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1.0 INTRODUCTION

The Boulder Irrigation District is located in the Green River Basin of western Wyoming near the
towns of Boulder and Pinedale.  Crops grown are primarily native hay and pasture.  The Boulder
Canal is approximately 14 miles long and serves over 10,584 acres.  Water for the canal is
diverted from Boulder Creek at a location nearly 2 miles below the Boulder Dam and Boulder
Lake.   Water can be stored in Boulder Lake for use during the irrigation season.  This study
gathered information on the Boulder Irrigation system and assessed the major system facilities:
Boulder Dam spillway, Boulder Canal diversion structure, the siphon, Burkhalter head gate, and
Boulder Canal seepage issues.

Figure 1:  Study Area
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2.0 REVIEW OF BACKGROUND INFORMATION
Background information for this Level II study was compiled using multiple sources, most
significantly the NRCS office in Pinedale.  This included blueprints of various canal, spillway,
and diversion improvements.  Easement and permit documents were also obtained from the
BLM office in Pinedale.  Knowledgeable landowners, ranchers, irrigators, and other individuals
in the project area were also contacted for information on the existing Boulder Canal.  Water
right and flow record data were obtained from the State Engineer’s Office.  Easement and right-
of-way documents were obtained from the Sublette County Clerk’s Office.

3.0 SPILLWAY AND STRUCTURE ASSESSMENT
The spillway at the Boulder Dam is a concrete ogee crest structure with a width of 60 feet and
height of 22.5 feet.  An underwater inspection was conducted for submerged portions of the
spillway by Liquid Engineering.  During the inspection dive, the diver observed the walls of the
spillway, the face of the spillway and the baffles on the bottom of the tailrace.  A roughly 3-foot
by 3-foot section of the north wall exhibited significant erosion of the concrete to the point that
several rebar reinforcements were exposed.  The face of the spillway had some major cracks that
extended from above the water level down to near the bottom of the spillway.  Video footage of
the inspection was recorded to document the findings.

Sunrise Engineering performed an on-site structural observation of the Boulder Dam Spillway
and Boulder Canal Diversion Structure.  In general, the structure was found to be in good
condition with some areas that called for repair.  The concrete of the north wall looked slightly
weathered but was still in good condition.  The concrete near the water surface was more worn,
with much more exposed aggregate due to the flow of water over the spillway slowly eroding
away the cement matrix portion of the concrete surface.

Regarding the spillway face, consistent wearing of the concrete surface from flowing water was
observed, but no serious defects were discovered. The concrete has been degraded exposing
some of the aggregate.  Near the water surface there were noticeable cracks in the concrete
surface that appear to worsen as they extend beneath the water surface.

The south wall is in good condition above the water line. Below the water line, the wall has
undergone consistent deterioration of the cement matrix from flowing water and abrasion which
has exposed some of the aggregate in the concrete.

As part of the investigation of the Boulder Lake Dam spillway, a review of the stream gauging at
the inlet to Boulder Lake was made.  Real-time flow data is currently available year-round at this
location from the SEO website.
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4.0 BOULDER CANAL DIVERSION STRUCTURE ASSESSMENT
For the purposes of the inspection, the Boulder Canal diversion structure facility was divided
into three main structural elements:  Boulder Canal Diversion Structure, Boulder Creek
Diversion Structure, and Diversion overflow.

The Boulder Canal diversion structure is in good condition for its age. The walls are weathered
and have some cracking.  The degradation of the concrete is substantial on the downstream
walls. The steel extension plates on top of the wall are in good condition.

Regarding the Boulder Creek diversion structure, the concrete walls supporting the head gate are
in good condition.  At the joint between the head gate wall and the divider wall, the walls have
been completely disjointed at a waterstop.  It appears that the wall is sound, as the base is
secured from both sides to the overflow, but the wall is leaning.

The overflow structure consists of grouted rip-rap using medium and large boulders.  The main
purpose of this overflow structure is to provide a directed flow of water to the diversion
structures during low flows and to act as an overflow area during high flows that will remain
consistent and not erode.  During the inspection, the overflow was observed to be in good
condition with some small areas of degradation.

Biota Research and Consulting, Inc. was contracted to complete a site assessment and develop
conceptual design improvement concepts for the Boulder Canal diversion.  Assessment methods
included an evaluation of project area hydrology, hydraulics, channel morphology, sediment
transport, and channel stability.

The hydrology of the project reach was investigated using multiple analytical techniques that
incorporate hydrologic modeling and open channel flow hydraulics.  Hydraulic analyses indicate
that the bankfull flow corresponds with the 1.5-year recurrence interval peak flow at the gauge
which is 1,780 cfs. The estimated 100-year flood flow is 3,035 cfs.

A geomorphic survey was conducted to collect topographic data and site observations.
Hydraulic modeling of surveyed channel conditions was subsequently used to describe existing
conditions and identify conceptual diversion improvement designs.  The Boulder Creek channel
substrate is dominated by cobble to boulder size material with the largest boulders over 15 ft in
diameter.

Based on the hydraulic analysis, the stream bed of Boulder Creek in the vicinity of the Boulder
Canal diversion structure is stable and not prone to degradation due to high spring runoff flows.
The bulk of high-water flows are directed at the diversion, resulting in unneeded forces on the
concrete structure.  Various alternatives were investigated to address this situation with varying
effectiveness.
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5.0 BOULDER CANAL SIPHON ASSESSMENT
The siphon was constructed of a 54-inch diameter reinforced concrete pipe with a length of
approximately 800 feet.  Nearly all of the original smooth interior surface has been lost, resulting
in a somewhat smooth exposed aggregate with some small holes due to lost aggregate.  In
general, the siphon structure is in good condition without any major damage.

6.0 BURKHALTER HEAD GATE ASSESSMENT
The Burkhalter head gate is located on the Boulder Canal approximately 650 feet downstream of
the diversion structure at Boulder Creek.  Concrete wing walls extend on either side of the
center portion and have deteriorated significantly.  The deterioration has extended completely
through the wall to the earth behind, and pieces of concrete are missing.

7.0 BOULDER CANAL SEEPAGE ASSESSMENT
Seepage loss evaluations were conducted along multiple Boulder Canal reaches during the Level
II study.  Flow measurements were taken and losses evaluated.  Physical viewing of seepage
along the canal guided some of the flow measurements that were taken. Measurements were
taken upstream and downstream of the visible seepage areas in an effort to quantify the amount
of seepage in that area.

Flow measurements were taken along five reaches in the upper portion of the Boulder Canal.
The results indicate that in general, flows in the Boulder Canal showed a reduction between
upstream and downstream cross-sections with loss rates of up to 10.63 cfs/mile.

In an effort to further investigate the seepage losses along the canal, data loggers were installed
at the upstream and downstream limits of each reach.  Data were collected throughout the
summer.

Seepage at some locations was visually observed during the site visits made throughout the 2019
irrigation season, along with resulting issues.  For example, seepage water at the Jim Jensen
property caused bog areas that were difficult to navigate, even using all-terrain vehicles.  Seepage
at the Bousman property prohibited vehicular access to some fields at times and hampered the
cutting and harvesting of hay crops.  A site visit was made in early July 2020 to observe seepage
along the northern portions of the Boulder Canal from the Jack White ditch diversion
downstream to roughly the Elk Gulch draw drainage.  Based on these observations, it is likely
that extensive canal seepage is occurring for the entire length between the Don Jensen reach and
Jim Jensen reach.

8.0 DEVELOP AND EVALUATE ALTERNATIVES
While the “do nothing” alternative does not seem prudent for the various facilities, repairs are
not necessarily needed within the next year or two to prevent failure.  Improvements within the
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next few years would prevent failure and would extend the service life of the existing structures
by many years.

Proposed improvements at the spillway of the Boulder Dam consist of repair of the various
concrete structures.  Specifically, the north wall, south wall, and spillway face will require
patching of areas with cracked and eroded concrete.  Prior to beginning the patch work, the
tailrace area at the bottom of the walls and spillway will need to be dewatered.  Once the project
area is dewatered, the cracked and eroded areas will be treated with a concrete grout.  All
grouted areas will be finished smooth upon completion.   The cost to patch these structures is
approximately $155,000.  Another alternative would be to reconstruct the spillway with a new
concrete ogee structure and wing walls.  A rough cost to reconstruct these structures is in the
range of $1,250,000.  With much of the existing structures still functional with remaining service
life, the less costly option of patching the spillway is the preferred alternative.

The “do nothing” alternative for the Boulder Lake inlet gauging station on Boulder Creek would
be to rely on the SEO facility for flow data.  The facility currently provides real-time data that is
available at the SEO website.  A new flow measurement station could be constructed by the
BID to provide inlet flow data.  The station would be located on either Bridger National Forest
or Bridger Wilderness lands.   Approval of a gauging station within the wilderness area would
likely be difficult to obtain.  The cost for a new gauging station would be roughly $60,000.

The lower portions of the Boulder Canal diversion walls will require concrete repair similar to
the spillway.  Areas along the bottom of the walls will require low pressure injection of the
concrete grout to ensure that all voids are filled.  All grouted areas will be finished smooth upon
completion.  The walls will be reinforced with steel plates to rectify the gap between the walls.
Any gaps between the steel place reinforcement and the wall (including the gap between walls)
will be filled with concrete grout as much as possible.

While the overflow structure is in decent shape, additional work should be completed to further
stabilize this area.  In addition, a debris deflector or trash rack will be installed to keep flowing
debris away from the diversion structure.

Alternatives were provided to improve the facility functionality and stream condition at the
diversion.  One alternative was to use boulders and in-stream barb structures at the return flow
spillway to reduce stress on the structure from high flows.  The cost for this option would be
roughly $50,000.  A second alternative was to replace the diversion structure with a new facility
located approximately 100 feet upstream.  This is likely the costliest alternative at approximately
$150,000.  A third alternative would install a debris rack or deflector structure to better prevent
debris issues at the diversion.  This alternative can also be used in conjunction with other
improvements, and by itself does not address the hydraulic issues.  This option by itself would
cost roughly $25,000.  Another option was to regrade the creek channel to allow for more water
to be routed around the diversion, which would cost roughly $75,000.
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The preferred alternative involves a channel-spanning cross vane grade control structure
installed across the creek at a location roughly 150 feet upstream of the diversion structure.
Large boulders will be placed across the creek at a specific elevation in a semi-circular
arrangement.  This will direct high water more to the center of the stream and not toward the
diversion structure.  Low flow periods will still have water directed toward the diversion as is the
current situation.  This cost for this option is approximately $75,000.

The siphon likely has at least 10 years of service life remaining, however the loss of concrete
surface inside the pipe could accelerate in spots until there are small failures in the pipe.
Improvements to the siphon pipe would consist of installation of a lining to the inside of the
pipe.  The cost to reline the siphon pipe would be approximately $125,000.

The Burkhalter Ditch head gate should be partially reconstructed due to the poor condition of
the existing structure.  It is recommended that broken concrete areas be removed and steel
dowels used to tie in the new concrete wing walls.  The cost for these improvements will be
approximately $60,000.

The “do nothing” approach for the canal seepage issues would result in continued severe
impacts to several ranchers in their ability to harvest hay.  At the least, a temporary change in
canal operations by stopping canal flows for two weeks during haying season would reduce the
impacts of seepage on cutting and baling hay.

Flow measurement of the canal is expected to be of increasing concern over time.  The
preferred alternative is to install a canal measurement facility downstream of the diversion
structure that meets SEO standards.  The transmittal of data in real time would also be very
beneficial for this location, which is time consuming to visit.  The cost for a new canal
measurement facility with communications capability is approximately $170,000.

9.0 ENVIRONMENTAL ANALYSIS AND PERMITTING
A variety of federal and state permits and approvals could be required for the rehabilitation of
the Boulder Irrigation District facilities.  These permits and approvals are listed and described
individually in Table 9.1 below.

Table 9.1 – Permits and Approvals Potentially Required by Federal and State Agencies
Agency Requirement

Federal
U.S. Army Corps of Engineers · Ag. Exempt from Section 404 permit (likely)
U.S. Fish and Wildlife Service · No permits or issues stated
Bureau of Land Management · New R/W with cultural & emissions

inventories (locations on BLM lands)
Natural Resource Conservation Service · No reply received
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State
Wyoming Game and Fish Department · Migration Corridor Executive Order

· Sage Grouse Executive Order
Wyoming DEQ Water Quality Division · 401 Water Quality Certification

· WYPDES Construction Stormwater Permit
· WYPDES Temporary Discharge Permit
·  Turbidity Waiver

Wyoming State Historical Preservation Office · No reply received
Wyoming State Engineer’s Office · No permitting required

· Plan review for spillway/diversion projects

10.0 PRELIMINARY DESIGNS AND COST ESTIMATES
Preliminary designs and probable costs of various improvements have been compiled for the
proposed rehabilitation plan.

BOULDER DAM SPILLWAY

The rehabilitation plan for the Boulder Dam Spillway includes the following components:

· Repair concrete spalling and erosion by use of concrete surface repair.
· Concrete repairs will require dewatering of the tailrace area.
· The separation of sections at the south wing wall should continue to be monitored.
· The previously repaired cracking should continue to be monitored.

The proposed repairs for the Boulder Dam Spillway will cost approximately $155,000.

BOULDER CANAL DIVERSION

The rehabilitation plan for the Boulder Canal Diversion includes the following components:

· Repair concrete spalling and erosion by use of concrete surface repair.
· Steel plate reinforcement at the transition from the divider wall to the head gate wall.  All

gaps should be filled with a flowable grout.
· The overflow area will be stabilized using boulders larger than 450 mm and concrete.
· Install a trash rack or deflector to reduce debris removal requirements at the diversion.
· A channel-spanning boulder cross vane grade control structure will be installed across

the channel of Boulder Creek slightly upstream of the existing diversion.  The structure
will control the flow directed at the diversion structure during peak flows while
providing reliable delivery of the required diversion flows.
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The proposed repairs for the Boulder Canal Diversion will cost approximately $250,000.

BOULDER CANAL SIPHON

The rehabilitation plan for the Boulder Canal siphon is to reline the siphon pipe interior to
reduce friction losses and extend the life of the concrete pipe.  The proposed repairs for the
Boulder Canal siphon will cost approximately $125,000.

BURKHALTER HEAD GATE

The rehabilitation plan for the Burkhalter head gate is to remove and replace the concrete wing
walls.  Bushes and other major vegetation will be removed from the wing wall area.  The
proposed repairs for the Burkhalter head gate will cost approximately $60,000.

BOULDER CANAL

The rehabilitation plan for the Boulder Canal is to line the most problematic portions of the
canal to reduce seepage.

· The canal cross-section will be cleaned and reconstructed and a layer of sand will be
installed as needed to prevent rock damage to the liner.

· An HPDE or other waterproof liner will be installed across the cross-section including
being keyed into each bank.

· 3-inches of shotcrete (flowable concrete) will cover the liner.
· The canal will be lined for roughly one-half mile through the Bousman property.

Roughly one-half mile will also be lined though the Don Jensen property.

The costs for canal lining were based on selecting the most critical areas, which was assumed to
be 2,000 linear feet in the Don Jensen reach and 2,000 linear feet in the Bousman reaches.  The
proposed lining for the Boulder Canal will cost approximately $3,000,000.

In the interim until the canal liner is constructed, adjustments to the operations of the canal can
be made to reduce seepage impacts.  The canal could be shut off for up to two weeks during the
haying season to reduce seepage impacts to cutting, baling, and hauling the hay crop.

BOULDER CANAL FLOW MEASUREMENT

A new real-time measurement facility would need to meet SEO standards for flow measurement,
meaning that a weir would need to be installed along with a measurement device that can
transmit data from the site.  The proposed construction of the flow measurement facility for the
Boulder Canal will cost approximately $170,000.
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11.0 ECONOMIC ANALYSIS AND PROJECT FINANCING
The total project cost for all improvements included in the rehabilitation plan is $760,000 for
Phase I and $3,000,000 for Phase II.  Project funding may be supplied using Wyoming Water
Development Commission (WWDC) funding consisting of both grant and loan components.  A
portion can also be funded by the Boulder Irrigation District.  Typical WWDC funding for
irrigation rehabilitation projects can consist of 67% grant and 33% loan.

The current assessment of $3.50 per acre generates about $39,000 in annual revenue.  Every
$1.00 increase in the acreage assessment would result in roughly $10,500 in additional revenue.
At the current interest rate through the State of 4%, and with a 67% grant, this revenue is
sufficient to fund about $550,000 in project costs (financed over 30 years).

The project costs for the proposed improvements are shown in Table 11.1.  In order to fund the
BID’s portion of project costs, it would be necessary to increase the assessment by
approximately $1.37 per acre for a Phase I project.  A Phase II project would require
approximately $5.41 per acre.  Any additional grant funding obtained could reduce assessment
increase or increase the project afforded by a given increase.

Table 11.1  Proposed Project Costs
Phase Project Project Cost

1 Spillway Rehabilitation $155,000
Diversion Rehabilitation $250,000
Burkhalter Head Gate Rehabilitation $60,000
Siphon Rehabilitation $125,000
Flow Measurement Facility $170,000

Phase Subtotal $760,000

2 Canal Lining $3,000,000
Phase Subtotal $3,000,000

Based on a 4% interest rate, 30-year amortization, and 67% grant, the project cost of $760,000
will cost the BID about $14,504 per year.

12.0 CONCLUSIONS AND RECOMMENDATIONS
The Boulder Irrigation District system is critical to the economic well-being of the ranches
within the District boundary and has a strong influence on the wellbeing of the vegetation and
environmental health of the area.

The system has been well maintained and many system components can continue to serve into
future years and decades.  As the District addresses challenges in the future, one alternative is to
maintain the present methods of repairs as needed.  This “do nothing” alternative is likely not
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prudent in that the repair costs will continue to increase, and reliability of the system will
continue to decrease.  In addition, maintaining the system as-is will result in the District funding
all improvement costs.  By implementing a larger project, the District will be able to utilize other
funding sources and will be able to do more with the same out-of-pocket expenses.

In order to address these challenges, it is recommended that the District pursue the following
steps to maintain reliability:

· Pursue project funding from the WWDO and other sources.
· Perform rehabilitation work in accordance with the recommended plan either

concurrently or in phases.  It is recommended that the BID proceed with funding
applications for the proposed Phase I improvements:

o Boulder Dam Spillway Rehabilitation
§ Patching of spillway face and walls will extend life of existing structures.

o Boulder Canal Diversion Rehabilitation
§ Patching of canal structure, creek structure, overflow, installation of

debris deflector, installation of cross vane control structure.
o Burkhalter Head Gate Rehabilitation

§ Replacement of wing walls.
o Boulder Canal Siphon Rehabilitation

§ Lining of siphon pipe will extend life of facility and reduce friction losses.
o Boulder Canal Flow Measurement Facility

§ Installation of the facility will enable proper measurement and operations
of the canal in light of basin-wide water shortage issues.

· Increase assessments to create funds for ongoing maintenance as well as rehabilitation
project such as recommended in this study.  This would include an assessment increase
before the next irrigation season from $3.50 to $4.00 per acre to begin collecting funds
for future Phase I improvements.  This increase could be reduced based on success in
obtaining alternate funding through sources such as USBR WaterSMART or NRCS
Watershed and Flood Prevention Program.

· Temporarily stop diversions into the Boulder Canal during haying season for up to two
weeks to reduce seepage impacts.

· A Phase II project would consist of lining two stretches of canal (4,000-foot total) with a
shotcrete covered synthetic liner to eliminate seepage.   The financial analysis assumes
payment on this project will begin in 2028 and will require another increase in the
assessment to $11.00 per acre (which could be reduced by obtaining alternate non-loan
funding).

The preferred alternatives for the rehabilitation plan were selected based on effectiveness and
costs.  Each of the proposed rehabilitation improvements will likely extend the service life of the
improved facility by possibly 20 years.


