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INTRODUCTION

PURPOSE AND SCOPE OF STUDY

The purpose of this Final Drainage Report (FDR) is to provide the hydrologic and hydraulic
calculations and to document and finalize the drainage design methodology in support of the
proposed Solace Apartments Filing No 2 (“the Project”) for Jackson Dearborn Partners.  The
Project is located within the jurisdictional limits of El Paso County (“the County”).  Thus, the
guidelines for the hydrologic and hydraulic design components were based on the criteria for the
County and City of Colorado Springs, described below.

LOCATION

The Project is a single Tract consisting of 7.685 AC in the NW corner of the Solace Apartments
Filing No 1. The development is bound to the North by OK Subdivision Block 2, to the east by
Paonia Street, to the south by Lot 1 of Solace Apartments Filing No. 1, and to the west by
CDOT Parcel EA-20 Project No C R200-142. Filing No 1 is generally located at the northwest
corner of Paonia Street and Galley Road, and it includes Tract A which is the extent of Filing No
2. A vicinity map has been provided in the Appendix A of this report.

DESCRIPTION OF PROPERTY

The Project is Phase II of a Final Drainage Report prepared for “Solace of Colorado Springs
SDP” (SF-20-032 / PPR-20-47 / CON-2165). The report considered the development in two
phases; Phase I included 234 multifamily units, and Phase II included 114 multifamily units
combining for a total of 348 units. This Final Drainage Report is regarding the development of
Solace Apartments Filing No. 2 (the “Project”), also referred to as Filing No 2. The Project is
7.685 acres and will include five – three story buildings, uncovered surface parking,
indoor/outdoor recreation amenities, and open spaces.

DRAINAGE BASINS

MAJOR BASIN DESCRIPTIONS

The Site improvements are located in Zone X, as determined by the Flood Insurance Rate Map
(FIRM) number 0800600752G and 0800590752G effective date, December 7, 2018 (see
Appendix A). Filing No 2 lies within the Final Drainage Report for “Solace Apartments Filing No
1” prepared by JR Engineering November 2021. Filing No 2 lies within two separate drainage
basins, Pond A and Pond B. Pond A and Pond B are full spectrum EDB ponds that were
designed with Filing No 2 fully developed. The two ponds outfall into the Sand Creek Center
Tributary to the east of the site.
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PROPOSED RATIONAL SUB-BASIN DESCRIPTIONS

Sub-Basin A

Sub-Basin A consists of Building Q and the landscaped areas around it. Runoff from this basin
will be directed into a private storm system through roof drains, vegetated swales, area drains,
and private storm sewer systems that then connect to an existing downstream inlet that drains
to Design Point B. Design Point B will then be routed to the full spectrum EDB Pond B via
existing private storm sewer systems. This sub-basin has an area of 0.53 acres. The impervious
value for this sub-basin is 44%. The basin will generate 1.00 cfs and 2.57 cfs in the minor and
major storm events, respectively.

Sub-Basin B

Sub-Basin B consists of Building N and the landscaped areas around it. Runoff from this basin
will be directed into a private storm system through roof drains, vegetated swales, area drains,
and private storm sewer systems, that then connect to an existing downstream inlet that drains
to Design Point B. Design Point B will then be routed to the full spectrum EDB Pond B via
existing private storm sewer systems. This sub-basin has an area of 1.07 acres. The impervious
value for this sub-basin is 34%. The basin will generate 1.55 cfs and 4.32 cfs in the minor and
major storm events, respectively.

Sub-Basin C

Sub-Basin C consists of Building P and the landscaped areas around it. Runoff from this basin
will be directed into a private storm system through roof drains, vegetated swales, area drains,
and private storm sewer systems, that then connect to an existing downstream inlet that drains
to Design Point B. Design Point B will then be routed to the full spectrum EDB Pond B via
existing private storm sewer systems. This sub-basin has an area of 0.23 acres. The impervious
value for this sub-basin is 90%. The basin will generate 0.82 cfs and 1.66 cfs in the minor and
major storm events, respectively.

Sub-Basin D

Sub-Basin D consists of Building M and the landscaped areas around it. It also includes
landscaped areas to the north of the development along with uncovered parking north of
building M. Runoff from this basin will be directed into a private storm system through roof
drains, vegetated swales, area drains, roadway pans, existing private grate inlets and private
storm sewer systems, then drains to Design Point A. Design Point A will then be routed to the
full spectrum EDB Pond A via existing private storm sewer systems. This sub-basin has an area
of 0.80 acres. The impervious value for this sub-basin is 71%. The basin will generate 3.39 cfs
and 7.35 cfs in the minor and major storm events, respectively.
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Sub-Basin E

Sub-Basin E consists of Building L and the landscaped areas around it. Runoff from this basin
will be directed into a private storm system through roof drains, vegetated swales, area drains,
and private storm sewer systems, that then connect to an existing downstream inlet that drains
to Design Point A. Design Point A will then be routed to the full spectrum EDB Pond A via
existing private storm sewer systems. This sub-basin has an area of 0.39 acres. The impervious
value for this sub-basin is 59%. The basin will generate 1.34 cfs and 3.13 cfs in the minor and
major storm events, respectively.

Sub-Basin F

Sub-Basin F consists of landscaped areas to the north of the development along with uncovered
parking north of Building P, Building Q, and the drainage in Solace Pond VW. Runoff from this
basin will be directed to into a private storm system through roadway pans, grated inlets, and
private storm systems, then connect to an existing downstream inlet that drains to Design Point
B. Design Point B will then be routed to the full spectrum EDB Pond B via existing private storm
sewer systems. This sub-basin has an area of 2.20 acres. The impervious value for this sub-
basin is 50%. The basin will generate 4.53 cfs and 11.00 cfs in the minor and major storm
events, respectively.

Sub-Basin G

Sub-Basin G consists of landscaped areas to the north of the development along with the
uncovered separated parking north of the site. Runoff from this basin will be directed into a
private storm system through an existing private grate inlet, private storm sewer systems, then
drains to Design Point A. Design Point A will then be routed to the full spectrum EDB Pond A via
existing private storm sewer systems. This sub-basin has an area of 0.63 acres. The impervious
value of this sub-basin is 57%. The basin will generate 2.29 cfs and 5.30 cfs in the minor and
major storm events, respectively.

Sub-Basin OFF1 & OFF5

Sub-Basin OFF1 and OFF5 consists of landscaped areas that, due to existing grading, drain
offsite. Runoff from these basins will be bypassing both ponds. The Final Drainage Report for
Filing No 1 considered these areas as offsite bypass flow and thus this report is matching those
assumptions. These sub-basins have an area of 1.19 acres. The impervious value for this basin
is 2%. The basin will generate runoff of 0.74 cfs and 5.20 cfs in the minor and major storm
event, respectively.

Sub-Basin OFF2

Sub-Basin OFF2 consists of landscaped area that, due to the grading in Filing No 1, sheet flows
to an existing downstream inlet that drains to Design Point B. Design Point B will then be routed
to the full spectrum EDB Pond B via existing private storm sewer systems. The Final Drainage
Report for Filing No 1 considered this area as sheet flow and this design is matching those
assumptions. This sub-basin has an area of 0.12 acres. The impervious value for this basin is
7%. The basin will generate runoff of 0.11 cfs and 0.58 cfs in the minor and major storm event,
respectively.
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Sub-Basin OFF3 & OFF4

Sub-Basin OFF3 and OFF4 consist of landscaped areas that, due to the grading in Filing No 1,
sheet flow to an existing downstream inlet that drains to Design Point A. Design Point A will then
be routed to the full spectrum EDB Pond A via existing private storm sewer systems. The Final
Drainage Report for Filing No 1 considered this area as sheet flow and this design is matching
those assumptions. These sub-basins have an area of 0.58 acres. The impervious value for
these basins is 3%. The basin will generate runoff of 0.42 cfs and 2.60 cfs in the minor and
major storm event, respectively.

DRAINAGE DESIGN CRITERIA

DEVELOPMENT CRITERIA REFERENCE

The proposed storm facilities are designed to be in compliance with the City of Colorado
Springs and El Paso County “Drainage Criteria Manual (DCM)” dated October 2018 (”the
MANUAL”), El Paso County “Engineering Criteria Manual” (“the Engineering Manual”), Chapter
6 and Section 3.2.1 of Chapter 13 of the City of Colorado Springs Drainage Criteria Manual
dated May 2014 (“the Colorado Springs MANUAL”).
The Final Drainage Report for “Solace of Colorado Springs SDP” (SF-20-032 / PPR-20-47 /
CON-2165) was designed with fully development conditions of Solace Apartments Filing No 2
considered. The Solace of Colorado Springs SDP was therefore used as a master plan for
Solace Apartments Filing No 2.

HYDROLOGIC CRITERIA

The 5-year and 100-year design storm events were used in determining rainfall and runoff for
the existing and proposed drainage analysis per the MANUAL. The rainfall depths for site were
determined from equation 6-1, equation 6-2 utilizing Figures 6-6, 6-11, 6-12, and 6 -17 from the
MANUAL. Refer to Table 1 below for the rainfall depths utilized for the site and Appendix B for
the hydrologic calculations for the site.

Table 1: Rainfall Depths

Duration (HRS)

Storm Event 1 HR

5 Year 1.43

100 Year 2.60

Calculations for the runoff coefficients and percent impervious are included in the Appendix B.
Rational method was used to determine the peak flows for the project. These flows were used
to determine the size of the proposed inlets and storm drain systems.

The proposed impervious values in Table 6-6 of the DCM were utilized in this report for the final
design. Refer to Appendix B of this report for Table 6-6.

Filing No 1 is providing two full spectrum detention ponds. The Project is maintaining the historic
drainage patterns as much as possible.
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There are no additional provisions selected or deviations from the criteria in both the MANUAL
and Colorado Springs MANUAL.

HYDRAULIC CRITERIA
Refer to the Final Drainage Report “Solace of Colorado Springs SDP” (SF-20-032 / PPR-20-47 /
CON-2165) for hydraulic sizing of the two fully spectrum EDB ponds. Filing No 2 is in
conformance with the hydraulic design of Filing No 1 and therefore does not need to provide
additional detention or studying of the downstream Sand Creek Tributary.

Proposed drainage features on-site have been analyzed and sized for the following design
storm events:

· Major Storm: 100-year Storm Event
Two full spectrum detention ponds are proposed in Filing No 1 in order to maintain historic flows
and water quality. The detention ponds are known as Pond A and Pond B. Pond A is in the
northeast corner of Filing No 1 with a proposed volume of 1.292 ac-ft and designed for the 100-
year storm event. The pond has a discharge rate of 3.2 cfs in the 100-year condition. Water
from Pond A ultimately outfalls to Sandy Creek Tributary. Pond B is in the southeast corner of
Filing No 1 with a proposed volume of 2.659 ac-ft and designed for the 100-year storm event.
The pond has a discharge rate of 3.3 cfs in the 100-year condition. Water from Pond B
ultimately outfalls to Sandy Creek Tributary. Pond A and Pond B calculations are provided in the
Final Drainage Report of “Solace of Colorado Springs SDP” (SF-20-032 / PPR-20-47 / CON-
2165).
Curb and gutter, inlets, grass lined swales, and storm drain pipes are designed to carry flows to
Design Point A and Design Point B. From there they connect to existing private storm provided
by Filing No 1. The storm drain pipe calculations for Filing No 2 are provided in the Appendix C
and the design points are provided in the Proposed Subbasin Drainage Map located in
Appendix D.

THE FOUR STEP PROCESS

The Project was designed in accordance with the four-step process to minimize adverse
impacts of urbanization, as outlined in the County’s “Four-Step Process” for selecting structural
BMPs (ECM Section I.7.2 BMP Selection).

Step 1. Employ Runoff Reduction Practices- The Project is draining to a full spectrum
EDB pond that was sized for fully developed conditions of Filing No 2 with Filing No 1.
The EDB will be used to capture stormwater and maintain flows discharging off site at or
below historic levels. See the Final Drainage Report for “Solace of Colorado Springs
SDP” (SF-20-032 / PPR-20-47 / CON-2165) for pond sizing and design.

Step 2. Stabilize Drainageways– Filing No 2 connects to the existing private storm
developed in Filing No 1. Filing No 1 has implemented additional stabilization measures
for the Sand Creek Tributary to prevent ay negative impacts. The channel has been
improved with concrete paving as well to avoid erosion along Filing No 1. These
measures were designed with the Filing No 2 assumed fully developed conditions. Filing
No 2 is in conformance with those assumptions and should not require additional
measures.
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Step 3. Provide Water Quality Capture Volume (WQCV) –Permanent water quality
measures and detention facilities will be provided with Filing No 1 for the fully developed
conditions of Filing No 2.

Step 4. Consider Need for Industrial and Commercial BMPs – The proposed project
is proposing a multifamily development, with parking and amenity spaces; therefore,
covering of storage/handling areas and spill containment and control will not need to be
provided.

DRAINAGE FACILITY DESIGN

GENERAL CONCEPT

The proposed drainage patterns will match the historic patterns and conform to the design from
Filing No 1. To maintain historic flows, two full spectrum detention ponds are being proposed
with Filing No 1 and will capture and control the flows from the proposed development Filing No
2 to convey flows with a series of swales, parking lot sheet flow, and a storm drain system.

Provided in the Appendix B are hydrologic calculations utilizing the Rational method for the
existing and proposed conditions. As previously mentioned, the existing drainage map and
proposed drainage map can be found in Appendix D.

SPECIFIC DETAILS

The existing conditions of the Site prior to Filing No 1 have flows conveying from the northwest
to the southeast corner and spill into the Sandy Creek Tributary. Filing No 1 has provided two
full spectrum EDBs to collect fully developed runoff for Filing No 1 and Filing No 2. Runoff
conditions for the Site were developed utilizing the Rational Method described in the Hydrologic
Criteria section of this report.

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

The Site will disturb more than 1 acre and will require a Colorado Discharge Permit System
(CDPS) General Permit for Stormwater Discharge Associated with Construction Activities from
the Colorado Department of Public Health and Environment (CDPHE).

DRAINAGE & BRIDGE FEES

2021 DRAINAGE AND BRIDGE FEES – SOLACE APARTMENTS FILING NO 1

Impervious
Acres (AC)

Drainage Fee
(Per Imp. Acre)

Bridge Fee
(Per Imp. Acre)

Solace
Drainage Fee

Solace Bridge
Fee

11.67 $20,387 $8,339 $237,916* $97,316**
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*Sand Creek DBPS estimates $323,500 channel improvements. These improvements were
constructed with Filing No. 1. Solace Drainage Fee for Filing No. 1 was offset (not paid) by
construction of channel improvements.

** Solace Bridge Fee was paid as part of Filing No. 1.

The impervious acreage calculated with Filing No. 1 included the impervious area of Filing No.
2. After the construction of the channel improvements are complete, the developer will follow the
procedures listed in Chapter 3 of the Drainage Cristeria Manual to obtain the appropriate
reimbursement.

SUMMARY

The proposed drainage design is to maintain the historic drainage patterns, the overall
imperviousness and release rates as described in Filing No 1 Final Drainage report.  Runoff
from the Project will flow through an existing storm drain system to an existing El Paso County
drainage basin: The Sand Creek Tributary. The drainage design presented within this report
conforms to the criteria presented in both the MANUAL and the Colorado Springs MANUAL.
Additionally, the Site runoff and storm drain facilities will not adversely affect the downstream
and surrounding developments, including Sand Creek Tributary.

REFERENCES

1. City of Colorado Springs “Drainage Criteria Manual (DCM) Volume 1”, dated May, 2014

2. El Paso County “Drainage Criteria Manual”, dated October 31, 2018

3. El Paso County “Engineering Criteria Manual” Revision 6, dated December 13, 2016

4. Chapter 6 and Section 3.2.1. of Chapter 13-City of Colorado Springs Drainage Criteria
Manual, May 2014.

5. Urban Drainage and Flood Control District Drainage Criteria Manual (UDFCDCM), Vol. 1,
prepared by Wright-McLaughlin Engineers, June 2001, with latest revisions.

6. Flood Insurance Rate Map, El Paso County, Colorado and Incorporated Areas, Map
Number 0800600752G and 0800590752G effective date, December 7, 2018, prepared by
the Federal Emergency Management Agency (FEMA).

7. JR Engineering “Solace of Colorado Springs SDP” (SF-20-032 / PPR-20-47 / CON-2165)
dated November 2021
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APPENDIX A: FIGURES
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PURPOSE 

This document is the Final Drainage report for the Solace Apartments. The purpose of this report is 

to: 

1. Identify on-site and off-site drainage patterns. 

2. Design storm water facilities to collect and convey storm runoff from the proposed 

development to appropriate discharge and/or detention locations. 

3. Design water quality and detention facilities to control discharge release rates to below 

historic.  

4. Demonstrate compliance with surrounding major drainage basin planning studies, master 

development drainage plans and flood insurance studies. 

GENERAL LOCATION AND DESCRIPTION 

Location 

The proposed Solace Apartments, known as “Solace” from herein, is a parcel of land located in 

Section 7, Township 14 South, Range 65 West of the 6th Principal Meridian in El Paso County, 

Colorado. Solace is a 28.83 acre, urban, multifamily-development and is comprised of 16 apartment 

dwellings and associated infrastructure. Solace will be split into two phases for construction, lot 1 

(phase 1) contains most of the site with lot 2 (phase 2) containing the northern most section of the 

development. See appendix A for a site plan exhibit showing the Solace phasing. Solace is bound by 

existing industrial developments to the North and vacant land to the West. Galley Road bounds the 

property to the south and existing light industrial businesses to the east. A vicinity map of the area is 

presented in Appendix A. 

 

Currently, there is one major Drainageway that runs along Solace: Sand Creek (Center Tributary) 

Drainageway. This Drainageway was analyzed, both hydrologically and hydraulically, in the 

following reports: 

 

 Sand Creek Drainage Basin Planning Study (KEC), January 1993. 

 Flood Insurance Study– El Paso County, Colorado & Incorporated Areas Vol 7 of 8, 

December 2018. 

 Sand Creek – Center Tributary Channel Analysis Report for  Solace Apartments (JR), June 

2020 

 LOMR- Case No. 05-08-0368P Federal Emergency Management Agency, May 23, 2007. 

 

The impact of this Drainageway and planning studies on the proposed development will be discussed 

later in the report.  
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Description of Property 

Solace is currently unoccupied and undeveloped. The existing ground cover is sparse vegetation and 

open space, typical of a Colorado rolling range land condition. In general, Solace slopes from 

northwest to southeast.  

 

Per an NRCS web soil survey of the area, Solace is made up of Type B soils with a very small 

percentage of Type A in the northwest corner of the property. This Type B soil is a Blendon sandy 

loam.  This soil type has a moderate infiltration rate when thoroughly wet.  It also consists of 

moderately deep or deep, moderately well drained or well drained soil.  A soil survey map has been 

presented in Appendix A.  

Floodplain Statement 

Based on the FEMA FIRM Maps number 08041C0751G and 08041C0752G, dated December 7, 

2018, a portion of the existing drainageway lies within Zone AE and Zone X. Zone AE is defined as 

area subject to inundation by the 1-percent-annual-chance flood event. Zone X is defined as area 

outside the Special Flood Hazard Area (SFHA) and higher than the elevation of the 0.2-percent-

annual-chance (or 500-year) flood. The FIRM Maps have been presented in Appendix A. 

 

DRAINAGE BASINS AND SUB-BASINS 

Existing Major Basin Descriptions 

Solace lies within Sand Creek Drainage Basin based on the “Sand Creek Drainage Basin Planning 

Study” prepared by Kiowa Engineering in January 1993.  

 

The Sand Creek Drainage Basin covers approximately 54 square miles in unincorporated El Paso 

County, CO. The Sand Creek Drainage Basin is tributary to Fountain Creek. In its existing condition, 

the basin is comprised of rolling rangeland with fair to good vegetative cover associated with 

Colorado’s semi-arid climate. The natural Drainageway within the site limits is typically deep and 

narrow with a well-defined flow path in most areas. Anticipated land use for the basin includes 

multifamily residential and open space.  

 

As part of its drainage research, JR Engineering reviewed the following drainage studies, reports and 

LOMRs: 

 

 Sand Creek Drainage Basin Planning Study prepared by Kiowa Engineering Corporation in 

January 1993. 

 Flood Insurance Study– El Paso County, Colorado, & Incorporated Areas Vol 7, December 

2018. 

 LOMR- Case No. 05-08-0368P Federal Emergency Management Agency, May 23, 2007. 

 Sand Creek – Center Tributary Channel Analysis Report for  Solace Apartments (JR), June 

2020 
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 Preliminary Drainage Report For Solace Apartments (JR), September 3, 2020 

The Sand Creek Drainage Basin Planning Study was used to establish a stormwater management 

plan for the existing and future stormwater infrastructure needs within the Sand Creek Drainage 

Basin. Based on provided drainage maps and analysis, in its existing condition, the Sand Creek 

Center Tributary Drainageway contains a 100-year flow of 820-1100 cfs along Solace’s east property 

line. The major Sand Creek Drainageway conveys the stormwater south along the eastern property 

line where it ultimately outfalls into the Fountain Creek.  JR Engineering has performed checks on 

these flow rates to verify their validity.  Basin calculations show that the 820-1100 cfs are still valid 

for this existing condition. 

 

FEMA prepared a revised FIS for El Paso County Colorado, Volume 7 of 8, dated December 7, 

2018.  The effective floodplain for the site is shown on the FIRM 08041C0752G, revised to reflect 

LOMR, dated December 7, 2018.  The study area of the FIS where the Sand Creek Drainageway 

crosses Galley Road, was found to overtop the culverts and flow onto the road. According to the FIS, 

this crossing has a 10% annual chance of flooding and is located in Zone AE of the FIRM. The Sand 

Creek Drainage Basin LOMR was executed on May 23, 2007. The LOMR revised the flood zone or 

the area south of Galley Road. See FIRM Map Panel 08041C0752G for limits of LOMR study and 

revised flood zones, presented in Appendix D.   

Existing Sub-basin Drainage 

On-site, existing basin drainage patterns are generally from northwest to southeast by way of on-site 

swales.  Existing on-site areas flow directly into the Sand Creek Drainageway. For this development, 

the existing onsite drainage has been broken into Basin A and Basin B. All existing basins that are 

offsite are represented by Basin OS. All basin delineation for the existing condition can be found in 

the existing drainage map located in Appendix E.  

 

Basin A contains a total of 23.98 acres and is broken down into three sub-basins: A1, A2, and A3. 

This basin represents a majority of the proposed development and is comprised solely of 

undeveloped land.  Flows from this basin are tributary to the Sand Creek Center Tributary 

Drainageway in the existing condition.   

 

Sub-basin A1 (Q5=3.1 cfs, Q100=21.0 cfs) is 14.75 acres of undeveloped land, and represents the 

easternmost portion of the site that is adjacent to the Sand Creek Center Tributary Drainageway. 

Storm runoff from this sub-basin flows southeast, via overland flow, directly into the Sand Creek 

Center Tributary Drainageway at Design Point 1.  

 

Sub-basin A2 (Q5=0.9 cfs, Q100=6.2 cfs) is 3.79 acres and represents the undeveloped land in the 

center of the development.  Storm runoff from this sub-basin flows south (Design Point 2), via 

overland flow, directly onto Galley Road. From here, flows are conveyed east in the existing curb 

and gutter into the Sand Creek Center Tributary Drainageway.  
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Sub-basin A3 (Q5=1.4 cfs, Q100=9.5 cfs) is 5.44 Acres and represents the undeveloped land on the 

southern property line of the development.  Storm runoff from this sub basin flows south (Design 

Point 3), via overland flow, directly onto Galley Road. From here, flows are conveyed east via the 

existing curb and gutter to the Sand Creek Center Tributary Drainageway. 

 

Sub-basin B1 (Q5=1.3 cfs, Q100=9.0 cfs) Sub-basin B1 consists of 4.84 acres of undeveloped land that 

drains overland to the southwest (Design Point 4) and offsite where it ultimately outfalls into an 

existing retention pond on the northeast corner of the intersection of Galley Road and Powers Blvd. 

This basin represents the westernmost portion of the site. 

 

Basin OS consists of Sub-Basins OS1-OS2 combining for a total of 26.66 acres.  This basin 

represents the developed land located to the north of the proposed development’s property line, 

where the site ties in to Paonia Street.  These sub-basins are primarily light industrial sites, and 

stormwater runoff is conveyed via overland flow and local roads.  

 

Sub-basin OS1 (Q5=36.7 cfs, Q100=73.1 cfs) consists of the existing Paonia Street and the existing 

light industrial properties located just north of the site.  In the existing condition, a portion of runoff 

from this sub-basin is captured by an existing concrete line channel along the north boundary of the 

site. The remaining runoff flows south onsite into the second drainageway where it ultimately 

outfalls into Sand Creek Center Tributary Drainageway at Galley Road. In the proposed condition, 

the runoff will be captured by the existing concrete channel and a proposed overflow channel at the 

north property line (Design Point 5 in the existing condition and Design Point 43 in the proposed 

condition) to prevent any offsite flows from entering the property.  Once this existing flow has been 

captured, the runoff will be conveyed directly into the existing Sand Creek Center Tributary 

Drainageway at Design Point 1.1.  Capturing this flow and draining it directly into the Sand Creek 

Center Tributary Drainageway will cause a slight change in the existing drainage patterns.  A portion 

of this flow will no longer enter the existing second drainageway along the proposed Paonia Street 

alignment.  Instead, this entire flow will enter the Sand Creek Center Tributary Drainageway near the 

north property line at Design Point 1.1.  In order to accommodate this change, combination of rip rap 

and concrete lining shall be utilized in the overflow channel to prevent channel erosion. The Sand 

Creek Drainageway channel shall be modified to give the drainageway adequate capacity to contain 

the 100 year water surface and protect against erosive velocities in the channel. A typical cross 

section of the channel can also be found on the Channel Improvement Plans in Appendix E, for 

further detail of channel improvements see the JR Engineering  Sand Creek Center Tributary 

Channel Improvements Letter. Channel analysis and weir calculations can be found in the Sand 

Creek – Center Tributary Channel Analysis Report for Solace Apartments, prepared by JR 

Engineering in May 2020.  

 

Sub-basin OS2 (Q5=21.3 cfs, Q100=42.5 cfs) consists of the existing Ainsworth Street and the existing 

light industrial properties located just east of Ainsworth Street.  Runoff from this sub-basin is 

captured by an existing swale along N. Powers Boulevard.  The Solace Apartment site has a 5’ berm 

that is proposed along the northern property line.  This berm will prevent any drainage from this 
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basin to reach the site, and will utilize an onsite conveyance swale located at the toe of the berm to 

convey the flow to the western property line (Design Point 6 in the existing condition and Design 

Point 44 in the proposed condition).  This proposed berm will slightly modify the existing drainage 

patterns, as it will prevent offsite flows from entering the northwestern corner of the site. To route 

flows offsite, an 18” depth swale with a 2’ bottom is present at the bottom of the berm which will 

route flows to the west and outfall into the CDOT right-of-way located to the west of the site. 

According to UDFCD Chapter 8, figure 8-22, protection for this swale shall be Type VL riprap, see 

appendix B for this table. 

 

Flows within the Sand Creek Drainageway are represented by Design Points 1.0-1.3 in the existing 

condition, and Design Points 5.0-5.3 in the proposed condition.  Flows for these design points were 

taken directly from modeling date used by FEMA for the determination of the flood plain extents 

shown in FEMA FIRM 08041C0752G. These flows were used in the development of the HEC-RAS 

model to show the 100-year capacity of the drainageway in its proposed condition. Design Point 1.0 

in the existing condition and 5.0 in the proposed condition (Q100=820 cfs) represents the flows in the 

drainageway prior to entering the site boundary.  Design Point 1.1in the existing condition and 5.1 in 

the proposed condition (Q100=820 cfs) represents the flow in the drainageway after the flows from 

Basin OS1 enter the channel.  Design Point 1.2 in the existing condition and 5.2 in the proposed 

condition (Q100=1037 cfs) represents the area where flows enter the drainageway from developments 

and roads located to the east of the site.  Design Point 1.3 in the existing condition and 5.3 in the 

proposed condition (Q100=1100 cfs) represents the flows at the Galley Road crossing. This flow was 

used to analyze the overtopping of Galley Road and the existing weir structure on the south side of 

the road. 

Proposed Sub-basin Drainage 

The proposed Solace basin delineation is as follows; 

 

Sub-basin A1 (Q5=1.7 cfs, Q100=3.3 cfs) contains a total of 0.50 acres.  This basin represents the 

north eastern portion of the proposed Phase 1 development.  This basin is primarily multi-family 

residential and minor open space.  Stormwater runoff from this basin is conveyed via private streets, 

where it is captured via a series of on-grade and sump inlets (Design Point 4).  Runoff from this sub-

basin ultimately outfalls into the proposed onsite Pond A. From the detention pond, the treated flows 

are then released directly into the Sand Creek Center Tributary Drainageway below historic rates at 

Design Point 5.2. 

 

Sub-basin A2 (Q5=1.6 cfs, Q100=3.1 cfs) contains a total of 0.47 acres.  This basin represents the 

eastern portion of the proposed along the Phase 1 development phase line.  This basin is primarily 

multi-family residential and minor open space.  Stormwater runoff from this basin is conveyed via 

private streets, where it is captured via a series of on-grade and sump inlets (Design Point 5).  Runoff 

from this sub-basin ultimately outfalls into the proposed onsite Pond A. From the detention pond, the 

treated flows are then released directly into the Sand Creek Center Tributary Drainageway below 

historic rates at Design Point 5.2. 
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Sub-basin A3 (Q5=1.6 cfs, Q100=3.1 cfs) contains a total of 0.45 acres.  This basin represents the 

center portion of the proposed development along the Phase 1 development phase line.  This basin is 

primarily parking lot with garages and minor open space.  Stormwater runoff from this basin is 

conveyed via private streets, where it is captured by an area inlet (Design Point 6).  Runoff from this 

sub-basin ultimately outfalls into the proposed onsite Pond A. From the detention pond, the treated 

flows are then released directly into the Sand Creek Center Tributary Drainageway below historic 

rates at Design Point 5.2. 

 

Sub-basin A4 (Q5=0.6 cfs, Q100=1.0 cfs) contains a total of 0.15 acres.  This basin represents a 

northern half of a proposed building and is comprised solely of proposed roof.  Stormwater runoff 

from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer 

infrastructure (Design Point 2.1).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond A. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.2. 

 

Sub-basin A5 (Q5=0.5 cfs, Q100=1.0 cfs) contains a total of 0.13 acres.  This basin represents a 

northern half of a proposed building and is comprised solely of proposed roof.  Stormwater runoff 

from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer 

infrastructure (Design Point 2.3).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond A. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.2. 

 

Sub-basin A6 (Q5=3.2 cfs, Q100=7.0 cfs) contains a total of 1.51 acres.  This basin represents the 

central portion of the proposed Phase 1 development.  This basin is primarily multi-family residential 

and minor open space.  Stormwater runoff from this basin is conveyed via private streets, where it is 

captured by a sump inlet (Design Point 10).  Runoff from this sub-basin ultimately outfalls into the 

proposed onsite Pond A. From the detention pond, the treated flows are then released directly into the 

Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.2. 

 

Sub-basin A7 (Q5=1.0 cfs, Q100=2.4 cfs) contains a total of 0.58 acres.  This basin represents the 

northwestern portion of Paonia Street and minor open.  This basin is primarily minor open space with 

some asphalt paving and concrete sidewalks.  Stormwater runoff from this basin is conveyed via curb 

& gutter, where it is captured by an on-grade inlet (Design Point 11).  Runoff from this sub-basin 

ultimately outfalls into the proposed onsite Pond A. From the detention pond, the treated flows are 

then released directly into the Sand Creek Center Tributary Drainageway below historic rates at 

Design Point 5.2. 

 

Sub-basin A8 (Q5=0.8 cfs, Q100=1.7 cfs) contains a total of 0.30 acres.  This basin represents the 

northeastern portion of Paonia Street.  Half of this sub-basin is comprised of asphalt paving, while 

the second half is open space.  Stormwater runoff from this basin is conveyed via curb & gutter, 

where it is captured by an on-grade inlet (Design Point 12).  Runoff from this sub-basin ultimately 
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outfalls into the proposed onsite Pond A. From the detention pond, the treated flows are then released 

directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.2. 

 

Sub-basin A9 (Q5=0.4 cfs, Q100=2.9 cfs) contains a total of 1.33 acres.  This basin represents the 

northeastern portion of the development.  This basin is primarily open space and Pond A.  

Stormwater runoff from this basin is conveyed via overland flow, where it is captured by Pond A 

(Design Point 6A). From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.2. 

 

Sub-basin B1 (Q5=1.6 cfs, Q100=2.8 cfs) contains a total of 0.37 acres.  This basin represents the 

western portion of the proposed Phase 1 development along the phase line.  This basin is primarily 

parking lot and minor open space.  Stormwater runoff from this basin is conveyed via private streets, 

where it is captured by an on-grade inlet (Design Point 14).  Runoff from this sub-basin, ultimately 

outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released 

directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B2 (Q5=1.4 cfs, Q100=2.7 cfs) contains a total of 0.35 acres.  This basin represents a small 

western portion of the proposed Phase 1 development along the phase line.  This basin is primarily 

parking lot and minor open space.  Stormwater runoff from this basin is conveyed via private streets, 

where it is captured by an area inlet (Design Point 15).  Runoff from this sub-basin ultimately 

outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released 

directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3 

 

Sub-basin B3 (Q5=1.2 cfs, Q100=2.4 cfs) contains a total of 0.35 acres.  This basin represents the 

northwestern portion of the proposed Phase 1 development along the phase line.  This basin is 

primarily parking lot and minor open space.  Stormwater runoff from this basin is conveyed via 

private streets, where it is captured by an area inlet (Design Point 16).  Runoff from this sub-basin 

ultimately outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are 

then released directly into the Sand Creek Center Tributary Drainageway below historic rates at 

Design Point 5.3 

 

Sub-basin B4 (Q5=0.1 cfs, Q100=0.2 cfs) contains a total of 0.03 acres.  This basin represents a 

western portion of a proposed building and is comprised solely of proposed roof.  Stormwater runoff 

from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer 

infrastructure (Design Point 3.2).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B5 (Q5=1.0 cfs, Q100=1.8 cfs) contains a total of 0.26 acres.  This basin represents a 

eastern portion of a proposed building and a small western portion of an adjacent building.  This sub-

basin is comprised solely of proposed roof.  Stormwater runoff from this basin is captured by 

proposed roof drains and conveyed to the proposed storm sewer infrastructure (Design Point 3.3).  
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Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. From the detention 

pond, the treated flows are then released directly into the Sand Creek Center Tributary Drainageway 

below historic rates at Design Point 5.3. 

 

Sub-basin B6 (Q5=1.9 cfs, Q100=4.1 cfs) contains a total of 0.73 acres.  This basin represents the 

western drive aisle of the proposed Phase 1 development.  This basin is primarily parking lot with 

garages and minor open space.  Stormwater runoff from this basin is conveyed via private streets, 

where it is captured by an area inlet (Design Point 19).  Runoff from this sub-basin ultimately 

outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released 

directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B7 (Q5=0.8 cfs, Q100=2.0 cfs) contains a total of 0.47 acres. This basin represents a 

proposed building and open space in the center of the development. This sub-basin is comprised 

primarily of proposed roof and open space.  Stormwater runoff from this basin is captured by 

proposed roof and area drains.  Runoff is then conveyed to the proposed storm sewer infrastructure 

(Design Point 3.5).  Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. 

From the detention pond, the treated flows are then released directly into the Sand Creek Center 

Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B8 (Q5=0.9 cfs, Q100=1.7 cfs) contains a total of 0.25 acres. This basin represents an 

eastern portion of a proposed building and a small western portion of an adjacent building.  This sub-

basin is comprised solely of proposed roof.  Stormwater runoff from this basin is captured by 

proposed roof drains and conveyed to the proposed storm sewer infrastructure (Design Point 3.6).  

Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. From the detention 

pond, the treated flows are then released directly into the Sand Creek Center Tributary Drainageway 

below historic rates at Design Point 5.3. 

 

Sub-basin B9 (Q5=0.7 cfs, Q100=1.3 cfs) contains a total of 0.19 acres.  This basin represents a 

eastern portion of a proposed building and is comprised solely of proposed roof.  Stormwater runoff 

from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer 

infrastructure (Design Point 3.7).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B10 (Q5=1.0 cfs, Q100=2.2 cfs) contains a total of 0.38 acres.  This basin represents the 

clubhouse parking area and open space.  This basin is primarily parking lot with open space.  

Stormwater runoff from this basin is conveyed curb and gutter, where it is captured by an on-grade 

inlet (Design Point 23).  Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond 

B. From the detention pond, the treated flows are then released directly into the Sand Creek Center 

Tributary Drainageway below historic rates at Design Point 5.3. 
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Sub-basin B11 (Q5=1.0 cfs, Q100=2.6 cfs) contains a total of 0.74 acres. This basin represents a 

proposed building and open space in the center of the development. This sub-basin is comprised 

primarily of proposed roof and open space.  Stormwater runoff from this basin is captured by 

proposed roof and area drains.  Runoff is then conveyed to the proposed storm sewer infrastructure 

(Design Point 4.0).  Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. 

From the detention pond, the treated flows are then released directly into the Sand Creek Center 

Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B12 (Q5=2.7 cfs, Q100=5.6 cfs) contains a total of 1.08 acres.  This basin represents the 

drive aisle just west of the clubhouse of the Phase 1 development.  This basin is primarily parking lot 

with garages and minor open space.  Stormwater runoff from this basin is conveyed via private 

streets, where it is captured by a sump inlet (Design Point 27).  Runoff from this sub-basin ultimately 

outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released 

directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B13 (Q5=1.5 cfs, Q100=3.2 cfs) contains a total of 0.48 acres.  This basin represents the 

drive aisle and open space in the center of Basin B.  This basin is primarily parking lot with open 

space.  Stormwater runoff from this basin is conveyed via private streets, where it is captured by an 

area inlet (Design Point 25).  Runoff from this sub-basin ultimately outfalls into the proposed onsite 

Pond B. From the detention pond, the treated flows are then released directly into the Sand Creek 

Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B13A (Q5=0.5 cfs, Q100=1.6 cfs) contains a total of 0.58 acres. This basin represents a 

northern portion of a proposed building and the southern portion of another, the middle portion of the 

basin is comprised of minor open space. Stormwater runoff from this basin is captured by proposed 

roof and area drains. Runoff is then conveyed to the propose storm sewer infrastructure (Design 

Point 3.9). Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. From the 

detention pond, the treated flows are then released directly into the Sand Creek Center Tributary 

Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B14 (Q5=1.3 cfs, Q100=2.6 cfs) contains a total of 0.49 acres.  This basin represents the 

western portion of the clubhouse and associated parking and drive aisle.  This basin is primarily roof, 

parking lot, and open space.  Stormwater runoff from this basin is conveyed via private streets, where 

it is captured by a sump inlet (Design Point 28).  Runoff from this sub-basin ultimately outfalls into 

the proposed onsite Pond B. From the detention pond, the treated flows are then released directly into 

the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B15 (Q5=0.9 cfs, Q100=1.8 cfs) contains a total of 0.27 acres.  This basin represents the 

eastern portion of the clubhouse and associated parking and drive aisle.  This basin is primarily roof, 

parking lot, and open space.  Stormwater runoff from this basin is conveyed via private streets, where 

it is captured by a sump inlet (Design Point 30).  Runoff from this sub-basin ultimately outfalls into 
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the proposed onsite Pond B. From the detention pond, the treated flows are then released directly into 

the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B16 (Q5=0.4 cfs, Q100=0.8 cfs) contains a total of 0.15 acres. This basin represents a 

southern portion of a proposed building and a small open space area.  Stormwater runoff from this 

basin is captured by proposed roof drains and an area inlet.  Runoff is then conveyed to the proposed 

storm sewer infrastructure (Design Point 4.3).  Runoff from this sub-basin ultimately outfalls into the 

proposed onsite Pond B. From the detention pond, the treated flows are then released directly into the 

Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-basin B17 (Q5=1.8 cfs, Q100=4.5 cfs) contains a total of 0.99 acres.  This basin represents the 

northwestern portion of Paonia Street within Basin B.  This basin is primarily road paving and open 

space.  Stormwater runoff from this basin is conveyed via curb & gutter, where it is captured by an 

on-grade inlet (Design Point 31).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.3 

 

Sub-basin B18 (Q5=1.1 cfs, Q100=2.4 cfs) contains a total of 0.47 acres.  This basin represents the 

northeastern portion of Paonia Street within Basin B.  This basin is primarily road paving and minor 

open space.  Stormwater runoff from this basin is conveyed via curb & gutter, where it is captured by 

an on-grade inlet (Design Point 32).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.3 

 

Sub-basin B19 (Q5=2.1 cfs, Q100=5.7 cfs) contains a total of 1.92 acres.  This basin represents the 

southern half of the clubhouse and patio area, along with the southwestern portion of Paonia Street 

within Basin B.  This basin is primarily road paving, open space, and roof.  Stormwater runoff from 

this basin is conveyed via overland flow and curb & gutter, where it is captured by an on-grade inlet 

(Design Point 33).  Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. 

From the detention pond, the treated flows are then released directly into the Sand Creek Center 

Tributary Drainageway below historic rates at Design Point 5.3 

 

Sub-basin B20 (Q5=0.6 cfs, Q100=1.4 cfs) contains a total of 0.26 acres.  This basin represents the 

southeastern portion of Paonia Street within Basin B.  This basin is primarily road paving and minor 

open space.  Stormwater runoff from this basin is conveyed via curb & gutter, where it is captured by 

an on-grade inlet (Design Point 34).  Runoff from this sub-basin ultimately outfalls into the proposed 

onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.3 

 

Sub-basin B21 (Q5=0.5 cfs, Q100=3.6 cfs) contains a total of 2.46 acres.  This basin represents the 

northeastern portion of the development.  This basin is primarily open space and Pond B.  

Stormwater runoff from this basin is conveyed via overland flow, where it is captured by Pond B 
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(Design Point 37). From the detention pond, the treated flows are then released directly into the Sand 

Creek Center Tributary Drainageway below historic rates at Design Point 5.3 

 

Sub-Basin C1 (Q5=0.8 cfs, Q100=2.2 cfs) contains a total of 0.74 acres.  This basin represents the 

southernmost portion of the proposed development.  This basin is primarily proposed roadway and 

minor open space.  Stormwater runoff from this basin is conveyed via proposed curb and gutter to a 

proposed crosspan (Design Point 40) at the intersection of Paonia Street and Galley Road.  Runoff is 

then conveyed east by the existing curb and gutter in Galley Road to the Sand Creek Center Tributary  

Drainageway, per historic conditions. 

 

Sub-Basin C2 (Q5=0.3 cfs, Q100=2.3 cfs) contains a total of 0.80 acres.  This basin represents the 

westernmost portion of the proposed Phase 1 development.  This basin is solely comprised of open 

space.  Stormwater runoff from this basin follows historic drainage patterns and sheet flows offsite 

(Design Point 41).   

 

Sub-Basin D1 (Q5=0.7 cfs, Q100=2.6 cfs) contains a total of 0.95 acres and represents the northern 

most portion of Paonia Street and the site.  This basin is comprised primarily of proposed roadway 

and open space.  Runoff from this basin is conveyed via emergency overflow channel to the Sand 

Creek Center Tributary Drainageway (Design Point 42) per historic conditions.  See the Sand Creek-

Center Tributary Channel Analysis Report for Solace Apartments, prepared by JR Engineering 

October 15th, 2020 for overflow channel details. 

 

Sub-Basin F1 (Q5=2.2 cfs, Q100=4.7 cfs) contains a total of 0.92 acres and represents the 

northwestern most portion of the Pond A tributary.  This basin is comprised primarily of future 

parking areas, open space, and a future building.  Runoff from this basin will be captured by future 

storm sewer infrastructure (Design Point 1).  The proposed storm sewer infrastructure for the Phase 1 

improvements have been sized to account for the future flows from this sub-basin.  The future flows 

have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been 

accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A. 

The proposed Pond A has also been sized to account for these future flows. From the detention pond, 

the treated flows are then released directly into the Sand Creek Center Tributary Drainageway below 

historic rates at Design Point 5.2. 

 

Sub-Basin F2 (Q5=0.5 cfs, Q100=1.0 cfs) contains a total of 0.14 acres and represents the future 

parking spaces along the drive aisle of the northernmost site access location.  This basin is comprised 

solely of future parking.  Runoff from this basin will be captured by the existing storm sewer 

infrastructure (Design Point 4).  The proposed storm sewer infrastructure for the Phase 1 

improvements have been sized to account for the future flows from this sub-basin.  The future flows 

have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been 

accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A. 

The proposed Pond A has also been sized to account for these future flows. From the detention pond, 
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the treated flows are then released directly into the Sand Creek Center Tributary Drainageway below 

historic rates at Design Point 5.2. 

 

Sub-Basin F3 (Q5=2.1 cfs, Q100=4.4 cfs) contains a total of 0.73 acres and represents the eastern 

portion of the future parking spaces along the north property line of the site.  This basin is comprised 

primarily of future parking and open space.  Runoff from this basin will be captured by future storm 

sewer infrastructure (Design Point 3).  The proposed storm sewer infrastructure for the Phase 1 

improvements have been sized to account for the future flows from this sub-basin.  The future flows 

have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been 

accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A. 

The proposed Pond A has also been sized to account for these future flows.  From the detention 

pond, the treated flows are then released directly into the Sand Creek Center Tributary Drainageway 

below historic rates at Design Point 5.2. 

 

Sub-Basin F4 (Q5=0.8 cfs, Q100=2.3. cfs) contains a total of 0.68 acres and represents a portion of the 

Phase 2 improvements located in the center of the site.  This basin is comprised primarily of future 

open space and a future building.  Runoff from this basin will be captured by future storm sewer 

infrastructure (Design Point 7).  The proposed storm sewer infrastructure for the Phase 1 

improvements have been sized to account for the future flows from this sub-basin.  The future flows 

have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been 

accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A. 

The proposed Pond A has also been sized to account for these future flows. From the detention pond, 

the treated flows are then released directly into the Sand Creek Center Tributary Drainageway below 

historic rates at Design Point 5.2. 

 

Sub-Basin F5 (Q5=5.7 cfs, Q100=14.7 cfs) contains a total of 3.88 acres and represents the western 

portion of the future parking spaces along the north property line of the site, the future buildings on 

the northwest portion of the site, and the open space associated with these improvements.  This basin 

is comprised primarily of future parking, future buildings, and open space.  Runoff from this basin 

will be captured by future storm sewer infrastructure (Design Point 3.0).  The proposed storm sewer 

infrastructure for the Phase 1 improvements have been sized to account for the future flows from this 

sub-basin.  The future flows have also been analyzed in the Storm CAD model to ensure ultimate 

build out conditions have been accounted for. Runoff from this sub-basin will ultimately outfall into 

the proposed onsite Pond B. The proposed Pond B has also been sized to account for these future 

flows. From the detention pond, the treated flows are then released directly into the Sand Creek 

Center Tributary Drainageway below historic rates at Design Point 5.3. 

 

Sub-Basin F6 (Q5=0.2 cfs, Q100=1.0 cfs) contains a total of 0.35 acres.  This basin represents the 

westernmost portion of the proposed Phase 1 development.  This basin is solely comprised of open 

space.  Stormwater runoff from this basin follows historic drainage patterns and sheet flows offsite 

(Design Point 41).   
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Sub-Basin F7 (Q5=0.2 cfs, Q100=1.5 cfs) contains a total of 0.53 acres.  This basin represents the 

westernmost portion of the proposed Phase 1 development.  This basin is solely comprised of open 

space.  Stormwater runoff from this basin follows historic drainage patterns and sheet flows offsite 

(Design Point 41).   

 

All calculations and stormwater routing can be found in Appendix B.   

Existing Major Drainageway – Sand Creek 

The Sand Creek channel conveys an existing 820-1100 cfs along the sites eastern property line. In 

order to maintain the drainage patterns on the site, 2 detention ponds have been proposed to release 

developed flows, at or below historic rates. Based on the results of the Sand Creek – Center 

Tributary Channel Analysis Report for Solace Apartments, prepared by JR Engineering in May 2020, 

the existing channel sections will need protection from erosion as a result of the Solace development. 

This report analyzed the existing conditions to ensure that the Sand Creek channel is stable and 

velocities do not exceed allowable limits. Based on the results of this report, it was found that the 

channel in its current conditions is inadequate, as velocities in the channel exceeded allowable limits 

and overtopping occurs at the Galley Road. The report recommended several improvements to ensure 

channel stability, including channel lining such as riprap or concrete to protect from the high 

velocities, widening the channel to increase capacity and decrease velocity & adding check/ drop 

structures to reduce velocities. The report also indicates that improvements will be necessary to 

address the overtopping at the Galley Road crossing.  An existing overflow structure is currently in 

place to convey any overtopping flows, but does not have adequate capacity. Analysis of the 

proposed improvements to the channel can be found in the Sand Creek Center Tributary Channel 

Improvements Letter.  Channel hydraulic analysis sheets are presented in Appendix B of the 

aforementioned report and Channel Plans for the proposed improvements can be found in Appendix 

E. A drainage map for the Solace site can be found in Appendix E. 

 

DRAINAGE DESIGN CRITERIA 

Development Criteria Reference 

Storm drainage analysis and design criteria for the project were taken from the “City of Colorado 

Spring/El Paso County Drainage Criteria Manual” Volumes 1 and 2 (EPCDCM), dated October 12, 

1994, the “Urban Storm Drainage Criteria Manual” Volumes 1 - 3 (USDCM) and Chapter 6 and 

Section 3.2.1 of Chapter 13 of the “Colorado Springs Drainage Criteria Manual (CCSDCM), dated 

May 2014, as adopted by El Paso County. 

Hydrologic Criteria 

All hydrologic data was obtained from the “El Paso Drainage Criteria Manual" Volumes 1 and 2, and 

the “Urban Drainage and Flood Control District Urban Storm Drainage Criteria Manual” Volumes 1, 

2, and 3. Onsite drainage improvements were designed based on the 5 year (minor) storm event and 

the 100-year (major) storm event. Rational Method calculations were prepared, in accordance with 
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Chapter 6, Section 3.0 of the EPCDCM, for the sub-basins that directly impact the sizing of the 

proposed storm sewer outfalls. Rational method calculations are presented in Appendix B. 

 

Mile High Flood District’s MHFD-Detention, Version 4.03 workbook was used for pond sizing. 

Required detention volumes and allowable release rates were designed per USDCM and 

CCS/EPCDCM. Pond sizing spreadsheets are presented in Appendix C. 

Hydraulic Criteria 

GeoHECRAS was used as the primary analysis method for the site in the Sand Creek – Center 

Tributary Channel Analysis Report for Solace Apartments and the Sand Creek Center Tributary 

Channel Improvements Letter.  GeoHECRAS was used to model existing flows within the Sand 

Creek Drainageway in its existing and proposed conditions.  This model was used to verify flood 

plains and analyze any overtopping that may occur within the project site.  The 100-year water 

surface profiles for the model were analyzed form the north property line of the site to the area just 

south of the Galley Road Crossing. 

 

Using StormCAD V8i, a modeling program for stormwater drainage, the hydraulic grade lines 

and energy grade lines were determined for the storm sewer network.  Manhole and pipe losses 

for the model were obtained from the Urban Storm Drainage Criteria Manual, Mile High Flood 

District. Model results for the project site have been included in Appendix B. 

 

DRAINAGE FACILITY DESIGN 

General Concept 

The proposed stormwater conveyance system was designed to convey the developed Solace runoff to 

two proposed full spectrum water quality and detention ponds via private storm sewer. The proposed 

pond bottoms are approximately 1.5 feet higher than the existing channel bottom.  This allows 

adequate drainage from the ponds to outfall into the channel without the need for backflow 

prevention measures. The proposed ponds were also designed to release at less than historic rates to 

minimize adverse impacts downstream.  Treated water will outfall directly into the Sand Creek 

Drainageway, where it will eventually outfall into Fountain Creek.  The current site will be 

constructed in 2 phases.  Both of the proposed ponds will be designed and constructed with the Phase 

1 improvements along with the storm sewer within Paonia Street. Proposed drainage maps are 

presented in Appendix E, showing locations of the pond and channel outfall locations and 

improvements. 

Specific Details 

Four Step Process to Minimize Adverse Impacts of Urbanization 

In accordance with the El Paso County Drainage Criteria Manual Volume 2, this site has 

implemented the four step process to minimize adverse impacts of urbanization. The four step 
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process includes reducing runoff volumes, stabilizing drainageways, treating the water quality 

capture volume (WQCV), and consider the need for Industrial Commercial BMP’s.  

 

Step 1, Reducing Runoff Volumes:  The development of the project site is a proposed multi-family 

development with open spaces and lawn areas interspersed within the development which helps 

disconnect impervious areas and reduce runoff volumes.  

 

Step 2, Stabilize Drainageways:  Solace utilizes private storm sewer throughout the project site.  This 

private storm sewer directs the on-site development flows to the multiple detention ponds within the 

project that release at or below historic rates into the Sand Creek Drainageway. Sand Creek (Center 

Tributary) Drainageway is stabilized downstream of the development, however additional 

stabilization measures shall be implemented to prevent any negative impacts to the drainageway. 

Drop structures have been added in order to reduce the slope of the channel. The channel shall also 

utilize concrete paving to avoid any erosion of the channel along the site.   

 

Step 3, Provide WQCV:  Runoff from this development is treated through capture and slow release 

of the WQCV in multiple full spectrum water quality and detention ponds that are designed per 

current El Paso County drainage criteria for Extended Detention Basins (EDB). These ponds will 

facilitate pollutant removal for the site, while also reducing peak stormwater rates into the Sand 

Creek Drainageway.   

 

Step 4, Consider the need for Industrial and Commercial BMP’s:  No industrial or commercial uses 

are proposed within this development.  However, a site specific storm water quality and erosion 

control plan and narrative have been prepared in conjunction with this final drainage report.  Site 

specific temporary source control BMPs as well as permanent BMP’s are detailed in this plan and 

narrative to protect receiving waters. 

Water Quality 

In accordance with Section 13.3.2.1 of the CCS/EPCDCM, full spectrum water quality and detention 

are provided for all developed basins. Outlet structure release rates shall be limited to less than 

historic rates to minimize adverse impacts to downstream stormwater facilities. Complete pond and 

outlet structure designs can be found in the appendix C. See Table 3 below for the proposed pond 

parameters.  

 

Table 3: Pond Summary 

 

 

 

 

 

 

 

Tributary 
Sub-Basin 

Pond 
Name 

Tributary 
Acres 

Comp.  
% 

Imperv. 

WQ 
Volume 
(ac-ft) 

Total 
Detention 

Volume 
(ac-ft) 

Provided 
Volume 
(ac-ft) 

A POND A 7.89 49.43 0.135 0.732 1.292 

B POND B 17.50 40.6 0.264 1.412 2.659 
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Per Section I.7.1.B.7 of the ECM – Stromwater Quality Policy and Procedures, sites with land 

disturbance to undeveloped land (land with no human-made structures such as buildings or 

pavement) that will remain undeveloped after the site, may be excluded from the water quality 

requirements set for in Section 1.7.  Per this section, we respectfully request that Basins C2, F6, and 

F7 be excluded from permanent stormwater quality management. Due to existing topography and 

design constraints, Basins C1 and D1 could not be captured and routed to a permanent full spectrum 

water quality and detention pond.  Per Section I.7.1.C.1 of the ECM – Stormwater Quality Policy and 

Procedures, the County may exclude up to 20%, not to exceed 1 acre, of the applicable development 

site, from the WQCV standard.  Basin C1 & D1 contain approximately 0.32 acres of pavement, equal 

to approximately 1.11% of the total development site.  Per this section, we respectfully request that 

Basin C1 & D1 be excluded from the permanent stromwater quality management. 

Erosion Control Plan 

The El Paso County Drainage Criteria Manual specifies an Erosion Control Plan and associated cost 

estimate must be submitted with each Final Drainage Report.  The Erosion Control Plan for Solace 

has been submitted with this report. 

Operation & Maintenance 

In order to ensure the function and effectiveness of the stormwater infrastructure, maintenance 

activities such as inspection, routine maintenance, restorative maintenance, rehabilitation and repair, 

are required.  All proposed drainage structures within the any platted County ROW will be owned 

and maintained by El Paso County.  All proposed drainage structures within the property or tracts 

will be owned and maintained by the property owner. Vegetation in the natural and improved 

portions of Sand Creek Drainageway is the responsibility of El Paso County. This includes all 

mowing, seeding and weed control activities. An Inspection & Maintenance Plan has been submitted 

concurrently with this report that details the required maintenance activities and intervals to ensure 

proper function of all stormwater infrastructure in the future. The full spectrum detention ponds will 

be owned & maintained by the property owner. 

Drainage & Bridge Fees 

The site lies within the Sand Creek Drainage Basin.  

 

2021  DRAINAGE AND BRIDGE FEES – Solace Apartments 

Impervious 
Acres (ac) 

Drainage Fee  
(Per Imp. Acre) 

Bridge Fee 
(Per Imp. Acre) 

Solace 
Drainage 

Fee 

Solace 
Bridge Fee 

11.67 $20,387 $8,339 $237,916 $97,316 

 
The Solace development will receive full credit for any channel improvements indicated in the Sand 

Creek DBPS.  From the Sand Creek DBPS, the channel improvements estimated for this reach of the 

tributary was estimated to be $323,500.  The table regarding these costs can be found in the 

Appendix. From the Sand Creek (Center Tributary) Channel Analysis, by JR Engineering, the 

estimated channel improvements will cost $554,950.  Per the Sand Creek Drainage Basin Planning 

Study, the Center Tributary has proposed crossing improvements at Terminal Avenue and Omaha 



Final Drainage Report 
Solace Apartments Filing No. 1   

17 

 

Boulevard.  Both of these crossing were estimated to be $72,000. Crossing improvements were also 

proposed at W. Frontage Road for $106,200, US 24 Bypass for $211,500, E. Frontage Road for 

$84,600, Bijou Street for $84,600, Platte Avenue for $169,200, & Galley Road for $90,000.  These 

estimates provide costs for the storm sewer required to replace the existing infrastructure at these 

locations. The Galley Road crossing estimate reflects upsizing the existing culverts to 5’x 8’ concrete 

box structures. These estimates can be found in Appendix D. Based on these estimated costs, it is 

presumed that no drainage basin fees will be necessary.  

 

Construction Cost Opinion 

El Paso County specifies a cost estimate of proposed drainage facility improvements be submitted 

with the Final Drainage Report.  A construction cost opinion for both public and private drainage 

improvements have been provided below. Please note that the following cost estimate does not 

include channel improvements. 

 

 

PUBLIC DRAINAGE FACILITIES         

Item Quantity Unit 
Unit 

Price 

Extended 

Cost 

18" RCP 93 LF $65.00  $6,045.00  

24” RCP 41 LF $78.00  $3,198.00  

36” RCP 188 LF $120.00 $22,560.00 

42” RCP 31 LF $160.00 $4,960.00 

5’ Type R Inlet 2 EA $6,200.00  $12,400.00  

10’ Type R Inlet 4 EA $7,600.00  $30,400.00  

15’ Type R Inlet 2 EA $12,000.00  $24,000.00  

Storm Sewer Manhole (Box Base) 2 EA $11,627.00  $23,254.00  

      Sub-Total $126,817.00  

  10% Eng. And Contingency $12,681.70  

      
Grand 

Total 
$139,498.70  
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PRIVATE DRAINAGE FACILITIES         

Item Quantity Unit 
Unit 

Price 

Extended 

Cost 

18" RCP 1,254 LF $65.00  $81,510.00  

24” RCP 763 LF $78.00  $59,514.00  

30” RCP 464 LF $97.00 $45,008.00 

36” RCP 327 LF $120.00 $39,240.00 

42” RCP 44 LF $160.00 $7,040.00 

18” FES 2 EA      $390.00 $780.00 

24” FES 1 EA $468.00 $468.00 

5’ Type R Inlet 8 EA $6,159.00  $49,274.00  

Type 13 Valley Inlet 7 EA $4,640.00 $32,480.00 

Storm Sewer Manhole (Slab Base) 18 EA $6,395.00  $115,110.00  

Storm Sewer Manhole (Box Base) 3 EA $11,627.00 $34,881.00 

Pond Grading 3,682 CY $20.00 $73,640.00 

Pond Spillway 2 EA $7,500.00 $15,000.00 

Pond Outlet Structure 2 EA $25,000.00 $50,000.00 

Pond Forebay 4 EA $12,000.00 $48,000.00 

2’ Concrete Trickle Channel 728 LF $75.00 $54,600.00 

Maintenance Trail (Asphalt) 2486 SY $90.00 $223,740.00 

Rip Rap 198 CY $112.00 $22,176.00 

      Sub-Total $952,461.00  

  10% Eng. And Contingency $95,246.10  

      
Grand 

Total 
$1,047,707.10  

 

 

SUMMARY 

The proposed development remains consistent with pre-development drainage conditions with the 

construction of the recommended drainage improvements, including storm sewer, detention ponds 

and existing drainageways.  The proposed development will not adversely affect the offsite major 

drainageways or surrounding development. In order to safely convey flows through the Sand Creek 

Drainageway, channel improvements will be necessary to ensure channel stability and prevent 

channel degradation.  Concrete paving will be required to armor the channel and stabilize the slopes 

during a major storm event.  These improvements will ensure the drainageway functions properly as 
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a primary drainage conveyance system for the Solace Apartments.  These improvements to the Sand 

Creek Center Tributary Drainageway are discussed in the Sand Creek Center Tributary Channel 

Improvements Letter. This report meets the latest El Paso County Drainage Criteria requirements for 

this site. 
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APPENDIX A

FIGURES AND EXHIBITS
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Hydrologic Soil Group

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

8 Blakeland loamy sand, 1 
to 9 percent slopes

A 373.7 35.4%

10 Blendon sandy loam, 0 
to 3 percent slopes

B 321.4 30.5%

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

B 31.9 3.0%

12 Bresser sandy loam, 
cool, 3 to 5 percent 
slopes

B 69.8 6.6%

13 Bresser sandy loam, 
cool, 5 to 9 percent 
slopes

B 41.4 3.9%

28 Ellicott loamy coarse 
sand, 0 to 5 percent 
slopes

A 96.1 9.1%

56 Nelson-Tassel fine 
sandy loams, 3 to 18 
percent slopes

B 3.7 0.3%

70 Pits, gravel A 10.3 1.0%

94 Travessilla-Rock outcrop 
complex, 8 to 90 
percent slopes

D 51.5 4.9%

95 Truckton loamy sand, 1 
to 9 percent slopes

A 35.7 3.4%

96 Truckton sandy loam, 0 
to 3 percent slopes

A 19.7 1.9%

Totals for Area of Interest 1,055.2 100.0%
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Description

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

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

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

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

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

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

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

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

4/14/2020
Page 4 of 4
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APPENDIX B

HYDROLOGIC/ HYDRAULIC CALCULATIONS



Solace (Existing Condition) Project Name: Solace Apartments
El Paso County Project No.:

Calculated By: JBP
Checked By: 0

Date:

C5 C100

A1 14.75 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.09 0.36 14.75 2.0% 0.09 0.36 2.0%

A2 3.79 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.09 0.36 3.79 2.0% 0.09 0.36 2.0%

A3 5.44 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.09 0.36 5.44 2.0% 0.09 0.36 2.0%

B1 4.84 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.09 0.36 4.84 2.0% 0.09 0.36 2.0%

OS1 17.73 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 17.73 80.0% 0.09 0.36 0.00 2.0% 0.59 0.70 80.0%

OS2 8.93 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.73 0.81 8.93 90.0% 0.09 0.36 0.00 2.0% 0.73 0.81 90.0%

TOTAL (A1-B1) 28.82 2.0%

TOTAL (OS1-OS3) 26.66 83.3%

TOTAL 55.48 41.1%

Total
Area
(ac)

Subdivision:
Location:

6/29/20

25174.00

C100

COMPOSITE % IMPERVIOUS & COMPOSITE RUNOFF COEFFICIENT CALCULATIONS

Weighted
% Imp.

Basins Total
Weighted %

Imp.
Basin ID C5

Area
(ac)

Undeveloped (2% Impervious)

C5
Area
(ac)

Weighted
% Imp.

Streets (100% Impervious) Roofs (90% Impervious)
Weighted

% Imp.
C5

Area
(ac)

C100 C100

Basins Total
Weighted C

Light Industrial (80% Impervious)

C5 C100
Area
(ac)

Weighted
% Imp.
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Subdivision: Solace (Existing Condition) Project Name: Solace Apartments
Location: El Paso County Project No.:

Calculated By: JBP
Checked By: 0

Date: 6/29/20

FINAL

BASIN D.A. Hydrologic Impervious C5 C100 L S o t i L t S t K VEL. t t COMP. t c TOTAL Urbanized t c t c

ID (ac) Soils Group (%) (ft) (%) (min) (ft) (%) (ft/s) (min) (min) LENGTH (ft) (min) (min)

A1 14.75 B 2% 0.09 0.36 100 2.4% 13.7 1119 2.0% 7.0 1.0 18.8 32.5 1219.0 39.9 32.5

A2 3.79 B 2% 0.09 0.36 100 2.0% 14.5 611 1.8% 7.0 0.9 10.8 25.4 711.0 33.8 25.4

A3 5.44 B 2% 0.09 0.36 100 1.8% 15.0 444 1.9% 7.0 1.0 7.7 22.7 544.0 31.4 22.7

B1 4.84 B 2% 0.09 0.36 100 3.0% 12.7 351 1.2% 7.0 0.8 7.6 20.3 451.0 31.4 20.3

OS1 17.73 B 80% 0.59 0.70 100 1.9% 7.5 1236 1.8% 20.0 2.7 7.7 15.1 1336.0 20.0 15.1

OS2 8.93 B 90% 0.73 0.81 100 2.1% 5.2 415 1.9% 15.0 2.1 3.3 8.6 515.0 13.0 8.6

NOTES:

STANDARD FORM SF-2
TIME OF CONCENTRATION

SUB-BASIN tc  CHECK

25174.00

(URBANIZED BASINS)DATA
INITIAL/OVERLAND

(Ti)
TRAVEL TIME

(Tt)
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Project Name: Solace Apartments
Subdivision: Solace (Existing Condition) Project No.:

Location: El Paso County Calculated By: JBP
Design Storm: Checked By: 0

Date:

TRAVEL TIME

STREET
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) REMARKS

3.1 1.33 0.7 Surface runoff from existing basin A1,
1 A1 14.75 0.09 32.5 1.33 2.36 3.1 Surface flow into Sand Creek Drainageway at DP 1

0.9 0.34 2.0 Surface runoff from Basin A2
2 A2 3.79 0.09 25.4 0.34 2.73 0.9 Surface flow offsite to the south at DP 2

1.4 0.49 2.5 Surface runoff from Basin A3
3 A3 5.44 0.09 22.7 0.49 2.90 1.4 Surface flow offsite to the south at DP 3

1.3 0.44 1.0 Surface runoff from Basin B1
4 B1 4.84 0.09 20.3 0.44 3.07 1.3 Surface flow offsite to the southwest at DP 4

36.7 10.46 1.78 200 2.0 1.7 Surface runoff from Basin OS1, captured by existing concrete channel at DP 5
5 OS1 17.73 0.59 15.1 10.46 3.51 36.7 Channel conveyance to Sand Creek at DP 1.1

28.4 6.52 3.2 147 2.7 0.9 Surface runoff from Basin OS2
6 OS2 8.93 0.73 8.6 6.52 4.36 28.4 diverted to swale west of site at DP 6

1.0 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

1.1 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

1.2 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

1.3 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

1.4 - - - - - - - 5-Year Flows were not analyzed as part of the LOMR for Sand Creek Center Tributary.

1.5 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

1.6 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.
Notes:
Street and Pipe C*A values are determined by Q/i using the catchment's intensity value.
All pipes are private and RCP unless otherwise noted. Pipe size shown in table column.

DIRECT RUNOFF TOTAL RUNOFF STREET/SWALE PIPE

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

5-Year

25174.00

6/29/20
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Project Name: Solace Apartments
Subdivision: Solace (Existing Condition) Project No.:

Location: El Paso County Calculated By: JBP
Design Storm: Checked By: 0

Date:

TRAVEL TIME

Description
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21.0 5.31 0.7 Surface runoff from existing basin A1,
1 A1 14.75 0.36 32.5 5.31 3.96 21.0 Surface flow into Sand Creek Drainageway at DP 1

6.2 1.36 2.0 Surface runoff from Basin A2
2 A2 3.79 0.36 25.4 1.36 4.59 6.2 Surface flow offsite to the south at DP 2

9.5 1.96 2.5 Surface runoff from Basin A3
3 A3 5.44 0.36 22.7 1.96 4.87 9.5 Surface flow offsite to the south at DP 3

9.0 1.74 1.0 Surface runoff from Basin B1
4 B1 4.84 0.36 20.3 1.74 5.15 9.0 Surface flow offsite to the southwest at DP 4

573.1 1.78 200 2.0 1.7 Surface runoff from Basin OS1 & DP 1.4, captured by existing concrete channel at DP 5
5 OS1 17.73 0.70 15.1 12.41 5.89 73.1 573.1 Street conveyance to DP  5, flow split to DP 1.5 & DP 1.6

52.9 7.23 3.2 147 2.7 0.9 Surface runoff from Basin OS2
6 OS2 8.93 0.81 8.6 7.23 7.32 52.9 diverted to swale west of site at DP 6

820.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
1.0 - - - - - - 820.0

820.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
1.1 - - - - - - 820.0

1037.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
1.2 - - - - - - 1037.0

1100.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
1.3 - - - - - - 1100.0

500.0 Flow taken directly from the LOMR for Sand Creek Center Tributary
1.4 - - - - - - 500.0 Street conveyance to DP  5

244.0 244.0 Second Draiangeway
1.5 Channel conveyance to Sand Creek at DP 1

42.1 42.1 Existing Concrete Channel
1.6 Channel conveyance to Sand Creek at DP 1.1

Notes:
Street and Pipe C*A values are determined by Q/i using the catchment's intensity value.
All pipes are private and RCP unless otherwise noted. Pipe size shown in table column.

STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

(RATIONAL METHOD PROCEDURE)

25174.00

PIPE

100-Year

DIRECT RUNOFF TOTAL RUNOFF

6/29/20

STREET/SWALE
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Solace Project Name: Solace Apartments
El Paso County Project No.:

Calculated By: AAM
Checked By: 0

Date:

C5 C100

A1 0.50 0.90 0.96 0.29 58.0% 0.73 0.81 0.11 19.8% 0.59 0.70 0.00 0.0% 0.08 0.35 0.10 0.0% 0.70 0.81 77.8%

A2 0.47 0.90 0.96 0.36 76.6% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.11 0.0% 0.71 0.82 76.6%

A3 0.45 0.90 0.96 0.35 77.8% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.10 0.0% 0.72 0.82 77.8%

A4 0.15 0.90 0.96 0.00 0.0% 0.73 0.81 0.15 90.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.00 0.0% 0.73 0.81 90.0%

A5 0.13 0.90 0.96 0.00 0.0% 0.73 0.81 0.13 90.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.00 0.0% 0.73 0.81 90.0%

A6 1.51 0.90 0.96 0.53 35.1% 0.73 0.81 0.38 22.6% 0.59 0.70 0.00 0.0% 0.08 0.35 0.60 0.0% 0.53 0.68 57.7%

A7 0.58 0.90 0.96 0.24 41.4% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.34 0.0% 0.42 0.60 41.4%

A8 0.30 0.90 0.96 0.16 53.3% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.14 0.0% 0.52 0.68 53.3%

A9 1.33 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 1.33 0.0% 0.08 0.35 0.0%

B1 0.37 0.90 0.96 0.29 78.4% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.08 0.0% 0.72 0.83 78.4%

B2 0.35 0.90 0.96 0.33 94.3% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.02 0.0% 0.85 0.93 94.3%

B3 0.35 0.90 0.96 0.25 71.4% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.10 0.0% 0.67 0.79 71.4%

B4 0.03 0.90 0.96 0.00 0.0% 0.73 0.81 0.03 90.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.00 0.0% 0.73 0.81 90.0%

B5 0.26 0.90 0.96 0.00 0.0% 0.73 0.81 0.26 90.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.00 0.0% 0.73 0.81 90.0%

B6 0.73 0.90 0.96 0.43 58.9% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.30 0.0% 0.56 0.71 58.9%

B7 0.47 0.90 0.96 0.00 0.0% 0.73 0.81 0.21 40.2% 0.59 0.70 0.00 0.0% 0.08 0.35 0.26 0.0% 0.37 0.56 40.2%

B8 0.25 0.90 0.96 0.00 0.0% 0.73 0.81 0.25 90.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.00 0.0% 0.73 0.81 90.0%

B9 0.19 0.90 0.96 0.00 0.0% 0.73 0.81 0.19 90.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.00 0.0% 0.73 0.81 90.0%

B10 0.38 0.90 0.96 0.21 55.3% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.17 0.0% 0.53 0.69 55.3%

B11 0.74 0.90 0.96 0.00 0.0% 0.73 0.81 0.29 35.3% 0.59 0.70 0.00 0.0% 0.08 0.35 0.45 0.0% 0.33 0.53 35.3%

B12 1.08 0.90 0.96 0.66 61.1% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.42 0.0% 0.58 0.72 61.1%

B13 0.58 0.90 0.96 0.33 56.9% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.25 0.0% 0.55 0.70 56.9%

B13A 0.48 0.90 0.96 0.00 0.0% 0.73 0.81 0.11 20.6% 0.59 0.70 0.00 0.0% 0.08 0.35 0.37 0.0% 0.23 0.46 20.6%

B14 0.49 0.90 0.96 0.29 59.2% 0.73 0.81 0.05 9.2% 0.59 0.70 0.00 0.0% 0.08 0.35 0.15 0.0% 0.63 0.76 68.4%

B15 0.27 0.90 0.96 0.19 70.4% 0.73 0.81 0.02 6.7% 0.59 0.70 0.00 0.0% 0.08 0.35 0.06 0.0% 0.71 0.81 77.0%

B16 0.15 0.90 0.96 0.00 0.0% 0.73 0.81 0.11 66.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.04 0.0% 0.56 0.69 66.0%

B17 0.99 0.90 0.96 0.40 40.4% 0.73 0.81 0.01 0.9% 0.59 0.70 0.00 0.0% 0.08 0.35 0.58 0.0% 0.42 0.60 41.3%

B18 0.47 0.90 0.96 0.24 51.1% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.23 0.0% 0.50 0.66 51.1%

COMPOSITE % IMPERVIOUS & COMPOSITE RUNOFF COEFFICIENT CALCULATIONS

Weighted
% Imp.

Basins Total
Weighted %

Imp.
Basin ID C5

Area
(ac)

Lawns (0% Impervious)

C5
Area
(ac)

Weighted
% Imp.

Streets (100% Impervious) Roofs (90% Impervious)
Weighted

% Imp.
C5

Area
(ac)

C100

Total
Area
(ac)

Subdivision:
Location:

3/12/21

25174.00

C100 C100

Basins Total
Weighted C

Light Industrial (80% Impervious)

C5 C100
Area
(ac)

Weighted
% Imp.
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C5 C100

Weighted
% Imp.

Basins Total
Weighted %

Imp.
Basin ID C5

Area
(ac)

Lawns (0% Impervious)

C5
Area
(ac)

Weighted
% Imp.

Streets (100% Impervious) Roofs (90% Impervious)
Weighted

% Imp.
C5

Area
(ac)

C100

Total
Area
(ac)

C100 C100

Basins Total
Weighted C

Light Industrial (80% Impervious)

C5 C100
Area
(ac)

Weighted
% Imp.

B19 1.92 0.90 0.96 0.44 22.9% 0.73 0.81 0.16 7.5% 0.59 0.70 0.00 0.0% 0.08 0.35 1.32 0.0% 0.32 0.53 30.4%

B20 0.26 0.90 0.96 0.13 50.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.13 0.0% 0.49 0.66 50.0%

B21 2.46 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 2.46 0.0% 0.08 0.35 0.0%

C1 0.74 0.90 0.96 0.19 25.7% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.55 0.0% 0.29 0.51 25.7%

C2 0.80 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.80 0.0% 0.08 0.35 0.0%

D1 0.95 0.90 0.96 0.13 13.7% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.82 0.0% 0.19 0.43 13.7%

F1 0.92 0.90 0.96 0.33 35.9% 0.73 0.81 0.21 20.5% 0.59 0.70 0.00 0.0% 0.08 0.35 0.38 0.0% 0.52 0.67 56.4%

F2 0.14 0.90 0.96 0.11 78.6% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.03 0.0% 0.72 0.83 78.6%

F3 0.73 0.90 0.96 0.44 60.3% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.29 0.0% 0.57 0.72 60.3%

F4 0.68 0.90 0.96 0.02 2.9% 0.73 0.81 0.21 27.8% 0.59 0.70 0.00 0.0% 0.08 0.35 0.45 0.0% 0.30 0.51 30.7%

F5 3.88 0.90 0.96 0.79 20.4% 0.73 0.81 0.66 15.3% 0.59 0.70 0.00 0.0% 0.08 0.35 2.43 0.0% 0.36 0.55 35.7%

F6 0.35 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.35 0.0% 0.08 0.35 0.0%

F7 0.53 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 0.00 0.0% 0.08 0.35 0.53 0.0% 0.08 0.35 0.0%

OS1 17.73 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 17.73 80.0% 0.08 0.35 0.00 0.0% 0.59 0.70 80.0%

OS2 8.93 0.90 0.96 0.00 0.0% 0.73 0.81 0.00 0.0% 0.59 0.70 8.93 90.0% 0.08 0.35 0.00 0.0% 0.59 0.70 90.0%
TOTAL (A1-D1) 21.18 40.9%

TOTAL (F1-F7) 7.23 36.8%

TOTAL (OS1-OS2) 26.66 83.3%

TOTAL 55.07 60.9%
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Subdivision: Solace Project Name: Solace Apartments
Location: El Paso County Project No.:

Calculated By: AAM
Checked By: 0

Date: 3/12/21

FINAL

BASIN D.A. Hydrologic Impervious C5 C100 L S o t i L t S t K VEL. t t COMP. t c TOTAL Urbanized t c t c

ID (ac) Soils Group (%) (ft) (%) (min) (ft) (%) (ft/s) (min) (min) LENGTH (ft) (min) (min)

A1 0.50 B 78% 0.70 0.81 48 2.0% 4.0 212 1.1% 20.0 2.1 1.7 5.7 260.0 14.5 5.7

A2 0.47 B 77% 0.71 0.82 78 2.5% 4.6 207 1.2% 20.0 2.2 1.6 6.2 285.0 14.6 6.2

A3 0.45 B 78% 0.72 0.82 54 1.3% 4.7 185 1.5% 20.0 2.4 1.3 5.9 239.0 14.0 5.9

A4 0.15 B 90% 0.73 0.81 20 1.0% 3.0 120 1.0% 20.0 2.0 1.0 4.0 140.0 11.6 5.0

A5 0.13 B 90% 0.73 0.81 20 1.0% 3.0 120 1.0% 20.0 2.0 1.0 4.0 140.0 11.6 5.0

A6 1.51 B 58% 0.53 0.68 110 1.9% 8.8 217 1.2% 20.0 2.1 1.7 10.5 327.0 18.2 10.5

A7 0.58 B 41% 0.42 0.60 86 2.2% 8.8 261 1.5% 20.0 2.4 1.8 10.6 347.0 21.4 10.6

A8 0.30 B 53% 0.52 0.68 20 2.0% 3.7 316 1.5% 20.0 2.4 2.2 5.9 336.0 19.5 5.9

A9 1.33 B 0% 0.08 0.35 152 7.0% 11.9 194 1.3% 15.0 1.7 1.9 13.9 346.0 29.2 13.9

B1 0.37 B 78% 0.72 0.83 56 2.3% 3.9 171 1.3% 20.0 2.3 1.3 5.1 227.0 13.9 5.1

B2 0.35 B 94% 0.85 0.93 44 1.9% 2.4 215 1.9% 20.0 2.8 1.3 3.7 259.0 11.1 5.0

B3 0.35 B 71% 0.67 0.79 33 2.3% 3.4 140 1.0% 20.0 2.0 1.2 4.6 173.0 15.1 5.0

B4 0.03 B 90% 0.73 0.81 20 1.0% 3.0 40 1.0% 20.0 2.0 0.3 3.3 60.0 11.0 5.0

B5 0.26 B 90% 0.73 0.81 20 1.0% 3.0 120 1.0% 20.0 2.0 1.0 4.0 140.0 11.6 5.0

B6 0.73 B 59% 0.56 0.71 70 3.6% 5.3 222 1.2% 20.0 2.1 1.7 7.1 292.0 18.0 7.1

B7 0.47 B 40% 0.37 0.56 88 7.3% 6.4 54 1.0% 15.0 1.5 0.6 7.0 142.0 19.8 7.0

B8 0.25 B 90% 0.73 0.81 20 1.0% 3.0 120 1.0% 20.0 2.0 1.0 4.0 140.0 11.6 5.0

B9 0.19 B 90% 0.73 0.81 20 1.0% 3.0 120 1.0% 20.0 2.0 1.0 4.0 140.0 11.6 5.0

B10 0.38 B 55% 0.53 0.69 43 3.2% 4.6 111 1.9% 20.0 2.8 0.7 5.2 154.0 17.4 5.2

B11 0.74 B 35% 0.33 0.53 140 5.0% 9.6 130 1.0% 15.0 1.5 1.4 11.1 270.0 21.6 11.1

B12 1.08 B 61% 0.58 0.72 71 2.3% 6.0 418 1.2% 20.0 2.1 3.2 9.2 489.0 19.3 9.2

B13 0.58 B 57% 0.55 0.70 87 4.9% 5.5 192 3.4% 20.0 3.7 0.9 6.4 279.0 17.4 6.4

B13A 0.48 B 21% 0.23 0.46 60 3.9% 7.8 197 1.0% 20.0 2.0 1.6 9.4 257.0 25.3 9.4

B14 0.49 B 68% 0.63 0.76 195 2.1% 9.2 23 1.0% 20.0 2.0 0.2 9.4 218.0 14.6 9.4

B15 0.27 B 77% 0.71 0.81 117 2.5% 5.7 6 1.0% 20.0 2.0 0.1 5.7 123.0 13.0 5.7

B16 0.15 B 66% 0.56 0.69 20 1.0% 4.4 120 1.0% 20.0 2.0 1.0 5.4 140.0 15.9 5.4

B17 0.99 B 41% 0.42 0.60 32 3.0% 4.8 494 1.5% 20.0 2.4 3.4 8.2 526.0 23.5 8.2

B18 0.47 B 51% 0.50 0.66 20 2.0% 3.9 494 1.5% 20.0 2.4 3.4 7.2 514.0 21.5 7.2

B19 1.92 B 30% 0.32 0.53 250 3.0% 15.5 178 1.0% 20.0 2.0 1.5 16.9 428.0 23.1 16.9

B20 0.26 B 50% 0.49 0.66 20 2.0% 3.9 280 1.0% 20.0 2.0 2.3 6.3 300.0 20.4 6.3

(URBANIZED BASINS)DATA
INITIAL/OVERLAND

(Ti)
TRAVEL TIME

(Tt)

STANDARD FORM SF-2
TIME OF CONCENTRATION

SUB-BASIN tc  CHECK

25174.00
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Subdivision: Solace Project Name: Solace Apartments
Location: El Paso County Project No.:

Calculated By: AAM
Checked By: 0

Date: 3/12/21

FINAL

BASIN D.A. Hydrologic Impervious C5 C100 L S o t i L t S t K VEL. t t COMP. t c TOTAL Urbanized t c t c

ID (ac) Soils Group (%) (ft) (%) (min) (ft) (%) (ft/s) (min) (min) LENGTH (ft) (min) (min)

(URBANIZED BASINS)DATA
INITIAL/OVERLAND

(Ti)
TRAVEL TIME

(Tt)

STANDARD FORM SF-2
TIME OF CONCENTRATION

SUB-BASIN tc  CHECK

25174.00

B21 2.46 B 0% 0.08 0.35 250 2.5% 21.5 736 1.0% 15.0 1.5 8.2 29.7 986.0 39.6 29.7

C1 0.74 B 26% 0.29 0.51 153 2.0% 14.4 95 1.8% 20.0 2.7 0.6 15.0 248.0 22.6 15.0

C2 0.80 B 0% 0.08 0.35 30 5.0% 5.9 30 5.0% 7.0 1.6 0.3 6.3 60.0 26.2 6.3

D1 0.95 B 14% 0.19 0.43 83 2.0% 11.9 155 3.3% 15.0 2.7 0.9 12.8 238.0 25.0 12.8

F1 0.92 B 56% 0.52 0.67 112 5.5% 6.3 196 1.8% 20.0 2.7 1.2 7.5 308.0 17.9 7.5

F2 0.14 B 79% 0.72 0.83 30 4.0% 2.4 257 1.1% 20.0 2.1 2.1 4.4 287.0 14.7 5.0

F3 0.73 B 60% 0.57 0.72 66 13.5% 3.3 331 1.5% 20.0 2.4 2.3 5.5 397.0 18.3 5.5

F4 0.68 B 31% 0.30 0.51 173 6.0% 10.5 97 1.0% 20.0 2.0 0.8 11.3 270.0 22.0 11.3

F5 3.88 B 36% 0.36 0.55 115 5.0% 8.5 283 1.7% 20.0 2.6 1.8 10.3 398.0 22.5 10.3

F6 0.35 B 0% 0.08 0.35 30 8.0% 5.1 30 8.0% 7.0 2.0 0.3 5.3 60.0 26.2 5.3

F7 0.53 B 0% 0.08 0.35 20 25.0% 2.8 516 2.0% 15.0 2.1 4.1 6.9 536.0 32.8 6.9

OS1 17.73 B 80% 0.59 0.70 100 1.9% 7.5 1236 1.8% 20.0 2.7 7.7 15.1 1336.0 20.0 15.1

OS2 8.93 B 90% 0.59 0.70 100 2.1% 7.2 425 1.9% 15.0 2.1 3.4 10.6 525.0 13.1 10.6

NOTES:
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Future on-grade inlet
1 F1 0.92 0.52 7.5 0.48 4.56 2.2 2.2 0.48 1.0 18 320 4.6 1.2 Future pipe conveyance to DP 1.0

0.5 0.10 2.18 33 3.0 0.2 Future overland flow to DP 4
2 F2 0.14 0.72 5.0 0.10 5.17 0.5  Infrastructure to South Detention Pond at DP 2

Future sump inlet
3 F3 0.73 0.57 5.5 0.42 5.02 2.1 2.1 0.42 1.9 18 64 5.8 0.2 Future pipe conveyance to DP 1.0

0.1 0.03 1.5 300 1.8 2.7 On-grade inlet, Carryover flow to DP 11
4 A1 0.50 0.70 5.7 0.35 4.97 1.7 1.6 0.32 1.5 18 8 4.9 0.0 Piped to DP 1.0

Sum of DP 1, DP 2, DP 3, & DP 4
1.0 8.7 1.32 4.35 5.7 5.7 1.32 2.1 36 221 7.4 0.5 Piped to DP 4P

5.7 1.32 0.5 185 1.1 2.9 Pond A Forebay
4P 8.7 1.32 4.35 5.7 Trickle channel conveyance to DP 6P

0.6 0.12 1.2 290 1.6 2.9 No. 16-valley inlet, Carryover flow to DP 10
5 A2 0.47 0.71 6.2 0.33 4.85 1.6 1.0 0.21 2.0 18 33 4.6 0.1 Piped to DP 2.2

0.6 0.12 1.5 321 1.8 2.9 No. 16-valley inlet, Carryover flow to DP 10
6 A3 0.45 0.72 5.9 0.32 4.92 1.6 1.0 0.20 1.0 18 0 3.6 0.0 Piped to DP 2.0

Future roof drains and area inlets
7 F4 0.68 0.30 11.3 0.21 3.95 0.8 0.8 0.21 1.0 15 27 3.5 0.1 Future pipe conveyance to DP 2.0

Sum of DP 6 & DP 7
2.0 11.4 0.41 3.93 1.6 1.6 0.41 1.0 18 14 4.3 0.1 Piped to DP 2.1

Roof drains
8 A4 0.15 0.73 5.0 0.11 5.17 0.6 0.6 0.11 1.0 15 105 3.1 0.6 Piped to DP 2.1

Sum of DP 8 & DP 2.0
2.1 11.4 0.52 3.93 2.1 2.1 0.52 1.0 18 101 4.6 0.4 Piped to DP 2.2

Sum of DP 5 & DP 2.1
2.2 11.8 0.73 3.88 2.8 2.8 0.73 1.0 24 105 4.9 0.4 Piped to DP 2.3

Roof drains
9 A5 0.13 0.73 5.0 0.09 5.17 0.5 0.5 0.09 1.0 15 7 3.0 0.0 Piped to DP 2.3

Sum of DP 9 & DP 2.2
2.3 12.2 0.82 3.83 3.1 3.1 0.82 1.3 24 114 5.4 0.4 Piped to DP 2.4

Sump Inlet. Sum of Carryover flows from DP 5, DP 6, and Sub-Basin A6
10 A6 1.51 0.53 10.5 0.80 4.06 3.2 10.5 1.04 4.06 4.2 4.2 1.04 1.3 24 0 6.0 0.0 Piped to DP 2.4

Sum of DP 9 & DP 2.2
2.4 12.5 1.86 3.79 7.1 7.1 1.86 2.0 30 31 8.0 0.1 Piped to DP 2.5

On-grade Inlet, Sum of carryover from DP 4 and Sub-Basin A7
11 A7 0.58 0.42 10.6 0.24 4.05 1.0 10.6 0.27 4.05 1.1 1.1 0.27 2.0 30 0 4.5 0.0 Piped to DP 2.5

Sum of DP 11 & DP 2.4
2.5 12.6 2.13 3.78 8.1 8.1 2.13 2.0 36 44 8.0 0.1 Piped to DP 2.6

On-grade inlet
12 A8 0.30 0.52 5.9 0.16 4.92 0.8 0.8 0.16 2.0 30 0 4.0 0.0 Piped to DP 2.6

Sum of DP 12 & DP 2.5
2.6 12.7 2.29 3.77 8.6 8.6 2.29 2.4 36 55 8.8 0.1 Piped to DP 5P

8.6 2.29 0.5 45 1.1 0.7 Pond A Forebay
5P 12.7 2.29 3.77 8.6 Trickle channel conveyance to DP 6P

0.4 0.11 2.18 Overland Flow
6P A9 1.33 0.08 13.9 0.11 3.64 0.4 Pond Conveyance to DP 6P

Pond outlet Structure
6P 13.9 3.72 3.64 13.5 Release detained flows into Sandcreek Drainageway

3.4 0.82 1.2 170 1.3 2.2 Future Phase 2 developed flows minus roof drains and future area inlet flows
13 F5 3.88 0.36 10.3 0.82 4.09 3.4 Pan conveyance to DP 14

DIRECT RUNOFF TOTAL RUNOFF STREET/SWALE PIPE

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

5-Year

25174.00

3/12/21
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DIRECT RUNOFF TOTAL RUNOFF STREET/SWALE PIPE

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

5-Year

25174.00

3/12/21

2.4 0.64 1.1 89 1.6 0.9 Sum of carryover flows from DP 13 and Sub-Basin B1, No. 16-valley inlet, Carryover flow to DP 16
14 B1 0.37 0.72 5.1 0.27 5.13 1.4 12.4 1.09 3.80 4.1 1.7 0.45 1.0 18 0 4.3 0.0 Piped to DP 3.0

Flows captured by No. 16-Valley inlet and future building and area drains connecting directly to inlet.
3.0 12.4 1.68 3.80 6.4 6.4 1.68 1.0 18 89 6.2 0.2 Piped to DP 3.1

On-grade inlet
15 B2 0.35 0.85 5.0 0.30 5.17 1.6 1.6 0.30 2.0 18 75 5.4 0.2 Piped to DP 3.1

Sum of carryover flow from DP 14 and Sub-Basin B3,On-grade inlet. Carryover flow to DP 19
16 B3 0.35 0.67 5.0 0.23 5.17 1.2 13.4 0.87 3.69 3.2 3.2 0.87 1.0 18 0 5.2 0.0 Piped to DP 3.1

Sum of DP 14, DP 15 & DP 16
3.1 13.4 2.85 3.69 10.5 10.5 2.85 0.5 30 30 5.4 0.1 Piped to DP 3.2

Roof drains
17 B4 0.03 0.73 5.0 0.02 5.17 0.1 0.1 0.02 1.0 8 40 1.9 0.3 Piped to DP 3.2

Sum of DP 17 & DP 3.1
3.2 13.5 2.87 3.68 10.6 10.6 2.87 0.5 30 163 5.4 0.5 Piped to DP 3.3

Roof drains
18 B5 0.26 0.73 5.0 0.19 5.17 1.0 1.0 0.19 1.0 8 40 3.8 0.2 Piped to DP 3.3

Sum of DP 18 & DP 3.2
3.3 14.0 3.06 3.63 11.1 11.1 3.06 1.9 30 75 8.8 0.1 Piped to DP 3.4

0.8 0.17 1.1 445 1.6 4.7 No. 16-valley inlet, Carryover flow to DP 27
19 B6 0.73 0.56 7.1 0.41 4.65 1.9 1.1 0.24 1.0 18 13 3.8 0.1 Piped to DP 3.4

Sum of DP 19 & DP 3.3
3.4 14.1 3.29 3.61 11.9 11.9 3.29 1.0 30 29 7.2 0.1 Piped to DP 3.5

Roof drains
20 B7 0.47 0.37 7.0 0.17 4.66 0.8 0.8 0.17 1.0 15 60 3.5 0.3 Piped to DP 3.5

Sum of DP 20 & DP 3.4
3.5 14.2 3.46 3.60 12.5 12.5 3.46 0.5 30 143 5.7 0.4 Piped to DP 3.6

Roof drains
21 B8 0.25 0.73 5.0 0.18 5.17 0.9 0.9 0.18 1.0 15 10 3.6 0.0 Piped to DP 3.6

Sum of DP 21 & DP 3.5
3.6 14.6 3.64 3.56 13.0 13.0 3.64 0.5 30 191 5.8 0.6 Piped to DP 3.7

Roof drains
22 B9 0.19 0.73 5.0 0.14 5.17 0.7 0.7 0.14 1.0 15 15 3.4 0.1 Piped to DP 3.7

Sum of DP 22 & DP 3.6
3.7 15.2 3.78 3.50 13.3 13.3 3.78 0.5 30 101 5.8 0.3 Piped to DP 3.8

Sump Inlet
23 B10 0.38 0.53 5.2 0.20 5.10 1.0 1.0 0.20 2.0 18 15 4.7 0.1 Piped to DP 3.8

Sum of DP 23 & DP 3.7
3.8 15.5 3.98 3.48 13.8 13.8 3.98 0.5 36 46 5.8 0.1 Piped to DP 4.2

Roof drains
24 B13A 0.48 0.23 9.4 0.11 4.22 0.5 0.5 0.11 1.0 15 47 3.0 0.3 Piped to DP 3.9

0.6 0.13 3.0 40 2.6 0.3 No. 16-valley inlet, Carryover flow to DP 28
25 B13 0.58 0.55 6.4 0.32 4.80 1.5 0.9 0.19 2.0 18 0 4.4 0.0 Piped to DP 3.9

Sum of DP 24 & DP 25
3.9 9.7 0.30 4.18 1.2 1.2 0.30 2.0 18 41 4.9 0.1 Piped to DP 4.1

Roof drains
26 B11 0.74 0.33 11.1 0.25 3.98 1.0 1.0 0.25 1.0 15 39 3.7 0.2 Piped to DP 4.0

Sump Inlet, sum of carryover from DP 19 and Sub-Basin B12
27 B12 1.08 0.58 9.2 0.63 4.25 2.7 11.8 0.80 3.89 3.1 3.1 0.80 1.0 18 0 5.2 0.0 Piped to DP 4.0

Sum of DP 26 & DP 27
4.0 11.8 1.05 3.89 4.1 4.1 1.05 1.0 18 32 5.6 0.1 Piped to DP 4.1

Sump Inlet, sum of carryover from DP 25 & Sub-Basin B14
28 B14 0.49 0.63 9.4 0.31 4.22 1.3 9.4 0.44 4.22 1.9 1.9 0.44 1.2 18 12 4.8 0.0 Piped to DP 4.1
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DIRECT RUNOFF TOTAL RUNOFF STREET/SWALE PIPE

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

5-Year

25174.00

3/12/21

Sum of DP 28, DP 3.9, & DP 4.0
4.1 11.9 1.79 3.87 6.9 6.9 1.79 1.0 24 44 6.3 0.1 Piped to DP 4.2

Sum of DP 3.8 & DP 4.1
4.2 15.6 5.78 3.46 20.0 20.0 5.78 0.5 36 158 6.4 0.4 Piped to DP 4.4

Roof drains
29 B16 0.15 0.56 5.4 0.08 5.06 0.4 0.4 0.08 1.0 15 47 2.8 0.3 Piped to DP 4.3

Sump Inlet
30 B15 0.27 0.71 5.7 0.19 4.96 0.9 0.9 0.19 2.0 18 0 4.6 0.0 Piped to DP 4.3

Sum of DP 29 & DP 30
4.3 5.7 0.27 4.96 1.3 1.3 0.27 2.0 18 34 5.1 0.1 Piped to DP 4.4

Sum of DP 4.2 & DP 4.3
4.4 16.0 6.05 3.42 20.7 20.7 6.05 0.8 36 311 7.7 0.7 Piped to DP 4.5

On-grade inlet
31 B17 0.99 0.42 8.2 0.41 4.43 1.8 1.8 0.41 2.0 18 13 5.6 0.0 Piped to DP 4.5

Sum of DP 31 & DP 4.4
4.5 16.7 6.46 3.36 21.7 21.7 6.46 0.5 42 32 6.5 0.1 Piped to DP 2.6

On-grade inlet
32 B18 0.47 0.50 7.2 0.23 4.62 1.1 1.1 0.23 0.5 42 0 2.7 0.0 Piped to DP 4.6

Sum of DP 32 & DP 4.5
4.6 16.8 6.69 3.35 22.4 22.4 6.69 0.5 42 52 6.6 0.1 Piped to DP 35

22.4 6.69 0.5 336 1.1 5.3 Pond B forebay
35 16.8 6.7 3.35 22.4 Trickle channel conveyance to DP 37

On-grade Inlet
33 B19 1.92 0.32 16.9 0.62 3.34 2.1 2.1 0.62 1.0 18 55 4.5 0.2 Piped to DP 4.7

On-grade Inlet
34 B20 0.26 0.49 6.3 0.13 4.83 0.6 0.6 0.13 1.0 24 0 3.1 0.0 Piped to DP 4.7

Sum of DP 33 & DP 34
4.7 17.1 0.75 3.32 2.5 2.5 0.75 1.0 24 52 4.7 0.2 Piped to DP 2.6

2.5 0.75 0.5 106 1.1 1.7 Pond B forebay
36 17.1 0.8 3.32 2.5 Trickle channel conveyance to DP 37

0.5 0.20 2.18 Overland Flow
37 B21 2.46 0.08 29.7 0.20 2.50 0.5 Pond Conveyance to DP 37

Pond outlet Structure
37 22.0 7.64 2.94 22.5 Release detained flows into Sandcreek Drainageway

0.2 0.03 5.0 0 4.5 0.0 Future overland flow
38 F6 0.35 0.08 5.3 0.03 5.07 0.2 Sheet flow offsite per historic condition

0.2 0.04 2.0 0 2.8 0.0 Future overland flow
39 F7 0.53 0.08 6.9 0.04 4.69 0.2 Existing swale conveyance offsite per historic condition

0.8 0.22 1.0 183 2.0 1.5 Future overland flow to DP 40
40 C1 0.74 0.29 15.0 0.22 3.52 0.8 Existing swale conveyance offsite per historic condition

0.3 0.06 4.57 0 4.3 0.0 Overland flow
41 C2 0.80 0.08 6.3 0.06 4.83 0.3 Sheet flow offsite per historic condition

0.7 0.18 3.3 0 3.6 0.0 Overland flow
42 D1 0.95 0.19 12.8 0.18 3.76 0.7 Overflow channel to the Sandcreek Drainageway

36.7 10.46 3.2 225 3.6 1.0 Surface runoff from Basin OS1, captured by existing channel and proposed overflow channel at DP 43
43 OS1 17.73 0.59 15.1 10.46 3.51 36.7 Channel conveyance to Sand Creek at DP 5.1

21.3 5.27 3.2 147 2.7 0.9 Surface runoff from Basin OS2
44 OS2 8.93 0.59 10.6 5.27 4.04 21.3 Diverted to swale west of site at DP 44

5.0 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

5.1 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.
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DIRECT RUNOFF TOTAL RUNOFF STREET/SWALE PIPE

STANDARD FORM SF-3
STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

5-Year

25174.00

3/12/21

5.2 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

5.3 - - - - - - - 5-Year Flows were not analyzed as part of the Sand Creek Drainage Basin Planning Study.

Notes:
Street and Pipe C*A values are determined by Q/i using the catchment's intensity value.
All pipes are private and RCP unless otherwise noted. Pipe size shown in table column.
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Future on-grade inlet
1 F1 0.92 0.67 7.5 0.62 7.66 4.7 4.7 0.62 1.0 18 320 5.8 0.9 Future pipe conveyance to DP 1.0

1.0 0.12 2.18 33 3.0 0.2 Future overland flow to DP 4
2 F2 0.14 0.83 5.0 0.12 8.68 1.0  Infrastructure to South Detention Pond at DP 2

Future sump inlet
3 F3 0.73 0.72 5.5 0.52 8.43 4.4 4.4 0.52 1.9 18 64 7.1 0.2 Future pipe conveyance to DP 1.0

1.0 0.12 1.5 300 1.8 2.7 On-grade inlet, Carryover flow to DP 11
4 A1 0.50 0.81 5.7 0.40 8.35 3.3 2.3 0.28 1.5 18 8 5.5 0.0 Piped to DP 1.0

Sum of DP 1, DP 2, DP 3, & DP 4
1.0 8.4 1.54 7.36 11.3 11.3 1.54 2.1 36 221 9.0 0.4 Piped to DP 4P

11.3 1.54 0.5 185 1.1 2.9 Pond A Forebay
4P 8.4 1.54 7.36 11.3 Trickle channel conveyance to DP 6P

1.6 0.20 1.2 290 1.6 2.9 No. 16-valley inlet, Carryover flow to DP 10
5 A2 0.47 0.82 6.2 0.38 8.14 3.1 1.5 0.18 2.0 18 33 5.2 0.1 Piped to DP 2.2

1.6 0.19 1.5 321 1.8 2.9 No. 16-valley inlet, Carryover flow to DP 10
6 A3 0.45 0.82 5.9 0.37 8.26 3.1 1.5 0.18 1.0 18 0 4.1 0.0 Piped to DP 2.0

Future roof drains and area inlets
7 F4 0.68 0.51 11.3 0.35 6.63 2.3 2.3 0.35 1.0 15 27 4.8 0.1 Future pipe conveyance to DP 2.0

Sum of DP 6 & DP 7
2.0 11.4 0.53 6.61 3.5 3.5 0.53 1.0 18 14 5.3 0.0 Piped to DP 2.1

Roof drains
8 A4 0.15 0.81 5.0 0.12 8.68 1.0 1.0 0.12 1.0 15 105 3.9 0.5 Piped to DP 2.1

Sum of DP 8 & DP 2.0
2.1 11.4 0.65 6.60 4.3 4.3 0.65 1.0 18 101 5.6 0.3 Piped to DP 2.2

Sum of DP 5 & DP 2.1
2.2 11.7 0.84 6.54 5.5 5.5 0.84 1.0 24 105 5.9 0.3 Piped to DP 2.3

Roof drains
9 A5 0.13 0.81 5.0 0.11 8.68 1.0 1.0 0.11 1.0 15 7 3.7 0.0 Piped to DP 2.3

Sum of DP 9 & DP 2.2
2.3 12.0 0.95 6.47 6.1 6.1 0.95 1.3 24 114 6.6 0.3 Piped to DP 2.4

Sump Inlet. Sum of Carryover flows from DP 5, DP 6, and Sub-Basin A6
10 A6 1.51 0.68 10.5 1.03 6.82 7.0 10.5 1.41 6.82 9.6 9.6 1.41 1.3 24 0 7.6 0.0 Piped to DP 2.4

Sum of DP 9 & DP 2.2
2.4 12.3 2.36 6.41 15.1 15.1 2.36 2.0 30 31 9.8 0.1 Piped to DP 2.5

On-grade Inlet, Sum of carryover from DP 4 and Sub-Basin A7
11 A7 0.58 0.60 10.6 0.35 6.79 2.4 10.6 0.47 6.79 3.2 3.2 0.47 2.0 30 0 6.4 0.0 Piped to DP 2.5

Sum of DP 11 & DP 2.4
2.5 12.3 2.83 6.40 18.2 18.2 2.83 2.0 36 44 10.2 0.1 Piped to DP 2.6

On-grade inlet
12 A8 0.30 0.68 5.9 0.20 8.27 1.7 1.7 0.20 2.0 30 0 5.2 0.0 Piped to DP 2.6

Sum of DP 12 & DP 2.5
2.6 12.4 3.03 6.39 19.4 19.4 3.03 2.4 36 55 11.2 0.1 Piped to DP 5P

19.4 3.03 0.5 45 1.1 0.7 Pond A Forebay
5P 12.4 3.03 6.39 19.4 Trickle channel conveyance to DP 6P

2.9 0.47 2.18 Overland Flow
6P A9 1.33 0.35 13.9 0.47 6.11 2.9 Pond Conveyance to DP 6P

Pond outlet Structure
6P 13.9 5.04 6.11 30.8 Release detained flows into Sandcreek Drainageway

8.3 1.18 1.2 170 1.3 2.2 Future Phase 2 developed flows minus roof drains and future area inlet flows
13 F5 2.00 0.59 9.7 1.18 7.00 8.3 Pan conveyance to DP 14

7.0 1.07 1.1 89 1.6 0.9 Sum of carryover flows from DP 13 and Sub-Basin B1, No. 16-valley inlet, Carryover flow to DP 16
14 B1 0.37 0.83 5.1 0.31 8.61 2.7 11.9 1.49 6.50 9.7 2.7 0.42 1.0 18 0 5.0 0.0 Piped to DP 3.0

Flows captured by No. 16-Valley inlet and future building and area drains connecting directly to inlet.
3.0 11.9 1.40 6.50 9.1 9.1 1.40 1.0 18 89 6.7 0.2 Piped to DP 3.1

STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

(RATIONAL METHOD PROCEDURE)

25174.00

PIPE
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STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

(RATIONAL METHOD PROCEDURE)

25174.00

PIPE

100-Year

DIRECT RUNOFF TOTAL RUNOFF

3/12/21

STREET/SWALE

On-grade inlet
15 B2 0.35 0.93 5.0 0.32 8.68 2.8 2.8 0.32 2.0 18 75 6.4 0.2 Piped to DP 3.1

0.3 0.05 1.1 89 1.6 0.9 Sum of carryover flow from DP 14 and Sub-Basin B3,On-grade inlet. Carryover flow to DP 19
16 B3 0.35 0.79 5.0 0.28 8.68 2.4 12.8 1.35 6.31 8.5 8.2 1.30 1.0 18 0 6.6 0.0 Piped to DP 3.1

Sum of DP 14, DP 15 & DP 16
3.1 12.8 3.02 6.31 19.0 19.0 3.02 0.5 30 30 6.3 0.1 Piped to DP 3.2

Roof drains
17 B4 0.03 0.81 5.0 0.02 8.68 0.2 0.2 0.02 1.0 8 40 2.3 0.3 Piped to DP 3.2

Sum of DP 17 & DP 3.1
3.2 12.9 3.04 6.29 19.1 19.1 3.04 0.5 30 163 6.3 0.4 Piped to DP 3.3

Roof drains
18 B5 0.26 0.81 5.0 0.21 8.68 1.8 1.8 0.21 1.0 8 40 5.2 0.1 Piped to DP 3.3

Sum of DP 18 & DP 3.2
3.3 13.3 3.25 6.21 20.2 20.2 3.25 1.9 30 75 10.4 0.1 Piped to DP 3.4

2.5 0.33 1.1 445 1.6 4.7 No. 16-valley inlet, Carryover flow to DP 27
19 B6 0.73 0.71 7.1 0.52 7.81 4.1 8.0 0.57 7.50 4.3 1.8 0.24 1.0 18 13 4.4 0.0 Piped to DP 3.4

Sum of DP 19 & DP 3.3
3.4 13.5 3.49 6.19 21.6 21.6 3.49 1.0 30 29 8.5 0.1 Piped to DP 3.5

Roof drains
20 B7 0.47 0.56 7.0 0.26 7.83 2.0 2.0 0.26 1.0 15 60 4.6 0.2 Piped to DP 3.5

Sum of DP 20 & DP 3.4
3.5 13.5 3.75 6.17 23.2 23.2 3.75 0.5 30 143 6.6 0.4 Piped to DP 3.6

Roof drains
21 B8 0.25 0.81 5.0 0.20 8.68 1.7 1.7 0.20 1.0 15 10 4.4 0.0 Piped to DP 3.6

Sum of DP 21 & DP 3.5
3.6 13.9 3.95 6.11 24.1 24.1 3.95 0.5 30 191 6.6 0.5 Piped to DP 3.7

Roof drains
22 B9 0.19 0.81 5.0 0.15 8.68 1.3 1.3 0.15 1.0 15 15 4.0 0.1 Piped to DP 3.7

Sum of DP 22 & DP 3.6
3.7 14.4 4.10 6.02 24.7 24.7 4.10 0.5 30 101 6.7 0.3 Piped to DP 3.8

Sump Inlet
23 B10 0.38 0.69 5.2 0.26 8.56 2.2 2.2 0.26 2.0 18 15 5.9 0.0 Piped to DP 3.8

Sum of DP 23 & DP 3.7
3.8 14.6 4.36 5.98 26.1 26.1 4.36 0.5 36 46 6.9 0.1 Piped to DP 4.2

Roof drains
24 B13A 0.48 0.46 9.4 0.22 7.08 1.6 1.6 0.22 1.0 15 47 4.3 0.2 Piped to DP 3.9

1.7 0.21 3.0 40 2.6 0.3 No. 16-valley inlet, Carryover flow to DP 28
25 B13 0.58 0.70 6.4 0.40 8.06 3.2 1.5 0.19 2.0 18 0 5.2 0.0 Piped to DP 3.9

Sum of DP 24 & DP 25
3.9 9.6 0.41 7.04 2.9 2.9 0.41 2.0 18 41 6.4 0.1 Piped to DP 4.1

Roof drains
26 B11 0.74 0.53 11.1 0.39 6.68 2.6 2.6 0.39 1.0 15 39 4.9 0.1 Piped to DP 4.0

Sump Inlet, sum of carryover from DP 19 and Sub-Basin B12
27 B12 1.08 0.72 9.2 0.78 7.13 5.6 12.7 1.11 6.33 7.1 7.1 1.11 1.0 18 0 6.4 0.0 Piped to DP 4.0

Sum of DP 26 & DP 27
4.0 12.7 1.50 6.33 9.5 9.5 1.50 1.0 18 32 6.7 0.1 Piped to DP 4.1

Sump Inlet, sum of carryover from DP 25 & Sub-Basin B14
28 B14 0.49 0.76 9.4 0.37 7.08 2.6 9.4 0.58 7.08 4.1 4.1 0.58 1.2 18 12 5.9 0.0 Piped to DP 4.1

Sum of DP 28, DP 3.9, & DP 4.0
4.1 12.8 2.49 6.31 15.7 15.7 2.49 1.0 24 44 7.8 0.1 Piped to DP 4.2

Sum of DP 3.8 & DP 4.1
4.2 14.7 6.85 5.96 40.8 40.8 6.85 0.5 36 158 7.5 0.4 Piped to DP 4.4

Roof drains
29 B16 0.15 0.69 5.4 0.10 8.49 0.8 0.8 0.10 1.0 15 47 3.6 0.2 Piped to DP 4.3
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STORM DRAINAGE SYSTEM DESIGN
STANDARD FORM SF-3

(RATIONAL METHOD PROCEDURE)

25174.00

PIPE

100-Year

DIRECT RUNOFF TOTAL RUNOFF

3/12/21

STREET/SWALE

Sump Inlet
30 B15 0.27 0.81 5.7 0.22 8.33 1.8 1.8 0.22 2.0 18 0 5.6 0.0 Piped to DP 4.3

Sum of DP 29 & DP 30
4.3 5.7 0.32 8.33 2.7 2.7 0.32 2.0 18 34 6.4 0.1 Piped to DP 4.4

Sum of DP 4.2 & DP 4.3
4.4 15.1 7.17 5.90 42.3 42.3 7.17 0.8 36 311 9.1 0.6 Piped to DP 4.5

0.2 0.02 1.0 292 1.5 3.2 On-grade inlet, carryover flow to DP 33
31 B17 0.99 0.60 8.2 0.60 7.43 4.5 4.3 0.58 2.0 18 13 7.2 0.0 Piped to DP 4.5

Sum of DP 31 & DP 4.4
4.5 15.6 7.75 5.81 45.0 45.0 7.75 0.5 42 32 7.8 0.1 Piped to DP 2.6

On-grade inlet
32 B18 0.47 0.66 7.2 0.31 7.75 2.4 2.4 0.31 0.5 42 0 3.4 0.0 Piped to DP 4.6

Sum of DP 32 & DP 4.5
4.6 15.7 8.06 5.80 46.7 46.7 8.06 0.5 42 52 7.9 0.1 Piped to DP 35

46.7 8.06 0.5 336 1.1 5.3 Pond B forebay
35 15.7 8.1 5.8 46.7 Trickle channel conveyance to DP 37

Sum of carryover from DP 31 and Sub-basin B19,On-grade Inlet
33 B19 1.92 0.53 16.9 1.01 5.60 5.7 16.9 1.03 5.60 5.8 5.8 1.03 1.0 18 55 6.0 0.2 Piped to DP 4.7

On-grade Inlet
34 B20 0.26 0.66 6.3 0.17 8.12 1.4 1.4 0.17 1.0 24 0 3.9 0.0 Piped to DP 4.7

Sum of DP 33 & DP 34
4.7 17.1 1.20 5.58 6.7 6.7 1.20 1.0 24 52 6.2 0.1 Piped to DP 2.6

6.7 1.20 0.5 106 1.1 1.7 Pond B forebay
36 17.1 1.2 5.6 6.7 Trickle channel conveyance to DP 37

3.6 0.86 2.18 Overland Flow
37 B21 2.46 0.35 29.7 0.86 4.19 3.6 Pond Conveyance to DP 37

Pond outlet Structure
37 21.0 10.12 5.06 51.3 Release detained flows into Sandcreek Drainageway

1.0 0.12 5.0 0 4.5 0.0 Future overland flow
38 F6 0.35 0.35 5.3 0.12 8.52 1.0 Sheet flow offsite per historic condition

1.5 0.19 2.0 0 2.8 0.0 Future overland flow
39 F7 0.53 0.35 6.9 0.19 7.87 1.5 Existing swale conveyance offsite per historic condition

2.2 0.37 1.0 183 2.0 1.5 Future overland flow to DP 40
40 C1 0.74 0.51 15.0 0.37 5.91 2.2 Existing swale conveyance offsite per historic condition

2.3 0.28 4.57 0 4.3 0.0 Overland flow
41 C2 0.80 0.35 6.3 0.28 8.12 2.3 Sheet flow offsite per historic condition

2.6 0.41 3.3 0 3.6 0.0 Overland flow
42 D1 0.95 0.43 12.8 0.41 6.31 2.6 Overflow channel to the Sandcreek Drainageway

73.1 12.41 3.2 225 3.6 1.0 Surface runoff from Basin OS1, captured by existing channel and proposed overflow channel at DP 43
43 OS1 17.73 0.70 15.1 12.41 5.89 73.1 Channel conveyance to Sand Creek at DP 5.1

42.4 6.25 3.2 147 2.7 0.9 Surface runoff from Basin OS2
44 OS2 8.93 0.70 10.6 6.25 6.78 42.4 Diverted to swale west of site at DP 44

820.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
5.0 - - - - - - 820.0

820.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
5.1 - - - - - - 820.0

1037.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
5.2 - - - - - - 1037.0

1100.0 Flow taken directly from the Sand Creek Drainage Basin Planning Study
5.3 - - - - - - 1100.0

Notes:
Street and Pipe C*A values are determined by Q/i using the catchment's intensity value.
All pipes are private and RCP unless otherwise noted. Pipe size shown in table column.
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Scenario: 5 year
Current Time Step: 0.000 h
Conduit FlexTable: Combined Pipe/Node Report

X:\2510000.all\2517400\StormCAD\Solace.stsw

Upstream 
Structure

Label
Flow 
(cfs)

Diameter 
(in)

Slope 
(Calculated) 

(ft/ft)

Invert 
(Start) 

(ft)

Invert 
(Stop) 

(ft)

Elevation 
Ground 
(Start) 

(ft)

Elevation 
Ground 
(Stop) 

(ft)

Hydraulic 
Grade 

Line (In) 
(ft)

Hydraulic 
Grade 
Line 

(Out) (ft)

Energy 
Grade 

Line (In) 
(ft)

Energy 
Grade 
Line 

(Out) (ft)

Velocity 
(ft/s)

Upstream 
Structure 
Headloss 
Coefficient

Length 
(User 

Defined) 
(ft)

DP09-2 CO-1 2.10 12.0 0.010 6,263.75 6,263.66 6,267.82 6,268.25 6,264.37 6,264.34 6,264.63 6,264.55 4.76 1.000 8.8
DP09-1 CO-2 2.10 12.0 0.010 6,263.46 6,262.84 6,268.25 6,267.71 6,264.08 6,263.91 6,264.34 6,264.02 4.71 1.000 62.5
DP01-2 P01-1 22.40 42.0 0.005 6,246.24 6,245.98 6,252.97 6,249.87 6,247.69 6,247.33 6,248.24 6,248.00 6.55 0.050 52.0
DP01-11 P01-10 11.90 30.0 0.010 6,255.56 6,253.84 6,262.02 6,260.91 6,256.72 6,255.06 6,257.16 6,255.45 7.24 1.020 171.7
DP01-12 P01-11 11.10 24.0 0.010 6,256.81 6,256.06 6,264.38 6,262.02 6,258.00 6,257.05 6,258.50 6,257.85 7.18 0.050 74.6
DP01-13 P01-12 10.60 24.0 0.010 6,258.65 6,257.01 6,265.62 6,264.38 6,259.82 6,257.97 6,260.30 6,258.75 7.09 0.640 163.6
DP01-14 P01-13 10.50 24.0 0.010 6,259.07 6,258.85 6,265.81 6,265.62 6,260.23 6,260.13 6,260.71 6,260.51 7.09 1.020 21.8
DP01-15 P01-14 9.60 18.0 0.010 6,259.32 6,259.20 6,265.70 6,265.81 6,260.82 6,260.72 6,261.28 6,261.18 6.74 0.050 11.8
DP01-16 P01-15 6.40 18.0 0.010 6,260.28 6,259.59 6,265.15 6,265.70 6,261.26 6,260.84 6,261.69 6,261.10 6.23 0.000 69.2
DP01-3 P01-2 21.70 42.0 0.005 6,246.60 6,246.44 6,252.79 6,252.97 6,248.03 6,247.78 6,248.57 6,248.42 6.48 1.020 32.2
DP01-4 P01-3 20.70 36.0 0.007 6,248.21 6,246.80 6,255.53 6,252.79 6,249.67 6,248.58 6,250.24 6,248.93 7.49 1.320 188.4
DP01-5 P01-4 20.70 36.0 0.005 6,249.02 6,248.41 6,257.20 6,255.53 6,250.48 6,250.42 6,251.05 6,250.69 6.44 1.020 122.5
DP01-6 P01-5 20.00 36.0 0.005 6,250.01 6,249.22 6,257.99 6,257.20 6,251.45 6,251.06 6,252.00 6,251.36 6.40 1.020 158.1
DP01-7 P01-6 13.80 36.0 0.010 6,250.87 6,250.41 6,258.31 6,257.99 6,252.05 6,252.01 6,252.49 6,252.21 7.44 1.020 46.0
DP01-8 P01-7 13.30 30.0 0.005 6,251.88 6,251.37 6,259.77 6,258.31 6,253.11 6,252.56 6,253.59 6,253.08 5.80 0.400 101.1
DP01-9 P01-8 13.00 30.0 0.005 6,252.23 6,252.08 6,258.40 6,259.77 6,253.44 6,253.30 6,253.91 6,253.76 5.75 0.400 30.0
DP01-10 P01-9 13.00 30.0 0.008 6,253.64 6,252.43 6,260.91 6,258.40 6,254.85 6,253.48 6,255.32 6,254.17 6.68 0.450 161.0
DP02-2 P02-1 8.60 24.0 0.030 6,255.29 6,253.65 6,262.08 6,256.99 6,256.34 6,254.31 6,256.75 6,255.72 9.98 0.050 54.9
DP02-3 P02-2 8.10 24.0 0.010 6,256.39 6,255.94 6,262.08 6,262.08 6,257.40 6,256.78 6,257.80 6,257.43 6.64 0.050 44.3
DP02-4 P02-3 7.10 18.0 0.010 6,257.20 6,256.89 6,262.72 6,262.08 6,258.23 6,257.81 6,258.70 6,258.42 6.36 0.100 31.2
DP02-5 P02-4 3.10 18.0 0.010 6,258.54 6,257.40 6,264.18 6,262.72 6,259.21 6,258.28 6,259.47 6,258.41 5.18 0.100 113.6
DP02-6 P02-5 2.80 18.0 0.010 6,259.78 6,258.74 6,266.02 6,264.18 6,260.42 6,259.27 6,260.66 6,259.66 5.02 0.520 104.5
DP02-7 P02-6 2.10 18.0 0.010 6,260.42 6,259.98 6,265.64 6,266.02 6,260.97 6,260.54 6,261.17 6,260.73 4.66 0.400 43.6
DP02-8 P02-7 2.10 18.0 0.010 6,261.19 6,260.62 6,267.06 6,265.64 6,261.74 6,261.07 6,261.94 6,261.41 4.65 0.050 56.6
DP02-9 P02-8 1.60 18.0 0.010 6,261.55 6,261.39 6,266.82 6,267.06 6,262.02 6,261.79 6,262.20 6,262.07 4.30 0.000 15.9
DP03-2 P03-1 4.30 18.0 0.031 6,259.72 6,255.40 6,267.19 6,258.76 6,260.52 6,255.89 6,260.83 6,257.03 8.58 0.400 137.2
DP-03-3 P03-2 4.30 18.0 0.010 6,261.36 6,260.52 6,266.61 6,267.19 6,262.16 6,261.19 6,262.47 6,261.68 5.64 1.520 84.2
DP03-4 P03-3(1) 2.20 18.0 0.010 6,264.44 6,262.84 6,269.46 6,267.71 6,265.00 6,263.91 6,265.21 6,263.95 4.70 0.050 160.0
MH-5 P03-3(2) 4.30 18.0 0.010 6,262.64 6,261.56 6,267.71 6,266.61 6,263.44 6,262.64 6,263.75 6,262.79 5.72 1.500 104.2
DP03-5 P03-4 2.20 18.0 0.010 6,265.17 6,264.64 6,270.32 6,269.46 6,265.73 6,265.11 6,265.94 6,265.45 4.69 0.000 53.3
DP04-1 P04-1 6.90 24.0 0.010 6,251.65 6,251.21 6,256.47 6,257.99 6,252.58 6,251.98 6,252.94 6,252.58 6.32 1.520 44.0
DP04-2 P04-2 1.20 18.0 0.010 6,252.26 6,251.85 6,257.41 6,256.47 6,253.13 6,253.13 6,253.15 6,253.14 3.95 0.000 41.0
DP05-1 P05-1 1.60 18.0 0.015 6,261.02 6,260.02 6,265.37 6,265.81 6,261.50 6,260.72 6,261.67 6,260.78 4.95 0.400 66.9
DP05-2 P05-2 1.60 18.0 0.020 6,261.70 6,261.22 6,266.72 6,265.37 6,262.18 6,261.56 6,262.35 6,262.00 5.49 0.000 24.1
DP06-1 P06-1 4.10 18.0 0.020 6,252.49 6,251.85 6,257.48 6,256.47 6,253.27 6,253.13 6,253.57 6,253.23 7.18 0.000 32.0
DP07-1 P07-1 1.90 18.0 0.020 6,252.09 6,251.85 6,256.68 6,256.47 6,253.12 6,253.13 6,253.15 6,253.15 5.76 0.000 12.1
DP08-1 P08-01 1.00 18.0 0.020 6,261.57 6,260.91 6,266.14 6,266.02 6,261.94 6,261.17 6,262.08 6,261.53 4.79 0.000 33.0
DP10-1 P10-1 0.00 18.0 0.050 6,261.97 6,261.60 6,266.90 6,266.61 6,262.64 6,262.64 6,262.64 6,262.64 0.00 0.000 7.4
DP11-2 P11-1 2.50 18.0 0.007 6,245.02 6,244.65 6,250.01 6,246.66 6,245.75 6,245.77 6,245.88 6,245.82 4.38 0.050 49.8
DP11-3 P11-2 2.10 18.0 0.008 6,245.65 6,245.22 6,249.80 6,250.01 6,246.20 6,245.70 6,246.40 6,245.99 4.26 0.000 54.4
DP12-1 P12-1 1.80 18.0 0.020 6,248.05 6,247.80 6,252.95 6,252.79 6,248.55 6,248.58 6,248.74 6,248.64 5.68 0.000 12.6
DP13-1 P13-1 1.30 18.0 0.040 6,251.86 6,250.52 6,256.31 6,257.20 6,252.29 6,251.06 6,252.44 6,251.14 6.59 0.000 33.6
DP14-1 P14-1 1.00 18.0 0.040 6,252.89 6,252.37 6,257.83 6,258.31 6,253.26 6,252.60 6,253.40 6,253.11 6.12 0.000 12.9
DP15-1 P15-1 1.10 18.0 0.067 6,257.43 6,256.56 6,261.74 6,262.02 6,257.82 6,257.17 6,257.96 6,257.21 7.52 0.000 13.0
Structure - (81) (STORM) Pipe - (66) (STORM) 2.70 36.0 0.010 6,243.00 6,242.44 6,247.85 6,245.78 6,243.51 6,242.85 6,243.69 6,243.18 4.61 0.000 56.3
Structure - (93) (STORM) Pipe - (75) (STORM) 1.30 36.0 0.010 6,250.10 6,249.18 6,257.50 6,252.53 6,250.45 6,249.47 6,250.57 6,249.68 3.71 0.000 92.0
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Scenario: 100 year
Current Time Step: 0.000 h
Conduit FlexTable: Combined Pipe/Node Report

X:\2510000.all\2517400\StormCAD\Solace.stsw

Upstream 
Structure
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DP09-2 CO-1 4.40 12.0 0.010 6,263.75 6,263.66 6,267.82 6,268.25 6,266.76 6,266.62 6,267.25 6,267.11 5.60 1.000 8.8
DP09-1 CO-2 4.40 12.0 0.010 6,263.46 6,262.84 6,268.25 6,267.71 6,266.14 6,265.18 6,266.62 6,265.67 5.60 1.000 62.5
DP01-2 P01-1 46.70 42.0 0.005 6,246.24 6,245.98 6,252.97 6,249.87 6,248.37 6,248.05 6,249.27 6,249.02 7.89 0.050 52.0
DP01-11 P01-10 21.60 30.0 0.010 6,255.56 6,253.84 6,262.02 6,260.91 6,257.14 6,255.65 6,257.82 6,256.15 8.47 1.020 171.7
DP01-12 P01-11 20.20 24.0 0.010 6,256.81 6,256.06 6,264.38 6,262.02 6,258.42 6,257.83 6,259.28 6,258.56 8.16 0.050 74.6
DP01-13 P01-12 19.10 24.0 0.010 6,258.65 6,257.01 6,265.62 6,264.38 6,260.22 6,258.42 6,261.03 6,259.43 8.08 0.640 163.6
DP01-14 P01-13 19.00 24.0 0.010 6,259.07 6,258.85 6,265.81 6,265.62 6,260.79 6,260.74 6,261.47 6,261.33 8.10 1.020 21.8
DP01-15 P01-14 17.30 18.0 0.010 6,259.32 6,259.20 6,265.70 6,265.81 6,261.80 6,261.48 6,263.29 6,262.97 9.79 0.050 11.8
DP01-16 P01-15 9.10 18.0 0.010 6,260.28 6,259.59 6,265.15 6,265.70 6,262.40 6,261.88 6,262.81 6,262.29 5.15 0.000 69.2
DP01-3 P01-2 45.00 42.0 0.005 6,246.60 6,246.44 6,252.79 6,252.97 6,248.69 6,248.47 6,249.57 6,249.41 7.81 1.020 32.2
DP01-4 P01-3 42.30 36.0 0.007 6,248.21 6,246.80 6,255.53 6,252.79 6,250.33 6,249.58 6,251.31 6,250.18 8.92 1.320 188.4
DP01-5 P01-4 42.30 36.0 0.005 6,249.02 6,248.41 6,257.20 6,255.53 6,252.11 6,251.62 6,252.67 6,252.17 5.98 1.020 122.5
DP01-6 P01-5 40.80 36.0 0.005 6,250.01 6,249.22 6,257.99 6,257.20 6,253.27 6,252.68 6,253.79 6,253.20 5.77 1.020 158.1
DP01-7 P01-6 26.10 36.0 0.010 6,250.87 6,250.41 6,258.31 6,257.99 6,253.87 6,253.80 6,254.08 6,254.01 8.86 1.020 46.0
DP01-8 P01-7 24.70 30.0 0.005 6,251.88 6,251.37 6,259.77 6,258.31 6,254.45 6,254.08 6,254.84 6,254.48 5.03 0.400 101.1
DP01-9 P01-8 24.10 30.0 0.005 6,252.23 6,252.08 6,258.40 6,259.77 6,254.71 6,254.61 6,255.08 6,254.98 6.61 0.400 30.0
DP01-10 P01-9 24.10 30.0 0.008 6,253.64 6,252.43 6,260.91 6,258.40 6,255.31 6,254.86 6,256.05 6,255.24 7.78 0.450 161.0
DP02-2 P02-1 19.40 24.0 0.030 6,255.29 6,253.65 6,262.08 6,256.99 6,256.87 6,255.46 6,257.70 6,256.11 12.42 0.050 54.9
DP02-3 P02-2 18.20 24.0 0.010 6,256.39 6,255.94 6,262.08 6,262.08 6,257.93 6,257.31 6,258.69 6,258.29 8.06 0.050 44.3
DP02-4 P02-3 15.10 18.0 0.010 6,257.20 6,256.89 6,262.72 6,262.08 6,259.00 6,258.30 6,260.13 6,259.49 8.54 0.100 31.2
DP02-5 P02-4 6.10 18.0 0.010 6,258.54 6,257.40 6,264.18 6,262.72 6,259.49 6,259.11 6,259.91 6,259.30 6.18 0.100 113.6
DP02-6 P02-5 5.50 18.0 0.010 6,259.78 6,258.74 6,266.02 6,264.18 6,260.68 6,259.51 6,261.06 6,260.07 6.00 0.520 104.5
DP02-7 P02-6 4.30 18.0 0.010 6,260.42 6,259.98 6,265.64 6,266.02 6,261.22 6,260.88 6,261.53 6,261.12 5.66 0.400 43.6
DP02-8 P02-7 4.30 18.0 0.010 6,261.19 6,260.62 6,267.06 6,265.64 6,261.98 6,261.29 6,262.30 6,261.79 5.66 0.050 56.6
DP02-9 P02-8 3.50 18.0 0.010 6,261.55 6,261.39 6,266.82 6,267.06 6,262.26 6,262.00 6,262.54 6,262.42 5.36 0.000 15.9
DP03-2 P03-1 11.30 18.0 0.031 6,259.72 6,255.40 6,267.19 6,258.76 6,261.00 6,256.24 6,261.77 6,258.14 11.05 0.400 137.2
DP-03-3 P03-2 11.30 18.0 0.010 6,261.36 6,260.52 6,266.61 6,267.19 6,262.74 6,261.80 6,263.43 6,262.57 6.39 1.520 84.2
DP03-4 P03-3(1) 4.70 18.0 0.010 6,264.44 6,262.84 6,269.46 6,267.71 6,265.37 6,265.18 6,265.63 6,265.29 5.78 0.050 160.0
MH-5 P03-3(2) 9.10 18.0 0.010 6,262.64 6,261.56 6,267.71 6,266.61 6,264.56 6,263.78 6,264.98 6,264.19 5.15 1.500 104.2
DP03-5 P03-4 4.70 18.0 0.010 6,265.17 6,264.64 6,270.32 6,269.46 6,266.00 6,265.34 6,266.34 6,265.86 5.77 0.000 53.3
DP04-1 P04-1 15.70 24.0 0.010 6,251.65 6,251.21 6,256.47 6,257.99 6,254.01 6,253.80 6,254.40 6,254.19 5.00 1.520 44.0
DP04-2 P04-2 2.90 18.0 0.010 6,252.26 6,251.85 6,257.41 6,256.47 6,254.63 6,254.60 6,254.67 6,254.64 1.64 0.000 41.0
DP05-1 P05-1 2.80 18.0 0.015 6,261.02 6,260.02 6,265.37 6,265.81 6,261.66 6,261.48 6,261.90 6,261.52 5.81 0.400 66.9
DP05-2 P05-2 2.80 18.0 0.020 6,261.70 6,261.22 6,266.72 6,265.37 6,262.33 6,261.68 6,262.58 6,262.26 6.44 0.000 24.1
DP06-1 P06-1 9.50 18.0 0.020 6,252.49 6,251.85 6,257.48 6,256.47 6,254.86 6,254.60 6,255.31 6,255.05 5.38 0.000 32.0
DP07-1 P07-1 4.10 18.0 0.020 6,252.09 6,251.85 6,256.68 6,256.47 6,254.62 6,254.60 6,254.70 6,254.68 2.32 0.000 12.1
DP08-1 P08-01 1.50 18.0 0.020 6,261.57 6,260.91 6,266.14 6,266.02 6,262.03 6,261.23 6,262.20 6,261.68 5.39 0.000 33.0
DP10-1 P10-1 2.30 18.0 0.050 6,261.97 6,261.60 6,266.90 6,266.61 6,263.79 6,263.78 6,263.81 6,263.81 1.30 0.000 7.4
DP11-2 P11-1 6.70 18.0 0.007 6,245.02 6,244.65 6,250.01 6,246.66 6,248.16 6,247.96 6,248.39 6,248.18 3.79 0.050 49.8
DP11-3 P11-2 5.80 18.0 0.008 6,245.65 6,245.22 6,249.80 6,250.01 6,248.34 6,248.17 6,248.51 6,248.34 3.28 0.000 54.4
DP12-1 P12-1 4.30 18.0 0.020 6,248.05 6,247.80 6,252.95 6,252.79 6,249.60 6,249.58 6,249.70 6,249.68 2.43 0.000 12.6
DP13-1 P13-1 2.70 18.0 0.040 6,251.86 6,250.52 6,256.31 6,257.20 6,252.58 6,252.68 6,252.74 6,252.71 8.16 0.000 33.6
DP14-1 P14-1 2.20 18.0 0.040 6,252.89 6,252.37 6,257.83 6,258.31 6,254.08 6,254.08 6,254.11 6,254.11 7.72 0.000 12.9
DP15-1 P15-1 1.80 18.0 0.067 6,257.43 6,256.56 6,261.74 6,262.02 6,257.93 6,257.83 6,258.12 6,257.85 8.71 0.000 13.0
Structure - (81) (STORM) Pipe - (66) (STORM) 3.30 36.0 0.010 6,243.00 6,242.44 6,247.85 6,245.78 6,248.73 6,248.73 6,248.73 6,248.73 0.47 0.000 56.3
Structure - (93) (STORM) Pipe - (75) (STORM) 3.20 36.0 0.010 6,250.10 6,249.18 6,257.50 6,252.53 6,254.22 6,254.22 6,254.23 6,254.22 0.45 0.000 92.0
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Scenario:  5 year
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Scenario:  5 year
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Scenario:  5 year
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Scenario:  5 year
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Scenario:  5 year
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 5.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 24.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.025 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.010 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 24.0 24.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 11.9 39.5 cfs
Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.06  Released August 2018

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

Solace Apartments
A1

UD-Inlet_v4.06.xlsm, A1 11/24/2020, 11:15 AM



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 = 1.6 2.3 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.1 1.0 cfs
Capture Percentage = Qa/Qo = C% = 93 71 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening

UD-Inlet_v4.06.xlsm, A1 11/24/2020, 11:15 AM



Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.012 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 13.7 13.7 cfs
Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.06  Released August 2018

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

Solace Apartments
A2

UD-Inlet_v4.06.xlsm, A2 11/24/2020, 11:15 AM



Design Information (Input) MINOR MAJOR
Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 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 = 3.00 3.00 ft
Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft
Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR
Total Inlet Interception Capacity Q = 1.0 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.6 1.6 cfs
Capture Percentage = Qa/Qo = C% = 63 48 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

Denver No. 16 Valley GrateDenver No. 16 Valley Grate

UD-Inlet_v4.06.xlsm, A2 11/24/2020, 11:15 AM



Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.020 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 17.7 17.7 cfs
Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.06  Released August 2018

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

Solace Apartments
A3

UD-Inlet_v4.06.xlsm, A3 11/24/2020, 11:15 AM



Design Information (Input) MINOR MAJOR
Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 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 = 3.00 3.00 ft
Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft
Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR
Total Inlet Interception Capacity Q = 1.0 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.6 1.6 cfs
Capture Percentage = Qa/Qo = C% = 63 48 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

Denver No. 16 Valley GrateDenver No. 16 Valley Grate

UD-Inlet_v4.06.xlsm, A3 11/24/2020, 11:15 AM



Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 2.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.06  Released August 2018

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

Solace Apartments
A6
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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 = 1 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 4.7 6.4 inches
Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet
Width of a Unit Grate Wo = N/A N/A feet
Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = N/A N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 10.00 10.00 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 (see USDCM Figure ST-5) 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 = 0.23 0.37 ft
Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.45 0.61
Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.85 0.96
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 4.3 10.0 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 4.2 9.6 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
Version 4.06  Released August 2018
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UD-Inlet_v4.06.xlsm, A6 11/24/2020, 11:15 AM



Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.015 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 20.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 16.9 20.0 cfs
Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.06  Released August 2018

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

Solace Apartments
A7
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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 = 10.00 10.00 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 = 1.1 3.2 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo = C% = 100 100 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.015 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 20.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 16.9 20.0 cfs
Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Version 4.06  Released August 2018

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

Solace Apartments
A8

CDOT Type R Curb Op
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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 = 10.00 10.00 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 = 0.8 1.7 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo = C% = 100 100 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.013 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 14.3 14.3 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B1

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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Design Information (Input) MINOR MAJOR
Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 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 = 3.00 3.00 ft
Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft
Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR
Total Inlet Interception Capacity Q = 1.7 2.7 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 2.4 7.0 cfs
Capture Percentage = Qa/Qo = C% = 42 28 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

Denver No. 16 Valley GrateDenver No. 16 Valley Grate
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 24.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.025 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.028 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 24.0 24.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 15.7 65.7 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B2

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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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 = 10.00 10.00 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 = 1.6 2.8 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo = C% = 100 100 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 24.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.013 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 24.0 24.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 15.7 30.1 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B3

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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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 = 15.00 15.00 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 = 3.2 8.2 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.3 cfs
Capture Percentage = Qa/Qo = C% = 100 96 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.012 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 13.7 13.7 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B6

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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Design Information (Input) MINOR MAJOR
Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 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 = 3.00 3.00 ft
Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft
Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR
Total Inlet Interception Capacity Q = 1.1 1.8 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.8 2.5 cfs
Capture Percentage = Qa/Qo = C% = 59 42 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

Denver No. 16 Valley GrateDenver No. 16 Valley G
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 24.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.030 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 24.0 24.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.06  Released August 2018

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

Solace Apartments
B10
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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 = 1 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 3.5 4.2 inches
Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet
Width of a Unit Grate Wo = N/A N/A feet
Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = N/A N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 5.00 5.00 feet
Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches
Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches
Angle of Throat (see USDCM Figure ST-5) 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 = 0.13 0.19 ft
Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.45 0.54
Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 0.99 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 1.2 2.3 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 1.0 2.2 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
Version 4.06  Released August 2018
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.034 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 17.1 23.1 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B13

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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Design Information (Input) MINOR MAJOR
Type of Inlet Type =
Local Depression (additional to continuous gutter depression 'a') aLOCAL = 2.0 2.0 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 = 3.00 3.00 ft
Width of a Unit Grate (cannot be greater than W, Gutter Width) Wo = 1.73 1.73 ft
Clogging Factor  for a Single Unit Grate (typical min. value = 0.5) Cf-G = 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) Cf-C = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity' MINOR MAJOR
Total Inlet Interception Capacity Q = 0.9 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.6 1.7 cfs
Capture Percentage = Qa/Qo = C% = 62 46 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

Denver No. 16 Valley GrateDenver No. 16 Valley G
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.030 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.06  Released August 2018

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

Solace Apartments
B12
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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 = 1 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 4.8 6.8 inches
Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet
Width of a Unit Grate Wo = N/A N/A feet
Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = N/A N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 5.00 5.00 feet
Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches
Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches
Angle of Throat (see USDCM Figure ST-5) 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 = 0.23 0.40 ft
Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.62 0.88
Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 3.2 7.2 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 3.1 7.1 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
Version 4.06  Released August 2018

H -V ert
H -Curb
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Lo (C )

Lo (G)

W o
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CDOT Type R Curb Opening

Override Depths
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.027 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 = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.06  Released August 2018

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

Solace Apartments
B14

UD-Inlet_v4.06.xlsm, B14 11/24/2020, 11:15 AM



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 = 1 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 4.7 5.4 inches
Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = N/A N/A feet
Width of a Unit Grate Wo = N/A N/A feet
Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = N/A N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Cf (G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw  (G) = N/A N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = N/A N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = 5.00 5.00 feet
Height of Vertical Curb Opening in Inches Hvert = 6.00 6.00 inches
Height of Curb Orifice Throat in Inches Hthroat = 6.00 6.00 inches
Angle of Throat (see USDCM Figure ST-5) 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 = 0.23 0.28 ft
Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = 0.61 0.69
Curb Opening Performance Reduction Factor for Long Inlets RFCurb = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = N/A N/A

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 3.1 4.2 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 1.9 4.1 cfs

CDOT Type R Curb Opening

INLET IN A SUMP OR SAG LOCATION
Version 4.06  Released August 2018
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 18.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.000 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) nSTREET = 0.016

Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm TMAX = 18.0 18.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = SUMP SUMP cfs

Version 4.06  Released August 2018

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

Solace Apartments
B15
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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 = 3.2 4.3 inches
Grate Information MINOR MAJOR
Length of a Unit Grate Lo (G) = 3.00 3.00 feet
Width of a Unit Grate Wo = 1.73 1.73 feet
Area Opening Ratio for a Grate (typical values 0.15-0.90) Aratio = 0.31 0.31
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) = 3.60 3.60
Grate Orifice Coefficient (typical value 0.60 - 0.80) Co (G) = 0.60 0.60
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening Lo (C) = N/A N/A feet
Height of Vertical Curb Opening in Inches Hvert = N/A N/A inches
Height of Curb Orifice Throat in Inches Hthroat = N/A N/A inches
Angle of Throat (see USDCM Figure ST-5) Theta = N/A N/A degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = N/A N/A feet
Clogging Factor for a Single Curb Opening (typical value 0.10) Cf (C) = N/A N/A
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cw (C) = N/A N/A
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = N/A N/A

Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dGrate = 0.294 0.381 ft
Depth for Curb Opening Weir Equation dCurb = N/A N/A ft
Combination Inlet Performance Reduction Factor for Long Inlets RFCombination = N/A N/A
Curb Opening Performance Reduction Factor for Long Inlets RFCurb = N/A N/A
Grated Inlet Performance Reduction Factor for Long Inlets RFGrate = 0.38 0.51

MINOR MAJOR

Total Inlet Interception Capacity (assumes clogged condition) Qa = 0.9 1.8 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q PEAK REQUIRED = 0.9 1.8 cfs

Denver No. 16 Valley Grate

INLET IN A SUMP OR SAG LOCATION
Version 4.06  Released August 2018
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.015 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 20.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 16.9 20.0 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B17

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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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 = 10.00 10.00 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 = 1.8 4.3 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.2 cfs
Capture Percentage = Qa/Qo = C% = 100 96 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.015 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 20.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 16.9 20.0 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B18

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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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 = 10.00 10.00 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 = 1.1 2.4 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo = C% = 100 100 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 0.010 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 20.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qallow = 13.8 16.3 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B19

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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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 = 15.00 15.00 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 = 2.1 5.8 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo = C% = 100 100 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb OpeningCDOT Type R Curb Opening
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Project:
Inlet ID:

Gutter Geometry (Enter data in the blue cells)
Maximum Allowable Width for Spread Behind Curb TBACK = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) SBACK = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) nBACK = 0.016

Height of Curb at Gutter Flow Line HCURB = 6.00 inches
Distance from Curb Face to Street Crown TCROWN = 20.0 ft
Gutter Width W = 2.00 ft
Street Transverse Slope SX = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) SW = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition SO = 1.000 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 20.0 ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dMAX = 6.0 12.0 inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes

MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Depth Criterion Qallow = 6.2 46.5 cfs

Version 4.06  Released August 2018

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

Solace Apartments
B20

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

CDOT Type R Curb Op
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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 = 10.00 10.00 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 = 0.6 1.4 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Qb = 0.0 0.0 cfs
Capture Percentage = Qa/Qo = C% = 100 100 %

INLET ON A CONTINUOUS GRADE
Version 4.06  Released August 2018

CDOT Type R Curb Opening
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Chapter 8 Open Channels 
 

January 2016 Urban Drainage and Flood Control District 8-53 
Urban Storm Drainage Criteria Manual Volume 1 

 

Figure 8-22.  Swale stability chart; 2- to 4-foot bottom width and side slopes between 5:1 and 10:1 
(Note: Riprap classifications refer to gradation for riprap used in soil riprap or void-filled riprap.  See 

Figure 8-34 for gradations.) (Source: Muller Engineering Company)  



Final Drainage Report
Solace at Cimarron Hills
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APPENDIX C

WATER QUALITY AND DETENTION CALCULATIONS



Project:

Basin ID:

Depth Increment = ft

Watershed Information 6251 Top of Micropool -- 0.00 -- -- -- 10 0.000

Selected BMP Type = EDB ELEV:6252 -- 1.00 -- -- -- 909 0.021 459 0.011

Watershed Area = 7.89 acres ELEV:6253 -- 2.00 -- -- -- 4,500 0.103 3,164 0.073

Watershed Length = 790 ft ELEV:6254 -- 3.00 -- -- -- 8,857 0.203 9,842 0.226
Watershed Length to Centroid = 340 ft ELEV:6255 -- 4.00 -- -- -- 13,976 0.321 21,259 0.488

Watershed Slope = 0.020 ft/ft ELEV:6256 -- 5.00 -- -- -- 17,609 0.404 37,051 0.851
Watershed Imperviousness = 49.43% percent ELEV:6257 -- 6.00 -- -- -- 20,879 0.479 56,295 1.292

Percentage Hydrologic Soil Group A = 1.0% percent -- -- -- --
Percentage Hydrologic Soil Group B = 99.0% percent -- -- -- --

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

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

Optional User Overrides -- -- -- --
Water Quality Capture Volume (WQCV) = 0.135 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.417 acre-feet acre-feet -- -- -- --
2-yr Runoff Volume (P1 = 1.19 in.) = 0.382 acre-feet 1.19 inches -- -- -- --
5-yr Runoff Volume (P1 = 1.5 in.) = 0.546 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 0.691 acre-feet 1.75 inches -- -- -- --
25-yr Runoff Volume (P1 = 2 in.) = 0.887 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 1.052 acre-feet 2.26 inches -- -- -- --
100-yr Runoff Volume (P1 = 2.52 in.) = 1.247 acre-feet 2.52 inches -- -- -- --
500-yr Runoff Volume (P1 = 3.14 in.) = 1.654 acre-feet inches -- -- -- --
Approximate 2-yr Detention Volume = 0.314 acre-feet -- -- -- --
Approximate 5-yr Detention Volume = 0.430 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 0.570 acre-feet -- -- -- --
Approximate 25-yr Detention Volume = 0.626 acre-feet -- -- -- --
Approximate 50-yr Detention Volume = 0.657 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 0.732 acre-feet -- -- -- --
-- -- -- --

Define Zones and Basin Geometry -- -- -- --
Zone 1 Volume (WQCV) = 0.135 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.282 acre-feet -- -- -- --
Zone 3 Volume (100-year - Zones 1 & 2) = 0.315 acre-feet -- -- -- --

Total Detention Basin Volume = 0.732 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 -- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

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

the embedded Colorado Urban Hydrograph Procedure.
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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
H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV
0.00 Floor 0.00 Floor
2.49 Zone 1 (WQCV) 2.49 Zone 1 (WQCV)
3.77 Zone 2 (EURV) 3.77 Zone 2 (EURV)
4.70 Zone 3 (100-year) 4.70 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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  Project:
  Basin ID:

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

Zone 1 (WQCV) 2.49 0.135 Orifice Plate

Zone 2 (EURV) 3.77 0.282 Circular Orifice

Zone 3 (100-year) 4.70 0.315 Weir&Pipe (Restrict)

Total (all zones) 0.732
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain

Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ft2

Underdrain Orifice Diameter = inches Underdrain Orifice Centroid = feet

User Input:  Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 3.125E-03 ft2

Depth at top of Zone using Orifice Plate = 2.49 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 = 0.45 sq. inches (diameter = 3/4 inch) Elliptical Slot Area = N/A ft2

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

Stage of Orifice Centroid (ft) 0.00 0.70 1.40 2.10
Orifice Area (sq. inches) 0.45 0.45 0.45 0.45

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
Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = 2.49 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.00 N/A ft2

Depth at top of Zone using Vertical Orifice = 3.77 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.02 N/A feet
Vertical Orifice Diameter = 0.38 N/A inches

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

Overflow Weir Front Edge Height, Ho = 3.77 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.77 N/A feet
Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 3.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 28.73 N/A
Horiz. Length of Weir Sides = 3.00 N/A feet Overflow Grate Open Area w/o Debris = 8.40 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 4.20 N/A ft2

Debris Clogging % = 50% N/A %

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

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.29 N/A ft2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.20 N/A feet
Restrictor Plate Height Above Pipe Invert = 4.00 inches Half-Central Angle of Restrictor Plate on Pipe = 0.98 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 5.47 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.31 feet

Spillway Crest Length = 40.00 feet Stage at Top of Freeboard = 6.78 feet
Spillway End Slopes = 10.00 H:V Basin Area at Top of Freeboard = 0.48 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 1.29 acre-ft

Max Ponding Depth of Target Storage Volume = 5.26 feet Discharge at Top of Freeboard = 54.60 cfs
Routed Hydrograph Results

Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.26 2.52 3.14

CUHP Runoff Volume (acre-ft) = 0.135 0.417 0.382 0.546 0.691 0.887 1.052 1.247 1.654
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.382 0.546 0.691 0.887 1.052 1.247 1.654
CUHP Predevelopment Peak Q (cfs) = N/A N/A 0.9 2.7 4.0 7.2 9.1 11.2 15.7

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.12 0.34 0.51 0.91 1.15 1.42 1.99

Peak Inflow Q (cfs) = N/A N/A 6.7 9.8 12.0 15.6 18.5 22.1 28.9
Peak Outflow Q (cfs) = 0.1 0.1 0.1 1.3 2.7 2.9 3.0 3.2 12.0

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.5 0.7 0.4 0.3 0.3 0.8
Structure Controlling Flow = Plate Overflow Weir 1 Vertical Orifice 1 Overflow Weir 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.1 0.3 0.3 0.3 0.4 0.4
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) = 37 70 67 72 70 68 67 66 63
Time to Drain 99% of Inflow Volume (hours) = 40 76 72 78 77 76 76 75 74

Maximum Ponding Depth (ft) = 2.49 3.77 3.58 3.89 4.01 4.46 4.80 5.26 5.64
Area at Maximum Ponding Depth (acres) = 0.15 0.29 0.27 0.31 0.32 0.36 0.39 0.42 0.45

Maximum Volume Stored (acre-ft) = 0.135 0.417 0.364 0.450 0.491 0.641 0.768 0.954 1.125

The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 2 1

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

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

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

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

Count_Weir2 = 0 0.36(diameter = 11/16 inch) Max Depth Row
Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 250 Watershed Constraint Check
Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 359 Slope 0.020

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 378 Shape 1.82
Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 390

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 402 Spillway Depth
Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 447 0.31

WQ Plate Flow at 100yr depth = 0.12 0.97(diameter = 1-1/8 inches) 50 Year 481
CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 527 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 565 1 Z2_Boolean
Cdo #1 = 1.07 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= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)
Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = #VALUE! 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 2 0 Max Depth
VertOrifice1 Q at 100yr depth = 0.01 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 2 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 1 EURV-WQCV VertOriice
Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak
Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak
0 Five Year Ratio Plate
0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options
Offset
Overlapping

S-A-V-D Chart Axis Default X-axis Left Y-Axis Right Y-Axis
minimum bound 0.00 0 0
maximum bound 8.00 60,000 60

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

MHFD-Detention, Version 4.00 (December 2019)
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 0.08 0.01 0.24
0:15:00 0.00 0.00 0.66 1.08 1.34 0.90 1.12 1.10 1.55
0:20:00 0.00 0.00 2.29 2.99 3.69 2.21 2.58 2.76 3.72
0:25:00 0.00 0.00 5.25 7.86 10.25 5.16 6.14 6.79 10.27
0:30:00 0.00 0.00 6.66 9.76 11.95 14.01 16.83 18.97 25.29
0:35:00 0.00 0.00 6.09 8.72 10.62 15.64 18.54 22.08 28.92
0:40:00 0.00 0.00 5.30 7.42 9.07 14.86 17.52 20.71 27.03
0:45:00 0.00 0.00 4.33 6.18 7.70 12.90 15.22 18.61 24.26
0:50:00 0.00 0.00 3.56 5.17 6.33 11.37 13.40 16.27 21.18
0:55:00 0.00 0.00 3.00 4.33 5.39 9.24 10.91 13.68 17.88
1:00:00 0.00 0.00 2.63 3.76 4.77 7.76 9.21 11.94 15.65
1:05:00 0.00 0.00 2.32 3.29 4.23 6.71 7.99 10.71 14.07
1:10:00 0.00 0.00 1.90 2.84 3.72 5.49 6.56 8.51 11.25
1:15:00 0.00 0.00 1.52 2.33 3.25 4.44 5.31 6.64 8.87
1:20:00 0.00 0.00 1.22 1.86 2.66 3.38 4.03 4.82 6.43
1:25:00 0.00 0.00 1.05 1.60 2.19 2.55 3.05 3.40 4.58
1:30:00 0.00 0.00 0.98 1.47 1.90 1.99 2.37 2.55 3.46
1:35:00 0.00 0.00 0.93 1.39 1.70 1.65 1.95 2.04 2.77
1:40:00 0.00 0.00 0.91 1.23 1.56 1.42 1.67 1.70 2.30
1:45:00 0.00 0.00 0.89 1.11 1.47 1.27 1.49 1.46 1.99
1:50:00 0.00 0.00 0.88 1.02 1.40 1.18 1.36 1.30 1.76
1:55:00 0.00 0.00 0.76 0.96 1.30 1.11 1.28 1.19 1.61
2:00:00 0.00 0.00 0.67 0.88 1.16 1.07 1.22 1.13 1.53
2:05:00 0.00 0.00 0.49 0.64 0.84 0.78 0.89 0.82 1.11
2:10:00 0.00 0.00 0.36 0.46 0.60 0.56 0.64 0.59 0.80
2:15:00 0.00 0.00 0.26 0.33 0.43 0.40 0.45 0.43 0.57
2:20:00 0.00 0.00 0.18 0.23 0.30 0.28 0.32 0.30 0.40
2:25:00 0.00 0.00 0.12 0.15 0.21 0.19 0.22 0.21 0.28
2:30:00 0.00 0.00 0.08 0.10 0.14 0.13 0.15 0.14 0.19
2:35:00 0.00 0.00 0.05 0.07 0.09 0.09 0.10 0.09 0.13
2:40:00 0.00 0.00 0.03 0.04 0.05 0.05 0.06 0.05 0.07
2:45:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.03
2:50:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Summary Stage-Area-Volume-Discharge Relationships
The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume Total
Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 10 0.000 0 0.000 0.00

0.50 460 0.011 117 0.003 0.01

1.00 909 0.021 459 0.011 0.02

1.50 2,705 0.062 1,363 0.031 0.04
2.00 4,500 0.103 3,164 0.073 0.05
2.49 6,635 0.152 5,892 0.135 0.07
2.50 6,678 0.153 5,959 0.137 0.07
3.00 8,857 0.203 9,842 0.226 0.08
3.50 11,416 0.262 14,911 0.342 0.10
3.77 12,799 0.294 18,180 0.417 0.10
4.00 13,976 0.321 21,259 0.488 2.75
4.50 15,792 0.363 28,701 0.659 2.92
4.50 15,792 0.363 28,701 0.659 2.92
4.70 16,519 0.379 31,932 0.733 2.99
5.00 17,609 0.404 37,051 0.851 3.09

MHFD-Detention, Version 4.03 (May 2020)

EURV

100 YR

WQCV

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage
Description

For best results, include the
stages of all grade slope
changes (e.g. ISV and Floor)
from the S-A-V table on
Sheet 'Basin'.

Also include the inverts of all
outlets (e.g. vertical orifice,
overflow grate, and spillway,
where applicable).

MHFD-Detention_v4 03 (Pond A)_DRC.xlsm, Outlet Structure 5/5/2021, 2:20 PM



11.3 CFS
0.135 AC-FT

0.0027 AC-FT
0.226 CFSForebay Release Volume (2% of 100 YR)

Detention Pond A North Forebay Calculations

WQCV Storage
100 YR Discharge

Forebay Volume (2% pf WQCV)



19.4 CFS
0.135 AC-FT

0.0027 AC-FT
0.388 CFS

Detention Pond A South Forebay Calculations

100 YR Discharge
WQCV Storage

Forebay Volume (2% pf WQCV)
Forebay Release Volume (2% of 100 YR)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Nov 25 2020

Pond A Trickel Channel

Rectangular
Bottom Width (ft) =  2.00
Total Depth (ft) =  0.50

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  0.61

Highlighted
Depth (ft) =  0.12
Q (cfs) =  0.610
Area (sqft) =  0.24
Velocity (ft/s) =  2.54
Wetted Perim (ft) =  2.24
Crit Depth, Yc (ft) =  0.15
Top Width (ft) =  2.00
EGL (ft) =  0.22

0 .5 1 1.5 2 2.5 3

Elev (ft) Depth (ft)
Section

0.75 -0.25

1.00 0.00

1.25 0.25

1.50 0.50

1.75 0.75

2.00 1.00

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, May 5 2021

Pond A Spillway

Trapezoidal
Bottom Width (ft) =  40.00
Side Slopes (z:1) =  10.00, 10.00
Total Depth (ft) =  1.44
Invert Elev (ft) =  1.00
Slope (%) =  0.20
N-Value =  0.020

Calculations
Compute by: Known Q
Known Q (cfs) =  30.80

Highlighted
Depth (ft) =  0.41
Q (cfs) =  30.80
Area (sqft) =  18.08
Velocity (ft/s) =  1.70
Wetted Perim (ft) =  48.24
Crit Depth, Yc (ft) =  0.26
Top Width (ft) =  48.20
EGL (ft) =  0.46

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Elev (ft) Depth (ft)
Section

0.50 -0.50

1.00 0.00

1.50 0.50

2.00 1.00

2.50 1.50

3.00 2.00

Reach (ft)



Project:

Basin ID:

Depth Increment = ft

Watershed Information 6243.17 Top of Micropool -- 0.00 -- -- -- 10 0.000

Selected BMP Type = EDB ELEV:6244 -- 0.83 -- -- -- 332 0.008 142 0.003

Watershed Area = 17.50 acres ELEV:6245 -- 1.83 -- -- -- 6,042 0.139 3,329 0.076

Watershed Length = 1,631 ft ELEV:6246 -- 2.83 -- -- -- 18,264 0.419 15,482 0.355
Watershed Length to Centroid = 740 ft ELEV:6247 -- 3.83 -- -- -- 26,278 0.603 37,753 0.867

Watershed Slope = 0.014 ft/ft ELEV:6248 -- 4.83 -- -- -- 30,833 0.708 66,308 1.522
Watershed Imperviousness = 40.55% percent ELEV:6549 -- 5.83 -- -- -- 32,872 0.755 98,161 2.253

Percentage Hydrologic Soil Group A = 1.0% percent ELEV:6549.5 -- 6.33 -- -- -- 37,812 0.868 115,832 2.659
Percentage Hydrologic Soil Group B = 99.0% percent -- -- -- --

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

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

Optional User Overrides -- -- -- --
Water Quality Capture Volume (WQCV) = 0.264 acre-feet acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 0.746 acre-feet acre-feet -- -- -- --
2-yr Runoff Volume (P1 = 1.19 in.) = 0.729 acre-feet 1.19 inches -- -- -- --
5-yr Runoff Volume (P1 = 1.5 in.) = 1.088 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 1.408 acre-feet 1.75 inches -- -- -- --
25-yr Runoff Volume (P1 = 2 in.) = 1.872 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.26 in.) = 2.246 acre-feet 2.26 inches -- -- -- --
100-yr Runoff Volume (P1 = 2.52 in.) = 2.702 acre-feet 2.52 inches -- -- -- --
500-yr Runoff Volume (P1 = 3.14 in.) = 3.634 acre-feet inches -- -- -- --
Approximate 2-yr Detention Volume = 0.550 acre-feet -- -- -- --
Approximate 5-yr Detention Volume = 0.767 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.052 acre-feet -- -- -- --
Approximate 25-yr Detention Volume = 1.176 acre-feet -- -- -- --
Approximate 50-yr Detention Volume = 1.240 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 1.412 acre-feet -- -- -- --
-- -- -- --

Define Zones and Basin Geometry -- -- -- --
Zone 1 Volume (WQCV) = 0.264 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.482 acre-feet -- -- -- --
Zone 3 Volume (100-year - Zones 1 & 2) = 0.666 acre-feet -- -- -- --

Total Detention Basin Volume = 1.412 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)

Solace Apartments

Pond B

MHFD-Detention, Version 4.03 (May 2020)

Volume
(ft 3)

Volume
(ac-ft)

Area
(acre)

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

the embedded Colorado Urban Hydrograph Procedure.

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 03 (Pond B).xlsm, Basin 11/25/2020, 12:05 PM



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
H_FLOOR 1 CUHP Results Calculated

L_FLOOR_OTHER

0.00 ISV 0.00 ISV
0.00 Floor 0.00 Floor
2.60 Zone 1 (WQCV) 2.60 Zone 1 (WQCV)
3.63 Zone 2 (EURV) 3.63 Zone 2 (EURV)
4.68 Zone 3 (100-year) 4.68 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
MHFD-Detention, Version 4.03 (May 2020)
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  Project:

  Basin ID:

Estimated Estimated

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

Zone 1 (WQCV) 2.60 0.264 Orifice Plate

Zone 2 (EURV) 3.63 0.482 Circular Orifice

Zone 3 (100-year) 4.68 0.666 Weir&Pipe (Restrict)

Total (all zones) 1.412

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

Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = N/A ft2

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

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

Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft2

Depth at top of Zone using Orifice Plate = 2.60 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet

Orifice Plate: Orifice Vertical Spacing = 6.00 inches Elliptical Slot Centroid = N/A feet

Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A ft2

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

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

Stage of Orifice Centroid (ft) 0.00 0.50 1.00 1.50 2.00

Orifice Area (sq. inches) 0.56 0.56 0.56 0.52 0.52

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

Zone 2 Circular Not Selected Zone 2 Circular Not Selected

Invert of Vertical Orifice = 2.60 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.01 N/A ft2

Depth at top of Zone using Vertical Orifice = 3.63 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.06 N/A feet

Vertical Orifice Diameter = 1.50 N/A inches

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

grate Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 3.63 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 3.63 N/A feet

Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 3.00 N/A feet

Overflow Weir Grate Slope = 0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 28.73 N/A

Horiz. Length of Weir Sides = 3.00 N/A feet Overflow Grate Open Area w/o Debris = 8.40 N/A ft2

Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 4.20 N/A ft2

Debris Clogging % = 50% N/A %

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

Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.29 N/A ft2

Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.20 N/A feet

Restrictor Plate Height Above Pipe Invert = 4.00 inches Half-Central Angle of Restrictor Plate on Pipe = 0.98 N/A radians

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

Spillway Invert Stage= 6.10 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.34 feet

Spillway Crest Length = 50.00 feet Stage at Top of Freeboard = 7.44 feet

Spillway End Slopes = 10.00 H:V Basin Area at Top of Freeboard = 0.87 acres

Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 2.66 acre-ft

Max Ponding Depth of Target Storage Volume = 5.83 feet Discharge at Top of Freeboard = 20.64 cfs

Routed Hydrograph Results

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

One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.26 2.52 3.14

CUHP Runoff Volume (acre-ft) = 0.264 0.746 0.729 1.088 1.408 1.872 2.246 2.702 3.634

Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.729 1.088 1.408 1.872 2.246 2.702 3.634

CUHP Predevelopment Peak Q (cfs) = N/A N/A 1.4 4.0 6.1 11.3 14.3 18.2 25.4

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, q (cfs/acre) = N/A N/A 0.08 0.23 0.35 0.64 0.82 1.04 1.45

Peak Inflow Q (cfs) = N/A N/A 8.4 12.8 16.1 23.1 27.6 32.7 43.5

Peak Outflow Q (cfs) = 0.1 0.2 0.2 2.7 2.8 3.0 3.2 3.3 15.8

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.7 0.5 0.3 0.2 0.2 0.6

Structure Controlling Flow = Plate Overflow Weir 1 Vertical Orifice 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.3 0.3 0.3 0.3 0.4 0.4

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

Time to Drain 97% of Inflow Volume (hours) = 38 70 69 72 71 70 69 68 65

Time to Drain 99% of Inflow Volume (hours) = 40 74 74 77 77 78 78 79 77

Maximum Ponding Depth (ft) = 2.60 3.63 3.52 3.85 4.19 4.79 5.25 5.83 6.29

Area at Maximum Ponding Depth (acres) = 0.35 0.57 0.55 0.60 0.64 0.70 0.73 0.75 0.86

Maximum Volume Stored (acre-ft) = 0.266 0.750 0.689 0.873 1.091 1.494 1.824 2.253 2.616

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 4.03 (May 2020)

Solace Apartments

Pond B

Example Zone Configuration (Retention Pond)

MHFD-Detention_v4 03 (Pond B).xlsm, Outlet Structure 5/5/2021, 10:23 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 2 1

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

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

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

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

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

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 261 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 353 Slope 0.014

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 364 Shape 3.49

Hidden Parameters & Calculations 0.67(diameter = 15/16 inch) 5 Year 386

MaxPondDepth_Error? FALSE 0.76 (diameter = 1 inch) 10 Year 420 Spillway Depth

Cd_Broad-Crested Weir 3.00 0.86(diameter = 1-1/16 inches) 25 Year 480 0.34

WQ Plate Flow at 100yr depth = 0.20 0.97(diameter = 1-1/8 inches) 50 Year 526

CLOG #1= 35% 1.08(diameter = 1-3/16 inches) 100 Year 584 1 Z1_Boolean

Cdw #1 = 1.15 1.20(diameter = 1-1/4 inches) 500 Year 630 1 Z2_Boolean

Cdo #1 = 1.07 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= 0% 1.59(diameter = 1-7/16 inches) Draintime Running

Cdw #2 = #VALUE! 1.73(diameter = 1-1/2 inches) Outlet Boolean Outlet Rank Total (1 to 4)

Cdo #2 = #VALUE! 1.88(diameter = 1-9/16 inches) Vertical Orifice 1 1 1 2

Overflow Weir #2 Angle = #VALUE! 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 2 0 Max Depth

VertOrifice1 Q at 100yr depth = 0.11 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 2 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 1 EURV-WQCV VertOriice

Outlet2_Pulldown_Boolean 1 Outlet 90% Qpeak

Outlet3_Pulldown_Boolean 0 Outlet Undetained

0 Weir Only 90% Qpeak

0 Five Year Ratio Plate

0 Five Year Ratio VertOrifice

EURV_draintime_user

Spillway Options

Offset

Overlapping

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

minimum bound 0.00 0 0

maximum bound 8.00 120,000 30

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

minimum bound

maximum bound

MHFD-Detention, Version 4.00 (December 2019)
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 0.07 0.01 0.22

0:15:00 0.00 0.00 0.60 0.98 1.22 0.82 1.04 1.00 1.47

0:20:00 0.00 0.00 2.20 2.93 3.70 2.19 2.59 2.74 3.81

0:25:00 0.00 0.00 5.52 8.65 11.64 5.47 6.59 7.37 11.75

0:30:00 0.00 0.00 8.06 12.47 15.81 16.67 20.33 23.06 31.64

0:35:00 0.00 0.00 8.44 12.83 16.12 21.61 26.01 30.90 41.39

0:40:00 0.00 0.00 8.09 12.06 15.12 23.06 27.59 32.73 43.47

0:45:00 0.00 0.00 7.34 11.00 14.00 21.99 26.27 31.95 42.38

0:50:00 0.00 0.00 6.67 10.11 12.76 20.97 25.04 30.40 40.28

0:55:00 0.00 0.00 6.11 9.24 11.75 19.06 22.79 28.22 37.47

1:00:00 0.00 0.00 5.66 8.51 10.92 17.44 20.92 26.44 35.17

1:05:00 0.00 0.00 5.24 7.83 10.14 16.03 19.28 24.94 33.21

1:10:00 0.00 0.00 4.70 7.16 9.37 14.37 17.31 22.17 29.63

1:15:00 0.00 0.00 4.19 6.44 8.65 12.75 15.38 19.40 26.05

1:20:00 0.00 0.00 3.77 5.78 7.87 11.09 13.38 16.57 22.30

1:25:00 0.00 0.00 3.46 5.31 7.15 9.78 11.80 14.33 19.34

1:30:00 0.00 0.00 3.24 4.94 6.52 8.69 10.47 12.60 17.01

1:35:00 0.00 0.00 3.03 4.60 5.96 7.78 9.36 11.17 15.07

1:40:00 0.00 0.00 2.84 4.18 5.45 6.97 8.36 9.89 13.34

1:45:00 0.00 0.00 2.65 3.78 4.96 6.23 7.45 8.73 11.76

1:50:00 0.00 0.00 2.47 3.38 4.49 5.54 6.60 7.64 10.28

1:55:00 0.00 0.00 2.18 3.00 3.99 4.87 5.78 6.61 8.88

2:00:00 0.00 0.00 1.89 2.61 3.44 4.22 4.99 5.64 7.57

2:05:00 0.00 0.00 1.52 2.09 2.75 3.37 3.97 4.47 5.98

2:10:00 0.00 0.00 1.19 1.61 2.13 2.56 3.01 3.36 4.49

2:15:00 0.00 0.00 0.94 1.27 1.71 1.89 2.22 2.45 3.32

2:20:00 0.00 0.00 0.76 1.04 1.40 1.45 1.70 1.84 2.52

2:25:00 0.00 0.00 0.63 0.85 1.15 1.13 1.33 1.40 1.93

2:30:00 0.00 0.00 0.52 0.70 0.94 0.89 1.04 1.07 1.48

2:35:00 0.00 0.00 0.42 0.57 0.77 0.70 0.82 0.81 1.12

2:40:00 0.00 0.00 0.35 0.46 0.61 0.55 0.64 0.60 0.84

2:45:00 0.00 0.00 0.28 0.37 0.48 0.43 0.50 0.45 0.62

2:50:00 0.00 0.00 0.23 0.29 0.38 0.33 0.38 0.34 0.47

2:55:00 0.00 0.00 0.18 0.23 0.30 0.26 0.30 0.27 0.37

3:00:00 0.00 0.00 0.15 0.18 0.23 0.21 0.24 0.22 0.30

3:05:00 0.00 0.00 0.12 0.14 0.18 0.16 0.19 0.17 0.24

3:10:00 0.00 0.00 0.09 0.11 0.14 0.13 0.14 0.13 0.18

3:15:00 0.00 0.00 0.06 0.08 0.10 0.09 0.11 0.10 0.13

3:20:00 0.00 0.00 0.04 0.05 0.07 0.07 0.07 0.07 0.09

3:25:00 0.00 0.00 0.03 0.04 0.05 0.04 0.05 0.04 0.06

3:30:00 0.00 0.00 0.02 0.02 0.03 0.03 0.03 0.03 0.03

3:35:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02

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

MHFD-Detention_v4 03 (Pond B).xlsm, Outlet Structure 5/5/2021, 10:23 AM



Summary Stage-Area-Volume-Discharge Relationships

The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.

The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

Stage Area Area Volume Volume
Total

Outflow

[ft] [ft 2] [acres] [ft 3] [ac-ft] [cfs]

0.00 10 0.000 0 0.000 0.00

0.50 204 0.005 53 0.001 0.01

1.00 1,303 0.030 281 0.006 0.03

1.50 4,158 0.095 1,646 0.038 0.05

2.00 8,120 0.186 4,533 0.104 0.08

2.50 14,231 0.327 10,120 0.232 0.11

2.67 16,308 0.374 12,716 0.292 0.12

3.00 19,626 0.451 18,702 0.429 0.16

3.50 23,633 0.543 29,517 0.678 0.20

3.63 24,675 0.566 32,657 0.750 0.20

4.00 27,052 0.621 42,286 0.971 2.75

4.50 29,330 0.673 56,381 1.294 2.92

4.68 30,150 0.692 61,735 1.417 2.98

5.00 31,180 0.716 71,579 1.643 3.09

MHFD-Detention, Version 4.03 (May 2020)

WQCV

EURV

100-YEAR

DETENTION BASIN OUTLET STRUCTURE DESIGN

Stage - Storage

Description

For best results, include the 

stages of all grade slope 

changes (e.g. ISV and Floor) 

from the S-A-V table on 

Sheet 'Basin'. 

Also include the inverts of all 

outlets (e.g. vertical orifice, 

overflow grate, and spillway, 

where applicable).

MHFD-Detention_v4 03 (Pond B).xlsm, Outlet Structure 5/5/2021, 10:23 AM



6.7 CFS
0.264 AC-FT

0.00528 AC-FT
0.134 CFS

Detention Pond B South Forebay Calculations

100 YR Discharge
WQCV Storage

Forebay Volume (2% pf WQCV)
Forebay Release Volume (2% of 100 YR)



46.7 CFS
0.264 AC-FT

0.00528 AC-FT
0.934 CFSForebay Release Volume (2% of 100 YR)

Detention Pond B North Forebay Calculations

WQCV Storage
100 YR Discharge

Forebay Volume (2% pf WQCV)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Nov 25 2020

Pond B Trickel Channel

Rectangular
Bottom Width (ft) =  2.00
Total Depth (ft) =  0.50

Invert Elev (ft) =  1.00
Slope (%) =  1.00
N-Value =  0.013

Calculations
Compute by: Known Q
Known Q (cfs) =  1.06

Highlighted
Depth (ft) =  0.17
Q (cfs) =  1.060
Area (sqft) =  0.34
Velocity (ft/s) =  3.12
Wetted Perim (ft) =  2.34
Crit Depth, Yc (ft) =  0.21
Top Width (ft) =  2.00
EGL (ft) =  0.32

0 .5 1 1.5 2 2.5 3

Elev (ft) Depth (ft)
Section

0.75 -0.25

1.00 0.00

1.25 0.25

1.50 0.50

1.75 0.75

2.00 1.00

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Monday, Jun 21 2021

Pond B Spillway

Trapezoidal
Bottom Width (ft) =  50.00
Side Slopes (z:1) =  10.00, 10.00
Total Depth (ft) =  1.50
Invert Elev (ft) =  1.00
Slope (%) =  0.20
N-Value =  0.020

Calculations
Compute by: Known Q
Known Q (cfs) =  51.30

Highlighted
Depth (ft) =  0.49
Q (cfs) =  51.30
Area (sqft) =  26.90
Velocity (ft/s) =  1.91
Wetted Perim (ft) =  59.85
Crit Depth, Yc (ft) =  0.32
Top Width (ft) =  59.80
EGL (ft) =  0.55

0 10 20 30 40 50 60 70 80 90 100

Elev (ft) Depth (ft)
Section

0.50 -0.50

1.00 0.00

1.50 0.50

2.00 1.00

2.50 1.50

3.00 2.00

Reach (ft)



Final Drainage Report
Solace at Cimarron Hills
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APPENDIX D

REFERENCE MATERIALS
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NOTICE TO
FLOOD INSURANCE STUDY USERS

Communities participating in the National Flood Insurance Program have established
repositories of flood hazard data for floodplain management and flood insurance purposes.
This Flood Insurance Study (FIS) report may not contain all data available within the
repository.  It is advisable to contact the community repository for any additional data.

Part or all of this FIS report may be revised and republished at any time. In addition, part of
this FIS report may be revised by the Letter of Map Revision process, which does not involve
republication or redistribution of the FIS report. It is, therefore, the responsibility of the user
to consult with community officials and to check the community repository to obtain the most
current FIS report components.

This FIS report was revised on December 7, 2018. Users should refer to Section
10.0, Revisions Description, for further information. Section 10.0 is intended to present
the most up-to-date information for specific portions of this FIS report. Therefore, users of
this report should be aware that the information presented in Section 10.0 superseded infor-
mation in Sections 1.0 through 9.0 of this FIS report.

Initial Countywide FIS Report Effective Date: March 17, 1997

First Revised Countywide FIS Report Effective Date:  August 23, 1999

Second Revised Countywide FIS Report Effective Date: December 7, 2018
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OVERVIEW

This report was prepared to provide design information for the existing Sand Creek -Center Tributary
Drainageway as part of the Solace Apartment development.  This document is the Channel Analysis
report for the Solace Apartments. The Sand Creek-Center Tributary Drainageway has been studied as
part of a Flood Insurance Study (FIS) for El Paso County Colorado, Volume 7 of 8, revised
December 7, 2018 and Sand Creek Drainage Basin Planning Study, dated January 1993.  Existing
flow rates from the Sand Creek Planning Study were used as the basis for the design of the existing
channel condition.

GENERAL LOCATION AND DESCRIPTION

Location
The proposed Solace Apartments, known as “Solace” from herein, is a parcel of land located in
Section 7, Township 14 South, Range 65 West of the 6th Principal Meridian in El Paso County,
Colorado. Solace is a 28.99 acre, urban, multifamily-development and is comprised of 16 apartment
buildings and associated infrastructure. Solace is bound by existing industrial developments to the
North and vacant land to the West. Galley Road bounds the property to the south and existing light
industrial businesses to the east. A vicinity map of the area is presented in Appendix A.

Description of Property
Solace is currently unoccupied and undeveloped. The existing ground cover is sparse vegetation and
open space, typical of a Colorado rolling range land condition. In general, Solace slopes from
northwest to southeast. The existing conditions of the Sand Creek -Center Tributary Drainageway on
the site are heavily wooded for the length of the channel throughout the Solace site.

Per an NRCS web soil survey of the area, Solace is made up of Type B soils with a very small
percentage of Type A in the northwest corner of the property. This Type B soil is a blendon sandy
loam.  This soil type has a moderate infiltration rate when thoroughly wet.  It also consists of
moderately deep or deep, moderately well drained or well drained soil.  A soil survey map has been
presented in Appendix A.

Floodplain Statement
Based on the FEMA FIRM Map numbers 08041C0751G & 08041C0752G, dated December 7, 2018,
a portion of the existing drainageway lies within Zone AE and Zone X. Zone AE is defined as area
subject to inundation by the 1-percent-annual-chance flood event and is a flood hazard area. Zone X
is defined as area outside the Special Flood Hazard Area (SFHA) and higher than the elevation of the
0.2-percent-annual-chance (or 500-year) flood. The FIRM Map has been presented in Appendix A.
Currently a portion of the Solace site lies within Zone AE at the extension of Paonia Street to Galley
Road, as seen in FEMA FIRM Map number 08041C0752G.
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PREVIOUS SAND CREEK STUDIES

Solace lies within Sand Creek Drainage Basin based on the “Sand Creek Drainage Basin Planning
Study” prepared by Kiowa Engineering in January 1993.

The Sand Creek Drainage Basin covers approximately 54 square miles in unincorporated El Paso
County, CO. The Sand Creek Drainage Basin is tributary to Fountain Creek. In its existing condition,
the basin is comprised of developed land with the exception of the Solace Parcel which is comprised
of rolling rangeland with fair to good vegetative cover associated with Colorado’s semi-arid climate.
The natural Drainageway within the site limits is typically deep and narrow with a well-defined flow
path in most areas. Anticipated land use for the Solace parcel includes multifamily residential and
open space.

As part of its drainage research, JR Engineering reviewed the following drainage studies, reports and
LOMRs:

 Sand Creek Drainage Basin Planning Study prepared by Kiowa Engineering Corporation in
January 1993.

 Flood Insurance Study– El Paso County, Colorado & Incorporated Areas Vol 7 of 8,
December 2018.

 LOMR- Case No. 05-08-0368P Federal Emergency Management Agency, May 23, 2007.

The Sand Creek Drainage Basin Planning Study was used to establish a stormwater management
plan for the existing and future stormwater infrastructure needs within the Sand Creek Drainage
Basin. The Sand Creek Drainage Basin Planning Study conducted a hydrologic analysis using a
runoff model named the Soil Conservation Service (SCS) Computer Program for the Project
Formulation Hydrology (TR20). Based on provided drainage maps and analysis, in its existing
condition, the Sand Creek-Center Tributary Drainageway contains a 100-year flow of 720 cfs at
upstream station 1053 then jumps to 960 cfs at station 1030 in Sand Creek along Solace’s east
property line. The flow then changes again at station 1014, to a value of 956 cfs, where the flow from
the secondary drainageway on Paonia Street converges with the Sand Creek Drainageway, this flow
was based on JR Engineering analysis.  These flows were used in the model as they were depicted as
being the flows present in the project section of the Sand Creek Tributary Drainageway as called out
in Sand Creek Drainage Basin Planning Study. The major Sand Creek-Center Tributary
Drainageway conveys the stormwater south along the eastern property line where it ultimately
outfalls into the Fountain Creek.  JR Engineering also performed a hydrologic analysis to determine
the flows in the Sand Creek-Center Tributary Drainageway and arrived at similar results to those
shown in the Sand Creek Drainage Basin Planning Study, thus verifying the validity of these flows.
These basin calculations show that the 720-960 cfs, based on the Sand Creek Drainage Basin
Planning Study, are still valid for this existing condition, a summary table of the flows in the Sand
Creek Drainageway based on various studies can be found below.
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SOLACE APARTMENTS
Sand Creek Center Tributary Flow Summary Table

Report/Study Location Flow (cfs)
Sand Creek DBPS, Kiowa Engineering,

Rev. March 1996, Table III-2 DP 45, @ Galley Rd. Crossing          1,340

Sand Creek DBPS, Kiowa Engineering,
Rev. March 1996, CTP-2 @ STA 125+00          960

Sand Creek DBPS, Kiowa Engineering,
Rev. March 1996, CTP-2 @ STA 132+30          720

Flood Insurance Study, El Paso County,
Rev. December 7, 2018 Section N, @ Galley Road          723

JR Engineering October 2019  @ Galley Road          956

FEMA prepared a revised FIS for El Paso County Colorado, Volume 7 of 8, dated December 7,
2018.  The effective floodplain for the site is shown on the FIRM 08041C0752G, revised to reflect
LOMR, dated May 23, 2007.  The study area of the FIS where the Sand Creek Drainageway crosses
Galley Road, was found to overtop the culverts and flow onto the road. According to the FIS, this
crossing has a 10% annual chance of flooding and is located in Zone AE of the FIRM.   This location
is a Special Flood Hazard Area (SFHA) inundated by the 100-year flood, Zone AE (base flood
elevations determined).  The Sand Creek Drainage Basin LOMR was executed on May 23, 2007. The
LOMR revised the flood zone or the area south of Galley Road. See FIRM Map Panel 08041C0752G
for limits of LOMR study and revised flood zones, presented in Appendix C.

To the west of the Sand Creek-Center Tributary Drainageway is a secondary Drainageway that
captures the flow coming from the west side of Paonia Street. This drainage way is located at the
proposed extension of Paonia Street to meet Galley Road. The flows created by the secondary
drainageway and the development north of the site will be captured on the Solace site, and
transported to the Sand Creek-Center Tributary Drainageway. According to Sand Creek Drainage
Basin LOMR, the flow present in this secondary drainageway in a 1-percent-annual-chance flood
event is 213 cfs. This was calculated by use of the LOMR maps, and evaluating the difference in
flow as the Sand Creek Center Tributary Drainageway splits as it crosses Omaha Boulevard. Section
R of the FEMA Map Panel 08041C0752G, shows the split as the flow present in the channel drops to
421 cfs from 634 cfs at section S just upstream. The difference in these flows is 213 cfs this flow is
assumed to overtop the road at Omaha Boulevard crossing structure, and travel west to Paonia Street
and is routed south in the Sand Creek Center Tributary onto the Solace site. A calculation of the
flows present in Paonia was also conducted by Galloway Engineering in the Preliminary Drainage
Report and Floodplain Certification for Powers Center Point, dated October 1st, 2007. This report
used a similar methodology in calculating the flows; however this analysis was made using LOMR
data from 1997 with higher flows thus resulting in a calculated flow of 500 cfs. To be conservative,
JR Engineering’s design will be based on the 500 cfs specified, rather than the 213 cfs calculated.
Additional information has been requested via FEMA FIS data request.  When this additional data
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can be obtained, a proposed channel improvements report including both main channel and overflow
improvements will be updated to reflect the latest available information. At the current point in time,
all available published data has been exhausted to prove a reduced flow rate in the overflow channel
(Paonia Street).

Just north of the Solace site on Paonia Street a concrete channel exists that diverts a portion of the
flows present in Paonia Street back into the Sand Creek-Center Tributary Drainageway. However the
size of this channel will not convey all flows present in Paonia, therefore improvements are
necessary to mitigate the offsite flows. Potential options to mitigate these flows are discussed below.
Each possible alternative has been preliminarily evaluated to ensure feasibility in mitigating the
secondary drainageway currently existing in Paonia Street.

The first conceptual option would be to have future Paonia Street continue to maintain an existing
super elevation that will direct all flows present on Paonia towards the east side of the road. GIS
contours indicate this super elevation exists, as well as confirmation stated by the Galloway
Engineering Preliminary Drainage Report. The curb and gutter along the east side of Paonia will be
omitted to create a 110 ft weir that will route flows back to the existing Sand Creek-Center Tributary
Drainageway. The 110 ft weir would reduce into a 40 ft wide channel as it approaches the existing
channel at a 45 degree angle. Flow calculations for this overflow design can be found in Appendix B,
along with flow capacity calculations for existing Paonia Street & existing concrete channel north of
the site.

A second conceptual option would be to create a low point in Paonia shortly after crossing south onto
the subject property, thus creating a sump condition.  The sump inlets would capture minor runoff
and pipe it to the main channel, while a larger event would behave in a similar manner to the above
scenario, routing via the same overflow weir and channel back to the main Sand Creek-Center
Tributary Channel. The alternative profile for this scenario can be found in Appendix B, as well as on
the preliminary Paonia Street Improvement plans.

Finally, a third option would be to widen the existing concrete channel at the property line to increase
capacity enough to accept all flows from the overflow channel.

The first option has been presented in the drainage maps and preliminary plans associated with this
report; however no alternative has been definitively selected at this time. One alternative or a
combination of these alternatives may be utilized at time of final design to safely and efficiently
route the Paonia Street overflow channel back to the main channel near the northern site boundary.

Channel Deficiencies
The Sand Creek Drainage Basin Planning Study performed a hydraulic analysis of the Sand Creek-
Center Tributary Drainageway between Galley Road and Paonia Street, and an analysis of the
crossing structure for Sand Creek at Galley Road. For the crossing structure at Galley Road they
determined that the existing crossing structures were inadequate for the demands of the Drainageway
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and would require improvements to expand the capacity of these structures. These results can be seen
in Table IV-1 Summary of Hydraulic Structures – Crossings: Sand Creek Drainage Basin Planning
Study shown below. The Study proposed improvements to the existing crossing structures by
replacing them with 3-8’Wx 5’H Concrete Box Culverts.

The study also found the existing channel for the Sand Creek-Center Tributary Drainageway
between Galley Road and Paonia Street to be inadequate for the given flow rate. The report says
that the existing channel has limited maintenance access, leading to the channel degrading and
being filled with obstructions. Those findings can be seen in Table IV-2 Summary of Hydraulic
Structures – Channels: Sand Creek Drainage Basin Planning Study. The Sand Creek Drainage
Basin Planning Study recommended improvements to the existing channel by lining the channel with
concrete.
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The GeoHecRas model results completed with this report contain similar findings to those in the
drainage basin planning study. This model was based on the existing channel conditions; a model
will be created for the sites proposed conditions in the final drainage report.  Average velocities
of 10-12 fps for a majority of the channel reach exceed allowable limits for an unprotected
channel. The current Galley road crossing structures lack of capacity also leads to overtopping of
the road during these events. This report confirms that both this Sand Creek channel reach and
Galley Road crossing structures are inadequate for the 100-yr storm event.

Channel Improvement Recommendations
The Sand Creek Drainage Basin Planning Study
(DBPS) concluded that the Sand Creek-Center
Tributary Drainageway channel, in its current
state, is inadequate to handle the historical flows
tributary to the channel. This report falls in line,
indicating that improvements shall be made to
the channel in order to provide adequate capacity
and prevent erosion. In the DBPS improvements
are also designated for the crossing structures at
Galley Road to provide adequate capacity and
prevent overtopping of the
road. Upon further investigation, this report found that
overtopping of Galley Road
appears to be addressed via the overflow structure and
associate downstream bank protections shown in
Figure 1. This weir was analyzed to determine the
effectiveness to safely pass overtopping flows.  From the
HEC-RAS model, it was determined that approximately 581 cfs overtops the roadway during a 100-
year event.  The weir in its current configuration could only adequately pass approximately 40 cfs of
this flow.  On the north side of the Galley road crossing, there is a section of roadway without curb &
gutter; this allows the water transported along the north half of galley road to directly flow into the
Sand Creek Center Tributary Drainageway. A picture of this curb opening is shown below in figure
2.

Figure 2: Curb Opening on North Half of the Galley Road Crossing
(Looking to the North)

This analysis notes existing overtopping, further discussion with the county engineer to discuss
potential solutions is recommended. One possible solution is that the existing culverts be replaced to
prevent overtopping at Galley Road by upsizing to a larger culvert(s). Ultimately, culvert

Figure 1: Existing Drainage Structures
at Galley Road (Viewed from South)
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improvements will be necessary when the County deems the historic overtopping of Galley Road
above acceptable tolerance.  Currently, no adjacent structures are impacted by this overtopping. Weir
calculations can be found in the appendix.

Based upon the findings to the Sand Creek Drainage Basin Planning Study and the conforming
GeoHecRas modeling contained in this report, potential recommended channel improvements
include:

 Widening of the channel west bank to reduce flow depth, thus corresponding velocities
 Lining portions of the channel with riprap or other protective surfaces
 Adding check structures and potentially drop structures to reduce channel grade, a conceptual

profile can be seen in Appendix A.
 Replacing existing culverts at Galley Road to prevent roadway overtopping

Stable slopes of 1% were chosen for the channel based on stable slope specified by The Sand
Creek Drainage Basin Planning Study (DBPS.)

CONCEPT COST ESTIMATE

Below is Conceptual Cost Estimate for the proposed channel improvements to the Sand Creek-
Center Tributary Drainageway.

Table 3: Cost Opinion-Public Reimbursable
PUBLIC DRAINAGE FACILITIES

Item Quantity Unit Unit Price Extended
Cost

Clearing & Grubbing 2 AC $5,000.00 $10,000.00
Channel Widening Earthwork (Cut) 7000 CY $3.00 $21,000.00

Riprap Lining (Type M) 5100 CY $85.00 $433,500.00

Drop Structures 2 EA $20,000.00 $40,000.00

Sub-Total $504,500.00

10% Eng. And Contingency $50,450.00

Grand Total $554,950.00

DRAINAGE DESIGN CRITERIA

Development Criteria Reference
Storm drainage analysis techniques were taken from the “City of Colorado Spring/El Paso County
Drainage Criteria Manual” Volumes 1 and 2 (EPCDCM), dated October 12, 1994, the “Urban
Storm Drainage Criteria Manual” Volumes 1 - 3 (USDCM) and Chapter 6 and Section 3.2.1 of
Chapter 13 of the “Colorado Springs Drainage Criteria Manual (CCSDCM), dated May 2014, as
adopted by El Paso County.
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Hydrologic Criteria
The hydrologic analysis for this project is based on the Sand Creek Drainage Basin Planning Study.
The flow rates for the 100-yr storm event were taken from sheets CTP-2 & CTP-3 of this study.  The
Baseline Flows from the Sand Creek Drainage Basin Planning Study are included in Appendix C.

Hydraulic Criteria
GeoHecRas was used as the primary analysis method for the site.  GeoHecRas was used to model
existing flows within the Sand Creek-Center Tributary Drainageway.  This model was used to verify
flood plains and analyze any overtopping that may occur within the project site.  The 100-year water
surface profiles for the model were analyzed form the north property line of the site to the area 100
feet south of the Galley Road Crossing.  Hydraulic computations for the models are contained in
Appendix B. In the model the value for the roughness coefficient (n) were based upon those shown in
Table 12-2 of the City of Colorado Springs Drainage Criteria Manual, Volume 1. The manning’s
roughness coefficient for the sides of the channel was evaluated as n = 0.05, as the channel sides are
most closely categorized as sluggish reaches with weeds, the minimum value of n was taken. For the
bottom of the channel a manning’s roughness coefficient value of n = 0.025, as the existing channel
bottom being very clear and free of plants or other debris, the minimum value of n was taken. Table
12-2 highlights the manning values used for the model. The channel was analyzed as a winding
channel in the GeoHecRas model.

The flows in the channel, upstream and downstream of the Solace site, were determined using the
sheet CTP-2 of the Sand Creek Drainage Basin Planning Study, with the flow 720 cfs being used at
the upstream end of the channel till river station 1031 where the flow changes to 960 cfs,  and once
again at the Galley Road crossing to 1340 cfs. These can be seen in the GeoHecRas output table.
Geometry of the channel and the crossing structure at Galley Road was determined from survey
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conducted by JR Engineering’s internal survey department. The Galley road crossing structure was
modeled in the GeoHecRas model; its geometric parameters were determined using survey obtained
data to the crossing. The sizes of the 48” CMP culverts in the crossing were also determined from
survey data.

SUMMARY

This analysis of the Sand Creek-Center Tributary Drainageway remains consistent with previous
studies.  Velocities in the drainageway are of concern and require channel improvements, such as
widening and riprap lining to ensure the Sand Creek Drainageway remains stable during a 100-yr
event. This report meets the latest El Paso County Drainage Criteria requirements for this site. The
results of JR Engineering’s GeoHecRas model for the channel appear accurate as the water surface
elevations of the channel matchup very closely to the elevations called out in the FEMA FIS along
the channel. The overtopping elevation at Galley Road shown in the model matches the elevation
shown in the FEMA floodplain map of 6249, showing that the GeoHecRas model results are valid.

REFERENCES:

1. El Paso County Drainage Criteria Manual Volume 1, El Paso County, CO, 1994.

2. Urban Storm Drainage Criteria Manual, Urban Drainage and Flood Control District, Latest Revision.

3. Flood Insurance Study- El Paso County, Colorado & Incorporated Areas Vol 7 of 8, Federal

Emergency Management Agency, December 7, 2018.

4. Sand Creek Drainage Basin Planning Study, Kiowa Engineering, January 1993.

5. Sand Creek Drainage Basin LOMR, Federal Emergency Management Agency, May 23,

2007.

6. Preliminary Drainage Report and Floodplain Certification for Powers Center Point, Galloway

Engineering, October 2007.



HEC-RAS  Plan: Default Scenario   River: Channel 01   Reach: CH01    Profile: Sand Creek
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
CH01 1053 Sand Creek 760.00 6265.00 6269.26 6269.26 6270.04 0.003762 8.51 179.27 110.42 0.77
CH01 1052 Sand Creek 760.00 6258.00 6262.11 6262.11 6263.78 0.005804 10.49 77.83 25.50 0.96
CH01 1051 Sand Creek 760.00 6257.00 6261.64 6261.64 6263.29 0.006883 10.30 74.47 24.12 0.98
CH01 1050 Sand Creek 760.00 6257.00 6261.55 6261.55 6263.17 0.005614 10.36 81.50 27.77 0.96
CH01 1049 Sand Creek 760.00 6257.00 6260.93 6260.93 6262.50 0.005917 10.15 80.51 28.71 0.97
CH01 1048 Sand Creek 760.00 6255.00 6259.52 6259.52 6261.19 0.005730 10.51 80.21 27.19 0.97
CH01 1047 Sand Creek 760.00 6254.00 6258.20 6258.20 6259.83 0.006013 10.34 79.30 27.50 0.98
CH01 1046 Sand Creek 760.00 6253.00 6257.62 6257.33 6258.86 0.004369 9.10 93.85 32.59 0.85
CH01 1045 Sand Creek 760.00 6253.00 6257.94 6258.62 0.002044 6.71 123.65 36.54 0.59
CH01 1044 Sand Creek 760.00 6252.00 6258.04 6258.47 0.000942 5.39 158.77 38.15 0.42
CH01 1043 Sand Creek 760.00 6252.00 6258.17 6258.40 0.000450 3.84 219.34 49.10 0.29
CH01 1042 Sand Creek 760.00 6252.00 6258.25 6258.35 0.000192 2.60 333.13 72.33 0.19
CH01 1041 Sand Creek 760.00 6251.00 6258.15 6254.86 6258.33 0.000342 3.46 250.00 54.53 0.26
CH01 1040 Sand Creek 760.00 6251.00 6257.48 6258.25 0.001509 7.34 129.48 31.17 0.53
CH01 1039 Sand Creek 720.00 6250.00 6256.03 6256.03 6258.09 0.005145 12.17 78.63 22.88 0.93
CH01 1038 Sand Creek 720.00 6250.00 6254.65 6254.65 6256.48 0.005632 11.04 74.30 23.99 0.96
CH01 1037 Sand Creek 720.00 6249.00 6254.26 6254.26 6256.12 0.005266 11.39 78.61 25.24 0.94
CH01 1036 Sand Creek 720.00 6249.00 6254.18 6253.87 6255.67 0.004153 10.16 86.85 27.64 0.84
CH01 1035 Sand Creek 720.00 6248.00 6254.49 6255.37 0.001997 8.12 123.42 33.33 0.60
CH01 1034 Sand Creek 720.00 6248.00 6253.87 6253.37 6255.23 0.003530 9.97 96.29 27.50 0.78
CH01 1033 Sand Creek 720.00 6248.00 6253.90 6253.27 6255.15 0.003218 9.54 100.27 28.48 0.75
CH01 1032 Sand Creek 720.00 6248.00 6254.02 6252.85 6254.99 0.002212 8.21 107.83 28.30 0.63
CH01 1031 Sand Creek 720.00 6247.00 6252.93 6252.93 6254.82 0.005902 11.67 81.05 24.65 0.92
CH01 1030 Sand Creek 960.00 6247.00 6253.53 6254.38 0.001956 8.14 169.51 45.64 0.61
CH01 1029 Sand Creek 960.00 6247.00 6253.61 6254.29 0.001452 7.08 180.40 43.93 0.52
CH01 1028 Sand Creek 960.00 6247.00 6253.63 6251.57 6254.24 0.001217 6.58 184.56 43.62 0.48
CH01 1027 Sand Creek 960.00 6247.00 6253.56 6254.17 0.001232 7.01 201.11 46.32 0.50
CH01 1026 Sand Creek 960.00 6247.00 6253.62 6254.11 0.000969 5.82 199.63 47.17 0.43
CH01 1025 Sand Creek 960.00 6247.00 6253.70 6250.88 6254.05 0.000644 4.85 227.01 48.43 0.35
CH01 1024 Sand Creek 960.00 6246.00 6253.67 6250.42 6254.02 0.000576 4.98 235.21 46.35 0.34
CH01 1023 Sand Creek 960.00 6246.00 6253.62 6250.47 6254.01 0.000626 5.21 225.63 43.80 0.35
CH01 1022 Sand Creek 960.00 6246.00 6253.61 6254.00 0.000607 5.19 221.85 41.91 0.35
CH01 1021 Sand Creek 960.00 6246.00 6253.17 6253.94 0.001350 7.37 164.92 36.16 0.51
CH01 1020 Sand Creek 960.00 6246.00 6252.32 6251.61 6253.82 0.003159 10.30 118.91 30.63 0.76
CH01 1019 Sand Creek 960.00 6246.00 6252.49 6251.34 6253.62 0.002313 9.03 140.23 36.35 0.66
CH01 1018 Sand Creek 960.00 6246.00 6251.44 6251.44 6253.45 0.004819 12.21 109.12 31.63 0.94
CH01 1017 Sand Creek 960.00 6245.00 6251.26 6250.03 6252.37 0.002324 8.73 133.16 32.49 0.65
CH01 1016 Sand Creek 960.00 6245.00 6250.14 6250.14 6252.15 0.005299 11.66 96.28 28.21 0.95
CH01 1015 Sand Creek 960.00 6244.00 6250.38 6248.09 6250.77 0.000839 5.11 215.92 53.82 0.39
CH01 1014 Sand Creek 956.00 6244.00 6250.35 6248.71 6250.72 0.000950 5.78 370.06 207.76 0.42
CH01 1013 Sand Creek 956.00 6244.00 6249.89 6249.89 6250.66 0.001931 8.21 274.84 196.01 0.61
CH01 1012 Sand Creek 956.00 6244.00 6248.95 6248.95 6251.16 0.005865 12.67 104.90 38.16 1.02
CH01 1011 Sand Creek 956.00 6244.00 6249.28 6249.28 6250.05 0.002387 8.46 279.17 203.66 0.66
CH01 1010 Sand Creek 956.00 6244.00 6249.16 6249.16 6249.97 0.002504 8.54 254.79 169.44 0.67
CH01 1009 Sand Creek 956.00 6242.00 6249.14 6247.90 6249.85 0.001612 7.93 276.71 166.57 0.55
CH01 1008 Sand Creek 956.00 6242.00 6247.80 6247.80 6249.73 0.004748 11.73 106.54 31.47 0.91
CH01 1007 Sand Creek 956.00 6242.00 6248.22 6247.39 6249.22 0.002263 9.17 222.13 127.82 0.66
CH01 1006 Sand Creek 956.00 6242.00 6248.59 6247.92 6249.01 0.001105 6.67 368.21 181.76 0.46
CH01 1005 Sand Creek 956.00 6242.00 6248.64 6246.43 6248.97 0.000738 5.28 352.19 168.51 0.38
CH01 1004 Sand Creek 956.00 6242.00 6248.76 6245.39 6248.91 0.000242 3.31 399.38 160.30 0.22
CH01 1003.56 Culvert
CH01 1003 Sand Creek 956.00 6239.00 6244.43 6242.22 6244.82 0.000233 4.99 191.73 160.51 0.40
CH01 1002 Sand Creek 956.00 6240.00 6243.32 6243.32 6244.68 0.001891 9.35 102.20 38.15 1.01
CH01 1001 Sand Creek 956.00 6239.00 6242.61 6242.61 6244.01 0.001806 9.51 100.52 34.95 0.99
CH01 1000 Sand Creek 956.00 6239.00 6242.44 6242.44 6243.85 0.001879 9.55 100.10 35.71 1.01
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Project Description

Solve For Discharge

Input Data

Headwater Elevation 0.50 ft

Crest Elevation 0.00 ft

Tailwater Elevation 0.00 ft

Weir Coefficient 3.10 US

Crest Length 4.00 ft

Number Of Contractions 0

Results

Discharge 4.38 ft³/s

Headwater Height Above Crest 0.50 ft

Tailwater Height Above Crest 0.00 ft

Flow Area 2.00 ft²

Velocity 2.19 ft/s

Wetted Perimeter 5.00 ft

Top Width 4.00 ft

Worksheet for Rectangular Weir - 4' Openings (10)

4/29/2020 9:25:06 AM
Bentley Systems, Inc.  Haestad Methods Solution Center Bentley FlowMaster  [08.01.071.00]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page
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Chapter 9 Hydraulic Structures

September 2017 Urban Drainage and Flood Control District 9-61
Urban Storm Drainage Criteria Manual Volume 2

Figure 9-30. Flared end section (FES) headwall concept
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Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Thursday, Jun 25 2020

Ex. Concrete Channel

Trapezoidal
Bottom Width (ft) =  3.50
Side Slopes (z:1) =  1.33, 1.53
Total Depth (ft) =  1.75
Invert Elev (ft) =  6267.00
Slope (%) =  1.41
N-Value =  0.013

Calculations
Compute by: Known Depth
Known Depth (ft) =  0.88

Highlighted
Depth (ft) =  0.88
Q (cfs) =  42.08
Area (sqft) =  4.19
Velocity (ft/s) =  10.05
Wetted Perim (ft) =  6.57
Crit Depth, Yc (ft) =  1.37
Top Width (ft) =  6.02
EGL (ft) =  2.45

0 1 2 3 4 5 6 7 8 9 10 11

Elev (ft) Depth (ft)
Section

6266.50 -0.50

6267.00 0.00

6267.50 0.50

6268.00 1.00

6268.50 1.50

6269.00 2.00

Reach (ft)



Weir Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Aug 26 2020

Paonia Street Weir

Compound Weir
Crest =  Sharp
Bottom Length (ft) =  115.00
Total Depth (ft) =  1.25
Length, x (ft) =  80.00
Depth, a (ft) =  0.50

Calculations
Weir Coeff. Cw =  3.33
Compute by: Known Q
Known Q (cfs) =  439.00

Highlighted
Depth (ft) =  1.24
Q (cfs) =  439.00
Area (sqft) =  125.10
Velocity (ft/s) =  3.51
Top Width (ft) =  115.00

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

Depth (ft) Depth (ft)Paonia Street Weir

-0.50 -0.50

0.00 0.00

0.50 0.50

1.00 1.00

1.50 1.50

2.00 2.00

Length (ft)
Weir W.S.



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Aug 26 2020

Overflow Channel

Trapezoidal
Bottom Width (ft) =  115.00
Side Slopes (z:1) =  6.80, 6.80
Total Depth (ft) =  0.65
Invert Elev (ft) =  6265.66
Slope (%) =  1.68
N-Value =  0.017

Calculations
Compute by: Known Q
Known Q (cfs) =  439.00

Highlighted
Depth (ft) =  0.52
Q (cfs) =  439.00
Area (sqft) =  61.64
Velocity (ft/s) =  7.12
Wetted Perim (ft) =  122.15
Crit Depth, Yc (ft) =  0.65
Top Width (ft) =  122.07
EGL (ft) =  1.31

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Elev (ft) Depth (ft)
Section

6265.00 -0.66

6265.50 -0.16

6266.00 0.34

6266.50 0.84

6267.00 1.34

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Aug 26 2020

Paonia Street Ex.

User-defined
Invert Elev (ft) =  6271.04
Slope (%) =  1.00
N-Value =  0.016

Calculations
Compute by: Known Q
Known Q (cfs) =  500.00

(Sta, El, n)-(Sta, El, n)...
( 0.00, 6273.30)-(48.06, 6271.58, 0.016)-(86.95, 6271.04, 0.016)-(95.27, 6271.26, 0.016)-(99.33, 6271.58, 0.016)-(135.09, 6273.05, 0.016)

Highlighted
Depth (ft) =  1.27
Q (cfs) =  500.00
Area (sqft) =  66.09
Velocity (ft/s) =  7.57
Wetted Perim (ft) =  89.48
Crit Depth, Yc (ft) =  1.56
Top Width (ft) =  89.43
EGL (ft) =  2.16

-10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Elev (ft) Depth (ft)
Section

6270.50 -0.54

6271.00 -0.04

6271.50 0.46

6272.00 0.96

6272.50 1.46

6273.00 1.96

6273.50 2.46

6274.00 2.96

Sta (ft)
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To: El Paso County Engineering Division 

From: Mike Bramlett, PE 

Date: August 27, 2021 

Subject: Sand Creek Center Tributary Channel Improvements  

The purpose of this letter is to provide design information for the existing conditions of the Sand Creek Center 

Tributary Drainageway, located east of the Solace Apartments site. This letter will also discuss the proposed 

improvements for the channel, design methodology, and the modeling results. For further information on the 

previous evaluation of the channel in its existing conditions and conceptual design, see the Sand Creek – Center 

Tributary Channel Analyses Report for Solace Apartments by JR Engineering. For further information 

concerning drainage for the Solace Apartments Site, see the Final Drainage Report for Solace Apartments, by 

JR Engineering. 

 

Project General Discussion 

The Sand Creek Center Tributary Channel is located in Section 7, Township 14 South, Range 65 West of the 6
th

 

Principal Meridian in El Paso County, Colorado. The site is part of the Solace Apartments project and is located 

on the eastern edge of the project. As part of the proposed improvements for the Solace Apartments Project, this 

reach of the Sand Creek Center Tributary will also be improved. The sections upstream and downstream of the 

site have already undergone improvements, and the channel in its current state shows extensive flooding in a 

100 year event. In addition to improvements to the Sand Creek Center Tributary Channel, the channels 

secondary drainageway located to the west of the channel in Paonia Street will also be improved with an 

overflow channel that will direct flow present in the secondary drainageway into the main channel and avoid 

further flooding of the Paonia Street extension into the Solace Apartments site. 

 

Channel Flows 

Evaluation of the flows present in the Sand Creek Center Tributary and its secondary drainageway were 

discussed in detail in the Sand Creek – Center Tributary Channel Analysis for Solace Apartments by JR 

Engineering. Since the initial analysis of the channel took place, JR Engineering was able to acquire the 

modeling data used by FEMA for determination of flood plain modeling shown in FEMA FIRM 08041C0752G. 

JR Engineering assumes FEMA’s flows to be accurate, and thus utilized these as the basis for our model. The 

main channel contains 820 cfs of flow and the secondary channel contains 217 cfs. The flow in the main 

channel then jumps up to 1,037 cfs at the convergence of the secondary drainageway. The convergence of these 

flows occurs just upstream of the Galley Road crossing, where existing topography directs the secondary 

drainageway into the main channel. Downstream an existing channel coming from nearby Valley Road (east) 
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converges with the main channel; we then utilized FEMA’s 1,100 cfs to model the remaining portion of the 

channel.  

  

Existing Channel Conditions  

In its existing conditions the Sand Creek Center Tributary Channel along the Solace site consists of a natural 

channel overgrown with trees and bushes along the sides of the channel with the bottom being relatively clean 

and free of obstacles. The 1,350 LF reach of the Sand Creek Center Tributary Channel located incorporated 

with the Solace site is undeveloped, as compared to the majority of channels in the basin which have had some 

improvement. Downstream and upstream sections of the Sand Creek Center Tributary Channel are concrete 

lined. The secondary Drainageway located in Paonia Street flows south from Omaha Blvd to the Solace 

Apartments site where flow splits between an existing concrete channel running east to the main Sand Creek 

Center Tributary Channel, and a swale flowing south where it eventually rejoins the main channel at the Galley 

Road crossing. It is anticipated that the concrete channel will divert 42 cfs from the 217cfs present in the 

secondary drainageway, with 175 cfs flowing south down the existing swale. There is also an existing channel 

coming from Valley Road to the east. This channel intersects the main channel approximate halfway between 

the north and south limits of the site, adding 63 cfs to the main channel, as discussed in the Channel Flows 

section above. In its existing conditions, the Sand Creek Center Tributary Channel FEMA firm panel 

08041C0752G, depicts 100 year flooding extending into the adjacent properties to the east and onto Paonia 

Street improvements to the west. The existing channel currently overtops the Galley Road crossing; primarily 

due to the capacity of the culverts at the crossing rather than the channel’s current conditions. 

 

Proposed Channel Improvements 

As determined by the Sand Creek Drainage Basin Planning Study (DBPS) & and JR Engineering Sand Creek – 

Center Tributary Channel Analysis for Solace Apartments, this section of the Sand Creek Center Tributary will 

require improvements to ensure adequate capacity in the channel and protection against erosive velocities. In 

order to be consistent with improvements already made in the surrounding area and to align with the 

recommendations made by the DBPS, JR Engineering is proposing concrete lining of the channel along the 

Solace site, along with widening of the existing channel and modification to the channel alignment in this area. 

JR Engineering is also proposing the addition of a USBR Type III Stilling Basin and 10 foot sloped concrete 

drop in the channel, in order to force a hydraulic jump in the channel and reduce velocities present in the 

channel while still matching existing grades for the majority of channel alignment. The design methodology of 

the sloped drop and USBR Type III Stilling Basin are based on the design procedure for Stilling Basins 

presented in the Federal Highway Administrations Hydraulic Engineering Circular No. 14, Chapter 8. 

Calculation for stilling basin and accessories sizing can be found in the Appendix of this letter. The proposed 

channel section shall be a trapezoidal channel section with a 10’ bottom width, with a minimum channel depth 

of 6.5’ and side slopes varying from 3:1 to 2:1 along the channel’s alignment. The channel shall be lined with 

concrete for a depth of 4.5’ to protect the channel from the erosive velocities present in the channel, with an 

average depth of flow in a 100 year event for the proposed channel being approximately 4’ this will provide a 

minimum freeboard of 2’ from the top of the channel to the 100 year water surface, adhering to the DCM 

Volume 1 for minimum freeboard of 1.4’. The concrete section shall typically be a 6” thick concrete apron for 

the channel, with sections of the section of channel located within the sloped drop and stilling basin being a 12” 
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thick concrete apron. In accordance with the DBPS the channel shall be designed with a stable slope of 1% for 

the majority of the channel. For further details please see the Channel Improvement Plans included in the 

Appendix of this letter. In order to reduce the velocities present in the channel and avoid excessively steep 

slopes for extended portions of the channel’s alignment, a 100’ long sloped drop structure, with a total vertical 

drop of 10’, will be placed at the upstream end of the channel. At the base of the drop will be a USBR Type III 

Stilling Basin that will include chute blocks, baffle blocks and a sill wall to decrease the velocity of the water 

coming down the sloped drop and force a hydraulic jump. This basin will also include a low flow channel 

through the sill wall located at the end of the stilling basin to allow water movement through the structure at 

lower flows and prevent ponding of water in the structure. Further detail for the sloped drop and stilling basin 

can be found in the channel improvement plans shown in the Appendix.   

 

Paonia Street Secondary Drainageway Improvements 

Part of the Sand Creek Center Tributary Improvements also includes the addition of a diversion channel that 

will direct flows present in the Paonia Street Secondary Drainageway into the main channel. This diversion will 

be known as the Overflow Channel for the remainder of this letter. Just north of the Overflow Channel, the 

existing Paonia Street is partially supered in existing conditions routing all flows present in the street to the east 

side. With major flows present in the existing Paonia Street present on the east side of the road, the Overflow 

channel will act as a large opening weir and divert flows to the main channel. The Overflow Channel shall be a 

concrete and riprapped lined channel with varying widths and depths that will convey the flows present in 

Paonia Street into the main channel. The diversion channel shall be concrete from the edge of Paonia to the 

right-of-way, after which it will become a riprap trapezoidal channel section with a typical bottom width of 20’ 

and a depth of 2’-3’. The channel will run east from Paonia until it intersects with the proposed Sand Creek 

Center Tributary Channel alignment, where it will outfall just upstream of the proposed sloped drop in the 

channel. Just south of the diversion channel opening along Paonia Street will be two 15’type R inlets, that will 

be used to capture nuisance flows in the curb & gutter and also any flow that may bypass the diversion channel. 

These inlets are a redundant and not intended to capture any flows present in Paonia as the Overflow Channel is 

sized and designed to capture all flows present in Paonia; each inlet has a total intercept capacity of 17cfs for a 

total of 34cfs combined. These inlets will directly outfall into the main channel and will not be detained by any 

of the onsite detention ponds. For further detail on the diversion channel please see the channel improvement 

plans, and for detail on the type R inlets see the exert of the Solace Construction Drawings, both shown in the 

Appendix of this letter. 

 

Modeling Results 

The proposed conditions of the channel and its second Drainageway were modeled using GeoHecRas to 

determine the extents of the 100 year floodplain for the site. Flow rates from the model were used based on 

those discussed in the Channel Flows section and Existing Conditions section of this letter. The model was run 

with downstream boundary conditions for each reach using critical depths, and the entirety of the model was ran 

using steady flow conditions. The model was contains four separate reaches, with the main reach modeling the 

proposed alignment and conditions for the Sand Creek Center Tributary Channel. The other reaches modeling 

the Paonia Street Overflow Channel, the existing concrete overflow channel at Paonia and an existing channel 

that runs east to west from Valley Street and intersects the Sand Creek Center Tributary Channel, each reach 
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intersection were modeled using the energy equation. The model used manning’s values (n) of 0.013 for the 

concrete lining, 0.033 for the riprap of the overflow channel, and 0.03 for the any location outside of the 

concrete or riprap extents as they were determined to be most similar to a grassed area with some weeds. The 

results of the GeoHecRas model show that the proposed improvements to the channel substantially reduce the 

extents of the flood plain in the channel and contain the 100 year flood plain within the concrete extents of the 

channel. The results also show a maximum velocity in the channel of 10.32 ft/s in a 100 year event, showing 

that the concrete lining of the channel will provide sufficient protection from erosive velocities present in the 

channel. The GeoHecRas model for the proposed conditions also shows overtopping of the channel crossing at 

Galley Road, which is consistent with the flood data presented by the FEMA FIRM 08041C0752G. Flooding of 

the roadway is due to the insufficient capacity of the culvert crossing in this area, with the current configuration 

of three 48” CMP culverts only providing 365 cfs of capacity of the 1,100 cfs flow at the crossing. Flooding of 

the Galley Road Crossing could be alleviated by upsizing of the culvert(s), these improvements will be 

necessary when the County deems the historic overtopping of Galley Road to be above acceptable tolerance. 

The channel improvements did not results in any change to existing overtopping of Galley Road as this is due to 

insufficient capacity of the culverts at this crossing, which will ultimately be addressed at a later date. Further 

details on the model results can be found in the Appendix. 

 

Summary 

The analysis of the proposed improvements of the Sand Creek Center Tributary Drainageway and its secondary 

drainageway located in Paonia Street show significant reduction of the flood plain extents, with it now being 

contained within the channel extents and no longer extensively flooding properties adjacent the proposed Solace 

Apartment Site. The proposed diversion channel also redirects flow that would otherwise flood the proposed 

extension of Paonia Street back into the channel, thus alleviating the risk of the roadway flooding in a 100 year 

event.  

 

Please contact me should you have any questions or concerns regarding this letter at 303-740-9393. 

 

Sincerely, 
JR ENGINEERING, LLC 

 

Mike Bramlett, PE 

JR Engineering 
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SAND CREEK-CENTER TRIBUTARY CHANNEL PROFILE (4)
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SAND CREEK-CENTER TRIBUTARY CHANNEL PROFILE (3)
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A 
W

es
tri

an
 C

om
pa

ny

Know what's below.
before you dig.Call

R

PAO
N

IA ST

SOLACE
APARTMENTS

SOLACE APARTMENTS
POND B

SAND CREEK-CENTER TRIBUTARY CHANNEL PROFILE
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APPENDIX E

DRAINAGE MAPS & PLANS



A Westrian Company

 
 
 

Tributary Area Percent tc Q5 Q100

Sub-basin (acres) Impervious C5 C100 (min) (cfs) (cfs)

A1 14.75 2% 0.09 0.36 32.5 3.1 21.0

A2 3.79 2% 0.09 0.36 25.4 0.9 6.2

A3 5.44 2% 0.09 0.36 22.7 1.4 9.5

B1 4.84 2% 0.09 0.36 20.3 1.3 9.0

OS1 17.73 80% 0.59 0.70 15.1 36.7 73.1
OS2 8.93 90% 0.73 0.81 8.6 28.4 52.9

BASIN SUMMARY TABLE

DP Q5 Q100
Total Total

1 3.1 21.0

2 0.9 6.2

3 1.4 9.5

4 1.3 9.0

5 36.7 573.1

6 28.4 52.9

1.0 - 820.0
1.1 - 820.0

1.2 - 1037.0

1.3 - 1100.0

1.4 - 500.0

1.5 - 244.0
1.6 - 42.1

DESIGN POINT
SUMMARY TABLE



A Westrian Company

 
 
 

Q5 Q100
Total Total

1 2.2 4.7

2 0.5 1.0

3 2.1 4.4

4 1.7 3.3

5 1.6 3.1

6 1.6 3.1

7 0.8 2.3

8 0.6 1.0

9 0.5 1.0

10 4.2 9.6

11 1.1 3.2

12 0.8 1.7

13 3.4 8.3

14 4.1 9.7

15 1.6 2.8

16 3.2 8.5

17 0.1 0.2

18 1.0 1.8
19 1.9 4.3

20 0.8 2.0

21 0.9 1.7

22 0.7 1.3

23 1.0 2.2

24 0.5 1.6

25 1.5 3.2

26 1.0 2.6

27 3.1 7.1

28 1.9 4.1

29 0.4 0.8

30 0.9 1.8

31 1.8 4.5

32 1.1 2.4

33 2.1 5.8

34 0.6 1.4

35 22.4 46.7

36 2.5 6.7
37 22.5 3.6

38 0.2 1.0

39 0.2 1.5

40 0.8 2.2

41 0.3 2.3

42 0.5 1.9

43 36.7 73.1

44 21.3 42.4
4P 5.7 11.3

5P 8.6 19.4

6P 13.5 30.8

1.0 5.7 11.3

2.0 1.6 3.5

2.1 2.1 4.3

2.2 2.8 5.5

2.3 3.1 6.1

2.4 7.1 15.1

2.5 8.1 18.2

2.6 8.6 19.4

3.0 6.4 9.1

3.1 10.5 19.0

3.2 10.6 19.1

3.3 11.1 20.2

3.4 11.9 21.6

3.5 12.5 23.2

3.6 13.0 24.1
3.7 13.3 24.7

3.8 13.8 26.1

3.9 1.2 2.9

4.0 4.1 9.5

4.1 6.9 15.7

4.2 20.0 40.8

4.3 1.3 2.7

4.4 20.7 42.3

4.5 21.7 45.0

4.6 22.4 46.7

4.7 2.5 6.7

5.0 - 820.0

5.1 - 820.0

5.2 - 1037.0

5.3 - 1100.0

DESIGN POINT

DP

Tributary Area Percent tc Q5 Q100

Sub-basin (acres) Impervious C5 C100 (min) (cfs) (cfs)

A1 0.50 78% 0.70 0.81 5.7 1.7 3.3

A2 0.47 77% 0.71 0.82 6.2 1.6 3.1

A3 0.45 78% 0.72 0.82 5.9 1.6 3.1

A4 0.15 90% 0.73 0.81 5.0 0.6 1.0

A5 0.13 90% 0.73 0.81 5.0 0.5 1.0

A6 1.51 58% 0.53 0.68 10.5 3.2 7.0

A7 0.58 41% 0.42 0.60 10.6 1.0 2.4

A8 0.30 53% 0.52 0.68 5.9 0.8 1.7

A9 1.33 0% 0.08 0.35 13.9 0.4 2.9

B1 0.37 78% 0.72 0.83 5.1 1.4 2.7

B2 0.35 94% 0.85 0.93 5.0 1.6 2.8

B3 0.35 71% 0.67 0.79 5.0 1.2 2.4

B4 0.03 90% 0.73 0.81 5.0 0.1 0.2

B5 0.26 90% 0.73 0.81 5.0 1.0 1.8

B6 0.73 59% 0.56 0.71 7.1 1.9 4.1

B7 0.47 40% 0.37 0.56 7.0 0.8 2.0

B8 0.25 90% 0.73 0.81 5.0 0.9 1.7

B9 0.19 90% 0.73 0.81 5.0 0.7 1.3

B10 0.38 55% 0.53 0.69 5.2 1.0 2.2

B11 0.74 35% 0.33 0.53 11.1 1.0 2.6

B12 1.08 61% 0.58 0.72 9.2 2.7 5.6

B13 0.58 57% 0.55 0.70 6.4 1.5 3.2

B13A 0.48 21% 0.23 0.46 9.4 0.5 1.6

B14 0.49 68% 0.63 0.76 9.4 1.3 2.6

B15 0.27 77% 0.71 0.81 5.7 0.9 1.8

B16 0.15 66% 0.56 0.69 5.4 0.4 0.8

B17 0.99 41% 0.42 0.60 8.2 1.8 4.5

B18 0.47 51% 0.50 0.66 7.2 1.1 2.4

B19 1.92 30% 0.32 0.53 16.9 2.1 5.7

B20 0.26 50% 0.49 0.66 6.3 0.6 1.4

B21 2.46 0% 0.08 0.35 29.7 0.5 3.6

C1 0.74 26% 0.29 0.51 15.0 0.8 2.2

C2 0.80 0% 0.08 0.35 6.3 0.3 2.3

D1 0.95 14% 0.19 0.43 12.8 0.7 2.6

F1 0.92 56% 0.52 0.67 7.5 2.2 4.7

F2 0.14 79% 0.72 0.83 5.0 0.5 1.0

F3 0.73 60% 0.57 0.72 5.5 2.1 4.4

F4 0.68 31% 0.30 0.51 11.3 0.8 2.3

F5 3.88 36% 0.36 0.55 10.3 3.4 8.3

F6 0.35 0% 0.08 0.35 5.3 0.2 1.0

F7 0.53 0% 0.08 0.35 6.9 0.2 1.5

OS1 17.73 80% 0.59 0.70 15.1 36.7 73.1
OS2 8.93 90% 0.59 0.70 10.6 21.3 42.4

BASIN SUMMARY TABLE
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APPENDIX B: HYDROLOGY



PROJECT NAME: Solace Apartments Filing No 2 DATE: 12/12/2022
PROJECT NUMBER: 19614002

CALCULATED BY: MVZ
CHECKED BY: EJG

SOIL: C
ROOF STREET - PAVED LANDSCAPE GRAVEL

LAND USE: AREA AREA AREA AREA
2-YEAR COEFF. 0.71 0.89 0.02 0.57
5-YEAR COEFF. 0.73 0.90 0.08 0.59

10-YEAR COEFF. 0.75 0.92 0.15 0.63
100-YEAR COEFF. 0.81 0.96 0.35 0.70

IMPERVIOUS % 90% 100% 0% 80%
ROOF STREET - PAVED LANDSCAPE GRAVEL TOTAL

DESIGN DESIGN AREA AREA AREA AREA AREA
BASIN POINT (AC) (AC) (AC) (AC) (AC) Cc(2) Cc(5) Cc(10) Cc(100) Imp %

F1 B 0.00 0.85 0.86 0.00 1.71 0.45 0.49 0.53 0.65 50%
F2 B 0.00 0.25 0.24 0.00 0.48 0.47 0.50 0.55 0.66 51%

0.00 1.10 1.10 0.00 2.20 0.46 0.49 0.54 0.66 50%
0% 50% 50% 0% 100%

A1 B 0.00 0.02 0.18 0.00 0.21 0.12 0.18 0.24 0.42 12%
A2 B 0.00 0.00 0.05 0.00 0.05 0.02 0.08 0.15 0.35 0%
A3 B 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%
A4 B 0.00 0.00 0.04 0.00 0.04 0.02 0.08 0.15 0.35 0%
A5 B 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%

0.23 0.02 0.27 0.00 0.53 0.36 0.40 0.45 0.58 44%
44% 5% 51% 0% 100%

B1 B 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%
B2 B 0.00 0.11 0.38 0.00 0.49 0.21 0.26 0.32 0.49 22%
B3 B 0.00 0.04 0.31 0.00 0.36 0.13 0.18 0.24 0.43 12%
B4 B 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%

0.23 0.15 0.69 0.00 1.07 0.29 0.34 0.39 0.54 34%
22% 14% 64% 0% 100%

C1 B 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%
C2 B 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%

0.23 0.00 0.00 0.00 0.23 0.71 0.73 0.75 0.81 90%
100% 0% 0% 0% 100%

D1 A 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%
D2 A 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%
D3 A 0.00 0.36 0.21 0.00 0.57 0.57 0.60 0.63 0.73 63%

0.23 0.36 0.21 0.00 0.80 0.61 0.63 0.67 0.76 71%
29% 45% 26% 0% 100%

E1 A 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%
E2 A 0.00 0.02 0.14 0.00 0.16 0.14 0.19 0.25 0.43 14%
E3 A 0.12 0.00 0.00 0.00 0.12 0.71 0.73 0.75 0.81 90%

0.23 0.02 0.14 0.00 0.39 0.48 0.51 0.55 0.66 59%
59% 6% 35% 0% 100%

G1 A 0.00 0.36 0.27 0.00 0.63 0.52 0.55 0.59 0.70 57%
0.00 0.36 0.27 0.00 0.63 0.52 0.55 0.59 0.70 57%
0% 57% 43% 0% 100%

OFF1 C 0.00 0.02 0.95 0.00 0.97 0.04 0.10 0.16 0.36 2%
OFF2 B 0.00 0.01 0.11 0.00 0.12 0.08 0.14 0.21 0.40 7%
OFF3 A 0.00 0.02 0.29 0.00 0.31 0.08 0.13 0.20 0.39 6%
OFF4 A 0.00 0.00 0.27 0.00 0.27 0.02 0.08 0.15 0.35 0%
OFF5 C 0.00 0.00 0.22 0.00 0.22 0.02 0.08 0.15 0.35 0%

0.00 0.05 1.84 0.00 1.89 0.04 0.10 0.17 0.37 2%
0% 2% 98% 0% 100%BASIN  SUBTOTAL

DESIGN POINT A 0.70 1.28 2.06 0.00 4.03 0.41 0.45 0.50 0.62

BASIN  SUBTOTAL

OFFSITE

STORM G

BASIN  SUBTOTAL

BASIN  SUBTOTAL

STORM E

STORM D

BASIN  SUBTOTAL

STANDARD FORM SF-1

MAIN

RUNOFF COEFFICIENTS - IMPERVIOUS CALCULATION

47%

STORM A

BASIN  SUBTOTAL

STORM B

BASIN  SUBTOTAL

BASIN  SUBTOTAL

STORM C



Solace Apartments Filing No 2 DATE:
P1 (1-Hour Rainfall) = 1.43

MVZ
EJG
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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)

F1 1.71 0.49 8.34 0.83 4.14 3.46 3.46
F2 0.48 0.50 6.84 0.24 4.43 1.07 1.07
A1 0.21 0.18 8.84 0.04 4.05 0.15 0.15
A2 0.05 0.08 5.00 0.00 4.85 0.02 0.02
A3 0.12 0.73 5.00 0.08 4.85 0.41 0.41
A4 0.04 0.08 5.00 0.00 4.85 0.01 0.01
A5 0.12 0.73 5.00 0.08 4.85 0.41 0.41
B1 0.12 0.73 5.00 0.08 4.85 0.41 0.41
B2 0.49 0.26 10.56 0.13 3.79 0.48 0.48
B3 0.36 0.18 10.78 0.06 3.75 0.24 0.24
B4 0.12 0.73 5.00 0.08 4.85 0.41 0.41
C1 0.12 0.73 5.00 0.08 4.85 0.41 0.41
C2 0.12 0.73 5.00 0.08 4.85 0.41 0.41
D1 0.12 0.73 0.00 0.08 6.67 0.56 0.56
D2 0.12 0.73 0.00 0.08 6.67 0.56 0.56
D3 0.57 0.60 0.00 0.34 6.67 2.27 2.27
E1 0.12 0.73 0.00 0.08 6.67 0.57 0.57
E2 0.16 0.19 0.00 0.03 6.67 0.21 0.21
E3 0.12 0.73 0.00 0.08 6.67 0.57 0.57
G1 0.63 0.55 0.00 0.34 6.67 2.29 2.29

OFF1 0.97 0.10 0.00 0.09 6.67 0.62 0.62
OFF2 0.12 0.14 0.00 0.02 6.67 0.11 0.11
OFF3 0.31 0.13 0.00 0.04 6.67 0.27 0.27
OFF4 0.27 0.08 0.00 0.02 6.67 0.14 0.14
OFF5 0.22 0.08 0.00 0.02 6.67 0.12 0.12

19614002

CHECKED BY:

On-site North Extended Drainage Basin, Treated

ST
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L
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E

(1)

STANDARD FORM SF-3
STORM DRAINAGE DESIGN - RATIONAL METHOD 5 YEAR EVENT

12/12/2022

DIRECT RUNOFF TOTAL RUNOFF STREET PIPE TRAVEL TIME

PROJECT NAME:
PROJECT NUMBER:

CALCULATED BY:



Solace Apartments Filing No 2 DATE:
P1 (1-Hour Rainfall) = 2.6
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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)

F1 1.71 0.65 8.34 1.12 7.53 8.43 8.43
F2 0.48 0.66 6.84 0.32 8.05 2.58 2.58
A1 0.21 0.42 8.84 0.09 7.37 0.64 0.64
A2 0.05 0.35 5.00 0.02 8.82 0.16 0.16
A3 0.12 0.81 5.00 0.09 8.82 0.82 0.82
A4 0.04 0.35 5.00 0.01 8.82 0.12 0.12
A5 0.12 0.81 5.00 0.09 8.82 0.82 0.82
B1 0.12 0.81 5.00 0.09 8.82 0.83 0.83
B2 0.49 0.49 10.56 0.24 6.88 1.62 1.62
B3 0.36 0.43 10.78 0.15 6.83 1.03 1.03
B4 0.12 0.81 5.00 0.09 8.82 0.83 0.83
C1 0.12 0.81 5.00 0.09 8.82 0.83 0.83
C2 0.12 0.81 5.00 0.09 8.82 0.83 0.83
D1 0.12 0.81 0.00 0.09 12.13 1.13 1.13
D2 0.12 0.81 0.00 0.09 12.13 1.13 1.13
D3 0.57 0.73 0.00 0.42 12.13 5.08 5.08
E1 0.12 0.81 0.00 0.09 12.13 1.14 1.14
E2 0.16 0.43 0.00 0.07 12.13 0.85 0.85
E3 0.12 0.81 0.00 0.09 12.13 1.14 1.14
G1 0.63 0.70 0.00 0.44 12.13 5.30 5.30

OFF1 0.97 0.36 0.00 0.35 12.13 4.25 4.25
OFF2 0.12 0.40 0.00 0.05 12.13 0.58 0.58
OFF3 0.31 0.39 0.00 0.12 12.13 1.47 1.47
OFF4 0.27 0.35 0.00 0.09 12.13 1.13 1.13
OFF5 0.22 0.35 0.00 0.08 12.13 0.95 0.95

STANDARD FORM SF-3
STORM DRAINAGE DESIGN - RATIONAL METHOD 100 YEAR EVENT

PROJECT NAME: 12/12/2022
PROJECT NUMBER: 19614002

TRAVEL TIME

ST
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On-site North Extended Drainage Basin, Treated

PIPESTREET

CALCULATED BY:
CHECKED BY:

DIRECT RUNOFF TOTAL RUNOFF
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APPENDIX C: HYDRAULICS



Solace Apartments Filing No 2
100-YR

Conduit Table - Time: 0.00 hours

Hydraulic
Grade Line (In)

(ft)

Velocity
(ft/s)

Flow
(cfs)

Diamete
r

(in)

Invert (Stop)
(ft)

Invert (Start)
(ft)

Label

6,266.485.088.9818.06,263.976,260.28CO-1
6,265.2213.0423.0518.06,260.286,259.59CO-2

Hydraulic
Grade Line

(Out)
(ft)
6,265.22
6,261.87

Catch Basin Table - Time: 0.00 hours

Elevation
(Invert Out)

(ft)

Hydraulic
Grade Line

(Out)
(ft)

Hydraulic
Grade Line (In)

(ft)

Inlet
Location

Flow
(Additional
Subsurface)

(cfs)

Elevation
(Invert)

(ft)

Elevation
(Ground)

(ft)

Label

6,260.286,265.226,265.22On Grade14.076,260.286,266.00CB-1
6,263.976,266.486,266.48On Grade8.986,263.976,267.68CB-2

Page 1 of 476 Watertown Road, Suite 2D  Thomaston, CT
06787  USA  +1-203-755-1666

12/12/2022

StormCAD
[10.03.04.53]

Bentley Systems, Inc.  Haestad Methods Solution
CenterCimarron Hills Phase II.stsw



Solace Apartments Filing No 2
100-YR

6,255.00

6,260.00

6,265.00

6,270.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50

Station (ft)

El
ev

at
io

n
(ft

)

CB-2
Rim: 6,267.68 ft
Invert: 6,263.97 ftCB-1

Rim: 6,266.00 ft
Invert: 6,260.28 ft

O-1
Rim: 6,265.57 ft
Invert: 6,259.59 ft

CO-2: 69.5 ft @ -0.010 f t/ft

Circle - 18.0 in Concrete

CO-1: 173.0 f t @ -0.021 f t/ft

Circle - 18.0 in Conc rete

Page 2 of 476 Watertown Road, Suite 2D  Thomaston, CT
06787  USA  +1-203-755-1666

12/12/2022

StormCAD
[10.03.04.53]

Bentley Systems, Inc.  Haestad Methods Solution
CenterCimarron Hills Phase II.stsw



Solace Apartments Filing No 2
5-YR

Conduit Table - Time: 0.00 hours

Hydraulic
Grade Line (In)

(ft)

Velocity
(ft/s)

Flow
(cfs)

Diamete
r

(in)

Invert (Stop)
(ft)

Invert (Start)
(ft)

Label

6,264.687.013.4618.06,263.976,260.28CO-1
6,262.385.098.9918.06,260.286,259.59CO-2

Hydraulic
Grade Line

(Out)
(ft)
6,262.38
6,261.87

Catch Basin Table - Time: 0.00 hours

Elevation
(Invert Out)

(ft)

Hydraulic
Grade Line

(Out)
(ft)

Hydraulic
Grade Line (In)

(ft)

Inlet
Location

Flow
(Additional
Subsurface)

(cfs)

Elevation
(Invert)

(ft)

Elevation
(Ground)

(ft)

Label

6,260.286,262.386,262.38On Grade5.536,260.286,266.00CB-1
6,263.976,264.686,264.68On Grade3.466,263.976,267.68CB-2

Page 3 of 476 Watertown Road, Suite 2D  Thomaston, CT
06787  USA  +1-203-755-1666
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StormCAD
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Bentley Systems, Inc.  Haestad Methods Solution
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Solace Apartments Filing No 2
5-YR

6,255.00

6,260.00

6,265.00

6,270.00

-0+50 0+00 0+50 1+00 1+50 2+00 2+50

Station (ft)

El
ev

at
io

n
(ft

)

CB-2
Rim: 6,267.68 ft
Invert: 6,263.97 ftCB-1

Rim: 6,266.00 ft
Invert: 6,260.28 ft

O-1
Rim: 6,265.57 ft
Invert: 6,259.59 ft

CO-2: 69.5 ft @ -0.010 f t/ft

Circle - 18.0 in Concrete

CO-1: 173.0 f t @ -0.021 f t/ft

Circle - 18.0 in Conc rete
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BUILDING J

BUILDING K
1.03 cfs

B3

0.36 ac

0.83 cfs

B1

0.12 ac

0.83 cfs

C1

0.12 ac

0.83 cfs

E1

0.12 ac1.62 cfs

B2

0.49 ac

8.76 cfs

OFF3

0.31 ac

0.83 cfs

D1

0.12 ac

0.82 cfs

A3

0.12 ac

0.64 cfs

A1

0.21 ac

8.76 cfs

OFF1

0.97 ac

8.76 cfs

OFF5

0.22 ac

0.82 cfs

A5

0.12 ac

8.76 cfs

F1

1.71 ac

8.76 cfs

OFF2

0.12 ac

8.76 cfs

OFF4

0.27 ac

8.76 cfs

D3

0.57 ac

8.76 cfs

F2

0.48 ac

0.16 cfs

A2

0.05 ac 8.76 cfs

E2

0.16 ac

0.83 cfs

B4

0.12 ac

0.83 cfs

C2

0.12 ac

0.83 cfs

D2

0.12 ac

0.83 cfs

E3

0.12 ac

0.12 cfs

A4

0.04 ac

5.30 cfs

G1

0.63 ac
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AREA (ACRES)

RUNOFF Q (CFS)

Q = C I A
Q = (100 YEAR PEAK DISCHARGE IN CFS)
C = (RATIONAL METHOD RUNOFF COEFFICIENT)
 I = (RAINFALL INTENSITY, INCH/HOUR)
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BUILDING G
BUILDING E

BUILDING A

BUILDING  B

BUILDING C
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BUILDING F BUILDING H
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BUILDING K
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ULTIMATE DESIGN POINT A:
FULL SPECTRUM EDB
FROM FILING NO 1
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