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MASTER DEVELOPMENT DRAINAGE PLAN for THE SANDS 

and PRELIMINARY DRAINAGE REPORT  

 

PURPOSE 
 
The purpose of this Master Development Drainage Plan and Preliminary Drainage Report will identify and 

analyze on and offsite drainage patterns, analyze and determine the adequacy of existing facilities, and as 

necessary recommend drainage improvements to route developed storm water to conceptual down-gradient 

facilities.   The drainage improvements proposed in this report are preliminary in nature and will be further 

detailed with subsequent analysis, reports and construction plans.  This report briefly discusses the concept 

channel improvements recommended for the East Fork Sand Creek Subtributary Channel which falls within a 

portion of the subject site. The proposed Sands development is currently in the annexation process which will 

alter its location from Unincorporated El Paso County to the City of Colorado Springs. 

GENERAL SITE LOCATION AND DESCRIPTION 

 

The Sands site is approximately 114.30 acres in size and is located in Section 33, Township 13 South, Range 

65 West of the 6th P.M. in El Paso County, Colorado.  The site currently exists as three separate parcels 

zoned I-3 (heavy industrial).   The site is bound to the west by Marksheffel Road and to the south by 

Constitution Avenue.  It is bound on the north by Marksheffel Industrial Park, to the east by undeveloped 

land, Rocky Mountain Industrial Park Filings No.1 & 1A and Capital Drive. The East Fork Sand Creek Sub-

tributary drainage way bisects the upper and lower parcels of the property, and lies adjacent to the middle 

segment of property.   A vicinity map showing the general location of the site and a copy of the existing 

conditions survey (American Land Title Association, ALTA) has been provided in the appendix of the report 

to show the three parcels as they exist, prior to development and annexation. 

 

The Sands property is planned for multi-use development consisting of; open space, single family 

residential, industrial and commercial development areas.  The proposed site improvements will include the 

construction of paved roadways and parking lots, trails, maintenance access roadways, utilities such as 

sanitary sewer, water, and storm sewer.   Detention and water quality ponds (Full Spectrum Detention) and 

channel stabilization improvements are also planned. 

 

SOILS 

 

The National Resources Conservation Service, Web Soil Survey was utilized to investigate the existing 

general soil types within and tributary to the site.  The soils underlying this site are identified as (8) 

Blakeland Loamy Sand (1 to 9 percent slopes), (10) Blendon Sandy Loam (0-3 percent slopes), and (28) 

Ellicott loamy coarse sand (0 to 5 percent slopes).  The NRCS has assigned a Hydrologic Soil Group rating 

for the three soils types as either "A" or "B".  Group A soils are defined as having a high infiltration rate 

(low runoff potential) when thoroughly wet and are typically well drained to excessively drained sands or 

gravelly sands and have a high rate of water transmission. Group B soils are defined as having a moderate 

infiltration rate when thoroughly wet. These soils consist chiefly of moderately deep or deep, moderately 

well drained or well drained soils that have moderately fine texture to moderately coarse texture. Group B 

soils typically possess a moderate rate of water transmission.  A soils map showing the soil management 

unit, soil rating, and soil type has been provided in the appendix of this report.   
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HYDROLOGIC CALCULATIONS 

 

Where required hydrologic calculations were performed using the City of Colorado Springs Storm Drainage 

Criteria Manual. The Rational Method was used to estimate storm water runoff anticipated from design 

storms with 5-year and 100-year recurrence intervals. 

 

HYDRAULIC CALCULATIONS 

 

Hydraulic calculations were estimated using the Manning's Formula and the methods described in the City of 

Colorado Springs Storm Drainage Criteria Manual the pertinent data sheets are included in the appendix of 

this report.  Hydraulic grade line (HGL) analysis of the various storm sewer systems will be submitted 

within forthcoming drainage reports after the various developments and the internal infrastructure has been 

finalized. 

 

FLOODPLAIN STATEMENT 

 

Review of the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) Panel 

Nos. 08041C0543F and 08041C0756F, with effective dates of March 17, 1997 and revised to reflect Letter of 

Map Revisions (LOMRs), dated November 18, 2004 and December 29 2004, indicate that portions of the 

proposed Sands development are currently impacted by a Special Flood Hazard Area (SFHA) Zone "AE".   

A zone "AE" is an area that is likely to be inundated by flows that occur during a 100-year event, for which a 

detailed study has been performed and for which Base Flood Elevations have been established.   

 

A floodplain exhibit showing the Digital Flood Insurance Rate Map (DFIRM) Panel maps numbers, the 

approximate site boundary, and the existing floodplain zones atop an aerial background has been included in 

the appendix.  The 100-year and 500-year floodplains as defined by the most recent LOMRs (see appendix A) 

have been shown on The Sands Existing Condition Drainage Map, which is provided in the appendix of this 

report.   

 

Channel Improvements, along the lines of those recommended by the Sand Creek Drainage Basin Planning 

Study (SCDBPS), will be required with the development of the subject site and upon construction will alter 

the existing floodplain.   A FEMA Conditional Letter of Map Revision (CLOMR) and Letter of Map Revision 

(LOMR) process will need to be conducted with development of the subject site to adequately map and record 

the revised floodplain impact zones. 

 

DRAINAGE CRITERIA 

 

This drainage analysis has been prepared in accordance with the current City of Colorado Springs Drainage 

Criteria Manual.   Calculations were performed to determine runoff quantities for the 5-year and 100-year 

frequency storms for developed conditions using the Rational Method as required for analysis of drainage 

basins possessing less than 100 acres. 

 

EXISTING SITE DRAINAGE CONDITIONS 

General Description 

 

The following is general overview of the existing conditions for the subject site, detailed existing conditions 
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analysis and a description of the condition of the existing channel will follow.    

 

An ALTA survey conducted in 2016, divided the subject site into 3 parcels; Parcel A (33.97) acres, Parcel B 

(47.61 acres) and Parcel C (33.87 acres) totaling ~114.30 acres.  These parcel references have been added to 

the Existing Conditions Map, to aid the reader in interpreting the physical location of the various existing 

improvements and existing site conditions.  A copy of the map is located within one of the pockets at the 

back of this report. 

 

Currently about 89% or 101.3 acres of the subject site falls within the EFSCST of the Sand Creek 

Watershed.   This includes all of parcels A and B and approximately 58% of parcel C.  The remaining 12% 

of the subject site drains easterly into the Sand Creek East Fork (not to be confused with the EFSCST). 

These two major drainage basin boundaries are separated by a light gray dashed line on the enclosed map.  

Ultimately all flows are tributary to Sand Creek.   

 

Parcel A (33.87 acres) is located at the north end of the site, south of the Marksheffel Industrial Park, 

between existing Marksheffel Road and future Capital Drive.  This parcel remains primarily undeveloped 

with the exception of drainage improvements consistent with the construction of a water quality pond and a 

formalized grass lined swale, which is located within a non-exclusive drainage easement in the northwest 

corner of the parcel. The existing WQ pond functions to treat runoff from a portion of existing Marksheffel 

Road as well as being sized for a series of planned parcels located adjacent to the Marksheffel Road corridor, 

while the improved swale conveys runoff to the channel a portion of the Marksheffel Industrial Park that was 

in place prior the roadway improvements.   A unimproved swale directs offsite flows from a portion of the 

Marksheffel Industrial park and a large offsite basin (refer to offsite map) located to the north and east of the 

subject site, thru the east half of the parcel.  The segment of the EFSCST channel, that runs through parcel A 

is relatively unimproved and retains its historical 250’-400’ floodplain width.   

 

The land within Parcel A generally possess fair ground cover (mostly native grasses), with slopes typically 

ranging from 2-15% with areas as steep as 2 to 1 and 4 to 1 along portions of the Marksheffel Road and 

Genoa Drive roadway embankments and along some portions of the outer channel banks of the unimproved 

EFSCST.  A handful of trees and shrubs are present, mostly spotting the outer limits of the existing channel 

banks. 

 

Runoff produced within the east and west halves of parcel A, generally drains toward the southward.  A 

elevated embankment which runs east west aids in consolidating flows into the downstream section of the 

improved EFSCST (adjacent to Parcel B).   The embankment, which currently covers buried utilities such as 

sanitary, sewer, water, and gas was previously set aside as a utility and roadway corridor for planned Genoa 

Drive.  A sanitary sewer line and easement also runs from the north to south along the east side of the 

existing channel, through Parcel A. 

 

Parcel B consists of 47.61 acres, which is located between a portion of Constitution Avenue and the Genoa 

Drive corridors. The parcel is bound to the west by Marksheffel Road and to the east by Rocky Mountain 

Industrial Park and a 75’ existing utility and drainage easement. Similar to Parcel A, this parcel remains 

primarily undeveloped with the exception of a water quality pond, which is located within a non-exclusive 

drainage easement in the middle of the parcel.  The existing WQ pond treats runoff for a portion of existing 

Marksheffel Road and has been sized for additional planned parcels located to the west of the Marksheffel 

Road corridor. The remaining EFSCST drainage way lies outside of the parcel B boundary falling primarily 
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within the El Paso County Rocky Mountain Industrial Park Filing No.1 property or within Parcel C.    

 

Parcel B possesses fair ground cover (mostly native grasses), with slopes typically ranging from 2-15% with 

areas as steep as 2 to 1 along portions of the existing Marksheffel Road outer historical banks of the 

EFSCST, prior to its consolidation with the adjacent development. Runoff produced within this parcel 

generally drains southward toward Constitution Avenue and to Parcel C.  A small strip of Parcel B is 

collected by an existing drainage inlet located at the northwest corner of Marksheffel Road and Constitution 

Avenue which was constructed with the Marksheffel roadway improvements.  With the exception of the 

flows directed to the WQ pond, offsite flows don’t appear to impact this parcel.    

 

Parcel C consists of 32.72 acres, located to the north of existing Constitution Avenue, between the 75’ wide 

utility and drainage easement and Capital Drive.  This parcel remains entirely vacant from development, 

with the exception the sanitary sewer line and easement which runs along the west and south sides of the 

parcel and a limited amount of riprap channel protection that extends just to the south of the Rocky 

Mountain Industrial Park (Filing No. 1) boundary.   

 

The EFSCST drainageway serpentines across Parcel C, beginning at the northwest corner and ending at the 

the center of the parcel at Constitution Avenue.  As previously mentioned a small segment of the upper 

portion of the channel has some bank stabilization consistent with the improved section located adjacent to 

Parcel B, while the remainder of the channel remains generally unimproved.   

 

Parcel C possesses fair ground cover (mostly native grasses), with slopes typically ranging from 2-15% with 

areas as steep as 2 to 1 along the historical outer banks of the EFSCST.  

 

Runoff produced onsite generally drains southward toward Constitution Avenue and Capital Drive and with 

the exception of the onsite flows entering from Parcel B, offsite runoff appears to be prohibited from 

reaching this portion of the site.   

 

An existing 4 cell concrete box culvert constructed with (2)-6'H x11'W and (2)-6'H x 14'W openings  

traverses underneath Constitution Boulevard allows for the runoff collected by the EFSCST to discharge to 

downstream facilities.   

 

It should be noted that since the initial draft of this report a fire station was constructed at the northeast 

corner of Parcel C, which reduced the overall acreage from 115.45 acres (as shown on the ALTA) to the now 

reported 114.30 acres. The site is not significantly impacted by the construction of the facility, as the 

majority of the developed drainage discharges to Capital Drive. 

 

Detailed Existing Conditions Drainage Basin Description 

 

The following is a detailed summary of the existing condition drainage analysis for the 114.30 acre Sands 

development site and the offsite areas which impact it.  It should be noted when two asterisks comes before a 

basin callout, it is to denote that the basin has been previously studied in the "Final Drainage Report for 

Marksheffel Road from Constitution Avenue to Dublin Road,” prepared by CH2M Hill, dated 2008.   

 

It should be noted that limited historical drainage analysis documentation and contour mapping for many of 

the undeveloped and developed parcels located to both the north and east of the subject site, (MS Industrial 
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Park Development) was not readily available at that the time of this writing of this report and thus some 

assumptions have been made regarding the offsite watersheds (OS-0 thru OS-5).  Where applicable United 

States Geological Survey (USGS) contour mapping, aerial imagery and onsite inspection were utilized to 

make good engineering assumptions for the purposes of the hydrologic and hydraulic calculation provided in 

this report.  

 

Further more, it is important to note that the design points provided on the existing and proposed conditions 

map only total the flows produced by the onsite and contributing offsite areas and do not attempt to calculate 

the total runoff conveyed within the East Fork Sand Creek Subtributary along the subject reach.   The 

primary reason for this is due to a few factors.   First and foremost the developed channel segments 

upstream, adjacent to, and downstream of the subject site have been designed to convey the 100-year runoff 

proposed by the DBPS for this segment of the East Fork Sand Creek Sub tributary of 1720 cfs.   Although 

one may recognize that this flow rate was based upon the construction of large regional detention facilities 

constructed within the up-gradient Banning Lewis Ranches, the nearest being located upstream of the 

railroad embankment less than a ¼ mile from the subject site.  In reality the flow rates within the EFSCST 

may never reach this rate, or the calculated existing conditions DPBS flow rate of 1400cfs, even without the 

full build out of regional facilities, due in part to the implementation of Full Spectrum Detention ponds in 

both the upstream Banning Lewis development and within the subject site which function to limit discharge 

to less than existing.  There by making the use of the approved FEMA flow rate conservative and the need to 

calculate point discharge rates along the channel unnecessary.   A copy of the Sands Proposed Conditions 

Map is included in the map pocket at the end of this report.   

 

Basin OS0 is located to the north of the subject site and consists of approximately 7.99 acres, which is 

currently developed and utilized by Centurylink as center for installation and maintenance.  Runoff produced 

by the basin has been estimated to be 19.9 cfs for the minor storm event (5-Year) and 37.1 cfs for the major 

storm event (100-Year).  Currently runoff from this basin is not anticipated to reach the subject site due to 

concrete and earthen swales located on site.   Runoff collected by the swales are directed eastward to a 

trapezoidal shaped cutout in a portion of the existing partially concrete lined portion of the EFSCST at 

Design Point 0.   This calculated runoff rate is generally in line with the values shown on existing drainage 

map provided by El Paso County for Lot 16 of Marksheffel Industrial Park of 16.4 and 33.7 cfs.  Should the 

existing channel in Basin OSO become blocked or become sediment laden, runoff could overflow onsite 

into Sub-basin A and discharge to the channel via an existing 3’ deep earthen channel. 

 

Basin A consists of approximately 2.7 acres of land located in northwest corner of the site.  The basin 

houses an existing water quality treatment facility, a small earthen swale, a large earthen channel, a riprap 

spillway and spot placement of riprap slope protection on the western bank of the EFSCST. Based upon 

review of the available drainage report and bid documents, provided by Wilson & Company, regarding the 

planning and construction of the expanded Marksheffel Road, the following summary has been prepared by 

M&S Civil regarding the design of the existing facilities; 

 

The 2.7 acre Basin A represents only the onsite area of a larger 15.8 acre watershed which was 

previously analyzed within the Wilson/CH2MHill drainage report (Basin OSP4A).  According to the 

report, offsite area was estimated to produce developed runoff of approximately 11 cfs in the 10-year 

event and 20 cfs in the 100-year event.  A 4' BW 4:1 SS minimum 2' deep earthen swale was 

constructed to bypass offsite runoff around the north embankment of the WQ pond to the base of the 

existing riprap spillway.   
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The existing WQ pond, (#4) was designed to treat only the WQ event runoff from approximately 

15.8 acres of Marksheffel Road, requiring a design volume of slightly over a half acre foot.  The 

facility was to be constructed approximately 6’ deep (bottom to the pond crest) which included a 2' 

deep spillway.  The 100-year outflow from the pond was listed to be 206 cfs and was estimated to 

flow 1.6' above the spillway crest.  A 25' wide 4:1 SS, 3' minimum deep earthen trapezoidal channel 

was to be graded at ~ 0.5% to direct the combined 10-year (141 cfs) and 100-year runoff (226 cfs) to 

the EFSCST.   

 

Based upon site topography and onsite inspection the existing facility appears to be built in relative 

compliance with the construction drawings and thus is anticipated to function as intended.  

 

Using USGS contour data Basin OS1 was estimated to consist of approximately 92.92 acres.  At the time of 

writing of this report the offsite watershed, which is located to the north and east of the subject site is 

currently undeveloped.   The existing flow rates for the 5-year and 100-year events were estimated to be 21.5 

and 133.8 cfs.   Currently two existing 42” culverts are located at Design Point 1 to aid in conveying runoff 

from the east to the west side of the existing roadway. 

 

Basin OS2 is located to the north of the planned industrial lots of the subject site and consists of 

approximately 4.52 acres of existing light industrial buildings, warehouses, landscaping, gravel parking areas 

and storage lots.  The size of the contributing offsite watershed and site topography and flow patterns were 

validated using the MIP Drainage Map, USGS contours and onsite inspection.  Runoff produced by the 

watershed is calculated to reach peak flow rates of 13.7 cfs for the minor storm event (5-Year) and 25.4 cfs 

for the major storm event (100-Year).    

 

In the existing condition runoff from Basin OS2 combines with flows from DP1, and discharges to an 

existing swale which enters the subject site at DP3.  Cumulative flows at DP3 have been estimated to be 

29.9 cfs for the minor storm event (5-Year) and 148.4 cfs for the major storm event (100-Year).  The runoff 

discharges into Basin EX B and ultimately into the EFSCST.   

 

Basin OS3 is located to the west of Basin OS2 and consists of approximately 3.97 acres of existing light 

industrial buildings, warehouses, landscaping, gravel parking areas and storage lots.  Similarly to Basin OS2, 

the size of the offsite watershed, site topography and general flow patterns were estimated using the 

Marksheffel Industrial Park Drainage Map, and confirmed with onsite inspection and aerial imagery.   

 

Runoff produced by the basin of 12.3 cfs in the minor storm event (5-Year) and 22.9 cfs for the major storm 

event (100-Year) is directed west to Design Point 2.  Runoff from DP2, outfalls into the existing EFSCST 

via a trapezoidal depression in the existing concrete lining of the channel sideslope protection.  The 

calculated flow rates are just slightly higher that the developed flows shown on the MIP Drainage plan of 8.1 

and 16.7 cfs. 

 

Basin OS4 consists of approximately 33.11 offsite acres located to the east of the proposed industrial site, of 

which a portion has been partially developed into industrial/commercial buildings, warehouses and 

production facilities associated with Weatherford Artificial Lift Systems facilities.  Although two drainage 

reports have been provided by El Paso County which discuss various portions of the area, limited 

information was obtained regarding how the Weatherford development in its entirety is to function, (how 
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offsite areas where dealt with, and what the total flow discharged from the site it current condition is) thus 

assumptions were required to be made to complete this analysis and likely will need to be further 

investigated with subsequent final drainage reports. 

 

The size of the offsite watershed, topography, ground cover and development conditions for Basin OS4 

were estimated to using USGS topography maps and aerial imagery and the Weatherford drainage report 

data.     Runoff produced by the basin in the existing condition has been estimated to be 32.6 cfs for the 

minor storm event (5-Year) and 85.4 cfs for the major storm event (100-Year).  The runoff has been routed 

to the southwest corner of the basin to Design Point 4.   

 

Basin OS5 consists of approximately 1.09 offsite acres located to the east of the existing site, of which a 

majority is undeveloped and a portion has been partially prepared as an access road into the Weatherford 

site.  Runoff produced by the basin has been estimated to be 0.8 cfs for the minor storm event (5-Year) and 

2.5 cfs for the major storm event (100-Year). For the purposed of the existing conditions analysis it is 

assumed that the runoff reaches the southwest corner of the basin, Design Point 4 (33.3cfs / 87.8cfs).  

Currently, a existing 24" culvert and 48" CMP culvert are located at the southeast corner of the Weatherford 

property which convey the runoff from Basins OS-4 and OS-5 to a existing unlined swale and DP5 at the 

EFSCST.   

 

Basin EXA consists of approximately 13.61 acres, which is currently undeveloped and is located in the 

northwest portion of the site.  Runoff produced by the basin is estimated to be 3.2 cfs for the minor storm 

event (5-Year) and 23.4 cfs for the major storm event (100-Year).  The runoff from this basin discharges 

directly into the EFSCST at or upstream of Design Point 6.  

 

Basin EXB consists of approximately 17.68 acres, which is currently undeveloped and is located in the 

northeast portion of the site.  Runoff produced by this basin is estimated to be 4.1 cfs for the minor storm 

event (5-Year) and 30.0 cfs for the major storm event (100-Year). The cumulative flows at Design Point 5 

(EXB+DP3+DP4), are estimated to be 72.3 cfs for the minor storm event (5-Year) and 304.8 cfs for the 

major storm event (100-Year). The runoff from this basin will outfall into the EFSCST.  

 

Basin EXD consists of approximately 0.78 acres, which is currently undeveloped and is located in the 

central-west portion of the site.  Runoff produced by the basin, is estimated to be 0.2 cfs for the minor storm 

event (5-Year) and 1.6 cfs for the major storm event (100-Year).  All runoff from this basin will currently 

outfalls into an existing improved segment of the EFSCST at or upstream of Design Point 7.  

 

Basin EXE consists of approximately 14.72 acres, which is currently undeveloped and is located in the 

central-west portion of the site. Runoff produced by the basin, is estimated to be 3.9 cfs for the minor storm 

event (5-Year) and 27.1 cfs for the major storm event (100-Year).  The runoff from this basin will outfall to 

Design Point 8. 

 

Basin **EXF and Existing WQ Pond #5 are located along the central-west portion of the site. The 

cumulative flows at Design Point 8 (EXE+EXF), are estimated to be 79.9 cfs for the minor storm event (5-

Year) and 167.8 cfs for the major storm event (100-Year). The runoff from this basin will outfall into an 

existing swale and be routed to Design Point 12. Since the WQ Pond is existing, the "C" values and 

intensities provided in the CH2MHill and those shown on the Wilson & Company storm sewer plans shall be 

used. Per the Wilson & Company Report the WQ Pond is designed to treat 6.48 acres with design volume of 
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0.27 ac-ft.  Similarly to Pond#4, existing Pond #5appears to be built in relative compliance with the 

construction drawings and likely functions as planned. 

 

Basin EXG consists of approximately 2.05 acres, which is currently undeveloped and is located in the 

central-west portion of the site. Runoff produced by the basin is estimated to be 0.5 cfs for the minor storm 

event (5-Year) and 3.4 cfs for the major storm event (100-Year).  The runoff from this basin will outfall into 

the EFSCST at or upstream of Design Point 9.  

 

Basin EXH consists of approximately 21.40 acres, which is currently undeveloped and is located in the 

southwest portion of the site.  Runoff produced by the basin, is estimated to be 4.6 cfs for the minor storm 

event (5-Year) and 33.5 cfs for the major storm event (100-Year). The cumulative flows at Design Point 12 

(EXH+DP8) are 68.6 cfs for the minor storm event (5-Year) and 176.2 cfs for the major storm event (100-

Year). The runoff has been routed to a low point on the southern edge of the property boundary. The runoff 

from this basin, and those reaching DP12, likely permeates the soil and overflows onto the existing 

Constitution Avenue.    

 

Basin EXJ consists of approximately 2.40 acres, which is currently undeveloped and is located in the 

southwest portion of the site. Runoff produced by the basin, is estimated to be 0.6 cfs for the minor storm 

event (5-Year) and 4.5 cfs for the major storm event (100-Year).  The runoff from this basin will outfall to a 

low point along the southern boundary at Design Point 10, before overtopping a localized high point and 

continuing to Design Point 11. 

 

Basin EXI consists of approximately 6.99 acres, which is currently undeveloped and is located in the 

southwest portion of the site. Runoff produced by the basin, is estimated to be 1.6 cfs for the minor storm 

event (5-Year) and 11.5 cfs for the major storm event (100-Year). The cumulative flows at Design Point 11 

(EXI+DP10) are 2.1 cfs for the minor storm event (5-Year) and 15.5 cfs for the major storm event (100-

Year). The cumulative runoff have been routed to a low point on the southwest corner of the site where it is 

captured by an existing Type D area inlet and routed into the existing storm sewer system via an existing 30” 

RCP. 

 

Basin EXK consists of approximately 5.92 acres, which is currently undeveloped and is located in the south-

central portion of the site. The runoff from Basin EXK  is calculated at 1.3 cfs and 9.7 cfs in the 5-Year and 

100-Year storm events respectively.   The combined runoff currently collects at a to a low point along the 

northern edge of Constitution Boulevard, where an existing 12" RCP was found.  At this time it unclear if the 

drainage system was maintained or abandoned with recent development of the King Soopers supermarket 

which has been constructed on  the south side of Constitution Avenue (across from the proposed 

development). 

 

Basin EXL consists of approximately 11.49 acres, which is currently undeveloped and is located in the 

southeast portion of the site. The runoff is 2.6 cfs for the minor storm event (5-Year) and 19.1 cfs for the 

major storm event (100-Year). The cumulative flows at Design Point 14 (EXL+DP5+DP6+DP7+DP9) is 

77.1 cfs for the minor storm event (5-Year) and 341.2 cfs for the major storm event (100-Year). As discussed 

this cumulative runoff does not include the existing offsite flows conveyed by the EFSCST.  All runoff from 

the site and contained within the channel is routed, via the EFSCST, to the southern edge of the site, where a 

2-6' x11' and a 2-6' x 14' CBC convey runoff under Constitution Avenue.  
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Basin EXM consists of approximately 12.99 acres, which is currently undeveloped and is located in the 

southeast portion of the site. The runoff proposed by the basin is 2.9 cfs for the minor storm event (5-Year) 

and 21.6 cfs for the major storm event (100-Year). The runoff from this basin will collect at a low point at 

the southeast corner of the site at Design Point 15, where it permeates the soil and/or overflows onto the 

existing Constitution Avenue and continues east to Sand Creek Channel. 

 

Basin OS-6 consists of approximately 1.15 acres, which was recently developed into a Fire Substation.  The 

calculated runoff is estimated at 0.4 cfs for the minor storm event (5-Year) and 2.6 cfs for the major storm 

event (100-Year). The runoff sheet flows to the curb and gutter in existing Capital Drive where the majority 

of these flows are captured by an existing 10’ inlet, located just to the south.  Refer to the”Drainage Letter 

Report for Falcon Fire Station No. 4” for additional details.  

 

EXISTING EAST FORK SAND CREEK SUBTRIBUARY CHANNEL CONDITIONS 

 

The East Fork Sand Creek Subtributary drainageway bisects the upper and lower two parcels of the site, and 

lies just outside of the eastern boundary of the center parcel.  A vicinity map showing the general location of 

the site and the relative location of the existing channel has been provided in the appendix of the report.  As 

previously discussed, the EFSCST drainageway runs generally north to south along eastern portion of the 

proposed 114.30-acre development.  Of the 4500’+/- of channel, approximately 1830’ of the reach has been 

previously improved with the development of the adjacent Rocky Mt. Industrial Park site, while the remainder 

of the channel is currently in an unimproved state.  Based upon the approved construction drawings, this 

improved segment of the channel was trapezoidal in shape, possessing a 35’ bottom width and constructed a 

slope of ~1.2%.  The channel section possesses a natural or primarily sand invert with 2’ thick Type ‘M’ 

riprap lined 2.5:1 side slopes that were placed a top of a Mirafi blanket and was to be extended a minimum of 

3 below the channel invert.  The overall depth of the channel was typically set to 5’. 

The drawings further indicated the construction of three (3) 3’ concrete vertical drop structures with full width 

3’ thick riprap aprons located upstream and downstream of the drops as well as three (3) buried “Type M” 

Riprap check structures.  Although not discussed in the drainage report, the check structures were likely 

constructed between the drops to aid in providing a stable channel grade should the invert of the channel find 

equilibrium at a flatter slope.  Based upon the structure spacing in the construction drawings it appears that the 

long term slope anticipated by Kiowa Engineering was a bed slope of ~ 0.5%.  A copy of the Rocky Mountain 

Industrial park channel improvement plan and profile drawings are included in the appendix of this report.   

Prior to the development of the adjacent Rocky Mountain Industrial Park the segments of the EFSCST 

channel both upstream and downstream of the proposed Sands development had already been improved.  This 

included the construction of a 4-cell box culvert that was designed to convey the 100-year FEMA storm event 

flood flows of 1720 cfs under existing Constitution Avenue near the south east corner of the proposed 

development and a narrower concrete and sand trapezoidal channel section north of the subject site.   

Based upon the historic construction drawings provided by El Paso County, the existing channel segment 

located north of the subject site was designed at slope of ~ 0.64%, consisting of a trapezoidal shape section 

with a 35’ bottom.   This section of the channel has a natural invert with concrete lined 1.5:1 side slopes 

placed atop compacted soil which extended a minimum of 3’ below the channel invert.  The typical depth of 

the channel immediately upstream of the site was 7.6’.    Drawings of the box culvert structure at Constitution 

and EFSCST were not available. 
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Cursory field inspection of the various channel segments and the box culvert were conducted during the 

writing of this report.   All improved channel sections appear to be functioning as intended and appear to be 

stable with no significant erosion or structural failure noted.  As anticipated the unimproved channel segments 

show erosion along the unprotected channel banks.    

Erosion within the upstream undeveloped watershed and from the unimproved channel segments is currently 

resulting in some sediment deposition throughout the flatter improved channel segments and at the box 

culvert structure.  The most notable concern from this is the reduction of the proposed channel capacity.  

PROPOSED SITE DRAINAGE CHARACTERISTICS 

 

The following paragraphs provide a detailed description of the offsite and onsite basins, offsite bypass flows, 

and the overall future drainage characteristics for the development of The Sands.  Calculations have been 

provided in the appendix of the report to verify the adequacy of the recommended infrastructure to both treat 

and convey runoff safely runoff for the planned development. It should be noted that the design points and 

basins were analyzed using the Rational Method since each individual basin is less than 100 acres and the 

combined acreage at any Design Point also less than 100 acres.  This method offers a more conservative 

approach to sizing swales and storm drains, when times of concentration are relatively short. 

 

As discussed in the existing conditions section of the report, drainage analysis and documentation for much 

of the master planned areas north and east of the subject site, (MS Industrial Park Development in 1985 by 

Simons and Li) was not readily available at that the time of this writing of this report and thus the some 

assumptions have been made regarding the offsite watersheds (OS-0 thru OS-5) flow rates, and proposed and 

existing infrastructure capacity.  As noted USGS contour mapping, Google Earth aerial imagery and onsite 

inspection were utilized to make good engineering assumptions for the purposes of the hydrologic and 

hydraulic calculation provided in this report.   Whenever possible the assumed data has been cross checked 

against available report data to confirm assumptions if possible. A proposed drainage plan for the fully 

developed condition is presented graphically in the map pocket located before the back cover.   

 

Detailed Description 

 

Basin OS0 is located to the north of the subject site and consists of approximately 7.99 acres, which is 

currently developed and utilized by Centurylink as center for installation and maintenance.  Runoff produced 

by the basin has been estimated to be 19.9 cfs for the minor storm event (5-Year) and 37.1 cfs for the major 

storm event (100-Year).  Currently runoff from this basin is not anticipated to reach the subject site due to 

concrete and earthen swales located on site.   Runoff collected by the swales are directed eastward to a 

trapezoidal shaped cutout in a portion of the existing partially concrete lined portion of the EFSCST at 

Design Point 0.   The aforementioned calculated runoff rate is generally in line with the values shown on 

existing drainage map provided by El Paso County for Lot 16 of Marksheffel Industrial Park of 16.4 and 

33.7 cfs.  Should the existing channel in Basin OSO become blocked or become sediment laden, runoff 

could overflow onsite into Sub-basin A and discharge to the channel via an existing 3’ deep earthen channel. 

 

Basin A consists of approximately 2.7 acres of land located in northwest corner of the site.  As in the 

existing condition the basin will retain its existing water quality treatment facility, a small earthen swale, a 

large earthen channel and riprap spillway.  The existing pond was designed to treat WQ event runoff from 

approximately 15.8 acres of Marksheffel Road, requiring a design volume of slightly over a half acre foot.   

The 100-year outflow from the pond was listed to be 206 cfs and was estimated to flow 1.6' above the 
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spillway crest.  A 25' wide 4:1 SS, 3' minimum deep earthen trapezoidal channel was to be graded at 0.5% to 

direct the combined 10 year (141 cfs) and 100-year runoff (226 cfs) to the EFSCST.  No significant changes 

to the Basin A are anticipated with the proposed development of The Sands site with the exception of some 

minor embankment grading along the east side of the exiting earthen channel will need to be to ensure that 

runoff not impact the proposed residential development so that it ties nicely into the grouted boulder drop 

structure at Design Point 1.    The existing maintenance road, which currently runs along the south side of 

the Existing WQ Pond #4, will need to be extended to provide access to the EFSCST channel.    

 

Basin B consists of approximately 10.99 acres of proposed single family residential lots and streets and an 

open space/utility corridor that parallels Marksheffel Road.  Runoff produced within Basin B will have 

anticipated flow rates of 11.6 cfs for the minor storm event (5-Year) and 31.1 cfs for the major storm event 

(100-Year).   This runoff is planned to be conveyed overland via side lot swales, into the curb and gutter of 

the proposed roadways to a pair of proposed 8’ sump inlet located at Design Point 2.  Collected runoff is to 

be conveyed to a proposed private Full Spectrum Detention (FSD) pond at Design Point 11 via proposed 

24" (Pipe 101) and 30" (Pipe 102) RCP storm drains.  Should the inlets become clogged flows could 

continue over top the curb to pond 1 and ultimately to the EFSCST.  

 

Basin K consists of approximately 0.97 acres set aside for the construction of a proposed full spectrum 

detention basin.  Runoff produced within Basin K of 0.7 cfs for the minor storm event (5-Year) and 2.8 cfs 

will combine with runoff from Pipes 102 at Design Point 11 where flows are expected to peak at 12.1 cfs  

and 33.3 cfs respectively.  Based upon contributing watershed characteristics, the UD-Detention worksheet 

(refer to hydraulic calculations portion of the appendix) estimates that a 0.91 ac-ft FSD Extended Detention 

Basin (EDB) (Pond 1) with a multi stage concrete outlet structure would be required to detain and discharge 

runoff at pre-development flow rates.   A restricted 18” RCP (Pipe 103) would discharge runoff from the 

pond to the channel at a peak flow rate of approximately 0.2 and 13.8 cfs in the 5 and 100-year events 

respectively.  A riprap lined spillway and rip rap apron would be provided to dissipate energy and prevent 

local scour from both the outlet pipe and along the embankment slope in the condition that overtopping 

occurred. It should be noted that spillway may need to be traversable to allow for the maintenance/trail on 

the west side on the EFSCST. Should the outlet become clogged flows will over top the spillway and drain 

to the EFSCST.   

 

Basin C is approximately 3.44 acres in size and consists of a few residential backyards located along west 

side of the major drainage channel as well as an improved section of the EFSCST.  Basin C has a proposed 

design flow rate of 4.0 cfs for the minor storm event (5-Year) and 12.5 cfs for the major storm event (100-

Year).  Refer to Proposed Channel Improvements section of the report for addition information regarding the 

EFSCST. 

 

Basin OS1 consists of approximately 92.92 acres, which is currently undeveloped and is located to the north 

and east of the proposed industrial development portion of the subject site.   (Refer to offsite basin exhibit in 

appendix)   As previously mentioned, no information regarding the master development drainage plan for 

this offsite watershed was available, with the exception of design point runoff flow rates illustrated in the Lot 

16 of the Marksheffel Industrial Park (MIP) Drainage Map.    

 

As it’s unclear whether El Paso County will require the offsite developments to hold to the existing flow or 

to those established by the map, multiple runoff calculations were ran to back into both.  The existing flow 

rates for the 5-year and 100-year events were estimated to be 21.5 and 133.8 cfs, while increasing the runoff 
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coefficients to 0.32 and 0.51 resulted in flow rates of 77.2 and 206.5 cfs for the 5 and 100-year events.   For 

the time being the slightly higher developed values will allow for the adequate design of conveyance 

facilities to be constructed thru the site in the proposed condition while the existing flow rates will be 

brought forward in the existing condition analysis.    The proposed calculations do allude to the fact that the 

offsite area should not be developed in entirety (as industrial) without some type of significant detention.   

Currently two existing 42” culverts are located at Design Point 3 to aid in conveying runoff (77.2 cfs / 206.5 

cfs) from the east to the west side of the existing roadway. 

 

Due to limited headwater at the existing 42" culverts, the offsite runoff is likely in excess of the pipe 

capacity and thus consideration should be given to upsize the existing culverts or allow for runoff in excess 

of the culverts capacity to safely overtop the roadway section when the roadway is extended.  For the 

purposes of this report, it is assumed that a stabilized embankment slope will be provided with the 

formalization of a low point in the roadway and minor overtopping will occur which will direct runoff 

westward to Design Point 4, assuming the current flow pattern is permanent. 

 

Basin OS2 is located to the north of the planned industrial lots of the subject site and consists of 

approximately 4.52 acres of existing light industrial buildings, warehouses, landscaping, gravel parking areas 

and storage lots.  The size of the contributing offsite watershed, site topography and flow patterns were 

validated using the MIP Drainage Map, USGS contours and onsite inspection.  Runoff produced by the 

watershed is calculated to reach peak flow rates of 13.6 cfs for the minor storm event (5-Year) and 25.4 cfs 

for the major storm event (100-Year) which is just somewhat higher than the flows shown on the MIP map 

of 8.1 and 16.7 cfs.  As in the existing condition runoff from Basin OS2 combines with flows from DP-3, 

and discharges to an existing swale currently crossing the planned industrial lots. In the proposed condition, 

runoff is routed via a proposed swale to Design Point 4.  

  

Basin OS3 is located to the west of Basin OS2 and consists of approximately 3.97 acres of existing light 

industrial buildings, warehouses, landscaping and gravel parking and storage lots.  Similarly to Basin OS2, 

the size of the offsite watershed, and site topography and flow patterns were estimated using the Marksheffel 

Industrial Park Drainage Map, while onsite inspection and aerial imagery was utilized to verify these 

assumptions.   Runoff produced by the basin is calculated to flow at a rate of 12.3 cfs in the minor storm 

event (5-Year) and 22.9 cfs for the major storm event (100-Year).  This is slightly higher than the flows 

shown on the MIP Drainage plan of 8.1 and 16.7 cfs. The combined runoff from Basin OS2 and DP-3 is 

routed via a proposed swale to Design Point 4.   

   

Basin D consists of approximately 0.42 acres of the proposed industrial development area.    Runoff from 

the basin is calculated to possess peak flow rates of 2.0 cfs for the minor storm event (5-Year) and 3.5 cfs for 

the major storm event (100-Year).   The proposed basin will consist of a 35'w drainage easement or tract 

with a proposed  2.5' deep, 8' bottom width, 2:1 SS concrete lined trapezoidal swale at 0.5% which would 

collect runoff from Basins D, OS2, OS3 and DP 3 and convey them to Design Point 4.  The proposed swale 

would terminate at the EFSCST where an existing cutout had been previously constructed in the existing 

concrete channel.  Peak flow rates of 80.7 cfs for the minor storm event (5-Year) and 203.9 cfs for the major 

storm event (100-Year) have been calculated to reach DP4.  Coordination with the two adjacent property 

owners (Basins OS2 & OS3) is likely needed prior to final design to implement a drainage solution that 

benefits all shareholders.   

 

Basin E consists of approximately 7.03 acres of future industrial development.  Basin E has a proposed 
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design flow rate of 21.4 cfs for the minor storm event (5-Year) and 39.8 cfs for the major storm event (100-

Year).  For the purposes of the MDDP, it is anticipated that runoff from Basin E will be conveyed as surface 

drainage to western edge of the development to a private Full Spectrum Detention Pond located at Design 

Point 5.  

 

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic 

calculations portion of the appendix) estimates that an 1.2 ac-ft FSD Extended Detention Basin (EDB) (Pond 

2) with a multi stage concrete outlet structure would be required to detain and discharge runoff at pre-

development flow rates.   A restricted 18” RCP (Pipe 104) would discharge runoff from the pond to the 

adjacent channel at a peak flow rate of approximately 0.4 and 4.9 cfs in the 5 and 100-year events, 

respectively.  A riprap lined spillway and rip rap apron would be provided to dissipate energy and prevent 

local scour from the outlet pipe and along the embankment slope.    It should be noted that spillway may 

need to be traversable to allow for the maintenance of the relocated sanitary sewer should this location for 

the relocation be selected. Should the inlet become clogged flows will over top the spillway and drain into 

the EFSCST. 

 

Basin OS5 is approximately 1.0 acres in size and consists of the east half of future Capital Drive.   Runoff 

produced by the basin totals 3.8 cfs for the minor storm event (5-Year) and 6.7 cfs for the major storm event 

(100-Year).   Runoff produced by the basin will be collected and conveyed by the curb and gutter of the 

roadway to a proposed low point located at Design Point 8. 

 

Basin G is approximately 1.0 acres in size and consists of the west half of future Capital Drive.   Runoff 

produced by the basin totals 3.8 cfs for the minor storm event (5-Year) and 6.7 cfs for the major storm event 

(100-Year).   Runoff produced by the basin will be collected and conveyed by the curb and gutter of the 

roadway to a proposed low point located at Design Point 8.   A pair of proposed 4’ sump inlets located at 

proposed low point in the roadway at DP8 will collect the runoff and 18” (Pipe 107) and 24” RCP (Pipe 

108) storm drain pipes will convey the runoff westward to the proposed Pond 3. Should the inlets or pipes at 

DP8 become clogged or blocked runoff reaching that location would be able to over top the curb and reach 

the proposed swale and ultimately the EFSCST. 

 

Basin F consists of approximately 6.58 acres of future industrial development.  Basin F has a proposed 

design flow rate of 20.0 cfs for the minor storm event (5-Year) and 37.2 cfs for the major storm event (100-

Year).  For the purposes of the MDDP, it is anticipated that runoff from Basin F and DP 8 will be conveyed 

as surface drainage to western edge of the development to a private Full Spectrum Detention Pond located at 

Design Point 6. The cumulative flows at DP6 are 27.5 and 50.6 cfs in the 5 and 100-year events, 

respectively. 

 

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic 

calculations portion of the appendix) estimates that a 1.4 ac-ft FSD Extended Detention Basin (EDB) (Pond 

3) with a multi stage concrete outlet structure would be required to detain and discharge runoff at pre-

development flow rates.   A restricted 18” RCP (Pipe 105) would discharge runoff from the pond to the 

adjacent channel at a peak flow rate of approximately 0.5 and 6.0 cfs in the 5 and 100-year events, 

respectively.  A riprap lined spillway and rip rap apron would be provided to dissipate energy and prevent 

local scour from the outlet pipe and in the case the emergency overflow was required to function.    It should 

be noted that spillway will need to be traversable to allow for the maintenance acess atop of the relocated 

sanitary sewer. Should the inlet become clogged flows will over top the spillway and drain into the EFSCST. 
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Basin OS4 consists of approximately 33.11 offsite acres located to the east of the proposed industrial site, of 

which a portion has been partially developed into industrial/commercial buildings, warehouses and 

production facilities associated with Weatherford Artificial Lift Systems.  Although two drainage reports 

have been provided by El Paso County, which discuss various portions of the area, limited information was 

obtained regarding how the development in its entirety is to function. Therefore assumptions were required 

to be made to complete this analysis and will likely need to be furthered with final design.    

 

The size of the offsite watershed, topography, ground cover and development conditions were estimated to 

using USGS topography maps and aerial imagery and the Weatherford drainage report data.   Since the full 

build out of the facility is not known at this time and the methods of onsite water quality detention and 

unclear, runoff from the basin was calculated under the assumption that the entire contributing watershed 

could be eventually developed for industrial usage and that an overflow path for the 100-year flows would 

need to be conveyed to the EFSCST channel.  Runoff produced by the basin, under this assumption has been 

estimated to be 67.4 cfs for the minor storm event (5-Year) and 125.5 cfs for the major storm event (100-

Year).   

 

With the development of the subject site's industrial park, Capital Drive would likely be constructed along 

the frontage of the industrial development and the old roadway that currently fronts the Weatherford site 

would be abandoned or utilized as a service roadway for the business.   In either instance the construction of 

the roadway could function to ensure that all offsite runoff is directed to the existing low point at Design 

Point 7.  Currently a 24" and a 48" CMP culverts are located on the east and west side of existing Capital 

Drive to aid in collecting a portion of the runoff produced by Basin OS-4.   The removal of the two existing 

culverts and the construction of either a new single 48” RCP culvert (Pipe 106) or multiple culverts with the 

same conveyance capacity will be needed to convey the offsite flows from Design Point 7 (67.4 cfs/125.5 

cfs) to the west side of Capital Drive.  

 

Basin H consists of approximately 0.67 acres of the proposed industrial development area. Basin H has a 

proposed design flow rate of 2.5 cfs for the minor storm event (5-Year) and 4.7 cfs for the major storm event 

(100-Year).   The basin emcompasses about ½ of the existing 80’ wide roadway and utility easement 

dedicated for the extension of Genoa Road and utilities, however, the proposed plan will not seek to 

construct the DPBS recommended box culvert crossing at the EFSCST channel, and thereby leaving the 

property to remain as exists for maintenance access, utility and a drainage corridor.  A proposed 1.5% 

sloped, 3.0' deep, 6' bottom width 2:1 SS riprap lined trapezoidal swale constructed within Basin H would 

function to collect runoff from Design Point 9 (67.4 cfs/125.5 cfs) and convey it to Design Point 10 (62.6 

cfs/116.7 cfs)  and protect the adjacent proposed industrial development.  The proposed swale would 

terminate just upsteam of the embankment to the EFSCST where a pair of proposed 36” RCP culverts (Pipes 

109 & 110) would discharge the 5-year and 100-year flows of 62.6 cfs and 116.7 cfs to EFSCST.   The 

culverts would be recommended over daylighting the swale to the channel to reduce disruption in the 

EFSCST flows considering the limited available freeboard.    

 

It should be noted that, at the time of the writing of this report, Kiowa Engineering is attempting to find a 

copy of the Simons Li and Associates Marksheffel Industrial Park Master Development Drainage Plan 

(1985) that may provide additional information regarding the planned conveyance routing of the offsite 

runoff adjacent to the proposed Industrial portion of the subject site. This maybe useful with subsequent 

design of the parcel and the preparation of the final drainage reports.   
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Basin I consists of approximately 5.03 acres of proposed single family residential lots and streets, located to 

the east of Marksheffel Road.  Basin I has a proposed design flows rate of 6.6 cfs for the minor storm event 

(5-Year) and 15.9 cfs for the major storm event (100-Year).  Runoff from Basin I will flow overland via side 

lot swales to the curb and gutter of the proposed roads and to a pair of proposed 5' at-grade inlets located at 

DP13 (6.6 cfs / 15.9 cfs). Collected runoff is to be conveyed to Design Point 14 (Full Spectrum Detention) 

via a proposed 18" RCP (Pipe 113) and a proposed 24" RCP (Pipe 114).  Should the inlets become clogged 

flows could continue over top the curb to the pond and ultimately to the EFSCST. 

 

Basin J consists of approximately 4.40 acres of proposed single family residential lots and streets, located in 

the middle of the development just to the east of Marksheffel Road.  Basin J has proposed design flow rates 

of 5.8 cfs for the minor storm event (5-Year) and 14.1 cfs for the major storm event (100-Year).  Runoff 

from Basin J will flow overland via side lot swales to the curb and gutter of the proposed roads and to a pair 

of proposed 4' sump inlets located at Design Point 12 (5.8 cfs / 14.1 cfs).  Collected runoff is to be conveyed 

to Design Point 14 (Full Spectrum Detention) via a proposed 18" RCP (Pipe 111) and a proposed 24" RCP 

(Pipe 112). Should the inlets at DP12 become clogged flows will over top the high point and be routed via 

curb and gutter to DP13.  

 

Basin Z consists of approximately 1.21 acres set aside for the construction of a proposed extended detention 

basin water quality pond.  Runoff produced within Basin Z of 0.7 cfs for the minor storm event (5-Year) and 

3.2 cfs will combine with runoff from Pipe 112 and Pipe 114 at Design Point 14 where flows are expected 

to peak at 13.0 cfs  and 32.8 cfs, in the 5 and 100 year events respectively.  Based upon contributing 

watershed characteristics, the UD-Detention worksheet (refer to hydraulic calculations portion of the 

appendix) estimates that a 1.3 ac-ft FSD Extended Detention Basin (EDB) (Pond D) with a multi stage 

concrete outlet structure would be required to detain and discharge runoff at pre-development flow rates.   A 

restricted 18” RCP (Pipe 115) would discharge runoff from the pond to the existing Sand Creek channel at a 

peak flow rate of approximately 0.3 and 10.5 cfs in the 5 and 100-year events respectively.  A riprap lined 

spillway and rip rap apron would be provided to dissipate energy and prevent local scour from the outlet pipe 

and along the embankment slope. It should be noted that spillway may need to be traversable to allow for the 

maintenance/trail on the west side on the EFSCST. 

 

Basin N consists of approximately 4.83 acres of open space and the rear half of residential lots located 

adjacent to Markshefflel Road to the south of Genoa Road.  Basin N has a proposed design flows rate of 3.6 

cfs for the minor storm event (5-Year) and 12.1 cfs for the major storm event (100-Year).  Runoff from the 

area will flow overland via side lot swales a larger earthen swale that runs north-south along the subdivision 

boundary to an existing swale located north of existing WQ Pond #5. These flows combine with flows from 

existing WQ Pond #5 (90.2 cfs / 180.3 cfs) at Design Point 15 (88.5 cfs / 181.9 cfs). The WQ flows 

conveyed by the existing 18” RCP pipe and the 100 year flows overtopping the WQ pond spillway will be 

collected by the three proposed 42” culverts which route runoff under the proposed road and maintenance 

trail and will outfall into the  EFSCST. It should be noted that the offsite regional flows tributary to the 

existing WQ Pond #5 (Marksheffel Road included) will be routed through the site via the (3) 42” RCP’s and 

thus consideration for facilities reimbursement should be given for conveyance of the public runoff through 

this private site. 

 

Basin M is a small 2.89 acre basin located adjacent to a portion of the existing EFSCST channel. The basin 

consist of rear halves of several proposed residential lots and has proposed design flow rates of 3.0 cfs for the 

minor storm event (5-Year) and 9.3 cfs for the major storm event (100-Year).  Runoff from Basin M will 
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sheet flow overland and outfall into EFSCST.   

 

Basin L consists of approximately 1.96 acres of proposed single family residential lots and streets, located in 

the middle of the development east of Marksheffel Road.  Basin L has proposed design flow rates of 2.8 cfs 

for the minor storm event (5-Year) and 6.8 cfs for the major storm event (100-Year).  Runoff from Basin L 

will flow overland via side lot swales to the curb and gutter of the proposed roads, to a proposed 4' sump 

inlet located at Design Point 16 (2.8 cfs / 6.8 cfs).  Collected runoff is to be conveyed ultimately to Design 

Point 25 (Full Spectrum Detention) via a proposed 18" RCP (Pipe 117). Should the inlet at DP16 become 

clogged flows will over top the curb and be routed via a swale to EFSCST.  

 

Basin P consists of approximately 7.95 acres of proposed single family residential lots and streets, located in 

the middle of the development east of Marksheffel Road Basin P has proposed design flow rates of 9.8 cfs 

for the minor storm event (5-Year) and 23.8 cfs for the major storm event (100-Year).  Runoff from Basin P 

will flow overland via side lot swales to the curb and gutter of the proposed roads, to a pair of proposed 10' 

at-grade inlets located at Design Point 31 (9.8 cfs / 23.8 cfs).  Collected runoff is to be conveyed via   

proposed 18" RCP’s (Pipe 138 & Pipe 139) and proposed 24” RCP Pipe 140 (9.8 cfs / 23.8 cfs) to Design 

Point 25 (Full Spectrum Detention). Should the inlet at DP31 become clogged flows will continue down the 

street via a curb and gutter to Design Point 21. 

 

Basin O consists of approximately 4.48 acres of open space and the rear half of residential lots located 

adjacent to Markshefflel Road.  Basin O has proposed design flow rates of  2.6 cfs for the minor storm event 

(5-Year) and 9.9 cfs for the major storm event (100-Year).  Runoff from the area will be routed southward 

within a swale that runs north-south along the subdivision boundary to Design Point 17 (2.6 cfs / 9.9 cfs), an 

existing area inlet.  Care should be taken during final design to ensure that the proposed grading in the area 

works with the existing utilities. The proposed flows at Design Point 17 are less than the existing flows of 

(1.5 cfs /11.5 cfs). The flows will not adversely affect the downstream infrastructure.  

 

Basin II is a small 0.52 acre basin located north of the proposed commercial site at the south end the project 

area. The basin consist of rear halves of several proposed residential lots and has proposed design flows rate 

of 0.9 cfs for the minor storm event (5-Year) and 2.2 cfs for the major storm event (100-Year).  Runoff from 

Basin II will sheet flow overland and outfall into Basin Q (proposed commercial site).   

 

Basin Q consists of approximately 4.09 acres of proposed commercial property located adjacent to 

Markshefflel Road, north of Constitution Avenue.  Basin Q has a proposed design flow rates of 16.3 cfs for 

the minor storm event (5-Year) and 29.8 cfs for the major storm event (100-Year).  For the purposes of the 

MDDP, it is anticipated that the combined runoff from Basin Q and Basin II will be conveyed as surface 

drainage to southwestern edge of the development to a proposed private Full Spectrum Detention Pond 

located at Design Point 18 (16.1 cfs / 30.0 cfs). 

 

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic 

calculations portion of the appendix) estimates that a 0.82 ac-ft full spectrum Extended Detention Basin 

(Pond 4) with a multi stage concrete outlet structure would be required to detain and discharge runoff at pre-

development flow rates.   A restricted 18” RCP (Pipe 118) would discharge runoff from the pond at a peak 

flow rate of approximately 0.4 and 3.2 cfs in the 5 and 100-year events, respectively.  Runoff from the Pond 

would combined with flows intercepted by the area drain at Design Point 19 (3.0 cfs /13.8 cfs) where a 

existing 30” RCP would convey flows to existing downstream facilities.  This combined flow is less than 
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what was planned for the 30” as indicated by the Wilson & Company storm sewer construction plans. It 

should be noted that in final design the planned discharge from the emergency spillway would be best routed 

to the existing area drain, however this may be impacted by the site grading.    

 

Basin JJ is a small 0.48 acre basin located north of the proposed commercial site at the south end the project 

area. The basin consist of rear halves of several proposed residential lots and has proposed design flows rate 

of 0.8 cfs for the minor storm event (5-Year) and 2.0 cfs for the major storm event (100-Year).  Runoff from 

Basin JJ will sheet flow overland and outfall into a lowpoint in Basin R (proposed commercial site).   

 

Basin R consists of approximately 2.91 acres of proposed commercial property located adjacent to existing 

Constitution Avenue.  Basin R has a proposed design flows rate of 8.9 cfs for the minor storm event (5-

Year) and 16.2 cfs for the major storm event (100-Year).  Runoff from the basin is anticipated to be collected 

at a low point at the south end  of the property by a proposed 18” RCP (Pipe 129).  It is anticipated that the 

combined runoff from Basin R and Basin JJ will be collected at a low point at the north end of the 

commercial site by a proposed 24” RCP (Pipe 130).  A proposed combined flow at Design Point 24 (9.5 cfs / 

17.8 cfs) will be routed via a 24” RCP (Pipe 130) to a proposed full spectrum detention pond 5 located to the 

east of the area.  The proposed commercial  property shall require a finished grade elevation of 6459.00 in 

order to utilize the FSD Pond 5. Otherwise the future commercial site will have to provide its own FSD 

Pond.  

 

Basin S consists of approximately 4.46 acres of proposed single family residential lots and streets, located to 

the north of Constitution Avenue and east of Marksheffel Road.  Basin S has  proposed design flows rate of 

6.0 cfs for the minor storm event (5-Year) and 14.5 cfs for the major storm event (100-Year).  Runoff from 

Basin S will flow overland via side lot swales to the curb and gutter of the proposed roads and to a proposed 

8' sump inlet located at DP21 (6.0 cfs / 14.5 cfs).  A proposed 24" RCP (Pipe 123) will convey the collected 

runoff east under the local street and to a proposed full spectrum detention pond 5.  Should the inlet become 

clogged flows will over top the curb and gutter and continue east to DP22 within the proposed street.  

 

Basin T consists of approximately 1.89 acres of proposed park area, located to the north of Constitution 

Avenue and east of Marksheffel Road.  Basin T has a proposed design flows rate of 0.6 cfs for the minor 

storm event (5-Year) and 4.2 cfs for the major storm event (100-Year).  Runoff from Basin T will sheet flow 

overland  and be capture by a swale east of the proposed road. Flows will be captured by a CDOT type C 

inlet at  DP23 (0.6 cfs / 4.2 cfs).  A proposed 18" RCP (Pipe 128) will convey the collected runoff south to a 

proposed full spectrum detention pond 5.  Should the inlets become clogged flows will over top localized 

high point and continue south and outfall into the proposed full spectrum detention pond 5. 

    

Basin U consists of approximately 4.97 acres of proposed single family residential lots and streets, located to 

the south and  east of Basin T.  Basin U has a proposed design flows rate of 6.8 cfs for the minor storm 

event (5-Year) and 16.6 cfs for the major storm event (100-Year).  Runoff from Basin U will flow overland 

via side lot swales to the curb and gutter of the proposed roads and to a pair of proposed 4' sump inlets 

located at DP20 (6.8 cfs / 16.6 cfs).  Collected  runoff is to be conveyed via   proposed 18" RCP’s (Pipe 119 

& Pipe 120) and will combine with Pipe 140 to be routed by a proposed 30” RCP Pipe 121 (15.9 cfs /38.7 

cfs) to Design Point 25 (Full Spectrum Detention). Should the inlet at DP20 become clogged flows will over 

top the street high point and  be routed via a curb and gutter to Design Point 22. Pipe 121 will combine with 

Pipe 117 and be routed via a proposed 30” RCP Pipe 122 (18.4 cfs /44.6 cfs) to Design Point 22. 
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Basin V consists of approximately 0.87 acres of proposed commercial property located adjacent to existing 

Constitution Avenue.  Basin V has a proposed design flows rate of 3.7 cfs for the minor storm event (5-

Year) and 6.8 cfs for the major storm event (100-Year). Basin V will flow overland to curb and gutter of the 

proposed road and to a pair of proposed 6' sump inlets located at DP22 . These flows will be routed via a 42” 

RCP to a proposed full spectrum detention pond 5 located to the east of the area. Should the inlets become 

clogged flows will over top curb and gutter and outfall into the proposed pond 5. 

 

Basin KK consists of approximately 1.80 acres of proposed single family residential lots and streets, located 

to the east of Basin KK.  Basin KK has proposed design flows rate of 2.7 cfs for the minor storm event (5-

Year) and 6.6 cfs for the major storm event (100-Year).  Runoff from Basin KK will flow overland via side 

lot swales to the curb and gutter of the proposed roads and to a pair of proposed 6' sump inlets located at 

DP22. The cumulative surface runoff from Basin KK and Basin V to DP22 (9.4 cfs / 21.3 cfs). Runoff at 

DP22 will be routed via proposed 18” RCP’s (Pipe 124 and Pipe 126).  The routed flows from Pipe 122 

thru Pipe 126 will combined in Pipe 127 (32.4cfs / 77.2 cfs) . These flows will be routed via a 42” RCP to a 

proposed full spectrum detention pond 5.   

 

Basin W consists of approximately 1.32 acres set aside for the construction of a proposed extended detention 

basin water quality pond.  Runoff produced within Basin W of 0.8 cfs for the minor storm event (5-Year) 

and 3.5 cfs will combine with runoff from Pipe 127, Pipe 128 and Pipe 130 at Design Point 25 where flows 

are expected to peak at 41.8 cfs and 99.2 cfs, in the 5 and 10 year events respectively.  Based upon 

contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic calculations portion 

of the appendix) estimates that a 3.0 ac-ft FSD Extended Detention Basin (EDB) (Pond 5) with a multi stage 

concrete outlet structure would be required to detain and discharge runoff at pre-development flow rates.   A 

restricted 24” RCP (Pipe 131) would discharge runoff from the pond to the channel at a peak flow rate of 

approximately 0.7 and 38.6 cfs in the 5 and 100-year events respectively.  A riprap lined spillway and rip rap 

apron would be provided to dissipate energy and prevent local scour from the outlet pipe and along the 

embankment slope. It should be noted that spillway may need to be traversable to allow for the 

maintenance/trail on the west side on the EFSCST. Should the inlet become clogged flows will over top the 

spillway and drain into the EFSCST. 

 

Basin Y consists of approximately 1.77 acres of proposed commercial property located adjacent to 

Constitution Avenue.  Basin Y has a proposed design flow rates of 7.3 cfs for the minor storm event (5-

Year) and 13.3 cfs for the major storm event (100-Year).  For the purposes of the MDDP, it is anticipated 

that the combined runoff from Basin Y will be conveyed as surface drainage to south edge of the 

development to a proposed Full Spectrum Detention Pond 6 located at Design Point 26 (7.3 cfs / 13.3 cfs). 

 

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic 

calculations portion of the appendix) estimates that a 0.32 ac-ft full spectrum Extended Detention Basin 

(EDB) (Pond 6) with a multi stage concrete outlet structure would be required to detain and discharge runoff 

at pre-development flow rates.   A restricted 18” RCP (Pipe 132) would discharge runoff from the pond at a 

peak flow rate of approximately 0.2 and 1.2 cfs in the 5 and 100-year events, respectively.  Should the inlet 

become clogged flows will over top the spillway and to EFSCST. 

 

Basin GG is a small 0.40 acre basin located east of EFSCST at the south end the project area. The basin 

consist of rear halves of several proposed residential lots and has proposed design flows rate of 0.6 cfs for the 

minor storm event (5-Year) and 1.6 cfs for the major storm event (100-Year).  Runoff from Basin GG will 
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sheet flow overland and outfall into a lowpoint in Basin HH (proposed park site).   

  

Basin HH consists of approximately 5.39 acres of proposed park area, located to the east of EFSCST at the 

south end of the project area.  Basin HH has a proposed design flow rates of 1.7 cfs for the minor storm 

event (5-Year) and 11.2 cfs for the major storm event (100-Year).  Runoff from Basin HH will sheet flow 

overland and be capture by a swale east of the EFSCST. Flows will be captured by a CDOT type C inlet at  

DP27 (2.2 cfs / 12.5 cfs).  A proposed 18" RCP (Pipe 136) will convey the collected runoff south to a 

proposed full spectrum detention pond 7.   

 

Basin AA consists of approximately 4.68 acres of proposed single family residential lots and streets, located 

to the south end of the project area.  Basin AA has proposed design flow rates of 6.1 cfs for the minor storm 

event (5-Year) and 14.8 cfs for the major storm event (100-Year).  Runoff from Basin AA will flow overland 

via side lot swales to the curb and gutter of the proposed roads and to a pair of proposed 6' sump inlets 

located at DP28.  The cumulative surface runoff will be routed via a 30” RCP to a proposed Full Spectrum 

Detention Pond 7.  

 

Basin BB consists of approximately 4.67 acres of proposed single family residential lots and streets, located 

to the south end of the project area.  Basin BB has proposed design flow rates of 6.1 cfs for the minor storm 

event (5-Year) and 14.9 cfs for the major storm event (100-Year).  Runoff from Basin BB will flow overland 

via side lot swales to the curb and gutter of the proposed roads and to a pair of proposed 6' sump inlets 

located at DP28.  The combined will be routed via a two 18” RCP (Pipe 133 and Pipe 134)  to a 24” RCP 

Pipe 135 (12.2 cfs / 29.5 cfs) and ultimately to a proposed Full Spectrum Detention Pond 7.  

 

Basin CC consists of approximately 0.93 acres set aside for the construction of a proposed extended 

detention basin water quality pond.  Runoff produced within Basin CC of 0.6 cfs for the minor storm event 

(5-Year) and 2.7 cfs will combine with runoff from Pipe 135 and Pipe 136 at Design Point 29 where flows 

are expected to peak at 14.8 cfs and 44.1 cfs, in the 5 and 10 year events respectively. Based upon 

contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic calculations portion 

of the appendix) estimates that a 1.7 ac-ft FSD Extended Detention Basin (EDB) (Pond 7) with a multi stage 

concrete outlet structure would be required to detain and discharge runoff at pre-development flow rates.   A 

restricted 18” RCP (Pipe 137) would discharge runoff from the pond to the channel at a peak flow rate of 

approximately 0.4 and 16.2 cfs in the 5 and 100-year events respectively.  A riprap lined spillway and rip rap 

apron would be provided to dissipate energy and prevent local scour from the outlet pipe and along the 

embankment slope. It should be noted that spillway may need to be traversable to allow for a 

maintenance/trail on the west side on the EFSCST. Should the inlet become clogged flows will over top the 

spillway and drain into the EFSCST. 

 

Basin X is approximately 2.95 acres in size and consists of an improved section of the EFSCST. Basin X has 

a proposed design flow rate of 1.5 cfs for the minor storm event (5-Year) and 6.6 cfs for the major storm 

event (100-Year).  Refer to Proposed Channel Improvements section of the report for addition information 

regarding the EFSCST. 

 

Basin OS6 is a small 1.15 acre basin located west of Capital Drive at the south end the project area. The 

basin consist of an existing fire station which is discussed in “Drainage Letter Report for Falcon Fire Station 

No.4 2710 Capital Drive, El Paso County, CO,” prepared by JPS Engineering, dated rev. May 2016. Per the 

report the runoff is 3.8 cfs for the minor storm event (5-Year) and 8.0 cfs for the major storm event (100-
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Year). Per the report, flows are routed to a Rain Garden water quality pond and then are routed into the 

existing storm sewer system, in Capital Drive. 

 

Basin DD is a small 0.68 acre basin located east of EFSCST at the south end the project area. The basin 

consist of rear halves of several proposed residential lots and has proposed design flows rate of 0.6 cfs for 

the minor storm event (5-Year) and 2.1 cfs for the major storm event (100-Year).  Runoff from Basin DD 

will sheet flow overland and be routed via a swale to the curb and gutter in Capital Drive.  The routed flows 

will be captured by an existing 10” type R inlet. The developed flows for Basin DD are less than the 

combined historic flows for Basin DD and Basin OS6 (0.6 cfs / 4.2 cfs).  

 

Basin EE is a small 1.66 acre basin adjacent to Capital Drive, at the south end the project area. The basin 

consist of rear halves of several proposed residential lots and has proposed design flows rate of 1.4 cfs for the 

minor storm event (5-Year) and 5.0 cfs for the major storm event (100-Year).  Runoff from Basin EE will 

sheet flow overland and outfall onto Capital Drive which will be routed south to Constitution Avenue. The 

proposed runoff that outfall onto Capital Drive are less than the historic flows calculated for Basin EXM  

(2.9 cfs /21.6 cfs).   

 

Basin FF is a small 0.86 acre basin adjacent to Constitution Avenue, at the south end the project area. The 

basin consist of rear halves of several proposed residential lots and has proposed design flows rate of 0.8 cfs 

for the minor storm event (5-Year) and 2.7 cfs for the major storm event (100-Year).  Runoff from Basin FF 

will sheet flow overland and outfall onto Constitution Avenue. The proposed runoff that outfall onto 

Constitution Avenue are less than the historic flows calculated for Basin EXM  (2.9 cfs /21.6 cfs).   

 

FOUR STEP PROCESS 

Step 1 Employ Runoff Reduction Practices. –Approx. 8.7 Acres of ground within the project is being set 

aside for Open Space/Neighborhood Park.   Roof drains will be directed to side yard swales and as possible to a 

grass lined swale will be constructed to aid minimize direct connection of impervious surfaces.    

 

Step 2 Implement BMPs that provide a water quality capture volume with slow release. – Multiple Full 

Spectrum Detention Facilities are planned for the site which will incorporate water quality capture volumes that 

are intended to slowly drain in 40 hours and excess urban runoff volumes that are intended to drain within 72 

hours.   

 

Step 3 Stabilize streams. – The development of the site will stabilize the unimproved sections of the 

EFSCST through the installation of soil-filled riprap side slopes and buried toe protection, grouted boulder and 

grouted riprap drop structures with concrete cutoff walls and riprap aprons will reduce the overall channel slope.  

Additionally the runoff from the proposed residential commercial and industrial developments will be reduced 

to predevelopment conditions thru the construction and utilization of several full spectrum detention facilities.    

A few onsite constructed grasslined swales are also to be constructed which to convey runoff and provide water 

quality benefits.   

 

Step 4 Implement site specific and other source control BMPs. – The proposed project will use silt fence, 

a vehicle tracking control pad, concrete washout area, inlet protection, check dams, s e d i m e n t  c o n t r o l  

l o g s ,  mulching and reseeding to mitigate the potential for erosion across the site. 
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INTERBASIN TRANSFER EAST FORK SAND CREEK TO EAST FORK SAND CREEK 

SUBTRIBUTARY 

It should be noted that the proposed development plan for the 114.30 acre of The Sands redistributes portion 

of the small percentage of the historic watershed between East Fork Sand Creek and East Fork Sand Creek 

Subtributary drainage basins.  

 

Prior to development approximately 101.33 acres of The Sands runoff was collected by the East Fork Sand 

Creek Subtributary watershed with the remaining 13.00 acres directed to the East Fork Sand Creek. 

 

After development approximately 9.80 acres will be redirected from the East Fork Sand Creek into the East 

Fork Sand Creek Subtributary, resulting in 111.13 acres of The Sands directed to the East Fork Sand Creek 

Subtributary. 

 

This modification is minor resulting in a 9.1% change which is driven primarily by grading constraints 

associated with the lot layout and existing topography coupled with a sensible utility layout.  

 

EAST FORK SAND CREEK SUB-TRIBUTARY PROPOSED CONCEPT CHANNEL 

IMPROVEMENTS AND HYDRAULIC ANALYSIS 

As mentioned, two segments of the EFSCST channel require improvement with the planned development.   

The two segments of proposed channel improvements recommended by M&S Civil Consultant are intended 

provide 100-year flood flow conveyance capacity through the proposed Sands development while creating a 

contiguous channel section that incorporates and/or mimics the previously approved existing segment of 

channel in the center of the site, thereby bringing stability and uniformity to the subject reach.   A summary of 

the proposed concept improvements is as follows: 

The southern segment of channel reach slated for improvement is approximately 1415’ in length.  This 

improved concept channel section is currently planned to be constructed at slope of 0.5% and consists of a 

trapezoidal section with a 40’ bottom. The concept channel possess a sand invert with 2’ thick Type ‘M’ 

riprap lined 2.5:1 side slopes a top of granular bedding material and a drainage fabric. In this example, four 

(4) 3’ concrete vertical drop structures with full width 3’ thick riprap aprons located upstream and 

downstream of the proposed drops will aid in taking up the vertical differential associated with flatting the 

slope to a 0.5%. Based upon Figure 12-4 illustrated in the DCM, a channel with approximately 1720 cfs and 

no sediment supply would seek an equilibrium slope of approximately 0.22%. In the event that the sediment 

supply was no longer available and the channel sought a slope of 0.22%, the proposed improvements could be 

design to be stable a maximum of  5’ vertical at the lowest drop (No.1) and the subsequent 3 drops (Nos. 2, 3, 

and 4) vertical wall exposure increasing to 3.5’. Final design could include minor modifications such a 

extending the toe of the channel lining and creating a sloped riprap scour protection that would further 

stabilize the channel to a flatter equilibrium slope. The typical channel section will need to be a minimum of 

6’ deep or deeper where addition freeboard is required based upon the final super elevation calculations. 

The north segment of channel reach is approximately 1130’ feet in length and the concept design for this 

section of the channel could be designed to mimic the south reach in that the channel invert is to be 

constructed at slope of 0.5% and also consists of a trapezoidal section with a 40’ bottom. Similarly, the 

proposed channel will possess a sand invert with  2’ thick Type ‘M’ riprap lined 2.5:1 side slopes a top of 

granular bedding material and a drainage fabric, which would also extend a min of 3’ below the channel 
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invert. The channel improvements for this segment, could also include the construction of one (1) riprap grade 

control check structure, one (1) 3’ concrete vertical drop structures with full width 3’ thick riprap aprons 

located upstream and downstream of the proposed drop. A dual maximum 6’ tall grouted boulder drop 

structures could be constructed immediately downstream of the existing concrete lined section to aid in 

providing a more bullet proof drop structure immediately downstream of where the channel flows is most 

consolidated.  In the event that the sediment supply was no longer available and the channel, sought a 0.22% 

slope the proposed improvements remain stable with 2.5 feet exposed of the sloping check structure, 2 

additional feet of vertical at drop No.5 (5’ total) and about 1’ of the toe of the grouted boulder drop structure 

to be exposed. Similarly minor modifications to the channel lining and extended scour protection may be 

evaluated to reduce the need for long term maintenance. A copy of the concept construction plans for the 

EFSCST channel improvements is included in the appendix of this report. 

It should be noted that the quantitiy of the number of proposed channel improvements  is greater than what 

was anticipated by the DBPS. This is due in part to the changes in criteria, which function ultimately to 

reduce the allowable channel slope, and there by increases the need to address a greater more vertical 

differential.  

EAST FORK SAND CREEK SUB-TRIBUTARY HYDROLOGIC MODELING 

Hydrologic modeling of the proposed site and the contributing offsite EFSCST watershed was not performed 

as a portion of the analysis; instead the future anticipated peak flow rates as defined within the approved Sand 

Creek Drainage Basin Planning Study (SCDBPS) of 950 cfs in the 10-year event and 1,720 cfs in the 100-

year event were utilized in concept channel modeling. As discussed these flow rate should be adequately 

conservative considering the proposed Sands development and upper watershed development north of the site 

will implement Full Spectrum Detention. 

In addition to the aforementioned flow rates the current Flood Insurance Study flow rate accepted by FEMA 

of 1,970 cfs and an assumed flow rate or 475 cfs were also initially modeled.   It should be noted that the 

CLOMR submittal will utilize the higher FEMA flow rate.   

The existing flow rates defined by the SCDBPS of 1,330cfs and 240 cfs were not evaluated.  

EAST FORK SAND CREEK SUB-TRIBUTARY TOPOGRAPHIC DATA 

The existing drainage features integrated into the hydraulic model were developed from an as-built 

topographic survey conducted by Barron Land Survey as part of an ALTA survey.   The data was collected 

during November of 2015.   Where data was not present construction drawing data was utilized in the 

conceptual analysis.   Supplement surveys has been performed by M&S Civil during the summer and fall of 

2017 that will be utilized in final design and the subsequent CLOMR submittal. 

EAST FORK SAND CREEK SUB-TRIBUTARY HYDRAULIC ANALYSIS  

Two hydraulic models representing the proposed and existing channel segments within the subject reach were 

created using the USACE HEC-RAS computer program. The geometry and flow rates analyzed in the two 

models are identical, however in accordance with the Drainage Criteria Manual, the Manning’s’ values 

utilized in the two models were adjusted to evaluate various channel flow characteristics. All models were 

processed using upstream boundary conditions of normal depth at 0.0064 feet per foot and a downstream 

boundary condition of critical depth. The models were run using a mixed flow regime. 
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The first model evaluated velocities, shear and Froude numbers values within the channel. This model utilized 

Manning’s ‘n’ values of 0.013 for concrete surfaces,  0.03 for sandy bed channel, 0.04 for Type ‘M’ riprap 

channel bottom, 0.045 for Type ‘M’ riprap channel side slope protection, and 0.05 where grouted Boulders 

were present on the channel bottom and 0.06 where boulder lining was present on the side slopes.   

The second model is intended to evaluate the channel for water surface elevation and water depth.   This 

model utilized Manning’s ‘n’ values of 0.017 for concrete surfaces,  0.04 for sandy bed channel, 0.05 for Type 

‘M’ riprap channel bottom, 0.055 for Type ‘M’ riprap channel side slope protection, and 0.06 where grouted 

Boulders were present on the channel bottom and 0.07 where boulder lining was present on the side slopes.  

The above sets of values appear to be in line with the recommendations from the City of Colorado Springs 

and Urban Drainage and Flood Control District.  

It should be noted that the existing portion of the channel in the center of the site (portion improved with 

Rocky Mountain Industrial Park) was sediment laden possessing as much as 2’ of deposition.   The provided 

model was ran under the assumption that this portion of the channel was cleared or dredged of material and 

brought to its intended grade.  Additional coordination with El Paso County will be required to complete the 

effort. 

 

EAST FORK SAND CREEK SUB-TRIBUTARY CONCEPT MODELING RESULTS 

The HEC-RAS hydraulic models ran yielded 100-year maximum depths associated with the proposed channel 

sections that ranged from 3.22’ to 7.18’ while the maximum 100-year depth associated with the existing 

channel section ranged from 2.60’ to 5.11’.   

The velocities associated within the 100-year event ranged from 2.59 to 9.70 feet per second on the 

embankment slopes to 5.18 to 18.20 feet per second on the channel bottoms along the proposed channel 

segments, while velocities associated with the 100-year event ranged from 4.45 to 13.48 feet per second on 

the embankment slopes to 10.38 to 19.15 feet per second along the channel bottom of the existing section.  

The shear associated with the 100-year event ranged from 0.47 to 4.77 pounds per square foot on the 

embankment slopes to 0.46 to 10.14 pounds per square foot on the channel bottoms throughout the proposed 

channel section, while shear values associated with the 100-year event ranged from 0.70 to 3.23 pounds per 

square foot on the embankment slopes to 1.68 to 6.97.feet pounds per square foot along the existing channel 

bottom of the existing section 

Froude numbers in the 100-year event ranged from 0.35 to 1.79 along the proposed channel and 0.7 to 2.18 

along the existing channel section. 

HEC-RAS input and output associated with the open channel analysis is contained in the appendix of this 

report.   The output data includes various channel information for all analyzed cross sections for both the 

existing and proposed channel segments at the FIS, 100-year, 10-year and estimated 5-year flow rates.  

 

ANTICIPATED DEVIATIONS FROM CRITERIA AND APPROVAL 

 

As discussed a matrix showing the anticipated deviations from the City of Colorado Springs Drainage was 

presented and discussed at the meeting.   This matrix with additional supplemental design backup data was 

submitted email to City Engineering on the July 31
st
 for record.  A copy of that submittal package is provided 

in the appendix of the report for reference.  It should be noted that a few minor modifications to the HEC-

RAS models were made to increase accuracy of the model against the current design which included some of 
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the requested modifications by city staff.   Do to the limited changes the output; the revised models are not 

included with this report.  A final design report with final construction drawings will be submitted back to the 

City concurrently with the CLOMR submittal once it is ready. 

 

REQUESTED MODIFICATIONS AND CONDITIONAL CONCEPT PLAN APPROVAL  

 

City of Colorado Spring Water Resources Engineering Division Review Staff members verbally indicated 

that the concept design should be modified so that the buried riprap toe protection of the drop structures 

check structures and channel lining be extended down to the anticipated 0.22% equilibrium slope.   In 

addition they would like to see a concrete cutoff walls incorporated into the check structures if they are used 

in final design.  An email correspondence was sent out by staff on August 1
st
 indicated that if the discussed 

changes were incorporated into final design, they would provide conditional concept approval, which 

basically indicates that they would not require major design changes that would otherwise place a CLOMR 

submittal to FEMA at risk, this however to not guarantee immediate approval and individual deviation 

request would also need to be submitted with the final plans.   

 

ADDITIONAL CHALLENGES AND CONCERNS REGARDING FINAL ENGINEERING FOR 

THE SANDS 

 

Even after the importation of significant earthen material to raise the proposed development to elevations 

higher than the surrounding developments, the relative vertical differential between the Sand Creek East Fork 

Sub-Tributary Channel and the proposed development is limited.   The resultant is that there is limited 

hydraulic head to drain onsite subsurface systems.  One way to reduce the required head is to recommend the 

installation of oversized internal infrastructure to slow velocities, and thereby limit hydraulic losses to ensure 

functioning drainage systems.   Currently concept level onsite hydraulic analysis and sizing of the 

recommended proposed infrastructure within this report assumes that the EFSCST is operational and the 

starting hydraulic grade for analysis of onsite systems is based upon the channel conveying the 10 year storm 

per the DBPS of 950 cfs.  This is a logical approach, given that the coincidence of both the 100 year event 

onsite and in the adjacent channel occurring simultaneously would be rare considering the size of the overall 

contributing watershed when compared to the relatively small development.  Flap gates on the outfall 

facilities are recommended to further reduce the impacts to the site when the channel is running full. It should 

be noted that in the case that onsite facilities became clogged or were not functioning, the proposed 

development can be graded in a manner that can safely direct surface runoff via swales and spillways to the 

channel.  The recommended placement of the detention facilities being adjacent to the EFSCST makes this 

achievable.    

It should be noted that additional coordination with the Cherokee Metro District will be required regarding 

the crossing of and relocation of existing utilities required to perform the work. Additional coordination with 

El Paso County will be required regarding removal of sediment and channel connection work outside the site 

property boundaries. 

 

NATIONWIDE PERMITTING FOR CONSTRUCTION AND DETERMINATION REGARDING 

THREATENED AND ENDANGERED SPECIES OR HISTORIC PROPERTIES  

 

The Army Corps of Engineers, Southern Colorado Regulatory Office has determined that the proposed 

channel work consisting of grade control channel realignment and channelization associated for the East 

Fork Sand Creek Subtribtuary will not affect any federally listed threatened or endangered species or any 
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historic properties listed, or eligible of listing in the Nation Register of Historic Places, and has been granted 

a Nationwide Permit (No .29) to perform the work under the assumption that all other permits are in place.  

A copy of the cover letter has been included in the appendix of this report. 

 

CONSTRUCTION COST OPINION (PRELIMINARY) 

The Sands Drainage Facilities (Public, Non-Reimbursable) 

Item  Description  Quantity  Unit Cost  

 

Cost  

1 18" RCP  1,488 $40 /LF $59,520.00 

2 24" RCP  1,440 $50 /LF $72,000.00 

3 30" RCP  615 $65 /LF $39,975.00 

4 36" RCP  110 $75 /LF $8,250.00 

5 18" FES  9 $235 /EA $2,115.00 

6 24" FES  7 $335 /EA $2,345.00 

7 36" FES  4 $475 /EA $1,900.00 

8 4' CS D-10-R Sump   5 $3,000 /EA $15,000.00 

9 6' CS D-10-R Sump   2 $4,000 /EA $8,000.00 

10 8' CS D-10-R Sump  7 $5,000 /EA $35,000.00 

11 5' CS D-10-R At-Grade  2 $4,000 /EA $8,000.00 

12 10' CS D-10-R At-Grade  2 $7,000 /EA $14,000.00 

13 CDOT Type C Area Inlet  2 $3,000 /EA $6,000.00 

 

   

   
$272,105.00 

The Sands Drainage Facilities (Private, Non -Reimbursable) 

Item Description    Quantity Unit Cost  Cost 

1 18" RCP  570 $40 /LF $22,800.00 

2 24" RCP  321 $50 /LF $16,050.00 

3 Pond 1 w/Outlet Struc   1 $20,000 /EA $20,000.00 

4 Pond 2 w/Outlet Struc   1 $20,000 /EA $20,000.00 

5 Pond 3 w/Outlet Struc   1 $20,000 /EA $20,000.00 

6 Pond D w/Outlet Struc 1 $30,000 /EA $30,000.00 

7 Pond 4 w/Outlet Struc   1 $20,000 /EA $20,000.00 

8 Pond 5 w/Outlet Struc   1 $30,000 /EA $30,000.00 

9 Pond 6 w/Outlet Struc   1 $20,000 /EA $20,000.00 

10 Pond 7 w/Outlet Struc   1 $30,000 /EA $30,000.00 

     

 
$228,850.00 

   

The Sands Drainage Facilities (Public, Reimbursable w/Approval*) – Not formally addressed in DBPS 

Item  Description  Quantity  Unit Cost  

 

Cost  

1 42” RCP 695 $85 /LF $59,075.00 

2 42” FES  7 $775 /EA $5,425.00 

3 Conc. Headwall 1 $9,000 /LF $9,000.00 

    

 

 

$73,500.00 
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*Offsite regional flows tributary to the existing WQ Pond #5 (Marksheffel Road included) will be 

routed through the site via three (3) - 42” RCP and concrete headwall structure.  Reimbursement of 

the facilities listed above will be subject to approval by Drainage Board. 

 

DBPS REIMBURSABLE PUBLIC DRAINAGE FACILITIES 

Item Description   Quantity Unit Cost   Cost 

Remaining DBPS Reach 19 Sand Creek Sub-tributary Channel Improvements (1996 Dollars) 

1.     100-Yr Riprap Selective Lining 2,550  LF $234/LF   $      596,700.00 

2. Channel Grade Control Structures 4/EA  $18,900/EA   $        75,600.00 

          Total= $      672,300.00 

Reach 19 Sand Creek Sub-tributary Channel Improvements (2018 Dollars) 

1. Channel Improvements         *$1,429,309.80 

*Unit cost of improvements increased by factor of 2.126 for inflation (2018 Dollars).   

(Based upon City of Colorado Springs Basin Fees Increases 1996 to 2018) 

 

The DBPS data is from the Table VII-2 and VII-7 “Drainage Conveyance Cost Estimate with Selected 

Alternatives, page 69 and 84.   The length of lining and number of structures listed above deducts from the 

total, the Reach 19 improvements previously constructed with Rocky Mt Industrial Park, Filing No.1.  

 

Sand Creek Improvements - (Public, Reimbursable) - Sand Creek Improvements  

Item Description   Quantity Unit Cost             Cost 

1.     100-Yr Riprap Selective Lining  2550 LF $260/LF   $      663,000.00 

2. Vert Channel Grade Cont.    4/EA  $50,550/EA   $      202,200.00 

           $      865,200.00 

Sand Creek Improvements - (Public, Reimbursable w/ Approval*) - – Not formally addressed in DBPS  

Item Description   Quantity Unit Cost             Cost 

1. *Add Vert Channel Grade Cont.    2/EA  $50,550/EA   $      101,100.00 

2. *Add Channel Grade Cont. Check   1/EA  $22,250/EA   $        22,250.00 

3. *Add Grouted Boulder Drop Struc 1410/SY $160/SY   $      225,600.00 

           $      348,950.00 

* Additional structures required to stabilize channel (subject to approval by Drainage Board). 

 

All Reimbursable facility determinations are preliminary, and are subject to approval by the City/County 

drainage board. Revisions may be made with Final Drainage Report (s). An exhibit map showing the DBPS 

proposed improvement locations has been included in the appendix of this report.   

 

DRAINAGE BRIDGE & POND FEES 

 
Approximately 114.303 of the proposed subdivision lies within the  Sand Creek Drainage Basin. The 2018 

Drainage Bridge and Pond fees per the City of Colorado Springs for The Sands are as follows; 

 

Drainage Fee:   $11,851/acre x 114.303 acres               $1,354,604.85 

Bridge Fee:   $     713/acre x 114.303 acres         $81,498.04 

Pond Fee (Land):  $  1,070/acre x 114.303 acres                                     $122.304.21 

Pond Fee (Facilities):  $  3,445/acre x 114.303 acres                  $393,773.84 

       Total fees:             $ 1,952,180.94  
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Public Facilities: 

Total Drainage Fees        $1,354,604.85  

Total public, Reimbursable drainage facilities      $1,429,309.80 

Total Drainage Fees Due    difference/credit                             $    -74,704.95 

 

Estimated Additional Reimbursable Onsite & Channel drainage facilities*  $  74,704.95 

(Not formally addressed in DBPS)      $348,950.00 

      difference/credit                $423,654.95 

 
M & S Civil Consultants, Inc. (M & S) cannot and does not guarantee the construction cost will not vary 

from these opinions of probable costs. These opinions represent our best judgment as design professionals 

familiar with the construction industry and this development in particular.  The above is only an estimate of 

the facility cost and drainage basin fee amounts in 2018. Upon completion of the aforementioned 

improvements, M & S shall submit the actual construction costs to the City of Colorado Springs/City 

Drainage Board for reimbursement. 

 

SUMMARY 

Proper implementation of the concepts presented in this MDDP will provide for the development of the 

proposed site without negative impacts to the receiving water course and surrounding developments.  The 

final location of all the proposed storm water conveyances and permanent BMP’s shall be finalized with 

future drainage reports.  At such time all necessary drainage easements and rights of way shall also be 

defined.     
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20 Boulder Crescent, Suite 110

Colorado Springs, CO  80903

(719) 955-5485
  

 
July 5, 2017 

 

Steve Rossoll 

City of Colorado Springs/Water Resources Divisions  

30 S. Nevada Ave, Suite 401 

Colorado Springs, CO   80901 

 

RE: The Sands Concept Channel Design Concurrence 

 

Dear Mr. Rossoll; 

 

As you are aware “The Sands” development project will improve portions of the Sand Creek East Fork Sub-

Tributary.  Of the 4400’+/- of channel that traverses the site, approximately 1830’ of the reach has been previously 

improved with the development of the adjacent Rocky Mt. Industrial Park (RMIP) Site, which resides in El Paso 

County and was approved by El Paso County Development Services in November of 2001.   

The remaining 2,545’ feet of channel, which is split into two segments by the existing RMIP improvements, shall 

now be located within the City Limits as a function of the developments planned annexation.  As these 

improvements are public and are to be maintained by the City, the proposed improvements are subject to review and 

approval by your staff.     

The Landuis Company and M&S Civil Consultants had previously met with City personal and had recommended 

that the proposed channel improvements for two (unimproved) segments of channel should closely mimic those 

improvements which have been constructed with the Rocky Mountain Park site, thereby bringing uniformity to the 

subject reach. 

As discussed in meetings with City staff (during the Jan/Feb 2017 time period) incorporation of this previous design 

would function to safely convey runoff thru the development, however would not meet all current City of Colorado 

Springs Drainage Criteria and thus potentially could require additional maintenance after larger storm events.  After 

the meetings, and submittal of a technical design memorandum and concept plans, it was discussed that M&S Civil 

would prepare an additional memorandum which determines the specific deviations from the current City of 

Colorado Springs Drainage Criteria, and referral documents (Urban Drainage Flood Control District Drainage 

Critiera Manuals) that would occur as a result of utilizing the past construction practices. 

The following paragraphs will briefly outline the existing channel conditions, the DBPS recommendations, the 

elements of the existing and proposed construction as well as the applicable criteria of the El Paso County, City of 

Colorado Springs and when necessary Urban Drainage and Flood District Drainage Manual.  The list is not 

considered all inclusive for channel design, but is considerably sufficient to evaluate concept design and potential 

deviations. 

The ultimate goal of this submittal is to obtain concurrence from the City of Colorado Springs Engineering 

Developments Services regarding the enclosed concept design (see attachment), thereby allowing for the 

continuation of subsequent preliminary and final engineering documents and a concurrent submittal to Federal 

Emergency Management Agency as part of the required CLOMR/LOMR process.   Please refer to the previously 

submitted memorandum for additional information. 

 
Sincerely 

 

 

Darin L. Moffett, P.E. 

 

 



 

Existing Unimproved Channel (see attached photos) 

• 2700’ at ~1.2% slope 

• Bottom width ranges from 35’ to 110’, average ~ 75’ 

• Incised channel, w/aggredation present 

• Est. Vel ~ 10.4 fps in 100-year 

 

DBPS Flow Rates and Recommendations (see attached documents) 

• Design flow rates of 1720 cfs (100-yr) and 580 cfs (10-yr)  

o Of note, FEMA FIS flow rate = 1920 cfs or 1900 cfs 

• Design Slope of 1.1% 

• Trapezoidal Channel w/35’ bottom width 

• 100-yr riprap linings 

• Depth of flow = 4’  

• Four (4) vertical drops (3’ + 1’ Depression) below Genoa Drive 

• Two (2) vertical drops (3’+ 1’ Depression) and one (1) check upstream of Genoa Drive 

• Two 6’h x 14’w box culvert crossing at Genoa Drive 

 

Existing Channel Improvements (elements to generally mimic) 

 (Rocky Mt Industrial Park)    

• 1,830’ improved, Hard Lined – Soft Bottom Channel 

• Trapezoidal shape – 35’w sand bottom w/ riprap lined 2.5:1 side slopes atop Mirafi  

• 1.2% channel slope 

• Two (2) 3’ concrete vertical drop structures w/3’ thick riprap aprons 

• Three (3) riprap check structures 

• Access easements provided (along east side) 

 

Proposed Channel Improvements (see attached concept plans) 

• 2,545’ improved, (1,415’ North & 1,130 South) Hard Lined – Soft Bottom Channel 

• Hard Lined – Soft Bottom Channel - Trapezoidal shape  

• Depth of flow = 5’+/-  

o 40’w sand bottom w/ Soil riprap lined 2.5:1 side slopes atop Mirafi  

o Type ‘M’ Soil Riprap  

o 3’-5’ Toe below sand bed 

o 0.5% channel slope  

� protected to a minimum resultant slope of 0.22% w/structures 

• Two (2) GSB drop structures  

o To be designed in accordance with Simplified Procedure of UDFCD 

o 50’wide  

o 6:1 Sloped Face 

• Two (2) 3’ concrete vertical drop structures 

o Grouted Riprap Basin 

o Concrete cutoff wall 

o 36” Type ‘M’ Riprap Aprons w/toe protection 

• Two (2) riprap check structures 

o 1’ Concrete wall 

o Type ‘M’ Riprap apron w/ toe protection 

• Access along channel with two (2) paths to bottom of channel 

• Crossing at Genoa (Two 6’h x 14’w box culvert) Not to be constructed 

 



 

General Design Considerations 

• Not a natural channel or a channel restoration project, but rather a constructed flood 

conveyance structure 

• Create a uniform channel design from top to bottom of project 

• Lower slope to create additional hydraulic separation between channel and site.  

 

 

Applicable Design Criteria List 

 

City of CS/El Paso Country Drainage Criteria Manual (Nov 1991) 

Design Parameters: 

 

Natural Unlined Channels (Table 10-3)   

• Maximum Velocity - (Coarse Sand/Fine Gravel)  4.0-5.0 ft/s   

 

Side Slopes (10.5.1) 

• Slopes   

       flatter than the angle or repose 

Depth (10.5.2) 

• Maximum Channel Depth      5.0 ft (channels less than 1500cfs) 

 

Bottom Width (10.5.3) 

• Bottom Width (for channels = to or less than 1500cfs)          min. 2* depth or 8’ for channels 

less than 400cfs  

Low Flow Channel (10.5.4) 

• Required where erosion of the bottom of the channel appears to be a potential problem 

 

Freeboard (1.4.2) & (10.5.5) 

• Freeboard       FBH= 1.0 + 0.025 (v) (d^0.33) 

Min 1’ above estimated 100 year WSE 

 

Superelevation (10.5.6) 

• Superelevation      SH=(C(v^2)W)/(g R)  

Where (C=0.5 (sub) or 1.0 (super)) 

• Transition (Normal to Super)       2*width of channel 

• Alignment Radius       3*top width or 100’  

 

Supercritical Flow (10.7) 

• Froude        attempt to avoid F>1 

 

Vertical Drops (10.8.5)         

• Height        Height less than 4 ft 

 

Sloped Drops (10.8.8) 

• Loose Riprap Sloped Drops Structures   Height < 4 ft,  

o Filter material provided 

• Recommended face slope 6:1 to 10:1 

• Grouted Riprap Slope Drop Structures   Height  4 ft to 12 ft 

 

 



Ditch Checks (10.8.9) 

• Should only be provided in ditch sections 

o Recommended in DBPS, general construction identified in DBPS 

 

Sizing Riprap (10.10.2) 

• Linings (Riprap)      VS^0.17/(Ss-1)^.66 

         (valid for Froude No. < 0.9) 

Scour  

• Design guidelines and criteria for channels and hydraulic structures on Sandy soil, Simon & 

Li and Associates June 1981 

 

Riprap Lined Slopes (Figure 10-20)    2.5:1 or flatter than repose angle 

• Channel lining 

o Side slopes (Riprap)     steep as 2.5:1(check repose angle) 

o Toe Protection (Riprap)    3 ft below bed 

1 ft above 100-yr  

o Thickness       2*d50 above channel bed 

3*d50 below channel bed 

 

City of Colorado Springs Drainage Criteria Manual - Chapter 12 - Open Channels (2014) 

(Seven steps for recommended design natural channels does not apply) 

Design Parameters: 

 

Natural Unlined Channels (Table 12-3) 

• Maximum 100-yr Velocity (Sandy Bottom/Poor Vegetation)  5.0 ft/sec  

• Froude No. 100–yr        0.6 

• Maximum Tractive Force (shear)     0.6 lbs/sf 

 

Channel Slope (3.1.2) 

• Grade Control Structures to be laid out using the low flow channel slope (Figure 12-4) 

~ 2000 cfs = 0.2% design slope  

• (Measured from the lowest crest elevation of the downstream structure to the toe of the face 

of the upstream structure) 

 

Stabilize banks Using Riprap Bank Protection (3.1.4) 

• Design in accordance with UDFCD Volume 1 

• All riprap bank protection shall consist of soil riprap that is buried with topsoil and vegetated. 

 

Freeboard (3.1.5) 

• At bends shall take into account super elevation calculated in accordance with UDFCD 

Volume 1  

• Freeboard shall be contained within a floodplain tract and/or easement 

 

Riprap Lined Channels (3.2.6.1)  

• Design in accordance with UDFCD Volume 1 (not specific if this assumes full lining) 

 

Design Flow Freeboard (3.3) 

• Minimum (1) one foot freeboard on all channels,  

• Additional freeboard determined as described in UDFCD Volume 1 

 

 



Grade Control Structures (4.0) 

• The maximum drop height for constructed channels shall be 6 feet 

• Additional Guidance on Design in UDFCD Volume 2  

 

Constructed Channel Drop Structures (4.2.2) 

• The maximum height shall be 6 feet 

 

Drop Structure Types (4.3) 

• Grouted Sloping Boulder – designed in accordance with UDFCD 

• Vertical Drops = Maximum Height = 2 feet 

• Discourage Cast in place vertical waslls or sheet pile 

 

Drop Structure Placement (4.4) 

• Drop Structures must extend below the design slope to provide protection from scour and 

long-term degredation 

 

Easements (6.0)  

• Contain freeboard 

• For slopes steeper than 4:1  

o from toe of slope + 15’ for access road 

� (This may be appropriate for unprotected banks?) 

 

Access (7.0) 

• Along entire length of channel 

• 8’ wide, 12’ clear width for radius of >80’ 14’w radius of 50’ to 80’ 

• Longitudinal Slope = 10% 

 

Urban Drainage and Flood Control District Manual – Chapter 8 – Open Channels  

(March 2017) 

Design Parameters  

 

Freeboard (3.2) 

• Recommends 18” or more of freeboard for new developments 

 

Natural Unlined Channels (Table 8-3)   

• Maximum 5-yr velocity (within bankfull channel width)  5 ft/sec 

• Maximum 100-yr velocity (within bankfull channel width)    7 ft/sec  

• Froude No. 5-yr (within bankfull channel width)   0.7 

• Froude No. 100–yr (within bankfull channel width)   0.8 

• Maximum shear stress (within bankfull channel width)  1.2 lbs/sf 

• Maximum longitudinal slope of low flow channel    0.2 percent 

o (assumes unlined un-vegetated low flow channel) 

• Minimum radius of curvature      2.5*Tw 

 

Roughness (7.2.3) 

Sand bed invert n value     n= 0.03 (table 8.5 UDFCD) 

Riprap lining n value = 0.039 d50^(1/6) assuming (1’)  n=0.39 ~ 0.04 

 

 

 



Values used 

Velocity/Froude/Shear/analysis 

Sand Bed = 0.03   (Riprap lining (bttm of channel 0.40 used /side of channel 0.50 used) 

WSE/Depth Analysis  

Sand Bed =0.04 (Riprap lining (bttm of channel 0.45 used /side of channel 0.55 used) 

 

Rock and Boulders (8.0) 

• “Soil riprap is intended for use in application where vegetative cover can be established and 

where the shear stress imposed by frequent occurring flows” 

 

• “In areas where it is difficult to establish vegetation, Void filled riprap is better able to resist 

the direct prolonged impingement of water on the riprap installation 

 

Riprap Channel Lining (Mild Slope Conditions) (8.1.1) 

• D50 >/= (VS^0.17)/4.5(G*S-1)  where slopes are less than 2% and flow is 

subcritical 

• At terminus channel lining thickness should increase to 50% for at least 3 feet to prevent 

undercutting 

• Figure 8-34 – illustrates that channel lining should be toed down a min of 3 feet  

o (5 feet where soil are not cohesive) 

Riprap Channel Lining (Steep Slope Conditions) (8.1.2) 

•  

 

Boulders (8.2.1) 

• Stacked over 6 feet high require structural design 

 

Soil riprap (8.2.2) 

• Place 4” – 6” of topsoil on top of soil riprap  

 

Urban Drainage and Flood Control District Manual – Chapter 9 – Hydraulic Structures 

(Volume II, March 2017) 

Design Parameters: 

 

General Considerations (2.0) 

• Limit drop height to 5 feet or less 

• Vertical Drops should not exceed 3 feet at any location  

 

Criteria to meet simplified design (2.21) 

• Drop Structure is 35 cfs/ft or less 

• Net drop height is 5 feet or less  

• Drop structure is constructed of GSB or SC 

• Drop structure is located within a tangent section 

• Drop structure located at least 2x width of the drop from a point of curvature 

• Drop structure is located in a reach that has been evaluated per the design requirements of the 

Open Channels Chapter 

 

Simplified Design Criteria (2.2) – Grouted Boulder Drop Structure 

• Maximum Net Drop Height (Hd)     5 feet 

• Maximum Unit Discharge over any portion of Drop width    35cfs/ft  

• Maximum Longitudinal Slope (steepest Face)   4(H):1(V) 



• Minimum Stilling Basin Depression      1 foot (Sec 2.26) 

• Minimum Length of Approach Riprap (La)    8 feet 

• Minimum Stilling Basin Length (Lb)     Figure 9.1 

• Minimum Stilling Basin Width (B)     same as crest width 

• Minimum Cutoff Wall Depth      6 feet (or Sec 2.26) 

• Minimum Length of Riprap Downstream of Stilling Basin  10 feet 

• Minimum D50 for Approach and Downstream Riprap   12 inches 

• Minimum Boulder Size for Drop Structure    Figure 9.1 

 

Stilling Basin (2.2.5)  

In non cohesive soil channel and channel where future degradation is expected recommendation for 

elimination of stilling basin and sloping face be extended 5 feet below the downstream future channel 

invert elevation (after assumed degradation) 

 

Manning’s Roughness Coefficient for Drop Structures (2.3.3) 

 

• n= (0.097(Y/D)^0.16)/(LN(2.55Y/D) 

 

Values used for Grouted Boulders 

Velocity/Froude/Shear/analysis 

n= 0.05 bttm of channel, n = 0.06 sides of channel 

WSE/Depth Analysis  

n= 0.06 bttm of channel, n = 0.07 sides of channel 

 

Weep drains (2.42) 

• not required less than 5’ net height 

 

Boulder Sizing (2.6.3) 

• Rp=(VS^0.17)/((Ss-1)^0.66) 

• Results: B36 in bttm, B18 on sides 

•  UDFCD recommends one size for entire drop 

 

Grout (2.63)  

• In accordance with Figure 9-15, design assumes ½ depth 

 

Edge Wall (2.63) 

• 3’ below the top surface of the structure that extends around the entire parameter of the 

structure. (Figure 9-22) 

 

Vertical Drop Structure (2.8.1) 

• limited to 2 ft (downstream invert to upstream invert)  

• 1 ft deep stilling basin  

• Should be limited to channels with less than 500 cfs and less than 35 cfs/ft 

 

Please see the attached matrix for a summary of where the proposed channel can meet or will not 

meet El Paso County, City of Colorado Springs, and Urban Drainage and Flood Control Criteria. 

In some conditions, guidance is unclear or not applicable and has been marked as such. 
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