY. Impervious areas, those with the majority of the runoff and pollutant loads, will be routed 

to the onsite water quality pond. All other areas being released to the site periphery in an un-detained 

fashion follow previous patterns and are of a runoff rate that is statistically insignificant when compared to 

the governing MASTER STUDY.  

B. STORMWATER STORAGE FACILITIES  

Regional 10-year and 100-year flood attenuation was contemplated in the REGIONAL STUDY. It was 

discussed in detail in the MASTER STUDY as well. It is not repeated here. Refer to the MASTER STUDY, 

incorporated herein by reference, for further information.  

C. WATER QUALITY ENHACEMENT BEST MANAGEMENT PRACTICES 

The proposeD onsite EDB Water Quality Pond will provide permanent water quality treatment for the site. 

During construction activities, temporary erosion control measures will be installed to mitigate sediment and 

other pollutants leaving the site or entering State waters. Prior to construction, a SWMP (Stormwater 

Management Plan) and GEC (Grading and Erosion Control Plan) Plan will need to be approved by the 

County and an Erosion and Stormwater Quality Control Permit (ESQCP) issued. Lastly, a State stormwater 

discharge permit will be required from the CDPHE. 
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V. CONCLUSIONS 

A. COMPLIANCE WITH STANDARDS 

The proposed drainage concept complies with the current El Paso County Drainage Criteria and MS4 

Permit.   

B. VARIANCES 

No variances were necessary for this report.  

C. DRAINAGE CONCEPT 

Development of the proposed site was considered with the Claremont Filing No. 4 subdivision and drainage 

therefrom was discussed in the MASTER STUDY. Adequate flood attenuation exists offsite at the regional 

level and the site, as proposed, has provided for adequate water quality treatment and enhancements.  
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VI. REFERENCES 

All references have been mentioned earlier in the report and are not repeated here.  
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Appendix B 
Hydrologic Calculations 

Hydraulic Calculations 



Merrick & Company Merrick Office:

5970 Greenwood Plaza Blvd. Greenwood Village

Greenwood Village, CO 80111

Ph: (303) 751-0741

Last Modified By I. Rypkema 1/28/2020

Project Information:

Job Name: Mountain View Academy

Job Number: 65120399

Date: 2/8/2020

Designed by: Kris Wiest

Municipality: El Paso

Soil Type: A

Runoff Calculations:

Minor Design Storm: 5

Major Design Storm: 100



Detention Calculations:

Minor Storm Detention: 10 plus 100 % WQCV

Major Storm Detention: 100 plus 50 % WQCV

Detention Volume Method: EURV Enter WQCV:

4550.154982 cf

Allowable Release Rates:

Max Release Rate 1 cfs/acre? Yes Site Area:

7.88 acres

Enter Offsite flows to bypass site (added to allowable release rates):

Qminor allow=

Qminor= 0 cfs (bypass flows) 1.0244

Q100 allow=

Q100= 0 cfs (bypass flows) 3.94

Rainfall Data:

City, Town, or County: El Paso

Frequency of Design 

Event

2 yr 1.19 in

5 yr 1.50 in

10 yr 1.75 in

100 yr 2.52 in

Do you need to calc P1? No

Runoff Coefficient Calculations:

Use UDFCD Equations? Yes

Intensity Duration Values: Calculate

One Hour Point Rainfall P1



Merrick & Company Job Name: Mountain View Academy

5970 Greenwood Plaza Blvd. Job Number: 65120399

Greenwood Village, CO 80111 Date:

Ph: (303) 751-0741 By: Kris Wiest

Mountain View Academy

Composite Runoff Coefficient Calculations
Location: El Paso

Municipality: El Paso

Minor Design Storm: 5 Runoff Coefficient (UDFCD Vol 1, Chp 6, Sec. 2.5.1)

Major Design Storm: 100

Soil Type: A 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year

A C=0.84i^1.302 C=0.86i^1.276 C=0.87i^1.232 C=0.84i^1.124 C=0.85i+0.025 C=0.78i+0.110

B C=0.84i^1.169 C=0.86i^1.088 C=0.81i+0.057 C=0.63i+0.249 C=0.56i+0.328 C=0.47i+0.426

C/D C=0.83i^1.122 C=0.82i+0.035 C=0.74i+0.132 C=0.56i+0.319 C=0.49i+0.393 C=0.41i+0.484

Basin Design Data

I (%) = 100% 90% 66% 40% 10% 25% 2% 2% i (%)

Basin 

Name

Design 

Point

Apaved 

streets/ 

drives (sf)

Aroofs/ 

sidewalk    

(sf)

ASFHomes   

(sf)

Agravel   

(sf)

Aplygnd   

(sf)

Aart. turf   

(sf)

Alscape (A 

soil)             

(sf)

Agrass/dirt (A 

soil)             

(sf)

ATotal      

(sf)
ATotal   (ac) Imp     (%) C2 C5 C10 C100

R1 4 46,413 46,413 1.07 90.0% 0.73 0.75 0.76 0.81

OS 1 1 7,818 4,941 30,281 32,132 75,172 1.73 20.9% 0.11 0.12 0.13 0.27

OS 2 2 2,071 1,219 30,305 33,595 0.77 8.3% 0.03 0.04 0.04 0.17

A1 5 0 6,399 6,399 0.15 2.0% 0.01 0.01 0.01 0.13

OS 3 3 3,548 29,146 32,694 0.75 11.5% 0.05 0.05 0.06 0.20

P1 6 107,170 5,580 4,258 31,410 148,418 3.41 76.1% 0.59 0.61 0.62 0.70

Runoff Coeff's

NRCS Soil 

Group

Storm Return Period

2/8/2020

2020-0208 0399 - RATIONAL CALCS Developed C



Merrick & Company Job Name: Mountain View Academy

5970 Greenwood Plaza Blvd. Job Number: 65120399

Greenwood Village, CO 80111 Date: 2/8/2020

Ph: (303) 751-0741 By: Kris Wiest

Mountain View Academy

Time of Concentration Calculations

Location: El Paso

Municipality: El Paso

Minor Design Storm: 5

Major Design Storm: 100 ti=(0.395(1.1-C5)(Li^0.5))/(So^0.33)

Soil Type: A tt=Lt/(60Vt)

Urban tc=(26-17i)+Lt/(60(14i+9)*(SO^.5))

tc Comp
tc                  

Final

Basin Name
Design 

Point

ATotal   

(ac)
i (%) C5

Upper 

most 

Length (ft)

Slope (%)
ti             

(min)

Length 

(ft)
Slope (%) Type of Land Surface Cv

Velocity 

(fps) 

tt        

(min)

Time of 

Conc              

ti + tt = tc

Lt                   

(ft)

SO                 

(%)
Urban tc

                Min             

tc

R1 4 1.07 90.0% 0.75 10 1.0% 2.0 10 1.0%
Paved areas & shallow 

paved swales
20 2.0 0.1 2.1 20.0 1.0% 4.6 5.0

OS 1 1 1.73 20.9% 0.12 71 8.4% 7.5 150 2.6% Short Pasture and lawns 7 1.1 2.2 9.7 221.0 3.9% 16.0 9.7

OS 2 2 0.77 8.3% 0.04 104 5.7% 11.1 292 3.6% Short Pasture and lawns 7 1.3 3.7 14.8 396.0 4.0% 19.1 14.8

A1 5 0.15 2.0% 0.01 24 2.7% 7.1 34 3.2% Grassed waterway 15 2.7 0.2 7.3 58.0 3.0% 18.1 7.3

OS 3 3 0.75 11.5% 0.05 81 3.7% 11.2 37 10.8% Short Pasture and lawns 7 2.3 0.3 5.0 118.0 5.3% 16.8 5.0

P1 6 3.41 76.1% 0.61 37 3.7% 3.6 258 1.5%
Paved areas & shallow 

paved swales
20 2.4 1.8 5.3 295.0 1.7% 7.8 5.3

Initial Overland Time (ti)
Travel Time (tt)                                                                                                                                                           

tt=Length/(Velocity x 60)
tc Urbanized Check   ONSub-Basin Data

2020-0208 0399 - RATIONAL CALCS Developed Tc



Merrick & Company Job Name: Mountain View Academy
5970 Greenwood Plaza Blvd. Job Number: 65120399
Greenwood Village, CO 80111 Date:
Ph: (303) 751-0741 By: Kris Wiest

Mountain View Academy
Developed Storm Runoff Calculations

Design Storm : 100 Year Point Hour Rainfall (P1) : 2.52
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R1 4 1.07 0.81 5.0 0.87 8.55 7.4 10 in HDPE 0.8% 7.4 2.1 700 3.8 3.10 8.10 Route to DP 6

OS 1 1 1.73 0.27 9.7 0.47 6.90 3.3

OS 2 2 0.77 0.17 14.8 0.13 5.76 0.8

A1 5 0.15 0.13 7.3 0.02 7.64 0.1 #N/A #N/A #N/A 5.30 Small bsin, ignore Tc

OS 3 3 0.75 0.20 5.0 0.15 8.55 1.3

P1 6 3.41 0.70 5.3 2.40 8.42 20.2 #N/A #N/A #N/A 5.30 Route to DP 6

6 Total Routed Flows at DP 6 8.10 3.28 7.36 24.1

Pipe/Swale Travel Time

2/8/2020

Direct Runoff Total Runoff Pipe
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Merrick & Company Job Name: Mountain View Academy
5970 Greenwood Plaza Blvd. Job Number: 65120399
Greenwood Village, CO 80111 Date:
Ph: (303) 751-0741 By: Kris Wiest

Mountain View Academy
Developed Storm Runoff Calculations

Design Storm : 5 Year Point Hour Rainfall (P1) : 1.50
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R1 4 1.07 0.75 5.0 0.80 5.09 4.1 10 in HDPE 0.8% 4.1 700 3.8 3.10 8.10 Route to DP 6

OS 1 1 1.73 0.12 9.7 0.20 4.11 0.8

OS 2 2 0.77 0.04 14.8 0.03 3.43 0.1

A1 5 0.15 0.01 7.3 0.00 4.55 0.0 Direct Flow to DP 6 5.30 Small bsin, ignore Tc

OS 3 3 0.75 0.05 5.0 0.04 5.09 0.2

P1 6 3.41 0.61 5.3 2.07 5.01 10.4 Direct Flow to DP 6 5.30 Route to DP 6

Pipe/Swale Travel Time

2/8/2020

Direct Runoff Total Runoff Pipe
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Chapter 6 Hydrology 

 

 

May 2014 City of Colorado Springs 6-17 

 Drainage Criteria Manual, Volume 1 

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

  

3.2 Time of Concentration 

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average 

rainfall rate during the time required for water to flow from the hydraulically most remote part of the 

drainage area under consideration to the design point.  However, in practice, the time of concentration can 

be an empirical value that results in reasonable and acceptable peak flow calculations.   

For urban areas, the time of concentration (tc) consists of an initial time or overland flow time (ti) plus the 

travel time (tt) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel.  For non-

urban areas, the time of concentration consists of an overland flow time (ti) plus the time of travel in a 

concentrated form, such as a swale or drainageway.  The travel portion (tt) of the time of concentration 

can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.  

Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent 

rainfall, and infiltration capacity of the soil, as well as distance of surface flow.  The time of concentration 

is represented by Equation 6-7 for both urban and non-urban areas. 

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

Business

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

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

Residential

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

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

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

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

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

Industrial

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

     Heavy Areas 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83

Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52

Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54

Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

Undeveloped Areas

     Historic Flow Analysis-- 

     Greenbelts, Agriculture
2

0.03 0.05 0.09 0.16 0.17 0.26 0.26 0.38 0.31 0.45 0.36 0.51

     Pasture/Meadow 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

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

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

     Offsite Flow Analysis (when 

     landuse is undefined)
45

0.26 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0.48 0.55 0.51 0.59

Streets

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

     Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74

Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96

Roofs 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83

Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Land Use or Surface 

Characteristics

Percent 

Impervious

Runoff Coefficients

2-year 5-year 10-year 25-year 50-year 100-year
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Figure 6-5.  Colorado Springs Rainfall Intensity Duration Frequency 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IDF Equations 

I100 = -2.52 ln(D) + 12.735 

I50 = -2.25 ln(D) + 11.375 

I25 = -2.00 ln(D) + 10.111 

I10 = -1.75 ln(D) + 8.847 

I5 = -1.50 ln(D) + 7.583 

I2 = -1.19 ln(D) + 6.035 

Note: Values calculated by 

equations may not precisely 

duplicate values read from figure. 
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For Colorado Springs and much of the Fountain Creek watershed, the 1-hour depths are fairly uniform 

and are summarized in Table 6-2.  Depending on the location of the project, rainfall depths may be 

calculated using the described method and the NOAA Atlas maps shown in Figures 6-6 through 6-17. 

Table 6-2.  Rainfall Depths for Colorado Springs 

Return 

Period 

1-Hour 

Depth 

6-Hour 

Depth 

24-Hour 

Depth 

2 1.19 1.70 2.10 

5 1.50 2.10 2.70 

10 1.75 2.40 3.20 

25 2.00 2.90 3.60 

50 2.25 3.20 4.20 

100 2.52 3.50 4.60 

Where Z= 6,840 ft/100 

These depths can be applied to the design storms or converted to intensities (inches/hour) for the Rational 

Method as described below.  However, as the basin area increases, it is unlikely that the reported point 

rainfalls will occur uniformly over the entire basin.  To account for this characteristic of rain storms an 

adjustment factor, the Depth Area Reduction Factor (DARF) is applied.  This adjustment to rainfall depth 

and its effect on design storms is also described below.  The UDFCD UD-Rain spreadsheet, available on 

UDFCD’s website, also provides tools to calculate point rainfall depths and Intensity-Duration-Frequency 

curves
2
 and should produce similar depth calculation results. 

2.2 Design Storms 

Design storms are used as input into rainfall/runoff models and provide a representation of the typical 

temporal distribution of rainfall events when the creation or routing of runoff hydrographs is required.  It 

has long been observed that rainstorms in the Front Range of Colorado tend to occur as either short-

duration, high-intensity, localized, convective thunderstorms (cloud bursts) or longer-duration, lower-

intensity, broader, frontal (general) storms.  The significance of these two types of events is primarily 

determined by the size of the drainage basin being studied.  Thunderstorms can create high rates of runoff 

within a relatively small area, quickly, but their influence may not be significant very far downstream.  

Frontal storms may not create high rates of runoff within smaller drainage basins due to their lower 

intensity, but tend to produce larger flood flows that can be hazardous over a broader area and extend 

further downstream. 

§ Thunderstorms:  Based on the extensive evaluation of rain storms completed in the Carlton study 

(Carlton 2011), it was determined that typical thunderstorms have a duration of about 2 hours.  The 

study evaluated over 300,000 storm cells using gage-adjusted NEXRAD data, collected over a 14-

year period (1994 to 2008).  Storms lasting longer than 3 hours were rarely found. Therefore, the 

results of the Carlton study have been used to define the shorter duration design storms. 

To determine the temporal distribution of thunderstorms, 22 gage-adjusted NEXRAD storm cells 

were studied in detail.  Through a process described in a technical memorandum prepared by the City 

of Colorado Springs (City of Colorado Springs 2012), the results of this analysis were interpreted and 

normalized to the 1-hour rainfall depth to create the distribution shown in Table 6-3 with a 5 minute 

time interval for drainage basins up to 1 square mile in size.  This distribution represents the rainfall 
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tic ttt +=  (Eq. 6-7) 

Where: 

tc = time of concentration (min) 

ti = overland (initial) flow time (min) 

tt = travel time in the ditch, channel, gutter, storm sewer, etc. (min) 

3.2.1 Overland (Initial) Flow Time 

The overland flow time, ti, may be calculated using Equation 6-8. 

 

( )
33.0

51.1395.0

S

LC
ti

-
=  (Eq. 6-8) 

Where: 

ti   = overland (initial) flow time (min) 

C5 = runoff coefficient for 5-year frequency (see Table 6-6) 

L   = length of overland flow (300 ft maximum for non-urban land uses, 100 ft maximum for 

urban land uses) 

S  = average basin slope (ft/ft) 

Note that in some urban watersheds, the overland flow time may be very small because flows quickly 

concentrate and channelize. 

3.2.2 Travel Time  

For catchments with overland and channelized flow, the time of concentration needs to be considered in 

combination with the travel time, tt, which is calculated using the hydraulic properties of the swale, ditch, 

or channel.  For preliminary work, the overland travel time, tt, can be estimated with the help of Figure 6-

25 or Equation 6-9 (Guo 1999). 

 
5.0

wv SCV =    (Eq. 6-9) 

Where: 

V = velocity (ft/s) 

Cv = conveyance coefficient (from Table 6-7) 

Sw = watercourse slope (ft/ft) 



Chapter 6 Hydrology 

 

 

May 2014 City of Colorado Springs 6-19 

 Drainage Criteria Manual, Volume 1 

Table 6-7.  Conveyance Coefficient, Cv 

Type of Land Surface Cv 

Heavy meadow 2.5 

Tillage/field 5 

Riprap (not buried)
* 

6.5 

Short pasture and lawns 7 

Nearly bare ground 10 

Grassed waterway 15 

Paved areas and shallow paved swales 20 
* For buried riprap, select Cv value based on type of vegetative cover. 

The travel time is calculated by dividing the flow distance (in feet) by the velocity calculated using 

Equation 6-9 and converting units to minutes. 

The time of concentration (tc) is then the sum of the overland flow time (ti) and the travel time (tt) per 

Equation 6-7. 

3.2.3 First Design Point Time of Concentration in Urban Catchments 

Using this procedure, the time of concentration at the first design point (typically the first inlet in the 

system) in an urbanized catchment should not exceed the time of concentration calculated using Equation 

6-10. The first design point is defined as the point where runoff first enters the storm sewer system. 

 
10

180
+=

L
tc

  (Eq. 6-10) 

Where: 

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

L = waterway length (ft) 

Equation 6-10 was developed using the rainfall-runoff data collected in the Denver region and, in essence, 

represents regional “calibration” of the Rational Method.  Normally, Equation 6-10 will result in a lesser 

time of concentration at the first design point and will govern in an urbanized watershed.  For subsequent 

design points, the time of concentration is calculated by accumulating the travel times in downstream 

drainageway reaches. 

3.2.4 Minimum Time of Concentration 

If the calculations result in a tc of less than 10 minutes for undeveloped conditions, it is recommended that 

a minimum value of 10 minutes be used.  The minimum tc for urbanized areas is 5 minutes. 

3.2.5 Post-Development Time of Concentration 

As Equation 6-8 indicates, the time of concentration is a function of the 5-year runoff coefficient for a 

drainage basin.  Typically, higher levels of imperviousness (higher 5-year runoff coefficients) correspond 

to shorter times of concentration, and lower levels of imperviousness correspond to longer times of 
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The time of concentration is calculated following the guidance provided in TR-55 (NRCS 2005) by 

dividing the flow path into multiple segments.  These segments can generally be categorized as overland 

flow, shallow concentrated flow and concentrated or channelized flow.  For each of the flow segments, 

the estimated 2-year flow or the “low flow” should be used to calculate velocity.  

Figure 6-1.  Flow Segments for Time of Concentration 

 

The Time of Concentration is the sum of overland flow time and the tt values for the various consecutive 

flow segments: 

tc = ti + tt1 + tt2 + tt3 …ttm   (Eq. 6-14) 

Where: 

tc = time of concentration ( hr) 

ti = overland (initial) flow time (hr) 

ttm = travel time for each flow segment (hr) 

m = number of flow segments 

 

4.6.1 Overland Flow Time for NRCS Method 

The overland flow time represents the time for runoff to travel over the upper most portion of a drainage 

basin before there is enough flow to become concentrated into identifiable flow paths.  This travel time 

can be estimated using the slope of the ground and the type of ground cover.  Overland flow lengths 

should not exceed 100 feet for urban areas and 300 feet for undeveloped areas. 

Overland Flow  

(A to B) 

Shallow Concentrated Flow 

(B to C) 

Concentrated Flow 

(C to D) 

Drainage Basin Outlet 
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Ti = 0.007(n∙L)
0.8

 / (P2)
0.5

 S
0.4

 (Eq. 6-15) 

Where: 

Ti = overland flow time (hr) 

n = Manning’s roughness coefficient  

L = flow length (ft) 

P2 = 2-year, 24-hour rainfall (in) 

S = slope of hydraulic grade line (ft/ft) 

Typical roughness coefficients for the overland flow portion of the drainage basin are provided in Table 

6-11.  Be aware that Manning’s roughness coefficients for overland flow are different from Manning’s n 

values for open channels and conduits.  Manning’s n values for channels and conduits should not be used 

for overland flow. 

Table 6-11.  Roughness Coefficients (Manning’s n) for NRCS Overland Flow 

Surface description n
1 

Smooth surfaces (concrete, asphalt, gravel, bare soil, etc.) 0.011 

Fallow (no residue) 0.05 

Cultivated Soils:  

Residue cover <20% 0.06 

Residue cover >20% 0.17 

Grass:  

Short grass prairie 0.15 

Dense grasses 
2 

0.24 

Bermuda grass 0.41 

Range (natural) 0.13 

Woods 
3
  

Light underbrush 0.40 

Dense underbrush 0.80 

4. 
1
The values are a composite of information compiled by 

Engman (1986). 

5. 
2
Includes species such as weeping lovegrass, bluegrass, 

buffalograss, blue gramma grass, native grass mixtures. 

6. 
3
When selecting n, consider cover to a height of about 0.1 

feet.  This is the only part of the plant cover that will obstruct 

sheet flow. 

4.6.2 Shallow Concentrated Flow 

Flow that travels in defined flow paths, small shallow channels in undeveloped basins or in swales or 

gutters in developed basins normally has higher velocities than overland flow. Its travel time can be 

estimated by dividing its flow length by its average velocity.  Average velocities for shallow concentrated 

flow can be estimated from Figure 6-25. 
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4.6.3  Concentrated Flow 

Once flow enters a storm sewer or open channel, it becomes concentrated and its travel time can also be 

estimated by dividing its travel length into segments.  Travel time is the ratio of flow length to flow 

velocity. 

Tt = L / (3600∙V) (Eq. 6-16) 

Where: 

Tt = travel time (hr) 

L = flow length (ft) 

V = velocity (ft/s) 

3,600 = conversion factor from seconds to hours 

The average velocity in concentrated flow segments can be estimated by Manning’s equation: 

V = 1.49 Rh
2/3

 S
1/2

 / n (Eq. 6-17) 

Where: 

V = average velocity (ft/s) 

Aw = Area of cross section conveying flow (ft
2
) 

Rh = hydraulic radius (ft) equal to Aw/Pw 

Pw = wetted perimeter (ft) 

S = friction slope/slope of energy grade line (typically assumed to be equivalent to channel bottom 

slope for uniform flow) (ft/ft) 

n = Manning’s roughness coefficient for open channel flow  

As a general rule, and when sufficiently detailed development plans are not available, the post-

development time of concentration can be estimated to be 75% of the pre-development value within the 

areas of the basin that are to be urbanized. 

4.7 Peak Flow Estimation 

For preliminary design purposes or for estimating allowable release rates, peak flows may be estimated 

using the NRCS method by calculating the parameters for curve number and tc as described above.  The 

following equations provide an estimate of peak flows for a given return period: 

q = qp∙A∙Q (Eq. 6-18) 

qp = 484∙A∙Q / tp  (Eq. 6-19) 

Q = (P – 0.1∙S)
2 
/ (P + (1-0.9∙S)) (Eq. 6-20) 

S = 1,000/CN – 10 for  Ia = 0.1∙S  (Eq. 6-21) 

tp = D/2 + 0.06 tc = 0.67 tc , where (D = 0.133 tc)  (Eq. 6-22) 

Where:  
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q = peak discharge (cfs) 

qp = unit peak discharge in (cfs/ mi
2
) 

A = drainage basin area (mi
2
)  

Q = direct runoff (in) 

P = rainfall depth for storm return period and duration (in) 

S = potential maximum retention after runoff begins (in) 

CN = composite curve number for the ARC applied 

Ia = initial abstraction as a fraction of S (in)  

tp = time to peak discharge (hr) 

tc = time of concentration (hr) 

Limitations of the peak flow estimation method are: 

§ The drainage basin must be hydrologically homogeneous (i.e., describable by one curve number).  

Land use, soils and cover must be distributed uniformly throughout the drainage basin. 

§ The drainage basin must have only one main stream or, if more than one, the branches must have 

similar tc values. 

§ There are no effects due to reservoir routing. 

§ The weighted curve number must be greater than 40. 

5.0 EPA Stormwater Management Model (EPA SWMM) 

EPA’s SWMM 5 is a computer model that is used to generate surface runoff hydrographs from sub-basins 

and then route and combine these hydrographs. The purpose of the discussion of SWMM in this chapter 

is to provide general background on the use of the model to perform more complex stormwater runoff 

calculations using SWMM.  Complete details about the use of the model, specifics of data format and 

program execution is provided in the Users' Manual for SWMM 5.0.  Software, Users’ Manual and other 

information about EPA’s SWMM 5.0 may be downloaded from the EPA website.  The following section 

includes excerpts from the SWMM 5.0 User’s Manual (EPA 2008) that describes capabilities and primary 

inputs for the model. 

5.1 Model Overview 

The EPA Stormwater Management Model User’s Manual, Version 5.0 (EPA 2008) provides the 

following overview of SWMM and its hydrologic and hydraulic modeling capabilities: 

[SWMM] is a dynamic rainfall-runoff simulation model used for single event or long-term 

(continuous) simulation of runoff quantity and quality from primarily urban areas. The runoff 

component of SWMM operates on a collection of subcatchment areas that receive precipitation 

and generate runoff and pollutant loads. The routing portion of SWMM transports this runoff 

through a system of pipes, channels, storage/treatment devices, pumps, and regulators. SWMM 

tracks the quantity and quality of runoff generated within each subcatchment, and the flow rate, 
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Project:

Basin ID:

Depth Increment = 0.50 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 10 0.000

Selected BMP Type = EDB Note: L / W Ratio < 1 6470.5 -- 0.10 -- -- -- 61 0.001 4 0.000

Watershed Area = 7.87 acres L / W Ratio = 0.54 6471 -- 0.60 -- -- -- 1,658 0.038 433 0.010

Watershed Length = 432 ft 6471.5 -- 1.10 -- -- -- 4,313 0.099 1,926 0.044

Watershed Length to Centroid = 200 ft 6472 -- 1.60 -- -- -- 6,822 0.157 4,710 0.108

Watershed Slope = 0.015 ft/ft 6472.5 -- 2.10 -- -- -- 9,371 0.215 8,758 0.201

Watershed Imperviousness = 76.00% percent 6473 -- 2.60 -- -- -- 11,357 0.261 13,940 0.320

Percentage Hydrologic Soil Group A = 100.0% percent 6473.5 -- 3.10 -- -- -- 13,439 0.309 20,139 0.462

Percentage Hydrologic Soil Group B = 0.0% percent -- -- -- --

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- -- -- --

Target WQCV Drain Time = 40.0 hours -- -- -- --

Location for 1-hr Rainfall Depths = Highlands Ranch - Highlands Ranch Mansion -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.240 acre-feet 0.240 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.775 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 0.82 in.) = 0.331 acre-feet inches -- -- -- --

5-yr Runoff Volume (P1 = 1.09 in.) = 0.454 acre-feet inches -- -- -- --

10-yr Runoff Volume (P1 = 1.32 in.) = 0.564 acre-feet inches -- -- -- --

25-yr Runoff Volume (P1 = 1.67 in.) = 0.742 acre-feet inches -- -- -- --

50-yr Runoff Volume (P1 = 1.95 in.) = 0.892 acre-feet inches -- -- -- --

100-yr Runoff Volume (P1 = 2.25 in.) = 1.072 acre-feet inches -- -- -- --

500-yr Runoff Volume (P1 = 3.01 in.) = 1.519 acre-feet inches -- -- -- --

Approximate 2-yr Detention Volume = 0.349 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 0.481 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.597 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 0.787 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 0.895 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.997 acre-feet -- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft 2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft 2)

Width 

(ft)

MHFD-Detention, Version 4.00 (December 2019)

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

After providing required inputs above including 1-hour rainfall

depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_MountainViewAcademy, Basin 2/8/2020, 7:29 PM

dsdlaforce
Callout
Adjust area & %imp to the sub-basins tributary to the pond (R1 and P1)

dsdlaforce
Callout
Change to user input.  See Colorado Springs DCM Chapter 6 Table 6-2 for rainfall depths.

dsdlaforce
Text Box
Will be reviewed on the resubmittal.Full Spectrum Detention is required.  See comment on pg 9



  Project:

  Basin ID:

Estimated Estimated

Stage (ft) Volume (ac-ft) Outlet Type

Zone 1 (WQCV) 2.28 0.240 Orifice Plate

Zone 2 Not Utilized

Zone 3 Not Utilized

Total (all zones) 0.240

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft
2

Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 8.681E-03 ft
2

Depth at top of Zone using Orifice Plate = 3.10 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 12.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 1.25 sq. inches (diameter = 1-1/4 inches) Elliptical Slot Area = N/A ft
2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)

Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.00 2.00 3.00

Orifice Area (sq. inches) 1.25 1.25 1.25 1.25

Row 9 (optional) Row 10 (optional) Row 11 (optional) Row 12 (optional) Row 13 (optional) Row 14 (optional) Row 15 (optional) Row 16 (optional)

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice

Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft
2

Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet

Vertical Orifice Diameter = N/A N/A inches

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir

grate Not Selected Not Selected Not Selected Not Selected

Overflow Weir Front Edge Height, Ho = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = N/A N/A feet

Overflow Weir Front Edge Length = N/A N/A feet Overflow Weir Slope Length = N/A N/A feet

Overflow Weir Grate Slope = N/A N/A H:V Grate Open Area / 100-yr Orifice Area = N/A N/A

Horiz. Length of Weir Sides = N/A N/A feet Overflow Grate Open Area w/o Debris = N/A N/A ft
2

Overflow Grate Open Area % = N/A N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = N/A N/A ft
2

Debris Clogging % = N/A N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate

Not Selected Not Selected Not Selected Not Selected

Depth to Invert of Outlet Pipe = N/A N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = N/A N/A ft
2

Circular Orifice Diameter = N/A N/A inches Outlet Orifice Centroid = N/A N/A feet

Half-Central Angle of Restrictor Plate on Pipe = N/A N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway

Spillway Invert Stage= ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= feet

Spillway Crest Length = feet Stage at Top of Freeboard = feet

Spillway End Slopes = H:V Basin Area at Top of Freeboard = acres

Freeboard above Max Water Surface = feet Basin Volume at Top of Freeboard = acre-ft

Max Ponding Depth of Target Storage Volume = 2.20 feet Discharge at Top of Freeboard = cfs

Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A 1.07 0.82 1.09 1.32 1.67 1.95 2.25 3.01

CUHP Runoff Volume (acre-ft) = 0.240 0.775 0.331 0.454 0.564 0.742 0.892 1.072 1.519

Inflow Hydrograph Volume (acre-ft) = 0.240 0.775 0.331 0.454 0.564 0.742 0.892 1.072 1.519

CUHP Predevelopment Peak Q (cfs) = 0.0 0.0 0.0 0.1 0.1 0.3 2.0 5.2 12.1
OPTIONAL Override Predevelopment Peak Q (cfs) = 0.0 0.0

Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.00 0.01 0.02 0.03 0.25 0.66 1.54

Peak Inflow Q (cfs) = 5.9 18.7 8.1 11.0 13.5 18.5 22.3 26.5 38.0

Peak Outflow Q (cfs) = 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 3.3 1.6 0.7 0.1 0.0 0.0

Structure Controlling Flow = Plate N/A Plate Plate N/A N/A N/A N/A N/A

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 69 44 52 58 67 75 85 110

Time to Drain 99% of Inflow Volume (hours) = 40 74 47 56 62 72 81 92 119

Maximum Ponding Depth (ft) = 2.20 3.10 2.56 2.99 3.10 3.10 3.10 3.10 3.10

Area at Maximum Ponding Depth (acres) = 0.22 0.31 0.26 0.30 0.31 0.31 0.31 0.31 0.31

Maximum Volume Stored (acre-ft) = 0.223 0.462 0.310 0.429 0.462 0.462 0.462 0.462 0.462

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).

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

Example Zone Configuration (Retention Pond)
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Extended Detention Basin (EDB)—
Sedimentation Facility

Description
An extended detention basin (EDB) is a sedimentation basin designed to totally drain dry
sometime after stormwater runoff ends. It is an adaptation of a detention basin used for flood
control. The primary difference is in the outlet design. The EDB uses a much smaller outlet that
extends the emptying time of the more frequently occurring runoff events to facilitate pollutant
removal. The EDB’s drain time for the brim-full water quality capture volume (i.e., time to fully
evacuate the design capture volume) of 40 hours is recommended to remove a significant
portion of fine particulate pollutants found in urban stormwater runoff. Soluble pollutant
removal can be somewhat enhanced by providing a small wetland marsh or ponding area in the
basin's bottom to promote biological uptake. The basins are considered to be "dry" because they
are designed not to have a significant permanent pool of water remaining between storm runoff
events. However, EDB may develop wetland vegetation and sometimes shallow pools in the
bottom portions of the facilities.

General Application
An EDB can be used to enhance stormwater runoff quality and reduce peak stormwater runoff
rates. If these basins are constructed early in the development cycle, they can also be used to
trap sediment from construction activities within the tributary drainage area. The accumulated
sediment, however, will need to be removed after upstream land disturbances cease and before
the basin is placed into final long-term use. Also, an EDB can sometimes be retrofitted into
existing flood control detention basins.

EDBs can be used to improve the quality of urban runoff from roads, parking lots, residential
neighborhoods, commercial areas, and industrial sites and are generally used for regional or
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follow-up treatment. They can also be used as an onsite BMP and work well in conjunction with
other BMPs, such as upstream onsite source controls and downstream infiltration/filtration
basins or wetland channels. If desired, a flood routing detention volume can be provided above
the water quality capture volume (WQCV) of the basin.

Advantages/Disadvantages
General
An EDB can be designed to provide other benefits such as recreation and open space
opportunities in addition to reducing peak runoff rates and improving water quality. They are
effective in removing particulate matter and the associated heavy metals and other pollutants.
As with other BMPs, safety issues need to be addressed through proper design.

Physical Site Suitability
Normally, the land required for an EDB is approximately 0.5 to 2.0 percent of the total tributary
development area. In high groundwater areas, consider the use of retention ponds (RP) instead
in order to avoid many of the problems that can occur when the EDB’s bottom is located below
the seasonal high water table. Soil maps should be consulted, and soil borings may be needed to
establish design geotechnical parameters.

Pollutant Removal
The pollutant removal range of an EDB was presented in section 4.1, Table ND-2.  Removal of
suspended solids and metals can be moderate to high, and removal of nutrients is low to
moderate. The removal of nutrients can be improved when a small shallow pool or wetland is
included as part of the basin's bottom or the basin is followed by BMPs more efficient at
removing soluble pollutants, such as a filtration system, constructed wetlands or wetland
channels.

The major factor controlling the degree of pollutant removal is the emptying time provided by
the outlet. The rate and degree of removal will also depend on influent particle sizes. Metals, oil
and grease, and some nutrients have a close affinity for suspended sediment and will be
removed partially through sedimentation.

Aesthetics and Multiple Uses
Since an EDB is designed to drain very slowly, its bottom and lower portions will be inundated
frequently for extended periods of time. Grasses in this frequently inundated zone will tend to
die off, with only the species that can survive the specific environment at each site eventually
prevailing. In addition, the bottom will be the depository of all the sediment that settles out in
the basin. As a result, the bottom can be muddy and may have an undesirable appearance to
some. To reduce this problem and to improve the basin's availability for other uses (such as
open space, habitat or passive recreation), it is suggested that the designer provide a lower-
stage basin as suggested in the Two Stage Design procedure. As an alternative, a retention pond
(RP) could be used, in which the settling occurs primarily within the permanent pool.
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Design Considerations
Whenever desirable and feasible, incorporate the EDB within a larger flood control basin. Also,
whenever possible try to provide within the basin for other urban uses such as passive
recreation, and wildlife habitat. If multiple uses are being contemplated, consider the multiple-
stage detention basin to limit inundation of passive recreational areas to one or two occurrences
a year. Generally, the area within the WQCV is not well suited for active recreation facilities
such as ballparks, playing fields, and picnic areas. These are best located above the WQCV pool
level.

Figure EDB-1 shows a representative layout of an EDB. Although flood control storage can be
accomplished by providing a storage volume above the water quality storage, how best to
accomplish this is not included in this discussion. Whether or not flood storage is provided, all
embankments should be protected from catastrophic failure when runoff exceeds the design
event. The State Engineer's regulatory requirements for larger dam embankments and storage
volumes must be followed whenever regulatory height and/or volume thresholds are
exceeded. Below those thresholds, the engineer should design the embankment-spillway-outlet
system so that catastrophic failure will not occur.

Perforated outlet and trash rack configurations are illustrated in section 4.3, Typical Structural
Details. Figure EDB-3 equates the WQCV that needs to be emptied over 40 hours, to the total
required area of perforations per row for the standard configurations shown in that section. The
chart is based on the rows being equally spaced vertically at 4-inch centers. This total area of
perforations per row is then used to determine the number of uniformly sized holes per row
(see detail in the Structural Details section). One or more perforated columns on a perforated
orifice plate integrated into the front of the outlet can be used. Other types of outlets may also
be used, provided they control the release of the WQCV in a manner consistent with the drain
time requirements and are approved in advance.

Although the soil types beneath the pond seldom prevent the use of this BMP, they should be
considered during design. Any potential exfiltration capacity should be considered a short-term
characteristic and ignored in the design of the WQCV because exfiltration will decrease over
time as the soils clog with fine sediment and as the groundwater beneath the basin develops a
mound that surfaces into the basin.

High groundwater should not preclude the use of an EDB. Groundwater, however, should  be
considered during design and construction, and the outlet design must account for any
upstream base flows that enter the basin or that may result from groundwater surfacing within
the basin itself.

Stable, all weather access to critical elements of the pond, such as the inlet, outlet, spillway, and
sediment collection areas must be provided for maintenance purposes.
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Design Procedure and Criteria
The following steps outline the design procedure and criteria for an EDB.

1. Basin Storage Volume Provide a storage volume equal to 120 percent of the WQCV
based on a 40-hour drain time, above the lowest outlet (i.e.,
perforation) in the basin. The additional 20 percent of storage
volume provides for sediment accumulation and the resultant loss
in storage volume.

A. Determine the WQCV tributary catchment’s percent
imperviousness. Account for the effects of DCIA, if any, on
Effective Imperviousness. Using Figure ND-1, determine the
reduction in impervious area to use with WQCV calculations.

B. Find the required storage volume (watershed inches of
runoff):

Determine the required WQCV (watershed inches of runoff)
using Figure EDB-2, based on the EDB’s 40-hour drain time.

Calculate the Design Volume in acre-feet as follows:

2.1
12

∗∗�
�

�
�
�

�= AreaWQCVVolumeDesign

In which:

Area = The watershed area tributary to the
extended detention pond.

1.2 factor = Multiplier of 1.2 to account for the
additional 20 percent of required storage
for sediment accumulation.

2. Outlet Works The Outlet Works are to be designed to release the WQCV (i.e.,
not the “Design Volume”) over a 40-hour period, with no more
than 50 percent of the WQCV being released in 12 hours. Refer to
the Structural Details section for schematics pertaining to structure
geometry; grates, trash racks, and screens; outlet type: orifice plate
or perforated riser pipe; cutoff collar size and location; and all
other necessary components.

For a perforated outlet, use Figure EDB-3 to calculate the required
area per row based on WQCV and the depth of perforations at the
outlet. See the Structural Details section to determine the
appropriate perforation geometry and number of rows.  (The
lowest perforations should be set at the water surface elevation of
the outlet micropool.) The total outlet area can then be calculated
by multiplying the area per row by the number of rows.
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3. Trash Rack Provide a trash rack of sufficient size to prevent clogging of the
primary water quality outlet. Size the rack so as not to interfere
with the hydraulic capacity of the outlet. Using the total outlet
area and the selected perforation diameter (or height), Figures 6,
6a or 7 in the Structural Details section will help to determine the
minimum open area required for the trash rack. If a perforated
vertical plate or riser is used as suggested in this manual, use one-
half of the total outlet area to calculate the trash rack’s size. This
accounts for the variable inundation of the outlet orifices. Figures
6 and 6a were developed as suggested standardized outlet designs
for smaller sites.

4. Basin Shape Shape the pond whenever possible with a gradual expansion from
the inlet and a gradual contraction toward the outlet, thereby
minimizing short circuiting. The basin length to width ratio
between the inlet and the outlet should be between 2:1 to 3:1, with
the larger being preferred. It may be necessary to modify the inlet
and outlet points through the use of pipes, swales, or channels to
accomplish this.

5. Two-Stage Design A two-stage design with a pool that fills often with frequently
occurring runoff minimizes standing water and sediment
deposition in the remainder of the basin. The two stages are as
follows:

A. Top Stage: The top stage should be 2 or more feet deep with its
bottom sloped at 2 percent toward the low flow channel.

B. Bottom Stage: The active storage basin of the bottom stage
should be 1.5 to 3 feet deeper than the top stage and store 5 to
15 percent of the WQCV. Provide a micro-pool below the
bottom active storage volume of the lower stage at the outlet
point. The pool should be ½ the depth of the upper WQCV
depth or 2.5 feet, whichever is the larger.

6. Low-Flow Channel Conveys low flows from the forebay to the bottom stage. Erosion
protection should be provided where the low-flow channel enters
bottom stage. Lining the low flow channel with concrete is
recommended. Otherwise line its sides with VL Type riprap and
bottom with concrete. Make it at least 9 inches deep; at a
minimum provide capacity equal to twice the release capacity at
the upstream forebay outlet.

7. Basin Side Slopes Basin side slopes should be stable and gentle to facilitate
maintenance and access. Side slopes should be no steeper than 3:1,
the flatter, the better and safer.
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8. Dam Embankment The embankment should be designed not to fail during a 100-year
and larger storms. Embankment slopes should be no steeper than
3:1, preferably 4:1 or flatter, and planted with turf forming
grasses. Poorly compacted native soils should be excavated and
replaced. Embankment soils should be compacted to at least
95 percent of their maximum density according to ASTM D 698-70
(Modified Proctor). Spillway structures and overflows should be
designed in accordance with the City of Colorado Springs and El
Paso County Drainage Criteria Manual and should consider
UDFCD drop-structure design guidelines.

9. Vegetation Bottom vegetation provides erosion control and sediment
entrapment. Pond bottom, berms, and side sloping areas may be
planted with native grasses or with irrigated turf, depending on
the local setting.

10. Access All weather stable access to the bottom, forebay, and outlet works
area shall be provided for maintenance vehicles. Maximum grades
should be 10 percent with a solid driving surface of gravel, rock,
or concrete.

11. Inlet Dissipate flow energy at pond's inflow point(s) to limit erosion
and promote particle sedimentation. Inlets should be designed in
accordance with the City of Colorado Springs and El Paso County
Drainage Criteria Manual’s drop structure criteria or another type
of energy dissipating structure.

12. Forebay Design Provide the opportunity for larger particles to settle out in the
inlet in an area that has a solid surface bottom to facilitate
mechanical sediment removal. A rock berm should be constructed
between the forebay and the main EDB. The forebay volume of
the permanent pool should be 5 to 10 percent of the design water
quality capture volume. A pipe throughout the berm to convey
water the EDB should be offset from the inflow streamline to
prevent short circuiting and should be sized to drain the forebay
volume in 5 minutes.

13. Flood Storage Combining the water quality facility with a flood control facility is
recommended. The 10-year, 100-year, or other floods may be
detained above the WQCV. See the New Development Planning
section of this chapter for further guidance.

14. Multiple Uses Whenever desirable and feasible, incorporate the EDB within a
larger flood control basin. Also, whenever possible try to provide
for other urban uses such as active or passive recreation, and
wildlife habitat. If multiple uses are being contemplated, use the
multiple-stage detention basin to limit inundation of passive
recreational areas to one or two occurrences a year. Generally, the
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area within the WQCV is not well suited for active recreation
facilities such as ballparks, playing fields, and picnic areas. These
are best located above the EDB level.

Design Example
Design forms that provide a means of documenting the design procedure are included in the
Design Forms section. A completed form follows as a design example.

Maintenance Recommendations
Extended detention basins have low to moderate maintenance requirements. Routine and
nonroutine maintenance is necessary to assure performance, enhance aesthetics, and protect
structural integrity. The dry basins can result in nuisance complaints if not properly designed or
maintained. Bio-degradable pesticides may be required to limit insect problems. Frequent
debris removal and grass-mowing can reduce aesthetic complaints. If a shallow wetland or
marshy area is included, mosquito breeding and nuisance odors could occur if the water
becomes stagnant. Access to critical elements of the pond (inlet, outlet, spillway, and sediment
collection areas) must be provided. The basic elements of the maintenance requirements are
presented in Table EDB-1.

TABLE EDB-1
Extended Detention Basin Maintenance Considerations

Required Action Maintenance Objective Frequency of Action

Lawn mowing and lawn care Occasional mowing to limit unwanted
vegetation. Maintain irrigated turf grass as
2 to 4 inches tall and nonirrigated native
turf grasses at 4 to 6 inches.

Routine – Depending on aesthetic
requirements.

Debris and litter removal Remove debris and litter from the entire
pond to minimize outlet clogging and
improve aesthetics.

Routine – Including just before annual
storm seasons (that is, April and May)
and following significant rainfall
events.

Erosion and sediment control Repair and revegetate eroded areas in the
basin and channels.

Nonroutine – Periodic and repair as
necessary based on inspection.

Structural Repair pond inlets, outlets, forebays, low
flow channel liners, and energy
dissipators whenever damage is
discovered.

Nonroutine – Repair as needed
based on regular inspections.

Inspections Inspect basins to insure that the basin
continues to function as initially intended.
Examine the outlet for clogging, erosion,
slumping, excessive sedimentation levels,
overgrowth, embankment and spillway
integrity, and damage to any structural
element.

Routine – Annual inspection of
hydraulic and structural facilities. Also
check for obvious problems during
routine maintenance visits, especially
for plugging of outlets.

Nuisance control Address odor, insects, and overgrowth
issues associated with stagnant or
standing water in the bottom zone.

Nonroutine – Handle as necessary
per inspection or local complaints.
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TABLE EDB-1
Extended Detention Basin Maintenance Considerations

Required Action Maintenance Objective Frequency of Action

Sediment removal Remove accumulated sediment from the
forebay, micro-pool, and the bottom of the
basin.

Nonroutine – Performed when
sediment accumulation occupies
20 percent of the WQCV. This may
vary considerably, but expect to do
this every 10 to 20 years, as
necessary per inspection if no
construction activities take place in
the tributary watershed. More often if
they do. The forebay and the
micro-pool will require more frequent
cleanout than other areas of the
basin, say every 1 or 2 years.
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FIGURE EDB-1
Plan and Section of an Extended Detention Basin Sedimentation Facility
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FIGURE EDB-2
Water Quality Capture Volume (WQCV), 80th Percentile Runoff Event
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Design Procedure Form:  Extended Detention Basin  (EDB) - Sedimentation Facility
 Sheet 1 of 3

Designer:
Company:

Date:
Project:
Location:

1. Basin Storage Volume
Ia = 50.00 %

A) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.50

B)  Contributing Watershed Area (Area) Area = 100.00 acres

C)  Water Quality Capture Volume (WQCV) WQCV = 0.21 watershed inches
      (WQCV =1.0 * (0.91 * I3 - 1.19 * I2 + 0.78 * I))
D)  Design Volume: Vol = (WQCV / 12) * Area * 1.2 Vol = 2.063 acre-feet

2. Outlet Works

A)  Outlet Type (Check One) X Orifice Plate
Perforated Riser Pipe
Other:

B)  Depth at Outlet Above Lowest Perforation (H) H = 4.00 feet

C)  Required Maximum Outlet Area per Row, (Ao) Ao = 1.74 square inches

D)  Perforation Dimensions (enter one only):
       i)  Circular Perforation Diameter OR D = 1.5000 inches, OR
      ii) 2" Height Rectangular Perforation Width W = inches

E)  Number of Columns (nc, See Table 6a-1 For Maximum) nc = 1 number

F)  Actual Design Outlet Area per Row (Ao) Ao = 1.77 square inches

G)  Number of Rows (nr) nr = 12 number

H)  Total Outlet Area (Aot) Aot = 21.21 square inches

3. Trash Rack

A)  Needed Open Area: At = 0.5 * (Figure 7 Value) * Aot At = 678 square inches

B)  Type of Outlet Opening (Check One) X < 2" Diameter Round
2" High Rectangular
Other:

C)  For 2", or Smaller, Round Opening (Ref.:  Figure 6a):

     i)  Width of Trash Rack and Concrete Opening (Wconc) 
          from Table 6a-1 Wconc = 18 inches

     ii)  Height of Trash Rack Screen (HTR) HTR = 72 inches

September 22, 1999
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Design Procedure Form:  Extended Detention Basin  (EDB) - Sedimentation Facility
 Sheet 2 of 3

Designer:
Company:

Date:
Project:
Location:

    iii)  Type of Screen (Based on Depth H), Describe if "Other" X S.S. #93 VEE Wire (US Filter)
Other:

   iv)  Screen Opening Slot Dimension, Describe if "Other" X 0.139" (US Filter)
Other:

    v)  Spacing of Support Rod (O.C.) 1.00 inches
           Type and Size of Support Rod (Ref.: Table 6a-2) TE 0.074 in. x 0.50 in.

     vi)  Type and Size of Holding Frame (Ref.:  Table 6a-2) 0.75 in. x 1.00 in. angle

D)  For 2" High Rectangular Opening (Refer to Figure 6b):

     I)  Width of Rectangular Opening (W) W = inches

    ii)  Width of Perforated Plate Opening (Wconc = W + 12") Wconc = inches

   iii)  Width of Trashrack Opening (Wopening) from Table 6b-1 Wopening = inches

    iv)  Height of Trash Rack Screen (HTR) HTR = inches

    v)  Type of Screen (based on depth H) (Describe if "Other") KlempTM KPP Series Aluminum
Other:

     vi)  Cross-bar Spacing (Based on Table 6b-1, KlempTM KPP inches
           Grating).  Describe if "Other" Other:

    vii)  Minimum Bearing Bar Size (KlempTM Series, Table 6b-2)
(Based on depth of WQCV surcharge)

4. Detention Basin length to width ratio 2.00 (L/W)

5 Pre-sedimentation Forebay Basin - Enter design values

A)  Volume (5 to 10% of the Design Volume in 1D) 0.200 acre-feet

B)  Surface Area 0.069 acres

C)  Connector Pipe Diameter 6 inches
       (Size to drain this volume in 5-minutes under inlet control)

D)  Paved/Hard Bottom and Sides Yes yes/no

September 22, 1999
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Design Procedure Form:  Extended Detention Basin  (EDB) - Sedimentation Facility
 Sheet 3 of 3

Designer:
Company:

Date:
Project:
Location:

6. Two-Stage Design

A)  Top Stage (DWQ = 2' Minimum) DWQ = 2.00 feet
Storage= 1.800 acre-feet

B)  Bottom Stage (DBS = DWQ + 1.5' Minimum, DWQ + 3.0' Maximum, DBS = 4.00 feet
       Storage = 5% to 15% of Total WQCV) Storage= 0.110 acre-feet

Surf. Area= 0.028 acres

C)  Micro Pool (Minimum Depth = the Larger of Depth= 2.50 feet
       0.5 * Top Stage Depth or 2.5 Feet) Storage= 0.015 acre-feet

Surf. Area= 0.006 acres

D)   Total Volume: Voltot = Storage from 5A + 6A + 6B Voltot = 2.110 acre-feet
        Must be > Design Volume in 1D

7. Basin Side Slopes (Z, horizontal distance per unit vertical) Z = 5.00 (horizontal/vertical)
Minimum Z = 3, Flatter Preferred

8. Dam Embankment Side Slopes (Z, horizontal distance) Z = 4.00 (horizontal/vertical)
per unit vertical)  Minimum Z = 3, Flatter Preferred

9. Vegetation (Check the method or describe "Other") X Native Grass
Irrigated Turf Grass
Other:

Notes:

September 22, 1999
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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=nrcs142p2_053951).

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

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

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

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

3



Contents
Preface.................................................................................................................... 2
How Soil Surveys Are Made..................................................................................5
Soil Map.................................................................................................................. 8

Soil Map................................................................................................................9
Legend................................................................................................................10
Map Unit Legend................................................................................................ 11
Map Unit Descriptions.........................................................................................11

El Paso County Area, Colorado...................................................................... 13
8—Blakeland loamy sand, 1 to 9 percent slopes........................................ 13
10—Blendon sandy loam, 0 to 3 percent slopes.........................................14
28—Ellicott loamy coarse sand, 0 to 5 percent slopes................................15
84—Stapleton sandy loam, 8 to 15 percent slopes.....................................16

Soil Information for All Uses...............................................................................18
Soil Properties and Qualities.............................................................................. 18

Soil Qualities and Features.............................................................................18
Hydrologic Soil Group................................................................................. 18

References............................................................................................................23

4



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.

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

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Survey Areas

Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

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

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

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

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

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

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

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

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 17, Sep 13, 2019

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

Date(s) aerial images were photographed: Jun 7, 2016—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.

Custom Soil Resource Report
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Map Unit Legend

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

8 Blakeland loamy sand, 1 to 9 
percent slopes

172.2 68.8%

10 Blendon sandy loam, 0 to 3 
percent slopes

25.7 10.3%

28 Ellicott loamy coarse sand, 0 to 
5 percent slopes

41.4 16.5%

84 Stapleton sandy loam, 8 to 15 
percent slopes

11.1 4.4%

Totals for Area of Interest 250.4 100.0%

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

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

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

Custom Soil Resource Report
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The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
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.

Custom Soil Resource Report
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El Paso County Area, Colorado

8—Blakeland loamy sand, 1 to 9 percent slopes

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

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

Description of Blakeland

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

derived from sedimentary rock

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

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

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 5 percent
Available water storage in profile: Low (about 4.5 inches)

Interpretive groups
Land capability classification (irrigated): 3e
Land capability classification (nonirrigated): 6e
Hydrologic Soil Group: A
Ecological site: Sandy Foothill (R049BY210CO)
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit: 1 percent

Custom Soil Resource Report
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Hydric soil rating: No

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

10—Blendon sandy loam, 0 to 3 percent slopes

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

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

Description of Blendon

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

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

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to 

high (0.60 to 2.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 2 percent
Available water storage in profile: Moderate (about 6.2 inches)

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

Custom Soil Resource Report
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Hydrologic Soil Group: B
Ecological site: Sandy Foothill (R049BY210CO)
Hydric soil rating: No

Minor Components

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

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

28—Ellicott loamy coarse sand, 0 to 5 percent slopes

Map Unit Setting
National map unit symbol: 3680
Elevation: 5,500 to 6,500 feet
Mean annual precipitation: 13 to 15 inches
Mean annual air temperature: 47 to 50 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

Map Unit Composition
Ellicott and similar soils: 97 percent
Minor components: 3 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Ellicott

Setting
Landform: Flood plains, stream terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium

Typical profile
A - 0 to 4 inches: loamy coarse sand
C - 4 to 60 inches: stratified coarse sand to sandy loam

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95 

to 19.98 in/hr)
Depth to water table: More than 80 inches

Custom Soil Resource Report

15



Frequency of flooding: Frequent
Frequency of ponding: None
Available water storage in profile: Low (about 4.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A
Ecological site: Sandy Bottomland LRU's A & B (R069XY031CO)
Other vegetative classification: SANDY BOTTOMLAND (069AY031CO)
Hydric soil rating: No

Minor Components

Fluvaquentic haplaquoll
Percent of map unit: 1 percent
Landform: Swales
Hydric soil rating: Yes

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

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

84—Stapleton sandy loam, 8 to 15 percent slopes

Map Unit Setting
National map unit symbol: 36b0
Elevation: 6,500 to 7,300 feet
Mean annual precipitation: 14 to 16 inches
Mean annual air temperature: 46 to 48 degrees F
Frost-free period: 125 to 145 days
Farmland classification: Not prime farmland

Map Unit Composition
Stapleton and similar soils: 95 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Stapleton

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium derived from arkose

Custom Soil Resource Report
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Typical profile
A - 0 to 11 inches: sandy loam
Bw - 11 to 17 inches: gravelly sandy loam
C - 17 to 60 inches: gravelly loamy sand

Properties and qualities
Slope: 8 to 15 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 4.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: B
Ecological site: Gravelly Foothill (R049BY214CO)
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit: 4 percent
Hydric soil rating: No

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

Custom Soil Resource Report

17



Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and 
qualities displayed as thematic maps with a summary table for the soil map units in 
the selected area of interest. A single value or rating for each map unit is generated 
by aggregating the interpretive ratings of individual map unit components. This 
aggregation process is defined for each property or quality.

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly 
measured, but are inferred from observations of dynamic conditions and from soil 
properties. Example soil qualities include natural drainage, and frost action. Soil 
features are attributes that are not directly part of the soil. Example soil features 
include slope and depth to restrictive layer. These features can greatly impact the 
use and management of the soil.

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive precipitation 
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly 
wet. These consist mainly of deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well drained 
soils that have moderately fine texture to moderately coarse texture. These soils 
have a moderate rate of water transmission.

18



Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of water 
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay layer at 
or near the surface, and soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in their 
natural condition are in group D are assigned to dual classes.

Custom Soil Resource Report
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Background
Aerial Photography

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

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

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

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

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

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

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

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 17, Sep 13, 2019

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

Date(s) aerial images were photographed: Jun 7, 2016—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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Table—Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

8 Blakeland loamy sand, 1 
to 9 percent slopes

A 172.2 68.8%

10 Blendon sandy loam, 0 
to 3 percent slopes

B 25.7 10.3%

28 Ellicott loamy coarse 
sand, 0 to 5 percent 
slopes

A 41.4 16.5%

84 Stapleton sandy loam, 8 
to 15 percent slopes

B 11.1 4.4%

Totals for Area of Interest 250.4 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher
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more, storm attenuation in the form of the 10-year and 100-year storm were 

el and discussed in the MASTER STUDY and the REGIONAL STUDY.  

Revise.  "...East Fork sub-tributary of the Sand
Creek Drainage Basin..."

GE BASINS AND SUB-BASINS 

AGE BASINS 

thin the East Fork Sand Creek Watershed and ha

Y preceded by the Sand Creek Drainage Basin 

ed October 1995 (REGIONAL STUDY). Major Bas

analyzed in detail in the MASTER STUDY (adopt

urthermore, storm attenuation in the form of the

The site is located within the East Fork Sand Creek Watershed and has previously been studied as part of  

The MASTER STUDY preceded by the Sand Creek Drainage Basin Planning Study prepared for City of 

Colorado Springs dated October 1995 (REGIONAL STUDY). Major Basins surrounding the subject property 

were discussed and analyzed in detail in the MASTER STUDY (adopted herein by reference) and are not 

be repeated here. Furthermore, storm attenuation in the form of the 10-year and 100-year storm were 

provided at the regional level and discussed in the MASTER STUDY and the REGIONAL STUDY.  

B. MINOR DRAINAGE BASINS 

The proposed drainage conditions generally follow the drainage patterns shown in the MASTER STUDY. 

Under the proposed conditions, the vast majority of the site’s impervious area (thus stormwater runoff) will 

be captured and routed to the proposed onsite water quality detention pond prior to entering existing 

stormwater conveyances. The rest of the site, consisting of low impervious percentage areas, will overland 

sheet flow into existing adjacent perimeter curb and gutter to follow patterns established with the MASTER 

STUDY before being intercepted by existing curb inlets along Meadowbrook Parkway, Hames Drive, and 

Pinyon Jay Boulevard.   

The building rooftops will drain to a private downspout collection system and routed directly to the proposed 

onsite EDB Water Quality Pond adjacent to Hames Drive. The entire parking lot has been designed with 

adequate slope to ensure that it sheet drains into the same pond for treatment and release into an existing 

24” RCP storm sewer extension from the paired Type-R sump inlets in Hames Drive.  

The existing 24” RCP storm sewer and proposed pond outlet structure are large enough to pass rainfall 

events up to the 100-year event in a manner consistent with the MASTER STUDY. In the event of 

catastrophic failure of the outlet works, the pond will overflow directly into the sump area of Hames drive to 

be intercepted by the 10’ and 5’ Type-R sump inlets that were placed with the prior development. Due to 

lack of an embankment, there is no traditional armored spillway per se. Instead, during an overflow event, 

the pond will overtop in a manner not unlike “an overflowing bathtub” with sheet flow overflow proceeding 

via overland directly into the sump inlets in Hames Drive, which have sufficient capacity to capture the 

The proposed drainage conditions generally follow the drainage patterns shown in the MASTER STUDY. 

Under the proposed conditions, the vast majority of the site’s impervious area (thus stormwater runoff) will 

be captured and routed to the proposed onsite water quality detention pond prior to entering existing 

stormwater conveyances. The rest of the site, consisting of low impervious percentage areas, will overland 

sheet flow into existing adjacent perimeter curb and gutter to follow patterns established with the MASTER 

STUDY before being intercepted by existing curb inlets along Meadowbrook Parkway, Hames Drive, and 

Pinyon Jay Boulevard.   

The building rooftops will drain to a private downspout collection system and routed directly to the proposed 

onsite EDB Water Quality Pond adjacent to Hames Drive. The entire parking lot has been designed with 

adequate slope to ensure that it sheet drains into the same pond for treatment and release into an existing 

24” RCP storm sewer extension from the paired Type-R sump inlets in Hames Drive.  

The existing 24” RCP storm sewer and proposed pond outlet structure are large enough to pass rainfall 

events up to the 100-year event in a manner consistent with the MASTER STUDY. In the event of 

catastrophic failure of the outlet works, the pond will overflow directly into the sump area of Hames drive to 

be intercepted by the 10’ and 5’ Type-R sump inlets that were placed with the prior development. Due to 

lack of an embankment, there is no traditional armored spillway per se. Instead, during an overflow event, 

the pond will overtop in a manner not unlike “an overflowing bathtub” with sheet flow overflow proceeding 

via overland directly into the sump inlets in Hames Drive, which have sufficient capacity to capture the 

runoff.  

 

 

 

 

Revise.  Per ECM Appendix I Section I.7.1.A the entire site to include basins
OS1, OS2, OS3, and A1 must be treated for WQ unless excluded from the
requirements as described in I.7.1.B.  On the subbasin narrative, specifically
identify the exclusion criteria being applied.
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Page Label: 8
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Status: 
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Space: 

Revise.  100 ft max for urban land uses.

Subject: Text Box
Page Label: 10
Author: dsdlaforce
Date: 3/16/2020 1:58:08 PM
Status: 
Color: 
Layer: 
Space: 

Add a section addressing the 4-step process
defined in ECM Appendix I Section I.7.2.  List each
step and below each step discuss how the process
was implemented or considered in the design
process.

Add a Fee section.  Provide a statement whether
or not fees were paid for the tract with the
subdivision and if this project is required to pay
drainage fees.

Subject: Text Box
Page Label: 104
Author: dsdlaforce
Date: 3/16/2020 2:02:26 PM
Status: 
Color: 
Layer: 
Space: 

Will be reviewed on the resubmittal.

Full Spectrum Detention is required.  See
comment on pg 9

Subject: Callout
Page Label: 103
Author: dsdlaforce
Date: 3/16/2020 2:03:17 PM
Status: 
Color: 
Layer: 
Space: 

Adjust area & %imp to the sub-basins tributary to
the pond (R1 and P1)

Subject: Callout
Page Label: 103
Author: dsdlaforce
Date: 3/16/2020 2:03:29 PM
Status: 
Color: 
Layer: 
Space: 

Change to user input.  See Colorado Springs DCM
Chapter 6 Table 6-2 for rainfall depths.

Subject: Text Box
Page Label: 103
Author: dsdlaforce
Date: 3/16/2020 2:03:50 PM
Status: 
Color: 
Layer: 
Space: 

Will be reviewed on the resubmittal.

Full Spectrum Detention is required.  See
comment on pg 9

 

MANUAL. Rainfall intensities “I” are taken from the Intensity-Duration-Frequency 

Time of concentration is calculated as the sum of the overland flow time and travel tim

is calculated over a maximum 300 foot distance using the FAA equation Ti=0.395(1

 C5  = basin composite runoff coefficient for the five-year storm event 

 L = length of overland flow in feet 

 S = slope of flow path in percent 

 Ti = travel time in minutes 

Travel time is calculated as the flow time through a length of street gutter or channe

average flow velocity by the travel length. Flow velocity is obtained though Manning

the allowed flow depth for the initial and major storms.  

Revise.  100 ft max
for urban land uses.

10 

 

other pollutants leaving the site or entering State waters. Prior to construction, a SWMP (Stormwater 

Management Plan) and GEC (Grading and Erosion Control Plan) Plan will need to be approved by the 

County and an Erosion and Stormwater Quality Control Permit (ESQCP) issued. Lastly, a State stormwater 

discharge permit will be required from the CDPHE. 

  

Add a section addressing the 4-step process defined in ECM Appendix I Section
I.7.2.  List each step and below each step discuss how the process was
implemented or considered in the design process.

Add a Fee section.  Provide a statement whether or not fees were paid for the
tract with the subdivision and if this project is required to pay drainage fees.

et Type

ate

ed

ed

Calculated Parameters for Underdrain

ce Area = N/A ft
2

Centroid = N/A feet

Calculated Parameters for Plate

per Row = 8.681E-03 ft
2

lf-Width = N/A feet

Will be reviewed
on the resubmittal.

Full Spectrum
Detention is
required.  See
comment on pg 9

Project:

Basin ID:

Depth Increment = 0.50 ft

Top of Micropool -- 0.00 -- -- -- 10 0.000

 BMP Type = EDB Note: L / W Ratio < 1 6470.5 -- 0.10 -- -- -- 61 0.001

rshed Area = 7.87 acres L / W Ratio = 0.54 6471 -- 0.60 -- -- -- 1,658 0.038

hed Length = 432 ft 6471.5 -- 1.10 -- -- -- 4,313 0.099 1

to Centroid = 200 ft 6472 -- 1.60 -- -- -- 6,822 0.157 4

shed Slope = 0.015 ft/ft 6472.5 -- 2.10 -- -- -- 9,371 0.215 8

erviousness = 76.00% percent 6473 -- 2.60 -- -- -- 11,357 0.261 13

oil Group A = 100.0% percent 6473.5 -- 3.10 -- -- -- 13,439 0.309 20

oil Group B = 0.0% percent -- -- -- --

Groups C/D = 0.0% percent -- -- -- --

Drain Time = 40.0 hours -- -- -- --

fall Depths = Highlands Ranch - Highlands Ranch Mansion -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

me (WQCV) = 0.240 acre-feet 0.240 acre-feet -- -- -- --

me (EURV) = 0.775 acre-feet acre-feet -- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 

Override 

Area (ft 2)

Length 

(ft)

Optional 

Override 

Stage (ft)

Stage

(ft)

Stage - Storage

Description

Area 

(ft 2)

Width 

(ft)

MHFD-Detention, Version 4.00 (December 2019)

VArea 

(acre)

uts above including 1-hour rainfall

generate runoff hydrographs using 

 Urban Hydrograph Procedure.

ample Zone Configuration (Retention Pond)

Adjust area & %imp to the sub-basins
tributary to the pond (R1 and P1)

6472.5 -- 2.10 -- -- -- 9,371

ent 6473 -- 2.60 -- -- -- 11,357

ent 6473.5 -- 3.10 -- -- -- 13,439

ent -- -- -- --

ent -- -- -- --

s -- -- -- --

Highlands Ranch Mansion -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

feet 0.240 acre-feet -- -- -- --

feet acre-feet -- -- -- --

feet inches -- -- -- --

feet inches -- -- -- --

feet inches -- -- -- --

feet inches -- -- -- --

feet inches -- -- -- --

feet inches -- -- -- --

feet inches -- -- -- --

feet -- -- -- --

feet -- -- -- --

feet -- -- -- --

feet -- -- -- --

feet -- -- -- --

feet -- -- -- --

l

g 

Change to user input.
 See Colorado
Springs DCM
Chapter 6 Table 6-2
for rainfall depths.

2/8/2020, 7:29 PM

Will be reviewed
on the resubmittal.

Full Spectrum
Detention is
required.  See
comment on pg 9
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Subject: Highlight
Page Label: 117
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Subject: Text Box
Page Label: 117
Author: dsdlaforce
Date: 3/16/2020 2:07:27 PM
Status: 
Color: 
Layer: 
Space: 

update Design Procedure Form to match the
MH-Detention worksheet. 

Subject: Cloud+
Page Label: [1] Merrick
Author: dsdlaforce
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Space: 

Remove from the drainage map

Subject: Text Box
Page Label: [1] Merrick
Author: dsdlaforce
Date: 3/16/2020 2:08:16 PM
Status: 
Color: 
Layer: 
Space: 

Show the flowpath for the time of concentration
calculation.

Ia = 50.00 %
i = 0.50

Area = 100.00 acres

WQCV = 0.21 watershed inch

Vol = 2.063 acre-feet

Ia = 50.00 %
i = 0.50

Area = 100.00 acres

d Detention Basin  (EDB) - Sedimentation Facility
 Sheet 1 of 3

Ia = 50.00 %
(i = Ia / 100 ) i = 0.50

Area = 100.00 acres

update Design Procedure Form to match the
MH-Detention worksheet. 
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EXISTING MINOR CONTOUR

EXISTING MAJOR CONTOUR

R1 DESIGN POINT

DESIGN ENGINEER'S STATEMENT:

THE ATTACHED DRAINAGE PLAN AND REPORT WERE PREPARED UNDER MY DIRECTION AND
SUPERVISION AND ARE CORRECT TO THE BEST OF MY KNOWLEDGE AND BELIEF.  SAID
DRAINAGE REPORT HAS BEEN PREPARED ACCORDING TO THE CRITERIA ESTABLISHED BY
THE COUNTY FOR DRAINAGE REPORTS AND SAID REPORT IS IN CONFORMITY WITH THE
APPLICABLE MASTER PLAN OF THE DRAINAGE BASIN.  I ACCEPT RESPONSIBILITY FOR ANY
LIABILITY CAUSED BY ANY NEGLIGENT ACTS, ERRORS OR OMISSIONS ON MY PART IN
PREPARING THIS REPORT.

SCOTT A. ZIMMERMANN, PE # 38571 DATE

OWNER / DEVELOPER'S STATEMENT:

I, THE OWNER / DEVELOPER HAVE READ AND WILL COM,PLY WITH ALL THE REQUIREMENTS
SPECIFIED IN THE DRAINAGE REPORT AND PLAN.

JOE SPRYS                                        DATE
CHARTER DEVELOPMENT COMPANY, LLC
C/O NATIONAL HERITAGE ACADEMIES
3850 BNROADMOOR SE, GRAND RAPIDS, MI 49512

EL PASO COUNTY:

FILED IN ACCORDANCE WITH THE REQUIREMENTS OF THE DRAINAGE CRITERIA MANUAL,
VOLUMES 1 AND 2, EL PASO COUNTY ENGINEERING CRITERIA MANUAL AND LAND
DEVELOPMENT CODE AS AMENDED.

JENNIFER IRVINE, P.E.                                       DATE
COUNTY ENGINEER / ECM ADMINISTRATOR
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Basin

Name

Area (ac) Q5 (cfs) Q100 (cfs)

OS-1 1.73 0.8 3.3
OS-2 0.77 0.1 0.8
OS-3 0.75 0.2 1.3

DEVELOPED RUNOFF SUMMARY TABLE

5

Dsn

Pnt

1
2
3

Remove from the
drainage map

50'

OS-3 0.75 0.2 1.3
R-1 1.07 4.1 7.4
A-1 0.15 0.0 0.1

3.41 10.4 20.2P-1

3
4
5
6

TOTAL 4,5,6 4.63 12.6 24.1

Show the flowpath for the time of concentration calculation.


