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I. GENERAL LOCATION AND DESCRIPTION 

The Falcon U-Haul Filing No. 1 property will be developed as a commercial development including 
two main buildings on the site for self storage, U-Box warehouse, showroom, vehicle sharing and 
retail area.  The subject property is located along the south side of Rolling Thunder Way, west of 
Meridian Road and north of Tamlin Road in Falcon, Colorado.  The site is located in the east half of 
Section 12, Township 13 South, Range 65 West of the 6th Principal Meridian, in El Paso County, 
Colorado.  The site is bounded to the west by Falcon Highlands Filing No. 2, future Falcon Highlands 
Filing No. 3, to the south by Tamlin Road, east by Meridian Road and north by Rolling Thunder Way. 
The Unnamed West Tributary to Black Squirrel Creek No. 2 (West Tributary) is a drainageway along 
the west side of the property which includes a regulated FEMA Zone AE floodplain. The drainageway 
and floodplain is located outside the subject property. The property covers approximately 11.50 
acres and is currently undeveloped.  The property is planned to be developed in two phases. The 
northern portion which is described in this drainage report and the southern portion will be 
developed in the future. The southern portion is planned to be developed as mini self storage and RV 
storage. A vicinity map of the site is shown on Figure 1 included in the Appendix. 

The existing vegetative cover within the development is in fair condition with grasses throughout the 
site.  The existing ground slopes within the property range from 1 to 6 percent typical with areas of 
vertical slopes along the edges.  Soils within the subject site are classified to be within Hydrologic Soil 
Group A as shown in the El Paso County Soils Survey, see Appendix for the Soil Map.  Specifically the 
site includes Blakeland Fluvaquentic Haplaquolls soil.  For the purposes of computing the existing 
and proposed hydrology for the site, Hydrologic Soil Group AB was used. 

There are no active irrigation ditches or facilities within or adjacent to the site. 

II. MAJOR DRAINAGE BASINS AND SUBBASINS 

The site lies within the Falcon drainage basin.  The majority of the site drains by sheet flow southwest 
into the West Tributary near the south end of the property before flowing into Detention Pond WU.  
The property has been included in multiple drainage studies. The Falcon Drainage Basin Planning 
Study (DBPS) (2015) shows overall Falcon drainage basin and the West Tributary. The U-Haul site is 
located in Drainage Basin WT240 and the portion of the West Tributary adjacent to the site Element 
RWT240. The DBPS includes the stormwater detention values for Regional Pond WU and identifies 
improvements to the Pond. 

The Bent Grass Development FDR, MDDP & DBPS Amendment provides the design of the 
improvements including water quality facilities. For the West Tributary, the DBPS indicates “Protect 
in Place” which is described as “There are several relatively pristine reaches of channel throughout 
the Falcon Watershed that are currently in a stable condition. Additionally, there are several reaches 
throughout the Falcon Watershed that have already been improved and appear to be stable. 
Preserving both of these reach conditions would not require a direct reach improvement cost. 
However, upstream detention improvements may be required depending on the location of the 
reach.”. The DBPS does not identify any improvements to the West Tributary or include any 
improvements costs for it. 

The Bent Grass Development includes an FDR and MDDP & DBPS Amendment (2021). The reports 
and associated construction plans show improvements to Detention Pond WU including water 
quality improvements. Those improvements have been completed. The design accounted for the 
future development of the U-Haul site as a commercial development. 

The Falcon Highlands Market Place Filing No. 1 Preliminary and Final Drainage Report (2005) 
studied the area directly north of Pond WU including the U-Haul site. This study includes the runoff 
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calculations for the area upstream tributary to the existing 42-inch storm sewer crossing under 
Rolling Thundery Way at the northeast corner of the property. The report describes the existing 
drainage channel downstream of the 42-inch pipe and the expectation the channel will be replaced 
with a pipe with the development of the subject property to convey the flows through the site to the 
West Tributary and Pond WU. The report identifies this public/private storm sewer system however 
it is not included in the DBPS and the DBPS schedule of improvement costs. This should be a 
reimbursable cost and as such a cost estimate is provided in the Appendix. Refer to the Drainage and 
Bridge Fees section. This report assumed a fully developed property for the subject site with runoff 
coefficients of C5=0.90 and C100=0.95.  

The subject property is not located within a FEMA regulated floodplain. The West Tributary is located 
adjacent to the site and does include a Zone AE FEMA regulated floodplain based on Flood Insurance 
Rate Map 08041C0561G, effective dated December 7, 2018. A copy of the FIRM panel is provided in 
the Appendix. 

III. EXISTING DRAINAGE PATTERNS 

The existing drainage patterns for the property include mainly sheet flow to the south where the 
flows will drain into the West Tributary which is connected to Regional Detention Pond WU. 
Following is a description of the existing drainage patterns, refer to the Drainage Plan – Existing 
Conditions for the basin locations and the Appendix for the runoff calculations. 

Design Point 23:  This Design Point is from the Falcon Highlands Market Place Filing No. 1 PDR and 
FDR. The DP includes the flows being conveyed through the existing 42-inch storm sewer under 
Rolling Thunder Way at the northeast corner of the property. The flow assumes a fully developed 
tributary area upstream of the DP including both the streets and properties. 

Basin OS-1: The drainage basin is located along Rolling Thunder Way street section to the north of 
the site. The basin includes mainly paved area with the sidewalk and tree lawn. The runoff from the 
basin sheet flows to the south street curb line and drains into Basin EX-B in the subject site through 
the north driveway access. 

Basin EX-A:  The drainage basin is located at the northwest corner of the property.  The runoff from 
the basin sheet flows southwest to the property line where it will continue west into the West 
Tributary. 

Basin EX-B:  The drainage basin includes most of the property.  The runoff sheet flows south into the 
existing drainage swale downstream of the existing 42-inch storm sewer. The swale conveys the 
flows south off the property at future Tamlin Road where the flows continue into the West Tributary 
and then Pond WU. The existing 42-inch storm sewer described in DP 23 drains into this basin and 
is conveyed by the existing drainage swale. 

Basin EX-C:  The drainage basin is located at the northeast corner of the property.  The runoff from 
the basin sheet flows east onto Meridian Road gutter where the flows will continue south to Tamlin 
Road. 

Regional Detention Pond WU:  Pond WU is located south of the site and is an in-line regional detention 
basin with stormwater quality facilities. The current design of the Pond and facilities is described in 
the Bent Grass MDDP/DBPS Amendment. The detention basin is designed to have an embankment 
on the upstream end across the West Tributary at future Tamlin Road. The embankment includes an 
18-inch culvert at the upstream low point to capture and convey the minor flows from the West 
Tributary. Larger storm events will pond upstream of the embankment until reaching the spillway 
crest elevation at a depth of roughly 8.4-ft. The flows will then overtop the embankment and drain 
into Pond WU. To the east of this embankment are twin 18-inch storm sewer pipes which have an 
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invert roughly 1.0-ft below the spillway crest. These pipes drain to a side “diversion” channel and it 
appears these flows are meant to provide moisture for the vegetation in this side channel. The DBPS 
indicates the future/proposed Tamlin Road crossing of the West Tributary will replace the existing 
18-inch storm sewer with a 12’(W) x 6’(H) box culvert and removal of the existing embankment. 
Pond WU does not currently include a concrete trickle channel to convey flows. Based on the Falcon 
Highlands Filing No. 3 PDR, a concrete trickle channel will be constructed as part of that development. 
This development will not include any improvements to Pond WU. 

IV. DRAINAGE DESIGN CRITERIA 

Hydrologic and hydraulic calculations for the site were performed using the methods outlined in the 

El Paso County Drainage Criteria Manual.  Topography for the site is presented on the Drainage 
Plan.  The hydrologic calculations were made for the existing and proposed site conditions.  The 
Drainage Plan presents the drainage patterns for the site, including the drainage basins.  The peak 
flow rates for the drainage basins were estimated using the Rational Method.  The 5-year (Minor 
Storm) and 100-year (Major Storm) recurrence intervals were determined.  The one-hour rainfall 
depth was determined from Table 6-2 of the Drainage Criteria Manual.  The peak flow data generated 
using the rational method was used to size inlets and storm sewers within the site.  The drainage 
basin area, time of concentration, and rainfall intensity were determined for each of the drainage 
basins within the property.  The onsite soils were assumed to be Hydrologic Soil Group AB, based on 
the Soil Survey. 

The onsite hydraulic structures were sized using the methods outlined in the El Paso County Drainage 
Criteria Manual.  The hydraulic capacities of the curb inlets were determined using the MHFD-Inlet 
spreadsheet developed by the MHFD.  Colorado Department of Transportation (CDOT) Type R curb 
inlets, Type 13 valley inlets and Type C grated inlets will be used within the site.  Storm sewer pipes 
were initially sized based on their full-flow capacity using the Manning’s equation.  The UDSewer 
program was then used to verify storm sewer pipe sizes and perform hydraulic grade line (HGL) and 
energy grade line (EGL) calculations for the 5-year and 100-year storm events.  Hydraulic 
calculations are provided in the Appendix for the proposed inlet and pipe capacities. 

The subject site is tributary to Regional Detention Pond WU which is located directly downstream of 
the site along Unnamed West Tributary to Black Squirrel Creek No. 2. Stormwater quality and 
detention for the property is provided in Detention Pond WU, so no on site water quality or detention 
improvements will be required. 

V. DRAINAGE FACILITY DESIGN 

The drainage of the site will be accomplished through a combination of sheet flow, gutter flow and 
storm sewer flow.  The site has been graded to convey runoff to low points on the site where drainage 
inlets, curb openings or pipes are located to capture the 100 year flow and direct it into a storm sewer 
which will discharge to the West Tributary upstream of Detention Pond WU. The proposed drainage 
patterns for the site are shown on the Drainage Plan – Proposed Conditions (Exhibit B) provided in 
the map pocket at the end of this report.  The hydrologic and hydraulic calculations are provided in 
the Appendix. 

The on-site drainage system will include a couple storm sewer systems. The main system will be 
Storm Sewer System A (Storm A) which is located along the east side of the site conveying flows from 
discharged into the northeast corner of the site by an existing 42-inch RCP storm sewer. Storm A will 
also be used to convey on site runoff through the site and into Pond WU. A forebay with energy 
dissipator will constructed on the end of Storm A for energy dissipation, water quality and erosion 
protection. Tributary A is considered Waters of the State, for that reason Storm A has been extended 
past Tributary A to outfall directly to Pond WU. If Storm A connected to Tributary A, then the County 
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requires water quality to be provided for the storm water runoff being discharging to Waters of the 
State, in this case Tributary A. Pond WU was designed to provide stormwater quality for the area 
tributary to Storm Sewer A. 

The County requires a Four Step Process for selection of appropriate permanent BMPs for the site.  
In this development following are the steps taken to meet this process. 

Step 1-Employ Runoff Reduction Practices:  Runoff from a portion of the site along the west side will 
be routed through a grass lined swale before reaching the drainage inlets. The middle and east 
portions of the site have less opportunity to use Minimizing Directly Connected Impervious Areas 
(MDCIA) due to required vehicle turning movements and layout of the facilities. The site ultimately 
drains to Regional Detention Pond WU which includes a pervious bottom for stormwater infiltration 
and runoff reduction. 

Step 2-Stabilize Drainageways:  The West Tributary is located adjacent to the site to the west. The 
West Tributary was analyzed as part of the DBPS and the selected plan is to “Protect in Place” which 
is described as “There are several relatively pristine reaches of channel throughout the Falcon 
Watershed that are currently in a stable condition. Additionally, there are several reaches throughout 
the Falcon Watershed that have already been improved and appear to be stable. Preserving both of 
these reach conditions would not require a direct reach improvement cost. However, upstream 
detention improvements may be required depending on the location of the reach.”. The DBPS does 
not identify any improvements to the West Tributary or include any improvements costs for it. The 
proposed development does not discharge developed flows into Tributary A until Pond WU which is 
stabilized. 

Step 3-Provide Water Quality Capture Volume (WQCV): Regional Detention Pond WU is located 
downstream of the site and will provide the WQCV as shown in the Bent Grass Development MDDP 
& DBPS Amendment and the Falcon Highlands Market Place Filing No. 1 PDR/FDR. 

Step 4-Consider Need for Industrial and Commercial BMPs:  The potential pollutant sources for a 
commercial development like this one include: parked vehicles, deicing chemicals/snow storage, 
waste storage/disposal practices and landscapes (fertilizers, herbicides, pesticides, excessive 
irrigation). Some of the planned source control BMPs for the development include the following: No 
vehicle maintenance is allowed on the site. The property owner provides trash collection and full 
landscape maintenance for the development. The application of fertilizers, pesticides and other 
chemicals is planned to be done per manufacturer’s recommendations. The owner will ensure proper 
use, storage and disposal of materials on site. Material and equipment necessary for spill cleanup will 
be kept on the site. 

A. PROPOSED DRAINAGE PATTERNS 

Following is a description of the proposed condition drainage basins and the main storm 
sewer system which conveys flows through the site (Storm Sewer System A or Storm A). 

Drainage Basin A:  The basin is located along the northwest corner of the property. It includes 
pavement and landscape areas. The runoff from the basin will sheet flow southwest to the 
curb line or drain pan which will direct the flows to a curb opening in sump condition at the 
southwest corner of the paved lot. The flows will continue into Basin D in a grass lined swale. 

Drainage Basin B:  The basin is located in the north central portion of the site. It includes 
mainly pavement areas. The runoff from Basin OS-1 will enter this basin at the north end. The 
runoff from the basin will sheet flow south to a low point in the paved area between the 
buildings where a grated valley inlet in sump condition with 100-year capacity will be 
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located. A pipe will extend out of the inlet south and be routed to Storm A which drains to the 
West Tributary. 

Drainage Basin C:  The basin is located in the northeast portion of the site. It includes 
pavement and landscape areas. The runoff from the basin will sheet flow to the proposed 
drain pan or curb line which will convey the flows to a low point and curb opening at the 
northeast corner of the paved area. A storm sewer flared end section will be located behind 
the curb opening to capture the 100-year flows and convey to Storm A. 

Drainage Basin D:  The basin is located to the west of Building B. It includes landscape area. 
The runoff from the basin will sheet flow to a swale which will drain the flows to a proposed 
Type C Inlet in sump condition with 100-year capacity. A pipe will convey the flows from the 
inlet to the West Tributary. A low tailwater riprap basin will be located at the end of the pipe 
to dissipate the flows and minimize erosion in the channel. 

Drainage Basin E:  The basin is located on the west side of the site and includes the roof of 
Building B. The runoff from the roof will drain to the west side where a gutter and 
downspouts will convey the flows down to the ground surface and into Basin D. 

Drainage Basin F.1:  The basin is located on the east side of the site and includes the north 
portion of the Building A roof. The runoff from the roof will drain to the east side where a 
gutter and downspouts will convey the flows down to the paved ground surface and into 
Basin C. 

Drainage Basin F.2:  The basin is located on the east side of the site and includes the north 
portion of the Building A roof. The runoff from the roof will drain to the east side where a 
gutter and downspouts will convey the flows down to the paved ground surface and into 
Basin G. 

Drainage Basin G:  The basin is located to the east of Building A. It includes paved and 
landscaped areas. The runoff from the basin will sheet flow to the gutter line which will 
convey the flows to a low point where a curb inlet will be located in sump condition with 100-
year capacity. A pipe will convey the flows from the inlet to Storm A. 

Drainage Basin H:  The basin is located on the west side of the site and includes the Building 
A loading dock ramp. The runoff from the ramp will drain to a trench drain in sump condition 
and 100 year capacity. A storm sewer pipe will extend from the trench drain to the storm 
sewer from Basin B 

Drainage Basin J:  The basin is located to the south of Building A. It includes paved and 
landscaped areas. The runoff from the basin will sheet flow to the gutter line which will 
convey the flows to a low point where a curb inlet will be located in sump condition with 100-
year capacity. A pipe will convey the flows from the inlet to Storm A. In the future the area to 
the south will be developed. 

Drainage Basin K:  The basin is located in the southwest portion of the site. It currently 
includes grassed areas and a paved access drive. The runoff from the basin will sheet flow to 
the south end of the site where a low point is located with a “temporary” storm sewer pipe to 
capture the flows and convey to Storm A. In the future, the area within the basin will be 
developed. Drainage Basin K-Dev assumes a developed percent impervious. The runoff from 
the developed basin will also connect to Storm A. 

Drainage Basin L:  The basin is located in the southeast portion of the site. It currently 
includes grassed areas. The runoff from the basin will sheet flow to the east of the access drive 
and south end of the site where a low point is located with a “temporary” storm sewer pipe 
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to capture the flows and convey to Storm A. In the future, the area within the basin will be 
developed. Drainage Basin L-Dev assumes a developed percent impervious. The runoff from 
the developed basin will also connect to Storm A. 

Storm Sewer System A (Storm A): The storm sewer system is located along the east side of 
the development. Storm A will connect to the existing 42-inch storm sewer which conveys off 
site flows onto the site from under Rolling Thunder Way at the northeast corner of the 
property. The on-site storm sewer will connect to Storm A which is designed to convey the 
100-year storm through the site to Pond WU. Refer to previous discussion regarding Waters 
of the State and the West Tributary. A forebay will be located at the end of the storm sewer 
pipe to dissipate the flows, minimize erosion and provide pre-sedimentation for water 
quality. 

B. STORMWATER QUALITY DESIGN 

Storm water quality improvements for the site will be provided in the existing Detention 
Pond WU. The WQCV is provided in Pond WU and it accounted for the proposed development 
of the subject site. The original design of Pond WU was completed as part of the Falcon 
Highlands Filing No. 2 MDDP/PDR/FDR. Water quality improvements were made to Pond 
WU as part of Bent Grass Development MDDP & DBPS Amendment, FDR and Construction 
Plans. 

C. COST OF PROPOSED DRAINAGE FACILITIES 

Table 2 presents a cost estimate for the construction of drainage improvements (public and 
private) for development.  The subject development requires the construction of a 42-inch 
storm sewer through the property to convey off site public and private flows to the West 
Tributary and Pond WU. The cost associated with this storm sewer extension is not included 
in the DBPS as a reimbursable cost, however as part of this report, it is requested the cost for 
these improvements be reimbursed. The costs for this storm sewer extension has been 
broken out separately in Table 2.1. 

D. DRAINAGE AND BRIDGE FEES 

The site lies within the Falcon Drainage Basin. The DBPS was completed in 2015. No drainage 
improvements were identified for the West Tributary adjacent to the site or for the storm 
sewer extension through the property. The 2022 drainage basin fee is $34,117 per 
impervious acre and the bridge fee is $4,687 per impervious acre.  The Falcon U-Haul 
property encompasses 11.50 acres.  Table 1 details the fees due as part of this development.  
Table 2 includes an opinion of cost for the storm sewer extension noted in the previous 
section. This amount has been added to Table 1 for the calculation of Drainage Fees. The 
developer will follow the procedures for drainage improvement credits and reimbursements 
as outlined in EPC DCM Chapter 3, Section 3.3 to determine the final reimbursement. 

VI. CONCLUSIONS 

The U-Haul at Falcon development will be a commercial development with two buildings and 
associated paved and landscaped areas on approximately 11.50 acres. The buildings and site will 
provide self storage, U-Box warehouse, showroom, vehicle sharing and retail area. This phase 
includes the development of the north side of the property. A future phase is planned to develop the 
south side of the property with self mini storage and RV storage. The on site drainage will be 
conveyed and captured by a combination of sheet flow, gutter flow, swale flow, inlets and storm 
sewers draining directly to Pond WU through Storm Sewer System A which includes on-site and off-
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site flows. The off-site storm sewer enters the site at the northeast corner which will be extended 
along the east side of the site to the south end outfalling into regional Pond WU, benefitting the 
upstream properties and the subject site by draining directly to Pond WU instead of the West 
Tributary which is Waters of the State. Regional Detention Pond WU provides stormwater quality 
and detention for the site. No onsite stormwater quality or detention will be required. The Unnamed 
West Tributary to Black Squirrel Creek No. 2 (West Tributary) is located adjacent to the site on the 
west side and is described in the Falcon DBPS. The DBPS does not identify any required 
improvements to the West Tributary or Detention Pond WU. 
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Hydrologic Soil Group

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

9 Blakeland-Fluvaquentic 
Haplaquolls

A 21.2 97.0%

19 Columbine gravelly 
sandy loam, 0 to 3 
percent slopes

A 0.6 3.0%

Totals for Area of Interest 21.9 100.0%

Description

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.

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.

Hydrologic Soil Group—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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U-Haul at Falcon
Drainage Basin and Bridge Fees

Table	1:		Impervious	Area	and	Drainage	&	Bridge	Fee	Calculation

U‐haul	at	Falcon
Total	Site/Platted	Area	= 11.50	ac
Effective	%	Impervious	= 54.4	%

Property
Drainage Fee = $15,720 / ac Drainage Fee* = $ 98,413

Bridge Fee = $4,762 / ac Bridge Fee* = $ 29,812

$ 98,413
$ 404,717

$	0

Bridge	Fee	Due	= $	29,812
**Reimbursable Expenses applied to drainage fees due

Drainage Fee =

Drainage	Fee	Due**	=

The	Reimbursable	Storm	Sewer	Extension	thru	Property	(42"	RCP	storm	sewer)	is	not	shown	as	
reimbursable	expense	in	the	Falcon	DBPS,	however	the	storm	sewer	is	required	to	convey	public	and	
private	off	site	flows	through	this	property	and	should	be	a	reimbursable	expense.	The	developer	will	
follow	the	procedures	for	drainage	improvement	credits	and	reimbursements	as	outlined	in	EPC	DCM	
Chapter	3,	Section	3.3	to	determine	the	final	reimbursement.

Reimbursable Storm Sewer Extension thru Property Expense =

Falcon	Drainage	Basin:	Drainage	Fee	and	Bridge	Fee	Calculations

21061-2021 Drainage Calcs.xlsx    Table 1 Drainage & Bridge
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U-Haul at Falcon

Table	2:	Engineer's	Opinion	of	Cost	‐	Proposed	Drainage	Facilities

Item Quantity Unit Unit	Price Totals

On‐Site	Drainage	Facilities
Inlet - Triple Type 13 Valley Inlet 1 EA 6,500$            6,500.00$                 
Inlet - 5' Curb Inlet 2 EA 7,059$            14,118.00$              
18" RCP Storm Sewer 110 LF 70$                  7,700.00$                 
24" RCP Storm Sewer 770 LF 83$                  63,910.00$              
18" RCP FES 1 EA 420$                420.00$                    
24" RCP FES 1 EA 498$                498.00$                    
Manhole - Storm Sewer - 4' Diameter 1 EA 6,500$            6,500.00$                 
Manhole - Storm Sewer - 5' Diameter 1 EA 7,082$            7,082.00$                 
Manhole - Storm Sewer - 6' Diameter 1 EA 12,876$          12,876.00$              

119,604.00$            
11,960.40$              

5,980.20$                 

Total 137,544.60$            

Storm	Sewer	Extention	(Reimbursable)
42" RCP Storm Sewer 369 LF 171$                63,099.00$              
48" RCP Storm Sewer 797 LF 209$                166,573.00$            
Manhole - Storm Sewer - 6' Diameter 6 EA 12,876$          77,256.00$              
Forebay into Pond WU 1 LS 45,000$          45,000.00$              

-$                           

351,928.00$            
35,192.80$              
17,596.40$              

Total (Storm Sewer Extension): 404,717.20$            

Total (Overall): 542,261.80$            

Contingency (5%):

Subtotal (Storm Sewer Extension):
Engineering (10%):

Subtotal (On-Site Drainage Facilities):
Engineering (10%):
Contingency (5%):

21061-2021 Drainage Calcs.xlsx    Table 2 Cost
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U-Haul at Falcon
Runoff Coeficient and Percent Impervious Calculation

PV LA RO US1

C5 C100

EX-A 52,605 sf 1.21ac AB 100% - 0% 0% 2% 1.21ac 100% 2% 90% 0% 0% 85% 0% 0% 2.0% 0.08 0.36
EX-B 450,432 sf 10.34ac AB 100% 0.06ac 1% 1% 2% 10.28ac 99% 2% 90% 0% 0% 85% 0% 0% 2.6% 0.08 0.37
EX-C 5,167 sf 0.12ac AB 100% - 0% 0% 2% 0.12ac 100% 2% 90% 0% 0% 85% 0% 0% 2.0% 0.08 0.36
OS-1 14,267 sf 0.33ac AB 100% 0.33ac 100% 100% 2% 0% 0% 90% 0% 0% 85% 0% 0% 100.0% 0.90 0.96

DP 23 Falcon High Mkt 16.71ac AB 100% - 0% 0% 2% 0% 0% 90% 0% 0% 85% 16.71ac 100% 85% 85.0% 0.66 0.75

A 63,770 sf 1.46ac AB 100% 1.19ac 82% 82% 2% 0.27ac 18% 0% 90% 0% 0% 85% 0% 0% 82.0% 0.62 0.72
B 88,406 sf 2.03ac AB 100% 2.00ac 99% 99% 2% 0.03ac 1% 0% 90% 0% 0% 85% 0% 0% 98.6% 0.87 0.93
C 39,564 sf 0.91ac AB 100% 0.62ac 68% 68% 2% 0.29ac 32% 1% 90% 0% 0% 85% 0% 0% 68.8% 0.48 0.61
D 6,867 sf 0.16ac AB 100% - 0% 0% 2% 0.16ac 100% 2% 90% 0% 0% 85% 0% 0% 2.0% 0.08 0.36
E 17,012 sf 0.39ac AB 100% - 0% 0% 2% 0% 0% 90% 0.39ac 100% 90% 85% 0% 0% 90.0% 0.73 0.81

F.1 12,132 sf 0.28ac AB 100% - 0% 0% 2% 0% 0% 90% 0.28ac 100% 90% 85% 0% 0% 90.0% 0.73 0.81
F.2 25,596 sf 0.59ac AB 100% - 0% 0% 2% 0% 0% 90% 0.59ac 100% 90% 85% 0% 0% 90.0% 0.73 0.81
G 25,629 sf 0.59ac AB 100% 0.37ac 63% 63% 2% 0.22ac 37% 1% 90% 0% 0% 85% 0% 0% 63.6% 0.44 0.58
H 2,688 sf 0.06ac AB 100% 0.06ac 100% 100% 2% 0% 0% 90% 0% 0% 85% 0% 0% 100.0% 0.90 0.96
J 28,188 sf 0.65ac AB 100% 0.27ac 42% 42% 2% 0% 0% 90% 0.38ac 58% 53% 85% 0% 0% 94.2% 0.79 0.87
K 138,058 sf 3.17ac AB 100% 0.62ac 19% 19% 2% 2.55ac 81% 2% 90% 0% 0% 85% 0% 0% 21.0% 0.20 0.44

K-Dev 138,058 sf 3.17ac AB 100% - 0% 0% 2% 0% 0% 90% 0% 0% 85% 3.17ac 100% 85% 85.0% 0.66 0.75
L 49,551 sf 1.14ac AB 100% - 0% 0% 2% 1.14ac 100% 2% 90% 0% 0% 85% 0% 0% 2.0% 0.08 0.36

L-Dev 49,551 sf 1.14ac AB 100% - 0% 0% 2% 0% 0% 90% 0% 0% 85% 1.14ac 100% 85% 85.0% 0.66 0.75

Property 501,112 sf 11.50ac AB 100% 5.13ac 45% 45% 0% 5.12ac 44% 0% 90% 1.26ac 11% 10% 85% - 0% 0% 54.4% 0.38 0.54

Basin Runoff Coefficient is based on % Imperviousness Calculation
Runoff	Coefficients	and	Percents	Impervious Based on Table 6-6: Runoff Coefficients for Rational Method from City of Colo Springs DCM
Hydrologic	Soil	Type: AB Runoff	Coef	Method
Land Use Abb % C5 C10 C100 Weighted

Commercial Area CO 95% 0.81 0.83 0.88 %Imp

Drives and Walks DR 100% 0.90 0.92 0.96
Streets - Gravel (Packed) GR 80% 0.59 0.63 0.70 AB

Historic Flow Analysis HI 2% 0.09 0.17 0.36 CD

Lawns LA 2% 0.08 0.17 0.36 D

Off-site flow-Undeveloped OF 45% 0.32 0.38 0.51
Park PA 7% 0.12 0.20 0.39
Streets - Paved PV 100% 0.90 0.92 0.96
Roofs RO 90% 0.73 0.75 0.81
User Input 1 US1 85% 0.66 0.69 0.75
User Input 2 US2 65% 0.45 0.49 0.59
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U-Haul at Falcon
Time of Concentration Calculation

Comp.

Length Slope ti Length Slope Land 
Type Cv Velocity tt tc

Total 
Length

tc Check

EX-A 1.21ac 0.08 150lf 3.5% 15.0 min. 100lf 2.6% SP 7 1.1ft/sec 1.5min. 16.5 min. 250lf 11.4 min. 11.4	min.
EX-B 10.34ac 0.08 150lf 1.3% 20.9 min. 940lf 1.3% SP 7 0.8ft/sec 19.6min. 40.5 min. 1090lf 16.1 min. 16.1	min.
EX-C 0.12ac 0.08 40lf 1.0% 11.8 min. 150lf 1.5% SP 7 0.9ft/sec 2.9min. 14.7 min. 190lf 11.1 min. 11.1	min.
OS-1 0.33ac 0.90 35lf 2.0% 1.8 min. 160lf 0.1% PV 20 0.6ft/sec 4.2min. 6.0 min. 195lf 11.1 min. 6.0	min.

DP 23 16.71ac 10.5	min.
- - - -

A 1.46ac 0.62 40lf 5.0% 3.3 min. 410lf 2.0% PV 20 2.8ft/sec 2.4min. 5.7 min. 450lf 12.5 min. 5.7	min.
B 2.03ac 0.87 60lf 2.2% 2.5 min. 320lf 2.2% PV 20 3.0ft/sec 1.8min. 5.0 min. 380lf 12.1 min. 5.0	min.
C 0.91ac 0.48 60lf 4.2% 5.4 min. 370lf 1.7% PV 20 2.6ft/sec 2.4min. 7.8 min. 430lf 12.4 min. 7.8	min.
D 0.16ac 0.08 20lf 7.5% 4.3 min. 110lf 1.0% SP 7 0.7ft/sec 2.6min. 6.9 min. 130lf 10.7 min. 6.9	min.
E 0.39ac 0.73 60lf 1.0% 5.3 min. 50lf 1.0% PV 20 2.0ft/sec 0.4min. 5.7 min. 110lf 10.6 min. 5.7	min.

F.1 0.28ac 0.73 70lf 1.0% 5.7 min. 60lf 1.0% PV 20 2.0ft/sec 0.5min. 6.2 min. 130lf 10.7 min. 6.2	min.
F.2 0.59ac 0.73 70lf 1.0% 5.7 min. 60lf 1.0% PV 20 2.0ft/sec 0.5min. 6.2 min. 130lf 10.7 min. 6.2	min.
G 0.59ac 0.44 35lf 1.4% 6.4 min. 150lf 0.8% PV 20 1.8ft/sec 1.4min. 7.8 min. 185lf 11.0 min. 7.8	min.
H 0.06ac 0.90 25lf 6.2% 1.0 min. 75lf 1.0% PV 20 2.0ft/sec 0.6min. 5.0 min. 100lf 10.6 min. 5.0	min.
J 0.65ac 0.79 50lf 1.8% 3.3 min. 130lf 1.3% PV 20 2.3ft/sec 1.0min. 5.0 min. 180lf 11.0 min. 5.0	min.
K 3.17ac 0.20 40lf 3.8% 6.7 min. 650lf 1.4% SP 7 0.8ft/sec 13.1min. 19.7 min. 690lf 13.8 min. 13.8	min.

K-Dev 3.17ac 0.66 40lf 3.8% 3.3 min. 650lf 1.4% PV 20 2.4ft/sec 4.6min. 7.9 min. 690lf 13.8 min. 7.9	min.
L 1.14ac 0.08 70lf 3.0% 10.8 min. 360lf 2.2% SP 7 1.0ft/sec 5.8min. 16.6 min. 430lf 12.4 min. 12.4	min.

L-Dev 1.14ac 0.66 70lf 3.0% 4.7 min. 360lf 2.2% PV 20 3.0ft/sec 2.0min. 6.7 min. 430lf 12.4 min. 6.7	min.
- - -

Equations: Table	6‐7:	Conveyance	Coef	(City	CS	DCM,	Vol	1)
ti (Overland) = 0.395(1.1-C5)L 0.5 S -0.333 Velocity (Travel Time) = CvS0.5 Type	of	Land	Surface Land	Type Cv

C5 = Runoff coefficient for 5-year Cv = Conveyance Coef (see table) Grassed Waterway GW 15
L = Length of overland flow (ft) S = Watercourse slope (ft/ft) Heavy Meadow HM 2.5
S = Slope of flow path (ft/ft) Nearly Bare Ground NBG 10

tc Check = (L/180)+10 (Developed Cond. Only) Paved Area PV 20
L = Overall Length Riprap (Not Buried) RR 6.5

Short Pasture/Lawns SP 7
Tillage/Fields TF 5

Tc Check (urban)
Sub‐Basin	Data Time	of	Concentration	Estimate Min. Tc in Urban

Final	tcBasin	/	
Design	Point

Contributing	Basins Area C5
Initial/Overland Time (t i) Travel Time (tt)
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U-Haul at Falcon
Runoff Calculation

Design	Storm:	 5	Year

C*A i Sum i L Vel
C Tc (acre) (in/hr) Q Tc C*A (in/hr) Q Slope Q Q Slope (ft) (ft/s) Tt Remarks

EX-A 1.21ac 0.08 11.4min 0.10 3.9 0.4 cfs - - ---
EX-B 10.34ac 0.08 16.1min 0.86 3.4 3.0 cfs - - ---
EX-C 0.12ac 0.08 11.1min 0.01 4.0 0.0 cfs - - ---
OS-1 0.33ac 0.90 6.0min 0.29 4.9 1.4 cfs - - 1.8% 1.4 cfs 1125' 2.6 7.2min to E1
OS-1 - 2.9% 1.4 cfs 420' 5.8 1.2min to DP2

DP 23 16.71ac 10.5min 9.86 4.1 40.0 cfs Falcon Highlands Markt Place Flg 1 0.7% 40.0 cfs 980' 4.3 3.8min to E1

E1
23, EX-B, OS-

1
10.67ac 16.1min 11.02 3.4 37.7 cfs ---

- - ---
A 1.46ac 0.62 5.7min 0.90 5.0 4.5 cfs - - 2.3% 4.5 cfs 20' 7.4 0.0min to DP1
B 2.03ac 0.87 5.0min 1.76 5.2 9.1 cfs - - ---
C 0.91ac 0.48 7.8min 0.44 4.5 2.0 cfs - - ---
D 0.16ac 0.08 6.9min 0.01 4.7 0.1 cfs - - ---
E 0.39ac 0.73 5.7min 0.28 5.0 1.4 cfs - - 2.3% 1.4 cfs 30' 5.3 0.1min to DP1

F.1 0.28ac 0.73 6.2min 0.20 4.8 1.0 cfs - - 1.7% 1.0 cfs 95' 4.3 0.4min to DP4
F.2 0.59ac 0.73 6.2min 0.43 4.8 2.1 cfs - 2.7% 2.1 cfs 65' 6.3 0.2min to DP5
G 0.59ac 0.44 7.8min 0.26 4.5 1.2 cfs - - ---
H 0.06ac 0.90 5.0min 0.06 5.2 0.3 cfs - - ---
J 0.65ac 0.79 5.0min 0.51 5.2 2.6 cfs - - ---
K 3.17ac 0.20 13.8min 0.64 3.6 2.3 cfs - - ---

K-Dev 3.17ac 0.66 7.9min 2.08 4.5 9.3 cfs ---
L 1.14ac 0.08 12.4min 0.09 3.8 0.4 cfs - ---

L-Dev 1.14ac 0.66 6.7min 0.75 4.7 3.5 cfs ---
- - ---

1 A, D, E 2.01ac 6.9min 1.20 4.7 5.6 cfs 195' 4.6 0.7min DP1A
1A H,DP1 2.07ac 7.6min 1.26 4.5 5.7 cfs 260' 4.7 0.9min DP3
2 OS-1, B 2.36ac 7.2min 2.06 4.6 9.5 cfs 9.5 cfs 0.6% 18-in 152' 4.6 0.6min S11
3 DP1A, DP2 4.43ac 8.5min 3.31 4.4 14.5 cfs 14.5 cfs 0.6% 24-in 171' 5.6 0.5min S13
4 C, F.1 1.19ac 7.8min 0.64 4.5 2.9 cfs 2.9 cfs 0.8% 42-in 123' 9.1 0.2min S15
5 F.2, G 1.18ac 7.8min 0.69 4.5 3.1 cfs ---
6 K, L 4.31ac 13.8min 0.73 3.6 2.7 cfs ---

24 DP4, DP23 17.90ac 10.5min 10.50 4.1 42.6 cfs 42.6 cfs 0.8% 42-in 123' 9.1 0.2min DP25
25 DP5, DP24 19.07ac 10.7min 11.18 4.0 45.0 cfs 45.0 cfs 0.8% 42-in 258' 9.4 0.5min DP26
26 J, DP3, DP25 24.15ac 11.2min 15.01 4.0 59.5 cfs 410' 9 0.8min DP27
27 L,DP26 25.29ac 11.9min 15.10 3.9 58.3 cfs 150' 9 0.3min DP28

27-Dev L-Dev,DP26 25.29ac 11.9min 15.76 3.9 60.9 cfs 150' 9 0.3min DP28-Dev
28 K, DP27 28.46ac 12.2min 15.75 3.8 60.3 cfs ---

28-Dev K-Dev, DP27 28.46ac 12.2min 17.84 3.8 68.3 cfs ---
- - ---

Equations (taken from Fig 6-5, City of Colorado Springs DCM): Q = CiA
i2=-1.19 ln(Tc) + 6.035 Q = Peak Runoff Rate (cubic feet/second)
i5=-1.50 ln(Tc) + 7.583 C = Runoff coef representing a ration of peak runoff rate to ave rainfall
i10=-1.75 ln(Tc) + 8.847 intensity for a duration equal to the runoff time of concentration.
i100=-2.52 ln(Tc) + 12.735 i = average rainfall intensity in inches per hour

A = Drainage area in acres

Direct	Runoff Total	Runoff Street/Chan Pipe Travel	Time
Design	
Point

Area 
Designation Area

Pipe 
Size
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U-Haul at Falcon
Runoff Calculation

Design	Storm:	 100	Yr

C*A i Sum i L Vel
C Tc (acre) (in/hr) Q Tc C*A (in/hr) Q Slope Q Q Slope (ft) (ft/s) Tt Remarks

EX-A 1.21ac 0.36 11.4min 0.44 6.6 2.9 cfs - - ---
EX-B 10.34ac 0.37 16.1min 3.78 5.7 21.7 cfs - - ---
EX-C 0.12ac 0.36 11.1min 0.04 6.7 0.3 cfs - - ---
OS-1 0.33ac 0.96 6.0min 0.31 8.2 2.6 cfs - - 1.8% 2.6 cfs 1125' 2.6 7.2min to E1
OS-1 2.9% 2.6 cfs 420' 5.8 1.2min to DP2

DP 23 16.71ac 10.5min 10.41 6.8 70.9 cfs Falcon Highlands Markt Place Flg 1 0.7% 70.9 cfs 980' 4.3 3.8min to E1

E1
23, EX-B, OS-

1
10.67ac 16.1min 14.51 5.7 83.3 cfs ---

- - ---
A 1.46ac 0.72 5.7min 1.05 8.4 8.8 cfs - - 2.3% 8.8 cfs 20' 7.4 0.0min to DP1
B 2.03ac 0.93 5.0min 1.89 8.7 16.4 cfs - - ---
C 0.91ac 0.61 7.8min 0.56 7.6 4.2 cfs - - ---
D 0.16ac 0.36 6.9min 0.06 7.9 0.4 cfs - - ---
E 0.39ac 0.81 5.7min 0.32 8.3 2.6 cfs - - 2.3% 2.6 cfs 30' 5.3 0.1min to DP1

F.1 0.28ac 0.81 6.2min 0.23 8.1 1.8 cfs - - 1.7% 1.8 cfs 95' 4.3 0.4min to DP4
F.2 0.59ac 0.81 6.2min 0.48 8.1 3.9 cfs 2.7% 3.9 cfs 65' 6.3 0.2min to DP5
G 0.59ac 0.58 7.8min 0.34 7.6 2.6 cfs - - ---
H 0.06ac 0.96 5.0min 0.06 8.7 0.5 cfs - - ---
J 0.65ac 0.87 5.0min 0.56 8.7 4.9 cfs - - ---
K 3.17ac 0.44 13.8min 1.41 6.1 8.6 cfs - - ---

K-Dev 3.17ac 0.75 7.9min 2.38 7.5 17.9 cfs - - ---
L 1.14ac 0.36 12.4min 0.41 6.4 2.6 cfs - - ---

L-Dev 1.14ac 0.75 6.7min 0.85 7.9 6.8 cfs - - ---
- - ---

1 A, D, E 2.01ac 6.9min 1.43 7.9 11.2 cfs 195' 4.6 0.7min DP1A
1A H,DP1 2.07ac 7.6min 1.49 7.6 11.3 cfs 260' 4.7 0.9min DP3
2 OS-1, B 2.36ac 7.2min 2.20 7.8 17.1 cfs 17.1 cfs 0.6% 18-in 152' 4.6 0.6min S11
3 DP1A, DP2 4.43ac 7.7min 3.69 7.6 28.0 cfs 28.0 cfs 0.6% 24-in 171' 5.6 0.5min S13
4 C, F.1 1.19ac 7.8min 0.78 7.6 5.9 cfs 5.9 cfs 0.8% 42-in 123' 9.1 0.2min S15
5 F.2, G 1.18ac 7.8min 0.82 7.6 6.2 cfs ---
6 K, L 4.31ac 13.8min 1.82 6.1 11.1 cfs ---

24 DP4, DP23 17.90ac 10.5min 11.19 6.8 76.2 cfs 76.2 cfs 0.8% 42-in 123' 9.1 0.2min DP25
25 DP5, DP24 19.07ac 10.7min 12.01 6.8 81.1 cfs 81.1 cfs 0.8% 42-in 258' 9.4 0.5min DP26
26 J, DP3, DP25 24.15ac 11.2min 16.26 6.7 108.1 cfs 410' 9 0.8min DP27
27 L,DP26 25.29ac 11.9min 16.67 6.5 108.1 cfs 150' 9 0.3min DP28

27-Dev L-Dev,DP26 25.29ac 11.9min 17.53 6.5 113.7 cfs 150' 9 0.3min DP28-Dev
28 K, DP27 28.46ac 12.2min 18.08 6.4 116.2 cfs ---

28-Dev K-Dev, DP27 28.46ac 12.2min 19.91 6.4 127.9 cfs ---
- - ---

Equations (taken from Fig 6-5, City of Colorado Springs DCM): Q = CiA
i2=-1.19 ln(Tc) + 6.035 Q = Peak Runoff Rate (cubic feet/second)
i5=-1.50 ln(Tc) + 7.583 C = Runoff coef representing a ration of peak runoff rate to ave rainfall
i10=-1.75 ln(Tc) + 8.847 intensity for a duration equal to the runoff time of concentration.
i100=-2.52 ln(Tc) + 12.735 i = average rainfall intensity in inches per hour

A = Drainage area in acres

Direct	Runoff Total	Runoff Street/Chan Pipe Travel	Time
Design	
Point

Area 
Designation Area

Pipe 
Size

21061-2021 Drainage Calcs.xlsx    Runoff-CS SF2-100yr
Date Prepared: 9/10/2022

Kiowa Engineering Corporation
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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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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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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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APPENDIX C 
Hydraulic Calculations 

Inlet Summary and Capacity Calculations – UD-Inlet 
Pipe Sizing Calculations 

  



MHFD-Inlet, Version 5.01 (April 2021)

Worksheet Protected

INLET NAME Inlet 10 Inlet 11 Inlet 16

Site Type (Urban or Rural) URBAN URBAN URBAN

Inlet Application (Street or Area) AREA STREET STREET

Hydraulic Condition Swale In Sump In Sump

Inlet Type CDOT Type C CDOT/Denver 13 Valley Grate CDOT/Denver 13 Combination

USER-DEFINED INPUT

User-Defined Design Flows

Minor QKnown (cfs) 5.9 9.5 3.1

Major QKnown (cfs) 11.8 17.1 6.2

Bypass (Carry-Over) Flow from Upstream

Receive Bypass Flow from: No Bypass Flow Received No Bypass Flow Received No Bypass Flow Received

Minor Bypass Flow Received, Qb (cfs) 0.0 0.0 0.0

Major Bypass Flow Received, Qb (cfs) 0.0 0.0 0.0

Watershed Characteristics

Subcatchment Area (acres)

Percent Impervious

NRCS Soil Type

Watershed Profile

Overland Slope (ft/ft)

Overland Length (ft)

Channel Slope (ft/ft)

Channel Length (ft)

Minor Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

Major Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs) 5.9 9.5 3.1

Major Total Design Peak Flow, Q (cfs) 11.8 17.1 6.2

Minor Flow Bypassed Downstream, Qb (cfs) 0.0 N/A N/A

Major Flow Bypassed Downstream, Qb (cfs) 0.0 N/A N/A

INLET MANAGEMENT



MHFD-Inlet, Version 5.01 (April 2021)

Worksheet Protected

INLET NAME

Site Type (Urban or Rural)

Inlet Application (Street or Area)

Hydraulic Condition

Inlet Type

USER-DEFINED INPUT

User-Defined Design Flows

Minor QKnown (cfs)

Major QKnown (cfs)

Bypass (Carry-Over) Flow from Upstream

Receive Bypass Flow from:

Minor Bypass Flow Received, Qb (cfs)

Major Bypass Flow Received, Qb (cfs)

Watershed Characteristics

Subcatchment Area (acres)

Percent Impervious

NRCS Soil Type

Watershed Profile

Overland Slope (ft/ft)

Overland Length (ft)

Channel Slope (ft/ft)

Channel Length (ft)

Minor Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

Major Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs)

Major Total Design Peak Flow, Q (cfs)

Minor Flow Bypassed Downstream, Qb (cfs)

Major Flow Bypassed Downstream, Qb (cfs)

INLET MANAGEMENT

Inlet 17 User-Defined

URBAN

STREET

In Sump

CDOT/Denver 13 Combination

17.3

32.5

No Bypass Flow Received

0.0

0.0

17.3

32.5

N/A

N/A



Analysis of Trapezoidal Grass-Lined Channel Using SCS Method
NRCS Vegetal Retardance (A, B, C, D, or E) A, B, C, D, or E =

Manning's n (Leave cell D16 blank to manually enter an n value) n = 0.035

Channel Invert Slope SO = 0.0150 ft/ft

Bottom Width B = 2.00 ft

Left Side Slope Z1 = 4.00 ft/ft

Right Side Sloe Z2 = 4.00 ft/ft

Check one of the following soil types:

          Soil Type:               Max. Velocity (VMAX)          Max Froude No. (FMAX)

      Non-Cohesive                     5.0 fps                                   0.60

          Cohesive                        7.0 fps                                   0.80

            Paved                            N/A                                      N/A

Minor Storm Major Storm

Maximum Allowable Top Width of Channel for Minor & Major Storm TMAX = 8.00 10.00 ft

Maximum Allowable Water Depth in Channel for Minor & Major Storm dMAX = 0.55 1.00 ft

Allowable Channel Capacity Based On Channel Geometry Minor Storm Major Storm

MINOR STORM Allowable Capacity is based on Depth Criterion Qallow = 6.0 21.9 cfs

MAJOR STORM Allowable Capacity is based on Depth Criterion dallow = 0.55 1.00 ft

Water Depth in Channel Based On Design Peak Flow
Design Peak Flow Qo = 5.9 11.8 cfs

Water Depth d = 0.54 0.76 ft

Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

MHFD-Inlet, Version 5.01 (April 2021)

AREA INLET IN A SWALE

U-Haul Falcon

Inlet 10

This worksheet uses the NRCS 

vegetal retardance method to 

determine Manning's n.

  

For more information see 

Section 7.2.3 of the USDCM.

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Choose One:

Non-Cohesive

Cohesive

Paved

21061-MHFD-Inlet_v5.01.xlsm, Inlet 10 8/25/2022, 8:00 AM



MHFD-Inlet, Version 5.01 (April 2021)

AREA INLET IN A SWALE

U-Haul Falcon

Inlet 10

This worksheet uses the NRCS 

vegetal retardance method to 

determine Manning's n.

  

For more information see 

Section 7.2.3 of the USDCM.

Inlet Design Information (Input)
Type of Inlet Inlet Type =

Angle of Inclined Grate (must be <= 30 degrees) θ = 0.00 degrees

Width of Grate W = 3.00 ft

Length of Grate L = 3.00 ft

Open Area Ratio ARATIO = 0.70

Height of Inclined Grate HB = 0.00 ft

Clogging Factor Cf = 0.50

Grate Discharge Coefficient Cd = 0.96

Orifice Coefficient Co = 0.64

Weir Coefficient Cw = 2.05

MINOR MAJOR

Water Depth at Inlet (for depressed inlets, 1 foot is added for depression) d = 0.54 0.76

Total Inlet Interception Capacity (assumes clogged condition) Qa = 7.4 12.1 cfs

Bypassed Flow Qb = 0.0 0.0 cfs

Capture Percentage = Qa/Qo C% = 100 100 %

CDOT Type CCDOT Type C

21061-MHFD-Inlet_v5.01.xlsm, Inlet 10 8/25/2022, 8:00 AM



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.015

Height of Curb at Gutter Flow Line HCURB = 0.00 inches

Distance from Curb Face to Street Crown TCROWN = 30.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.025 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.040 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.015

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 15.0 20.0 ft

Warning 02 Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.01 (April 2021)

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

U-Haul Falcon

Inlet 11

21061-MHFD-Inlet_v5.01.xlsm, Inlet 11 8/25/2022, 8:01 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 2.00 2.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 3 3  

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.0 10.3 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = 3.00 3.00 feet

Width of a Unit Grate Wo = 1.73 1.73 feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = 0.50 0.50

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = 3.30 3.30

Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.60 0.60

Curb Opening Information MINOR MAJOR

Length of a Unit Curb Opening Lo (C) = N/A N/A feet

Height of Vertical Curb Opening in Inches Hvert = N/A N/A inches

Height of Curb Orifice Throat in Inches Hthroat = N/A N/A inches

Angle of Throat (see USDCM Figure ST-5) Theta = N/A N/A degrees

Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = N/A N/A feet

Clogging Factor for a Single Curb Opening (typical value 0.10) Cf (C) = N/A N/A

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = N/A N/A
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = N/A N/A

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.727 0.918 ft

Depth for Curb Opening Weir Equation dCurb = N/A N/A ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = N/A N/A

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.75 0.97

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 9.5 17.4 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 9.5 17.1 cfs

CDOT/Denver 13 Valley Grate

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Valley Grate

Override Depths

21061-MHFD-Inlet_v5.01.xlsm, Inlet 11 8/25/2022, 8:01 AM



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 30.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.015

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 60.0 ft

Gutter Width W = 1.73 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.040 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.015

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 10.0 40.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.01 (April 2021)

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

U-Haul Falcon

Inlet 16

21061-MHFD-Inlet_v5.01.xlsm, Inlet 16 8/25/2022, 8:02 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 2.00 2.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 1 1  

Water Depth at Flowline (outside of local depression) Ponding Depth = 5.3 10.0 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = 3.00 3.00 feet

Width of a Unit Grate Wo = 1.73 1.73 feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = 0.50 0.50

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = 3.30 3.30

Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.60 0.60

Curb Opening Information MINOR MAJOR

Length of a Unit Curb Opening Lo (C) = 3.00 3.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.50 6.50 inches

Height of Curb Orifice Throat in Inches Hthroat = 5.25 5.25 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 0.00 0.00 degrees

Warning 1 Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 1.00 1.00 feet

Clogging Factor for a Single Curb Opening (typical value 0.10) Cf (C) = 0.10 0.10

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = 3.70 3.70
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.66 0.66

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.490 0.883 ft

Depth for Curb Opening Weir Equation dCurb = 0.37 0.77 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.83 1.00

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.83 1.00

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 3.2 8.4 cfs

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 3.1 6.2 cfs

Warning 1: Dimension entered is not a typical dimension for inlet type specified.

CDOT/Denver 13 Combination

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Combination

Override Depths
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Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 50.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft

Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.015

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 50.0 ft

Gutter Width W = 1.73 ft

Street Transverse Slope SX = 0.020 ft/ft

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.040 ft/ft

Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft

Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.015

Minor Storm Major Storm

Max. Allowable Spread for Minor & Major Storm TMAX = 10.0 50.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm

MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.01 (April 2021)

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)
(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

U-Haul Falcon

Inlet 17

21061-MHFD-Inlet_v5.01.xlsm, Inlet 17 8/25/2022, 8:02 AM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 2.00 2.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 3 3  

Water Depth at Flowline (outside of local depression) Ponding Depth = 8.1 12.0 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = 3.00 3.00 feet

Width of a Unit Grate Wo = 1.73 1.73 feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.43 0.43

Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = 0.50 0.50

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = 3.30 3.30

Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.60 0.60

Curb Opening Information MINOR MAJOR

Length of a Unit Curb Opening Lo (C) = 3.00 3.00 feet

Height of Vertical Curb Opening in Inches Hvert = 6.50 6.50 inches

Height of Curb Orifice Throat in Inches Hthroat = 5.25 5.25 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 0.00 0.00 degrees

Warning 1 Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 1.00 1.00 feet

Clogging Factor for a Single Curb Opening (typical value 0.10) Cf (C) = 0.10 0.10

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = 3.70 3.70
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.66 0.66

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.724 1.049 ft

Depth for Curb Opening Weir Equation dCurb = 0.61 0.93 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.76 1.00

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.76 1.00

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 17.3 34.8 cfs

WARNING: Inlet Capacity less than Q Peak for Minor Storm Q PEAK REQUIRED = 17.3 32.5 cfs

Warning 1: Dimension entered is not a typical dimension for inlet type specified.

CDOT/Denver 13 Combination

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.01 (April 2021)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Combination

Override Depths

21061-MHFD-Inlet_v5.01.xlsm, Inlet 17 8/25/2022, 8:02 AM



U-Haul at Falcon
Pipe Diameter Calculations

Pipe # 5yr Flow
100yr 
Flow 

(Design)
Contributing Flows

Manning 
'n'

Pipe 
Slope

Calculated Pipe 
Diameter

Pipe	
Diameter

Minimum 
Slope of 

Pipe

Full Pipe 
Flow 

Velocity

Mannings	
Pipe	Capacity

Capacity 
Check

S10 5.6 cfs 11.2 cfs DP1 0.013 0.80% 19-inch 24‐inch 0.25% 6.5 ft/sec 20.3	cfs OK
S11 9.5 cfs 17.1 cfs DP2 0.013 0.60% 24-inch 24‐inch 0.57% 5.6 ft/sec 17.6	cfs OK
S12 5.7 cfs 11.3 cfs DP1A 0.013 0.60% 20-inch 24‐inch 0.25% 5.6 ft/sec 17.6	cfs OK
S13 14.5 cfs 28.0 cfs DP3 0.013 0.60% 29-inch 30‐inch 0.47% 6.5 ft/sec 31.9	cfs OK
S15 2.9 cfs 5.9 cfs DP4 0.013 0.80% 15-inch 18‐inch 0.32% 5.3 ft/sec 9.4	cfs OK
S16 3.1 cfs 6.2 cfs DP5 0.013 0.75% 16-inch 18‐inch 0.35% 5.2 ft/sec 9.1	cfs OK
S17 2.6 cfs 4.9 cfs J 0.013 0.80% 14-inch 18‐inch 0.21% 5.3 ft/sec 9.4	cfs OK
S20 42.6 cfs 76.2 cfs DP24 0.013 0.75% 40-inch 42‐inch 0.57% 9.1 ft/sec 87.4	cfs OK
S21 45.0 cfs 81.1 cfs DP25 0.013 0.81% 40-inch 42‐inch 0.65% 9.4 ft/sec 90.8	cfs OK
S22 59.5 cfs 108.1 cfs DP26 0.013 0.60% 47-inch 48‐inch 0.57% 8.9 ft/sec 111.6	cfs OK
S23 60.9 cfs 113.7 cfs DP27-Dev 0.013 0.80% 46-inch 48‐inch 0.63% 10.3 ft/sec 128.8	cfs OK
S24 68.3 cfs 127.9 cfs DP28-Dev 0.013 1.00% 46-inch 48‐inch 0.79% 11.5 ft/sec 144.0	cfs OK
S30 0.4 cfs 2.6 cfs L 0.022 1.7% 12-inch 18‐inch 0.18% 4.6 ft/sec 8.1	cfs OK
S31 2.7 cfs 11.1 cfs DP6 0.013 1.5% 17-inch 18‐inch 1.12% 7.3 ft/sec 12.9	cfs OK

Equations:
Pipe Dia=((2.16Qn)/(S 0.5 )) 0.375 Flow Velocity = (1.49/n)Rh 2/3 S 1/2 Rh = Aw/Wp

Q = Discharge in cubic feet per second Pipe Capacity = (1.49/n)ARh 2/3 S 1/2 Aw = p(d2/4)
n = Manning's roughness coefficient A = Cross-sectional area of pipe Aw = Water Cross Sectional Area

RCP=0.013, CMP=0.024, HDPE (smooth)=0.012 A=p (D2/4) d = Water (Flow) Depth Within Pipe
S = Slope of the pipe D = Inside Diameter of Pipe Wp = pd (For Capacity Calculation)
Rh = Hydraulic Radius Wp=Wetted Perimeter of Pipe

21061-2021 Drainage Calcs.xlsx    Pipe Capacity
Date Printed:  9/10/2022

Kiowa Engineering Corporation
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Project: 
ID:

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 24 inches

Inlet Edge Type (Choose from pull-down list) Grooved Edge Projecting

OR:

Box Culvert: Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)  

2.00

Number of Barrels # Barrels = 1

Inlet Elevation at Culvert Invert 99.25 Elev IN = 100 ft  
Outlet Elevation OR Slope 0.005 So = 0.005 ft/ft

Culvert Length L = 150 ft

Manning's Roughness n = 0.012

Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.20  

Friction Loss Coefficient Kf = 1.58  

Sum of All Loss Coefficients Ks = 2.78

Minimum Energy Condition Coefficient KElow = -0.0028  

Orifice Inlet Condition Coefficient Cd = 0.67  

Calculations of Culvert Capacity (output):

Headwater Tailwater Inlet Inlet Outlet Controlling Flow

Surface Surface Control Control Control Culvert Control

Elevation Elevation Equation Flowrate Flowrate Flowrate Used

(ft) (ft) Used (cfs) (cfs) (cfs)

101.50 101.00 Regression Eqn. 8.64 10.70 8.64 INLET

101.60 101.00 Regression Eqn. 9.71 11.72 9.71 INLET

101.70 101.00 Regression Eqn. 10.74 12.66 10.74 INLET

101.80 101.00 Regression Eqn. 11.82 13.53 11.82 INLET

101.90 101.00 Regression Eqn. 12.91 14.35 12.91 INLET

102.00 101.00 Regression Eqn. 13.97 15.13 13.97 INLET

102.10 101.00 Regression Eqn. 15.01 15.87 15.01 INLET

102.20 101.00 Regression Eqn. 16.01 16.58 16.01 INLET

102.30 101.00 Regression Eqn. 16.94 17.25 16.94 INLET

102.40 101.00 Regression Eqn. 17.85 17.83 17.83 OUTLET

102.50 101.00 Regression Eqn. 18.71 18.40 18.40 OUTLET

Processing Time: 01.34 Seconds

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

U-Haul Falcon
Pipe S10 (DP 1) (Q100=11.2cfs)

MHFD-Culvert, Version 4.00 (May 2020)

21061-MHFD-Culvert_v4.0.xlsm, Culvert Rating 9/5/2022, 9:28 PM



Project: 
ID:

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 18 inches

Inlet Edge Type (Choose from pull-down list) Square Edge Projecting

OR:

Box Culvert: Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)  

1.50

Number of Barrels # Barrels = 1

Inlet Elevation at Culvert Invert 99.25 Elev IN = 100 ft  
Outlet Elevation OR Slope 0.005 So = 0.005 ft/ft

Culvert Length L = 150 ft

Manning's Roughness n = 0.012

Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.20  

Friction Loss Coefficient Kf = 2.32  

Sum of All Loss Coefficients Ks = 3.52

Minimum Energy Condition Coefficient KElow = 0.0981  

Orifice Inlet Condition Coefficient Cd = 0.60  

Calculations of Culvert Capacity (output):

Headwater Tailwater Inlet Inlet Outlet Controlling Flow

Surface Surface Control Control Control Culvert Control

Elevation Elevation Equation Flowrate Flowrate Flowrate Used

(ft) (ft) Used (cfs) (cfs) (cfs)

101.50 101.00 Regression Eqn. 6.17 5.35 5.35 OUTLET

101.60 101.00 Regression Eqn. 6.73 5.86 5.86 OUTLET

101.70 101.00 Regression Eqn. 7.26 6.33 6.33 OUTLET

101.80 101.00 Regression Eqn. 7.81 6.77 6.77 OUTLET

101.90 101.00 Regression Eqn. 8.26 7.18 7.18 OUTLET

102.00 101.00 Regression Eqn. 8.73 7.56 7.56 OUTLET

102.10 101.00 Regression Eqn. 9.21 7.93 7.93 OUTLET

102.20 101.00 Regression Eqn. 9.61 8.29 8.29 OUTLET

102.30 101.00 Regression Eqn. 10.01 8.63 8.63 OUTLET

102.40 101.00 Regression Eqn. 10.41 8.95 8.95 OUTLET

102.50 101.00 Regression Eqn. 10.81 9.27 9.27 OUTLET

Processing Time: 01.52 Seconds

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

U-Haul Falcon
Pipe S30 (Basin L) (Q100=2.6cfs)

MHFD-Culvert, Version 4.00 (May 2020)

21061-S30-MHFD-Culvert_v4.0.xlsm, Culvert Rating 9/5/2022, 9:32 PM



Project: 
ID:

47187.82

X

Design Information (Input):
Circular Culvert: Barrel Diameter in Inches D = 18 inches

Inlet Edge Type (Choose from pull-down list) Square Edge Projecting

OR:

Box Culvert: Barrel Height (Rise) in Feet H (Rise) = ft

Barrel Width (Span) in Feet W (Span) = ft

Inlet Edge Type (Choose from pull-down list)  

1.50

Number of Barrels # Barrels = 1

Inlet Elevation at Culvert Invert 99.25 Elev IN = 100 ft  
Outlet Elevation OR Slope 0.005 So = 0.005 ft/ft

Culvert Length L = 150 ft

Manning's Roughness n = 0.012

Bend Loss Coefficient Kb  = 0

Exit Loss Coefficient Kx  = 1

1

Design Information (calculated):
Entrance Loss Coefficient Ke = 0.20  

Friction Loss Coefficient Kf = 2.32  

Sum of All Loss Coefficients Ks = 3.52

Minimum Energy Condition Coefficient KElow = 0.0981  

Orifice Inlet Condition Coefficient Cd = 0.60  

Calculations of Culvert Capacity (output):

Headwater Tailwater Inlet Inlet Outlet Controlling Flow

Surface Surface Control Control Control Culvert Control

Elevation Elevation Equation Flowrate Flowrate Flowrate Used

(ft) (ft) Used (cfs) (cfs) (cfs)

101.50 101.00 Regression Eqn. 6.17 5.35 5.35 OUTLET

101.60 101.00 Regression Eqn. 6.73 5.86 5.86 OUTLET

101.70 101.00 Regression Eqn. 7.26 6.33 6.33 OUTLET

101.80 101.00 Regression Eqn. 7.81 6.77 6.77 OUTLET

101.90 101.00 Regression Eqn. 8.26 7.18 7.18 OUTLET

102.00 101.00 Regression Eqn. 8.73 7.56 7.56 OUTLET

102.10 101.00 Regression Eqn. 9.21 7.93 7.93 OUTLET

102.20 101.00 Regression Eqn. 9.61 8.29 8.29 OUTLET

102.30 101.00 Regression Eqn. 10.01 8.63 8.63 OUTLET

102.40 101.00 Regression Eqn. 10.41 8.95 8.95 OUTLET

102.50 101.00 Regression Eqn. 10.81 9.27 9.27 OUTLET

Processing Time: 01.52 Seconds

CULVERT SIZING (INLET vs. OUTLET CONTROL WITH TAILWATER EFFECTS)

U-Haul Falcon
Pipe S31 (Basin K) (Q100=8.6cfs)

MHFD-Culvert, Version 4.00 (May 2020)

21061-S31-MHFD-Culvert_v4.0.xlsm, Culvert Rating 9/5/2022, 9:34 PM
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Bent Grass MDDP Amendment & DBPS Amendment

Galloway & Company, Inc. Page 14 of 17

any new development and detention will be required for new development north of Bent Grass Meadows

Drive. Also, in the future conditions scenario, Pond SR-4 and existing Pond MN from the Falcon DBPS

will receive flows from the improved school site. The HEC-HMS has been updated and is included in

Appendix B. As discussed previously, the “School Site” have been added as an additional Basin MT060a,

which is routed to the regional detention facility SR-4.

Basin MT070, described in the Falcon DBPS, was analyzed to include the improvements made to the site

within Basin MT070 and the effects it has on existing Pond MN.

From the analysis, Pond SR-4’s 100-yr. receiving flows increased from 1,000 cfs to 1072.8 cfs. Based on

the increase in impervious area, Basin MT070’s Curve Number increased from 67 to 68. Subsequently,

the 100-yr. receiving flows entering existing Pond MN decreased to 727.3 cfs from 850 cfs.

Release rates for SR-4 are 14.8 cfs for the 2-year storm and 700.3 cfs for the 100-year storm. Falcon

DBPS has 2-year storm listed as 27 cfs and 100-year storm as 730 cfs. This gives a decrease of 12.2 cfs

and 29.7 cfs for the 2 and 100-year events respectively.

Pond MN release rates 14.4 cfs for the 2-year storm and 691.7 cfs for the 100-year storm. The DBPS has

release rates listed as 32 cfs for the 2-year storm and 820 cfs for the 100-year storm. This gives a

decrease of 17.6 cfs and 128.3 cfs for the 2 and 100-year events respectively.

The West Tributary site does include the addition of proposed water quality ponds with the Bent Grass

development, under the current scenario. Under future conditions, additional water quality facilities will be

necessary for any other new developments. Existing Pond WU, further south in the West Tributary, near

Highway 24, is a regional detention facility for areas (approximately 2,312 acres) just upstream of the

pond, as well as providing water quality for the west side of the same Falcon Highlands area.

Pond WU release rates 45.9 for the 2-year storm and 921.2 cfs for the 100-year storm. The DBPS has

release rates listed as 55 cfs for the 2-year storm and 1000 cfs for the 100-year storm. This gives a

decrease of 9.1 cfs and 78.8 cfs for the 2 and 100-year events respectively.

XI. Maintenance

The proposed channels are to be private facilities.  They will be maintained by the Bent Grass

Metropolitan district. When completion of future DBPS construction improvements and upon the Board of

County Commissioners acceptance the channels, Reaches RWT 204 & RWT210, will then be owned and

maintained by El Paso County along with all drainage facilities within the public Right-of-Way.

XII. Wetlands Mitigation

No wetlands are located on site.

XIII. Floodplain Statement

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map number

08041C0553G, effective December 7, 2018, there is a floodplain in a portion of the project area. A copy

of the FIRM Panel is included in Appendix A.

The portion of channel that has a floodplain designation is only the RWT210 and RWT204 portions of the

channel.  It is unknown why the western channel, RWT202 is unmapped since it is the larger contributor
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Elevation Stage
Orifice
Plate Horiz Weir

Total
Collection
Capacity
(WQCV &

Weir)

Controlling
Flowrate

Culvert #1
(48")

Controlling
Flowrate

Culvert #2
(60")

Controlling
Flowrate

Culvert #3
(60")

Controlling
Flowrate

Culvert #4
(60")

Total
Controlling
Flowrate -

Outlet
Culverts Spill Way

Total
Outflow*

[ft] [ft] [cfs] [cfs] [cfs] [cfs] [cfs] [cfs] [cfs] [cfs] [cfs] [cfs]
6816.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6818.20 1.90 1.34 0.00 1.34 1.34 1.34 1.34 1.34 5.36 0.00 1.34
6819.00 2.70 2.18 0.00 2.18 2.18 2.18 2.18 2.18 8.72 0.00 2.18
6820.00 3.70 3.28 0.00 3.28 3.28 3.28 3.28 3.28 13.12 0.00 3.28
6821.00 4.70 4.53 0.00 4.53 4.53 4.53 4.53 4.53 18.12 0.00 4.53
6822.00 5.70 5.90 78.71 84.61 84.61 84.61 84.61 84.61 338.44 0.00 84.61
6823.00 6.70 6.91 544.70 551.61 116.75 134.68 153.58 150.75 555.76 0.00 551.61
6824.00 7.70 7.76 1233.69 1241.44 135.78 174.76 189.73 187.47 687.74 0.00 687.74
6825.00 8.70 8.51 2087.92 2096.43 152.52 207.28 220.03 218.07 797.90 0.00 797.90
6826.00 9.70 9.19 3080.00 3089.19 167.63 235.34 246.62 244.87 894.46 0.00 894.46
6827.00 10.70 9.83 4192.88 4202.71 181.43 260.37 270.62 269.03 981.45 0.00 981.45
6828.00 11.70 10.42 5414.65 5425.07 194.30 283.23 292.66 291.20 1061.39 0.00 1061.39
6829.00 12.70 10.98 6249.18 6260.16 206.36 304.32 313.16 311.78 1135.62 16.43 1152.05
6830.00 13.70 11.52 6659.12 6509.89 217.74 324.10 332.39 331.10 1205.33 148.29 1353.62
6830.20 13.90 11.62 6738.12 6509.99 219.95 327.91 336.10 334.82 1218.78 183.81 1402.59

* - Based on Spillway flow plus lesser flow of Total Collection Capacity (WQCV &Weir) or Total Controlling Flowrate - Outlet Culverts

STAGE - STORAGE - DISCHARGE TABLE (POND WU - OUTLET REVISIONS)
per UDFCD UD-Detention Spreadsheet
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Hydrologic Element
Drainage

Area
Peak

Discharge Time of Peak Volume
(MI2) (CFS) (AC-FT)

FUTURE HMS MODEL - 100 YEAR STORM

RWT150 0.14453 193.3 01Jan2011, 06:22 16.8
WT150-REV 0.13081 202.5 01Jan2011, 06:08 15
Paint Brush Hills Pond B1 0.27534 235.6 01Jan2011, 06:29 31.8
W34B2-REV 0.09359 141.8 01Jan2011, 06:07 10.2
Paint Brush Hills Pond B2 0.36893 234.3 01Jan2011, 06:43 38.9
JWT150 0.36893 234.3 01Jan2011, 06:43 38.9
RWT160 0.36893 234.2 01Jan2011, 06:49 38.8
WT160-REV 0.07348 109.9 01Jan2011, 06:06 7.5
JWT160 0.44241 244.8 01Jan2011, 06:48 46.3
RWT174 0.44241 244.7 01Jan2011, 06:56 46.2
WT170-REV 0.106015 85.2 01Jan2011, 06:19 9.2
W34-CY-REV 0.0465469 38.1 01Jan2011, 06:16 3.8
JWT172 2.378328 981.9 01Jan2011, 06:56 199.7
RWT176 2.378328 981.6 01Jan2011, 06:57 199.7
Sub Regional Pond SR2 2.378328 972.9 01Jan2011, 07:01 194.8
JWT174 2.378328 972.9 01Jan2011, 07:01 194.8
RWT180 2.378328 972.1 01Jan2011, 07:10 194.2
WT180-REV 0.04094 29.3 01Jan2011, 06:19 3.2
JWT180 2.419268 978 01Jan2011, 07:10 197.4
RWT202 2.419268 977.7 01Jan2011, 07:16 197.1
WT200-N 0.191 121 01Jan2011, 06:29 16.5
WT200-W 0.068 64.4 01Jan2011, 06:13 5.9
WT190 0.0574561 74.7 01Jan2011, 06:05 5
The Meadows Pond #1 0.0574561 2.1 01Jan2011, 08:29 2.8
JWT190 0.0574561 2.1 01Jan2011, 08:29 2.8
RWT204 0.0574561 2.1 01Jan2011, 08:46 2.7
40 2.7357241 1029.1 01Jan2011, 07:15 222.1
RWT206 2.7357241 1027.9 01Jan2011, 07:17 221.9
BG 0.184 255.6 01Jan2011, 06:17 24.7
WT210-N 0.074 77.5 01Jan2011, 06:17 7.8
CC 2.9937241 1075.3 01Jan2011, 07:16 254.4
RWT210 2.9937241 1074.9 01Jan2011, 07:20 254.1
WT210-S 0.117 116.2 01Jan2011, 06:19 12.4
JWT210 3.1107241 1093.7 01Jan2011, 07:20 266.5
RWT232 3.1107241 1093.3 01Jan2011, 07:23 266.1
WT220-S 0.118 178.8 01Jan2011, 06:08 13.3
JWT220 0.118 178.8 01Jan2011, 06:08 13.3
RWT234 0.118 177.6 01Jan2011, 06:18 13.3
JWT232 3.2287241 1107.7 01Jan2011, 07:23 279.4
RWT236 3.2287241 1107.7 01Jan2011, 07:23 279.4
WT230 0.19818 346.7 01Jan2011, 06:05 23.1
JWT234 3.4269041 1125.3 01Jan2011, 07:23 302.4
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Hydrologic Element
Drainage

Area
Peak

Discharge Time of Peak Volume
(MI2) (CFS) (AC-FT)

FUTURE HMS MODEL - 100 YEAR STORM

RWT240 3.4269041 1124.7 01Jan2011, 07:26 302.2
WT240 0.0761461 160.3 01Jan2011, 06:01 9.1
Regional Pond WU North 3.5030502 1130.7 01Jan2011, 07:27 310.1
Regional Pond WU Diversion 3.5030502 1092 01Jan2011, 07:27 266.8
Old Meridian 0.03359 85 01Jan2011, 06:07 6.1
RWT-OM 0.03359 84.2 01Jan2011, 06:12 6.1
Regional Pond WU South 3.5366402 921.2 01Jan2011, 07:48 265.7
RWT240_Diversion Reach 0 38.7 01Jan2011, 07:32 43.1
JWT240 3.5366402 959.8 01Jan2011, 07:48 308.8
RWT250 3.5366402 959.5 01Jan2011, 07:49 308.7
WT250 0.14695 291.4 01Jan2011, 06:02 17.1
JWT250 3.6835902 971.8 01Jan2011, 07:49 325.8
RWT260 3.6835902 971.4 01Jan2011, 07:59 324.8
WT260 0.1388002 77.5 01Jan2011, 06:34 11.5
JWT260 3.8223904 985.5 01Jan2011, 07:58 336.4
RWT291 3.8223904 985.4 01Jan2011, 08:01 336.1
WT270 0.0324738 57.1 01Jan2011, 06:04 3.6
JWT270 0.0324738 57.1 01Jan2011, 06:04 3.6
RWT292 0.0324738 56.9 01Jan2011, 06:08 3.5
JWT292 3.8548642 988 01Jan2011, 08:01 339.7
RWT295 3.8548642 987.9 01Jan2011, 08:02 339.6
WT280 0.26695 251.8 01Jan2011, 06:12 22.3
JWT280 0.26695 251.8 01Jan2011, 06:12 22.3
RWT294 0.26695 251.2 01Jan2011, 06:15 22.2
JWT294 4.1218142 1005.7 01Jan2011, 08:02 361.8
RWT296 4.1218142 1005.3 01Jan2011, 08:07 361.1
MT040 0.30842 455.2 01Jan2011, 06:11 38.1
MT030 0.15663 228.6 01Jan2011, 06:05 15.1
MT020 0.0902033 143.1 01Jan2011, 06:04 9
JMT020 0.0902033 143.1 01Jan2011, 06:04 9
RMT030 0.0902033 141.8 01Jan2011, 06:17 8.9
JMT030 0.2468333 294.4 01Jan2011, 06:07 24
RMT040 0.2468333 293 01Jan2011, 06:11 24
Woodmen Hills Pond H 0.5552533 751.7 01Jan2011, 06:11 61.7
JMT040 0.5552533 751.7 01Jan2011, 06:11 61.7
RMT050 0.5552533 745.8 01Jan2011, 06:14 61.7
MT050 0.11861 109.7 01Jan2011, 06:18 11.4
JMT050 0.6738633 851.9 01Jan2011, 06:14 73.1
RMT062 0.6738633 849.2 01Jan2011, 06:16 73
MT010 0.28989 139.9 01Jan2011, 06:24 17.7
The Meadows Pond #2 0.28989 63.5 01Jan2011, 06:55 14.1
JMT010 0.28989 63.5 01Jan2011, 06:55 14.1
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Figure 3-11
Historical Hydrology

Falcon DBPS
El Paso County, CO

2-year 100-year 2-year 100-year

ET010 0.15 10 86 RET060 0.83 19 250
ET020 0.21 20 170 RET070 1.11 19 250
ET030 0.20 0 28 RET080 1.36 17 240
ET040 0.15 0 30 RET090 1.66 17 250
ET050 0.12 0 38 RET100 1.78 17 260
ET060 0.29 0 110 RET110 1.83 17 260
ET070 0.25 0 79 RET120 2.05 17 260
ET080 0.29 0 49 RET140 0.13 0 12
ET090 0.12 0 12 RET152 2.16 17 270
ET100 0.05 0 15 RET154 0.40 0 29
ET110 0.23 0 38 RET156 2.57 17 290
ET120 0.11 0 14 RET162 2.74 17 300
ET130 0.13 0 12 RET164 2.93 18 300
ET140 0.27 0 17 RMT030 0.09 8 82
ET150 0.18 0 30 RMT040 0.25 14 160
ET160 0.19 0 30 RMT050 0.56 24 290
FS010 0.12 0 23 RMT062 0.29 1 57
JET010 0.15 10 86 RMT064 0.67 24 300
JET020 0.36 20 200 RMT070 1.16 24 330
JET030 0.56 20 230 RMT080 1.36 24 350
JET040 0.71 19 240 RMT090 0.04 0 19
JET050 0.83 19 250 RMT102 1.42 24 350
JET060 1.11 19 260 RMT104 0.04 0 19
JET070 1.36 19 260 RMT106 1.46 24 350
JET080 1.66 17 250 RMT112 1.52 22 360
JET090 1.78 17 260 RMT114 1.64 22 360
JET100 1.83 17 260 RWT030 0.07 3 36
JET110 2.05 17 260 RWT042 0.14 6 75
JET120 2.16 17 270 RWT044 0.14 7 80
JET130 0.13 0 12 RWT046 0.28 12 150
JET140 0.40 0 29 RWT054 0.46 18 240
JET152 2.57 17 290 RWT080 0.17 10 120
JET154 2.74 17 300 RWT092 0.85 33 410
JET160 2.93 18 300 RWT094 1.09 40 510

JFS010_OUTLET 0.12 0 23 RWT122 1.43 48 610
JMT010 0.29 1 57 RWT124 1.63 56 720
JMT020 0.09 8 83 RWT150 0.13 13 110
JMT030 0.25 15 160 RWT160 0.36 21 170
JMT040 0.56 24 290 RWT172 1.77 58 750
JMT050 0.67 24 300 RWT174 0.47 23 190
JMT060 1.16 24 330 RWT176 2.24 79 930
JMT070 1.36 24 350 RWT180 2.36 81 950
JMT080 1.42 24 350 RWT202 2.46 80 960
JMT090 0.04 0 19 RWT204 0.06 0 14
JMT102 1.46 24 360 RWT210 2.82 80 990
JMT104 0.04 0 19 RWT232 3.09 80 1,000
JMT106 1.52 24 360 RWT234 0.19 1 49
JMT110 1.64 22 360 RWT236 3.28 81 1,000
JWT010 0.14 7 80 RWT240 3.47 82 1,100
JWT020 0.07 3 36 RWT250 3.55 83 1,100
JWT030 0.14 6 75 RWT260 3.70 84 1,100
JWT042 0.28 12 160 RWT291 3.84 86 1,100
JWT044 0.46 19 240 RWT292 0.03 0 15
JWT050 0.85 33 410 RWT294 0.27 22 190
JWT070 0.17 10 120 RWT295 3.87 86 1,100
JWT080 1.09 40 510 RWT296 4.13 88 1,100
JWT090 1.43 49 610 RWT312 0.10 6 60
JWT110 1.63 56 720 RWT314 5.88 110 1,400
JWT120 1.77 58 750 RWT320 6.25 110 1,500
JWT140 0.13 13 110 RWT344 0.33 0 47
JWT150 0.36 21 170 RWT352 6.46 110 1,500
JWT160 0.47 23 190 RWT354 9.69 110 1,600
JWT172 2.24 79 930 RWT372 10.30 110 1,700
JWT174 2.36 81 950 RWT374 0.07 1 20
JWT180 2.46 81 960 RWT376 10.36 110 1,700
JWT190 0.06 0 14 WT010 0.14 7 80
JWT200 2.82 80 990 WT020 0.07 3 36
JWT210 3.09 80 1,000 WT030 0.08 6 59
JWT220 0.19 1 49 WT040 0.19 7 83
JWT232 3.28 81 1,000 WT050 0.19 14 130
JWT234 3.47 82 1,100 WT060 0.20 9 85
JWT240 3.55 83 1,100 WT070 0.17 10 120
JWT250 3.70 84 1,100 WT080 0.07 7 62
JWT260 3.84 86 1,100 WT090 0.15 15 130
JWT270 0.03 0 15 WT100 0.19 25 200
JWT280 0.27 22 190 WT110 0.19 13 120
JWT292 3.87 86 1,100 WT120 0.05 0 15
JWT294 4.13 89 1,100 WT130 0.10 11 97
JWT296 5.88 110 1,400 WT140 0.13 13 110
JWT300 0.10 6 61 WT150 0.23 11 93
JWT310 6.25 110 1,500 WT160 0.11 17 130
JWT320 6.46 110 1,500 WT170 0.12 7 82
JWT330 0.33 0 47 WT180 0.10 0 12
JWT352 9.69 110 1,600 WT190 0.06 0 14
JWT354 10.30 110 1,700 WT200 0.30 0 25
JWT360 0.07 1 20 WT210 0.27 0 21
JWT372 10.36 110 1,700 WT220 0.19 1 49

JWT374_OUTLET 10.58 110 1,700 WT230 0.20 5 99
MT010 0.29 1 57 WT240 0.08 9 78
MT020 0.09 8 83 WT250 0.15 7 110
MT030 0.16 7 97 WT260 0.14 6 51
MT040 0.31 10 130 WT270 0.03 0 15
MT050 0.12 0 16 WT280 0.27 22 190
MT060 0.19 0 31 WT290 0.10 3 62
MT070 0.20 0 25 WT300 0.10 6 61
MT080 0.06 2 48 WT310 0.28 2 67
MT090 0.04 0 19 WT320 0.21 0 35
MT100 0.06 0 11 WT330 0.33 0 47
MT110 0.12 0 16 WT340 0.28 0 34
RET020 0.15 10 82 WT350 0.30 3 78
RET030 0.36 19 200 WT360 0.07 1 20
RET040 0.56 19 230 WT370 0.21 0 33
RET050 0.71 19 240
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Falcon DBPS 6-6 Plan Development Design 
 

Bridge and Culvert Crossing Replacements 
The proposed size for crossing replacements includes the infrastructure necessary to provide the bridge 
or culvert with sufficient capacity to adhere to DCM criteria.  Costs were estimated using a regression 
equation developed for this DBPS that was based on 2012 UDFCD master plan costs.  Note that 
several crossings (e.g., WT 5-2, WT 4, WT 1, and MT 1) require such a large number of cells to 
comply with criteria that the proposed configurations are likely impractical.  These locations may 
necessitate consideration of a more comprehensive capital improvement project including raising the 
roadway profile to achieve feasibility. The quantities and costs for all crossing replacements are 
provided in Table 6-11. 

Table 6-11.  Crossing Replacement Cost Estimate 

Crossing Location Q100 
(cfs) 

Proposed 
Size Length Total Cost 

WT 14 Burgess Rd. 89 5’ 66  $                31,585  
WT 13 Pine Park Trl. 89 5’ 53  $                28,525  

Pond WU Inlet 
Structure Tamlin Rd. 1,110 (8) 6’ x 12’ 74  $              658,410  

WT 6 Falcon Hwy. 1,000 (5) 6’ x 12’ 43  $              249,775  
WT 5 Meridian Rd. 1,100 3’ 43  $                  8,651  

WT 5-2 Meridian Rd. 1,100 (25) 3’ x 10’ 43  $              718,121  
WT 4 W. Condor Rd. 1,500 (11) 5’ x 12’ 48  $              528,324  
WT 3 Garrett Rd. 1,500 (3) 9’ x 12’ 46  $              218,292  
WT 1 Blaney Rd. 2,200 (16) 5’ x 12’ 40  $              636,648  
MT 7 Owl Ln. 299 (9) 2’ x 4’ 58  $              207,465  
MT 6 Woodmen Rd. 840 (3) 5’ 200  $              166,177  

MT 6-2 Woodmen Rd. 840 (3) 5’ 220  $              181,365  
MT 5-1 McLaughlin Rd. 820 (3) 7’ x 12’ 48  $              191,098  
MT 2 Swingline Rd. 840 (3) 8’ x 12’ 83  $              343,147  
MT 1 Falcon Hwy. 860 (11) 4’ x 12’ 45  $              433,032  
ET 31 Stapleton Dr. 200 (2) 4’ x 12’ 302  $              525,026  
ET 19 Eastonville Rd. 530 7’ x 10’ 39  $                63,340  
ET 13 Pinto Pony Rd. 300 (2) 6’ x 8’ 50  $              113,991  
ET 11 Falcon Hwy. 400 (2) 6’ x 8’ 40  $                84,348  
ET 10 N. Condor Rd. 590 (3) 7’ x 10’ 44  $              162,656  
ET 9 Sunset Trl. 490 (2) 6’ x 8’ 40  $                84,102  
ET 4 Garrett Rd. 640 (2) 5’ x 8’ 61  $              106,060 

Subtotal $           5,740,139 
Engineering/Construction Admin. (15%) $              861,021 

Contingency (20%) $           1,148,028 
Total $           7,749,187 

 
No crossing improvements were necessary at WT 10, WT 7-2, MT 4, or ET 30 since the hydraulic 
condition at these locations were within criteria as noted in Table 6-7.   Crossings WT 7-1, MT 3, and 
ET 14 were not resized because they are CDOT structures. Crossing WT 11 was not resized because it 
is located under a private drive.  Other crossings, including WT 9, ET 32, ET 26, and ET 15, were not 
resized because the degree of criteria exceedance was so minor that they did not warrant replacement. 

 

6.3.5. Immediate Action Required 

There are 6 locations where immediate action is required in order to preserve the existing reach 
conditions as shown in Figure 6-1.  These locations are at points adjacent to pristine channel reaches, 
or Natural Channel Design reaches, where current erosion or deposition has been identified.  If left 
unmitigated, the issues at these locations have the potential to propagate and worsen the existing 
condition, thereby necessitating additional reach improvement costs.  These locations can be addressed 
by implementing the recommended reach alternative for the impaired reach at the sites that are 
identified while improvements for the remainder of the impaired reaches can be constructed at a later 
date. 

6.3.6. Protect In Place 

There are several relatively pristine reaches of channel throughout the Falcon Watershed that are 
currently in a stable condition.  Additionally, there are several reaches throughout the Falcon 
Watershed that have already been improved and appear to be stable.  Preserving both of these reach 
conditions would not require a direct reach improvement cost.  However, upstream detention 
improvements may be required depending on the location of the reach. 

6.3.7. Reach Phasing Priority 

Reach construction should be phased so that planned upstream detention ponds are constructed prior to 
reach construction.  This method of phasing protects the reach alternatives from being damaged as a 
result of higher than designed for flows being released into the reach.  A phasing priority of 1 means 
the reach can be constructed.  Higher phasing priority numbers indicate more upstream detention 
ponds should be built prior to construction of the reach in question.  The phasing priority for each of 
the reaches is provided in Appendix D. 

6.4. Cost Summary 

Costs for all detention ponds, reach improvements, bridge and culvert replacements, and roadside ditches 
are summarized in Table 6-12. 

Table 6-12.  Cost Summary 
Alternative Cost1 

Detention Ponds $         6,822,546          
Roadside Ditches $            835,874 

Reaches2 $       34,066,842 
Bridge & Culvert Crossings $         7,749,187 

Total $       49,474,449 
Notes: 
1Includes all construction and additional costs 
2Reaches includes both Natural Channel Design and Small Drop Structure reaches 
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Figure 6-1
Selected Plan
Falcon DBPS

El Paso County, CO
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Note:
Infrastructure and channel improvements shown may vary slightly
from the final list published in the accompanying report as a result of
fee revisions that have occurred following the preparation of this
figure.  For current information as of September 2015, please see
tables in Section 6 of the accompanying report.

Reach Alternative Total (ft)
Natural Channel Design 13,216
Protect in Place 64,325
Roadside Ditch Improvement 7,519
Small Drop Structures w/ Toe Protection 50,750

Pond
Q2 In 
(cfs)

Q2 Out 
(cfs)

Q100 In 
(cfs)

Q100 Out 
(cfs)

Required 
Volume (AF)2

Paint Brush Hills Pond #4 PBH 4 38 29 200 150 1.34
Paint Brush Hills Pond A PBH A 35 7 170 140 2.62
Paint Brush Hills Pond B1 PBH B1 80 51 420 270 9.17
Paint Brush Hills Pond B2 PBH B2 51 10 270 180 12.09
Paint Brush Hills Pond C PBH C 56 3 300 140 6.77

Regional Pond MN R MN 65 32 850 820 7.53
Regional Pond R1 R R1 110 77 1,600 1,500 25.00
Regional Pond R2 R R2 140 140 2,200 2,200 3.13

Regional Pond WU South R WUs 47 22 1,100 930 39.54
Sub Regional Pond SR1 SR 1 54 42 610 510 11.03
Sub Regional Pond SR2 SR 2 65 65 840 840 2.05
Sub Regional Pond SR3 SR 3 72 72 910 910 1.03
Sub Regional Pond SR4 SR 4 130 27 1,000 730 19.37
Sub Regional Pond SR6 SR 6 74 9 390 200 11.82
The Meadows Pond #1 M 1 11 0 70 0 3.25
The Meadows Pond #2 M 2 28 5 210 100 7.94

Woodmen Hills Pond #1 North WH 1N 65 61 390 260 7.13
Woodmen Hills Pond #1 South WH 1S 61 10 260 260 8.78

Woodmen Hills Pond #2 WH 2 37 10 270 250 9.18
Woodmen Hills Pond #3 WH 3 110 13 530 360 8.35
Woodmen Hills Pond #4 WH 4 110 15 790 260 40.45
Woodmen Hills Pond #5 WH 5 40 1 130 20 4.10
Woodmen Hills Pond H WH H 140 110 750 750 2.66

Notes
1:  Represents future hydrology with retrofit existing detention ponds and 7 new sub regional detention ponds
2:  Required volume to highest WSE not including embankment

Sub Regional Detention Alternative1
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Regional Pond WU South
EURV = 14 AF
100-yr Volume = 40 AF
Q2 in = 47 cfs
Q2 out = 22 cfs
Q100 in = 1100 cfs
Q100 out = 930 cfs
See Detail on Sheet 6-55

VVV

Approximate Limits of Split 
Flow for Existing 100-yr Floodplain

Small Drop Structure
See Detail on Sheet 6-54

WT 7-1 - Hwy. 24
EX Size:  12' (W) x 6' (H) Concrete Box (x3)

WT 7-2 - Rail Road
EX Size: 54' (W) x 7.41' (H) Wood Bridge

Pond WU Inlet Structure - Tamlin Rd.
EX Size:  1.5' Circular RCP (x3)
PR Size:  12' (W) x 6' (H) Concrete Box (x8)

WT 9 - Meridian Rd.
EX Size:  10' (W) x 6' (H) Concrete Box (x4)
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Conceptual Plan
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* These approximate 100-yr floodplain boundaries are for planning
purposes only.  This information is not intended to replace the information
provided on the FEMA Flood Insurance Rate Maps for this area.
** These are conceptual design drawings and are subject  to change.  These 
drawings are not intended for construction purposes.
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APPENDIX E 
Exhibit A:  Drainage Plan – Existing Conditions 

Exhibit B:  Drainage Plan – Proposed Conditions 
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