
 

 

 

 

 

 

PRELIMINARY DRAINAGE REPORT for 
 

Aerospace Business Center 
Lot 4 and 5, Colorado Centre Foreign  
Trade Zone & Business Park Filing No. 1 
Colorado Springs, CO 
 

 
 

Prepared for:    

ARCO Murray  
1005 17th Avenue South, Suite 735 
Nashville, TN 37212 
Contact: Walker Stillman 
(615) 830-4693 
 
 

Prepared by: 

Kimley-Horn and Associates, Inc. 
2 North Nevada Avenue, Suite 900 
Colorado Springs, Colorado 80903 
Contact: Noah Brehmer, P.E. 
(719) 453-0180 

 

Project #: 196397000 

Prepared: January 15, 2024p 
ProjectDox Number: STM-REV24-xxxx 
ProjectDox Master Number: STM-MP24-xxxx 
 
 
 



Preliminary Drainage Report 
Lot 4, Colorado Centre Foreign Trade Zone & Business Park Filing No. 1,  

Colorado Springs, CO 
 

1  

CERTIFICATIONS       

 

ENGINEER’S STATEMENT 

This report and plan for the drainage design of Lots 4 & 5 of Colorado Centre Foreign Trade Zone 
& Business Park Filing No. 1 was prepared by me (or under my direct supervision) and is correct 
to the best of my knowledge and belief. Said report and plan has been prepared in accordance 
with the City of Colorado Springs Drainage Criteria Manual and is in conformity with the master 
plan of the drainage basin. I understand that the City of Colorado Springs does not and will not 
assume liability for drainage facilities designed by others. I accept responsibility for any liability 
caused by any negligent acts, errors or omissions on my part in preparing this report.  
 
 
 
 
 
 
 
 
SIGNATURE (Affix Seal):                   
       Colorado P.E. No. 63226        Date 
 
 

DEVELOPER’S STATEMENT 

ARCO Murray hereby certifies that the drainage facilities of Lot 4s & 5 of Colorado Centre Foreign 
Trade Zone & Business Park Filing No. 1 shall be constructed according to the design presented 
in this report. I understand that the City of Colorado Springs does not and will not assume liability 
for the drainage facilities designed and/or certified by my engineer and that are submitted to the 
City of Colorado Springs pursuant to section 7.7.906 of the City Code; and cannot, on behalf of 
of Lots 4 & 5 of Colorado Centre Foreign Trade Zone & Business Park Filing No. 1 guarantee that 
final drainage design review will absolve ARCO Murray and/or their successors and/or assigns of 
future liability for improper design. I further understand that approval of the final plat does not 
imply approval of my engineer’s drainage design. 
 
                 
Name of Developer 
 
               
Authorized Signature       Date 
 
               
Printed Name 
 
               
Title 
 
               
Address: 
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CITY OF COLORADO SPRINGS STATEMENT 

Filed in accordance with Section 7.7.906 of the Code of the City of Colorado Springs, 2001, as 
amended. 
 
                        
For City Engineer           Date 
 
Conditions: 
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INTRODUCTION 

PURPOSE AND SCOPE OF STUDY 

The purpose of this Preliminary Drainage Report (“PDR”) is to outline the preliminary drainage 
plan for the proposed development of Lot 4 of Colorado Centre Foreign Trade Zone & Business 
Park Filing No. 1 and to show the compliance with the approved plans for the area.  The proposed 
development will include a light industrial development located on two parcels located near the 
northwest corner of Foreign Trade Zone Blvd and Bradley Road (the “Site”) in El Paso County, 
City of Colorado Springs, Colorado (the “City”). This PDR identifies onsite and off-site drainage 
patterns and proposes to safely route developed stormwater to adequate outfalls at less than 
historic flow rates.  

SITE AREAS 

The Site includes Lot 4 of the Colorado Centre Foreign Trade Zone & Business Park Filing No. 1 
and consists of approximately 26.895-acres. The proposed total area of disturbance for Phase 1 
of the Site is 16.42-acres. The disturbance is located predominantly within Lot 4 and a portion of 
grading within Lot 5 to the south of the Site. The existing Lot 4 is proposed to be re-platted into a 
proposed lot (8.25-acres) and the remaining area of Lot 4 will be a tract (18.65-acres). The platted 
subdivision name of the proposed lot is not known at this time and will be provided with a 
subsequent submittal.  

SITE LOCATION 

The Project is located in the northeast quarter of Section 9, within Township 15 South, Range 65 
West of the Sixth Principal Meridian, County of El Paso, State of Colorado. Lots 4 is located within 
parcel number 5509101001.  

The Site is surrounded by the following: 

• South of the Site: Bradley Road (Public) 

• North of the Site: Lot 3, Colorado Centre Foreign Trade Zone Filing No. 1 

• West of the Site: Villages at Waterview North Addition No. 1 (currently being platted) 

• East of the Site: Foreign Trade Zone Boulevard (Public) 
 

The Site is located within the Marksheffel Tributary as identified in the Jimmy Camp Creek 
Drainage Basin per the “Jimmy Camp Creek Drainage Basin Planning Study” by Kiowa 
Engineering Corp., dated March 9, 2015 (hereby the “DBPS”). The Site’s ultimate outfall is Jimmy 
Camp Creek. A vicinity map is provided in Appendix A. 
 

GENERAL PROJECT DESCRIPTION 

The Site is currently undeveloped and consists of natural vegetation including sparse grasses 
and scrub. The existing land use is vacant land.  In the existing condition, offsite flows from the 
north and west enter the property and are proposed to be diverted to the west via a proposed 
berm. The Site does not currently provide onsite water quality or detention for the Project area. 
Per the Jimmy Camp Creek Drainage Basin Planning Study (“JCC DBPS”), the Colorado Centre 
Regional Detention Pond (“CCRD Pond”) downstream of the Site provides 100-year detention but 
it does not include the Site’s water quality capture volume (WQCV) or EURV.  

The proposed development is a multi-phased approach and this PDR outlines the drainage 
patterns and proposed improvements associated with Phase I, subsequent phases will be 
outlined in future drainage reports. Phase I includes construction of a warehouse building, a 
proposed public onsite WQCV/EURV extended detention basin (hereby the “proposed WQ 
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pond”), landscaping, stormwater/utility improvements, surface parking, sidewalks, and private 
driveways within Lot 4 (the “Project”). The proposed WQ pond will treat Phase I and Phase II 
flows.  

The proposed land use is light industrial. There are no major irrigation facilities within the Site and 
the Site is not located within the Streamside Zone.   

 

SOILS CONDITIONS 

NRCS soil data is available for this Site, and it has been noted that soils onsite fall under 
Hydrologic Groups B. The NRSC Soils map is provided in Appendix B. 

 

CRITERIA 

REGULATIONS 

Water quality and detention is required for this Project per the City of Colorado Springs Drainage 
Criteria Manual Volumes 1 and 2 (the “DCM”), dated May 2014, and revised January 2021.  

DESIGN CRITERIA REFERENCE AND CONSTRAINTS 

The Project follows the City of Colorado Springs Storm Drainage Criteria Manual Volume 1 (May 
2014, revised January 2021), and Volume 2 (May 2014, revised December 2020) (the “DCM”) 
and the MHFD Urban Storm Drainage Criteria Manual Volumes 1, 2, and 3 (the “USDCM”). 
Project area drainage is not significantly impacted by such constraints as utilities or existing 
development. Further detail regarding onsite drainage patterns is provided in the Proposed 
Drainage Conditions section of this report.  

HYDROLOGIC CRITERIA 

The 5-year and 100-year design storm events were used in determining rainfall and runoff for the 
proposed drainage system per Section 6 of the DCM. Table 6-2 of the DCM is the source for 
rainfall data for the 5-year and 100-year design storm events. Developed runoff was calculated 
using the Rational Method for existing and proposed conditions as established in the DCM and 
the USDCM. Runoff coefficients for the proposed development were determined using Table 6-6 
of the DCM by calculating weighted impervious values for each specific site basin. The runoff 
coefficients used for each delineated basin correspond with the predominant soil type with in that 
specific sub-basin as outlined in Table 6-6 of the DCM (i.e. if the basin has HSG B then the 
associated HSG A/B runoff coefficient from Table 6-6 was used). These soil types are denoted 
within the HSG Column on Form SF-1 in Appendix C. The runoff reduction calculations were 
calculated per the Green Infrastructure Guidance Manual guidelines. Future phases will need to 
show compliance with the the Green Infrastructure Guidance Manual at the time of their 
development. Hydrologic calculations and the relevant tables and figures from the Criteria can be 
found in Appendix C. 

HYDRAULIC CRITERIA 

The proposed drainage facilities are designed in accordance with the DCM and the USDCM. 
Hydraulic calculations for inlet and street capacity and sizing were computed using MHFD 
spreadsheets. The capacities of the proposed public inlets were calculated. The inlet size needed 
per basin to meet the basin’s developed flow was determined from these calculations. The inlet 
capacity calculations are provided in Appendix D. Full inlet calculations for each proposed inlet 
will be provided in the Final Drainage Report.  
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Hydraulic calculations for detention volume, outlet structure, emergency spillway, rip rap sizing 
and street capacities will be computed using MHFD spreadsheets. Forebay sizing will be 
computed using the Water Quality Drain Time Equation EDB-1 provided in USDCM. Pipe flows, 
capacities, and hydraulic grade line calculations will be computed using StormCAD implementing 
the standard step headloss method. Detailed computations will be provided with the Final 
Drainage Report for this development at a later date. 

PREVIOUS DRAINAGE STUDIES 

The Site is located within the Jimmy Camp Creek DBPS.  The proposed development will conform 
to the standards and requirements set forth in the DBPS. Applicable excerpts from JCC DBPS 
are provided within Appendix G. 

The Bradley Heights MDDP included analysis of the drainage for a downstream development 
along with the Aerospace Business Center property. The CCRD Pond is located within the 
drainage study area from the Bradley Heights MDDP and the MDDP outlines the planned tributary 
areas to be detained within the CCRD Pond. Applicable excerpts from the Bradley Heights MDDP 
are provided within Appendix G. 

EXISTING DRAINAGE CONDITIONS 

The Site has two existing outfall locations: northeast and southeast. The northern portions of Lot 
4 sheet flow towards Foreign Trade Zone Boulevard where the flows are routed south via existing 
curb and gutter to existing curb inlets near the Bradley Road intersection. The southern portion of 
Lot 4 sheet flow east towards an offsite public culvert (4-36” CMP Pipes) located on the north 
branch of the Foreign Trade Zone Boulevard and Bradley Road intersection. The culvert crosses 
under Foreign Trade Zone Boulevard and continues east via an existing ditch north of Bradley 
Road. This ditch is described in the DPBS as R-M4C. The flows from northeast outfall are also 
ultimately conveyed to R-M4C. Therefore, the entire Site outfalls to reach R-M4C. This outfall 
location is maintained in proposed conditions. Reference the Downstream Flows section for the 
comparison between the existing and proposed conditions at R-M4C.  

The Site generally sheet flows across the Site with slopes at approximately 3%. There are no 
existing drainage improvements onsite. There is an existing gas easement located along the 
western portion of the Site, but it is not anticipated to affect drainage conditions.  

JIMMY CAMP CREEK DPBS  

The current version of the Jimmy Camp Creek Drainage Basin Planning Study (“JCC DBPS”) was 
completed in 2015 by Kiowa Engineering and includes the proposed Project Site within the 
drainage study area. Per the DPBS, the Site is located within the Marksheffel Tributary within sub-
basins M-4 and M-5. These basins are routed south to Design Point DP-M5 into an existing 
drainage ditch north of Bradley Road described as R-M4C. The ditch, R-M4C, conveys flows east 
to Design Point DP-M4 located at the northwest corner of the Marksheffel Road and Bradley Road 
intersection. At DP-M4, the flows enter the Marksheffel Tributary. The Tributary crosses under 
Bradley Road and continues south along the western side of Marksheffel Road where it ultimately 
outfalls at Design Point DP-M1 into the existing public regional reservoir MRK-1, also known as 
the Colorado Centre Regional Detention Pond (the “CCRD Pond”). The CCRD Pond has a 
watershed of 5.18 square miles and 5-year and 100-year flows of 42 cfs and 1,916 cfs. The CCRD 
Pond discharges across Marksheffel Road to a confluence with the main branch of Jimmy Camp 
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Creek via a public double 9-foot x 12-foot CBC.  

EXISTING DRAINAGE BASINS 

The Site is divided into 2 existing sub-basins. The existing drainage map showing these sub-
basins are provided in Appendix F. The existing Runoff Calculations are provided in Appendix 
C. These sub-basins are summarized in the table below.  
 
Table 1: Existing Drainage Basin Runoff and Outfall Summary 

DESIGN 

POINT 

AREA 

(AC) 

DIRECT 5-YR 

RUNOFF 

(CFS) 

DIRECT 100-

YR RUNOFF 

(CFS) 

% 

IMPERV. 

IMMEDIATE OUTFALL  
ULTIMATE 

OUTFALL 

CONVEYANCE INLET TYPE LOCATION   

EX-1 
          

8.34  
2.79 15.60 0% OVERLAND FTZ BLVD FTZ BLVD 

EX-2 
        

10.51  
3.61 20.22 0% OVERLAND FTZ BLVD FTZ BLVD 

OF-1 
          

0.26  
0.15 0.82 0% OVERLAND EX-2 BASIN FTZ BLVD 

OF-2 
        

21.30  
7.62 42.64 0% OVERLAND EX-1 BASIN FTZ BLVD 

 

PROPOSED DRAINAGE CONDITIONS 

Runoff from proposed improvements will either sheet flow directly into the proposed WQ pond or 
into proposed public inlets connected to the proposed WQ pond via proposed public storm sewer. 
Curb and gutter and v-gutters within the parking bays and drive aisles will help direct runoff 
towards the inlets or the proposed WQ pond. For Phase 1, the proposed WQ pond will discharge 
under the proposed southern private drive aisle and daylight upstream of the existing culvert at 
the southeast corner of existing Lot 5. All developed runoff from the Site is tributary to the existing 
culvert (Design Point DP-M5 per the JCC DBPS) at the northwest corner of Bradley Road and 
Foreign Trade Zone Boulevard. The drainage pattern downstream of Design Point DP-M5 is 
described in the Jimmy Camp Creek DBPS section of this report. 

The proposed WQ pond will be located within the east portion of the Site and will treat water 
quality via slow release of the water quality capture volume (WQCV) and EURV through an orifice 
plate in the proposed outlet structure or through Green Infrastructure implementation (75% 
infiltration). The proposed WQ pond is sized to treat the fully developed flows from Phase I and 
II, reference the Water Quality and Detention section of this report for details. The 100-year 
detention for the Site will be provided downstream southeast of the site in the CCRD Pond per 
the JCC DBPS. The Site is ultimately tributary to Jimmy Camp Creek and the CCRD Pond.  

BASIN DESCRIPTIONS 

The Site is divided into 23 proposed sub-basins. Sub-basins P1-P12 and R1-R2 are located 
onsite. OS1-OS5 are onsite sub-basins that flow offsite. Sub-basins OF1-OF2 are sub-basins 
located offsite that flow onsite. F1-F2 are sub-basins included in the site disturbed area but are to 
be developed in future phases. The proposed drainage map showing these sub-basins are 
provided in Appendix F. The proposed Runoff Calculations are provided in Appendix C. These 
sub-basins are summarized in the table below. 
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Table 2: Proposed Drainage Basin Runoff and Outfall Summary 

DESIGN 

POINT 

AREA 

(AC) 

DIRECT 5-YR 

RUNOFF 

(CFS) 

DIRECT 100-

YR RUNOFF 

(CFS) 

% 

IMPERV. 

IMMEDIATE OUTFALL  
ULTIMATE 

OUTFALL 

CONVEYANCE INLET TYPE 
LOCATI

ON 
  

P1 
   

0.40  
1.53 3.00 79% CURB/GUTTER 5' TYPE R CDOT SUMP WQ POND 

P2 
   

0.28  
1.32 2.36 100% CURB PAN 10' TYPE R CDOT SUMP WQ POND 

P3 
   

0.69  
3.23 5.79 100% CURB PAN 10' TYPE R CDOT SUMP WQ POND 

P4 
   

0.70  
3.24 5.81 100% CURB PAN 15' TYPE R CDOT SUMP WQ POND 

P5 
   

0.68  
3.17 5.69 100% CURB PAN 10' TYPE R CDOT SUMP WQ POND 

P6 
   

0.47  
1.91 3.57 86% CURB/GUTTER 15' TYPE R CDOT SUMP WQ POND 

P7 
   

0.23  
0.28 1.10 13% OVERTOP CURB INTO P6 WQ POND 

P8 
   

0.08  
0.28 0.56 68% CURB/GUTTER TYPE C CDOT 

ON-

GRADE 
WQ POND 

P9 
   

1.47  
4.34 9.14 60% OVERLAND TYPE C CDOT SUMP WQ POND 

P10 
   

0.04  
0.14 0.27 85% OVERLAND 10' TYPE R CDOT 

ON-

GRADE 
WQ POND 

P11 
   

0.11  
0.08 0.34 13% OVERTOP CURB INTO P1 WQ POND 

P12 
   

0.74  
0.90 2.90 23% 

TRICKLE 

CHANNEL 

CUSTOM OUTLET 

STRUCTURE 
WEIR WQ POND 

R1 
   

0.97  
3.67 6.84 90% DAYLIGHT ROOF DRAIN INTO LEVEL SPREADER WQ POND 

R2 
   

0.97  
3.67 6.84 90% DAYLIGHT ROOF DRAIN INTO LEVEL SPREADER WQ POND 

F1 
   

4.58  
1.14 8.40 0% OVERLAND 10' TYPE R CDOT 

ON-

GRADE 
WQ POND 

F2 
   

4.52  
1.13 8.30 0% OVERLAND TYPE C CDOT SUMP WQ POND 

OF1 
   

0.23  
0.08 0.56 0% OVERLAND TYPE C CDOT SUMP WQ POND 

OF2 
 

21.34  
6.97 51.23 0% OVERLAND TYPE C CDOT SUMP FTZ BLVD 

OS1 
   

0.43  
0.18 1.32 0% SHEETFLOW EAST FTZ BLVD 

OS2 
   

0.15  
0.65 1.17 95% SHEETFLOW EAST FTZ BLVD 

OS3 
   

0.24  
0.86 1.67 76% SHEETFLOW EAST FTZ BLVD 

OS4 
   

0.89  
0.72 2.94 11% SHEETFLOW EAST FTZ BLVD 

OS5 
   

0.50  
0.17 1.28 0% SHEETFLOW SOUTH 

OFFSITE 

(S) 
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FOUR-STEP PROCESS 
The four-step process per the USDCM provides guidance and requirements for the selection and 
siting of permanent Control Measures (CMs) for new development and significant redevelopment.  
Compliance with this process is outlined below. The total area of disturbance associated with the 
development is 16.42-acres. Water quality treatment for the disturbed areas of the Site will be 
provided via 75% infiltration and a proposed WQ pond.  

STEP 1: EMPLOY RUNOFF REDUCTION PRACTICES 

Currently the site is vacant land. Development of the site will increase current runoff conditions 
due to a portion of the proposed development area currently being vacant land. However, he 
proposed development is not anticipated to have negative impacts to downstream 
infrastructure. Implementation of landscaping throughout the Site will help slow runoff and 
encourage infiltration. Stormwater runoff reduction techniques will be used to promote 
stormwater infiltration and reduce the amount of developed runoff exiting the Site.  
 
As documented in the runoff reduction calculations and exhibit found in the Appendix, the site 
was divided into Upstream Impervious Areas (UIA), Receiving Pervious Area (RPA), Directly 
Connected Impervious Area (DCIA), and Separate Pervious Area (SPA) per the City of 
Colorado Springs Green Infrastructure Manual. Where feasible, developed stormwater runoff 
from the Site will be directed over the various RPA’s. Reference Appendix F for the proposed 
Green Infrastructure Exhibit. Reference Appendix C for the UD-BMP spreadsheet by Mile 
High Flood District used to determine the runoff reduction.  
 
The total WQCV reduction for the total disturbed area is 27%, which exceeds the required 
minimum of 10%. All project phases are to show compliance with Green Infrastructure 
requirements in their respective reports. Phase I and Phase II Green Infrastructure compliance 
will be analyzed together to provide a total of 10% runoff reduction since they are both tributary 
to the proposed WQ Pond. Phase I compliance is outlined in this report and the combination 
of Phase I and II will be outlined in a future study. 

STEP 2: TREAT AND SLOWLY RELEASE THE WQCV 

The water quality capture volume will be provided and slowly released from the outlet structure 
of the proposed WQ pond for the Site in a minimum of 40 hours. Water quality treatment for 
the disturbed areas not tributary to the proposed WQ pond will be provided via 75% infiltration. 
Therefore, 97.67% of the Site is treated for water quality. Reference the table below for a 
breakdown of each sub-basin and the control measure providing water quality treatment.  
 

Table 3: Treatment Method Summary 

Design 
Point/Basin 

Total 
Area (AC) 

Associated 
Disturbance 

Area (AC) 
Treatment 

Method 
Ownership/ 

Maintenance 

P1 0.40 0.40 WQ Pond Public 

P2 0.28 0.28 WQ Pond Public 

P3 0.69 0.69 WQ Pond Public 

P4 0.70 0.70 WQ Pond Public 

P5 0.68 0.68 WQ Pond Public 

P6 0.47 0.47 WQ Pond Public 

P7 0.23 0.23 WQ Pond Public 

P8 0.08 0.08 WQ Pond Public 
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P9 1.47 1.47 WQ Pond Public 

P10 0.04 0.04 WQ Pond Public 

P11 0.11 0.11 WQ Pond Public 

P12 0.74 0.74 WQ Pond Public 

R1 0.97 0.97 WQ Pond Public 

R2 0.97 0.97 WQ Pond Public 

F1 4.58 3.52 WQ Pond Public 

F2 4.52 2.95 WQ Pond Public 

OF1 0.23 0.00 WQ Pond Public 

OF2 21.34 0.00 WQ Pond Public 

OS1 0.43 0.43 75% Infiltration N/A 

OS2 0.15 0.15 Not Treated N/A 

OS3 0.24 0.24 Not Treated N/A 

OS4 0.89 0.79 75% Infiltration N/A 

OS5 0.50 0.50 75% Infiltration N/A 

Total 40.72 16.42   

Total Treated Disturbed Area: 16.42 Acres   

Total Untreated Disturbed Area: 0.38 Acres   

Resulting Treatment Percentage: 97.67%   

STEP 3: STABILIZE DRAINAGEWAYS 

There are no open channels on or adjacent to this site, therefore no stabilization will be 
necessary. All new and re-development projects are required to construct or participate in the 
funding of channel stabilization measures. The downstream outlet has sufficient stabilization. 
Development site is 1211 ft from Jimmy Camp Creek. 

STEP 4: IMPLEMENT SITE SPECIFIC AND OTHER SOURCE CONTROL CMS  

The Site does not require “Covering of Storage/Handling Areas” or “Spill Containment and 
Control” (permanent CMs) in the final constructed condition. There is no proposed material 
storage or other site operations that would introduce contaminants to the City’s MS4 that 
would require site specific control or source control CM for the proposed project.  

TOTAL DISTURBED AREA EXCLUSIONS 

No utility connections to existing public utilities located in public ROW are anticipated. However, 
if any connections are proposed then the area of disturbance associated with the utility trenching 
will be excluded and documented with the FDR for this development.  

WATER QUALITY AND DETENTION  

DETENTION 

Per the Future Conditions Land Use Map in the JCC DBPS, the existing CCRD Pond will provide 
100-year detention for the Site. The pond was sized for the Marksheffel Tributary basin which 
includes 3,316 acres and an anticipated weighted imperviousness of 70-90%. For the purposes 
of this study (to size the proposed WQ Pond), a weighted imperviousness of 80% was assumed 
for Phase I and II to account for the full buildout of Phase II. This is within the expected range 
from the JCC DBPS and therefore this development in compliance with the Jimmy Camp Creek 
DBPS and the planned flows to the CCRD Pond.   
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The CCRD Pond provides the following: 

• Energy dissipation for flows entering the pond from the Marksheffel Tributary  

• Outlet structure for 100-year stormwater events releasing at or below historic rates 

• Low flow channels  

• Micropool for initial surcharge storage  

• Emergency overflow spillway 

• Maintenance access path 

WATER QUALITY 

The water quality treatment for the Site will be provided within the proposed WQ pond and via 
75% infiltration. In the interim condition (after Phase I construction and before Phase II 
construction), runoff from Phase II basins, F1 and F2, will be captured by two proposed area inlets 
that are then routed to the proposed WQ pond. The area inlets will be sized with the FDR to 
capture the interim flows prior to Phase II full buildout. Phase I stormwater infrastructure, including 
the proposed WQ pond, will be sized to convey the runoff associated with the developed 
conditions of Phase I and II.   
 
The water quality outlet structure is designed per the specifications in section 13.5.10 of the DCM. 
The orifice plate of the structure will be designed based on section 13.4.2.2 of the DCM. The 
orifice plate will allow the Water Quality Capture Volume to be drained from the structure in a 
minimum of 40 hours and the EURV to be drained in 68-72 hours. The MHFD-Detention 
spreadsheet basin tab is provided in Appendix D. Preliminary outlet structure calculations are 
provided in Appendix D, final calculations will be provided with the FDR for this development. 
Runoff reduction calculations showing a minimum WQCV reduction of 75% for these areas are 
included in Appendix C. 
 

DOWNSTREAM FLOWS 

The total flows developed from the Site are expected to increase from the existing to the proposed 
condition due to added impervious area and decreased time of concentration. However, no 
adverse effects are anticipated on existing downstream infrastructure because the downstream 
conveyance structures were designed for increased flows from the existing condition per the JCC 
DBPS. Per the Future Conditions Land Use Map in the DPBS, the study accounts for the Site 
area to be Commercial/Industrial with an imperviousness value of 70-90%. The proposed Site 
land use is consistent with the DPBS and the proposed imperviousness value of 80% falls within 
the expected range. 

COMPLIANCE WITH PREVIOUS STUDIES 

Per the Future Conditions Land Use Map in the DPBS, the study accounts for the Site area to be 
Commercial/Industrial with an imperviousness value of 70-90%. The proposed Site land use is 
consistent with the DPBS and the proposed imperviousness value of 80% falls within the expected 
range. Therefore, the Project complies with the study.  
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FLOODPLAIN STATEMENT 
The FEMA Flood Insurance Rate Map (FIRM) Panel 08041C0768G effective December 7, 
2018, indicates “No portion of the site is located within a 100-year floodplain. This panel is 
provided in Appendix B. 

DRAINAGE AND BRIDGE FEES 
The Project Site is located in the Jimmy Camp Creek Drainage Basin. Since the Site has 
previously been platted, the Drainage and Bridge Fees associated with Jimmy Camp Creek have 
already been paid and are not due with this development.   

VARIANCES FROM CRITERIA 
There are no proposed variances from the CRITERIA for the proposed development. Any other 
variances from the CRITERIA will be requested with the Final Drainage Report for this 
development at a later date.  

MAINTENANCE AND OPERATIONS 
An Inspection and Maintenance Agreement will be submitted to the City of Colorado Springs for 
the proposed WQ pond concurrently with the Construction Documents. The proposed WQ pond 
will be maintained by the owner. 

GEOTECHNICAL AND GROUNDWATER CONSIDERATIONS 
A geotechnical investigation was prepared for the Site and pertinent excerpts are included in 
Appendix E of this report. The report did not find any geologic hazard which would preclude 
development of the site based on the proposed design.  
 
Per the Geotechnical Report, groundwater was not encountered during drilling operations in the 
borings and is not considered a constraint to construction of this project.   

SUMMARY 

COMPLIANCE WITH STANDARDS 

The drainage design presented within this report for Lot 4, Colorado Centre Foreign Trade Zone 
& Business Park Filing No. 1 – Phase 1 conforms to the City of Colorado Springs Storm Drainage 
Criteria Manual, Volumes 1 and 2 (with latest revisions) and the Mile High Flood District Manual. 
Additionally, the Site runoff and storm drain facilities will not adversely affect the downstream and 
surrounding developments. 

This report and findings are in general conformance with all previously approved reports and/or 
studies which include this Site, including the planned runoff from the Site as outlined in the Bradley 
Heights MDDP. The proposed Project is not anticipated to adversely impact the peak flows 
downstream within Jimmy Camp Creek. 
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PROJECT NAME: Aerospace Business Center DATE: 1/4/2024

PROJECT NUMBER: 195775002

CALCULATED BY: MEL

CHECKED BY: NMB

HYDROLOGIC SOIL GROUP: B

LAND USE (HSG A/B): PAVEMENT ROOF LANDSCAPE

2-YEAR COEFF. 0.89 0.71 0.02

5-YEAR COEFF. 0.90 0.73 0.08

10-YEAR COEFF. 0.92 0.75 0.15

100-YEAR COEFF. 0.96 0.81 0.35

IMPERVIOUS % 100% 90% 0%

PAVEMENT ROOF LANDSCAPE TOTAL TOTAL

DESIGN DESIGN AREA AREA AREA AREA AREA

BASIN POINT (SF) (SF) (SF) (SF) (AC) C(2) C(5) C(10) C(100) Imp % HSG

EX-1 EX-1 -                -                363,346            363,346         8.34               0.04 0.15 0.25 0.50 0% A

EX-2 EX-2 -                -                457,885            457,885         10.51             0.04 0.15 0.25 0.50 0% D

OF-1 OF-1 -                -                11,508              11,508           0.26               0.04 0.15 0.25 0.50 0% A

OF-2 OF-2 -                -                927,946            927,946         21.30             0.04 0.15 0.15 0.50 0% D

-                -                1,760,685         1,760,685      40.42             

0% 0% 100% 100% 100%
BASIN  SUBTOTAL

STANDARD FORM SF-1 (EXISITNG CONDITIONS)

RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION

Impervious values and 

runoff coefficients are 

taken from the 

Colorado Springs 

Drainage Criteria 

Manual (Vol. 1) - Table 

6-6

Basins



Aerospace Business Center DATE: 1/4/2024

096636007

MEL

NMB

FINAL

Tc

DESIGN AREA C5 LENGTH SLOPE Ti LENGTH SLOPE Cv VEL Tt COMP. TOTAL TOTAL TOTAL Tc

BASIN Ac Ft % Min. Ft. % fps Min. tc LENGTH SLOPE IMP. Min. Min.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (11) (12) (13) (14) (15) (16) (17)

EX-1 363,346  0.15 300 2.8% 21.4 900 2.3% 7.0 1.1 14.1 35.5 1200 2.4% 0% 40.2 35.5

EX-2 457,885  0.15 300 3.3% 20.3 950 2.7% 7.0 1.2 13.8 34.0 1250 2.8% 0% 39.7 34.0

OF-1 11,508    0.15 100 2.2% 13.4 0 0.0% 7.0 0.0 0.0 13.4 100 2.2% 0% 27.2 13.4

OF-2 927,946  0.15 300 6.0% 16.6 1500 5.4% 7.0 1.6 15.4 32.0 1800 5.5% 0% 40.2 32.0

CHECKED BY:

All Basins

Time of Concentration

STANDARD FORM SF-2 (EXISTING CONDITIONS)

Tc CHECK

(URBANIZED BASINS)

PROJECT NAME:

PROJECT NUMBER:

DATA

INITIAL

TIME (Ti)

TRAVEL TIME

(Tt)

SUB-BASIN

CALCULATED BY:

Phase 1 Aerospace_CIA Calcs_EX.xlsx Page 2 of 5
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096636007 P1 (1-Hour Rainfall) = 1.5
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(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

EX-1 EX-1 8.34 0.15 35.5 1.25 2.23 2.79

EX-2 EX-2 10.51 0.15 34.0 1.58 2.29 3.61

OF-1 OF-1 0.26 0.15 13.4 0.04 3.69 0.15

OF-2 OF-2 21.30 0.15 32.0 3.20 2.39 7.62

All Basins

S
T
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R

M
 

L
IN

E

(1)

STANDARD FORM SF-3 (EXISTING CONDITIONS)

STORM DRAINAGE DESIGN - RATIONAL METHOD 5 YEAR EVENT

1/4/2024

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE TRAVEL TIME

PROJECT NAME:

PROJECT NUMBER:

CALCULATED BY:

CHECKED BY:



Aerospace Business Center DATE:

096636007 P1 (1-Hour Rainfall) = 2.52

MEL

NMB
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EX-1 EX-1 8.34 0.50 35.5 4.17 3.74 15.60

EX-2 EX-2 10.51 0.50 34.0 5.26 3.85 20.22

OF-1 OF-1 0.26 0.50 13.4 0.13 6.20 0.82

OF-2 OF-2 21.30 0.50 32.0 10.65 4.00 42.64

TRAVEL TIME

S
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L
IN

E

(1)

All Basins

PIPE

CHECKED BY:

DIRECT RUNOFF TOTAL RUNOFF STREET

CALCULATED BY:

STANDARD FORM SF-3 (EXISTING CONDITIONS)

STORM DRAINAGE DESIGN - RATIONAL METHOD 100 YEAR EVENT

PROJECT NAME: 1/4/2024

PROJECT NUMBER:



EXISTING CONDITIONS
Aerospace Business 

Center
DATE: 1/4/2024

PROJECT NUMBER: 096636007

CALCULATED BY: MEL

CHECKED BY: NMB

Q5 Q100

EX-1 EX-1 8.34 2.79 15.60

EX-2 EX-2 10.51 3.61 20.22

OF-1 OF-1 0.26 0.15 0.82

OF-2 OF-2 21.30 7.62 42.64

40.42 14.17 79.27Total

On-site Basins

DESIGN POINT

EXISTING  RATIONAL CALCULATIONS SUMMARY

TRIBUTARY BASINS
TRIBUTARY AREA

(AC)

PEAK FLOWS (CFS)



PROJECT NAME: Aerospace Business Center

PROJECT NUMBER: 196775002

CALCULATED BY: SLG

CHECKED BY: NMB

HYDROLOGIC SOIL GROUP: B

LAND USE (HSG 

A/B): PAVEMENT ROOF GRAVEL LANDSCAPE

2-YEAR COEFF. 0.89 0.71 0.57 0.02

5-YEAR COEFF. 0.90 0.73 0.59 0.08

10-YEAR COEFF. 0.92 0.75 0.63 0.15

100-YEAR COEFF. 0.96 0.81 0.70 0.35

IMPERVIOUS % 100% 90% 80% 0%

PAVEMENT ROOF GRAVEL LANDSCAPE TOTAL TOTAL

DESIGN DESIGN AREA AREA AREA AREA AREA AREA

BASIN POINT (SF) (SF) (SF) (SF) (SF) (AC) C(2) C(5) C(10) C(100) Imp %

P1 P1 13,747            -         -           3,686                17,433         0.40      0.71 0.74 0.78 0.86 79%

P2 P2 12,340            -         -           -                   12,340         0.28      0.89 0.90 0.92 0.96 100%

P3 P3 30,273            -         -           -                   30,273         0.69      0.89 0.90 0.92 0.96 100%

P4 P4 30,374            -         -           -                   30,374         0.70      0.89 0.90 0.92 0.96 100%

P5 P5 29,728            -         -           -                   29,728         0.68      0.89 0.90 0.92 0.96 100%

P6 P6 17,635            -         -           2,830                20,465         0.47      0.77 0.79 0.81 0.88 86%

P7 P7 715                 -         746 8,612                10,073         0.23      0.14 0.24 0.33 0.55 13%

P8 P8 2,518              -         0 1,166                3,684           0.08      0.61 0.64 0.68 0.77 68%

P9 P9 38,344            25,893              64,237         1.47      0.54 0.57 0.61 0.71 60%

P10 P10 1,323              -         242                   1,565           0.04      0.76 0.77 0.80 0.87 85%

P11 P11 -                 -         746 3,994                4,740           0.11      0.11 0.16 0.23 0.41 13%

P12 P12 2,348              -         6342 23,358              32,048         0.74      0.19 0.24 0.30 0.46 23%

R1 R1 -                 42375 0 -                   42,375         0.97      0.71 0.73 0.75 0.81 90%

R2 R2 -                 42375 0 -                   42,375         0.97      0.71 0.73 0.75 0.81 90%

F1 F1 -                 -         199,399            199,399       4.58      0.02 0.08 0.15 0.35 0%

F2 F2 -                 -         197,010            197,010       4.52      0.02 0.08 0.15 0.35 0%

OF1 OF1 10,083              10,083         0.23      0.02 0.08 0.15 0.35 0%

OF2 OF2 929,372            929,372       21.34    0.02 0.08 0.15 0.35 0%

OS1 OS1 18,938              18,938         0.43      0.02 0.08 0.15 0.35 0%

OS2 OS2 6,017              304                   6,321           0.15      0.85 0.86 0.88 0.93 95%

OS3 OS3 7,859              2,458                10,317         0.24      0.68 0.70 0.74 0.81 76%

OS4 OS4 4,084              437 34,349              38,871         0.89      0.12 0.17 0.24 0.42 11%

OS5 OS5 -                 0 21,811              21,811         0.50      0.02 0.08 0.15 0.35 0%

197,306          84,750    8,271       1,483,506         1,773,833    40.72    0.15 0.20 0.27 0.44 16%

11% 5% 0% 84% 100% 100%

POND 

SUBTOTAL

 P1-P12, R1-R2, F1-

F2, & OF1 179,346          84,750    7,834       476,274            748,204       17.18    0.31 0.36 0.41 0.55 35%

BASIN  

SUBTOTAL

STANDARD FORM SF-1 (PROPOSED CONDITIONS)

RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION

Impervious values and 

runoff coefficients per 

the Colorado Springs 

Drainage Criteria 

Manual (Vol. 1) - 

Table 6-6



Aerospace Business Center

096636007

SLG

NMB

FINAL

Tc

DESIGN AREA C5 LENGTH SLOPE Ti LENGTH SLOPE Cv VEL Tt COMP. TOTAL TOTAL TOTAL Tc

BASIN Ac Ft % Min. Ft. % fps Min. tc LENGTH SLOPE IMP. Min. Min.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (11) (12) (13) (14) (15) (16) (17)

P1 0.40      0.74 83 8.4% 2.9 43 2.1% 20.0 2.9 0.2 3.2 126 6.3% 79% 13.0 5.0

P2 0.28      0.90 100 9.0% 1.8 30 1.5% 20.0 2.4 0.2 2.0 130 7.3% 100% 9.3 5.0

P3 0.69      0.90 100 9.0% 1.8 66 1.2% 20.0 2.2 0.5 2.3 166 5.9% 100% 9.5 5.0

P4 0.70      0.90 100 9.0% 1.8 66 1.2% 20.0 2.2 0.5 2.3 166 5.9% 100% 9.5 5.0

P5 0.68      0.90 100 9.0% 1.8 60 1.2% 20 2.2 0.5 2.2 160 6.1% 100% 9.5 5.0

P6 0.47      0.79 100 9.0% 2.8 100 1.0% 20 2.0 0.8 3.6 200 5.0% 86% 12.1 5.0

P7 0.23      0.24 50 15.0% 4.5 0 0.0% 7.0 0.0 0.0 4.5 50 15.0% 13% 24.0 5.0

P8 0.08      0.64 100 5.8% 4.7 40 5.8% 20.0 4.8 0.1 4.8 140 5.8% 68% 14.9 5.0

P9 1.47      0.57 100 9.6% 4.6 0 0.0% 20.0 0.0 0.0 4.6 100 9.6% 60% 16.2 5.0

P10 0.04      0.77 68 4.0% 3.1 0 0.0% 20.0 0.0 0.0 3.1 68 4.0% 85% 11.9 5.0

P11 0.11      0.16 55 5.9% 7.1 0 0.0% 20.0 0.0 0.0 7.1 55 5.9% 13% 24.2 7.1

P12 0.74      0.24 30 8.5% 4.2 100 0.5% 20.0 1.4 1.2 5.4 130 2.3% 23% 23.2 5.4

R1 0.97      0.73 0 0.0% 0.0 5.0

R2 0.97      0.73 0 0.0% 0.0 5.0

F1 4.58      0.08 100 1.0% 18.7 100.0 1.0% 20.0 2.0 0.8 19.5 200 1.0% 0% 29.7 19.5

F2 4.52      0.08 100 1.0% 18.7 100 1.0% 20.0 2.0 0.8 19.5 200 1.0% 0% 29.7 19.5

OF1 0.23      0.08 50 2.2% 10.2 0 0.0% 7.0 0.0 0.0 10.2 50 2.2% 0% 26.6 10.2

OF2 21.34    0.08 100 6.0% 10.3 0 0.0% 7.0 0.0 0.0 10.3 100 6.0% 0% 26.8 10.3

OS1 0.43      0.08 20 25.0% 2.9 0 0.0% 7.0 0.0 0.0 2.9 20 25.0% 0% 26.1 5.0

OS2 0.15      0.86 100 6.1% 2.4 44 0.6% 20.0 1.5 0.5 2.9 144 4.4% 95% 10.3 5.0

OS3 0.24      0.70 100 6.6% 3.9 65 0.8% 20.0 1.8 0.6 4.5 165 4.3% 76% 13.7 5.0

OS4 0.89      0.17 75 10.0% 6.8 0 0.0% 7.0 0.0 0.0 6.8 75 10.0% 11% 24.4 6.8

OS5 0.50      0.08 100 10.0% 8.7 0 0.0% 7.0 0.0 0.0 8.7 100 10.0% 0% 26.6 8.7

STANDARD FORM SF-2 (PROPOSED CONDITIONS)

Tc CHECK

(URBANIZED BASINS)

PROJECT NAME:

PROJECT NUMBER:

DATA

INITIAL

TIME (Ti)

TRAVEL TIME

(Tt)

SUB-BASIN

CALCULATED BY:

CHECKED BY:

Minimum time of concentration assumed for roofs. 

All Basins

Time of Concentration

Minimum time of concentration assumed for roofs. 

Phase 1 Aerospace_CIA Calcs_Pr.xlsx Page 2 of 7



Aerospace Business Center

096636007 P1 (1-Hour Rainfall) = 1.5
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(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

P1 P1 0.40 0.74 5.0 0.30 5.17 1.53

P2 P2 0.28 0.90 5.0 0.25 5.17 1.32

P3 P3 0.69 0.90 5.0 0.63 5.17 3.23

P4 P4 0.70 0.90 5.0 0.63 5.17 3.24

P5 P5 0.68 0.90 5.0 0.61 5.17 3.17

P6 P6 0.47 0.79 5.0 0.37 5.17 1.91

P7 P7 0.23 0.24 5.0 0.05 5.17 0.28

P8 P8 0.08 0.64 5.0 0.05 5.17 0.28

P9 P9 1.47 0.57 5.0 0.84 5.17 4.34

P10 P10 0.04 0.77 5.0 0.03 5.17 0.14

P11 P11 0.11 0.16 7.1 0.02 4.65 0.08

P12 P12 0.74 0.24 5.4 0.18 5.05 0.90

R1 R1 0.97 0.73 5.0 0.71 5.17 3.67

R2 R2 0.97 0.73 5.0 0.71 5.17 3.67

F1 F1 4.58 0.08 19.5 0.37 3.12 1.14

F2 F2 4.52 0.08 19.5 0.36 3.12 1.13

OF1 OF1 0.23 0.08 10.2 0.02 4.10 0.08

OF2 OF2 21.34 0.08 10.3 1.71 4.09 6.97

OS1 OS1 0.43 0.08 5.0 0.03 5.17 0.18

OS2 OS2 0.15 0.86 5.0 0.12 5.17 0.65

OS3 OS3 0.24 0.70 5.0 0.17 5.17 0.86

OS4 OS4 0.89 0.17 6.8 0.15 4.70 0.72

OS5 OS5 0.50 0.08 8.7 0.04 4.34 0.17
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STANDARD FORM SF-3 (PROPOSED CONDITIONS)

STORM DRAINAGE DESIGN - RATIONAL METHOD 5 YEAR EVENT

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE TRAVEL TIME

PROJECT NAME:

PROJECT NUMBER:

CALCULATED BY:

CHECKED BY:



Aerospace Business Center

096636007 P1 (1-Hour Rainfall) = 2.52

SLG

NMB
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(2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22)

P1 P1 0.40 0.86 5.0 0.35 8.68 3.00

P2 P2 0.28 0.96 5.0 0.27 8.68 2.36

P3 P3 0.69 0.96 5.0 0.67 8.68 5.79

P4 P4 0.70 0.96 5.0 0.67 8.68 5.81

P5 P5 0.68 0.96 5.0 0.66 8.68 5.69

P6 P6 0.47 0.88 5.0 0.41 8.68 3.57

P7 P7 0.23 0.55 5.0 0.13 8.68 1.10

P8 P8 0.08 0.77 5.0 0.06 8.68 0.56

P9 P9 1.47 0.71 5.0 1.05 8.68 9.14

P10 P10 0.04 0.87 5.0 0.03 8.68 0.27

P11 P11 0.11 0.41 7.1 0.04 7.81 0.34

P12 P12 0.74 0.46 5.4 0.34 8.48 2.90

R1 R1 0.97 0.81 5.0 0.79 8.68 6.84

R2 R2 0.97 0.81 5.0 0.79 8.68 6.84

F1 F1 4.58 0.35 19.5 1.60 5.25 8.40

F2 F2 4.52 0.35 19.5 1.58 5.25 8.30

OF1 OF1 0.23 0.35 10.2 0.08 6.89 0.56

OF2 OF2 21.34 0.35 10.3 7.47 6.86 51.23

OS1 OS1 0.43 0.35 5.0 0.15 8.68 1.32

OS2 OS2 0.15 0.93 5.0 0.14 8.68 1.17

OS3 OS3 0.24 0.81 5.0 0.19 8.68 1.67

OS4 OS4 0.89 0.42 6.8 0.37 7.89 2.94

OS5 OS5 0.50 0.35 8.7 0.18 7.29 1.28

CALCULATED BY:

STANDARD FORM SF-3 (PROPOSED CONDITIONS)

STORM DRAINAGE DESIGN - RATIONAL METHOD 100 YEAR EVENT

PROJECT NAME:

PROJECT NUMBER:

CHECKED BY:

DIRECT RUNOFF TOTAL RUNOFF STREET TRAVEL TIME
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All Basins

PIPE



PROPOSED CONDITIONS
Aerospace Business 

Center

PROJECT NUMBER: 096636007

CALCULATED BY: SLG

CHECKED BY: NMB

Q5 Q100

P1 P1 0.40 1.53 3.00 79%

P2 P2 0.28 1.32 2.36 100%

P3 P3 0.69 3.23 5.79 100%

P4 P4 0.70 3.24 5.81 100%

P5 P5 0.68 3.17 5.69 100%

P6 P6 0.47 1.91 3.57 86%

P7 P7 0.23 0.28 1.10 13%

P8 P8 0.08 0.28 0.56 68%

P9 P9 1.47 4.34 9.14 60%

P10 P10 0.04 0.14 0.27 85%

P11 P11 0.11 0.08 0.34 13%

P12 P12 0.74 0.90 2.90 23%

R1 R1 0.97 3.67 6.84 90%

R2 R2 0.97 3.67 6.84 90%

F1 F1 4.58 1.14 8.40 0%

F2 F2 4.52 1.13 8.30 0%

OF1 OF1 0.23 0.08 0.56 0%

OF2 OF2 21.34 6.97 51.23 0%

OS1 OS1 0.43 0.18 1.32 0%

OS2 OS2 0.15 0.65 1.17 95%

OS3 OS3 0.24 0.86 1.67 76%

OS4 OS4 0.89 0.72 2.94 11%

OS5 OS5 0.50 0.17 1.28 0%

40.72 39.69 131.08 16%

17.18 30.13 71.47 35%

PROPOSED  RATIONAL CALCULATIONS SUMMARY

Total

Pond Total

DESIGN POINT
TRIBUTARY 

BASINS

TRIBUTARY 

AREA  (AC)

PEAK FLOWS (CFS)

On-site Basins

% IMPERV.



Project:

Basin ID:

Depth Increment = 0.10 ft

Watershed Information Top of Micropool -- 0.00 -- -- -- 16 0.000

Selected BMP Type = EDB -- 0.20 -- -- -- 147 0.003 16 0.000

Watershed Area = 18.36 acres -- 0.40 -- -- -- 419 0.010 73 0.002

Watershed Length = 1,190 ft -- 0.60 -- -- -- 845 0.019 199 0.005

Watershed Length to Centroid = 555 ft -- 0.80 -- -- -- 1,441 0.033 428 0.010

Watershed Slope = 0.060 ft/ft -- 1.00 -- -- -- 2,225 0.051 794 0.018

Watershed Imperviousness = 80.00% percent -- 1.20 -- -- -- 3,224 0.074 1,339 0.031

Percentage Hydrologic Soil Group A = 0.0% percent -- 1.40 -- -- -- 4,469 0.103 2,108 0.048

Percentage Hydrologic Soil Group B = 100.0% percent -- 1.60 -- -- -- 6,003 0.138 3,156 0.072

Percentage Hydrologic Soil Groups C/D = 0.0% percent -- 1.80 -- -- -- 7,892 0.181 4,545 0.104

Target WQCV Drain Time = 40.0 hours -- 2.00 -- -- -- 10,237 0.235 6,358 0.146

Location for 1-hr Rainfall Depths = Denver - Capitol Building -- 2.20 -- -- -- 13,226 0.304 8,704 0.200

-- 2.40 -- -- -- 17,353 0.398 11,762 0.270

-- 2.60 -- -- -- 21,153 0.486 15,613 0.358

Optional User Overrides -- 2.80 -- -- -- 22,041 0.506 19,932 0.458

Water Quality Capture Volume (WQCV) = 0.502 acre-feet 0.502 acre-feet -- 3.00 -- -- -- 22,933 0.526 24,429 0.561

Excess Urban Runoff Volume (EURV) = 1.631 acre-feet 1.631 acre-feet -- 3.20 -- -- -- 23,830 0.547 29,106 0.668

2-yr Runoff Volume (P1 = 1.02 in.) = 1.155 acre-feet 1.02 inches -- 3.40 -- -- -- 24,730 0.568 33,962 0.780

5-yr Runoff Volume (P1 = 1.3 in.) = 1.549 acre-feet 1.30 inches -- 3.60 -- -- -- 25,635 0.589 38,998 0.895

10-yr Runoff Volume (P1 = 1.57 in.) = 1.942 acre-feet 1.57 inches -- 3.80 -- -- -- 26,544 0.609 44,216 1.015

25-yr Runoff Volume (P1 = 2 in.) = 2.632 acre-feet 2.00 inches -- 4.00 -- -- -- 27,457 0.630 49,616 1.139

50-yr Runoff Volume (P1 = 2.36 in.) = 3.187 acre-feet 2.36 inches -- 4.20 -- -- -- 28,375 0.651 55,200 1.267

100-yr Runoff Volume (P1 = 2.76 in.) = 3.831 acre-feet 2.76 inches -- 4.40 -- -- -- 29,296 0.673 60,967 1.400

500-yr Runoff Volume (P1 = 3.85 in.) = 5.536 acre-feet 3.85 inches -- -- -- --

Approximate 2-yr Detention Volume = 1.107 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.475 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.896 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.265 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.468 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 2.715 acre-feet -- -- -- --

-- -- -- --

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

Zone 1 Volume (WQCV) = 0.502 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 1.129 acre-feet -- -- -- --

Select Zone 3 Storage Volume (Optional) = acre-feet -- -- -- --

Total Detention Basin Volume = 1.631 acre-feet -- -- -- --

Initial Surcharge Volume (ISV) = user ft 3 -- -- -- --

Initial Surcharge Depth (ISD) = user ft -- -- -- --

Total Available Detention Depth (Htotal) = user ft -- -- -- --

Depth of Trickle Channel (HTC) = user ft -- -- -- --

Slope of Trickle Channel (STC) = user ft/ft -- -- -- --

Slopes of Main Basin Sides (Smain) = user H:V -- -- -- --

Basin Length-to-Width Ratio (RL/W) = user -- -- -- --

-- -- -- --

Initial Surcharge Area (AISV) = user ft 2 -- -- -- --

Surcharge Volume Length (LISV) = user ft -- -- -- --

Surcharge Volume Width (WISV) = user ft -- -- -- --

Depth of Basin Floor (HFLOOR) = user ft -- -- -- --

Length of Basin Floor (LFLOOR) = user ft -- -- -- --

Width of Basin Floor (WFLOOR) = user ft -- -- -- --

Area of Basin Floor (AFLOOR) = user ft 2 -- -- -- --

Volume of Basin Floor (VFLOOR) = user ft 3 -- -- -- --

Depth of Main Basin (HMAIN) = user ft -- -- -- --

Length of Main Basin (LMAIN) = user ft -- -- -- --

Width of Main Basin (WMAIN) = user ft -- -- -- --

Area of Main Basin (AMAIN) = user ft 2 -- -- -- --

Volume of Main Basin (VMAIN) = user ft 3 -- -- -- --

Calculated Total Basin Volume (Vtotal) = user 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)

Aerospace Business Center

Water Quality Pond

MHFD-Detention, Version 4.06 (July 2022)

Volume 

(ft 3)

Volume 

(ac-ft)

Area 

(acre)

Total detention 

volume is less than 

100-year volume.

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)

Phase 1 WQ Pond_MHFD-Detention_v4-06_SLG.xlsm, Basin 1/15/2024, 10:04 AM



1 User Defined Stage-Area Booleans for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA Watershed Lc:L

Watershed Slope

0 Calc_S_TC Booleans for CUHP

1 CUHP Inputs Complete

3.49               H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.89 Zone 1 (WQCV) 2.89 Zone 1 (WQCV)

#VALUE! Zone 2 (EURV) #VALUE! #VALUE!

0.00 Zone 3 0.00 Zone 3

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.06 (July 2022)
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Phase 1 WQ Pond_MHFD-Detention_v4-06_SLG.xlsm, Basin 1/15/2024, 10:04 AM



  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 2.89 0.502 Orifice Plate

Zone 2 (EURV) #VALUE! 1.129 Orifice Plate

Zone 3

Total (all zones) 1.631

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

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

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

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

Centroid of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft
2

Depth at top of Zone using Orifice Plate = 4.97 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

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

Orifice Plate: Orifice Area per Row = N/A sq. inches Elliptical Slot Area = N/A ft
2

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

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

Stage of Orifice Centroid (ft) 0.00 1.45 3.00

Orifice Area (sq. inches) 1.41 3.14 3.14

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

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

Vertical Orifice Diameter = N/A inches

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

grate Not Selected Not Selected Not Selected Not Selected

Overflow Weir Front Edge Height, Ho = 4.95 ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 4.95 feet

Overflow Weir Front Edge Length = 6.84 feet Overflow Weir Slope Length = 2.92 feet

Overflow Weir Grate Slope = 0.00 H:V Grate Open Area / 100-yr Orifice Area = 4.42

Horiz. Length of Weir Sides = 2.92 feet Overflow Grate Open Area w/o Debris = 13.90 ft
2

Overflow Grate Type = Type C Grate Overflow Grate Open Area w/ Debris = 6.95 ft
2

Debris Clogging % = 50% %

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

Not Selected Not Selected Not Selected Not Selected

Depth to Invert of Outlet Pipe = 2.50 ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 3.14 ft
2

Circular Orifice Diameter = 24.00 inches Outlet Orifice Centroid = 1.00 feet

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

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

Spillway Invert Stage= 4.40 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.92 feet

Spillway Crest Length = 28.00 feet Stage at Top of Freeboard = 6.32 feet

Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 0.67 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 1.40 acre-ft

Max Ponding Depth of Target Storage Volume = 4.40 feet Discharge at Top of Freeboard = 0.40 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 1.02 1.30 1.57 2.00 2.36 2.76 3.85

CUHP Runoff Volume (acre-ft) = 0.502 1.631 1.155 1.549 1.942 2.632 3.187 3.831 5.536

Inflow Hydrograph Volume (acre-ft) = N/A N/A 1.155 1.549 1.942 2.632 3.187 3.831 5.536

CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.3 4.0 8.0 19.7 26.8 35.4 57.2
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.02 0.22 0.43 1.07 1.46 1.93 3.12

Peak Inflow Q (cfs) = N/A N/A 24.8 33.0 41.9 58.9 71.4 83.1 119.2

Peak Outflow Q (cfs) = 0.2 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

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

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

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

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

Time to Drain 97% of Inflow Volume (hours) = 43 76 65 75 84 102 117 >120 >120

Time to Drain 99% of Inflow Volume (hours) = 46 84 71 82 93 112 >120 >120 >120

Maximum Ponding Depth (ft) = 2.89 4.40 3.94 4.40 4.40 4.40 4.40 4.40 4.40

Area at Maximum Ponding Depth (acres) = 0.52 0.67 0.62 0.67 0.67 0.67 0.67 0.67 0.67

Maximum Volume Stored (acre-ft) = 0.504 1.400 1.101 1.400 1.400 1.400 1.400 1.400 1.400

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 4.06 (July 2022)

Aerospace Business Center

Water Quality Pond

Example Zone Configuration (Retention Pond)

Phase 1 WQ Pond_MHFD-Detention_v4-06_SLG.xlsm, Outlet Structure 1/15/2024, 10:04 AM



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) 2 1 5yr, <72hr 1 1

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

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

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 290

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 395

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 441

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 441

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 441 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 441 0.92

WQ Plate Flow at 100yr depth = 0.40 0.97(diameter = 1-1/8 inches) 50 Year 441

CLOG #1= 50% 1.08(diameter = 1-3/16 inches) 100 Year 441 1 Z1_Boolean

n*Cdw #1 = 0.60 1.20(diameter = 1-1/4 inches) 500 Year 441 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= 100% 1.59(diameter = 1-7/16 inches) Draintime Running

n*Cdw #2 = 0.00 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

n*Cdo #2 = 0.00 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 0 0 1

Overflow Weir #2 Angle = 0.000 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 1 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 0 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 70,000 10

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

minimum bound

maximum bound

MHFD-Detention, Version 4.06 (July 2022)
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 0.87 0.68 3.55

0:15:00 0.00 0.00 3.06 5.71 7.75 6.30 8.24 8.72 13.64

0:20:00 0.00 0.00 12.40 16.25 19.93 14.05 17.06 19.44 29.44

0:25:00 0.00 0.00 24.84 32.99 41.94 29.47 35.96 41.00 61.77

0:30:00 0.00 0.00 24.74 32.55 39.44 58.86 71.40 83.14 119.19

0:35:00 0.00 0.00 18.98 24.61 29.81 53.92 64.94 80.76 114.94

0:40:00 0.00 0.00 14.56 18.28 22.14 44.67 53.62 65.63 93.14

0:45:00 0.00 0.00 10.38 13.68 16.94 33.33 40.02 51.68 73.42

0:50:00 0.00 0.00 7.58 10.58 12.57 27.03 32.46 40.85 58.02

0:55:00 0.00 0.00 5.69 7.84 9.61 19.25 23.16 31.01 44.10

1:00:00 0.00 0.00 4.93 6.70 8.50 14.36 17.33 24.50 35.02

1:05:00 0.00 0.00 4.68 6.31 8.17 12.22 14.80 21.75 31.18

1:10:00 0.00 0.00 3.92 6.16 8.04 9.95 12.09 15.83 22.91

1:15:00 0.00 0.00 3.54 5.60 8.00 8.79 10.70 12.62 18.43

1:20:00 0.00 0.00 3.31 5.00 7.17 7.21 8.75 9.06 13.21

1:25:00 0.00 0.00 3.18 4.67 5.99 6.44 7.79 7.16 10.44

1:30:00 0.00 0.00 3.09 4.48 5.29 5.37 6.47 5.96 8.68

1:35:00 0.00 0.00 3.05 4.36 4.89 4.78 5.75 5.36 7.79

1:40:00 0.00 0.00 3.05 3.70 4.65 4.46 5.36 5.14 7.46

1:45:00 0.00 0.00 3.05 3.35 4.51 4.30 5.16 5.04 7.31

1:50:00 0.00 0.00 3.05 3.14 4.47 4.23 5.07 5.04 7.31

1:55:00 0.00 0.00 2.39 3.03 4.26 4.19 5.03 5.04 7.31

2:00:00 0.00 0.00 2.01 2.78 3.73 4.19 5.03 5.04 7.31

2:05:00 0.00 0.00 1.11 1.55 2.09 2.36 2.82 2.83 4.10

2:10:00 0.00 0.00 0.61 0.86 1.15 1.32 1.58 1.58 2.29

2:15:00 0.00 0.00 0.29 0.44 0.58 0.68 0.81 0.82 1.18

2:20:00 0.00 0.00 0.12 0.21 0.27 0.33 0.40 0.40 0.58

2:25:00 0.00 0.00 0.04 0.07 0.08 0.11 0.13 0.13 0.18

2:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

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

DETENTION BASIN OUTLET STRUCTURE DESIGN
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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 SPA DCIA UIA:RPA UIA:RPA UIA:RPA

Area ID 4 5 1 2 3

Downstream Design Point ID Site Site Site Site Site

Downstream BMP Type EDB EDB EDB EDB EDB

DCIA (ft
2
) -- 122,059 -- -- --

UIA (ft
2
) -- -- 42,375 42,375 39,475

RPA (ft
2
) -- -- 3,911 8,502 22,699

SPA (ft
2
) 433,668 -- -- -- --

HSG A (%) 0% -- 0% 0% 0%

HSG B (%) 81% -- 81% 81% 81%

HSG C/D (%) 19% -- 19% 19% 19%

Average Slope of RPA (ft/ft) -- -- 0.080 0.150 0.250

UIA:RPA Interface Width (ft) -- -- 191.00 191.00 700.00

CALCULATED RUNOFF RESULTS

Area ID 4 5 1 2 3

UIA:RPA Area (ft
2
) -- -- 46,286 50,877 62,173

L / W Ratio -- -- 1.27 1.39 0.13

UIA / Area -- -- 0.9155 0.8329 0.6349

Runoff (in) 0.00 0.50 0.36 0.23 0.02

Runoff (ft
3
) 0 5086 1375 989 82

Runoff Reduction (ft
3
) 21683 0 390 777 1563

CALCULATED WQCV RESULTS

Area ID 4 5 1 2 3

WQCV (ft
3
) 0 5086 1766 1766 1645

WQCV Reduction (ft
3
) 0 0 390 777 1563

WQCV Reduction (%) 0% 0% 22% 44% 95%

Untreated WQCV (ft
3
) 0 5086 1375 989 82

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

Downstream Design Point ID Site

DCIA (ft
2
) 122,059

UIA (ft
2
) 124,225

RPA (ft
2
) 35,112

SPA (ft
2
) 433,668

Total Area (ft
2
) 715,063

Total Impervious Area (ft
2
) 246,284

WQCV (ft
3
) 10,262

WQCV Reduction (ft
3
) 2,729

WQCV Reduction (%) 27%

Untreated WQCV (ft
3
) 7,532

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

Total Area (ft
2
) 715,063

Total Impervious Area (ft
2
) 246,284

WQCV (ft
3
) 10,262

WQCV Reduction (ft
3
) 2,729

WQCV Reduction (%) 27%

Untreated WQCV (ft
3
) 7,532

Total Disturbed Area Calculation to meet Step 1

Design Procedure Form:  Runoff Reduction                

SHEET 1

January 13, 2024

Aerospace Business Center - Phase 1

UD-BMP (Version 3.07, March 2018)

16.42-ACRES



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 SPA SPA SPA

Area ID 6 (OS-1) 7 (OS-4) 8 (OS-5)

Downstream Design Point ID Offsite Offsite Offsite

Downstream BMP Type None None None

DCIA (ft
2
) -- -- --

UIA (ft
2
) -- -- --

RPA (ft
2
) -- -- --

SPA (ft
2
) 18,938 38,871 21,811

HSG A (%) 0% 0% 0%

HSG B (%) 81% 81% 81%

HSG C/D (%) 19% 19% 19%

Average Slope of RPA (ft/ft) -- -- --

UIA:RPA Interface Width (ft) -- -- --

CALCULATED RUNOFF RESULTS

Area ID 6 (OS-1) 7 (OS-4) 8 (OS-5)

UIA:RPA Area (ft
2
) -- -- --

L / W Ratio -- -- --

UIA / Area -- -- --

Runoff (in) 0.00 0.00 0.00

Runoff (ft
3
) 0 0 0

Runoff Reduction (ft
3
) 947 1944 1091

CALCULATED WQCV RESULTS

Area ID 6 (OS-1) 7 (OS-4) 8 (OS-5)

WQCV (ft
3
) 0 0 0

WQCV Reduction (ft
3
) 0 0 0

WQCV Reduction (%) 0% 0% 0%

Untreated WQCV (ft
3
) 0 0 0

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

Downstream Design Point ID Offsite

DCIA (ft
2
) 0

UIA (ft
2
) 0

RPA (ft
2
) 0

SPA (ft
2
) 79,620

Total Area (ft
2
) 79,620

Total Impervious Area (ft
2
) 0

WQCV (ft
3
) 0

WQCV Reduction (ft
3
) 0

WQCV Reduction (%) 0%

Untreated WQCV (ft
3
) 0

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

Total Area (ft
2
) 79,620

Total Impervious Area (ft
2
) 0

WQCV (ft
3
) 0

WQCV Reduction (ft
3
) 0

WQCV Reduction (%) 0%

Untreated WQCV (ft
3
) 0

Provided to show compliance with Step 2

Design Procedure Form:  Runoff Reduction                

SHEET 2

January 13, 2024

Aerospace Business Center - Phase 1

UD-BMP (Version 3.07, March 2018)

Step 2 requirements are met
since no WQCV volume is
developed within this entirely
pervious sub-basin.



Preliminary Drainage Report 
Lot 4, Colorado Centre Foreign Trade Zone & Business Park Filing No. 1,  

Colorado Springs, CO 
 

  

APPENDIX D – HYDRAULIC CALCULATIONS 

  



MHFD-Inlet, Version 5.03 (August 2023)

Worksheet Protected

INLET NAME DOUBLE CDOT TYPE 13 CDOT TYPE C AREA INLET 15 TYPE R (SUMP) 5' TYPE R (ON-GRADE)User-Defined

Site Type (Urban or Rural)

Inlet Application (Street or Area) STREET STREET STREET STREET

Hydraulic Condition In Sump In Sump

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

USER-DEFINED INPUT

User-Defined Design Flows

Minor QKnown (cfs) 3.5 1.5 5.9 0.3

Major QKnown (cfs) 5.8 8.5 11.5 0.6

Bypass (Carry-Over) Flow from Upstream       Inlets must be organized from upstream (left) to downstream (right) in order for bypass flows to be linked.

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

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

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

Watershed Characteristics

Subcatchment Area (acres)

Percent Impervious

NRCS Soil Type

Watershed Profile

Overland Slope (ft/ft)

Overland Length (ft)

Channel Slope (ft/ft)

Channel Length (ft)

Minor Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

Major Storm Rainfall Input

Design Storm Return Period, Tr (years)

One-Hour Precipitation, P1 (inches)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs) 3.5 1.5 5.9 0.3

Major Total Design Peak Flow, Q (cfs) 5.8 8.5 11.5 0.6

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

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

INLET MANAGEMENT



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 0.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK =

Height of Curb at Gutter Flow Line HCURB = 14.00 inches

Distance from Curb Face to Street Crown TCROWN = 40.0 ft

Gutter Width W = 4.00 ft

Street Transverse Slope SX = 0.032 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 = 15.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 4.0 7.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm

MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.03 (August 2023)

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

DOUBLE CDOT TYPE 13

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

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

Number of Unit Inlets (Grate or Curb Opening) No = 2 2  

Water Depth at Flowline (outside of local depression) Ponding Depth = 4.0 7.0 inches

Grate Information MINOR MAJOR

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

Width of a Unit Grate Wo = 1.73 1.73 feet

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

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

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

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

Curb Opening Information MINOR MAJOR

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

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

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

Angle of Throat Theta = N/A N/A degrees

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

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

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

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.39 0.64 ft

Depth for Curb Opening Weir Equation dCurb = N/A N/A ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.47 0.82

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

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

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 1.6 5.8 cfs

WARNING: Inlet Capacity < Q Peak for Minor and Major Storms Q PEAK REQUIRED = 3.5 5.8 cfs

CDOT/Denver 13 Valley Grate

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.03 (August 2023)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT/Denver 13 Valley Grate

Override Depths

1



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 0.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK =

Height of Curb at Gutter Flow Line HCURB = 24.00 inches

Distance from Curb Face to Street Crown TCROWN = 30.0 ft

Gutter Width W = 4.00 ft

Street Transverse Slope SX = 0.083 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 = 0.020

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 10.0 20.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 12.0 24.0 inches

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm

MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.03 (August 2023)

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

CDOT TYPE C AREA INLET

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 0.00 0.00 inches

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

Water Depth at Flowline (outside of local depression) Ponding Depth = 10.0 19.9 inches

Grate Information MINOR MAJOR

Length of a Unit Grate Lo (G) = 2.92 2.92 feet

Width of a Unit Grate Wo = 2.92 2.92 feet

Open Area Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.70 0.70

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

Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = 2.41 2.41

Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.67 0.67

Curb Opening Information MINOR MAJOR

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

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

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

Angle of Throat Theta = N/A N/A degrees

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

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

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

Low Head Performance Reduction (Calculated) MINOR MAJOR

Depth for Grate Midwidth dGrate = 0.71 1.54 ft

Depth for Curb Opening Weir Equation dCurb = N/A N/A ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

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

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

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 5.3 16.9 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 1.5 8.5 cfs

CDOT Type C Grate

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.03 (August 2023)
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Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.010 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 = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 30.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.015 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 = 20.0 30.0 ft

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

Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is not applicable to Sump Condition Minor Storm Major Storm

MAJOR STORM Allowable Capacity is not applicable to Sump Condition Qallow = SUMP SUMP cfs

MHFD-Inlet, Version 5.03 (August 2023)

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

15 TYPE R (SUMP)

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a' from above) alocal = 3.00 3.00 inches

Number of Unit Inlets (Grate or Curb Opening) No = 4 4  

Water Depth at Flowline (outside of local depression) Ponding Depth = 5.2 6.0 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

Open Area 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 = 6.00 6.00 inches

Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches

Angle of Throat Theta = 63.40 63.40 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 = 0.27 0.33 ft
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.74 0.79

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

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 8.5 12.5 cfs

Inlet Capacity IS GOOD for Minor and Major Storms (>Q Peak) Q PEAK REQUIRED = 5.9 11.5 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
MHFD-Inlet, Version 5.03 (August 2023)

H-Vert
H-Curb

W

Lo (C)

Lo (G)

Wo

WP

CDOT Type R Curb Opening

Override Depths

1



Project:

Inlet ID:

Gutter Geometry:
Maximum Allowable Width for Spread Behind Curb TBACK = 0.0 ft

Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK =

Height of Curb at Gutter Flow Line HCURB = 6.00 inches

Distance from Curb Face to Street Crown TCROWN = 30.0 ft

Gutter Width W = 2.00 ft

Street Transverse Slope SX = 0.010 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 = 0.060 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 = 5.0 10.0 ft

Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 2.0 4.0 inches

Allow Flow Depth at Street Crown (check box for yes, leave blank for no)

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

MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 0.9 3.4 cfs

Minor storm max. allowable capacity GOOD - greater than the design peak flow of 0.30 cfs on sheet 'Inlet Management'

Major storm max. allowable capacity GOOD - greater than the design peak flow of 0.60 cfs on sheet 'Inlet Management'

MHFD-Inlet, Version 5.03 (August 2023)

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

5' TYPE R (ON-GRADE)

1



 

Design Information (Input) MINOR MAJOR

Type of Inlet Type =

Local Depression (additional to continuous gutter depression 'a') aLOCAL = 3.0 3.0 inches

Total Number of Units in the Inlet (Grate or Curb Opening) No = 1 1

Length of a Single Unit Inlet (Grate or Curb Opening) Lo = 5.00 5.00 ft

Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = N/A N/A ft

Clogging Factor for a Single Unit Grate (typical min. value = 0.5) Cf (G) = N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf (C) = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR

Total Inlet Interception Capacity Q = 0.3 0.6 cfs

Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs  

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

CDOT Type R Curb Opening

INLET ON A CONTINUOUS GRADE
MHFD-Inlet, Version 5.03 (August 2023)

CDOT Type R Curb Opening

1
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1 INTRODUCTION 
In accordance with your authorization and our proposal dated October 10, 2023, we have performed 

a geotechnical evaluation for the proposed Industrial Development located northeast of the 

intersection of Bradley Road and Foreign Trade Zone Boulevard in Colorado Springs, Colorado. The 

approximate location of the site is depicted on Figure 1.  

The purpose of our study was to evaluate the subsurface conditions and to provide design and 

construction recommendations regarding geotechnical aspects of the proposed project. This report 

presents the findings of our subsurface exploration program, results of our laboratory testing, 

conclusions regarding the subsurface conditions at the site, and geotechnical recommendations for 

design and construction of this project. 

2 SCOPE OF SERVICES 
The scope of our services for the project generally included: 

• Review of readily available background information including aerial photographs, published 
geologic maps, and in-house geotechnical data pertaining to the project site and vicinity. 

• Perform site reconnaissance to observe and document the site conditions, establish the boring 
locations in the field, and arrange for the mark-out of publicly owned underground utilities through 
Utility Notification Center of Colorado. 

• Drilling, logging, and sampling of 19 small-diameter exploratory borings within the project site. 
Borings B-1 through B-7 were advanced within the footprints of the proposed Phase 1 industrial 
buildings to depths ranging between approximately 10 and 25 feet below the ground surface 
(bgs). Borings B-8 through B-19 were advanced within the proposed Phase 2 through Phase 4 
improvements to depths ranging from approximately 14.8 and 25 feet bgs. The boring logs are 
presented in Appendix A. Approximate boring locations are presented on Figure 2.  

• Performance of laboratory tests on selected samples obtained from the borings to evaluate 
engineering properties including in-situ moisture content and dry density, Atterberg limits, percent 
fines passing the No. 200 sieve and gradation, swell/consolidation potential, and soil corrosivity 
characteristics (including pH, resistivity, water soluble sulfates and chlorides). The results of the 
in-situ moisture content and dry density laboratory testing are presented on the boring logs and 
the remainder of the laboratory testing results are presented in Appendix B. 

• Compilation and analysis of the data obtained. 

• Preparation of this report presenting our findings, conclusions, and geotechnical engineering 
recommendations regarding the design and construction of the project. 
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two major drainage basins. Much of the alluvial sand deposits are sourced from the Dawson 

Formation within the upland regions to the east. Windblown deposits, which tend to blanket the 

alluvium, resulted from transportation of fine- to coarse-grained sand, silt, and clay particles from the 

alluvial deposits within valley floors (Madole and Thorson, 2002). Nearly all the surficial deposits in 

the map area are poorly sorted to extremely poorly sorted (Madole and Thorson, 2002).  

Pierre Shale Formation bedrock is mapped underlying the project area. The Pierre Shale Formation 

is Upper Cretaceous in age and is composed mostly of gray to dark gray shale that weathers to 

brown and olive green clay (Madole and Thorson, 2002). The formation was deposited primarily as 

clay within a marine environment and total thickness within the quadrangle is approximately 4,500 

feet.  Presence of smectitic claystone and bentonite beds causes this formation to exhibit up to high 

shrink-swell problems.  

6.2 Subsurface Conditions 
Our understanding of the subsurface conditions at the project site is based on our field exploration, 

laboratory testing, and our experience with the general geology of the area. The following sections 

provide a generalized description of the subsurface materials encountered. More detailed 

descriptions are presented on the boring logs in Appendix A.  

6.2.1 Fill  
Though not encountered at the time of drilling, fill is anticipated to be present within the gas 

utility easement which bisects the west section of the project site.  

6.2.2 Overburden Deposits  
Overburden deposits consisting of eolian deposits and alluvium was encountered at the ground 

surface in each boring. Overburden deposits extended to borings’ termination depths of 

approximately 10 to 25 feet bgs in Borings B-1, B-3 through B-7, B-11, B-13 through B-15, B-

17, and B-18. Where bedrock was encountered in the remaining borings, overburden deposits 

extended to depths of approximately 13 to 24 feet bgs. The overburden deposits encountered 

generally consisted of various shades of brown and orange, dry to wet, firm to very stiff, lean to 

fat to silty clay with various amounts of sand, and very loose to medium dense, clayey to silty 

sand with varying amounts gravel.  

Based on the results of the laboratory testing, selected samples had in-place moisture contents 

of approximately 2.5 and 26.9 percent and dry densities of approximately 84.3 and 115.3 pounds 

per cubic foot (pcf). 
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6.2.3 Pierre Shale Formation Bedrock 
Bedrock, mapped as the Pierre Shale Formation (Madole and Thorson, 2002) was encountered 

below the overburden deposits in Borings B-2, B-8 through B-10, B-12, B-16, and B-18 at depths 

ranging from 13 to 24 feet bgs. The bedrock encountered generally consisted of various shades 

of brown and gray, dry to moist, moderately soft to hard, shale.  

Based on the results of the laboratory testing, selected samples had in-place moisture contents 

of approximately 9.6 and 15.3 percent and dry densities of approximately 105.4 and 123.3 pcf. 

6.3 Groundwater 
Groundwater was not encountered during drilling operations in the borings. Groundwater levels can 

fluctuate due to seasonal variations in precipitation, irrigation, groundwater withdrawal or injection, 

and other factors. The possibility of groundwater level fluctuations and perched groundwater should 

be considered when developing the design and construction plans for the project. Based on our 

knowledge of the area, groundwater is not considered a constraint to construction of this project. 

7 GEOLOGIC HAZARDS 
The following sections describe regional geologic hazards including faulting and seismicity, 

expansive soils, and collapsible soils. 

7.1 Faulting and Seismic Design Considerations 
Historically, several minor earthquakes have been recorded along the Front Range near Colorado 

Springs. Based on our review of readily available published geological maps and literature there are 

no known active faults underlying or adjacent to the subject site. The closest Quaternary faults to 

the site are the Rampart Range Fault and the Ute Pass Fault Zone.  

The Ute Pass Fault Zone lies approximately 9.5 miles west of the site and is comprised by a series 

of five northwest trending faults (USGS, 2018). These faults are considered to be middle to late 

Quaternary in age and have not shown displacement in Holocene time, as Pleistocene deposits 

overlie the fault (approximately 75 to 125 thousand years before the present [Unruh and others, 

1994]). Therefore, the probability of damage at the site from seismically induced ground surface 

rupture from this fault is considered to be low. 

The Rampart Range Fault lies approximately 13 miles northwest of the site and trends north-south 

along the eastern margin of the Front Range (USGS, 2018). The fault is considered to be middle to 

late Quaternary in age and has not shown displacement in Holocene time, as a result of trenching 
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investigations along the fault completed by Dickson in 1986. Therefore, the probability of damage at 

the site from seismically induced ground surface rupture from this fault is considered to be low. 

Design of the proposed improvements should be performed in accordance with the requirements of 

the governing jurisdictions and applicable building codes. Table 1 presents the seismic design 

parameters for the site in accordance with the 2018 International Building Code guidelines and 

adjusted maximum considered earthquake spectral response acceleration parameters evaluated 

using a web-based ground motion calculator (OSHPD, 2023). 

Table 1 – 2018 International Building Code Seismic Design Criteria 

Site Coefficients and Spectral Response Acceleration Parameters Values 

Class D 

Coefficient, Fa 1.6 

Coefficient, Fv 2.4 
Mapped Spectral Response Acceleration at 0.2-second Period, Ss 0.186 g 

Mapped Spectral Response Acceleration at 1.0-second Period, S1 0.056 g 
Spectral Response Acceleration at 0.2-second Period Adjusted for Site Class, SMS 0.298 g 
Spectral Response Acceleration at 1.0-second Period Adjusted for Site Class, SM1 0.135 g 

Design Spectral Response Acceleration at 0.2-second Period, SDS 0.199 g 
Design Spectral Response Acceleration at 1.0-second Period, SD1 0.090 g 

7.2 Expansive Soils 
One of the more significant geologic hazards in the Front Range area is the presence of swelling 

clays in bedrock or surficial deposits. Wetting and drying of bedrock or surficial deposits containing 

swelling clays can result in expansion and collapse of those units, which can cause major damage 

to structures. A review of a Colorado Geological Survey map delineating areas based on their relative 

potential for swelling in the Colorado Springs area by Hart (1973-1974) indicates the soil and bedrock 

materials in the site vicinity can exhibit very high swell potential. 

In order to evaluate swell potential of the subsurface soils, relatively undisturbed samples were 

selected for one-dimensional swell/consolidation tests at approximate representative field conditions 

in general accordance with the American Society for Testing Materials (ASTM) D4546. Laboratory 

test results are presented in Appendix B. 

Selected samples were tested for swell percent against a surcharge pressure of 200 pounds per 

square-foot (psf) in order to evaluate swell risk to proposed pavement areas. Based on the results 

of our laboratory testing, the selected samples tested exhibited swell potentials up to 5.5 percent. 
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APPENDIX F – DRAINAGE MAPS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G

SS
SS

SS
SS

SS
SS

SS
SS

O
H

E
O

H
E

O
H

E
O

H
E

O
H

E
O

H
E

O
H

E
O

H
E

O
H

E

W
W

W
W

W
W

W
W

W
W

G
G

G
G

G
G

PROPERTY LINE

EXISTING LOT LINE

EXISTING CURB & GUTTER

EXISTING EASEMENT

W
ID

EFIELD
 SC

H
O

O
L D

ISTR
IC

T #3,
TSN

: 5509100004, EL PASO
 C

O
U

N
TY

WIDEFIELD SCHOOL DISTRICT #3, ZONING:
BP/CR AO, COLORADO CENTRE FOREIGN

TRADE ZONE AND BUSINESS FIL 1,
TSN: 5504401002, CITY OF COLORADO SPRINGS

LEGEND
PROPERTY LINE

6000
6001

EXISTING LOT LINE
EASEMENT LINE

AEROSPACE BUSINESS CENTER
NORTHWEST CORNER OF FOREIGN TRADE ZONE BLVD AND BRADLEY ROAD

COLORADO SPRINGS, COLORADO
EXISTING DRAINAGE MAP

# = DESIGN POINT

FLOW DIRECTION

A = BASIN DESIGNATION
B = AREA (ACRES)
C = PERCENT IMPERVIOUSNESS
D = 100-YR DESIGN STORM 
RUNOFF (CFS)

BASIN BOUNDARY

EXISTING MAJOR CONTOUR

EXISTING MINOR CONTOUR

NORTH



STOP
STOP

D

DDD

D

D

8.40

F1

4.58
0%

8.30

F2

4.52
0%

1.32

OS1

0.43
0%

1.17

OS2

0.15
95%

1.28

OS5

0.50
0%

3.00

P1

0.40
79%

2.36

P2

0.28
100%

5.79

P3

0.69
100%

5.81

P4

0.70
100%

5.69

P5

0.68
100%

1.10

P7

0.23
13%

9.14

P9

1.47
60%

0.27

P10

0.04
85%

0.34

P11

0.11
13%

2.90

P12

0.74
23%

6.84

R1

0.97
90%

6.84

R2

0.97
90%

2.94

OS4

0.89
11%

3.57

P6

0.47
86%

0.56

P8

0.08
68%

1.67

OS3

0.24
76%

UGT

LEGEND
NORTH

STORM KEYNOTES

AEROSPACE BUSINESS CENTER
NORTHWEST CORNER OF FOREIGN TRADE ZONE BLVD AND BRADLEY ROAD

COLORADO SPRINGS, COLORADO
PROPOSED DRAINAGE MAP

KEYMAP
N.T.S.

SEE EXISTING DRAINAGE MAP FOR EXISTING BASINS

NOTES

COLORADO SPRINGS GENERAL NOTES



STOP
STOP

D

DDD

D

D

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

SS
SS

SS
SS

SS
SS

SS
SS

SS
SS

SS
SS

SS
SS

SS
SS

SS

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

W
W

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G
G

G

NORTH

LEGEND

UPSTREAM IMPERVIOUS AREA

AEROSPACE BUSINESS CENTER
NORTHWEST CORNER OF FOREIGN TRADE ZONE BLVD AND BRADLEY ROAD

COLORADO SPRINGS, COLORADO
GREEN INFASTRUCTURE MAP

RECEIVING PERVIOUS AREA

DRAINAGE SUB-BASIN BOUNDARY

EXISTING MAJOR CONTOURXXXX

EXISTING MINOR CONTOURXXXX

PROPOSED MAJOR CONTOURXXXX

PROPOSED MINOR CONTOURXXXX

PROPERTY LINE

PROPOSED DRAINAGE ARROW



Preliminary Drainage Report 
Lot 4, Colorado Centre Foreign Trade Zone & Business Park Filing No. 1,  

Colorado Springs, CO 
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BRADLEY HEIGHTS EAST
FILINGS 1&2
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STATE OF
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 Existing Design Point Summary - Rational Method

BRADLEY HEIGHTS MDDP

Design Point Sub-Basins

Total
Area
(ac.)

Q(5)
(cfs)

Q(100)
(cfs)

WF1 W1, TAR-EP 258.80 35.56 298.86

WF2 W2,W3 88.88 29.39 157.39

JC J1 46.62 15.00 80.34

BRADLEY HEIGHTS MDDP
EXISTING CONDITIONS
HEC-HMS - SCS METHOD

Sub-basin
Area Q5 Q100

Acres Sq. Mi. CFS CFS

M1 ��.� 0.15�� 18.8 167.7

M� 1��.� 0.��1� 26.2 228.8

M� 1�5.� 0.���� 9.4 150.7

M� 1��.� 0.���� 10.6 162.9

M5 105.� 0.1�5� 3.3 48.5

M� 1��.� 0.��5� 4.5 75.3

M� 10�.� 0.1��� 3.8 115.3

M� 15�.� 0.���5 22.8 183.2
M� 150.� 0.��5� 2.9 60.0
M10 ��.� 0.1��� 1.8 17.5

M11 ��.1 0.10�� 2.0 31.0

M1� 10�.� 0.1��0 3.1 12.8
M1� 1��.� 0.��5� 3.7 25.6
M1� ��.� 0.11�� 2.0 10.6
M15 5�.1 0.0��� 2.2 5.3
M1� 1��.5 0.���1 3.7 18.3
M1� 1��.0 0.���� 4.9 121.9
M1� 1��.5 0.�55� 4.2 107.7
M1� 1��.0 0.�000 4.7 32.5
M�0 ��.5 0.1��� 2.1 5.1

M�1 1��.� 0.���0 4.6 11.6

M�� ��.1 0.10�� 2.1 5.3
M�� 1��.� 0.�0�5 2.8 6.9
M�� ��.� 0.155� 3.1 22.3

M�5 101.� 0.15�1 3.2 37.1

M�� 11�.� 0.1��� 2.0 4.7

M�� 1��.� 0.1�51 2.1 5.0

Design Points

DP-M0 ��10.� 5.1��1 82 1029.9

DP-M1 ��10.� 5.1��1 82 1029.9

DP-M� ��1�.1 5.0�05 79.2 990.9

DP-M� �0��.� �.���� 69 897.5

DP-M� ��1�.1 �.5�11 62 804.4

DP-M5 �50.� 0.��10 7.6 122.8

DP-M� �10�.0 �.���� 27 371.6

DP-M� �51.� 0.�05� 8 70.4

DP-M� 15�1.� �.��00 17.7 284.3

DP-M� ��5.� 1.���1 12.9 67.8

DP-M10 ���.� 0.5��� 9.1 23.2

DP-M11 ���.� 0.���� 4 9.7
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TYPE 2
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PROPERTY BOUNDARY

M8
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FOREIGN TRADE ZONE AND
BUSINESS PARK FILING NO. 1
OWNER: FRANK R KREJCI TRUST
TAX #: 5510200004

UNPLATTED LAND
BLH NO. 2 LLC

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

COMMERCIAL

INDUSTRIAL

INDUSTRIAL

INDUSTRIAL

OWNER: COLORADO CENTRE METRO DISTRICT
TAX #: 5509101002, 5509101001

DETENTION PROVIDED BY COLORADO
CENTRE DETENTION POND

NO DETENTION PROVIDED

DETENTION PROVIDED BY COLORADO
CENTRE DETENTION POND
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CENTRE DETENTION POND
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LEGEND

BASIN BOUNDARY

EXISTING CONTOUR

EXISTING STORM DRAIN PIPE

FLOW DIRECTION

EXISTING EDGE OF ROAD

PROPERTY LINE

COLORADO CENTRE DETENTION BOUNDARY

SUB BASIN DESIGNATION

SUB BASIN AREA (AC. OR SQ. MI.)

5-YEAR STORM EVENT PEAK FLOW (CFS)
100-YEAR STORM EVENT PEAK FLOW (CFS)

DESIGN POINT2

Q100Q5

AREA

BASIN

BRADLEY HEIGHTS MDDP
EXISTING CONDITIONS
HEC-HMS - SCS METHOD

Sub-basin
Area Q5 Q100

Acres Sq. Mi. CFS CFS

M� ��.� �.���� 18.8 167.7

M� ���.� �.���� 26.2 228.8

M� ���.� �.���� 9.4 150.7

M� ���.� �.���� 10.6 162.9

M� ���.� �.���� 3.3 48.5

M� ���.� �.���� 4.5 75.3

M� ���.� �.���� 3.8 115.3

M� ���.� �.���� 22.8 183.2
M� ���.� �.���� 2.9 60.0
M�� ��.� �.���� 1.8 17.5
M�� ��.� �.���� 2.0 31.0
M�� ���.� �.���� 3.1 12.8
M�� ���.� �.���� 3.7 25.6
M�� ��.� �.���� 2.0 10.6
M�� ��.� �.���� 2.2 5.3
M�� ���.� �.���� 3.7 18.3
M�� ���.� �.���� 4.9 121.9
M�� ���.� �.���� 4.2 107.7
M�� ���.� �.���� 4.7 32.5
M�� ��.� �.���� 2.1 5.1
M�� ���.� �.���� 4.6 11.6
M�� ��.� �.���� 2.1 5.3
M�� ���.� �.���� 2.8 6.9
M�� ��.� �.���� 3.1 22.3

M�� ���.� �.���� 3.2 37.1

M�� ���.� �.���� 2.0 4.7

M�� ���.� �.���� 2.1 5.0

'esiJn 3RinWs

'3-M� ����.� �.���� 82 1029.9

'3-M� ����.� �.���� 82 1029.9

'3-M� ����.� �.���� 79.2 990.9

'3-M� ����.� �.���� 69 897.5

'3-M� ����.� �.���� 62 804.4

'3-M� ���.� �.���� 7.6 122.8

'3-M� ����.� �.���� 27 371.6

'3-M� ���.� �.���� 8 70.4

'3-M� ����.� �.���� 17.7 284.3

'3-M� ���.� �.���� 12.9 67.8

'3-M�� ���.� �.���� 9.1 23.2

'3-M�� ���.� �.���� 4 9.7
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LEGEND

BASIN BOUNDARY

EXISTING CONTOUR

EXISTING STORM DRAIN PIPE

FLOW DIRECTION

EXISTING EDGE OF ROAD

PROPERTY LINE

COLORADO CENTRE DETENTION BOUNDARY

SUB BASIN DESIGNATION

SUB BASIN AREA (AC. OR SQ. MI.)

5-YEAR STORM EVENT PEAK FLOW (CFS)
100-YEAR STORM EVENT PEAK FLOW (CFS)

DESIGN POINT2

BASIN

AREA

Q5 Q100
PREDEVELOPMENT VALUES

BRADLEY HEIGHTS
COMPARISON OF PREDEVELOPMENT AND POST-DEVELOPMENT CONDITIONS

Sub-basin
Area Q2 DELTA

Q

Q5 DELTA
Q

Q10 DELTA
Q

Q100 DELTA
QAcres Sq. Mi. EX PR EX PR EX PR EX PR

M1 97.6 0.15256 8.8 - - 18.8 - - 87 - - 167.7 - -
M2 148.2 0.23162 12.3 - - 26.2 - - 118.1 - - 228.8 - -
M� 145.8 0.22781 3.3 - - 9.4 - - 67 - - 150.7 - -

%+2 3.0 0.00470 - 0.4 - - 0.9 - - 4 - - 7.4 -
&& 51.9 0.08109 - 5.3 - - 8 - - 19.6 - - 33.2 -

M.� 8.1 0.01260 - 6.4 - - 8.8 - - 19.4 - - 29.7 -
M� 149.4 0.23337 3.7 65.2 61.5 10.6 88.3 77.7 73.3 204.6 131.3 162.9 328.1 165.2
M5 105.9 0.16539 2.6 38.2 35.6 3.3 53.9 50.6 12.2 147.2 135 48.5 248.4 199.9
M� 144.4 0.22559 3.6 3.6 0 4.5 4.5 0 20.4 20.7 0.3 75.3 76 0.7
M� 108.3 0.16917 3 4.5 1.5 3.8 5.6 1.8 43.9 47.2 3.3 115.3 119.7 4.4
M� 158.4 0.24746 11 70.5 59.5 22.8 96.2 73.4 94.5 205.8 111.3 183.2 317.2 134
M� 150.8 0.23570 1.9 38.6 36.7 2.9 52.3 49.4 23.3 111.3 88 60 178.4 118.4
M10 88.8 0.13880 1.5 1.5 0 1.8 1.8 0 4.3 4.3 0 17.5 17.5 0
M11 69.1 0.10790 1.6 1.6 0 2 2 0 8.2 8.2 0 31 31 0
M12 106.2 0.16600 2.4 2.4 0 3.1 3.1 0 5.5 5.5 0 12.8 12.8 0
M1� 144.4 0.22570 2.9 2.9 0 3.7 3.7 0 6.7 6.7 0 25.6 25.6 0
M1� 72.7 0.11360 1.6 1.6 0 2 2 0 3.5 3.5 0 10.6 10.6 0
M15 59.1 0.09240 1.7 1.7 0 2.2 2.2 0 3.8 3.8 0 5.3 5.3 0
M1� 148.5 0.23210 3 3 0 3.7 3.7 0 6.6 6.6 0 18.3 18.3 0
M1� 182.0 0.28440 3.9 3.9 0 4.9 4.9 0 43.3 43.3 0 121.9 121.9 0
M1� 163.5 0.25540 3.3 3.3 0 4.2 4.2 0 39.5 39.5 0 107.7 107.7 0
M1� 192.0 0.30000 3.8 3.8 0 4.7 4.7 0 8.6 8.6 0 32.5 32.5 0
M20 89.5 0.13990 1.6 1.6 0 2.1 2.1 0 3.6 3.6 0 5.1 5.1 0
M21 146.6 0.22900 3.7 3.7 0 4.6 4.6 0 8.2 8.2 0 11.6 11.6 0
M22 66.1 0.10330 1.7 1.7 0 2.1 2.1 0 3.8 3.8 0 5.3 5.3 0
M2� 132.8 0.2075 2.2 2.2 0 2.8 2.8 0 4.9 4.9 0 6.9 6.9 0

'P-M0 3310.8 5.17307 45.6 205.5 159.9 82 338.4 256.4 417.9 624.5 206.6 1029.9 1003.8 -26.1
'P-M1 3310.8 5.17307 45.6 203.6 158 82 330.7 248.7 417.9 672.8 254.9 1029.9 1217.9 188

'P-M2 3213.1 5.02052 45 201.9 156.9 79.2 305.9 226.7 386.5 673.2 286.7 990.9 1220.2 229.3

'P-M� 3064.9 4.78890 40.8 199.2 158.4 69 284.6 215.6 322.3 668.7 346.4 897.5 1209.3 311.8
'P-M� 2919.1 4.56109 38.2 197.3 159.1 62 269.7 207.7 291.3 661.8 370.5 804.4 1206.8 402.4
'P-M5 250.2 0.39098 6 41.3 35.3 7.6 58.1 50.5 32 161.2 129.2 122.8 311.3 188.5

BRADLEY HEIGHTS
COMPARISON OF PREDEVELOPMENT AND POST-DEVELOPMENT CONDITIONS

Sub-basin
Area Q2 DELTA

Q

Q5 DELTA
Q

Q10 DELTA
Q

Q100 DELTA
QAcres Sq. Mi. EX PR EX PR EX PR EX PR

'P-M� 2102.0 3.28440 21.2 21.2 0 27 27 0 122.3 122.3 0 371.6 371.6 0
'P-M� 451.6 0.70560 6.3 6.3 0 8 8 0 19.8 19.8 0 70.4 70.4 0
'P-M� 1561.6 2.44000 13.9 13.9 0 17.7 17.7 0 98.7 98.7 0 284.3 284.3 0
'P-M� 875.6 1.36810 10.2 10.2 0 12.9 12.9 0 25.1 25.1 0 67.8 67.6 0
'P-M10 368.9 0.57640 7.2 7.2 0 9.1 9.1 0 16.3 16.3 0 23.2 23.2 0
'P-M11 239.2 0.37370 3.2 3.2 0 4 4 0 6.9 6.9 0 9.7 9.7 0
M.-&&
P21' �

49.0 0.07662 - 1.1 - - 10 - - 18.7 - - 70.3 -

M.-&&
P21' 5

67.3 0.10513 - 2.9 - - 24.2 - - 50.2 - - 203.5 -

M.-&&
P21' �

41.2 0.06444 - 1.7 - - 17 - - 28.3 - - 89 -

M.-&&
P21' �

70.0 0.10930 - 1.5 - - 23.5 - - 44.6 - - 177.2 -

M.-&&
P21' �

13.0 0.02027 - 0.3 - - 3.6 - - 6.8 - - 11.3 -

M.-&&
P21' �

51.9 0.08114 - 1 - - 12.2 - - 24.7 - - 103.1 -

M.-&&
P21'

10
14.0 0.02184 - 0.4 - - 2 - - 5.1 - - 16.7 -

M.-&&
P21'

11
8.0 0.01251 - 0.2 - - 0.4 - - 2.4 - - 16.4 -

7AR-1E 9.1 0.01421 - 0.2 - - 0.2 - - 1.8 - - 7.9 -

MR.-1 3248.5 5.07583 - 203.4 - - 327.1 - - 621.8 - - 1001.2 -

BRADLEY HEIGHTS MDDP
EXISTING CONDITIONS
HEC-HMS - SCS METHOD

Sub-basin
Area Q5 Q100

Acres Sq. Mi. CFS CFS

M1 ��.� 0.152� 18.8 167.7

M2 1��.2 0.2�1� 26.2 228.8

M� 1�5.� 0.22�� 9.4 150.7

M� 1��.� 0.2��� 10.6 162.9

M5 105.� 0.1�5� 3.3 48.5

M� 1��.� 0.225� 4.5 75.3

M� 10�.� 0.1��2 3.8 115.3

M� 15�.� 0.2��5 22.8 183.2
M� 150.� 0.2�5� 2.9 60.0

M10 ��.� 0.1��� 1.8 17.5

M11 ��.1 0.10�� 2.0 31.0
M12 10�.2 0.1��0 3.1 12.8
M1� 1��.� 0.225� 3.7 25.6

M1� �2.� 0.11�� 2.0 10.6
M15 5�.1 0.0�2� 2.2 5.3
M1� 1��.5 0.2�21 3.7 18.3
M1� 1�2.0 0.2��� 4.9 121.9
M1� 1��.5 0.255� 4.2 107.7
M1� 1�2.0 0.�000 4.7 32.5
M20 ��.5 0.1��� 2.1 5.1
M21 1��.� 0.22�0 4.6 11.6
M22 ��.1 0.10�� 2.1 5.3
M2� 1�2.� 0.20�5 2.8 6.9
M2� ��.� 0.155� 3.1 22.3

M25 101.� 0.15�1 3.2 37.1

M2� 11�.� 0.1��� 2.0 4.7

M2� 12�.� 0.1�51 2.1 5.0

'esiJn PRinWs

'P-M0 ��10.� 5.1��1 82 1029.9

'P-M1 ��10.� 5.1��1 82 1029.9

'P-M2 �21�.1 5.0205 79.2 990.9

'P-M� �0��.� �.���� 69 897.5

'P-M� 2�1�.1 �.5�11 62 804.4

'P-M5 250.2 0.��10 7.6 122.8

'P-M� 2102.0 �.2��� 27 371.6

'P-M� �51.� 0.�05� 8 70.4

'P-M� 15�1.� 2.��00 17.7 284.3

'P-M� ��5.� 1.���1 12.9 67.8

'P-M10 ���.� 0.5��� 9.1 23.2

'P-M11 2��.2 0.���� 4 9.7

BRADLEY HEIGHTS MDDP
DEVELOPED CONDITIONS

HEC-HMS - SCS METHOD

Sub-basin
Area Q5 Q100

Acres Sq. Mi. CFS CFS

%+2 �.0 0.00�� 0.9 7.4

&& 51.� 0.0�11 8.0 33.2

M.� �.1 0.012� 8.8 29.7

M� 1��.� 0.2��� 88.3 328.1

M5 105.� 0.1�5� 53.9 248.4

M� 1��.� 0.225� 4.5 76.0

M� 10�.� 0.1��2 5.6 119.7

M� 15�.� 0.2��5 96.2 317.2
M� 150.� 0.2�5� 52.3 178.4
M10 ��.� 0.1��� 1.8 17.5
M11 ��.1 0.10�� 2.0 31.0
M12 10�.2 0.1��0 3.1 12.8
M1� 1��.� 0.225� 3.7 25.6
M1� �2.� 0.11�� 2.0 10.6
M15 5�.1 0.0�2� 2.2 5.3
M1� 1��.5 0.2�21 3.7 18.3
M1� 1�2.0 0.2��� 4.9 121.9
M1� 1��.5 0.255� 4.2 107.7
M1� 1�2.0 0.�000 4.7 32.5
M20 ��.5 0.1��� 2.1 5.1
M21 1��.� 0.22�0 4.6 11.6
M22 ��.1 0.10�� 2.1 5.3
M2� 1�2.� 0.20�5 2.8 6.9
M2� ��.� 0.155� 3.1 22.3

M25 101.� 0.15�1 3.2 37.0

M2� 11�.� 0.1��� 2.0 4.7

M2� 12�.� 0.1�51 2.1 5.0

'esiJn PRinWs

'P-M0 ��05.� 5.1�50 338.4 1003.8
'P-M1 �2��.5 5.0�5� 330.7 1217.9
'P-M2 �1�0.0 �.�0�� 305.9 1220.2
'P-M� �01�.2 �.�15� 284.6 1209.3
'P-M� 2�1�.2 �.5�12 269.7 1206.8
'P-M5 250.2 0.��10 58.1 311.3
'P-M� 2102.0 �.2��� 27 371.6
'P-M� �51.� 0.�05� 8 70.4
'P-M� 15�1.� 2.��00 17.7 284.3

'P-M� ��5.� 1.���1 12.9 67.6

'P-M10 ���.� 0.5��� 9.1 23.2

'P-M11 2��.2 0.���� 4 9.7

M.-&&
P21' �

��.0 0.0��� 10 70.3

M.-&&
P21' 5

��.� 0.1051 24.2 203.5

M.-&&
P21' �

�1.2 0.0��� 17 89

M.-&&
P21' �

�0.0 0.10�� 23.5 177.2

M.-&&
P21' �

1�.0 0.020� 3.6 11.3

M.-&&
P21' �

51.� 0.0�11 12.2 103.1

M.-&&
P21' 10

1�.0 0.021� 2 16.7

M.-&&
P21' 11

�.0 0.0125 0.4 16.4

7AR-1E �.1 0.01�2 0.2 7.9
MR.-1 �2��.5 5.0�5� 327.1 1001.2
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