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1. Introduction and Background 

1.1. Project Need and Location 

The delta region of Lake Powell has undergone substantial change since dam construction was 
completed in 1964. Over the decades, the accumulation of sediment and the cycle of inundation 
and recession of the reservoir has caused the river to change its course multiple times. On two 
occasions the river’s alignment has incised through the delta deposits along a new alignment that 
runs over bedrock, creating waterfalls that are a barrier to the passage of native and non-native 
fish, including the endangered razorback sucker and Colorado pikeminnow. The first barrier 
formation appeared in 1989 but was inundated again by 1995, allowing the passage of fish 
(Ryden and Ahlm 1996). This channel alignment is visible in the 1993 aerial photography 
(Appendix A). Decreasing water elevations in Lake Powell again created the second barrier in 
2001 approximately 3 km downstream of the first waterfall (Cathcart et al. 2018). Since 2001 this 
downstream most barrier has only been inundated for two weeks in the summer of 2011 (Durst 
and Francis 2016). These waterfalls have formed in an area referred to as Piute Farms in 
southeastern Utah (Figure 1). This area is 205 km (127 miles) ENE of Farmington, New Mexico 
and 80 km (49 miles) west of Bluff, Utah.  
 

 
Figure 1. Location map for the waterfall area at Piute Farms, Utah. 



Fish Passage at San Juan Waterfall 

2 

Multiple studies (e.g. Cathcart et al. 2018, Durst and Francis 2016, Ryden and Ahlm 1996) have 
identified the detrimental condition to native fishes posed by these semi-permanent obstructions 
and the need for habitat continuity. Durst and Francis (2016) demonstrated long distance 
movements by razorback sucker during spawning periods. This report documents an appraisal 
level study in which two alternatives for fish passage around the waterfall are presented. 
Selective fish passage is desired at this location to prevent non-native species from accessing the 
San Juan River. Non-native fish species can negatively impact the natural ecosystem through, 
among other things, competition for food, limited spawning areas, and in some cases, predation. 

1.2. Site Details 

The current waterfall obstruction has existed in the river channel since 2001 (Cathcart et al 
2018). The water elevation plot (Figure 2) shows the reservoir elevation dropping in 2001 after a 
period of high water (~ 1995 – 1999). Since 2001 the current waterfall has obstructed the 
upstream migration of fish with the exception of a two-week period in 2011. Figure 3 shows an 
aerial photograph of the study site. Included in this figure are the locations of exposed bedrock 
upstream of the current waterfall location, one of which has created a similar obstruction in 
1989. These two locations of exposed bedrock do not currently prevent fish passage. The study 
area lies within the Glen Canyon National Recreation Area, which creates additional 
considerations for the construction of fish passage structures and channel realignment. 
 

 
Figure 2. Plot of Lake Powell water elevation showing full pool (normal) elevation and 

elevations of the waterfall and Clay Hills recreation area (Figure 3). Reservoir elevations are in 

the Glen Canyon Dam Datum. Waterfall and Clay Hills elevations are in NAVD88. 

 
Since 2016 razorback sucker and Colorado pikeminnow have been captured annually from the 
San Juan River below the waterfall and transported approximately 2 miles upstream to be 
released. This effort is marginally successful for multiple reasons and costly. The three-person 
crew must camp at the site due to its remote location, and an excessive amount of gear is 
required. In any given year only 20-25% of the native fish at the waterfall are able to be captured 
and relocated upstream. This information is based on the number of tagged fish identified 
during the effort versus the number of captured fish (Dr. Mark McKinstry, written 
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communication October 2020). Over the past three years, approximately 1,500 migrating fish 
have tried to navigate past the waterfall (Dr. Mark McKinstry, written communication, July 
2018). 
 

 
Figure 3. 2004 aerial photograph of the Piute Farms area showing the current waterfall location 

and two other locations of exposed bedrock in the current channel alignment. The Clay Hills 

Boat ramp is shown in the northeast portion of the figure. Flow is from north to south in this 

image. 
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2. Alternatives 

2.1. A Note on the Selective Fish Passage Structure 

At this time, a general design for selective fish passage has been formulated, but a specific design 
has not been put forth. There are multiple examples of such structures but there is no consensus 
on a design. Multiple considerations will need to be taken into account for selective fish passage 
near the Piute Farms waterfall. Among those are; the location within a National Recreation Area, 
and the possibility of sedimentation during future reservoir inundation. This structure is likely to 
require maintenance following reservoir drawdown. These considerations will require an 
examination of possible alternatives to existing structures found elsewhere. There are a few 
existing selective fish passage structures that can be evaluated to arrive at the most appropriate 
design for such a structure at the Piute Farms waterfall. Ideas put forth have been a fish wheel 
(Bunte and Cooke 2018); a trap and lift system that allows sorting of fish on the bank, as exists 
at the Power New Mexico (PNM) weir; and a simple gated pool at the top of the weir where fish 
can be manually netted and sorted in a depth controlled environment. The Navajo Nation has 
offered to operate such a fish sorting weir as necessary to maintain fish passage. 
 
To replicate the cost of construction in this appraisal-level study, the construction of a weir for 
two alternatives has been used. This replicates the cost of equipment mobilization, road 
construction, delivery of sheet pile, concrete, large rock, and other construction materials. This 
approximation will cover a significant portion of the cost of a less-elaborate structure that allows 
for selective fish passage. 

2.2. Alternative Development 

In January 2019, representatives from Federal agencies, academia, and private industry (Bureau 
of Reclamation, USFWS, NPS, Kansas State University, and Biomark) made a field trip to the 
San Juan River and the waterfall site. Several alternatives to allow the passage of native fishes 
were discussed (Hilldale et al. 2019). The passage of non-native fishes was also discussed, and it 
will be necessary to create a selective passage where only native fish species are enabled to pass. 
The following alternatives were discussed during the trip, with two of them developed for 
further consideration. 
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2.3. Alternatives Considered but Eliminated 

2.3.1. Removal of Waterfall 

The removal of the waterfall was discussed. This could be accomplished by mechanical means or 
using explosives. This action would reduce the elevation of the waterfall such that it does not 
cause an obstruction to fish passage. There are two primary reasons this alternative was rejected.  

1.) Removing the hydraulic control created by the waterfall would initiate nick point erosion 

that would migrate along the upstream channel to other locations of exposed bedrock at 

two upstream locations, forming waterfalls (Figure 3). These upstream bedrock locations 

do not presently block fish passage, but would eventually become obstructions following 

the removal of the downstream bedrock creating the Piute Farms waterfall.   

2.) Removal of bedrock, that is part of the natural landscape, with explosives or other 

means in a National Recreation Area is not likely to be permitted by the National Park 

Service (NPS). 

2.4. No Action Alternative 

Under this alternative fish would continue to be blocked from upstream migration during 
spawning seasons. No action would require continuation of the trap and haul operation that has 
been conducted since 2016. This is not an attractive option because the effort is only about 25% 
effective. One positive aspect of the waterfall is that it is preventing the upstream migration of 
non-native fish. Future inundation of the waterfall (approximate reservoir level > 3557 ft) after a 
series of high inflow years (e.g., 1983-1987) would allow the passage of fish, but subsequent 
reservoir sedimentation may also result in a new channel alignment upon subsequent reservoir 
level lowering. 

2.5. Alternative 1, Long Bypass Channel 

Alternative 1 consists of a long bypass channel that follows the pre-dam (1954) channel 
alignment (Appendix A). This alignment bypasses all bedrock outcrops that might result in the 
formation of a waterfall (Figure 4). The length of this channel is 5.6 km (3.5 mi). The selective 
fish passage will be placed near the Clay Hills Boat Ramp. The cost for this alternative is 
estimated to be $15,000,000. The estimate can be seen in Appendix B. 
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Figure 4. 2004 aerial photograph showing the proposed river alignment for Alternative 1 

shown in blue. The proposed pilot channel length is 5.6 km (3.5 mi).Flow in this image is from 

northeast to southwest. 

2.5.1. Pilot Channel for Alternative 1 

To represent the terrain of the Lake Powell delta in the vicinity of Piute Farms, 2018 aerial 
LiDAR was used to construct a digital surface. HEC-RAS Mapper (v.5.0.7) was used to cut the 
channel through the digital terrain using the details mentioned below. HEC-RAS (v5.0.7) is a 
one-dimensional hydraulic model developed by the US Army Corps of Engineers and was used 
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to evaluate the channel hydraulics. HEC-RAS was also used to model multiple discharges 
through the pilot channel. A realignment along the pre-dam channel through the reservoir delta 
is the most likely alignment for a sustainable channel. This alignment is free of bedrock at 
elevations above a likely channel invert elevation. Additionally, this alignment follows the 
naturally formed channel. 
 
The design calls for the excavation of 206,000 m3 (270,000 yd3) of reservoir delta sediment. The 
typical cross section throughout this excavation has a bottom width of 3 m (9.8 ft) and a side 
slope of 1:1. This results in a top width of 10-15 m (32.8 – 49.2 ft), depending on local terrain. 
This top width is approximately 10% of the existing channel top width. 
 
The slope of the proposed channel is shown in Figure 5. The water surface slope of the current 
channel (Figure 5-A) indicates a general slope of 0.0008. This slope in a river of this size will 
generally maintain a sand bed, as is currently the case. The exception to the sand bed is multiple 
riffles that persist near the exposed bedrock upstream of the waterfall where local slopes are 
steeper and a gravel bed is present. The proposed channel has a variable slope throughout its 
length (Figure 5-B). The designed slopes are likely to change during the major channel 
adjustment period but will maintain a steeper overall slope than currently exists, on the order of 
0.0014. It is entirely possible that steeper portions of the proposed channel can maintain a gravel 
bed, assuming that coarse material exists in the substrate. It is unknown if the original channel 
had a gravel bed (locally or throughout the proposed channel length) but it is likely gravel exists 
in some locations below the sand. The formation of a gravel bed, even if localized, would be a 
benefit to the razorback sucker for spawning. 
 

 
Figure 5. A – Water surface profile of the existing channel through the waterfall and other 

bedrock exposures. Average slopes are noted for selected reaches. B – Ground profile (blue) 

along proposed channel alignment and invert elevation profile (red) of the proposed channel. 

Bed slopes are noted on the plot. 
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Figure 6 and Figure 7 show one-dimensional hydraulic modeling results (HEC-RAS, v5.0.7) of 
the proposed channel at river discharges of 28.3 and 85 m3/s (1,000 and 3,000 ft3/s). The lower 
discharge would be contained within the pilot channel. Assuming no channel erosion, a 
discharge of 85 m3/s (3,000 ft3/s) would begin to overtop the pilot channel throughout much of 
its length. However, lateral bank erosion and widening of the pilot channel would be expected to 
rapidly occur once San Juan River stream flows were diverted into the pilot channel. For 
example, a narrow pilot channel excavated along the delta of Lake Mills, WA eroded to a full 
channel width during the first winter flood (Randle et al, 2015). A plot of the San Juan River 
discharge is shown in Figure 8. Statistics from the USGS of mean daily discharge for water years 
2000 – 2019 (gage# 09379500 San Juan River near Bluff, Utah) indicate an exceedance of 85 
m3/s (3,000 ft3/s) for multiple days in either May or June. 
 

 
Figure 6. Map of Alternative 1 channel with select cross sections shown. Discharge is 28.3 cms 

(1,000 cfs). 
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Figure 7. Map of Alternative 1 channel with select cross sections shown. Discharge is 85.0 cms 

(3,000 cfs). 
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Figure 8. Plot of daily San Juan River discharge at Bluff, Utah, 2000 – 2020, including the mean 

daily statistic that includes pre-Navajo Dam values. 

 
Upon completion of construction, the proposed action re-routes water from the existing channel 
into the pilot channel. Through natural erosion and deposition processes a new channel will 
form that is expected to have a similar morphology to the current channel. The time frame for 
this formation is dependent on hydrology but could take 1 – 3 years to achieve a similar form to 
the current channel. As with a natural channel, this channel will continue to evolve indefinitely 
with varying discharge and sediment input. 
 
The current design (and cost estimate) calls for the spoils of the channel excavation to be spread 
across the delta adjacent to the pilot channel as to not form a berm. This step is optional and not 
necessary for successful channel evolution. Environmental permitting often requires the spoils 
to be place above a 100-year flood elevation, however a variance could be sought due to the 
nature of this project being in a reservoir delta and that the spoils will become a natural part of 
the sediment load as the channel widens. 

2.5.2. Selective Fish Passage for Alternative 1 

Selective fish passage will be constructed at Clay Hills. The weir used for cost estimation is 
shown in Figure 9. The weir is a simple weir that includes no selective fish passage at this level 
of design. The weir contains sheet pile on the upstream and downstream sides with a sand and 
gravel fill and a concrete cap. Erosion protection downstream consists of quarried rock material. 



Fish Passage at San Juan Waterfall 

12 

A geologic study will be necessary to determine the depth to bedrock for placement of the 
structure. An exact location at Clay Hills has yet to be determined. Rock material has been 
estimated using a median size of 0.9 m (3 ft) and a maximum size of 1.85 m (6 ft). Once a final 
design is determined rock sizes, if used, will need to be specified more precisely.  
 

 
Figure 9. Side view of the proposed alternative 1 weir for selective fish passage. This is a simple 

weir in the location of a selective fish passage structure. 

2.6. Alternative 2, Short Bypass Channel with In-Line Selective 

Fish Passage 

Alternative 2 consists of a short bypass channel around the waterfall on river left (Figure 10). 
The selective fish passage weir is located at the bedrock outcrop about the mid-point of the 
bypass channel. The channel length is 223 m (764 ft). The channel drops 3.6 m (11.8 ft) over its 
length, creating a 1.6% overall slope. The estimated cost for this alternative is $1,450,000. The 
estimate can be seen in Appendix B. 
 

Sheet pile 
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Figure 10. San Juan waterfall with alternative 2 channel shown on the south side of the channel: 

TOP – 2018 aerial image (black circle is the waterfall location, red line is proposed channel 

alignment); BOTTOM – elevation map of the waterfall, blue line is the proposed alternative 2 

alignment and black line shows the location of the proposed selective fish passage structure. 

River flow is from east to west in the figure. Scale only applies to the top image. 
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Airborne LiDAR (2018) was used to create a digital surface to represent the terrain. No 
bathymetry data were available, and none were collected for this effort. Using HEC-RAS 
Mapper (v5.0.7) a channel was cut into the terrain along the alignment shown in Figure 10. The 
typical cross section used to define this channel has a bottom width of 1 m (3.3 ft) and a side 
slope of 3:1 (H:V). 
 
The channel contains a series of seven cross-vanes throughout the channel to check velocity and 
provide appropriate depth (Figure 11 and Figure 12). The spacing of each cross-vane is based on 
the water surface elevation behind each cross-vane, with the goal being to submerge each 
hydraulic jump to improve fish navigability near the downstream side of the weir. The cross-
vane steps are approximately 0.3 m (1 ft) high. Each of the cross-vanes are sized so that they are 
buried into the bank for stability. The maximum top width of the cross-vanes is 10.67 m (35 ft). 
The current design has 5.33 m (17.5 ft) of buried cross-vane on each side of the channel. Buried 
rock for scour prevention extends 0.9 m (3 ft) downstream of each cross vein. 
 
The HEC-RAS model results are presented in Figure 11 and Figure 13. A one-dimensional 
model is not well suited for modeling flow through rock vanes, which are represented as one 
continuous step. As a result, the depth and velocity results at each step are not well represented. 
In a final design, gaps between the rocks are recommended to allow fish to swim through the 
steps as opposed to swim over the steps. Advanced design of these steps will utilize empirical 
equations and knowledge from existing fish passage structures to determine the appropriate flow 
depth and velocity at the cross-vanes. The longitudinal distance between cross-vanes will also 
need to be evaluated more closely should this alternative be chosen. The construction of the 
cross-vanes in the bypass channel should consider the swimming ability and preference of 
razorback sucker and Colorado pikeminnow. 
 
The selective fish passage in the bypass channel is proposed to be at the approximate mid-point, 
station 95.6 of the bypass channel (Figure 11). At this level of design, no decision has been made 
on what type of selective fish passage structure might be most appropriate. For this study, sheet 
pile is driven to bedrock on the upstream and downstream ends of the weir, filled with pit run 
material, and capped with concrete. A sketch of the weir is shown in Figure 14. This represents a 
minimum cost for a structure at this location, but a more involved structure will be needed and 
will increase cost over what has been estimated. 
 
The invert elevation and width of the bypass channel flow entrance will control the discharge 
into the bypass channel. A sketch of this is shown in Figure 15. Water surface elevations in the 
main channel of the San Juan River at various discharges is unknown for the bypass channel 
inlet and outlet locations. For modeling and design at this level, it was assumed that the normal 
operating discharge of the bypass channel would range between 1 – 2 m3/s (35 – 71 ft3/s). Based 
on modeling results the function of the fish passage may be better served with a discharge closer 
to 2 m3/s (71 ft3/s). 
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Figure 11. Longitudinal profile plot of the bypass channel. The selective fish weir is located at 

Station 95.6 m. The bypass channel discharge in the profile is 1 m3/s (35 ft3/s). The inset is a 

typical cross section. The discharge in the inset cross section is 1.5 m3/s (53 ft3/s). 

 

 
Figure 12. Top view of proposed alternative 2 cross-vane, typical. The longitudinal cross-vane 

locations are indicated in the profile (Figure 11). 
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Figure 13. Plot of depth and velocity throughout the bypass channel at 1.5 m3/s (53 ft3/s). 

Stationing matches that shown in Figure 11. 

 

 
Figure 14. Side view of the proposed alternative 2 weir for selective fish passage. This is a 

simple weir in the location of a selective fish passage structure. 

Sheet pile 
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Figure 15. Concept sketch for bypass channel entrance. This feature is located at station 220 m 

in Figure 11.  

3. Observations and Discussion 

3.1. Recommended Depth and Velocity for Fish Passage 

A June 2019 memorandum was provided to the Bureau of Reclamation’s Technical Service 
Center by the U.S. Fish and Wildlife Service (USFWS) (Rice 2019). This was written to 
recommend upper and lower discharge bounds at the APS weir (near Waterflow, New Mexico) 
as well as guidance on maximum velocity and minimum depth required for proper passage of 
Colorado pikeminnow and razorback sucker. This guidance was based on swimming 
performance thresholds for both species. Because the Razorback Sucker is the lower performer 
of the two species, velocity thresholds are based on that species. Findings by Rice (2019) are 
shown in Table 1. The complete memo is contained in Appendix C. 
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Table 1. Table of velocity and depth requirements recommended for fish passage design (Rice 

2019). 

 Velocity (burst) 
(<1 minute) 

(m/s) 

Velocity 
(prolong)  

(m/s) 

Jump 
(m) 

Depth (Min.) 

(m) 

Project Recommendation 1.1 0.6 0.0 0.5 

Razorback Sucker* 0.8-1.2 0.6 0.0 0.5 

Colorado Pikeminnow‡ 4-7 1.0 0.0 0.5 

* Mefford, 2009 and 2020; USBR, 2004; Bulkley et al., 1981. 

‡ Bio-West, 2005, USBR, 2004 

3.2. Alternative 1 

The most important discussion point for alternative 1 is the formation of a natural channel 
following excavation. The proposed alignment follows the natural channel alignment as shown 
in the 1954 aerial photography (Appendix A). The proposed pilot channel is expected to begin 
forming as soon as water begins to flow through it. The channel will initially adjust to the 
discharge present, which is likely to not overtop the banks. As high discharges flow through the 
channel (e.g. spring run off or occasional fall flood) it will adjust to its long-term regime. It is 
anticipated that the newly formed channel will look very much like the San Juan River upstream 
and downstream of this reach, but its formation is likely to take 1 – 3 years, depending on 
hydrology. It is unlikely that the channel is not likely to take the form that existed in the 1954 
aerial photograph (Appendix A) due to the reduced discharge regime from Navajo Dam and 
multiple diversions, and the lack of a natural floodplain. Floodplain development generally 
requires decades to develop and, in this case, it is hindered by vegetation growth along the banks 
and periodic inundation of the reservoir. However, the steeper grade of the proposed channel 
alignment may act to accelerate channel and floodplain development due to greater erosion rates. 
The San Juan River channel currently flowing through the Lake Powell delta can be considered a 
morphologically young channel constrained in certain locations by bedrock, as it has been newly 
formed. There is only a narrow floodplain adjacent to this channel through the delta due to 
recent deposits from reservoir inundation and limited channel slope. Floodplain development is 
likely to be hindered as long as there is periodic inundation of the delta, even if that occurs 
decades apart. 
 
The selective fish passage for this alternative is proposed to be located at Clay Hills (Figure 4). 
There is an existing, unimproved road to the proposed site. This road provides access to the 
Clay Hills boat ramp where river rafting trips terminate upstream of Lake Powell. The river near 
the Clay Hills boat ramp is aggradational, marked with multiple large sand bars and shallow flow. 
Considerations for river access to the boat ramp should be made when choosing the specific 
location of the selective fish weir. Only an approximate location has been proposed at this level 
of design. The geology and depth to bedrock at the site is unknown and may play a role in 
choosing a more specific site. The Clay Hills site was selected for alternative 1 because of the 
existing access and the location relative to full reservoir pool elevations. 
 
The large cost of Alternative 1 is primarily related to the construction of the selective fish 
passage weir. The reason for this is the very long length of the weir at Clay Hills. There is no 
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bounding bedrock in that vicinity to allow for a shorter weir. The channel cut and re-grading of 
the soils represents $3.24 million (Appendix B). The remainder of the cost is in weir 
construction. A significant savings could occur if an alternative site was chosen that has a much 
narrower distance to span with a weir. It was discussed that a selective fish passage weir could be 
constructed near Mexican Hat, Utah, however that leaves 89 km (55 miles) of the San Juan River 
open to non-native species. The area between Mexican Hat, Utah and Clay Hills is generally 
roadless with little, if any, river access by road. The San Juan River flows through a canyon along 
this length. 

3.3. Alternative 2 

Flow through the bypass channel will be regulated by the entrance conditions, including the 
angle between the San Juan River and bypass channel and the bypass channel invert and width. 
This evaluation has not been done for this study due to the lack of channel survey data and a 
stage-discharge relationship. The optimum plan view angle of the bypass channel entrance 
relative to the San Juan River channel should be determined in advanced designs should this 
alternative be chosen. These tasks will need to be completed in future phases of design should 
this alternative be selected. 
 
Depending on the final design of the selective fish passage structure, its function may be better 
suited in a location other than what has been determined in this appraisal level study.  

3.4. General Discussion 

3.4.1. Rounded Rock and Grout 

Observations of razorback sucker indicate that they are averse to smooth concrete and/or grout 
(pers. Communication, Dr. Mark McKinstry). The use of concrete or grout should be limited to 
small areas of surface exposure to improve the function of fish passage. Large areas of exposed 
concrete or grout should be roughened with rounded rock. A roughened bed will improve near-
bed hydraulics that are important to the species of interest.  
 
Engineered fish passage is likely to prove more successful if rounded rock is used as opposed to 
angular rock. This applies to both alternatives. It is worth noting that the cost estimate provided 
in this report (Appendix B) priced angular rock. A source for large, rounded rock was not 
determined for this study. It is likely that a source for such rock is a greater distance from the 
site, thus increasing cost. 

3.4.2. Inundation of proposed selective fish passage weirs 

The location of the proposed selective fish passage structures influences the probability of their 
inundation by Lake Powell when it eventually fills. It is important to note that the Glen Canyon 
Dam Project Vertical Datum (GCDPVD) is currently being determined. This will influence 



Fish Passage at San Juan Waterfall 

20 

comparisons of ground elevation (specified as NADV88 in the most recent LiDAR) and 
reservoir elevation (specified in the GCDPVD). There is an effort by Reclamation and the 
USGS to determine the relationship between the GCDPVD and a standard datum, such as 
NAVD88. 
 
Inundation of a selective fish passage structure will likely create the need for maintenance to 
clear sediment from the structure and possibly the bypass channel in alternative 2. Reservoir 
inundation of a bypass channel and/or selective fish passage structure may render either or both 
nonfunctional. Reservoir elevations reach the Clay Hills site less often than the waterfall site. 
Thus, a selective fish passage structure at Clay Hills reduces the probability that the feature will 
be inundated and requiring maintenance or repair. 
 
Boating hazards and accommodations have not been addressed in this appraisal level study, but 
may need to be in future designs should one of these alternatives move forward for further 
consideration. Recreational rafting currently stops at Clay Hills, as this is the upper extent of the 
full reservoir pool. There may be a need to accommodate rafts and other vessels used by 
fisheries personnel in the vicinity of the Lake Powell delta. 
 
When the reservoir fills, any structure built within the delta has the potential to become a 
boating hazard for motorized boats. It may be advisable that hazard buoys are placed at a 
structure so that if the reservoir is inundated, these buoys will float to the surface and be visible 
to boaters. One or two buoys could be placed in canisters, with an appropriate amount of line to 
reach the reservoir surface at full pool. The canisters will keep the buoys and line contained and 
protect them from sun damage. 

4. Conclusions 

An appraisal level design of two alternatives has been put forward in this study, including cost 
estimates. The information provided in this report is expected to provide the appropriate 
information to move forward on a decision of alternatives, including no action.
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Appendix A - Historic Aerial 

Photography for Lake Powell Delta 
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Figure A-16. 1954 Aerial photograph of the study area. 
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Figure A-17. 1973 aerial photograph of the study site. Blue line represents the 1954 channel centerline and the Alternative 1 channel alignment. 
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Figure A-18. 1981 aerial photograph of the study site. Blue line represents the 1954 channel centerline and the Alternative 1 channel alignment. 
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Figure A-19. 1993 aerial photograph of the study site. Blue line represents the 1954 channel centerline and the Alternative 1 channel alignment. 
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Figure A-20. 2004 aerial photograph of the study site. Blue line represents the 1954 channel centerline and the Alternative 1 channel alignment. 
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Figure A-21. 2018 aerial photograph of the study site. Blue line represents the 1954 channel centerline and the Alternative 1 channel alignment.
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Appendix B - Cost Estimates 
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Waterfall Alternative 1 Cost Estimate 
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Waterfall Alternative 2 Cost Estimate 
 

 



Fish Passage at San Juan Waterfall 

B-6 

 



Fish Passage at San Juan Waterfall 

B-7 

 





Fish Passage at San Juan Waterfall 

C-1 

Appendix C - USFWS Fish Swimming 

Memo 



INTERIOR REGION 5 
Missouri Basin 

INTERIOR REGION 7 
Upper Colorado River Basin 

Kansas, Montana*, Nebraska, North Dakota, 
South Dakota 

*PARTIAL

Colorado, New Mexico, Utah, Wyoming 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

134 Union Blvd 
Lakewood, Colorado 80228 

 In Reply Refer to: 
 FWS/R6 

Memorandum      January 14, 2021 

To: Robert Hilldale, Hydraulic Engineer, Sedimentation and River Hydraulics Group 
U.S. Bureau of Reclamation (USBR) Technical Center 

From: William Rice, Fish Passage Engineer, US Fish and Wildlife Service (USFWS) 

Subject: Design velocities for passage of Colorado Pikeminnow and Razorback Sucker at 
the Arizona Public Service (APS) weir, San Juan River, New Mexico  

On February 21, 2019, USFWS staff had a conference call with you and other USBR staff to 
discuss hydrologic modeling for the design of fish passage structures at the APS weir. Those on 
the conference call identified a need to review the literature for Colorado Pikeminnow and 
Razorback Sucker or for similar species swimming performance metrics. This memo 
incorporates USFWS recommendations for design velocities at this site. Subsequent 
conversations with the San Juan River team in December, 2020, expands this memo to include 
other species performance research found in this reach of the San Juan River. 

The improvements for fish at the APS weir have the following goals: 

• Improve fish passage for juvenile and adult Colorado Pikeminnow and Razorback Sucker
• Improve passage at lower river flows
• Provide improved fish passage without interfering with APS’s water pumping operations
• Have minimal requirements for APS to operate their sluicegate for improved fish passage

Two design concepts are currently in consideration. One is a concave, inclined wedge-shaped 
ramp and the other is a rock ramp with a low flow channel (Hilldale 2019).  

Recommended Fish Performance Thresholds 
From literature review and discussions with experts, Table 1 lists the recommended overall 
thresholds for the project as well as the thresholds for both species. Overall thresholds for the 
project conform to the conservative value between the species to ensure passage for both. 
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2For Table 1, literature suggests razorback suckers as the lower performing species compared to 
Colorado pikeminnow and therefore guide the thresholds for the recommended criteria.  In 
general, burst speed criteria for nonsalmonid passage in the intermountain west is usually 1.2 
m/sec or less (Mefford, 2020). Project recommendation for burst velocity was selected after 
discussions with Brent Mefford specific to rocky ramps (Mefford, 2020). 

Table 1. Recommended Thresholds 
Species Size Velocity (burst) 

(<1 minute) 
(m/s) 

Velocity 
(prolong) 

(m/s) 

Jump 

(m) 

Depth 
(Min.) 

(m) 
Project 

Recommendation 
1.1 0.6 0.0 0.5 

Razorback 
Suckers* 

0.8-1.2 0.6 0.0 0.5 

Colorado^ 
Pikeminnow 

4-7 1.0 0.0 0.5 

* Mefford, 2009 and 2020; USBR, 2004; Bulkley et al., 1981.
^ Bio-West, 2005, USBR, 2004

Turbulence.  
In terms of other criteria, multiple reports indicate a sensitivity of razorback sucker to orientation 
problems in even relatively low turbulence (Mefford, 2009, 2020; Bio-West, 2004). Turbulence 
is clearly an issue; however, no laboratory findings quantify values that could be utilized for 
these specific species. In general, energy dissipation factor (EDF) is recommended to be greater 
than 1.0 to facilitate fine sediment movement and a maximum between 2.0 - 2.5 EDF for 
nonsalmonids, though considerable variation exists (USFWS, 2017; Mefford, 2020). 

Recommended Fish Passage Flows 
Recommended seasonal fish passage needs and flows are listed in Table 2. Criteria used for this 
analysis are: 

• Juvenile passage available at all times of the year.
• Adult razorback sucker critical migration period March-June.
• Adult Colorado pikeminnow critical migration period June-August.
• Low and high fish passage flows based on methodology in USFWS, 2017 using flow

duration curves (95%=low flow criteria; 5%=high flow criteria).
• Flow duration curves utilized from USBR, 2019 and applicable to site location.

Table 2. Seasonal Fish Passage Flows 
Flow (cfs) Description 

398 (11.2 m3/s) Lowest monthly flow at 95% exceedance interval during the 
year. 

467-9,477 (13.2-268.4 m3/s) Lowest and highest monthly flow at 95% and 5% exceedance 
interval during March-June 

398-9,477 (11.2-268.4 m3/s) Lowest and highest monthly flow at 95% and 5% exceedance 
interval during June-August 
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These results indicate that: 

• 398 cfs (11.2 m3/s) = Low Flow Fish Passage Criteria
• 9,477 cfs (268.4 m3/s) = High Flow Fish Passage Criteria

Fish Performance Literature Review 
For this evaluation, several studies are available for review as well as evaluations of 
development of fish passage criteria for various past projects. Included are select studies most 
pertinent to the project, broken out by species in Table 3, 4 and 5 (Razorback Sucker) and Table 
6 and 7 (Colorado Pikeminnow). 

Table 3. Razorback Sucker Literature Findings 
Finding Reference 

Razorback Sucker considered to be less athletic than Colorado 
Pikeminnow 

Bio-West, 2005, 
Mefford, 2009 

Strong potential for orientation problems when vertical drops 
exceed length of fish 

Bio-West, 2005, 
Mefford, 2009 

Minimum depth of water for survival should be 1.5 feet to protect 
from bird predation. 

USBR, 2004 

It is believed razorbacks rely on flow direction for orientation and 
will swim upstream in the direction of the current, typically 
following the stream banks. 

USBR, 2004 

Table 4. Performance of Razorback Suckers to Other Sucker Species 
Species Size Mean Total 

Length 
(mm) 

Velocity 
burst 

(m/sec) 

Velocity 
prolonged 

(m/sec) 

Jump 
Height 

(m) 

Min. Depth 
of Water 

(m) 
Razorback 
Sucker^ 

150-300 0.6 
(0.8) 

0.45 
(0.6) 

0.5 

Longnose 
Sucker* 

238 0.7 

Mountain 
Sucker* 

138 0.5 

Bluehead 
Sucker* 

217 0.9 

Flannelmouth 
Sucker* 

322 0.7 

Sacramento 
Sucker** 

191-209 3.8-4.1 0.51 

Catostomidae+ unknown 0.8 0.4-0.8 0.2 
White Sucker++ unknown 0.8 0.5 
White Sucker# 28-120 1.58 

^ Bulkely et al, 1981 () indicates 30% increase from report to represent wild fish. 
* Underwood et al. 2014
**References in Bio-West, 2005 (critical velocity interpreted as prolonged speed)
+ Colorado Parks and Wildlife 2019
++Ficke 2017 Dissertation (these are spring speed and aerobic speed)
#Bell, 1973
Note that minimum depth of water value was recommended to reduce bird predation in USBR, 2004.
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Razorback Research by Bulkely, et al, 1981 
Little known performance research on razorback suckers was performed in 1981 on Table 5. The 
razorback suckers were hatchery raised and a potential for a +30% adjustment was noted as a 
general comment from other research that wild fish may have 30% more capability than hatchery 
raised fish. Whether that is true or not for razorback suckers has not been specifically verified. 

Table 5. Research Results 
Species Size Mean Total 

Length 
(mm) 

Velocity burst 
(m/sec) (ft/sec) 

(1 minute) 

Velocity Sustained 
(m/sec) (ft/sec) 

 (Minutes) 

Velocity Cruise 
(m/sec) (ft/sec) 

 (105-120 Minutes) 

Temperature 
(C) 

Razorback 
Sucker* 

150-300 0.6 (2.0) 0.45 (1.5) 0.15-0.3 (0.5-1.0) 20-26

*Bulkely, et al, 1981, also referenced in USFWS, 1982.
Sustained means a speed that can be maintained over a matter of minutes.
Cruise means a speed that can be maintained for a long time (ie. almost 2 hours).

Table 6. Colorado Pikeminnow Literature Findings 
Finding Reference 

Adults (>400mm) are able to swim at 1.0 m/s for sustained time 
periods and in fairly shallow water 

Bio-West, 2005 

Burst speed is not well established (comparisons on Table 3.1 
suggest 4-7 m/s range) 

Bio-West, 2005 

Several reports state northern pikeminnow is not known for their 
leaping abilities (likely issues when height of weir higher than 
fork length of fish) as a surrogate  

Bio-West, 2005 

Minimum depth of water for survival should be 1.5 feet to protect 
from bird predation. 

USBR, 2004 

Table 7. Thresholds for Colorado Pikeminnow and surrogate species 
Species Mean 

Total 
Length 
(mm) 

Velocity 
(burst) 
(m/sec) 

Velocity 
prolonged 

(m/sec) 

Pool 
Depth 
Min. 

Temperatures 

Colorado 
Pikeminnow* 432 

400 
150 

7.0 
0.9-1.0 

0.5 

0.5^ FV50 in 14,20 
and 26 C 

5 C 
Northern 
Pike* 

435 
355 
305 
150 

1.1, 1.2 
1.0, 1.1 

0.7 
0.5 

FC50 at various 
temperatures 

16 C 
5 C 

Sacramento 
Pikeminnow* 

750-850
229
247
233

4.8-6.7 
0.4 
0.6 
0.5 

Critical 
swimming speeds 

at 10, 15, 20 C 

*All values from references in Bio-West, 2005 except for that is from USBR 2004 (^).
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A comparison to select project criteria where available was also made. Table 8 documents 
criteria found where razorback and Colorado pikeminnow were to be passed. As shown, the 1.2 
m/s burst velocity is the more prevalent criteria. 

Table 8. Design Criteria or Documented Velocities for Select Fish Passage Projects 
Project Velocity (burst) 

(1 minute) 

(m/s) 

Velocity 
(prolong) 

(m/s) 

Jump 

(m) 

Depth 
(Min.) 

(m) 
PNM diversion dam* 1.2 0.6 -- 0.5 

Grand Valley Project Diversion 
Dam Fish Passage Facility** 

1.2 -- 

Price-Stubb- Diversion^^ 1.2 0.6 -- 0.5 
Fruitland Diversion^ 1.8 -- 
Hogback Diversion^ 1.4 0.6 -- 0.5 

*USBR, 2004; ** USBR, 2009; ^^USBR, 2001; ^ USBR, 2016 (concept design level).

Other Species 
Other species present in this reach of the San Juan River are flannelmouth sucker, bluehead 
sucker, roundtail chub, speckled dace, mottle sculpin and Colorado River cutthroat (USDOI, 
1992). Flannelmouth and bluehead sucker performance are illustrated in Table 4. Roundtail chub 
are not studied, though could be compared to bonytail and other chub research as shown in Table 
9. As shown in Table 10, speckled dace performance is comparable to longnose dace and within
the performance of other species. Mottled sculpin have only been observed upstream of the
confluence between the San Juan and Animas Rivers so not in this reach (Zeigler and Ruhl,
2015). The Colorado River cutthroat is also assumed to only be found in the upper portions of
the San Juan River watershed.

Table 9. Performance of Bonytail and Other Chubs 
Species Size Mean 

Total 
Length 
(mm) 

Velocity burst 
(m/sec) 

Velocity 
prolonged 

(m/sec) 

Jump 
Height 

(m) 

Min. 
Depth of 

Water 
(m) 

Bonytail 
Chub^ 

28-120 {0.65} 0.57 
(0.74) 

ND ND 

Bonytail 
Chub* 

97 +7 0.62 
(0.58-0.67) 

0.52 
(0.47-0.59) 

ND ND 

Round Tail 
Chub** 

ND ND ND ND ND 

Humpback 
Chub* 

92 +5 0.63 
(0.58-0.70) 

0.51 
(0.47-0.57) 

ND ND 

Humpback 
Chub^ 

28-120 0.78 0.66 
(0.86) 

ND ND 

^ Bulkely et al, 1981 () indicates 30% increase from report to represent wild fish. Burst speed was for 2-minute 
ability for Humpback chub. {} Bonytail burst speed was estimated from Table 14 in report. 
**Underwood et al., 2014, was the only study including roundtail chub found and they did not do velocity testing. 
*Berry and Pimentel, 1985. Burst was 2-minute time period and prolonged was 120 minutes.
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Table 10. Performance of Various Dace 
Species Size Mean 

Total 
Length 
(mm) 

Velocity 
burst 

(m/sec) 

Velocity 
prolonged 

(m/sec) 

Jump 
Height 

(m) 

Min. 
Depth of 

Water 
(m) 

Longnose Dacea 65-72 0.78-1.75 0.44-0.73 ND ND 

Speckled Daceb 46-86 1.0-1.6 0.6-0.8 ND ND 

aAedo et al., 2009; Dockery et al., 2016; Ficke, 2015. bAedo et al., 2009 

References 
Aedo, J., M. Belk, and R. Hotchkiss. 2009. Morphology and swimming performance of Utah 
fishes: critical information for culvert design in Utah streams. Utah Department of 
Transportation, Research Division, Report UT-09.12, Salt Lake City. 

Bell, M.C., 1973. Fisheries handbook of engineering requirements and biological criteria. U.S. 
Army Corps of Engineers, North Pacific Division. Pub No. AD/A-006 404. 522 pp. 

Bio-West, 2005. Evaluation of the Need for Fish Passage at the Arizona Public Service and 
Fruitland Irrigation Diversion Structures, Final Report. Grant Agreement no. 04-Fg-40-2160 PR 
948-1. For the San Juan River Basin Recovery Implementation Program. October 2005. 66 pg.

Bulkely, et al., (Bulkley, R.V., Berry, C.R., Pimentel, R. and Black, T.) 1981. Tolerance and 
Preferences of Colorado River Endangered Fishes to Selected Habitat Parameters, Final 
Completion Report. Utah Cooperative Fishery Research Unit, Utah State University, Logan, 
Utah. December, 1981. 92 pp. 

Dockery, D. R., T. E. McMahon, K. M. Kappenman, and M. Blanks. 2016. Evaluation of 
swimming performance for fish passage of Longnose Dace Rhinichthys cataractae using an 
experimental flume. Journal of Fish Biology 90:980–1000. 

Ficke, A.D., 2015. Mitigation measures for barriers to Great Plains fish migration.  Doctoral 
dissertation. Colorado State University, Fort Collins, Colorado. 

Hilldale, R., Randle, T., Svoboda, C., and Wagner, J. 2019. San Juan Fish Passage Investigation. 
San Juan River Basin Recovery Implementation Program, Fiscal Year 2020 Scope of Work #43 
Albuquerque, New Mexico.  

Tetra-Tech, Inc., 2000. Concept Development Report Public Service Company of New Mexico 
Diversion Dam Fish Passage Structure Fruitland, New Mexico. 

Mefford, Brent, 2009. USBR Experience with Multiple Slot-Baffled Fishways. Prepared for 
presentation at the 33rd IHAR Congress, August 9-14, 2009, Vancouver, B.C. Canada 8 pp.  

Mefford, Brent, 2020. Personnel Communication on perspectives for selection of burst speed and 
turbulence for non-salmonids in the West based on project experience and research specific to 
rocky ramp design and construction. USBR, retired. 

C-7

Fish Passage at San Juan Waterfall 

6 



U.S. Bureau of Reclamation (USBR), 2001. Price-Stubb Diversion Dam Fish Passage Structure, 
Colorado River. 1:20 Scale Physical Model Study. R-01-01.Technical Service Center, Water 
Resources Services. April, 2001. 42 pp. 

U.S. Bureau of Reclamation (USBR), 2004. Design summary/designers’ operation criteria: fish 
passage facility at PNM diversion dam San Juan River Basin Recovery Implementation Program, 
New Mexico. Technical Service Center, Denver, Colorado 

U.S. Bureau of Reclamation (USBR), 2009. Design Summary Designer’s Operating Criteria. 
Grand Valley Project Diversion Dam Fish Passage Facility. Upper Colorado River Recovery 
Implementation Program. Grant Valley Project – Colorado. 

U.S. Bureau of Reclamation (USBR), 2016. Design Summary of the Hogback Diversion Dam 
and Fish Barrier Weir. San Juan Basin Recovery Implementation Program, New Mexico. July. 
201 pp. 

U.S. Bureau of Reclamation (USBR), 2019. Hogback Diversion Dam and Canal, New Mexico, 
Duration Analysis. February. 10 pp.  

US Department of the Interior (USDOI), 1992. San Juan River Basin Recovery Implementation 
Program. US Fish and Wildlife Service. Albequeque, New Mexico. 44 pp. 

US Fish and Wildlife Service (USFWS), 1982. Colorado River Fishery Project, Final Report 
Contracted Studies Part 3. US Fish and Wildlife Service, Salt Lake City, Utah. Submitted under 
Contract 9-07-40-L-1016 with the Bureau of Reclamation. 352 pages. 

US Fish and Wildlife Service (USFWS), 2017. Fish Passage Engineering Criteria. US Fish and 
Wildlife Service. February. 224 pp. 

Underwood, Zachary E., Christopher A. Myrick, and Robert I. Compton. "Comparative 
swimming performance of five Catostomus species and roundtail chub." North American journal 
of fisheries management 34.4 (2014): 753-763. 

Zeigler, Matthew and Ruhl, Michael, 2015. Annual Report Small-Bodied Fishes Monitoring, San 
Juan River. Conducted September, 2014. San Juan River Basin Recovery Implementation 
Program, New Mexico Department of Game and Fish, Santa Fe, New Mexico. Agreement 
Number SJ2631. June. 43 pp. 

C-8

Fish Passage at San Juan Waterfall 

7 


	Concept Development Report #ENV-2021-33 Fish Passage at the San Juan Waterfall
	Mission Statements, Acknowledgements and Disclaimer
	Signature Page
	Acronyms and Abbreviations
	Contents
	1. Introduction and Background
	1.1. Project Need and Location
	1.2. Site Details

	2. Alternatives
	2.1. A Note on the Selective Fish Passage Structure
	2.2. Alternative Development
	2.3. Alternatives Considered but Eliminated
	2.3.1. Removal of Waterfall

	2.4. No Action Alternative
	2.5. Alternative 1, Long Bypass Channel
	2.5.1. Pilot Channel for Alternative 1
	2.5.2. Selective Fish Passage for Alternative 1

	2.6. Alternative 2, Short Bypass Channel with In-Line Selective Fish Passage

	3. Observations and Discussion
	3.1. Recommended Depth and Velocity for Fish Passage
	3.2. Alternative 1
	3.3. Alternative 2
	3.4. General Discussion
	3.4.1. Rounded Rock and Grout
	3.4.2. Inundation of proposed selective fish passage weirs


	4. Conclusions
	References
	Appendix A - Historic Aerial Photography for Lake Powell Delta
	Appendix B - Cost Estimates
	Appendix C - USFWS Fish Swimming Memo

		2021-03-12T09:38:03-0700
	ROBERT HILLDALE


		2021-03-12T22:39:32-0700
	TIMOTHY RANDLE


		2021-03-15T08:35:56-0600
	JASON WAGNER




