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1 Introduction 

This alternatives analysis applies to Reach 1 of Cherry Creek, located in Cherry Creek State Park in 

Arapahoe Country Colorado, between Cherry Creek Reservoir and Lakeview Drive. The creek has been 

experiencing severe degradation, conveying substantial quantities of sediment and phosphorus to the 

reservoir and contributing to water quality issues.  The severe erosion is also threatening the City of 

Aurora water supply pipelines, the Lakeview Drive roadway, trail crossings, and wetland and riparian 

ecological resources throughout the park. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This analysis explores three alternatives intended to address the ongoing erosion and water quality 

issues occurring in Reach 1. The following sections summarize the various elements of the alternatives 

analysis.      

Figure 1 - Vicinity Map 
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2 Existing Conditions 

2.1 Channel and Overbank Conditions 

2.1.1 Primary Channel 

The primary channel within Reach 1 is experiencing significant degradation along most of its 

length. This has left the invert as much as 10 feet below the existing floodplain bench, which has 

disconnected the floodplain from most flows (all but the largest storms). The greatest downcutting is 

located downstream of the Aurora pipelines, with bank heights ranging between 4 feet and 10 feet. Severe 

bank erosion is undercutting numerous cottonwood trees all along Reach 1, causing them to fall into and 

adjacent to the creek . The section just downstream of Lakeview Drive is also experiencing significant 

erosion, with the channel downcutting approximately 5 feet below the culvert outlets.  

 

Two sections of the primary channel are relatively stable. First, the backwater conditions from 

Cherry Creek Reservoir provide some protection for approximately 1,000 feet upstream of the reservoir 

assuming a normal reservoir pool elevation of 5550.0. Second, the sheet pile and riprap drop structure 

that is protecting the Aurora water pipelines is holding the channel slope and providing a shallower 

channel for about 500 feet upstream of the pipeline trail.  

The existing primary channel is located on a ridge for about half of its length extending from 

Lakeview Drive to the pipeline trail. This ridge may have formed over time as sediment has been deposited 

adjacent to the channel during high flow events that spill out of the channel banks. The ridge is up to two 

Figure 2 - Primary channel erosion immediately downstream of Aurora pipelines 
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feet higher than the adjacent valley low points to the east and west. The profile of Lakeview Drive mimics 

this topography with a broad high point roughly where the primary channel crosses the road and low 

points to the east and west. During large storm events, runoff flows in these low valley sections east and 

west of the primary channel. 

2.1.2 Secondary and Tertiary Flowpaths 

As mentioned above, multiple flowpaths are evident within the wide riparian corridor of Reach 1 

that get actuated during higher runoff events. The lowest flowpath is the east valley low point; this 

flowpath follows an old asphalt trail, since abandoned, that concentrates flows and is leading to headcut 

erosion as it flows back into the primary channel. Another pronounced flowpath, termed the secondary 

channel, is located on the west side of the valley. This flowpath is in an overall stable condition with 

moderate erosion in a few isolated locations.  

There are several tertiary flowpaths on both the east and west side of the valley. Similar to the 

secondary flowpath, they are in a generally stable condition, but have a few isolated problem areas. The 

most significant of these are the headcuts branching off the primary channel. At these locations there is 

severe erosion that threatens to progress upstream toward the Aurora water pipelines in locations 

outside the existing sheet pile protection and exposing these waterlines to failure. These advancing 

headcuts will add to the sediment and phosphorus loading to the reservoir. Vegetation in these headcuts 

is poor due to the nearly vertical banks, however, vegetation in the rest of the secondary and tertiary flow 

paths appears to be generally healthy. Woody debris snags are present in both the secondary and tertiary 

flowpaths, exhibiting signs of the high flows of 2023.   

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3 - Large headcut on tertiary channel downstream of the Pipeline Trail 
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2.1.3 Overbanks 

Overbank areas outside of the primary channel and secondary and tertiary flows paths appear to 

be in an overall stable condition. Several locations on the gravel pedestrian trails in Reach 1 show signs of  

moderate erosion.   

2.1.4 Shop Creek 

Shop Creek is also experiencing significant erosion and downcutting, likely in reaction to the 

downcutting of Cherry Creek at the confluence with Shop Creek. The Shop Creek invert is as much as 7 

feet below the existing floodplain bench. The most significant erosion occurs in the first 400 feet upstream 

of the confluence with Cherry Creek. Multiple headcuts are present in this section, progressing upstream 

along Shop Creek. There is a moderate amount of erosion between 400 feet and 900 feet upstream of the 

confluence, with average bank heights of 4 feet. Shop Creek is stable between Lakeview Drive and through 

the cattails that surround the pedestrian bridge near the Shop Creek Trail parking lot. However, if the 

headcuts continue to advance upstream, the pedestrian bridge and culverts under Lakeview Drive are at 

risk.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Shop Creek significant downcutting and bank erosion 
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2.2 Lakeview Drive 

The Lakeview Drive crossing at Cherry Creek consists of 15 elliptical culverts, ranging in size from 

36” to 42”. Culverts #2 and #5, replaced in 2023, are reinforced concrete pipe (RCP) with a trash rack 

structure on the upstream end. Culverts #1 and #3, replaced in 2013, are corrugated metal pipe (CMP). 

The remaining culverts are also CMP and are at a higher risk of failure due to their degrading state and 

age.  Existing culverts provide a capacity of approximately 300 cfs prior to overtopping of Lakeview Drive. 

There is a small amount of riprap overtopping protection on the east side of Lakeview Drive, however, in 

a large overtopping flow event, much of the Lakeview Drive crossing would be susceptible to erosion and 

failure. A 4-inch sanitary force main and 4-inch water line are also present in Lakeview Drive roughly 5-

feet below the roadway surface.  
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3 Hydrology 

3.1 FIS Flowrates 

Select flowrates used in the hydraulic analysis were referenced from the hydrology study 

completed as part of the Federal Emergency Management Agency (FEMA) Arapahoe County Flood 

Insurance Study (FIS) for Cherry Creek. Table 2 provides a summary of these flowrates.  

3.2 Gage Analysis 

In addition to the hydrology model, which tends to over-predict the peak flow for smaller events, 

flow data from a series of gages along Cherry Creek were examined. A flood frequency analysis was 

conducted to provide a better understanding of the magnitude and frequency of actual flows events that 

have occurred in Cherry Creek. Based on this analysis, it was concluded that the hydrology model may be 

over-predicting peak flows for smaller, more frequently occurring events. 

The following gages were considered during this analysis: CC-10, Lakeview Drive Gage, CC-7, and 

USGS 393109104464500 located in Parker. A map of the gage locations is shown Figure 5. A summary of 

the flow gage location and dates of data collection are shown in Table 1.  

 

Table 1 - Flow gage summary 

Flow Gage Location Data collection date range 

CC-10 Within project limits near Shop Creek 2016 – 2024 

Lakeview Drive Immediately upstream of Reach 1 2022 – 2023 

CC-7 4 miles upstream of Reach 1 2016 – 2024 

Parker Gage 10 miles upstream of Reach 1 1991 – 2024 
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A flow split occurs upstream of Lakeview Drive during flow events above 200 cfs. Flow also 

escapes the primary channel upstream of the pipeline trail in events above 125 cfs, and does not return 

to the channel. Due to these existing flow splits, CC-10, downstream of Lakeview Drive in Reach 1, does 

not accurately represent the actual flows in the channel above 125 cfs. For this reason, data from CC-10 

was only considered for baseflow estimates.  

The flow gages in or nearest to the project site, CC-10 and Lakeview Drive gage, did not have 

accurate data or a long enough history to complete a flood frequency analysis. The USGS Parker flow gage 

upstream of the project had accurate data plus a long history of data to complete a flood frequency 

analysis. However, due to the distance upstream of the project, results from this analysis could not be 

directly used for Reach 1. A comparison of baseflows at the Parker gage and Lakeview Drive gage show 

that baseflows increase by 2.3x between Parker and Lakeview Drive. This factor was applied to the results 

of the flood frequency analysis for Parker gage to calculate flood frequency analysis results for the project 

site in Reach 1. A peak flowrate comparison was also completed, with an increase of nearly 5x from Parker 

to Reach 1, this adjustment was not used in the analysis. Table 2 shows the results of this analysis.   

Estimates of bankfull discharge of the primary channel were made at several different sections 

throughout the State Park, with discharges ranging from roughly 125 cfs to 300 cfs. Bankfull discharge 

estimates are to be refined during preliminary design of the project.  

Figure 5 - Cherry Creek flow gage locations 
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Table 2 - FIS and Gage Analysis Flowrates 

Data Source Baseflow Bankfull 2-YR 5-YR 10-YR 25-YR 50-YR 100-YR 

FIS Flowrates - - 2,142 

cfs 

- 10,300 

cfs 

- 31,000 

cfs 

51,000 

cfs 

Gage Analysis 

Flowrates 

20 - 40 cfs 125 – 

300 cfs 

600  

cfs 

1,300 

cfs 

2,100 

cfs 

3,700 cfs 5,400 

cfs 

7,800 

cfs 

  

3.3 Selected Flowrates 

As shown in Table 2, there is a large discrepancy between the FIS and gage analysis flowrates. For 

this reason, different design flowrates will be used for the various aspects of the project. In designing the 

capacity at Lakeview Drive, and calculations related to the channel in more frequent events, gage analysis 

results were used. Results from the gage analysis are more representative of actual flows Cherry Creek 

has experienced that resulted in erosion and downcutting of the channel in Reach 1, as well as overtopping 

events at Lakeview Drive. FIS flowrates were used as an upper range to identify areas with high velocities 

and shear stresses that may present risks during larger events.  
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4 Ecology 

4.1 Project Area Description 

Cherry Creek Reservoir State Park comprises one of the largest open spaces along Cherry Creek in 

the Denver metro area with a large tract of gallery forest dominated by native plains cottonwood (Populus 

deltoides ssp. monilifera). In the urban landscape, gallery forests are important to provide of habitat for 

deer, coyote, meso-predators such as red fox and racoon, numerous rodents, and various migratory and 

resident songbirds, as well as raptors and waterfowl. 

The Cherry Creek watershed and the Denver south metro area have experienced extensive growth 

over the last 50 years. As described in the prior sections, changes in flow patterns have resulted in areas 

of channel degradation characterized by either incision or sediment deposition along Cherry Creek. 

Changes in channel form can influence groundwater resources that riparian plant species rely on for 

maintenance and growth. Additionally, nonnative plants and Colorado-listed noxious weeds have 

established throughout the project area and alter overall ecosystem functioning. 

4.2 Existing Vegetation Communities and Functional Status 

Vegetation mapping of the project area can be found in Appendix C. A summary of the following 

vegetation communities and their functional status and acreage can be found in Table 3.  

Alkali Wetland 

The mapped alkali wetlands generally occur in the western portion of the project area in 

seasonally or intermittently flooded areas. Dominant herbaceous species in this vegetation community 

include saltgrass (Distichlis spicata-Native), reed canarygrass (Phalaris arundinacea-Native), common 

three-square (Schoenoplectus pungens-Native), and American licorice (Glycyrrhiza lepidota- Native). 

Some alkali wetlands did not have any woody species present, but, in other areas, woody species, 

including plains cottonwood (Native) and Russian olive (Elaeagnus angustifolia-Nonnative), were present. 

The alkali wetlands have a functional status of high. Although nonnative species are present in the alkali 

wetlands, native species are dominant, and the wetland type is unique, contributing to vegetation 

community heterogeneity in the project area. 

Cattail Wetland 

The cattail wetlands are prevalent in the project area. Cattail wetlands typically occur in areas that 

have standing water for the majority of the growing season. This vegetation community consists of a 

monoculture of cattails, including both broadleaf cattail (Typha latifolia-Native) and narrowleaf cattail 

(Typha angustifolia-Nonnative), and likely hybrids of these two species. The cattail wetlands have a 

functional status of medium, since these wetlands are defined by only one species and one vertical 

structural layer. However, as a wetland, this community type benefits the ecosystem in several ways 

including providing habitat for several bird species, providing shelter for small animal species, and 

reducing the runoff of pollutants and nutrients from runoff into Cherry Creek Reservoir. 
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Cottonwood Hydric Native 

The cottonwood hydric native vegetation community covers a very small percentage of the 

project area, generally occurring as small, scattered areas in the cottonwood mesic vegetation 

community. This vegetation community consists of plains cottonwood and sandbar willow (Salix exigua-

Native) with an understory of various wetland obligate sedge species including Emory’s sedge (Carex 

emoryi-Native), Nebraska sedge (Carex nebrascensis-Native), and woolly sedge (Carex pellita-Native). 

Russian olive and peachleaf willow (Salix amygdaloides-Native) trees are also present. This vegetation 

community consists of mostly native species, with minimal cover of nonnative species and noxious weeds. 

Three structural layers occur throughout much of the community: cottonwoods in the overstory, willows 

as a shrub layer, and a diverse herbaceous understory. This vegetation community has a high functional 

status. 

Cottonwood Hydric Nonnative 

The cottonwood hydric nonnative vegetation community also covers a fairly small percentage of 

the total project area. This community is mapped in a small area in the northern portion of the project 

area and in the southern portion of the project area. The overstory is dominated by plains cottonwood, 

Russian olive, and green ash (Fraxinus pennsylvanica-Native), while the understory is dominated by reed 

canarygrass that forms a monoculture. This vegetation community has two structural layers (higher cover 

of nonnative Russian olive tree and high cover of monocultural graminoid, reed canarygrass) and has a 

functional status of medium. 

Cottonwood Hemp 

The cottonwood hemp vegetation community is found in small patches throughout the larger 

cottonwood mesic community type. The understory in this community type is dominated by Indian hemp 

(Apocynin cannabinum-Native) with plains cottonwood in the overstory and sandbar willow in the shrub 

layer. Other species that are present in the herbaceous understory include American licorice (Native) and 

Canada goldenrod (Solidago canadensis-Native). This vegetation community has a high functional status 

due to the high cover of native species and species present in the three vertical structural layers. 

Cottonwood Mesic Native 

The cottonwood mesic native vegetation community occurs intermittently throughout the project 

area with an understory dominated by a mixture of upland, facultative, and facultative wetland species. 

The overstory is dominated by plains cottonwood trees with some peachleaf willows and Russian olive 

trees scattered throughout. The shrub layer is dominated by sandbar willow, and the herbaceous 

understory is dominated by a mixture of American licorice, Baltic rush (Juncus arcticus-Native), and 

slender wheatgrass (Elymus trachycaulus-Native). This vegetation community has a functional status of 

high due to all three structural layers being present and the dominance of native species. 

Cottonwood Mesic Nonnative 

The cottonwood mesic nonnative vegetation community covers a large portion of the project 

area. Similar to the overstory in the cottonwood mesic native community, plains cottonwoods are 

dominant in the overstory with less cover of peachleaf willow and Russian olive trees. The shrub layer is 
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dominated by a mix of woods rose (Rosa woodsia-Native) and western snowberry (Symphoricarpos 

occidentalis-Native). The herbaceous understory consists of smooth brome (Bromus inermis-Nonnative), 

American licorice, Indian hemp, and bentgrass (Agrostis sp). The functional status of this vegetation 

community is medium, because, even though it has all three structural layers, the understory is dominated 

by a nonnative species, smooth brome, that limits species diversity. 

Mixed Upland 

The mixed upland vegetation community covers a very small percentage of the overall project 

area. This vegetation community is mapped in one portion of the project area, between the edge of a 

cottonwood willow forest, and an alkali wetland. The dominant species present are smooth brome, tall 

wheatgrass (Thinopyrum ponticum-Nonnative), American licorice, and western wheatgrass (Pascopyrum 

smithii-Native). Scattered showy milkweed (Asclepias speciosa-Native) and leafy spurge (Euphorbia esula-

Nonnative) are also present. The mixed uplands have a functional status of medium because one 

structural layer is present, and species cover is a mixture of native and nonnative species. 

Native Upland Grassland 

The native upland grassland vegetation community occurs on both the east and the west sides of 

the large cottonwood forest running down the center of the project area. It is dominated by slender 

wheatgrass and American licorice. The native upland grasslands have a functional status of high due to 

the high cover of native species. 

Nonnative Upland 

The nonnative upland vegetation community occurs in open areas outside of the cottonwood 

gallery forest. This community generally consists of open grassland areas dominated by smooth brome 

and tall wheatgrass. Some noxious weeds were present including patches of Canada thistle (Cirsium 

arvense). The nonnative upland vegetation community has a low functional status due to the high cover 

of nonnative species and one structural layer present. 

Willow 

The willow vegetation community, dominated by coyote willow, covers a large amount of the 

project area. Willows occur with no overstory in some areas, while others have an overstory of plains 

cottonwoods. The functional status of the willow vegetation community is high due to high native shrub 

cover that provides high quality habitat. This community is mostly dominated by native species in the 

shrub layer, but the understory can be dominated by either native or nonnative species. 

Noxious Weeds 

Though the entirety of the project area was not mapped for noxious weeds, the more prevalent 

species were documented throughout the project area. Several Colorado Department of Agriculture List 

B noxious weeds were observed, including Canada thistle, leafy spurge, Russian olive, and common teasel 

(Dipsacus fullonum). Canada thistle was seen scattered throughout the project area, though the largest 

populations were found in the upland areas on the east side of the project area. The Russan olive trees 

were intermixed throughout both the cottonwood communities and the nonnative upland areas. 

Common teasel and leafy spurge were both seen scattered throughout the cottonwood forested areas. 
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Table 3 - Vegetation communities in the project area by list type, function status (low/medium/high), and 
acreage. 

Vegetation Community Functional status Acreage 

Alkali Wetland High 6.79 

Cattail Medium 42.88 

Cottonwood Hydric Native High 16.88 

Cottonwood Hydric Nonnative Medium 10.12 

Cottonwood /Hemp High 12.50 

Cottonwood Mesic Native  High 17.47 

Cottonwood Mesic Nonnative Medium 107.89 

Mixed Upland Medium 0.77 

Upland Native Grassland High 14.31 

Upland Nonnative Low 44.12 

Willow  High 48.47 

 

4.3 Areas of Ecological Degradation 

In addition to mapping existing vegetation communities, areas with vegetation degradation were 

documented. Changes in flow patterns and channel form may have altered floodplain groundwater levels 

in the project area. Specifically, channel incision along Cherry Creek disconnects the channel from the 

floodplain resulting in lowered flood frequency on riparian landforms and deeper groundwater levels. 

Many riparian plant species rely on shallow groundwater levels, especially during the hot summer months 

when precipitation is low, and evapotranspiration is high; the lowered groundwater levels have likely 

impaired wetland and riparian vegetation and promoted the growth of weedy upland species. In response 

to the lowering of groundwater levels, the dominant riparian tree, plains cottonwood, can experience 

drought induced water stress, which can result in leaf, twig, branch, and canopy crown dieback. Areas of 

cottonwood dieback were mapped throughout the project area, shown in Figure 6. Restoration 

alternatives that include secondary or high-flow channels in areas of cottonwood decline may allow for 

sustained shallow groundwater during the growing season that would increase riparian tree and shrub 

health. 

Although many of the low and medium functioning community types are stable and characterized 

by high vegetation cover, restoration activities to promote increased species richness and native species 

cover are recommended. Furthermore, removal of nonnative trees (i.e., Russian olive) and treatment of 

noxious weeds is recommended throughout the project area. 
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4.4 General Risks and Recommendations for Ecological Restoration and 

Enhancement 

If no actions were to occur along Cherry Creek in the project area, it is likely the following could occur: 

• Potential for increased depth to groundwater and further degradation of high functioning plant 
communities in the project area. Wetland community types could transition to lower 
functioning mesic communities while the loss of cottonwood trees could transition forested 
communities to upland community types.  

• Less frequent flooding of riparian landforms can reduce native tree recruitment to replace older, 
larger trees. 

 

The following activities are recommended to reduce impacts on high functioning areas in the project area 

as well as restore and enhance the vegetation communities: 

• Maintain patches of willow, cottonwood hemp, cottonwood hydric native, cottonwood mesic 
native, and upland native communities. 

• If high-functioning areas are impacted by construction, restore with native seeding, shrub and 
tree planting, and monitoring to ensure desired vegetation community composition.  

• Raise the main channel to reconnect the channel and floodplain and raise the floodplain 
groundwater levels. Wetland benches are recommended along the channel as well as willow 
stakes and plugs for stabilization. 

• Create secondary or high-flow channels through areas of cottonwood decline to maintain 
existing trees and plant native trees in areas with adequate hydrology.  

• Reduce abundance of reed canary grass in the understory of cottonwood hydric nonnative and 
cottonwood mesic nonnative vegetation communities through native seeding of areas disturbed 
by construction, planting wetland plugs, and planting willow stakes. 

• Reduce prevalence of noxious weed species by cutting and treating Russian olive trees and 
treating other herbaceous noxious weeds. 

• Assess groundwater levels in areas of cottonwood decline and model changes in groundwater 
following project completion. Plant cottonwood poles, peachleaf willows, and willow stakes in 
areas with adequate hydrology. 

• Increase plant species diversity in wetlands that would be disturbed by construction activities. 
Cattail wetlands could be transitioned from a monoculture to a wetland type with higher species 
diversity and fewer nonnative species. Restoration activities would include planting wetland 
plugs, seeding, and planting willow stakes to outcompete cattails in disturbed areas. 
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5 Description of Alternatives 

Figures illustrating the concepts of Alternatives 1-3 can be found in Appendix D.  

5.1 No Action 

A no action alternative for Reach 1 leaves infrastructure in the area very susceptible to failure, as 

well as worsening water quality impacts to Cherry Creek Reservoir. Erosion of the primary channel near 

the pipeline trail threatens the Aurora water pipelines. Headcuts in the overbanks that are progressing 

upstream also pose a serious risk to the pipelines as there is no erosion protection where the headcuts 

are anticipated to intersect the water line. These same headcuts can also progress upstream to Lakeview 

Drive, where they pose a significant risk of failing the road embankment. The primary channel erosion 

near Lakeview Drive threatens to undercut the culvert outfalls, which would quickly result in a loss of the 

roadway at that location.  

 In addition to the high risk to infrastructure that a no action alternative presents, there will also 

be a negative impact to water quality. Erosion of the primary channel and overbank headcuts increases 

the phosphorus loading to the reservoir from soil-born phosphorus. As the primary channel and overbank 

headcuts continue to erode, more flow will be contained to the active channel and not spill onto the 

floodplain. As less and less flow spills onto the floodplain, the amount of phosphorus reduction from 

overbank flow processes will be reduced significantly. A more detailed description of water quality 

impacts of the no action alternative is covered in Section 7. 

 

5.2 Alternative 1 

5.2.1 Channel Improvements 

Alternative 1 represents the most limited of the three alternative concepts. This alternative will 

raise and restore the existing primary channel in place along the existing channel alignment. The eroded 

channel invert will be raised between one foot and 8-feet to approximately two feet below the existing 

floodplain bench, allowing for a low flow channel capable of a balanced sediment transport regime. The 

channel will be sized to promote more frequent flow on floodplain benches. Loose rock riffle structures 

will be used to create a stable riffle-pool sequence along the alignment. Buried riprap and bioengineering 

methods will be incorporated to reinforce the banks of the channel. Riparian vegetation will be planted 

along the channel corridor to protect the floodplain benches and to enhance the riparian habitat.  

These improvements will extend from Lakeview Drive to approximately 1,000-feet upstream of 

Cherry Creek Reservoir, where the project will tie into existing grades. Rather than creating a new channel 

planform that applies geomorphic principles to mimic a stable reference reach, the alignment of the 

existing channel will be followed. This, and the fact that the channel will remain on a ridge for much of its 

length, will increase risks of instability compared to the other alternatives. Headcuts adjacent to the 

existing channel will be filled to reduce future overbank erosion. Immediately downstream of Lakeview 

Drive, a collector channel will be constructed to direct baseflows from the existing culverts to the primary 

channel. Where Cherry Creek crosses the Aurora water supply pipeline, sheet pile protection will be 

installed, supplementing the length of existing sheet pile protection.  
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Alternative 1 will raise the invert elevation of the Cherry Creek and Shop Creek confluence by 

about 5-feet, impacting most of Shop Creek downstream of where it crosses Lakeview Drive. In all 

alternatives, Shop Creek will be raised and restored within the existing channel alignment. The eroded 

channel invert will be raised to roughly two feet below the existing floodplain bench. Loose rock riffle 

structures will be used to create a stable riffle-pool sequence, and buried riprap paired with 

bioengineering methods will be incorporated to reinforce the banks of the channel. These improvements 

will extend approximately from the Shop Creek pedestrian bridge crossing to the confluence with Cherry 

Creek.  

5.2.2 Overbank Improvements 

Because Alternative 1 is limited compared to other alternatives, it will not include improvements to the 

secondary or tertiary flow paths, or any other overbank areas.  

5.2.3 Lakeview Drive 

Alternative 1 will not include improvements to Lakeview Drive. The existing culverts will be used to convey 

flows, no overtopping riprap protection will be installed, and no portions of the road profile will be raised.  

5.2.4 Ecological Impact 

Alternative 1 will raise the existing main channel to reconnect the channel and floodplain. This 

alternative will help to raise groundwater levels in the vicinity of the main channel and promote native 

tree species recruitment and riparian tree and shrub growth. Raising the channel is also predicted to 

increase native wetland community types along Cherry Creek and in any depressions that have adequate 

hydrology to support hydric vegetation. The proposed areas for cut and fill balance are currently 

characterized by low to medium functioning plant communities including upland nonnative, cottonwood 

hydric nonnative, and cattail. Disturbance and changes in surface elevations in these areas may help to 

create more diverse, native, plant communities. 

 

5.3 Alternative 2 

5.3.1 Channel Improvements 

Alternative 2 will realign the primary channel between Lakeview Drive and Station 22+00 to the 

existing low point in the eastern side of the valley. This channel will be excavated approximately 2-feet 

below the floodplain bench, allowing for a low flow channel capable of a balanced sediment transport 

regime. The channel will be sized to promote more frequent flow on floodplain benches. Downstream of 

station 22+00, the channel will follow the existing alignment. Through this section, the existing channel 

will be filled by one foot to 5-feet to within 2-feet of the existing floodplain bench. 1000-feet upstream of 

the reservoir, the primary channel will tie into the existing channel invert, no channel improvements are 

proposed downstream of this location. Loose rock riffle structures will be used to create a stable riffle-

pool sequence along the alignment. Buried riprap and bioengineering methods will be incorporated to 

reinforce the banks of the channel. Riparian vegetation will be planted along the channel corridor to 

protect the floodplain benches and to enhance the riparian habitat. Geomorphic principles will be applied 

to the planform layout of the channel to mimic that of a stable reference reach. These improvements will 

extend from Lakeview Drive to approximately 1,000-feet upstream of Cherry Creek Reservoir, where the 
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project will tie into existing grades. Headcuts adjacent to the proposed alignment will be filled to prevent 

future overbank erosion at these locations. Sheet pile will be used to project the Aurora water pipeline 

where it will cross the proposed Cherry Creek channel.  

Alternative 2 will raise the invert elevation of the Cherry Creek and Shop Creek confluence by 

about 5-feet, impacting most of Shop Creek downstream of where it crosses Lakeview Drive. In all 

alternatives, Shop Creek will be raised and restored in place. The eroded channel invert will be raised to 

roughly 2-feet below the existing floodplain bench. Loose rock riffle structures will be used to create a 

stable riffle-pool sequence, and buried riprap paired with bioengineering methods will be incorporated to 

reinforce the banks of the channel. These improvements will extend approximately from the Shop Creek 

pedestrian bridge crossing to the confluence with Cherry Creek. 

5.3.2 Overbank Improvements 

Alternative 2 will implement various stabilization methods to reinforce the secondary and tertiary 

flow paths in larger flow events. Buried rock reinforcement will be used in areas with high shear stresses 

to reduced future erosion. Vegetation reinforcement such as willow thickets will be used in areas with 

moderate shear stresses that don’t warrant riprap protection. Sheet pile protection will be installed at all 

locations where secondary or tertiary flow paths cross the Aurora water pipeline. The existing primary 

channel between Lakeview Drive and station 22+00 will be filled and utilized as a tertiary flow path.  

5.3.3 Lakeview Drive 

Alternative 2 will utilize the existing culverts at Lakeview Drive, in addition to a larger concrete 

box culvert (CBC) to convey flows under Lakeview Drive, anticipated to be approximately a 20-foot span, 

3-foot rise CBC. Existing 4-inch water and sanitary lines under Lakeview Drive will need to be lowered to 

accommodate the proposed CBC. Flow control structures will be installed on the upstream end of select 

existing CMP culverts, which will aid in routing the Cherry Creek baseflows though the proposed CBC 

into the primary channel. These flow control structures will incorporate trash racks, reducing 

maintenance requirements.  

In larger flow events, Lakeview Drive currently overtops first on the eastern side, then on the 

western side of the road due to the sags in the vertical road profile at these locations. In Alternative 2, the 

sag on the eastern side will be slightly raised. This will not change the overtopping location during large 

flow events as a sag will still be present on the eastern side of the road, but will reduce the frequency of 

overtopping by increasing the capacity of the culverts beneath Lakeview Drive. In addition to raising this 

portion of the road, overtopping riprap embankment protection will be installed on the downstream side 

of Lakeview Drive. This riprap will supplement the small amount of existing riprap, and will span the entire 

width of the roadway crossing, protecting Lakeview Drive up to the 100-year flow event.  

An existing flow split occurs upstream of Lakeview Drive along the gravel trail. In Alternative 2, work 

will be done to reinforce this flow split location using compacted embankment material and buried riprap. 

The purpose of reinforcing the flow split location is to preserve existing hydraulics, reducing the risk that 

Cherry Creek avulses and routes base flows to the western side of the valley.  
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5.3.4 Ecological Impacts 

Alternative 2 would move the main channel to the east. This would transition existing lower 

functioning community types including nonnative upland and cottonwood mesic nonnative to higher 

functioning communities including willow, cottonwood hydric native, and cottonwood mesic native. The 

main channel is proposed as a tertiary channel, which would still carry flows at higher stream discharges 

and help to raise floodplain groundwater levels in that portion of the project area, benefiting the existing 

cottonwood trees and riparian shrubs. Additionally, the proposed secondary channel would help to raise 

groundwater tables in the western portion of the project area and promote conditions for native riparian 

tree recruitment. Areas for cut and fill balance are the same as Alternative 1. 

 

5.4 Alternative 3 

5.4.1 Channel Improvements 

Alternative 3 will implement the same improvements to the primary channel, Shop Creek, and 

Aurora pipeline protection as Alternative 2.  

5.4.2 Overbank Improvements 

Alternative 3 will implement the same improvements to the secondary and tertiary flowpaths, 

overbank areas, and Aurora pipeline protection as Alternative 2.  

5.4.3 Lakeview Drive 

Alternative 3 will expand upon the Lakeview Drive improvements described in Alternative 2. A 

second 20-foot span, 3-foot rise CBC will be constructed on the west side of Lakeview Drive. The existing 

CMP culverts will be replaced with RCP culverts of similar size. Flow control structures will be installed on 

the upstream end of select RCP culverts, which will aid in routing the Cherry Creek baseflows though the 

proposed east CBC into the primary channel. These flow control structures will incorporate trash racks, 

reducing maintenance requirements. 

5.4.4 Ecological Impact 

Alternative 3 also plans to move the main channel to the east, and benefits would be similar to 

Alternative 2. Proposed Alternative 3 proposes to build a large culvert on the eastern portion of Lakeview 

Drive that would help convey more flow into the proposed secondary channel in the western portion of 

the project area. More flows in the upstream section of the secondary channel could increase the acreage 

of wetlands and further promote riparian tree recruitment and raise floodplain groundwater levels. Areas 

for cut and fill balance are the same as Proposed Alternative 1. 
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6 Hydraulics 

6.1 Background 

A two-dimensional hydraulic analysis of Cherry Creek Reach 1 was completed using the 

Sedimentation and River Hydraulics two-dimensional hydraulic and sediment transport model (SRH-2D) 

developed by the U.S. Bureau of Reclamation in collaboration with other agencies.  The analysis allows 

for greater understanding of the hydraulic function of Cherry Creek in this area including mapping of the 

flooding limits, water depths, flow velocities, and shear stresses during various flow events. This 

information helps to identify areas that have higher velocities and shear stresses and therefore a greater 

potential for erosion, and areas that are more incised and confined with limited flow spreading onto the 

floodplain benches.  The model also helps to identify areas where flows may tend to split in the floodplain 

and where flows might return to the channel or if flows will continue directly into the Reservoir, as well 

as identify the hydraulic controls at Lakeview Drive.  

To create the two-dimensional model, photogrammetric mapping (flown using a drone in the spring 

of 2021 by Encompass) was used as the baseline topography.  This was supplemented with detailed survey 

of Lakeview Drive, the gravel trail upstream of Lakeview Drive, as well as a primary channel invert survey. 

A two-dimensional mesh was created that provides a higher level of detail around the primary channel, 

secondary and tertiary flow paths, and at road and trail crossings.  Slightly less detail was used in the 

overbanks to reduce file sizes and run times.  As a result of the less detailed, larger mesh size in the 

overbanks, small changes in the topography and precise capacities of overbank flow paths may not fully 

represented in the two-dimension mesh. The 15 existing culverts at the Lakeview Road crossing were 

modeled to capture the hydraulic function of this crossing. A 20-foot span by 3-foot rise CBC was modeled 

on the east side of Lakeview Drive in the proposed condition model to represent the Alternative #2 culvert 

configuration. A map delineating the boundaries of various types of vegetation and ground covers was 

created using current aerial photo imagery and Manning’s roughness values were assigned to each of 

these cover types.  Finally, boundary conditions including entry and exit locations for flow running through 

the mesh were created to ensure that the entire floodplain was captured by the model and that flows 

entered the model at appropriate locations. Only flows from Cherry Creek were incorporated into the 

model; Shop Creek and Cottonwood Creek were not added.  

More in-depth results of existing conditions hydraulics can be found in the report entitled Cherry 

Creek Stream and Water Quality Assessment, Reservoir to State Park Boundary by Muller Engineering, 

dated 2022.  

 

6.2 Results 

6.2.1 Channel and Overbanks 

Flow rates ranging from 125 cfs to 51,000 cfs (100-year event) were analyzed with the SRH-2D model 

in both the existing and proposed Alternative 2 conditions. Results from this model including flow depths, 

velocity, shear stresses, and soil stability can be found in Appendix E. An existing vs. proposed flow rate 

comparison at the pipeline trail is shown in Table 4, and an existing vs. proposed 100-year velocity 

comparison figure is shown in Figure 7.  
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At lower flowrates, the significant difference between the existing and proposed condition is the 

location of the primary channel, with more flow present on the far east side of the valley in the proposed 

condition. The proposed CBC also conveys more flow to this side of the valley during lower flow events. 

At higher flow events, there is a minimal difference in flow distribution between the existing and proposed 

conditions. During these large events, the location of the primary channel and the culvert configuration 

at Lakeview Drive are insignificant compared to the magnitude of the flowrates, as the downstream valley 

geometry is the primary factor impacting flowrates on the east and west sides of the valley.  

Table 4 – East and West Valley Flow Split Comparison at the Pipeline Trail 

 

 

 

   

Existing Proposed Existing Proposed Existing Proposed Existing Proposed

512 563 700 770 5187 5290 19912 19910

209 158 458 388 5113 5010 31088 31090West side of valley

Q = 10,300 cfs Q = 51,000 cfs

East side of valley

Q = 721 cfs Q = 1,158 cfs

Existing Proposed Existing Proposed Existing Proposed Existing Proposed

125 125 196 198 270 288 396 438

0 0 4 2 30 12 104 62West side of valley

Q = 125 cfs Q = 200 cfs

East side of valley

Q = 300 cfs Q = 500 cfs
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An analysis of the soil stability in the overbanks, outside of the primary channel, was conducted for 

a variety of flow rates. Permissible shear stresses for the soil and vegetation within Reach 1 were 

calculated based on the method outlined in “Design Manual Erosion Control Materials Design Software 

(ECMDS®) Version 5.0” (North American Green, 2011). Permissible shear stresses were compared to 

calculated shear stresses from the 2D model, generating a safety factor for soil stability. Values above 1.25 

were considered stable in this analysis, values below 1.25 were considered unstable. Results of the 

proposed conditions soil stability at 10,300 cfs are shown below in Figure 8. Several minor overbank areas 

in red are shown as unstable, which will require minor stabilization. Flowrates below 10,300 cfs show 

nearly complete overbank soil stability in all areas. Soil stability results for additional flowrates can be 

found in Appendix E.  

  



Cherry Creek Basin Water Quality Authority  Cherry Creek Reach 1 

May 2024  Alternatives Analysis Report 
 

  Hydraulics

  Page 24 

6.2.2 Lakeview Drive 

In the existing condition, Lakeview Drive and nearby trails act as a flow control structure, causing 

multiple flow splits at different flow rates. Baseflows of Cherry Creek are conveyed through culverts #1-

7, with the primary channel frequently changing between these culverts due to the highly dynamic nature 

of Reach 2, caused by the large sediment load. Flow from these culverts enters the primary channel.  

At approximately 200 cfs, flow begins to overtop the gravel trail upstream of Lakeview Drive. Once 

flow overtops this trail, it is routed under Lakeview Drive via culverts #9-15. This flow travels along the 

secondary flow path on the west side of the valley and does not return to the primary channel. The gravel 

trail is the primary control for flow on the west side of the valley. At roughly 300 cfs, flow begins to overtop 

Lakeview Drive on the east side. After overtopping, this flow travels along the east side of the valley along 

an abandoned asphalt trail, eventually re-entering the primary channel downstream of the pipeline trail. 

At approximately 700 cfs, flow overtops the Cherry Creek bike trail upstream of Lakeview Drive on the 

west side, then spilling north over Lakeview Drive. Figure 9 illustrates the existing hydraulics at Lakeview 

Drive. 

  

Figure 9 - Lakeview Drive Existing Hydraulics, 721 cfs 
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In the proposed condition, Lakeview Drive and nearby trails still act as a flow control structure. 

Baseflows of Cherry Creek will be conveyed through the proposed east CBC. At approximately 200 cfs, 

flow will begin to overtop the gravel trail upstream of Lakeview Drive. Once flow overtops this trail, it is 

routed under Lakeview Drive via culverts #9-15. This flow travels along the secondary flow path on the 

west side of the valley and does not return to the primary channel. At approximately 700 cfs, flow overtops 

the Cherry Creek bike trail upstream of Lakeview Drive on the west side, then spilling north over Lakeview 

Drive.  The proposed CBC conveys enough flow to prevent overtopping up to approximately 900 cfs on 

the east side of Lakeview Drive. In the proposed condition, this flow overtopping the east side of the road 

will quickly reenter the primary channel. Figure 10 illustrates the proposed hydraulics at Lakeview Drive.  

 

 

Figure 10 - Proposed Lakeview Drive Hydraulics, 721 cfs 
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7 Water Quality Analysis 

7.1 Background 

The impact of the no action alternative and the three channel rehabilitation alternatives on water 

quality was assessed and is documented in this section. Sediment and phosphorus were the primary 

constituents focused on. Two sources of sediment and phosphorus loading were analyzed. One source 

consists of the direct erosion of channel bank soils that contain a percentage of phosphorus and 

subsequent transport of the eroded sediment and phosphorus into Cherry Creek Reservoir.  

The other source consists of water-borne sediment and phosphorus that enters Reach 1 within the 

flow that is conveyed in Cherry Creek. Based on data collected by the Authority, these levels of sediment 

and phosphorus tend to elevate during storm events in proportion to flow rate. At the same time, as 

discussed in previous sections, Cherry Creek flows tend to spread out in multiple secondary and tertiary 

channels and as overland sheet flow as storm flows increase, initiating filtering and infiltration processes 

that immobilize a portion of the water-borne sediment and phosphorus. The impact of the channel 

rehabilitation alternatives on these processes, as well as on the direct erosion of sediment and 

phosphorus from channel banks, is explored in the following section. 

7.2 Sediment and Phosphorus Loading Estimates 

7.2.1 Sediment and Phosphorus Loading from Cherry Creek Bank Erosion 

Sediment and phosphorus loading associated with soil eroded from the banks of Cherry Creek 

was analyzed and documented in a previous report entitled Cherry Creek Stream and Water Quality 

Assessment (Muller, 2022). The amount of soil eroded from the channel was estimated based on the 

difference between topographic surfaces derived from a 2021 photogrammetric point cloud and a 2013 

LiDAR coverage, representing eight years of degradation within the study limits. The total quantity of 

erosion divided by eight years provided an average annual estimate of soil loss representative of the 

period between 2013 and 2021. For Reach 1, this average annual soil loss estimate is approximately 1,600 

cubic yards (CY). 

Based on the observations of channel conditions conducted for the current alternatives analysis 

and the results of the hydraulic modeling discussed in previous sections, it was postulated that there is a 

potential for additional channel erosion and increased soil loss in Reach 1 beyond the primary channel 

erosion experienced between 2013 and 2021. Recent headcut erosion is evident as tertiary flow paths 

enter the degraded Cherry Creek channel, creating a “waterfall” effect that accelerates erosion at the 

drop-off point. Multiple headcuts are currently advancing upstream.  

To assess impacts of the no action alternative and the channel rehabilitation alternatives, an 

advanced rate of erosion associated with the headcuts was estimated in addition to the current erosion 

trend. For the advanced erosion estimate, two primary headcuts were assumed to progress upstream 

(one to Lakeview Drive and one to where a remnant tertiary channel met the main channel) over a period 

of 15 years. This additional erosion, when added to the 2013 to 2021 soil loss rate (which is expected to 

continue), results in an average annual erosion projection of approximately 2,900 CY. The current (2013 

to 2021) erosion rate and the advanced erosion rate provide an upper and lower range of potential 

conditions to assess the no action and channel rehabilitation alternatives. 
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The Cherry Creek Stream and Water Quality Assessment documents a thorough testing program 

of phosphorus content of soils in the study area, including sediment in the bed of Cherry Creek, soil in the 

banks adjacent to the creek, and soils in overbank areas further from the creek. To estimate average 

annual phosphorus loading associated with projections of channel erosion in Reach 1, the average annual 

soil loss estimates were multiplied by the average total phosphorus concentration in overbank soils, a 

value of 393 mg/kg (or 0.76 lbs/ton or 1.013 lbs/CY assuming a unit weight of 100 lbs/cubic foot soil). The 

phosphorus concentration of overbank soils was slightly higher than in the bank soils and was used since 

the anticipated erosion will impact overbank areas well away from the immediate channel banks. 

Based on the estimates of average annual soil loss due to channel erosion and the average 

concentration of phosphorus in soils in the study area, the average annual phosphorus loading from 

channel erosion is estimated as approximately 1,700 lbs for the current (2013 through 2021) erosion rate 

and approximately 3,000 lbs for the projected advanced rate of erosion.  

In the no action alternative, phosphorus loading from channel erosion will continue unabated. No 

action increases the likelihood that additional headcuts will advance upstream as projected in the 

advanced erosion scenario. Conversely, each of the three channel rehabilitation alternatives is anticipated 

to reduce channel erosion to near zero; in this respect the three alternatives are similar. 

The average annual phosphorus loading estimates from Reach 1 bank erosion for the no action and 

channel rehabilitation alternatives are shown in Figure 11 extending over a period of 15 years starting in 

2025. The 15 years were selected to be consistent with the projection of headcut advancement; however, 

actual headcut progression and phosphorus loading may vary from this assumption as well as vary year 

to year based on flow and erosion conditions. 

 

Figure 11 - Average annual phosphorus loading from Reach 1 channel erosion projected over 15 years 
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7.2.2 Water-borne Phosphorus Loading Entering Reach 1 

The Authority conducts detailed annual water quality monitoring at a number of locations along 

Cherry Creek from immediately upstream of the reservoir to the southern reaches of the watershed. Data 

collected include surface flow rates and the concentration of total and soluble reactive phosphorus. From 

these data, average annual total phosphorus loads can be calculated by multiplying annual flow volume 

by average concentration.  

The average annual total phosphorus load entering Reach 1 was estimated based on flow and 

concentration information collected at the CC-7 measurement station (flow data was adjusted as 

described below). This station is located at the downstream end of the Cherry Creek Ecological Park 

approximately midway between Arapahoe Road and Bronco’s Parkway. Data at CC-7 was considered an 

acceptable representation of flow and water quality entering Reach 1 for several reasons. 

1. Stream conditions upstream of CC-7 are relatively stable and well vegetated, similar to Cherry 

Creek channel upstream of Reach 1, so the concentration data is not influenced by severe 

degradation. Also, CC-7 is a relatively new gage positioned to capture a wide range of flowrates 

from baseflows to large storms. 

2. The CC-7 station has flow and water quality data over a 7.3-year period associated with it, which 

is considered adequate for this analysis. Several gaps in flow data at CC-7 over the period of record 

were synthesized from the Parker Mainstreet gage by multiplying by 1.6, a factor representing 

the average baseflow increase from Parker to CC-7.   

3. The measurement station at Lakeview Drive is located in the appropriate position to represent 

flow into Reach 1; this gage has two years of flow data overlapping with the CC-7 period of record. 

Although two years was not considered sufficient to base this water quality analysis on, storm 

flows and baseflows at lakeview Drive were consistently larger than at CC-7 with baseflows 

averaging approximately 1.4 times the baseflows at CC-7. Therefore, actual flows entering Reach 

1 were approximated by multiplying CC-7 flows by this factor. 

4. Measurement station CC-10, located near the downstream end of Reach 1 near the Shop Creek 

confluence, does not pick up larger events that spread to secondary and tertiary channels. Also, 

because the Reach 1 channel is eroding, sediment and phosphorus concentrations, which are 

higher than at CC-7, may not be representative of what is passing through Reach 2 to Lakeview 

Drive. 

5. Measurement Stations CC-8 and 9, which are located closer to Reach 1 than CC-7, do not collect 

flow data. 

Total phosphorus concentrations at CC-7 are generally higher during storm flows than during 

baseflows and tend to increase as peak flow increases. It is inferred that higher flows are associated with 

larger storms or rapid snowmelt conditions that may dislodge more sediment from watershed surfaces 

and from the banks of stream channels and suspend it within the flow. Figure 12 depicts how TP 

concentrations vary with flow rate at CC-7; although there is scatter in the data, an increasing trend is 

evident. 
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Prior sections of the report have shown how Cherry Creek runoff spreads in secondary and tertiary 

channels and in overland sheet flow at higher flow rates. These flow conditions are associated with 

processes that reduce sediment and phosphorus loading through infiltration, vegetative filtering, and soil/ 

plant interactions, similar to treatment processes documented for vegetated buffers. 

It was assumed that spreading and the associated treatment processes would start to occur when 

runoff exceeds channel capacity and comes into contact with vegetation; for the purposes of this analysis, 

contact with vegetation was assumed to start when runoff exceeds 125 cfs for the current Cherry Creek 

channel, 200 cfs for the advanced erosion scenario, and 75 cfs for Alternatives 1, 2, and 3. Although 

Alternative 2 is expected to provide slightly greater areas of spreading than Alternative 1 and Alternative 

3 slightly greater than Alternative 2, for the purposes of this analysis the three alternatives were viewed 

as similar. 

The area of spreading was correlated to flowrate for the channel rehabilitation alternatives as 

well as the current channel conditions and the advanced erosion scenario. It was assumed that storm flow 

phosphorus concentrations would not be reduced lower than to 0.2 mg/l (the approximate background 

concentration for Cherry Creek groundwater) as runoff is infiltrated or filtered.  

Quantities of runoff infiltrated and the associated reduction in total phosphorus was estimated 

for the spread conditions based on the area of spreading, the duration of spreading, and an assumed 

average infiltration rate of 2 inches per hour. The analysis was applied to the adjusted daily average flows 

based on the CC-7 gage and the total phosphorus concentrations based on the relationship to flow shown 

in Figure 12.  

Results for total phosphorus are shown in Figure 14 cumulatively over the same 15 year period as 

Figure 11. The average annual inflow of phosphorus entering Reach 1 during storm events at flow rates  
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greater than 75 cfs is estimated to be approximately 15,000 lbs. Even with the current degraded 

Cherry Creek channel, flow spreading in higher runoff events is estimated to reduce this load by 

approximately 3,500 lbs/year. The advanced erosion scenario will reduce the spreading of runoff and is 

estimated to shrink the phosphorus-reducing benefit of the spreading from 3,500 lbs/yr to approximately 

2,800 lbs/yr. Conversely, the three channel rehabilitation alternatives are intended to increase spreading 

compared to current conditions, increasing the average annual phosphorus reduction to approximately 

4,400 lbs/yr, or 31 percent of the estimated average annual inflow of phosphorus entering Reach 1 at flow 

rates greater than 75 cfs. 

 

 

 

 

 

 

 

 

 

 

Figure 14 - Average annual water-borne phosphorus loading in Reach 1 projected over 15 years showing 
estimated reduction from spreading in vegetated overbanks. 
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7.3 Conclusions 

The progressive degradation of Cherry Creek in Reach 1 has been contributing substantial quantities 

of sediment and phosphorus to the reservoir. Without action to stabilize the channel, the rate of erosion 

and associated sediment and phosphorus loading is estimated to increase as additional headcuts advance 

upstream. In addition, the advancing erosion is expected to decrease the amount of sediment trapping 

and phosphorus immobilization that occurs when periodic storm events exceed the capacity of the 

primary channel and spread out in the wide riparian corridor of Cherry Creek. 

Channel rehabilitation alternatives 1, 2, and 3 are all intended to create stable conditions for Cherry 

Creek and reduce bed and bank erosion to near zero. The alternatives are estimated to reduce total 

phosphorus loading into Cherry Creek Reservoir from Reach 1 channel erosion by approximately 1,700 

lbs/yr based on current (2013 through 2021) erosion conditions and by approximately 3,000 lbs/yr based 

on an advanced erosion scenario. 

The channel rehabilitation alternatives are also estimated to preserve and enhance the reduction in 

water-borne phosphorus via infiltration and filtering processes associated the spreading of storm flows in 

the vegetated overbanks of Cherry Creek within Reach 1. Of the estimated average annual total 

phosphorus load of approximately 15,000 lbs entering Reach 1 at runoff rates greater than 75 cfs, 

Alternatives 1, 2, and 3 are projected to reduce the phosphorus load by approximately 4,400 lbs/yr – 900 

lbs/yr greater than current conditions and approximately 1,600 lbs/yr greater than the advanced erosion 

scenario. 

The estimated reduction in total phosphorus loading to the reservoir due to the channel 

rehabilitation alternatives compared to no action is shown in Table 5.   

 

Table 5 - Reduction in Total Phosphorus due to Channel Rehabilitation Alternatives compared to No-action 

 Based on current (2013-

2021) channel erosion 

rate 

Based on advanced 

channel erosion rate 

Reduction in TP load associated with channel 

stabilization, lbs/yr 

1700 3000 

Reduction in water-borne TP load associated with 

increased spreading in vegetated overbanks, lbs/yr 

900 1600 

Total reduction in TP load, lbs/yr 2600 4600 
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8 Cost - Benefit Analysis 

8.1 Comparison of Risks and Benefits 

A cost-benefit analysis was completed to summarize the benefits for each alternative relative to the 

planning-level opinion of probable cost for each alternative.  The analysis considered phosphorus 

reduction, Lakeview Drive overtopping capacity, risk to Lakeview Drive, channel avulsion risk, risk to the 

Aurora pipeline, ecological and vegetation risk, aquatic connectivity, and long-term maintenance 

requirements. Each of these items were rated low to very high to represent the resulting risk or benefit.  

Table 6 presents a summary of the benefits and is color coded with green being a higher benefit or lower 

risk, yellow being a medium benefit or risk, and red being a lower benefit or high to very high risk. 

 

No Action. Table 6 illustrates the high risks and low benefits associated with the no action 

alternative. As has been discussed, no action exposes the Aurora pipelines to a risk of damage or failure 

at the large drop at the primary channel of Cherry Creek channel and in multiple locations where headcuts 

are advancing upstream. No action also poses a risk of ongoing failures of Lakeview Drive such as occurred 

during the high flows of 2023.  With no action, sediment and adsorbed phosphorus from channel erosion 

will continue to be conveyed into the reservoir at increasing rates, and spreading of high flows through 

the vegetated overbanks, which works to reduce sediment and phosphorus loading via filtering and 

infiltration, will decrease. Finally, the ecological health of the riparian corridor will continue to decline and 

maintenance requirements will increase. 

Alternative 1. The information in Table 6 shows some lowering of risk to the Aurora pipelines, 

improvement in ecological health, and reduction in phosphorus loading as the existing primary channel 

is stabilized in its current alignment. However, stabilizing the channel on the existing ridge presents a 

risk of avulsion and movement of the channel to the low point in the valley. Because Alternative 1 is the 

most limited alternative and does not include improvements at Lakeview Drive and in the secondary and 

tertiary flowpaths, no reduction in risk would accrue in those areas. 

Alternative 2.  Table 6 shows how Alternative 2 provides a comprehensive system of 

improvements to Cherry Creek and its ecological resources and significantly reduces risk to the Aurora 

pipelines and Lakeview Drive. Because the primary channel would be restored in the natural low point of 

the valley, it would be more sustanable long-term than maintaining the existing alignment in Alternative 

Alternative

Phosphorus 

Reduction 

(lb / year)

Lakeview

Drive

Risk

Channel 

Avulsion 

Risk

Aurora 

Pipeline

Risk

Ecological

Vegetation

Health

Aquatic

Connectivity

Long Term 

Maintenance 

Requirements

No Action 0 300 cfs < 2 year Very High Very High Very High Low Very Low Very High

Alternative 1 4600 300 cfs < 2 year High High Medium Medium Medium Medium

Alternative 2 4600 850 cfs 2-5 year Medium Low Low High High Low

Alternative 3 4600 1400 cfs 5-10 year Low Low Low High High Very Low

1. Return intervals based on gage analysis data, not FIS hydrology flow rate data.

 Approximate Lakeview 

Drive Overtopping 

Capacity1

Table 6 - Alternatives Risk Matrix 
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1. By arresting channel degradation and enhancing overbank spreading, Alternative 2 also provides a 

subtantial reduction in sediment and phosphorus loading to the reservoir. 

Alternative 3. Table 6 shows further increase in the flow capacity of Lakeview Drive and 

reduction in risk and maintenance requirements due to the replacement of existing CMP culverts with 

concrete culverts and improved inlet structures. 

8.2 Planning-level Opinion of Probable Cost 

Planning level opinions of probable cost for each alternative consist of estimated construction 

costs and estimated engineering and permitting costs.  Construction costs were estimated for the 

channel improvements, the overbank improvements, and Lakeview Drive improvements.  The channel 

improvement construction costs were estimated by developing a cost per linear foot for channel 

improvements using recent construction cost data for similar channel projects.  The channel cost per 

linear foot represents the total construction cost including items like earthwork, rock work, mobilization, 

water control, erosion control, and revegetation.  Overbank improvements were estimated based on 

spot treatments of vegetation or rock work along the secondary and tertiary flow paths.  For Lakeview 

Drive, major construction items were quantified including new culverts, flow control structures, 

embankment protection riprap, and asphalt paving.   

A 25% cost increase was then applied to account for the smaller construction items that were 

not quantified such as the mobilization, water control, erosion control, traffic control, earthwork, and 

revegetation.  A 25% contingency was then applied to the estimated construction costs to account for 

additional construction costs that are not known during the planning stage.  At this point, engineering 

and permitting costs were assumed to be 25% of the total construction costs (12% for design, 3% for 

permitting, and 10% for construction services).  The total project cost was determined by adding the 

estimated engineering and permitting costs to the estimated construction costs.  Additionally, the total 

project costs were projected for the years 2025 through 2026 using an average annual inflation rate of 

7% based on the Colorado Department of Transportation Construction Price Index published in the 

fourth quarter of 2023. Table 7, presents a summary of the total project costs for each alternative and is 

broken out by channel cost, overbank cost, Lakeview Drive cost, and the total project cost.  This table is 

also color coded with green representing the lowest costs, yellow representing mid-range costs, and red 

representing the highest costs. 

 

 

 

 

 

 

 



Cherry Creek Basin Water Quality Authority  Cherry Creek Reach 1 

May 2024  Alternatives Analysis Report 
 

  Cost - Benefit Analysis

  Page 34 

 

 

8.3 Summary of Pros and Cons of Alternatives 

8.3.1 No Action 

Pros: 

1. No immediate requirement to secure funding. 

2. No disturbance within the park. 

Cons: 

1. Although no immediate funding is required, in the long term, costs to address continued 

degradation or repair damage to infrastructure will be greater than costs indicated in Table 7. 

2. Continued expansion of channel erosion and high risk of channel avulsion.   

3. High risk of erosion of secondary and tertiary overbank flow paths. 

4. High risk of damage to Aurora pipelines from channel erosion. 

5. No reduction in phosphorus loading; increased loading over time. 

6. Continued loss of trees from erosion and potential dehydration of riparian vegetation from 

groundwater lowering. 

7. Lowest ecological and aquatic function due to very poor channel condition and planform. 

8. High risk of Lakeview Drive damage or failure due to undermining from channel erosion, frequent 

overtopping, and deterioration of aging CMP culverts from corrosion or poor joints.    

9. Frequent maintenance of debris required at existing Lakeview Drive culverts to maintain crossing 

capacity. 

Alternative
2025 

Channel Cost1

2025 

Overbank Cost1

2025

 Lakeview Drive 

Cost1

2025 

Total Project 

Costs

No Action $0 $0 $0 $0

Alternative 1 $10.8M $0 $0 $10.8M

Alternative 2 $9.8M $3.3M $3.6M $16.7M

Alternative 3 $9.8M $3.3M $6.3M $19.4M

1 Project costs include engineering services, environmental services, and construction services

Table 8 – Planning-level Opinions of Probable Cost  
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8.3.2 Alternative 1 

Pros: 

1. Stabilizes primary channel in place. 

2. Reduces risk to Aurora pipelines from erosion at the primary channel. 

3. Reduces phosphorus loading. 

4. Reduces the loss of trees. 

5. Less disturbance within the park. 

Cons: 

1. Risk of channel avulsion and subsequent erosion due to primary channel location on ridge. 

2. Risk of erosion of secondary channel and tertiary overbank flow paths. 

3. Medium aquatic function due to less than ideal channel planform. 

4. Limited ecological improvements throughout the overbanks. 

5. High risk of Lakeview Drive failure due to frequent overtopping and deterioration of aging CMP 

culverts from corrosion or poor joints. 

6. Frequent maintenance of debris required at existing Lakeview Drive culverts to maintain crossing 

capacity. 

8.3.3 Alternative 2 

Pros: 

1. Stablizes primary channel; best protection against avulsion with primary channel located in valley 

low point. 

2. Reduces risk of erosion of secondary and tertiary overbank flow paths by protecting weak spots. 

3. Higher level of protection for Aurora Waterlines with protection at the primary and secondary 

channels. 

4. Lower channel stabilization construction costs than Alternative 1. 

5. Reduces phosphorus loading. 

6. Reduces the loss of trees. 

7. High ecological and aquatic function due to improved channel planform. 

8. Improved ecological function throughout the overbanks. 

9. Lower risk of Lakeview Drive failure with less frequent overtopping. 
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10. Some improvement in debris maintenance required at Lakeview Drive culverts with larger CBC 

and trash rack structures on several of the existing CMP culverts. 

Cons: 

1. More disturbance within the park. 

2. Moderate risk of Lakeview Drive failure due to deterioration of aging CMP culverts from corrosion 

or poor joints. 

8.3.4 Alternative 3 

Pros: 

1. Stablizes primary channel; best protection against avulsion with primary channel located in valley 

low point. 

2. Reduces risk of erosion of secondary and tertiary overbank flow paths by protecting weak spots. 

3. Higher level of protection for Aurora Waterlines with protection at the primary and secondary 

channels. 

4. Reduces phosphorus loading. 

5. Best protection of Lakeview Drive with significant reduction in overtopping frequency and aging 

CMP culverts replaced with RCP. 

6. Best reduction of debris maintenance at Lakeview Drive culverts with two new CBC culverts and 

trash rack structures on several of the existing CMP culverts. 

7. Reduces the loss of trees. 

8. High ecological and aquatic function due to improved channel planform. 

9. Improved ecological function throughout the overbanks. 

 

Cons: 

1. Highest Lakeview Drive construction costs. 

2. More disturbance within the park. 
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9 Recommendations  

9.1 Recommended Alternative 

Based on the analyses described herein and the initial input received by Authority representatives, 

Alternative 2 is the recommended concept to move forward with toward final design and implementation. 

Alternative 2 provides a more comprehensive system of improvements to reduce risk to infrastructure 

than Alternative 1, increases the flow capacity of Lakeview Drive, and is viewed as more sustainable long-

term by locating the primary channel of Cherry Creek in the natural valley low point east of the existing 

channel. Alternative 2 reduces project costs compared to Alternative 3 and provides all the same benefits 

with the exception of providing additional flow capacity and robustness for the Lakeview Drive culverts. 

However, if funding is available for the additional Lakeview Drive improvements, there is no down-side to 

implementing Alternative 3. 

9.2 Permitting Requirements 

The proposed project will require several permits, as outlined below.  

9.2.1 Clean Water Act Section 404 Permit 

The Clean Water Act (CWA) protects the chemical, physical, and biological quality of waters of the U.S. 

(WOTUS). The U.S. Army Corps of Engineers’ (Corps) Regulatory Program administers and enforces Section 

404 of the CWA. Under Section 404, a Corps permit is required for the discharge of dredged or fill material 

into wetlands and other WOTUS (streams, ponds, and other waterbodies). Cherry Creek, Cherry Creek 

Reservoir, and their adjacent and abutting wetlands are considered WOTUS and, therefore, any activities 

that would require the discharge of dredged or fill material into wetlands and open water would require 

a CWA Section 404 permit. 

If the selected alternative is able to demonstrate that the project would restore, enhance, or establish 

aquatic habitat in the project area, the project may be able to be authorized under Nationwide Permit 

(NWP) No. 27 for Aquatic Habitat Restoration, Enhancement, and Establishment Activities. This NWP 

requires that the activity be planned, designed, and implemented so that it results in aquatic habitat that 

resembles an ecological reference. The time frame for a NWP is usually 45 days, if no federally listed 

species are present and cultural resource consultation is not required.  

If the Corps does not agree the project could be authorized under NWP No. 27, then the project would 

require an Individual Permit. An Individual Permit requires a description of the purpose and need for the 

project, an alternatives analysis, a public notice period, as well as a wetland and stream functional 

assessment and mitigation plan. This would include completing the Stream Quantification Tool analysis to 

demonstrate if the project is creating a stream functional lift. In addition, wetland mitigation would be 

required. The Corps is currently requiring most projects to purchase mitigation bank credits for wetland 

mitigation. If the project sponsors wanted to create wetlands on-site for wetland mitigation, then the 

Corps would likely require a ratio higher than 1:1 for wetland mitigation. In addition, if wetland mitigation 

is proposed on-site, the project would likely be required to have a deed restriction over the proposed 

wetland mitigation areas. The time frame for an Individual Permit is 6 months to 2 years, depending on 

the complexity of the project. 
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9.2.2 Clean Water Act Section 408 Approval 

The CWA Section 408 program provides permission to allow people, towns, or businesses to alter or 

impact a Corps project, such as a dam, levee, or waterway. Cherry Creek Reservoir is a Corps project as 

the Corps constructed the dam and reservoir in 1950. Actions in the reservoir facility require approval 

from the Corps under the 408 program. The 408 approval request may require an environmental 

assessment as part of the Corps compliance with the National Environmental Policy Act. This would 

include evaluating how the project may affect several resources, including wetlands and open water, 

wildlife, threatened and endangered species, recreation, hazardous materials, floodplains, and other 

resources. In addition, the submittal would require a cut/fill balance and additional analysis to 

demonstrate the project would not adversely affect the flood capacity of the reservoir. Additional 

structural, hydrologic, hydraulic, and geotechnical analyses may also be required. A statement of no 

objection from the nonfederal sponsors of the property is also required. The time frame for 408 approval 

can be 6 months to 2 years, depending on the complexity of the project. 

9.2.3 U.S. Fish and Wildlife Service Consultation 

Due to the presence of habitat for the federally listed Preble’s meadow jumping mouse (Zapus hudsonius 

preblei or Preble’s), consultation under Section 7 of the Endangered Species Act with the U.S. Fish and 

Wildlife Service (Service) would be required. A biological assessment (BA) to analyze the effects of the 

project on Preble’s and its critical habitat would be required as part of the Section 7 consultation process. 

The BA would require documentation of Preble’s habitat in the project area and the project’s proposed 

impacts on Preble’s habitat, as well as mitigation proposed for impacts. The Section 7 consultation process 

takes 4 to 9 months. 

In addition, a bald eagle nest is present in the project area close to the edge of the reservoir. Any work 

within 660 feet of the nest between December 1 and July 1 would require a permit from the Service. The 

Service has created a new permitting process for activities within 660 feet of a nest to help streamline the 

process, and it is anticipated this process will begin later this summer. If activities within 660 feet of a nest 

are planned outside of the breeding season, then a permit from the Service would not be required; 

however, ERO recommends consultation with Colorado Parks and Wildlife (CPW) as CPW has a 

recommended 0.5-mile buffer around active bald eagle nests. 

9.2.4 Cultural Resources 

As part of the CWA Section 404 and 408 process, the Corps must comply with the National Historic 

Preservation Act. Because the project would take place on Corps’ property, the Corps are likely to require 

a Class III cultural resources survey of the project area and consultation with the State Historic 

Preservation Office (SHPO). If the project would result in adverse effects on historic properties (i.e., 

cultural resources eligible for listing in the National Register of Historic Places), adverse effect resolution 

through a memorandum of agreement and treatment plan would be necessary. Adverse effect resolution 

requires consultation with tribal nations. The consultation process with the SHPO and tribes can take 6 

months to a year, depending on the resources identified and complexity of the project. 
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9.3 Phasing 

In the event that project funding cannot be fully secured prior to the scheduled start of 

construction, Alternative 2 can be broken down into two phases. Phase 1 would include the construction 

of the primary channel, filling of the existing channel, some construction along Shop Creek, installation of 

all Aurora pipeline protection, and construction of the culvert flow control devices upstream of Lakeview 

Drive. Phase 1 would address the degradation of the primary channel and Shop Creek. Phase 2 would 

include the installation of the east CBC, overtopping riprap protection, road profile raise, the constructed 

guidebank near Lakeview Drive, construction of the remaining Shop Creek improvements, as well as 

improvements to the secondary and tertiary flowpaths and overbanks. Phase 2 would increase the flow 

capacity at Lakeview Drive, as well as stabilization of the overbank areas. Figure 16 illustrates this phasing. 

Table 9 outlines planning level opinions of probable costs for this phasing approach.  

Table 9 - Phase 1 and 2 opinions of probable costs 

  2025 Total 
Project Costs 

Phase 1  $        9,570,000  

Phase 2  $        7,340,000  

 

If project phasing needs to be further broken down to align with available funding, phases 1 and 2 

can each be split in half, for a total of four phases. Phase 1A would include construction of the primary 

channel from roughly 500 feet upstream of the Pipeline Trail to the downstream project limits. A small 

portion of Shop Creek, as well as all Aurora pipeline protection would also be included in this phase. A 

temporary connector channel would be necessary to convey flows between Phase 1A and 1B. Phase 1B 

would include construction of the primary channel from Lakeview Drive to approximately 500 feet 

upstream of the pipeline trail. Culvert flow control devices upstream of Lakeview Drive would also be 

included in Phase 1B. Phase 2A would include the installation of the east CBC, overtopping riprap 

protection, road profile raise, and the constructed guidebank. Phase 2B includes the remaining Shop Creek 

improvements, as well as improvements to the secondary and tertiary flowpaths and overbanks. Figure 

17 illustrates this phasing. Table 10 outlines planning level opinions of probable costs for Phases 1A, 1B, 

2A, and 2B.  

Table 10 - Phase 1A, 1B, 2A, and 2B opinions of probable costs 

  2025 Total 
Project Costs 

Phase 1A  $        7,030,000  

Phase 1B  $        3,890,000  

Phase 2A  $        3,270,000  

Phase 2B  $        4,090,000  
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Not reflected in the cost estimates in Table 9 and Table 10 are adjustments for economy of scale. 

Constructing the project in larger phases would likely result in lower unit prices on individual items, hence 

lowering the total project cost. Splitting the full project into multiple phases may also complicate the 

permitting process, particularly the Section 408 permit as the cut/fill balance could be difficult to achieve 

within each individual phase. There is also some level of risk associated with the phasing approach, as 

elements within each uncompleted phase will remain at risk until that phase is constructed.  
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