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EXECUTIVE  SUMMARY 
 
Windy Gap Reservoir is located along the Colorado River approximately 4 miles west of the town 
of Granby, in Grand County, Colorado. Aquatic habitat of the Colorado River in the vicinity of 
Windy Gap is sub-optimal. The Gold Medal trout fishery appears to be in decline over recent years 
and fish passage is blocked by the dam and impeded in places by shallow riffles. Water 
temperatures commonly exceed standards set by the Colorado Department of Public Health and 
Environment during portions of the summer, and recent studies suggest key bio-indicator species 
are nearly extirpated immediately below Windy Gap.   
 
The Northern Water Municipal Subdistrict (Subdistrict), acting by and through the Windy Gap 
Firming Project (WGFP) Water Activity Enterprise, have agreed to develop and implement an 
enhancement plan to improve habitat conditions within and immediately downstream of Windy 
Gap Reservoir. This Windy Gap Reservoir Modification Study (Study) is one element of the 
enhancement plan. The primary objective of this Study is to develop a plan to facilitate the 
recovery of aquatic species by improving existing conditions and physical processes impacted by 
Windy Gap. Specifically, the primary Study objectives are to: 
 
x Improve sediment transport around or through the reservoir,  
x Reduce stream bed armoring downstream of the reservoir, 
x Moderate elevated stream temperatures,  
x Provide connectivity for aquatic life and fish passage, and  
x Enhance aquatic habitat. 

 
The Study reach extends from the Highway 40 Bridge on the Colorado River, and the Denver Rio 
Grande and Western Railroad Bridge (Railroad Bridge) on the Fraser River at the upstream ends, 
to the County Road 57 Bridge at the downstream end, for a total length of approximately 2.25 
miles measured along the channel thalweg (Figure ES-1).  
 
This Study was completed in two phases.  The first phase, completed in February 2014 under 
contract with Colorado Parks and Wildlife (CPW), proposed a single alternative that included a 
new channel located along the northern edge of the reservoir, a new intake structure (to convey 
flows from the reservoir under the channel to the pump house), and a lateral weir diversion 
structure to divert flows into the reservoir. The alternative was found to satisfy the study 
objectives and to benefit the Colorado River but exceeded cost expectations. In July 2014, an 
addendum was authorized by the Municipal Subdistrict, Northern Colorado Water Conservancy 
District to study additional alternatives and determine whether these additional alternatives can 
also meet the study objectives and benefit the Colorado River, but at a lower cost.  
 
The main body of this report describes the work completed in the first phase of the project as 
part of the CPW Study.  Appendix G describes the work completed in the second phase as part 
of the contract with the Municipal Subdistrict.  The subsequent additional alternatives evaluated 
in Appendix G are generally described as follows:  
 

Alternative 1:  This alternative proposes a new channel and lateral weir, with the 
channel located along the southern edge of the reservoir, separated from the reservoir 
with a new berm. This alternative is very similar to the CPW Study Alternative, with 
the exception that the new channel would be located along the southern edge of the 
reservoir, thus eliminating the need for an intake structure.  
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Alternative 2:  This alternative proposes a new channel and pump modifications that 
would allow diversion of flows, while maintaining necessary downstream deliveries,  
 

 

 

Figure ES-1. Vicinity map of Windy Gap Reservoir. 

 
without requiring a reservoir to operate the pumps. This alternative would require 
modifications to pumping operations and equipment, and construction of a forebay.   
 
Alternative 3:  This alternative proposes a new channel and lateral weir, with the channel 
located along the southern half of the reservoir, separated from the reservoir with a new 
berm. This alternative is very similar to Alternative 1 except it proposes a wider floodplain 
and riparian corridor similar in width to that above and below Windy Gap Reservoir.   

 
Study results indicate that Alternative 3 achieves the study objectives and provides benefit to the 
Colorado River. When compared to the CPW Study Alternative and Alternatives 1 and 2, 
Alternative 3 is the second lowest in cost and only slightly higher than the lowest cost alternative, 
and provides the largest acreage of riverine habitat improvement. Other differentiators of 
Alternative 3 include: (1) a deeper reservoir that would be less susceptible to warming trends than 
the current reservoir configuration and would provide a pleasant and aesthetic amenity located 
next to the existing parking and picnic area, and (2) a wider floodplain consistent in width to the 
floodplain upstream and downstream of the reservoir, providing expanded upland habitat and 
improved hydraulic connectivity for flood conveyance. Thus, Alternative 3 is recommended for 
further design and implementation.  
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General Description of Proposed Reservoir Modification (Alternative 3) 
 
Alternative 3 proposes a new channel located through the southern half of the existing reservoir 
(Figure ES-2). The new channel would include habitat features and riparian plantings to provide 
shade and cover for aquatic species.  The channel would be separated from the reservoir by a 
berm. The dam and the existing spillway would remain in place. A diversion structure would be 
constructed downstream of the confluence of the Fraser and Colorado Rivers and require a 
modification to the alignment of the Fraser River at the diversion to better align the river with the 
new channel. The diversion structure would consist of a lateral weir to divert flows out of the 
channel and into the reservoir for pumping to Granby Reservoir and an on-line structure across 
the main channel to control the headwater on the lateral weir, while still allowing the required 
minimum downstream flows to pass. The on-line structure would include adjustable sluice gates 
to control downstream flow releases. These sluice gates would be open during non-pumping 
operations.  
 
Alternative 3 proposes a wide floodplain similar in width to the floodplain upstream and 
downstream of the reservoir.  This alternative would require a deeper pool in the reservoir to 
maintain an equal or greater volume of storage than current exists. The dam and spillway would 
remain in-place.  The existing north and south reservoir embankments would be left in place to 
contain flood flows, similar to current conditions, thereby providing flood protection to the railroad 
and U.S. Highway 40. Downstream of the reservoir, the channel alignment would be located 
toward the north to tie into the existing Colorado River adjacent to the Schmuck Children Trust 
(SCT) property.  This alternative includes reclamation of the channel area below the spillway to 
improve the quality of the riparian corridor and would include filling, grading and revegetating the 
spillway run-out area. A small channel would be left in place, as this outlet is used relatively 
frequently and should remain available for releases.   
 
Flows in the bypass channel would be reduced 75 to 2.4 cfs for diversion at the Schmuck Ditch.  
Flows would be diverted from the reservoir into the existing by-pass channel similar to existing 
conditions, diverting sufficient flows to insure the delivery of 2.4 cfs to the Schmuck Ditch 
headgate. A bridge and an access agreement would be provided to the SCT to access Northern 
Colorado Water Conservancy District property along the newly constructed river and adjacent 
floodplain.   
 
Channel and Berm 
 
The new channel would include a low-flow channel sized for flows up to about 100 cfs, which is 
approximately the flow required to meet downstream, instream flow obligations. The low-flow 
channel would have a 40-foot-wide, 2-foot-deep, V-shaped cross section. The second stage, 
bankfull channel would be developed by extending the channel banks vertically by 2 feet to 
provide a total capacity of 600 cfs (Figure ES-3). The bankfull channel would be constructed with 
aquatic habitat features such as vegetative and overbank cover and riffles and pools. A floodplain 
would be provided above the bankfull level, which would be inundated most years during spring 
runoff, when flows reach and exceed 600 cfs. A floodplain would be provided above the bankfull 
level, which would be inundated most years during spring runoff when flows reach and exceed 
600 cfs. The new channel would have an average gradient of approximately 0.4 percent to 
connect topographically to the up- and downstream ends of the project site.  
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Figure ES-2.  Alternative 3 Site Plan.
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Figure ES-3. New channel cross section and berm, typical cross section. 

 
 
The berm separating the channel from the reservoir is laid out with side slopes of 2.5H:1V along 
the reservoir edge and 4H:1V along the new channel, and a 20-foot-wide top width to 
accommodate a maintenance road. The berm crest is set at elevation 7,840.5 feet (NAVD 88 or 
7836 NGVD), which is equal to the water-surface elevation at the spillway design flood of 31,500 
cfs. A slurry wall in the core of the berm and embankment protection on the berm face are both 
proposed along the length of the berm where it is adjacent to the reservoir to protect from seepage 
and erosion of the embankment.  
 

Diversions, Pumping Operations and Reservoir Modifications  
 
Water from the new channel would be diverted into the reservoir with an on-line gated structure 
and an overbank lateral weir on the right side of the new channel immediately downstream of the 
confluence of the Colorado and Fraser Rivers. The lateral weir would be set 2 feet above the main 
channel thalweg to insure the first 100 cfs remains in the river to meet instream flow requirements 
for the downstream reach.   
 
The diversions would be controlled by multiple bottom-up gates, such as an Obermeyer gate, to 
regulate flows through the lateral weir. This arrangement provides flexible operations in controlling 
the water-surface elevation behind the gate. In addition, these bottom-up gates reduce the 
potential for sediment and fish entrainment into the reservoir. The lateral weir would also be 
constructed with the top elevation set at the top of the berm. The crest would also serve as a 
bridge for maintenance and repair and would also provide access for manual operation of the 
multiple opening vertical sluice gates that control the river flow.  
 
The on-line gated structure would consist of three vertical slide gates, with openings of 20 feet 
each, to provide the headed needed for diversion of flows through the lateral weir. A fourth 
opening would be used to convey flood flows around the gates. A maintenance access road would 
be provided and includes a security gate at the Highway and along the dam embankment to 
restrict access along the embankment and diversion structure to Subdistrict personal.  The 
reservoir under this configuration is off line, with much of the sediment being retained in the main 
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channel.  Thus, deposition within the reservoir is likely to be reduced with this alternative when 
compared to current conditions.   
 
Evaluations 
 
Alternative 3 uses similar channel geometry, slope, length, berm dimensions, and point of 
diversion as proposed in the CPW Study.  Thus the results of the hydraulic evaluation and aquatic 
habitat assessment for the CPW Study are applied in evaluating Alternative 3, as presented 
herein.   
 

Hydraulics and Sediment Transport 
 

One important objective of the proposed alternative is to restore sediment-transport connectivity 
of the river downstream from Windy Gap Dam with the upstream sediment supply, particularly in 
the gravel size ranges that are important to spawning habitat. The sediment-transport balance 
through the proposed project in any given year depends on the flow regime in the upstream river 
segments and on project operations in which the amount of flow split between the new channel 
and diversions into the reservoir for pumping would vary, with the balance during high-flow years 
being quite different from low-flow years. The sediment balance under design conditions was 
performed for three hydrographs representing a dry-, mid-range- and wet-year. Integration of the 
inflowing sediment-load rating curves over these hydrographs indicates that very little gravel and 
cobbles would be delivered to the study reach from the upstream Fraser and Colorado Rivers 
during the dry-year hydrograph, about 2.5 yd3 of this material would be delivered during the 
midrange-year hydrograph, and 220 yd3 would be delivered during the wet-year hydrograph. The 
sand supply from the upstream rivers would vary from about 8 yd3 during the dry-year hydrograph 
to 55 yd3 for the midrange-year hydrograph and 196 yd3 during the wet-year hydrograph. 
 
An incipient-motion analysis was conducted to evaluate the flows required to mobilize the existing 
bed material in the active channel of the study reach. The results indicate that the existing bed 
material in the Fraser River begins to mobilize at about 1,200 cfs transport of the material occurs 
at flows greater than about 2,000 cfs. The results also indicate that the existing bed material does 
not mobilize over the range of modeled flows (up to 3,820 cfs) in the Colorado River immediately 
upstream of the confluence with the Fraser River, indicating that this part of the reach is effectively 
armored. 
 
With the exception of the area in the immediate vicinity of the diversion structure, the new channel 
has sufficient capacity to transport the inflowing gravel, cobble and sand load. When diversions 
are being made into the reservoir, the reach in the vicinity of the diversion structure would limit 
transport capacity because of the local backwater effect resulting from the head necessary to 
meet the diversion requirements and from the loss of flow into the diversion. The transport 
capacity of the transition reach immediately downstream of the diversion structure would also be 
limited by somewhat lower velocities compared to the up- and downstream reaches for flows up 
to about 2,000 cfs, but more importantly, by the reduced amount of flow during diversion 
operations. The sediment-transport analysis indicates that a small amount of cobbles (<1 yd3) 
would deposit in the transition reach during the mid-range hydrograph, and 50 to 55 yd3 of gravel 
and cobbles would deposit in this reach during the wet-year hydrograph. In both cases, all of the 
inflowing sediment load would pass through the reach if no diversions are made throughout the 
hydrographs, suggesting that sediment sluicing could be an effective method of insuring that the 
upstream sediment supply is carried through the project area into the downstream river, 
particularly when flows reach and exceed 2,000 cfs. 
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A qualitative review of flood impacts for the 100-year flood event was also conducted to assess 
the impacts of the proposed alternative on the 100-year water-surface elevations. Results from 
the models for existing and proposed conditions indicates that flood levels downstream of the 
reservoir would be slightly less than those under existing (current) conditions, primarily because 
the effective flow area of the channel would be somewhat wider than under existing conditions. 
In addition, the 100-year flood is not expected to increase upstream of the spillway and is easily 
contained within the dam embankments. 
 

Aquatic Habitat 
 
As designed, the new channel would provide about 260,800 square feet (6.0 surface acres) of 
new riverine habitat under low-flow conditions, and provide connectivity to restore fish passage 
through the reservoir.  The new channel would incorporate habitat features such as rootwad 
revetments, J-hook vanes, and boulder clusters to maximize the quality of the aquatic habitat, 
providing cover and protection. In addition, fish passage improvements are proposed both 
upstream and downstream of the reservoir effectively reconnecting most of the Fraser River with 
this important reach of the Colorado River.      
 
Considerations for Implementation 
 
Generally, the major issues with project implementation will be those typical for a project of this 
size, type and magnitude.  Considerations of note include the following:   
 
1. The proposed reservoir modification project is contained on property owned by the Subdistrict 

and would not require any additional land acquisition.  
 
2. Access to the proposed diversion structure and berm would require a gated maintenance road 

off Highway 40.   
 
3. No major utility relocation would be required for implementation of this project; however, a 

power source would be required for operations at the diversion structure.  
 
4. Permitting and/or approvals would likely be required from the U.S Army Corps of Engineers, 

Colorado Department of Public Health and Environment, U.S. Fish and Wildlife Service, State 
Engineers office, Colorado Parks and Wildlife, Grand County, Federal Emergency 
Management Agency, and Colorado Department of Transportation.  
 

5. Major construction elements of this project include the berm and channel, the diversion 
structure and excavation of the existing reservoir.   Excavation of the reservoir is required to 
maintain current storage volumes, which in turn provides the source material for the berm, 
assuming the material is suitable. An opinion of probable costs based on the proposed 
alternative described herein totals approximately $9,600,000. Preliminary and final designs 
and some additional analysis will be required to refine this estimate.   
 

6. Constructability of the project, including scheduling and work activities (and possibly 
temporary structures), will need to be evaluated. The period of construction will extend at least 
one to two years during which the District must divert water from the river.  An implementation 
schedule is presented in Appendix G and includes a start-up for construction following spring 
runoff, and the construction of a temporary river channel to provide for future diversions and 
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to also enable for the construction of the new channel in the dry, with the exception of tie-in 
connections.  Care must be exercised to not disturb spawning beds, particularly downstream 
of the reservoir, from mid-October to early the following summer.  This conceptual 
implementation schedule is subject to modification as designs and construction plans are 
developed. 

 
Overall Findings and Conclusions 
 
The proposed Alternative 3 for the Windy Gap Reservoir modification would provide many 
opportunities for benefitting the aquatic habitat of the upper Colorado River. These benefits 
include (1) re-establishment of connectivity with upstream tributaries, expanding available habitat 
and range for fish, macroinvertebrates and other aquatic life, (2) re-establishment of coarse 
sediment transport through the system to alleviate downstream gravel depletion and armoring, 
(3) improved water quality by moderating water temperature regime and nutrient loading by taking 
the existing shallow reservoir off-line and substantially decreasing water travel times through the 
Windy Gap area, and (4) reducing the transport of aquatic vegetation from the reservoir which 
has infested and degraded downstream riverine habitats.  
 
The layout and configuration of the diversion structure is designed to mimic existing pumping 
operations to prevent adverse impacts to the ability of the Subdistrict to divert, pump and deliver 
its water rights under both existing and future conditions, and to prevent project related impacts 
to downstream water users and property owners. The hydraulic and sediment-transport analysis 
indicates that with the reservoir modifications in place, the new channel can mobilize and transport 
the majority of inflowing gravel/cobble load and the vast majority of the inflowing sand load. 
However, when pumping and diversions are occurring, the flows in the channel would be reduced 
at the diversion structure, likely resulting in some deposition at and near the diversion structure. 
This material could be removed by sluicing when channel flows are at or greater than 2,000 cfs, 
and/or in combination with curtailment of diversions to produce flows at or greater than 2,000 cfs. 
Sluicing performed in combination with release of flushing flows should be considered and 
coordinated to maximize the use of water and provide multiple benefits. Periodic mechanical 
excavation may also be utilized or necessary when the required flows are not present. 
 
The hydraulic and sediment-transport analysis indicates that bed mobility in the river channels 
up- and downstream from the existing reservoir would not change significantly under project 
conditions. However, the upstream gravel and sand supply would be restored to the downstream 
part of the reach, providing additional material to restore and maintain some of the existing 
downstream habitat features.  
 
Alternative 3 would require an amendment to the Schmuck Children Trust (SCT) agreement to 
mitigate the impacts of changes in flows in the bypass channel, including maintaining fishing rights 
and privacy and providing for operation of the irrigation ditch on the property. 
 
The preliminary and final designs for this alternative must comply with the rules and regulations 
from  the  State  Engineer’s  Office.  Should  the  proposed  modifications  be  implemented,  a  refined  
final channel design would be developed to incorporate riffles and runs, pools, and cross-section 
diversity.  Illustrative concept drawings are presented in Appendix G. 
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Next Steps 
 
The next immediate step is to secure funding and assess ways to potentially reduce unit pricing, 
particularly for the cost of earthwork as it is a large component of the recommended alternative. 
Assuming funding can be secured, then the project would move to the development and 
completion of preliminary and final plans and application for permits. Some of the more detailed 
analyses needed to support these steps are listed below, although the list is not exhaustive. Note 
that the costs to implement Steps 1 through 6 are not reflected in the opinion of probable costs 
presented in this addendum, as they involve additional analysis or the collection of needed data. 
However, Steps 7 through 10 are the development of plans and specifications and as such, 
included with the costs listed in the opinion of probable cost under Engineering.   
 

1. Evaluate the material in the reservoir for suitability in constructing the berm. Evaluate the need 
for a cutoff wall in the berm. 

2. Extend hydraulic analyses upstream of the railroad bridge to investigate bridge capacity and 
assess overtopping along the railroad. Assess and route the PMF through the proposed river 
and modified reservoir. 

3. Refine the channel cross section design to incorporate riffles, runs, pools and sinuosity; 
update and refine the hydraulic analysis for further balancing the high-water overflow with the 
required flows for sediment transport.   

4. Collect additional data to verify and refine the inflowing sediment load rating curves.  

5. Evaluate potential for utility conflicts. Determine power requirements for operating the 
diversion structure.  

6. Assess water quality in the reservoir; confirm the need for freshening flows. 

7. Develop preliminary plans, with grading and details. Refine grading as required to balance 
earthwork. 

8. Prepare preliminary technical specifications. 

9. Refine cost estimates and secure funding. 

10. Consult with permitting agencies and prepare and submit permit applications. 

11. Prepare final plans, construction drawings and technical specifications.   
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1 INTRODUCTION 
 
Windy Gap Reservoir is located approximately 4 miles west of the town of Granby, in Grand 
County, Colorado (Figure 1.1). The facility is owned and operated by the Northern Water 
Municipal Subdistrict (Subdistrict), a water provider to Front Range communities in Northeastern 
Colorado. Windy Gap consists of a dam and reservoir on the Colorado River, a pumping plant, 
and a six-mile pipeline to Granby Reservoir (Figure 1.2). During spring runoff, water is pumped 
from Windy Gap Reservoir to Granby Reservoir, where it is stored for delivery to the Front Range 
through the Colorado-Big Thompson facilities. The Windy Gap Project currently diverts an 
average of 36,530-acre feet of water annually. Under future conditions with the proposed Windy 
Gap Firming Project (WGFP), average annual diversions are expected to reach 46,100 acre-feet 
(Reclamation, 2011). Pumping rates depend on the inflow and vary between 100 cubic feet per 
second (cfs) to 600 cfs.   
 

 

Figure 1.1. Vicinity map of Windy Gap Reservoir. 

 
Aquatic habitat of the Colorado River in the vicinity of Windy Gap is sub-optimal. The Gold Medal 
trout fishery appears to be in decline over recent years and fish passage is blocked by the dam 
and impeded in places by shallow riffles. Water temperatures commonly exceed standards set by 
the Colorado Department of Public Health and Environment during portions of the summer, and 
recent studies suggest key bio-indicator species are nearly extirpated immediately below Windy 
Gap  
 
The Subdistrict, acting by and through the Windy Gap Firming Project (WGFP) Water Activity 
Enterprise, has agreed to develop and implement an enhancement plan to improve existing 
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conditions within and immediately downstream of Windy Gap Reservoir. This Windy Gap 
Reservoir Modification Study (Study) is one element of the enhancement plan. The primary 
objective of this Study is to develop a plan to facilitate the recovery of aquatic species by improving 
existing conditions and physical processes impacted by Windy Gap. Specifically, the primary 
Study objectives are to: 
 
x Improve sediment transport around or through the reservoir,  
x Reduce streambed armoring downstream of the reservoir, 
x Moderate elevated stream temperatures,  
x Provide connectivity for aquatic life and fish passage, and  
x Enhance aquatic habitat. 

 
The Study reach extends from the Highway 40 Bridge on the Colorado River and the Denver Rio 
Grande and Western Railroad Bridge (Railroad Bridge) on the Fraser River at the upstream ends, 
to the County Road 57 Bridge at the downstream end, for a total length of approximately 2.25 
miles measured along the channel thalweg.  
 
 

 
 

Figure 1.2. Aerial view of Windy Gap Reservoir on the Colorado River. 
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1.1 Scope of Work 
 
This Study was conducted under contract with the Colorado Division of Parks and Wildlife 
Contract No. 54129. The following is a brief description of the Scope of Work. 
 
Task 1—Assess existing conditions to develop a basis for design and evaluation of alternatives. 

This includes development of a hydraulic model to assess the hydraulics and sediment 
transport into, through and downstream of the reservoir. Task 1 also includes evaluation 
of the dam and pumping operations, aquatic habitat and other factors affecting aquatic 
life.  

 
Task 2—Develop conceptual plans to meet the project objectives. Select a proposed alternative 

and evaluate the alternative for its ability to meet the project objectives.   
 
Task 3—Prepare a summary report describing the analysis procedures, findings and 

recommendations.  
 
The Scope of Work requires the Study to be implemented in accordance with the following 
guidelines: 
  
A. Water Rights: 

The study recommendations must not negatively impact the ability of the Subdistrict, Denver 
Water and/or any party to exercise its water rights. If the Windy Gap bypass/flow-through 
provides a benefit to the Subdistrict in exercising its water rights, such as reduced need for 
maintenance or sedimentation removal, those benefits will be described.  

 
B. Headgate Diversions: 

Solutions must be proposed and implemented in ways that do not negatively impact the 
location or amount of water available for lawful diversion at headgates or other diversion points 
within the reach where the proposed work will be completed, and will not negatively impact 
the rights and obligations contained in the Supplemental Agreement between the Subdistrict 
and Schmuck family, dated April 2, 1982, and the October 14, 1977, receipt and option 
contract between the Subdistrict and Howard Schmuck.  

 
C. Facilitate Recovery of Aquatic Species: 

Study recommendations shall seek to facilitate recovery of aquatic species diversity, including 
mayflies and stoneflies, sculpin, trout, and other species.  

 
D. Improve Aquatic Habitat: 

Study recommendations shall seek to reduce harmful silt releases, reduce the capture of 
coarser material in the reservoir, improve stream temperatures for cold-water vertebrates and 
invertebrates, reduce rooted aquatic vegetation, improve water quality, accommodate 
movement of species up- and downstream of the Windy Gap Reservoir, and provide other 
benefits that have been or may be identified associated with reconnecting the Colorado River 
upstream and downstream of Windy Gap Reservoir.  

 
E. Streambed Armoring and Embeddedness:  

Study recommendations shall seek to prevent streambed armoring and embeddedness.  
 
 



Final Report 
Windy Gap Reservoir Modification

 
 

1.4 
 

F. Benefits: 
The final report for the study will describe the expected aquatic benefits, permanence of the 
benefits, ongoing maintenance concerns, impacts on riparian zone, ability to perform under 
expected low- and high-flow conditions, and additional public benefits.  
 

G. Upper Colorado River Habitat Project: 
The specific in-channel improvement activities associated with the Upper Colorado River 
Habitat Project, as described in the Fish and Wildlife Enhancement Plan will be determined in 
a separate effort.  

 
H. Costs and Implementation: 

The Windy Gap Reservoir Modification should be conceptually designed to accomplish and, 
to the extent practical, optimize the purposes and objectives described above under Study 
objectives, while being cost efficient and subject to these guidelines. The Windy Gap 
Reservoir Modification should be sufficiently planned and/or designed to allow a reasonable 
cost estimate, with the understanding that more planning, permitting and design will be 
needed before the selected option is implemented.  

 
1.2 Technical Advisory Team 
 
The Study is being overseen by the Colorado Parks and Wildlife (CPW), with guidance and input 
from a Technical Advisory Team (TAT). Mr. Gregory Gerlich, Aquatic Section Manager with CPW 
is the project manager. Members of the TAT participated in the evaluation of alternatives and 
provided advice and input. The TAT consists of the following agencies and organizations:  
 
x Colorado Parks and Wildlife 
x Grand County 
x Colorado River Water Conservation District 
x Denver Water 
x Middle Park Water Conservancy District 
x Municipal Subdistrict of the Northern Colorado Water Conservancy District 
x Schmuck Family Trust 
x Trout Unlimited 
x Upper Colorado River Alliance 

 
1.3 Design Team 
 
The design team from Tetra Tech includes Peggy Bailey, P.E. serving as the Project Manager, 
Robert Mussetter, Ph.D., P.E. and Michael Pierce, P.E. providing river engineering and fluvial 
geomorphology analysis, and Daniel Johnson, P.E. M.S covering geotechnical engineering and 
infrastructure design. Thomas Wesche, Ph.D. (HabiTech) is providing guidance and 
recommendations related to fisheries, aquatic habitat and stream restoration, and Lora Wesche 
(HabiTech) is covering future conditions hydrology. 
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2 BASIS  FOR  DESIGN/ASSESSMENT  OF  EXISTING  
CONDITIONS 

 
The primary objective of this Study is to develop and evaluate a plan to improve aquatic habitat 
downstream of Windy Gap Reservoir in conformance with the project guidelines described herein. 
Assessments conducted to provide a basis for evaluation include topographic surveys of the 
reservoir and surrounding floodplain, bed-material sampling, review of reservoir and dam 
conditions, review of operations at the pump station, analysis of existing and future conditions 
hydrology, hydraulics and sediment transport, and review of existing aquatic habitat. These 
assessments and other factors effecting design are described in more detail below. 
 
2.1 Site Visit  
 
On May 31, 2013, the design team toured the Windy Gap pumphouse, dam and reservoir site 
with Subdistrict personnel to learn about system operations. On June 13, 2013, the design team 
also walked the study reach. The purpose of these field visits was to familiarize the team with 
project reach. Photographs from each site visit are presented in Appendix A.  
 
2.2 Schmuck Family Trust 
 
The Schmuck Family Trust (SFT) owns property on the north bank (right bank looking 
downstream) of the Colorado River immediately downstream of Windy Gap Dam, with access 
from Highway 40. The rights and obligations contained in the April 2, 1982, Supplemental 
Agreement between the Subdistrict and SFT, and the October 14, 1977, receipt and option 
contract between the Subdistrict and Howard Schmuck require that the Subdistrict release 75 cfs 
or the total inflow into the reservoir if less than 75 cfs, into the channel bypass that abuts the SFT 
property.  
 
2.3 Field Surveys 
 
Field surveys were conducted over six days between April 29 through May 1 and May 14 through 
May 16, 2013. Control for the survey was provided by the Subdistrict and consisted of a USGS 
benchmark (WINDY GAP) located just east of the Windy Gap pumping plant and reservoir. The 
WINDY GAP control point has been used by the Subdistrict for previous survey work. All 
horizontal coordinates were referenced to the Colorado North State Plane Coordinate System 
and elevations were referenced to the North American Datum of 1988 (NAD88). Additional 
information regarding the field survey is provided in Appendix B. 
   
This survey data were used to develop a topographic and bathymetric surface of the study reach 
(Figure 2.1). This surface was used for the modeling and to develop a topographic map for site 
planning and grading. The surface also provided a basis for estimating the quantity of sediment 
captured in the reservoir since its construction.   
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Figure 2.1.   Aerial photograph of the Windy Gap site showing topographic and bathymetric survey.  
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Figure 2.2. Sample site locations at Windy Gap. 

PC = pebble count sample site 
WG = pebble count and bulk sample site 
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2.4 Surface Bed-material/Substrate Samples 
 
A combination of surface pebble counts using standard procedures from Wolman (1954) and bulk 
sampling were conducted at six locations to determine the size range of surface and substrate 
material in the river bed (Figure 2.2). During the initial sampling effort that was conducted on 
June 23 and 29, 2013, four of the sample sites were located upstream of the reservoir and two 
were located downstream. The surface samples were collected using the pebble count method 
and subsurface material was collected in plastic buckets, covered and transported to Kumar and 
Associates, Inc., a laboratory in Frisco, Colorado, for dry sieve analysis. A supplementary 
sampling effort was conducted on August 1, 2013, when pebble counts were collected at eight 
sites to provide additional data on the size range of the surface bed material. Based on the 
sampling results, the median (D50) size of the surface bed material generally ranges from 30 to 
90 mm upstream of the reservoir and 45 to 80 mm downstream of the reservoir (Figure 2.3). The 
median size of the subsurface material is consistent up- and downstream, ranging between 15 
and 33 mm (Figure 2.4). 
 
2.5 Windy Gap Reservoir and Pumping Operations 
 
Windy Gap facilities consist of a dam, reservoir and pumping plant on the Colorado River, and a 
6-mile pipeline to Granby Reservoir. The reservoir was initially designed with a 452 acre-feet 
storage volume, measured at the lower spillway elevation (7828.5 feet NAVD 88), referred to as 
the  ‘low  block.’  The  reservoir  surveys  indicate  the  storage  available  today  at  the  same  elevation  
has decreased to 232 acre-feet. The loss of storage may be in part due to sediment derived from 
the failure of gravel ponds on a property located immediately upstream of Windy Gap on the 
Colorado River, as well as the capture of sediment inflow from the upstream river. This issue is 
discussed in more detail in Section 2.7.  
 
Pumping rates vary based on the inflow and minimum downstream flow releases required to meet 
instream flows, as established by the State of Colorado Water Conservation Board. The minimum 
instream flow requirement is the lesser of the total inflow to Windy Gap, or 90 cfs, measured at 
the USGS Gage No. 0934250 Colorado River at Windy Gap near Granby, located immediately 
downstream  of  County  Road  57.  In  addition,  downstream  ‘calls’  occur  periodically that can change 
the minimum downstream flow releases, and therefore, the pumping rates.   
 
The pumping plant consists of four pumps, each with a capacity of approximately 180 cfs. When 
more than one pump is operating, the capacity is slightly reduced for each pump, so that the 
maximum pumping rate is 600 cfs when all four pumps are running.   
 
Pumping typically occurs during snowmelt runoff, between mid-April to early-July. The pumping 
operations generally attempt to match inflow while meeting downstream flow requirements.  This 
often requires running one pump on a cyclical basis and turning on additional pumps full-time as 
inflows increase. During the pumping period, when the reservoir elevation has been drawn down 
by about 3 feet one pump is shut down and the reservoir then refills to the initial level.  The length 
of the pumping cycle may vary as the reservoir fluctuates within the range of 7828.5 to 7831.5 
feet. Table 2.1 shows a typical pumping operation based on running one pump in a 12-hour cycle 
for various inflow rates. This simplified 12-hour pump cycling "rule" is considered sufficiently 
accurate for the purposes of this study. Because no modifications are planned to the pumps or 
pumping operations the rules are applied to both the existing and future conditions in this study. 
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Figure 2.3.  Particle size gradation curves of the surface bed material from pebble counts at 14 

sample sites in the Windy Gap study reach. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4. Particle size gradation curves of the surface and subsurface bed material at six 
sample sites in the Windy Gap study reach. 
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Table 2.1. Pumping rules for hydraulic assessment. 

Pumping rates, cubic feet per second (cfs) 

Inflow to 
Reservoir 

Pump in 12-hour 
Cycles 

Pumps Running 
in 24-hour 

Cycles 

Average 
Pumping Rate 

in 24-hour 
Cycles 

Outflow 
Released 

Below 
Reservoir 

100  0 0 0 100 
200 1 pump at 180 0 90 110 
400 1 pump at 180 1 pump at 180 270 130 
600 1 pump at 180 2 pumps at 180 450 150 
800 0 4 pumps at 150 600 200 

>800 0 4 pumps at 150 600 >200 
 
 
2.6 Hydrology 

2.6.1 Flood-frequency Analysis 
 
A flood-frequency analysis for the project reach was conducted using flow records from the 
Colorado River at Windy Gap near Granby gage (USGS Gage No. 09034250) that is located 
immediately downstream of the County Road 57 Bridge at the downstream end of the Study 
reach. This gage was originally established in 1981; however, only the data from 1985, when 
Windy Gap was closed, through 2012 was used for the analysis to represent current conditions. 
The curve was developed using flood-frequency software by Ponce (1989), which fits the data to 
a log-Pearson Type III (LP-III) frequency distribution using standard procedures specified in 
Bulletin 17B (IACWD, 1982). The weighted-skew method was used for the analysis, with a 
regional skew of -0.11 from the generalized skew coefficient map in IACWD (1982), and the mean-
square error (MSE) of the generalized skew set to the recommended value of 0.302. The results 
indicate that the 1.25-, 2-, 10- and 100-year floods have peak discharges of 610, 1,230, 3,420 
and 7,600 cfs, respectively (Table 2.2). 
 
Table 2.2.  Flood-frequency results for USGS Gage No. 0934250—Windy Gap near Granby 

[Water Year (WY) 1985 through WY2012). 
Return period (yr) Peak flood discharge (cfs) 

1.05 310 
1.11 420 
1.25 610 

2 1,230 
5 2,420 
10 3,420 
25 4,920 
50 6,200 

100 7,600 
 

Gage information is also available from the Colorado River near Granby gage (USGS Gage No. 
09019500), located upstream of Windy Gap Reservoir. However, flows in this reach of the 
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Colorado River are highly regulated, with the flow typically held at a relatively constant flow of 
approximately 80 cfs through the primary pumping period from mid to late-April through early-
July. Occasionally  flows  ‘spill’  from Granby Reservoir, producing relatively high peak discharges 
(Figure 2.5), but the operational releases out of Granby Reservoir strive to minimize spills and 
highly fluctuating flows. For purposes of modeling pumping operations to assess sediment 
transport, it was assumed that, during spring runoff, the Colorado River contributes a steady flow 
of 80 cfs.  
 

 
 
Figure 2.5.  Mean daily exceedence discharges at the Colorado River near Granby gage 

(USGS Gage No. 00019500) for the period of approved records from WY1961 
through WY2012.  

 
For considerations of flood control, specifically on the Colorado River at its confluence with the 
Fraser River upstream of Windy Gap Reservoir, additional gage analysis was conducted. The 
highest flow in the record at the Colorado River at Windy Gap near Granby, downstream from the 
dam, since the dam closure in 1985, occurred on June 26, 2011, when the peak discharge 
reached 5,100 cfs. The peak flow at the Colorado River near Granby gage (upstream of Windy 
Gap) peaked at 2,290 cfs, plus Willow Creek downstream of Willow Creek Reservoir gage (and 
tributary to the Colorado River upstream of Windy Gap) recorded 750 cfs. The Fraser River near 
Granby gage (NCWCD) peaked at approximately 1,470 cfs on the same day.  
 
The highest peak discharge at the Colorado River near Granby gage (or Y-gage) since closure of 
Granby Reservoir in September 1949 was 2,520 cfs on June 22, 1996. The annual peak discharge 
at this gage exceeded 1,000 cfs  in 12 of the 63 years from  WY1950  through  WY2012,  and  it  
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exceeded 2,000 cfs in 4 of the 63 years (about 1 in 5 years and 1 in 16 years, respectively, on 
average). Thus, for purposes of flood protection, spill flows from the Colorado River, including 
contributions from Willow Creek, in the range of 2,000 to 3,000 cfs were considered in the analysis 
and conceptual design.  
 
As previously noted, the Colorado River at Windy Gap near Granby gage is about 1 mile 
downstream of Windy Gap; thus, it includes flows from several minor tributaries and Willow Creek 
located between the gage sites. The gage data also reflects impacts from pumping at Windy Gap, 
which will reduce flows. For purposes of this assessment, the flood-frequency results shown in 
Table 2.2 provide an approximate range of flows of sufficient order of magnitude to establish 
modeling boundaries for flood conditions under both existing and future conditions within Windy 
Gap Reservoir. Note the proposed project would have little if any effect on the magnitude of flood 
flows.     
 
2.6.2 Model Hydrology 
 
Although the enhancement plans are aimed at improving existing conditions, the proposed 
modifications were assessed for future flow conditions with the WGFP in place. This is a concept 
agreed to by the TAT and CPW, and is considered essential to the project because future flows 
will be reduced below current conditions, and thus, represents the worst-case scenario for aquatic 
habitat. To understand flow conditions with the WGFP in place, the WGFP EIS (Reclamation, 
2011) was reviewed. The EIS provides total volumes by year for wet, dry and average year flow 
conditions. The data used to generate the volumes were provided by ERC, Inc. (pers. Comm., 
Heather Thompson, 2013) who provided modeled current and future daily flows above and below 
Windy Gap during spring runoff. From these data, the five wettest and five driest years described 
in the Windy Gap Firming Project EIS were plotted. To develop the hydrologic record for 
“midrange”  water  years,  17  years  from  the  entire  period  of  record  which  fell  between  the  wettest  
and driest years were identified and 5 of these 17 years randomly selected for further analysis. 
From this assessment, the volumes of flow and peak discharges for a wet, dry and average year 
were calculated for April 1 and August 31 inflow to Windy Gap. This information was then 
compared to actual recorded flows to identify real events that are also representative of future 
conditions for the wet, dry and average year as predicted by the EIS. Once identified, the real 
events were downloaded for use in the hydraulic model described later in this report.   
 
Two types of data are available from gage records: average daily flows and 15-minute flows.  Only 
the 15-minute gaged data were used for the sediment inflow hydraulic modeling. This is being 
done for two reasons: (1) the average daily flows do not accurately reflect diurnal fluctuations 
typical of snow melt runoff, and (2) Windy Gap is operated on a sub-daily time step with pump on-
off cycles much shorter than 24 hours. Fifteen-minute data are available for 2009 to present on 
the Northern  Colorado  Water  Conservancy  District’s  website for inflows on the Colorado and 
Fraser River. The three years selected for modeling purposes are 2012 (dry-year), 2013 (mid-
range-year), and 2010 (wet- year). A comparison of EIS flows versus data indicate that for the dry 
and wet years, the gage data are less in total volume than is indicated by the EIS (Table 2.3). 
The midrange year closely matches the EIS volumes, but has a slightly higher peak flow. Because 
the actual data are generally at or less than the EIS model, particularly in total volume, the real 
data for the three selected years are considered suitable for this analysis. For purposes of 
modeling, the data are used to establish inflow, which is adjusted by the model pumping 
operations ‘rules,’ assuming pumping will occur at all times when flow is  available, except as 
limited by instream flow requirements immediately downstream. Hydrograph plots from the EIS 
data are included in Appendix C.  
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Table 2.3. Comparison of EIS future conditions flows versus data. 

 
 
 
2.7 Hydraulic and Sediment-transport Analysis (Baseline/Existing Conditions) 

2.7.1 Description of Models 
 
Hydraulic conditions in the study reach were modeled using a combination of the Corps of 
Engineers HEC-RAS software (USACE, 2010) and the Bureau of Reclamation SRH-2D software 
(Version 3) (BOR, 2010) with Version 11 of the Aquaveo Surface Water Modeling System (SMS) 
graphical user interface (Aquaveo, 2011). HEC-RAS is a one-dimensional (1-D) model that 
computes steady-state water-surface profiles, unsteady-flow hydrographs and the associated 
hydraulic conditions (e.g., depth, cross-sectionally averaged velocities) based on a series of cross 
sections that represent the river topography. SRH-2D is a depth-averaged, finite volume, 
hydrodynamic model that computes water-surface elevations and horizontal velocity components 
for free-surface flow in 2-D flow fields. 
 

 HEC-RAS Model Development and Calibration 
 
Hydraulic conditions under existing conditions in the Fraser River and Colorado River upstream 
from the reservoir were evaluated using HEC-RAS and peak flows as determined from the 
frequency analysis. Model results were then used to provide reach-averaged hydraulic conditions 
for use in evaluating the sediment-transport balance through the project reach. The existing 
conditions model covers approximately 3,600 feet of the Colorado and Fraser Rivers extending 
downstream from the Railroad Bridge on the Fraser River and Highway 40 Bridge on the Colorado 
River, through the Fraser-Colorado River confluence, and into the reservoir. Below the dam, the 
1-D HECRAS model extends about 1,300 feet downstream from the bypass outlet at the base of 
the dam to a point approximately 700 feet downstream of the confluence of the bypass channel 
and mainstem of the Colorado River. The model topography was developed from the 2013 survey 
data. The downstream boundary condition for the model runs assumes normal depth with energy 
slope equal to a channel slope at 0.004.  
 

EIS Data EIS Data
Dry year flows, Apr - July

Low 33,705      217
Data, 2012 31,421 239

High 51,585      473
Mid year flows, Apr - July

Low 50,660      396        
Data, 2013 71,719      1,201      

High 87,008      1,080      
Wet year flows, Apr - July

Low 151,908 1,506
Data, 2010 118,713 2,186

High 548,054 6,285

Volume Apr -  Aug Peak flow
ac-ft cfsInflow to Windy Gap
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The model was executed for a range of flows up to the 100-year flood peak discharge, and the 
results were used to develop reach averaged hydraulic conditions for use in the sediment balance 
analysis. Definition of the subreaches and the reach-averaging process are described in more 
detail below. 
 

 SRH-2D Model Development and Calibration 
 
The existing conditions 2-D model includes the main river channel and overbanks from the County 
Road 57 Bridge about one mile downstream from Windy Gap Dam upstream through the reservoir 
to the Railroad Bridge about 3,600 feet upstream from the head of the reservoir (Figure 2.6). The 
model uses a mesh composed of triangular and quadrilateral elements that represent the plan 
form geometry and topography of the study reach. The topography is represented by elevations 
assigned to each node in the mesh that were derived from a Digital Terrain Model (DTM) 
developed from the 2013 survey data.   
 
To provide acceptable computational efficiency while accurately representing the topography of 
the study reach, the mesh dimensions vary to provide greater mesh density used within the 
channel where most of the topographic changes are expected to occur, with lower mesh density 
in the overbanks. The typical size of the channel elements is approximately 15 feet wide (lateral 
to the flow direction) by 35 feet long (in the general flow direction). The overbank portion of the 
model is comprised primarily of triangular elements with a typical side length of 50 feet. The mesh 
developed for this study covers a total channel length of about 11,900 feet (2.25 river miles) and 
contains 15,700 elements (Figure 2.6). 
 
To execute the model, it is necessary to specify the water-surface elevations at the outflow 
boundaries for each discharge that is being modeled. These elevations were taken from the 
stage-discharge relationships measured by the Colorado River at Windy Gap near Granby gage 
that is located near the downstream model boundary. 
 
Similar to HEC-RAS, SRH-2D  uses  Manning’s  n-values to define boundary friction losses, and it 
uses a parametric turbulence model to calculate the energy loss due to internal turbulence. 
Different material types were used to represent the main channel, banks, cobble bars, and 
overbank roughness (Figure 2.7, Table 2.4). The model was calibrated by selecting initial values 
based on the standard references cited above and past experience with similar stream types, and 
then adjusting primarily the main channel Manning’s   n-values until suitable agreement was 
obtained between the predicted and measured water-surface elevations. The final values shown 
in Table 2.4 produce water-surface elevations that are very consistent with measured elevations 
(Figure 2.8), and they are generally consistent with recommended values from the standard 
references.  
 
2.7.2 Existing Conditions Model HEC-RAS Results 
 
The existing conditions model was used to develop reach-averaged hydraulics for Colorado and 
Fraser Rivers upstream of the Fraser-Colorado River confluence. Values for the reach-averaged 
velocity, hydraulic depth, top width, and energy grade slope were calculated over a range of flows 
(Tables 2.5 and 2.6), and the results were used to calculate the bed shear stress to evaluate the 
range of discharges over which the bed material in the reach is mobilized by the flow (see Section 
2.7.4 Incipient Motion Analysis).  
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Figure 2.6.  Existing conditions SRH-2D model mesh. 
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Figure 2.7.   Distribution of Manning’s  n roughness values used in the final, existing conditions SRH-2D model (see Table 2.4 for 

material  types  and  Manning’s  n-values. 
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Figure 2.8.  Predicted water-surface elevations compared to water-surface elevations measured during the May 2013 survey.
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Table 2.4.    Manning’s  n-values used in the Existing Conditions SRH-2D modeling. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.5.  Reach averaged hydraulics for the Colorado River developed from the existing 

conditions HEC-RAS model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mesh Material 
Type 

Representative                                       
Feature 

Manning's                         
n-value 

1 Channel Banks 0.039 
2 Bare Earth 0.025 
3 Brush 0.04 
4 Channel Bed 0.036 
5 Concrete 0.015 
6 Cottonwoods 0.05 
7 Grass 0.03 
8 Reservoir Bed 0.025 
9 Riprap 0.04 

10 Willows 0.05 
11 Split Flow Channel Bed 0.037 
12 Bars 0.038 

Discharge 
(cfs) 

Channel 
Velocity 

(fps) 

Hydraulic 
Depth                       

(ft) 

Channel 
Top 

Width (ft) 

Energy 
Grade 
Slope 

20 1.4 0.3 50.0 0.00681 
120 2.6 0.8 60.1 0.00694 
220 3.1 1.1 64.9 0.00588 
320 3.4 1.4 68.2 0.00548 
420 3.7 1.6 70.2 0.00516 
520 3.9 1.8 71.8 0.00490 
620 4.1 2.0 73.6 0.00468 
720 4.3 2.2 75.3 0.00452 
820 4.4 2.4 76.9 0.00440 
920 4.6 2.6 78.3 0.00428 

1020 4.7 2.7 79.0 0.00424 
1120 4.8 2.8 79.0 0.00414 
1220 4.9 3.0 79.0 0.00405 
1320 5.0 3.1 79.0 0.00394 
1420 5.1 3.2 79.0 0.00385 
1920 5.6 3.8 79.0 0.00374 
2420 6.0 4.3 79.0 0.00367 
2920 6.2 4.8 79.0 0.00349 
3920 6.8 5.6 79.0 0.00336 
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Table 2.6.   Reach averaged hydraulics for the Fraser River developed from the existing 
conditions HEC-RAS model.   

Discharge 
(cfs) 

Channel 
Velocity 

(fps) 

Hydraulic 
Depth                       

(ft) 

Channel 
Top Width 

(ft) 

Energy 
Grade 
Slope 

20 1.6 0.3 46.1 0.00955 
120 2.7 0.8 52.9 0.00654 
220 3.1 1.2 58.8 0.00559 
320 3.6 1.5 60.6 0.00551 
420 3.9 1.7 62.3 0.00545 
520 4.2 1.9 64.1 0.00542 
620 4.5 2.1 66.1 0.00539 
720 4.7 2.2 69.1 0.00533 
820 4.9 2.4 70.8 0.00532 
920 5.0 2.5 72.4 0.00531 

1020 5.2 2.7 74.0 0.00532 
1120 5.4 2.8 75.7 0.00534 
1220 5.5 2.9 77.2 0.00535 
1320 5.6 3.0 78.2 0.00534 
1420 5.8 3.1 79.2 0.00536 
1920 6.4 3.6 83.0 0.00533 
2420 6.7 4.2 84.8 0.00477 
2920 7.3 4.6 86.1 0.00499 
3920 7.6 5.5 87.5 0.00431 

 

2.7.3 Existing Conditions SRH-2D Model Results 
 

The SRH-2D model was used to develop a more detailed understanding of the existing hydraulic 
conditions throughout the study reach. Model runs covering a range of flows from 100 cfs through 
the 100-year peak discharge of about 7,600 cfs were completed to examine the predicted flow 
depths, flow patterns, channel bed shear stress, and distribution of flow between the channel and 
the overbanks.   
 
At 1,200 cfs (approximately the 2-year flow), some of the high flow channels in the left (west) 
overbank near the head of the reservoir begin flowing, and most of the delta area between the 
two active reservoir inlet channels becomes inundated (Figure 2.9). The amount of overbank flow 
at this discharge is very limited, and there is no connection between the main channel and the left 
side of the reservoir. At 2,500 cfs (approximately the 5-year flow), a high-flow channel in the left 
overbank connects the Fraser River just downstream of the Railroad Bridge and upstream from 
the Fraser River at Granby gage across the floodplain directly into the reservoir (Figure 2.10). 
This high flow channel in the left overbank carries only about 30 cfs at this discharge. Additional 
high-flow channels downstream of the reservoir also become active at 2,500 cfs. At 3,400 cfs 
(approximately the 10-year flow), there is a significant amount of flow across the floodplain 
upstream of the reservoir and several more high flow channels downstream of the reservoir begin 
conveying flow across the floodplain (Figure 2.11). The 100-year flow of 7,600 cfs inundates 
almost the entire area between Highway 40 and the railroad bridge upstream of the reservoir 
(Figure 2.12).     
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Figure 2.9.  Flow depths at 1,200 cfs predicted by the existing conditions SRH-2D model. 
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Figure 2.10.  Flow depths at 2,500 cfs predicted by the existing conditions SRH-2D model. 
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Figure 2.11.  Flow depths at 3,400 cfs predicted by the existing conditions SRH-2D model. 
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Figure 2.12.  Flow depths at 7,600 cfs predicted by the existing conditions SRH-2D model. 
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Velocities in the main river channel at 1,200 cfs typically range from 4 to 5 fps, with local areas 
(particularly riffles) having velocities as high as  8 fps, and the velocities in the reservoir are very 
low (generally <1 fps) (Figure 2.13). (The red areas at the spillway and measuring weir at the 
Fraser River near Granby gage reflect the locally high velocities associated with flow over and 
through the structures). Similar velocity patterns occur at the higher modeled flows, with a general 
increase in velocity with increasing discharge in most areas (Figures 2.14 and 2.15).  In fact, 
velocities in excess of 9 fps occur at several channel bends downstream from the reservoir at 
2,500 to 3,400 cfs.   

2.7.4 Incipient Motion Analysis 
 
Results from the HEC-RAS and SRH-2D model were used to perform an incipient-motion analysis 
to assess the flows required to move the bed material. The analysis was performed by evaluating 
the effective shear stress on the channel bed in relation to the amount of shear stress that is 
required to move sediment particles at the locations of interest. The shear stress required for bed 
mobilization was estimated from the Shields (1936) relation, given by: 
 

Wc = W*c (Js - J) D50      (2.1) 
 
where  Wc = critical shear stress for particle motion,   

 W*c =  dimensionless critical shear stress (often referred to as the Shields parameter),   
 Js = unit weight of sediment (~165 lb/ft3),    
 J = unit weight of water (62.4 lb/ft3), and   
 D50 = median particle size of the bed material.   
 
In gravel-bed streams, when the critical shear stress for the median (D50) particle size is 
exceeded, the bed is mobilized and all sizes up to about five times the median size can be 
transported by the flow (Parker et al., 1982; Andrews, 1984). When the bed shear stress is less 
than the critical shear for the median size, the bed is effectively armored. 
  
Reported values for the Shields parameter (W*c) range from 0.03 (Neill, 1968; Andrews, 1984) to 
0.06 (Shields, 1936). A value of 0.047 is commonly used in engineering practice, based on the 
point at which the Meyer-Peter, Müller (MPM, 1948) bed-load equation indicates no transport.  
More recent evaluations of the MPM and other data (Parker et al., 1982; Andrews, 1984) indicate 
that true incipient motion occurs at a value of about 0.03 in gravel- and cobble-bed streams. Neil 
(1968) concluded that the dimensionless shear value of 0.03 corresponds to true incipient motion 
of the bed-material matrix while 0.047 corresponds to a low, but measurable transport rate. For 
purposes of this analysis, it was assumed that bed mobilization begins at W*c of 0.03. 
 
In performing incipient-motion analyses, the bed shear stress due to grain resistance (W’) should 
be used rather than the total shear stress, because it is a better descriptor of the near-bed 
hydraulic conditions that are responsible for sediment movement. The grain shear stress was 
computed from the following relation: 
 

             (2.2) 
where  Y’ = the portion of the total hydraulic depth associated with grain resistance (Einstein, 
   1950), and  
  S = the energy slope at the cross section.   
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Figure 2.13.  Flow velocities at 1,200 cfs predicted by the existing conditions SRH-2D model. 

 
 



Final Report 
Windy Gap Reservoir Modification

 
 

    2.22 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.14.  Flow velocities at 2,500 cfs predicted by the existing conditions SRH-2D model. 
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Figure 2.15.  Flow velocities at 3,400 cfs predicted by the existing conditions SRH-2D model. 
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The value of Y’ was computed by iteratively solving the semi-logarithmic velocity profile 
equation: 
 

 (2.3) 
 
 
 
where  V  = mean velocity at the cross section,   
 Ks  = characteristic roughness of the bed, and   
  V*’  =  shear velocity due to grain resistance given by: 
 

 (2.4) 
 
 
The characteristic roughness height of the bed (Ks) was assumed to be 3.5 D84 (Hey, 1979).  
Normalized grain shear stress (Ic) is the ratio of the grain shear stress (Wc) to the critical shear 
stress for particle mobilization (Wc). When Ic is equal to 1 the bed material begins to mobilize (point 
of incipient motion), and substantial sediment transport occurs when Ic>1. The concept of equal 
mobility, as advanced by Parker et al. (1982) and Andrews (1984), indicates that all material up 
to about 5 times the median size can be transported by the flow at Ic values greater than about 
1.5. 
 
The incipient-motion analysis was conducted to evaluate the flows required to mobilize the 
existing bed material in the active channel of the study reach. A general assessment of the flow 
required to mobilize the existing bed material in the Fraser and Colorado Rivers upstream from 
the Fraser-Colorado confluence using the reach-averaged results from the HEC-RAS model and 
the particle size gradations from the 2013 samples (Sample WG-5 for the Fraser River and 
Sample PC-8 for the Colorado River). These samples had median (D50) sizes of 92 and 80 mm, 
respectively, and D84 sizes of 154 and 122 mm, respectively (Figure 2.3). The results indicate that 
the existing bed material in this portion of the Fraser River begins to mobilize at about 1,200 cfs 
and substantial transport of the material occurs at flows greater than about 2,900 cfs (Figure 
2.16). In the Colorado River immediately upstream of the confluence with the Fraser, the results 
indicate that the existing bed material does not mobilize over the range of modeled flows (up to 
3,820 cfs)  indicating that  this part of the reach is effectively armored.) 

2.7.5 Existing Conditions Sediment-transport Balance  
 
A sediment-continuity analysis was performed to provide an understanding of the sediment supply 
to the project reach and the overall sediment-transport balance within the reach. The existing 
conditions analysis focused primarily on the sediment supply to the project reach since Windy 
Gap Reservoir traps essentially all of the coarse (gravel and cobble) sediment supply and most, 
if not all, of the sand supply to the downstream portion of the reach.  
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Figure 2.16. Normalized grain shear stress in the mainstem Fraser River between the railroad bridge and the confluence with the 

Colorado River. 
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 Sediment Supply 
 
The sediment supply to the upstream end of the study reach was estimated using the available 
data, results from hydraulic model, and the bed material characteristics of the upstream river 
channels. Existing data include surface and subsurface sediment samples, as well as suspended 
load and bed load measurements taken in the Fraser River approximately 3.4 miles upstream of 
the reservoir (Ward, 1981). A limited set of samples was also collected by Ward (1981) in the 
Colorado River just upstream from the Fraser-Colorado River confluence. For purposes of this 
analysis, it was assumed that the transport capacity of the F9 site from the Grand County Stream 
Management Plan (SMP) (Tetra Tech et al., 2010) that is located about 5.5 miles upstream from 
the head of the reservoir is reasonably representative of the supply from the upstream Fraser 
River. Based on data from the HEC-RAS model developed for the Grand County SMP, this site 
has a gradient of about 0.0055 (~30 ft/mi) and average top width of 65 to 70 feet. 
 
A gravel supply rating curve was developed for the upstream Fraser River using the Parker (1990) 
transport capacity equation, as implemented in the SAMWin Hydraulic Design software package, 
with the reach-averaged hydraulic results from the F9 HEC-RAS model and the surface sediment 
samples taken at the F9 site for the SMP. The surface gradations were developed from samples 
collected in 2012 by members of the current project team using the standard pebble count 
technique, similar to the surface samples that were collected for the current study. Because 
pebble counts tend to under-represent the smaller size fractions of the bed material, the fine 
gravel portion of the gradation from the original sample was iteratively adjusted to include more 
material until the transported gradation is reasonably consistent with the subsurface gradation 
measured at the WG-5 site on the Fraser River in 2013 and the subsurface gradation at Site WG-
1 from the Ward (1981) samples (Figure 2.17). The resulting rating curve is reasonably consistent 
with, but somewhat on the high side of, the measured gravel load from Ward (1981) (Figure 2.18). 
Because the Parker (1990) equation has been validated for gravel-bed streams with 
characteristics similar to the Fraser River, the predicted gravel loads are believed to represent 
the loads in the Fraser River with reasonable accuracy. 
 
A sand supply rating curve was developed for the Fraser River based on the bed load data from 
Ward (1981) and typical relationships for the amount of sand in suspension relative to the sand 
transported as bed load. Ward (1981) measured the suspended load in conjunction with the bed 
load measurements, but did not provide size gradations, most likely because of the small amount 
of material in the samples. In his analysis, Ward (1981) assumed that the suspended sediment 
consisted entirely of silt- and clay-sized particles. Under conditions when substantial bed material 
is being transported, the amount of sand that is carried as bed load is typically in the range of 10 
percent of the total sand load, with the remaining 90 percent being carried in suspension. To 
provide a realistic, but conservative estimate, of the sand-load rating curve for the Fraser River, 
the total sand load was estimated by dividing the sand bed load from the Ward (1981) samples 
by 10 percent. The silt-clay load as then estimated by subtracting the estimated suspended sand 
loads from the total measured suspended loads. Rating curves for each component of the load 
were then developed by passing a best-fit, power function line through the data points (Figure 
2.18). Based on the Fraser River data and typical relationships for sand and fine sediment rating 
curves, the exponents on the power function relationships were assumed to be 2.0 for the sand 
and 1.9 for the silt.   
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Figure 2.17.  Gradations used to develop the gravel supply rating curve for the Fraser River. 
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Figure 2.18.   Sediment supply rating curves for the gravel, sand and silt/clay loads in the Fraser River [gravel data points from Ward 

(1981), total sand and silt/clay load estimated from Ward (1981) data, as described in text.]  
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A similar method was used to estimate the sediment supply rating curves for the Colorado River 
upstream from the confluence of the Fraser River with the Colorado River. The hydraulic 
conditions for the reach between the Highway 40 Bridge and the confluence was used with the 
surface bed material gradation from 2013 sample PC-8 that was taken just upstream from the 
Bridge, and the surface gradation used for the gravel transport capacity estimates was adjusted 
in a manner similar to the Fraser River (Figure 2.19). In general, the gravel rating curve predicts 
lower transport rates than is indicated by the Ward (1981) data for about 400 cfs, but is consistent 
with the single data point that was collected at about 440 cfs (Figure 2.20). Since the bed material 
is not mobile in the lower range of flows, the agreement with the 440 cfs data point and predicted 
loads for higher bed mobilizing flows is believed to be reasonable. 
 
Integration of the rating curves over the concurrent flow records from WY1990 through WY2000 
indicate that the Fraser River delivers about 410 tons of gravel and 390 tons of sand to Windy 
Gap Reservoir on an average annual basis (Table 2.7). The gravel and sand loads from the 
Colorado River are considerably smaller at 60 tons and 240 tons per year, on average, primarily 
because the flows are regulated which limits the frequency and duration of bed mobilizing 
discharges. The total sand and gravel to the reservoir is, therefore, about 1,080 tons per year 
(800 yd3 or about 0.5 acre-feet), on average. Based on this result, only about 14 acre-feet of sand 
and gravel has been delivered to the reservoir by normal river processes since its construction in 
1985. In addition, the estimated silt/clay load to the reservoir over the 28 years is about 3,340 
tons per year for a total mass over the 28-year period of about 43 acre-feet. Based on the 
hydraulic characteristics through the reservoir and the typical operating procedures for the dam, 
essentially the entire inflowing gravel load and a very high percentage of the sand load are trapped 
in the reservoir. In addition, at least some of the inflowing silt/clay load is also trapped, particularly 
in the low velocity area along the outside of the main flow path through the reservoir. 
 
Table 2.7.  Summary of estimated annual sediment inflow to Windy Gap Reservoir (tons/year). 

River Gravel Sand Total Sand 
and Gravel Silt/Clay Total 

Load 
Fraser 410 390 800 2,320 3,120 

Colorado 60 240 300 1,020 1,320 
Total 460 620 1,080 3,340 4,420 

 
 
The study team originally envisioned verifying the sediment supply rating curves by comparing 
the estimated inflowing sediment loads with the loss of storage capacity in the reservoir over the 
28-year period since its construction. A bathymetric surface of the reservoir was prepared from 
the survey data collected during the 2013 field surveys. An estimated pre-dam surface was also 
developed by digitizing the one-foot contour mapping from the 1985 design plans. Comparison of 
the two surfaces indicates that the existing storage capacity of the reservoir is about 247 acre-
feet less than the original 445 acre-feet capacity at the low elevation of the low block (7831.5 feet; 
Figures 2.21 and 2.22). This suggests that considerably more sediment has deposited in the 
reservoir than can be accounted for by the above sediment load estimates. Furthermore, the 
Subdistrict recently dredged the intake area of the reservoir removing an estimated 700 truckloads 
of sediment (UCRA 2014). As noted above, the sediment load estimates are believed to be 
realistic, but conservative, based on the only available data from 
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Figure 2.19.  Gradations used to develop the gravel supply rating curve for the Colorado River. 
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Figure 2.20.   Sediment supply rating curves for the gravel, sand and silt/clay loads from the Colorado River [gravel data points from 

Ward (1981), total sand and silt/clay load estimated from Ward (1981) data, as described in text.) 
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Figure 2.21.   Map of Windy Gap Reservoir showing the elevation difference between the 2013 surface and the contours shown on 

the 1985 design plans. 
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Figure 2.22.  Elevation-capacity curves for Windy Gap Reservoir from the 1985 design plans and the 2013 bathymetric survey.
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Ward (1981) and the estimated loads from well-accepted Parker (1990) gravel-transport capacity 
equation. Although there is considerable uncertainty in sediment load estimates, in general, and 
those made for this study, in particular, due to the paucity of data, it is unlikely that the estimates 
are an order of magnitude too low, as would be necessary to account for the discrepancy between 
the estimated inflowing loads that the apparent loss of storage capacity in the reservoir.   
 
Two key factors likely contribute to the apparent discrepancy between the inflowing loads and the 
loss of storage capacity. A pond breach occurred in 2009 on the Orvis Shorfox property 
immediately upstream of Windy Gap while the golf course and ponds were under construction.  
The flooding on the site resulted in a pond breach during which time a significant, but unquantified 
amount of sand and silt-sized sediment was eroded into the Colorado River. The sediment 
resulted   in   closure   of   the  Town  of  Hot  Sulphur  Springs’  water   system,   located   over   15  miles  
downstream of the property (Sky High News, June 3, 2009). Anecdotal accounts of the event 
indicate the amount of sediment captured in Windy Gap Reservoir (between Orvis Shorfox 
property and Hot Sulphur Springs) was significant. Although measurements of the sediment 
volume were not made, it is very likely the pond breach contributed substantially to the deposition 
volume in the upstream portion of the reservoir. 
   
There is also some evidence that the 1985 design plans may not accurately represent the actual 
topography after completion of the dam. In particular, several of the islands depicted on the plans 
are significantly different sizes and in different locations than the islands that were surveyed in 
2013. In addition, uncertainty in how well the pre-dam contours represent the actual topography 
could account of a significant amount of the difference. The surface area of Windy Gap reservoir 
is approximately 113 acres; thus, 1-foot average error in the as-built contours could result in an 
apparent volume discrepancy of over 100 acre-feet.   
 
Based on the above information, the study team has concluded the estimate of the deposition 
volume in the reservoir is not a reliable means of validating the sediment inflow rating curves that 
are intended to quantify the amount of sediment that will be delivered to the reservoir by future 
riverine processes. 

 
2.8 Reservoir, Fore Bay and Pumps 
 
The facilities appear to be in good to excellent condition, based on review of the 2010 conditions 
assessment report and observations made during the one-day site visit on June 6, 2013. 
Operation procedures are well established with adequate staff to manage the water resource and 
the project facilities. Daily viewing of the reservoir and pump station enhance ability to identify 
problems early and implement mitigating actions, when necessary. Preventative maintenance 
and periodic inspection of the pumping plant, dam and spillway, pipeline, and bypass and auxiliary 
outlet conduits are ongoing by the staff.  
 
2.9 Aquatic Habitat 
 
2.9.1 Overview  
 
Field investigations were conducted on June 13, 2013, of the Colorado River from Windy Gap 
Dam downstream to County Road 57, a distance of about 1.0 mile. The channel and aquatic 
habitat in this reach appear to be similar to observed conditions immediately downstream of 
County Road 57 on the Chimney Rock property, one of the reaches studied in detail in the Grand 
County SMP, designated as CR4. Given the proximity of CR4 to the Windy Gap Study area, the 
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SMP assessments provide additional insight to the 1-mile reach immediately downstream of 
Windy Gap.   
 
2.9.2 Habitat Evaluation 
 
Like CR4, the 1-mile reach of the Colorado River downstream of Windy Gap is wide and shallow, 
with riffles and shallow runs dominating the habitat (Figure 2.23). Pools are small, scattered and 
few in number. The substrate is predominantly cobble and heavily embedded with fine sediments 
at locations having slower water velocities. Filamentous green algae and rooted aquatic 
vegetation were just beginning to emerge on the streambed. No algal blooms formed by the 
benthic diatom (Didymosphenia geminate—didymo,   also   referred   to   as   “rock   snot”)   were  
observed covering the streambed this early in the summer season. However, in other years, these 
nuisance blooms were observed later in the season downstream in CR4. No gravel bars suitable 
for trout spawning were observed and trout cover was limited. Streambanks were stable at most 
locations and the riparian zone overstory was predominantly narrowleaf cottonwood, with willow, 
sedge and grass comprising the understory. Multiple year classes of cottonwood were present on 
the lower floodplain (Figure 2.24). Fish passage above this section is blocked by Windy Gap 
Dam, while shallow, high velocity riffles may impede fish movement throughout CR4 (pers. 
comm., Jon Ewert, CPW, 2008) (Figure 2.25). Overall, habitat quantity and quality through this 
section would benefit from restoration actions, such as those being discussed under the proposed 
Upper Colorado River Habitat Project.  
 
Several of the aquatic habitat evaluation protocols conducted in the upper CR4 reach are likely 
representative of the stream section immediately below Windy Gap Dam (Tetra Tech et al., 2010). 
The  EPA  Habitat  Quality  Assessment  scored  in  the  middle  range  of  the  “sub-optimal”  category,  
while  the  Stream  Reach  Inventory/Channel  Stability  Evaluation  rated  in  the  high  “fair”  category.  
Relevant issues identified by these assessments included a lack of aquatic structure and cover in 
many areas, infrequent and low quality pools, embedded substrate in many locations that have 
low to moderate water velocities, and the presence of a fish passage barrier at Windy Gap. The 
Physical Habitat Simulation Model (PHABSIM) results indicated that juvenile trout habitat 
availability well exceeded that available for adult trout, adult brown trout (Salmo trutta) habitat 
availability exceeded that available for adult rainbow trout (Oncorhynchus gairdneri), trout-
spawning habitat was generally the least available habitat type over a range of flow conditions, 
and the availability of all trout habitat types declined rapidly as flow was reduced below 
approximately 100 cfs (Figure 2.26). Results of a similar study conducted by CPW downstream 
at the Lone Buck State Wildlife Area in 1985 were similar (pers. comm., Barry Nehring, CDPW, 
2007, as reported in Tetra Tech et al., 2010). These habitat-flow relations were the basis for 
recommending environmental target flow ranges for CR4 of 200 to 400 cfs for the April through 
September period and 125 to 250 cfs for October through March.  
 
2.9.3 Spawning Conditions 
 
A brown trout-spawning survey was conducted in upper CR4 during late October 2008. Numerous 
trout were found actively spawning and spawning gravels were measured in six of the completed 
redds. Some redds were found in relatively clean gravels, while others had been excavated by 
the fish through dense mats of aquatic vegetation and heavy deposits of fine sediments to reach 
the gravel beds buried below (Figure 2.27). Survival-to-emergence of trout embryos under such 
conditions was likely low. By 2010, it was difficult to find sufficient spawning gravels to sample in 
upper CR4 and by Fall 2011, the only brown trout-spawning 
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Figure 2.23. Typical habitat below Windy Gap Reservoir. 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 2.24. Multiple age classes of narrowleaf cottonwood along Colorado River below Windy 

Gap. 
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Figure 2.25.   Shallow riffle on the Colorado River below Windy Gap Dam. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.26.  Weighted usable area of brown and rainbow trout habitat at the CR4-upper site on 

the Chimney Rock Ranch. 
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Figure 2.27. Brown trout redd in heavily embedded dense aquatic vegetation mat on the 

Colorado River below Windy Gap. 
 
activity observed in CR4 was well downstream at the Paul Gilbert Access Area below Hot Sulfur 
Springs. Here, redds were located in a small secondary channel storing barely enough suitable- 
sized gravel for core sampling purposes. These gravels were exceptionally clean of fine sediment 
suggesting they had been recently transported, leading to the hypothesis that upper CR4 was 
becoming  more  gravel  “starved”  over  time  with  replacement  from  upstream  cut  off  by  Windy Gap. 
While spawning surveys were not conducted in the river section immediately below Windy Gap 
Dam, the absence of spawning bars in the main channel during the June 2013 site visit tends to 
support this hypothesis. Members of the SFT, however, did report observation of trout spawning 
in the small by-pass channel around Windy Gap Dam adjacent to their property (pers. comm., 
December 6, 2013). 
 
2.9.4 Connectivity 
 
A key objective of the Windy Gap Reservoir Modification Study is to re-establish connectivity of 
the Colorado River below the dam with its upstream watershed. An important component of 
connectivity is the enhancement of fish passage through the system. Modification or removal of 
the dam will help to re-establish historic passage routes. However, during the SMP field studies, 
several other likely impediments to fish movement upstream of Windy Gap were identified. These 
include a flow measurement weir across the Fraser River immediately upstream of the reservoir, 
and the Granby diversion structure located on the Fraser about four miles upstream on the eastern 
edge of the Town of Granby. The drop along the channel centerline profile of these structures 
were surveyed on August 1, 2013, to better evaluate their suitability for trout passage. 
 
The flow measurement weir is a 70-foot wide concrete structure which spans the entire Fraser 
River channel (Figure 2.28). On August 1, at 53 cfs, the flow filled the low-flow notch and the 
water-surface elevation difference between the weir crest and the downstream pool was 2.2 feet. 
From the weir crest to the downstream pool is a steeply sloping (about 30q) concrete apron across 
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Figure 2.28. Flow measurement weir on the Fraser River just upstream of Windy Gap Reservoir. 

 
which shallow, high-velocity flow passes. The downstream pool exceeded 2.0 feet in depth and 
flow was turbulent. Under these conditions, a fish attempting to pass the structure would require 
a leap exceeding 2 feet in height over a minimum length of at least 7 feet. To evaluate the ability 
of adult brown trout to successfully pass this potential barrier, the projectile motion equation 
presented by Powers and Orsborn (1985) was applied and the published burst speed (the highest 
speed that can be maintained by a fish for only 5 to 10 seconds) of 12.8 ft/s (Bell, 1990), to 
develop leaping curves (Figure 2.29). As shown, at a leap angle of 80q, an adult brown trout 
would achieve a height of 2.4 feet at a distance of about 1 foot and would not pass over the weir. 
Likewise, at a 40q leap angle, the fish would achieve a height of only about 1 foot with a total leap 
length of less than 5 feet. Again, passage would not be achieved. If adult fish could not achieve 
passage, it is even less likely that sub-adults and juveniles could achieve passage. While burst 
speed information is lacking for resident rainbow trout, another leaping curve was found for 
resident adult trout and salmon based on a burst speed of 15.0 ft/s (Figure 2.30; Montana Water 
Center, 2009). As shown, at this higher burst speed, fish can achieve a greater leap height (up to 
3.4 feet at an 80q leap angle) and greater distance (up to about 7 feet at a 40q leap angle), but 
still would have difficulty passing a structure that required a leap height of 2.2 feet at a distance 
of 7 feet. Based on this analysis, there appears to be a high probability that the Fraser River flow 
measurement weir acts as a barrier to resident trout passage. Conceptual remediation measures 
will be presented in Section 3. 
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Figure 2.29. Adult brown trout leaping curves based on a burst speed of 12.8 ft/s. The angles 

shown represent the angle of the fish as it leaves the water to initiate the leap. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.30. Leaping curves for adult trout and salmon based on a burst speed of 15.0 ft/s. The 

angles shown represent the angle of the fish as it leaves the water to initiate the 
leap. 
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The Granby diversion is a 75-foot-wide boulder structure that spans the Fraser River on the 
eastern edge of Granby (Figure 2.31). The structure is 20 feet long with a water-surface 
differential of 4.1 feet from down- to upstream at 53 cfs. The structure is set at a slope of 20 
percent and flow conditions through the boulder matrix at 53 cfs were turbulent and shallow. To 
pass this obstacle, a resident trout would need to swim through, as a leap over would be 
impossible based on the leaping curves previously presented. While it is impossible to say with 
any degree of certainty that this structure is a passage barrier, it is, in all likelihood, at least an 
impediment to upstream fish movement. Passage conditions could be improved by simply re-
setting some of the boulders to form several resting pools along a small passage channel within 
the structure and consolidating flow on the downstream end of the passage channel to better 
attract fish wanting to pass. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 2.31. Granby Diversion Dam upstream of Windy Gap Reservoir. 

 
2.9.5 Water Quality and Surface-water Temperatures 
 
An extensive review of recent water-quality information for the Colorado River below Windy Gap 
was conducted for the SMP (Tetra Tech et al., 2010). The CR4 reach is designated as a Cold 
Water Tier II stream reach by the Colorado Department of Public Health and Environment 
(CDPHE) with a chronic water temperature standard, set to protect brown trout, of 18.2qC Mean 
Weekly Average Temperature (MWAT) and a Daily Maximum (DM) of 23.8qC. Temperature data 
reviewed for this reach indicate that stream temperatures commonly exceed the MWAT standard 
during the summer months, typically late July to early August. The DM standard has also been 
occasionally exceeded during the summer months. As a result, this reach has been identified by 
the State of Colorado for having temperature impairment, with a high priority, as defined by the 
Clean Water Act, Section 303(d). Exceedences for both the MWAT and the DM are expected to 
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increase under most future operating conditions associated with the WGFP unless mitigating 
measures, such as reducing or curtailing pumping when temperatures are at the specified 
thresholds, are implemented (Miller, 2011). Water-quality parameters supportive of aquatic life 
were also reviewed in CR4 and found to routinely meet established criteria, with the exception of 
pH, which occasionally exceeded the criteria of nine standard units since 2000. Also, observations 
of dense aquatic vegetation mats forming late-summer in the river would suggest that some level 
of nutrient enrichment is occurring. Since the latest SMP draft was released in 2010, the section 
of CR4 from Windy Gap Dam downstream to the County Road 57 Bridge has been placed on the 
2012 Monitoring and Evaluation (M&E) list for aquatic life impairment. This listing likely stems 
from the near extirpation of several species of aquatic biota as described in the following section. 
 
2.9.6 Aquatic Biota 
 

 Fisheries 
 
The native fish fauna of the upper Colorado River was comprised of just four species, the 
Colorado River cutthroat trout (Oncorhynchus clarki pleuriticus), mountain whitefish (Prosopium 
williamsoni), mottled sculpin (Cottus bairdi), and speckled dace (Rhinichthys osculus) (Joseph et 
al., 1977, as reported in Miller, 2011). Currently, within the Colorado River in the vicinity of Windy 
Gap, only one of these species remains, the mottled sculpin (Cottus bairdi), while the remainder 
of the fish fauna consists of numerous introduced species, including brown trout, rainbow trout, 
longnose dace (Rhinichthys cataractae), creek chub (Semotilus atromaculatus), Johnny darter 
(Etheostoma nigrum), white sucker (Catostomus commersoni) and longnose sucker (Catostomus 
catostomus) (Miller, 2011). Changes to the native fish fauna have resulted from competition and 
predation by the introduced species, commercial harvest, sport fish management, disease, and 
habitat alteration, including water temperature. 
 
The Colorado River from Windy Gap downstream to Kremmling, CO, is currently managed by the 
CPW as a sport fishery for brown and rainbow trout, with the section from Windy Gap to 
Troublesome  Creek   designated   as   “Gold  Medal”  water   (Miller,   2010).   From  Windy  Gap  Dam  
downstream to the lower end of Byers Canyon, special regulations include a two-fish bag and 
possession limit, while catch-and-release angling with artificial flies and lures only is allowed from 
lower Byers Canyon to Troublesome Creek. This latter section includes about 4 miles of public 
access water on the Kemp-Breeze, Lone Buck, and Paul Gilbert State Wildlife areas and the 
Bureau of Land Management (BLM) Sunset property unit. These public waters are some of the 
most well-known and heavily fished sections of river in Colorado, with trout populations 
consistently considered excellent (Ewert, 2013). Since 2001, trout population estimates by the 
CPW in the Parshall to Sunset portion of the public water have ranged from a high of 11,255 trout 
greater  than  6”  per  mile  (>6”/mile)  in  2003  down  to  3,441  trout  >6”/mile  in  2009  (Figure 2.32). 
While the trend in trout numbers has generally been declining, the numbers are still quite 
comparable to those for other important trout fisheries in Colorado, such as the Gunnison River 
(3,500 trout/mile in 2004 to 5,500 trout/mile in 2008) and the Fryingpan River (9,000 trout/mile) 
(Brauch, 2011; Bakich, 2011, as reported in Miller, 2011).  
 
Historically, the trout fishery in the Colorado River below Windy Gap was predominantly rainbow 
trout. In 1981, for example, rainbows comprised about 75 percent of the population with brown 
trout the remaining 25 percent (Ewert, 2009 and 2013). The outbreak of whirling disease in 1987 
decimated the rainbow trout population and the proliferation of this parasite virtually ended all 
successful rainbow reproduction in the river. In following years, the brown trout population 
expanded rapidly to fill this void in the habitat. By the late 1990s and early 2000s, the trout 
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population consisted of well over 90-percent brown trout. CPW initiated a rainbow trout fingerling 
stocking program in 1994 to attempt to re-populate the river. About 40,000 5-inch fish were 
stocked annually in the fall until 2010, when this largely unsuccessful effort was discontinued and 
a different stocking strategy implemented. Beginning in 2010, smaller (~1.6 inch) fish of a whirling 
disease-resistant strain (Colorado River rainbow crossed with German rainbow (Hofer strain)) 
were stocked in mid-summer. About 100,000 fish are now stocked each summer in ideal fry 
habitat along the river and some success in restoring the rainbow trout population is being 
realized.  Between  2011  and  2012,  the  number  of  rainbow  trout  >6”/mile  increased  in  the  Parshall-
Sunset monitoring section from 39 to 306 fish. With this evidence of increasing recruitment, CPW 
is optimistic there will be successful spawning in the future and rainbow trout will be able to 
comprise an increasing proportion of the fishery (Ewert, 2013). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.32. Number of   trout   >6”/mile, 2001 through 2012, at the CPDW Parshall-Sunset 

monitoring site. 
 
The  designation  of  a  CPW  “Gold  Medal”  fishery  is  based  on  two  quantitative  criteria  related  to  the  
size of the trout population. First, the total trout biomass must exceed 60 lbs/surface acre based 
upon  fish  population  estimates,  and  second,  the  population  must  contain  at  least  12  “quality”  trout  
which exceed 14 inches in length. Based upon the declining trend in trout numbers shown above 
(Figure 2.32) for the Parshall-Sunset monitoring section, there is concern regarding the future 
continued  designation  of  the  Colorado  River  below  Windy  Gap  as  a  “Gold  Medal”  fishery.  In  1981,  
the first-year population estimates were made, trout biomass measured 279 lbs/acre with 89 trout 
>14 inches. By 2008, total biomass had declined to 192 lbs/acre with only 27 trout >14 inches. 
Likewise, between 2007 and 2012, brown trout biomass declined from 264 to 108 lbs/acre, a 59-
percent reduction. Preliminary data from the 2013 population estimates indicate the number of 
“quality”  trout  was  down  to  17/acre  (13  brown  and  4  rainbow  trout)  and  concern  was  expressed  
that  by  next  year,  numbers  could  drop  below  “Gold  Medal”  standards  (pers.  comm.,  Jon  Ewert,  
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CPW, 2013). Similar concerns have been expressed by landowners downstream of Windy Gap 
Dam (pers. comm., B. Isaacs, 2013).  
 
A second fishery-related concern raised by CPW for the Colorado River below Windy Gap Dam, 
as well as other Grand County impoundments, is the apparent decline in the native species 
mottled sculpin (Nehring et al., 2011b). A review of agency fish-sampling records since 1993 
indicated that sculpin relative abundance above impoundments ranged from 23 to 80 percent of 
the total fish collected, but only 0 to 5 percent of most samples collected below these 
impoundments. Immediately below Windy Gap at County Road 57 Bridge and the Chimney Rock 
Ranch sites, relative abundance ranged from 0 percent in 2007 to 19.3 percent in 1996. In 
comparison, collections made on the Fraser River at Granby, four miles above Windy Gap, were 
comprised of 35.8 (2001) to 45.5 percent (1993) mottled sculpin. On the Colorado River, sculpin 
relative abundance rebounded below the Blue River confluence. 
 
Mottled sculpin are considered an important species in the upper Colorado River below Windy 
Gap, not only because they are the last remaining native fish and are an important food item for 
trout, they are also considered an important bio-indicator species for assessing environmental 
change (Nehring et al., 2011b). There are several reasons for this (Adams and Schmetterling, 
2007), including (1) they are a sedentary benthic species with a small home range, (2) they are 
poor swimmers so any barrier they can pass is likely not a barrier to any other fish species; (3) 
they are sensitive to water-quality contamination, especially heavy metals, (4) they spawn under 
cobble/boulder that is free of fine sediment accumulations; and (5) they are spring spawners 
having a lengthy incubation period, thereby having sensitivity to changes in streamflow. For these 
reasons, CPW considers mottled sculpin an important indicator of stream health on the Colorado 
River below Windy Gap and a species that should be a target for future monitoring (Nehring et 
al., 2011b). 
 
Windy Gap Reservoir is a relatively small (113 surface acres), shallow impoundment originally 
designed with a 445 acre-feet   storage   volume   to   accommodate   Subdistrict’s   water   pumping  
operation, as described earlier in this report. The reservoir is privately owned by Subdistrict and 
is not stocked or managed by the CPW as a fishery (Miller, 2010), but fish are able to enter the 
impoundment from the Colorado and Fraser Rivers upstream. CPW sampled the reservoir in 2001 
as part of their whirling disease studies, collecting white sucker (86 percent of numbers collected), 
as well as longnose sucker, brown trout, rainbow trout, and kokanee salmon (Oncorhynchus 
nerka). Windy Gap was originally considered instrumental in the spread of whirling disease due 
to its low-water velocities and silt/mud substrate, but is no longer considered a major source (pers. 
comm., B. Nehring, CPW to Don Carlson, NCWCD, 2006, as reported in Miller, 2010). The 
reservoir does provide excellent habitat for the production of aquatic vegetation which can 
fragment and move downstream into the Colorado River, as well as numerous piscivorous 
waterfowl, including pelicans and cormorants, among others. 
 

 Aquatic Macroinvertebrates 
 
Aquatic macroinvertebrate communities have long been considered excellent bio-indicators for 
evaluating the health of the aquatic environment (Plafkin et al., 1989 and many others). 
Macroinvertebrates have become preferred biological indicators for numerous reasons, including 
(1) limited mobility, (2) long aquatic life stages, (3) high population densities, (4) relatively short 
life cycles, (5) ease of sampling and identification, and (6) sensitivity to disturbances such as 
water-quality contamination (Herricks, 1995; Ward et al., 2002). Numerous metrics have been 



Final Report 
Windy Gap Reservoir Modification

 
 

    

2.45 

developed to evaluate differing types and degrees of environmental stressors based upon the 
number and types of taxa present, the diversity and numerical distribution of the community, the 
tolerances of various taxa to different stressors, and the variety of different functional feeding and 
habitat groups present. For detailed descriptions of these many metrics, the reader is directed to 
such publications as Plafkin et al. (1989); Barbour et al. (1999); and in Colorado, CDPHE (2010).  
 
Several aquatic macroinvertebrate studies have been conducted in recent years on the Colorado 
River in the vicinity of Windy Gap. Erickson (1983) reported on his sampling efforts from Fall 1980 
to Fall 1981 at seven sites located between Windy Gap and Kremmling, with two of these sites 
situated just downstream (within 2 miles) of  Windy Gap. Miller (2010 and 2011) presented results 
from macroinvertebrate samples collected in 2004 at the Lone Buck and Breeze Wildlife Areas, 
both over 10 miles below Windy Gap, while Rees (2009) reported on his Fall 2008 sample results 
from a series of east and west slope sites, including sites immediately upstream of Windy Gap on 
both the Colorado and the Fraser Rivers and just downstream on the Colorado River. In 2010 and 
2011,   CPW   attempted   to   replicate   sampling   at   many   of   Erickson’s   sites   below  Windy   Gap,  
focusing their analysis on changes in species composition over the 30-year period (Nehring et al., 
2011a). 
 
Following is a brief summary of key findings from this wealth of information as it relates to the 
current condition of the Colorado River in the vicinity of Windy Gap. Attempting a more detailed 
comparison of these diverse studies is difficult due to differences in field sampling techniques, 
site locations, analytic protocols, and taxonomic variability. 
 
Overall, aquatic macroinvertebrate communities of the Colorado River near Windy Gap appeared 
to exhibit good densities and diversity. In the early 1980s, Erickson (1983) found densities for the 
study as a whole to average 5,200 organisms per square meter (range 3,600 to 6,700), with spring 
samples significantly lower than summer and fall samples. Numerically, true flies (Order Diptera) 
comprised 40 percent of the average insect density, followed by mayflies (Ephemeroptera) at 24 
percent, caddisflies (Trichoptera) at 14 percent, and stoneflies (Plecoptera) at 7 percent. Densities 
did not vary significantly between reaches moving downstream from Windy Gap. In total, he 
identified 95 insect species and concluded community diversity was generally high, with the 
Shannon –Weaver diversity index ranging between 3.0 to 4.0 for most sampling times and 
locations (value of >=3.0 indicates good water quality). In comparison, Miller (2010) reported 
collecting 42 taxa at Lone Buck and 44 at Breeze in September 2004, with densities of 7,587 and 
26,498 per square meter, respectively, and diversity indices of 3.90 and 3.68, respectively. 
Upstream, Rees (2009) identified 38 taxa just below Windy Gap, 41 on the Colorado River above 
Windy Gap and 37 at the Fraser River site. Densities at the three sites were similar, ranging from 
10,403 per square meter on the Fraser to 13,019 per square meter below the reservoir. Diversity 
ranged from 3.02 below Windy Gap to 3.48 at the Fraser site. These findings, among others, led 
Miller (2010) to conclude that aquatic conditions at Lone Buck and Breeze were excellent, while 
Rees (2009) indicated there was little to no stress exhibited by the macroinvertebrate community 
in the Colorado River below Windy Gap. 
 
The CPW findings (Nehring et al., 2011a) indicate different aquatic conditions below Windy Gap 
than those described by Erickson (1983). When CPW compared the number of species collected 
at their seven sites below Windy Gap in 2010 with those collected earlier by Erickson, they found 
substantial reductions for most taxonomic groups. The total number of species declined from 95 
to 69 (-27 percent), with mayflies declining from 35 species to 16 (-54 percent), stoneflies from 14 
to 10 (-29 percent), and caddisflies from 21 to 13 (-38percent).  Overall, the EPT index (the sum 
of Ephemeroptera, Plecoptera, and Trichoptera species present) was reduced from 70 to 39, a 
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44-percent reduction. The EPT index is commonly used because it provides a measure of taxa 
richness among groups typically considered to be pollution-sensitive. Also, from the standpoint of 
a sport fishery, these groups are considered important items in the trout diet. EPT comparisons 
with the Rees and Miller data sets would be unfair due to very different sample sizes.  
 
The most noticeably absent species from the CPW dataset for the sites just below Windy Gap 
was the salmonfly, or giant stonefly (Pteronarcys californica (Pc)), the species described by 
Erickson  (1983)  as  “…one of the single most important species of the Windy Gap Reach of the 
Colorado River.”.  These  large  insects,  while  often  not  numerically  dominant,  typically  make  up  a  
disproportionate share of the macroinvertebrate biomass due to their large size. Erickson (1983) 
found Pc densities up to about 300 per square meter at the two sample sites closest to Windy 
Gap. This density represented less than 10 percent of the samples numerically, but well over 50 
percent of the biomass in the fall samples. CPW collected no Pc at these sites in their 2010 
samples, and reduced numbers at most sites further downstream. Other sensitive species 
collected by Erickson (1983) just below Windy Gap, but absent in 2010 samples, were the stonefly 
(Pteronarcella badia) and the mayfly (Drunella grandis). CPW indicated these species had been 
replaced by more tolerant mayfly and caddisfly species. Rees (2009) collected none of these 
sensitive species in his 2008 samples just below Windy Gap, while Miller (2010) reported 
collecting only a few at his Lone Buck and Breeze sites further downstream. 
 
Based on these CPW aquatic macroinvertebrate data and the mottled sculpin findings discussed 
above, the Water Quality Control Division (WQCD) of the CDPHE determined that the Colorado 
River from Windy Gap Reservoir to the County Road 57 Bridge should be placed on the M&E List 
for aquatic life impairment. The WQCD recognized that samples collected below impoundments 
may not be reflective of the aquatic community throughout an entire river segment, and that further 
study under an M&E listing may be more appropriate than inclusion on the 303(d) list (WQCD, 
2011). Future study will investigate an alternate threshold for portions of stream segments below 
reservoirs given the different flow and other physical conditions found below dams (Reclamation, 
2012). 
 
2.9.7 Summary and Conclusions 
 

 Aquatic Habitat 
 
Aquatic habitat of the Colorado River in the vicinity of Windy Gap is sub-optimal. The channel is 
wide and shallow, with riffles and shallow runs predominating. Pools are generally small, scattered 
and few in number with limited cover. Spawning bars are limited and substrate is heavily 
embedded in areas of slower water velocities. Dense mats of aquatic vegetation form later in the 
summer covering cobble/small boulder substrates and filtering fine sediments from the water 
column, adding to the embeddedness of the bed material. Streambanks are generally stable with 
multiple year classes of narrowleaf cottonwood forming the riparian overstory. Fish passage is 
blocked by Windy Gap Dam and likely impeded in places by shallow riffles and two cross-channel 
structures upstream of the reservoir. Water temperatures commonly exceed the MWAT standard 
during portions of the summer and occasionally the DM standard. Overall, habitat quantity, quality 
and connectivity will benefit from the restoration actions discussed in the next section of this report 
and those being discussed under the proposed Colorado River Habitat Project. 
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 Aquatic Biota 
 
The Gold Medal trout fishery downstream of Windy Gap appears to be in decline over recent 
years. Rainbow trout numbers are  gradually  increasing  in  response  to  the  CPW’s  revised  stocking  
protocols,  but  brown  trout  biomass  appears  to  be  declining  at  a  faster  rate.  The  number  of  “quality”  
trout present are also diminished and approaching the minimum criteria for Gold Medal 
designation. Recent studies suggest key bio-indicator species such as mottled sculpin and 
several stonefly and mayfly species are nearly extirpated immediately below Windy Gap. In 
response, CDPHE has placed this stream section on the M&E list for aquatic life impairment.  As 
with aquatic habitat, the aquatic biota in this section should be positively affected by the 
restoration actions presented in the next section of this report and those being discussed under 
the proposed Colorado River Habitat Project. 
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3 EVALUATION  OF  CONCEPTUAL  ALTERNATIVES 
 
Based on the initial assessments, six conceptual alternatives were developed. A one-day 
workshop was held with CPW and the TAT to confirm project objectives, present the initial list of 
alternatives, identify fatal flaws, and to develop and vet the alternatives. The six alternatives are 
briefly described in the following sections.  
 
3.1 New Channel with Lateral Weir  
 
Description: A new channel would be constructed to the south of the reservoir, designed 
appropriately for geomorphic and hydraulic considerations including sediment conveyance for 
future conditions. The new channel would include a riparian corridor to provide shade and cover 
for aquatic species. The reservoir would be excavated and the reservoir storage enlarged to 
approximate current capacity and operating conditions. Features would include the following: 

x Diversion structure downstream of the Fraser-Colorado River confluence, designed to divert 
flows similar to existing conditions at or above operating levels of reservoir up to 600 cfs 
maximum 

x Constant flow through the reservoir to minimize dry-up and also provide small flow in old by-
pass 

x Minimum of 5,000 feet of new channel to the south  

x Channel banks with a floodplain/riparian corridor 

x New embankment to contain reservoir (riprap embankment or wall) 

x Reconstruct a smaller spillway out of reservoir (may be an outlet channel) and move south  

x Reconstruct a smaller channel past Schmucks 

x Reclaim downstream spillway and expand river access to the new channel for Schmucks 

x Excavate and enlarge reservoir foot print upstream and dredge sediment   

TAT and Team Discussion: Members from the Schumuck Family Trust (SFT) indicated this 
would not be acceptable as the alternative could potentially reduce the flow in the by-pass 
channel. There was overall support from the TAT to not alter the agreement with the SFT. For 
these reasons, this alternative was not evaluated further. 
 
3.2 New Channel with Pump Modifications 
 
Description: A new channel would be constructed through the center of the reservoir, the dam 
would be removed, and the existing reservoir area would be converted and reclaimed as 
floodplain. Diversions to the Windy Gap pumping plant would be made directly from the river. 
Under this alternative, pumping would occur at a maximum rate of 300 cfs over a longer period of 
time than under existing conditions because the storage capacity of the reservoir would be 
removed. The new river channel through the reservoir would be designed appropriately for 
geomorphic and hydraulic considerations including sediment conveyance for future conditions, 
and would include a riparian corridor to provide shade and cover for aquatic species. The pumps 
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and pump house may require modifications to provide pumping at lower flows (less than 186 cfs 
and up to 300 cfs) for longer periods of time. Features would include the following: 

x Minimum of 5,000 feet of new channel  
x Channel banks with a floodplain/riparian corridor 
x Remove the existing dam 
x Construct new forebay 
x Reclaim some of the downstream floodplain and expand river access and acreage for 

Schmucks 
x Modify intake and pump house  
x Modify pumps 
x Extend time period for diversions to maintain annual yield 

TAT Discussion: Jeff Drager from Municipal Subdistrict of the Northern Colorado Water 
Conservancy District (Northern) expressed concern about being able to divert a sufficient amount 
of water with this alternative even with a long pumping period. There was a general consensus 
that altering pumping operations should be avoided in the final alternative. For these reasons, this 
alternative was not evaluated further. 
 
3.3 Construct New Channel with Adjustable Weir  
 
Description: Under this alternative, a new channel would be constructed through the center of 
the reservoir, but the reservoir would be left in place. The new river channel would be designed 
appropriately for geomorphic and hydraulic considerations, including sediment conveyance for 
future conditions. The existing spillway would be replaced with an adjustable weir to facilitate 
management of reservoir levels. The upstream flows would pass through the new channel except 
when pumping, at which time the adjustable weir would be elevated, causing water levels in the 
channel to rise and overtop into the reservoir storage area. The adjustable weir could also be 
lowered under high flow conditions to pass sediment, gravels and flushing flows. The two storage 
areas on either side of the new channel would be dredged to improve capacity and connected 
with a pipe to equalize the head. Features would include the following: 

x Minimum of 4,000 feet of new channel  with concrete walls 

x Reconstruct spillway  

x Connecting pipes to equalize the bifurcated reservoir 

x Reclaim some of the downstream floodplain and expand river access and acreage for 
Schmucks 

x Construct an adjustable weir 

TAT discussion: There was general consensus that this alternative would not be ideal given the 
relatively large changes in water levels in the channel due to the adjustable weir and the resulting 
lack of viable aquatic habitat and ability to transport bed load through the system with the weir in 
the elevated position. For these reasons, this alternative was not evaluated further 
     
3.4 Construct a Habitat Channel  
 
Description: A new river channel would be constructed along the north side of the reservoir to 
provide connectivity for aquatic species. This  alternative  is  referred  to  as  the  “habitat  channel”  
alternative, because the new channel consist of a small open channel with 75-cfs capacity that 
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would function as a side channel of sufficient width to provide riparian vegetation and cover. The 
new channel would be to provide fish passage around the reservoir and would also provide 
additional spawning habitat. The alignment would run north of Highway 40 to minimize 
disturbance to the existing pump house, reservoir and spillway, and would connect with the 
existing bypass through the Schmuck property. This alternative would require ongoing 
maintenance downstream to meet the aquatic goals such as manual de-armoring and 
supplemental spawning gravel. Features would include the following: 
 
x Minimum of 5,000 feet of habitat channel sized for flows up to 75 cfs  
x Inlet and outlets would likely be concrete structures with adjustable openings to provide 

seasonal flow variations  
x Channel would be constructed with a riparian corridor, cobble bed and cover 
x Three highway crossings  
x Structural walls likely on the west end due to elevation differences  
x Multiple utility crossings 
x Implement maintenance program with de-armoring and spawning gravel supplement  
TAT discussion: The general consensus was that this layout would be technically complicated 
and expensive. In addition, there was general agreement that the new channel would require 
significant, ongoing maintenance to de-armor and supplement spawning gravels. For these 
reasons, this alternative was not evaluated further. 
 
3.5 Fish Ladder  
 
Description: A small fish ladder would be constructed from the bypass channel to the reservoir, 
sized for low flows (10 to 15 cfs). The fish ladder would be constructed through the existing dam 
embankment  and  outlet  in  the  reservoir.  This  could  be  a  weir  and  pool  ‘ladder’  or  a  rock  channel  
with boulder controls. This alternative would require ongoing maintenance to meet the aquatic 
goals for the Colorado River, such as manual de-armoring and supplemental spawning gravel.  
Features would include the following: 
 
x 500 feet of fish bypass channel   
x Adjustable openings to provide seasonal flow variations  
x Implement maintenance program with de-armoring and spawning gravel supplement  

 
TAT discussion: There was general agreement that this alternative would not be sustainable 
because it would require significant manual intervention to de-armor and supplement spawning 
gravels. This alternative, although likely inexpensive, would not provide additional habitat and 
would also leave the fish vulnerable to predation at the fish bypass outlet in the reservoir. For 
these reasons, this alternative was not evaluated further. 
 
3.6 Fish Ladder with Sluice 
 
Description: This alternative is essentially the same alternative as described in Subsection 3.5, 
with the addition of a sluiceway that would be operated under high flow conditions to pass 
sediment, gravels and flushing flows through the spillway and downstream into the Colorado 
River. Features would include the following: 
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x 500 feet of fish by-pass channel   
x Adjustable openings to provide seasonal flow variations  
x Sluiceway 

 
TAT discussion: There was general agreement that this alternative would not be sustainable 
because it would require significant manual intervention to de-armor and supplement spawning 
gravels. This alternative, although likely inexpensive, would not provide additional habitat and 
would also leave the fish vulnerable to predation at the fish bypass outlet in the reservoir. For 
these reasons, this alternative was not evaluated further. 
 
3.7 New Channel with Northern Alignment and Lateral Weir  
 
Description: After consideration of the above alternatives, the team developed a composite 
alternative similar to the  ‘New  channel  with  lateral  weir’ alternative, but with the channel running 
along the north side of the reservoir, south of Highway 40. This alternative would preserve the 
ability to continue the SFT flows, per the agreement, and may be less expensive with a shorter 
levee/berm compared to some of the previously described alternatives. In addition, the alignment 
of the new channel would be generally consistent with the pre-Windy Gap historic channel 
alignment, and would be accessible from the existing Windy Gap parking lot and Highway 40. A 
set of gates and lateral weir would be constructed to facilitate required diversions into the 
reservoir, while allowing passage of the SFT flows during pumping operations, and to allow run-
of-the-river conditions during non-pumping periods. 
 
TAT Discussion: Generally this idea had support from the TAT, with some members expressing 
concern as noted below. Subsequent follow-up discussions both after the meeting and through 
email communications highlighted several additional comments: 

1. If necessary, a small operational fore bay should be provided to provide by-pass flows in 
compliance with the SFT agreement (Bushong, email communication October 8, 2013).  

2. The necessity for additional storage should be evaluated considering the reservoir area 
occupied by the new channel, if necessary, excavation should be included in the design to 
provide the necessary additional storage (Isaac, email communication October 12, 2013).  

3. The design facilitates public fishing access (Isaac, email communication October 12, 2013).  

4. Although it is desirable to have a sustainable solution, it may be necessary to retain some 
means of manual intervention for channel de-armoring and spawning gravel movement 
(paraphrasing communication with Jeff Drager, September 18, 2013). 

 
3.8 Proposed Alternative 
 
On December 6, 2013, a progress meeting was held to review the initial development of the 
proposed alternative as described in Subsection 3.7. Highlights of the discussion include: 
x The new channel along the north edge of the reservoir should include a riparian corridor 

designed to support aquatic habitat,    
x The new channel should be aligned to flow past SFT property, per the existing agreement, 
x The design should facilitate continued pumping operations using existing pumps and storage 

(12-hour cycles), 
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x An embankment should be constructed to separate the new channel from the reservoir, and 
x The reservoir should be excavated and the footprint expanded to compensate for loss of 

storage capacity due to new channel and embankment. 
x  
This proposed alternative is the basis for development of the Windy Gap Reservoir Modification 
plan evaluated in the remaining sections of this report. 
 
  



Final Report 
Windy Gap Reservoir Modification

 
 

    

3.6 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page Intentionally Left Blank 



Final Report 
Windy Gap Reservoir Modification

 
 

    

4.1 

4 EVALUATION  OF  THE  PROPOSED  WINDY  GAP  
RESERVOIR  MODIFICATIONS 

 
4.1 General Description 
 
The proposed alternative for the Windy Gap Reservoir Modification includes a new channel 
located along the northern edge of the existing reservoir. The new channel would be aligned in 
the general proximity to the alignment of the historic flow path of the Colorado River prior to Windy 
Gap construction, connecting the upstream river channel to the downstream bypass and main 
channel. The new channel includes habitat features, riparian plantings to provide shade and cover 
for aquatic species, and is accessible from the existing Windy Gap parking lot and picnic area. 
The channel would be separated from the reservoir by a berm. A diversion structure would be 
constructed downstream of the Fraser-Colorado River confluence. The diversion structure would 
consist of a lateral weir to divert flows out of the channel and into the reservoir for pumping to 
Granby Reservoir and an on-line structure across the main channel to control the head on the 
lateral weir, while passing the required minimum downstream flows. The online structure would 
include adjustable sluice gates to control downstream flow releases. These sluice gates would be 
open during non-pumping operations.  
 
The preliminary alignment, profile and typical channel cross sections have been developed to 
facilitate hydraulic assessments, benefits assessment and cost estimates. Should the proposed 
modifications be implemented, a refined final channel design would be developed to incorporate 
riffles and runs, pools, and cross-section diversity. Details of the project elements are described 
in the following sections. The site plan with grading is presented in Appendix D.   
 
4.2 Channel and Berm Description 
 
4.2.1 Channel Cross Section 
 
The new channel includes a two-stage cross section, with the low-flow channel sized for flows up 
to about 100 cfs and a bankfull channel sized for flows up to 600 cfs. The channel would be 
constructed with habitat features such as vegetative and overbank cover and pools to provide 
protection for aquatic species under low-flow conditions. The 100-cfs low-flow channel is 40 feet 
wide by 2 feet deep, with a v-shaped cross section to provide a capacity consistent with instream 
flow requirements downstream of Windy Gap (Figure 4.1). The minimum flow requirement is 75 
cfs in accordance with the SFT agreement and minimum instream flow requirements at the 
Colorado River near Windy Gap at Granby is 90 cfs. The bankfull channel would be designed for 
600 cfs, which has a recurrence interval on the peak flood frequency curve of about 1.25 years. 
A 200-foot wide floodplain would be provided above the bankfull level which would be inundated 
most years during spring runoff when flows reach and exceed 600 cfs. The top of the berm 
contains flows up to approximately 4,000 cfs (10- to 25-year capacity). The new channel would 
have an average gradient of approximately 0.4 percent to connect topographically to the up- and 
downstream ends of the project site.   
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Figure 4.1. Typical new channel cross section. 

4.2.2 Berm  
 
A berm would be constructed between the new channel and reservoir to contain flows in the new 
channel up to about 4,000 cfs. The berm would extend from the existing dam face upstream, for 
approximately 700 feet to a point downstream of the Fraser-Colorado River confluence where it 
would tie into existing grade. Further upstream, opposite the Fraser-Colorado River confluence, 
the existing left overbank would be regraded (lowered), to insure that flows in excess of the design 
capacity (4000 cfs) for the new channel are conveyed into the reservoir and skim excess flow 
from the upper portion of the water column. This configuration is recommended because it would 
limit high flows in the new channel to minimize the cost associated with construction of the berm 
and new channel while permitting flows up to 4,000 cfs that would mobilize and transport the bulk 
of the upstream sediment inflow. This is discussed further in Section 4.4. 
 
The berm is laid out with side slopes of 2.5H:1V along the reservoir edge and 4H:1V along the 
new channel, and a 20-foot-wide top width with a maintenance road. The berm crest is set at 
elevation 7840.5 feet (NAVD 88 or 7836 NGVD), which is equal to the surface-water elevation at 
the   ‘spillway  design   flood’  of  31,500  cfs.  Freeboard  of  2   feet  or more is provided by the outer 
edges of the existing original reservoir.  
 
A slurry wall constructed in the core of the berm, and embankment protection on the berm face 
are both proposed along the entire length of the berm to prevent seepage and erosion of the 
embankment during high flows. The cost estimate for this part of the project was developed under 
the assumption that the berm embankment would be constructed with material excavated from 
the reservoir. The preliminary and final designs for this berm must comply with the rules and 
regulations  from  the  State  Engineer’s  Office. 
 
4.3 Reservoir Facilities    
 
Pumping operations will remain in close conformity with the pumping rules outlined in Table 2.1, 
except pumping will likely extend for longer time periods to accommodate the future diversions 
as proposed by the WGFP. Water from the main channel will be diverted into the reservoir in a 
location downstream of the confluence of the Fraser-Colorado River confluence, and upstream of 
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the normal operating level of the reservoir, between elevations 7828.5 and 7831.5 feet. The 
diversion structure would include an on-line gated structure with an overbank lateral weir. The 
lateral weir would be set 2 feet above the main channel thalweg to provide a continuous channel 
section that would contain and prevent diversion of the first approximately 100 cfs of upstream 
river flows, consistent with the instream flow requirements for the downstream reach.    

4.3.1 Pump Station Intake Structure  
 
The purpose of the intake structure is to convey water from Windy Gap reservoir to the Windy 
Gap pump station via a gravity conduit under the new channel. The intake tower is a vertical 
concrete structure providing the inlet from the reservoir to the pump station. The vertical concrete 
tower is located near the toe of the berm, on the reservoir side, and would extend to about the 
crest elevation of the berm. The structure would be founded below the reservoir bottom on 
bedrock or on structural fill. Access to the intake tower for maintenance and operation of the 
closure stop logs would be provided by a steel bridge from the left bank of the new channel. The 
intake tower would, in general, be similar to the example shown in Figure 4.2. A plan view and 
profile are provided in Appendix D. 

 

The intake structure is composed of an intake tower, dual concrete box conduits, and a terminal 
or transition box structure. Trashracks would be provided to prevent floating or submerged debris 
and other sizable clogging material from entering the intake tower during operation. Trashracks 
are typically constructed of one-half-inch diameter metal bars, spaced to provide 2-inch openings. 
It is assumed that there is a potential for 25 percent of the trashrack opening to be clogged; 
therefore, the net area through the rack bars is estimated to be 75 percent of the gross area of 
the trashracks. 
 

 

Figure 4.2. Typical intake tower. 
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The expected maximum hydraulic withdrawal capacity of the intake tower is 600 cfs and the 
operational water level in the reservoir varies between 7,828.5 and 7,831.5 feet (NAVD 88).  The 
orifice opening of the intake tower is designed considering the lowest water level in the reservoir 
of 7,828.5 feet. The invert of the orifice is located at elevation 7814.5 feet. By assuming an orifice 
discharge coefficient of 0.61, the orifice opening is calculated to be about 42 feet wide and 3 feet 
high. Openings with a total width of 42 feet are provided on three sides of the intake tower. The 
intake tower is separated from the channel by a cutoff wall to prevent seepage from the channel 
into the orifice inlet. A seepage model is required to confirm the need for a cutoff wall.    
 
A silt retention dike, similar to the existing silt retention dike at the existing pump intake, is planned 
around the perimeter of the intake tower to minimize sediment buildup at the orifice openings. 
The centerline of the dike is located about 100 feet away from the outside walls of the intake tower 
to allow for a maximum embankment slopes of 3H:1V on the silt dike. The ground elevation at the 
toe of the dike is set at elevation 7812.0 feet, which is 2.5 feet below the invert elevation of the 
orifice openings, to retain sediment storage below the orifice openings. 
 

 Conduits 
 
Conduits are designed to balance between hydraulic head loss at the maximum flow rate of 600 
cfs and the potential for sediment deposition at low-flow rates, or a design velocity range of 2.0 to 
4.0 fps. The conduits are approximately 450 feet long with longitudinal slopes of 1 percent, 
downward to the north. The invert elevations at the inlet and outlet are 7794.5 and 7790.0 feet, 
respectively. The conduit outlet invert elevation is the same as the invert elevation of the pump 
station intake. The maximum flow velocity in the conduit is about 3.3 fps, which is higher than the 
minimum velocity of 2.0 fps and lower than the maximum allowable velocity of 4.0 fps. Conduits 
are composed of dual 15-foot-wide by 6-foot-high reinforced concrete boxes with all connection 
joints sealed with steel joint rings with solid-ring rubber gaskets against seepage and infiltration. 
Having two conduits allows one conduit to be dewatered for inspection and maintenance without 
completely stopping water intake. 
 
Stop logs are provided at the conduit entrances for dewatering and inspection of the conduits.  
Stop logs can be large timbers placed on top of each other inside a slotted opening in the intake 
tower, or a metallic leaf gate. The stop logs would be operated from the top of the tower. Due to 
large frictional forces between the sliding element and the vertical guide, it would be necessary 
to use a type of gate that depends on rolling rather than sliding friction and operates freely under 
hydrostatic pressure. Sliding stop log gates mounted on low friction roller bearings are the most 
widely used types of gates in these situations. 

Soil cover placed over these conduits, beneath the relocated Colorado River channel, is needed 
to prevent exposure of the conduits to scour at the river bottom. The minimum clearance between 
the top of the conduits and the thalweg of the Colorado River is approximately 22 feet. 
 

 Transition Structure 
 
A transition structure is located adjacent to the pump intake south of the pump station. The 
function of this structure is to create a transition for incoming flows through the conduits and to 
reduce velocities at the pump intake area, thus, permitting for more uniform water levels during 
pump operation. The structure has inside dimensions of 72 feet in length and 30 feet in width. 
The structure length was sized based on the pump intake opening area and its width was selected 
to allow for at least a 10 feet wide access hatch on top of the structure. The access hatch would 
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be used to enter into the transition structure for maintenance and repair purposes in the conduit 
and intake tower. The bottom elevation of the transition structure is 7790.0 feet, which is also the 
invert elevation of the pump intake and the conduits outlet inverts. 
 

 Existing Outlet Works 
 
The existing bypass outlet works at the pump station that discharges to the river downstream of 
the dam would be functional after the new intake structure is in operation. The bypass outlet can 
be used to clean out the conduits and the transition structure. The existing auxiliary outlet works 
located near the right (north) side of the spillway would also remain functional after installation of 
the new intake structure, including the silt dike. These outlets can be used to release water to the 
Colorado River when needed.  

4.3.2 Diversion Structure   
 
The diversion structure is composed of an on-line gated structure, and a lateral weir with gates 
(Figure 4.3). The diversion structure would provide control of diversions into Windy Gap Reservoir 
during times when river water can be pumped and at flow rates approximating the pumping 
requirements in Table 2.1.  

The diversion structure would also provide access to the berm and existing dam. An access road 
from Highway 40 would extend to the diversion structure and the tops of the berm and diversion 
structure would be designed to provide vehicular transportation. Power would be required, which 
should be readily available from the main pumping station.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 4.3.  Typical river diversion structure. 
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 Online Gated Structure 

 
An inline gated structure would be constructed across the new channel. The top elevation would 
match the top of the berm at approximately elevation 7840.5 feet (NAVD 88). The crest would 
also serve as a bridge for maintenance and repair purposes and to provide access for manual 
operation of the multiple opening vertical sluice gates that control the river flow. The gates are 
supported by a fixed reinforced concrete crest structure, which is founded on an improved 
compacted fill and riverbed soils with sheetpile cutoffs at the upstream end of the crest.  

Three vertical slide gates, with openings of 20 feet each provide the control needed for river flows 
up to 1,000 cfs. For river flows in excess of 1,000 cfs, a fourth opening would be used to convey 
flows around the gates and bankfull channel. A plan and profile is provided in Appendix D.   
 

 Lateral Weir 
 
The lateral weir would be located on the left bank of the new channel, extending from the online 
gated structures, upstream for about 100 feet. The crest length of the weir is 100 feet based on 
the maximum weir capacity of 600 cfs. The diversion weir, which has a minimum crest elevation 
of 7833 feet, would be controlled by multiple Obermeyer gates to regulate flows through the lateral 
weir. The main reason for selecting an Obermeyer gate is its flexible operation in establishing the 
impounded water-surface  elevation  behind  the  gate.  In  addition,  because  these  are  ‘bottom-up’  
gates, they can reduce the potential for sediment and fish entrainment into the reservoir. The 
height of the gates can be adjusted by controlling the air pressure in the bladders behind the 
adjustable-height stainless steel plates hinged at the bottom. The Obermeyer gates are supported 
by a fixed reinforced concrete crest structure, which is founded on an improved compacted fill 
and riverbed soils with sheet pile cutoffs at the upstream end of the crest.   
 

 Flow Measurement 
 
The Obermeyer gates would be controlled by an Obermeyer-provided programmable logic 
computer (PLC). A pressure transmitter would be installed at the inlet side of the diversion weir 
to measure the pool elevation and report to the PLC. The PLC can be calibrated to measure and 
pass only the target flows at specified pool elevations. 
 
4.3.3 Reservoir Storage Impacts 
 
The berm and the new channel are both located within the footprint of the existing reservoir and 
would result in a reduction in available storage. Comparing volumes of storage at the high block 
level (7831.5 feet), the existing reservoir appears to have filled by approximately 50 percent since 
closure in 1985. The berm and new channel would occupy an additional 46 acre-feet (74,000 
cubic yards) of the available storage (Table 4.1). To compensate for the loss of storage due to 
the berm and new channel, the reservoir would be excavated. As noted above, it is assumed for 
purposes of this preliminary study that the excavated material would be suitable for construction 
of the berm. Estimates indicate that most of the 74,000 cubic yards of material would be required 
for construction of the berm. This may also provide an opportunity to remove additional sediment 
to reestablish the original storage. 
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Table 4.1. Windy Gap Reservoir storage volumes. 

Elevation 
NGVD  ’88  

Datum  
(ft) 

Description 
Storage 1985 

Topo Map 
(ac-ft) 

Surveyed 
Storage 
Volume 

2013 Survey 
(ac-ft) 

Storage Volume with Berm and 
New Channel 

Without 
Excavation 

(ac-ft) 

With 
Excavation 

(ac-ft) 
7828.5 Low block 184 16 15 16 
7831.5 High block 452 232 186 232 

 

4.3.4 Reservoir Water Quality 
 
The new channel and diversion structure create an offline channel to improve aquatic conditions 
in the new channel. The reservoir, however, would no longer have the benefit of a continuous flow 
through from the Colorado River. This could result in increased water temperatures, stagnation 
and general degradation of water quality when diversions and pumping are not occurring. These 
impacts would be mitigated by (1) excavating the reservoir to increase depths, and (2) adding a 
freshening flow and/or mixing and circulation of flows.   
 
As previously discussed, the existing reservoir would be excavated to provide material for 
constructing the new channel and berm, and to provide the necessary storage for pumping. 
Because the reservoir would now  be  ‘offline’  under  proposed  conditions,  sediment inflow would 
be significantly reduced, providing an opportunity to dredge a deeper pond that would maintain 
its depths over longer periods of time, which can, in turn, provide improved water quality 
conditions.  For  purposes  of   this  conceptual  analysis,  a  depth  of  8  feet  below  the  ‘low  block’   is  
recommended. 
 
Freshening, mixing and/or recirculation of flow are recommended during the summer and fall 
months, until the first freeze, when there are no diversions and pumping. Once pumping is 
complete, the reservoir would be drawn down to an elevation that is at or below the lower end of 
the normal operating level, assumed to be 7828 feet for the purposes of this analysis. Assuming 
storage volumes are restored to 1981 volumes (152 acre-feet at elevation 7828 feet), a freshening 
flow of about 6 cfs would be required based on a general rule of thumb to completely turn over or 
replace a body of water once every two weeks. A gated, 12-inch diameter pipe from the channel 
low-flow section would be placed at the lateral weir section, running under the lateral weir, 
daylighting below the diversion structure. This can be a hand-operated gate, opened after 
pumping is completed and closed following the first freeze of the winter season. 
 
Freshening flow could potentially be reduced or eliminated with the use of mixing and/or 
circulation pumps.  At the direction of the TAT water quality would be monitored and addressed 
in the “learning by doing” process. 

4.3.5 Operation and Maintenance  
 
Operation of the existing pump station and outlet gates is controlled by supervisory control and 
data acquisition systems (SCADA) from the Farr Pumping Plant near Lake Granby. The operation 
is monitored by daily site visits to the Windy Gap pumping station, dam, and spillway area. This 
permits daily observation of the reservoir and river conditions, and understanding of the condition 
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of the facilities. Maintenance of the existing Windy Gap project is ongoing using local and 
contractor personnel, based on the needed maintenance determined by operation personnel.  
 
Operation of the planned river diversion can be by local, manual operation or by remote SCADA 
operation. Considering the existing operation, it is anticipated that a combination of local and 
remote control would be performed. The Colorado River streamflow gage would be used to select 
the target inflows for diversion. It is assumed that gates in the river dam and gates in the diversion 
weir would be provided with electric operators and hand operation backup. Electronic monitoring 
equipment using sensors and PLCs would be able to gather data and make gate opening changes 
from the control room at the Farr Pumping Plant.    
 
Maintenance of the proposed river diversion would be required because of the numerous gates 
and controls that are involved. These systems would have their own operation and maintenance 
plans that would be developed during design and incorporated into the normal operation of the 
existing project.  
 
Sediment transport through the rerouted Colorado River would keep most of the river sediment in 
the stream channel and out of the reservoir through the use of the Obermeyer (bottom-up) weirs 
at the diversion structure. The alternative also proposes to skim flows from the upper water 
column into the reservoir that are in excess of 4,000 cfs since this is the flow through the new 
channel which transports most of the sediment inflow.   
 
4.4 Design Conditions Hydraulic and Sediment-transport Analysis 
 
The existing conditions 1-D and 2-D hydraulic models were modified to represent the new channel 
and executed for the range of anticipated flows for the purpose of (1) assessing flow conveyance 
through the reservoir with the new channel in place, with and without diversions, (2) estimating 
the extent to which bed load (particularly spawning gravel-sized material) would be moved 
through the new channel, (3) estimating sediment-transport capacities and the potential for 
deposition in the new channel, particularly at the diversion structure, and (4) evaluating conditions 
during the 100-year flood in and downstream from the reservoir. In considering the results 
presented below, it is important to note that the channel grading shown on the site plan that is the 
basis for the project conditions models is conceptual and some refinement would be required to 
incorporate riffle and pool sequences and sinuosity, both recommended to create habitat diversity. 
 
4.4.1 Design Conditions HEC-RAS Model 
 
The existing conditions HECRAS model was modified to include the new channel, berm and 
diversion structure, as described in Section 4.2 and Appendix D, and executed over the range of 
anticipated flows up to the 4,000-cfs capacity of the new channel. Model results were then used 
to develop the appropriate dimensions and elevations for the diversion structure, and to provide 
reach-averaged hydraulic conditions for use in evaluating the sediment-transport balance through 
the project reach. The model was run in steady-state, subcritical flow mode, normal depth with an 
energy slope of 0.004 for the water-surface elevation boundary condition.   
 
Hydraulic conditions at the diversion structure were evaluated to establish appropriate dimension 
for the structure to ensure that the diversion capacity is consistent with the operational 
requirements outlined in Table 2.1. The on-line gates and lateral weir options that are available 
in HEC-RAS were used for this purpose. Based on the model results, it appears feasible to 
operate the structure to meet these requirements (Table 4.2); however, it would be necessary to 
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vary the gate settings and crest-height of the lateral Obermeyer weir for each flow condition. The 
settings reflected in the model are only approximated for purposes of confirming achievability at 
this conceptual level assessment. This analysis also confirms that both online and lateral gates 
are needed, particularly for the lower flow ranges. In terms of velocities and depths related to 
aquatic habitat (specifically, fish passage through the structure), the hydraulic conditions are the 
most severe when the diverted flows exceed those remaining in the channel (e.g., total river 
inflows of 200 to 1,000 cfs and diverted flows of 100 to 600 cfs, or 50 to 60 percent of the inflow). 
These runs also reflect diversions and pumping at the maximum amount that can be physically 
pumped, limited by downstream instream flow requirements and maximum pumping capacity. In 
reality, actual diversions would also be impacted by demand, available storage, and downstream 
calls, generally resulting in diversions that would be equal to or less than those shown in Table 
4.2.  
 

Table 4.2. Summary of flow conditions at the diversion structure. 

Flows (cfs) Velocities (fps) Average Maximum 
Channel Depths 
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cfs cfs cfs fps fps fps ft ft ft 
100 27 73 2.6 1.7 1.6 2.1 1.7 1.8 
200 99 101 3.7 1.8 1.7 2.6 2.0 2.0 
400 255 145 5.6 1.6 1.9 3.4 2.5 2.3 
600 416 184 7.2 1.5 2.1 4.1 2.9 2.5 
700 501 199 7.7 1.5 2.2 4.3 3.1 2.6 
900 609 291 8.4 2.1 2.5 4.8 3.1 3.0 
1000 658 342 8.7 2.3 2.6 5.0 3.2 3.2 
1500 629 871 7.1 2.7 3.6 5.5 5.1 5.1 
4000 610 3390 3.8 5.1 5.9 8.7 8.7 8.5 

 
To facilitate assessment of the effects of the project on the sediment-transport balance, the 
portion of the project reach upstream from Windy Gap Dam was subdivided into five subreaches, 
and the HEC-RAS model output was used to develop subreach-averaged hydraulic conditions. 
The subreaches are defined as follows: 

x Subreach 1: Lower end of the Fraser River between the measuring weir and the confluence 
with the Colorado River,  

x Subreach 2: Colorado River between the Highway 40 Bridge and the confluence with the 
Fraser River.   

x Subreach 3: Colorado River between the confluence of the Fraser River and the proposed 
diversion structure,  

x Subreach 4: Approximately 200-foot transition zone in the new channel just downstream from 
the diversion structure, and 
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x Subreach 5:  New channel downstream from Subreach 4. 

Hydraulic conditions in Subreaches 1 and 2 are essentially the same under design conditions as 
under existing conditions, with average main channel velocities ranging from 2.7 fps at 120 cfs to 
about 7.6 fps at 3,920 cfs in Subreach 1 and from 2.6 to 6.8 fps at those discharges in Subreach 
2 (Table 4.3, Figure 4.4). Average channel velocities in Subreach 3 are somewhat lower than in 
the upstream reaches, ranging from about 2.5 fps at 200 cfs to about 5.9 fps at 4,000 cfs. In the 
approximately 200-foot transition zone in the new channel immediately downstream from the 
diversion structure, the velocities are even lower for flows up to 2,000 cfs (Figure 4.4). Average 
channel velocities in through the remainder of the new channel are relatively high compared to 
the upstream reaches, ranging from about 3.1 fps at 200 cfs to 8.3 fps at 4,000 cfs. The 
subreaches are shown graphically on Figure 4.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4.  Reach-averaged main channel velocities from the 1-D HEC-RAS model. 
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Table 4.3.  Reach-averaged hydraulic conditions from 1-D HEC-RAS model. 

Total 
Discharge 

(cfs) 

Main 
Channel 

Discharge 
(cfs) 

Average 
Channel 
Velocity 

(fps) 

Hydraulic 
Depth 

(ft) 

Main 
Channel 
Topwidth 

(ft) 

Energy 
Slope 

Subreach 1 
120 120 2.7 0.8 53 0.00654 
220 220 3.1 1.2 59 0.00559 
420 420 3.9 1.7 62 0.00545 
620 620 4.5 2.1 66 0.00539 
720 720 4.7 2.2 69 0.00533 
920 920 5.0 2.5 72 0.00531 

1,020 1,020 5.2 2.7 74 0.00532 
1,220 1,220 5.5 2.9 77 0.00535 
1,420 1,420 5.8 3.1 79 0.00536 
1,920 1,901 6.4 3.6 83 0.00533 
2,420 2,291 6.7 4.2 85 0.00477 
3,920 3,367 7.6 5.5 88 0.00431 

Subreach 2 
80 80 2.2 0.6 58 0.00691 

220 220 3.1 1.1 65 0.00588 
420 418 3.7 1.6 70 0.00516 
620 609 4.1 2.0 74 0.00468 
720 704 4.3 2.2 75 0.00452 
920 889 4.6 2.6 78 0.00428 

1,020 976 4.7 2.7 79 0.00424 
1,220 1,134 4.9 3.0 79 0.00405 
1,420 1,280 5.1 3.2 79 0.00385 
1,920 1,635 5.6 3.8 79 0.00374 
2,420 1,973 6.0 4.3 79 0.00367 
3,920 2,918 6.8 5.6 79 0.00336 

Subreach 3 
100 100 2.0 0.9 55 0.00385 
200 200 2.5 1.3 60 0.00372 
400 400 3.3 2.0 60 0.00341 
600 600 3.7 2.7 60 0.00314 
700 700 3.9 3.0 60 0.00306 
900 891 4.3 3.5 60 0.00296 

1,000 981 4.5 3.7 60 0.00293 
1,200 1,149 4.7 4.0 60 0.00290 
1,500 1,370 5.0 4.5 60 0.00282 



Final Report 
Windy Gap Reservoir Modification

 
 

    

4.12 

Total 
Discharge 

(cfs) 

Main 
Channel 

Discharge 
(cfs) 

Average 
Channel 
Velocity 

(fps) 

Hydraulic 
Depth 

(ft) 

Main 
Channel 
Topwidth 

(ft) 

Energy 
Slope 

2,000 1,674 5.3 5.2 60 0.00267 
2,500 1,925 5.6 5.8 60 0.00248 
4,000 2,545 5.9 7.3 60 0.00206 

Subreach 4 
100 100 1.9 1.0 54 0.00256 
200 200 2.4 1.5 55 0.00227 
400 400 3.0 2.4 55 0.00194 
600 600 3.4 3.2 55 0.00179 
700 697 3.6 3.5 55 0.00176 
900 884 4.0 4.1 55 0.00174 

1,000 973 4.1 4.3 55 0.00175 
1,200 1,143 4.4 4.7 55 0.00178 
1,500 1,382 4.8 5.2 55 0.00183 
2,000 1,752 5.4 5.9 55 0.00193 
2,500 2,096 5.8 6.5 55 0.00201 
4,000 2,995 6.9 7.9 55 0.00218 

Subreach 5 
100 100 2.4 1.0 40 0.00398 
200 200 3.1 1.6 40 0.00380 
400 400 4.1 2.5 40 0.00361 
600 600 4.7 3.2 40 0.00350 
700 695 5.0 3.4 40 0.00351 
900 870 5.5 3.9 40 0.00351 

1,000 950 5.7 4.2 40 0.00350 
1,200 1,097 6.0 4.5 40 0.00348 
1,500 1,291 6.4 5.0 40 0.00348 
2,000 1,563 6.9 5.5 40 0.00349 
2,500 1,808 7.3 6.0 40 0.00354 
4,000 2,463 8.3 7.2 40 0.00362 
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Figure 4.5. Design conditions changes to the SRH-2D model mesh.
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4.4.2 Design Conditions SRH-2D Model  
 
To provide a more detailed evaluation of the hydraulic conditions throughout the study reach 
under design conditions that can be used to assess habitat conditions and the amount of flow 
from the Fraser River that would enter the reservoir through the left overbank upstream from the 
Fraser-Colorado River confluence, the new channel, berm, and the proposed diversion structure 
were inserted into the model mesh (Figure 4.6). The elevations of these new channel and berm 
were assigned using a DTM developed from the design conditions HEC-RAS model topography. 
Manning’s  n-values for the new features were specified to match similar features in the existing 
conditions model (Table 4.4). 

 

Table 4.4.  Manning’s  n-values of design features added the design conditions SRH-2D mesh. 

Representative                                       
Feature 

Manning's                         
n-value 

New Channel Bed 0.036 
New Channel Banks  0.039 
New Berm 0.04 
New Channel Floodplain 0.03 

 
Similar to the existing conditions model, steady-state model runs were made for a range of flows 
from 100 cfs through 7,600 cfs (and 8000 cfs without diversions) to examine the predicted flow 
depths, flow patterns, channel bed shear stress, and distribution of flow between the channel and 
the overbanks. The model results provide more detailed information about the distribution of 
depths and velocities throughout the project reach, including the Colorado River between Windy 
Gap Dam and the County Road 57 Bridge (Figures 4.6 through 4.11).   
 
The model results for the upstream part of the reach indicate that flow would begin to leave the 
main channel of the Fraser River into the left overbank upstream from the Fraser-Colorado River 
confluence, bypassing the diversion structure and flowing directly into the reservoir when the 
discharge in the upstream Fraser River is about 2,500 cfs, increasing to about 2,900 cfs at the 
100-year peak discharge of 7,600 cfs (Figure 4.12). An additional 700 cfs would be removed from 
the new channel by lowering the existing channel banks for 200 to 400 feet along the existing left 
bank upstream of the end of the berm. The existing bank would be lowered to 7,840.5 feet to tie 
into the berm elevation. The resulting flow into the new channel would be a maximum of 4,000 
cfs. 

4.4.3 Design Conditions Incipient Motion Analysis 
 
The SRH-2D model results discussed above were used to perform an incipient-motion analysis 
for design conditions to evaluate mobility of the bed material over the range of anticipated flows.  
The analysis was performed by estimating the grain shear stress at each model element for each 
of the discharges and comparing the result with the shear stress required to mobilize the median 
(D50) size of the surface bed material. The calculations were performed outside the model domain 
using the procedures described inn Section 2.7.4, with the representative surface bed-material 
gradations from the 2013 sampling (Figures 2.2 through 2.4). The procedure results in a value 
referred to as the normalized grain shear stress. As discussed above, 
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Figure 4.6.  Flow depths at 1,200 cfs predicted by the design conditions SRH-2D model.  
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Figure 4.7.  Flow depths at 2,500 cfs predicted by the design conditions SRH-2D model.  
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Figure 4.8.  Flow depths at 3,400 cfs predicted by the design conditions SRH-2D model.



Final Report 
Windy Gap Reservoir Modification

 
 

    4.18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.9. Flow velocities at 1,200 cfs predicted by the design conditions SRH-2D model. 
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Figure 4.10.  Flow velocities at 2,500 cfs predicted by the design conditions SRH-2D model.  
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Figure 4.11.   Flow velocities at 3,400 cfs predicted by the design conditions SRH-2D model.
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normalized shear stresses of less than one indicate that the bed is not mobile; values between 1 
and 1.5 indicate that there is some movement, but the transport rates are very low, and values 
greater than 1.5 indicate significant transport with rapidly increasing rates with increasing shear 
stress.  
 
The model results for a total upstream discharge of 1,200 cfs indicate that there are areas where 
the bed would be strongly mobilized in the Fraser River between the measuring weir and the 
Colorado-Fraser confluence, but the local area at the confluence would not be mobile and the 
reach of the Colorado River between the Colorado-Fraser confluence and the diversion would 
only be marginally mobile in localized areas (Figure 4.12). The results also indicate that the bed 
of the new channel would generally be mobile at 1,200 cfs (assuming it is constructed with the 
same size gradation of material as the upstream river). The current model results indicate a low 
energy area where the new channel reconnects to the spillway channel and downstream reach. 
The model topography represents the existing topography in this area; it is anticipated that 
reconstruction of the channel cross section would be necessary under conditions and is 
considered in the final recommendations and cost estimate. Localized areas of bed mobility also 
occur in several locations downstream from the dam, particularly in the riffles and constrictions. 
Similar patterns occur at the higher flows, but the number and spatial extent of mobile areas 
increases, as expected (Figures 4.13 and 4.15). 

 

4.4.4 Design Conditions Sediment-Transport Balance 
 
As discussed in Section 2.7.5, the existing conditions sediment-transport analysis indicates that 
about 460 tons of gravel and cobbles, about 620 tons of sand and about 3,340 tons of silt/clay 
are delivered to the project reach on an average annual basis from the upstream Fraser and 
Colorado Rivers. A key objective of the proposed project is to restore sediment-transport 
connectivity of the river downstream from Windy Gap Dam with the upstream sediment supply, 
particularly in the gravel size-ranges that are important to spawning habitat. The sediment-
transport balance through the proposed project in any given year would depend on flow regime 
in the upstream river segments and on project operations in which the amount of flow split 
between the new channel and diversions into the reservoir for pumping would vary, with the 
balance during high-flow years being quite different from low-flow years. For this reason, 
generalization of the sediment-transport balance on an average annual basis does not provide 
sufficient information to assess the effects of the proposed project. As a result, the sediment 
balance under design conditions was performed for the three hydrographs, (dry-, midrange-, and 
wet-year)  that were discussed in Section 2.6 and illustrated in Appendix C. Integration of the 
inflowing sediment load rating curves over these hydrographs indicates that very little gravel and 
cobbles would be delivered to the Study reach from the upstream Fraser and Colorado Rivers 
during the dry-year hydrograph, about 2.5 yd3 of this material would be delivered during the 
midrange-year hydrograph, and 220 yd3 would be delivered during the wet-year hydrograph. The 
sand supply from the upstream rivers would vary from about 8 yd3 during the dry-year hydrograph 
to 55 yd3 for the mid-range-year hydrograph and 196 yd3 during the wet-year hydrograph. 
 
The existing bed material in Subreaches 1 and 3 (Fraser River between the flow measuring weir 
and confluence, and the Colorado River between the confluence and the diversion) is generally 
not mobile under either existing conditions (Figure 2.16) or design conditions. However, the 
gradation of the inflowing gravel and cobble load is significantly finer than the existing bed material 
[median (D50) size of ~33 mm for the load versus 70 to 100 mm for the existing bed material], and 
this 
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Figure 4.12.   Estimated discharge in the left overbank of the Fraser River directly into the reservoir as a function of the total upstream 

flow under design conditions.  
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Figure 4.13.  Normalized grain shear stress at 1,200 cfs predicted by the design conditions SRH-2D model. 
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Figure 4.14.  Normalized grain shear stress at 2,500 cfs predicted by the design conditions SRH-2D model. 
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Figure 4.15.  Normalized grain shear stress at 3,400 cfs predicted by the design conditions SRH-2D model. 
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material is mobile at flows in the range of only a few 100 cfs (Figure 4.16).  An important aspect 
of this analysis is, then, the ability of the river to continue to carry the upstream material through 
the reach under design conditions when the bed is effectively armored. To assess this issue, the 
transport capacity of each of the subreaches identified in Section 4.4.1 was estimated using the 
reach averaged hydraulics and the estimated gradation of the inflowing sediment load  The results 
of this analysis indicate that, with the exception of the area in the immediate vicinity of the 
diversion structure and the approximately 200-foot transition reach immediately downstream from 
the structure (Subreach 4), the river has sufficient capacity to transport the inflowing gravel, 
cobble and sand load through both in the river channel upstream from the diversion and through 
the new channel between the transition reach and Windy Gap Dam. 
 
The diversion structure would limit transport capacity into the transition reach because of the local 
backwater effect resulting from the head necessary to meet the diversion requirements and from 
the loss of flow into the diversion. When no diversions are being made, the bottom-opening gates 
in the diversion structure would be open, and the effect on sediment movement into the 
downstream reach should be minimal. The transport capacity of the transition reach is limited by 
somewhat lower velocities compared to the up- and downstream reaches for flows up to about 
2,000 cfs (Figure 4.4), but more importantly, by the reduced amount of flow during diversion 
operations. The sediment-transport analysis indicates that a small amount of cobbles (<1 yd3) 
would deposit in the transition reach during the mid-range-year hydrograph, and 50 to 55 yd3 of 
gravel and cobbles would deposit in this reach during the wet-year hydrograph. In both cases, all 
of the inflowing sediment load would pass through the reach if no diversions are made throughout 
the hydrographs, suggesting that sediment sluicing could be an effective method of insuring that 
the upstream sediment supply is carried through the project into the downstream river, particularly 
when flows reach and exceed 2,000 cfs. 
 
4.4.5 Streambed Armoring and Embeddedness 
 
As previously noted, flow conditions for both existing and design (future) conditions is insufficient 
to mobilize the channel bed, bed material in Subreaches 1 and 3 (Fraser River between the flow 
measuring weir and confluence, and the Colorado River between the confluence and the 
diversion) indicating the bed is effectively armored. Likewise, the Colorado River downstream of 
the spillway is also effectively armored. Because the transport capacity would be greatly improved 
for the majority of sand and cobble, the downstream channel bed material matrix would improve, 
particularly with the periodic sluicing of material at the diversion structure.  However, de-armoring 
of the channel bed, particularly downstream of Windy Gap, would likely require some type of 
manual operation.   

4.4.6 Flood Impacts 
 
A qualitative review of flood impacts for the 100-year flood event was conducted to assess the 
impacts of the proposed project on the 100-year water surface elevations. The 100-year flood 
was used because it is the Federal Emergency Management Agency (FEMA) regulatory flood for 
public safety purposes. The current effective floodplain mapping for Windy Gap Reservoir is Zone 
A,  or  ‘approximate’  floodplain  with  undetermined  flood  elevations,  indicating that it is not based 
on a detailed hydraulic analysis, but instead based on approximate methods. Thus, the hydraulic 
models developed for this study were utilized to assess 100-year flood elevations (8,000 cfs with 
no diversions or 7,600 cfs). Results from the models for existing and proposed conditions 
indicates that flood levels downstream of the reservoir on and adjacent to the Schmuck property 
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Figure 4.16.   Incipient motion results for reach-averaged hydraulic conditions for the size gradation of the upstream sediment supply 

in Subreach 1 (Fraser River between the measuring weir and confluence), Subreach 3 (Colorado River between the 
confluence and the diversion structure) and Subreach 5 (New channel downstream from the transition reach below the 
diversion). Also shown are the incipient motion results for the existing bed material in Subreaches 1 and 3. 
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would be slightly less than those under existing (current) conditions (see Figure 4.17). In addition, 
the high-water spillway is designed to contain and pass half of the probable maximum flood of 
31,500 cfs. Thus, the 100-year flood is easily contained within the Subdistrict’s property limits.  
 
4.5 Aquatic Habitat 
 
The Windy Gap Reservoir modification provides many opportunities for benefitting the aquatic 
habitat of the upper Colorado River and the aquatic biota which it supports. These benefits include 
(1) re-establishment of connectivity with upstream tributaries thereby expanding available habitat 
and range for fish, macroinvertebrates and other aquatic life, (2) re-establishment of coarse 
sediment transport through the system to alleviate downstream gravel depletion and armoring, 
(3) improved water quality by moderating water temperature regime and nutrient loading by taking 
the existing shallow reservoir off-line and decreasing water travel times substantially through the 
Windy Gap area, and (4) reducing the transport of aquatic vegetation from the reservoir which 
has infested and degraded downstream riverine habitats. These benefits would support the 
downstream Gold Medal trout fishery and could potentially increase limited public access for river-
based recreation in the area. 
 
The new channel has been designed to transport water and sediment in support of project 
objectives, while meeting the criteria established by the TAT for Windy Gap Reservoir 
modification. The new channel design provides the basic framework for the aquatic habitat 
benefits described above, but additional habitat features are needed within the design to 
maximize potential. In this section, such habitat features would be described and recommended 
as part of the overall Windy Gap Reservoir modification plan. Also, conceptual level 
recommendations would be presented for improving fish passage at two locations upstream of 
the primary project area. 
 
4.5.1 Channel Morphology and Hydraulics 
 
The total length of the new channel is approximately 6,000 feet. This length can be divided into 
three sections for habitat planning purposes: (1) an upstream transition section from the Fraser -
Colorado River confluence, downstream 900 feet to the diversion structure, (2) the new channel 
section which extends 3,800 feet from the diversion structure to the downstream toe of the  
existing dam, and (3) a downstream transition section extending 1,300 feet from the toe of the 
existing dam to just below the confluence of the new channel with the existing spillway channel 
below Windy Gap Dam. The existing channels in the upper and lower transition sections would 
be modified to facilitate water and sediment transport to meet project objectives, while the new 
channel would be constructed through the existing reservoir following the approximate alignment 
of the historic Colorado River channel. The three channel sections can generally be described as 
having low sinuosity, a channel slope of about 0.4 percent, slight entrenchment, moderate width-
to-depth ratio, and a predominant substrate of cobble. According to the Rosgen (1996) 
classification, the predominant channel type is C3.   
 
As designed, the morphology of the channel sections would consist primarily of riffles and runs to 
maintain sediment-transport capacity. Based on the HECRAS model results for the surveyed 
cross sections, the hydraulics of the upper transition section and the new channel are quite similar 
over a range of flow conditions (Table 4.5). The lower transition section tends to be wider and 
shallower, but with mean water velocities similar to the two upstream sections. Combined, the 
three channel sections would provide about 313,000 square feet (7.2 surface acres) of riverine 
habitat under low-flow conditions. 
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Proposed Design, 100-year flood with no diversions 

 
Existing Conditions, 100-year flood with no diversions 

Point A Flow 
(cfs) 

WSEL 
(ft) 

Flow Depth  
(ft) Point B  Flow 

(cfs) WSEL (ft) Flow Depth 
(ft) 

Proposed 8,000 7819.35 0.12 Proposed 8,000 7820.60 0.542 

Existing 8,000 7819.38 0.15 Existing 8,000 7820.60 0.547 
 

Figure 4.17. Comparison of the 100-year flood for proposed versus existing conditions. 
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Table 4.5. Hydraulic characteristics of the three river sections comprising the Windy Gap 

Reservoir Modification project area over a range of streamflow levels. 
 

Q 
(cfs) 

Mean Top 
Width 

(ft) 

Mean Depth 
(ft) 

Maximum Depth 
(ft) 

Mean Velocity 
(ft/s) 

 Upper Transition Section 

100 54.0 0.92 1.84 2.03 
(44.3 - 60.0) (0.89 - 1.06) (1.77 - 2.06) (1.58 - 2.55) 

600 60.9 2.52 3.60 4.08 
(50.0 - 75.6) (1.66 - 3.00) (2.66 - 4.05) (3.29 - 7.23) 

1,000 117.2 2.02 4.50 4.94 
(50.0 - 195.5) (1.44 - 2.30) (3.30 - 5.00) (3.91 - 8.69) 

4,000 208.2 4.28 8.04 6.57 
(197 - 275.6) (4.03 - 4.68) (7.74 - 8.72) (3.80 - 7.45) 

 New Channel Section 

75 38.3 0.91 1.83 2.1 
(36.7 - 52.6) (0.86 - 0.92) (1.74 - 1.85) 1.58 - 2.16 

200 44.1 1.63 2.65 2.91 
(40.0 - 89.8) (1.56 - 1.75) (2.56 - 3.08) (1.35 - 3.09) 

350 44.1 2.25 3.28 3.61 
(40.0 - 89.8) 1.84 - 2.31) (3.22 - 3.31) (2.09 - 3.77) 

3,400 205.5 3.73 8.1 7.64 
(102.1 - 225.6) (3.2 - 6.7) (7.7 - 8.7) (5.0 - 9.8) 

 Lower Transition Section 

75 92.4 0.52 1.15 2.11 
(36.8 - 204.2) (0.08 - 0.92) (0.58 - 1.88) 0.86 - 4.45) 

200 110.8 0.84 1.71 2.82 
(40.0 - 220.1) (0.17 - 1.62) (0.88 - 2.63) (1.37 - 5.45) 

350 127.8 1.08 2.15 3.36 
(40.0 - 235.6) (0.24 - 2.26) (1.18 - 3.26) (1.78 - 6.42) 

3,400 422.8 2.23 6.36 5.88 
(299.1 - 505.0) (1.1 - 3.0) (4.6 - 8.8) (3.72 - 13.7) 

 
 
The suitability of the hydraulic characteristics of river sections in the project area, based upon 
mean water depth and mean water velocity over a range of flow levels, is evaluated in Table 4.6 
for adult and juvenile brown and rainbow trout, as well as trout spawning. The habitat suitability 
relations applied are the same as those used for PHABSIM analysis in the SMP (Tetra Tech et 
al., 2010) and are scaled from 1.0 (optimum habitat) down to 0.0 (limited habitat value). As shown, 
habitat suitability of the channel sections varies by species, life stage and flow level, with water 
depth suitability generally increasing with increasing flow and water velocity suitability decreasing 
with increasing flow. Overall, based upon average values across species and life stages, habitat 
suitability tended to be better in the upper transition and new channel sections than in the lower 
transition section, especially at the lower, more common flow levels. Averaging across sections 
by species and life stage, habitat suitability for adults tended to be higher than for juveniles, while 
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brown trout suitability was slightly greater than for rainbow trout. Water depth for spawning 
consistently had the highest suitability of any category. In reviewing these data, one must keep in 
mind that these suitability ratings are based only on mean cross-section values and do not reflect 
the considerable variability in hydraulics that would occur throughout the channel sections. Also, 
it is important to note these ratings are strictly for hydraulics prior to inclusion of habitat features 
in the channel design and should be interpreted as simply meaning the basic hydraulic 
components needed for quality aquatic habitat are present. The physical structure to be added to 
the channel by the habitat features, in concert with the channel hydraulics, would create the quality 
and diversity of the desired aquatic habitat.  
 
 
Table 4.6. Habitat suitability for mean water depth (HS-D) and mean water velocity (HS-V) 

for adult and juvenile brown and rainbow trout and trout spawning for the three 
river sections comprising the Windy Gap Reservoir Modification project area over 
a range of streamflow conditions. An HS value of 1.0 indicates optimum conditions 
and a value of 0.0 indicates minimal habitat conditions. 

 

4.5.2 Recommended Habitat Features 
 
The primary purposes of the habitat features are to provide cover and resting areas for resident 
and migratory fish through the formation of pools throughout the channel sections, and to provide 
a stable substrate for macroinvertebrate life and fish spawning. Three types of habitat features 
are recommended, rootwad revetments, J-hook vanes, and boulder clusters, each characterized 
as  “good”  to  “excellent”  for  use  in  the  C3  channel  type  (Rosgen,  1996).  The  intent  of  these  features  

Flow 
(cfs) 

Brown Trout Rainbow Trout 
Spawning 

Mean Adult Juvenile Adult Juvenile 

HS-D HS-V HS-D HS-V HS-D HS-V HS-D HS-V HS-
D 

HS-
V 

 Upper Transition Section 
100 0.27 0.88 0.44 0.89 0.10 0.97 0.57 0.70 1.00 0.85 0.67 
600 0.89 0.13 0.47 0.18 0.73 0.06 0.68 0.05 1.00 0.00 0.42 

1000 0.70 0.05 0.91 0.02 0.48 0.00 0.95 0.00 1.00 0.00 0.41 
4000 0.72 0.00 0.00 0.00 0.87 0.00 0.02 0.00 1.00 0.00 0.26 

 New Channel Section 
73 0.27 0.85 0.43 0.87 0.10 0.95 0.56 0.67 1.00 0.82 0.65 
199 0.54 0.48 0.99 0.57 0.32 0.54 1.00 0.29 1.00 0.45 0.62 
342 0.80 0.23 0.71 0.25 0.60 0.18 0.84 0.10 1.00 0.13 0.48 

3,390 0.93 0.00 0.01 0.00 1.00 0.00 0.09 0.00 1.00 0.00 0.30 
 Lower Transition Section 

73 0.17 0.84 0.15 0.86 0.05 0.95 0.20 0.67 0.53 0.81 0.52 
199 0.24 0.52 0.37 0.60 0.08 0.59 0.49 0.33 1.00 0.49 0.47 
342 0.33 0.31 0.58 0.28 0.14 0.29 0.74 0.16 1.00 0.25 0.41 

3,390 0.79 0.00 0.73 0.00 0.59 0.00 0.85 0.00 1.00 0.00 0.40 
            

Mean 0.55 0.36 0.48 0.38 0.42 0.38 0.58 0.25 0.96 0.32  
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is to provide numerous small pools for cover and resting, rather than fewer, larger pools which 
span the entire wetted cross section and could disrupt sediment transport. Spawning gravel 
placement is also recommended for use with each of these pool-forming treatments. Vegetated 
riprap is recommended throughout the project area for bank stabilization, riparian habitat 
development, shading and overhead cover. 
 
Rootwad  revetments   (RWRs,  aka  “spurs”)  are  a  commonly  used   treatment   to  encourage  pool  
development, increase fish cover and resting habitat, and provide large woody surfaces for insect 
colonization. When properly angled in an upstream direction, RWRs also provide important 
stream bank protection by directing flow toward mid-channel away from potentially erosive banks. 
Several examples of RWR are presented in Figures 4.18 and 4.19. For the recently completed 
Laramie River Restoration Project, over 300 RWRs were installed with vegetated riprap to treat 
over 12,000 linear feet of eroding streambank within a 3.6-mile project area, protect important 
City of Laramie infrastructure, and develop pool habitat for brown trout and other aquatic life 
(HabiTech and WWC, 2009). Before-after comparisons are presented in Figure 4.20. Following 
installation, these treatments functioned as designed through two major flood events, each 
exceeding the 100-year flood, and have provided substantial habitat benefits for the trout 
population. Post-project monitoring by the Wyoming Game and Fish Department indicated a 67-
percent increase in trout numbers (greater than 6 inches in length) through the project area (285 
to 475/mile), a 152-percent increase in trout biomass (144 to 363 lbs/mile), and an increase in 
brown trout greater than or equal to 16 inches from 11 to 47/mile (pers. comm., Leland McDonald, 
WGFD 2012). Since project completion, angler use of the Laramie River through Laramie has 
increased substantially, with fisherman finding the spurs to be both challenging and productive. 
RWRs are recommended as a habitat feature for the Windy Gap Reservoir Modification project. 
 
J-hook vanes are another commonly used habitat feature for creating pools for cover and resting 
while helping to protect streambanks (Rosgen, 1996). J-hooks function similarly to RWRs and are 
typically constructed using large rock. A high quality pool suitable for use by resident and 
migratory trout is formed near mid-channel while water velocities near the streambank are 
reduced to below erosive levels (Figure 4.21). J-hook vanes are also recommended as a potential 
habitat feature for the Windy Gap Reservoir Modification project. 
 
A third habitat feature commonly used to create pool habitats is boulder placement (Figure 4.22). 
Boulder clusters, formed by groupings of large rock typically in mid-channel, are recommended 
to provide pocket water, streambed diversity, and resting/cover areas to benefit both fish and 
insect life.  
 
Spawning gravel supplementation is an often-applied technique to improve salmonid spawning 
habitat quantity and quality in gravel-depleted streams (Reiser, 2008). For the Windy Gap project, 
it is recommended that, during construction, spawning gravel supplementation occur at the pool-
riffle interchange immediately downstream of each installed habitat feature described above. As 
excavation proceeds to deepen the remaining reservoir south of the new channel, materials can 
be screened and sorted to provide the needed gravels. The target gravel distribution could be 
patterned after that developed from the measurement of 78 trout redds in the upper Colorado 
River during Fall 2008 as part of the SMP (Tetra Tech et al., 2010; Figure 4.23). Each placement 
would be quite small, consisting of 1 to 2 cubic yards of clean, mixed gravels. 
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Figure 4.18.  Rootwads placed as toe protection during channel reconstruction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.19. Rootwad revetment or spur.
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Figure 4.20.   Rootwad revetment and vegetated riprap treatment for bank stabilization and trout 

habitat development on the Laramie River through Laramie, WY. Upper photo is 
unstable bank before treatment; Middle photo is the spring following construction; 
Lower photo is four years post-installation (HabiTech, 2013). 
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Figure 4.21. J-hook vane installed on Flat Creek in Jackson, WY. Note mid-channel pool 

(HabiTech, 2012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.22. Boulder cluster installation. 
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Figure 4.23. Substrate particle size distribution plot of 78 trout redds collected in the Upper 

Colorado River basin, Fall 2008. 
 
Vegetated rip-rap  is  a  “greener”  version  of  the  traditional  riprap  treatment  used  by  engineers  to  
stabilize streambanks (Figure 4.19). For the Laramie River project described above, well-graded 
granite  “shot  rock”  that  was  hard,  dense,  durable  and  available  from  a  local  quarry  was  used  to  
form the riprap blanket. The gradation was based on the USACE Class B guidelines for self-
launching  shot  rock.  The  “green”  was  added  by  brush  layering with native willow cut by volunteers 
from local civic and school groups under the supervision of the project contractor and sponsors. 
The willow cuttings were planted at a density of 5 to 8 branches per linear foot of bank in a 
crisscrossed, layered pattern on benches constructed using the excavator bucket immediately 
upslope of rock placements. Sprouting success varied with elevation along the treated bank, with 
greatest success near the baseflow elevation. Irrigation following planting aided success. Overall, 
this approach resulted in a stronger, more aesthetically pleasing bank stabilization product and 
also helped to foster local support and interest in the project. Vegetated riprap is recommended 
for the Windy Gap Reservoir modification project with engineering criteria for materials adapted 
to site-specific conditions.   
 
The number and spacing of the habitat features recommended above would be critical to project 
success for providing fish passage and habitat for aquatic life. Assuming that early spring and late 
summer would potentially be important times for trout movement prior to spawning, flows in the 
100- to 200-cfs range would likely be common through the project area. From Table 4.5, 
corresponding mean water velocities at these flows are in the range of 2.0 to 3.0 ft/s. Based on 
the approach of Powers and Orsborn (1985) for determining the distance a fish can swim under 
various water velocity conditions and a maximum prolonged swimming speed for brown trout of 
7.0 ft/s for 15 seconds (Bell, 1990), a fish-resting area would be needed about every 60 feet of 
channel at a mean velocity of 3.0 ft/s and about every 75 feet at 2.0 ft/s. As trout typically swim in 
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slower water near the streambed and not at 0.6 of depth from the water surface where mean 
water velocity is determined, the 75-foot spacing of habitat features for resting areas and cover 
should be adequate. Over the total length of the project (6,000 feet), this analysis suggests 80 
pools should be developed using the three habitat features recommended above. By section, 12 
pools would be required in the upper transition, 51 in the new channel, and 17 in the lower 
transition. Given the exceptionally wide, shallow channel at Sta 9+00 in the lower transition  
section, several additional habitat features should be added at this location to deepen the cross 
section and enhance passage conditions. RWRs and J-hook vanes would be most effective along 
the outsides of bends, while boulder clusters would perform best at mid-channel locations. 
Feature types should be varied spatially to create additional habitat and aesthetic diversity. 
Spawning gravels should be placed immediately downstream of each pool, and vegetated riprap 
should be used wherever bank stabilization is required. Specific siting and construction details 
can be developed during preliminary and final design. 
 
4.6 Screening 
 
The need for screening at the lateral weir located at the upper end of the new channel to prevent 
fish entrainment into the reservoir was discussed at the December 6, 2013, TAT meeting. Based 
on these discussions, screening was not considered a priority task to be addressed by this Study. 
Reasons for this include (1) the planned design and operation of the diversion structure is to take 
water from the upper portion of the water column leaving 2 feet of water depth from the base of 
the lateral weir down to the streambed unaffected, (2) the fish species of concern, primarily trout 
and sculpin, are nest builders with embryos developing at or beneath the streambed surface, not 
high in the water column, (3) these fish species swim low in the water column near the bed and 
would not be highly susceptible to entrainment, and (4) the high installation and maintenance 
costs of screening in comparison to that of additional fish stocking should entrainment occur at 
some point in the future. The TAT requested that the lateral weir be designed so that screening 
could be added in the future if needed. Project engineers have taken this into account.  
 
4.7 Fish Passage above Windy Gap 
 
A secondary objective of this Study was to evaluate fish passage at two cross-channel structures 
upstream of the Windy Gap Reservoir modification project, and if needed, recommend a 
conceptual level plan of action. This evaluation was described earlier under Section 2.9.4 and 
concluded there was a high probability the Fraser River flow measuring weir acts as a barrier to 
resident trout passage, while the Granby diversion likely impedes or slows upstream fish 
movement under some flow conditions.  
 
A conceptual level plan of action to address these passage issues includes (1) complete the 
Windy Gap Reservoir modification project located downstream and open fish passage through 
the reservoir, (2) periodically, by means of spot electrofishing by CPW, radio-tracking, or tagging 
and use of a trap weir above the structure, evaluate if fish are congregating immediately below 
the two structures or able to pass, and (3) if biological evidence supports the hydraulic analysis 
presented in this report, proceed with detailed design work to implement remedial measures to 
improve fish passage. At the flow measurement weir, remedial measures could potentially span 
a wide range of technical and cost options. On the upper end of this spectrum would be an 
engineered fish bypass channel around the existing concrete weir, while on the lower end would 
be  the  installation  of  boulder  “steps”    in  mid-channel immediately downstream of the existing low-
flow notch.   
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The engineered bypass channel would consist of a concrete flow-control structure on river left 
(looking downstream) of the existing pool just upstream of the flow measurement weir and a rock-
lined trapezoidal channel along river left running from the flow-control structure downstream to 
re-enter the Fraser River below the weir. River left would likely be the preferred side due to 
existing infrastructure on river right. The head differential through the fishway would need to be 
2.5 to 3.0 feet and would require five or six boulder weirs spaced equally along the course of the 
channel, each dropping flow about 0.5 feet. Such drops could be easily passed by trout moving 
upstream. Examples of several types of rock bypass channels are presented in Figure 4.24. A 
detailed engineering site survey and hydraulic analysis would be required to determine the proper 
size and flow requirements of such a bypass channel. In addition to the expense of an option such 
as this, other concerns would be the loss of flow across the measurement weir due to the diversion 
of water above the structure into the fishway and the maintenance that would be required, such 
as debris removal and flow adjustment, at the flow control structure. 
 
A   simpler   and   less   expensive   option   would   be   the   installation   of   “steps”   formed   by   boulder  
groupings immediately below the low-flow notch of the measurement weir. A series of several 
such steps, each forming a resting pool, would reduce the head differential  fish attempting to 
pass would need to overcome in any one leap and would allow them to make several shorter 
leaps or  bursts  to  achieve  passage.  Backwater  effects  caused  by  the  “steps”  may  necessitate  re-
calibration of the stage-discharge relationship across the flow measurement weir, but reduced 
cost and maintenance could make an option such as this more feasible. 
 
The  “step”  option   is  also  a   likely  solution  to   improving  fish  passage  at  the  Granby  diversion,   if  
needed. As discussed in Section 2.9.4, passage conditions here could likely be improved by 
simply re-setting some of the large boulders which comprise the structure to form several fish 
resting pools along a small passage channel developed within the existing structure and 
consolidating flow on the downstream end of the passage channel to better attract fish wanting to 
pass. Such remedial measures would be cost effective as well as relatively maintenance free. 
 
4.7.1 Fish Passage Downstream of Windy Gap 
 
Downstream of Windy Gap dam, immediately downstream of the spillway, the Colorado River is 
very wide (over 300 feet) likely the result of reconnecting the existing by-pass channel with the 
dam spillway and the Colorado River. This wide portion of the Colorado River is a barrier to fish 
due to shallow flows and should be considered for restoration in conjunction with the other 
recommended improvements. The channel section would likely be similar to that described for 
the new channel including habitat features described above. These improvements should extend 
downstream past the influence of the spillway for approximately 1,000 feet.   
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Figure 4.24.  Examples of rock fishways (bypass channels) with boulder weirs for fish passage. 
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5 IMPLEMENTATION 
 
5.1 Construction and Logistical Issues 

5.1.1 Land Acquisition 
 
The proposed reservoir modification project is contained on property owned by the Subdistrict 
and would not require any additional land acquisition. Some grading and channel reconstruction 
is anticipated downstream of the dam and immediately adjacent to the SFT property, but it is 
anticipated that this activity can be accomplished on Subdistrict property.  
 
5.1.2 Access  
 
Access to the diversion structure and berm would require a gated maintenance access off 
Highway 40, or possibly an extension of the driveway through the existing parking and picnic area. 
The access road would be 20 feet wide, covered by gravel and used to access the diversion 
structure and berm. In addition, a gravel road would be required to access the north dam 
embankment as shown on the site plan in Appendix D. Construction activities would not impact 
the Railroad to the south or encroach into the railroad right-of-way. 

5.1.3 Utilities 
 
No major utility relocation would be required for implementation of this project; however, a power 
source would be required for operations at the diversion structure.   
 
5.1.4 Channel Construction 
 
The channel construction would require channel shaping, grading and the placement of river 
cobble material in the bed of the low-flow channel. For purposes of this assessment it is assumed 
the river cobble is available within the limits of the project foot print and can be obtained by 
screening of excavated material.  
 
5.1.5 Adjacent Private Property 
 
One potential impact from this project is the potential for increased use by the public, particularly 
for fishing and river access, along the new channel immediately adjacent to the existing parking 
and picnic areas. Properties immediately downstream (owned by the SFT) as well as upstream 
on each of the rivers, would require signage and fencing to restrict public access to these private 
lands. Recommendations to protect privacy also include a set-back for the fencing to provide a 
visual buffer. Specific distances and design of fencing and signage would be assessed with 
preliminary and final designs. 
 
5.2 Permitting 
 
The following is a list of potential permitting and regulatory compliance issues that might be 
required for implementation of any of the proposed reservoir modification. These permits and 
regulatory compliance issues must be further defined in future detailed analyses.     
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x Section 404 of the Clean Water Act (CWA) seeks to regulate the discharge of dredged or fill 
material into waters of the United States, including wetlands. Such activities include fill such 
as required for dams, and infrastructure development, both which would be required for this 
proposed reservoir modification. An individual permit would likely be required, including a 
public interest process. Permitting for the Reservoir Modification would be administered by 
the U.S Army Corps of Engineers (USACE) Denver Regulatory office.   
 

x Water-quality regulation is overseen by the CDPHE and would require assurances for 
protection of water quality under Section 401 Certification under the federal CWA. In the event 
that dredge and fill materials are produced that may impact the aquatic environment. The 
State Section 401 Certification and the federal Section 404 Permit would be integrated as 
these regulations are related, but would involve different levels of government under the 
established regulatory process. 
 

x Changes to the aquatic environment that could affect threatened and endangered species 
would require Endangered Species Act consultation and compliance with the U.S. Fish and 
Wildlife Service.  

 
x Modifications to the dam would require review and approval from the State Engineers office 

for the alteration and modification of a jurisdictional dam. Submittal requirements typically 
include design plans and specifications, hazard classification report, hydrology report, 
geotechnical and design reports, and an instrument plan. While most of this was accomplished 
with the construction of the original dam, updates and new permits would be required for the 
berm and modifications to the dam. 

 
x The Colorado Parks and Wildlife, the sponsor of this Study, is obligated, under state law, to 

review any water transfer project (memo, from Monahan, 2010). A review of situations in which 
water resources (and by association, fisheries) may be impacted by proposed construction, 
operation or maintenance of water diversion is further discussed in this memo and whether a 
project would be required to develop such a plan. The application of this law should be further 
investigated as to its applicability for this Windy Gap Reservoir Modification project. 

x A 1041 permit from Grand County would be required to identify, designate, and regulate areas 
and activities of state interest through their local permitting process.  

x Windy Gap Reservoir is currently mapped by FEMA as a Zone A, which denotes a 100-year 
floodplain but without flood elevation determination. Because the construction activity would 
be within the floodplain, a submittal to FEMA would likely be required to assess proposed 
changes to flood depths. 

x NEPA compliance (Environmental Impact Statement (EIS) or Environmental Assessment 
(EA)) should be reviewed for applicability for the Windy Gap Reservoir Modification project. 
Given the project constraints and objectives it is unlikely a full EIS would be required.  
However, notification of appropriate government regulatory and natural resource agencies is 
recommended to confirm requirements for implementation. NEPA compliance activities would 
typically be performed in conjunction with more detailed engineering analyses.  

x Access to the diversion structure from Highway 40 would likely require approval from the 
Colorado Department of Transportation.  

 



Final Report 
Windy Gap Reservoir Modification

 
 

    

5.3 

5.3 Opinion of Probable Cost 
 
As previously noted, excavation and embankment would be required to construct the new channel 
and berm. The embankment material would be obtained by excavating within the reservoir. Major 
cost items include earthwork, channel and berm construction, an intake tower, and diversion 
structure (Table 5.1). Preliminary and final designs would be required to refine this estimate. 
Important assumptions considered in the preparation of the cost estimate are noted below and 
provided in further detail in Appendix E).   

1. The reservoir excavation and berm construction would be accomplished without impacting 
pumping operations. 

2. A coffer dam would be utilized to divert the river and dewater the reservoir. Foundation 
dewatering would also be required to construct the intake tower foundation.  

3. The earthwork quantities are based on neat lines, calculated from the grading plans, and 
estimated embankment volumes have been increased by 20 percent to account for shrinkage 
and compaction.  

4. Earthwork estimates include only the volumes required to build the project as presented, 
including the excavation of the reservoir to equal the volume displaced in the reservoir by 
construction of the berm and channel. 

5. Costs include two fish passage structures recommended upstream of the reservoir and Study 
area. 

6. The estimate includes a 25-percent contingency. 

7. Unit prices are  based on contracting all work and do not consider possible cost reductions 
that might be possible by using Subdistrict equipment and/or personal for work items such as 
excavation. 

8. Engineering fees include design and permitting costs. 
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Table 5.1. Opinion of probable costs. 

Item Description Cost 
General Site Work $556,000 
Earthwork for channel and berm $1,210,000 
Berm construction $1,444,000 
Channel construction $1,600,000 
Fish passage  $110,000 
Intake Structure $2,989,059 
Diversion Structure $1,606,128 
Mobilize/Demobilize  $600,000 

  

Capital Cost Sub-Total (Present Worth) $10,115,187 
Contingency (25%) $2,750,000 
Direct Construction Cost $12,865,187 
Engineering (15% of Direct Construction 
Cost) $2,050,000 

Total (rounded) $14,900,000 
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6 SUMMARY  OF  FINDINGS  AND  RECOMMENDATIONS 
 
The proposed alternative for the Windy Gap Reservoir Modification consist of a new channel 
located along the northern edge of the existing reservoir. The new channel would be aligned in 
general proximity to the alignment of the historic flow path of the Colorado River prior to Windy 
Gap construction, connecting the upstream river channel to the downstream bypass and main 
channel. The new channel includes habitat features, riparian plantings, and is accessible from the 
existing Windy Gap parking lot and picnic area. The channel would be separated from the 
reservoir by a berm. A diversion structure would be constructed downstream of the Fraser-
Colorado River confluence. The diversion structure would consist of a lateral weir to divert flows 
out of the channel and into the reservoir for pumping to Granby Reservoir and an on-line structure 
across  the main channel to control the head on the lateral weir, while passing the required 
minimum downstream flows. The online structure would include adjustable sluice gates to control 
downstream flow releases. These sluice gates would be open during non-pumping operations. 
The Site Plan is presented in Appendix D.   
 
6.1 Meeting goals and objectives 
 
This proposal generally meets the project objects as discussed below.     
  
A. Water Rights 

The layout and configuration of the diversion structure is designed to mimic existing pumping 
operations to prevent adverse impacts to the ability of the Subdistrict to divert, pump and 
deliver its water rights under both existing and future conditions, and to prevent project related 
impacts to downstream water users. Flows being released downstream would also mimic 
those without the reservoir modifications given that diversion and pumping operations would 
remain consistent with those under existing conditions, and with those under future conditions 
with the WGFP in place. In this context, it is important to note that, under future conditions 
with or without the reservoir modifications, there would be a reduction in overall flows being 
released downstream due to the increased amounts of pumping and diversions associated 
with the WGFP, as well as the Moffat Firming project being implemented by Denver Water. 
This Study mimics the future conditions flows by using the future conditions inflows to Windy 
Gap developed for the EIS (Reclamation, 2011), which considered both firming projects, 
coupled with maximum pumping allowed by pump operations and minimum instream flow 
releases. 

 
B. Headgate Diversions 

As discussed in item A, above, the proposed reservoir modification is designed to mimic 
existing pumping operations and downstream flow releases. This, in turn, insures that flows 
at existing headgates downstream are not altered from those under future conditions with the 
WGFP in place.   
 
The rights and obligations contained in the Supplemental Agreement between the Subdistrict 
and Schmuck Family, dated April 2, 1982, and the October 14, 1977, receipt and option 
contract between the Subdistrict and Howard Schmuck require that the Subdistrict release 75 
cfs or the total inflow into the reservoir if less than 75 cfs, into the channel bypass that abuts 
the SFT property. This proposal would meet these minimum release obligations and maintains 
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the bypass alignment by placing the new channel in the existing bypass channel. Some 
channel modification would be required on the left riverbank (Subdistrict property) and through 
the dam, because the new channel adjacent to the SFT property would be designed to carry 
up to 4,000 cfs, considerably more than the existing bypass channel. Hydraulic analysis 
indicates the water-surface elevations along the SFT property would generally be at or less 
than those under existing conditions with the recommended left channel bank improvements.    

 
C. Facilitate Recovery of Aquatic Species and Improve Aquatic Habitat 

These two objectives are addressed together, as the improvement of aquatic habitat is the 
primary tool with which to facilitate the recovery of aquatic species. The proposed 
modifications to Windy Gap Reservoir would (1) re-establish connectivity with upstream 
tributaries, expanding available habitat and range for fish, macroinvertebrates and other 
aquatic life, (2) re-establish transport of coarse sediment from the upstream river reaches past 
reservoir to alleviate downstream gravel depletion and armoring, (3) improve water quality by 
moderating water temperatures, (4) reduce nutrient loading by taking the existing shallow 
reservoir off-line, and (5) reduce the transport of aquatic vegetation from the reservoir that 
has infested and degraded downstream  riverine habitats.  

 
This Study recommendation results in 6,000 feet of new channel or 313,000 square feet of 
additional aquatic habitat. Habitat features are recommended within the new channel 
including rootwad revetments, J-hook vanes, and boulder clusters. The intent of these 
features is to provide numerous small pools for cover and resting, rather than fewer, larger 
pools which span the entire wetted cross section and could disrupt coarse sediment transport. 
Vegetated riprap is recommended throughout the project area for bank stabilization, riparian 
habitat development, shading and overhead cover. 
 
Upon completion of the Windy Gap Reservoir modifications, it would be important to evaluate 
the need to improve fish passage at the flow measurement weir at the Fraser River at Granby 
gage and the Granby diversion weir, and if required, implement remedial measures. This 
potentially   includes   a   fish   bypass   channel   or   boulder   “steps”   in   mid-channel immediately 
downstream of the existing low-flow notch at the flow measurement weir, and adjustment of 
the  existing  boulders  to  form  ‘boulder  steps’  at  the  Granby  diversion.     

 
D. Streambed Armoring and Embeddedness:  

The hydraulic and sediment-transport analysis indicates that bed mobility in the river channels 
up- and downstream from the existing reservoir would not change significantly under project 
conditions. As noted above, however, the upstream gravel and sand supply (~460 ton/year 
gravel and 620 tons/year of sand) would be restored to the downstream part of the reach. The 
additional gravel would provide additional material to restore and maintain some of the existing 
downstream habitat features. The sand load appears to be sufficiently small that it should not 
significantly affect embeddedness in the downstream reaches. 

 
E. Operations and Maintenance 

Increased operations by the Subdistrict would be required for the diversion structure, 
anticipated to be operated through a combination of local and remote control with electric 
operators   and  manual   backup.   Electronic  monitoring   equipment   using   sensors   and  PLC’s  
would be able to gather data and make gate opening changes from the control room at the 
Farr Pumping Plant.    
 
 



Final Report 
Windy Gap Reservoir Modification

 
 

    

6.2 

Maintenance of the proposed river diversion would be required because of the numerous 
gates and controls that are involved. These systems would have their own operation and 
maintenance plans that would be developed during design and incorporated into the normal 
operation of the existing project. Maintenance of the reservoir itself is expected to be reduced 
since the inflow sediment volume would be reduced.  
 
The proposed reservoir modifications include excavating the reservoir to provide material for 
construction of the berm, and to provide a benefit to the Subdistrict by regaining some of the 
lost storage and provide an economic opportunity to perform additional excavation if so 
desired by the Subdistrict. Further, by creating an off-line reservoir, the rate of sediment inflow 
to the reservoir is anticipated to be less than the rates seen since the original closure.   

 
F. The hydraulic and sediment-transport analysis indicates that, with the reservoir modifications 

in place, the new channel can mobilize and transport the majority of inflowing gravel/cobble 
load and the vast majority of the inflowing sand load. However, when pumping and diversions 
are occurring, the flows in the channel would be reduced at the diversion structure by up to 
600 cfs. Particularly, when the upstream flows are in the range of 700 to 1,000 cfs, which 
occurs relatively frequently. The analysis indicates that deposition is likely during both the mid-
year and wet-year future conditions hydrographs that were analyzed for this study, although 
the estimated volume of material is generally quite low. Removal of this material could be 
done by sluicing, as discussed below under benefits, or manually removed. If manual removal 
is required, ideally, any deposited sediment would be relocated to a section of the river 
downstream of the dam as part of a gravel replenishment program.  
  

G. Benefits 
The expected benefits of implementing the Windy Gap Reservoir Modifications include the 
improvements in aquatic habitat, positive impact on the riparian zone, ability to perform under 
expected low- and high-flow conditions and additional public access. These benefits are 
further described below. 
 
Aquatic benefits: The proposed reservoir modifications for Windy Gap Reservoir would (1) 
re-establish connectivity with upstream tributaries thereby expanding available habitat and 
range for fish, macroinvertebrates and other aquatic life, (2) re-establish transport of coarse 
sediment past the reservoir to alleviate downstream gravel depletion and armoring, providing 
much needed spawning-size material, (3) improve water quality by moderating water 
temperature regime and nutrient loading by taking the existing shallow reservoir off-line, and 
(4) reduce the transport of aquatic vegetation from the reservoir which has infested and 
degraded downstream riverine habitats. It is anticipated that once constructed and following 
the establishment of plant material, the recommended habitat features and channel 
improvements would perform as designed with relatively little maintenance. 
 
Sediment transport: The diversion structure would limit transport capacity in the new channel 
during pumping because of the local backwater effect resulting from the head necessary to 
meet the diversion requirements and from the loss of flow into the diversion and reservoir. 
The sediment-transport analysis indicates that a small amount of cobbles (<1 yd3) would 
deposit in the transition reach immediately downstream from the structure during the 
midrange-year hydrograph, and 50 to 55 yd3 of gravel and cobbles would deposit in this reach 
during the wet-year hydrograph. In both cases, all of the inflowing sediment load would pass 
through the reach if no diversions are made throughout the hydrographs, suggesting that 
sediment sluicing could be an effective method of insuring that the upstream sediment supply 
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is carried through the project into the downstream river. Sluicing would be particularly effective 
when inflows are at or greater than 2,000 cfs. Overall volumes of sediment transported into 
the reservoir would be reduced. 
 
Operation and maintenance requirements: Operation of the existing pump station and 
gates would be controlled by supervisory control and data acquisition systems (SCADA) from 
the Farr Pumping Plant near Lake Granby. Maintenance of the existing Windy Gap project is 
ongoing, using local and contractor personnel. Maintenance of the proposed river diversion 
would be required because of the numerous gates and controls that are involved.  Because 
the overall volumes of sediment transported into the reservoir would be reduced the 
modifications would reduce the need for future dredging of the reservoir. 

 
H. Upper Colorado River Habitat Project 

Although the River Habitat Project is a separate effort from the Windy Gap Reservoir 
Modification, integration of the two projects would be critical in terms of sediment transport 
and connectivity to the upstream river. Further, critical target flows and conditions for habitat 
identified in this study should be considered in the River Habitat Project, particularly in the 
reaches immediately downstream of Windy Gap. Manual de-armoring might also be 
considered since the existing and future flow conditions indicate that bed mobility would not 
change significantly either with or without the Windy Gap Reservoir Modifications.   

 
I. Cost and Implementation 

The Windy Gap Reservoir Modification project presented in this Study includes over one mile 
of new channel, a new berm, and a diversion structure with lateral weir and multiple main 
channel gates and is estimated to be approximately $14,900,000. While this cost is relatively 
expensive, this project and these components provide a system that meets the project 
objectives. The improvements can be implemented without additional lands and without 
impacting water operations and water rights, and would provide significant improvements to 
the aquatic habitat. Sediment-transport continuity through the reach would be improved, 
particularly when no diversions are being made by moving coarse sediment from through the 
diversion structure into the downstream channel. 

 
6.2 Next Steps 
 
The next immediate step is to determine if funding is available and if there are ways to reduce 
unit pricing by use of Subdistrict personnel. Assuming funding can be secured then the project 
would move to the development and completion of preliminary and final plans and application for 
permits. Some of the more detailed analyses needed to support these steps are listed below, 
although the list is not exhaustive. Note that the costs to implement Steps 1 through 6 are not 
reflected in the opinion of probable costs presented in Table 5.1 as they reflect additional analysis 
or the collection of needed data. However, Steps 7 through 10 are the development of plans and 
specifications and as such, included with the  costs  listed  in  the  cost  estimate  under  ‘Engineering.”   
 

1. Evaluate the material in the reservoir for suitability in constructing the berm. Evaluate the need 
for a cutoff wall in the berm. 

2. Extend hydraulic analyses upstream of the railroad bridge to investigate bridge capacity and 
assess overtopping along the railroad. Update the hydraulic analysis accordingly. 
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3. Refine the channel cross section to incorporate riffles, runs, pools and sinuosity; update and 
refine the hydraulic analysis for further balancing the high-water overflow with the required 
flows for sediment transport.   

4. Collect additional data to verify and refine the inflowing sediment load rating curves.  

5. Evaluate potential for utility conflicts. Determine power requirements for operating the 
diversion structure.  

6. Assess water quality in the reservoir; confirm the need for freshening flows. 

7. Develop preliminary plans, with grading and details. Refine grading as required to balance 
earthwork. 

8. Prepare preliminary technical specifications. 

9. Refine cost estimates and secure funding. 

10. Consult with permitting agencies and prepare and submit permit applications. 

11. Prepare final plans, construction drawings and technical specifications.   
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