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I. INTRODUCTION 
 
A. Background   
 
Westgate at Powers is a master planned mixed-use development located on 
approximately 59-acres on the east side of Colorado Springs, Colorado.  The 
development is located at the northwest corner of Powers Boulevard and Airport Road, as 
shown in Figure A1 (Appendix F).  The Westgate at Powers Master Plan includes a 
mixture of commercial, retail, office, and multi-family apartment land uses in this infill 
area within the City of Colorado Springs.  Phase 1 Development included re-alignment 
and channelization of the Sand Creek Center Tributary Channel along with re-alignment 
of Troy Hill Road, including a new roundabout and initial westerly segment of Joystone 
Drive. 
 
Westgate at Powers Filing No. 1, recorded in March 2019, consists of 11.1 acres which 
includes the commercial area on the west side of the re-aligned Troy Hill Road along 
with public right-of-way for Troy Hill Road and Joystone Drive, as well as public 
drainage tracts for the Sand Creek Center Tributary Channel. 
 
Westgate at Powers Filing No. 2, recorded in October 2019, consists of 6.1 acres 
including seven commercial lots and one drainage tract along the east side of the re-
aligned Troy Hill Road, north of Airport Road.   
 
Westgate at Powers Filing No. 3 consists of approximately 28.7 acres in the northwest 
corner of the Westgate at Powers Master Plan area.  As a part of the Westgate at Powers 
Development Plan (CPC-DP-12-00017-A1MN18), this area has been approved for an 
apartment project consisting of 440 units.  Infrastructure improvements for Filing No. 3 
will include construction of Joystone Drive from its current termination northwest of the 
roundabout intersection with Troy Hill Road, extending to the north boundary of the 
Westgate at Powers property. 
 
B. Purpose   
 
The Westgate at Powers Concept Plan and Development Plan (CPC-DP-12-00017) were 
approved by the City in October, 2012.  In support of the previous planning approvals, 
JPS Engineering prepared the “Master Development Drainage Plan (MDDP) for 
Westgate at Powers” dated April 30, 2012, which was approved by the City on June 11, 
2012. 
 
Drainage planning for this site was further studied in the “Final Drainage Report (FDR) 
for Westgate at Powers Phase 1” by JPS Engineering, Inc. dated March 28, 2018 
(approved by City on April 4, 2018).  According to the previously approved FDR, 
developed drainage impacts will be mitigated through on-site full-spectrum detention 
basins. 
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This “Final Drainage Report for Westgate at Powers Filing No. 3” has been prepared in 
support of the Construction Drawings for Filing No. 3 site development and the 
Subdivision Plat for Filing No. 3.  This report is intended to meet the requirements of a 
Final Drainage Report in accordance with City of Colorado Springs drainage criteria.  
This Final Drainage Report is in full conformance with the previously approved Westgate 
at Powers MDDP and the “Final Drainage Report for Westgate at Powers Phase 1.” 
 
C. General Description   
 
The Westgate at Powers Filing No. 3 site is comprised of several unplatted, vacant parcels 
(El Paso County Assessor’s #64133-00-024, #64133-00-025, and #64130-00-143).  The 
existing parcels are zoned C5 (commercial) and PBC (planned business center). 
 
The site is located in the south half of Section 13, Township 14 South, Range 66 West of 
the 6th Principal Meridian.  Ground elevations within the site range from 6,110 to 6,140 feet 
above mean sea level.   
 
The Westgate at Powers Filing No. 3 property is bounded by the existing Golden Acres 
Mobile Home Park to the southwest, vacant property zoned PIP to the northwest, the existing 
Frazier’s Garden Acres Subdivision (0.5-acre lots) to the northeast, and the previously 
developed Westgate at Powers Filing No. 1 (including Sand Creek Center Tributary 
Channel tracts) to the southeast.   
 
The terrain is generally flat to gently rolling, with northeast to southwest slopes ranging from 
one to two percent. Historic drainage patterns from the site are conveyed overland to the 
south and west boundaries of the site.  The site is currently vegetated with native grasses and 
limited shrubs. 
 
Surface drainage in this area flows to the major drainage channel and associated tributaries of 
Sand Creek, which ultimately drains to Fountain Creek.  This site is located entirely within 
the Sand Creek Drainage Basin.  The eastern part of the Westgate at Powers property is 
bisected by the major drainage channel of the Sand Creek Center Tributary, which flows 
southwesterly through the site.  The northwest corner of the property adjoins the main channel 
of Sand Creek. 
 
The Westgate at Powers development consists of a mixture of land uses including 
commercial, retail, office, and apartments, with associated parking and open space areas.  
Site improvements will include overlot grading, roadway and parking improvements, site 
utilities, and commercial site development.   
 
While Filings No. 1 and 2 provided new commercial lots, the proposed Filing No. 3 will 
establish lots for the proposed apartment complex in the northwest area of the site.  In 
accordance with the approved Westgate at Powers Development Plan, Filing No. 3 will 
include construction of Joystone Drive as a new industrial collector roadway (“Joystone 
Drive”) extending northwesterly from the roundabout to the north boundary of the 
development.   
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The drainage plan for the Westgate at Powers development includes extended detention 
basins serving as full spectrum detention and water quality facilities to mitigate 
developed drainage impacts. 
 
D. Soil Conditions 
 
According to the Soil Survey of El Paso County prepared by the Soil Conservation 
Service, on-site soils are comprised of the following soil types (see Appendix A): 

 
 Type 11 (central part of site) - “Bresser sandy loam”: moderate permeability, slow 

surface runoff, slight to moderate erosion hazard (Hydrologic Group B)   
 Type 28 (eastern part of site, following existing Sand Creek Center Tributary 

channel) – “Ellicott loamy coarse sand”: rapid permeability, slow surface runoff, 
high erosion hazard (Hydrologic Group A) 

 Type 78 (southwest corner of site, adjacent to Sand Creek channel) – “Sampson 
loam”: moderate permeability, slow surface runoff, slight erosion hazard 
(Hydrologic group B)  

 Type 96 (northern part of site) – “Truckton sandy loam”:  moderately rapid 
permeability, slow surface runoff, moderate erosion hazard (Hydrologic Group B) 

 Type 97 (southeast part of site) – “Truckton sandy loam”:  moderately rapid 
permeability, slow surface runoff, moderate erosion hazard (Hydrologic Group B) 

 
As shown in Appendix A, the majority of the parcel is characterized as Truckton sandy 
loam, and classified as hydrologic soils group B. 
 
E. References 
 
ADP, “Final Drainage Report for Airport and Powers Filing No. 1,” February, 2000. 
 
City of Colorado Springs “Drainage Criteria Manual, Volume 1 and Volume 2,” May, 2014. 
 
CDOT, “CDOT Drainage Design Manual,” July, 1995. 
 
FEMA Letter of Map Revision Case No. 19-08-0754P, approved October 13, 2020. 
  
H.J. Kraettli & Sons, “Drainage Report for Golden Acres Mobile Home Park,” May 7, 
1973. 
 
JPS Engineering, Inc., “Channel Design Report for Westgate at Powers Sand Creek 
Center Tributary Channel,” March 28, 2018 (approved by City 4/4/18). 
 
JPS Engineering, Inc., “Final Drainage Report for Westgate at Powers Phase 1,” March 
28, 2018 (approved by City 4/4/18). 
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JPS Engineering, Inc., “Master Development Drainage Plan for Westgate at Powers,” 
April 30, 2012 (approved by City 6/11/12). 
 
JR Engineering Ltd., “Final Drainage Report for The Villages at Sand Creek Filing No. 
3,” December, 1997. 
 
Kiowa Engineering Corporation, “Sand Creek Drainage Basin Planning Study – Preliminary 
Design Report,” March, 1996. 
 
USDA/NRCS, “Soil Survey of El Paso County Area, Colorado,” June, 1981. 
 
II. DRAINAGE CRITERIA 

A. Hydrologic Criteria 
 
Major basin hydrology for the off-site areas contributing flow to the Sand Creek Center 
Tributary Channel was previously completed using SCS methods as detailed in the Sand 
Creek Drainage Basin Planning Study (DBPS). 
 
Tributary drainage areas impacting the on-site drainage analysis are all less than 100-acres, 
so Rational Method procedures were utilized for calculation of peak flows within the on-
site drainage basins.  In accordance with City of Colorado Springs Drainage Criteria 
Manual Volume 1 (DCM 1), Rational Method hydrologic calculations were based on the 
following assumptions: 

 Design storm (minor):  5-year  
 Design storm (major):  100-year  

 
Q = CiA 
 
Q = Peak Flow (cubic feet per second, cfs) 
C =  Runoff Coefficient 
i =   Rainfall Intensity (inches per hour, in/hr) 
A =  Tributary Drainage Area (acres, ac) 

 
Runoff times of concentration were calculated based on guidance in DCM 1.  Rainfall 
intensities were derived from City of Colorado Springs Intensity-Duration-Frequency 
(IDF) curves.  Runoff coefficients were selected based on the existing and proposed land uses 
according to DCM 1 Table 6-6.  Hydrologic calculations are enclosed in Appendix A, and 
peak design flows are identified on the drainage basin drawings. 
 
B. Hydraulic Criteria 
 
Hydraulic design criteria are based on guidelines delineated in the City of Colorado 
Springs Drainage Criteria Manual (DCM). 
 



C:\Users\John\Dropbox\jpsprojects\020501.airport MP\Admin\Drainage\fdr.westgate-flg-3-0521.docx 5 

Storm inlet design and related gutter flow calculations have been performed using the 
“UD-Inlet_v4.05” design software published by the Denver Mile High Flood District 
(MHFD). 
 
Storm sewer design calculations have been performed using the FHWA “Hydraulic 
Toolbox 4.2” software.  Storm sewer calculations for the storm sewers within the site are 
generally based on 100-year inlet and pipe capacity to provide conveyance of developed 
flows to on-site stormwater detention facilities prior to discharge to the adjoining 
drainage channels. 
 
Stormwater detention facilities have been designed using the “MH-Detention_v4.04” 
software package published by MHFD.  Stormwater quality facilities have been designed 
using the “UD-BMP_v3.07” software package published by MHFD. 
 
III. EXISTING DRAINAGE CONDITIONS 
 
The existing site generally slopes downward to the southwest with average grades of 
approximately 1-4 percent.  This site is a historically undeveloped property with 
vegetation comprised primarily of native grasses. 
 
The Westgate at Powers development lies completely within the Sand Creek Drainage Basin.  
Surface drainage in the easterly part of the master plan area flows to the Sand Creek Center 
Tributary channel, and surface drainage from the west side of the site flows to the main 
channel of Sand Creek.  The Sand Creek Drainage Basin comprises a total tributary area of 
54.1 square miles.  The Westgate at Powers master plan area represents approximately 59 
acres of development, or less than 0.2 percent of the total basin area.   
 
Historic drainage conditions are depicted in Figure EX1 (Appendix F).  The site has been 
divided into three major basins (A-C).  The undeveloped site had no existing drainage 
facilities within the property.  The existing off-site drainage basins northeast of the site 
generally combine with on-site basins as shown on Figure EX1, flowing southwesterly 
through the site within existing drainage swales and channels.   
 
The site is impacted by a significant off-site drainage area upstream of the Sand Creek 
Center Tributary Channel, which flows southwesterly through Basin A on the east side of 
the master plan area.  The upstream area is identified in the “Sand Creek DBPS” as Basin 
“42”, and these flows enter the site through the existing box culvert crossing Troy Hill 
Road (3-cell 16’x6’ concrete box culvert).   
 
The Center Tributary channel of Sand Creek running through this site drains a tributary area 
of 1.2 square miles, crossing Airport Road in an existing multiple box culvert (5-cell 6’x8’ 
concrete box culvert).  The Sand Creek DBPS identified a recommendation for an improved 
“100-year riprap channel” through this site, with a bottom width of 50-feet and a depth of 5 
feet, and the channel improvements were completed as part of Westgate at Powers Phase 1. 
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In addition to the major off-site flows in the Sand Creek Center Tributary Channel, off-
site Basins OA1, OA2, and OB1 also contribute flow to the Westgate at Powers site as 
shown on Figure EX1.  Flows from two smaller off-site areas on the east side of Troy 
Hill Road south of the major channel are conveyed through existing culverts across Troy 
Hill Road.   
 
Basins A and B 
 
The east side of the Westgate at Powers site has been delineated as Basin A (33.5 acres), 
which drains southwesterly to the Sand Creek Center Tributary channel.  Basins OA1 
(20.8 acres) comprises the area within the CDOT right-of-way east of the Westgate 
property, which drains southwesterly towards the re-aligned intersection of Airport Road 
and the new Troy Hill Road.  Basin OA1 flows westerly through an existing 30-inch RCP 
culvert crossing Troy Hill Road on the north side of Airport Road.  These flows continue 
westerly in an existing swale on the north side of Airport Road, discharging into the Sand 
Creek Center Tributary Channel.   
 
Basin OA2 (6.7 acres) comprises an off-site area on the south side of Pikes Peak Avenue, 
which sheet flows south to the Sand Creek Center Tributary Channel.   
 
On the east side of Troy Hill Road, Basins OB1 (2.3 acres) and B (6.6 acres) flow 
westerly to an existing 24-inch culvert crossing Troy Hill Road and draining across the 
Westgate parcel.   
 
Off-site flows from off-site Basins OA1, OA2, and OB1 combine with on-site flows from 
Basins A and B, draining southwesterly to Design Point #1 with historic peak flows 
calculated as Q5 = 12.0 cfs and Q100 = 88.4 cfs. 
 
The Sand Creek DBPS identifies peak flows of Q10 = 950 cfs and Q100 = 1,960 cfs in the 
Sand Creek Center Tributary Channel flowing through this site.  Flows at the downstream 
confluence with the East Fork of Sand Creek are projected to be in the range of 15,600 
cfs.  As such, on-site flows from the proposed Westgate at Powers site are relatively 
small in comparison to projected flows in the East Fork of Sand Creek. 
 
Basin C 
 
The southwest part of the Westgate property has been delineated as Basin C1 (13.0 
acres).  This basin sheet flows southwester to Design Point #2, with historic peak flows 
calculated as Q5 = 2.2 cfs and Q100 = 16.1 cfs. 
 
The northwest part of the Westgate master plan area has been delineated as historic Basin 
C2 (16.6 acres).  This part of the site receives off-site flow from Basin OC1 (10.0 acres) 
north of the property.  Basins OC1 and C2 sheet flow westerly to the main channel of Sand 
Creek at the northwest corner of the property.  Historic flows from Basins OC1 and C2 
combine at Design Point #3, with peak flows calculated as Q5 = 4.0 cfs and Q100 = 29.3 cfs.  
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IV. PROPOSED DRAINAGE CONDITIONS 
 
The developed drainage basins and projected flows are shown in Figure D1 (Appendix F).  
The developed site has been divided into three major basins (A-C) and three design points 
(DP1-DP3).  Hydrologic calculations are enclosed in Appendix A. 
 
Surface runoff from the developed site will be conveyed by sheet flow and curb and gutter 
to storm sewer systems conveying flows to private stormwater detention basins providing 
stormwater detention and water quality treatment prior to discharge into the major drainage 
channels.   
 
Phase 1 (Filing No. 1 and 2) Development Areas: 
 
Developed Basin A consists of the proposed commercial, office, hotel, and retail area 
located between the existing Troy Hill Road and the re-aligned Sand Creek Center 
Tributary Channel. Filings No. 1 and 2 are located within developed Basins A1-A5.  Drainage 
planning for these areas was addressed in detail in the previously approved “Final Drainage 
Report (FDR) for Westgate at Powers Phase 1” by JPS Engineering, Inc. dated March 28, 
2018.  Full-Spectrum Extended Detention Basins A1 and A2 were constructed with Filings 
No. 1 and 2 to provide stormwater detention and water quality for developed Basins A1-A5. 
  
Filing No. 3 Development Areas: 
 
Basin A8 (2.0 acres) comprises the public roadway area along Joystone Drive extending 
northwest of the Sand Creek Center Tributary Channel to the north subdivision boundary.  
The roadway drainage will be conveyed by curb and gutter to Inlets A8.1 and A8.2 (Public 
5’ Type D10R Inlets) located at the sump in the road profile, and Storm Sewer A8.1 (18” 
RCP) will flow to Storm Sewer A8.2 (24” HDPE) conveying these flows into Detention 
Pond A6.  Developed flows from Basin A8 drain to Design Point #A8, with peak flows 
calculated as Q5 = 6.4 cfs and Q100 = 12.2 cfs. 
 
In the event of clogging, the overflow path for Inlets A8.1-A8.2 will be surface drainage 
northeasterly into Detention Pond A6 and the adjoining Sand Creek Center Tributary 
Channel.   
 
Developed on-site flows from Basins A6-A8 combine at Design Point #A8a, with peak 
flows calculated as Q5 = 35.6 cfs and Q100 = 70.3 cfs (see Sh. D1.3, Appendix F).  Detention 
Pond A6 will provide full-spectrum stormwater detention and water quality for the 
combined flow from Basins A6-A8, including the Joystone Drive improvements 
constructed to serve Filing No. 3.   
 
Previous Phase 1 development included construction of the Sand Creek Center Tributary 
Channel and related overlot grading within Basin A6, including some initial grading of 
Detention Pond A6 to serve as a sediment basin during overlot grading activities.  
Detention Basin A6 will be fully constructed as a part of the Filing No. 3 infrastructure 
improvements (including Joystone Drive construction).   
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Future Development Areas: 
 
Basin A6 
 
Basin A6 (13.4 acres) comprises the future commercial development area on the north side 
of Joystone Drive and west side of Troy Hill Road, southeast of the Sand Creek Center 
Tributary channel.   
 
Surface runoff from Basin A6 will be conveyed southwesterly by sheet flow and curb and 
gutter to private storm inlets serving this area.  The private storm sewer system will 
intercept surface flows and convey developed runoff to the proposed Detention Basin A6, 
which will discharge into the Sand Creek Center Tributary Channel.  Developed flows from 
Basin A6 flow to Design Point #A6, with peak flows calculated as Q5 = 30.0 cfs and Q100 

= 59.8 cfs.   
 
Basin A7 (1.2 acres) comprises the future office/retail area lying on the north side of the 
proposed Sand Creek Center Tributary Channel, east of the proposed Joystone Drive 
extension.  The developed drainage plan for Basin A7 includes a porous landscape 
detention area (PLD #A7) for stormwater quality treatment within this development area.  
Flows from these PLD facilities will discharge into the adjoining drainage channel.  
Developed flows from Basin A7 flow to Design Point #A7, with peak flows calculated as 
Q5 = 3.6 cfs and Q100 = 7.2 cfs.   
 
On the north side of Basin A7, Off-site Basin OA2 flows southerly to the Sand Creek 
Center Tributary Channel, with peak flows at Design Point OA2 calculated as Q5 = 6.0 cfs 
and Q100 = 15.7 cfs.   
 
Basin A9 (Pond A9) 
 
Basin A9 (6.3 acres) comprises the eastern fringe of the proposed apartment area planned 
for the northwest part of the Westgate at Powers site.  Surface runoff from Basin A9 will 
be conveyed southeasterly by sheet flow and curb and gutter to storm inlets in the local 
street system serving this area.  The storm sewer system will intercept surface flows and 
convey developed runoff to the proposed Detention Basin A9, which will discharge into 
the Sand Creek Center Tributary Channel.  Developed flows from Basin A9 flow to 
Design Point #A9, with peak flows calculated as Q5 = 11.7 cfs and Q100 = 24.8 cfs.   
 
Detailed drainage planning for Basin C will be provided in a future Final Drainage Report 
for the Apartment Site.   
 
Basin A10 has been delineated as the re-aligned Sand Creek Center Tributary Channel and 
adjoining undeveloped areas.  Developed peak flows from Basin A10 are calculated as Q5 

= 1.3 cfs and Q100 = 9.2 cfs.   
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Basin C 
 
Basin C (23.4 acres) comprises the northwest part of the Westgate at Powers site.  Surface 
runoff from Basins C1-C4 will be conveyed westerly by sheet flow and curb and gutter to 
storm inlets in the local street system serving this area.  A private storm sewer system 
within the west side of the apartment complex will intercept surface flows and convey 
developed runoff to the proposed Detention Basin C, which will discharge into the Sand 
Creek drainage channel at the northwest corner of the property. 
 
Developed on-site flows from Basins C1-C4 combine at Design Point #3, with peak flows 
calculated as Q5 = 28.0 cfs and Q100 = 62.7 cfs.  
 
Detailed drainage planning for Basin C will be provided in a future Final Drainage Report 
for the Apartment Site.   
 
Drainage Facility Design: 
 
Hydrologic calculations are detailed in Appendix A, and hydraulic calculations for 
proposed drainage improvements are enclosed in Appendix B1-B2.          
 
Storm Sewer A8 
 
As detailed in the “Storm Inlet Sizing Summary” table in Appendix B1, inlet flows have 
been calculated based on the proportional basin area draining to each individual inlet, and 
the selected inlets have been sized to provide Inlet Capacity exceeding the calculated 
100-year flow entering each inlet.  As such, no bypass flow is anticipated from any of the 
inlets.   
 
As shown in the “Storm Sewer Sizing Summary” table in Appendix B1, the selected 
storm drain pipes have been sized to provide pipe capacity exceeding the calculated 100-
year flow entering each pipe.   
 
Joystone Drive Box Culvert 
 
Details for the previously completed major drainage channel improvements are provided 
in the “Channel Design Report for Westgate at Powers Sand Creek Center Tributary 
Channel” dated March 28, 2018 by JPS Engineering.  The proposed box culvert 
improvements have been designed based on the future flows identified in the Sand Creek 
DBPS for the reach downstream of Troy Hill Road.  According to the preliminary design 
profiles in the DBPS, design flows for this reach have been established as Q10 = 950 cfs 
and Q100 = 1,960 cfs.  Based on the culvert hydraulic calculations in Appendix B2, the 
proposed triple 16’x6’ concrete box culvert (matching the design of existing upstream box 
culvert crossing of Troy Hill Road) provides adequate capacity to safely convey the design 
100-year flow of 1,960 cfs without any surcharge. 
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The FEMA Flood Insurance Study (FIS) utilizes a much lower 100-year flow of Q100 = 790 
cfs, so the proposed box culvert design provides significantly higher capacity than required 
based on the FEMA drainage analysis. 
 
Stormwater Detention Ponds 
 
Construction of the proposed Detention Pond A6, along with future Detention Ponds A9 
and C, will provide the required stormwater detention and water quality treatment for 
Westgate at Powers Filing No. 3 prior to discharging to the adjoining public drainage 
channels.  Final design calculations for Detention Pond A6 are enclosed in Appendix C. 
 
The proposed drainage plan (Sheets D1 and D1.3, Appendix F) complies with the 
previously approved “Master Development Drainage Plan for Westgate at Powers” and 
current City drainage criteria.   
 
V. DRAINAGE PLANNING – FOUR STEP PROCESS 
 
City of Colorado Springs Drainage Criteria require drainage planning to include a Four 
Step Process for receiving water protection that focuses on reducing runoff volumes, 
treating the water quality capture volume (WQCV), stabilizing drainageways, and 
implementing long-term source controls.  As stated in DCM Volume 2, the Four Step 
Process is applicable to all new and re-development projects with construction activities 
that disturb 1 acre or greater or that disturb less than 1 acre but are part of a larger 
common plan of development.   
 
The Four Step Process has been implemented as follows in the planning of this project: 
 
Step 1:  Employ Runoff Reduction Practices 

 Minimize Directly Connected Impervious Areas (MDCIA):  The drainage plan for 
the Filing No. 3 development areas includes proposed Extended Detention Basins 
A6, A9, and C.  The stormwater detention basins will provide pervious areas to 
receive flow from the developed on-site impervious areas prior to discharge to the 
adjoining drainage channels.   

 Final grading and drainage design of the apartment complex will be encouraged to 
divert roof drain downspouts from the new buildings to drain across pervious 
landscape strips where possible. 

 
Step 2:  Implement BMPs that Provide a Water Quality Capture Volume with Slow 
Release 

 Extended Detention Basins:  Stormwater Detention Basins will be provided to 
mitigate developed drainage impacts from the developed areas.  On-site drainage 
will be routed through the private Extended Detention Basins, which will capture 
and slowly release the WQCV over a slow release period. 
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Step 3:  Stabilize Drainageways 
 During Phase 1 development of Westgate at Powers, the Sand Creek Center 

Tributary Channel was fully improved with buried riprap bank lining and a series 
of drop structures to provide a stable channel flowing through the site.   

 Implementation of the proposed on-site drainage improvements and stormwater 
detention basins as part of the development of this property will improve on 
historic drainage conditions and minimize the downstream drainage impact from 
this site. 

 
Step 4:  Implement Site Specific and Other Source Control BMPs 

 No outside storage or industrial uses are proposed for this site. 
 The proposed commercial development project will implement a Stormwater 

Management Plan including proper housekeeping practices and spill containment 
procedures.   

 On-site developed drainage will be routed through private Detention Basins to 
minimize introduction of contaminants to the City’s public drainage system. 

 
VI. GENERAL DRAINAGE RECOMMENDATIONS   
 
The developed drainage plan for the site includes providing and maintaining positive 
drainage away from structures and conforming to the established drainage patterns for the 
overall site.  JPS Engineering recommends that positive drainage be established and 
maintained away from all structures within the site in conformance with applicable 
building codes and geotechnical engineering recommendations. 
 
In general, we recommend a minimum of 6 inches clearance from the top of concrete 
foundation walls to adjacent finished site grades.  Positive drainage slopes should be 
maintained away from all structures, with a minimum recommended slope of 5 percent for 
the first 10 feet away from buildings in landscaped areas, a minimum recommended slope 
of 2 percent for the first 10 feet away from buildings in paved areas, and a minimum slope 
of 1 percent for paved areas beyond buildings. 
 
VII. STORMWATER DETENTION AND WATER QUALITY   
 
As required by City Engineering policies (DCM Volume 1 and 2) for development 
involving disturbed areas greater than one acre, stormwater detention and water quality 
improvements will be implemented with development of this site.  Full-spectrum 
detention will be provided for the entire development per City drainage criteria. 
 
The proposed drainage and grading plan for the public infrastructure improvements 
serving Filing No. 3 (extension of Joystone Drive) directs surface drainage from the 
Joystone Drive roadway corridor to the proposed Extended Detention Basins (EDB) A6 
at the northeast corner of Joystone Drive and the Sand Creek Center Tributary Channel.   
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The detention basin has been designed as a Full-Spectrum Detention Pond providing the 
required stormwater detention and water quality capture volume in accordance with the 
“City Drainage Criteria Manual, Volumes 1 and 2.”   
 
The full-spectrum detention pond has been sized utilizing the Denver Mile High Flood 
District’s “MH-Detention_v4.04” and “UD-BMP_v3.07” software.  Design parameters for 
the proposed full-spectrum detention basin are detailed in Appendix C and summarized 
as follows: 
 

 
Detention 

Pond 

 
Sub-

Basins 

Tributary 
Area  
(ac) 

 
Percent 

Impervious 

Required 
100-Yr FSD 
Volume (af) 

Design 
Volume 

(af) 
A6 A6,A8 15.4 80.3 2.3 2.7 

 
The proposed on-site stormwater detention facilities will be owned and maintained by the 
Westgate at Powers Metropolitan District.   
 
Detention Basin A6 will have a grass-lined bottom to encourage infiltration of 
stormwater prior to discharging into the downstream drainage channel.  The proposed 
Detention Basin will have an outlet structure and discharge pipe draining into the Sand 
Creek Center Tributary channel.  The detention basin has been designed with an 
emergency overflow spillway, allowing for emergency overtopping of the detention pond 
to flow into the adjoining channel. 
 
The future apartment development area within Filing No. 3 will utilize Detention Basins 
A9 and C to mitigate developed drainage and water quality impacts.  Final drainage 
design for Detention Ponds A9 and C will be completed as part of final design of the 
proposed Apartment Site, which will include a separate Final Drainage Report providing 
design details for the proposed drainage facilities. 
 
VIII. EROSION / SEDIMENT CONTROL 
 
The Contractor will be required to implement Best Management Practices (BMP’s) for 
erosion control through the course of construction.  Sediment control measures will include 
installation of silt fence along downgradient property boundaries to minimize off-site 
transport of construction sediment and other BMP’s as depicted on the Grading and Erosion 
Control Plans (submitted separately).  Cut slopes will be stabilized during excavation as 
necessary and vegetation will be established for stabilization of disturbed areas as soon as 
possible. 
   
IX. FLOODPLAIN IMPACTS  
 
The Westgate at Powers site is bisected by the FEMA 100-year floodplain of the existing 
Sand Creek Center Tributary channel, as delineated by the Federal Emergency 
Management Agency (FEMA).  The floodplain limits in vicinity of the site are shown in 
Flood Insurance Rate Map (FIRM) Number 08041C0753G, dated December 7, 2018  (see 
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Firmette Exhibit in Appendix F).  Following completion of the re-alignment and 
channelization improvements to the Sand Creek Center Tributary Channel between Troy 
Hill Road and Airport Road with Westgate at Powers Filing No. 1, FEMA approved a Letter 
of Map Revision (Case No. 19-08-0754P) dated October 13, 2020.   
 
The proposed three-cell 16’x6’ concrete box culvert matches the design of the existing box 
culvert crossing Troy Hill Road immediately upstream of the proposed Joystone Drive 
crossing.  According to the FEMA Flood Insurance Study (FIS), 100-year flows at Airport 
Road have been established as 790 cfs, and the proposed box culvert has been designed for 
the much higher 100-year flow of 1,960 cfs identified in the Sand Creek DBPS, providing for 
a conservative design. 
 
A “zero-rise certification” with supporting hydraulic calculations is enclosed in Appendix D1, 
demonstrating that the proposed box culvert crossing will have no significant impact on the 
FEMA floodway and floodplain.   
 
A U.S. Army Corps of Engineers (USACE) 404 Permit has also been issued for both the 
channel and box culvert improvements (see 404 Permit No. SPA-2010-00110-SCO in 
Appendix D2), and the current permit allows for completion of the channel and box culvert 
improvements by December 31, 2023.   
   
X. PUBLIC IMPROVEMENTS / DRAINAGE BASIN FEES  
 
The Westgate at Powers project consists of a combination of public roadway and 
drainage improvements, along with private site development and associated private 
drainage improvements.  
 
Westgate at Powers Filing No. 3 is located entirely within the Sand Creek Drainage Basin, 
which is subject to a current City of Colorado Springs 2021 drainage basin fee of $13,775 
per acre, a bridge fee of $819 per acre, a pond land fee of $1,070 per acre, and a pond 
facility fee of $3,957 per acre.   
 
The required fees for Filing No. 3 are calculated as follows: 
 
 Drainage Fee:   (28.747 ac.) @ ($13,775/ac.) =  $ 395,989.93 
 Bridge Fee:  (28.747 ac.) @ ($819/ac.) =  $   23,543.79 
 Pond Land Fee: (28.747 ac.) @ ($1,070/ac.) =  $   30,759.29 
 Pond Facility Fee: (28.747 ac.) @ ($3,957/ac.) =  $  113,751.88 
 Total Basin Fees:      $  564,044.89 
 
During the July 11, 2019 Drainage Board meeting, the developer, Powers and Airport, 
LLC received drainage fee credits for completion of drainage channel improvements to 
the Sand Creek Center Tributary Channel with Westgate at Powers Filing No. 1. 
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XI. CONSTRUCTION COST OPINION  
 
The developer will pay all capital costs for the proposed roadway and drainage 
improvements.  Non-reimbursable public drainage facilities will include the box culvert, 
public storm inlets, and storm sewer pipes within the public right-of-way of Joystone 
Drive.  As detailed in Appendix E, the estimated cost of non-reimbursable public 
drainage facilities is approximately $639,018. 
 
Non-reimbursable private drainage facilities include the private storm sewer systems 
within each development area, as well as the private detention pond facilities.  As 
detailed in Appendix E, the estimated cost of non-reimbursable private drainage facilities 
within the site is approximately $27,687. 
 
XII. SUMMARY  
 
The proposed drainage patterns for the Westgate at Powers Filing No. 3 development will 
be consistent with the master drainage plan for this area.  The site grading and drainage 
plans for the proposed site will convey developed runoff by sheet flow and curb and 
gutter to on-site storm sewer systems, draining through private full-spectrum extended 
detention basins prior to discharge into the adjoining public drainage channels (Sand 
Creek Center Tributary and Sand Creek main channel).   
 
The proposed drainage plan for this development is in full conformance with the 
Westgate at Powers Master Development Drainage Plan and current City drainage 
criteria.  The proposed detention ponds will provide stormwater detention and water 
quality mitigation in accordance with City of Colorado Springs requirements.  
Construction and proper maintenance of the proposed storm drainage facilities and 
detention ponds, in conjunction with proper erosion control practices during construction, 
will ensure that developed drainage from this site has no significant adverse impact on 
the downstream drainage system.  Site runoff and storm drainage facilities and 
appurtenances will not adversely affect the downstream and surrounding developments. 



APPENDIX A

HYDROLOGIC CALCULATIONS
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Hydrologic Soil Group

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

11 Bresser sandy loam, 
cool, 0 to 3 percent 
slopes

B 3.6 5.1%

28 Ellicott loamy coarse 
sand, 0 to 5 percent 
slopes

A 18.1 26.0%

78 Sampson loam, 0 to 3 
percent slopes

B 5.6 8.0%

96 Truckton sandy loam, 0 
to 3 percent slopes

A 27.7 39.9%

97 Truckton sandy loam, 3 
to 9 percent slopes

A 14.6 21.0%

Totals for Area of Interest 69.6 100.0%

Hydrologic Soil Group—El Paso County Area, Colorado Westgate at Powers

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/21/2017
Page 3 of 4



Description

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

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

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

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

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

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

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

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—El Paso County Area, Colorado Westgate at Powers

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

12/21/2017
Page 4 of 4

























Chapter 6 Hydrology

May 2014 City of Colorado Springs 6-17
Drainage Criteria Manual, Volume 1

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

3.2 Time of Concentration

One of the basic assumptions underlying the Rational Method is that runoff is a function of the average
rainfall rate during the time required for water to flow from the hydraulically most remote part of the
drainage area under consideration to the design point.  However, in practice, the time of concentration can
be an empirical value that results in reasonable and acceptable peak flow calculations.

For urban areas, the time of concentration (tc) consists of an initial time or overland flow time (ti) plus the
travel time (tt) in the storm sewer, paved gutter, roadside drainage ditch, or drainage channel.  For non-
urban areas, the time of concentration consists of an overland flow time (ti) plus the time of travel in a
concentrated form, such as a swale or drainageway.  The travel portion (tt) of the time of concentration
can be estimated from the hydraulic properties of the storm sewer, gutter, swale, ditch, or drainageway.
Initial time, on the other hand, will vary with surface slope, depression storage, surface cover, antecedent
rainfall, and infiltration capacity of the soil, as well as distance of surface flow.  The time of concentration
is represented by Equation 6-7 for both urban and non-urban areas.

HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D HSG A&B HSG C&D
Business
     Commercial Areas 95 0.79 0.80 0.81 0.82 0.83 0.84 0.85 0.87 0.87 0.88 0.88 0.89
     Neighborhood Areas 70 0.45 0.49 0.49 0.53 0.53 0.57 0.58 0.62 0.60 0.65 0.62 0.68

Residential
     1/8 Acre or less 65 0.41 0.45 0.45 0.49 0.49 0.54 0.54 0.59 0.57 0.62 0.59 0.65
     1/4 Acre 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58
     1/3 Acre 30 0.18 0.22 0.25 0.30 0.32 0.38 0.39 0.47 0.43 0.52 0.47 0.57
     1/2 Acre 25 0.15 0.20 0.22 0.28 0.30 0.36 0.37 0.46 0.41 0.51 0.46 0.56
     1 Acre 20 0.12 0.17 0.20 0.26 0.27 0.34 0.35 0.44 0.40 0.50 0.44 0.55

Industrial
     Light Areas 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74
     Heavy Areas 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83

Parks and Cemeteries 7 0.05 0.09 0.12 0.19 0.20 0.29 0.30 0.40 0.34 0.46 0.39 0.52
Playgrounds 13 0.07 0.13 0.16 0.23 0.24 0.31 0.32 0.42 0.37 0.48 0.41 0.54
Railroad Yard Areas 40 0.23 0.28 0.30 0.35 0.36 0.42 0.42 0.50 0.46 0.54 0.50 0.58

Undeveloped Areas
     Historic Flow Analysis--
     Greenbelts, Agriculture

2
0.03 0.05 0.09 0.16 0.17 0.26 0.26 0.38 0.31 0.45 0.36 0.51

     Pasture/Meadow 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50
     Forest 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50
     Exposed Rock 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
     Offsite Flow Analysis (when
     landuse is undefined)

45
0.26 0.31 0.32 0.37 0.38 0.44 0.44 0.51 0.48 0.55 0.51 0.59

Streets
     Paved 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
     Gravel 80 0.57 0.60 0.59 0.63 0.63 0.66 0.66 0.70 0.68 0.72 0.70 0.74

Drive and Walks 100 0.89 0.89 0.90 0.90 0.92 0.92 0.94 0.94 0.95 0.95 0.96 0.96
Roofs 90 0.71 0.73 0.73 0.75 0.75 0.77 0.78 0.80 0.80 0.82 0.81 0.83
Lawns 0 0.02 0.04 0.08 0.15 0.15 0.25 0.25 0.37 0.30 0.44 0.35 0.50

Land Use or Surface
Characteristics

Percent
Impervious

Runoff Coefficients

2-year 5-year 10-year 25-year 50-year 100-year

Penny
Rectangle

Penny
Rectangle

Penny
Rectangle

Penny
Rectangle
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Penny
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tic ttt (Eq. 6-7)

Where:

tc = time of concentration (min)

ti = overland (initial) flow time (min)

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

3.2.1 Overland (Initial) Flow Time

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

33.0
5

i (Eq. 6-8)

Where:

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

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

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

3.2.2 Travel Time

For catchments with overland and channelized flow, the time of concentration needs to be considered in
combination with the travel time, tt, which is calculated using the hydraulic properties of the swale, ditch,
or channel.  For preliminary work, the overland travel time, tt, can be estimated with the help of Figure 6-
25 or Equation 6-9 (Guo 1999).

5.0
wv (Eq. 6-9)

Where:

V = velocity (ft/s)

Cv = conveyance coefficient (from Table 6-7)

Sw = watercourse slope (ft/ft)
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Table 6-7. Conveyance Coefficient, Cv

Type of Land Surface Cv

Heavy meadow 2.5

Tillage/field 5

Riprap (not buried)* 6.5

Short pasture and lawns 7

Nearly bare ground 10

Grassed waterway 15

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

The travel time is calculated by dividing the flow distance (in feet) by the velocity calculated using
Equation 6-9 and converting units to minutes.

The time of concentration (tc) is then the sum of the overland flow time (ti) and the travel time (tt) per
Equation 6-7.

3.2.3 First Design Point Time of Concentration in Urban Catchments

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

(Eq. 6-10)

Where:

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

L = waterway length (ft)

Equation 6-10 was developed using the rainfall-runoff data collected in the Denver region and, in essence,
the Rational Method.  Normally, Equation 6-10 will result in a lesser

time of concentration at the first design point and will govern in an urbanized watershed.  For subsequent
design points, the time of concentration is calculated by accumulating the travel times in downstream
drainageway reaches.

3.2.4 Minimum Time of Concentration

If the calculations result in a tc of less than 10 minutes for undeveloped conditions, it is recommended that
a minimum value of 10 minutes be used.  The minimum tc for urbanized areas is 5 minutes.

3.2.5 Post-Development Time of Concentration

As Equation 6-8 indicates, the time of concentration is a function of the 5-year runoff coefficient for a
drainage basin. Typically, higher levels of imperviousness (higher 5-year runoff coefficients) correspond
to shorter times of concentration, and lower levels of imperviousness correspond to longer times of
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Figure 6-5. Colorado Springs Rainfall Intensity Duration Frequency

IDF Equations

I100 = -2.52 ln(D) + 12.735

I50 = -2.25 ln(D) + 11.375

I25 = -2.00 ln(D) + 10.111

I10 = -1.75 ln(D) + 8.847

I5 = -1.50 ln(D) + 7.583

I2 = -1.19 ln(D) + 6.035

Note: Values calculated by
equations may not precisely
duplicate values read from figure.
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STORM SEWER A8 

 
  



JPS ENGINEERING

WESTGATE AT POWERS - FILING NO. 3
STORM INLET SIZING SUMMARY
 
 

BASIN FLOW INLET FLOW  
  Q5 Q100 INLET Q5 Q100 INLET  INLET
  FLOW FLOW FLOW % FLOW FLOW CONDITION / INLET CAPACITY

INLET BASIN (CFS) (CFS) OF BASIN (CFS) (CFS) TYPE SIZE (CFS)
      
A8.1 A8 6.4 12.2 50 3.2 6.1 SUMP D10R 5.0 8.4
A8.2 A8 6.4 12.2 50 3.2 6.1 SUMP D10R 5.0 8.4
    
 

STORM-INLET-SIZING-WESTGATE-FLG-3 4/13/2021



Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 12.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.020

Height of Curb at Gutter Flow Line HCURB = 8.00 inches
Distance from Curb Face to Street Crown TCROWN = 24.5 ft

Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 24.5 24.5 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 8.0 12.0 inches

Check boxes are not applicable in SUMP conditions

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

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

Version 4.05  Released March 2017

ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)
Westgate at Powers - Inlet A8.1-A8.2

Inlet A8.1-A8.2

UD-Inlet_v4.05-westgate-A8.1-A8.2.xlsm, Inlet A8.1-A8.2 11/25/2017, 6:23 PM



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a' from above) alocal = 4.00 4.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 7.4 7.4 inches

Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet

Width of a Unit Grate Wo = N/A N/A feet

Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A

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

Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 5.00 5.00 feet

Height of Vertical Curb Opening in Inches Hvert = 8.00 8.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 8.00 8.00 inches

Angle of Throat (see USDCM Figure ST-5) Theta = 81.00 81.00 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 2.00 feet

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

Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = 3.60 3.60

Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67 0.67

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = N/A N/A ft

Depth for Curb Opening Weir Equation dCurb = 0.45 0.45 ft

Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.95 0.95

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

Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 8.4 8.4 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 3.2 6.1 cfs

Colorado Springs D-10-R

INLET IN A SUMP OR SAG LOCATION
Version 4.05  Released March 2017

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

Colorado Springs D-10-R

Override Depths
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JPS ENGINEERING

WESTGATE AT POWERS - FILING NO. 3
STORM SEWER SIZING SUMMARY
 
 

PIPE FLOW  PIPE CAPACITY
  Q5 Q100 PIPE MIN. FULL PIPE
  FLOW FLOW SIZE PIPE CAPACITY

PIPE BASINS (CFS) (CFS) (IN) SLOPE (CFS)
   
A8.1 A8.1 3.2 6.1 18 0.5% 7.4
A8.2 A8.1,A8.2 6.4 12.2 24 0.5% 16.0
   
 

ASSUMPTIONS:
1.  STORM SEWER PIPE TO BE RCP OR HDPE

STORM-INLET-SIZING-WESTGATE-FLG-3 5/14/2021



Hydraulic Analysis Report 

Project Data 

   Project Title:  Project - Westgate at Powers Filing No. 3   

   Designer:  JPS  

   Project Date:  Friday, May 14, 2021   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Channel Analysis: SD-A8.1  

Notes:   

Input Parameters  

Channel Type:  Circular 

Pipe Diameter: 1.5000 ft  

Longitudinal Slope: 0.0050 ft/ft  

Manning's n:  0.0130  

Depth: 1.5000 ft  

Result Parameters  

Flow: 7.4277 cfs  

Area of Flow: 1.7671 ft^2  

Wetted Perimeter: 4.7124 ft  

Hydraulic Radius: 0.3750 ft  

Average Velocity: 4.2032 ft/s  

Top Width: 0.0000 ft  

Froude Number:  0.0000  

Critical Depth: 1.0554 ft  

Critical Velocity: 5.5902 ft/s  

Critical Slope: 0.0070 ft/ft  

Critical Top Width: 1.37 ft  

Calculated Max Shear Stress: 0.4680 lb/ft^2  

Calculated Avg Shear Stress: 0.1170 lb/ft^2  



 

Channel Analysis: SD-A8.2  

Notes:   

Input Parameters  

Channel Type:  Circular 

Pipe Diameter: 2.0000 ft  

Longitudinal Slope: 0.0050 ft/ft  

Manning's n:  0.0130  

Depth: 2.0000 ft  

Result Parameters  

Flow: 15.9965 cfs  

Area of Flow: 3.1416 ft^2  

Wetted Perimeter: 6.2832 ft  

Hydraulic Radius: 0.5000 ft  

Average Velocity: 5.0918 ft/s  

Top Width: 0.0000 ft  

Froude Number:  0.0000  

Critical Depth: 1.4414 ft  

Critical Velocity: 6.5991 ft/s  

Critical Slope: 0.0066 ft/ft  

Critical Top Width: 1.79 ft  

Calculated Max Shear Stress: 0.6240 lb/ft^2  

Calculated Avg Shear Stress: 0.1560 lb/ft^2  
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APPENDIX B2 
 
 

HYDRAULIC CALCULATIONS 
JOYSTONE DRIVE BOX CULVERT 

 
  



HY-8 Culvert Analysis Report 

Crossing Discharge Data – Joystone Drive CBC – Sand Creek DBPS Flows 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 600 cfs 

Design Flow: 950 cfs 

Maximum Flow: 1960 cfs 



Table 1 - Summary of Culvert Flows at Crossing: Crossing - Joystone CBC-DBPS 

Flows 
 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert - Joystone 

CBC Discharge (cfs) 
Roadway Discharge 

(cfs) Iterations 

 6121.53 600.00 600.00 0.00 1 
 6121.90 736.00 736.00 0.00 1 
 6122.27 872.00 872.00 0.00 1 
 6122.47 950.00 950.00 0.00 1 
 6122.95 1144.00 1144.00 0.00 1 
 6123.26 1280.00 1280.00 0.00 1 
 6123.56 1416.00 1416.00 0.00 1 
 6123.86 1552.00 1552.00 0.00 1 
 6124.15 1688.00 1688.00 0.00 1 
 6124.44 1824.00 1824.00 0.00 1 
 6124.73 1960.00 1960.00 0.00 1 
 6128.03 3306.01 3306.01 0.00 Overtopping 



Rating Curve Plot for Crossing: Crossing - Joystone CBC-DBPS Flows 

 



Table 2 - Culvert Summary Table: Culvert - Joystone CBC 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 6118.94 ft,    Outlet Elevation (invert): 6118.22 ft 

Culvert Length: 120.00 ft,    Culvert Slope: 0.0060 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

 600.00 600.00 6121.53 2.587 1.327 1-S2n 1.304 1.693 1.343 1.938 9.309 5.546 
 736.00 736.00 6121.90 2.965 1.627 1-S2n 1.486 1.940 1.543 2.184 9.939 5.959 
 872.00 872.00 6122.27 3.332 1.919 1-S2n 1.657 2.172 1.734 2.411 10.475 6.321 
 950.00 950.00 6122.47 3.532 2.085 1-S2n 1.751 2.300 1.841 2.533 10.752 6.510 
 1144.00 1144.00 6122.95 4.005 2.495 1-S2n 1.976 2.603 2.094 2.821 11.380 6.937 
 1280.00 1280.00 6123.26 4.319 2.783 1-S2n 2.126 2.806 2.265 3.010 11.772 7.205 
 1416.00 1416.00 6123.56 4.622 3.073 1-S2n 2.272 3.001 2.433 3.189 12.124 7.453 
 1552.00 1552.00 6123.86 4.918 3.366 1-S2n 2.414 3.190 2.594 3.361 12.463 7.684 
 1688.00 1688.00 6124.15 5.209 3.664 1-S2n 2.552 3.374 2.755 3.527 12.765 7.901 
 1824.00 1824.00 6124.44 5.498 3.967 1-S2n 2.687 3.553 2.910 3.686 13.060 8.105 
 1960.00 1960.00 6124.73 5.787 4.276 1-S2n 2.820 3.727 3.063 3.840 13.330 8.297 



Culvert Performance Curve Plot: Culvert - Joystone CBC 

 



Water Surface Profile Plot for Culvert: Culvert - Joystone CBC 

 

Site Data - Culvert - Joystone CBC 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  6118.94 ft 

Outlet Station:  120.00 ft 

Outlet Elevation:  6118.22 ft 

Number of Barrels:  3 

Culvert Data Summary - Culvert - Joystone CBC 

Barrel Shape:  Concrete Box 

Barrel Span:  16.00 ft 

Barrel Rise:  6.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0130 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (30-75º flare) Wingwall 

Inlet Depression:  None 



Table 3 - Downstream Channel Rating Curve (Crossing: Crossing - Joystone 

CBC-DBPS Flows) 

 Tailwater Channel Data - Crossing - Joystone CBC-DBPS Flows 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  50.00 ft 

Side Slope (H:V):  3.00 (_:1) 

Channel Slope:  0.0060 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  6118.22 ft 

Roadway Data for Crossing: Crossing - Joystone CBC-DBPS Flows 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  6128.03 ft 

Roadway Surface:  Paved 

Roadway Top Width:  80.00 ft 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 600.00 6120.16 1.94 5.55 0.73 0.74 
 736.00 6120.40 2.18 5.96 0.82 0.75 
 872.00 6120.63 2.41 6.32 0.90 0.76 
 950.00 6120.75 2.53 6.51 0.95 0.77 
 1144.00 6121.04 2.82 6.94 1.06 0.78 
 1280.00 6121.23 3.01 7.21 1.13 0.79 
 1416.00 6121.41 3.19 7.45 1.19 0.79 
 1552.00 6121.58 3.36 7.68 1.26 0.80 
 1688.00 6121.75 3.53 7.90 1.32 0.80 
 1824.00 6121.91 3.69 8.10 1.38 0.81 
 1960.00 6122.06 3.84 8.30 1.44 0.81 



Crossing Discharge Data – Joystone Drive CBC – FEMA Flows 

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow 

Minimum Flow: 340 cfs 

Design Flow: 630 cfs 

Maximum Flow: 790 cfs 



Table 4 - Summary of Culvert Flows at Crossing: Crossing - Joystone CBC-FEMA 

Flows 
 

Headwater Elevation 
(ft) Total Discharge (cfs) Culvert - Joystone 

CBC Discharge (cfs) 
Roadway Discharge 

(cfs) Iterations 

 6120.71 340.00 340.00 0.00 1 
 6120.86 385.00 385.00 0.00 1 
 6121.01 430.00 430.00 0.00 1 
 6121.15 475.00 475.00 0.00 1 
 6121.29 520.00 520.00 0.00 1 
 6121.43 565.00 565.00 0.00 1 
 6121.61 630.00 630.00 0.00 1 
 6121.68 655.00 655.00 0.00 1 
 6121.81 700.00 700.00 0.00 1 
 6121.93 745.00 745.00 0.00 1 
 6122.05 790.00 790.00 0.00 1 
 6128.03 3306.04 3306.04 0.00 Overtopping 



Rating Curve Plot for Crossing: Crossing - Joystone CBC-FEMA Flows 

 



Table 5 - Culvert Summary Table: Culvert - Joystone CBC 

 ******************************************************************************** 

Straight Culvert 

Inlet Elevation (invert): 6118.94 ft,    Outlet Elevation (invert): 6118.22 ft 

Culvert Length: 120.00 ft,    Culvert Slope: 0.0060 

******************************************************************************** 

Total 
Discharge 

(cfs) 
Culvert 

Discharge 
(cfs) 

Headwater 
Elevation 

(ft) 
Inlet 

Control 
Depth (ft) 

Outlet 
Control 

Depth (ft) 
Flow 
Type 

Normal 
Depth (ft) 

Critical 
Depth (ft) 

Outlet 
Depth (ft) 

Tailwater 
Depth (ft) 

Outlet 
Velocity 

(ft/s) 
Tailwater 
Velocity 

(ft/s) 

 340.00 340.00 6120.71 1.772 0.703 1-S2n 0.912 1.159 0.922 1.388 7.684 4.522 
 385.00 385.00 6120.86 1.925 0.818 1-S2n 0.984 1.259 1.001 1.494 8.015 4.731 
 430.00 430.00 6121.01 2.072 0.930 1-S2n 1.056 1.356 1.075 1.594 8.334 4.924 
 475.00 475.00 6121.15 2.214 1.038 1-S2n 1.124 1.449 1.148 1.690 8.623 5.103 
 520.00 520.00 6121.29 2.352 1.144 1-S2n 1.191 1.539 1.219 1.783 8.886 5.271 
 565.00 565.00 6121.43 2.486 1.247 1-S2n 1.255 1.626 1.289 1.871 9.129 5.429 
 630.00 630.00 6121.61 2.673 1.394 1-S2n 1.345 1.749 1.387 1.994 9.460 5.642 
 655.00 655.00 6121.68 2.743 1.450 1-S2n 1.380 1.795 1.424 2.040 9.580 5.720 
 700.00 700.00 6121.81 2.867 1.549 1-S2n 1.439 1.876 1.491 2.121 9.784 5.855 
 745.00 745.00 6121.93 2.989 1.647 1-S2n 1.497 1.956 1.555 2.200 9.984 5.984 
 790.00 790.00 6122.05 3.113 1.744 1-S2n 1.555 2.034 1.622 2.276 10.144 6.108 



Culvert Performance Curve Plot: Culvert - Joystone CBC 

 



Water Surface Profile Plot for Culvert: Culvert - Joystone CBC 

 

Site Data - Culvert - Joystone CBC 

Site Data Option:  Culvert Invert Data 

Inlet Station:  0.00 ft 

Inlet Elevation:  6118.94 ft 

Outlet Station:  120.00 ft 

Outlet Elevation:  6118.22 ft 

Number of Barrels:  3 

Culvert Data Summary - Culvert - Joystone CBC 

Barrel Shape:  Concrete Box 

Barrel Span:  16.00 ft 

Barrel Rise:  6.00 ft 

Barrel Material:  Concrete 

Embedment:  0.00 in 

Barrel Manning's n:  0.0130 

Culvert Type:  Straight 

Inlet Configuration:  Square Edge (30-75º flare) Wingwall 

Inlet Depression:  None 



Table 6 - Downstream Channel Rating Curve (Crossing: Crossing - Joystone 

CBC-FEMA Flows) 

 Tailwater Channel Data - Crossing - Joystone CBC-FEMA Flows 

Tailwater Channel Option:  Trapezoidal Channel 

Bottom Width:  50.00 ft 

Side Slope (H:V):  3.00 (_:1) 

Channel Slope:  0.0060 

Channel Manning's n:  0.0300 

Channel Invert Elevation:  6118.22 ft 

Roadway Data for Crossing: Crossing - Joystone CBC-FEMA Flows 

Roadway Profile Shape:  Constant Roadway Elevation 

Crest Length:  100.00 ft 

Crest Elevation:  6128.03 ft 

Roadway Surface:  Paved 

Roadway Top Width:  80.00 ft 
 

Flow (cfs) Water Surface 
Elev (ft) Depth (ft) Velocity (ft/s) Shear (psf) Froude Number 

 340.00 6119.61 1.39 4.52 0.52 0.70 
 385.00 6119.71 1.49 4.73 0.56 0.71 
 430.00 6119.81 1.59 4.92 0.60 0.72 
 475.00 6119.91 1.69 5.10 0.63 0.72 
 520.00 6120.00 1.78 5.27 0.67 0.73 
 565.00 6120.09 1.87 5.43 0.70 0.73 
 630.00 6120.21 1.99 5.64 0.75 0.74 
 655.00 6120.26 2.04 5.72 0.76 0.74 
 700.00 6120.34 2.12 5.86 0.79 0.75 
 745.00 6120.42 2.20 5.98 0.82 0.75 
 790.00 6120.50 2.28 6.11 0.85 0.76 



APPENDIX C

STORMWATER DETENTION & WATER QUALITY CALCULATIONS
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Worksheet Unprotected

 Sheet 1 of 1

Designer:

Company:

Date:

Project:

Location:

SITE INFORMATION (User Input in Blue Cells)

WQCV Rainfall Depth 0.60 inches
Depth of Average Runoff Producing Storm, d6 = 0.43 inches (for Watersheds Outside of the Denver Region, Figure 3-1 in USDCM Vol. 3)

Area Type DCIA

Area ID A8

Downstream Design Point ID A8

Downstream BMP Type EDB

DCIA (ft2) 70,132

UIA (ft2) --

RPA (ft2) --

SPA (ft2) --

HSG A (%) --

HSG B (%) --

HSG C/D (%) --

Average Slope of RPA (ft/ft) --

UIA:RPA Interface Width (ft) --

CALCULATED RUNOFF RESULTS

Area ID A8

UIA:RPA Area (ft2) --

L / W Ratio --

UIA / Area --

Runoff (in) 0.50

Runoff (ft3) 2922

Runoff Reduction (ft3) 0

CALCULATED WQCV RESULTS

Area ID A8

WQCV (ft3) 2922

WQCV Reduction (ft3) 0

WQCV Reduction (%) 0%

Untreated WQCV (ft3) 2922

CALCULATED DESIGN POINT RESULTS (sums results from all columns with the same Downstream Design Point ID)

Downstream Design Point ID A8

DCIA (ft2) 70,132

UIA (ft2) 0

RPA (ft2) 0

SPA (ft2) 0

Total Area (ft2) 70,132

Total Impervious Area (ft2) 70,132

WQCV (ft3) 2,922

WQCV Reduction (ft3) 0

WQCV Reduction (%) 0%

Untreated WQCV (ft3) 2,922

CALCULATED SITE RESULTS (sums results from all columns in worksheet)

Total Area (ft2) 70,132

Total Impervious Area (ft2) 70,132

WQCV (ft3) 2,922

WQCV Reduction (ft3) 0

WQCV Reduction (%) 0%

Untreated WQCV (ft3) 2,922

Basin A8

Design Procedure Form:  Runoff Reduction                

JPS

JPS

May 13, 2021

Westgate at Powers Filing No. 3

UD-BMP (Version 3.07, March 2018)



Project:

Basin ID:

Depth Increment = ft

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

Selected BMP Type = EDB Bot EL=6121.0 -- 1.00 -- -- -- 16,093 0.369 8,051 0.185

Watershed Area = 15.37 acres -- 2.00 -- -- -- 18,405 0.423 25,300 0.581

Watershed Length = 1,250 ft -- 4.00 -- -- -- 23,376 0.537 67,081 1.540

Watershed Length to Centroid = 625 ft Spillway=6126.0 -- 6.00 -- -- -- 28,868 0.663 119,325 2.739

Watershed Slope = 0.020 ft/ft Top EL=6128.0 -- 8.00 -- -- -- 34,360 0.789 182,553 4.191

Watershed Imperviousness = 80.32% percent -- -- -- --

Percentage Hydrologic Soil Group A = 100.0% percent -- -- -- --

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

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

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

Location for 1-hr Rainfall Depths = User Input -- -- -- --

-- -- -- --

-- -- -- --

Optional User Overrides -- -- -- --

Water Quality Capture Volume (WQCV) = 0.423 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.625 acre-feet acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 1.142 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 1.480 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 1.751 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 2.068 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 2.377 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 2.735 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.14 in.) = 3.529 acre-feet 3.14 inches -- -- -- --

Approximate 2-yr Detention Volume = 1.067 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.388 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.656 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 1.967 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.148 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.316 acre-feet -- -- -- --

-- -- -- --

Define Zones and Basin Geometry -- -- -- --

Zone 1 Volume (WQCV) = 0.423 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.202 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 0.690 acre-feet -- -- -- --

Total Detention Basin Volume = 2.316 acre-feet -- -- -- --

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Optional 
Override 
Area (ft 2)

Length 
(ft)

Optional 
Override 
Stage (ft)

Stage
(ft)

Stage - Storage
Description

Area 
(ft 2)

Width 
(ft)

Westgate at Powers - Filing No. 3

Detention Basin A6

MHFD-Detention, Version 4.04 (February 2021)

Volume 
(ft 3)

Volume 
(ac-ft)

Area 
(acre)

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 04-WG-F3-Pond-A6, Basin 5/12/2021, 11:00 AM



  Project:

  Basin ID:

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

Zone 1 (WQCV) 1.62 0.423 Orifice Plate

Zone 2 (EURV) 4.16 1.202 Orifice Plate

Zone 3 (100-year) 5.35 0.690 Weir&Pipe (Restrict)

Total (all zones) 2.316

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

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

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 2.681E-02 ft2

Depth at top of Zone using Orifice Plate = 4.16 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 17.10 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = 3.86 sq. inches (use rectangular openings) Elliptical Slot Area = N/A ft2

User Input:  Stage and Total Area of Each Orifice Row (numbered from lowest to highest)
Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)

Stage of Orifice Centroid (ft) 0.00 1.39 2.77

Orifice Area (sq. inches) 3.86 3.86 3.86

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

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

User Input:  Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected

Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A ft2

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

User Input:  Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 4.50 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.50 N/A feet
Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 2.50 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 9.81 N/A
Horiz. Length of Weir Sides = 2.50 N/A feet Overflow Grate Open Area w/o Debris = 6.96 N/A ft2

Overflow Grate Type = Type C Grate N/A Overflow Grate Open Area w/ Debris = 3.48 N/A ft2

Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.71 N/A ft2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.37 N/A feet
Restrictor Plate Height Above Pipe Invert = 7.60 inches Half-Central Angle of Restrictor Plate on Pipe = 1.41 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 6.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.89 feet

Spillway Crest Length = 16.00 feet Stage at Top of Freeboard = 7.89 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.78 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 4.10 acre-ft

Max Ponding Depth of Target Storage Volume = 5.11 feet Discharge at Top of Freeboard = 181.54 cfs

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

One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.25 2.52 3.14
CUHP Runoff Volume (acre-ft) = 0.423 1.625 1.142 1.480 1.751 2.068 2.377 2.735 3.529

Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.142 1.480 1.751 2.068 2.377 2.735 3.529
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.1 0.2 0.3 2.7 5.3 8.7 15.6

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.01 0.01 0.02 0.17 0.35 0.56 1.01

Peak Inflow Q (cfs) = N/A N/A 19.5 24.8 28.6 35.1 40.5 47.9 61.8
Peak Outflow Q (cfs) = 0.2 0.6 0.5 0.6 0.6 2.2 4.7 7.8 8.5

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 2.8 2.2 0.8 0.9 0.9 0.5
Structure Controlling Flow = Plate Plate Plate Plate Plate Overflow Weir 1 Overflow Weir 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A N/A 0.2 0.6 1.0 1.1
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 38 69 62 68 72 75 74 73 71
Time to Drain 99% of Inflow Volume (hours) = 40 74 65 72 77 80 80 80 79

Maximum Ponding Depth (ft) = 1.62 4.16 3.09 3.73 4.22 4.67 4.83 5.11 6.00
Area at Maximum Ponding Depth (acres) = 0.40 0.55 0.48 0.52 0.55 0.58 0.59 0.61 0.66

Maximum Volume Stored (acre-ft) = 0.424 1.627 1.075 1.392 1.654 1.914 2.007 2.168 2.733

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
MHFD-Detention, Version 4.04 (February 2021)

Westgate at Powers - Filing No. 3

Detention Basin A6

Example Zone Configuration (Retention Pond)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 1 1

Count_WQPlate = 1 0.14(diameter = 7/16 inch)

Count_VertOrifice1 = 0 0.18(diameter = 1/2 inch) Outlet Plate 1 Outlet Plate 2 Drain Time Message Boolean

Count_VertOrifice2 = 0 0.24(diameter = 9/16 inch) 4 1 5yr, <72hr 0

Count_Weir1 = 1 0.29(diameter = 5/8 inch) >5yr, <120hr 0

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 163 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 310 Slope 0.020

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 417 Shape 2.33

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 374

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 423 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 468 0.89

WQ Plate Flow at 100yr depth = 0.74 0.97(diameter = 1-1/8 inches) 50 Year 484

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 512 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 601 1 Z2_Boolean

n*Cdo #1 = 0.74 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.000 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= N/A 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = N/A 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = N/A 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = N/A 2.03(diameter = 1-5/8 inches) Vertical Orifice 2 0 0 Boolean

Underdrain Q at 100yr depth = 0.00 2.20(diameter = 1-11/16 inches) Overflow Weir 1 1 1 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.00 2.36(diameter = 1-3/4 inches) Overflow Weir 2 0 0 0 500yr Depth

VertOrifice2 Q at 100yr depth = 0.00 2.54(diameter = 1-13/16 inches) Outlet Pipe 1 1 1 0 Freeboard

2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 1 Spillway

Count_User_Hydrographs 0 2.90(diameter = 1-15/16 inches) 0 Spillway Length

CountA_3 (EURV & 100yr) = 1 3.09(diameter = 2 inches) FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) Button Visibility Boolean

COUNTA_5 (FSD Weir Only)= 0 0 WQCV Underdrain

COUNTA_6 (EURV Weir Only)= 1 1 WQCV Plate

0 EURV-WQCV Plate

Outlet1_Pulldown_Boolean 0 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset
Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 8.00 180,000 190

S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis
minimum bound
maximum bound

MHFD-Detention, Version 4.04 (February 2021)
DETENTION BASIN OUTLET STRUCTURE DESIGN
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Outflow Hydrograph Workbook Filename:

Inflow Hydrographs

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] 500 Year [cfs]

5.00  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.03 0.95

0:15:00 0.00 0.00 2.63 4.27 5.28 3.54 4.38 4.31 6.06

0:20:00 0.00 0.00 8.98 11.65 13.64 8.56 9.92 10.68 13.81

0:25:00 0.00 0.00 17.68 23.16 27.49 17.40 20.03 21.38 27.70

0:30:00 0.00 0.00 19.53 24.80 28.65 33.78 39.17 43.63 56.63

0:35:00 0.00 0.00 17.07 21.34 24.53 35.07 40.53 47.94 61.82

0:40:00 0.00 0.00 14.60 17.94 20.59 31.89 36.84 43.34 55.90

0:45:00 0.00 0.00 11.81 14.88 17.23 27.04 31.19 37.89 48.94

0:50:00 0.00 0.00 9.75 12.62 14.37 23.24 26.74 32.21 41.64

0:55:00 0.00 0.00 8.39 10.82 12.50 18.97 21.76 26.87 34.68

1:00:00 0.00 0.00 7.30 9.37 10.96 16.03 18.35 23.28 30.03

1:05:00 0.00 0.00 6.30 8.05 9.53 13.70 15.68 20.47 26.44

1:10:00 0.00 0.00 5.03 6.95 8.34 11.14 12.70 15.97 20.54

1:15:00 0.00 0.00 4.15 5.97 7.60 9.06 10.29 12.38 15.86

1:20:00 0.00 0.00 3.69 5.32 6.89 7.26 8.22 9.18 11.71

1:25:00 0.00 0.00 3.44 4.95 6.08 6.23 7.03 7.20 9.15

1:30:00 0.00 0.00 3.30 4.71 5.51 5.32 5.99 5.99 7.57

1:35:00 0.00 0.00 3.22 4.54 5.11 4.71 5.31 5.21 6.56

1:40:00 0.00 0.00 3.15 4.05 4.83 4.31 4.85 4.68 5.87

1:45:00 0.00 0.00 3.11 3.69 4.64 4.05 4.55 4.33 5.41

1:50:00 0.00 0.00 3.08 3.42 4.50 3.86 4.34 4.09 5.10

1:55:00 0.00 0.00 2.63 3.23 4.27 3.75 4.21 3.96 4.94

2:00:00 0.00 0.00 2.30 3.00 3.85 3.67 4.13 3.91 4.87

2:05:00 0.00 0.00 1.63 2.12 2.71 2.60 2.92 2.78 3.46

2:10:00 0.00 0.00 1.12 1.47 1.88 1.81 2.03 1.94 2.41

2:15:00 0.00 0.00 0.76 0.99 1.29 1.24 1.40 1.34 1.67

2:20:00 0.00 0.00 0.51 0.65 0.86 0.83 0.93 0.89 1.11

2:25:00 0.00 0.00 0.32 0.42 0.56 0.54 0.61 0.58 0.73

2:30:00 0.00 0.00 0.19 0.27 0.35 0.35 0.39 0.38 0.47

2:35:00 0.00 0.00 0.10 0.15 0.19 0.20 0.22 0.21 0.27

2:40:00 0.00 0.00 0.04 0.07 0.08 0.09 0.10 0.10 0.12

2:45:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.03

2:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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 Sheet 1 of 3

Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 80.3 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.803

C)  Contributing Watershed Area Area = 15.370  ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 =  in
      Runoff Producing Storm

E)  Design Concept
     (Select EURV when also designing for flood control) 2

F)  Design Volume (WQCV) Based on 40-hour Drain Time VDESIGN= 0.423  ac-ft
      (VDESIGN = (1.0 * (0.91 * i3 - 1.19 * i2 + 0.78 * i) / 12 * Area )

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER=  ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

H)  User Input of Water Quality Capture Volume (WQCV) Design Volume VDESIGN USER=  ac-ft
      (Only if a different WQCV Design Volume is desired)

I)  NRCS Hydrologic Soil Groups of Tributary Watershed
       i)  Percentage of Watershed consisting of Type A Soils HSG A = 100 %
       ii)  Percentage of Watershed consisting of Type B Soils HSG B = 0 %
       iii)  Percentage of Watershed consisting of Type C/D Soils HSG C/D = 0 %

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = 1.68 * i1.28 EURVDESIGN = 1.625  ac-f t
       For HSG B: EURVB = 1.36 * i1.08

       For HSG C/D: EURVC/D = 1.20 * i1.08

K)  User Input of Excess Urban Runoff Volume (EURV) Design Volume EURVDESIGN USER=  ac-f t
      (Only if a different EURV Design Volume is desired)

2. Basin Shape: Length to Width Ratio L : W = 2.0 : 1
(A basin length to width ratio of at least 2:1 will improve TSS reduction.)

3. Basin Side Slopes 

A)  Basin Maximum Side Slopes Z = 4.00  ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

4. Inlet

A)  Describe means of providing energy dissipation at concentrated 
      inflow locations:

0.423
5. Forebay

A)  Minimum Forebay Volume VFMIN = 0.013  ac-ft
 (VFMIN = 3% of the WQCV)

B)  Actual Forebay Volume VF = 0.013  ac-ft

C) Forebay Depth
 (DF = 18 inch maximum) DF = 18.0  in

D) Forebay Discharge

       i) Undetained 100-year Peak Discharge Q100 = 70.30  cfs

       ii) Forebay Discharge Design Flow QF = 1.41  cfs
          (QF = 0.02 * Q100)

E) Forebay Discharge Design

F) Discharge Pipe Size (minimum 8-inches) Calculated DP = in

G) Rectangular Notch Width Calculated WN = 6.4  in

Flow too small for berm w/ pipe

Design Procedure Form:  Extended Detention Basin (EDB)

WESTGATE AT POWERS

JPS

May 12, 2021

DETENTION BASIN A6

JPS

UD-BMP (Version 3.07, March 2018)

Concrete Forebay

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

Wall with Rect. Notch

Berm With Pipe

Water Quality Capture Volume (WQCV)

Wall with V-Notch Weir
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Designer:

Company:

Date:

Project:

Location:

6. Trickle Channel

A)  Type of Trickle Channel

F)  Slope of Trickle Channel S = 0.0050 ft / ft

7. Micropool and Outlet Structure

A)  Depth of Micropool (2.5-feet minimum) DM = 2.5  ft

B)  Surface Area of Micropool (10 ft2 minimum) AM = 10  sq ft

C)  Outlet Type

D)  Smallest Dimension of Orifice Opening Based on Hydrograph Routing
(Use UD-Detention) Dorifice = 1.00 inches

E) Total Outlet Area Aot = 11.49 square inches

8. Initial Surcharge Volume

A)  Depth of Initial Surcharge Volume DIS = 6  in
     (Minimum recommended depth is 4 inches)

B) Minimum Initial Surcharge Volume VIS = 55  cu ft
    (Minimum volume of 0.3% of the WQCV)

C) Initial Surcharge Provided Above Micropool Vs= 5.0 cu ft

9. Trash Rack

A)  Water Quality Screen Open Area: At = Aot * 38.5*(e-0.095D) At = 402 square inches

Y Other (Y/N): N
N

C) Ratio of Total Open Area to Total Area (only for type 'Other') 0.60 User Ratio =

D) Total Water Quality Screen Area (based on screen type) Atotal = 670 sq. in.

E) Depth of Design Volume (EURV or WQCV) H= 4.16 feet
       (Based on design concept chosen under 1E)

F) Height of Water Quality Screen (HTR) HTR= 77.92  inches

G) Width of Water Quality Screen Opening (Wopening) Wopening = 12.0  inches VALUE LESS THAN RECOMMENDED MIN. WIDTH.

(Minimum of 12 inches is recommended) WIDTH HAS BEEN SET TO 12 INCHES.

DETENTION BASIN A6

WESTGATE AT POWERS

May 12, 2021

JPS

Design Procedure Form:  Extended Detention Basin (EDB)

JPS

S.S. Well Screen with 60% Open AreaB) Type of Screen (If specifying an alternative to the materials recommended 
in the USDCM, indicate "other" and enter the ratio of the total open are to the 
total screen are for the material specified.)

Choose One
Orifice Plate

Other (Describe):

Choose One

Concrete

Soft Bottom
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Designer:

Company:

Date:

Project:

Location:

10. Overflow Embankment

A)  Describe embankment protection for 100-year and greater overtopping:

B)  Slope of Overflow Embankment Ze = 3.00  ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred) DIFFICULT TO MAINTAIN, INCREASE WHERE POSSIBLE

11. Vegetation

12. Access

A)  Describe Sediment Removal Procedures

Notes:

Buried Riprap Spillway

Periodic inspection and sediment removal as needed
Access ramp provided to pond bottom

DETENTION BASIN A6

WESTGATE AT POWERS

May 12, 2021

JPS

JPS

Design Procedure Form:  Extended Detention Basin (EDB)

Choose One

Irrigated

Not Irrigated
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APPENDIX D1 
 
 

SAND CREEK CENTER TRIBUTARY CHANNEL 
BOX CULVERT - ZERO-RISE CERTIFICATION 
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19 E. Willamette Avenue 
Colorado Springs, CO 80903 
(719)-477-9429 
www.jpsengr.com 
 
May 15, 2021 
 
Keith Curtis, P.E. 
Pikes Peak Regional Floodplain Administrator 
2880 International Circle 
Colorado Springs, CO 80910 
 
 
SUBJECT: Zero Rise Certification - Joystone Drive Box Culvert Crossing  
  Sand Creek Center Tributary Channel (FIRM Panel 08041C0753G) 
  Westgate at Powers Filing No. 3  
   
Dear Keith, 
 
I certify that I am a duly qualified registered Professional Engineer licensed in the state of 
Colorado. 
 
I certify that the proposed Joystone Drive Box Culvert project as detailed on the construction 
drawings entitled “Westgate at Powers Filing No. 3 Storm Sewer Plans” by JPS Engineering, 
Inc. will result in zero rise in the FEMA designated 100-year flood heights, and no increase 
in the 100-year discharge and no increase in the 100-year floodplain width, at published and 
unpublished cross section of the current FEMA floodplain of the Sand Creek Center Tributary 
Channel as shown on FEMA Map 08041C0753G dated December 7, 2018, revised by Letter 
of Map Revision Case No. 19-08-0754P dated October 13, 2020.  This certification is intended 
as proof of meeting the requirements set forth in the Pikes Peak Regional Building Code 
RBC313.20.1. 
  
I offer the following documentation in accordance with standard engineering practice to 
support my findings: 
 

a) Development of Westgate at Powers Filing No. 3 includes extension of Joystone Drive 
northwest from its current termination to the north subdivision boundary.  The 
proposed roadway extension requires crossing of the Sand Creek Center Tributary 
Channel and floodplain. 

b) Based on the Preliminary Design profiles in the “Sand Creek DBPS,” design flows 
for the Sand Creek Center Tributary Channel downstream of Troy Hill Road have 
been established as Q10 = 950 cfs and Q100 = 1,960 cfs.  Design of the proposed three-
cell 16’x6’ concrete box culvert has ben performed based on the DBPS 100-year 
flow. 
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c) The proposed three-cell 16’x6’ concrete box culvert matches the design of the 
existing box culvert crossing Troy Hill Road immediately upstream of the proposed 
Joystone Drive crossing. 

d) According to the FEMA Flood Insurance Study (FIS), 100-year flows at Airport Road 
have been established as 790 cfs, which has been used as the basis for this floodplain 
permitting analysis.  As noted above, the box culvert has been designed for the much 
higher flows identified in the Sand Creek DBPS. 

e) The attached HEC-RAS hydraulic calculations are provided to demonstrate no 
significant impact to the FEMA floodplain from the proposed box culvert 
improvements.  The following table summarizes the comparison between calculated 
100-year water surface level (WSL) elevations with and without the proposed box 
culvert: 

 
STA Channel 

Location 
Channel 
Inv EL 

Calculated 
100-yr WSL 
(no CBC) 

Calculated 
100-yr WSL  
(w/ CBC) 

26+00 Upstream of CBC 6124.1 6126.1 6126.1 
21+50 Downstream of CBC 6121.0 6122.9 6122.9 

 *HEC-RAS calculations are based on the NAVD88 datum for consistency with the FEMA LOMR 
 

As detailed above, the proposed box culvert will result in “zero-rise” in the 100-year 
floodplain limits upstream and downstream of the Joystone Drive crossing.   

 
 
The proposed development limits within the Westgate at Powers project have been established 
well beyond the FEMA floodplain limits as delineated in the approved FEMA LOMR.  In 
summary, the proposed box culvert crossing the Sand Creek Century Tributary Channel will 
have no significant impact on the FEMA floodplain.   
 
Please contact me if you have any questions or need any additional information.   
 
Sincerely, 
JPS Engineering, Inc. 
 
 
 
John P. Schwab, P.E. 
 
cc: Spencer Hymas, Powers & Airport LLC 
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SAND CREEK CENTER TRIBUTARY CHANNEL 
USACE 404 PERMIT 
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 DEPARTMENT OF THE ARMY PERMIT 
 
 
Permittee:   Martin List, Signature Reality Capital Corp. 
 
Permit No.:   SPA-2010-00110-SCO 
 
Issuing Office:   Albuquerque District, U.S. Army Corps of Engineers 
 
NOTE:  The term "you" and its derivatives, as used in this permit, means the permittee or any 
future transferee.  The term "this office" refers to the appropriate district or division office of the 
Corps of Engineers having jurisdiction over the permitted activity or the appropriate official of that 
office acting under the authority of the commanding officer. 
 
You are authorized to perform work in accordance with the terms and conditions specified below. 
 
Project Description:  To discharge dredged and fill material into waters of the U.S. associated 
with the construction of the Westgate at Powers Commercial Development, which would 
involve impacts to approximately 2,370 linear feet of waters of the United States in Sand 
Creek Center Tributary. The project will be constructed in accordance with the attached 
drawings. 
 
Project Location:  Latitude 38.8272º, Longitude -104.7272º; El Paso County, CO 
  
Permit Conditions:  In accordance with attached Public Notice, Project Plans, and Colorado 
Department of Public Health and Environment Section 401 Water Quality Certification. 
 
General Conditions: 
 

1. The time limit for completing the work authorized ends on December 31, 2023.  If you find 
that you need more time to complete the authorized activity, submit your request for a time 
extension to this office for consideration at least one month before the above date is 
reached. 
 
2. You must maintain the activity authorized by this permit in good condition and in 
conformance with the terms and conditions of this permit.  You are not relieved of this 
requirement if you abandon the permitted activity, although you may make a good faith 
transfer to a third party in compliance with General Condition 4 below.  Should you wish to 
cease to maintain the authorized activity or should you desire to abandon it without a good 
faith transfer, you must obtain a modification of this permit from this office, which may require 
restoration of the area. 
 
3. If you discover any previously unknown historic or archeological remains while 
accomplishing the activity authorized by this permit, you must immediately notify this office of 
what you have found.  We will initiate the Federal and state coordination required to 
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determine if the remains warrant a recovery effort or if the site is eligible for listing in the 
National Register of Historic Places. 

 
4. If you sell the property associated with this permit, you must obtain the signature of the 
new owner in the space provided and forward a copy of the permit to this office to validate 
the transfer of this authorization. 
 
5. If a conditioned water quality certification has been issued for your project, you must 
comply with the conditions specified in the certification as special conditions to this permit.  
For your convenience, a copy of the certification is attached if it contains such conditions. 
 
6. You must allow representatives from this office to inspect the authorized activity at any 
time deemed necessary to ensure that it is being or has been accomplished in accordance 
with the terms and conditions of your permit. 

 
Special Conditions: 
 

1. In order to prevent upland erosion into the creek, the permittee and/or their sub-
contractors will treat all disturbed areas with erosion control measures within 21 calendar 
days after final grading in accordance with the erosion control plan required by El Paso 
County. Such measures will include placement of topsoil, seeding with native grass mixes 
appropriate for the various impacted habitat conditions, and mulching, to ensure seeds are 
not washed away before germination. 
 
2. The stabilization efforts, including erosion control measures and revegetaion within the 
riparian zone, shall be maintained for 5 growing seasons unless the Corps determines that 
the efforts have been successful and monitoring is no longer necessary. The Corps will 
determine the efforts to be successful when all of the following conditions are achieved for 
two consecutive growing seasons: (1) total percent cover of the herbaceous community is 
at least 70% of the planted or similarly desirable species across all disturbed areas; (2) 
poles planting survival, if applicable, is at least 50%; and (3) the presence of noxious 
weeds does not exceed 5% of the total cover across all plant communities in the project 
area. 
 
3. An annual monitoring report of the stabilization efforts is required and will be sent to the 
Corps of Engineers by December 31 of each year. The monitoring report will include at a 
minimum: (1) A drawing or sketch showing photographic monitoring points, (2) before and 
after photographs from fixed photographic location(s), and (3) a brief discussion of the 
overall success, any bare or erosional/problem areas, including noxious weeds, and (4) a 
plan to remedy any problem areas. 
 
4. No activity may use unsuitable material (e.g., trash, debris, car bodies, asphalt, etc.). 
Material used for construction or discharged must be free from toxic pollutants in toxic 
amounts (see Section 307 of the Clean Water Act). 
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5. Any changes to the project must be approved by the Corps of Engineers through a 
permit modification prior to implementation of the changes. 

 
Further Information: 

 
1. Congressional Authorities: You have been authorized to undertake the activity described 
above pursuant to: 

 
 Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 403). 
 
 Section 404 of the Clean Water Act (33 U.S.C. 1344). 
 
 Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 (33 
U.S.C. 1413). 

 
2. Limits of this authorization. 

 
a. This permit does not obviate the need to obtain other federal, state, or local 
authorizations required by law. 
 
b. This permit does not grant any property rights or exclusive privileges. 
 
c. This permit does not authorize any injury to the property or rights of others. 
 
d. This permit does not authorize interference with any existing or proposed federal 
project. 

 
3.  Limits of Federal Liability.  In issuing this permit, the Federal Government does not 
assume any liability for the following: 

 
a. Damages to the permitted project or uses thereof as a result of other permitted or 
unpermitted activities or from natural causes. 
 
b. Damages to the permitted project or uses thereof as a result of current or future 
activities undertaken by or on behalf of the United States in the public interest. 
 
c. Damages to persons, property, or to other permitted or unpermitted activities or 
structures caused by the activity authorized by this permit. 
 
d. Design or construction deficiencies associated with the permitted work. 
 
e. Damage claims associated with any future modification, suspension, or revocation of 
this permit. 

 
4. Reliance on Applicant's Data:  The determination of this office that issuance of this permit 
is not contrary to the public interest was made in reliance on the information you provided. 
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5. Reevaluation of Permit Decision.  This office may reevaluate its decision on this permit at 
any time the circumstances warrant.  Circumstances that could require a reevaluation 
include, but are not limited to, the following: 

 
a. You fail to comply with the terms and conditions of this permit. 
 
b. The information provided by you in support of your permit application proves to have 
been false, incomplete, or inaccurate (See 4 above). 
 
c. Significant new information surfaces which this office did not consider in reaching the 
original public interest decision. 

 
Such a reevaluation may result in a determination that it is appropriate to use the 
suspension, modification, and revocation procedures contained in 33 CFR 325.7 or 
enforcement procedures such as those contained in 33 CFR 326.4 and 326.5.  The 
referenced enforcement procedures provide for the issuance of an administrative order 
requiring you to comply with the terms and conditions of your permit and for the initiation of 
legal action where appropriate.  You will be required to pay for any corrective measures 
ordered by this office, and if you fail to comply with such directive, this office may in certain 
situations (such as those specified in 33 CFR 209.170) accomplish the corrective measures 
by contract or otherwise and bill you for the cost. 
 
6. Extensions.  General condition 1 establishes a time limit for the completion of the activity 
authorized by this permit.  Unless there are circumstances requiring either a prompt 
completion of the authorized activity or a reevaluation of the public interest decision, the 
Corps will normally give favorable consideration to a request for an extension of this time 
limit. 
 
Your signature below, as permittee, indicates that you accept and agree to comply with the 
terms and conditions of this permit. 
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Signatures: 
 
 
 
 __________________________________   ___________________________  
(PERMITTEE)       (DATE) 
 
 
This permit becomes effective when the Federal official, designated to act for the Secretary of 
the Army, has signed below. 
 
 
 
 __________________________________   ___________________________  
(FOR THE DISTRICT ENGINEER)    (DATE) 
 
Larry D. Caswell, Jr. 
Lieutenant Colonel, U.S. Army 
District Commander 
 
 
When the structures or work authorized by this permit are still in existence at the time the 
property is transferred, the terms and conditions of this permit will continue to be binding on the 
new owner(s) of the property.  To validate the transfer of this permit and the associated liabilities 
associated with compliance with its terms and conditions, have the transferee sign and date 
below. 
 
 
 
 __________________________________   ___________________________  
(TRANSFERREE)       (DATE) 



ATTACHMENTS

  SPA-2010-00110-SCO Plans

SPA-2010-00110-SCO

Posted 4/17/2018

SUBJECT: The U.S. Army Corps of Engineers, 
Albuquerque District, (Corps) is evaluating a permit 
application by the Signature Realty Capitol Corporation to construct the Westgate at Powers 
Commercial Development, which would involve impacts to approximately 2,370 linear feet of waters 
of the United States in Sand Creek Center Tributary. This project was previously authorized on June 
1, 2010 but was not constructed prior to permit expiration on June 1, 2015. There have been no 
changes in the project design features. This notice is to inform interested parties of the proposed 
activity and to solicit comments.

AUTHORITY: This application is being evaluated under Section 404 of the Clean Water Act for the 
discharge of dredged or fill material in waters of the United States.

APPLICANT: Mr. Martin List, Signature Reality Capital Corp., 2082 Michelson Drive, Suite 212, 
Irvine, California 92612.

LOCATION: The project site is located on Sand Creek Center Tributary near the intersection of 
Troy Hill and Airport Roads, Section 13, Township 14 S, Range 66 W, Latitude 38.8272°, Longitude 
-104.7272°, Colorado Springs, El Paso County, Colorado.

PROJECT DESCRIPTION: The proposed project would involve realignment and stabilization of 
2,370 approximately feet of stream channel with buried riprap bank linings and a 50-foot wide natural 
sand bottom. The banks of the channel would be 3:1 slope with a channel depth of 5 feet. A fifteen 
foot wide trail and maintenance access road would be constructed along the east side of the channel. 
Five vertical drops with concrete cutoff walls and riprap plunge pools are proposed to stabilize the 
channel. In addition, a box culvert road crossing for Westgate Road is proposed. Based on the 
available information, the overall project purpose is to construct an improved drainage channel to 
accommodate the adjacent commercial development. The applicant believes there is a need to meet 
the both the development goals of the Westgate at Powers project and regional drainage planning 
requirements. The attached drawings provide additional project details.

PROPOSED MITIGATION: No compensatory mitigation would be required for this project since 
there would be no impacts to wetlands. 

OTHER AUTHORIZATIONS:
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State Water Quality Certification. The applicant is required to obtain water quality certification, 
under Section 401 of the Clean Water Act, from the Colorado Department of Public Health and 
Environment. Section 401 requires that any applicant for an individual Section 404 permit provide 
proof of water quality certification to the Corps prior to permit issuance.

ADDITIONAL INFORMATION:

Environmental Setting. There are approximately 2,370 linear feet of ephemeral stream channel 
within the project area. The site is characterized by a wide sandy bottom stream channel with low 
banks and a few trees.

Alternatives. The applicant has provided information concerning project alternatives. Alternatives 
proposed by the applicant included two additional channel alignments. The first alternative would 
involve the same channel cross section as the preferred alternative but would not involve channel 
realignment. The second alternative reviewed would have the same channel cross section but would 
involve realignment of the channel to follow the west property boundary and would not have any 
meanders. Other alternatives may develop during the review process for this permit application. 
Additional information concerning project alternatives may be available from the applicant or their 
agent. All reasonable project alternatives, in particular those which may be less damaging to the 
aquatic environment, will be considered.

EVALUATION FACTORS: The decision whether to issue a permit will be based on an evaluation 
of the probable impacts, including cumulative impacts, of the described activity on the public interest. 
That decision will reflect the national concern for both protection and utilization of important 
resources. The benefit, which reasonably may be expected to accrue from the described activity, must 
be balanced against its reasonably foreseeable detriments. All factors which may be relevant to the 
described activity will be considered, including the cumulative effects thereof; among those are 
conservation, economics, aesthetics, general environmental concerns, wetlands, historic properties, 
fish and wildlife values, flood hazards, floodplain values, land use, navigation, shoreline erosion and 
accretion, recreation, water supply and conservation, water quality, energy needs, safety, food and 
fiber production, mineral needs, consideration of property ownership and, in general, the needs and 
welfare of the people. The activity's impact on the public interest will include application of the 
Section 404(b)(1) guidelines promulgated by the Administrator, Environmental Protection Agency 
(40 CFR Part 230).

The Corps is soliciting comments from the public, Federal, State, and local agencies and officials, 
Indian tribes, and other interested parties in order to consider and evaluate the impacts of this 
proposed activity. Any comments received will be considered by the Corps to determine whether to 
issue, modify, condition, or deny a permit for this proposal. To make this decision, comments are 
used to assess impacts on endangered species, historic properties, water quality, general 
environmental effects, and other public interest factors listed above. Comments are used in the 
preparation of an Environmental Assessment and/or an Environmental Impact Statement pursuant to 
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the National Environmental Policy Act. Comments are also used to determine the need for a public 
hearing and to determine the overall public interest of the proposed activity.

HISTORIC PROPERTIES: The Corps consulted district files and records, the latest version of the 
National Register of Historic Places (NRHP), and state records of NRHP-eligible and potentially 
eligible historic properties to determine if there are any historic properties that may be affected by the 
proposed undertaking. The project area has not been recently surveyed for historic properties. Based 
on this initial information, the Corps has made a preliminary determination that the proposed project 
will not likely affect any historic properties that meet the criteria for inclusion in the NRHP.

ENDANGERED SPECIES: The Corps has reviewed the U.S. Fish and Wildlife Service's latest 
published version of Federally-listed endangered and threatened species located in El Paso County, 
Colorado to determine if any listed species or their critical habitat may occur in the proposed project 
area. The Corps has made a preliminary determination that the proposed project will not affect any 
Federally-listed endangered or threatened species or their critical habitat that are protected by the 
Endangered Species Act.

FLOODPLAIN MANAGEMENT: The Corps is sending a copy of this public notice to the local 
floodplain administrator. In accordance with 44 CFR part 60 (Flood Plain Management Regulations 
Criteria for Land Management and Use), the floodplain administrators of participating communities 
are required to review all proposed development to determine if a floodplain development permit is 
required and maintain records of such review.

CLOSE OF COMMENT PERIOD: All comments pertaining to this Public Notice must reach this 
office on or before May 8, 2018, which is the close of the comment period. Extensions of the 
comment period may be granted for valid reasons provided a written request is received by the 
limiting date. If no comments are received by that date, it will be considered that there are no 
objections. Anyone may request, in writing, that a public hearing be held to consider this application. 
Requests shall specifically state, with particularity, the reason(s) for holding a public hearing. If the 
Corps determines that the information received in response to this notice is inadequate for thorough 
evaluation, a public hearing may be warranted. If a public hearing is warranted, interested parties will 
be notified of the time, date, and location. Comments and requests for additional information should 
be submitted to: 

U.S. Army Corps of Engineers, Albuquerque District
ATTN: Joshua G. Carpenter
200 South Santa Fe Avenue, Suite 301
Pueblo, Colorado 81003-4270
719-543-6914
E-mail: joshua.g.carpenter@usace.army.mil
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Please note that names and addresses of those who submit comments in response to this public notice 
may be made publicly available through the Freedom of Information Act.
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APPENDIX E

DRAINAGE COST ESTIMATE



JPS ENGINEERING

Item Description Quantity Unit Unit Total
No. Cost Cost

($$$) ($$$)

PUBLIC DRAINAGE FACILITIES - JOYSTONE DRIVE CBC & STORM SEWER (NON-REIMBURSABLE)
301 Concrete Box Culvert Wingwalls 2 LS $20,000 $40,000
603 3-Cell 16'w x 6'H Concrete Box Culvert 120 LF $4,200 $504,000
603 18" RCP Storm Drain 55 LF $70 $3,850
603 24" HDPE Storm Drain 175 LF $85 $14,875
604 5' Type D10R Storm Inlet 2 EA $5,800 $11,600
604 Storm Sewer Manhole 1 EA $6,600 $6,600

 SUBTOTAL    $580,925
Engineering @ 10% $58,093

 TOTAL (REIMBURSABLE)    $639,018

PRIVATE DRAINAGE FACILITIES (NON-REIMBURSABLE)
203 Detention Pond A6 Earthwork 1 LS $10,000 $10,000
301 Detention Pond A6 Forebay 1 LS $1,500 $1,500
603 18" RCP Storm Drain (Pond Outlet Pipe) 81 LF $70 $5,670
604 Detention Pond Outlet Structure A6 1 LS $8,000 $8,000

 SUBTOTAL    $25,170
Engineering @ 10% $2,517

 TOTAL (NON-REIMBURSABLE)    $27,687

TOTAL DRAINAGE FACILITIES (PUBLIC AND PRIVATE) $666,705

Note:  This estimate does not include costs for street improvements and general civil costs (curb & gutter, crosspans, retaining walls, etc.)
  

The cost estimate submitted herein is based on time-honored practices within the construction industry. As such
the engineer does not control the cost of labor, materials, equipment or a contractor's method of determining
prices and competitive bidding practices or market conditions. The estimate represents our best judgement
as design professionals using current information available at the time of the preparation. The engineer cannot
guarantee that proposals, bids and/or construction costs will not vary from this cost estimate.

WESTGATE AT POWERS - FILING NO. 3
ENGINEER'S COST ESTIMATE
DRAINAGE IMPROVEMENTS

COST-DRN.WESTGATE-F3 5/14/2021
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