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1.0 INTRODUCTION 

1.1 AUTHORIZATION 

This report was authorized by the Mile High Flood District (MHFD) under joint sponsorship with Southeast Metro 

Stormwater Authority (SEMSWA) under the January 2018 agreement (Agreement No. 18-12.35) regarding “Major 

Drainageway Plan and Flood Hazard Area Delineation for Willow Creek Tributaries Upstream of Englewood Dam”. 

Douglas County and the City of Lone Tree were added as funding partners following the Flood Hazard Area Delineation 

(FHAD), during the Major Drainageway Plan (MDP) phase. The FHAD study, including updated Baseline Hydrology, is 

documented in a separate report titled Flood Hazard Area Delineation Willow Creek Tributaries Upstream of 

Englewood Dam, January 2025 by ICON Engineering Inc. 

1.2 PURPOSE AND SCOPE 

The purpose of this Major Drainageway Plan is to evaluate the tributaries to Willow Creek upstream of Englewood 

Dam and downstream of County Line Road. The MDP utilizes the updated hydrologic and hydraulic information and 

provides stream health, flooding, maintenance, and water quality recommendations. The main stem of Willow Creek 

through the study area is not included in this analysis. Through discussions with sponsors and stakeholders, the main 

goals and objectives for the MDP study include: 

• Engagement with residents of the active neighborhoods  

• Coordination and Meetings with MHFD, SEMSWA, Douglas County, City of Lone Tree, and other project 

stakeholders 

• Collect existing information, including previous Major Drainageway Plans, Outfall System Plans, and Flood 

Hazard Area Delineations for the study area 

• Identify drainageway health, flooding, and maintenance problems as well as opportunities for water quality 

enhancement 

• Develop alternatives to address the identified problems and improvement opportunities 

• Propose a recommended plan, including estimated costs, to help address the specific needs of the study area 

and inform maintenance and capital improvement project planning by the localities 

• Preparation of a report which builds on and updates the information presented in the previous studies 

As documented in the Arapahoe County Flood Insurance Study (FIS), previous detailed study of the tributaries to 

Willow Creek within this project’s study area has only been performed for a portion of Spring Creek, from the 

confluence with Willow Creek to just upstream of County Line Road, in the Major Drainageway Planning, Little Dry 

Creek report completed by McCall-Ellingson and Morrill, Inc. in 1974. Most recently, hydrology for the tributaries to 

Willow Creek were studied by the MHFD in the Willow Creek, Little Dry Creek, and Greenwood Gulch Outfall Systems 

Planning Study, completed in 2010. Mapping for the tributaries was not incorporated into the Flood Hazard Area 

Delineation, Willow Creek prepared by CH2M Hill in 2010. This current MDP study, and the associated FHAD, 

supersedes these previous studies. 

 

 

1.3 PLANNING PROCESS 

Progress meetings were held at various stages throughout the project. A summary of these meetings and comment 

responses can be found below. Minutes from the MDP progress meetings can be found in Appendix A. Baseline 

Hydrology and FHAD related meeting materials associated with this study can be found in Flood Hazard Area 

Delineation Willow Creek Tributaries Upstream of Englewood Dam, January 2025. 

MDP Related Meetings: 

• November 16, 2022: Alternatives Scoping Meeting 

• November 8, 2023: MDP Kickoff Meeting 

• January 17, 2024: MDP Progress Meeting 

• February 14, 2024: MDP Progress Meeting 

• March 13, 2024: MDP Progress Meeting 

• April 4, 2024: Public Meeting 

• May 8, 2024: MDP Progress Meeting 

• June 5, 2024: MDP Progress Meeting 

• July 3, 2024: MDP Progress Meeting 

• July 30, 2024: MDP Progress Meeting 

• October 23, 2024: MDP Comment Response Meeting – MHFD 

• November 20, 2024: MDP Comment Response Meeting - SEMSWA 
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1.4 MAPPING AND SURVEYS 

Project mapping was based on Federal Emergency Management Agency (FEMA) 2013 Post-flood LiDAR. The Lidar data 

was converted into one-foot interval contours for the study area.  

 The LiDAR mapping has the following attributes. 

• Name: 2013 South Platte River Flood Area 1 

• Collection Date: Fall 2013 – Spring 2014 

• Vertical Accuracy: 9.25 cm RMSE  

• Point Spacing: 0.7 m 

• Vertical Datum: NAVD88 

• Horizontal Datum: NAD83 
 
2020 Denver Regional Council of Governments (DRCOG) LiDAR mapping was used in a limited area along Acres 
Green Tributary to reflect grading changes since the 2013 LiDAR collection date. The 2020 LiDAR was clipped to the 
study area and provided to ICON Engineering by MHFD in October 2022. The 2020 LiDAR was used at Acres Green 
Tributary Sections 330 and 361 only. 
 

• Name: 2020 DRCOG LiDAR – Willow Creek FHAD Study Area 

• Collection Date: May 2020 – September 2020 (Collected and Processed by Sanborn Map Company) 

• Cell Size: 2 x 2 ft 

• Vertical Datum: NAVD88 

• Horizontal Datum: NAD83 
 
Additional survey information was provided by MHFD for all roadway crossings and drop structures within the study 
area. Structure survey was collected by Wilson & Company in January and February 2019. 

1.5 DATA COLLECTION 

Numerous previous reports were collected and reviewed as part of this study. A summary of these reports can be 

found below in Table 1-1. 

Table 1-1: Data Collected 

Title Date Author

General Motors Auto Mall Underground Detention Plans 1997 JR Engineering

Panorma Park Regional Pond Improvements Plans 2007 Muller Engineering

Sam's Club Detention Pond Retrofit Drainage Report 2010 CEI Engineering Associates

Basin Improvement Plans for 7817 Park Meadows Drive 2010 CEI Engineering Associates

Flood Hazard Delineation Willow Creek 2010 CH2M Hill

Willow Creek, Little Dry Creek, and Greenwood Gulch 

Outfall Systems Planning Study 2010 CH2M Hill

Century Highland Park Subdivision Filing No. 2 Plans 2015 Peak Civil Consultants

West Spring Creek Hydrology Update 2018 Olsson Associates

SEMSWA Panorama Pond Improvements 2018 SEMSWA

The Jones District - Phase I Master Drainage Report 2019 Martin / Martin
 

1.6 ACKNOWLEDGEMENTS 

This report was prepared in cooperation with the MHFD and SEMSWA. The representatives who were involved with 

this study are listed in Table 1-2, below. 

Table 1-2: Project Team 

 
Additional Acknowledgements: Andrew Earles, Vice President of Wright Water Engineers, participated in a peer review 

of the hydrology update associated with this study.  
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2.0 STUDY AREA DESCRIPTION 

2.1 PROJECT AREA 

The study area originates at Englewood Dam and extends upstream along Willow Creek to approximately County Line 

Road. The basin, generally bounded by Holly Street to the west, Englewood Dam to the north, I-25 to the east, and 

Park Meadows Drive to the south, has a drainage area of approximately 4.9 square miles and includes tributaries 

spanning multiple jurisdictions.  

The following tributaries outfall into Willow Creek within the study area: Acres Green Tributary, Fox Hill Park Tributary, 

Homestead Tributary, Homestead Farms Tributary, Jamison Tributary, Kettle Tributary, Phillips Tributary, Spring 

Creek, Trenton Outfall Tributary, West Spring Creek, and Willow Creek East Tributary. Areas directly tributary to the 

main stem of Willow Creek were also included in the analysis. The study area includes the communities of the City of 

Centennial, City of Lone Tree, and areas of unincorporated Arapahoe and Douglas County. 

Drainageways within the basin resemble a variety of hydraulic infrastructure originating from development circa the 

1980s. Drainageways include a myriad of sections emphasizing open space and native vegetation, manicured blue 

grass stream systems, boulder revetment, large concrete and grouted drop structures, deep culverts, retaining walls, 

landscape design features, and concrete baffled dissipation structures. Many, if not most, of the stream systems follow 

trail segments owned by a combination of South Suburban Parks and Recreation District (SSPRD), neighborhood HOAs, 

and local business districts. 

Currently, the basin is nearly fully developed and includes residential neighborhoods, open space, parks, and 

commercial business areas. The commercial areas are predominately located along the eastern edge of the basin, with 

some areas located south of C-470. Elevations within the study area range between 5,572 feet at the Englewood Dam 

to 5,970 feet in Acres Green Tributary at Wiltshire Drive. The basin is approximately 2.5 miles long along Willow Creek 

and spans 3 miles at its widest. 

The basin is comprised of multiple hydrologic soil types as defined by the Natural Resources Conservation Service 

(NRCS) (Reference 3). The study area primarily consists of hydrologic soil groups C and D type soil, which possess a 

lower infiltration capacity than other soil types. HSG Type A and B soils are also present within the basin. The latest 

soil information was retrieved from the NRCS Soil Survey Geographic (SSURGO) Database in April 2019. More 

information about the HSG can be found in Section 3.3.5. The distribution of soil through the study area can be found 

on the interactive map in Appendix B. 

Although there are numerous detention facilities within the basin, only five met the criteria to be considered for flood 

reduction purposes in this study. The numerous other detention basins were further evaluated during the alternative 

analysis phase. The five detention facilities included in the baseline hydrology are: Panorama Pond, located along 

Willow Creek East Tributary upstream of South Yosemite Street, Yosemite Pond, located along Phillips Tributary east 

of Yosemite, Akron Pond, east of South Akron Street on Phillips Tributary, Sam’s Club Detention Basin located on Acres 

Green Tributary just south of C-470, and the detention basin on Spring Creek just upstream of County Line Road. 

A study area map, highlighting key features throughout the study area, can be found on Figure 2-2. A watershed map 

detailing the location of each tributary included in this study can be found on Figure 2-3. 

 

 

 

Figure 2-1: Vicinity Map 

2.2 LAND USE 

Future conditions land use was determined by Comprehensive Plans and zoning data obtained from each jurisdiction. 

Electronic data was obtained in shapefile format from City of Centennial and City of Lone Tree. Information for 

unincorporated areas of Arapahoe and Douglas County were digitized from land use maps. After discussion with 

project sponsors, land use for the C-470 corridor was set at 95 percent impervious. 
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Percent impervious values were selected for each zoning classifications using Table 6-3 from Volume 1, Chapter 6 of 

the 2016 Urban Storm Drainage Criteria Manual (USDCM), and can be found in Table 3-4. Future land use for the entire 

basin can be found in the interactive map, located in Appendix B. 

The basin is predominately developed with no significant changes in land use anticipated in the future. After discussion 

with project sponsors, an existing conditions land use scenario was not deemed necessary given the similarities 

between existing and future land use projections. 

The entire basin has a future impervious value of approximately 51 percent. Impervious values for the entire study 

area can be found on the interactive map, found in Appendix B. 

2.3 WATERSHED DESCRIPTIONS 

The study area was separated into twelve separate watersheds. Eleven of the watersheds are tributary to a 

drainageway before their outfalls into Willow Creek, with the twelfth watershed containing areas directly tributary to 

the main stem of Willow Creek. 

An inventory of all major storm drainage structures for each watershed can be found in Table 2-1 through Table 2-11. 

Each drainageway and tributary watershed can be found in. 

2.3.1 ACRES GREEN TRIBUTARY 

Acres Green Tributary Watershed, located in the southwest portion of the study area, is bounded by the Trenton 

Outfall Tributary Watershed to the west. The watershed, approximately 274 acres in size, extends from the outfall in 

Willow Creek Park, in Centennial, south into the City of Lone Tree and unincorporated Douglas County. The watershed, 

originating near the Acres Green Drive and Mercury Drive intersection, drains south to north within the Acres Green 

subdivision. Street conveyance carries flow downstream to Altair Drive where flow is intercepted in a concrete pan 

located in the street median. Flow continues north along the median in Acres Green Drive approximately 2,100 feet 

to Apollo Court, where a storm drain system intercepts and conveys flow to a manhole east of Acres Green Drive just 

south of C-470. 

The western portion of the watershed drains by surface conveyance and storm drain systems into the Sam’s Club 

Detention Basin located at the northwest corner of Park Meadows Drive and Acres Green Drive. Stormwater runoff is 

conveyed through the outlet structure, east, to the confluence with the storm drain system in Acres Green Drive.  

The combined storm drain system conveys flow north; underneath C-470 into the AutoNation Buick GMC Park 

Meadows underground detention. The underground detention, which consists of sixteen 10 foot diameter corrugated 

metal pipe (CMP) does not meet the requirements for publicly owned and maintained facilities and was therefore not 

considered in this study. Downstream of East County Line Road, the storm drain system continues north to East Phillips 

Circle where an open channel, consisting of riprap and a concrete low flow channel, conveys runoff through the Willow 

Creek and Willow Creek Townhouses subdivisions. Just north of the south crossing of East Phillips Circle an 18 inch 

RCP conveys low flow in the same direction as the overflow path. A 72-inch RCP conveys flow underneath East Phillips 

Circle to the north, where Acres Green Tributary outfalls into Willow Creek after a small pedestrian trail crossing. 

Table 2-1: Major Crossing Structure - Acres Green Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

E Phillips Cir.

Secondary 

Collector Culvert 72" RCP

Acres Green Tributary

 

2.3.2 FOX HILL PARK TRIBUTARY 

Fox Hill Park Tributary Watershed, approximately 373 acres in size, 

is located within City of Centennial and unincorporated Douglas 

County. The watershed borders the western edge of the basin, and 

is bounded by Spring Creek to the east and the Homestead Farms 

Tributary to the northwest. Land use upstream of County Line Road 

primarily consists of commercial and industrial properties. Runoff is 

conveyed underneath East County Line Road in an 18 inch storm 

drain. Flows in excess of the 18 inch storm drain are conveyed east 

along East County Line Road into the West Spring Creek Basin. North 

of East County Line Road, in the City of Centennial, runoff is 

conveyed in an open channel bordered by the Foxridge West 

subdivision to the east and Foxridge Plaza to the west. The open 

channel continues to northwest after crossing East Otero Avenue in 

two (2) 36-inch RCP culverts. As the channel enters Foxhill Park, a 

pedestrian trail parallels the drainageway to East Dry Creek Road. Approximately 500 feet downstream of East Otero 

Avenue, a pedestrian trail bridge crosses the drainageway to provide access to Foxhill Park. 

At East Kettle Avenue, two (2) 45-inch HDPE culverts convey flow underneath the roadway where a 42-inch storm 

drain outfalls into the drainageway. The storm drain intercepts flow from the west, from the South Holly Street and 

East Kettle Avenue intersection. The storm drain system extends upstream to the south along South Holly Street, 

intercepting flow from the private detention basin in the Heritage Greens subdivision. 

Downstream of East Kettle Avenue the channel overbanks consist of maintained turf grass near the community pool 

and tennis courts. A series of drop structures provides grade control for the stream. The channel is confined by 

residential properties on both sides. Approximately 870 feet downstream of East Kettle Avenue, a pedestrian bridge 

trail crosses the drainageway, connecting the Homestead Farm 3rd and 6th Filing subdivisions. The tributary continues 

north to East Dry Creek Road where a series of drop structures lower the channel elevation for the 8 foot by 6 foot 

RCBC. North of East Dry Creek Road, within the Willow Creek Open Space, the tributary crosses a pedestrian trail 

before discharging into Willow Creek. 

  

Several amenities are present along Fox Hill 

Park Tributary, including tennis courts north of 

East Kettle Avenue 
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Table 2-2: Major Crossing Structures - Fox Hill Park Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

E Otero Ave.

Secondary 

Collector Culvert (2) 36" RCPs

Pedestrian Bridge -- Bridge

E Kettle Ave. Minor Culvert (2) 45" HDPEs

E Dry Creek Rd. Arterial Culvert 8' x 6' RCBC

Fox Hill Park Tributary

 

2.3.3 HOMESTEAD TRIBUTARY 

The Homestead Tributary Watershed, approximately a 100 acre watershed, is an right bank tributary of Willow Creek, 

north of East Dry Creek Road. The headwaters of the basin extend east of South Quebec Street near Dry Creek 

Elementary School in the Hallcrafts Walnut Hills subdivision. Surface conveyance carries flow to a storm drain system 

at South Quebec Street and East Hinsdale Avenue intersection. The storm drain system conveys flow west into the 

Homestead in the Willows subdivision, gradually increasing in size to a 48-inch RCP at South Homestead Parkway and 

East Geddes Place. West of the intersection the storm drain outfalls into an open channel that crosses a pedestrian 

trail just north of Homestead Elementary School. The open channel is bordered by residential properties to the north 

and the school property to the south outfall into Willow Creek. 

Table 2-3: Major Crossing Structures - Homestead Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

Pedestrian Bridge -- Bridge

Homestead Tributary

 

2.3.4 HOMESTEAD FARMS TRIBUTARY 

The Homestead Farms Tributary Watershed is located in the northwestern portion of the basin. The watershed, 

approximately 170 acres in size, drains from west to east. The north tributary in the Homestead Farms Tributary 

watershed collects surface runoff from Medema Park and crosses South Grape Street through a 36-inch RCP. 

Downstream of the roadway crossing, flow is conveyed in an open channel bordered by residential properties within 

the Homestead Farms 1st and 2nd Filing subdivisions. The stormwater runoff is conveyed underneath South Holly Street 

in a 42-inch RCP where the flow confluences with the southern tributary before the outfall into Willow Creek. 

The southern tributary of Homestead Farms intercepts runoff from the Lifetime Fitness facility. A 30-inch storm drain 

at the East Dry Creek Road and South Glencoe Street intersection intercepts and conveys flow east along East Dry 

Creek Road. Additional inflow from local subwatersheds are intercepted at the East Dry Creek Road and South Holly 

Street intersection before the storm drain turns north along South Holly Street. The storm drain intercepts a lateral 

from the west that collects flow draining South Hudson Way. Ponding in the cul-de-sac near South Hudson Way has 

been observed during rain events. The 30-inch storm drain outfalls into an open channel, approximately 200 feet 

south of East Fremont Avenue. The open channel confluences with the northern tributary of Homestead Farms, 

continuing downstream to the outfall into Willow Creek. 

Table 2-4: Major Crossing Structures - Homestead Farms Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

North Trib at S Grape St. Minor Culvert 36" RCP

North Trib at S Holly St. Arterial Culvert 42" RCP

Homestead Farms Tributary

 

2.3.5 JAMISON TRIBUTARY  

Jamison Tributary, a right bank tributary to Willow Creek East Tributary, has 

a drainage area of approximately 53 acres. The basin extends north of East 

Dry Creek Road into the Hunters Hill 3rd Filing and Saddle Ridge 

Condominiums subdivisions. Runoff collects at the East Dry Creek Road and 

East Hunters Hill Drive intersection and is conveyed south in two 24-inch 

storm drains. The two systems converge just south of East Dry Creek Road in 

a 48 inch RCP pipe before discharging into the open channel. Flows in excess 

of the storm drain follow a similar alignment to the storm drain, heading 

south into the open channel in the Willow Creek 1st and 2nd Filing 

subdivisions. Localized drainage issues are known to occur within the 

watershed. Several pedestrian crossings exist along Jamison Tributary until 

the outfall with Willow Creek East Tributary, located approximately 490 feet upstream of South Rosemary Way. 

Table 2-5: Major Crossing Structures - Jamison Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

Pedestrian Bridge -- Bridge

Pedestrian Bridge -- Bridge

Jamison Tributary

 

2.3.6 KETTLE TRIBUTARY 

The Kettle Tributary is a left bank tributary to Willow Creek East Tributary. The watershed is approximately 36 acres 

in size and spans across the Willow Creek 6th Filing subdivision, and the Highland Park and Panorama Park business 

districts. At the upstream end of the watershed, east of South Yosemite Street, flow collects in the business districts 

and is intercepted by a minor storm drain system. Flows converge at the intersection of South Yosemite Street and 

South Willow Way, where a 24-inch RCP crosses beneath the road. Flows in excess of the storm drain capacity overtop 

the roadway, and discharge into an open channel west of the roadway. A pedestrian trail parallels the open channel 

following the northwest flow path, where the tributary crosses East Kettle Circle, and continues in an open channel 

Jamison Tributary conveys flow through 

open space upstream of the confluence 

with the Willow Creek East Tributary 
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bounded by residential properties. The drainageway crosses East Kettle Circle a second time, conveyed by a 30-inch 

RCP which transitions to a 24-inch high by 48-inch wide horizontal elliptical RCP at East Kettle Circle to the outfall into 

Willow Creek East Tributary. 

Table 2-6: Major Crossing Structures - Kettle Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

E Kettle Cir. Minor Culvert 36" RCP

E Kettle Cir. Minor Culvert 30" RCP

Kettle Tributary

 

2.3.7 PHILLIPS TRIBUTARY 

Phillips Tributary is the southeastern most tributary in the basin, 

with approximately 170 acres in tributary area. Runoff is 

conveyed generally in a southwestern flow path through the 

Panorama Office Park 2, Highlands Park, and Willow Creek 10th 

Filing subdivisions. Bisecting the watershed is an open channel 

that conveys stormwater runoff through two detention basins 

and numerous retention ponds not used for flood control.  

Upstream of South Akron Street, a network of storm drain pipes 

convey runoff to a series of retention ponds that outfall into the 

Akron Pond. Flow continues downstream to the Yosemite Pond, 

just east of South Yosemite Street. This detention basin was 

retrofitted as part of the Century Highland Park subdivision development. At the time of this study, SEMSWA has a 

planned cured in place pipe (CIPP) lining project at Yosemite Street. Downstream of Yosemite Pond, the open channel 

continues through the Willow Creek 10th Filing subdivision crossing East Phillips Place through an 11 foot by 6.5 foot 

horizontal elliptical reinforced concrete pipe (HERCP) and a 24-inch corrugated metal pipe (CMP). An open channel 

conveys flow downstream of East Phillips Place to the outfall into Willow Creek.  

Table 2-7: Major Crossing Structures: Phillips Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

S Yosemite St. Arterial Culvert 11' x 7' HECMP

E Phillips Pl Minor Culvert 11' x 6.5' HECMP

Phillips Tributary

 

 

2.3.8 SPRING CREEK 

Spring Creek is bounded between the Fox Hill Park Tributary and West Spring Creek to the west, and the Trenton 

Outfall Tributary to the east. The 680 acre watershed spans the City of Centennial at the downstream end, to City of 

Lone Tree and unincorporated Douglas County at the upstream end. Flow is conveyed from the upstream end of the 

watershed through the Highlands Ranch subdivisions. Flow is conveyed under South Quebec Street through three 

distinct flow paths in unincorporated Douglas County.  

The eastern most tributary conveys flow from the Acres Green subdivision through Altair Park to South Quebec Street. 

A 54-inch storm drain system intercepts the runoff at South Quebec Street and conveys flows underneath the King 

Soopers parking lot, where the storm drain outfalls into the central tributary storm drain.  

The central tributary collects runoff from the Prominence Point Open Space and Acres Green subdivision. The storm 

water is conveyed in an open channel behind the Highlands Ranch 89 C subdivision to South Quebec Street. The runoff 

enters a 54-inch storm drain system that conveys the flow through the King Soopers parking lot, intercepting the 

eastern tributary. The combined flows continue north to Business Center Drive where the storm drain system turns 

west, increasing in size to a 78-inch RCP storm drain, ultimately discharging into the western tributary storm drain 

system. 

The western tributary of Spring Creek collects stormwater runoff throughout the Highlands Ranch 89 subdivision. A 

60-inch RCP conveys flow underneath Chestnut Hill Street to the west, and a 48-inch storm drain system to the east. 

These two flow paths converge upstream of South Quebec Street before a 60-inch storm drain intercepts the flow. 

The storm drain system continues within the Highlands Ranch 126A subdivision to the north and to Business Center 

Drive where flow from the central and eastern flow paths is also intercepted. The combined flow continues north to 

C-470 in a 108-inch RCP storm drain. After crossing C-470, the runoff is conveyed to the Spring Creek detention basin 

which detains flow before passing underneath East County Line Road into the City of Centennial. Several drop 

structures provide grade control as the heavily vegetated channel continues 

downstream to East Otero Avenue. At East Otero Avenue the channel is 

conveyed through a 10 foot by 8 foot RCBC crossing structure. Further 

downstream, the heavily vegetated channel is bounded by residential 

properties on both sides, including the Ridge at Foxridge subdivision to the 

west, and The Hillside at Foxridge subdivision to the east. West Spring Creek 

confluences with Spring Creek just upstream of East Mineral Avenue before 

flow is conveyed through a 10 foot by 10 foot RCBC. Two pedestrian trail 

bridges provide access to the trail system in the area as the drainageway 

continues to the outfall into Willow Creek just upstream of East Dry Creek 

Road. 

Residential development bounds the 

creek on both sides downstream of 

East County Line Rd. 

Yosemite Pond provides stormwater detention as 

well as a water feature 
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Table 2-8: Major Crossing Structures: Spring Creek 

 

2.3.9 TRENTON OUTFALL TRIBUTARY 

The Trenton Outfall Tributary Watershed extends from the outfall with Willow Creek in Willow Creek Park, upstream, 

to just south of East County Line Road. The 87 acre watershed spans the City of Centennial and City of Lone Tree. 

Stormwater runoff at the upstream end of the watershed collects along East County Line Road, east of Parkway Drive. 

The runoff is conveyed to the north in a 42-inch storm drain system. Flow is conveyed in an open channel to East 

Phillips Circle, where a 36-inch RCP conveys flow underneath the roadway. Just downstream of the south crossing of 

East Phillips Circle, an 18-inch storm drain conveys low flow in a similar flow direction as the overflow path. Trenton 

Outfall Tributary conveys the flow in an open channel through the Willow Creek 11th Filing subdivision to a pedestrian 

bridge crossing before continuing to a second crossing of East Phillips Circle. The 42-inch storm drain system intercepts 

flow at the roadway crossing and conveys flow to the outfall into Willow Creek, through Willow Creek Park in a 48-

inch RCP outfall. 

Table 2-9: Major Crossing Structures - Trenton Outfall Tributary 

Street Name

Street 

Classification

Structure 

Description Existing Structure

E Phillips Cir.

Secondary 

Collector Culvert 36" RCP

Pedestrian Bridge -- Bridge

E Phillips Cir.

Secondary 

Collector Culvert 42" RCP

Trenton Outfall Tributary

 

2.3.10 WEST SPRING CREEK  

The West Spring Creek Watershed, approximately 117 acres in size, is bounded by Fox Hill Park Tributary to the west, 

and Spring Creek to the east. Runoff south of East County Line in the business parks is collected along the roadway 

and is conveyed north through a series of storm drain pipes. North of East County Line Road, in the City of Centennial, 

a heavily vegetated open channel conveys flow north through the Foxridge West and Foxridge 4th Filing subdivisions 

to East Phillips Avenue. A 60-inch RCP culvert carries flow through the roadway crossing. Downstream of the crossing, 

an open channel is bounded by residential properties on both sides within the 

Foxridge 5th Filing and The Ridge at Foxridge subdivisions. A pedestrian trail crossing 

along West Spring Creek is located just upstream of the confluence with Spring 

Creek at East Mineral Avenue. At the time of this study, stream improvements are 

being designed upstream of East Mineral Avenue. Stabilization of approximately 

900 feet of stream is proposed through drop structures and includes a retaining wall 

of the right bank. 

 

 

 

Table 2-10: Major Crossing Structures - West Spring Creek 

Street Name

Street 

Classification

Structure 

Description Existing Structure

E Phillips Ave.

Secondary 

Collector Culvert 60" RCP

Pedestrian Bridge -- Bridge

West Spring Creek

 

2.3.11 WILLOW CREEK EAST TRIBUTARY 

The Willow Creek East Tributary Watershed, located in the northeast 

portion of the basin, has a tributary area of approximately 406 acres. 

Stormwater runoff is conveyed from east to west, to the outfall with 

Willow Creek upstream of South Quebec Street.  

At the upstream end of the watershed, east of South Chester Street, 

proposed development is imminent within the Jones District. Current 

development plans propose to convey stormwater runoff along the 

historic drainage paths. 

East of South Yosemite Street, runoff within the Panorama Corporate 

Center and Panorama development is collected in a storm drain network 

in Chester Street and Panorama Drive. The 72-inch storm drain conveys flow west within the Panorama development 

before discharging flow into Panorama Pond, located at the southeast corner of East Panorama Drive and South 

Yosemite Street. Flow exiting the flood control facility is conveyed through an open channel as the land use transitions 

to residential west of South Yosemite Street in the Willow Creek 4th and 6th Filing subdivisions. Two pedestrian 

crossings occur throughout the maintained turf open space, before the confluence with the Kettle Tributary, a left 

bank tributary of Willow Creek East Tributary. Flow continues downstream to South Willow Way where a 90-inch CMP 

crossing conveys flow through the roadway crossing. Downstream of South Willow Way, two pedestrian crossings are 

present before the confluence with the Jamison Tributary, a right bank tributary of Willow Creek East Tributary. Two 

A pedestrian crossing is located on 

West Spring Creek just upstream 

of the confluence 

Willow Creek East Tributary meanders 

through open space west of S. Yosemite St. 
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additional pedestrian crossings span Willow Creek East Tributary before the roadway crossing of South Rosemary Way, 

a 16 foot by 8 foot RCBC. Further downstream, the open channel becomes heavily vegetated as flow is conveyed west 

before turning south and discharging into Willow Creek.  

Table 2-11: Major Crossing Structures - Willow Creek East Tributary 

 

2.3.12 WILLOW CREEK DIRECT FLOW AREAS 

Subwatersheds conveying runoff directly to the main stem of Willow Creek, not through one of the eleven watersheds 

described above, were assigned to the direct flow area watershed. These subwatersheds, encompassing nearly 660 

acres throughout the study area were modeled but stormwater runoff was not routed in the hydrologic modeling.  

2.4 FLOOD HISTORY 

No stream gages are present along the tributaries to Willow Creek. ALERT station 1600 is within the basin, located 

along the main stem of Willow Creek at the Englewood Dam. 

On the afternoon of September 6th, 2019, a storm event, causing localized flooding including damages to 

infrastructure and property, occurred throughout the watershed.  Between 3:30 pm and 6:00 pm a total of 2.8 inches 

of rainfall was recorded at ALERT station 1600.  The storm was indicative of a typical Front Range ‘flashy’ storm with 

the majority (1.92 inches) of the rainfall occurring within the first thirty minutes.  The point precipitation within the 

peak thirty-minute interval exceeded the 100-year design storm point precipitation. 

On the evening of September 6th and following morning, flood documentation, including photos and high-water 

marks, were gathered along the tributaries by ICON Engineering.  
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Homestead Farms Tributary escaped the left bank 

eroding the pedestrian trail near Homestead Elementary 

Pedestrian trails were inundated along Spring Creek 

downstream of East Mineral Avenue 

Localized flooding caused damage to landscaping rock on 

South Holly Street near East Kettle Avenue 

Fox Hill Park Tributary overtopped East Kettle Drive and 

eroded turf along the drainageway 

Significant debris collected at Spring Creek Detention Basin 

but the facility did not overtop County Line Road 

The culvert crossing of Westerly Spring Creek at East Phillips 

Avenue clogged, resulting in flows overtopping the road 

damaging private property and an electric transformer in the 

area 
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Figure 2-2: Study Area Map 
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Figure 2-3: Watershed Map
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3.0 HYDROLOGIC ANALYSIS  

3.1 OVERVIEW 

The updated hydrologic analysis presented in this FHAD report includes the full study area from the associated Willow 

Creek Tributaries Upstream of Englewood Dam Baseline Hydrology Report completed by ICON Engineering in 2020. 

Note that not all tributaries studied in the Baseline Hydrology Report were also included in the 2025 FHAD report. 

A new hydrologic model was prepared for the tributaries of Willow Creek upstream of Englewood Dam. The model 

establishes hydrology for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year design storm frequencies. The Colorado Urban 

Hydrograph Procedure 2005 version 2.0.0 (CUHP) was used to develop runoff hydrographs for each subwatershed. 

Subwatershed hydrographs were then routed using the EPA Stormwater Management Model version 5.1.013 

(SWMM) to determine discharges at each design point. 

The study area was divided into 129 subwatersheds encompassing the 4.9 square mile study area. Subwatersheds 

were discretized to a more refined level than typical studies to assist the team in quantifying discharge into each 

tributary and to evaluate more frequent events, such as the annual and water quality events. Subwatersheds ranged 

in size from 3 acres to 160 acres, with an average size of 24 acres. Percent imperviousness ranged from 14.5 percent 

to 95.0 percent impervious. 

Due to the level of subwatershed discretization, one minute time step between computations was utilized in CUHP. 

In general, the hydrologic model included storm drain systems 30-inches, or greater, in diameter; however, exceptions 

for pipes smaller than 30-inches were made when the flow in the storm drain system diverted flow into a different 

flow path than the topographic street conveyance. 

In addition to the flood frequency analysis to establish baseline conditions flows, historic, water quality, and annual 

event design flows were established with this study. The process used to calibrate the soil infiltration parameters and 

the results for the historic, water quality, and annual event can be found in Section 3.7. 

3.2 DESIGN RAINFALL 

One- and six-hour rainfall depths were obtained from the NOAA Atlas 14 Point Precipitation Frequency Data Server 

for each study and location within the project area. The point precipitation values for each design storm can be found 

in Table 3-1. 

Storm duration and Depth Reduction Factors (DRFs) were chosen using Table 5-1 of the USCDM. A two-hour storm 

duration was applied with no reduced factor given that no contiguous watershed exceeded the threshold of two 

square miles. 

Complete rainfall distributions are provided in Appendix B. 

Table 3-1: NOAA 14 1- and 6-hour Rainfall Depth 

1-hr 6-hr

2 0.84 1.35

5 1.10 1.72

10 1.34 2.06

25 1.69 2.59

50 1.99 3.03

100 2.30 3.51

500 3.10 4.09

Design Storm 

Return Period 

NOAA 14 

 

3.3 SUBWATERSHED CHARACTERISTICS 

Subwatershed characteristics for each basin delineated as part of this study are further described below and can be 

found in Appendix B.  

3.3.1 SUBWATERSHED DELINEATION 

The overall study area was divided into 12 watersheds encompassing the 4.9 square mile basin. Each watershed was 

further discretized, totaling 129 subwatersheds. Each subwatershed was delineated using the project mapping as 

described in Section 1.4. Subwatersheds ranged in size from 3 acres to 160 acres, with an average size of 24 acres.  

3.3.2 WATERSHED IMPERVIOUSNESS 

Characterizations of subwatershed imperviousness were determined for future land use conditions. Given the extent 

of development already present in the basin, an existing conditions land use characterization was not included in this 

study. 

Future conditions land use projections were determined from zoning data obtained from each jurisdiction. Impervious 

values for each Zoning classification were selected from Table 6-3 of USDCM (Reference 4). These values can be found 

in Table 3-4. 

Imperviousness for each watershed was computed using the area weighted average of each land use type through 

GIS software. During review of the zoning data obtained from the local jurisdictions, it was observed the right-of-way 

was not included in a zoning designation. After discussion with project sponsors, increases in imperviousness were 

not made for the right-of-way areas and the adjacent zoning designation was used for the calculations.  

Subwatersheds varied from 14.5 percent to 95.0 percent impervious.  

Impervious values are shown for the watersheds on the impervious map in Appendix B.  

  



WILLOW CREEK TRIBUTARIES UPSTREAM OF ENGLEWOOD DAM 

MAJOR DRAINAGEWAY PLAN REPORT  

 16 

3.3.3 LENGTH, CENTROID DISTANCE, SLOPE 

CUHP parameters such as subwatershed length, distance to centroid, and slopes were derived for each subwatershed 

using the project mapping described in Section 1.4. Slopes were computed using the length-weighted, corrected 

average slope from Equation 6-7 and Figure 6-4 (USDCM). These equations can be found in Figure 3-1 and Figure 3-2. 

 

Figure 3-1: Length Weighted, Corrected Average Slope Equation USDCM Equation 6-7 (Reference 4) 

 

 

Figure 3-2: Slope correction for streams and vegetated channels USDCM Figure 6-4 (Reference 4) 

3.3.4 DEPRESSION LOSSES 

Depression storage loss was determined based on Table 6-6 from the USDCM (Reference 4). Aerial imagery was used 

to examine each subwatershed and apply the appropriate depression losses given the land use of the watershed.  

These values can be found in Table 3-2, below. 

Table 3-2: Typical depression losses for various land covers - Table 6-6 of USDCM 

Land Cover

Range in 

Depression Losses Recommended

Impervious: Large paved areas 0.05 - 0.15 0.1

Impervious: Roofs - flat 0.1 - 3 0.1

Impervious: Roofs - sloped 0.05 - 0.1 0.05

Pervious: Lawn grass 0.2 - 0.5 0.35

Pervious: Wooded areas and open fields 0.2 - 0.6 0.4
 

3.3.5 INFILTRATION 

Soil data was obtained from Natural Resources Conservation Service (NRCS) web soil survey (Reference 3). Each soil 

classification is assigned a map unit symbol based on the soil characteristics. Map unit symbols categorization is then 

summarized into one of the four major soil types ranging from Type A representing well-draining soils, to Type D 

representing poorly-draining soils. These soil types are each assigned parameters for use in Horton’s infiltration 

equation. Horton’s infiltration equation initially infiltrates a high amount of runoff early in the storm, eventually 

decaying to a steady state constant value. Horton’s infiltration method was found to provide a balance between 

simplicity and a reasonable physical description of the infiltration process for CUHP (USDCM, Reference 4). 

The basin predominately contains Type C and D soil, but areas of Type A and Type B soils are also present. USDCM 

(Reference 4) Table 6-7 provides Horton’s infiltration parameters for each soil type. Soil parameters were averaged 

on an area weighted basis for subwatersheds that contained multiple soil types. Recommended Horton’s equation 

parameters can be found in Table 3-3, below. The distribution of soil through the study area can be found on the 

interactive map in Appendix B. 

Table 3-3: Recommended Horton's Equation Parameters - Table 6-7 of USDCM 

Initial Final

A 5.0 1.0 0.0007

B 4.5 0.6 0.0018

C 3.0 0.5 0.0018

D 3.0 0.5 0.0018

NRCS Hydrologic 

Soil Group

Infiltration (inches per hour) Decay Coefficient 

(1/sec)
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Table 3-4: Future Land Use 
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3.4 HYDROGRAPH ROUTING 

3.4.1 ROUGHNESS COEFFICIENT 

Roughness coefficients (Manning’s n) for pipes were increased by 25% to better represent modeling conditions per 

USDCM criteria when using EPA SWMM. 

3.4.2 CONVEYANCE ELEMENTS 

Various conduit types were utilized to convey subwatershed hydrographs to each design point. Closed circular 

conduits were assigned to storm drain information based on GIS data from each jurisdiction. Typical street cross 

sections were developed for various right-of-way widths. 

Irregular trapezoidal channel elements with varying side slopes and base widths were used to represent open channel 

conveyance. Outlet offsets were used to adjust the channel slope to better represent the conveyance channel slope, 

removing the elevation change associated with drop structures from each conduit. Elevation change from drop 

structures were estimated from project mapping. 

A SWMM routing schematic can be found on the interactive map, located in Appendix B. 

3.4.3 DETENTION FACILITIES 

Detention basins were accounted for peak flow reduction in the baseline hydrology model only if they were deemed 

hydrologically significant in size and met requirements of being publicly-owned or had a drainage easement and 

maintenance agreement in place. Numerous detention basins are present throughout the basin, but only four facilities 

met these requirements to be included in the baseline hydrology model. Stage versus storage curves were developed 

using project mapping. Stage outlet curves were developed using as-built plans, where available, and supplemented 

by field inspection. 

3.5 PREVIOUS STUDIES 

The effective hydrology for the study area from the Federal Emergency Management Agency (FEMA) Flood Insurance 

Study (FIS), effective February 17 2017, was most recently updated with the completion of the 2010 OSP and FHAD. 

The study which encompassed the Willow Creek, Little Dry Creek, and Greenwood Gulch basins provided the 100-year 

discharges for the study area, including the only FEMA regulated floodplain along Spring Creek. 

In 2018, to evaluate alternatives for repairing channel banks along West Spring Creek, Olsson Associates updated the 

hydrology developed as part of the 2010 OSP and FHAD. Although the improvements were limited to only West Spring 

Creek, the entire hydrologic model was updated to CUHP v.2.0. The 2018 study updated the rainfall to NOAA 14 point 

precipitation values and removed the Manning’s ‘n’ calibration factors applied to the 2010 study to correlate back to 

the previous 1974 study. No subwatershed boundaries, or routing, was changed between 2010 and the 2018 update. 

3.6 RESULTS OF ANALYSIS 

A comparison of effective discharges, 2018 CUHP v.2.0 discharges, and the flows developed with this current study, 

at various design points throughout the basin can be found in Table 3-5. 

Differences in hydrologic modeling methods can be observed comparing the 2018 update to the 2010 study. No 

changes were made to basin parameters or routing characteristics other than the update to CUHP v.2.0 in the 2018 

update. In general, unit runoff compares favorable between the 2018 update and the current study. Differences in 

peak flows can be attributed to more refined subwatershed routing, differences in land use assumptions, and changes 

to subwatershed delineations. Notable differences were observed specifically along Phillips Tributary, at Yosemite 

Street and Willow Creek, along Homestead Tributary, and just downstream of Panorama Pond along Willow Creek 

East Tributary near Yosemite Street.  

On Phillips Tributary, differences in peak flow are influenced by two detention facilities, the Yosemite and Akron 

Ponds, not included in the original study. In addition, the level of discretization in the current study, compared to the 

basins developed in the 2010 study, found portions of the watershed routed to Phillips Tributary in the original study 

not to actually be part of the watershed. 

Basin discretization provided a higher level of detail on Homestead Tributary, where approximately 35% of the 2010 

basin delineation was determined to be non-tributary to Homestead Tributary. These areas were included in the 

analysis as direct flow areas to Willow Creek.  

At Panorama Pond, updated basin delineations and hydrologic routing determined portions of the subwatershed 

previously routed to the detention facility contributed flow directly downstream of the detention basin. Some areas 

previously contributing to Panorama Pond were also determined to be tributary to the Kettle Tributary, which 

confluences with Willow Creek East Tributary downstream of the Panorama Pond. At Yosemite Street, additional 

subwatersheds were determined to be tributary to Willow Creek East Tributary, but contributed flow to the tributary 

downstream of the basin that were previously routed to Panorama Pond. 

A summary of peak flows at design points throughout each watershed can be found in Table 3-6 through Table 3-16. 

The locations of all key design points can be seen on Figure 3-4. Peak discharge and inflow volumes for each design 

point during all design storm frequencies for both existing and future land use conditions can be found in Appendix B. 
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Table 3-5: 100-yr Hydrology Reconciliation 

Drainage Area Discharge Unit Runoff Drainage Area Discharge Unit Runoff Drainage Area Discharge Unit Runoff

(Ac.) (cfs) (cfs / acre) (Ac.) (cfs) (cfs / acre) (Ac.) (cfs) (cfs / acre)

Fox Hill  at Willow Creek FHP_O005 390 1140 2.92 390 820 2.10 373 794 2.13 -30% -3%

Fox Hill  at Kettle Dr. FHP_J030 268 866 3.23 268 626 2.34 231 524 2.26 -40% -16%

Spring Creek at Willow Creek 1 SPC_O005 801 1603 2.00 801 1411 1.76 681 1211 1.78 -24% -14%

Spring Creek at Confluence with West 

Spring Creek 1
SPC_J020 711 1600 2.25 711 1333 1.87 570 1009 1.77 -37% -24%

Spring Creek at County Line SPC_S100 455 1260 2.77 455 900 1.98 475 1035 2.18 -18% 15%

Acres Green U/S of C-470 ACR_J055 115 404 3.51 115 305 2.65 186 237 1.27 -41% -22%

Acres Green at Willow Creek ACR_O005 313 1059 3.38 313 594 1.90 274 439 1.61 -59% -26%

Phill ips Tributary at Yosemite St. 1 PHI_J015 154 730 4.74 154 488 3.17 136 273 2.01 -63% -44%

Phill ips Tributary at Willow Creek 1 PHI_O005 256 730 2.85 256 488 1.91 169 302 1.79 -59% -38%

Homestead Tributary HOM_J005 122 387 3.17 122 282 2.31 98 158 1.62 -59% -44%

Willow Creek East at Willow Creek 1 WCE_O005 613 1454 2.37 613 920 1.50 495 818 1.65 -44% -11%

Willow Creek East at Rosemary 1 WCE_J015 409 1080 2.64 410 765 1.87 413 672 1.63 -38% -12%

Willow Creek East at S Yosemite St 1
WCE_J045 217 764 3.52 217 484 2.23 180 329 1.83 -57% -32%

1 - Unit runoff affected by upstream detention

2 - Effective hydrology used CUHP v.1.3.1

3 - The 2018 study updated the 2010 OSP to CUHP v.2.0

Flow Comparison

Effective vs. 

2024 MDP 

2018 CUHP 2.0 

vs. 2024 MDPLocation SWMM Junction

2010 OSP2 2018 CUHP 2.0 Update3 2024 MDP
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Table 3-6: Hydrologic Results – Acres Green Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

ACR 01 Outfall into Willow Creek ACR_O005 98 142 189 289 358 439 648

ACR 02 Upstream of E Phill ips Cir ACR_J010 84 121 162 246 305 375 557

ACR 03 Downstream E Phill ips Cir ACR_J035 76 110 148 226 281 345 517

ACR 04 Upstream of E County Line Rd ACR_J045 76 110 148 226 281 345 522

ACR 05 Upstream of C-470 ACR_J055 45 68 95 151 190 237 346

ACR 06 Sam's Club Detention Basin ACR_S100 54 76 100 148 182 222 315

ACR 07 Upstream of Apollo Ct ACR_J075 44 67 94 149 188 234 341

ACR 08 Upstream of Maximus Dr ACR_J080 26 40 55 87 110 136 198

Acres Green Tributary Watershed Peak Flow Results (cfs)

 
Table 3-7: Hydrologic Results - Fox Hill Park Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

FHP 01 Outfall into Willow Creek FHP_O005 149 225 310 503 637 794 1220

FHP 02 Upstream of E Dry Creek Rd FHP_J015 135 203 280 452 572 711 1033

FHP 03 Downstream of E Kettle Ave FHP_J020 112 167 229 369 463 572 828

FHP 04 Upstream of E Kettle Ave FHP_J035 60 89 120 189 235 289 416

FHP 05 Downstream of Fox Hill  Park FHP_J040 50 73 98 150 186 227 325

FHP 06 Upstream of E Otero Ave FHP_J050 20 27 33 45 53 63 86

FHP 07 Downstream of E County Line Rd FHP_J055 6 7 7 7 7 7 7

FHP 08 Storm Drain Flow in E Kettle Ave FHP_J115 38 55 73 73 73 73 73

FHP 08 Street Flow in E Kettle Ave FHP_J215 0 < 1 6 55 89 128 219

Fox Hill Park Watershed Peak Flow Results (cfs)

 
Table 3-8: Hydrologic Results - Homestead Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

HOM 01 Outfall into Willow Creek HOM_J005 38 61 81 128 147 158 204

HOM 02 Downstream of S Homestead Pkwy HOM_J015 34 56 73 114 128 135 170

HOM 03 Storm Drain Flow at E Geddes Pl HOM_L090 11 16 16 16 16 16 16

HOM 03 Surface Flow at E Geddes Pl HOM_L090_OF 0 2 9 24 34 46 73

HOM 04 Storm Drain Flow North on S Newport Way HOM_L045 20 31 42 62 62 62 62

HOM 04 Surface Flow South on S Newport Way HOM_L045_OF 0 0 0 11 29 49 99

HOM 05 Storm Drain Flow at S Quebec St. HOM_L090 11 16 16 16 16 16 16

HOM 05 Surface Flow at S Quebec St. HOM_L090_OF 0 2 9 24 34 46 73

Homestead Watershed Peak Flow Results (cfs)

 

Table 3-9: Hydrologic Results - Homestead Farms Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

HFT 01 North Tributary Outfall HFT_O010 28 48 85 170 222 285 433

HFT 02 North Tributary at S Holly St HFT_J005 28 44 64 108 137 172 253

HFT 03 North Tributary at S Grape St HFT_J010 16 27 39 68 87 109 161

HFT 04 South Tributary Outfall (Storm Drain) HFT_O005 32 46 47 47 47 47 47

HFT 05

South Tributary Storm Drain Flow North on 

S Holly St HFT_L145 12 17 23 35 43 51 51

HFT 05

South Tributary Surface Flow North on 

S Holly St HFT_L145_OF 0 0 0 0 0 1 22

Homestead Farms Tributary Watershed Peak Flow Results (cfs)

 
Table 3-10: Hydrologic Results - Jamison Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

JAM 01 Outfall into Willow Creek

JAM_B005 & 

JAM_J005 24 36 50 78 97 120 173

JAM 02 Downstream of E Dry Creek Rd JAM_J005 20 28 38 57 70 86 123

Jamison Tributary Watershed Peak Flow Results (cfs)

 
Table 3-11: Hydrologic Results - Kettle Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

KET 01 Outfall into Willow Creek KET_J005 31 43 56 76 93 112 157

KET 02 Upstream of E Kettle Cir KET_J035 24 31 38 51 61 72 98

Kettle Tributary Watershed Peak Flow Results (cfs)

 
Table 3-12: Hydrologic Results - Phillips Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

PHI 01 Outfall in Willow Creek PHI_O005 83 126 155 211 243 302 574

PHI 02 Upstream of E Phill ips Pl PHI_J010 83 126 155 211 243 302 574

PHI 03 Downstream of S Yosemite St PHI_J015 78 118 142 192 219 273 528

PHI 04 S Yosemite St Pond PHI_S100 149 200 249 345 417 478 603

PHI 05 S Akron St Pond PHI_S200 114 152 189 264 320 378 524

Phillips Tributary Watershed Peak Flow Results (cfs)
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Table 3-13: Hydrologic Results - Spring Creek 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

SPC 01 Outfall  into Willow Creek SPC_O005 275 363 459 810 1013 1211 1621

SPC 02 Drop Structure near E Jamison Ave SPC_J005 275 364 459 810 1013 1212 1623

SPC 03 Downstream of E Mineral Ave SPC_J010 266 351 441 788 982 1169 1554

SPC 04 Confluence with West Spring Creek SPC_J020 238 306 377 707 866 1009 1284

SPC 05 Upstream of E Otero Ave SPC_J030 165 200 232 539 625 687 802

SPC 06 Downstream of County Line Road SPC_J035 146 179 209 494 561 614 692

SPC 07 Spring Creek Detention Basin SPC_S100 199 290 400 656 830 1035 1495

SPC 08 Upstream of E-470 SPC_J040 147 225 321 545 695 869 1246

SPC 09 Business Center Dr SPC_J055 108 172 252 438 561 707 1029

SPC 10 Upstream of S Quebec St SPC_J115 26 45 70 129 168 214 321

SPC 11 Western crossing of Chestnut Hill  St SPC_J135 15 26 39 69 89 113 168

SPC 12 Eastern crossing of Chestnut Hill  St SPC_J125 7 14 22 42 55 71 107

SPC 13 Eastern Spring Creek Storm Drain SPC_J220 42 67 96 163 207 259 378

SPC 14 Eastern Spring Creek at Quebec SPC_J265 13 21 31 55 70 89 132

SPC 15 Eastern Spring Creek at Quebec SPC_J250 13 21 29 47 60 74 108

Spring Creek Watershed Peak Flow Results (cfs)

 
Table 3-14: Hydrologic Results - Trenton Outfall Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

TRE 01 Western Tributary Outfall TRE_O010 33 47 63 93 116 142 201

TRE 02

Western Tributary Storm Drain at 

E Mineral Pl TRE_L205 33 47 63 93 116 142 145

TRE 02

Western Tributary Surface Flow at 

E Mineral Pl TRE_L205_OF 0 0 0 0 0 0 56

TRE 03

Western Tributary Storm Drain at 

E Phill ips Cir TRE_L225 24 34 44 63 77 93 105

TRE 03

Western Tributary Surface Flow at 

E Philips Cir TRE_L225_OF 0 0 0 0 0 0 23

TRE 04 Eastern TributaryOutfall TRE_O005 11 18 25 41 52 65 94

TRE 05 Upstream of E Phill ips Cir TRE_J030 11 18 25 41 52 65 94

TRE 06 Upstream of E Phill ips Cir TRE_J035 6 9 12 17 20 25 35

TRE 07 Upstream of E County Line Rd TRE_J045 2 3 4 5 7 8 11

Trenton Outfall Watershed Peak Flow Results (cfs)

 

 

Table 3-15: Hydrologic Results - West Spring Creek 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

WSC 01 Outfall into Spring Creek WSC_J005 66 96 129 196 244 296 392

WSC 02 Downstream of E Phill ips Ave WSC_J010 56 79 104 152 187 223 286

WSC 03 Upstream of E Phill ips Ave WSC_J020 49 68 89 128 157 186 232

WSC 04 Upstream of E County Line Rd WSC_J030 25 35 44 61 73 82 82

WSC 05 Upstream of C-470 WSC_J050 26 35 44 61 74 89 123

West Spring Creek Watershed Peak Flow Results (cfs)

 
Table 3-16: Hydrologic Results - Willow Creek East Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

WCE 01 Outfall into Willow Creek WCE_O005 169 237 312 511 660 818 1312

WCE 02 Upstream S Rosemary Way WCE_J015 144 197 255 430 549 672 1124

WCE 03 Confluence with Jamison Tributary WCE_J020 141 192 247 418 534 651 1096

WCE 04 Downstream of S Willow Way WCE_J025 107 139 174 316 394 476 858

WCE 05 Upstream of S Willow Way WCE_J030 95 121 159 283 349 430 783

WCE 06 Confluence with Kettle Tributary WCE_J040 86 106 146 252 315 386 708

WCE 07 Downstream of S Yosemite St WCE_J045 56 79 128 207 234 329 605

WCE 08 Panorama Pond WCE_S100 168 224 275 370 453 520 692

WCE 09 Downstream of E Panorama Dr WCE_J064 140 186 228 307 381 440 596

Willow Creek East Tributary Watershed Peak Flow Results (cfs)
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3.7 WATER QUALITY, ANNUAL EVENT AND HISTORIC CONDITIONS MODELING 

As development occurs, a watershed can undergo rapid changes of flow, sediment transport, geometry and 

vegetation. The largest increases in volume and peak discharge occur in the more frequent events that comprise the 

critical stream-forming flows (Reference 4).  

To help mitigate these impacts, MHFD recommends incorporating a bankfull channel into stream restoration design. 

The bankfull channel is the transition point where flow spills into the floodplain terraces, transitioning between the 

processes of channel and floodplain formation. The discharge that correlates to the bankfull channel, known as the 

bankfull discharge, can be determined through several different methods.  

To establish a bank full discharge several different approaches can be used, which can involve basing the design on a 

reference reach, an effective design, or based on a return period design storm. The bank full channel is not formed by 

a specific return period but rather a design flow corresponding to between a 1.5- to 2-year flow. With no gage records 

available in the project area to assist in evaluating the bank full discharge, hydrologic modeling was conducted as part 

of the study to develop a water quality, annual, and 2-year design storm scenario. A calibration process for these 

hydrologic scenarios refined the soil infiltration parameters from the soil parameters used in the typical flood 

frequency analysis. The calibration process, described in Section 3.7.2, calibrated the soil parameters such that runoff 

for each watershed began during the threshold event during historic land use conditions. Future conditions land use 

parameters were then applied to subwatersheds to produce the water quality, annual, and 2-year models. 

Wright Water Engineers conducted a literature review of threshold events to determine an appropriate design storm 

recurrence interval. A summary of their findings can be found in Section 3.7.3, with the entirety of their literature 

review found in Appendix B. 

3.7.1 HISTORIC CONDITIONS MODELING 

Several basin parameters were adjusted from the baseline model to represent an undeveloped watershed in the 

historic conditions modeling. A percent imperviousness value of two percent, representing an undeveloped 

watershed, was assigned to all watersheds. Depression storage losses for pervious areas in wooden or open fields 

were assigned to all subwatersheds based on Table 3-2. Horton’s Infiltration Parameters were calibrated, further 

described in Section 3.7, to produce runoff during the threshold event. All routing elements were adjusted to open 

channel conveyance elements. 

Subwatershed delineations and design point locations were not modified as part of this hydrologic scenario.  

Boundaries and design points were held constant to provide consistent comparisons to the flood frequency analysis. 

All storage elements were removed from the SWMM model for the historic conditions modeling. 

3.7.2 SOIL INFILTRATION PARAMETER CALIBRATION 

Saturated hydraulic conductivity, the amount of water that will move through saturated soil, replaced typical Horton’s 

Infiltration Parameter during the calibration process. Saturated hydraulic conductivity was obtained from the Web 

Soil Survey (Reference 3) for each soil group. Various soil depths, ranging from 0 to 24-inches in depth, were sampled 

from the Web Soil Survey to determine the most restrictive saturated hydraulic conductivity for each soil group. The 

area weighted average of the most restrictive saturated hydraulic conductivity for each soil group was computed using 

GIS software to determine the final infiltration rate for each sub watershed. Initial infiltration was assigned a starting 

value 25 percent higher than the final saturated conductivity. A decay coefficient corresponding to Type A soils was 

assigned to all subwatersheds. Soil infiltration parameters were calibrated on a subwatershed by subwatershed basis 

to produce runoff during the threshold event, described in Section 3.7.3, during the historic land use scenario. Future 

conditions land use was applied to each subwatershed with the calibrated soil parameters in the Water Quality and 

Annual Event modeling, as described in Section 3.7.6. 

3.7.3 THRESHOLD RUNOFF 

Threshold runoff is defined as “the amount of effective rainfall of a given duration falling over a watershed that is just 

enough to cause bankfull conditions at the outlet of the draining stream.” (References 7, 8).  

Initial soil moisture content (or soil moisture deficit) is the most critical factor relating the precipitation to threshold 

runoff because threshold runoff quantifies the saturated and unsaturated soil condition relationship to direct runoff 

during varying precipitation events. Several research papers and experiments studies address these hydrologic-

hydraulic through experimental studies and modeling applications.  

To summarize, threshold runoff is a one-time, physically-based calculation relating watershed characteristics (area, 

length, slope) to channel properties (bankfull channel width and depth) of a given drainage area. The influence of 

antecedent soil water content to flow frequency is significant when compared to other hydrologic and hydraulic 

parameters on threshold runoff estimates. A complete summary of these papers and study can be found in Appendix 

B. 

The literature indicates much variability for threshold runoff based on watershed conditions, and unfortunately, a 

detailed study of this phenomena has not been conducted in the Denver region. Such a study could potentially be 

conducted for small watersheds in the metropolitan area using MHFD rainfall and stream gauges.  

Absent a detailed study in Colorado, Wright Water Engineers (WWE) supplemented the literature review with some 

Curve Number calculations to determine typical initial abstractions for different types of land cover. Table 2 presents 

these results, found in Appendix B. For herbaceous cover in good condition, typical of what would be expected in the 

Willow Creek Basin, the initial abstraction for Hydrologic Soil Group C is approximately 0.7 inches. The initial 

abstraction is very similar to the 1-hour, 1-year depth from NOAA Atlas 14 in the study area, which is 0.68 inches. If 

more woody vegetation is present, the initial abstraction was somewhat higher.  

This literature review and supplemental calculations, further described in Appendix B, indicate that threshold runoff 

is very sensitive to site-specific conditions, including vegetative cover, hydrologic conditions, soils, antecedent 

moisture, and other watershed characteristics. Detailed data is not available for Colorado, but based on studies in 

western states and calculations, it seems reasonable to assume a threshold for runoff around the 1-year event for 

short duration (1- to 3- hour storms) for native grasslands. WWE found similar results in their continuous simulation 

modeling of the Oak Gulch watershed in Parker, for MHFD. MHFD hopes to collect baseline data in the Oak Gulch 

watershed before the development is constructed to help verify a range of threshold runoff values for different 

antecedent conditions. 
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3.7.4 THRESHOLD RUNOFF CALIBRATION RESULTS 

Watersheds within the study area experienced little to no reduction in peak flow rates or total runoff volume between 

the flood frequency soil infiltration parameters and the hydraulic conductivity calibration described in Section 3.7.2. 

The hydraulic conductivity of the predominant soil types, Renohill-Buick loams, Fondis-Colby silt loams, Fondis silt 

loam, Fondis clay loam, closely resemble the Type C and D Horton’s Infiltration parameters assigned in the flood 

frequency analysis. In fact, the calibration process resulted in soil infiltration parameters that both exceeded and were 

less than the typical Horton’s infiltration parameters. As an example, Fondis clay loams were found to infiltration 45 

percent slower than typical Horton’s infiltration parameters for Type C and D soils. From this perspective, hydraulic 

conductivity calibration may be more practical in watersheds containing a larger percentage of Type A or B soils, where 

differences in infiltration capacity and the benefits to flood reduction are much more noticeable. Regardless, the 

calibration exercise for the study area demonstrated a greater understanding of infiltration potential (or lack thereof) 

for future flood reduction and water quality recommendations in the master plan. With that said, moderate effects 

from the hydraulic conductivity calibration were noticeable for some watersheds. An example can be found in in Figure 

3-3, where the calibration reduced both the peak discharge and total inflow volume for the Spring Creek Watershed 

at the outfall into Willow Creek. In addition to the slight reduction in peak discharge for the 2-year design event, the 

resulting hydrograph also displayed a slight decrease in the time to peak flow.  

 
Figure 3-3: Soil Calibration Example 

3.7.5 HISTORIC CONDITIONS RESULTS 

Peak flows for the historic conditions modeling for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-yr events can be found in 

Table 3-17 through Table 3-27, below. 

 

 

Table 3-17: Historic Conditions Results - Acres Green Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

ACR 01 Outfall into Willow Creek ACR_O005 2 14 45 131 196 272 445

ACR 02 Upstream of E Phill ips Cir ACR_J010 2 11 38 115 173 241 397

ACR 03 Downstream E Phill ips Cir ACR_J035 1 9 35 108 163 229 378

ACR 04 Upstream of E County Line Rd ACR_J045 1 9 35 108 163 229 378

ACR 05 Upstream of C-470 ACR_J055 1 7 27 88 136 191 318

ACR 06 Sam's Club Detention Basin ACR_S100 < 1 4 15 42 63 87 142

ACR 07 Upstream of Apollo Ct ACR_J075 < 1 3 12 46 74 106 179

ACR 08 Upstream of Maximus Dr ACR_J080 < 1 3 9 29 45 63 104

Acres Green Tributary Watershed Peak Flow Results (cfs)

 
Table 3-18: Historic Conditions Results - Fox Hill Park Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

FHP 01 Outfall into Willow Creek FHP_O005 3 20 63 185 277 387 637

FHP 02 Upstream of E Dry Creek Rd FHP_J015 2 15 51 157 238 335 557

FHP 03 Downstream of E Kettle Ave FHP_J020 2 14 49 138 204 281 457

FHP 04 Upstream of E Kettle Ave FHP_J035 < 1 6 24 69 102 140 229

FHP 05 Downstream of Fox Hill  Park FHP_J040 < 1 6 20 54 80 109 177

FHP 06 Upstream of E Otero Ave FHP_J050 < 1 3 8 17 25 32 51

FHP 07 Downstream of E County Line Rd FHP_J055 < 1 1 3 6 8 10 16

FHP 08 Flow at E Kettle Ave FHP_J115 < 1 3 14 44 66 94 155

Fox Hill Park Watershed Peak Flow Results (cfs)

 
Table 3-19: Historic Conditions Results - Homestead Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

HFT 01 North Tributary Outfall HFT_O010 < 1 1 7 35 56 83 142

HFT 02 North Tributary at S Holly St HFT_J005 < 1 1 7 35 56 83 142

HFT 03 North Tributary at S Grape St HFT_J010 < 1 < 1 3 21 36 53 94

HFT 04 South Tributary Outfall HFT_O005 < 1 4 12 34 50 71 116

HFT 05 South Tributary Flow North on S Holly St HFT_L145 < 1 3 6 13 18 24 37

Homestead Farms Tributary Watershed Peak Flow Results (cfs)

 
Table 3-20: Historic Conditions Results - Homestead Farms Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

HFT 01 North Tributary Outfall HFT_O010 < 1 1 7 35 56 83 142

HFT 02 North Tributary at S Holly St HFT_J005 < 1 1 7 35 56 83 142

HFT 03 North Tributary at S Grape St HFT_J010 < 1 < 1 3 21 36 53 94

HFT 04 South Tributary Outfall HFT_O005 < 1 4 12 34 50 71 116

HFT 05 South Tributary Flow North on S Holly St HFT_L145 < 1 3 6 13 18 24 37

Homestead Farms Tributary Watershed Peak Flow Results (cfs)
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Table 3-21: Historic Condition Results - Jamison Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

JAM 01 Outfall into Willow Creek

JAM_B005 & 

JAM_J005 < 1 2 9 26 39 54 90

JAM 02 Downstream of E Dry Creek Rd JAM_J005 < 1 < 1 4 14 23 33 55

Jamison Tributary Watershed Peak Flow Results (cfs)

 
Table 3-22: Historic Conditions Results - Kettle Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

KET 01 Outfall into Willow Creek KET_J005 < 1 4 11 26 36 48 76

KET 02 Upstream of E Kettle Cir KET_J035 < 1 3 6 14 20 27 42

Kettle Tributary Watershed Peak Flow Results (cfs)

 
Table 3-23: Historic Conditions Results - Phillips Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

PHI 01 Outfall in Willow Creek PHI_O005 2 8 16 79 129 187 322

PHI 02 Upstream of E Phill ips Pl PHI_J010 2 8 16 79 129 187 322

PHI 03 Downstream of S Yosemite St PHI_J015 2 5 10 67 112 164 287

PHI 04 S Yosemite St Pond PHI_S100 1 2 6 59 102 151 267

PHI 05 S Akron St Pond PHI_S200 < 1 2 3 42 74 111 199

Phillips Tributary Watershed Peak Flow Results (cfs)

 

Table 3-24: Historic Condition Results - Spring Creek 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

SPC 01 Outfall  into Willow Creek SPC_O005 4 27 98 352 558 809 1377

SPC 02 Drop Structure near E Jamison Ave SPC_J005 4 27 98 352 558 809 1377

SPC 03 Downstream of E Mineral Ave SPC_J010 4 27 96 344 544 789 1342

SPC 04 Confluence with West Spring Creek SPC_J020 4 25 87 309 489 708 1205

SPC 05 Upstream of E Otero Ave SPC_J030 3 23 70 243 385 558 952

SPC 06 Downstream of County Line Road SPC_J035 3 22 69 227 353 505 851

SPC 07 Spring Creek Detention Basin SPC_S100 3 22 69 227 353 505 851

SPC 08 Upstream of E-470 SPC_J040 3 22 66 212 329 469 790

SPC 09 Business Center Dr SPC_J055 3 22 61 186 282 397 662

SPC 10 Upstream of S Quebec St SPC_J115 < 1 7 22 67 101 141 232

SPC 11 Western crossing of Chestnut Hill  St SPC_J135 < 1 < 1 4 24 40 59 103

SPC 12 Eastern crossing of Chestnut Hill  St SPC_J125 < 1 4 12 29 42 56 89

SPC 13 Eastern Spring Creek Storm Drain SPC_J220 < 1 8 26 70 103 142 230

SPC 14 Eastern Spring Creek at Quebec SPC_J265 < 1 7 15 34 47 62 97

SPC 15 Eastern Spring Creek at Quebec SPC_J250 < 1 1 7 19 27 38 61

Spring Creek Watershed Peak Flow Results (cfs)

 

 

Table 3-25: Historic Condition Results - Trenton Outfall Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

TRE 01 Western Tributary Outfall TRE_O010 < 1 4 12 31 45 61 99

TRE 02

Western Tributary Flow at 

E Mineral Pl TRE_L205 < 1 4 12 31 45 61 99

TRE 03

Western Tributary Flow  at 

E Phill ips Cir TRE_L225 < 1 < 1 5 15 23 32 54

TRE 04 Eastern TributaryOutfall TRE_O005 < 1 4 9 21 30 39 61

TRE 05 Upstream of E Phill ips Cir TRE_J030 < 1 4 9 21 30 39 61

TRE 06 Upstream of E Phill ips Cir TRE_J035 < 1 3 4 8 10 13 19

TRE 07 Upstream of E County Line Rd TRE_J045 < 1 < 1 1 2 3 3 5

Trenton Outfall Watershed Peak Flow Results (cfs)

 
Table 3-26: Historic Conditions Results - West Spring Creek 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

WSC 01 Outfall into Spring Creek WSC_J005 < 1 4 18 56 86 121 200

WSC 02 Downstream of E Phill ips Ave WSC_J010 < 1 3 14 41 61 85 138

WSC 03 Upstream of E Phill ips Ave WSC_J020 < 1 2 10 31 46 65 107

WSC 04 Upstream of E County Line Rd WSC_J030 < 1 < 1 4 14 22 30 51

WSC 05 Upstream of C-470 WSC_J050 < 1 < 1 4 14 22 31 51

West Spring Creek Watershed Peak Flow Results (cfs)

 
Table 3-27: Historic Conditions Results - Willow Creek East Tributary 

Figure ID Location SWMM Node 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 500-yr

WCE 01 Outfall into Willow Creek WCE_O005 3 29 89 252 370 510 827

WCE 02 Upstream S Rosemary Way WCE_J015 3 24 75 210 310 426 692

WCE 03 Confluence with Jamison Tributary WCE_J020 3 23 72 203 300 413 670

WCE 04 Downstream of S Willow Way WCE_J025 2 19 57 157 230 316 510

WCE 05 Upstream of S Willow Way WCE_J030 2 17 52 143 209 287 463

WCE 06 Confluence with Kettle Tributary WCE_J040 2 14 44 123 181 249 405

WCE 07 Downstream of S Yosemite St WCE_J045 2 10 35 99 147 203 331

WCE 08 Panorama Pond WCE_S001 1 6 26 80 120 169 278

WCE 09 Downstream of E Panorama Dr WCE_J064 1 6 23 68 101 141 232

Willow Creek East Tributary Watershed Peak Flow Results (cfs)
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3.7.6 WQ AND ANNUAL EVENT MODEL 

The Water Quality Capture Volume (WQCV) event, the 80th percentile storm event, is an event with a total rainfall 

depth of 0.6 inches in the Denver region (Reference 4). To produce a CUHP 2-hr rainfall distribution equating to 0.6 

inches of rainfall, a modified 1-hour point rainfall depth of 0.519 inches was developed to represent the WQCV storm. 

NOAA 14 point precipitation for the 1-hour and 6-hour storms were obtained for annual and 2-year event with no 

adjustments. Rainfall values used for each return occurrence interval can be found in Table 3-28, below. 

Table 3-28: WQ, Annual, 2-yr NOAA 14 Rainfall 

1-hr 6-hr

WQ 0.519 1 --

Annual 0.693 1.140

2-yr 0.842 1.350

Design Storm 

Return Period 

NOAA 14 

1 - 1-hr point rainfall to equate to CUHP distribution of 0.6 in event

 

Future land use projections were applied to the historic condition model with the soil infiltration parameters 

calibrated to the threshold event described in Section 3.7.2. Depression storage losses were spatially assigned to 

reflect future land use similar to the flood frequency analysis using Table 3-2. 

The baseline hydrology model, a combination of storm drain and surface routing elements was used for the water 

quality and annual event modeling. No adjustments to subwatershed delineations or location of SWMM design points 

and routing element were made to the baseline model. 

3.7.7 WQ AND ANNUAL EVENT MODEL RESULTS 

Peak flows for the water quality, annual event, and 2-year design storm for each design point are presented in Table 

3-29 through Table 3-39, below. 
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Table 3-29: WQ & Annual Results - Acres Green Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

ACR 01 Outfall into Willow Creek ACR_O005 51 75 99

ACR 02 Upstream of E Phill ips Cir ACR_J010 43 63 83

ACR 03 Downstream E Phill ips Cir ACR_J035 39 56 75

ACR 04 Upstream of E County Line Rd ACR_J045 39 56 75

ACR 05 Upstream of C-470 ACR_J055 22 31 43

ACR 06 Sam's Club Detention Basin ACR_S100 28 41 54

ACR 07 Upstream of Apollo Ct ACR_J075 22 31 42

ACR 08 Upstream of Maximus Dr ACR_J080 13 19 26

Acres Green Tributary Watershed Peak Flow Results (cfs)

 
Table 3-30: WQ & Annual Results - Fox Hill Park Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

FHP 01 Outfall into Willow Creek FHP_O005 72 114 149

FHP 02 Upstream of E Dry Creek Rd FHP_J015 65 102 134

FHP 03 Downstream of E Kettle Ave FHP_J020 54 85 113

FHP 04 Upstream of E Kettle Ave FHP_J035 29 46 60

FHP 05 Downstream of Fox Hill  Park FHP_J040 25 39 50

FHP 06 Upstream of E Otero Ave FHP_J050 10 16 20

FHP 07 Downstream of E County Line Rd FHP_J055 3 5 6

FHP 08 Storm Drain Flow in E Kettle Ave FHP_J115 19 28 37

FHP 08 Street Flow in E Kettle Ave FHP_J215 0 0 0

Fox Hill Park Watershed Peak Flow Results (cfs)

 
Table 3-31: WQ & Annual Results - Homestead Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

HOM 01 Outfall into Willow Creek HOM_J005 19 28 38

HOM 02 Downstream of S Homestead Pkwy HOM_J015 17 25 33

HOM 03 Storm Drain Flow at E Geddes Pl HOM_L090 6 8 11

HOM 03 Surface Flow at E Geddes Pl HOM_L090_OF 0 0 0

HOM 04 Storm Drain Flow North on S Newport Way HOM_L045 10 15 20

HOM 04 Surface Flow South on S Newport Way HOM_L045_OF 0 0 0

HOM 05 Storm Drain Flow at S Quebec St. HOM_L090 6 8 11

HOM 05 Surface Flow at S Quebec St. HOM_L090_OF 0 0 0

Homestead Watershed Peak Flow Results (cfs)

 

 

Table 3-32: WQ & Annual Results - Homestead Farms Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

HFT 01 North Tributary Outfall HFT_O010 12 18 26

HFT 02 North Tributary at S Holly St HFT_J005 12 18 26

HFT 03 North Tributary at S Grape St HFT_J010 7 10 14

HFT 04 South Tributary Outfall (Storm Drain) HFT_O005 16 24 32

HFT 05

South Tributary Storm Drain Flow North on S 

Holly St HFT_L145 7 10 13

HFT 05

South Tributary Surface Flow North on 

S Holly St HFT_L145_OF 0 0 0

Homestead Farms Tributary Watershed Peak Flow Results (cfs)

 
Table 3-33: WQ & Annual Results - Jamison Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

JAM 01 Outfall into Willow Creek

JAM_J005 & 

JAM_B005 12 18 24

JAM 02 Downstream of E Dry Creek Rd JAM_J005 10 14 19

Jamison Tributary Watershed Peak Flow Results (cfs)

 
Table 3-34: WQ & Annual Results - Kettle Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

KET 01 Outfall into Willow Creek KET_J005 17 24 31

KET 02 Upstream of E Kettle Cir KET_J035 13 19 24

Kettle Tributary Watershed Peak Flow Results (cfs)

 
Table 3-35: WQ & Annual Results - Phillips Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

PHI 01 Outfall in Willow Creek PHI_O005 34 64 83

PHI 02 Upstream of E Phill ips Pl PHI_J010 34 64 83

PHI 03 Downstream of S Yosemite St PHI_J015 32 59 77

PHI 04 S Yosemite St Pond PHI_S100 81 114 147

PHI 05 S Akron St Pond PHI_S200 63 88 113

Phillips Tributary Watershed Peak Flow Results (cfs)
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Table 3-36: WQ & Annual Results - Spring Creek 

Figure ID Location SWMM Node WQ Annual 2-yr

SPC 01 Outfall  into Willow Creek SPC_O005 161 227 269

SPC 02 Drop Structure near E Jamison Ave SPC_J005 161 227 270

SPC 03 Downstream of E Mineral Ave SPC_J010 157 221 261

SPC 04 Confluence with West Spring Creek SPC_J020 145 200 234

SPC 05 Upstream of E Otero Ave SPC_J030 107 145 163

SPC 06 Downstream of County Line Road SPC_J035 95 127 145

SPC 07 Spring Creek Detention Basin SPC_S100 101 149 196

SPC 08 Upstream of E-470 SPC_J040 69 109 145

SPC 09 Business Center Dr SPC_J055 49 80 107

SPC 10 Upstream of S Quebec St SPC_J115 10 19 26

SPC 11 Western crossing of Chestnut Hill  St SPC_J135 6 10 14

SPC 12 Eastern crossing of Chestnut Hill  St SPC_J125 3 6 8

SPC 13 Eastern Spring Creek Storm Drain SPC_J220 20 32 43

SPC 14 Eastern Spring Creek at Quebec SPC_J265 6 10 14

SPC 15 Eastern Spring Creek at Quebec SPC_J250 6 10 13

Spring Creek Watershed Peak Flow Results (cfs)

 
Table 3-37: WQ & Annual Results - Trenton Outfall Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

TRE 01 Western Tributary Outfall TRE_O010 17 25 33

TRE 02

Western Tributary Storm Drain at 

E Mineral Pl TRE_L205 17 25 33

TRE 02

Western Tributary Surface Flow at 

E Mineral Pl TRE_L205_OF 0 0 0

TRE 03

Western Tributary Storm Drain at 

E Phill ips Cir TRE_L225 13 18 24

TRE 03

Western Tributary Surface Flow at 

E Philips Cir TRE_L225_OF 0 0 0

TRE 04 Eastern TributaryOutfall TRE_O005 6 9 12

TRE 05 Upstream of E Phill ips Cir TRE_J030 6 9 12

TRE 06 Upstream of E Phill ips Cir TRE_J035 4 5 7

TRE 07 Upstream of E County Line Rd TRE_J045 1 2 2

Trenton Outfall Watershed Peak Flow Results (cfs)

 

 

Table 3-38: WQ & Annual Results - West Spring Creek 

Figure ID Location SWMM Node WQ Annual 2-yr

WSC 01 Outfall into Spring Creek WSC_J005 33 50 65

WSC 02 Downstream of E Phill ips Ave WSC_J010 29 43 56

WSC 03 Upstream of E Phill ips Ave WSC_J020 26 37 48

WSC 04 Upstream of E County Line Rd WSC_J030 14 19 25

WSC 05 Upstream of C-470 WSC_J050 14 19 25

West Spring Creek Watershed Peak Flow Results (cfs)

 
Table 3-39: WQ & Annual Results - Willow Creek East Tributary 

Figure ID Location SWMM Node WQ Annual 2-yr

WCE 01 Outfall into Willow Creek WCE_O005 97 139 172

WCE 02 Upstream S Rosemary Way WCE_J015 85 119 145

WCE 03 Confluence with Jamison Tributary WCE_J020 84 116 142

WCE 04 Downstream of S Willow Way WCE_J025 68 90 108

WCE 05 Upstream of S Willow Way WCE_J030 62 81 96

WCE 06 Confluence with Kettle Tributary WCE_J040 58 74 87

WCE 07 Downstream of S Yosemite St WCE_J045 43 50 56

WCE 08 Panorama Pond WCE_S100 92 133 169

WCE 09 Downstream of E Panorama Dr WCE_J064 76 110 140

Willow Creek East Tributary Watershed Peak Flow Results (cfs)
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Figure 3-4: Watershed Peak Flow Results
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4.0 HYDRAULIC ANALYSIS 

4.1 FHAD OVERVIEW 

A Flood Hazard Area Delineation (FHAD) has been completed for select tributaries to Willow Creek upstream of the 

Englewood Dam. The purpose of the FHAD is to evaluate existing conditions topography and infrastructure with future 

conditions hydrology to identify areas, structures, and property which have the potential of being inundated in flood 

events. In addition to mapping potential inundation zones, floodways have been defined along the modeled 

tributaries to Willow Creek within the study area. 

Flood hazard analysis has previously been performed on the main stem of Willow Creek, with the most recent study 

being the Willow Creek FHAD by CH2M Hill (2010). Previous detailed study for the tributaries to Willow Creek within 

this project’s study area has only been performed for a portion of Spring Creek (Little Dry Creek MDP, 1974).  

The existing drainageways within the study area primarily consist of native grasses & vegetation or manicured blue 

grass channel banks with natural channel bottoms. Stream segments with grouted riprap or concrete low flow 

channels are common as well. The reaches studied also feature concrete weir & grouted boulder structures for grade 

control and energy dissipation.  

4.2 EXISTING CONDITIONS EVALUATION 

The tributaries to Willow Creek included in this FHAD study were determined by the project sponsors. Detailed 

hydraulic analysis was performed for portions of Fox Hill Park Tributary, Spring Creek, Acres Green Tributary, Phillips 

Tributary, and Willow Creek East Tributary. All tributaries included in the FHAD are located within the SEMSWA service 

area (City of Centennial and Unincorporated Arapahoe County) with the exception of Spring Creek and Acres Green 

Tributary which extend south into Douglas County. Detailed Modeling Notes Memos for each tributary are provided 

in Appendix C. A brief summary of the selected study reaches is provided below.  

• Fox Hill Park Tributary modeled extents begin at the Willow Creek Open Space at the downstream terminus 

and extend approximately 5,150 feet upstream to S. Jasmine Circle, approximately 1,400 ft downstream of E. 

Otero Avenue. The tributary is characterized by a primarily natural channel bottom and with blue grass the 

banks. The channel also consists of short segments of grouted boulders at drop structures. 

• Spring Creek modeled extents begin just upstream of E. Dry Creek Road and extend approximately 7,800 feet 

upstream to Business Center Drive. The tributary is characterized by a primarily natural channel bottom and 

with native vegetation on the banks. The channel contains short segments of grouted boulders at drop 

structures. 

• Acres Green Tributary modeled extents begin at Willow Creek Park at the confluence with Willow Creek and 

extend approximately 1,600 feet upstream to E. Phillips Circle (southern crossing). The tributary is 

characterized by a natural channel bottom with native vegetation on the banks downstream of E. Phillips 

Circle (northern crossing). Upstream of E. Phillips Circle (northern crossing), the channel invert consists of 

concrete and grouted riprap with manicured blue grass banks. 

• Phillips Tributary modeled extents begin at the confluence with Willow Creek downstream of E. Phillips Place 

and extend approximately 1,350 feet upstream to  S. Yosemite Street. The tributary is characterized by a 

natural channel bottom with manicured blue grass banks. The channel contains short segments of grouted 

boulders at drop structures. 

• Willow Creek East Tributary modeled extents begin at the confluence with Willow Creek downstream of S. 

Rosemary Way and extend approximately 5,550 feet upstream to E. Panorama Drive. The tributary is primarily 

characterized by a natural channel bottom with blue grass banks. Segments of grouted boulders exist at 

roadway crossings and just downstream of concrete weir-style drop structures. 

4.2.1 DEVELOPMENT OF HEC-RAS MODEL 

Water surface elevations were determined using the U.S. Army Corps of Engineer’s step backwater program HEC-RAS, 

version 6.4.1. Cross-section data was developed from 2013 FEMA Post-Flood LiDAR mapping and filtered to reduce 

the number of points in each cross-section. Crossing structures with pipe diameters less than 18-inches were not 

modeled. All tributaries were modeled with a normal flow depth boundary condition at the downstream end. The 

updated flow rates utilized in the hydraulic analysis are documented in Section 3.0 of this report. Flood frequencies 

of 10-, 25-, 50-, 100-, and 500-year were modeled. No two-dimensional (2D) hydraulic modeling was utilized for the 

FHAD study. 

4.2.2 MANNING’S N-VALUES 

The Manning’s roughness values were determined based on aerial imagery and field observations. Table 4-1 shows 

typical Manning’s roughness values utilized in the models.  

Table 4-1: Manning’s Roughness Coefficients 

Land Cover Manning's n Values 

Channel Areas: 

Grouted Rock/Boulders 0.035 

Manicured Blue Grass 0.040 

Native Grasses 0.045 

Willows and Non-woody Vegetation 0.060 

Dense Trees 0.080 

  

Overbanks: 

Blue Grass/Park Areas 0.045 

Native Grasses 0.055 

Low Density Trees 0.060 

Dense Trees 0.080 

Private Property & Closed Privacy Fences 0.100 
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4.2.3 ADVERSE SLOPES 

Channel inverts were set according to the LiDAR topography; however, adjustments were made to correct adverse 

slopes at structures and crossings (per the structure survey) and at instances of “extreme” adverse slope. In the 

meeting between ICON and MHFD on November 14, 2022, it was determined that a majority of the adverse slope 

cases were acceptable as they would not impact the 100-year water surface profile. As such, “extreme” cases of 

adverse slope are defined as locations where the downstream invert is higher than the upstream invert by 1 foot or 

more. Cross-sections with extreme cases of adverse slope were adjusted by interpolating the corresponding invert(s) 

between two sections with a positive slope. Additionally, engineering judgement was used to modify the low flow 

channel geometry in order to accommodate the lowered invert. The cross sections where channel invert has been 

adjusted are documented in the Modeling Notes Memorandums for each tributary, provided in Appendix C. 

4.2.4 INEFFECTIVE FLOW AREAS & BLOCKED OBSTRUCTIONS 

Ineffective flow areas were set following the HEC-RAS User Manual guidance at all modeled crossings to remove zones 

of expansion and contraction from being included as active conveyance. Additionally, non-permanent ineffective flow 

areas were set along Fox Hill Park Tributary (Sections 2919 and 4746) and Willow Creek East Tributary (Sections 39 – 

307) to remove low lying areas adjacent to the main channel from the active flow conveyance. Note that all ineffective 

flow areas were included in the mapped floodplain. 

4.2.5 PONDS & SET WATER SURFACE ELEVATIONS 

Set water surface elevations were applied where in-line detention facilities with outlet structures controlled the water 

surface elevation. Such peak water surface elevations were determined from the corresponding SWMM models for 

each tributary, as documented in Section 3.0 and Appendix B. Known water surface elevations were set in the Steady 

Flow files for Spring Creek (XS 6200, Spring Creek Detention Basin) and Willow Creek East Tributary (XS 5220, 

Panorama Pond). 

4.2.6 FLOODWAY ENCROACHMENT ANALYSIS 

Based on guidance from project sponsors, encroachments were primarily applied as to only include areas of 

meaningful active conveyance within the floodway.  Otherwise, the floodway was set equivalent to the 100-year 

floodplain.  For areas with set encroachments, the 0.5-foot regulatory floodway was established predominately using 

Encroachment Method 4 and then converting to Encroachment Method 1. Method 4 encroachment provides an equal 

loss of conveyance in the cross-section overbanks to achieve a target change in water surface elevation and the 

resulting energy grade line.  In areas where the Method 4 encroachment resulted in floodway surcharges outside of 

the allowable change in water surface and energy grade elevations, or negative floodway surcharges occurred, either 

no encroachment or a Method 1 encroachment option was utilized to set floodway equal to 100-year floodplain.  For 

Method 1 encroachment, the exact location of the floodway stationing was defined manually. The floodway left and 

right widths are measured from the channel stationing line which correlates approximately to the centerline of the 

channel. Pertinent floodway data is displayed in Appendix C. 

4.3 FLOOD HAZARDS 

The majority of the 100-year FHAD floodplains delineated for the Willow Creek Tributaries are located on either SSPRD 

or Homeowners Association (HOA) property. The 100-year FHAD floodplain is predominately contained within the 

channel corridor throughout the project extents. Street flooding resulting from channel conveyance or capacity issues 

is minimal. Flooding instances are largely contained to crossing locations where overtopping flows re-enter the 

channel immediately downstream, rather than spreading laterally or diverting. There are no insurable structures in 

the 100-year floodplain as a result of this study. The 100-year and 500-year FHAD water surface elevations are 

presented in Appendix D and delineations can be viewed on the flood hazard figures in Appendix E. 

A comparison of the FHAD floodplain to the effective FEMA floodplain can only be made along Spring Creek, where 

an effective FEMA product exists. For Spring Creek, the FHAD and effective FEMA 100-year floodplains are similar 

while the FHAD 500-yr floodplain is slightly narrower than the effective FEMA 500-year floodplain, in general. The 

main differences are observed at the street crossings. In the FHAD, the E. Mineral Ave crossing does not overtop in 

100-year event and the E. Otero Ave crossing does not overtop in the 500-year event whereas both crossings overtop 

in the respective flood event according to the effective FEMA mapping. 

4.3.1 EVALUATION OF EXISTING HYDRAULIC STRUCTURES 

The performance of modeled existing crossings, including the return interval of the overtopping event as well as 

overtopping elevation & depth, are summarized in Table 4-2 below. There are a total of 27 crossing structures in the 

FHAD models, including 16 culverts and 11 bridges. The capacity of these crossing structures is defined by the largest 

event that can be conveyed without overtopping the existing roadway or walking surface according to the HEC-RAS 

model results. See Appendix F for HEC-RAS profiles for all modeled structures.  
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Table 4-2: Modeled Crossing Capacity *

 
*A draft version of Table 4-2 is included in this MDP report for informational purposes only. Refer to Flood Hazard Area Delineation Willow Creek Tributaries Upstream of Englewood Dam, January 2025 for final crossing results.
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5.0 ALTERNATIVES ANALYSIS 

The Alternatives Analysis phase of the Major Drainageway Plan (MDP) includes Problem Identification, Alternatives 

Development, and development of a Recommended Plan. These steps were conducted in sequential order, as outlined 

in the sections below. 

5.1 PROBLEM IDENTIFICATION 

Identification and evaluation of problems within the Willow Creek Tributaries MDP study area focuses on the following 

major components: Stream Function, Flooding, Water Quality, and Maintenance Needs. These Problem Identification 

categories and the metrics by which they were evaluated were selected based on input from stakeholders and project 

sponsors. The following subsections contain discussion of the analysis performed for each of the Problem 

Identification categories. Exhibits depicting the problems associated with each category are included in Appendix G. 

Problem locations were identified using a combination of field and desktop investigations, including SEMSWA's 

Adaptive Management Dashboard (AMD). The AMD is an interactive, online map and data repository created by 

Enginuity Engineering Solutions (Reference 9). The dashboard houses a database of field observations related to the 

health and condition of drainageways and associated crossings, outfalls, and grade control structures within the 

SEMSWA service area. 

5.1.1 STREAM FUNCTION 

The Stream Function category considers the holistic health of the channel. Function is evaluated in terms of the ability 

of the stream to convey flows and transport sediment in a manner that is stable (e.g. without excessive erosion or 

deposition) and promotes a resilient riparian corridor. Stream function is closely related to channel form which 

includes characteristics such as slope, cross-section shape, and roughness. The data used to analyze stream function 

was sourced from the AMD, where available, and supplemented by field investigation by ICON Engineering along 

portions of Homestead Farms Tributary, Acres Green Tributary, and Spring Creek. For the purposes of this study, each 

stream reach is classified by the “Overall Quality” metric which takes into consideration factors specifically related to 

Stream Function and assigns a “Poor”, “Fair”, or “Good” rating. 

5.1.2 FLOODING 

A goal of the FHAD and MDP is to identify areas, structures, and property which have the potential of being inundated 

in flood events. For the Flooding category, flood boundaries and roadway crossings were evaluated to identify 

potential problem locations. Both 100- and 500-year floodplain delineations were developed for the portions of the 

study area included in the associated FHAD (2025). Roadway crossings were evaluated using the FHAD hydraulic 

models, where applicable, and with approximate 2-dimensional (HEC-RAS 2D) methods outside of the FHAD extents. 

Crossings were reviewed to identify instances of inadequate conveyance capacity by comparing modeled overtopping 

depths in the minor (10-year, or 10% Annual Chance) and major (100-year, or 1% Annual Chance) events to applicable 

criteria. Roadway overtopping criteria stems from Chapter 11 of the SEMSWA Stormwater Management Manual, as 

agreed upon by all sponsors, see Table 5-1 below. Pedestrian bridges were not included in this flooding analysis. 

 

 

Table 5-1: SEMSWA Roadway Overtopping Criteria 

Roadway Classification Drainageway Classification 
Overtopping Criteria 

Minor Event Major Event 

Collector 

Minor Drainageway 
No overtopping 

allowed 

Overtopping by 

maximum 12 inches at 

gutter flowline 

Major Drainageway 
No overtopping 

allowed 

No overtopping 

allowed 

Arterial 

Minor Drainageway 
No overtopping 

allowed 

No overtopping 

allowed 

Major Drainageway 
No overtopping 

allowed 

No overtopping 

allowed 

5.1.3 WATER QUALITY 

Runoff from storms can pick up sediment and pollutants and carry these contaminants through the local drainage 

infrastructure into the receiving streams. Poor water quality practices degrade waterways by increasing nutrient 

loading, reducing dissolved oxygen, increasing dissolved sediment, and increasing temperature.  Treatment for water 

quality takes many forms including regional detention ponds meant to treat large areas or smaller localized treatments 

(e.g. rain gardens and vegetated buffers) that filter & infiltrate runoff from one site. Analysis of water quality problems 

for this study focuses on identifying treatment opportunities for portions of the watershed that are not currently 

receiving formalized in-line water quality treatment. 

5.1.4 MAINTENANCE NEEDS 

The Maintenance Needs category seeks to identify point locations of varying degrees of failure along the streams and 

drainage corridors within the Willow Creek Tributaries study area. These locations include structures, such as roadway 

crossings and grade control structures, as well as bank erosion and vegetation issues. The data used to analyze 

maintenance needs was sourced from SEMSWA’s AMD, where available, and supplemented with field investigation. 

Additionally, this study incorporates maintenance comments received directly from SEMSWA and South Suburban 

Parks and Recreation District (SSPRD) staff. 
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5.2 ALTERNATIVES DEVELOPMENT 

Alternatives were developed to address the identified problems throughout the watershed. At the direction of the 

project sponsors, this MDP does not prescribe specific design alternatives but rather seeks to describe the problem 

and provide general solutions in sufficient detail for the project sponsors to use for budgeting and long-term planning 

purposes. 

5.2.1 ALTERNATIVE CATEGORIES 

5.2.1.1             STREAM FUNCTION AND MAINTENANCE 

Stream Function and Maintenance alternatives were developed by overlaying the Stream Function reaches 

and Maintenance Needs points from the Problem Identification phase. By looking at the drainageways from 

both an overall health and spot repair perspective, the appropriate scale for the improvements could be 

assessed. Stream Function and Maintenance reaches were discretized into the following three categories 

based on assumed project size and level of effort. 

1. Vegetation and Debris Management – reflects smaller sections of vegetation maintenance and debris 

removals to improve flow conveyance.  

2. Stream Rehabilitation – reflects point repairs to outfalls, grade control structures, and eroded banks 

to maintain function of the stream systems. 

Stream Restoration – reflects larger scale capital improvement projects (CIP) involving full channel 

regrading and construction of new structures. 

5.2.1.2             FLOODING 

Improved crossings were proposed at locations that were identified as not meeting the overtopping criteria 

described in Section 5.1.2. Proposed crossings were sized to convey the 100-year event with no overtopping. 

Analysis was performed in the FHWA HY-8 Culvert Hydraulic Analysis Program, version 7.80.0.2 for the 

crossings within the detailed FHAD study limits.  Approximate 2-dimensional (HEC-RAS 2D) modeling was used 

for the crossings outside of the FHAD study. While not specifically included in this study, all proposed culvert 

improvements are recommended to evaluate the addition of safety grating consistent with current MHFD 

guidance in the final design.  

5.2.1.3             WATER QUALITY 

Three separate approaches for improving Water Quality were evaluated during the Alternatives Development 

process. As approach was evaluated independently, instances of overlapping treatment areas with the other 

approaches are present. The three Water Quality alternative approaches are discussed further below: 

1. Existing Pond Retrofits – Existing Pond retrofits were evaluated at existing in-line detention ponds 

that do not currently provide formal water quality treatment. Potential retrofit locations were filtered 

to only include ponds on parcels owned by a local public entity or where an existing public easement 

was in place. The potential retrofits considered include water quality outlet structures, grading, and 

improved maintenance features such as access roads. WQCV, EURV, and 100-year detention volumes 

were calculated for each applicable pond and compared to the available ponding volume to determine 

feasibility and quantify potential water quality benefit. With all proposed improvements, the 

implemented retrofit should maintain or not exceed the existing conditions outflow from each pond.    

2. Vegetated Rundowns – Rundown opportunities were identified at outfalls from the existing 

stormwater network. These outfall locations include both existing piped connections and curb cuts 

with concrete swales that connect to the drainageways without providing any formalized treatment. 

Generally, vegetated rundowns will incorporate a series of planted tiers or baffles to reduce runoff 

velocity, promote infiltration, and provide nutrient uptake and sediment collection. Recommended 

examples of water quality rundowns are included in Appendix H. 

Wetland Improvements – Wetland Improvement areas were identified at the downstream end of the 

tributaries that discharge to Willow Creek within the Englewood Dam Open Space. The goal of these 

projects is to create new wetlands or improve the quality of existing wetlands. In addition to providing 

habitat, wetlands introduce complexity to the system and enhance water quality by promoting 

biological uptake of nutrients and slowing water. 

5.2.2 COST ESTIMATING 

5.2.2.1             STREAM FUNCTION AND MAINTENANCE 

Stream Function and Maintenance costs were determined by assigning a cost to each problem point along the 

alternative sub-reaches. These point types include outfall repair, grade control replacement, erosion repair, 

vegetation management, and general maintenance points. Further discussion on costing of the individual problem 

points is included below. If an alternative was currently under design, the preliminary cost estimate from the design 

was used to reflect real project costs. Note that “Stream Restoration” alternatives located in Douglas County and City 

of Lone Tree, and therefore outside of the limits of SEMSWA’s AMD, were estimated by assuming costs equivalent to 

one erosion problem point per 50 linear feet of stream for the length of the project. This estimation methodology was 

applied to Spring Creek East Altair Park (SCEA Subreach 1) and Acres Green (AG Subreach 2).  

1. Outfalls – Each outfall point includes the cost of pipe removal and replacement, a flared end section, riprap, 

and revegetation according to unit costs sourced from the MHFD Bid Item Pricing (November 2023) database. 

In addition to material and labor, a 55% increase was added to account for design, permitting, and 

construction related items (i.e. mobilization, erosion control, contingency, etc.). Assumed costs for outfall 

maintenance by outfall pipe diameter are presented in Table 5-2 below.   

Table 5-2: Outfall Cost Estimate 

Outfall Pipe Diameter  Cost (Ea.) 

12” $6,300 

15” $7,200 

18” $7,800 

24” $8,500 

30” $10,700 

33” $11,600 

36” $13,300 

42” $15,000 
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2. Grade Control – Costs for Grade Control structures were estimated using the “Vertical Grade Control” 

estimating procedures in the MHFD Components Costing Tool (2024). Grade control structures that were 1 to 

2 feet in height were assumed to be ungrouted rock structures, and 3-to-5-foot drops were assumed to be 

grouted boulder structures. The MHFD Components Costing Tool (2024) incorporates a 55% added cost for 

design, permitting, and construction-related items. It is assumed that each grade control structure will be a 

removal and replacement scenario. Assumed costs for grade control structures by crest to end-sill height are 

presented in Table 5-3 below.   

Table 5-3: Grade Control Structure Cost Estimate 

Vertical Height Cost (Ea.) 

1’ $120,000 

2’ $175,000 

3’ $315,000 

4’ $345,000 

5’ $375,000 

 

3. Erosion – Erosion problems are site specific and the required response varies greatly from location to location 

throughout the watershed. Erosion points were estimated on a linear foot basis using a unit cost of $1,200 

per linear foot. This unit cost was provided by SEMSWA based on a review of recent stream rehabilitation 

projects and accounts for total project lifecycle costs including design, permitting, and other construction-

related costs. A project length of 50 linear feet was assumed for each erosion point. 

4. Vegetation – Vegetation maintenance was estimated using a $700 per linear foot unit cost. This unit cost was 

provided by SEMSWA based on a review of recent vegetation and debris management projects. A project 

length of 25 linear feet was assumed for each vegetation maintenance location. 

5. General Maintenance – Costs for General Maintenance points were estimated on a point-per-point basis 

dependent upon the specific needs of each repair. General Maintenance includes trash removal, sediment 

removal, and wing wall repair. Unit costs were determined using the MHFD Bid Item Pricing (November 2023) 

database and applying a 55% cost increase to cover design, permitting, and construction-related items.  

5.2.2.2             FLOODING 

Costs for Culvert Upsizing alternatives were estimated using the “Bridge-Culvert” estimating procedures in the MHFD 

Components Costing Tool (2024). The spreadsheet allows for consideration of the complexity of each crossing by 

including factors such as length, culvert type, road type, and site constraints. The MHFD Components Costing Tool 

(2024) incorporates a 55% added cost for design, permitting, and construction-related items. 

5.2.2.3             WATER QUALITY 

Cost for Water Quality alternatives were estimated per alternative using items and unit costs from the MHFD Bid Item 

Pricing (November 2023) database. Each cost estimate includes a 55% increase for design, permitting, and 

construction-related items. The items included in each water quality approach are listed below. 

1. Existing Pond Retrofits – Outlet structure (incl. orifice plate), maintenance road, and grading 

2. Vegetated Rundowns – Boulders, growing media, revegetation, and underdrain. Note that rundown costs vary 

depending on the outfall pipe diameter and associated increase in rundown footprint with outfall size, see 

Table 5-4 below. 

Table 5-4: Rundown Cost Estimate 

Outfall Pipe Diameter Cost (Ea.) 

≤12” $42,000 

15”-21” $52,000 

24”-36” $62,500 

≥42” $83,000 

 

3. Wetland Improvements – Wetland Improvements were cost estimated on a per acre basis.  Unit costs were 

derived from past wetland enhancement and rehabilitation projects sourced from the MHFD Bid Item Pricing 

(November 2023) database. This study applied a unit cost of $78,000 per acre for Wetland Improvement 

alternatives. 

5.2.3 ALTERNATIVES EVALUATION & RUBRIC SCORING 

A project rubric was utilized to evaluate the effectiveness of each identified alternative in addressing the identified 

drainageway problems according to the goals of the project stakeholders. The metrics utilized in the rubric follow 

SEMSWA improvement planning guidance and use SEMSWA’s recommended weighting for each category. The metrics 

evaluated in this study include: 

• Complexity   • Comprehensive Water Quality Benefit  • Flood Capacity 

• Cost   • WQCV and EURV Provided   • Public Safety 

• Maintenance Efficiency • Stream Health    • Environmental 

It was also deemed appropriate by the project team and stakeholders to remove the “Public Access and Aesthetics” 

and “Feedback” metrics from the rubric used for this MDP as these factors were not distinguishing characteristics in 

any of the identified alternatives. 

The alternatives were individually scored using the project rubric according to the methodology identified in Table 5-

5. Each metric was assigned a value from 1 to 5, with 5 indicating a more preferential project. Metric scores were 

multiplied by the corresponding weight and summed together to calculate a cumulative weighted score for each 

alternative. The cumulative weighted score was compared to the total possible score and converted to a percentage. 

Not all metrics were applicable to every alternative. A score of zero indicates that a metric was not used to evaluate 

that alternative and therefore, not included in the total possible score. 

5.2.4 ALTERNATIVES SUMMARY SHEETS 

Alternatives Summary Sheets for each tributary within the study area are provided on the following pages.  The 

summary sheets provide a reach scale description of the proposed alternatives identified. 
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Table 5-5: Ranking Criteria for Willow Creek Tributaries 

Weight 11 12 9 8 8 10 10 13 8 

Alternatives Scoring 

Categories Sub-Category Complexity Project Cost 
Maintenance 

Efficiency 
Comprehensive 

WQ 
WQCV and EURV Stream Health Flood Capacity Public Safety Environmental 

Stream Function 
and Maintenance 

Vegetation and 
Debris Management 

3: No public easement for 
site access 

5: Public easement for site 
access 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

2: Maintenance access 
is greatly restricted 

5: Maintenance access 
is unrestricted 

0 (Category not 
included) 

0 (Category not 
included) 

3 2 

3: No infrastructure 
blocked 

4: Infrastructure 
blocked 

4 

Stream Rehabilitation 

3: Regulatory floodplain 
present or no public 

easement for site access 
4: Outside of regulatory 

floodplain or public 
easement for access 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

2: Maintenance access 
is greatly restricted 

3: Maintenance access 
is difficult 

4: Maintenance access 
is unrestricted  

1: No outfall or 
erosion repairs on 

reach 
2: Outfall or 

erosion repairs on 
reach 

0 (Category not 
included) 

3: Overall stream 
function = good 

4: Overall stream 
function = fair 

5: Overall stream 
function = poor 

3 4 3 

Stream Restoration 

2: Regulatory floodplain 
present 

3: Outside of regulatory 
floodplain 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

2: Maintenance access 
is greatly restricted 

3: Maintenance access 
is difficult 

4: Maintenance access 
is unrestricted 

1: No outfall or 
erosion repairs on 

reach 
2: Outfall or 

erosion repairs on 
reach 

0 (Category not 
included) 

4: Overall stream 
function = good/fair 

5: Overall stream 
function = poor 

3 4 2 

Flooding Culvert Upsizing 

Regulatory floodplain 
present 

3: Collector 4: Arterial 
Outside of regulatory 

floodplain 
3: Arterial 4: Collector 

5: Inlet improvements only 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

5 
0 (Category not 

included) 
0 (Category not 

included) 

3: Overall stream 
function = good 

4: Overall stream 
function = poor/fair 

5 

4: Arterial road 
classification 

5: Collector road 
classification 

2 

Water Quality 

Retrofits 

2: Regulatory floodplain 
present 

4: Outside of regulatory 
floodplain 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

1: No existing or 
proposed maintenance 

access 
3: Existing 

maintenance access 
4: Proposed 

maintenance access 

5 
4: WQCV Provided 
5: EURV Provided 

2: WQCV Provided 
3: EURV Provided 

2: WQCV Provided 
3: EURV Provided 

2: No change 
3: Significant safety 

improvement 

3: Earthwork 
involved 

4: No earthwork 
involved 

Vegetated Rundowns 

2: Regulatory floodplain 
present 

4: Outside of regulatory 
floodplain. Compatible 

with nearby alternatives 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

2: Maintenance access 
is restricted by 

trees/structures 
3: Maintenance access 

is unrestricted 

3: Outfalls <18” in 
diameter 

4: Outfalls >21” in 
diameter 

2: Park or single-
family residential 

land use 
3: Multi-family 

residential land use 
4: Commercial land 

use 

3: Overall stream 
function = good 

4: Overall stream 
function = poor/fair 

0 (Category not 
included) 

0 (Category not 
included) 

5 

Wetland 
Improvements 

2 (Considered alternatives 
are located on publicly 

owned parcels or within a 
comprehensive easement) 

1: Over $1M 
2: $500K-$1M 

3: $100K-$500K 
4: $30K-$100K 

5: Less than $30K 

2 4 2 3 2 
0 (Category not 

included) 
4 
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ACRES GREEN TRIBUTARY 

DESCRIPTION 

Acres Green Tributary extends from the confluence with Willow Creek to the intersection of Acres Green Drive and 

Altair Drive at the upstream end. The downstream most segment of Acres Green Tributary is a natural bottom channel. 

Upstream of E. Phillips Circle, the tributary is a concrete lined trickle channel with manicured bluegrass banks. The 

channel is piped for an approximately 2000-foot-long section between E. Phillips Circle and Apollo Court. Problems 

such as erosion, degraded drop structures, outfall deterioration, and vegetation overgrowth are present along this 

tributary. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

There are no identified alternatives for vegetation and debris management on this tributary. 

Stream Rehabilitation 

One reach of stream rehabilitation was identified at the downstream end of this tributary. Rehabilitation along this 

reach includes outfall repair, channel erosion, grade control structure repair, and general vegetation maintenance. 

Stream Restoration 

The reach of Acres Green Tributary from Apollo Court to Altair Drive was identified as a stream restoration alternative. 

The channel is located within a grassed median between the northbound and southbound travel lanes of Acres Green 

Drive. The primary restoration goals include vegetation management, improved water quality, addressing erosion due 

to the undersized trickle channel, and increased pedestrian visibility along the corridor. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

A flooding improvement opportunity was identified where Acres Green Tributary enters the piped system, just 

upstream of Apollo Court. The proposed alternative includes improved inlet configuration to address observed 

overtopping due to clogging during storm events. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

There are no identified alternatives for vegetated rundowns on this tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary.  

Figure 5-1: Acres Green Tributary Alternatives 
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FOX HILL PARK TRIBUTARY 

DESCRIPTION 

Fox Hill Park Tributary extends from the Englewood Dam Open Space upstream to just north of County Line Rd. The 

tributary is a natural bottom stream with a mix of native vegetation and manicured grass banks. Problems identified 

along this tributary include culvert overtopping, erosion, degraded drop structures, outfall deterioration, and 

vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

Two reaches of vegetation and debris management were identified in the upstream portion of the tributary. 

Stream Rehabilitation 

Four reaches of stream rehabilitation were identified along the tributary. Problems addressed by the rehabilitation 

alternatives include outfall repair, erosion, and grade control structure maintenance. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

One flooding improvement alternative was identified to upsize the E. Kettle Avenue culvert in order to meet criteria 

for overtopping depth. The alternative was sized to convey the 100-year flow without overtopping. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

One pond retrofit alternative was identified at the existing detention pond just upstream of E. Otero Avenue. The 

proposed retrofit includes a new outlet structure and orifice plate to provide treatment of the WQCV. 

Vegetated Rundowns 

Twelve opportunities for vegetated rundowns were identified on publicly owned land along the tributary. 

Wetland Improvements 

An opportunity for wetland improvements was identified at the downstream end of the tributary within the 

Englewood Dam Open Space. 

 

Figure 5-2: Fox Hill Park Tributary Alternatives 
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HOMESTEAD TRIBUTARY 

DESCRIPTION 

The open channel portion of Homestead Tributary extends from the confluence with Willow Creek within the 

Englewood Dam Open Space upstream to S. Homestead Parkway. The tributary receives flow from a subsurface 

stormwater network upstream of S. Homestead Parkway. Homestead Tributary is a natural bottom channel with 

native vegetation on the overbanks. Problems identified along this tributary include erosion, degraded drop 

structures, and vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

One reach of vegetation and debris management was identified to address the presence of invasive Russian Olives 

within the Open Space. 

Stream Rehabilitation 

One reach of stream rehabilitation was identified at the downstream end of the tributary. Rehabilitation along this 

reach includes grade control structure maintenance. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

One opportunity was identified for a vegetated rundown on publicly owned land along this tributary. 

Wetland Improvements 

An opportunity for wetland improvements was identified at the downstream end of the tributary within the 

Englewood Dam Open Space. 

 

Figure 5-3: Homestead Tributary Alternatives 
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HOMESTEAD FARMS TRIBUTARY 

DESCRIPTION 

Homestead Farms Tributary extends from the confluence with Willow Creek within the Englewood Dam Open Space 

upstream to Medema Park in the Homestead Farms neighborhood. Upstream of Holly Street, the tributary is a cobble 

lined channel with manicured grass overbanks. Downstream of Holly Street, the tributary is a vegetated channel with 

dense cattails present. Problems identified along this tributary include erosion, degraded drop structures, outfall 

deterioration, and vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

One reach of vegetation and debris management was identified at the downstream end of the tributary within the 

open space to address the cattail monoculture and overgrowth. 

Stream Rehabilitation 

Two reaches of stream rehabilitation were identified along this tributary. Rehabilitation along this tributary includes 

outfall structure repair, channel erosion, and crossing maintenance. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

Flooding improvement alternatives were identified to upsize the existing culverts at Holly Street and Grape Street in 

order to meet criteria for overtopping depth. The alternatives were sized to convey the 100-year flow without 

overtopping. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

Three opportunities for vegetated rundowns were identified on publicly owned land downstream of Holly Street. 

Wetland Improvements 

An opportunity for wetland improvements was identified at the downstream end of the tributary within the 

Englewood Dam Open Space. 

 

Figure 5-4: Homestead Farms Tributary Alternatives 
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JAMISON TRIBUTARY 

DESCRIPTION 

Jamison Tributary extends from the confluence with Willow Creek East Tributary upstream to E. Dry Creek Road. The 

channel is natural bottom with manicured bluegrass overbanks. Problems identified along this tributary include outfall 

deterioration, sedimentation, and vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

One reach of vegetation and debris management was identified to remove Russian Olives. 

Stream Rehabilitation 

One reach of stream rehabilitation was identified at the downstream end of the tributary, just upstream of the 

confluence with Willow Creek East Tributary.  Rehabilitation along this reach is currently under design by SEMSWA 

with the goals of addressing the submerged S. Trenton Drive outfall and channel maintenance concerns. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

There are no identified alternatives for vegetated rundowns on this tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-5: Jamison Tributary Alternatives 
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KETTLE TRIBUTARY 

DESCRIPTION 

Kettle Tributary extends from the confluence with Willow Creek East Tributary to S. Yosemite Street. The tributary 

consists of a natural bottom channel with a mix of native and manicured grass vegetation on the overbanks. Problems 

identified along this tributary include erosion and undersized crossings. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

There are no identified alternatives for vegetation and debris management on this tributary. 

Stream Rehabilitation 

One reach of stream rehabilitation was identified at the upstream end of the tributary to address channel erosion. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

Flooding improvement alternatives were identified to upsize both crossings of E. Kettle Circle in order to meet criteria 

for overtopping depth. The alternatives were sized to convey the 100-year flow without overtopping. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

There are no identified alternatives for vegetated rundowns on this tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-6: Kettle Tributary Alternatives 
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PHILLIPS TRIBUTARY 

DESCRIPTION 

Phillips Tributary extends from the confluence with Willow Creek near County Line Road to just upstream of S. Chester 

Street. Upstream of S. Yosemite Street, the tributary is comprised of a series of in-line retention ponds. Downstream 

of S. Yosemite Street, the tributary has a natural channel bottom with manicured grass banks. Problems identified 

along this tributary include vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

Two reaches of vegetation and debris management were identified on this tributary to address the presence of 

invasive Russian Olives. 

Stream Rehabilitation 

There are no identified alternatives for stream rehabilitation on this tributary. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. The pond located upstream of S. 

Yosemite Street currently provides water quality treatment for the upstream area. 

Vegetated Rundowns 

There are no identified alternatives for vegetated rundowns on this tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-7: Phillips Tributary Alternatives 
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SPRING CREEK 

DESCRIPTION 

Spring Creek extends from the confluence with Willow Creek upstream to Business Center Drive, south of C-470. The 

tributary is a natural bottom channel with sections of both native and manicured grass overbanks. Problems identified 

along this tributary include erosion, degraded drop structures, outfall deterioration, and vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

Five reaches of vegetation and debris management were identified along the tributary.  

Stream Rehabilitation 

Three reaches of stream rehabilitation were identified on this tributary. Rehabilitation along this tributary includes 

outfall repairs, channel erosion, and grade control structure maintenance. 

Stream Restoration 

Two reaches along Spring Creek were identified as stream restoration alternatives. The primary restoration goals 

include addressing vegetation management (Russian olives and large woody debris), headcuts, vertical bank erosion, 

and outfall structure replacement. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

One pond retrofit alternative was identified at the existing detention pond just downstream of C-470. The proposed 

retrofit includes a new outlet structure and orifice plate to provide treatment of the WQCV. A maintenance access 

road was not included in the cost estimate due to feasibility concerns; however, future analysis should further 

investigate the potential for improving maintenance access. 

Vegetated Rundowns 

Nineteen opportunities for vegetated rundowns were identified on publicly owned land along the tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-8: Spring Creek Alternatives 
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SPRING CREEK EAST - ALTAIR PARK TRIBUTARIES 

DESCRIPTION 

Upstream of S. Quebec Street, Spring Creek branches into four smaller tributaries. The two eastern-most tributaries 

extend south along the existing crusher fines trail and southeast into Altair Park, respectively. Both tributaries are 

lined with native vegetation. Problems identified along these tributaries include severe bank erosion and vegetation 

overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

There are no identified alternatives for vegetation and debris management on these tributaries. 

Stream Rehabilitation 

There are no identified alternatives for stream rehabilitation on these tributaries. 

Stream Restoration 

One reach of upper Spring Creek was identified as an opportunity for stream restoration. The section of channel within 

Altair Park is experiencing vertical bank erosion and the overall function is listed as “poor”. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

One pond retrofit alternative was identified at the existing detention pond just upstream of S. Quebec Street. The 

proposed retrofit includes a maintenance access road and a new outlet structure, including orifice plate, to provide 

treatment of the WQCV. 

Vegetated Rundowns 

Two opportunities for vegetated rundowns were identified on publicly owned land along the tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-9: Spring Creek East Altair Park Alternatives 
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SPRING CREEK EAST - EDGEWOOD TRIBUTARIES 

DESCRIPTION 

Upstream of S. Quebec Street, Spring Creek branches into four smaller tributaries. The two western-most tributaries 

extend south to the Prominence Point Open Space. Both tributaries are located in native, vegetated open areas that 

converge at an existing detention structure just upstream of S. Quebec Street. Problems identified along these 

tributaries include erosion, degraded drop structures, outfall deterioration, and vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

One reach of vegetation and debris management was identified at the upstream end of the western tributary. 

Stream Rehabilitation 

Three reaches of stream rehabilitation were identified between the two tributaries. Rehabilitation along these 

tributaries includes outfall repair, channel erosion, and grade control structure maintenance. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

One pond retrofit alternative was identified at the existing detention pond just upstream of S. Quebec Street. The 

proposed retrofit includes a maintenance access road and new outlet structure, including orifice plate, to provide 

treatment of the WQCV. 

Vegetated Rundowns 

Nine opportunities for vegetated rundowns were identified on publicly owned land along the tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-10: Spring Creek East Edgewood Alternatives 
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TRENTON OUTFALL TRIBUTARY 

DESCRIPTION 

Trenton Outfall Tributary extends from the confluence with Willow Creek upstream to E. County Line Rd. Upstream of 

E. Phillips Circle, the tributary is a natural bottom channel with sections of both native and manicured grass overbanks. 

The tributary is piped downstream of E. Phillips Circle. Problems identified along this tributary include degraded drop 

structures. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

There are no identified alternatives for vegetation and debris management on this tributary. 

Stream Rehabilitation 

One reach of stream rehabilitation was identified on this tributary to address grade control structure maintenance. 

Stream Restoration 

There are no identified stream restoration alternatives on this tributary. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

There are no identified flooding alternatives on this tributary. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

There are no identified alternatives for vegetated rundowns on this tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-11: Trenton Outfall Tributary Alternatives 



WILLOW CREEK TRIBUTARIES UPSTREAM OF ENGLEWOOD DAM 

MAJOR DRAINAGEWAY PLAN REPORT  

 47 

WEST SPRING CREEK 

DESCRIPTION 

West Spring Creek extends from the confluence with Spring Creek near E. Mineral Avenue to E. County Line Road at 

the upstream end. This tributary is a natural bottom channel with a mix of native and manicured grass overbanks. 

Problems identified along this tributary include erosion, degraded drop structures, outfall deterioration, crossing 

overtopping, and vegetation overgrowth. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

One reach of vegetation and debris management was identified at the upstream end of this tributary. This reach 

includes outfall repairs and erosion maintenance problems but is categorized as a vegetation and debris management 

alternative due to the challenging access along the reach that precludes a stream rehabilitation project. 

Stream Rehabilitation 

There are no identified alternatives for stream rehabilitation on this tributary. 

Stream Restoration 

One reach of West Spring Creek between E. Mineral Avenue and E. Phillips Avenue was identified as a stream 

restoration alternative. A previous project incorporated channel stabilization and sculpted concrete drop structures 

up to approximately 500 feet upstream of E. Mineral Avenue. Upstream of the previous project, the channel is 

entrenched and rated as “poor” stream function. The primary restoration goals for this alternative include addressing 

outfall repair, failing retaining walls, vegetation management, bank erosion, headcuts, and grade control structure 

repair. A project along this reach is currently under design by SEMSWA and includes proposed elements such as 

channel grading, grouted boulder drop structures, utility protection, and retaining walls. 

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

A flooding alternative was identified upstream of E. Phillips Avenue. The proposed alternative includes improved inlet 

configuration at the upstream side of the culvert to increase capacity and reduce clogging. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds on this tributary. 

Vegetated Rundowns 

Two opportunities for vegetated rundowns were identified on publicly owned land along the tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-12: West Spring Creek Alternatives 
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WILLOW CREEK EAST TRIBUTARY 

DESCRIPTION 

Willow Creek East Tributary extends from the confluence with Willow Creek upstream to Panorama Pond, just east of 

S. Yosemite St. The tributary has a natural channel bottom with manicured grass overbanks. Problems identified along 

this tributary include erosion, degraded drop structures, outfall deterioration, and overtopped crossings. 

________________________________________________________________________________ 

STREAM FUNCTION AND MAINTENANCE ALTERNATIVES 

Vegetation and Debris Management 

There are no identified alternatives for vegetation and debris management on this tributary. 

Stream Rehabilitation 

Four reaches of stream rehabilitation were identified on this tributary. Rehabilitation along this reach includes outfall 

repairs, channel erosion, and grade control structure maintenance. 

Stream Restoration 

One reach of Willow Creek East Tributary was identified as a stream restoration alternative. Public comments and 

field visits noted that the existing grade control structure at the downstream end of the tributary has failed, and that 

vegetation management is needed. A SEMSWA project to address these concerns is currently in the design stage; 

however, no conceptual design costs were available at the time of this study.  

________________________________________________________________________________ 

FLOODING ALTERNATIVES 

A flooding alternative was identified at S. Yosemite Street. Panorama Pond does not currently have capacity to contain 

the 100-year inflow volume without contributing flows to Yosemite Street via the concrete notch in the pond 

embankment. The proposed alternative improves flooding on S. Yosemite Street by increasing the pond embankment 

height and outlet configuration to prevent overtopping. 

________________________________________________________________________________ 

WATER QUALITY ALTERNATIVES 

Retrofit Existing Ponds 

There are no identified alternatives for retrofit of existing ponds for water quality purposes on this tributary. See 

“Flooding Alternatives” above for other proposed improvements to Panorama Pond. 

Vegetated Rundowns 

Five opportunities for vegetated rundowns were identified on publicly owned land along the tributary. 

Wetland Improvements 

There are no identified alternatives for wetland improvements on this tributary. 

 

Figure 5-13: Willow Creek East Tributary Alternatives 
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5.3 RECOMMENDED PLAN 

The Recommended Plan identifies the preferred alternatives for addressing each of the identified problems within the 

study area. The preferred alternatives were selected with input from the project stakeholders and sponsors. As noted 

in Section 5.2, the Recommended Plan alternatives focus on problem description and provide generalized solutions at 

a level of detail intended to inform short and long-term project planning. 

5.3.1 ALTERNATIVES TO RECOMMENDED PLAN 

5.3.1.1   STREAM FUNCTION AND MAINTENANCE 

All Vegetation and Debris Management, Stream Rehabilitation, and Stream Restoration reaches that were identified 

in the Alternatives Development phase were included in the Recommended Plan. Portions of reaches that overlapped 

with areas of identified wetland improvements within Englewood Dam Open Space were reduced in size to avoid 

overlapping preferred alternatives with similar goals. Similarly, the recommended Stream Function and Maintenance 

alternatives were reduced to exclude crossing structure maintenance at locations where a new, upsized crossing is 

proposed. 

5.3.1.2  FLOODING 

All proposed Flooding alternatives were included in the Recommended Plan. 

5.3.1.3  WATER QUALITY 

 1. Existing Pond Retrofits 

Due to their centralized nature and large treatment area, retrofit of existing in-line detention facilities was determined 

to provide a greater potential for water quality uplift at a lower cost than multiple vegetated rundowns treating a 

comparable treatment area. When selecting preferred alternatives, vegetated rundown alternatives upstream of 

existing pond retrofits were therefore removed from the Recommended Plan. The Recommended Plan also retains 

the Spring Creek Detention Basin retrofit and removes the upstream pond retrofit alternatives at Spring Creek East 

Edgewood and Spring Creek East Altair Park as the Spring Creek Detention Basin has adequate capacity to provide 

comprehensive water quality treatment to the entire upstream area. 

 2. Vegetated Rundowns 

As noted in the section above, vegetated rundown alternatives were removed from the Recommended Plan where 

the treatment area overlapped with a proposed pond retrofit alternative. The Recommended Plan also only includes 

vegetated rundowns in locations of piped storm outfalls greater than 18” diameter and with commercial or multi-

family residential tributary land uses as these locations will provide the greatest water quality uplift potential. 

 3. Wetland Improvements 

All proposed wetland improvement alternatives were included in the Recommended Plan. 

 

  

  

 

5.3.2 RECOMMENDED PLAN SCORING TABLES 

The Recommended Plan is presented in the Recommended Plan Exhibit (Figure 5-14) and summarized in Table 5-6 

below. The Recommended Plan Tables (Tables 5-7 through 5-19) detail the preferred alternatives at a “project-level” 

scale. Refer to Section 5.2.3 for discussion of the rubric and project scoring methodology. 

Table 5-6: Recommended Plan Cost Summary 

Tributary 

Stream Function 

and Maintenance 

Cost 

Flooding Cost Water Quality Cost Total Cost 

Acres Green $3,050,000 $20,000 $0 $3,070,000 

Fox Hill Park $1,392,500 $580,000 $517,000 $2,489,500 

Homestead $1,450,000 $0 $110,000 $1,560,000 

Homestead Farms $115,500 $915,000 $195,000 $1,225,500 

Jamison $117,500 $0 $0 $117,500 

Kettle $60,000 $1,840,000 $0 $1,900,000 

Phillips $52,500 $0 $0 $52,500 

Spring Creek $3,597,500 $0 $236,500 $3,834,000 

Spring Creek East 

Altair Park 
$1,500,000 $0 $0 $1,500,000 

Spring Creek East 

Edgewood 
$363,000 $0 $0 $363,000 

Trenton Outfall $295,000 $0 $0 $295,000 

West Spring Creek $3,575,000 $20,000 $0 $3,595,000 

Willow Creek East $2,990,000 $250,000 $135,000 $3,375,000 

Totals $18,558,500 $3,625,000 $1,193,500 $23,377,000 



WILLOW CREEK TRIBUTARIES UPSTREAM OF ENGLEWOOD DAM 

MAJOR DRAINAGEWAY PLAN REPORT  

 50 

Figure 5-14: Recommended Plan Exhibit 1
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Figure 5-14 (cont.): Recommended Plan Exhibit 2
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Figure 5-14 (cont.): Recommended Plan Exhibit 3
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Table 5-7: Acres Green Tributary Recommended Plan Scoring Table 

* AG Subreach 2 cost estimate was generated by assuming a cost per linear foot of $1,200 for the entire length of the project (outside the limits of the SEMSWA AMD). 

  

Project Information 
Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 
Percentage Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) Project 
Category 

Project Type Project ID 
Project 

Description 
Cost 

Estimate 
Jurisdiction 

Stream 
Function and 
Maintenance 

Stream 
Rehabilitation 

AG 
Subreach 

1 

Address channel 
erosion, outfall 

repair, vegetation 
management, 

and grade control 
structure 

replacement 

$650,000 

City of 
Centennial 
(SEMSWA, 

SSPRD, 
HOA) 

3 2 4 2 0 3 3 4 3 405 245 60% 

Stream 
Restoration 

AG 
Subreach 

2* 

Address 
vegetation 

management, 
channel erosion, 
and pedestrian 

safety  

$2,400,000 
Douglas 
County 
(SSPRD) 

3 1 4 2 0 5 3 5 2 405 258 64% 

Flooding 
Culvert 

Upsizing 
AG 

Crossing 1 

Improve inlet 
grate to reduce 

clogging 
$20,000 

Douglas 
County 

5 5 5 0 0 4 5 5 2 365 331 91% 



WILLOW CREEK TRIBUTARIES UPSTREAM OF ENGLEWOOD DAM 

MAJOR DRAINAGEWAY PLAN REPORT  

 54 

Table 5-8: Fox Hill Park Tributary Recommended Plan Scoring Table 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 

Project 
Category 

Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation and 
Debris 

Management 

FHP 
Subreach 3 

Vegetation management $17,500 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

5 5 5 0 0 3 2 3 4 365 281 77% 

FHP 
Subreach 6 

Vegetation management $70,000 
City of 

Centennial 
(SEMSWA) 

4 4 5 0 0 3 2 3 4 365 258 71% 

Stream 
Rehabilitation 

FHP 
Subreach 1 

Address erosion, outfall repair, 
and grade control structure 

replacement 
$260,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 3 4 2 0 3 3 4 3 405 257 63% 

FHP 
Subreach 2 

Address erosion, outfall repair, 
vegetation management, and 

grade control structure 
replacement 

$505,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

4 2 3 2 0 4 3 4 3 405 257 63% 

FHP 
Subreach 4 

Address erosion, outfall repair, 
and grade control structure 

replacement 
$390,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

4 3 4 2 0 4 3 4 3 405 278 69% 

FHP 
Subreach 5 

Address erosion, outfall repair, 
and vegetation management 

$150,000 
City of 

Centennial 
(SEMSWA) 

4 3 4 2 0 4 3 4 3 405 278 69% 

Flooding 
Culvert 

Upsizing 
FHP 

Crossing 1 
4' x 8' RCBC with safety grate $580,000 

City of 
Centennial 
(SEMSWA) 

3 2 5 0 0 4 5 4 2 365 260 71% 

Water 
Quality 

Pond Retrofit 
FHP Pond 
Retrofit 1 

Provide new water quality outlet 
structure 

$70,000 
City of 

Centennial 
(SEMSWA) 

4 4 1 5 4 2 2 2 4 445 271 61% 

Vegetated 
Rundowns 

FHP 
Rundown 5 

Install vegetated rundown or 
trash/sediment collection device 

$62,500 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 4 3 4 3 3 0 0 5 330 234 71% 

FHP 
Rundown 8 

Install vegetated rundown or 
trash/sediment collection device 

$62,500 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

4 4 2 4 4 4 0 0 5 330 254 77% 

FHP 
Rundown 11 

Install vegetated rundown or 
trash/sediment collection device 

$52,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

4 4 2 3 4 4 0 0 5 330 246 75% 

Wetland 
Improvements 

FHP 
Wetland 1 

Wetland enhancement and 
creation 

$270,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 3 2 4 2 3 2 0 4 380 206 54% 
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Table 5-9: Homestead Tributary Recommended Plan Scoring Table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Stream 
Rehabilitation 

HOM 
Subreach 

2 

Address channel 
erosion and grade 
control structure 

replacement. 

$1,450,000 

City of 
Centennial 
(SEMSWA, 

SSPRD, HOA) 

4 1 4 2 0 3 3 4 3 405 244 60% 

Water 
Quality 

Wetland 
Improvements 

HOM 
Wetland 

1 

Wetland enhancement 
and creation 

$110,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 3 2 4 2 3 2 0 4 380 206 54% 
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Table 5-10: Homestead Farms Tributary Recommended Plan Scoring Table 

 

 

 

 

 

 

 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description 

Cost 
Estimate 

Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation 
and Debris 

Management 

HFT 
Subreach 

1 
Vegetation management $17,500 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

5 5 5 0 0 3 2 3 4 365 281 77% 

Stream 
Rehabilitation 

HFT 
Subreach 

2 
Outfall repair $23,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

4 5 4 2 0 3 3 4 3 405 292 72% 

HFT 
Subreach 

3 

Address channel erosion and 
outfall repair 

$75,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

4 4 4 2 0 3 3 4 3 405 280 69% 

Flooding 
Culvert 

Upsizing 

HFT 
Crossing 1 

60" RCP with safety grate $585,000 
City of 

Centennial 
(SEMSWA) 

3 2 5 0 0 3 5 5 2 365 263 72% 

HFT 
Crossing 2 

43" x 68" HERCP with safety 
grate 

$330,000 
City of 

Centennial 
(SEMSWA) 

4 3 5 0 0 3 5 4 2 365 273 75% 

Water 
Quality 

Wetland 
Improvements 

HFT 
Wetland 1 

Wetland enhancement and 
creation 

$195,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 3 2 4 2 3 2 0 4 380 206 54% 
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Table 5-11: Jamison Tributary Recommended Plan Scoring Table 

* JAM Subreach 1 cost estimate and description was sourced from the 30% design for this project. Design performed outside of the scope of this MDP. 

 

Table 5-12: Kettle Tributary Recommended Plan Scoring Table 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation and 
Debris 

Management 

JAM 
Subreach 

2 

Vegetation 
management 

$17,500 

City of 
Centennial 
(SEMSWA, 

HOA) 

4 5 5 0 0 3 2 3 4 365 270 74% 

Stream 
Rehabilitation 

JAM 
Subreach 

1* 

Outfall repair, upgrade 
adjacent storm sewer, 

and channel 
stabilization 

$100,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

4 3 3 2 0 3 3 4 3 405 271 64% 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate 

Jurisdiction 

Stream 
Function and 
Maintenance 

Stream 
Rehabilitation 

KET 
Subreach 

1 

Address channel 
erosion 

$60,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

4 4 4 2 0 3 3 4 3 405 280 69% 

Flooding 
Culvert 

Upsizing 

KET 
Crossing1 

4’ x 8’ RCBC with safety 
grate 

$1,450,000 
City of 

Centennial 
(SEMSWA) 

4 1 5 0 0 3 5 4 2 365 249 68% 

KET 
Crossing 

2 

34” x 53” HERCP with 
safety grate 

$390,000 
City of 

Centennial 
(SEMSWA) 

4 3 5 0 0 3 5 4 2 365 273 75% 
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Table 5-13: Phillips Tributary Recommended Plan Scoring Table 

 

  

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmenta
l 

(8) Project 
Category 

Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation and 
Debris 

Management 

PHI 
Subreach 

1 

Vegetation 
management 

$35,000 

City of 
Centennial 
(SEMSWA, 

SSPRD, HOA) 

4 4 5 0 0 3 2 3 4 365 258 71% 

PHI 
Subreach 

2 

Vegetation 
management 

$17,500 

City of 
Centennial 
(SEMSWA, 

HOA) 

5 5 5 0 0 3 2 3 4 365 281 77% 
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Table 5-14: Spring Creek Recommended Plan Scoring Table 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score 

Complexity 
(11) 

Project Cost 
(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 
(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 
(8) 

Project 
Category 

Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation 
and Debris 

Management 

SC Subreach 1 Vegetation management $35,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

5 4 5 0 0 3 2 3 4 365 269 74% 

SC Subreach 4 Vegetation management $140,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

4 3 5 0 0 3 2 3 4 365 246 67% 

SC Subreach 6 Vegetation management $17,500 

City of 
Centennial 
(SEMSWA, 

HOA) 

5 5 5 0 0 3 2 3 4 365 281 77% 

SC Subreach 9 
Vegetation and debris 

management 
$125,000 

Douglas 
County 
(HRMD) 

5 3 5 0 0 3 2 4 4 365 270 74% 

SC Subreach 10 
Vegetation and debris 

management 
$210,000 

Douglas 
County 
(HRMD) 

5 3 5 0 0 3 2 4 4 365 270 74% 

Stream 
Rehabilitation 

SC Subreach 2 
Address erosion, vegetation 

management, and grade 
control structure replacement 

$950,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 2 3 2 0 3 3 4 3 405 236 58% 

SC Subreach 3 

Address erosion, outfall 
repair, vegetation 

management, and grade 
control structure replacement 

$975,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 2 4 2 0 3 3 4 3 405 245 60% 

SC Subreach 8 

Address erosion, outfall 
repair, vegetation 

management, and grade 
control structure replacement 

$460,000 

City of 
Centennial 
(SEMSWA, 

SSPRD, 
HOA) 

3 3 3 2 0 3 3 4 3 405 248 61% 

Stream 
Restoration 

SC Subreach 5 
Address vegetation 

management and channel 
erosion 

$310,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 3 3 2 0 4 3 4 2 405 239 59% 

SC Subreach 7 
Grade control structure 

replacement 
$375,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 3 3 1 0 4 3 4 2 405 231 57% 
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Table 5-14 (cont.): Spring Creek Recommended Plan Scoring Table 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score 

Complexity 
(11) 

Project Cost 
(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 
(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 
(8) 

Project 
Category 

Project Type Project ID Project Description 
Cost 

Estimate 
Jurisdiction 

Water Quality 

Pond Retrofit SC Pond Retrofit 1 
Provide new water quality 

outlet structure 
$70,000 

Douglas 
County 
(HRMD) 

2 3 1 5 5 3 3 2 4 445 265 60% 

Vegetated 
Rundowns 

SC Rundown 5 
Install vegetated rundown or 

trash/sediment collection 
device 

$52,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 4 2 3 3 3 0 0 5 330 206 62% 

SC Rundown 10 
Install vegetated rundown or 

trash/sediment collection 
device 

$52,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 4 3 3 4 3 0 0 5 330 234 71% 

SC Rundown 15 
Install vegetated rundown or 

trash/sediment collection 
device 

$62,500 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 4 3 4 4 3 0 0 5 330 242 73% 
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Table 5-15: Spring Creek East – Altair Park Tributary Recommended Plan Scoring Table 

*SCEA Subreach 1 cost estimate was generated by assuming a cost per linear foot of $1,200 for the entire length of the project (outside the limits of the SEMSWA AMD). 

 

Table 5-16: Spring Creek East - Edgewood Tributary Recommended Plan Scoring Table 

 

 

 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Stream 
Restoration 

SCEA 
Subreach 

1* 

Address channel 
erosion and vegetation 

management 
$1,500,000 

Douglas 
County 
(SSPRD, 
HRMD) 

3 1 4 2 0 5 3 4 2 405 245 60% 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV 

Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation and 
Debris 

Management 

SCE 
Subreach 4 

Vegetation 
management 

$53,000 
Douglas 
County 
(HRMD) 

5 4 5 0 0 3 2 3 4 365 269 74% 

Stream 
Rehabilitation 

SCE 
Subreach 1 

Address outfall repair 
and grade control 

structure 
replacement 

$130,000 
Douglas 
County 
(HRMD) 

4 3 4 2 0 4 3 4 3 405 278 69% 

SCE 
Subreach 2 

Address channel 
erosion 

$60,000 
Douglas 
County 
(HRMD) 

3 4 3 2 0 3 3 4 3 405 260 64% 

SCE 
Subreach 3 

Address channel 
erosion 

$120,000 
Douglas 
County 
(HRMD) 

4 3 4 2 0 4 3 4 3 405 278 69% 
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Table 5-17: Trenton Outfall Tributary Recommended Plan Scoring Table 

 

Table 5-18: West Spring Creek Recommended Plan Scoring Table 

* WSC Subreach 1 cost estimate and description was sourced from the 30% design for this project. Design performed by others outside of the scope of this MDP. 

 

 

  

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) Project 
Category 

Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Stream 
Rehabilitation 

TRE 
Subreach 

1 

Grade control structure 
replacement 

$295,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

4 3 4 1 0 3 3 4 3 405 260 64% 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate 

Jurisdiction 

Stream 
Function and 
Maintenance 

Vegetation and 
Debris 

Management 

WSC 
Subreach 2 

Address outfall repair 
and channel erosion 

$76,000 

City of 
Centennial 
(SEMSWA, 

Private) 

3 4 2 2 0 4 3 4 3 405 261 64% 

Stream 
Restoration 

WSC 
Subreach 1* 

Includes channel 
grading and 

stabilization, utility 
protection, and 

retaining wall repairs 

$3,500,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 1 4 2 0 5 3 4 2 405 257 60% 

Flooding 
Culvert 

Upsizing 
WSC 

Crossing 1 
Improve culvert inlet 

configuration 
$20,000 

City of 
Centennial 
(SEMSWA) 

5 5 5 0 0 4 5 4 2 365 318 87% 
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Table 5-19: Willow Creek East Tributary Recommended Plan Scoring Table 

Project Information 

Metric (Weight) 

Total 
Possible 

Score 

Cumulative 
Weighted 

Score 

Percentage 
Score Complexity 

(11) 

Project 
Cost 

(12) 

Maintenance 
Efficiency 

(9) 

Comprehensive 
Water Quality 

(8) 

WQCV/and 
EURV Provided 

(8) 

Stream 
Health 

(10) 

Flood 
Capacity 

(10) 

Public 
Safety 

(13) 

Environmental 

(8) 
Project 

Category 
Project Type Project ID Project Description Cost Estimate Jurisdiction 

Stream 
Function and 
Maintenance 

Stream 
Rehabilitation 

WCE 
Subreach 

2 

Grade control structure 
replacement 

$780,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 2 4 1 0 3 3 4 3 405 237 59% 

WCE 
Subreach 

3 

Address channel 
erosion and  grade 
control structure 

replacement 

$375,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

3 3 4 2 0 3 3 4 3 405 257 63% 

WCE 
Subreach 

4 

Address outfall repair, 
crossing maintenance, 
channel erosion, and  

grade control structure 
replacement 

$885,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

3 2 4 2 0 3 3 4 3 405 245 60% 

WCE 
Subreach 

5 

Address outfall repair 
and grade control 

structure replacement 
$200,000 

City of 
Centennial 
(SEMSWA, 

HOA) 

3 3 3 2 0 3 3 4 3 405 248 61% 

Stream 
Restoration 

WCE 
Subreach 

1 

Address outfall repair 
and grade control 

structure replacement 
$750,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

2 2 3 2 0 4 3 4 2 405 227 56% 

Flooding 
Culvert 

Upsizing 
WCE 

Crossing 1 

Increase pond 
volume/raise 

embankment to 
prevent overtopping 

$250,000 
City of 

Centennial 
(SEMSWA) 

2 3 5 0 0 3 5 5 2 365 264 72% 

Water 
Quality 

Vegetated 
Rundowns 

WCE 
Rundown 

4 

Install vegetated 
rundown or 

trash/sediment 
collection device 

$83,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 4 3 4 3 3 0 0 5 330 234 71% 

WCE 
Rundown 

5 

Install vegetated 
rundown or 

trash/sediment 
collection device 

$52,000 

City of 
Centennial 
(SEMSWA, 

SSPRD) 

3 4 3 3 3 3 0 0 5 330 226 68% 
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5.3.3 PROJECT PRIORITIZATION 

A system for prioritization of the preferred alternatives included in the Recommended Plan is offered as part of this 

study. The project prioritization presented with this MDP may serve as a starting point for stakeholders to 

conceptualize the relative attractiveness of each project and begin long-term planning and funding allocation. The 

project sponsors have indicated that their own in-house prioritization methodologies will also be used to compare the 

preferred alternatives in this MDP to those developed by other master plans. Therefore, the prioritization schedule 

presented in this MDP does not reflect final rank-ordering nor does it attempt to reflect a chronological ordering for 

project implementation. 

The prioritization presented herein is based upon the “cumulative weighted score”. The cumulative weighted score 

and rubric scoring methodology are discussed in Section 5.2.3 and presented in the Recommended Plan Tables (Table 

5-7 through 5-19). The cumulative weighted score takes into account the goals of the project sponsors and 

stakeholders as it is based upon the metrics and metric weighting approved by the sponsors in the evaluation rubric 

used for this study. The Recommended Plan projects were separated into three groupings based on the project 

categories of Stream Function and Maintenance, Flooding, and Water Quality. The preferred alternatives were then 

classified as “low”, “medium”, or “high” priority. Projects with cumulative weighted scores above the 75th percentile 

were assigned “high” priority. Similarly, projects with cumulative weighted scores below the 25th percentile were 

classified as a “low” priority. Tables 5-20 through 5-22 summarize the prioritization schedule for each project category 

within the Recommended Plan
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Table 5-20: Recommended Plan Project Prioritization - Stream Function and Maintenance  

Project Type Project ID Project Description Priority 

Stream Rehabilitation HFT Subreach 2 Outfall repair High 

Vegetation and Debris Management FHP Subreach 3 Vegetation management High 

Vegetation and Debris Management HFT Subreach 1 Vegetation management High 

Vegetation and Debris Management PHI Subreach 2 Vegetation management High 

Vegetation and Debris Management SC Subreach 6 Vegetation management High 

Stream Rehabilitation HFT Subreach 3 Address channel erosion and outfall repair High 

Stream Rehabilitation KET Subreach 1 Address channel erosion High 

Stream Rehabilitation FHP Subreach 4 Address erosion, outfall repair, and grade control structure replacement High 

Stream Rehabilitation FHP Subreach 5 Address erosion, outfall repair, and vegetation management High 

Stream Rehabilitation SCE Subreach 1 Address outfall repair and grade control structure replacement High 

Stream Rehabilitation SCE Subreach 3 Address channel erosion High 

Stream Rehabilitation JAM Subreach 1 Outfall repair Medium 

Vegetation and Debris Management SC Subreach 10  Vegetation and debris management Medium 

Vegetation and Debris Management SC Subreach 9 Vegetation and debris management Medium 

Vegetation and Debris Management JAM Subreach 2 Vegetation management Medium 

Vegetation and Debris Management SCE Subreach 4 Vegetation management Medium 

Vegetation and Debris Management SC Subreach 1 Vegetation management Medium 

Vegetation and Debris Management WSC Subreach 2 Address outfall repair and channel erosion Medium 

Stream Rehabilitation TRE Subreach 1 Grade control structure replacement Medium 

Stream Rehabilitation SCE Subreach 2 Address channel erosion Medium 

Vegetation and Debris Management FHP Subreach 6 Vegetation management Medium 

Vegetation and Debris Management PHI Subreach 1 Vegetation management Medium 

Stream Restoration AG Subreach 2 Address vegetation management, channel erosion, and pedestrian safety Medium 

Stream Restoration WSC Subreach 1 
Address channel erosion, outfall repair, and grade control structure 

replacement 
Medium 
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Table 5-20 (cont.): Recommended Plan Project Prioritization - Stream Function and Maintenance  

Project Type Project ID Project Description Priority 

Stream Rehabilitation FHP Subreach 2 
Address erosion, outfall repair, vegetation management, and grade 

control structure replacement 
Medium 

Stream Rehabilitation WCE Subreach 3 Address channel erosion and grade control structure replacement Medium 

Stream Rehabilitation FHP Subreach 1 Address erosion, outfall repair, and grade control structure replacement Medium 

Stream Rehabilitation SC Subreach 8 
Address erosion, outfall repair, vegetation management, and grade 

control structure replacement 
Medium 

Stream Rehabilitation WCE Subreach 5 Address outfall repair and grade control structure replacement Medium 

Vegetation and Debris Management SC Subreach 4 Vegetation management Medium 

Stream Restoration SCEA Subreach 1 Address channel erosion and vegetation management Medium 

Stream Rehabilitation SC Subreach 3 
Address erosion, outfall repair, vegetation management, and grade 

control structure replacement 
Medium 

Stream Rehabilitation WCE Subreach 4 
Address outfall repair, crossing maintenance, channel erosion, and grade 

control structure replacement 
Medium 

Stream Rehabilitation AG Subreach 1 
Address channel erosion, outfall repair, vegetation management, and 

grade control structure replacement 
Medium 

Stream Rehabilitation HOM Subreach 2 Address channel erosion and grade control structure replacement Medium 

Stream Restoration SC Subreach 5 Address vegetation management and channel erosion Low 

Stream Rehabilitation WCE Subreach 2 Grade control structure replacement Low 

Stream Rehabilitation SC Subreach 2 
Address erosion, vegetation management, and grade control structure 

replacement 
Low 

Stream Restoration SC Subreach 7 Grade control structure replacement Low 

Stream Restoration WCE Subreach 1 Address outfall repair and grade control structure replacement Low 
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Table 5-21: Recommended Plan Project Prioritization - Flooding 

Project Type Project ID Project Description Priority 

Culvert Upsizing AG Crossing 1 Improve inlet grate to reduce clogging High 

Culvert Upsizing WSC Crossing 1 Improve culvert inlet configuration High 

Culvert Upsizing HFT Crossing 2 43" x 68" HERCP with safety grate Medium 

Culvert Upsizing KET Crossing 2 34” x 53” HERCP with safety grate Medium 

Culvert Upsizing WCE Crossing 1 Increase pond volume/raise embankment to prevent overtopping Low 

Culvert Upsizing HFT Crossing 1 60" RCP with safety grate Low 

Culvert Upsizing FHP Crossing 1 4' x 8' RCBC with safety grate Low 

Culvert Upsizing KET Crossing 1 4’ x 8’ RCBC with safety grate Low 
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Table 5-22: Recommended Plan Project Prioritization - Water Quality 

Project Type Project ID Project Description Priority 

Pond Retrofit FHP Pond Retrofit 1 Provide new water quality outlet structure High 

Pond Retrofit SC Pond Retrofit 1 Provide new water quality outlet structure High 

Vegetated Rundown FHP Rundown 8 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown FHP Rundown 11 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown SC Rundown 15 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown FHP Rundown 5 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown SC Rundown 10 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown WCE Rundown 4 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown WCE Rundown 5 Install vegetated rundown or trash/sediment collection device Medium 

Vegetated Rundown SC Rundown 5 Install vegetated rundown or trash/sediment collection device Medium 

Wetland Improvements FHP Wetland 1 Wetland enhancement and creation Low 

Wetland Improvements HOM Wetland 1 Wetland enhancement and creation Low 

Wetland Improvements HFT Wetland 1 Wetland enhancement and creation Low 

 

 

 

 

 

 

 

 

 

 

 

 

  



WILLOW CREEK TRIBUTARIES UPSTREAM OF ENGLEWOOD DAM 

MAJOR DRAINAGEWAY PLAN REPORT  

 69 

6.0 REFERENCES 

1. ICON Engineering Inc. (2025), FHAD, Willow Creek Tributaries Upstream of Englewood Dam. 

2. FEMA (2020), Flood Insurance Study, Arapahoe County, Colorado and Incorporated Areas. Revised September 4, 2020.  

3. United States Department of Agriculture, Natural Resources Conservation Service, Web Soil Survey. https://websoilsurvey.sc.egov.usda.gov/ 

4. Urban Drainage and Flood Control District (2016) Urban Storm Drainage Criteria Manual, Volume 1 and 2. 

5. CH2M Hill (2010), Willow Creek FHAD 2010. 

6. CH2M Hill (2010), Willow Creek, Little Dry Creek, and Greenwood Gulch Outfall Systems Planning Study. 

7. Modrick, T. (2015), CARFFG System Design and Theoretical Background. National Weather Service, Hydrologic Research Center. Presentation. September 15, 2015. 

8. Shamir, E. (2018), CARFFG System Design and Theoretical Background: GIS and Threshold Runoff. National Weather Service, Hydrologic Research Center, San Diego, CA. Presentation. Last modified August 30, 2018. 

9. Enginuity Engineering Solutions, Adaptive Management Dashboard Applications. Adaptive Management Dashboard Applications (arcgis.com) 

10. Mile High Flood District (2023), MHFD Bid Pricing Database November 2023. 

11. Mile High Flood District and Enginuity Engineering Solutions (2022), MHFD Proposed Actions Costing Tool V23.07.a (Components Costing Tool) 

 

 

https://websoilsurvey.sc.egov.usda.gov/
https://enginuity.maps.arcgis.com/apps/MapSeries/index.html?appid=0b5baa83e38e4d5e9087bc231a6387fe


 

 

 

 

 

 

 

APPENDIX A - PROJECT CORRESPONDENCE 

 

 

 

 

 

 

 

 

 



 
    

 

7000 S. Yosemite Street, Suite 120 | Centennial, CO 80112 | (303) 221-0802 | iconeng.com 

 

 

 

 

 

 

 

 

 

    MAJOR DRAINAGEWAY PLAN
           MEETING MATERIALS  



A - 1



A - 2



A - 3



A - 4



A - 5



A - 6



A - 7



A - 8



A - 9



A - 10



A - 11



A - 12



A - 13



A - 14



A - 15



A - 16



A - 17



A - 18



A - 19



 

 

 

 

 

 

 

APPENDIX B - HYDROLOGIC ANALYSIS 

  



"

"

"

"

"

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#* #*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*#*
#*

#*

#*

#*

#*

#*
#*
#*

#*#*#*

#*

#* #*

#* #* #* #*

#*

#*#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#* #*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*
#*

#*

#*

#*

#*
#*#*#*#*

#*

#*#*
#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#* #*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*#*

#*#*#*#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*#*#*#*#*#*

#*

#*

#*

#*
#*

#*
#*#*

#*

#*
#* #*

#*
#*

#*

#*

#*

#*
#*
#*

#*

#*

#*

#*

#*#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*#*#*
#*#*

#*

#*

#*

#*
#*
#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#* #*
#*
#*
#*#*

#* #*

#*

#*

#*

#* #*

#*#*

#*#*#*

#*

#*

#*

#*

#*

#*

#*
#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*
#*

#* #*

#*

#*

#* #*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#*

#* #* #* #*#*
#*

#*

#*
#*#*
#*

#*#*
#*

#*

#*#*

#*

#*
#*

#*#* #* #* #*

#*

#*

#*

#*

#* #*

#*

#*#*

#*

#*

#*
#*

#*

#*

#*

#*#*
#*

#*

#*
#*

#*#*

#*

Kettle Tributary

¬«C470

E DRY CREEK RD §̈¦I-25

S H
OL

LY
 ST

E COUNTY LINE RD

S Y
OS

EM
ITE

 ST

S QUEBEC ST

S Q
UE

BE
C 

ST

Fo
x H

ill P
ark

 Tr
ibu

tar
y

Willow Creek (ARAPCO)
Spring Creek

We
st 

Sp
rin

g C
ree

k

Acres Green Tributary

Tre
nto

n T
rib

uta
ry

Homestead Farms

Tributary

Willow Creek East Tributary

Phillips Tributary

Jamison 
Tributary

Homestead 
Tributary

WSC_J100

WSC_J045

WSC_J035

WSC_J030

WSC_J025

WSC_J005

WSC_B025

WSC_B020

WSC_B015

WSC_B005

WCE_J420

WCE_J415

WCE_J405

WCE_J400

WCE_J300
WCE_J230

WCE_J215

WCE_J210

WCE_J205

WCE_J200

WCE_J165

WCE_J160WCE_J150

WCE_J140
WCE_J130

WCE_J120

WCE_J110

WCE_J100

WCE_J090

WCE_J080
WCE_J064

WCE_J040

WCE_J030

WCE_J020
WCE_J015

WCE_J010

WCE_B110

WCE_B105

WCE_B100

WCE_B095

WCE_B090

WCE_B085

WCE_B080

WCE_B075

WCE_B070

WCE_B065

WCE_B060

WCE_B056
WCE_B055

WCE_B045

WCE_B040WCE_B035

WCE_B030

WCE_B029

WCE_B025

WCE_B020

WCE_B015

WCE_B010

WCE_B005

TRE_J220

TRE_J215

TRE_J210

TRE_J200

TRE_J040

TRE_J035

TRE_J005

TRE_B025

TRE_B010

TRE_B005

SPC_J410

SPC_J305
SPC_J300

SPC_J275

SPC_J270

SPC_J260

SPC_J255

SPC_J245
SPC_J235

SPC_J230

SPC_J225

SPC_J215

SPC_J210

SPC_J205
SPC_J200

SPC_J170

SPC_J165

SPC_J160

SPC_J155
SPC_J150

SPC_J140

SPC_J135

SPC_J130

SPC_J125

SPC_J120

SPC_J105
SPC_J100

SPC_J095

SPC_J085

SPC_J080

SPC_J075

SPC_J070

SPC_J060

SPC_J050

SPC_J035

SPC_J030

SPC_J025

SPC_J015

SPC_J010

SPC_J005

SPC_B110

SPC_B105

SPC_B100

SPC_B095

SPC_B090

SPC_B085

SPC_B080

SPC_B070

SPC_B065

SPC_B060

SPC_B055

SPC_B050SPC_B046

SPC_B045

SPC_B040

SPC_B036

SPC_B035

SPC_B030

SPC_B020

SPC_B015

SPC_B010

SPC_B005

PHI_J015

PHI_J010

PHI_B110PHI_B105

PHI_B100

KET_J040

KET_J030

KET_J020

KET_J011

KET_B010

KET_B005

JAM_J015
JAM_J010
JAM_J005

JAM_B010

HOM_J085
HOM_J080

HOM_J060
HOM_J055

HOM_J040

HOM_J035HOM_J015
HOM_J010

HOM_B020

HOM_B015

HOM_B010

HFT_J170 HFT_J165 HFT_J160

HFT_J150 HFT_J140

HFT_J135

HFT_J130

HFT_J125

HFT_J010

HFT_J005

HFT_B030

HFT_B025

HFT_B020
HFT_B015

HFT_B010

HFT_B005

FHP_J215

FHP_J160

FHP_J140

FHP_J115 FHP_J110

FHP_J060

FHP_J045

FHP_J040

FHP_J035

FHP_J030

FHP_J020

FHP_J010

FHP_J005

FHP_B105

FHP_B100FHP_B095

FHP_B090

FHP_B085

FHP_B075

FHP_B070

FHP_B065

FHP_B060

FHP_B050

FHP_B045

FHP_B040

FHP_B030

FHP_B025

FHP_B020
FHP_B015

FHP_B010

FHP_B005

DFA_J010

DFA_J005

DFA_B043

DFA_B042

ACR_J235

ACR_J225

ACR_J220

ACR_J210

ACR_J204

ACR_J085

ACR_J080

ACR_J070

ACR_J050

ACR_J035

ACR_J010

ACR_J005

ACR_B055

ACR_B050

ACR_B045

ACR_B040

ACR_B035

ACR_B030

ACR_B025

ACR_B020

ACR_B015

ACR_B010

ACR_B005

WSC_J040

WSC_J020

WSC_J015

WSC_J010

WSC_B010

WCE_J155WCE_J145

WCE_J105
WCE_J075

WCE_J070WCE_J065

WCE_J045

WCE_J035
WCE_J025

WCE_J005

WCE_B050

TRE_J025

TRE_J015

TRE_B020

TRE_B015

SPC_J405
SPC_J400

SPC_J220

SPC_J065

SPC_J055

SPC_J045

SPC_B025

PHI_J020

PHI_B115

KET_J025

JAM_B005

HOM_J050

HOM_J020

HOM_J005

HOM_B005

HFT_J155

HFT_J120

HFT_J105HFT_J101

FHP_J105
FHP_J100

FHP_J055

FHP_B080

FHP_B055

FHP_B035

ACR_J250

ACR_J245

ACR_J240

ACR_J215

ACR_J205

ACR_J065

ACR_J060

WCE_O005

TRE_O010

TRE_O005

SPC_O005

PHI_O005

HOM_O010

HOM_O005

HFT_O010

FHP_O010

FHP_O005

DFA_O005

DFA_B105

DFA_B100

DFA_B065 DFA_B061

DFA_B060

DFA_B055

DFA_B051DFA_B050

DFA_B046

DFA_B045

DFA_B041

DFA_B040

DFA_B035

DFA_B030

DFA_B025

DFA_B021

DFA_B020

DFA_B015

DFA_B010

DFA_B005

ACR_O010

ACR_O005

HFT_O005

WSC_J050

WCE_J410

WCE_J225

WCE_J170

WCE_J125

TRE_J225

TRE_J205

TRE_J045

TRE_J010

SPC_J310

SPC_J265

SPC_J250

SPC_J240

SPC_J115

SPC_J040

KET_J035

KET_J010

HOM_J070

HOM_J030

HFT_J115

FHP_J210

FHP_J165

FHP_J150

FHP_J135

FHP_J065

FHP_J050

FHP_J015

ACR_J200
ACR_J055

ACR_J045

WCE_J220

WCE_J180

WCE_J135

WCE_J115

WCE_J095
WCE_J085

TRE_J030
TRE_J020

SPC_J110

SPC_J090

SPC_J020

KET_J015

KET_J005

HOM_J090

HOM_J075

HOM_J065
HOM_J045

HOM_J025

HFT_J145

HFT_J110 HFT_J100

FHP_J205 FHP_J200

FHP_J145

FHP_J130
FHP_J125
FHP_J120

ACR_J230 ACR_J075

WCE_S001

SPC_S100

PHI_S200

PHI_S100

ACR_S100

!*DFA_B005
156.1    18.5

!*PHI_B115
100.9    81.5

!*FHP_B030
59.1    51.1

!*SPC_B040
58.6    77.4

!*SPC_B045
57.0    50.7

!*HFT_B010
55.6    35.0

!*SPC_B030
54.0    63.4

!*DFA_B050
53.6    31.0

!*WCE_B090
44.8    83.3

!*SPC_B095
42.4    47.0

!*DFA_B055
42.4    45.0

!*WSC_B005
42.3    38.0

!*HFT_B015
42.2    45.0

!*SPC_B025
41.1    51.4

!*SPC_B070
40.2    28.1

!*SPC_B015
40.2    43.9

!*DFA_B015
37.2    44.6

!*ACR_B040
36.3    45.1

!*FHP_B065
35.9    44.7

!*DFA_B040
35.6    33.4

!*JAM_B010
35.3    56.0

!*PHI_B110
35.2    78.8

!*DFA_B021
35.1    50.9

!*ACR_B045
34.0    45.7

!*ACR_B030
33.3    79.3

!*FHP_B085
33.3    60.4

!*SPC_B100
32.6    45.0

!*HOM_B010
32.4    45.6

!*TRE_B010
32.0    70.2

!*FHP_B070
31.8    45.0

!*HOM_B020
30.3    45.0

!*HFT_B005
30.0    45.0

!*ACR_B055
29.3    45.0

!*SPC_B035
29.0    78.1

!*TRE_B005
28.6    42.3

!*WCE_B015
28.5    43.9

!*DFA_B041
28.4    35.6

!*SPC_B010
28.4    40.4

!*ACR_B050
28.1    49.5

!*FHP_B080
27.5    42.8

!*SPC_B105
27.3    25.5

!*DFA_B045
27.2    36.0

!*WCE_B100
27.1    90.7

!*WCE_B045
27.0    48.0

!*SPC_B110
25.7    41.4

!*WCE_B030
25.6    36.7

!*WCE_B105
25.4    92.2

!*WSC_B025
25.4    77.6

!*ACR_B035
25.0    69.5

!*HOM_B015
24.5    45.0

!*SPC_B005
24.3    50.1

!*DFA_B030
23.7    45.0

!*FHP_B040
23.7    37.6

!*FHP_B060
23.2    46.5

!*SPC_B065
23.2    23.8

!*DFA_B046
23.0    40.2

!*DFA_B025
23.0    49.0

!*DFA_B065
22.6    40.1

!*WSC_B020
22.6    76.9

!*ACR_B020
22.6    75.0

!*SPC_B060
22.3    27.8

!*WCE_B035
22.1    44.8

!*SPC_B080
22.1    44.6

!*DFA_B010
21.0    44.7

!*HFT_B025
20.4    52.9

!*WCE_B055
20.0    43.0

!*ACR_B005
19.7    45.5

!*SPC_B085
19.5    44.8

!*FHP_B095
19.5    69.6

!*KET_B010
19.3    91.0

!*WCE_B020
18.5    45.0

!*FHP_B090
18.3    44.9

!*JAM_B005
17.6    34.2

!*DFA_B043
17.4    86.6

!*DFA_B020
17.3    47.8

!*PHI_B100
16.9    44.7

!*SPC_B055
16.8    28.7

!*WSC_B015
16.6    45.0

!*KET_B005
16.6    44.9

!*PHI_B105
16.2    45.0

!*FHP_B005
15.7    15.5

!*SPC_B046
15.7    45.0

!*DFA_B051
15.5    45.2

!*DFA_B061
14.2    45.0!*FHP_B100

14.1    45.0

!*WCE_B010
13.6    45.0

!*WCE_B029
13.2    34.0

!*WCE_B080
13.1    94.9

!*DFA_B035
12.6    33.8

!*ACR_B010
11.5    75.0

!*DFA_B105
11.0    45.0

!*WCE_B075
10.9    94.8

!*DFA_B060
25.7    14.5

!*SPC_B036
24.6    95.0 !*ACR_B025

21.4    87.3

!*WCE_B065
19.3    85.9 !*WCE_B110

18.5    91.1

!*SPC_B020
18.2    46.9

!*TRE_B015
18.0    33.5

!*HFT_B020
16.2    45.0

!*WCE_B070
14.5    80.6

!*WCE_B050
14.4    26.8

!*FHP_B010
13.8    48.0

!*WCE_B025
12.5    43.7

!*ACR_B015
12.5    71.2

!*HOM_B005
10.3    45.0

!*SPC_B090
09.9    29.8

!*WSC_B010
09.6    44.8

!*WCE_B060
09.3    88.1

!*WCE_B005
08.4    28.4

!*FHP_B045
08.1    71.2

!*SPC_B050
08.1    34.6

!*FHP_B025
08.0    67.5

!*FHP_B050
06.8    45.0

!*DFA_B100
6.8    45.0

!*DFA_B042
06.8    48.8

!*WCE_B095
06.8    95.0

!*FHP_B075
06.6    45.6

!*FHP_B055
06.3    44.2

!*FHP_B020
06.2    75.0

!*WCE_B085
06.1    94.9

!*FHP_B105
05.6    75.2

!*TRE_B020
05.4    57.6

!*HFT_B030
05.4    75.0

!*FHP_B035
05.2    29.3

!*FHP_B015
04.5    75.0

!*TRE_B025
03.3    75.0

!*WCE_B040
03.2    43.7

!*WCE_B056
03.2    56.0

S M
ON

AC
O 

ST

S C
HE

ST
ER

 ST

ALTAIR DR

S HOMESTEAD PKWY

E MINERAL AVE

PARKWAY DR

PEACOCK DR

E NICHOLS AVE

E JAMISON DR

RIGEL DR

S N
EW

PO
RT

 C
T

S A
KR

ON
 ST

ME
RC

UR
Y C

IR

HELENA CIR

E PHILLIPS PL

E LINKS CIR

OM
EG

A C
IR

PARK MEADOWS DR

E OTERO AVE

E MINERAL P
L

E LONG AVE

S E
LM

 C
T

S N
IAG

AR
A W

AY

S D
AY

TO
N 

ST

S O
NE

IDA
 W

AY

S V
AL

EN
TIA

 ST

E OTERO DR

HAMAL DR

E GEDDES PL

EDGEWOOD ST

S NIAGARA ST

E MINERAL DR

S IVY WAY

S JASMINE WAY

E F
RE

MO
NT

 D
R

CANOPUS DR

S W
ILL

OW ST

S JASMINE CIR

S Q
UIN

CE
 ST

WI
LT

SH
IR

E D
R

S WABASH CT

S M
ON

AC
O 

CT

E LONG CIR S

E OTERO CIR

S U
LS

TE
R S

T

S L
EY

DE
N S

T

E HINSDALE PL

S H
UDSON ST

ACRES GREEN DR

S T
AM

AR
AC

 CT

S IVY CT

OMEGA LN

E FREMONT AVE

S HUDSON CIR

E JAMISON AVE

E LONG CIR

E LONG PL

S H
UD

SO
N 

WA
Y

DENEB DR

E FREMONT PL

S QUINCE CIR

E GEDDES AVE

S LOCUST CT

S O
LIV

E C
IR

E NICHOLS DR

S GRAPE CT

E KETTLE PL

E IRWIN PL

E JAMISON PL

S NIAGARA CT

E OTERO PL

S X
EN

IA 
CT

S Q
UIN

CE
 C

T

S E
UD

OR
A S

T

REGULUS DR

E OTERO AVE

E LONG PL

E LONG AVE

S NIAGARA CT

E OTERO PL

PARKWAY DR

S E
LM

 C
T

S HUDSON ST

S NIAGARA CT

E MINERAL PL

E MINERAL PL

E L
ONG AV

E

57
30

57
40

57
50

57
10

57
00

5690

5720

56
80

5760

5770

5660

57
80 57

90

5640

5630

58
30

58
20

56
20

58
10

5840

5800

5850

58
60 5870

5880

5610

5890
5900

5600

5910
5920

59
30

5940

5590

59
50

59
60

5580

5760

5610

56
10

5730

5830

5870

57
70

5820

5870

5830

57
80

5730

5830

5620

5790

5790

5710

58405600

5740

5750
5880

5760

5720

5710

58
70

57
40

5850

5780

5730

5660

57
10

5830

5790

5800

5640

5730

5750

5870

57
30

5730

57
40

573
0

5770

56
90

5840

56
60

5640

5620

Interactive Figures (Select Below)
Study Area Map
Existing Soils Map
Existing Land Use
Existing SWMM Routing 10-ft Contours & Labels

Subwatershed & Labels

1-ft Contours
ON

OFFON
OFF

ON OFF

#* SWMM Junctions
#* SWMM Dividers

#* SWMM Outfalls
" SWMM Storage

SWMM Conduits
Study Area
Drainageway
Subwatershed

Soil Type
A
B
C
D
Water

Land Use
 5 - 10%
10 - 20%
20 - 30%
30 - 40%
40 - 50%

50 - 60%
60 -70%
70 - 80%
80 - 90%
90 - 100%

Subwatershed LabelSubbasin
Name

Area
(Ac.)

Imperv.
Ex %
Fut %

µ0 0.5 10.25
Miles

Local Roads
Major Roads

ON OFF
ON OFF

Tributaries of Willow Creek MDP - Interactive Map

1. Select Export Map... from the File menu.
2. In the Export Map dialog box, name the file and navigate to desired directory to save the file.
3. Set the save as type: to "PDF (*.pdf)."
4. In the Options group, on the General tab, set the Resolution and Output Image Quality. It is recommended that the Resolution 
= 300 dpi and the Output Image Quality = Normal to preserve the print quality.
5. On the Format tab, check Compress Vector Graphics.
6. Set Picture Symbol: to "Vectorize layers with bitmap markers/fills"
7.Check Embed All Document Fonts.
8. On the Advanced tab, set Layers and Attributes: to Export PDF Layers Only.
Important: "Export to PDF Layers Only" or "Export PDF Layers and Feature Attributes" must be selected in order to provide Map Controls.
9. Click Save

To Export the Hydrology Map to PDF:
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