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PURPOSE 

This document is the Master Development Drainage Plan for Kettle Creek North.  The purpose of this report 

is to identify onsite and offsite drainage patterns, locate and identify tributary or downstream drainage 

facilities and establish a development concept for the required drainage facilities meeting all applicable 

criteria.  This report serves as the overall Kettle Creek North project drainage guideline.  Separate Preliminary 

and/or Final Drainage Reports are required with any site development that will detail exact drainage 

calculations, water quality facilities, basin fees, etc.   

 

At this time, a zoning (Concept PUD) is proposed with only residential land-uses being identified. 

 

 

GENERAL DESCRIPTION  

Kettle Creek North is a portion of the Jovenchi, LLC land holdings south of Kettle Creek within Section 22, 

Township 12 South, Range 66 West of the 6th Principal Meridian in El Paso County, Colorado.  As mentioned 

above, A PUD Concept Plan for residential uses is proposed at this time.  The remaining Jovenchi, LLC property 

within and north of Kettle Creek is anticipated to be sold to TOPS.  This residential portion of the Kettle Creek 

North development is the focus of the MDDP and covers approximately 100+ acres and is planned to be 

phased into multiple Filings.  More specifically, the site is located south of Kettle Creek (generally following 

the identified Preble’s meadow jumping mouse (PMJM) habitat line), just north of Thunder Mountain Ave., 

east of Powers Blvd. and west of Howells Road.  The existing North Fork Development (single-family homes) 

sits directly south of the site with all site access taken directly from Thunder Mountain Ave.   Phasing of the 

development is anticipated and will be determined by market conditions.  However, phasing is anticipated 

to be from west to east.  Pond 1 will be constructed with the first phase that is not being treated by the 

existing full-spectrum detention facility (Powers Pond) in the North Fork at Briargate development.     

 

The average soil condition of the entire site reflects Hydrologic Group “B” (Peyton-Pring complex made up of 

sandy loam and sandy clay loam along with Kettle gravelly loamy sand) as determined by the “Web Soil Survey 

of El Paso County Area,” prepared by the National Resources Conservation Service (see map in Appendix).   
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EXISTING DRAINAGE CONDITIONS 

The site is located within the Kettle Creek Drainage Basin and was studied in the “Kettle Creek Drainage Basin 

Planning Study,” by JR Engineering LLC, approved May 2015.  The site lies within a portion of basins 21 and 

28 as presented in the DBPS. (See Appendix)  Westerly portions of the site have been accounted for in the 

North Fork at Briargate MDDP and most recently in the North Fork at Briargate Filing 7 Final Drainage Report 

and associated addendums.  Runoff from the westerly portion of the property sheet flows in a southwesterly 

direction, partially towards a temporary sediment basin constructed with the North Fork development, 

partially towards Thunder Mountain Ave. and partially off-site towards Powers Blvd. and Kettle Creek.  Design 

Point H7 (Q5 = 4 cfs, Q100 = 26 cfs) represents sheet flow from Basin H-7 that is directly tributary to the 

temporary sediment basin constructed along with the North Fork Development.  Design Point H6 (Q5 = 1 cfs, 

Q100 = 9 cfs) represents sheet flow from Basin H-6 that is directly tributary to Thunder Mountain Ave.  This 

flow has been accounted for within the North Fork Development and their associated storm sewer system.  

Design Point H8 (Q5 = 4 cfs, Q100 = 26 cfs) represents sheet flow from Basin H-8 that travels in a westerly 

direction and off-site towards Kettle Creek.  The flows that enter Thunder Mountain Ave.  and collected by 

the on-site temporary sediment basin are then routed via storm sewer directly into the existing detention 

basin (Powers Pond) recently constructed by the North Fork Development.  This facility has been planned 

previously to handle the developed flows from this portion of the site. (See proposed Drainage Conditions)   

Near the middle of the site a diversion swale was previously constructed routing some of the flows due north 

towards the creek.    Design Point H5 (Q5 = 3 cfs, Q100 = 22 cfs) represents this sheet flow from Basin H-5.  This 

facility will be removed upon development.  Design Point H4 (Q5 = 2 cfs, Q100 = 13 cfs) represents sheet flow 

from Basin H-4 that travels in a northwesterly direction and off-site towards Kettle Creek.  The existing 

topography for this portion of the site contains slopes ranging from 2% to 6% and is covered in native grasses 

with some sparse shrubs and trees along the northerly boundary. 

 

 The runoff from the easterly portion of the property flows in a northwesterly direction towards multiple 

natural ravines that lead directly to Kettle Creek.  Design Point H1 (Q5 = 5 cfs, Q100 = 27 cfs) represents sheet 

flow from off-site Basin OS-2 (Q5 = 3 cfs, Q100 = 17 cfs) and Basin H-1 (Q5 = 2 cfs, Q100 = 12 cfs).  Existing flows 

from Basin OS-2 collect at a low-point on the east side of Howells Road and are then conveyed under the 

road via a 30” CMP culvert which appears to be about 50% silted in.  These flows then combine with Basin  
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H-1 flows and continue to sheet flow in a northwesterly direction towards Kettle Creek.  Design Point H2      

(Q5 = 1 cfs, Q100 = 8 cfs) represents sheet flow from Basin H-2 (Q5 = 1 cfs, Q100 = 8 cfs).  These existing flows 

sheet flow directly off-site towards Kettle Creek.  There are also some significant off-site flows that are 

tributary to this part of the site that drain into an existing stock pond at the southwest corner of the property.  

This off-site tributary area is all west of Howells Road and enters the property through multiple culverts.  

During a recent site visit, nearly all the existing culverts crossing Howells Road seem to be severely silted in 

and are in need of maintenance.  The off-site area is all El Paso County zoned RR-5 property (5 ac. lots).  This 

area looks to be completely developed under this zone district.  The total acreage of this off-site tributary 

area equals approximately 96.0 acres. (See off-site Drainage Map)  Approximately 87.1 acres as shown as 

Basin OS-1 (Q5 = 24 cfs, Q100 = 132 cfs), is directly tributary to the on-site existing stock pond and then in 

combination of Basins H-3 and OS-3, ultimately Design Point H3 (Q5 = 32 cfs, Q100 = 178 cfs).  Basin H-3 (Q5 = 

9 cfs, Q100 = 60 cfs) is the majority of the eastern portion of the site all tributary directly to Kettle Creek.  Basin 

OS-3 (Q5 = 4 cfs, Q100 = 14 cfs) is a small off-site basin tributary to this development but bypasses the stock 

pond.  This off-site area includes a portion of the existing Briargate maintenance facility.  The existing stock 

pond appears to have no formal pipe outlet but the embankment seems to be in reasonable condition.  In 

the larger storm events the flows seem to overtop the embankment and travel towards Kettle Creek in a 

well-defined natural ravine.  8.9 acres is tributary to the northeast portion of the property as previously 

mentioned (Basin OS-2).  The existing topography for this eastern portion of the site contains slopes ranging 

from 4% to 3:1 and is covered in native grasses with some shrubs and trees mainly within the natural ravines. 

 

Kettle Creek is a designated corridor for PMJM habitat as described in the DBPS.  However, the westerly 

portion of the north boundary of the proposed PUD Concept Plan is the identified PMJM habitat line.  The 

Kettle Creek DBPS also discusses limited channel stabilization in the form of check structures conceptually 

located based on mean channel velocities determined by the HEC-RAS model.  However, no channel 

improvements may be feasible based on the presence of the PMJM and the associated setback of 361 feet 

from the edge of creek for all development.  The need for channel improvements within Kettle Creek adjacent 

to this development will be further analyzed in the future final drainage reports.   
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PROPOSED DRAINAGE CONDITIONS 

Developed runoff from the Kettle Creek North development will be conveyed via surface drainage and public 

storm sewer systems to multiple storm water quality facilities located on and off-site.  All proposed facilities 

will be designed and installed per the latest City of Colorado Springs drainage criteria and detailed with site 

specific final drainage reports.  A conceptual layout and location for the proposed full-spectrum 

detention/stormwater quality facility is reflected on the Developed Drainage Map along with the existing 

Powers Pond that has been designed and constructed to handle portions of this property.  Two alternatives 

are proposed to appropriately handle the significant off-site flows on the eastern half of the development.  

 

 Alternative 1: Full-spectrum facility to treat both on-site and off-site developed flows prior to direct 

release into Kettle Creek 

 

 Alternative 2: Full-spectrum facility to treat on-site developed flows only prior to entering Kettle 

Creek, with off-site developed flows (County RR-5 zoned property) routed around 

treatment facility with continued direct release into Kettle Creek 

 

See the following general descriptions of the anticipated developed design points and how all off-site 

developed flows will be mitigated: 

 

Design Point D1 (Q5 = 0.5 cfs, Q100 = 3 cfs) represents sheet flow from Basin B that is anticipated to be rear 

yards of future residential lots with no impervious area within the basin.  These minor developed flows will 

sheet flow across a landscaped rear yard and continue towards Kettle Creek within the natural ravine.  This 

design point is compared to the pre-development design point H1 (Q5 = 5 cfs, Q100 = 27 cfs).  With the 

significant reduction in flow due to the anticipated street network capturing the off-site drainage from Basin 

OS-2 and routing it to the proposed on-site pond, no further improvements are required for this basin. 

 

Design Point D2 (Q5 = 0.9 cfs, Q100 = 5 cfs) represents sheet flow from Basin C that is anticipated to contain 

open space and rear yards of future residential lots with no impervious area.  These minor developed flows 

will sheet flow across a landscaped rear yard and continue towards Kettle Creek.  This design point is 

compared to the pre-development design point H2 (Q5 = 1 cfs, Q100 = 8 cfs).  With the reduction in flow due 
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to the anticipated street network routing it to the proposed on-site pond, no further improvements are 

required for this basin. 

 

Alternative 1   (Both Off-site and On-site flows captured and treated in Pond 1) 

Design Point D3 (Q5 = 48 cfs, Q100 = 215 cfs) represents the significant off-site flows from Basins OS-1, OS-2, 

OS-3 and on-site Basin A.  The existing stock pond on-site adjacent to Howells Road will be removed upon 

development within Basin A.  A proposed storm system described in the future final drainage report will 

route these developed flows towards the proposed Pond 1.  This facility is conceptually described below with 

UD-Detention calculations found in the Appendix: 

 

Pond 1 has the following design parameters as a full-spectrum facility: 

 1.10 Ac.-ft. WQCV required 

0.96 Ac.-ft. EURV required 

 4.32 Ac.-ft. 100-yr. storage 

 6.38 Ac.-ft. Total 

 

Total In-flow:     Q5 = 48 cfs,    Q100 = 215 cfs 

Pond Design Release:     Q5 = 0.8 cfs,   Q100 = 134 cfs 

Pre-development Release:    Q5 = 2.3 cfs,   Q100 = 138 cfs 

 

The Pond release point is anticipated to be within the natural ravine both well outside the 100 yr. floodplain 

and the PMJM habitat area.  This facility will be a public facility with ownership and maintenance by the City 

of Colorado Springs.  The aesthetic, landscape maintenance will be by the established local HOA.    

 

Design Point D4 (Q5 = 7 cfs, Q100 = 108 cfs) represents the developed flow release from Pond 1 as well as the 

anticipated Basin D (Q5 = 5 cfs, Q100 = 26 cfs) which is intended to be open space and rear yards of future 

residential lots with no impervious area.  This design point is compared to the pre-development design point 

H3 (Q5 = 34 cfs, Q100 = 172 cfs).  With the reduction in flow due to the anticipated street network and Pond 1, 

no further improvements are required for this basin. 
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Alternative 2  (On-site flows only captured and treated in Pond 1.  Off-site flows by-pass Pond 1) 

Design Point D3 (Q5 = 29 cfs, Q100 = 105 cfs) represents only the off-site flows from Basins OS-2, OS-3 and on-

site Basin A.  The existing stock pond on-site adjacent to Howells Road will remain and allow for the complete 

collection of the significant off-site flows from Basin OS-1.  A storm system will be constructed to by-pass the 

proposed Pond 1 and route these off-site flows directly towards Kettle Creek.  This facility is conceptually 

described below with UD-Detention calculations found in the Appendix: 

 

Pond 1 has the following design parameters as a full-spectrum facility: 

 0.56 Ac.-ft. WQCV required 

0.64 Ac.-ft. EURV required 

 1.82 Ac.-ft. 100-yr. storage 

 3.03 Ac.-ft. Total 

 

Total In-flow:     Q5 = 29 cfs,    Q100 = 105 cfs 

Pond Design Release:     Q5 = 0.5 cfs,   Q100 = 58 cfs 

Pre-development Release:    Q5 = 1.1 cfs,   Q100 = 63 cfs 

 

The Pond release point is anticipated to be within the natural ravine both well outside the 100 yr. floodplain 

and the PMJM habitat area.  This facility will be a public facility with ownership and maintenance by the City 

of Colorado Springs.  The aesthetic, landscape maintenance will be by the established local HOA.    

 

Design Point D4 (Q5 = 16 cfs, Q100 = 141 cfs) represents the developed flow release from Pond 1 as well as 

the anticipated Basin D (Q5 = 5 cfs, Q100 = 26 cfs) which is intended to be open space and rear yards of future 

residential lots with no impervious area and the direct release from off-site Basin OS-1 (Q5 = 24 cfs, Q100 = 132 

cfs).  This design point is compared to the pre-development design point H3 (Q5 = 34 cfs, Q100 = 172 cfs).  With 

the reduction in flow due to the anticipated street network and Pond 1, no further improvements are 

required for this basin. 

 

Design Point D5 (Q5 = 0.4 cfs, Q100 = 2 cfs) represents sheet flow from Basin G that is anticipated to be rear 

yards of future residential lots with no impervious area within the basin.  These minor developed flows will 

sheet flow across a landscaped rear yard and continue towards Kettle Creek within the natural ravine.  This 
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design point is compared to the pre-development design point H5 (Q5 = 3 cfs, Q100 = 22 cfs).  With the 

significant reduction in flow due to the anticipated street network reducing the tributary acreage and routing 

it towards the existing Powers Pond, no further improvements are required for this basin. 

 

Design Point D6 (Q5 = 1.4 cfs, Q100 = 7 cfs) represents sheet flow from Basin E that is anticipated to be rear 

yards of future residential lots with no impervious area within the basin.  These minor developed flows will 

sheet flow across a landscaped rear yard and continue towards Kettle Creek.  This design point is compared 

to the pre-development design point H8 (Q5 = 4 cfs, Q100 = 26 cfs).  With the significant reduction in flow due 

to the anticipated street network reducing the tributary acreage and routing it towards the existing Powers 

Pond, no further improvements are required for this basin. 

 

Design Point D7 (Q5 = 68 cfs, Q100 = 150cfs) represents the anticipated developed flows from Basin F.  A 

proposed storm system described in the future final drainage report will route these developed flows 

towards the existing Powers Pond located at the southwest corner of the property.  This facility was designed 

and constructed with the North Fork Development and accounted for these off-site flow from this property.  

Below is a comparison of the anticipated developed flows found in the previous reports  versus the developed 

flows found from Basin F: 

 

 Previous Reports (North Fork at Briargate Filing No. 7, addendum) 

 Basins OS-5A, OS-5B, OS-5C and OS-5D (Total acreage of 49.3 ac.) 

 Assumed 70% impervious 

 Q5 = 94 cfs, Q100 = 190 cfs  

 

 Kettle Creek MDDP 

 Basin F (57.1 ac.) 

 Assumed 65% impervious 

 Q5 = 68 cfs, Q100 = 150 cfs   
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The final drainage report(s) will better define the tributary acreage and impervious percentage based on the 

exact residential land-use.  However, based on the calculations above, the existing Powers Pond will 

adequately handle this portion of the developed flows from this property.  The proposed development may  

require modification to the orifice plate of the outlet structure to ensure water quality drain times meet the 

required minimums. 

 

STORM WATER QUALITY/DETENTION 

This development proposes to drain the easterly portion of the site to a proposed full spectrum 

detention/stormwater quality facility that will be formally designed with the future final drainage report(s).  

The westerly portion of the property, even upon development, will continue to drain into the existing Power 

Pond that was constructed with the North Fork development.  This facility adequately accounted for this 

future development.  

 

The City of Colorado Springs has required the Four Step Process for receiving water protection that focuses 

on reducing runoff volumes, treating the water quality capture volume (WQCV), stabilizing drainage ways, 

and implementing long-term source controls. The Four Step Process pertains to management of smaller, 

frequently occurring storm events, as opposed to larger storms for which drainage and flood control 

infrastructure are sized. Implementation of these four steps helps to achieve storm water permit 

requirements.  This site conceptually adheres to this Four Step Process as follows: 

 

1. Employ Runoff Reduction Practices:  Development of project site is anticipated to be single family 

residential, with homes and associated landscaping.  Proposed impervious areas (roof tops, patios) 

will sheet flow across landscaped ground to slow runoff and increase time of concentration prior to 

being conveyed to the proposed public streets.  This will minimize directly connected impervious 

areas within the project site.  (IRF spreadsheet will be included in Final Drainage Report(s). 

 

2. Implement BMP’s that provide a Water Quality Capture Volume with slow release:  Runoff from 

this site will be treated through capture and slow release of the EURV in a permanent Extended 

Detention Basin designed per current City of Colorado Springs drainage criteria. 
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3. Stabilize Drainageways: This site will utilize existing storm sewer adjacent to the site along with 

proposed storm systems within the development.  These facilities will intercept and direct the on-

site development flows directly to the existing and proposed ponds. The existing drainageways will 

generally see a significant reduction in flows based on much of the tributary areas being captured on-

site and routed to the ponds.  The drainageway below the proposed pond outfall may require some 

additional improvements to minimize sediment transfer and help stabilize the natural corridor.  The 

Kettle Creek channel corridor adjacent to this property will be analyzed with the future final drainage 

report(s) to determine if channel improvements are necessary. 

 

4. Implement Site Specific and Other Source Control BMP’s: A site specific storm water quality and 

erosion control plan and narrative will be submitted and approved by City Engineering along with the 

Final Drainage Report(s) prior to any disturbance within the project area.  Details such as site specific 

source control construction BMP’s as well as permanent BMP’s will be detailed in this plan and 

narrative to protect receiving waters. 

 

 

DRAINAGE CRITERIA 

Hydrologic calculations were performed using the City of Colorado Springs Drainage Criteria Manual, as 

revised in May 2014.  Stormwater quality analysis and calculations were performed using the Drainage 

Criteria Manual, Volume 2 and Urban Drainage Flood Control District.  The Rational Method was used to 

estimate stormwater runoff anticipated from design storms for the 2 year, 5 year, and 100 year recurrence 

interval.  Full-Spectrum detention pond modeling developed using UD-Detention spreadsheet ver. 3.07, 

Urban Drainage and Flood Control District.  Also, due to the overall tributary size being greater than 130 

acres, hydrograph routing using HEC-HMS or SWMM will be required for final design of Pond 1 within the 

eastern portion of the development. 

 

FLOODPLAIN STATEMENT 

No portion of this site are located within a floodplain as determined by the Flood Insurance Rate Maps 

(F.I.R.M.) Map Number 08041C0507G effective date, December 7, 2018 (See Appendix).   
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DRAINAGE AND BRIDGE FEES  

This development lies within the Kettle Creek Drainage Basin.  Per the Kettle Creek DBPS, there are no 

drainage or bridge fees owed at this time, as this is a closed basin.  The developer is financially responsible 

for all required storm improvements for this development with no reimbursement.    

 
 
SUMMARY 

Runoff from the proposed Kettle Creek North development is anticipated to be collected in on-site storm 

sewer systems and routed to multiple detention/storm water quality facilities.  The treated runoff from the 

these facilities is to be released into the adjacent Kettle Creek channel.  This development remains consistent 

with the Kettle Creek DBPS and the anticipated residential land-use and remains in compliance with the City 

of Colorado Springs Drainage Criteria Manual.         

 

PREPARED BY: 
 
Classic Consulting Engineers & Surveyors, LLC 

Marc A. Whorton, P.E. 
Project Manager        maw/247080/REPORTS/MDDP.docx 
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

40 Kettle gravelly loamy sand, 3 
to 8 percent slopes

11.8 2.2%

41 Kettle gravelly loamy sand, 8 
to 40 percent slopes

177.0 33.3%

68 Peyton-Pring complex, 3 to 8 
percent slopes

303.1 57.0%

69 Peyton-Pring complex, 8 to 15 
percent slopes

0.5 0.1%

71 Pring coarse sandy loam, 3 to 
8 percent slopes

13.7 2.6%

83 Stapleton sandy loam, 3 to 8 
percent slopes

1.0 0.2%

85 Stapleton-Bernal sandy loams, 
3 to 20 percent slopes

24.8 4.7%

Totals for Area of Interest 532.0 100.0%

Soil Map—El Paso County Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

6/6/2019
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El Paso County Area, Colorado

41—Kettle gravelly loamy sand, 8 to 40 percent slopes

Map Unit Setting
National map unit symbol: 368h
Elevation: 7,000 to 7,700 feet
Farmland classification: Not prime farmland

Map Unit Composition
Kettle and similar soils: 85 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Kettle

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium derived from arkose

Typical profile
E - 0 to 16 inches: gravelly loamy sand
Bt - 16 to 40 inches: gravelly sandy loam
C - 40 to 60 inches: extremely gravelly loamy sand

Properties and qualities
Slope: 8 to 40 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Medium
Capacity of the most limiting layer to transmit water (Ksat): High 

(2.00 to 6.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 3.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7e
Hydrologic Soil Group: B
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit: 
Hydric soil rating: No

Map Unit Description: Kettle gravelly loamy sand, 8 to 40 percent slopes---El Paso County 
Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

6/6/2019
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Pleasant
Percent of map unit: 
Landform: Depressions
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 16, Sep 10, 2018

Map Unit Description: Kettle gravelly loamy sand, 8 to 40 percent slopes---El Paso County 
Area, Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

6/6/2019
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El Paso County Area, Colorado

68—Peyton-Pring complex, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 369f
Elevation: 6,800 to 7,600 feet
Farmland classification: Not prime farmland

Map Unit Composition
Peyton and similar soils: 40 percent
Pring and similar soils: 30 percent
Estimates are based on observations, descriptions, and transects of 

the mapunit.

Description of Peyton

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Arkosic alluvium derived from sedimentary rock 

and/or arkosic residuum weathered from sedimentary rock

Typical profile
A - 0 to 12 inches: sandy loam
Bt - 12 to 25 inches: sandy clay loam
BC - 25 to 35 inches: sandy loam
C - 35 to 60 inches: sandy loam

Properties and qualities
Slope: 3 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): 

Moderately high (0.20 to 0.60 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Moderate (about 7.3 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4c
Hydrologic Soil Group: B
Ecological site: Sandy Divide (R049BY216CO)
Hydric soil rating: No

Map Unit Description: Peyton-Pring complex, 3 to 8 percent slopes---El Paso County Area, 
Colorado

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

6/6/2019
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Description of Pring

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Arkosic alluvium derived from sedimentary rock

Typical profile
A - 0 to 14 inches: coarse sandy loam
C - 14 to 60 inches: gravelly sandy loam

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High 

(2.00 to 6.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Low (about 6.0 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Ecological site: Loamy Park (R048AY222CO)
Hydric soil rating: No

Minor Components

Other soils
Percent of map unit: 
Hydric soil rating: No

Pleasant
Percent of map unit: 
Landform: Depressions
Hydric soil rating: Yes

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data: Version 16, Sep 10, 2018

Map Unit Description: Peyton-Pring complex, 3 to 8 percent slopes---El Paso County Area, 
Colorado
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A Westrian Company

KETTLE CREEK CL ALIGNMENT (5)
STA 120+00.00 TO 150+00.00

KETTLE CREEK CL ALIGNMENT (6)
STA 150+00.00 TO 180+00.00



A Westrian Company

KETTLE CREEK CL ALIGNMENT (7)
STA 180+00.00 TO 210+00.00

KETTLE CREEK CL ALIGNMENT (8)
STA 210+00.00 TO 240+00.00



A Westrian Company

KETTLE CREEK CL ALIGNMENT (9)
STA 240+00.00 TO 253+00.00



A Westrian Company

KETTLE CREEK CL ALIGNMENT (5)
STA 120+00.00 TO 150+00.00

KETTLE CREEK CL ALIGNMENT (6)
STA 150+00.00 TO 180+00.00



A Westrian Company

KETTLE CREEK CL ALIGNMENT (7)
STA 180+00.00 TO 210+00.00

KETTLE CREEK CL ALIGNMENT (8)
STA 210+00.00 TO 240+00.00



A Westrian Company

CONCEPTUAL STABLE CHANNEL
TYPICAL SECTION CALCULATIONS

KETTLE CREEK CL ALIGNMENT (9)
STA 240+00.00 TO 253+00.00



Kettle Creek DBPS Appendix

Appendix F – Fee Calculations
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JOB NAME: MDDP FOR KETTLE CREEK NORTH
JOB NUMBER: 2470.80
DATE: 08/26/19
CALCULATED BY: MAW

IMPERVIOUS AREA / STREETS

BASIN
TOTAL

AREA (AC) AREA (AC) C(2) C(5) C(100) AREA (AC) C(2) C(5) C(100) C(2) C(5) C(100) CA(2) CA(5) CA(100)
H-1 7.4 0.00 0.89 0.90 0.96 7.4 0.03 0.09 0.36 0.03 0.09 0.36 0.22 0.67 2.66
H-2 4.4 0.00 0.89 0.90 0.96 4.4 0.03 0.09 0.36 0.03 0.09 0.36 0.13 0.40 1.58
H-3 42.1 0.00 0.89 0.90 0.96 42.1 0.03 0.09 0.36 0.03 0.09 0.36 1.26 3.79 15.16
H-4 7.4 0.00 0.89 0.90 0.96 7.4 0.03 0.09 0.36 0.03 0.09 0.36 0.22 0.67 2.66
H-5 16.3 0.00 0.89 0.90 0.96 16.3 0.03 0.09 0.36 0.03 0.09 0.36 0.49 1.47 5.87
H-6 5.3 0.00 0.89 0.90 0.96 5.3 0.03 0.09 0.36 0.03 0.09 0.36 0.16 0.48 1.91
H-7 16.8 0.00 0.89 0.90 0.96 16.8 0.03 0.09 0.36 0.03 0.09 0.36 0.50 1.51 6.05
H-8 17.7 0.00 0.89 0.90 0.96 17.7 0.03 0.09 0.36 0.03 0.09 0.36 0.53 1.59 6.37

OS-1 87.1 0.00 0.89 0.90 0.96 87.1 0.05 0.12 0.39 0.05 0.12 0.39 4.36 10.45 33.97
OS-2 8.9 0.00 0.89 0.90 0.96 8.9 0.05 0.12 0.39 0.05 0.12 0.39 0.45 1.07 3.47
OS-3 6.5 2.00 0.57 0.59 0.70 4.5 0.03 0.09 0.36 0.20 0.24 0.46 1.28 1.59 3.02

A 39.3 0.00 0.89 0.90 0.96 39.3 0.15 0.22 0.46 0.15 0.22 0.46 5.90 8.65 18.08
B 1.5 0.00 0.89 0.90 0.96 1.5 0.05 0.12 0.39 0.05 0.12 0.39 0.08 0.18 0.59
C 2.3 0.00 0.89 0.90 0.96 2.3 0.05 0.12 0.39 0.05 0.12 0.39 0.12 0.28 0.90
D 12.3 0.00 0.89 0.90 0.96 12.3 0.04 0.11 0.38 0.04 0.11 0.38 0.49 1.35 4.67
E 3.9 0.00 0.89 0.90 0.96 3.9 0.05 0.12 0.39 0.05 0.12 0.39 0.20 0.47 1.52
F 57.1 0.00 0.89 0.90 0.96 57.1 0.41 0.45 0.59 0.41 0.45 0.59 23.41 25.70 33.69
G 1.1 0.00 0.89 0.90 0.96 1.1 0.05 0.12 0.39 0.05 0.12 0.39 0.06 0.13 0.43

DEVELOPED / UNDEVELOPED AREAS WEIGHTED 

MASTER DEVELOPMENT DRAINAGE PLAN ~ BASIN RUNOFF COEFFICIENT SUMMARY
WEIGHTED CA

Classic Consulting
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JOB NAME: MDDP FOR KETTLE CREEK NORTH
JOB NUMBER:
DATE:
CALC'D BY:

Tc=L/V

MASTER DEVELOPMENT DRAINAGE PLAN ~ BASIN RUNOFF SUMMARY
STREET  /  CHANNEL FLOW Tc

BASIN CA(2) CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(2) I(5) I(100) Q(2) Q(5) Q(100)
(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (in/hr) (cfs) (cfs) (cfs)

H-1 0.22 0.67 2.66 0.09 300 10 21.2 670 5.0% 2.2 5.0 26.2 2.15 2.68 4.50 0.5 2 12

H-2 0.13 0.40 1.58 0.09 300 10 21.2 21.2 2.40 3.00 5.04 0.3 1 8

H-3 1.26 3.79 15.16 0.09 300 11 20.6 1700 6.0% 2.4 11.6 32.1 1.91 2.38 3.99 2 9 60

H-4 0.22 0.67 2.66 0.09 300 14 19.0 770 7.0% 2.6 4.9 23.8 2.26 2.83 4.74 0.5 2 13

H-5 0.49 1.47 5.87 0.09 300 10 21.2 1600 4.0% 2.0 13.3 34.6 1.82 2.27 3.81 0.9 3 22

H-6 0.16 0.48 1.91 0.09 300 14 19.0 850 3.5% 1.9 7.6 26.6 2.13 2.66 4.47 0.3 1 9

H-7 0.50 1.51 6.05 0.09 300 8 22.9 600 2.5% 1.6 6.3 29.2 2.02 2.52 4.23 1 4 26

H-8 0.53 1.59 6.37 0.09 300 7 23.9 700 2.5% 1.6 7.4 31.3 1.94 2.42 4.06 1 4 26

OS-1 4.36 10.45 33.97 0.12 300 14 18.4 2200 3.5% 2.4 15.1 33.5 1.86 2.32 3.89 8 24 132

OS-2 0.45 1.07 3.47 0.12 300 12 19.4 270 3.7% 1.9 2.3 21.7 2.37 2.96 4.98 1 3 17

OS-3 1.28 1.59 3.02 0.09 300 10 21.2 500 3.2% 1.8 4.7 25.9 2.16 2.70 4.54 3 4 14

INTENSITY TOTAL  FLOWS OVERLANDWEIGHTED

2470.80
08/26/19
MAW

Classic Consulting
247080 CALCS-MSTR-WQCV 2017.xlsx Page 1of 2 8/27/2019



JOB NAME: MDDP FOR KETTLE CREEK NORTH
JOB NUMBER:
DATE:
CALC'D BY:

Tc=L/V

MASTER DEVELOPMENT DRAINAGE PLAN ~ BASIN RUNOFF SUMMARY
STREET  /  CHANNEL FLOW Tc

BASIN CA(2) CA(5) CA(100) C(5) Length Height Tc Length Slope Velocity Tc TOTAL I(2) I(5) I(100) Q(2) Q(5) Q(100)
(ft) (ft) (min) (ft) (%) (fps) (min) (min) (in/hr) (in/hr) (in/hr) (cfs) (cfs) (cfs)

INTENSITY TOTAL  FLOWS OVERLANDWEIGHTED

2470.80
08/26/19
MAW

A 5.90 8.65 18.08 0.22 100 2 12.6 1800 2.0% 2.8 10.6 23.2 2.29 2.86 4.81 14 25 87

B 0.08 0.18 0.59 0.12 300 11 20.0 450 5.0% 2.2 3.4 23.3 2.29 2.86 4.80 0.2 0.5 3

C 0.12 0.28 0.90 0.08 200 7 17.2 17.2 2.65 3.31 5.56 0.3 0.9 5

D 0.49 1.35 4.67 0.08 200 20 12.2 500 3.0% 1.7 4.8 17.0 2.66 3.33 5.60 1 5 26

E 0.20 0.47 1.52 0.12 300 8 22.2 22.2 2.35 2.93 4.93 0.5 1.4 7

F 23.41 25.70 33.69 0.45 100 2 9.3 3600 3.0% 3.5 17.3 26.7 2.13 2.66 4.46 50 68 150

G 0.06 0.13 0.43 0.12 300 14 18.4 350 5.0% 2.2 2.6 21.0 2.41 3.01 5.06 0.1 0.4 2

Classic Consulting
247080 CALCS-MSTR-WQCV 2017.xlsx Page 2of 2 8/27/2019



JOB NAME: MDDP FOR KETTLE CREEK NORTH
JOB NUMBER: 2470.80
DATE: 08/26/19
CALCULATED BY: MAW

Design
Point(s)

Contributing Basins
Equivalent

CA(5)
Equivalent

CA(100)
Maximum

Tc
I(5) I(100) Q(5) Q(100)

H1 OS-2, H-1 1.73 6.14 27.2 2.63 4.41 5 27

H2 H-2 0.40 1.58 21.2 3.00 5.04 1 8

H3 OS-1, OS-3, H-3 15.83 52.15 40.5 2.03 3.41 32 178

H4 H-4 0.67 2.66 23.8 2.83 4.74 2 13

H5 H-5 1.47 5.87 34.6 2.27 3.81 3 22

H6 H-6 0.48 1.91 26.6 2.66 4.47 1 9

H7 H-7 1.51 6.05 29.2 2.52 4.23 4 26

H8 H-8 1.59 6.37 31.3 2.42 4.06 4 26

D1 B 0.18 0.59 23.3 2.86 4.80 0.5 3

D2 C 0.28 0.90 17.2 3.31 5.56 0.9 5

ALTERNATIVE 1

D3
OS-1, OS-2, OS-3 and A              
(TOTAL INFLOW TO POND 1)

21.75 58.54 36.5 2.19 3.67 48 215

D4 POND 1 RELEASE and D 7 108

ALTERNATIVE 2

D3
OS-2, OS-3 and A              (TOTAL 
INFLOW TO POND 1)

11.30 24.57 28.9 2.54 4.26 29 105

D4 POND 1 RELEASE and OS-1 & D 16 141

D5 G 0.13 0.43 21.0 3.01 5.06 0.4 2

D6 E 0.47 1.52 22.2 2.93 4.93 1.4 7

D7 F 25.70 33.69 26.7 2.66 4.46 68 150

Intensity Flow
MASTER DEVELOPMENT DRAINAGE PLAN ~ SURFACE ROUTING SUMMARY

SEE POND PACK CALCULATIONS

SEE POND PACK CALCULATIONS

Classic Consulting
247080 CALCS-MSTR-WQCV 2017.xlsx Page 1of 1 8/27/2019



UNDEVELOPED LAND ASSUMED TO BE ONE OF THE FOLLOWING:  PASTURE, GRASSLAND, RANGE - POOR
HERBACEOUS MIXTURE OF GRASS WEEDS AND LOW GROWING BRUSH WITH BRUSH MINOR ELELMENT - POOR

WOODS - GRASS COMBINATION - POOR

BASIN BASIN WEIGHTED
(label) AREA CN

(Ac) CN AREA
(Ac.)

OS-1 87.1 63 87.1 63
OS-2 8.9 63 8.9 63
OS-3 6.5 74 6.5 74

A 39.3 70 39.3 70
D 12.3 67 12.3 67

H-3 42.1 61 42.1 61

CN VALUES FOR POND PACK CALCULATIONS

SOIL TYPE B



TIME OF CONCENTRATION FOR POND PACK CALCULATIONS
OVERLAND STREET  /  CHANNEL FLOW Tc Tc Tc

BASIN Cn C(5) Length Height Tc Length Slope Velocity Tc TOTAL LAG LAG
(ft) (ft) (min) (ft) (%) (fps) (min) (min) (min) (hr)

OS-1 63.0 0.14 300 14 18.1 2200 3.5% 2.8 13.0 31.1 18.6 0.31
OS-2 63.0 0.14 300 12 19.0 270 3.7% 1.9 2.3 21.3 12.8 0.21
OS-3 74.0 0.09 300 10 21.2 500 3.2% 1.8 4.6 25.9 15.5 0.26

A 70.0 0.22 100 2 12.6 1800 2.0% 2.8 10.6 23.3 14.0 0.23
D 67.0 0.08 200 20 12.2 500 3.0% 1.7 4.8 17.0 10.2 0.17

H-3 61.0 0.09 300 11 20.6 1700 6.0% 2.5 11.6 32.1 19.3 0.32



BASIN AREA IMPERVIOUS
(Ac.) 2 Yr. 5 Yr. 100 Yr. (%)

OS-1 87.1 0.05 0.12 0.39 10% Fully developed 5 ac. lots - County
OS-2 8.9 0.05 0.12 0.39 10% Fully developed 5 ac. lots - County
0S-3 6.5 0.20 0.24 0.46 20% Partially developed with gravel maint. area
A 39.3 0.15 0.22 0.46 25% Proposed development (1-2 DU/ac.)

TOTAL 141.8 15%

BASIN AREA IMPERVIOUS
(Ac.) 2 Yr. 5 Yr. 100 Yr. (%)

OS-2 8.9 0.05 0.12 0.39 10% Fully developed 5 ac. lots - County
0S-3 6.5 0.20 0.24 0.46 20% Partially developed with gravel maint. area
A 39.3 0.15 0.22 0.46 25% Proposed development (1-2 DU/ac.)

Basin OS-1 off-site flows by-pass Pond 1

TOTAL 54.7 22%

ALTERNATIVE 2
PROPOSED POND 1 TRIBUTARY BASIN IMPERVIOUSNESS

RUNOFF COEFFICIENTS

RUNOFF COEFFICIENTS

PROPOSED POND 1 TRIBUTARY BASIN IMPERVIOUSNESS
ALTERNATIVE 1



 Sheet 1 of 3

Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 15.0 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.150

C)  Contributing Watershed Area Area = 141.800  ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 = 0.42  in
      Runoff Producing Storm

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

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

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER= 1.077  ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

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

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

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = 1.68 * i1.28 EURVDESIGN = 2.071  ac-f t
       For HSG B: EURVB = 1.36 * i1.08

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

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

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

3. Basin Side Slopes 

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

4. Inlet

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

1.077
5. Forebay

A)  Minimum Forebay Volume VFMIN = 0.032  ac-ft
 (VFMIN = 3% of the WQCV)

B)  Actual Forebay Volume VF = 0.032  ac-ft

C) Forebay Depth
 (DF = 30 inch maximum) DF = 30.0  in

D) Forebay Discharge

       i) Undetained 100-year Peak Discharge Q100 = 215.00  cfs

       ii) Forebay Discharge Design Flow QF = 4.30  cfs
          (QF = 0.02 * Q100)

E) Forebay Discharge Design

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

G) Rectangular Notch Width Calculated WN = 9.9  in

Design Procedure Form:  Extended Detention Basin (EDB)

MDDP - Kettle Creek North

Classic Consulting

August 26, 2019

Pond 1 (Alternative 1)

Marc A. Whorton, P.E.

UD-BMP (Version 3.07, March 2018)

Concrete Forebay

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

Wall with Rect. Notch

Berm With Pipe

Water Quality Capture Volume (WQCV)

Wall with V-Notch Weir

247080 UD-BMP_v3.07 Alt 1.xlsm, EDB 8/26/2019, 10:54 AM



 Sheet 2 of 3

Designer:

Company:

Date:

Project:

Location:

6. Trickle Channel

A)  Type of Trickle Channel

F)  Slope of Trickle Channel S = 0.0100 ft / ft

7. Micropool and Outlet Structure

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

B)  Surface Area of Micropool (10 ft2 minimum) AM = 285  sq ft

C)  Outlet Type

D)  Smallest Dimension of Orifice Opening Based on Hydrograph Routing
(Use UD-Detention) Dorifice = 2.52 inches

E) Total Outlet Area Aot = 15.68 square inches

8. Initial Surcharge Volume

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

B) Minimum Initial Surcharge Volume VIS = 141  cu ft
    (Minimum volume of 0.3% of the WQCV)

C) Initial Surcharge Provided Above Micropool Vs= 142.5 cu ft

9. Trash Rack

A)  Water Quality Screen Open Area: At = Aot * 38.5*(e-0.095D) At = 475 square inches

Y Other (Y/N): N
N

C) Ratio of Total Open Area to Total Area (only for type 'Other') 0.71 User Ratio =

D) Total Water Quality Screen Area (based on screen type) Atotal = 669 sq. in.

E) Depth of Design Volume (EURV or WQCV) H= 4.5 feet
       (Based on design concept chosen under 1E)

F) Height of Water Quality Screen (HTR) HTR= 82  inches

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

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

Aluminum Amico-Klemp SR Series with Cross Rods 2" O.C.B) Type of Screen (If specifying an alternative to the materials recommended 
in the USDCM, indicate "other" and enter the ratio of the total open are to the 
total screen are for the material specified.)

MDDP - Kettle Creek North

August 26, 2019

Classic Consulting

Design Procedure Form:  Extended Detention Basin (EDB)

Marc A. Whorton, P.E.

Pond 1 (Alternative 1)

Choose One
Orifice Plate

Other (Describe):

Choose One

Concrete

Soft Bottom

247080 UD-BMP_v3.07 Alt 1.xlsm, EDB 8/26/2019, 10:54 AM
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Designer:

Company:

Date:

Project:

Location:

10. Overflow Embankment

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

B)  Slope of Overflow Embankment Ze = 4.00  ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

11. Vegetation

12. Access

A)  Describe Sediment Removal Procedures

Notes:

Pond 1 (Alternative 1)

MDDP - Kettle Creek North

August 26, 2019

Classic Consulting

Marc A. Whorton, P.E.

Design Procedure Form:  Extended Detention Basin (EDB)

Buried Rip-Rap

Choose One

Irrigated

Not Irrigated

247080 UD-BMP_v3.07 Alt 1.xlsm, EDB 8/26/2019, 10:54 AM



 Sheet 1 of 3

Designer:

Company:

Date:

Project:

Location:

1. Basin Storage Volume

A) Effective Imperviousness of Tributary Area, Ia Ia = 22.0 %

B) Tributary Area's Imperviousness Ratio (i = Ia / 100 ) i = 0.220

C)  Contributing Watershed Area Area = 54.700  ac

D)  For Watersheds Outside of the Denver Region, Depth of Average d6 = 0.42  in
      Runoff Producing Storm

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

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

G)  For Watersheds Outside of the Denver Region, VDESIGN OTHER= 0.551  ac-ft
      Water Quality Capture Volume (WQCV) Design Volume
      (VWQCV OTHER = (d6*(VDESIGN/0.43))

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

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

J)  Excess Urban Runoff Volume (EURV) Design Volume
       For HSG A: EURVA = 1.68 * i1.28 EURVDESIGN = 1.208  ac-f t
       For HSG B: EURVB = 1.36 * i1.08

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

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

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

3. Basin Side Slopes 

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

4. Inlet

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

0.551
5. Forebay

A)  Minimum Forebay Volume VFMIN = 0.017  ac-ft
 (VFMIN = 3% of the WQCV)

B)  Actual Forebay Volume VF = 0.017  ac-ft

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

D) Forebay Discharge

       i) Undetained 100-year Peak Discharge Q100 = 105.00  cfs

       ii) Forebay Discharge Design Flow QF = 2.10  cfs
          (QF = 0.02 * Q100)

E) Forebay Discharge Design

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

G) Rectangular Notch Width Calculated WN = 7.7  in

Design Procedure Form:  Extended Detention Basin (EDB)

MDDP - Kettle Creek North

Classic Consulting

August 26, 2019

Pond 1 (Alternative 2)

Marc A. Whorton, P.E.

UD-BMP (Version 3.07, March 2018)

Concrete Forebay

Flow too small for berm w/ pipe

Choose One

Excess Urban Runoff Volume (EURV)

Choose One

Wall with Rect. Notch

Berm With Pipe

Water Quality Capture Volume (WQCV)

Wall with V-Notch Weir

247080 UD-BMP_v3.07 Alt 2.xlsm, EDB 8/26/2019, 11:31 AM



 Sheet 2 of 3

Designer:

Company:

Date:

Project:

Location:

6. Trickle Channel

A)  Type of Trickle Channel

F)  Slope of Trickle Channel S = 0.0100 ft / ft

7. Micropool and Outlet Structure

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

B)  Surface Area of Micropool (10 ft2 minimum) AM = 160  sq ft

C)  Outlet Type

D)  Smallest Dimension of Orifice Opening Based on Hydrograph Routing
(Use UD-Detention) Dorifice = 2.20 inches

E) Total Outlet Area Aot = 9.67 square inches

8. Initial Surcharge Volume

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

B) Minimum Initial Surcharge Volume VIS = 72  cu ft
    (Minimum volume of 0.3% of the WQCV)

C) Initial Surcharge Provided Above Micropool Vs= 80.0 cu ft

9. Trash Rack

A)  Water Quality Screen Open Area: At = Aot * 38.5*(e-0.095D) At = 302 square inches

Y Other (Y/N): N
N

C) Ratio of Total Open Area to Total Area (only for type 'Other') 0.71 User Ratio =

D) Total Water Quality Screen Area (based on screen type) Atotal = 425 sq. in.

E) Depth of Design Volume (EURV or WQCV) H= 4.25 feet
       (Based on design concept chosen under 1E)

F) Height of Water Quality Screen (HTR) HTR= 79  inches

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

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

Aluminum Amico-Klemp SR Series with Cross Rods 2" O.C.B) Type of Screen (If specifying an alternative to the materials recommended 
in the USDCM, indicate "other" and enter the ratio of the total open are to the 
total screen are for the material specified.)

MDDP - Kettle Creek North

August 26, 2019

Classic Consulting

Design Procedure Form:  Extended Detention Basin (EDB)

Marc A. Whorton, P.E.

Pond 1 (Alternative 2)

Choose One
Orifice Plate

Other (Describe):

Choose One

Concrete

Soft Bottom
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Designer:

Company:

Date:

Project:

Location:

10. Overflow Embankment

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

B)  Slope of Overflow Embankment Ze = 4.00  ft / ft
      (Horizontal distance per unit vertical, 4:1 or flatter preferred)

11. Vegetation

12. Access

A)  Describe Sediment Removal Procedures

Notes:

Pond 1 (Alternative 2)

MDDP - Kettle Creek North

August 26, 2019

Classic Consulting

Marc A. Whorton, P.E.

Design Procedure Form:  Extended Detention Basin (EDB)

Buried Rip-Rap

Choose One

Irrigated

Not Irrigated
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Project:

Basin ID:

Depth Increment = 2 ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 200 0.005

Selected BMP Type = EDB 6944 -- 2.00 -- -- -- 16,859 0.387 16,891 0.388

Watershed Area = 141.80 acres 6946 -- 4.00 -- -- -- 50,652 1.163 84,570 1.941

Watershed Length = 4,700 ft 6948 -- 6.00 -- -- -- 58,156 1.335 193,378 4.439

Watershed Slope = 0.016 ft/ft 6950 -- 8.00 -- -- -- 66,070 1.517 317,604 7.291

Watershed Imperviousness = 15.00% percent 6952 -- 10.00 -- -- -- 74,394 1.708 458,068 10.516

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

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

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

Desired WQCV Drain Time = 40.0 hours -- -- -- --

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

Water Quality Capture Volume (WQCV) = 1.102 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 2.065 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 1.478 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 2.225 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 4.256 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 9.486 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 12.794 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 17.116 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.85 in.) = 31.336 acre-feet 3.85 inches -- -- -- --

Approximate 2-yr Detention Volume = 1.375 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 2.085 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 3.693 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 4.810 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 5.072 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 6.381 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (WQCV) = 1.102 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.963 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 4.316 acre-feet -- -- -- --

Total Detention Basin Volume = 6.381 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 (W ISV) = 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
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MDDP - KETTLE CREEK NORTH

POND 1 (Alternative 1)

UD-Detention, Version 3.07 (February 2017)
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Optional User Override
1-hr Precipitation

Example Zone Configuration (Retention Pond)
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1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

2.85                 H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

3.17 Zone 1 (WQCV) 3.17 Zone 1 (WQCV)

4.11 Zone 2 (EURV) 4.11 Zone 2 (EURV)

7.39 Zone 3 (100-year) 7.39 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
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  Project:

  Basin ID:

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

Zone 1 (WQCV) 3.17 1.102 Orifice Plate

Zone 2 (EURV) 4.11 0.963 Orifice Plate

Zone 3 (100-year) 7.39 4.316 Weir&Pipe (Restrict)

6.381 Total

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 = 4.50 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 18.00 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 1.50 3.00

Orifice Area (sq. inches) 4.00 5.00 5.00

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

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

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

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

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

User Input:  Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 4.50 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.50 N/A feet
Overflow Weir Front Edge Length = 12.00 N/A feet Over Flow Weir Slope Length = 4.12 N/A feet

Overflow Weir Slope = 4.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 3.86 N/A should be > 4
Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 37.11 N/A ft2

Overflow Grate Open Area % = 75% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 18.55 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 = 2.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 9.62 N/A ft2

Outlet Pipe Diameter = 42.00 N/A inches Outlet Orifice Centroid = 1.75 N/A feet
Restrictor Plate Height Above Pipe Invert = 42.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 8.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.88 feet

Spillway Crest Length = 90.00 feet Stage at Top of Freeboard = 9.88 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.70 acres

Freeboard above Max Water Surface = 1.00 feet

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) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 3.85

Calculated Runoff Volume (acre-ft) = 1.102 2.065 1.478 2.225 4.256 9.486 12.794 17.116 31.336
OPTIONAL Override Runoff Volume (acre-ft) =

Inflow Hydrograph Volume (acre-ft) = 1.103 2.065 1.478 2.226 4.258 9.488 12.797 17.126 31.354
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.15 0.51 0.71 0.97 1.77

Predevelopment Peak Q (cfs) = 0.0 0.0 1.3 2.251 21.0 72.9 101.1 137.5 250.4
Peak Inflow Q (cfs) = 14.7 27.2 19.6 29.3 55.5 121.2 161.9 215.1 379.5

Peak Outflow Q (cfs) = 0.5 0.7 0.6 0.721 13.7 68.9 104.6 133.5 338.5
Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.3 0.7 0.9 1.0 1.0 1.4

Structure Controlling Flow = Plate Plate Plate Plate Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Outlet Plate 1 Spillway
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.3 1.8 2.8 3.6 3.8
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) = 47 63 54 65 69 58 54 50 37
Time to Drain 99% of Inflow Volume (hours) = 50 68 58 70 77 72 69 66 58

Maximum Ponding Depth (ft) = 3.06 4.00 3.46 4.13 5.14 6.23 6.74 7.56 8.79
Area at Maximum Ponding Depth (acres) = 0.79 1.16 0.95 1.17 1.26 1.36 1.40 1.48 1.59

Maximum Volume Stored (acre-ft) = 1.012 1.930 1.370 2.093 3.323 4.749 5.452 6.618 8.519

Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
MDDP - KETTLE CREEK NORTH

POND 1 (Alternative 1)

Example Zone Configuration (Retention Pond)



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

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

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

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

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

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

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 307 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 347 Slope 0.016

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 401 Shape 3.58

MaxPondDepth_Error? FALSE 0.67(diameter = 15/16 inch) 5 Year 414

Hidden Parameters & Calculations 0.76 (diameter = 1 inch) 10 Year 515 Spillway Depth

0.86(diameter = 1-1/16 inches) 25 Year 624 0.88

WQ Plate Flow at 100yr depth = 1.14 0.97(diameter = 1-1/8 inches) 50 Year 675

CLOG #1= 38% 1.08(diameter = 1-3/16 inches) 100 Year 757 1 Z1_Boolean

Cdw #1 = 0.89 1.20(diameter = 1-1/4 inches) 500 Year 880 1 Z2_Boolean

Cdo #1 = 0.69 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= #VALUE! 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 0 0 1

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 1 0 Max Depth

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

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

EURV_draintime_user = 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) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) 1 Button_Trigger

0 Underdrain

1 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

1 Outlet 90% Qpeak
0 Outlet Undetained

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

minimum bound

maximum bound

Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

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

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK

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]

6.21  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:06:13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hydrograph 0:12:25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Constant 0:18:38 0.64 1.17 0.85 1.26 2.30 4.50 5.64 6.93 9.24

0.806 0:24:50 1.74 3.20 2.31 3.44 6.40 13.20 17.07 21.77 31.90
0:31:03 4.46 8.21 5.93 8.83 16.42 33.90 43.89 56.04 84.04
0:37:16 12.25 22.53 16.28 24.23 45.03 92.68 119.77 152.62 227.30

0:43:28 14.65 27.23 19.57 29.32 55.52 121.23 161.86 213.96 349.87
0:49:41 14.00 26.08 18.72 28.09 53.44 118.97 160.61 215.12 379.50

0:55:53 12.75 23.74 17.04 25.57 48.68 109.19 147.97 199.06 357.20
1:02:06 11.42 21.32 15.28 22.97 43.86 98.53 133.60 179.82 324.11
1:08:19 9.89 18.54 13.26 19.99 38.37 86.73 117.88 159.03 292.42
1:14:31 8.60 16.11 11.52 17.38 33.50 75.94 103.29 139.42 261.85
1:20:44 7.80 14.61 10.45 15.75 30.24 68.07 92.30 124.17 234.41
1:26:56 6.47 12.18 8.69 13.14 25.35 57.72 78.70 106.48 203.11
1:33:09 5.31 10.05 7.15 10.85 21.01 48.02 65.54 88.79 173.03
1:39:22 4.12 7.88 5.58 8.52 16.65 38.54 52.86 71.96 144.85
1:45:34 3.10 6.01 4.23 6.51 12.87 30.08 41.39 56.53 119.30
1:51:47 2.25 4.43 3.09 4.80 9.61 22.77 31.47 43.24 97.04
1:57:59 1.73 3.36 2.36 3.63 7.21 16.84 23.23 32.07 77.20
2:04:12 1.42 2.73 1.93 2.95 5.79 13.37 18.32 25.08 59.82
2:10:25 1.20 2.30 1.63 2.49 4.88 11.20 15.31 20.85 46.37
2:16:37 1.05 2.01 1.42 2.17 4.24 9.69 13.21 17.93 38.42

2:22:50 0.95 1.81 1.28 1.95 3.79 8.63 11.75 15.91 33.25
2:29:02 0.87 1.66 1.18 1.79 3.47 7.88 10.70 14.46 29.60
2:35:15 0.64 1.22 0.87 1.32 2.59 6.04 8.33 11.42 24.30
2:41:28 0.47 0.89 0.63 0.96 1.87 4.35 6.00 8.24 18.19
2:47:40 0.34 0.66 0.46 0.71 1.39 3.23 4.45 6.10 13.22
2:53:53 0.25 0.49 0.34 0.53 1.03 2.40 3.30 4.52 9.76
3:00:05 0.18 0.35 0.25 0.38 0.76 1.77 2.45 3.36 7.42

3:06:18 0.13 0.25 0.18 0.27 0.54 1.28 1.77 2.44 5.56
3:12:31 0.09 0.18 0.13 0.20 0.39 0.93 1.28 1.76 4.15
3:18:43 0.06 0.13 0.09 0.14 0.28 0.66 0.92 1.27 3.10
3:24:56 0.04 0.08 0.05 0.09 0.18 0.44 0.61 0.86 2.30
3:31:08 0.02 0.04 0.03 0.05 0.10 0.26 0.37 0.53 1.62
3:37:21 0.01 0.02 0.01 0.02 0.05 0.13 0.19 0.27 1.06
3:43:34 0.00 0.00 0.00 0.00 0.01 0.04 0.06 0.10 0.62
3:49:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.29
3:55:59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
4:02:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:08:24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:14:37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:20:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:27:02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:33:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:39:27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:51:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:58:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:04:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5:16:43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:22:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:29:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:41:33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:47:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:53:58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:06:23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:12:36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:18:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:25:01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:31:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:37:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:43:39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:49:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:56:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7:02:17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7:08:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7:14:42 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7:20:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7:27:07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Detention Basin Outlet Structure Design
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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]

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).

Detention Basin Outlet Structure Design

Stage - Storage
Description
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Project:

Basin ID:

Depth Increment = 2 ft

Required Volume Calculation Top of Micropool -- 0.00 -- -- -- 200 0.005

Selected BMP Type = EDB 6944 -- 2.00 -- -- -- 10,000 0.230 10,100 0.232

Watershed Area = 54.70 acres 6946 -- 4.00 -- -- -- 35,000 0.803 55,200 1.267

Watershed Length = 2,250 ft 6948 -- 6.00 -- -- -- 40,000 0.918 130,200 2.989

Watershed Slope = 0.015 ft/ft 6950 -- 8.00 -- -- -- 45,000 1.033 215,200 4.940

Watershed Imperviousness = 22.00% percent 6952 -- 10.00 -- -- -- 50,000 1.148 310,200 7.121

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

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

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

Desired WQCV Drain Time = 40.0 hours -- -- -- --

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

Water Quality Capture Volume (WQCV) = 0.564 acre-feet -- -- -- --

Excess Urban Runoff Volume (EURV) = 1.205 acre-feet -- -- -- --

2-yr Runoff Volume (P1 = 1.19 in.) = 0.895 acre-feet 1.19 inches -- -- -- --

5-yr Runoff Volume (P1 = 1.5 in.) = 1.307 acre-feet 1.50 inches -- -- -- --

10-yr Runoff Volume (P1 = 1.75 in.) = 2.184 acre-feet 1.75 inches -- -- -- --

25-yr Runoff Volume (P1 = 2 in.) = 4.142 acre-feet 2.00 inches -- -- -- --

50-yr Runoff Volume (P1 = 2.25 in.) = 5.401 acre-feet 2.25 inches -- -- -- --

100-yr Runoff Volume (P1 = 2.52 in.) = 7.047 acre-feet 2.52 inches -- -- -- --

500-yr Runoff Volume (P1 = 3.85 in.) = 12.619 acre-feet 3.85 inches -- -- -- --

Approximate 2-yr Detention Volume = 0.835 acre-feet -- -- -- --

Approximate 5-yr Detention Volume = 1.226 acre-feet -- -- -- --

Approximate 10-yr Detention Volume = 1.929 acre-feet -- -- -- --

Approximate 25-yr Detention Volume = 2.350 acre-feet -- -- -- --

Approximate 50-yr Detention Volume = 2.482 acre-feet -- -- -- --

Approximate 100-yr Detention Volume = 3.025 acre-feet -- -- -- --

-- -- -- --

Stage-Storage Calculation -- -- -- --

Zone 1 Volume (WQCV) = 0.564 acre-feet -- -- -- --

Zone 2 Volume (EURV - Zone 1) = 0.641 acre-feet -- -- -- --

Zone 3 Volume (100-year - Zones 1 & 2) = 1.820 acre-feet -- -- -- --

Total Detention Basin Volume = 3.025 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 (W ISV) = 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 -- -- -- --

-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --
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1 User Defined Stage-Area Boolean for Message

1 Equal Stage-Area Inputs Watershed L:W

1 CountA

0 Calc_S_TC

2.85                 H_FLOOR

L_FLOOR_OTHER

0.00 ISV 0.00 ISV

0.00 Floor 0.00 Floor

2.92 Zone 1 (WQCV) 2.92 Zone 1 (WQCV)

3.93 Zone 2 (EURV) 3.93 Zone 2 (EURV)

6.04 Zone 3 (100-year) 6.04 Zone 3 (100-year)

DETENTION BASIN STAGE-STORAGE TABLE BUILDER
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  Project:

  Basin ID:

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

Zone 1 (WQCV) 2.92 0.564 Orifice Plate

Zone 2 (EURV) 3.93 0.641 Orifice Plate

Zone 3 (100-year) 6.04 1.820 Weir&Pipe (Restrict)

3.025 Total

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 = 4.25 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 12.75 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 1.10 2.20 3.30

Orifice Area (sq. inches) 2.00 2.00 2.49 2.49

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

Stage of Orifice Centroid (ft)

Orifice Area (sq. inches)

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

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

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

User Input:  Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected

Overflow Weir Front Edge Height, Ho = 4.25 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, Ht = 5.25 N/A feet
Overflow Weir Front Edge Length = 6.00 N/A feet Over Flow Weir Slope Length = 4.12 N/A feet

Overflow Weir Slope = 4.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 2.62 N/A should be > 4
Horiz. Length of Weir Sides = 4.00 N/A feet Overflow Grate Open Area w/o Debris = 18.55 N/A ft2

Overflow Grate Open Area % = 75% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 9.28 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 = 2.50 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 7.07 N/A ft2

Outlet Pipe Diameter = 36.00 N/A inches Outlet Orifice Centroid = 1.50 N/A feet
Restrictor Plate Height Above Pipe Invert = 36.00 inches Half-Central Angle of Restrictor Plate on Pipe = 3.14 N/A radians

User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 7.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.87 feet

Spillway Crest Length = 40.00 feet Stage at Top of Freeboard = 7.87 feet
Spillway End Slopes = 4.00 H:V Basin Area at Top of Freeboard = 1.03 acres

Freeboard above Max Water Surface = feet

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) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 3.85

Calculated Runoff Volume (acre-ft) = 0.564 1.205 0.895 1.307 2.184 4.142 5.401 7.047 12.619
OPTIONAL Override Runoff Volume (acre-ft) =

Inflow Hydrograph Volume (acre-ft) = 0.564 1.204 0.895 1.306 2.184 4.141 5.391 7.041 12.611
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.18 0.62 0.85 1.15 2.09

Predevelopment Peak Q (cfs) = 0.0 0.0 0.6 1.054 10.1 33.8 46.8 63.1 114.5
Peak Inflow Q (cfs) = 8.8 18.6 13.9 20.2 33.5 62.9 81.5 105.7 185.9

Peak Outflow Q (cfs) = 0.3 0.4 0.3 0.425 4.8 26.6 41.4 57.6 95.5
Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.4 0.5 0.8 0.9 0.9 0.8

Structure Controlling Flow = Plate Plate Plate Plate Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1 Overflow Grate 1
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.2 1.4 2.2 3.1 5.1
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A N/A

Time to Drain 97% of Inflow Volume (hours) = 46 64 57 66 71 64 60 56 46
Time to Drain 99% of Inflow Volume (hours) = 49 70 61 72 79 76 74 71 64

Maximum Ponding Depth (ft) = 2.83 3.84 3.41 3.96 4.72 5.55 5.92 6.44 8.58
Area at Maximum Ponding Depth (acres) = 0.46 0.75 0.63 0.79 0.84 0.89 0.91 0.94 1.07

Maximum Volume Stored (acre-ft) = 0.519 1.135 0.837 1.235 1.852 2.573 2.907 3.389 5.538

Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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POND 1 (Alternative 2)
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COUNTA for Basin Tab = 1 Ao Dia WQ Plate Type Vert Orifice 1 Vert Orifice 2
Count_Underdrain = 0 0.11(diameter = 3/8 inch) 2 1 1

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

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

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

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

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

Count_OutletPipe1 = 1 0.42(diameter = 3/4 inch) WQCV 284 Watershed Constraint Check

Count_OutletPipe2 = 0 0.50(diameter = 13/16 inch) 2 Year 342 Slope 0.015

COUNTA_2 (Standard FSD Setup)= 1 0.58(diameter = 7/8 inch) EURV 385 Shape 2.12

MaxPondDepth_Error? FALSE 0.67(diameter = 15/16 inch) 5 Year 397

Hidden Parameters & Calculations 0.76 (diameter = 1 inch) 10 Year 473 Spillway Depth

0.86(diameter = 1-1/16 inches) 25 Year 556 0.87

WQ Plate Flow at 100yr depth = 0.64 0.97(diameter = 1-1/8 inches) 50 Year 593

CLOG #1= 38% 1.08(diameter = 1-3/16 inches) 100 Year 645 1 Z1_Boolean

Cdw #1 = 0.89 1.20(diameter = 1-1/4 inches) 500 Year 859 1 Z2_Boolean

Cdo #1 = 0.69 1.32(diameter = 1-5/16 inches) Zone3_Pulldown Message 1 Z3_Boolean

Overflow Weir #1 Angle = 0.245 1.45(diameter = 1-3/8 inches) 1 Opening Message

CLOG #2= #VALUE! 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 0 0 1

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 1 0 Max Depth

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

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

EURV_draintime_user = 2.72(diameter = 1-7/8 inches) Outlet Pipe 2 0 0 0 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) Button Visibility Boolean FALSE Time Interval

CountA_4 (100yr Only) = 1 3.29(use rectangular openings) 1 Button_Trigger

0 Underdrain

1 WQCV Plate

0 EURV-WQCV Plate

0 EURV-WQCV VertOrifice

1 Outlet 90% Qpeak
0 Outlet Undetained

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

minimum bound

maximum bound

Detention Basin Outlet Structure Design
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Outflow Hydrograph Workbook Filename:

Storm Inflow Hydrographs

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

SOURCE WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK WORKBOOK

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]

5.33  min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0:05:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hydrograph 0:10:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Constant 0:15:59 0.39 0.81 0.61 0.88 1.44 2.61 3.30 4.13 6.50

0.938 0:21:19 1.05 2.20 1.65 2.39 3.93 7.26 9.27 11.81 19.64
0:26:39 2.70 5.66 4.24 6.13 10.09 18.64 23.80 30.33 50.50
0:31:59 7.42 15.55 11.65 16.83 27.71 51.11 65.22 83.02 137.81

0:37:19 8.79 18.62 13.90 20.18 33.52 62.95 81.49 105.72 185.94
0:42:38 8.39 17.80 13.27 19.30 32.11 60.56 78.76 102.83 184.40

0:47:58 7.64 16.21 12.08 17.57 29.23 55.16 71.88 94.08 169.85
0:53:18 6.82 14.52 10.81 15.75 26.26 49.69 64.78 84.84 153.35
0:58:38 5.88 12.58 9.35 13.65 22.85 43.46 56.78 74.50 135.29
1:03:58 5.13 10.94 8.14 11.87 19.86 37.94 49.63 65.18 118.54
1:09:17 4.64 9.92 7.38 10.76 18.00 34.25 44.71 58.59 105.95
1:14:37 3.83 8.24 6.11 8.94 15.02 28.71 37.58 49.44 90.31
1:19:57 3.12 6.76 5.00 7.35 12.39 23.79 31.19 41.08 75.21
1:25:17 2.40 5.26 3.87 5.72 9.73 18.85 24.81 32.81 60.64
1:30:37 1.78 3.97 2.90 4.32 7.43 14.56 19.23 25.52 47.47
1:35:56 1.29 2.88 2.09 3.15 5.48 10.87 14.43 19.24 36.09
1:41:16 1.00 2.21 1.62 2.41 4.15 8.15 10.78 14.30 26.63
1:46:36 0.83 1.81 1.33 1.97 3.37 6.56 8.63 11.40 21.02
1:51:56 0.70 1.53 1.13 1.67 2.84 5.52 7.25 9.57 17.56
1:57:16 0.62 1.34 0.99 1.46 2.48 4.80 6.30 8.30 15.16

2:02:35 0.55 1.21 0.89 1.31 2.23 4.29 5.63 7.40 13.48
2:07:55 0.51 1.11 0.82 1.21 2.04 3.93 5.15 6.77 12.28
2:13:15 0.38 0.82 0.60 0.89 1.51 2.93 3.87 5.13 9.55
2:18:35 0.28 0.60 0.44 0.65 1.10 2.12 2.79 3.70 6.87
2:23:55 0.20 0.44 0.32 0.48 0.81 1.57 2.07 2.74 5.10
2:29:14 0.15 0.32 0.24 0.35 0.60 1.17 1.54 2.04 3.79
2:34:34 0.11 0.23 0.17 0.25 0.44 0.85 1.13 1.50 2.81

2:39:54 0.07 0.17 0.12 0.18 0.31 0.61 0.81 1.08 2.03
2:45:14 0.05 0.12 0.09 0.13 0.23 0.45 0.59 0.78 1.47
2:50:34 0.03 0.08 0.06 0.09 0.15 0.31 0.41 0.55 1.05
2:55:53 0.02 0.05 0.03 0.05 0.10 0.20 0.27 0.36 0.70
3:01:13 0.01 0.03 0.02 0.03 0.05 0.11 0.16 0.21 0.42
3:06:33 0.00 0.01 0.01 0.01 0.02 0.05 0.07 0.10 0.21
3:11:53 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.07
3:17:13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:22:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:27:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:33:12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:38:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:43:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:49:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:54:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:59:51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:05:11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:21:10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:26:30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4:31:50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:37:10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:42:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:47:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:53:09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:58:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:03:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:09:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:14:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:19:48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:41:07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:46:27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:51:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:57:07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:02:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:07:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:13:06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:18:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:23:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)



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]

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).

Detention Basin Outlet Structure Design

Stage - Storage
Description

UD-Detention, Version 3.07 (February 2017)
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Dev 5 Year Routing
Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

20.7312.1502.0675Developed 5 YEARA
6.6012.1000.5655Developed 5 YEARD

12.1712.3502.2515Developed 5 YEAROS-1
1.6612.2000.2315Developed 5 YEAROS-2
3.5012.2000.3655Developed 5 YEAROS-3

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

7.4813.6503.6665Developed 5 YEARD4

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)35.4712.2004.9155
Developed 5 
YEAR

POND 1 (Alt 
1) (IN)

2.0376,946.226.8013.7003.1015Developed 5 
YEAR

POND 1 (Alt 
1) (OUT)
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  Colo Springs 2015
Return Event:  5 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  TYPE II 24 HOUR                                                                                                                                                                                                                                                

TYPE II 24 HOUR                                                                                                                                                                                                                                                Label

hours0.000Start Time

hours0.250Increment

hours24.000End Time

years5Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.250 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.10.10.10.00.01.250
0.10.10.10.10.12.500
0.20.20.10.10.13.750
0.20.20.20.20.25.000
0.30.30.30.20.26.250
0.40.30.30.30.37.500
0.50.40.40.40.48.750
0.60.60.50.50.510.000
1.91.81.00.80.711.250
2.22.12.12.02.012.500
2.32.32.32.22.213.750
2.42.42.32.32.315.000
2.52.42.42.42.416.250
2.52.52.52.52.517.500
2.62.62.52.52.518.750
2.62.62.62.62.620.000
2.62.62.62.62.621.250
2.72.72.72.72.722.500

(N/A)(N/A)(N/A)2.72.723.750
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1)
Return Event:  5 yearsSubsection:  Elevation-Area Volume Curve

Volume (Total)
(ac-ft)

Volume
(ac-ft)

A1+A2+sqr
(A1*A2)
(acres)

Area
(acres)

Planimeter
(ft²)

Elevation
(ft)

0.0000.0000.000.010.00006,942.00
0.2930.2930.440.390.00006,944.00
1.7751.4822.221.160.00006,946.00
4.2722.4983.751.340.00006,948.00
7.1302.8584.291.520.00006,950.00

10.3593.2284.841.710.00006,952.00
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1)
Return Event:  5 yearsSubsection:  Elevation-Volume-Flow Table (Pond)

Infiltration

No Infiltration
Infiltration Method 
(Computed)

Initial Conditions

ft6,942.00
Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.39Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.39Flow (Initial, Total)

hours0.050Time Increment

2S/t + O
(ft³/s)

Flow (Total)
(ft³/s)

Infiltration
(ft³/s)

Area
(acres)

Storage
(ac-ft)

Outflow
(ft³/s)

Elevation
(ft)

0.390.390.000.000.0000.396,942.00
5.600.470.000.040.0110.476,942.50

24.830.560.000.120.0500.566,943.00
67.360.660.000.240.1380.666,943.50

142.440.730.000.390.2930.736,944.00
255.030.820.000.540.5250.826,944.50
408.020.910.000.720.8410.916,945.00
607.591.000.000.931.2531.006,945.50
859.931.070.001.161.7751.076,946.00

1,158.7113.850.001.202.36513.856,946.50
1,478.7037.140.001.252.97837.146,947.00
1,816.3467.200.001.293.61467.206,947.50
2,170.74102.930.001.344.272102.936,948.00
2,540.35142.960.001.384.953142.966,948.50
2,901.02163.320.001.435.656163.326,949.00
3,258.00169.110.001.476.382169.116,949.50
3,625.83174.690.001.527.130174.696,950.00
4,100.17275.580.001.577.902275.586,950.50
4,664.75455.390.001.618.697455.396,951.00
5,292.15686.520.001.669.516686.526,951.50
5,972.73959.170.001.7110.359959.176,952.00
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1) (OUT)
Return Event:  5 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s6.80Peak Discharge

hours13.700Time to Peak

ac-ft3.101Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.190.000
0.000.000.000.000.000.250
0.000.000.000.000.000.500
0.000.000.000.000.000.750
0.000.000.000.000.001.000
0.000.000.000.000.001.250
0.000.000.000.000.001.500
0.000.000.000.000.001.750
0.000.000.000.000.002.000
0.000.000.000.000.002.250
0.000.000.000.000.002.500
0.000.000.000.000.002.750
0.000.000.000.000.003.000
0.000.000.000.000.003.250
0.000.000.000.000.003.500
0.000.000.000.000.003.750
0.000.000.000.000.004.000
0.000.000.000.000.004.250
0.000.000.000.000.004.500
0.000.000.000.000.004.750
0.000.000.000.000.005.000
0.000.000.000.000.005.250
0.000.000.000.000.005.500
0.000.000.000.000.005.750
0.000.000.000.000.006.000
0.000.000.000.000.006.250
0.000.000.000.000.006.500
0.000.000.000.000.006.750
0.000.000.000.000.007.000
0.000.000.000.000.007.250
0.000.000.000.000.007.500
0.000.000.000.000.007.750
0.000.000.000.000.008.000
0.000.000.000.000.008.250
0.000.000.000.000.008.500
0.000.000.000.000.008.750
0.000.000.000.000.009.000

Page 6 of 927 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/26/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
Center5yr SCS Alt 1.ppc



Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1) (OUT)
Return Event:  5 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.250
0.000.000.000.000.009.500
0.000.000.000.000.009.750
0.000.000.000.000.0010.000
0.000.000.000.000.0010.250
0.000.000.000.000.0010.500
0.000.000.000.000.0010.750
0.000.000.000.000.0011.000
0.000.000.000.000.0011.250
0.310.120.030.010.0011.500
0.580.520.480.440.4111.750
0.840.790.740.690.6412.000
0.980.960.940.910.8812.250
1.041.031.021.011.0012.500
2.031.101.061.051.0512.750
5.164.714.173.552.8413.000
6.496.336.125.865.5513.250
6.806.796.756.706.6113.500
6.656.706.746.776.7913.750
6.306.386.456.526.5914.000
5.885.976.056.146.2214.250
5.445.535.625.715.7914.500
4.995.075.165.255.3414.750
4.624.684.754.824.9015.000
4.354.404.454.504.5615.250
4.104.154.204.254.3015.500
3.873.913.964.004.0515.750
3.723.753.773.803.8416.000
3.623.643.663.683.7016.250
3.563.573.593.603.6116.500
3.433.463.493.523.5416.750
3.293.323.343.373.4017.000
3.183.203.223.243.2617.250
3.113.123.133.153.1617.500
3.073.083.093.103.1017.750
2.942.973.003.033.0518.000
2.782.812.842.872.9118.250
2.672.692.712.732.7618.500
2.592.602.622.632.6518.750
2.552.552.562.572.5819.000
2.522.522.532.532.5419.250
2.512.512.512.512.5219.500
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1) (OUT)
Return Event:  5 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

2.492.502.502.502.5119.750
2.392.412.442.462.4820.000
2.242.272.302.332.3620.250
2.132.152.172.192.2220.500
2.052.062.082.092.1120.750
2.002.012.022.032.0421.000
1.971.971.981.991.9921.250
1.951.961.961.961.9721.500
1.941.941.951.951.9521.750
1.941.941.941.941.9422.000
1.941.941.941.941.9422.250
1.941.941.941.941.9422.500
1.951.951.951.941.9422.750
1.951.951.951.951.9523.000
1.961.961.951.951.9523.250
1.961.961.961.961.9623.500
1.951.961.961.961.9623.750

(N/A)(N/A)(N/A)(N/A)1.9424.000
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Dev 100 Year Routing
Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

69.6412.1506.169100Developed 100 YEARA
23.4712.1001.782100Developed 100 YEARD
75.8212.2509.070100Developed 100 YEAROS-1
10.3412.1500.931100Developed 100 YEAROS-2
11.4512.1501.062100Developed 100 YEAROS-3

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

107.5912.45017.058100Developed 100 YEARD4

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)160.5312.20017.232100
Developed 100 
YEAR

POND 1 (Alt. 
1) (IN)

4.2496,947.98101.4712.45015.277100Developed 100 
YEAR

POND 1 (Alt. 
1) (OUT)
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  Colo Springs 2015
Return Event:  100 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  TYPE II 24 HOUR                                                                                                                                                                                                                                                

TYPE II 24 HOUR                                                                                                                                                                                                                                                Label

hours0.000Start Time

hours0.250Increment

hours24.000End Time

years100Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.250 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.10.00.00.00.00.000
0.10.10.10.10.11.250
0.20.20.20.10.12.500
0.30.30.20.20.23.750
0.40.30.30.30.35.000
0.50.50.40.40.46.250
0.60.60.60.50.57.500
0.80.70.70.70.68.750
1.11.00.90.90.810.000
3.33.01.81.31.211.250
3.73.63.63.53.412.500
3.93.93.83.83.713.750
4.14.04.04.03.915.000
4.24.24.14.14.116.250
4.34.34.24.24.217.500
4.44.44.34.34.318.750
4.44.44.44.44.420.000
4.54.54.54.54.521.250
4.64.64.54.54.522.500

(N/A)(N/A)(N/A)4.64.623.750
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 1)
Return Event:  100 yearsSubsection:  Elevation-Area Volume Curve

Volume (Total)
(ac-ft)

Volume
(ac-ft)

A1+A2+sqr
(A1*A2)
(acres)

Area
(acres)

Planimeter
(ft²)

Elevation
(ft)

0.0000.0000.000.010.00006,942.00
0.2930.2930.440.390.00006,944.00
1.7751.4822.221.160.00006,946.00
4.2722.4983.751.340.00006,948.00
7.1302.8584.291.520.00006,950.00

10.3593.2284.841.710.00006,952.00

Page 4 of 927 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/26/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
Center100yr SCS Alt 1.ppc



Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 1)
Return Event:  100 yearsSubsection:  Elevation-Volume-Flow Table (Pond)

Infiltration

No Infiltration
Infiltration Method 
(Computed)

Initial Conditions

ft6,942.00
Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.38Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.38Flow (Initial, Total)

hours0.050Time Increment

2S/t + O
(ft³/s)

Flow (Total)
(ft³/s)

Infiltration
(ft³/s)

Area
(acres)

Storage
(ac-ft)

Outflow
(ft³/s)

Elevation
(ft)

0.380.380.000.000.0000.386,942.00
5.600.470.000.040.0110.476,942.50

24.820.560.000.120.0500.566,943.00
67.330.630.000.240.1380.636,943.50

142.420.720.000.390.2930.726,944.00
255.000.790.000.540.5250.796,944.50
407.990.880.000.720.8410.886,945.00
607.570.980.000.931.2530.986,945.50
859.911.050.001.161.7751.056,946.00

1,158.7213.850.001.202.36513.856,946.50
1,478.6837.120.001.252.97837.126,947.00
1,816.2967.150.001.293.61467.156,947.50
2,170.55102.730.001.344.272102.736,948.00
2,536.25138.850.001.384.953138.856,948.50
2,881.70144.000.001.435.656144.006,949.00
3,237.88148.990.001.476.382148.996,949.50
3,604.96153.820.001.527.130153.826,950.00
4,078.55253.960.001.577.902253.966,950.50
4,642.39433.030.001.618.697433.036,951.00
5,269.10663.470.001.669.516663.476,951.50
5,948.99935.430.001.7110.359935.436,952.00
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 1) (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s101.47Peak Discharge

hours12.450Time to Peak

ac-ft15.277Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.190.000
0.000.000.000.000.000.250
0.000.000.000.000.000.500
0.000.000.000.000.000.750
0.000.000.000.000.001.000
0.000.000.000.000.001.250
0.000.000.000.000.001.500
0.000.000.000.000.001.750
0.000.000.000.000.002.000
0.000.000.000.000.002.250
0.000.000.000.000.002.500
0.000.000.000.000.002.750
0.000.000.000.000.003.000
0.000.000.000.000.003.250
0.000.000.000.000.003.500
0.000.000.000.000.003.750
0.000.000.000.000.004.000
0.000.000.000.000.004.250
0.000.000.000.000.004.500
0.000.000.000.000.004.750
0.000.000.000.000.005.000
0.000.000.000.000.005.250
0.000.000.000.000.005.500
0.000.000.000.000.005.750
0.000.000.000.000.006.000
0.000.000.000.000.006.250
0.000.000.000.000.006.500
0.000.000.000.000.006.750
0.000.000.000.000.007.000
0.000.000.000.000.007.250
0.000.000.000.000.007.500
0.000.000.000.000.007.750
0.000.000.000.000.008.000
0.000.000.000.000.008.250
0.000.000.000.000.008.500
0.000.000.000.000.008.750
0.000.000.000.000.009.000
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 1) (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.250
0.000.000.000.000.009.500
0.040.020.020.010.009.750
0.160.130.100.080.0610.000
0.370.320.270.230.2010.250
0.420.410.400.400.3910.500
0.480.470.460.440.4310.750
0.530.520.510.500.4911.000
0.580.570.570.560.5511.250
0.660.640.620.600.5911.500
0.890.820.770.730.6911.750

50.7829.3810.871.030.9712.000
101.47100.2895.2785.4369.9412.250
80.9586.4491.7296.3899.8812.500
57.6861.5265.5970.3075.5212.750
42.1544.7847.6350.7354.0813.000
32.8234.2735.8137.5339.7413.250
26.7527.8228.9630.1731.4513.500
22.2623.0523.8924.7925.7413.750
19.0319.5920.1920.8421.5214.000
16.6717.0917.5418.0118.5014.250
14.7815.1415.5015.8716.2614.500
13.4513.6313.8114.1114.4414.750
12.6112.7612.9213.0913.2615.000
11.9812.1012.2212.3412.4715.250
11.3311.4611.6011.7311.8515.500
10.7210.8310.9511.0711.2015.750
10.2910.3610.4410.5310.6216.000
10.0010.0510.1010.1510.2216.250
9.799.849.889.929.9616.500
9.439.519.609.679.7316.750
9.019.099.179.259.3417.000
8.688.748.808.868.9317.250
8.468.508.548.588.6317.500
8.298.338.368.408.4317.750
7.948.028.108.178.2418.000
7.527.607.687.777.8518.250
7.197.257.317.377.4518.500
6.967.007.047.097.1418.750
6.826.846.876.906.9319.000
6.736.746.766.786.7919.250
6.686.686.696.706.7219.500
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 1) (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

6.616.646.656.666.6719.750
6.336.406.476.536.5820.000
5.946.026.096.176.2520.250
5.635.685.745.815.8720.500
5.415.455.495.535.5820.750
5.265.295.315.345.3721.000
5.175.195.205.225.2421.250
5.125.135.145.155.1621.500
5.095.095.105.105.1121.750
5.075.075.085.085.0822.000
5.065.065.065.075.0722.250
5.065.065.065.065.0622.500
5.065.065.065.065.0622.750
5.075.075.065.065.0623.000
5.075.075.075.075.0723.250
5.075.085.085.085.0723.500
5.015.035.055.065.0723.750

(N/A)(N/A)(N/A)(N/A)4.9724.000
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Dev 5 Year Routing
Project Summary

MDDP - KETTLE 
CREEK NORTHTitle

MAWEngineer

CCESCompany

8/26/2019Date

5 year SCS Model (Alt 2)Notes
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3Time-Depth Curve, 5 yearsColo Springs 2015

2Master Network Summary



Dev 5 Year Routing
Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

20.7312.1502.0675Developed 5 YEARA
6.6012.1000.5655Developed 5 YEARD

12.1712.3502.2515Developed 5 YEAROS-1
1.6612.2000.2315Developed 5 YEAROS-2
3.5012.2000.3655Developed 5 YEAROS-3

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

16.2212.2504.3715Developed 5 YEARD4

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)25.8712.1502.6645
Developed 5 
YEAR

POND 1 (Alt 
1) (IN)

1.2306,946.093.4813.6001.5545Developed 5 
YEAR

POND 1 (Alt 
1) (OUT)
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  Colo Springs 2015
Return Event:  5 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  TYPE II 24 HOUR                                                                                                                                                                                                                                                

TYPE II 24 HOUR                                                                                                                                                                                                                                                Label

hours0.000Start Time

hours0.250Increment

hours24.000End Time

years5Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.250 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.00.00.00.00.00.000
0.10.10.10.00.01.250
0.10.10.10.10.12.500
0.20.20.10.10.13.750
0.20.20.20.20.25.000
0.30.30.30.20.26.250
0.40.30.30.30.37.500
0.50.40.40.40.48.750
0.60.60.50.50.510.000
1.91.81.00.80.711.250
2.22.12.12.02.012.500
2.32.32.32.22.213.750
2.42.42.32.32.315.000
2.52.42.42.42.416.250
2.52.52.52.52.517.500
2.62.62.52.52.518.750
2.62.62.62.62.620.000
2.62.62.62.62.621.250
2.72.72.72.72.722.500

(N/A)(N/A)(N/A)2.72.723.750
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1)
Return Event:  5 yearsSubsection:  Elevation-Area Volume Curve

Volume (Total)
(ac-ft)

Volume
(ac-ft)

A1+A2+sqr
(A1*A2)
(acres)

Area
(acres)

Planimeter
(ft²)

Elevation
(ft)

0.0000.0000.000.010.00006,942.00
0.1790.1790.270.230.00006,944.00
1.1540.9751.460.800.00006,946.00
2.8741.7202.580.920.00006,948.00
4.8241.9502.921.030.00006,950.00
7.0042.1803.271.150.00006,952.00
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1)
Return Event:  5 yearsSubsection:  Elevation-Volume-Flow Table (Pond)

Infiltration

No Infiltration
Infiltration Method 
(Computed)

Initial Conditions

ft6,942.00
Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.39Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.39Flow (Initial, Total)

hours0.050Time Increment

2S/t + O
(ft³/s)

Flow (Total)
(ft³/s)

Infiltration
(ft³/s)

Area
(acres)

Storage
(ac-ft)

Outflow
(ft³/s)

Elevation
(ft)

0.390.390.000.000.0000.396,942.00
4.280.470.000.030.0080.476,942.50

16.720.560.000.080.0330.566,943.00
42.790.660.000.140.0870.666,943.50
87.500.730.000.230.1790.736,944.00

156.210.820.000.340.3210.826,944.50
254.340.910.000.470.5240.916,945.00
387.131.000.000.630.7981.006,945.50
559.821.070.000.801.1541.076,946.00
770.3113.850.000.831.56313.856,946.50
998.1537.140.000.861.98637.146,947.00

1,239.7167.200.000.892.42367.206,947.50
1,494.02102.930.000.922.874102.936,948.00
1,759.60142.960.000.953.340142.966,948.50
2,012.36163.320.000.973.820163.326,949.00
2,257.52169.110.001.004.315169.116,949.50
2,509.52174.690.001.034.824174.696,950.00
2,863.80275.580.001.065.348275.586,950.50
3,303.87455.390.001.095.885455.396,951.00
3,802.20686.520.001.126.437686.526,951.50
4,349.11959.170.001.157.004959.176,952.00
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1) (OUT)
Return Event:  5 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s3.48Peak Discharge

hours13.600Time to Peak

ac-ft1.554Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.190.000
0.000.000.000.000.000.250
0.000.000.000.000.000.500
0.000.000.000.000.000.750
0.000.000.000.000.001.000
0.000.000.000.000.001.250
0.000.000.000.000.001.500
0.000.000.000.000.001.750
0.000.000.000.000.002.000
0.000.000.000.000.002.250
0.000.000.000.000.002.500
0.000.000.000.000.002.750
0.000.000.000.000.003.000
0.000.000.000.000.003.250
0.000.000.000.000.003.500
0.000.000.000.000.003.750
0.000.000.000.000.004.000
0.000.000.000.000.004.250
0.000.000.000.000.004.500
0.000.000.000.000.004.750
0.000.000.000.000.005.000
0.000.000.000.000.005.250
0.000.000.000.000.005.500
0.000.000.000.000.005.750
0.000.000.000.000.006.000
0.000.000.000.000.006.250
0.000.000.000.000.006.500
0.000.000.000.000.006.750
0.000.000.000.000.007.000
0.000.000.000.000.007.250
0.000.000.000.000.007.500
0.000.000.000.000.007.750
0.000.000.000.000.008.000
0.000.000.000.000.008.250
0.000.000.000.000.008.500
0.000.000.000.000.008.750
0.000.000.000.000.009.000
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1) (OUT)
Return Event:  5 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.250
0.000.000.000.000.009.500
0.000.000.000.000.009.750
0.000.000.000.000.0010.000
0.000.000.000.000.0010.250
0.000.000.000.000.0010.500
0.000.000.000.000.0010.750
0.000.000.000.000.0011.000
0.000.000.000.000.0011.250
0.310.120.030.010.0011.500
0.610.550.500.450.4111.750
0.880.840.790.730.6812.000
1.010.990.970.950.9212.250
1.041.031.031.021.0112.500
1.061.061.051.051.0512.750
2.662.351.971.511.0713.000
3.403.333.233.092.9013.250
3.453.473.483.473.4513.500
3.273.313.363.393.4313.750
3.023.073.123.173.2214.000
2.762.812.862.922.9714.250
2.512.562.612.662.7114.500
2.272.312.362.412.4614.750
2.102.132.162.192.2315.000
2.002.022.042.062.0815.250
1.881.911.931.961.9815.500
1.791.801.821.841.8615.750
1.731.741.751.761.7716.000
1.711.711.721.721.7316.250
1.691.701.701.701.7116.500
1.611.631.651.661.6816.750
1.531.551.561.581.5917.000
1.491.501.501.511.5217.250
1.471.471.471.481.4817.500
1.451.461.461.471.4717.750
1.361.381.411.421.4418.000
1.281.291.311.331.3418.250
1.231.241.251.261.2718.500
1.201.211.211.221.2218.750
1.191.201.201.201.2019.000
1.191.191.191.191.1919.250
1.191.191.191.191.1919.500
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Dev 5 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt 1) (OUT)
Return Event:  5 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

1.181.191.191.191.1919.750
1.101.121.141.151.1720.000
1.071.071.071.071.0820.250
1.071.071.071.071.0720.500
1.061.061.061.071.0720.750
1.061.061.061.061.0621.000
1.061.061.061.061.0621.250
1.061.061.061.061.0621.500
1.061.061.061.061.0621.750
1.061.061.061.061.0622.000
1.061.061.061.061.0622.250
1.061.061.061.061.0622.500
1.061.061.061.061.0622.750
1.061.061.061.061.0623.000
1.061.061.061.061.0623.250
1.061.061.061.061.0623.500
1.061.061.061.061.0623.750

(N/A)(N/A)(N/A)(N/A)1.0624.000
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3Time-Depth Curve, 100 yearsColo Springs 2015
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Dev 100 Year Routing
Subsection:  Master Network Summary

Catchments Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

69.6412.1506.169100Developed 100 YEARA
23.4712.1001.782100Developed 100 YEARD
75.8212.2509.070100Developed 100 YEAROS-1
10.3412.1500.931100Developed 100 YEAROS-2
11.4512.1501.062100Developed 100 YEAROS-3

Node Summary

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

141.2812.30017.826100Developed 100 YEARD4

Pond Summary

Maximum 
Pond Storage

(ac-ft)

Maximum 
Water 

Surface 
Elevation

(ft)

Peak Flow
(ft³/s)

Time to Peak
(hours)

Hydrograph 
Volume
(ac-ft)

Return 
Event

(years)

ScenarioLabel

(N/A)(N/A)91.4312.1508.161100
Developed 100 
YEAR

POND 1 (Alt. 
2) (IN)

2.2726,947.3356.9112.3506.973100Developed 100 
YEAR

POND 1 (Alt. 
2) (OUT)
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  Colo Springs 2015
Return Event:  100 yearsSubsection:  Time-Depth Curve

Time-Depth Curve:  TYPE II 24 HOUR                                                                                                                                                                                                                                                

TYPE II 24 HOUR                                                                                                                                                                                                                                                Label

hours0.000Start Time

hours0.250Increment

hours24.000End Time

years100Return Event

CUMULATIVE RAINFALL (in)
Output Time Increment = 0.250 hours

Time on left represents time for first value in each row.
Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Depth
(in)

Time
(hours)

0.10.00.00.00.00.000
0.10.10.10.10.11.250
0.20.20.20.10.12.500
0.30.30.20.20.23.750
0.40.30.30.30.35.000
0.50.50.40.40.46.250
0.60.60.60.50.57.500
0.80.70.70.70.68.750
1.11.00.90.90.810.000
3.33.01.81.31.211.250
3.73.63.63.53.412.500
3.93.93.83.83.713.750
4.14.04.04.03.915.000
4.24.24.14.14.116.250
4.34.34.24.24.217.500
4.44.44.34.34.318.750
4.44.44.44.44.420.000
4.54.54.54.54.521.250
4.64.64.54.54.522.500

(N/A)(N/A)(N/A)4.64.623.750
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 2)
Return Event:  100 yearsSubsection:  Elevation-Area Volume Curve

Volume (Total)
(ac-ft)

Volume
(ac-ft)

A1+A2+sqr
(A1*A2)
(acres)

Area
(acres)

Planimeter
(ft²)

Elevation
(ft)

0.0000.0000.000.010.00006,942.00
0.1790.1790.270.230.00006,944.00
1.1540.9751.460.800.00006,946.00
2.8741.7202.580.920.00006,948.00
4.8241.9502.921.030.00006,950.00
7.0042.1803.271.150.00006,952.00
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 2)
Return Event:  100 yearsSubsection:  Elevation-Volume-Flow Table (Pond)

Infiltration

No Infiltration
Infiltration Method 
(Computed)

Initial Conditions

ft6,942.00
Elevation (Water Surface, 
Initial)

ac-ft0.000Volume (Initial)

ft³/s0.38Flow (Initial Outlet)

ft³/s0.00Flow (Initial Infiltration)

ft³/s0.38Flow (Initial, Total)

hours0.050Time Increment

2S/t + O
(ft³/s)

Flow (Total)
(ft³/s)

Infiltration
(ft³/s)

Area
(acres)

Storage
(ac-ft)

Outflow
(ft³/s)

Elevation
(ft)

0.380.380.000.000.0000.386,942.00
4.270.470.000.030.0080.476,942.50

16.720.560.000.080.0330.566,943.00
42.760.630.000.140.0870.636,943.50
87.490.720.000.230.1790.726,944.00

156.180.790.000.340.3210.796,944.50
254.300.880.000.470.5240.886,945.00
387.110.980.000.630.7980.986,945.50
559.801.050.000.801.1541.056,946.00
770.3113.850.000.831.56313.856,946.50
998.1337.120.000.861.98637.126,947.00

1,239.6667.150.000.892.42367.156,947.50
1,493.83102.730.000.922.874102.736,948.00
1,755.50138.850.000.953.340138.856,948.50
1,993.05144.000.000.973.820144.006,949.00
2,237.40148.990.001.004.315148.996,949.50
2,488.65153.820.001.034.824153.826,950.00
2,842.18253.960.001.065.348253.966,950.50
3,281.50433.030.001.095.885433.036,951.00
3,779.16663.470.001.126.437663.476,951.50
4,325.38935.430.001.157.004935.436,952.00

Page 5 of 927 Siemon Company Drive Suite 200 W  
Watertown, CT 06795 USA  +1-203-755-1666

8/26/2019

Bentley PondPack V8i
[08.11.01.56]

Bentley Systems, Inc.  Haestad Methods Solution  
Center100yr SCS Alt 2.ppc



Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 2) (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

ft³/s56.91Peak Discharge

hours12.350Time to Peak

ac-ft6.973Hydrograph Volume

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.190.000
0.000.000.000.000.000.250
0.000.000.000.000.000.500
0.000.000.000.000.000.750
0.000.000.000.000.001.000
0.000.000.000.000.001.250
0.000.000.000.000.001.500
0.000.000.000.000.001.750
0.000.000.000.000.002.000
0.000.000.000.000.002.250
0.000.000.000.000.002.500
0.000.000.000.000.002.750
0.000.000.000.000.003.000
0.000.000.000.000.003.250
0.000.000.000.000.003.500
0.000.000.000.000.003.750
0.000.000.000.000.004.000
0.000.000.000.000.004.250
0.000.000.000.000.004.500
0.000.000.000.000.004.750
0.000.000.000.000.005.000
0.000.000.000.000.005.250
0.000.000.000.000.005.500
0.000.000.000.000.005.750
0.000.000.000.000.006.000
0.000.000.000.000.006.250
0.000.000.000.000.006.500
0.000.000.000.000.006.750
0.000.000.000.000.007.000
0.000.000.000.000.007.250
0.000.000.000.000.007.500
0.000.000.000.000.007.750
0.000.000.000.000.008.000
0.000.000.000.000.008.250
0.000.000.000.000.008.500
0.000.000.000.000.008.750
0.000.000.000.000.009.000
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 2) (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

0.000.000.000.000.009.250
0.000.000.000.000.009.500
0.040.020.020.010.009.750
0.160.130.100.080.0610.000
0.370.320.270.230.2010.250
0.430.410.400.400.3910.500
0.490.480.470.460.4410.750
0.560.550.530.520.5111.000
0.620.600.590.580.5711.250
0.710.680.660.640.6311.500
0.930.860.810.770.7411.750

39.9026.7011.981.981.0012.000
52.4055.4656.9155.6050.3012.250
33.7836.6540.3744.4348.5412.500
22.6524.4326.4228.6331.0912.750
16.1217.1618.3219.6021.0413.000
12.9013.3013.7114.3515.1813.250
11.0811.4211.7712.1312.5113.500
9.539.8210.1110.4210.7413.750
8.318.538.769.009.2614.000
7.357.527.717.908.1014.250
6.536.696.857.017.1714.500
5.835.966.096.236.3814.750
5.355.425.515.615.7115.000
5.055.115.165.225.2815.250
4.734.794.864.934.9915.500
4.474.514.564.614.6615.750
4.324.344.364.394.4316.000
4.244.254.264.284.3016.250
4.184.204.214.224.2316.500
3.974.024.064.114.1516.750
3.773.803.843.883.9317.000
3.653.673.693.713.7417.250
3.593.593.613.623.6317.500
3.533.553.563.573.5817.750
3.323.373.413.463.5018.000
3.113.153.193.233.2718.250
2.993.013.033.053.0818.500
2.922.932.942.952.9718.750
2.892.892.902.902.9119.000
2.872.872.882.882.8819.250
2.872.872.872.872.8719.500
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Dev 100 Year Routing

Storm Event:  TYPE II 24 HOURLabel:  POND 1 (Alt. 2) (OUT)
Return Event:  100 yearsSubsection:  Pond Routed Hydrograph (total out)

HYDROGRAPH ORDINATES (ft³/s)
Output Time Increment = 0.050 hours

Time on left represents time for first value in each row.
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Flow

(ft³/s)
Time

(hours)

2.842.852.862.862.8719.750
2.642.692.732.772.8120.000
2.442.472.512.552.5920.250
2.312.332.352.382.4120.500
2.242.252.262.282.2920.750
2.212.212.222.222.2321.000
2.192.192.192.202.2021.250
2.182.182.182.182.1921.500
2.182.182.182.182.1821.750
2.182.182.182.182.1822.000
2.182.182.182.182.1822.250
2.182.182.182.182.1822.500
2.182.182.182.182.1822.750
2.192.192.192.192.1923.000
2.192.192.192.192.1923.250
2.192.192.192.192.1923.500
2.132.152.172.182.1823.750

(N/A)(N/A)(N/A)(N/A)2.1124.000
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