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Justification 
In the San Juan River, collection of larval Razorback Sucker has occurred every year for the past 
18 years but juveniles are rarely detected in fall sampling, indicating a potential recruitment 
bottleneck between the larval and juvenile life-stage. Within the last seven years, the number of 
larval Razorback Sucker captured annually was approximately 30 percent that of Flannelmouth 
Sucker or Bluehead Sucker, two common species that are consistently collected as juvenile and 
age-1 fishes (Farrington et al. 2017 [larval fishes]; Zeigler and Ruhl 2017 [small-bodied fishes]). 
Therefore, the apparent lack of recruitment to the juvenile life-stage is unlikely a simple function 
of the number of larval Razorback Sucker produced. Additionally, the limited collection of 
metalarval Razorback Sucker, the most mature phase of larvae, and reduction in collection of this 
larval phase as early as July (Farrington et al. 2017) suggests relatively high mortality rates 
within the larval phases and is likely a factor contributing to the lack of recruitment to the 
juvenile life-stage over the spring-summer months.  

The source of this apparent recruitment bottleneck in the San Juan River is presently unknown 
but large, stable, low-velocity habitats are relatively scarce (Lamarra and Lamarra 2017) and 
may be needed for recruitment of larval Razorback Sucker. Prior to the San Juan River’s 
regulation, this habitat was likely available in higher quantities and stable low-velocity habitat 
has long been thought to be important nursery and rearing habitat for larval Razorback Sucker. 
Such habitat could be highly productive within the riverine ecosystem exhibiting higher 
temperatures, nutrient concentrations, and levels of primary productivity than the main channel 
environment, qualities which may be required for larval Razorback Sucker to recruit into the 
juvenile life-stage (Bestgen et al. 2011). 

FY 2020 - SOW C3

Page 63

mailto:dgori@tnc.org
mailto:michael_farrington@asirllc.com
mailto:kyazzie@nndfw.org


Since 2008, two major habitat restoration projects were implemented in the San Juan River to 
restore flow in abandoned secondary channels with the overall goal of increasing the quantity of 
low-velocity habitat (Phase I and II). These projects were successful as they resulted in increased 
low-velocity habitat and were used by larval Razorback Sucker and age-1+ Colorado 
Pikeminnow (Farrington et al. 2017 [larval fishes]; Lamarra et al. 2017 [habitat]; Zeigler and 
Ruhl 2017 [age-1+]). However, there is no evidence that the increased low-velocity habitat 
resulting from the channel restoration efforts has increased the survival of larval Razorback 
Sucker to the juvenile life-stage in the San Juan River. Determining whether this type of habitat 
supports larval fish recruitment is confounded by variation in mainstem river flows which causes 
these habitats to be ephemeral (Table 1).   

The current proposal asks whether Razorback Sucker larvae produced in the San Juan River can 
recruit into juveniles when provided large, stable, low-velocity habitat that is free of large-bodied 
nonnative predators. The project design (site selection and operations) builds on the recognition 
that it is difficult to assess the contribution of constructed secondary channels to larval 
Razorback Sucker recruitment and builds on efforts in the Upper Colorado River Endangered 
Fish Recovery Program to construct managed flooded wetlands. Data gleaned from this project 
will provide the San Juan River Basin Recovery Implementation Program (SJRRIP) 
scientifically objective and quantifiable outcomes which can be used to prioritize and proceed 
with management actions.  

Table 1. Phase I secondary channels by river mile (RM) and flow conditions (cfs) coded by 
potential availability of low velocity habitat (Farrington et al. 2017). Phase I restoration was 
completed in late 2011 and larval fish monitoring was conducted annually after this; 2013 and 
2016 bracket the monitoring period. In both years, no channel consistently provided low velocity 
habitat for early life stages between April and July. Results were similar in 2014 and 2015. 

2016 April 18 
1,140 cfs 

May 17 
2,830 cfs 

June 16 
7,380 cfs 

July 11 
1,340 cfs 

July 25 
690 cfs 

RM 132.2 
RM 132.0 
RM 130.7 A 
RM 130.7 B 
RM 128.6 
RM 127.2 

2013 April 22 
472 cfs 

May 21 
1,300 cfs 

June 10 
610 cfs 

July 16 
1,040 cfs 

July 30 
730 cfs 

RM 132.2 
RM 132.0 
RM 130.7 A 
RM 130.7 B 
RM 128.6 
RM 127.2 

  

 
 

Low velocity 
habitat present 
No low velocity 
habitat available 
Channel not 
flowing 
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Project Objective 
Use a constructed wetland to assess the ability of large, stable, low-velocity habitat in the San 
Juan River to increase recruitment of larval Razorback Sucker to the juvenile life-stage.  

Methods 
Site Selection, Wetland Design, and Construction 
Figure 1 summarizes the process for selecting two priority sites for the constructed wetland along 
the San Juan River (see Appendix 1 report). The first step in this process was to identify wetland 
design criteria. These were determined by the SJRRIP Biology Committee and partners at the 
November 2016 Biology Committee Meeting. As background for the discussion, Speas et al. 
(2016) was distributed prior to the meeting; this report summarizes the lessons-learned over 
twenty years from managed and unmanaged wetlands on the middle Green River and updates 
floodplain wetland priorities for the recovery of endangered fish in the Upper Colorado River 
Basin (also, see Valdez and Nelson 2004; Bestgen et al. 2011; Birchell and Christopherson 2004; 
Brunson and Christopherson 2005; Christopherson et al. 2004; Modde and Haines 2005; Webber 
2010). Based on review of this information the following wetland design criteria were identified 
during the Biology Committee discussion – the wetland pond must:  

• Have sufficient depth to provide vegetation cover on the wetland perimeter and open
water in the middle of the pond, i.e. maximum depth > 3 feet, with a goal of 3.5 feet;

• Have sufficient slope to facilitate harvest of small-bodied fish in the fall;
• Be drainable so that native fish can be released back to the San Juan River and nonnative

fish removed. To accomplish this, the wetland will have a control gate at the inlet and
outlet which will isolate the wetland from the river (and reduce sedimentation) and
maintain water levels in summer;

• Have a screened outlet gate and fish kettle to facilitate collection of fish at the end of the
growing season;

• Have a low-velocity area (i.e. forebay) at the wetland inlet gate to provide an attraction
area for larvae to move into the wetland; and

• Have an open inlet channel, rather than a pipe, to enhance attraction of larvae into the
wetland.

From these design criteria, four site-selection criteria were subsequently identified. They 
included: 

1) For the pond to be drainable, there must be > 3.5 elevation difference between the
wetland inlet and outlet;

2) The inlet to the wetland pond must be located on a secondary channel with outflow into
the San Juan River or back into the secondary channel;

3) The secondary channel must be stable, i.e. have flowed over a long-time period, and must
flow at 500 cfs. Summer flow in the secondary channel is critical as the wetland needs a
water supply to overcome seepage and evaporative losses and to maintain water quality
during the growing season (Speas et al. 2017); and

4) The site must be accessible by road for construction, operation, monitoring and
maintenance.

As a second step, the San Juan River was screened for potential sites (Appendix I). To do this, 
Bliesner (Appendix I) inspected and compared the 1997 aerial photography and habitat mapping 
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results to the 2015 LiDAR imagery to identify secondary channels that flowed in 1997 and 
flowed at 500 cfs in 2015.  Applying the other criteria resulted in 16 potential sites between RM 
135 and RM 70. Seven sites were eliminated due to insufficient elevation difference and access 
problems. Preliminary designs and cost estimates were developed for the remaining nine sites, 
assuming a 2-acre pond and a 3.25-feet average wetland depth; the cost estimates included the 
costs of vegetation clearing, excavation, inlet-outlet structures and remedial work on the 
secondary channel, if needed. Following this preliminary design step, two sites were eliminated 
due to significant permitting issues, high construction costs, and remote location.  

The remaining seven sites were visited on April 12-13, 2017, and evaluated based on six factors: 
(1) site access and road conditions; (2) position of the secondary channel inlet relative to the San
Juan River’s thalweg; (3) site location (RM) and density of Razorback Sucker larvae captured
upstream; (4) the condition of the secondary channel inlet (i.e. status of flow, sedimentation); (5)
construction costs including the length of the wetland inlet and outlet canals; and (6) site
security. Two priority sites were selected by the Reconnaissance Team—RM 107 and RM 135,
with a clear preference for RM 107. Conceptual engineering designs and estimates for
construction and annual maintenance costs were developed for the two sites, assuming a wetland
pond size of 2 acres (Appendix 1, Table 4 in report). Site RM 107 had the lower estimated
construction cost and annual maintenance cost.

Figure 1. Process for selecting two priority sites for the wetland refugium along the San Juan 
River. See text for details.  

The preferred site is located on Navajo Nation land (in Utah) on an island between a flowing 
secondary channel and the main channel of the San Juan River. The inlet channel to the wetland 
is 275 m downstream of the secondary channel entrance and the length of the inlet channel from 
the inlet gate to the main body of the wetland is approximately 400 m (Appendix 1). In addition, 
the RM 107 site is downstream of known Razorback Sucker spawning areas and densities of 
larval sucker captures immediately upstream are relatively high compared to other areas (M. 
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Farrington, pers. comm.). Thus, the number of Razorback Sucker larvae naturally entrained into 
the wetland should be high and, when young-of-the-year Razorback Sucker are released from the 
wetland in fall, there is a sufficient distance above the canyon-bound reach for fish to be retained 
in suitable habitat before being lost over the waterfall to Lake Powell. In addition, flow into the 
secondary channel from the San Juan River and site security are both good. On the negative side, 
the condition of the access road to the site, particularly, the last 2.0 km is poor and, because of its 
location in the basin, increased sediment loads are likely. 

Wetland Adaptive Management 
Wetland Operations, Monitoring, and Adaptive Management 
The inlet gate will be opened the last week of April for a period of four weeks to entrain 
Razorback Sucker larvae from the San Juan River into the wetland. In general, Razorback Sucker 
spawning in the San Juan River occurs early to mid-April with incubation and swim-up lasting 
approximately three weeks. Thus, larval Razorback Sucker should be in the system in the last 
week of April with peak abundance during the first few weeks of May (Farrington et al. 2017). 
During this period, the density of Flannelmouth Sucker and Bluehead Sucker larvae is high in the 
San Juan River while the density of non-native fish larvae is low and will reduce the likelihood 
of entraining non-native larval fish (Table 2). While the wetland is being filled, gate(s) will be 
checked daily by the USFWS Remote Biologist to ensure they are operating properly and to 
remove debris from the trash rack and screen (which are in place to prevent entrainment of 
Channel Catfish).  

After the gates are closed, the site will be visited weekly to measure water depth and dissolved 
oxygen concentrations from the staff gauge and electronic water quality sensors, respectively. If 
pond depth is less than 3 feet in the deepest portion of the pond, the inlet gate will be opened to 
increase water to depths > 3 feet. It is difficult to determine the dissolved oxygen level that 
should result in “recharging” the wetland by opening up the inlet gates. At Stewart Lake, another 
wetland operated to entrain and rear larval Razorback Sucker, dissolved oxygen remained 
relatively constant with daily average readings of ~3 mg/L from July through mid-September 
2017 (Staffeldt et al. 2017). However, daily minimum dissolved oxygen was near zero during the 
night from late June through mid-August with no apparent detrimental effect on Razorback 
Sucker. In contrast, when dissolved oxygen concentrations drop to 4-5 mg/L in the Navajo 
Agricultural Products Industry (NAPI) ponds, staff operate aerators fitted with underwater 
diffusers to increase O2 concentrations and alleviate water quality problems. Therefore for this 
wetland, if dissolved oxygen concentrations are 4-5 mg/L and trending downward and/or an algal 
bloom is occurring, the USFWS Remote Biologist will operate a solar power aerator (or 
alternatively, a generator-driven one) that has two attached diffusers for under water aeration, for 
a minimum of 24 hours.  This monitoring and responsive management will continue until the 
pond is drained in October. 

A staff gauge will be installed in the wetland so that water depth can be measured visually and an 
electronic water level (pressure)-temperature sensor and logger (HOBO U20L-001) will be 
installed to collect hourly water levels in the pond. The sensor will be installed in an L-shaped 
stilling basin with the bottom of the “L” underwater; basins will be cleared, if needed, and the 
data from loggers downloaded during each visit by the USFWS Remote Biologist to the site. A 
relationship between staff gauge measurements and the pressure sensor will be established so 
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that the sensor provides a continuous record of water levels in the wetland. Dissolved oxygen 
will be measured using a wireless HOBO sensor. This sensor will enable the Remote Biologist to 
track changes in water quality including temperature from off-site locations.  

In October, the outlet gate will be opened and the wetland drained for the winter to avoid 
creating poor water-quality and the build-up (and persistence) of nonnative fish populations, two 
problems that limited production of juvenile Razorback Sucker at Stewart Lake and other 
managed and unmanaged floodplain wetlands on the Green River (Speas et al. 2017). Small-
bodied fish, including juvenile suckers, will be collected in the fish kettle located near the outlet 
gate and processed as described in following section. Once the wetland is drained, inspection and 
repair of the control structures will take place as well as removal of sediment that may have 
accumulated in the inlet forebay or inlet and outlet channels will be removed annually. Sediment 
removal from the wetland pond itself is not anticipated to be an annual but may be necessary 
over a longer time period (every 10+ years).  

Larval Entrainment Monitoring and Adaptive Management 
Larval and small-bodied fishes will be sampled periodically using size-appropriate seines and 
following the SJRRIP monitoring protocols for larval and small-bodied fish (Farrington et al. 
2017, Zeigler et al. 2017)1. As a target, 1% of the wetland habitat, and the inlet canal, will be 
sampled, corresponding to at least ten 10-m (in distance) seine hauls. In addition, the forebay in 
front of the inlet gate will be sampled in May to determine if larval fish are present. Fish 
sampling will occur as described in the following bullets:  

• May, first and second week of the month: larval fish will be collected using fine-mesh
larval fish seines (1 m x 1 m x 0.8 mm; n = 2 trips). Fish collected in a seine haul will be
preserved as a single sample; the length (in meters) of each seine haul will be determined
and recorded. If entrainment of Razorback Sucker larvae is low in the first year, these
two collections will be used in the second year to determine if the larval trigger metrics
have been met. If not, a contingency plan of stocking wild larvae will be implemented.
Sampling locations will be distributed throughout the inlet channel and wetland in
appropriate habitats and marked with bamboo stakes; these locations will be re-sampled
in subsequent months to ensure that different crews sample at approximately the same
level of effort and in the same locations.

• June, third week of the month: to confirm survival of fish entrained in May, larval fish
will be sampled in the inlet channel and wetland at the permanent monitoring stations
using seining gear; collected fish will be preserved and identified to species in the
laboratory.

• July, third week of the month: larval fish will be sampled in the inlet channel and wetland
as in June;

• September during fall Small-Bodied Fish Monitoring: to confirm survival of larval fish to
the juvenile life-stage, small-bodied fish will be collected with a 2.2 m x 1.9 m x 3.0 mm
mesh drag seine. Total length (TL) and standard length (SL) will be measured on all
Razorback Sucker to be consistent with information gathered by the SJRRIP and Upper
Colorado River Basin Program. Once measured, the fish will be released back to the

1 A separate statement of work will be submitted for approval within the appropriate fiscal year given that a timeline 
for funding, construction, and permitting has not yet been determined.  
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wetland. Other native species will also be measured and released. If native fishes are too 
small to identify, they will be preserved and returned to the laboratory for identification. 
Nonnative fishes will be removed from the wetland after measurements are taken and 
recorded. If nonnative fishes are found in such abundance that it is not feasible to 
measure them in the field, they will be preserved and returned to the laboratory. For each 
sampling location within the inlet channel and wetland, the length (in meters) of each 
seine haul will be measured.  

• October, when pond is drained, small-bodied fish will be collected, identified to species,
and appropriately processed (i.e. measured, weighed, implanted with a pit-tag) and
released or removed depending on the species1.  The crew will include staff from the
SJRRIP Program Office and NAPI Ponds. It will likely take 3 days to drain the pond and
concentrate the fish and approximately 6 hours to process them (K. Yazzie and J.
Bowman, pers. comm.). During this time, the aeration system will be operating
continuously in the pond and in a foldable holding tank where processed native fish will
be held prior to release into the San Juan River.

The above trips will be timed to correspond with ongoing larval and small-bodied fish 
monitoring efforts to make use of existing crews, thereby increasing efficiency and reducing 
costs. It is expected that larvae will be entrained larvae at a density similar to that present in 
nearby low-velocity habitats (i.e., backwaters) in the San Juan River (Table 2).  

Table 2. Capture densities (m2) of larval native and nonnative* fishes from River Mile 116.9–
100.5 (2012–2016, Farrington et al. 2017). Species abbreviations composed of first three letters 
of genus and species (e.g. Xyrauchen texanus = Xyrtex). Extrapolated number (Number) is the 
predicted number of larvae entrained in the 8,500 m2 wetland given the median density for that 
month and species.  

Catdis Catlat Xyrtex Ptyluc Rhiosc Cypcar* Cyplut* Ictpun* Pimpro* 
Apr Median 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mean 0.00 0.75 0.04 0.00 0.00 0.00 0.00 0.00 0.00 
Number  0 0 0 0 0 0 0 0 0 

May Median 0.33 0.94 0.11 0.00 0.00 0.00 0.00 0.00 0.00 
Mean 1.33 2.85 1.05 0.00 0.06 0.00 0.00 0.00 0.00 
Number  2833 7969 944 0 0 0 0 0 0 

June Median 0.39 0.16 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Mean 0.92 0.72 0.07 0.00 0.21 0.00 0.08 0.00 0.16 
Number  3351 1365 0 0 278 0 0 0 0 

Jul/Aug Median 0.11 0.01 0.00 0.00 0.45 0.00 0.24 0.00 0.07 
Mean 0.64 0.12 0.00 0.42 1.92 0.02 3.50 0.09 1.17 
Number  923 63 0 0 3840 0 2004 0 564 

A benefit of the proposed project is flexibility of water operations to entrain Razorback Sucker 
larvae should changes need to be made after the first year’s operation. If it is found that densities 
of entrained larvae are lower than the May median density of larval Razorback Sucker captured 
in nearby San Juan River backwater habitat (Table 2) during the second year of operations, an 
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attraction flow will be created by installing flashboards to the outlet box upstream of the gate and 
the outlet gate opened to allow water to flow out of the pond while still maintaining the pond 
elevation. Should the entrainment of larvae continue to be lower than expected, a contingency 
plan consisting of stocking the wetland with wild-spawned larvae will be implemented. Since the 
species of larval fish cannot be identified during collection and stocking, area seined would be 
used as a surrogate and calculated as the quantity necessary to increase the wetland density to the 
desired density (i.e., 0.111/m2). 

Evaluation of Project Success 
Having quantifiable goals of success is critical to any management activity. Prior to 2018 when 
only a single wild juvenile Razorback Sucker had ever been captured in small-bodied monitoring 
(Zeigler and Ruhl 2017), we presumed an estimated collection of a single juvenile Razorback 
Sucker from the Phase III wetland in October would indicate relatively large and stable 
backwater habitats that may increase Razorback Sucker recruitment rates. However, in 2018, six 
wild young-of-year (YOY) Razorback Sucker were collected across primary and secondary 
channel and backwater habitats during a spatially truncated small-bodied monitoring effort 
(Zeigler and Wick 2019). Extrapolating the estimated catch per unit effort (CPUE) of wild YOY 
Razorback Sucker in 2018 (0.011 fish/10m2; Zeigler and Wick 2019) to the size of the Phase III 
wetland (8,500 m2) would result in approximately 9 fish being present at those densities. The 
proposed Phase III wetland represents almost 2/3 of the mean area of backwater habitat 
associated with secondary channels (13,684 m2, SD = 7,719 m2; Lamarra and Lamarra 2017). 

Based on the above calculations, the ultimate measure of success for this wetland would be 
production of 1-9 wild juvenile Razorback Sucker in the fall. This would objectively and 
quantifiably demonstrating that large, stable, low-velocity habitat increases Razorback Sucker 
larvae survival through the spring and summer to the juvenile life-stage in the fall. The lower end 
of the range of success represents more wild juvenile Razorback Sucker than have been 
documented across all sampled habitats in all but two year of small-bodied monitoring and the 
upper end assumes the estimated CPUE of wild YOY Razorback Sucker documented in across 
all habitats in 2018 could be replicated in the constructed wetland. Additionally, success of Phase 
III project would more importantly indicate larger and more stable backwater habitats may 
increase the recruitment success of wild-spawned Razorback Sucker in the San Juan River (see 
Management Implications). A proximate, measurable goal of success would be that the wetland 
entrains the larvae of the common suckers. Median densities of the larval Bluehead Sucker and 
Flannelmouth Sucker in May, when Razorback Sucker densities should be at their highest, are 
0.33/m2 and 0.94/m2, respectively (Table 2). Entrainment of 10% of these densities would 
indicate mechanisms to entrain native larval suckers are working, in the event that Razorback 
Sucker larvae are not documented.  

Management Implications 
Should providing larval Razorback Sucker with large, stable, low-velocity habitat increase their 
recruitment to juvenile life stages, this would suggest the rarity of this habitat may be 
contributing to the recruitment bottleneck in the San Juan River. To address this bottleneck, 
management would be directed at ways to increase the size and stability of low-velocity habitat. 
To achieve this, management options such as the following could be prioritized: (1) manage 
flows to increase the size and stability of backwater low-velocity habitats river-wide; (2) 
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physically increase the size of backwater habitat at secondary channels outlets; (3) open 
additional secondary channel inlets to produce outlet backwaters; (4) maintain or develop 
additional wetland features; and (5) other ideas not yet conceived. Prioritizing or pursuing these 
management options during the construction and operation of the wetland or once this project is 
completed are not “either-or” choices and can be pursued simultaneously. The strength of the 
proposed project is its ability to produce sound quantitative evidence indicating that such actions 
may or may not result in recruitment of larval Razorback Sucker to juveniles prior to the over-
winter period in the San Juan River. 

If, after three years of rearing larvae in an environment free of large-bodied nonnative predators, 
the results indicate Flannelmouth Sucker and Bluehead Sucker recruit to the juvenile stage in the 
constructed wetland but Razorback Sucker do not, other management actions would need to be 
identified and pursued. The lack of recruitment by Razorback Sucker would suggest that other 
intrinsic biological or physical constraints are precluding larval recruitment in the San Juan River 
which are not related to the availability of large, stable, low-velocity habitats. These may be 
factors related to genetics and/or differential responses to water quality parameters (e.g. 
temperature or contaminants), food resource availability (e.g. type and timing), discharge (e.g. 
drifting behavior), or predation (e.g. Red Shiner, a potential larval predator which cannot be 
prevented from entering the wetland during filling operations). Although failure of Razorback 
Sucker larvae to recruit to juveniles within the proposed wetland would be discouraging given 
the success observed in the Upper Colorado River Endangered Fish Recovery Program, the 
information would be invaluable in directing SJRRIP resources and management actions. 
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Budget:  Cost Estimate for RM 107 

(Items in blue are items which were either changed or added form the cost estimate provided in 
the San Juan River Larval Razorback Sucker Refugia Enhancement Conceptual Design dates 
September 13, 2019.  *CC Requesting Amount is rounded to $500,000 to account for unknown 
incidentals for this project.) 

1 Mobilization and Demobilization 1 LS $25,000 $25,000 

2 Clearing and Grubbing 3.5 Acres $9,000 $31,500 

3 Excavate Inlet Embayment 1020 Ydsᶟ $5 $5,100 

4 Excavate Inlet Channel 3940 Ydsᶟ $5 $19,700 

5 Excavate Pond and Outlet Channel 11200 Ydsᶟ $5 $56,000 

6 Place and Compact Embankments 14050 Ydsᶟ $6 $84,300 

7 Rip Rap 90 Ydsᶟ $50 $4,500 

8 Precast Concrete Inlet Structure 1 ea $16,000 $16,000 

9 Precast Concrete Outlet Structure 1 ea $3,000 $3,000 

10 4ft x 4ft Rectangular Inlet Control Gate 1 ea $10,000 $10,000 

11 24" Circular Canal Gate - Outlet 1 ea $2,500 $2,500 

12 24" Corrugated HDPE Pipe - Outlet 30 ft $30 $900 

13
4ft x 10 ft Stainless Steel Outlet Bar 
Screen w ith 1/2" Openings 1 ea $5,000 $5,000 

14 Revegetation & Site Restoration 1 LS $43,000 $43,000 

15 Aspen Core Matting 4000 LF $5 $19,000 

16 Build Road Across Secondary Channel 1 ea $7,000 $7,000 

17 Temporary Dams on Secondary Channel 2 ea $1,500 $3,000 

18
Cultural Resources Survey of the 
Razorback Sucker Refugia (SWCA) 1 ea $5,339 $5,339 

18 Project Per-Diem 1 LS $15,360 $15,360 

19 Work SubTotal $356,199 

20 Permitting (COE, Navajo Nation) $15,000 

21 Navajo Nation Tax 6% $21,372 

22 Grand SubTotal $392,571 

23 Navajo Nation IDC (17.5%) 17.50% $68,699.91

Total Grant Cost $461,271

CC Requesting Amount* $500,000

Phase III Item Description Cost Total
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EXECUTIVE SUMMARY 
The reintroduction of razorback sucker has been successful in establishing a spawning 
population of razorback sucker in the San Juan River.  Despite 18 years of documented 
spawning, recruitment has not yet been documented.  One of the reasons for the lack of 
recruitment may be the lack of features such as permanent backwaters or flooded bottom lands 
in the San Juan River necessary for retention and survival of larval razorback sucker. 

The goal of this study was to identify potential sites and complete conceptual designs for a 
facility that could act as a proof of concept for a larger recovery action to aid recruitment of 
razorback sucker. To accomplish this, the study examined the potential to construct managed 
larval refugia facilities that would operate similar to Stewart Lake on the Green River but on a 
smaller scale.  This was a four-step process: 

1. Identify criteria.
2. Screen the river for potential sites using habitat mapping, aerial photography and LiDAR.
3. Complete preliminary designs and cost estimates for sites that met the initial screening

criteria and select the highest priority sites for field inspection.
4. Select the top two sites for conceptual design based on field inspection.

Sixteen sites between RM 70 and RM 135 were initially identified in the screening process.  The 
preliminary design process eliminated seven, leaving nine.  Seven of these were inspected in 
the field. One of the nine, one was much more expensive than the others and one was located 
in Bears Ears National Monument.  Neither were visited in the field but remain candidates for 
future sites. During field inspection one of the nine potential sites was eliminated because of 
multiple limitations discovered during field inspection. 

Eight sites were finally identified where managed ponds could be constructed with gravity inlets 
and outlets to provide refugia for larval razorback sucker.  The sites could accommodate ponds 
of at least 2-acres in extend with minimum depths of 3.0 ft.  Each of these sites could maintain 
water supply to the ponds at flows as low as 500 cfs, although some of the sites may require 
periodic sediment removal in the secondary channel inlet to maintain flow at 500 cfs. 

All but one of the sites (RM 135) are located between secondary channels and the main San 
Juan River, providing at least 3.5 ft of elevation difference between the inlet and outlet to the 
ponds for adequate pond depth for summer survival.  RM 135 is located on the outside of a 
restored secondary channel and returns to the secondary channel. 

RM 107 and RM 135 were selected for completion of conceptual designs.  RM 107 is expected 
to cost about $355,000 to construct with an average annual maintenance cost of about $9,800.  
RM 135 is more expensive because of the need for a security fence.  Its construction cost is 
estimated at $506,000 with an average annual maintenance cost of $12,000.  The operation 
cost of the facilities will depend on the level of monitoring implemented and would be in addition 
to the maintenance costs listed. 

Because RM 107 is lower cost and is better positioned on the river to capture drifting larval 
razorback sucker, we recommend that RM 107 be selected for construction as a proof-of-
concept facility to improve retention of larval razorback sucker and aid in recruitment of adult 
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fish to the population.  Environmental permitting will be required during final design.  Water 
rights may also be required for the evaporation losses. 

BACKGROUND 
The proposed refugia site seeks to provide the San Juan River Recovery Implementation 
Program (SJRIP) with the ability to address a fundamental question as to whether Razorback 
Sucker larvae produced in the San Juan River will recruit into juveniles when provided large, 
stable, low-velocity habitat. The project design (site selection and operations) builds on the 
recognition that it is difficult to assess the contribution of constructed secondary channels to 
larval Razorback Sucker recruitment and builds on efforts in the Upper Colorado River 
Endangered Fish Recovery ProgramError! Bookmark not defined. to construct managed flooded 
wetlands. Data obtained from this project will provide the San Juan River Recovery 
Implementation Program (SJRRIP) with scientifically objective and quantifiable outcomes which 
can be used to prioritize and proceed with future management actions.  

APPROACH 

Design Criteria 
Facilities intended to retain larval razorback sucker through the summer until they can reach a 
size to survive in the river must have certain conditions.  The design criteria set for ponds along 
the San Juan River were developed with input from SJRIP biology committee members and 
include features that are based on what has been learned from the performance of upper-basin 
retention facilities.  These are the criteria used to design the facilities: 

• Ponds must have sufficient depth to provide cover on the perimeters but maintain open
water in the middle.  The minimum depth was set at 3.0 ft, with a goal to obtain 3.5 ft at
the deepest part of the pond, with slope to facilitate harvest.

• The facilities must be fully drainable to allow harvesting and assessing the number and
condition of the larval razorback sucker and to remove non-native fish from the facility
before the next season.  The following conditions must be met:

o The bottom must be sloped to avoid stranding when drained.
o A control gate is required at the top and bottom to isolate the pond from the river.

This allows water levels to be maintained during the summer and the pond to be
drained in the winter for control of non-native species.

o There must be sufficient elevation between the inlet and outlet to allow for gravity
draining and provide a minimum depth of 3.0 to 3.5 ft.

o There must be an outlet screen with 1/4-inch open spaces to retain fish for
evaluation.  The screen is to be sloped at 45 degrees and be 4 ft wide.

o There must be a kettle at the outlet to facilitate harvest.
• There should be a portion of open water and a portion of vegetative cover to provide

protection for the larval fish.  To provide adequate cover, a vegetated shelf around the
perimeter of the pond is included in the design, with cattails planted for cover (Figure 1).
The minimum depth is meant to control encroachment of vegetation in the open water
portion of the pond.

• All internal side slopes are to be 3 horizontal to 1 vertical.
• There must be a low velocity area at the inlet to the pond to provide an attraction area

for fish to move into the pond.
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• The inlet gate is to be 4 ft wide.
• An open channel is used rather than a piped inlet to enhance attraction.
• A course bar screen (2-inch open space) is to be employed to prevent large debris from

jamming the gate and limit entrance of adult fish.
• A 2-ft diameter head gate and pipe outlet will be employed to facilitate draining.
• The banks around the pond are to allow 1.5 ft of freeboard above maximum expected

water surface during spring runoff to allow containing greater depths than the minimum
design depth and to protect against over-topping during flood stage.

• Target surface area was set at 2.0 acres, with some flexibility allowed based on local site
conditions.

Site Selection Criteria 
Potential sites that could provide the conditions necessary to meet the pond design criteria were 
identified between River Mile (RM) 135 and RM 70. The sites were to meet the following criteria: 

• To be drainable, there must be adequate elevation difference between the inlet and
outlet of the pond.  This required the inlet to be on a secondary channel with the return
flow back to the main river downstream, or to the lower end of the secondary, depending
on the site conditions.

• The secondary channel must be stable over an extended period of time to assure that
the ponds will not be abandoned soon after construction.

• To qualify as a potential heading, the secondary channel must flow at river flows of 500
cfs and higher and be historically stable.

• There must be at least 3.5 ft of elevation difference between the inlet and outlet of the
pond. More elevation difference provides more flexibility in pond design and placement.

• Because the supply is from a secondary channel and the return usually to the main
channel, the ponds will nearly always be located on an island.  The site must be
protected from flood damage at high flow.

• Summer flow in the secondary channel is critical as the ponds need a water supply to
overcome seepage and evaporation losses and maintain water depth.

• The site must be accessible for construction, monitoring and maintenance.

Site Identification and Screening Process 
Potential sites were identified using the 1997 aerial photography and habitat mapping and the 
2015 LiDAR photography.  Comparing the two sets allowed identification of secondary channels 
that had been stable for that period of time and assure that the channels would still flow at 500 
cfs, a condition necessary to maintain a water supply to the ponds during summer months. 
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Figure 1. Typical Pond Cross-Section 

FY 2020 - SOW C3

Page 82



Using the two sets of photography and the 1997 mapping data, potential sites were preliminarily 
selected when the main channel between the inlet and the return of the secondary channel 
contained riffles.  This indicated the potential for adequate elevation difference to meet the 
design criteria.  The island condition was also examined in terms of flood protection and 
potential pond area. 

If a secondary channel met the initial selection criteria based on these visual indicators, it was 
added to the potential site list.  Its location was marked on a map and a brief description 
recorded. 

Once the potential sites were identified, the next step was to screen them based on available 
elevation using the 2015 LiDAR data.  LiDAR data were added to the GIS coverage and the 
inlet, outlet and pond elevations were noted.  Sites with less than 3.5 ft of elevation were 
eliminated from the list of potential sites. 

The remaining sites were further evaluated for development by completing a rough system 
layout and cost estimate.  They were then ranked in priority based on access, development 
cost, secondary channel stability and other site-specific limiting factors.  The highest priority 
sites were further investigated in the field to verify conditions observed in aerial photography 
and gather information needed for concept design. 

During the field visits, the site priorities were updated and additional sites eliminated or moved 
to a lower priority based on conditions observed in the field.  On-site aerial photography was 
taken with a drone for the highest priority sites. 

The final screening to select the two sites for which concept designs would be completed was 
based on the input of those on the field trip.  

SITE SELECTION 
The potential site selection process identified 16 sites between RM 135 and RM70 that met the 
site selection criteria (Table 1).  LiDAR screening was completed for these 16 sights and 7 sites 
were eliminated because of inadequate available elevation difference or extreme access 
challenges.  The remaining nine sites (identified as “proceed” in Table 1) were identified for 
preliminary layout and cost analysis. 

Preliminary Designs 
Preliminary designs were completed for the sites shown in Table 2.  Table 2 also summarizes 
the results of the preliminary design analysis.  Even though the preliminary pond sizes are not 
all the same, the cost estimate is based on the excavation required for a 2.0-acre pond for all 
sites.  The excavated volume is based on the average elevation of the ground surface in the 
pond area less the computed bottom elevation to provide an average depth of 3.25 ft (ranging 
from 3.0 to 3.5 ft to maintain bottom slope).  Cost for structures is the same for all sites in this 
analysis.  Additional excavation cost is included for sites that require remedial work on the 
secondary channel to maintain flow through the summer. 

Following is a discussion of the nine sites in order of occurrence from downstream to upstream: 

FY 2020 - SOW C3

Page 83



Table 1. Potential Sites Selected for Screening 

River Mile Description Access 
Upstream 

Water 
Surface 

Downstream 
Water 

Surface 
Difference Status Notes 

71 River Right flowing Yes 4249.75 4242.75 4.25 Proceed return to secondary 
78 River Right not flowing TBD 4293.40 4291.40 2.00 Reject Insufficient elevation 

80.7 River Right - Recapture lodge yes 4311.20 4304.00 4.50 Proceed Long inlet and discharge 

82 River Right restore channel TBD 4330.00 4327.00 3.00 Reject Insufficient Elevation 
107 River Right flowing yes 4513.00 4507.50 3.70 Proceed 
109 River right flowing yes 4533.50 4528.50 5.00 Proceed 

110 River left, restore channel 15 mi dirt 
road 4543.00 4535.50 5.00 Reject 3000 ft channel cleaning 

from 0 to 3 ft, poor access 

113 River left flowing 12 mi dirt 
road 4563.80 4561.00 2.50 Reject Insufficient elevation 

114.2 River left restore channel 12 mi dirt 
road 4571.50 4567.00 2.00 Reject 

Removed 200 ft plug in 
entrance 
Insufficient elevation 

116 River left flowing poor dirt 
track 4592.30 4583.70 3.60 Reject poor access, marginal 

elevation 

122 River left, not flowing 3 mi dirt 
from 4C 4641.30 4637.50 4.00 Proceed 

Short channels, next to 
abandoned farm field, 
sediment in secondary 

123 River left flowing 4 mi dirt 
from 4C 4652.30 4645.50 3.70 Proceed Pond site not as good as

122, longer dirt road 
127.2 River Right RERI site yes 4676.70 4671.30 5.20 Proceed Sand bar building in inlet 
128.6 River Right RERI site, flowing yes 4688.40 4684.50 2.60 Reject Insufficient elevation 
134.3 River Right flowing yes 4742.30 4736.50 5.00 Proceed 
135 River Right (Phase II site) yes 4755.20 4751.20 4.00 Proceed 
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Table 2. Preliminary Design Summary for Sites Selected for Further Analysis 

Site 
Design 
depth 

ft. 

Maximum 
depth 

possible 

pond 
size 

acres 

Inlet/ outlet 
channel 
length ft 

Total 
Excavation 

Volume 
cu. yds. 

Estimated 
cost for 2-
acre pond* 

RM 71 3.25 4.25 2.00 589 18,200 $319,000 

RM 79 (Recapture) 3.25 4.50 2.40 3197 15,623 $329,000 

RM 107 3.25 3.70 2.10 1442 19,100 $328,000 

RM 109 3.25 5.00 2.10 1232 21,261 $349,000 

RM 122 3.25 4.00 2.20 1545 16,000 $326,000 

RM 123 3.25 3.70 2.00 1000 29,000 $426,000 

RM 127.2 3.25 5.20 2.10 2750 20,000 $338,000 

RM 134.3 3.25 5.00 2.20 1823 20,000 $331,000 

RM 135 (Phase II Site) 3.25 4.00 2.50 661 21,000 $343,000 

*2-acre pond size used for all sites to compute comparative costs for the same size feature
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RM 71 

The preliminary design layout for RM 71 appears in Figure 2.  This site has excellent potential 
except for two conditions:  1) It is located in Bears Ears National monument, 2) the access is 
down combs wash and then back up river, making construction difficult.  Its location in a national 
monument makes permitting very difficult, if not impossible.  It was dropped from consideration 
because of this limitation. 

Figure 2. Preliminary Design Layout RM 71
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RM 79 (Recapture Lodge) 
The preliminary design layout for RM 79 appears in Figure 3.  An existing out-of-service 
irrigation canal served by gravity diversion passes through Recapture Lodge property as well as 
BLM property.  The pond site shown in Figure 3 is on Recapture Lodge property and would be 
served by this canal.  The owner, Jim Hook, has been very interested in and supportive of 
SJRIP activity is interested in having this facility on his property. 

The pond site would be secure as access is tightly controlled by Recapture Lodge. However, 
there are several challenges for this site: 

• Almost 3,200 ft of the existing canal would require excavation as the diversion elevation
is lower than the existing channel bottom.

• Sediment load in the river is sufficiently high that annual maintenance would be required
to remove the sediment from the channel.

• The diversion headworks would require reconstruction.
• The diversion is on a wide, straight stretch of river with no embayment, so larval

entrainment potential is low.
• There is an existing pumped diversion supplying a large pond from which irrigation water

is pumped to adjacent fields that could possibly also supply the pond, but it would
require an operating agreement with the owner and significant annual electrical power
and maintenance costs.

This site was removed from further consideration because of these limitations. 

Figure 3. Preliminary Design Layout RM 79 (Recapture Lodge) 
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RM 107 

The preliminary design layout for RM 107 appears in Figure 4.  The best location for attachment 
of the inlet channel is about 900 ft downstream of the secondary channel inlet.  The secondary 
channel is stable, with good inlet control.  The pond would be located close to the main channel 
with an inlet channel about ¼ mile in length.  A small embayment would be constructed at the 
head of the inlet channel. 

The site is well located, being low enough in the river to be below razorback spawning areas 
and sufficiently upstream to allow some downstream movement of fish released in the fall 
before entering the canyon reaches and potential loss to Lake Powell.  

Access is through Navajo grazing lease property, requiring permission for entrance, but the 
lease owners were cooperative.  Access is from Utah State Highway 162 via a 2.67-mile dirt 
road.  The road is reasonably well maintained for the first 2.5 miles.  Some Russian Olive tree 
removal and grading in the last 0.17 miles would be required to gain access to the site.  The 
road has a locked gate and site security is expected to be good. 

Constructability of the sight is reasonably good, assuming pre-cast concrete structures are 
used.  Concrete truck assess is not good. 

This site was selected for conceptual design and has the highest priority of all the sites. 

RM 109 

The preliminary design layout for RM 109 appears in Figure 5.  The layout of this site is similar 
to RM 107, except that the pond outlet would return to the secondary channel rather than the 
main channel to provide the maximum elevation difference. 

Access to this site is also through a grazing lease from Highway 162 along a dirt road of similar 
length.  The road has a steep cut as it descends to the river bottom that has eroded.  Some 
grading would be required in this location. 

The secondary channel entrance requires some sediment removal to provide dependable flow 
during the summer months and may require periodic maintenance. 

This site could be considered as a future potential site if more locations are needed, but it is not 
recommended for conceptual design in this study. 
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Figure 4. Preliminary Design Layout RM 107 
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Figure 5. Preliminary Design Layout RM 109 
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RM 122 

The preliminary design layout for RM 122 appears in Figure 6.  It is located on a secondary 
channel on river left that has historically provided irrigation water to a 10-acre field.  The 
secondary channel has historically flowed at or below 500 cfs but recent sediment deposits 
prevent it flowing at river flows below about 1,200 cfs.  The inlet to the secondary channel is 
well-positioned on an outside bend to attract drifting larval fish, the elevation difference is good 
and there is a good site for a pond.  Access is from U.S. Highway 160 via 3 miles of well-
maintained dirt road. 

There is a good pond site, but the site would require continued sediment removal to maintain 
flow to the pond.  There is evidence of sediment removal in this channel in the past to maintain 
flow to the irrigated field on the north, but there is no evidence of irrigation past about 2013. 

Except for the sedimentation issue in the secondary channel, this would be a good site.  It is 
recommended for consideration if additional sites are needed in the future. 

RM 123 

The preliminary design layout for RM 123 appears in Figure 7.  It is located on a secondary 
channel on river left, about 1 mile upstream of RM 122.  Secondary channel inlet conditions are 
good, being on an outside bend.  Elevation difference is marginal and the island elevation is 
high relative to the secondary channel bottom elevation.  With long inlet and outlet channels and 
high island elevation requiring excess excavation, this is the most expensive site investigated 
(Table 2). 

Access is the same as for RM 122, except there is another mile of dirt road.  Because this site 
was so much more expensive than the other sites and was further from the pavement than RM 
122, it was not visited and not considered for conceptual design.  It does still have potential as 
an additional future site, if needed. 
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Figure 6. Preliminary Design Layout RM 122 
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Figure 7. Preliminary Design Layout RM 123 
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RM 127.2 

The preliminary design layout for RM 127.2 appears in Figure 8.  It is located on a secondary 
channel on river right that was part of the Phase I channel restoration project.  Secondary 
channel inlet conditions are good for larval drift, being on an outside bend.  Elevation difference 
is adequate, but a ½-mile long inlet channel is required.  

Access is from U.S. Highway 491 via a BIA road through the Hogback irrigation project.  The 
road is paved for 7.5 miles.  The remaining 13 miles are dirt road, with the last 2 miles being 
unmaintained dirt track. 

The biggest limitation to this site is the sedimentation of the inlet to the secondary channel. 
Within 2 years of the initial restoration, a sand bar was building in the inlet and restricting 
capacity at base flow.  This site is not recommended for conceptual design at this time, but 
could be considered as a future potential site if additional sites are needed.  Regular 
maintenance of the inlet channel would be required. 

RM 134.3 

The preliminary design layout for RM 134.2 appears in Figure 9.  It is located on a secondary 
channel on river right just downstream of the Phase II channel restoration site.  Secondary 
channel inlet conditions are good for larval drift, being on an outside bend.  Elevation difference 
is good, and excavation requirements moderate.  There is some woody debris blocking the inlet 
to the secondary channel that has caused some sediment buildup in the inlet.  The debris 
requires removal and some excavation would be required to establish good flow in the 
secondary channel at base flow. 

Access is the same as RM 127.2, except there are only about 5 miles of dirt road beyond the 
pavement.  There is moderate traffic on the road close to this site.  The site is hidden from the 
road, but sufficiently close to it that there may be a vandalism risk.  Although it is high in the 
river, larval captures are regularly achieved upstream of this site. 

This site is not recommended for conceptual design at this time, but is considered a high priority 
site in the future if additional sites are needed.  Some secondary channel inlet maintenance may 
be required. 

RM 135 

The preliminary design layout for RM 135 appears in Figure 10.  It is located on the secondary 
channel that was restored as a part of the Phase II channel restoration project.  The site has 
excellent properties and is readily accessible by the same road described for RM 134.3.  The 
main limitation to this site is that it is immediately adjacent to the BIA road in an area that has 
historically been a dumping ground.  The possibility of vandalism is high and additional security 
precautions will be required. 

Even with the security limitations RM 135 was selected for conceptual design, the results of 
which are presented in this report. 
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Figure 8. Preliminary Design Layout RM 127.2 
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Figure 9. Preliminary Design Layout RM 134.3 
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Figure 10. Preliminary Design Layout RM 135 (Phase II Site) 
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Site Visits 
Seven of the nine sites listed in Table 2 were inspected in the field on April 12-13, 2017.  RM 71 
was not inspected as it was eliminated from the list once its location in Bears Ears National 
Monument was established. RM 123 was also eliminated from inspection based on its high cost 
and more remote location.   

The inspection team consisted of the following individuals: 
• Robert Findling – The Nature Conservancy
• David Gori – The Nature Conservancy
• Ron Bliesner – Keller-Bliesner Engineering
• Aaron Bliesner – Keller-Bliesner Engineering
• Scott Durst – SJRIP
• Nate Franssen – SJRIP
• Craig Townsend – BLM
• Vince Lamarra1 – Ecosystems Research Institute, Inc.
• Dan Lamarra2 – Ecosystems Research Institute, Inc.

During the site visits, the design conditions and relative merits of the sites were discussed 
among the field inspection team.  Inlet and outlet conditions and potential pond areas were 
inspected.  Access and site challenges were also noted.  Drone photographs were taken at 
each site. 

Site Selection for Conceptual Design 
As a result of the field inspections, the sites were prioritized (Table 3) and the top two priority 
sites were selected for conceptual design.  Sites RM 107 and RM 135 were the highest priority 
sites identified and were selected for conceptual design.  RM 80.7 at Recapture Lodge was 
rejected for further consideration in the future because of its multiple limitations.  Even though 
sites RM 123 and RM 71 were not visited, they could be considered for future sites if needed. 

CONCEPTUAL DESIGNS 
The sites at RM 107 and RM 135 were selected for further analysis and conceptual designs 
were completed for both sites.   

To control sediment inflow and contain the larval fish during the growout period, each pond 
contains an inlet and outlet control gate.  The inlet control gate is a 4 ft x 4 ft rectangular slide 
gate mounted on a pre-cast concrete box.  There is a bar screen with 2-inch bar spacing of the 
front of the box to prevent large debris and adult fish from entering the inlet channel.  On each 
side of the inlet gate is a pre-cast concrete wingwall to contain the bank material around the 
gate.  Riprap is placed on either side of the gate wingwalls to prevent erosion at high flow.  A 
conceptual drawing of a typical inlet gate and box is shown in Figure 11.  The inlet profile is in 
Figure 12. The outlet gate configuration is shown in Figure 13.  It consists of a 4-ft wide 
concrete box with a wedge-wire fish screen with 0.25-inch open space between bars and a 2-ft 
diameter gate.  The outlet box includes slots for flash boards to allow controlled flow-through 
operation if desired for improved entrainment.

1 First day only 
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Table 3. Prioritized List of Potential Sites 

Priority RM Description Est. Cost Land
Ownership Pros Cons Visit 

Sites Selected for Conceptual Design 

1 107 

River Right, Island 
between flowing 
secondary and main 
channel 

$355,000 Navajo 
good inlet conditions, 
good position, lowest cost, 
good security 

access, increased sediment 
load being further downstream 13-Apr

2 135 River Right (Phase II 
site) $506,0002 Navajo 

good access, good inlet 
condition, best 
configuration 

position (high in river), Security 
(dumping area) 12-Apr

Other Sites Visited 

3 134.3 River Right flowing $331,000 Navajo access, good inlet position high position, inlet 
maintenance 12-Apr

4 109 River right flowing $349,000 Navajo Good position along river, 
good inlet condition 

poor access, long inlet 
channel, inlet maintenance 13-Apr

5 127.2 River Right RERI site $338,000 Navajo good pond location with 
adequate elevation 

inlet sedimentation requiring 
maintenance, higher cost, 
access, long inlet channel 

12-Apr

6 122 River left, not flowing $326,000 Navajo 
Good inlet condition, 
stable secondary, shorter 
inlet channel 

Position higher than optimum, 
channel sedimentation due to 
low gradient 

13-Apr

7 80.7 River Right - Recapture 
lodge3 $329,000 Private / 

BLM 
Good position, good 
access, good security 

Long inlet channel, inlet 
culvert, no inlet embayment, 
private canal, BLM/private 
land, sediment 

13-Apr

Sites Not Visited but With Future Potential 
8 123 River left, flowing $427,000 Navajo good pond site Poor access, high cost none 

9 71 River Right $319,000 Bears Ears 
Nat. Mon. Good position, good inlet Poor access, located in Bears 

Ears National Monument none 

2 High cost due to required security fence 
3 This site is not recommended for future consideration do to the numerous limitations. 
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Figure 11. Conceptual Inlet Control Structure 

Figure 12. Profile Through Inlet Structure 
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Figure 13. Conceptual Outlet Control Structure 

There is a 10 ft x 10 ft kettle in front of the screen to facilitate fish harvest and sorting as water is 
drained from the pond.  The kettle will have a gravel bottom with the pond bottom sloping 3:1 
toward the kettle.  The profile through the outlet works is shown in Figure 14. 

It is anticipated that the excavation at both sites will be below the water table, although the 
water table will be higher at the RM 135 site.  Final excavation will likely require a hydraulic 
excavator rather than bull dozer or earth mover.  Water levels will be determined in final design. 

RM107 Conceptual Design 
RM 107 is ideally positioned along the river.  Its position is below much of the razorback 
spawning area as evidenced by larval captures above its location and is sufficiently up-river 
from the canyon reaches to allow released yoy razorback sucker to acclimate to river conditions 
before being lost to Lake Powell.   

The conceptual layout for RM 107 is shown in Figure 15.  A forebay would be constructed in the 
secondary channel upstream of the inlet gates to provide an attraction area for larval fish. The 
inlet is located about 900 ft downstream of the secondary channel inlet that supplies flow to the 
facility (Figure 4). 

The components of the facility and the estimated cost are shown in Table 4.  Estimated annual 
maintenance costs are also shown in the table.  The total estimated cost is $355,000 with an 
estimated average annual maintenance cost of $9,800. 

Slots for flash boards 
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Figure 14. Cross-Section of Outlet Works 

RM135 Conceptual Design 
RM135 is less ideally positioned along the river, being 28 miles further upstream than RM 107, 
but is still below a number of sites where larval razorback sucker are regularly captured.  This 
further upstream site will experience less suspended sediment and has better access than RM 
107. It is located on one of the secondary channels that was restored during the phase II
restoration project and the pond location is well suited to development.

The major drawback is its location adjacent to a well-travelled gravel road and near an area that 
is an active dump site.  To control access to the pond in this location, a 6-ft high chain-link 
security fence is proposed, which substantially increases the cost at this location.  The 
conceptual layout is shown in Figure 15. 

The inlet is on an outside bend of the restored secondary channel.  To provide a low velocity 
area to attract larval razorback sucker, an embayment will be excavated at the bend as shown 
on Figure 15.  The outlet will return to the secondary channel downstream of the pond at a 
location that provides the needed elevation difference to drain the pond. 

The components of the facility and the estimated cost are shown in Table 5.  Estimated annual 
maintenance costs are also shown in the table.  The total estimated cost is $506,000 with an 
estimated average annual maintenance cost of $12,000. 
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Figure 15. Conceptual Layout for RM 107 
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Figure 16. Conceptual Layout for RM 135 
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Table 4. Cost Estimate for RM 107 

Item Description Quantity Units Unit Cost Total Annual 
Maintenance 

1 Mobilization and demobilization 1 LS $25,000 $25,000 
2 Clearing and Grubbing  3.5 acres $9,000 $31,500 
3 Excavate Inlet embayment 1,020 yds3 $3 $3,100 $3,000 
4 Excavate inlet channel 3,940 yds3 $3 $11,800 
5 Excavate pond and outlet channel 11,200 yds3 $3 $33,600 
6 place and compact embankments 14,050 yds3 $4 $56,200 
7 Rip rap 90 yds3 $50 $4,500 
8 Precast concrete inlet structure 1 ea $16,000 $16,000 
9 precast concrete outlet structure 1 ea $3,000 $3,000 

10 4 ft x 4 ft rectangular inlet control gate 1 ea $10,000 $10,000 $500 
11 24" circular canal gate - outlet 1 ea $2,500 $2,500 $100 
12 24" Corrugated HDPE pipe - outlet 30 ft $30 $900 

13 
4 ft x 10 ft stainless steel outlet bar 

screen with 1/2" openings 1 ea $5,000 $5,000 $100 
14 Revegetation & site restoration 1 ls $30,000 $30,000 $3,000 

15 Subtotal $233,100 $6,700 
16 Contingency 15% $35,000 $1,000 
17 Permitting (COE, Navajo Nation) $15,000 

18 
Engineering and Construction 

oversight 25% $58,300 $1,700 
19 Navajo Nation Tax 6% $14,000 $400 

Total Preliminary Cost Estimate $355,400 $9,800 
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Table 5. Cost Estimate for RM135 

Item Description Quantity Units Unit Cost Total Annual 
Maintenance 

1 Mobilization and demobilization 1 LS $25,000 $25,000 
2 Clearing and Grubbing  3.3 acres $9,000 $29,700 
3 Excavate inlet embayment and pond 14,530 yds3 $3 $43,600 $2,000 
4 Excavate outlet channel 2,740 yds3 $3 $8,200 
5 place and compact embankments 15,020 yds3 $4 $60,100 
6 Rip rap 90 yds3 $50 $4,500 
7 Precast concrete inlet structure 1 ea $16,000 $16,000 
8 precast concrete outlet structure 1 ea $3,000 $3,000 
9 4 ft x 4 ft rectangular inlet control gate 1 ea $10,000 $10,000 $500 

10 24" circular canal gate - outlet 1 ea $2,500 $2,500 $100 
11 24" Corrugated HDPE pipe - outlet 30 ft $30 $900 

12 
4 ft x 10 ft stainles steel outlet bar 

screen with 1/2" openings 1 ea $5,000 $5,000 $100 
13 Security Fence 2,900 ft $30 $87,000 $2,200 
14 Revegetation & site restoration 1 ls $30,000 $30,000 $3,000 

15 Subtotal $325,500 $7,900 
16 Contingency 15% $48,800 $1,200 
17 Permitting (COE, Navajo Nation) $15,000 

18 
Engineering and Construction 

oversight 25% $81,400 $2,000 
19 Navajo Nation and New Mexico Tax 11% $35,800 $900 

Total Preliminary Cost Estimate $506,500 $12,000 
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CONCEPTUAL OPERATION PLAN 
The refugia facilities at both sites are designed to retain larval fish between larval drift during 
peak runoff and October of each year.  The design is sufficiently flexible to allow options in the 
way they the facilities operated.  Two potential operation plans are presented.  Others are 
possible.  The first is preferred to limit sediment intake if sufficient larval fish move into the pond. 
If not, it may be necessary to make minor modifications to all inflow throughout the peak drift, 
described in the second operating plan.   

Under either plan the inlet gate would be opened on the ascending limb of the hydrograph when 
larval razorback sucker are most likely to be moving down river (see next section for timing) and 
remain open until drift diminishes.  The sooner the gates are closed after peak runoff, the 
greater the initial depth in the pond, the less the opportunity for entraining non-native predators 
and the less the volume of sediment entrainment. Operation would begin with an empty 
reservoir and with the outlet gate closed to retain any larval fish that enter the pond. 

Preferred Operation for Limiting Sediment Intake 
To limit the amount of sediment taken into the pond, the outlet gate would remain closed during 
the entire time the inlet gate is open. When initially opened, any larval in the forebay upstream 
of the inlet gate would be drawn into the reservoir.  Since the capacity is small, this initial filling 
would last less than 24 hours, after which larvae would primarily have to enter the inlet actively, 
seeking low velocity habitat.  Since the 4-ft wide gate would be fully open, they could easily 
move into the pond, but there would be very little current (primarily current during diurnal 
change in river flow allowing the pond to “breath”) to draw them in.  After the bulk of the larval 
drift has occurred and river flows are still high (usually late May or early June), the intake gate 
would be closed to retain as much water as possible in the pond and to limit intake of additional 
sediment and non-native fish.  Seepage and evaporation will reduce the level of water in the 
pond after closing.  If the pond drops to a preset elevation that is less than 3.0 feet above the 
deepest portion of the pond, the inlet gate would be opened to add water.  It is anticipated that 
this would be required 3 to 5 times before draining in October. The inlet gate should not be 
opened during storm events when sediment loads are high. 

At a time selected by the SJRIP biologists (anticipated to be in October), the outlet gate would 
be open and the pond drained to a depth that would allow harvest of the contained fish.  The 
outlet screen would prevent escapement of any fish larger than 1/4-inch in width.  The outlet 
gate can be used to lower the water level in stages to facilitate harvest.  It is intended that the 
pond would then remain empty until being filled in the spring.  Any required maintenance could 
be accomplished during this empty period.  It could be refilled during winter months if needed to 
prevent encroachment of the cattails established as cover and then drained in March prior to 
larval drift. 

Alternate Operation 
If it is found that attraction flow is needed during the drift period to encourage larval razorback 
sucker to enter the pond, flashboards can be added to the outlet box upstream of the gate and 
the outlet gate opened to allow water to flow out of the pond while still maintaining the pond 
elevation.  The discharge should be kept low (1 – 2 ft3/sec) to limit the amount of sediment 
drawn into the pond.  All other operation would remain the same. 
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Sediment Accumulation 
The sediment concentration of the San Juan River during runoff typically ranges from 1,000 to 
3,000 ppm.  The annual sediment accumulation in the pond with the preferred operating plan 
would range from 170 to 500 cubic yards per year. Most of this will settle out in the inlet 
channel, which is easily cleaned at an annual cost of about $2,500.00-$3,500.00.  If the 
sediment load is uniformly distributed in the pond, the accumulation would range from 0.07 to 
0.20 inches per year, suggesting a service life of the pond of more than 20 years. 

With 30 days of flow-through operation at 2.0 cfs, the sediment accumulation would double, but 
most would still accumulate in the inlet channel where it could more easily be removed.   

As long as the gates are not opened during storm events when the sediment concentration 
typically exceeds 10,000 ppm, the facility should operate for more than 20 years with annual 
maintenance to remove sediment from the forebay and inlet channel. 

MONITORING OPTIONS 
To effectively manage the facility and assess its effectiveness, some monitoring will be 
necessary.  We have divided the monitoring discussion into operational and performance 
monitoring categories.  Performance monitoring is covered in a separate document. 

Operational Monitoring 
Monitoring the sites annually for sediment accumulation will be required.  We recommend 
inspecting the ponds following draining in the fall and removing any sediment accumulation in 
the inlet forebay or inlet and outlet channels that may restrict the operation of the facility.  At this 
same time the control structures would be monitored for condition and any repairs would be 
made.  Budget was included in the O&M cost estimate for these activities. 

We also recommend monitoring dissolved oxygen (DO) and temperature within the pond.  A 
monitor with logger is recommended, such as Hobo by Onset or MiniDOT by PME.  The data 
would be periodically downloaded through the season when the site was visited to add water to 
the pond.  During the site visit it may be advisable to use a portable probe to check DO in 
locations other than the logger location to check DO distribution in the pond.  If DO levels fall 
below a pre-determined level, fresh water could be added.  If this is inadequate to maintain DO, 
it may be necessary to harvest the fish or install an aerator in the pond. 

CONCLUSIONS AND RECOMMENDATIONS 
Eight potential sites were identified where managed ponds could be constructed with gravity 
inlets and outlets to provide refugia for larval razorback sucker in the San Juan River between 
RM 71 and RM 135.  The sites could accommodate ponds of at least 2-acres in extend with 
minimum depths of 3.0 ft.  Each of these sites could maintain water supply to the ponds at flows 
as low as 500 cfs, although some of the sites may require periodic sediment removal in the 
secondary channel inlet to maintain flow at 500 cfs. 

All but one of the sites (RM 135) are located between secondary channels and the main San 
Juan River, providing at least 3.5 ft of elevation difference between the inlet and outlet to the 
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ponds for adequate pond depth for summer survival.  RM 135 is located on the outside of a 
restored secondary channel and returns to the secondary channel. 

RM 107 and RM 135 had the highest priority based on the selection criteria and were selected 
for completion of conceptual designs.  RM 107 is expected to cost about $355,000 to construct 
with an average annual maintenance cost of about $9,800.  RM 135 is more expensive because 
of the need for a security fence.  Its construction cost is estimated at $506,000 with an average 
annual maintenance cost of $12,000.  The operation cost of the facilities will depend on the level 
of monitoring implemented and would be in addition to the maintenance costs listed. 

Because RM 107 is lower cost and is better positioned on the river to capture drifting larval 
razorback sucker, we recommend that RM 107 be selected for construction as a proof-of-
concept facility to improve retention of larval razorback sucker and aid in recruitment of adult 
fish to the population. 

Construction of either of these sites will require permitting, including NEPA compliance and 
clean water act permits.  Since they are storage facilities and will increase evaporation in the 
San Juan River, they may also require water rights.  RM 107 is located in Utah and RM 135 in 
New Mexico.  They are both on Navajo land.  The Navajo Nation has a water rights settlement 
with New Mexico and the water right for the operation of the pond may be obtainable on a lease 
basis from the Navajo Nation.  The water rights settlement in Utah is still under negotiation, but 
since the facility is on Navajo land, working with the Navajo Nation on water rights will be 
necessary.  We recommend that the Navajo Nation be contacted concerning water rights and it 
may be advisable to have the water right issue reviewed by the Department of Interior Solicitor. 

These are actively managed facilities and will not continue to operate without being managed.  
Some on the SJRIP biology committee have expressed a desire to use a more passive 
approach.  This was examined but rejected because of the difficulty of maintaining such a 
facility.  Facilities that flood and fill with water to be flushed during the next season also capture 
a great deal of sediment and would likely last only one or two seasons.  Increasing the 
abundance of backwaters may be possible by excavating larger backwaters at the lower ends of 
secondary channels and altering the secondary channels to provide adequate flushing flows.  
Some success has been seen with the secondary channel restoration work in this regard, 
although that was not the main focus of the restoration work. 

We believe that the best way to test the effectiveness of pond-type refugia for razorback sucker 
larvae to enhance recruitment is with a managed facility that can more easily be monitored and 
controlled. What is learned from the operation of this proof-of-concept facility may also be used 
to design more passive facilities to augment the production of managed ponds. 
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