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Dear Mr. MacKenzie and Project Sponsors: 
 
RESPEC is pleased to submit this report, High Line Canal Feasibility Study for Stormwater Runoff Reduction 
& Treatment. The intent of this report is to document the planning process from initiation through the 
conceptual design phase of the project. The High Line Canal is 66 miles long and runs through Douglas, 
Arapahoe, and Denver Counties, as well as through the cities of Littleton, Centennial, Greenwood Village, 
Cherry Hills Village, Denver, and Aurora. The project sponsors are the Urban Drainage and Flood Control 
District (UDFCD), Denver Water, Aurora Water, Douglas County, the City and County of Denver, and 
Arapahoe County. We appreciate the help received from project sponsors in making this project a successful 
venture.  
 
The main objectives of this study are to determine the feasibility of repurposing the existing High Line Canal 
to collect and treat the stormwater runoff that currently taxes the capacity of existing storm sewer systems 
along the High Line Canal and to develop practical solutions that can be implemented through engineering 
analysis and coordination with the project sponsors and public. Detailed hydrologic and hydraulic analyses of 
the basins tributary to the High Line Canal were prepared to evaluate the feasibility of the concept. Project 
coordination meetings were held during the planning process to present the findings and possible solutions and 
to obtain comments from the project sponsors. Based on the results of our engineering analysis, field 
observations, and comments obtained, RESPEC developed a conceptual design of two reaches to convert the 
High Line Canal to a water quality facility. This conceptual design is detailed in this Feasibility Study. 
 
The High Line Canal was divided into 52 individual design reaches. Each segment was evaluated to determine 
the amount of runoff that currently enters or could enter the canal, the storage volume available in the canal 
that could be used for water quality storage purposes, and the amount of storage needed to meet the water 
quality capture volume for the area tributary to the canal. The results of this analysis showed that there are 

canal reaches where there is excess capacity and reaches where the canal lacks adequate capacity to fully treat 
the existing and proposed canal inflows. In total, the segmentation of the canal allows the canal to temporarily 
store about 200 acre-feet of stormwater runoff, which represents about 68 percent of the needed storage volume 
to fully meet the water quality storage needs of the defined tributary area. 
 
This amount of storage also provides the opportunity for additional infiltration of about 1,000 acre-feet of 
water in an average year that is then available for use by the existing trees and shrubs, thus assisting in 
preservation of the canal’s recreational and aesthetic amenities. This can be accomplished with the addition of 
small control structures in the bottom of the canal that passively provide both the water quality and vegetation 
preservation benefits. 
 
The estimated costs of the necessary facilities for the entire canal are around $36,000,000. This amount is 
much less, however, than the alternative of not using the canal, which is estimated to cost around $75,000,000 
for water quality treatment alone. Thus, use of the canal can save several millions of dollars while preserving 
the trees that make the canal one of the most appealing recreational trails in the Denver metropolitan area. 
 
RESPEC appreciates the opportunity to prepare the High Line Canal Feasibility Study for Stormwater Runoff 
Reduction & Treatment for the UDFCD, Denver Water, Aurora Water, Douglas County, the City and County 
of Denver, and Arapahoe County. We look forward to the implementation of the facilities and concepts 
recommended in this study.  
 
Sincerely,  
 
RESPEC 
 
                    

 
 
Alan J. Leak, P.E.                                                                                         
Project Manager    
 

 
 
 

       
Jessica Nolle, P.E.  
Project Engineer 
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EXECUTIVE	SUMMARY 
This Feasibility Study presents the development, analysis, and results of the Conceptual Design phase of the 
project titled High Line Canal Feasibility Study for Stormwater Runoff Reduction & Treatment. This project 
is a jointly sponsored effort of the UDFCD, Denver Water, Aurora Water, Douglas County, the City and 
County of Denver, and Arapahoe County. 
 

PROJECT GOALS 
The purpose of the High Line Canal Feasibility Study for Stormwater Runoff Reduction & Treatment project 
is to complete a Feasibility Study analyzing the practicability of retrofitting the Denver Water High Line 
Canal for stormwater treatment and runoff reduction and to develop a conceptual plan for accomplishing 
that goal. The conceptual plan will provide guidance to the project sponsors for future construction projects 
and development plans. The primary objectives of this study are as follows: 

1. Develop a water quality hydrologic study of the area tributary to the stormwater inflow locations to 
the canal, including determining peak flow rates and annual volumes of runoff available to divert to 
the canal at each crossing for existing and future land-use conditions and determining the effect of 
upstream detention facilities on these peak flow rates and annual runoff volumes.  

2. Prepare a hydraulic evaluation of each reach of the canal, including estimates of the annual volume 
lost to evaporation, seepage, and evapotranspiration, and an estimate of the volume of storage 
available for stormwater storage. 

3. Develop a conceptual plan for integration of water quality facilities into the canal, including 
concepts for the type and configuration of bioretention facilities, strategies for maintaining the 
existing park aesthetic, plans for optimizing storage volume while minimizing problems associated 
with standing water, plans for diverting water into and discharging water out of each canal segment, 
estimates of vegetative consumptive use, and cost estimates for retrofitting storm sewer networks, 
construction of water quality facilities, and operation and maintenance. 

4. Evaluate the conceptual plan to identify benefits, constraints, and solutions for plan implementation 
as well as the economic feasibility of the conceptual plan.  

 

PLANNING PROCESS 
A project advisory committee consisting of representatives from the project sponsors and stakeholders met 
periodically during the study process. Several progress meetings were held during this period. The project 
sponsors for this study are the UDFCD, Denver Water, Aurora Water, Douglas County, the City and County 
of Denver, and Arapahoe County. Project stakeholders include Aurora Parks & Open Space, South 
Suburban Parks and Recreation, Denver Parks, Southeast Metro Stormwater Authority (SEMSWA), and the 
cities of Centennial, Cherry Hills Village, Greenwood Village, and Littleton. The meetings were used 
primarily to exchange information and to discuss ideas and findings for the study.  

Table ES-1 presents the project meeting participants and their affiliations. 
 

Table ES-1 
Project Meeting Participants 

Participant Name Organization 

Ken MacKenzie UDFCD 

Shannon Carter Arapahoe County Open Space 

Mark Brown Arapahoe County Public Works 

Pat Schuler Aurora Parks, Recreation & Open Space 

Tracy Young Aurora Parks, Recreation & Open Space 

Lisa Darling Aurora Water 

Tom Ries Aurora Water 

Jeff Brasel Centennial 

Jay Goldie Cherry Hills Village 

Darren Mollendor City and County of Denver Public Works 

Sarah Anderson City and County of Denver Public Works 

Scott Gilmore Denver Parks 

Tom Roode Denver Water 

Garth Englund Douglas County Engineering 

Erik Nelson Douglas County Engineering 

Randy Burkhardt Douglas County Parks 

Suzanne Moore Greenwood Village 

David Flaig Littleton 

Alan Leak RESPEC 

Nathan Torrey RESPEC 

Lanae Raymond SEMSWA 

Paul Danley SEMSWA 

Will Singleton Singleton Strategies 
Brett Collins South Suburban Parks and Recreation 
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PROJECT AREA DESCRIPTION 
The High Line Canal is 66 miles long and passes through Douglas, Arapahoe, and Denver Counties, as well 
as through the cities of Littleton, Centennial, Greenwood Village, Cherry Hills Village, Denver, and Aurora. 
A vicinity map is provided in Figure ES-1 at the end of this section. The southern study area boundary is 
just south of the south limit of Chatfield Reservoir, near the inflow point of the South Platte River. The 
canal generally travels to the northeast from this location. The northern/eastern study area boundary is just 
west of First Creek, very near the boundary between the cities of Denver and Aurora in Denver County. 
Basins that drain to the High Line Canal have a total drainage area of approximately 26 square miles. 
Currently the High Line Canal is owned by Denver Water and is used to deliver water to 80 customers. 
Denver Water is investigating plans to cease its use of the canal in the future. 
 
Multiple watersheds pass through the study area, generally from the southeast to the northwest, including, 
from south to north, Little Willow Creek, Willow Creek, Plum Creek, Spring Gulch, Marcy Gulch, Dad 
Clark Gulch, Lee Gulch, Big Dry Creek, Little Dry Creek, Greenwood Gulch, Blackmer Gulch, Goldsmith 
Gulch, Cherry Creek, Westerly Creek, West and East Toll Gate Creek, Sand Creek, and First Creek. 
 
Existing land use within the study area varies, but the great majority of existing land use tributary to the 
canal is residential. Future land use will generally be an expansion of the existing land use. The majority of 
the soils belong to the Type C Hydrologic Soil Group with about a quarter of the soils being classified as 
Type B. 
 

FEASIBILITY STUDY AND CONCEPTUAL DESIGN 
The Feasibility Study and Conceptual Design process determined that it is indeed feasible to use the High 
Line Canal as a stormwater runoff water quality facility both from a physical hydraulic perspective and from 
a cost-savings perspective, especially if future water quality regulations require not only new and 
redevelopment but also existing development not currently treating stormwater runoff to retrofit their sites 
to provide treatment. An additional benefit not initially seen as a major component of a retrofit of the High 
Line Canal is that the proposed improvements would allow stormwater runoff to provide water to the 
extensive stand of existing trees along the canal that would otherwise be deprived of their historic source of 
water as Denver Water continues to reduce the use of the canal to transport water to its customers. 

The following general considerations were accounted for during the development of the Feasibility Study 
and Conceptual Design: 

 Allow the existing canal to be used to the fullest extent possible in terms of the volume available to 
store stormwater runoff and the amount of time the runoff can be stored in order to provide the most 
benefit from both a water quality standpoint and a vegetation maintenance standpoint. 

 Provide trash and debris control at the inflow points into the canal. 

 Provide or maintain access and facilities design that considers maintenance preferences of the local 
jurisdictions. 

 Design facilities with the understanding that while the intent may be to treat the water quality 
capture volume, larger storms will need to be accommodated without undermining the integrity of 
the proposed facilities or cause a new flood risk to adjacent properties. 

 Consider the aesthetics and potential health and safety concerns of the High Line Canal corridor 
from the perspective of the High Line Canal trail users and nearby residents. 
 

Figures ES-2 through ES-4 show the length of the canal, the tributary areas draining to it, the water quality 
capture volume required for each of those tributary basins, and the volume the canal is capable of providing. 
These figures are located at the end of this section. 
 

PRIORITY AND PHASING 
Priority and phasing of the conceptual design should be determined by each local jurisdiction as it envisions 
either the need for water quality treatment of tributary development stormwater runoff or the benefit of 
stormwater runoff to be used to provide irrigation to the existing trees along the canal. Phasing may also 
depend on the timing of the termination of Denver Water’s use of each reach of the canal to provide water to 
adjacent users. As a first phase, all jurisdictions should consider construction of only the control structures 
and associated outlet piping in any areas where stormwater flows currently enter a canal segment. Also as a 
first phase, consideration should be given to constructing forebays on existing inflow points to minimize the 
amount of trash and debris that currently enters the canal. Having these items as a first phase will be 
relatively inexpensive compared to constructing all the diversion storm sewer systems into the canal. In 
addition, these first phase items would provide experience on the operation and maintenance of the facilities 
before full implementation of the plan presented herein.  
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1.0  INTRODUCTION 
This Feasibility Study presents the development, analysis, and results of the project titled High Line Canal 
Feasibility Study for Stormwater Runoff Reduction & Treatment. This Feasibility Study consisted of an 
evaluation of the hydrology of the High Line Canal, an analysis of that hydrology as it pertains to water 
quality volumes, development of the canal’s hydraulic characteristics, and the development of a hydraulic 
conceptual design to use the canal to maximize treatment of urban runoff while also preserving the existing 
vegetation within the canal. 
 

1.1 AUTHORIZATION 
The UDFCD contracted with RESPEC to investigate the feasibility of repurposing the Denver Water High 
Line Canal for stormwater treatment and runoff reduction per agreement number 13-08.04. The project 
sponsors were the UDFCD, Denver Water, Aurora Water, Douglas County, the City and County of Denver, 
and Arapahoe County. RESPEC received a Notice-To-Proceed on August 13, 2013 with the signing of the 
contract. 
 

1.2 PROJECT PURPOSE AND GOALS 
The High Line Canal Working Group, a group formed in part to work to enhance and protect the unique 
recreation experience along the High Line Canal, approached the UDFCD with the idea that the canal might 
be used as a drainage or flood control mechanism. While not ideally situated for flood control or drainage, 
the UDFCD recognized that the canal did have great potential to serve those two separate but interdependent 
functions. Using the canal as a water quality facility would not only provide treatment for a great deal of 
tributary area not currently being treated, it would also provide much needed irrigation water to the existing 
stand of trees along the canal in the process. This study has its origins in that idea. 

The purpose of this study is to determine the feasibility of repurposing the existing High Line Canal to 
collect and treat stormwater runoff from areas draining to the High Line Canal and to develop practical 
solutions that can be implemented through engineering analysis and coordination with the project sponsors 
and public. The High Line Canal is currently owned and operated by Denver Water and, at its current usage 
rates for irrigation water deliveries, is an inefficient water delivery facility. Denver Water wishes to cease 
use of the canal for water delivery in the future and would like to examine options to repurpose the canal for 
use as a water quality facility for stormwater treatment. This report will assess existing facilities, evaluate 
the feasibility of using the canal for water quality treatment, and develop a conceptual plan for converting 
the canal to this use. 

The following is the scope of work selected for this project: 
 
 Coordinate and meet with project sponsors and other stakeholders to gather information and input. 
 

 Gather and assemble available information on existing and planned drainage facilities, stormwater 
quality needs of sponsors and stakeholders, development plans for areas draining to the High Line 
Canal, existing drainage problems regarding crossings of the High Line Canal, and other applicable 
information. 

 
 Develop base mapping of the High Line Canal, including existing headgate locations, existing users, 

existing stormwater inflow and outflow locations and facilities, locations of future stormwater crossings, 
and other applicable information. 

 
 Develop a water quality hydrologic study of the area tributary to the stormwater inflow locations to the 

canal, including determining peak flow rates and annual volumes of runoff for the 2-year and 80th 
percentile runoff (90th percentile precipitation) events. Determine the quantity of runoff available to 
divert to the canal at each crossing for existing and future land-use conditions and determining the effect 
of upstream detention and water quality facilities on these peak flow rates and annual runoff volumes. 

 
 Prepare a hydraulic evaluation of each reach of the canal, including estimates of the annual volume lost 

to evaporation, seepage, and evapotranspiration and an estimate of the volume of storage available for 
stormwater treatment. 

 
 Develop a conceptual plan for integration of water quality facilities into the canal, including concepts for 

the type and configuration of bioretention facilities, strategies for maintaining the existing park 
aesthetic, plans for optimizing storage volume while minimizing problems associated with standing 
water, plans for diverting water into and discharging water out of each canal segment, estimates of 
vegetative consumptive use, and cost estimates for retrofitting storm sewer networks, construction of 
water quality facilities, and operation and maintenance. 
 

 Evaluate the conceptual plan to identify benefits, constraints, and solutions for plan implementation as 
well as the economic feasibility of the conceptual plan, including infrastructure; environmental; 
operation and maintenance; legal, regulatory, and permitting; and public health and safety 
considerations. 
 

 Develop a conceptual design, including a construction cost estimate for a pilot project downstream of 
Fairmount Cemetery, including retrofitting existing storm sewers to provide for inflow into and outflow 
out of the new water quality facility and the facilities and appurtenances necessary for water treatment. 

 

1.3 PLANNING PROCESS 
RESPEC, the project sponsors, and other stakeholders met periodically during the study process. The 
project sponsors for this study are the UDFCD, Denver Water, Aurora Water, Douglas County, the City and 
County of Denver, and Arapahoe County. Other project stakeholders include Aurora Parks & Open Space, 
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South Suburban Parks and Recreation, Denver Parks, SEMSWA, and the cities of Centennial, Cherry Hills 
Village, Greenwood Village, and Littleton. Meetings consisted of a kickoff meeting and project progress 
meetings. Meeting minutes are included in Appendix A of this report. A brief description of each meeting is 
presented below: 
 

 Meeting:  Kickoff Meeting  
Date:  September 5, 2013 
Time:  1:30 pm  
 

Description: Project sponsors, stakeholders, and RESPEC met to kick off the study and discuss the project, 
project area, available data, goals, and priorities.  

 Meeting:  Progress Meeting No. 1 
Date:  October 3, 2013 
Time:  1:30 pm  
 

Description: Project sponsors and RESPEC met to discuss the progress of the project, development of the 
base mapping, and beginning the hydrologic analysis. Sediment and trash/debris control were discussed.  

 
 Meeting:  Progress Meeting No. 2 

Date:  November 7, 2013 
Time:  1:30 pm  
 

Description: Project sponsors, stakeholders, and RESPEC met to discuss project progress, including the 
hydrologic analysis and canal hydraulic characteristics. The meeting also included discussions regarding 
sediment inflows and inflow and diversion structures. 

 Meeting:  Progress Meeting No. 3 
Date:  December 5, 2013 
Time:  1:30 pm  
 

Description: Project sponsors, stakeholders, and RESPEC met to discuss project progress, including 
finalizing the hydrologic analysis and canal hydraulic characteristics. Base mapping and data collection are 
complete. Available storage volume versus required water quality volume, an infiltration analysis, and 
possible solutions to volume differences were discussed.  

 Meeting:  Progress Meeting No. 4 
Date:  January 2, 2014 
Time:  1:30 pm  
 

Description: Project sponsors, stakeholders, and RESPEC met to discuss project progress, including further 
discussions on the hydrologic analysis and canal hydraulic characteristics. Available storage volume versus 

required water quality volume, an infiltration analysis, and possible solutions to volume differences were 
further discussed as well as canal appurtenances that would be necessary.  

 Meeting:  Progress Meeting No. 5 
Date:  February 6, 2014 
Time:  1:30 pm  
 

Description: Project sponsors, stakeholders, and RESPEC met to discuss project progress, including 
finalizing the conceptual plan, the need for public presentations, and determining the location of the pilot 
project. Discussion also included criteria used to establish design reaches, inflow and discharge locations, 
and a conceptual outlet structure.  

 Meeting:  Progress Meeting No. 6 
Date:  March 6, 2014 
Time:  1:30 pm  
 

Description: Project sponsors, stakeholders, and RESPEC met to discuss project progress, including local 
sponsor comments received on the design reaches and criteria for locating the pilot project reach. Water 
rights concerns were discussed as well as water quality concerns and a cost/benefit analysis of the 
improvements.  

 Meeting:  Progress Meeting No. 7 
Date:  June 5, 2014 
Time:  1:30 p m  
 

Description: Project sponsors, stakeholders, and RESPEC met to discuss the project progress, including 
revisions to the design reaches, and the results of the development of the pilot project, including various 
issues that will need to be addressed for each of the reaches as they are converted to water quality treatment 
basins. The meeting included a discussion on potential water rights issues based upon information from the 
Colorado State Engineer’s Office. 
 
 Meeting:  Progress Meeting No. 8 

Date:  July 17, 2014 
Time:  1:30 p m 
 

Description: Project sponsors and stakeholders provided comments on the Draft Feasibility Report. Written 
comments received on the Draft Feasibility Report after Progress Meeting No. 8 are also included in 
Appendix A. Additional editorial comments from project sponsors and stakeholders have not been included. 
 

1.4 MAPPING AND SURVEYS 
Topographic mapping and existing storm sewer infrastructure information for this study were provided by 
the various sponsors and stakeholders. The topographic mapping was developed in 2008 and has a contour 
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interval of 2 feet. All topographic mapping is on the North American Vertical Datum 1988 (NAVD 88) and 
North American Datum 1983 (NAD 83), State Plane Colorado (North). Aerial photography, dated 2011, 
was also provided by UDFCD. 

1.5 DATA COLLECTION 
A portion of the data utilized in developing this study originated from other sources. Some of the hydrologic 
data for the study area, including subbasin data and Environmental Protection Agency Storm Water 
Management Model (EPA SWMM) routing, was originally established as part of one of several master 
planning documents referenced by this study. These include the City and County of Denver Storm Drainage 
Master Plan from June 2009; the Denver High Line Canal (Dad Clark Gulch to Mississippi Avenue) Major 
Drainageway Planning from June 2004; the Major Drainageway Plan for Westerly Creek (Upstream of the 
Westerly Creek Dam) from October 2013; the West Toll Gate Creek Watershed Baseline Hydrology Report 
Update from September 2011; and the Toll Gate Creek and East Toll Gate Creek (Downstream of 
Hampden) Baseline Hydrology Report from April 2012. Additional data was received from the project 
sponsors, including geographic information system (GIS) data, drainage reports and plans, as-built 
construction plans, and detention pond data between October 2013 and May 2014. Table 1-1 provides a 
summary of the data collected for the study.  

 
Table 1-1 

Data Collected for Study 

Document Type Description Provided By 

Aerial Image Aerial Image UDFCD 

As-Built Drawings As-Built Infrastructure 
Douglas County, Aurora Water,  
City and County of Denver 

GIS Shape Files 
Parcels, Storm 
Infrastructure 

Aurora Water, Denver, Denver Water, Douglas 
County, Greenwood Village, Littleton, SEMSWA 

Reports and Plans 
Drainage Reports, 
Construction Plans  

Cherry Hills Village 

Topographic Mapping 2-foot contour data UDFCD 
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Shannon Carter, Arapahoe County Open Space Darren Mollendor, City and County of Denver 
Mark Brown, Arapahoe County Public Works Garth Englund, Douglas County Engineering 
Lisa Darling, Aurora Water Erik Nelson, Douglas County Engineering 
Tom Ries, Aurora Water Randy Burkhardt, Douglas County Parks 
Tom Roode, Denver Water  
 
RESPEC Project Consultant Team: 
Alan Leak, Project Manager Jessica Nolle, Project Engineer 
Nathan Torrey, Project Engineer  
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provided valuable feedback and support throughout the process of developing this study. 
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Table 1-2 
Project Meeting Participants 

Participant Name Organization 

Ken MacKenzie UDFCD 

Shannon Carter Arapahoe County Open Space 

Mark Brown Arapahoe County Public Works 

Pat Schuler Aurora Parks, Recreation  & Open Space 

Tracy Young Aurora Parks, Recreation  & Open Space 

Lisa Darling Aurora Water 

Tom Ries Aurora Water 

Jeff Brasel City of Centennial 

Jay Goldie Cherry Hills Village 

Darren Mollendor City and County of Denver Public Works 

Sarah Anderson City and County of Denver Public Works 

Scott Gilmore Denver Parks 

Tom Roode Denver Water 

Garth Englund Douglas County Engineering 

Erik Nelson Douglas County Engineering 

Randy Burkhardt Douglas County Parks 

Suzanne Moore City of Greenwood Village 

David Flaig City of Littleton 

Alan Leak RESPEC 

Nathan Torrey RESPEC 

Lanae Raymond SEMSWA 

Paul Danley SEMSWA 

Will Singleton Singleton Strategies 
Brett Collins South Suburban Parks and Recreation 

	
2.0  BACKGROUND INFORMATION	
The High Line Canal has been in existence in the Denver metropolitan area for nearly 135 years. It has 
served both to transport irrigation water and to provide recreation activities for local residents. Water quality 
treatment requirements for stormwater runoff have existed on a federal, state, and municipal level for more 

than two decades. This section discusses the history of both the canal and water quality requirements to 
provide context for this Feasibility Study. 
 

2.1 CREATION AND USE OF THE HIGH LINE CANAL 
Construction of the High Line Canal began in 1879 and was completed in 1883. The Northern Colorado 
Irrigation Company built it as a gravity-flow transbasin water diversion to supply South Platte River water 
from Waterton Canyon to numerous agricultural and institutional users located on the plains south and east 
of Denver. However, the High Line Canal did not provide a reliable source of water to users along its 66 
miles of length until it was sold to the Antero and Lost Park Reservoir Company in 1909. In 1916, the City 
of Denver purchased the Denver Union Water Company, which became the Denver Water Board, and the 
Denver Water Board acquired the High Line Canal in 1924. The High Line Canal is currently owned and 
operated by Denver Water. 

In the 1970s, recreational use agreements were established between Denver Water and the various 
municipalities the High Line Canal passes through. As land use gradually transitioned from agricultural use 
to commercial and residential uses, the number of consumers of High Line Canal water was reduced. The 
canal currently still functions to deliver water to about 80 customers up to the Fairmount Cemetery but is 
primarily used as a recreational corridor. 

The current capacity of the High Line Canal is approximately 600 cubic feet per second (cfs) at the headgate 
at a depth of about 6 feet, but in more recent years it has been running at an average depth of only about 3 
feet. For the current customers, the High Line Canal is very inefficient. Only about 30 percent of the water 
put into the canal actually reaches the current water customers. Due to this inefficiency, combined with the 
reduced number of users, Denver Water is currently exploring the possibility of ceasing the use of the High 
Line Canal as a water delivery facility and using alternative water sources to supply the remaining 
customers.  
 
The High Line Canal is one of the premier recreational corridors in the Denver metropolitan area, with a 
multiuse trail running adjacent to the canal for its entire length that provides local users a dense canopy of 
cottonwood trees under which they can ride bikes or horses, run, hike, and picnic. In an effort to protect this 
recreation experience for the entire Denver metropolitan area, the High Line Canal Working Group was 
formed in 2010. This Group is a collaborative organization that works to secure funding for and implement 
projects that will help enhance and protect the unique recreation experience along the High Line Canal. 
Their vision statement is that the “High Line Corridor be protected forever as an intimate treasure and 
continuous recreation experience along a historic, naturally scenic canal.” 
 
Some of the Group’s goals and values are to identify and pursue open space properties near the High Line 
Canal that enhance conservation values; to preserve and enhance the overall trail experience; to preserve 
views and vistas; to preserve and enhance recreational opportunities for all citizens; and to preserve and 
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enhance the historic canopy that defines the canal. The Group members and participating entities are as 
follows. 
 

HIGH LINE CANAL WORKING GROUP 

Members Participating Entities 
Arapahoe County Adams County 
City of Aurora Arapahoe County Open Space and Trails Advisory Board 
City of Centennial Cherry Hills Land Preserve 
City of Cherry Hills Village Colorado Division of Wildlife  
City and County of Denver Colorado State Parks 
Douglas County Denver Parks and Recreation 
City of Greenwood Village Denver Water  
Highlands Ranch Metropolitan District High Line Canal Preservation Association 
City of Littleton Sand Creek Regional Greenway 
South Suburban Park and Recreation District South Metro Land Conservancy  
 South Suburban Park Foundation 
 The Trust for Public Land 
 
As the use of the canal itself continues to transition away from being a water supply facility, the many other 
current and potential uses remain to be explored. The recreational use of the canal corridor is well-
established and worthy of being maintained. The mechanism by which the aesthetic of the corridor can be 
maintained once the canal is no longer filled with irrigation water is currently under discussion. The 
feasibility of potential future use of the canal itself as a stormwater treatment and runoff reduction facility is 
being explored by this study. It is desirable to incorporate this use as part of the plan to help preserve and 
enhance the recreational use of the High Line Canal. 
 

2.2 PAST STUDIES 
A detailed hydrologic analysis was performed for the reach of the High Line Canal between Dad Clark 
Gulch and Mississippi Avenue, including delineation of the 100-year floodplain. This is the only previous 
hydrologic study that focused directly on the canal’s flood conveyance capacity and on the inflows to and 
outflows from the canal during major storm events on the High Line Canal. Many other planning studies 
have been completed for the various drainageways that pass through the High Line Canal. Previous 
hydrologic studies within the study area that have been conducted include the following: 

 Denver High Line Canal (Dad Clark Gulch to Mississippi Avenue) Major Drainageway Planning, 
Phase B Preliminary Design, June 2004, WRC Engineering, Inc. 

 Flood Hazard Area Delineation Marcy Gulch, February 1983, Jack G. Raub Company 

 Major Drainageway Planning Sand Creek South Platte River to East Corporate Boundary of 
Aurora, Colorado, Development of Preliminary Plan – Phase B, January 1984, Simons, Li & 
Associates, Inc. 

 Flood Hazard Area Delineation Spring Gulch, December 1986, Jack G. Raub Company 

 Outfall Systems Planning Lower Dad Clark Gulch and DFA 0068, February 1991, Centennial 
Engineering, Inc. 

 Major Drainageway Planning Granby and Sable Drainageways Phase B Preliminary Design, 
March 1991, Kiowa Engineering Corporation 

 Major Drainageway Planning Sand Creek South Platte River to East Corporate Boundary of 
Aurora, Colorado, Development of Preliminary Plan – Phase B, January 1984, Simons, Li & 
Associates, Inc. 

 Major Drainageway Planning of Denver High Line Canal and Little Dry Creek Watershed (Arapco) 
Phase A Alternatives Evaluation Report, May 2003, WRC Engineering, Inc. 

 2003 Irondale Gulch Watershed Master Plan Implementation Hydrology Model Update, July 2003, 
Boyle Engineering 

 Flood Hazard Area Delineation Plum Creek and East Plum Creek Douglas County, Colorado, 
August 2004, Icon Engineering, Inc. 

 City and County of Denver Storm Drainage Master Plan, June 2009, Matrix Design Group 

 Westerly Creek Drainageway Update (Downstream of Westerly Creek Dam), Major Drainageway 
Plan Conceptual Design Report, July 2010, Kiowa Engineering Corporation 

 West Toll Gate Creek Watershed Baseline Hydrology Report Update, September 2011, Enginuity 
Engineering Solutions, LLC and Michael Baker, Jr., Inc. 

 Toll Gate Creek and East Toll Gate Creek (Downstream of Hampden) Major Drainageway Plan 
Baseline Hydrology Report, April 2012, J3 Engineering Consultants 

 High Line Canal Preservation and Enhancement Planning Study, August 2012, Applied Design 
Services 

 Flood Hazard Area Delineation Sand Creek Colfax to Yale, October 2012, Matrix Design Group 

 Major Drainageway Plan and FHAD for Westerly Creek (Upstream of the Westerly Creek Dam) 
Baseline Hydrology Report, October 2013, CH2M Hill 

 Westerly Creek (Upstream of the Westerly Creek Dam) Major Drainageway Plan Baseline 
Hydrology Report, November 2013, CH2M Hill 

 

2.3 WATER QUALITY REQUIREMENTS 
The Clean Water Act (CWA) is the primary federal law in the United States that governs water pollution. It 
was enacted in 1972 with one of its goals being to restore and maintain the chemical, physical, and 
biological integrity of the nation’s waters by preventing point and nonpoint pollution sources. CWA also 
introduced the National Pollutant Discharge Elimination System (NPDES), which is the permit system for 
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regulating point sources of pollution. Point sources are point discharges from man-made conveyance 
facilities. Industrial, municipal, and other defined facilities must obtain NPDES permits if their discharges 
go directly to surface waters. Point sources include: 
 

 Industrial facilities, such as manufacturing, mining, oil and gas extraction, and service industries, 
 Municipal governments and other government facilities, such as military bases, and 
 Some agricultural facilities, such as animal feedlots. 

 
Polluted stormwater runoff is commonly transported through a Municipal Separate Storm Sewer System 
(MS4), which is a system of conveyances that is owned by a state, city, town, or other public entity that 
discharges stormwater into local waterbodies. Many public entities are now required to obtain an MS4 
permit to operate their storm sewer systems. Several conditions are attached to the permit, among them 
being that the permittee must develop a program to reduce the amount and type of pollution generated that 
ends up in local waterbodies. 
 
Local MS4 permits currently require new development and redevelopment projects to incorporate water 
quality treatment measures to treat the stormwater runoff from these projects prior to discharging it into 
local waterbodies. Types of water quality treatment facilities include water quality ponds, rain gardens, sand 
filters, and subgrade treatment vaults, to name a few. It is possible in the future that MS4 permits may 
require water quality treatment of stormwater runoff coming from existing development. This will likely be 
a difficult goal to meet in areas where development is fairly dense and there is little room to provide a 
retrofit water quality pond or treatment facility. The High Line Canal facility presents a rare opportunity to 
potentially provide that water quality treatment for areas that were developed prior to water quality facilities 
being part of a typical development landscape. Its use provides an opportunity to take credit for treatment in 
the canal against future redevelopment in the tributary watershed where there is insufficient room to 
construct above-ground treatment facilities. 
 

3.0  TRIBUTARY AREA HYDROLOGIC ANALYSIS 

3.1 OVERVIEW 
A feasibility-level hydrologic analysis was performed for the areas draining to the High Line Canal to 
determine peak flow rates and volumes for existing and future development conditions. Peak flow rates 
were developed for this study for the 2-year precipitation event and for a water quality precipitation event. 
The water quality event modeled is the 80th percentile runoff event, a 2-hour design storm based on a 0.53-
inch 1-hour point rainfall distributed temporally as a 0.61-inch 2-hour rainfall. Colorado Urban Hydrograph 
Procedure (CUHP) version 1.4.3 was used in conjunction with EPA SWMM version 5.0.022 to develop the 
peak flow rates and volumes for each event. 
 

3.2 ANALYSIS 
The High Line Canal traverses several major drainageway watersheds throughout the Denver metropolitan 
area. Many of these watersheds have been studied in detail by the UDFCD, and some are currently having 
their studies updated. Subbasin delineations and characteristics were taken from several of these major 
drainageway plans for use in this study. The following is a summary of the major drainageway plans 
referenced in this study: 
 
 City and County of Denver Storm Drainage Master Plan, June 2009 

 
 Denver High Line Canal (Dad Clark Gulch to Mississippi Avenue) Major Drainageway Planning 

Phase B Preliminary Design, June 2004 
 

 Irondale Gulch Watershed Master Plan Implementation Hydrology Update, July 2003 
 
 Major Drainageway Plan and FHAD for Westerly Creek (Upstream of the Westerly Creek Dam), 

Baseline Hydrology Report (Draft), October 2013 
 
 Toll Gate Creek and East Toll Gate Creek (Downstream of Hampden), Major Drainageway Plan, 

Baseline Hydrology Report, April 2012 
 
 West Toll Gate Creek Watershed, Baseline Hydrology Report Update, September 2011 

 
Where areas included in the 2009 Denver Storm Drainage Master Plan overlapped with areas covered by the 
2004 High Line Canal Major Drainageway Plan, precedence was given to the Denver Master Plan because it 
is more recent and has been updated with the more current storm sewer information. 
 
The Denver Storm Drainage Master Plan and Denver High Line Canal Major Drainageway Plan were 
completed using the Urban Drainage Storm Water Management Model (UDSWM). UDSWM utilizes 
lengths and slopes of the elements as input. EPA SWMM adds the requirement for node elevations. 
Therefore, in order to convert the UDSWM model files to EPA SWMM, elevations were estimated for each 
node based on the study base topographic mapping. 
 
The EPA SWMM routing for the Majestic Commerce Center, located just north of I-70, was taken directly 
from the Denver Storm Drainage Master Plan. The hydrologic analysis for the Majestic Commerce Center is 
included in the Irondale Gulch Watershed Master Plan Implementation Hydrology Model Update, dated 
July 2003. The Denver Storm Drainage Master Plan incorporated the hydrologic analysis from the 2003 
Irondale Gulch study for the Majestic Commerce Center. 
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A significant amount of land drains toward the High Line Canal. Most of this land area drains to one of the 
several major drainageways that cross the canal. For the purpose of this project, these lands were not 
considered to drain to the canal itself, as these major drainageways will continue to pass under or over the 
canal as they have historically. These major drainageways are First Creek, Sand Creek, East and West Toll 
Gate Creeks, Cherry Creek, Goldsmith Gulch, Blackmer Gulch, Greenwood Gulch, Little Dry Creek, Big 
Dry Creek, Lee Gulch, Dad Clark Gulch, Marcy Gulch, Spring Gulch, Willow Creek, and Little Willow 
Creek. 
 
As a result, the subbasin areas considered treatable by the High Line Canal for water quality are generally 
those areas very near the canal itself and are not tributary to a major drainageway prior to entering the canal.  
 

3.4 DESIGN RAINFALL 
The 1-hour point design rainfalls for the study area were obtained using the UDFCD design spreadsheet, 
UD-Rain version 1.01. The UD-Rain software requires the user to select a predetermined location that best 
represents the project location. The Greenwood Village City Hall was chosen to be representative for this 
for this study. This study only utilized the 2-year event and the water quality event. The 2-year event one-
hour point rainfall is 0.95 inches and the water quality event one-hour rainfall is 0.53 inches 
 
CUHP version 1.4.3 was used to create a 2-hour design storm distribution with a 5-minute time interval for 
each storm frequency using the 1-hour point rainfall depths. All tributary basins within the study area are 
significantly less than 10 square miles, so area adjustment factors were not required. The rainfall 
distributions produced by CUHP are included in Appendix B. 
 

3.5 SUBBASIN CHARACTERISTICS 
The subbasin input parameters required for CUHP are subbasin identification number, drainage area, 
subbasin length, distance to subbasin centroid, subbasin slope, future development percent imperviousness, 
depression losses, and infiltration rates. Subbasin parameters were computed using ArcGIS or, where 
available, were obtained from the previously prepared master plans. A summary of the CUHP input 
parameters, the source of the data on subbasin characteristics, and the CUHP water quality output are 
included in Appendix B. 
 

As a general rule, UDFCD recommends that individual subbasins average no more than 100 acres in size 
and no single subbasin shall exceed 130 acres. For the study area, 229 subbasins were delineated with an 
average size of 74 acres. Only 15 subbasins were larger than 130 acres, and only 6 of those were larger than 
150 acres. The average subbasin slope was 2.2 percent. Only 16 subbasins had slopes greater than 4 percent. 
For the purposes of this Feasibility Study, these were all considered acceptable. 
 
Soils information was obtained from the National Resources Conservation Service (NRCS) Web Soil 
Survey. Infiltration parameters were assigned to each hydrologic soil group as recommended in Table RO-7 
of the Urban Storm Drainage Criteria Manual (USDCM). Composite infiltration parameters weighted by 
area were then determined for each subbasin. Depression losses were estimated as recommended in Table 
RO-6 of the USDCM. The directly connected impervious area level was set at zero.  
 

3.6 HYDROGRAPH ROUTING 
Hydrograph routing was performed in EPA SWMM version 5.0.022. Input includes nodes (junctions and 
dividers), conduits, storage units and outlets, and outfalls. The model input parameters for junctions include 
node identifier and invert elevation. Dividers also require overflow and diverted link identifier. Input 
required for conduits include conduit identifier, upstream and downstream node identifiers, shape, 
maximum depth, length, and roughness. Input required for storage units include storage unit identifier, 
invert elevation, maximum depth, and a stage-area relationship. Input required for storage outlets include 
outlet identifier, upstream and downstream node identifiers, and a stage-discharge relationship. Input 
required for outfalls include the outfall identifier and invert elevation. 

4.0 WATER QUALITY HYDROLOGY 
In the development of this Feasibility Study, there were discussions about which best management practices 
(BMP) model would be best suited for use in the retrofit of the High Line Canal. The mechanisms by which 
stormwater runoff can be treated in various BMP facilities include sedimentation, filtration, straining, 
adsorption/absorption, biological uptake, and hydrologic processes such as infiltration and 
evapotranspiration. The physical characteristics of the canal lend themselves most ideally to an extended 
detention basin, bioretention basin, or sand filter model. Filtration, sedimentation, straining, and 
adsorption/absorption are all likely to occur naturally once the canal is retrofitted. A hybrid of an extended 
detention basin and a bioretention basin was chosen as the model that would be followed in the course of 
this study. 
 
A subbasin’s Water Quality Capture Volume (WQCV) is based on the subbasin’s area and imperviousness 
and on the desired drain time of the WQCV. Consultation with UDFCD resulted in the following method 
being selected to determine the WQCV. 
 

Because the 2003 Irondale Gulch hydrologic model that served as the basis for the Denver 
Storm Drainage Master Plan was subsequently found to be seriously flawed, the 2011 Irondale 
OSP should be used instead as the basis for design of improvements for all affected reaches of 
the High Line Canal. 
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The WQCV for this study is computed using the following equation: 
 

WQCV = 0.22IT0.19 
 

Where: 
 

WQCV = Water Quality Capture Volume (watershed inches) 
T = Drain time (hours) 
I = Imperviousness expressed as a decimal 

 
 
The BMP storage volume needed to capture the entire WQCV is calculated using the following equation: 
 

V = (WQCV/12)A 
 
Where: 
 
WQCV = Water Quality Capture Volume (watershed inches) 
V = BMP storage volume to capture WQCV (acre-feet) 
A = Watershed area (acres) 

 
A drain time of 24 hours was used to calculate the WQCV although the basins themselves will be designed 
to drain in 72 hours. The 24-hour drain time was chosen for calculation purposes for two reasons. The first 
is that the goal of the project was to be able to capture and treat all the runoff from 80 percent of all runoff 
events (90 percent of all precipitation events). This is estimated to result in removal of between 80 percent 
and 90 percent of the annual total suspended solids (TSS) load. The second is that a 24-hour drain time is 
midway between the recommended drain time of a bioretention basin (12 hours) and an extended detention 
basin (40 hours), and the proposed High Line Canal facilities have characteristics of both types of facilities. 

5.0 HIGH LINE CANAL REACH DESIGNATION & HYDRAULIC ANALYSIS 

5.1 CANAL PHYSICAL CHARACTERISTICS 
The High Line Canal drops approximately 132 feet over 66 miles, yielding an average channel slope of 2 
feet per mile or 0.04 percent. The bottom width of the canal varies from approximately 9 to 10 feet at the 
most upstream and downstream ends of the canal to as much as 20 to 21 feet in some of the more central 
portions of the canal. Side slopes are generally steep and were assumed 2H:1V for the entire length of the 
canal. 
 

5.2 WATER QUALITY CAPACITY REQUIREMENTS 
The High Line Canal was divided into 52 individual design reaches. Initially the reaches were established to 
each be almost exactly 1 mile long. Although the canal typically has the capacity to hold up to about 6 feet 
of water before overtopping, a treatment depth of 3 feet was assumed at the downstream end of each reach 
as this is generally the recent historic depth of water in the canal. This assumption yields a depth of about 1 
foot at the upstream end of the reach, assuming water is allowed to pond over the entire length of the reach. 
Reach boundaries were then adjusted to better distribute stormwater inflows and to coincide with the 
locations of existing storm sewers that could serve to pass water out of the canal.  
 
If a design reach is segmented into two separate basins by constructing a berm at the midpoint of the reach, 
with the upstream segment draining to the downstream segment prior to discharging from the canal, the 
resulting two segments in that reach will be able to store significantly more water than if the mid-reach berm 
were not constructed. If the water is again allowed to pond to 3 feet at the downstream end of both segments 
within reach, 30 to 40 percent more water can be stored than with a single mile-long basin. A summary of 
the design reach characteristics, including reach length, tributary area, design WQCV, canal volume 
available, and design peak inflow rate, is included in Table 4-1. Assuming each of the 52 design reaches 
was a single continuous basin, 26 of the 52 would not have the capacity to treat the WQCV of the entire 
subbasin area draining to them. However, by using just one segmenting berm within each reach, the number 
of reaches that do not have the capacity to treat the WQCV of the entire subbasin area draining to them is 
reduced from 26 to 18. On a system-wide basis, segmenting reaches where possible provides an additional 
81 acre-feet of storage volume that can be utilized to treat stormwater and provide irrigation to existing 
trees. Appendix C includes detailed mapping that shows reach and basin delineations as well as existing and 
proposed inflow locations and existing storm sewer infrastructure. 
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5.3 LARGE STORM CAPACITY REQUIREMENTS 
During the September 2013 flood events in the Denver metropolitan area and in previous years, the High 
Line Canal was inundated with stormwater runoff and flow within the canal overtopped the canal banks at 
several locations. Immediately prior to previous intense rainfall events that caused the flooding, the High 
Line Canal was carrying a base flow with a depth of approximately 3 feet. This is the approximate depth of 
flow that the canal has historically conveyed as an irrigation water delivery system in the last 20 or so years. 
Thus, when a storm event occurred while the canal was running, the capacity of the canal to carry 
stormwater runoff was limited to the surcharge area above the base canal flow. Similarly, one goal of this 
project is to allow the canal to carry stormwater runoff at levels that have been experienced in the recent 
past. Thus, the heights of the control structures have been limited to 3 feet in order to meet this constraint. 

As an additional protection against canal bank overtopping, an emergency overflow facility should be 
considered by the designer during final design to minimize the potential negative effects of adding 
stormwater to the canal. Overflow facilities should be sized to remove the same flow rate from the canal as 
has been diverted into the canal for water quality treatment. The overflow facility could be located opposite 
either the inflow point into the canal segment or near the proposed outlet facility (if capacity exists) and at 
an elevation near the top of canal bank to avoid inadvertently discharging flows in excess of the water 
quality volume to allow the canal to continue conveying stormwater flows as it has historically. 

6.0 WATER QUALITY FACILITY DESIGN CONSIDERATIONS 
There are several design components involved in diverting stormwater runoff into the High Line Canal, 
storing it for up to 72 hours to provide water quality treatment, and then discharging it downstream of the 
canal into the same watershed in which it was generated. Each of these components has its own set of design 
considerations and alternatives, which are discussed in the following sections.  
 

6.1 DIVERSIONS INTO THE CANAL 
There are currently multiple surface inflows into the canal, such as sheet flow and drainage pans, as well as 
several enclosed storm sewers that discharge into the canal, the majority of them draining small areas. In 
fact, over 20 percent of the watersheds that drain towards the canal actually drain directly into the canal. 
Figure 6-1 is a reach-by-reach graphic of the the existing stormwater inflow into the canal and the capacity 
of each reach to accept additional stormwater inflows. The reaches shown in red are those that do not have 
sufficient capacity to treat the entire WQCV of the tributary area draining to them. 
 

Figure 6-1 – Existing and Future Canal Inflow Volumes 

 
 
The full potential to retrofit the High Line Canal as a water quality facility will not be realized unless some 
stormwater flow is diverted into the canal from those existing storm sewers that currently pass under the 
canal. Within any given reach of the canal, there could be more storm sewers crossing the canal than there is 
volume in the canal to store the water quality capture volume of all the basins they drain. 
 
The water quality capture volume for any given subbasin is separate from the total runoff volume actually 
produced by EPA SWMM when evaluating the water quality event, which for this study is a 2-hour design 
storm based on a 0.53-inch 1-hour point rainfall distributed temporally as a 0.61-inch 2-hour rainfall. This is 
because the water quality control volume calculation is based upon analysis of many storm events, whereas 
the runoff modelling used to determine peak flow rates is based upon a single representative storm event. 
Therefore, the water quality event runoff volumes calculated by EPA SWMM are not equal to the calculated 
WQCV, nor are the values for excess precipitation calculated by the CUHP model on a basin-by-basin basis. 
The CUHP and EPA SWMM input and output files are included in Appendix B. 
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The reason an EPA SWMM model is used at all in this study is to determine the peak flow rates that will 
need to be diverted into the canal from the various storm sewers that currently pass under the canal. 
However, these peak flow rates are meaningless if the volumes they produce cannot be correlated to the 
water quality control volume. Because the WQCV is not equal to the CUHP excess precipitation or to the 
EPA SWMM runoff volume, an analysis was completed to determine diversion flow rates for developing a 
correlation relationship between basin imperviousness, CUHP excess precipitation, and the calculated 
WQCV for each of the basins within the project area. That relationship is shown in the Figure 6-2 and is 
represented by the following equation having an R2 value of 0.9924: 
 

Percent difference = 0.0002I3 - 0.0465I2 + 4.1192I - 109.05 (expressed as a decimal) 
 
Where: 

 
Percent difference = (CUHP excess precipitation in acre-feet – WQCV in acre-feet)/ 

WQCV in acre-feet) 
I = Imperviousness expressed as a percentage 

 
Figure 6-2 – Percent Difference Between CUHP Volume and WQCV 

 

The calculated percent difference, which is based only on basin imperviousness, can now be used to adjust 
the total peak runoff calculated by the EPA SWMM model for each design reach that has sufficient capacity 

to store the calculated WQCV. This relationship gives reasonable results for tributary areas with between 20 
and 100 percent imperviousness. However, for tributary areas with less than 20 percent imperviousness, the 
inflow rate should be reviewed and confirmed or revised as part of the final design. An example of the use 
of this equation is as follows: reach 5 takes runoff from basins WQ125 through WQ128. These basins have 
a WQCV of 3.42 acre-feet, a CUHP excess precipitation of 2.28 acre-feet, and a composite imperviousness 
of 27 percent. There is 3.95 acre-feet of available storage in reach 5, so capacity is not a problem.  

In the case of reach 5, basins WQ128 and WQ127 drain to the canal via outfall node WQ126, whereas basin 
WQ125 drains directly to the canal. The peak discharge to reach 5 is therefore the sum of the peak inflow at 
EPA SWMM outfall node WQ126 and junction node WQ125. Discharges from WQ127 and WQ128 are 
contained in the value for WQ126. The peak discharges can be summed without regard to timing since the 
72-hour drain time of each reach negates any effects of the differences in inflow timing. 

The sum of the EPA SWMM model peak discharges into reach 5 is 21 cfs, but this represents a CUHP 
excess precipitation volume of only 2.28 acre-feet, whereas the desired WQCV is 3.42 acre-feet. The design 
peak discharge into reach 5 needs to be larger than the peak discharge from a 0.53-inch storm event in order 
to fill the desired storage volume of 3.95 acre-feet. 

The percent difference is calculated to be -27 percent using the formula above. The gross peak flow rate of 
21 cfs should be adjusted by dividing it by 1 plus the percent difference, or 0.73, which in this case would 
yield a design peak discharge of 29 cfs. Additionally, because reach 5 has an excess capacity of 0.5 acre-
feet, this flow rate should be further adjusted upward to yield additional water that could be used to irrigate 
existing trees along the canal. The 3.95 acre-feet of storage is 15 percent higher than the 3.42 acre-feet 
required by the WQCV. The design peak flow should be adjusted upward 15 percent to 33 cfs to account for 
this. 

Similarly, if the CUHP excess precipitation for basins draining to a reach is higher than the calculated 
WQCV, the design peak EPA SWMM flow rate is adjusted downward by dividing it by 1 plus the percent 
difference, with the percent difference being a positive value in that case. In the event the canal does not 
have enough capacity to store the WQCV, the peak EPA SWMM flow rates will need to be adjusted in a 
similar fashion to ensure that the design reaches do not overtop during the water quality event. 

An integral part of the design of the diversion structures for any reach of the canal will be to determine 
which storm sewer crossings should be diverted and which should be left unmodified. To determine which 
storm sewer crossings should be diverted, a qualitative list of costs and benefits should be completed for 
each existing crossing. It will be very difficult and costly to divert flows from storm sewers that cross 
deeply below the canal or remain at an invert elevation below the canal invert elevations for a considerable 
distance upstream of the canal. Depending on additional existing infrastructure in the immediate vicinity of 
the storm sewers, it may prove ill-advised to divert flows in this scenario. On the other hand, if a reach has 
only one storm sewer crossing and it carries drainage from a large basin, it may prove worthwhile to pursue 
a diversion even under difficult circumstances, especially if there are large trees along that reach of the canal 
that will have a difficult time surviving once irrigation water is removed from the canal.  
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Determining which crossings to divert will also need to consider the land area, use, and associated water 
quality capture volume of the subbasin each crossing pipe drains. It will also be important to evaluate all the 
crossings within each reach as a singular unit, as opposed to only evaluating each crossing as a stand-alone 
facility. The subbasin areas that already contribute storm drainage to the canal must also be considered as 
part of the reach unit, as some reaches already receive a significant amount of stormwater inflow. This will 
ensure that the total volume of water flowing into the reach from multiple subbasins during a storm event 
will both optimize the use of the canal and not overtop the reach’s downstream control structure during a 
water quality event.  

Finally, there are several locations where a storm sewer crosses the canal very close to a reach boundary. In 
scenarios where there is an option to divert flow into one of two reaches, the choice will often be determined 
by which reach has more available capacity and water rights ramifications if the flow would be diverted into 
another watershed. 
 

6.2 DIVERSION STRUCTURES 
Diversion structures need to be designed following several criteria. There are two main goals for each 
diversion structure. The first is to divert all storm flows up to and including the water quality event peak 
flow rate entirely into the canal for treatment, provided space is available. The second is to limit the amount 
of flow that is diverted into the canal for all events larger than the water quality event. 

One general concept diversion structure design consists of installing a new manhole or vault at the proposed 
diversion location. The storm sewer from which flow is being diverted will maintain its existing invert 
elevation; however, the diversion pipe will be placed at an elevation lower than the existing storm sewer 
invert at an elevation that the peak water quality flow rate is entirely diverted to the canal. The flow rate in 
the diversion pipe can then be controlled by adjusting the pipe slope such that the pipe reaches full flow 
capacity at the design flow rate. Creative benching of the diversion manhole or vault invert can aid the 
transition of the water quality peak flow rate into the diversion pipe. 

Diversion structures also limit the flow of additional water into the diversion pipe above the design flow rate 
and storage capacity of the canal reach. The available storage in a canal reach may be less than the WQCV. 
The total runoff volume from the water quality event may be higher than the calculated WQCV. The goal 
when designing each reach should be to fill the canal to the indicated depth at the downstream end of each 
segment (typically 3 feet) without overtopping the downstream control structure. The water quality event 
flow should be diverted into the canal from as many different basins within the reach as possible as long as 
capacity is available, regardless of the calculated WQCV. Due to capacity constraints, this may require that 
a water quality event point rainfall of less than 0.53 inches be used if the total volume of runoff produced by 
EPA SWMM is greater than the capacity of the reach. The diversion structure should be designed for the 
peak flow resulting from that lesser point rainfall. This methodology will help to ensure transbasin 
diversions are avoided. 
 

6.3 FOREBAYS 
Natural debris, such as leaves, twigs, and branches; man-made trash, such as plastic containers, food 
wrappers, and newspapers; and sediment loads, including sands and fine particles, are all conveyed by 
stormwater and ultimately end up being discharged where the stormwater is discharged. To prevent trash 
and debris from being dispersed throughout the length of the High Line Canal, forebays ultimately should 
be provided at all existing and new stormwater inflow points into the canal. Forebays will collect and store 
incoming trash and debris and provide singular points of maintenance in lieu of having to remove trash and 
debris along the entire length of the canal. 
 
The shape and location of the forebays will need to be specific to local site parameters, including the 
elevation, size, and type of the incoming stormwater conveyance; the existing land use; the availability of 
maintenance access and the type of maintenance preferred; the physical space available; and the size of 
existing or potential easements within which to construct the forebay. There are at least three structural 
scenarios for inflow points into the canal that will each have various possible forebay configurations. One 
scenario is concentrated surface flows that discharge to the top of the canal banks, including drainage pans 
and curb and gutter sections. The second two scenarios are enclosed storm sewers that will discharge to the 
canal at either the canal invert or somewhere higher up on the canal bank. The vertical location of the 
incoming pipe will often be determined by the configuration of existing storm sewer infrastructure with 
respect to the location and invert of the canal. Generally speaking, a higher discharge location offers more 
options. 

The UDFCD has a calculation method used to determine forebay sizes for extended detention basins. These 
basins typically require a larger forebay to minimize the amount of sediment that is carried in the storage 
area of the basin. In contrast, the High Line Canal has for years carried stormwater runoff with little impact 
from inflowing sediment. The use of the UDFCD equations would result in the need to place forebays 
directly into the canal, which would defeat the purpose of keeping trash and debris out of the canal. 
Therefore, the forebays considered for this project are smaller in size and are directed towards preventing 
trash and debris from entering the canal.  
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Figure 6-3 – Forebay Option for Concentrated Surface Flows 
 

 
 
Where a curb and gutter section directs surface flow to a discharge point on the side of the canal, these 
surface flows could be collected in an inlet box structure with a sump below the outlet pipe to collect trash 
and debris. The floor of the sump and the walls of the structure below the outlet pipe should be perforated 
and the structure backfilled with course aggregate to encourage the sump area to drain. Figure 6-3 shows a 
schematic of this concept. As an alternative to this in-ground structure, a surface forebay that can utilize a 
street sweeper for cleaning should be evaluated. 
 
For forebays that serve incoming storm sewer pipes, there are several general concept options that have 
historically been used. The first is an underground vault that has a sump built in to collect trash and debris. 
These vaults can be traditional curb or area inlets that have been modified to serve as inflow forebays on 
larger vaults or proprietary devices. The advantage to vaults with sumps is that they can be innocuous and 
will allow for grades around the site to remain mostly unchanged. Another advantage is that access will be 
provided at the top of the channel bank so maintenance can be conducted with the use of a vacuum truck. 
The disadvantage is that it is not clear when maintenance is necessary by simply driving by. Where space is 
at a premium, underground forebays may be the only option available to the local entities wishing to provide 
them at the inflow points. Where sediment load is anticipated to be low, it may be possible for a vault 
concept forebay to have a fairly long maintenance interval. 
 
A typical option often used at storm sewer inflow points into extended detention ponds is an open concept 
forebay. The storm sewer pipe discharges near the invert of the pond directly into a large rectangular 
concrete basin with sidewalls at a height of 6 to 12 inches to contain trash and debris. This kind of forebay 
may have baffles immediately downstream of the pipe outfall to slow and disperse flow. An open concept 
forebay requires a great deal of space. There are two options for this. The pipe could discharge at the canal 
toe of slope, in which case the forebay would extend across nearly the entire width of the channel. This 
option would limit canal side slope grading and impacts to adjacent properties. The other option is to push 

the discharge point back from the canal toe of slope. This would require cutting into the canal banks with 
headwalls and wingwalls to place the forebay somewhat offset from the main canal invert. 
The advantages and disadvantages of the open concept forebay are essentially the mirror of those of the 
vault option with one additional disadvantage. The need for maintenance is more readily visible; however, 
more space is required and maintenance access may prove more difficult depending on the specific location 
of the open forebay. The additional disadvantage is that for those forebays that extend significantly into the 
main channel, stormwater flows moving along the length of the canal may dislodge any trash or debris that 
have accumulated in the forebay, essentially negating their purpose. 
 
The project sponsors and stakeholders have differing levels of maintenance capabilities and preferences. 
Therefore, a single method to keep trash and debris out of the canal is not proposed. Rather, each entity 
should determine the method of trash and debris collection and disposal that is most appropriate for their 
jurisdiction. 

6.4 CONTROL STRUCTURES 
Control structures are designed to be located near the midpoints of those canal reaches for which dividing 
the reach into two segments would provide much needed additional water quality treatment volume. This 
will apply to the majority of the design reaches of the canal. The exact location of the control structure 
within each reach will ultimately be determined by the need to balance the location of inflow points and the 
water quality volume they are anticipated to contribute with the resulting reach segment volumes the control 
structure location will yield. 

For example, control structures ideally will be placed at the exact midpoint of each canal reach, providing 
two identical treatment volume segments for that reach. However, if a reach has only one inflow point in the 
upstream half of the reach and four inflow points in the downstream half of the reach, for example, the 
location of the control structure may be moved slightly downstream of the midpoint in order to collect a 
second inflow point, especially if the volume expected from the most upstream of these four inflow points is 
significant. This will allow for more water quality treatment for the downstream subbasins and will 
maximize the use of the available treatment volume in the upstream segment. 

The design concept for the control structures is presented in schematic form in Figures 6-4 and 6-5. Control 
structure sites would consist of a 3-foot-high earthen berm spanning the width of the canal. The berm will 
have a top width of 4 feet and 3:1 side slopes surfaced with buried soil riprap on the upstream side. Within 
the berm will be the control structure itself, an orifice plate, and a trash rack mounted on the upstream side 
of a concrete box with upstream wingwalls and manhole or CDOT Type C grate access from the top of the 
berm. An 18-inch perforation in the control structure’s downstream wall will allow water to pass from the 
control structure to the downstream segment. The downstream side of the structure is designed as a vertical 
drop structure. This is intended to reduce the footprint of the structure while protecting the canal from 
failure when overtopping of the structure occurs during larger storm events. This type of control structure is 
common in canals and should add to the historic nature of the canal infrastructure. The apron downstream of 
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the vertical drop should be designed for the stormwater flow capacity of the canal at each structure, 
considering both flow rate and backwater effects. 

The orifice plate on each control structure will need to be designed to drain the upstream segment of the 
reach within 72 hours. Hydraulic routing will be required as part of the design. If stand-alone software such 
as EPA SWMM is used to perform the routing, the stage-storage curve should use elevation increments of 
0.25 feet or less due to the minimal degree of relief provided by each reach segment. A time step no greater 
than 5 minutes should be used. Discharge calculations or the stage-discharge curve used to route flow 
through the control structure will need to account for the presence of backwater in the downstream segment 
of the reach until the water depth at the upstream end of the downstream segment reaches zero.  

The proposed standard orifice plate design is two circular orifices, one below the other. The lower orifice 
will have its centroid at the invert of the canal. The centroid of the upper orifice will be located at a depth of 
half the berm height, or 1.5 feet for the standard control structure. The area of the upper orifice will be 1.41 
(√2) times the area of the lower orifice so that at the start of the drain time, when the water depth is 3 feet, 
each orifice will pass the same amount of flow. A micropool should be provided upstream of the orifice 
plate. 

Figure 6-4 – Control Structure Plan
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Figure 6-5 – Control Structure Section  

 

6.5 OUTLET STRUCTURES 
Outlet structure sites will look very similar to control structure sites in that they will consist of the same 3-
foot-high earthen berm with 4-foot top width and 3:1 side slopes surfaced with buried soil riprap on the 
upstream side. The upstream side of the control structure itself will also look very similar to that of the 
control structure in that there will be a trash rack mounted on wingwalls, a micropool, and an orifice plate. 
The most prominent difference will be that instead of a pipe discharging into the canal downstream of the 
berm, the discharge pipe will exit the canal via the side of the control structure. Discharges from the canal 
would then be to downstream drainage systems, whether this means discharging into an enclosed storm 
system or into one of the several drainageways crossing the canal. In either case, water will ultimately be 
discharged to the same drainageway it would be discharging to without using the High Line Canal as a 
water quality facility. 

The orifice plate on each outlet structure will need to be designed to drain the downstream segment of the 
reach within 72 hours. Because the upstream segment ultimately also drains to the downstream segment, the 
orifice plate on the outlet structure will be sized somewhat larger than the orifice plate on the control 
structure. A reach-wide hydraulic routing will be required to account for the upstream segment contributing 
inflow into the downstream segment. The same routing parameters required for control structures will apply 
to the reach-wide routing with the goal being to have both segments drain simultaneously. 

The proposed standard orifice plate design is the same for the outlet structure as for the control structure. It 
is proposed to consist of two circular orifices, one below the other. The lower orifice will have its centroid 
at the invert of the canal. The centroid of the upper orifice will be located at a depth of half the berm height, 
or 1.5 feet for the standard control structure. The area of the upper orifice will be 1.41 (√2) times the area of 
the lower orifice so that at the start of the drain time, when the water depth is 3 feet, each orifice will pass 
the same amount of flow. A micropool should be provided upstream of the orifice plate. A schematic of the 
design is shown below in Figures 6-6 and 6-7. 

Figure 6-6 – Outlet Structure Plan  
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Figure 6-7 – Outlet Structure Section 

 

 

6.6 CONNECTIONS TO EXISTING INFRASTRUCTURE 
Connections to existing infrastructure to return the treated water to the storm sewer system will typically 
involve construction of a new manhole or replacement of an existing manhole to merge the two systems. An 
analysis may be completed to determine existing stormwater flow rates already being carried by the storm 
sewer to which each reach will discharge. However, as the design reaches are being designed to drain very 
slowly over 72 hours, it is highly unlikely that canal discharges coming from the newly constructed water 
quality facilities will overwhelm the systems into which they discharge. 

7.0 PILOT PROJECT 
As part of this Feasibility Study, a conceptual design and construction cost estimate for a pilot project was 
developed. The conceptual design includes a proposed retrofit of portions of the existing storm sewer 
system to include stormwater diversions into the canal, control structures between segments, and outlet 
structures to pass water into the downstream watershed. 
 

7.1 PURPOSE 
The pilot project is intended to provide a specific case study on how a proposed retrofit of the High Line 
Canal might be physically realized given the various constraints that will be encountered along the majority 
of the length of the canal, including limited existing easement and right-of-way, existing utilities, and 
locations of existing storm sewer infrastructure. More importantly, the pilot project will provide a better 
estimate of the cost of the water quality retrofit that can then be used to estimate the costs for retrofit of the 
entire canal. 
 

7.2 LOCATION 
The pilot project includes two non-contiguous 1-mile reaches of the High Line Canal. The first area, reach 
38, begins just downstream of the Fairmont Cemetery in the City and County of Denver. Its upstream 
boundary is South Valentia Street and its downstream boundary and outlet structure is located at South 
Havana Street. The second pilot project is reach 40, which begins at East Alameda Avenue and extends 
downstream to Peoria Street. One reason these locations were chosen is that Denver Water does not 
currently run water downstream of the Fairmount Cemetery on a regular basis. Another reason these reaches 
were chosen is that they are located in two separate municipalities, the City and County of Denver and the 
City of Aurora. This will give the two cities the opportunity to see specifically how a retrofit of the High 
Line Canal for water quality might serve their communities. 
 

7.3 RESULTS 
Presented in Appendix D are the conceptual design drawings for the pilot reaches. As-constructed drawings 
were provided for most of the storm sewer systems in the two pilot reaches. Specific benchmarks and 
datums to tie the drawings to the base topographic mapping were not available. Therefore, the elevations of 
the storm sewer systems were adjusted to the topographic mapping datum using comparable street 
elevations and other locations where the drawings could be reasonably compared within the accuracy of the 
2-foot contour mapping. One of the most important findings from the pilot study is that, for these two areas, 
the existing storm sewer systems are fairly deep, making it difficult to divert water from the existing storm 
sewers at an elevation that will drain to the canal. For the reach 38 area, diversions into the water quality 
outfall storm sewers are located well south of the canal on South Dayton and South Valentia Streets. In 
addition, the storm sewer on East Kentucky Avenue is also too deep, thus requiring an additional water 
quality outfall to collect runoff draining to East Kentucky Avenue. Since the canal in reach 38 doesn’t have 
capacity to treat all the tributary area, the needed water quality flow was divided among four water quality 
outfalls. The water quality outfall locations and their design flow rates are as follows: 

 South Valentia Street water quality outfall system – 11 cfs 

 Lakeshore Drive water quality outfall system – 47 cfs 

 East Kentucky Avenue water quality outfall system – 11 cfs 

 South Dayton Street water quality outfall system – 32 cfs 
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The total peak water quality flow rate is 101 cfs. With the deeper depth of the storm sewer systems in this 
area, forebays for this area will need to be either buried vaults or need to be located at each of the individual 
storm sewer inlets before they discharge to the storm sewer system. The outlet structure can easily be tied 
into the existing storm sewer in South Havana Street. 

In reach 40, again the existing storm sewer systems are fairly deep. In fact, part of the tributary area in this 
reach drains to a private pond that drains under the High Line Canal and cannot be physically directed into 
the canal without pumping. There are also several multi-family housing developments that currently drain 
directly into the canal. This area can contribute uncontrolled debris and trash into the canal and thus small 
forebays are suggested at the discharge points of these areas into the canal. This will require construction of 
a curb and gutter to concentrate the overland flow to a specific point at the forebays. The outlet structure can 
easily be tied into the storm sewer in South Peoria Street. 

The costs of the facilities for each reach also varied substantially. This was primarily because a substantial 
portion of reach 40 cannot be diverted into the canal due the construction of a pond that collects runoff from 
a large portion of the watershed area and diverts the runoff under the canal. Therefore, for purposes of this 
study, the more extensive costs from reach 38 were used as a baseline against which the costs of the 
remaining reaches are determined.  

The conclusion from the pilot study is that it is feasible to divert a water quality flow into the canal by new 
storm sewers dedicated to water quality or by diversions from existing storm sewer systems. However, the 
extent and cost of the infrastructure to accomplish this is more extensive than one may have thought prior to 
completing the pilot study and well exceeds the costs of just installing the control facilities in the canal. 
There will still be obstacles that the pilot study did not find (e.g. existing utilities, etc.) that will need to be 
examined in more detail prior to committing to construction of the projects. 

8.0 COSTS 

8.1 COST ESTIMATING PROCESS 
Two separate cost estimates were prepared for this Feasibility Study. First, an estimate of costs was 
prepared for the proposed retrofit of the High Line Canal for the water quality purposes described in this 
Feasibility Study. This estimate of costs included the costs of the in-canal control and outlet structures as 
well as the outfall storm sewers and forebays needed to direct stormwater runoff into the canal. This 
estimate of costs does not include a value for the land underlying the High Line Canal as it is undetermined 
what the value of this property is as related to the stormwater quality use. 

A second cost estimate was prepared assuming the canal could not be used for water quality treatment and 
thus an alternative method of obtaining water quality treatment for the subject watersheds would need to be 
implemented at some future point in time. The following sections describe the procedure used for these two 
cost estimates. 
 

8.2 COSTS FOR IN-CANAL WATER QUALITY TREATMENT 
The estimated costs for the in-canal water quality treatment were developed using a procedure that followed 
the logical differences between the 52 reaches in this study. First, the estimated costs for the facilities 
examined for the two pilot reaches were determined. These costs included three separate features: the 
control and outlet structures, the water quality outfall storm sewers, and the forebays. These facilities were 
estimated separately to simplify the application of these costs to the remaining reaches of the canal. In 
addition, the average slope and design inflow rates for the pilot reaches were determined. Next, a method 
was developed to relate these costs to the remaining canal reaches. The pilot study showed that the length of 
the water quality outfall storm sewers is related to the average slope of the watershed. Where the watershed 
slope is relatively flat, longer water quality outfall storm sewers are needed to collect and convey the water 
quality flows into the canal. Where steeper watershed conditions exist, these water quality outfall storm 
sewers will be much shorter since a greater elevation drop exists in a shorter distance. In addition, the sizes 
of the water quality outfall storm sewers are dependent on the rate of flow needed to be collected for 
delivery to the canal. Also, whereas most of the flow in the pilot reaches will need to be collected by water 
quality outfall storm sewers, other watersheds currently have significant amounts of stormwater runoff that 
discharges to the canal without the need for any additional conveyance facilities. All of these considerations 
were applied in the cost estimating process. 

The estimated cost of the control and outlet facilities were allocated equally to the remaining reaches since 
all reaches will have an outlet facility and most will have a control facility. For the water quality outfall 
storm sewers, the pilot reach cost estimates were first prorated to the other reaches by ratio of the design 
inflow rate for the pilot reaches to the design inflow rate for the remaining reaches. This prorated cost was 
further prorated based upon the average watershed slope as compared to the watershed slope of the pilot 
reaches. A final proration was applied to this figure to account for the percent of the watershed that 
currently drains directly to the canal. The costs of the forebays were prorated only based upon design flow, 
assuming that forebays are desirable at all inflow points to the canal. These figures were then combined to 
determine the estimated cost for each of the reaches of the canal. UDFCD’s master planning cost workbook, 
UD-MP COST Version 2.2, was used for estimating the total costs of the pilot reaches, which include 
construction costs with a contingency as well as legal, administration, and engineering costs. A CCI value of 
2014 was used. The resulting estimated costs for the addition of water quality to the High Line Canal are 
presented by reach and by jurisdiction in Table 8-1. Also included in this table are the estimated operations 
and maintenance costs for these facilities. These costs do not include costs for maintenance of the High Line 
Canal trail and facilities as it was assumed that this cost is or will be addressed in the recreational aspects of 
the canal. 
 

8.3 COSTS FOR ALTERNATIVE WATER QUALITY TREATMENT 
The estimated costs of the alternative water quality facilities were estimated using UDFCD’s BMP-
REALCOST spreadsheet program, assuming the installation of extended detention basins as a comparable 
method of treatment. This spreadsheet uses a slightly different methodology to determine the WQCV but the 
overall results are comparable to the results obtained in this study. The alternative cost estimate includes 
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land costs since the construction of new extended detention basins will likely require the acquisition of 
existing developed property for their installation. The estimated land costs may be low considering very few 
properties exist that are not already developed. This estimate does not include any storm sewers that may be 
needed to direct flow to the extended detention basins. The estimated cost of the alternative facilities is 
$75,452,000. It should be noted that the need for water quality treatment of runoff from all the tributary 
watersheds is not currently required and may or may not be required in the future. Thus, it may be 
inappropriate to compare this cost to the cost of the facilities proposed in this project. However, 
consideration should be given to the fact that the potential to convert the canal may or may not exist in the 
future, depending on the plans and desires of Denver Water for future use of the canal and canal easements 
and rights-of-way. In addition, the ongoing reduction in water deliveries to the canal continues to stress the 
existing vegetation and trees. Water has not run for many years in some areas of the canal, and the benefit of 
preservation of vegetation and trees may be reduced in these areas. The benefits of enhancement of water 
quality are, however, still substantial in those areas.  
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9.0 ADDITIONAL CONSIDERATIONS 
In addition to the technical hydrologic and hydraulic considerations accounted for in the design of the 
conceptual water quality facilities, several legal, regulatory, and operational factors were considered as well. 
These are described in the following sections. 
 

9.1 WATER RIGHTS 
In the development of the conceptual hydraulic design of the proposed canal outlet structures, care was 
taken to ensure that the water quality volume stored by each canal reach would be released downstream 
within the 72-hour time frame as designated by the State Engineer in his “Administrative Approach for 
Storm Water Management,” dated May 21, 2011. The high potential for infiltration of stormwater during 
this storage time frame was disregarded in order to provide a factor of safety for each reach’s drain time. 
Additionally, during the development of reach locations, it was ensured that the runoff flowing into the 
canal at one location would eventually be discharged into the same watershed in order to prevent 
unauthorized transfers of water from one watershed to another. The State Engineer’s current policy also 
requires that the water be stored in such a manner as to minimize consumption from vegetation. Currently, 
there are many locations where stormwater enters the canal and has done so for many, many years. Thus, 
the only change from current conditions is that the canal would be expected to be wet about 100 more days a 
year than currently exists. This increased frequency could cause a slight increase in vegetation growth and 
thus a slight chance of additional consumption of water. If one were to consider the worst case scenario that 
these 100 days of additional inundation would create an additional 100 days of evapotranspiration, we 
would estimate that this additional water consumption could be in the range of around 150 acre-feet per 
year. Such a use would require an augmentation plan be obtained through the Colorado Division 1 Water 
Court. For the purposes of this study, we have included the cost of obtaining water rights and a water 
augmentation plan at around $2,500,000. There has been recent discussion in the water rights community 
regarding the need for an augmentation plan whenever detention is used, whether for flood control or water 
quality due to potential changes in the timing of the flow of storm water. This issue and a final 
quantification of potential increase in water consumption with the installation of water quality facilities 
should be reviewed carefully prior to moving forward with construction. The project sponsors would be 
well-advised to obtain an expert engineering opinion and legal opinion on the water rights issue. 
 

9.2 RIGHT-OF-WAY 
While Denver Water has physical ownership of the land occupied by the High Line Canal in several 
locations, there are many locations in which use of the High Line Canal by Denver Water is by easement 
only. Some of those easements may not be absolute but may be for use of the canal to transport decreed 
irrigation water only. Once that use ceases, it is possible that the easement will be void and new easements 
for the repurposed High Line Canal will have to be obtained from adjacent landowners. The status of right-
of-way and easement requirements varies along the length of the canal and local jurisdictions will have to 
address this issue during the detailed design stage of each reach.  
 

9.3 OPERATIONS AND MAINTENANCE ACCESS 
Denver Water currently provides operations and maintenance support to the length of the canal. In the 
future, it is anticipated that operations and maintenance personnel from each local jurisdiction will be 
required to access the inflow forebays, segmenting berms, and outlet structures and berms to conduct 
inspections and to provide maintenance, including removing debris and trash from these facilities. In many 
areas, this access may be along the High Line Canal trail. However, where inflow points occur on the side of 
the canal opposite the trail, additional access will be required. Maintenance access should be considered 
during the detailed design phase of each reach and maintenance personnel should be consulted in that effort. 
 

9.4 PRESERVATION OF VEGETATION 
During the development of this Feasibility Study and conceptual plan, it was discussed whether or not the 
infiltration capacity of the High Line Canal invert should be considered and how much time should be 
allowed for any given treatment reach to drain. The State Engineer has set a policy of a maximum allowable 
drain time of 72 hours, but water quality benefits could possibly be realized in less time than the maximum 
allowable. Ultimately, it was the need to provide irrigation water to the existing trees, in addition to the need 
for water quality treatment, that lead to the use of a 72-hour drain time. It is likely that the drain time will be 
less than this because of infiltration losses that were not considered, but from a hydraulic design perspective, 
the segmenting and outlet structures were designed to drain in 72 hours. This drain time is expected to 
provide about 100 additional days during which the canal bottom will be wet after storm events compared to 
not using the canal as a water quality facility. 
 
The average annual amount of precipitation in the Denver metropolitan area is about 15 to 16 inches per 
year and ranges from about 10 inches in a very dry year to 20 inches in a very wet year. This precipitation is 
generated in about 40 to 50 storm events per year. The proposed water quality facilities are intended to 
capture about 85 percent of these storm events. This represents about 4,000 acre-feet of runoff per year from 
the 26 square miles of area tributary to the canal considered in this study. Runoff from these events 
generates an average of 5 to 6 inches of captureable runoff per year. Based upon the proposed reach 
segmentation plan, we estimate that the amount of runoff that would be temporarily stored and potentially 
available to the trees would average about 2,900 acre-feet per year. Of this amount, analysis of the historic 
seepage rate over the entire canal results in an estimated average infiltration of about 1,000 acre-feet per 
year. If this amount of water were to be provided by a non-potable water source (such as existing non-
potable water systems of Denver Water and City of Aurora, for example), the estimated value of this water 
is around $31,000,000 and does not include the infrastructure necessary to deliver the non-potable water to 
the canal. However, the non-potable water can and would be delivered on a schedule matching the 
vegetation water needs whereas the timing of stormwater cannot be controlled.   
 
Maintenance of the extensive growth of cottonwood trees will absolutely require supplemental irrigation if 
the canal is not used as a stormwater treatment facility and may require some degree of supplemental 
irrigation even if the canal is used as a stormwater treatment facility. The canal bottom is anticipated to be 
wet after storm events for an additional 100 days a year once the improvements are completed. 
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9.5 HEALTH AND SAFETY 
The existing High Line Canal trail is heavily used by Denver metropolitan residents and passes through 
multiple residential areas over the course of its 66-mile length. For many years, there has been a general 
concern about ponding water for an extended period of time due to the possibility that doing so may provide 
habitat for mosquitoes. The current condition of the High Line Canal where Denver Water is no longer 
running water is not one of a strictly uniform channel bottom that always drains dry within a few hours after 
a storm. Instead, small pools are created that can remain for days at a time. The current risk these pools pose 
is unclear, but the proposed plan would not likely markedly increase that risk above what it is now or be any 
more detrimental than any other water quality facility that ponds water for up to 72 hours. This issue is one 
that will need to be addressed on a reach-by-reach basis by the local jurisdiction to weigh the benefits of 
using the canal as a water quality facility that will also provide much needed water to vegetation versus 
installing water quality facilities elsewhere and providing separate irrigation facilities. 
 

9.6 CONSIDERATIONS FOR IMPLEMENTATION  
The following items should be evaluated as part of the implementation of the plan and transfer of ownership 
from Denver Water to the ultimate organization or jurisdiction that will be constructing and maintaining 
these water quality facilities: 
 

1. A phasing plan should be agreed upon with the participating jurisdictions. 
2. A system-wide analysis of safety issues along the canal should be prepared in concert with the 

recreational use plan defining present and future issues that might be created by the new water 
quality features. How these safety issues can be mitigated should be part of the analysis. 

3. A geotechnical study and evaluation of the canal for infiltration and stability should be conducted in 
cooperation with Denver Water to identify potential future areas of concern for instability and 
infiltration. 

4. A vegetation maintenance plan should be prepared with recommendations for maintaining existing 
vegetation and for new plantings that may be desired as part of the canal conversion process. A 
public engagement process should be considered to inform and gain input and support from the 
public for the project.  

5. Plans for dealing with potential illicit discharges, including plans for how any offenses will be 
enforced within the new infrastructure facility, should be considered. 

6. Plans for 404 permitting of the facilities will need be addressed that consider any new rules that may 
be promulgated prior to implementation. If the facilities are constructed and financed by a new 
authority or agency, consideration should be given to how costs will be assessed for new 
development and re-development as compared to costs that may be appropriately assessed on 
existing development. 

7. A portion of the canal has been previously studied to determine the extent and location of overflows 
that are expected to occur during larger storm events. The entire canal should be studied to identify 
and re-verify its response to large storm events with the proposed water quality facilities in place. 
Emergency overflow needs to be considered and directed appropriately to protect life and property. 

A plan should be prepared to identify the method and location for removal and disposal of materials 
collected in the forebays. 

8. A spill response plan should be prepared to identify the issues and responsibilities associated with 
potential spills of hazardous materials and pollutants entering the canal and how those spills will be 
addressed to minimize and protect groundwater, especially in areas of high canal infiltration rates.  

9. As additional master planning studies are conducted in the future, the results of those studies should 
be used to update and refine the hydrologic analysis and flow rates to be used for design of the water 
quality diversion rates and volumes presented in this plan. 

 

9.7 ORGANIZATIONAL REQUIREMENTS 
The canal is currently owned and operated by Denver Water. There are also still a significant number of 
customers that are provided irrigation water via the High Line Canal. Retrofitting any design reach will 
require coordination with Denver Water to manage the timing of construction and easement and/or 
ownership concerns. Denver Water is a willing partner in this endeavor but will have concerns over the 
specifics of any actual construction that will take place. It is critical that Denver Water be contacted prior to 
any design work being completed on any reaches so that they may voice any concerns that they have in any 
particular reach. Once the decision has been made to use the canal for water quality treatment, Denver 
Water and the local jurisdictions should consider what would be the best management organization for 
future operation and maintenance of the canal. 

10.0 RESULTS AND CONCLUSIONS 
In the course of this study, through review of existing infrastructure and mapping, and from conversations 
with local sponsors, it appears that retrofitting the High Line Canal to provide water quality treatment is a 
feasible endeavor. Potential challenges that should be anticipated have been included in this report, but 
ultimately retrofitting the canal as discussed herein will provide many benefits for much less expenditure of 
capital than would providing those same benefits through other means. 
 
If the High Line Canal is not repurposed to provide water quality treatment for stormwater runoff and to 
provide a water supply for existing vegetation, alternative infrastructure will be required to meet these 
needs. The more immediate and irrefutable need will be to prevent the loss of the existing stand of 
cottonwood trees along the length of the High Line Canal. Irrigation infrastructure and the cost of water will 
present a substantial cost to local entities as will acquisition of lands and the construction of infrastructure 
required to construct alternative water quality facilities. 
 
Every design reach of the High Line Canal that has the capacity to treat the full design WQCV of the area 
draining to it is expected to remove 80 percent to 90 percent of the annual TSS load coming from that 
tributary area. 31 design reaches can treat the full WQCV while another 18 design reaches can treat some 
portion of the WQCV of their tributary basins. The total storage deficit for those 18 reaches is 95 acre-feet. 
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The WQCV of all the tributary basins to the canal is approximately 297 acre-feet. Even with the deficit of 
95 acre-feet, the canal is able to treat 202 acre-feet of stormwater runoff for every precipitation event equal 
to or greater than the WQCV-sized event. If this volume of runoff were to be treated in a separate facility, 
an extraordinary amount of land would be required, some of it in already fairly densely developed areas. 
One has only to look at aerial photography of some of the tributary basins to be hard-pressed to find space to 
convert to water quality treatment. That exercise makes the benefit of using the canal as a water quality 
facility very clear. 
 

10.1 PROPOSED REACHES 
After multiple iterations and in consultation with the local jurisdictions, the High Line Canal was divided 
into 52 individual design reaches. While each design reach may have multiple points of inflow into the 
canal, each reach is correlated with only one distinct discharge point from the canal to the downstream 
watershed. A reach may consist of a single length of unobstructed canal or it may be further subdivided into 
two segments separated by a segmenting berm at a location somewhere near the middle of the design reach. 
In these cases, the upstream segment will discharge to the downstream segment prior to discharging from 
the High Line Canal at the reach discharge point. 

All but four design reaches are anticipated to be divided into two segments with the segmenting berm placed 
midway in the reach length and downstream ponding depths of 3 feet. Three of the reaches that will not be 
segmented contain siphon structures into which water cannot be backed up. These are reaches 8, 25, and 35. 
The downstream ponding depth in reaches 8 and 35 will still be 3 feet, but the downstream ponding depth in 
reach 25 will be limited to approximately 2.7 feet. 

Reaches 1, 2, and 43 have little to no tributary area and will not be utilized at all for water quality treatment. 
 

10.2 OTHER PROJECT BENEFITS 
There are additional benefits of using the High Line Canal for water quality treatment. These are as follows: 

 The canal can be readily used to meet water quality requirements for linear transportation 
projects. 

 The cost of the proposed facilities may provide the most cost-effective method to maintain the 
natural and recreational environment of the canal. 

 The proposed facilities will provide a significant reduction in the rate of storm flows below the 
canal during more frequent storm events where storm sewers are proposed to be diverted into the 
canal. The cumulative amount of these flow reductions is estimated to approach 3300 cfs for the 
entire tributary watershed area. The value of this reduction was not quantified but should be 
considered in the sizing and need for downstream storm sewer additions or improvements. 

 The volume of stormwater discharged to downstream-receiving streams will be reduced by up to 
1,000 acre-feet. This will provide a significant reduction in pollutants reaching these 
downstream-receiving streams. 

10.3 TIMING, PHASING, AND PRIORITY OF CONSTRUCTION 
With the goal of using the High Line Canal as a water quality facility to treat stormwater runoff, 
construction of water quality facilities within any portion of any jurisdiction may generally proceed 
independently of the others. The repurposed High Line Canal will be divided into multiple reaches that are 
somewhat autonomous from each other. During a storm event, stormwater diversion structures will divert 
the water quality capture volume, or some portion of it, into the reaches of the canal that have been 
retrofitted. This volume will be stored for up to 72 hours before being fully discharged from the High Line 
Canal downstream into to the same watershed in which it was generated. Due to the limitations inherent in 
design of diversion structures, it is expected that that volumes of water slightly larger than the water quality 
capture volume will enter the retrofitted High Line Canal segments during larger storm events. Any inflow 
volumes in excess of the capacity of the retrofitted High Line Canal segments will need to be provided for 
by including a revetted overflow path at each of the segmenting berms that are constructed as part of the 
retrofit. 

There currently existing several stormwater inflow points into the High Line Canal, and these existing 
inflows have historically been accommodated. Several additional stormwater inflows will also be 
constructed as part of the proposed retrofit. It is not anticipated that these additional inflow points will 
present a problem hydraulically, provided that diversion structures are appropriately designed. Care should 
be taken to design a diversion that will produce a water quality event inflow hydrograph that will yield no 
more volume than that which the retrofitted canal segment can accommodate.  

Diversion structures and retrofitted canal segments should be evaluated in conjunction using EPA SWMM 
routing for up to the 100-year event to approximate the rate of overtopping of each segmenting berm to 
ensure adequate freeboard and revetment is provided. 

Priority and phasing of the conceptual design should be determined by each local jurisdiction as it envisions 
either the need for water quality treatment of tributary development stormwater runoff or the benefit of 
stormwater runoff to be used to provide irrigation to the existing trees along the canal. Phasing may also 
depend on the timing of the termination of Denver Water’s use of each reach of the canal to provide water to 
adjacent users. As a first phase, all jurisdictions should consider construction of only the control structures 
and associated outlet piping in any areas where stormwater flows currently enter a canal segment. Also as a 
first phase, consideration should be given to constructing forebays on existing inflow points to minimize the 
amount of trash and debris that currently enters the canal. Having these items as a first phase will be 
relatively inexpensive compared to constructing all the diversion storm sewer systems into the canal. In 
addition, these first phase items would provide experience on the operation and maintenance of the facilities 
before full implementation of the plan presented herein. 
 
With the goal of using the High Line Canal as a means by which to provide irrigation in the form of 
stormwater to the extensive stand of vegetation that came into existence solely because of the use of the 
canal as an irrigation water transport mechanism, the timing of construction may be more critical. Once 
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Denver Water ceases to run water in the High Line Canal, it is unknown how long much of the vegetation 
along the canal will be able to survive without some form of supplemental water. 

Regardless of the timing of Denver Water ceasing its use of the canal, the retrofit of those reaches of the 
canal still in use may begin with some additional modifications. There are a few options that may be 
utilized. The diversion structure may be designed with an interim modification that will release a lesser 
volume of water that will correspond to the volume available in the canal that is in excess of what Denver 
Water is using. Alternately, the diversion structure may be fitted with a gate to prevent diversions during the 
time of the year Denver Water is using the canal. During any months that Denver Water is not using the 
canal, the gate may be fully opened. Similarly, the downstream outlet structure will need to be fitted with an 
interim modification or a gate so that only the amount of stormwater added to the canal is allowed to exit the 
canal. Any design of water quality facilities for an interim condition must be approved by Denver Water. 
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AREA 1 FOREBAY

3' X 11' X 1'

33 CF

(5% WQCV = 31 CF)
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