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Sub-Basin EX-A consists of the entirety of the 15.39-acre multi-family development. Drainage 
flows overland from North to South and conveys along the southern boundary to the West at 
Design Point 1. Runoff during the 5-year and 100-year events are 3.92 cfs and 28.77 cfs 
respectively. Runoff from this basin will be directed to design point 1 where it will drain into the 
crosspan along the north side of Constitution Avenue across Akers Drive, where it conveys into 
an existing drainage channel that runs underneath Constitution Avenue to the South. This sub-
basin has an area of 15.39 acres. The impervious value for this basin is 2%. Refer to Appendix 
D for the Existing Conditions Drainage Map. 

PROPOSED RATIONAL SUB-BASIN DESCRIPTIONS 

Sub-Basin B1 consists of a portion of the multi-family development in a portion of the west half 
of the site. Runoff from this basin will be directed to design point B1 where it will drain into the 
full spectrum detention South Pond, which will outfall through the proposed outlet structure to 
the west into an existing 24-inch storm drain pipe. This sub-basin has an area of 2.97 acres. 
The impervious value for this basin is 100%. The basin will generate runoff of 13.80 cfs and 
24.69 cfs in the minor and major storm event. 

Sub-Basin B2 consists of the a portion of landscaping, club house, and building unit in the west 
side of the site. Runoff from this basin will be directed to Swale B2 which will outfall to Culvert 1 
at design point B2 and ultimate outfall into the South Pond. This sub-basin has an area of 1.02 
acres. The impervious value for Sub-Basin DA2 is 16%. The basin will generate runoff of 0.80 
cfs and 3.11 cfs in the minor and major storm event. 

Sub-Basin B3 consists of a portion of a roof of a proposed building unit. Runoff from this basin 
will be directed into the proposed storm drain system where it will be directed to the South 
Pond. This sub-basin has an area of 0.16 acres. The impervious value for Sub-Basin DA3 is 
90%. The basin will generate runoff of 0.61 cfs and 1.13 cfs in the minor and major storm event. 

Sub-Basin B4 consists of landscaping, sidewalk and a parking lot. Runoff from this basin will be 
directed into design point B4 and where it will be directed to the west through a curb cut and 
outfall to a Swale B5. This sub-basin has an area of 0.23 acres. The impervious value for Sub-
Basin DA4 is 100%. The basin will generate runoff of 1.08 cfs and 1.93 cfs in the minor and 
major storm event. 

Sub-Basin B5 consists of landscaping at the west side of the site. Runoff from this basin will be 
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Sub-Basin B17 consists of a portion of a roof of a proposed building unit. Runoff from this basin 
will be directed into the proposed storm drain system where it will be directed to the South 
Pond. This sub-basin has an area of 0.14 acres. The impervious value for this basin is 90%. 
The basin will generate runoff of 0.51 cfs and 0.95 cfs in the minor and major storm event. 

Sub-Basin B18 consists of landscaping. Runoff from this basin will be directed into design point 
B18 and where it outfalls into the full spectrum detention South Pond. This sub-basin has an 
area of 1.09 acres. The impervious value for this basin is 2%. The basin will generate runoff of 
0.27 cfs and 1.96 cfs in the minor and major storm event. 

DRAINAGE DESIGN CRITERIA 

DEVELOPMENT CRITERIA REFERENCE 

The proposed storm facilities are designed to be in compliance with the City of Colorado 
Springs and El Paso County “Drainage Criteria Manual (DCM)” dated October 2018 (”the 
MANUAL”), El Paso County “Engineering Criteria Manual” (“the Engineering Manual”), Chapter 
6 and Section 3.2.1 of Chapter 13 of the City of Colorado Springs Drainage Criteria Manual 
dated May 2014 (“the Colorado Springs MANUAL”).  

There are no known master plans or studies for the site. 

HYDROLOGIC CRITERIA 

The 5-year and 100-year design storm events were used in determining rainfall and runoff for 
the existing and proposed drainage analysis per the MANUAL. The rainfall depths for site were 
determined from equation 6-1, equation 6-2 utilizing Figures 6-6, 6-11, 6-12, and 6 -17 from the 
DCM. Refer to Table 1 below for the rainfall depths utilized for the site and Appendix B for the 
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Proposed drainage features on-site have been analyzed and sized for the following design 
storm events: 

• Major Storm: 100-year Storm Event 

One full spectrum detention pond is proposed in order to maintain historic flows and water 
quality. The detention pond known as the South Pond. The South Pond is in the southwest 
corner of the Site with a proposed volume of 1.5 ac-ft and designed for the 100-year storm 
event. With a discharge rate of 21.9 cfs, water from the South Pond is discharged into an 
existing 24-inch storm drain located at the southwest corner of the site and ultimately out falling 
o Sand Creek (Sand Creek’s East Fork). Pond calculations are provided in the Appendix C.  

Curb cuts, inlets, grass lined swales, and storm drain pipes are designed to carry flows from to 
he South Pond. The curb cuts, inlets, swales, and storm drain pipes calculations are provided 
n the Appendix C and the design points are provided in the Proposed Drainage Map located in 
Appendix D. 

THE FOUR STEP PROCESS 

The Project was designed in accordance with the four-step process to minimize adverse 
mpacts of urbanization, as outlined in Chapter 1 Section 4.0 of the Colorado Springs MANUAL.   

Step 1. Employ Runoff Reduction Practices- The project is proposing a residential 
development that will be designed to minimize the impact to the current existing terrain. 
The Site’s proposed paved roadways will increase the Site’s impervious area; however, 
drainage swales will be constructed to slow down the runoff velocity and reduce runoff 
peaks. A full spectrum detention pond will be used to capture stormwater and maintain 
flows discharging off site at or below historic levels.  
 
Step 2. Implement BMPs That Provide a Water Quality Capture Volume with Slow 
Release –Permanent water quality measures and detention facilities will be necessary 
for the Project.  Temporary water quality and erosion control measures will be provided 
during construction to prevent sediment laden water from discharging from the Site.  

Address downstream conveyances for
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The existing conditions of the Site have flows conveying from the north to the south corner and 
spill into Constitution Ave. Runoff conditions for the Site were developed utilizing the Rational 
Method described in the Hydrologic Criteria section of this report.  
 

Sub-basins B1 through B18 consist of a future multi-family buildings and detention pond. All 
basins have flows being captured and conveyed onsite. Flows are conveyed from the north side 
of the Site to the southwest corner of the Site. On site flows enter South Pond which then 
discharges into an existing 24-inch storm drain pipe at the northeast corner of Constitution Ave 
and Akers Drive. 

The hydrologic calculations, hydraulic calculations, and Drainage Maps are included in the 
Appendix B, Appendix C, and Appendix D of this report for reference. 

 
The Site will disturb more than 1 acre and will require a Colorado Discharge Permit System 
(CDPS) General Permit for Stormwater Discharge Associated with Construction Activities from 
the Colorado Department of Public Health and Environment (CDPHE). 
 
There are no current drainage and fees for the Project as the fees were paid when the initial plat 
for the site was completed. 
 

SUMMARY 

The proposed drainage design is to maintain the historic drainage patterns, the overall 
imperviousness and release rates for the Site.  Runoff from the Site will flow through an existing 
storm drain system to an existing El Paso County drainage basin: The Sand Creek Basin. The 
basin ultimately discharges to Sand Creek. The drainage design presented within this report 
conforms to the criteria presented in both the MANUAL and the Colorado Springs MANUAL.  
Additionally, the Site runoff and storm drain facilities will not adversely affect the downstream 
and surrounding developments, including Sand Creek. 
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4.48 6449.19 1.187 0.0* 1-S2n 0.477 0.812 0.485

5.40 6449.34 1.338 0.0* 1-S2n 0.527 0.895 0.527

6.32 6449.49 1.492 0.0* 1-S2n 0.573 0.972 0.584

7.24 6449.65 1.654 0.0* 5-S2n 0.617 1.042 0.617

8.16 6449.83 1.830 0.0* 5-S2n 0.660 1.106 0.678

9.08 6450.03 2.026 0.0* 5-S2n 0.701 1.165 0.701

10.00 6450.24 2.242 0.0* 5-S2n 0.741 1.219 0.741

Ensure that culvert calculations
include total flows for the contributing
acreages.

Swale B2 - 100-yr
ct Description

Manning 
Formulaon Method

Normal Depthe For

Data

Ensure that swale calculations
include total flows for the contributing
acreages.

Project:

Basin ID:

Watershed Information
Selected BMP Type = EDB

Watershed Area = 15.39 acres

Watershed Length = 1,050 ft
Watershed Length to Centroid = 525 ft

Watershed Slope = 0.015 ft/ft
Watershed Imperviousness = 68.00% percent

Percentage Hydrologic Soil Group A = 80.0% percent
Percentage Hydrologic Soil Group B = 20.0% percent

Percentage Hydrologic Soil Groups C/D = 0.0% percent
Target WQCV Drain Time = 40.0 hours

Location for 1-hr Rainfall Depths = User Input

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

DE

Watermark at Aker

South Pond

Example Zone Configuration (ReNeeds to include
the total
contributing
acreage
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ntroid = 525 ft
Slope = 0.015 ft/ft
sness = 68.00% perc
oup A = 80.0% perc
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Location for 1-hr Rainfall Depths = User Input

Optional User Overrides
Water Quality Capture Volume (WQCV) = 0.342 acre-feet acre-feet

Excess Urban Runoff Volume (EURV) = 1.281 acre-feet acre-feet
2-yr Runoff Volume (P1 = 1.19 in.) = 0.951 acre-feet 1.19 inches
5-yr Runoff Volume (P1 = 1.5 in.) = 1.241 acre-feet 1.50 inches

10-yr Runoff Volume (P1 = 1.75 in.) = 1.484 acre-feet 1.75 inches
25-yr Runoff Volume (P1 = 2 in.) = 1.827 acre-feet 2.00 inches

50-yr Runoff Volume (P1 = 2.25 in.) = 2.125 acre-feet 2.25 inches
100-yr Runoff Volume (P1 = 2.52 in.) = 2.494 acre-feet 2.52 inches
500-yr Runoff Volume (P1 = 3.14 in.) = 3.284 acre-feet inches
Approximate 2-yr Detention Volume = 0.864 acre-feet
Approximate 5-yr Detention Volume = 1.134 acre-feet

Approximate 10-yr Detention Volume = 1.380 acre-feet
Approximate 25-yr Detention Volume = 1.618 acre-feet
Approximate 50-yr Detention Volume = 1.760 acre-feet

Approximate 100-yr Detention Volume = 1.916 acre-feet

Define Zones and Basin Geometry
Zone 1 Volume (WQCV) = 0.342 acre-feet

Zone 2 Volume (EURV - Zone 1) = 0.940 acre-feet
Zone 3 Volume (100-year - Zones 1 & 2) = 0.634 acre-feet

Total Detention Basin Volume = 1.916 acre-feet
Initial Surcharge Volume (ISV) = user ft 3

Initial Surcharge Depth (ISD) = user ft
Total Available Detention Depth (Htotal) = user ft

Depth of Trickle Channel (HTC) = user ft
Slope of Trickle Channel (STC) = user ft/ft

Slopes of Main Basin Sides (Smain) = user H:V
Basin Length-to-Width Ratio (RL/W) = user

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using 

the embedded Colorado Urban Hydrograph Procedure.

match
previous
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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 ft2

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 Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.90 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.90 N/A feet
Overflow Weir Front Edge Length = 23.36 N/A feet Overflow Weir Slope Length = 2.92 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 18.89 N/A
Horiz. Length of Weir Sides = 2.92 N/A feet Overflow Grate Open Area w/o Debris = 47.75 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 23.87 N/A ft2

Debris Clogging % = 50% 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
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 2.53 N/A ft2

Outlet Pipe Diameter = 24.00 N/A inches Outlet Orifice Centroid = 0.83 N/A feet
Restrictor Plate Height Above Pipe Invert = 18.00 inches Half-Central Angle of Restrictor Plate on Pipe = 2.09 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 5.22 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.35 feet

Spillway Crest Length = 70.00 feet Stage at Top of Freeboard = 6.57 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.01 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 3.39 acre-ft

Max Ponding Depth of Target Storage Volume = 4.22 feet Discharge at Top of Freeboard = 374.83 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 N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.14

CUHP Runoff Volume (acre-ft) = 0.342 1.281 0.951 1.241 1.484 1.827 2.125 2.494 3.284
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.951 1.241 1.484 1.827 2.125 2.494 3.284
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.2 0.3 1.0 5.8 8.7 12.4 20.6

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.02 0.07 0.37 0.56 0.80 1.34

Peak Inflow Q (cfs) = N/A N/A 16.4 21.2 25.0 32.2 37.6 45.1 59.4
Peak Outflow Q (cfs) = 0.2 1.3 0.8 1.2 1.4 7.2 13.3 21.9 23.8

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 4.1 1.3 1.2 1.5 1.8 1.2
Structure Controlling Flow = Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.1 0.2 0.4 0.5
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) = 45 55 56 56 56 54 51 49 44
Time to Drain 99% of Inflow Volume (hours) = 49 64 63 65 66 65 64 62 60

Maximum Ponding Depth (ft) = 1.79 3.85 3.05 3.53 3.90 4.04 4.12 4.22 4.66
Area at Maximum Ponding Depth (acres) = 0.32 0.58 0.49 0.54 0.59 0.61 0.62 0.64 0.71

Maximum Volume Stored (acre-ft) = 0.344 1.285 0.852 1.099 1.309 1.392 1.448 1.505 1.812

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

MHFD-Detention_v4 03 (4).xlsm, Outlet Structure 1/28/2021, 11:29 AM

Ratio should be less
than or equal to 1.
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