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Haldi and Left Hand Valley Diversion Concept Alternatives 

Introduction 
Prior to this work, the Left Hand Watershed Center (the Watershed Center) completed a fish passage 
feasibility study of Left Hand Creek. The study explored solutions for restoring and reconnecting fragmented 
fish habitat in Left Hand Creek while simultaneously meeting the needs and goals of water owners. The 
report identified two key barriers for diversion enhancement to restore and reconnect fish habitat, ensure 
the efficient delivery of decreed water rights, and reduce ongoing diversion maintenance needs. The two 
barriers identified were the Haldi Intake and the Left Hand Valley Diversion. 

The goal of this phase of the project was to develop two concept designs/plan alternatives for multi-benefit 
diversion enhancement and fish passage solutions at each barrier. The process included multiple field visits and 
meetings with stakeholders (including Left Hand Ditch Company, Left Hand Water District, and St. Vrain Left 
Hand Water Conservancy District) to understand existing conditions, constraints, and opportunities at each 
diversion. In addition, the process included a flow study at the Left Hand Valley Diversion to inform concept 
design alternatives. 

Designs/plans and the study were developed in a conceptual and visual/creative space with limited need for 
engineering or modeling. However, specific constraints and considerations related to reach diversion were 
incorporated and described on each design. As part of a separate and future effort, these designs/plans will be 
used to help Watershed Center staff obtain stakeholder support for securing funding for the next project phase, 
which we anticipate implementing as design-build diversion enhancement and fish passage projects.  

The purpose of this memo is to introduce the diversion enhancements and fishways considered for each 
alternative, describe the multi-benefits for each concept design in more detail, and provide future 
considerations for each alternative. 
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Overview of Diversion Enhancements 
This section of the memo provides a brief overview of the main types of diversion enhancements that have 
been proposed in the concept alternatives for the Haldi and Left Hand Valley intake structures. The diversion 
enhancements fall under Flow Improvements and Sediment Reduction. 

Flow Improvements 

o Automated Headgate. Replacing the existing headgate with an automated headgate is proposed at
the Left Hand Valley Diversion due to the potential for environmental flows to be left in the creek
rather than sweeping the creek. An automated system would allow the gate opening to adjust
automatically based on available flows in Left Hand Creek. As needed, the environmental flow could
be diverted at other downstream diversions to meet demand (e.g. Holland or Williamson Ditches).

o Flow Control Structure. Flow control structures are proposed in different alternatives. These
structures would be custom designed for the site and for the required flows. The main purpose of the
flow control structure is to ensure that a minimum flow rate is directed to the headgate when that
flow rate is available in Left Hand Creek. Excess water could then be directed to a fish passage
structure.

Sediment Reduction 

o Boulder Vane. Several alternatives proposed installing a row of boulders in the sediment
accumulation pool. During high flows, the boulder vanes create turbulence which helps suspend
sediments allowing them to be transported downstream rather than settling-out at the diversion
structure.

o Dam Notch/Flash Boards. One alternative for Haldi proposes installing a notch in the existing dam
top along with flash boards. This system would allow for some of the sediment accumulated behind
the dam to be flushed downstream thereby reducing the volume of sediment that would have to be
hauled off site.

o Increased Sand Out Pipe Size. Both Haldi alternatives include replacement of the under-sized sand-
out pipe that services the screening building. Increasing the size of the sand-out pipe would allow
more sediment to be removed from the diverted water before it enters the screening building
thereby reducing the amount of sediment maintenance.

o Floodplain Enhancement for Sediment Storage. Reducing the volume of sediment that reaches a
diversion structure would reduce the sediment maintenance. This could be achieved by lowering
upstream floodplain areas to allow annual flows to access the floodplain and deposit sediments in
the floodplain. This could be a viable option upstream of the Left Hand Valley Diversion.

o By-Pass Channel for Sediment Transport. Another method of reducing sediment that reaches the
diversion structure is to by-pass the sediment around the structure. One alternative for Haldi is a by-
pass channel. The by-pass channel will carry water during medium to high flow events. Because these
flows carry most of the sediment load, a large percentage of sediment will by-pass the diversion and
should greatly reduce the amount of sediment accumulating at the diversion structure.
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Overview of Fishway Types 
This section of the memo provides a brief overview of the main types of fishways that were considered for 
the fish passage concepts on Left Hand Creek. Ultimately we selected fishways that would provide the 
highest potential for usage by Front Range fish species. 

There are four main types of fishway considered for Left Hand Creek: pool-and-weir, vertical slot, 
Denil/Alaska steeppass, and rock ramp. Each is described briefly below. 

 

 

A pool-and-weir fishway consists of a set of pools with 
vertical drops in between. These are what one typically 
sees on large dams on Pacific Northwest streams. We did 
not consider a pool-and-weir approach here because they 
require jumping ability, and many of Colorado’s native 
fishes lack that. Pool-and-weir fishways can be 
prefabricated (which would make them relatively 
inexpensive) or site-specific/site built (which would make 
them among the most expensive option given the need 
for a structural engineer). 

 

 

A vertical slot fishway consists of a set of “pools” with 
constrictions at the downstream end to back water into 
the pool. The difference between a vertical slot fishway 
and a pool-and-weir fishway is that the constrictions do 
not extend laterally across the fishway – there is a “slot” 
in the fishway that consists of the entire water column. 
The reason we did not consider this configuration was 
because there are too few available data on how well 
these work for our native, non-salmonid fishes, due to 
high velocities and turbulences. They are also prone to 
clogging with debris due to their narrow slots. If these are 
prefabricated, they can be relatively inexpensive. Site-
built vertical slot fishways require structural engineering 
and are therefore on the more expensive side. 

 



4 

 

 

 

A Denil/Alaska steeppass fishway is similar to a 
vertical slot fishway. It is similar to a vertical slot 
fishway in that it has “vanes” that protrude into a 
rectangular channel. They do not extend as far 
into the channel as they would for a vertical slot 
fishway. Again, there are too little available data 
to determine if these work for our native fishes. 
These are also usually characterized by high 
velocities and turbulences. These are often 
prefabricated and therefore relatively inexpensive. 

 

 

 

Rock ramp fishways can be extremely diverse and range from 
a natural channel approach, where they essentially look like a 
riffle (e.g. by-pass channel and boulder cascade), to a more 
manufactured approach, where it may look like a rectangular, 
grouted structure with embedded cobble, boulders, or 
concrete. For example, the existing grouted boulder ramp at 
Left Hand Valley Inlet would be a type of rock ramp fishway if 
it had a lower slope and had been designed with fish passage 
in mind. Rock ramp fishway costs are variable because they 
are so diverse, but as per above, avoiding the requirement for 
structural engineering lowers the cost.  

 

 

Fishways Selected for Alternatives 
The rock ramp type fishway appears to be the most successful for Colorado Foothills streams to date. As 
such, we selected the by-pass and boulder cascade rock ramp alternatives for the fish passage designs at 
Haldi and Left Hand Valley Diversions. We cannot recommend the vertical slot or Denil steppass fishways 
until more field data are collected on these experimental approaches. Furthermore, many smaller fishes 
(including juvenile trout) will avoid confined fishway entrances that are typical of the pool-and-weir, 
vertical slot, and steppass fishway types because they are excluded/intimidated by larger fishes that 
gather at the entrances to these fishways.  

Because of the opportunity of open floodplain and minimal diversion height (about 4’) at the Left Hand 
Valley Diversion, we chose a novel fishway approach as a second alternative. This approach uses beaver 
dam analogs (BDA’s) to provide fish passage over the diversion. While the BDA’s could be considered a 
form of pool-and-weir fishway, we prefer to consider them as a more natural approach to providing fish 
passage and as a way to accomplish multiple ecological improvements. The large pools of the BDA’s 
provide diverse aquatic and vegetative habitat. While deep areas will provide habitat for large fishes, the 
shallow, vegetated edges will provide habitat and protection for small fishes. 

M
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Alternatives for Haldi Diversion 
This section describes the two rock ramp fishway alternatives (by-pass and boulder cascade) selected for the 
Haldi Diversion and additional considerations for these alternatives. Each alternative was developed in 
collaboration with stakeholders such as water managers and users. Stakeholders include Left Hand Ditch 
Company, Left Hand Water District, and St. Vrain Left Hand Water Conservancy District. Each design 
incorporates constraints and considerations specific to the Haldi structure that were identified by 
stakeholders. Please see Attachments 1 through 3 for visualization of Haldi existing conditions and design 
concepts. 

Alternative 1: By-Pass Channel (Rock Ramp Fishway, Attachment 2) 
This alternative will utilize the existing by-pass channel. Benefits for this alternative include fish passage, 
appropriate water delivery to headgate, reduced sediment maintenance, ease of construction, and improved 
channel stability. As such, the existing grouted boulder grade control structure would be lowered to allow 
more frequent flows into the by-pass channel and a new flow control structure would be installed near the 
grouted boulder grade control structure. The new structure would divert flows up to a specified CFS to the 
Haldi headgate for water delivery needs. All flows greater than the specified flow/discharge (cubic feet per 
second, CFS) would continue down the by-pass channel. Specific components of the design are described 
below: 

o Fish Passage. The existing concrete ramp is a fish barrier under all conditions. Modifying the existing 
by-pass channel (currently only activates during flows greater than 300 cfs) could be a cost-effective 
method of providing fish passage around the dam. Lowering the existing grouted boulder grade 
control would allow more frequent flows into the by-pass channel and regrading the by-pass channel 
into natural riffle/pool sequences would allow fish passage in both directions. There is about ten feet 
of vertical fall but the by-pass channel would be about 400 feet long providing an average slope of 
2.5%. The riffles would be steeper than 2.5% but the pools would provide resting areas for fish 
swimming upstream. The by-pass channel morphology would be very similar to reaches of Left Hand 
Creek just upstream. 

o Appropriate Water to Headgate. A new flow control structure would be designed and installed near 
the grouted boulder grade control structure. The new flow control structure would ensure that all 
water below a specified CFS would always be directed to the Haldi headgate. The specified flow is yet 
to be determined but would probably be around 30 - 40 CFS. For example, if there was a flow of 20 
cfs in Left Hand Creek, all 20 cfs would go to the headgate. If there was a flow of 50 cfs, then 40 cfs 
would go to the headgate and 10 cfs would go down the by-pass channel for fish passage. The flow 
control structure would also be designed to reduce fish entrainment. 

o Reduce Sediment Maintenance. This alternative will reduce sediment maintenance by way of the by-
pass channel, boulder vane at headgate pool, and replacement of sand-out pipe. 

o Sediment Transport via By-Pass Channel. This alternative will greatly reduce the sediment 
supply to the Haldi headgate while still providing the appropriated water. Do to so, this 
alternative will transport sediment during high flows by way of the by-pass channel. This is 
because most of the sediment load is transported in the higher flows. This approach will also 
leverage the natural alignment and sediment transport hydraulics of the upstream reach on 
Left Hand Creek. Meaning, the flow hydraulics transporting sediment are maintained as water 
and sediment flow through the by-pass channel, as opposed to being diverted towards the 
Haldi headgate. The hydraulics of the channel at the new flow control structure and by-pass 
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channel would have to be designed to ensure that this area does not become a sediment 
accumulation area and require sediment clean out maintenance. 

o Reduced Sediment Aggradation at Headgate Pool. The Left Hand Ditch Company has 
installed boulder vanes at several of their diversion structures. Left Hand Ditch Company staff 
told us that the boulder vanes had significantly reduced the volume of sediment that has to 
be removed. During high flows, the boulder vanes create turbulence which helps suspend 
sediments allowing them to be transported downstream rather than settling-out at the 
diversion structure. This alternative would install a similar boulder vane near the Haldi 
headgate to help reduce sediment maintenance at the existing sediment accumulation pool.  

o Improved Sediment Transport at Sand-Out Pipe. This alternative would include replacement 
of the under-sized sand-out pipe that services the screening building.. Left Hand Water 
District staff have told us that the current sand-out pipe is under-sized and creates more 
maintenance. Increasing the size of the sand-out pipe would allow more sediment to be 
removed from the diverted water before it enters the screening building. 

o Ease of Construction. This alternative leverages an existing by-pass channel. While the new channel 
will have a different profile (a natural riffle/pool profile) and require some grading, it won’t be 
necessary to excavate a new channel.  

o Improve Channel Stability. This alternative will improve channel stability within the floodplain and 
adjacent to the channel while maintaining access for maintenance.  

o Floodplain Bench. We are proposing some excavation to create vegetated floodplain benches 
alongside the by-pass channel. This will create a small floodplain for high flows to access and 
help reduce high flows in the channel to keep the channel stable and provide better flow 
conditions for fish passage. The benches would also contain some depressed areas to help 
diversify the native plant community on the benches. 

o Repair Bank Erosion. As part of this alternative, we would also repair the eroding banks in the 
channel just upstream of the Haldi structure. With much lower flows in this channel there 
should not be any further bank erosion issues.  

o Low Water Crossing. In order to provide the cross-sectional area to carry high flows and 
create the floodplain bench we would replace the existing culvert on the maintenance access 
with a low water crossing. Because the majority of sediment will by-pass the Haldi structure, 
we believe maintenance access will only be needed once per year with a lot less sediment to 
haul away. 

Alternative 2: Boulder Cascade at Existing Dam (Rock Ramp Fishway, Attachment 3) 
This alternative will install a boulder cascade on the downstream side of the existing diversion dam. Benefits 
for this alternative include fish passage, no change to water flows, reduced sediment maintenance, improved 
channel stability, and no change to discharge piping. Being downstream of the headgate and at the same 
elevation as the existing dam, the boulder cascade will not alter operations of the intake structure and 
sediment pool/maintenance area. This alternative would install a boulder vane in the sediment pool to help 
reduce sediment accumulation and thus reduce sediment maintenance. 

o Fish Passage. The boulder cascade would require a lot of fill material and a lot of rock material to 
construct. The cascade would be about 250 feet long and drop about 11 feet. The slope would be 
about 4.5%. While boulder cascades can produce a lot of turbulence, we would construct small pools 
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within the cascade to slow flow and provide resting areas for fish. While 4.5% is steeper than 
preferred it is not unsimilar to other reaches of Left Hand Creek not too far upstream. 

o No Changes to Water Flows. This alternative would not change the flows to the Haldi structure. 
Unfortunately it will also not change the sediment load to the structure. We do propose installing a 
flow guidance structure on the upstream side of the dam. This structure will help focus high flows and 
the sediment being transported over the dam. This will help reduce the amount of sediment that 
accumulates at the structure. 

o Reduce Sediment Maintenance. This alternative will reduce sediment maintenance by way of a 
boulder vane at the headgate pool, and replacement of sand-out pipe. 

o Reduced Sediment Aggradation at Headgate Pool. The Left Hand Ditch Company has 
installed boulder vanes at several of their diversion structures. Left Hand Ditch Company staff 
told us that the boulder vanes had significantly reduced the volume of sediment that has to 
be removed. During high flows, the boulder vanes create turbulence which helps suspend 
sediments allowing them to be transported downstream rather than settling-out at the 
diversion structure. This alternative would install a similar boulder vane near the Haldi 
headgate to help reduce sediment maintenance at the existing sediment accumulation pool.  

o Improved Sediment Transport at Sand-Out Pipe. This alternative would include replacement of the 
under-sized sand-out pipe that services the screening building. Left Hand Water District staff have 
told us that the current sand-out pipe is under-sized and creates more maintenance. Increasing the 
size of the sand-out pipe would allow more sediment to be removed from the diverted water before 
it enters the screening building. 

o Improved Channel Stability. This alternative will improve channel stability within the floodplain and 
adjacent to the channel. 

o Floodplain Bench. We are proposing some excavation to create a vegetated floodplain bench 
alongside the boulder cascade. This will create a small floodplain for high flows to access and 
help reduce high flows in the boulder cascade to keep the channel stable and provide better 
conditions for fish passage. The bench would contain native plant species to provide a buffer 
and reduce flow velocities on the bench. 

o Repair Bank Erosion. In association with the flow guidance structure we would also realign 
the channel slightly to help move sediment away from the intake. This channel work will also 
repair the bank erosion just upstream of the structure. 

o Maintain Existing Discharge Piping. This alternative would maintain existing discharge piping by way 
of a side channel. Because there are a number of pipes that discharge from the right bank, we would 
keep a small side channel open along the right bank at the current elevations. This channel will run 
alongside of the boulder cascade and will allow for all of the existing discharge pipes to remain in 
place and function normally. 

Additional Considerations for Haldi Alternatives 

Future Design Considerations 

The fish passage/diversion improvement concepts are ideas and approaches to achieve the project goals. 
While we believe we have selected feasible concepts, the various components of each concept will need to 
be designed. The next step in the process is often referred to as Schematic Design. In this phase a full site 
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assessment is performed to locate resources such as wetlands, rare/threatened/endangered (RTE) species, 
and tree/plant communities. A detailed topographic survey of the site and structures is performed. This 
information provides more detail on site constraints and opportunities and components of a concept can be 
modified accordingly. Then engineering calculations and hydraulic modeling are performed to better 
understand how each component will function and determine if some components are not feasible or too 
cost prohibitive. Some of the main future design considerations are listed below. 

Alternative 1 

o Flow control structure needs to be designed to allow the correct amount of water to the Haldi 
headgate without clogging and minimizing fish entrainment. 

o Channel hydraulics at the flow control structure need to modeled accurately to minimize sediment 
aggradation. 

o Channel hydraulics of the by-pass channel need to modeled to determine stable cross section and 
fish passage. 

o  Sediment flushing notch and flashboards need to be designed with appropriate sizes. 

Alternative 2 

o Channel hydraulics of the boulder cascade need to modeled to determine stable cross section and 
fish passage. 

Water Rights Considerations 

Ensure that any proposed modifications or new structures will not impact an owner’s decreed water rights 
and will not impact flow rates and historic operations of the diversions. Also ensure that there will be no 
injury to downstream vested water rights. 

Environmental Permitting 

Because this project proposes impacts to Waters of the U.S. and a regulated floodplain, it will require 
applications for federal, state, and local permits. The federal permit will be issued by the U.S. Army Corps of 
Engineers under the Clean Water Act Section 404. It will most likely be a nationwide general permit for 
aquatic habitat restoration, establishment, and enhancement activities. The State will issue a water quality 
certification under Section 401 of the Clean Water Act. Boulder County will issue permits for grading, erosion 
& sediment control, and floodplain development. If the project increases the 100-year water surface 
elevation it will also need approval from the Federal Emergency Management Administration (FEMA) through 
their Letter of Map Revision (LOMR) process. 

Construction Costs 

Below are rough cost estimates for construction of each component of the alternatives and a total estimate. 

Alternative 1 

Flow Control Structure $40,000 
Lower Grouted Boulder Structure $10,000 
Grade By-Pass Channel $25,000 
Grade and Plant Floodplain Bench $30,000 
Remove Culvert/Install Low Water Crossing $15,000 
Grade & Stabilize Channel to Headgate $10,000 
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Boulder Vane $  5,000 
Replace Sand Out Pipe $15,000 
Notch & Flash Boards $15,000 
Misc. (mobilization, SWPP, etc.) $40,000 
Contingency $45,000 
  
TOTAL $250,000 

 

Alternative 2 

Boulder Cascade $150,000 
Grade and Plant Floodplain Bench $ 30,000 
Stabilize Channel to Headgate $ 10,000 
Boulder Vane $  5,000 
Replace Sand Out Pipe $ 15,000 
Misc. (mobilization, SWPP, etc.) $ 40,000 
Contingency $ 50,000 
  
TOTAL $300,000 

 

Timeline/Milestone Considerations 

o The schematic design phase will take several months to complete and the development of 
construction documents will take several more months. 

o A nationwide general permit from the U.S. Army Corps of Engineers will take several months for 
review and approval. 

o Obtaining local permits through Boulder County will take about a year. The floodplain development 
permit process will take even longer as the process cannot be finalized until after construction in 
completed and an as-built topographic survey is completed and utilized in a final floodplain model 
run. 

o Construction should take several months. Construction should take place during low flow 
conditions. Flows in Left Hand Creek are lowest from mid-October through mid-March. If new 
concrete structures need to be poured, they should be done before temperatures get too cold, i.e. 
October and November. 
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Alternatives for Left Hand Valley Diversion 
This section describes the rock ramp fishway (boulder cascade) and beaver dam analogue/holistic restoration 
alternatives selected for the Left Hand Valley Diversion and additional considerations for these alternatives. 
Each alternative was developed in collaboration with stakeholders such as water managers and users. 
Stakeholders include Left Hand Ditch Company, Left Hand Water District, and St. Vrain Left Hand Water 
Conservancy District. Each design incorporates constraints and considerations specific to the Left Hand Valley 
structure that were identified by stakeholders.  

Additionally, these alternatives were informed by a flow study (Attachment 4). The flow study considered 
alternative flow paths at the Left Hand Valley diversion and the resulting constraints and opportunities for 
fish passage and diversion enhancement. The flow study describes the significance of the Left Hand Valley 
diversion for water delivery and sediment maintenance and outlines the constraints and considerations for 
conveying water over the diversion via Left Hand Creek during certain times of year. Based on the findings of 
the flow study, we selected the following alternatives. Please see Attachments 5 through 7 for visualization 
of Left Hand Valley existing conditions and design concepts. 

Alternative 1: Boulder Cascade at Existing Dam (Rock Ramp Fishway, Attachment 6) 
This alternative modifies the existing Left Hand Valley Diversion structure and will install a boulder cascade 
on the downstream side of the existing diversion dam. Benefits for this alternative include fish passage, 
improved downstream habitat, headgate automation, and improved channel stability. Along with the boulder 
cascade we would also remove the large sand-out structure on the east side of the dam and replace it with a 
vegetated floodplain bench. The existing headgate structure would be replaced with an automated system 
that would intermittently allow an environmental flow to continue downstream based on water demands 
and availability. This alternative would leave in place the existing maintenance access bridge. Improved 
sediment maintenance is not a featured component of this alternative due to management constraints 
described in the final bullet below. 

o Fish Passage. The boulder cascade would be constructed to allow for high flow and intermittent low 
flow passage (depending on water availability and demand). The cascade would account for a 5 –foot 
vertical drop over the length of 150 feet. As such, the slope would be roughly 3%, and it will not 
require a lot of rock material to construct. If the cascade were constructed longer, then the slope 
would be reduced even more. While boulder cascades can produce a lot of turbulence, we would 
construct small pools within the cascade to slow flow and provide resting areas for fish. For 
reference, this structure would be very similar to the boulder cascade installed at the Allen’s Lake 
diversion structure. 

o Improved Downstream Habitat and Channel Stability 

o Intermittent Environmental Flow. While Left Hand Valley is a critical water delivery structure 
for multiple downstream diversions, this alternative would include intermittent 
environmental flow conveyance downstream during low flow season (roughly mid-July 
through March). Environmental flow would be conveyed only when water availability exceeds 
demand or water can be delivered at another diversion point downstream (e.g. Holland or 
Williamson Ditches). This flow would promote low flow fish passage and provide ecological 
benefits (e.g. instream habitat) for at least 15,000 feet of stream.  

o Floodplain Bench. This alternative would remove the existing sand-out structure on the east 
side of the Left Hand Valley Diversion to improve downstream habitat and stabilize the 
channel, as it is not very effective and is seldom used to help remove sediment (per 
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discussions with Terry Plummer). The sand-out gate structure area would be used to create a 
vegetated, floodplain bench next to the boulder cascade. This bench would create a small 
floodplain accessible during high flows and help keep the cascade stable. The bench would 
also contain some depressional areas to help diversify the native plant community on the 
bench. 

o Very High Flow Return Structure. This alternative will improve flood protection in the Left 
Hand Valley Ditch via a stable overflow spillway. The Left Hand Ditch Company is concerned 
about flooding and high sediment loads in the ditch system during very high flow events.  In 
these situations, they will dump material into the ditch to force water to jump the bank and 
return to Left Hand Creek. The intent of the proposed return flow spillway will be larger than 
the existing to accommodate higher flows and activate on its own during high flow. This 
would eliminate the need to have large equipment on site during very high flow events to 
block the ditch. 

o Headgate Automation. Based on flow study results and our discussions with the Left Hand Ditch 
Company manager, conveying an environmental flow downstream of the structure during low flow 
season (roughly mid-July through March) would require an automated headgate system to ensure 
delivery of water rights. This alternative would completely remove the existing headgate and replace 
it. This system would allow the gate opening to adjust automatically based on available flows in Left 
Hand Creek. As needed, the environmental flow could be diverted at other downstream diversions to 
meet demand (e.g. Holland or Williamson Ditches). 

o Sediment Maintenance. While many of these alternatives seek to reduce sediment maintenance at 
each structure, the Left Hand Valley Diversion is a critical sediment maintenance location within the 
Left Hand Ditch System. Meaning, sediment is intentionally attenuated and dredged at this diversion 
to limit the need for maintenance at several downstream diversions. If sediment is passed 
downstream of Left Hand Valley, then it is likely to accumulate at another diversion structure where 
sediment maintenance would be more challenging due to development. We also inquired about 
making improvements such as concrete access ramps or concrete lining the pool bottom. We were 
told that the concrete actually makes it more difficult to remove sediment, especially when the 
concrete begins to breakdown. For these reasons, this alternative will not modify the low concrete 
wall that helps accumulate sediment upstream of the dam.   

Alternative 2: Beaver Dam Analogs, Fish Habitat/Refugia Improvements, Floodplain Sediment 
Storage (Attachment 7) 
There are limited multi-benefit solutions for fish passage and diversion enhancement at the existing Left 
Hand Valley Diversion because of its significance to sediment maintenance and water delivery in the Ditch 
System. For this reason, this alternative is an out-of-the-box approach that aims to reconstruct the existing 
diversion and implement holistic river restoration techniques throughout the reach that promotes various 
modes of sediment storage, ensures water delivery, and promotes fish passage and habitat. 

One reason for taking an out-of-the-box approach to fish passage at Left Hand Valley Diversion is to alleviate 
design constraints associated with sediment maintenance. This diversion is a critical sediment maintenance 
location within the Left Hand Ditch System. Meaning, sediment is intentionally attenuated and dredged at 
this diversion to limit the need for maintenance at several downstream diversions. This alternative aims to 
reduce the sediment load before it reaches the diversion so that there is less need to dam and attenuate 
flows and sediment at the diversion. 
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Another reason is the possibility of conveying an intermittent environmental flow downstream via Left Hand 
Creek with a more suitable fish passage structure while ensuring water delivery needs. As the diversion 
structure currently exists, providing an environmental flow would require removing the existing headgate 
structure and installing a new, automated headgate. Fish passage alternatives would also be limited to a 
boulder cascade from the existing dam. As such, this alternative introduces a non-traditional fish passage 
structure that promotes fish passage and fish habitat using environmental flows and water delivery options 
at alternative points of diversion downstream.  

With these considerations in mind, it seemed appropriate for Alternative 2 to assume that the entire 
structure would be removed. Starting with a nearly clean slate, what would be a non-traditional approach to 
provide holistic benefits. These benefits include a new diversion approach, fish passage, reduced sediment 
maintenance, and improved fish habitat. 

o New Diversion Approach. 

o Automated Headgate. The new headgate structure will be automated to allow for the better 
control of water at the Left Hand Valley Diversion. This should allow for an environmental 
flow to be released downstream most of the year rather than sweeping the creek in this 
location. In our concept we show moving the headgate structure upstream slightly from its 
existing location and extending the ditch up to the new location. The exact location and type 
of headgate would be determined in future design efforts. Another design consideration is to 
ensure extremely high flows by-pass the headgate and are directed downstream through the 
BDA’s. 

o Up-gradient point of diversion. In the concept we moved the point of diversion (headgate) 
upstream about 60 feet. This was done to provide more room for the first BDA pond. 

o New sand out structure. The new headgate structure will probably include a sand out to 
reduce sediment from entering the ditch. 

o Entrainment Protection. The new headgate structure will be designed with appropriate 
devices to minimize entrainment of fish through the headgate. 

o Fish Passage. As discussed in Alternative 1, there is only about four to five feet of vertical fall and 
plenty of horizontal distance to work with at the Left Hand Valley Diversion, so providing fish passage 
is not very difficult. For a non-traditional, but more natural approach, we decided to utilize beaver 
dam analogs (BDA’s). BDA’s provide a host of benefits besides fish passage. They create a whole new 
range of hydrologic conditions in the creek which then provides a range of fish habitat and vegetation 
diversity. There is deep water refugia for larger fish and shallow, vegetated refugia for small fish. 
Holding water and redistributing it downstream through hyporheic flow benefits the downstream 
reach with cooler, more consistent water as well as the riparian vegetation in the reach. BDA’s will 
also accumulate sediment which will help minimize sediment removal at downstream diversions. 

o Reduced Sediment Maintenance 

o Promote Floodplain Sediment Storage. There is a lot of sediment maintenance at both the 
Haldi Inlet and Left Hand Valley Diversions and collectively across Left Hand Creek. This is to 
be expected as foothills streams are naturally sediment transport reaches. Another natural 
approach to accumulating sediments is to provide floodplain access to annual high flows such 
that sediment deposits in designated areas. There are potential floodplain storage areas 
upstream and downstream of the Left Hand Valley Diversion to reduce sediment 
accumulation at the Left Hand Valley Diversion. More specifically, the right floodplain 
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(southwest side) is relatively free of infrastructure. Removing invasive Crack Willow along the 
creek to create lower floodplain sediment storage areas would be a bonus. The cottonwoods 
growing in the floodplain could be avoided for the most part. Any trees removed would also 
be used to create large wood habitat in Left Hand Creek. The large wood structures will 
provide fish habitat currently missing in this reach as well as help to accumulate other large 
pieces of wood before they reach the headgate.  

o Improved Sediment Maintenance and Access. Sediment will still accumulate at the headgate 
structure. We have designated sediment accumulation/maintenance area across from the 
headgate structure. In this location it will be possible to remove sediment from the 
maintenance area using the existing access road from the north without having to cross the 
creek. The headgate structure can be maintained from the existing access road from the 
south. This should eliminate the need for a bridge crossing in this area. We assume there will 
need to be some type of vane structure to direct sediment into the sediment maintenance 
area and away from the headgate. There may need to be a sandout device and outlet at the 
new headgate to minimize sediment in the ditch. These types of details will be determined in 
future design efforts. 

Additional Considerations for Left Hand Valley Alternatives 

Future Design Considerations 

The fish passage/diversion improvement concepts are ideas and approaches to achieve the project goals. 
While we believe we have selected feasible concepts, the various components of each concept will need to 
be designed. The next step in the process is often referred to as Schematic Design. In this phase a full site 
assessment is performed to locate resources such as wetlands, rare/threatened/endangered (RTE) species, 
and tree/plant communities. A detailed topographic survey of the site and structures is performed. This 
information provides more detail on site constraints and opportunities and components of a concept can be 
modified accordingly. Then engineering calculations and hydraulic modeling are performed to better 
understand how each component will function and determine if some components are not feasible or too 
cost prohibitive. Some of the main future design considerations are listed below. 

Alternative 1 

o The automated headgate structure will need to be designed including means to minimize fish 
entrainment. 

o Channel hydraulics of the boulder cascade and floodplain bench need to be modeled to determine 
stable cross section and fish passage. 

o The high flow return spillway will need to be designed. 

Alternative 2 

o The automated headgate structure will need to be designed including means to minimize fish 
entrainment. 

o Model floodplain hydraulics to determine floodplain elevations for most efficient sediment storage. 

o Determine floodplain storage areas and where to place excavated materials 

o Model BDA hydraulics to determine stable cross section and fish passage. 
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Water Rights Considerations 

Ensure that any proposed modifications or new structures will not impact an owner’s decreed water rights 
and will not impact flow rates and historic operations of the diversions. Also ensure that there will be no 
injury to downstream vested water rights. 

Environmental Permitting 

Because this project proposes impacts to Waters of the U.S. and a regulated floodplain, it will require 
applications for federal, state, and local permits. The federal permit will be issued by the U.S. Army Corps of 
Engineers under the Clean Water Act Section 404. It will most likely be a nationwide general permit for 
aquatic habitat restoration, establishment, and enhancement activities. The State will issue a water quality 
certification under Section 401 of the Clean Water Act. Boulder County will issue permits for grading, erosion 
& sediment control, and floodplain development. If the project increases the 100-year water surface 
elevation it will also need approval from the Federal Emergency Management Administration (FEMA) through 
their Letter of Map Revision (LOMR) process. 

Construction Costs 

Below are rough cost estimates for construction of each component of the alternatives and a total estimate. 

Alternative 1 

Boulder Cascade $100,000 
Grade and Plant Floodplain Bench $30,000 
Remove Sand Out Sluice $20,000 
Remove and Replace Headgate $120,000 
Overflow Channel $20,000 
Misc. (mobilization, SWPP, etc.) $40,000 
Contingency $70,000 
  
TOTAL $400,000 

 

Alternative 2 

Remove Existing Structure Including Bridge $60,000 
Automated Headgate Structure $100,000 
Flow Control Structure $50,000 
Sediment Maintenance Basin $15,000 
Beaver Dam Analogs $50,000 
Large Wood Structures $40,000 
Floodplain Grading $275,000 
Remove Large Non-native Trees $30,000 
Misc. (mobilization, SWPP, etc.) $40,000 
Contingency $140,000 
  
TOTAL $800,000 
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Timeline/Milestone Considerations 

o The schematic design phase will take several months to complete and the development of 
construction documents will take several more months. 

o A nationwide general permit from the U.S. Army Corps of Engineers will take several months for 
review and approval. 

o Obtaining local permits through Boulder County will take about a year. The floodplain development 
permit process will take even longer as the process cannot be finalized until after construction in 
completed and an as-built topographic survey is completed and utilized in a final floodplain model 
run. 

o Construction should take several months. Construction should take place during low flow conditions. 
Flows in Left Hand Creek are lowest from mid-October through mid-March. If new concrete 
structures need to be poured, they should be done before temperatures get too cold, i.e. October 
and November. 

Attachments 
1. Haldi Existing Conditions 

2. Haldi Alternative 1: By Pass Channel  

a. Alternative Concept Plan View 

b. Grade Control Structure/By Pass Ground View Rendering 

3. Haldi Alternative 2: Boulder Cascade 

a. Alternative Concept Plan View 

4. Left Hand Valley Flow Study 

5. Left Hand Valley Existing Conditions 

6. Left Hand Valley Alternative 1: Boulder Cascade 

a. Alternative Concept Plan View 

b. Boulder Cascade/Floodplain Ground View Rendering 

7. Left Hand Valley Alternative 2: Novel Concept 

a. Alternative Concept Plan View: Zoomed Out 

b. Alternative Concept Plan View: Zoomed In to Diversion 
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MEMORANDUM 

To: Left Hand Watershed Center 

From: Wright Water Engineers, Inc. 
 Scott Schreiber, P.E., CFM  

Date: December 7, 2021 

Re: Left Hand Valley Inlet Diversion Flow Study 

Wright Water Engineers, Inc. (WWE) is pleased to present this memorandum documenting the initial 
findings of a conceptual flow study of Left Hand Creek. The purpose of this study is to gain a 
preliminary understanding of alternative water delivery options at the Left Hand Valley Inlet 
Diversion to help inform ongoing conceptual ditch enhancement and fish passage designs. These 
alternative water delivery options are to provide multi-benefit solutions to support both the water 
diversion and ditch operations as well as the environment.  

The intent of this memorandum is to provide cursory information and groundwork for further 
investigations of alternative water delivery options. This study is a supplemental document to the Left 
Hand Valley concept design memo. Content is limited to considering flows in relation to the Left 
Hand Valley Inlet Diversion and used to inform concept designs. Critical elements such as 
considerations for cost, decrees, maintenance, and permitting are not included and will be necessary 
components of future project development at this structure. This work was done in coordination with 
the Left Hand Watershed Center and the Left Hand Ditch Company’s Manager, Terry Plummer. We 
understand the paramount importance of water rights throughout Colorado, and they do hold 
precedence in our analysis. We believe there are ways to find creative solutions that allow us to 
maximize limited resources for the benefit of water users and the environment. WWE and the Left 
Hand Watershed Center welcome comments and continued discussion on this topic and acknowledge 
the dynamic nature of this study as the need for more water increases.  

1. KEY TAKEAWAYS 

The following are the key takeaways determined by this flow study, which are described in detail in 
the subsequent sections. For additional information, please see Sections 2 through 6 and the Flow 
Study Map (Appendix A). 

Significance of the Left Hand Valley Inlet Diversion  

1. The Left Hand Valley Inlet Diversion is a major point of diversion that can divert up to 300 
cubic feet per second (cfs) to Left Hand Valley Reservoir and subsequent ditches and 
downstream users, referred to as the Left Hand Reservoir Circuit (Reservoir Circuit). Rather 
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than diverting directly from the creek, the Reservoir Circuit can deliver water to many users 
with various delivery requirements and needs. The Left Hand Valley Inlet Diversion diverts 
water year-round when available. 

2. The Left Hand Valley Inlet Diversion is a significant sediment maintenance location that 
intentionally traps and stores a large volume of sediment to limit downstream sediment 
aggradation at other diversions that do not have easy maintenance access. 

3. Downstream of the Left Hand Valley Inlet Diversion are three diversions (Old Hinman, Old 
Star, and Holland) that could be used by Left Hand Ditch Company to divert water year-
round, which would allow more water to remain in Left Hand Creek. While there are 
constraints to delivering water to these diversions via the creek, the alternative water delivery 
option could provide water in Left Hand Creek for approximately 3 stream miles. 

Constraints and Opportunities: 

1. General: Alternative water delivery options could potentially enable seasonal flow through 
downstream reaches and provide ditch and diversion enhancements. Constraints and 
opportunities for allowing alternative water delivery at the Left Hand Valley Inlet Diversion 
depend on the time of year. Under current operations, water is both diverted and conveyed to 
downstream diversions during high flows (March through mid-July). During low flows (mid-
July through March), water may not reach the diversion due to upstream water needs or the 
diversion sweeps the creek and directs all available flow through the Reservoir Circuit.  

In order to provide water downstream of the Left Hand Valley Inlet Diversion during various 
times of the year, overall diversion and ditch operations would need to be accepted and 
modified by the Left Hand Ditch Company. As of the date of this report, the Company has 
not officially committed to any additional effort of maintenance or upgrades described 
below.  Additional discussions with Left Hand Ditch Company would be necessary to 
progress from this conceptual design. These alternative water delivery options could require 
additional effort to divert water and maintain diversion structures and appurtenances 
compared to existing conditions. Upgrades to diversion infrastructure and inclusion of stream 
gages, automated headgates, and telemetry would be required to allow for easier accounting 
and control of diversions. Additional modifications can take place at the Left Hand Valley 
Inlet Diversion and other diversions to reduce and allow for easier maintenance, such as 
sacrificial storage areas, hard-lined basins, and easier access routes. Furthermore, 
modifications to the Left Hand Valley Inlet Diversion grouted boulder rundown would be 
required to allow fish to move upstream beyond the diversion. 

2. Low Flows: Alternative water delivery and fish passage opportunities during low flows (mid-
July through March) must accommodate for low flow delivery needs, diurnal flow variations, 
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and sediment maintenance. During low flows in Left Hand Creek, the Left Hand Valley Inlet 
Diversion typically sweeps the river, instead of allowing water to move downstream to other 
points of diversion (e.g., Old Star or Old Hinman). This is because not all of the existing Left 
Hand Ditch Company’s diversion infrastructure downstream has the ability to divert low 
flows. Delivering water to these diversions during low flow would require infrastructure 
modifications. Additionally, the diurnal flow variations also affect water users’ ability to 
efficiently use their water. For this reason, water is diverted to the Reservoir, where it is stored 
and released as needed. Accommodating for diurnal flow variations would require operational 
upgrades such as stream gages, automated headgates, and telemetry. Lastly, low flows also 
cause concern with sediment aggradation at the downstream diversions due to lack of stream 
energy to convey sediment downstream and reduction in flow. The downstream diversions 
have maintenance access concerns which compound the sediment aggradation issues. 
However, allowing even a small amount of water beyond the Left Hand Valley Inlet Diversion 
during the low flow months can have benefits to the ecosystem by keeping the creek system 
wet, recharging small pools, and providing water for riparian vegetation and the various 
terrestrial and aquatic organisms in the corridor (please see more details in Section 5).  

3. High Flows: Alternative water delivery and fish passage opportunities during high flows 
(March through mid-July) must accommodate for high flow delivery needs and maintenance 
access. Greater opportunities to reconnect Left Hand Creek and provide fish passage exist 
when the creek experiences high flows and diversions are not sweeping the river. High flows 
also provide opportunity to keep sediment moving downstream and not aggrading at the Left 
Hand Valley Inlet Diversion or other downstream diversions. Allowing high flows to pass 
beyond the diversion would also provide opportunities for fish to move upstream during 
spring spawning, with the inclusion of modifications to the existing diversion structure. 
Passage of high flows can help to recharge local riparian aquifers for releases during times of 
low flow. High flows currently provide some environmental benefits to Left Hand Creek 
during certain water years and only minimal modifications, relative to low flow, would be 
required to have greater advantages during high flow scenarios. During high flows, the Left 
Hand Ditch Company is trying to divert as much water as possible to fill empty reservoirs and 
provide direct flow needs to water users; therefore, the high flow needs must be unimpeded 
during this important time. It is also understood that maintenance still takes place during high 
flow events and any proposed infrastructure upgrades would need to take this into account 
(please see more details in Section 5).  

 

This is a summary of Key Takeaways. Please find the full Flow Study HERE. 

 

https://watershed.center/wp-content/uploads/2022/05/Left-Hand-Valley-Inlet-Diversion-Flow-Study-Memorandum_Final-Combined.pdf
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Improvements, & Floodplain Sediment Storage

BEAVER DAM ANALOGS TO STEP-DOWN 
CREEK, PROVIDE FISH PASSAGE, STORE 
SEDIMENT, PROVIDE AQUATIC HABITAT 

AND DIVERSE PLANT COMMUNITY.

FLOW CONTROL STRUCTURE PROVIDES 
APPROPRIATE VOLUME OF WATER TO 
HEADGATE WHILE ALLOWING EXCESS 
WATER TO FLOW DOWNSTREAM

SEDIMENT BASIN TO ACCUMULATE SEDIMENT 
AND MINIMIZE SEDIMENT AT HEADGATE

ACCESS ROAD TO CLEAN OUT SEDIMENT

AUTOMATED HEADGATE 
DIVERSION STRUCTURE

ACCESS ROAD TO MAINTAIN 
HEADGATE STRUCTURE

EXTEND DITCH UP TO NEW HEADGATE

REMOVE ALL EXISTING STRUCTURES

BENEFITS FROM BEAVER DAM ANALOGS, 
FISH HABITAT/REFUGIA IMPROVEMENTS, & 
FLOODPLAIN SEDIMENT STORAGE:
       • NEW DIVERSION APPROACH
       • FISH PASSAGE
       • REDUCED SEDIMENT MAINTENANCE
       • IMPROVED FISH HABITAT

REDUCED SEDIMENT MAINTENANCE

NEW DIVERSION APPROACH

NEW DIVERSION APPROACH

NEW DIVERSION APPROACH

NEW DIVERSION APPROACH

FISH PASSAGE &  IMPROVED FISH HABITAT
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