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Background 

Robert Norman, US Bureau of Reclamation Western Colorado Area Office in Grand Junction, CO 
asked me to investigate a reoccurring sedimentation problem at PNM fishway.   The PNM 
fishway is located on the San Juan River in Fruitland, New Mexico.  The fishway provides 
passage for native fish species past the PNM diversion weir.  I visited the site on May 29, 2014 
to observe flow in the vicinity of the fishway exit during spring runoff flow conditions.  I was 
met at the site by Chris Cheek from the Navajo Nation Fish and Wildlife.  Chris is responsible for 
operation of the fishway.  We were able to visit both sides of the river and diversion weir.    

   

San Juan River 

The San Juan River originates largely in northwest New Mexico and southwest Colorado. The 
river is a predominantly a coarse bed (sands, gravels and cobbles) stream that experiences large 
pulses of fine sediment during spring runoff and fall thunderstorm events, Heins et al.   Since 
construction of Navajo Dam in 1962 spring river flows are regulated.  Large flows capable of 
scouring the river of fine sediments over its length no longer occur.  

PNM Diversion Weir 

The PNM diversion weir is owned by Public Service of New Mexico and was constructed to 
divert water to an off-river storage reservoir.    Diversions are made intermittently as water is 
required to refill the reservoir.  The diversion weir is a 170 ft wide broad crested weir, figure 1.  
The weir cross section (normal to the flow) is a compound trapezoidal shape.  From each bank 
the crest slopes into the river at an 18 percent slope for 40 ft horizontal.  The slope then 
decreases with the center 50 ft of the crest being nearly horizontal.  The crest elevation at the 
lowest point in the center of the weir is 5085.5.  The shape of the weir crest forces the river 
thalweg to the center of the river channel and supports shallow sloping banks upstream of the 
crest.   The weir has a sluice gate adjacent to the PNM diversion channel on the right bank that 
is used to sluice sediment from in front of the PNM intake.  The sluice gate did not appear as if 
it is frequently used.  
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Figure 1 - PNM diversion weir design drawing showing weir plan and profile. 

 

PNM Fishway 

The PNM fishway is a low gradient roughened channel passing around the left abutment of the 
diversion weir, figure 2.  The fishway operates as a selective passage facility.  The fishway 
contains a fish trap near the fishway exit that blocks migrating fish from exiting the fishway.  
The Navajo Nation Fish and Wildlife close the fishway to empty the fish trap twice a day during 
the operating season of April through October.  Native fish are released upstream and exotic 
fish are removed from the system.  The fishway is located on the inside of the river bend.  The 
fishway exit (flow entrance) is located about 150 ft upstream of the diversion weir.  The fishway 
exit elevation is 5085.0 which is 0.5 ft lower than the center elevation of the diversion weir 
crest.  Water surface elevations at the fishway entrance and exit (WSE across the weir) are 
given in table 1.  Fishway flow and depth for a range of river flows are given in table 2.  Flow 
velocity entering the fishway exit varies from about 1.4 ft/s at 57 ft3/s fishway flow to 4.4 ft/s at 
345 ft3/s fishway flow.  During the site visit the river was flowing at 3170 ft3/s (Chris Cheek 
provided the river flow) at a water surface elevation at the fishway exit of 5090.08.   Average 
flow for the date is 4470 ft3/s based on the Farmington NM gauge.    
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Table 1  - PNM Fish Passage Facility Design Flows in San Juan River (Tetra-Tech, Inc 2000) 

FLOW (ft3/s ) U/S W.S EL. D/S W.S. EL DESCRIPTION 

500 5087.56 5082.42 Low flow condition for fish passage operation 

950 5087.85 5083.03 Average flow in August 

4,000 5090.27 5084.99 Average flow one month before peak* 

7,000 5092.07 5086.05 Peak flow each year 

10,000 5093.29 5087.11 Maximum flow recommendation* 

15,300 5095.26 5088.74 25-year return flood event 

19,500 5096.71 5089.81 Regulatory 100-year flood event 

 

Table 2 - PNM River and Fish Passage Design Flows (Tetra-Tech, Inc 2000) 

RIVER FLOW (ft3/s) Passage Flow (ft3/s) Depth in Trap (ft) Vel. in Trap (ft/s) 

500 57 2.55 1.40 

950 74 2.85 1.62 

4,000 235 4.38 3.35 

7,000 345* 5.0 4.31 

10,000 410* 5.28 4.85 

15,300 505* 5.62 5.62 

19,500 565* 5.92 5.96 
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Figure 2 - Design drawing 1745-D-18 showing the PNM fishway.  Flow is from left to right. 

 

Sediment Issues Impacting Fishway Operation 

Chris described several sediment issues that impact fishway startup and operation.  Most are 
associated with the formation of a silt point-bar that forms along the left bank (looking 
downstream) upstream of the diversion weir.  The weir acts as a node on the river that 
prevents migration of the river and natural channel development both upstream and 
downstream of the weir.  Following weir construction, the stream slope within its backwater 
influence dramatically flattened, promoting sedimentation.  Over time, sedimentation 
upstream of the weir has resulted in a gradual steeping of channel slope and likely some loss of 
channel sinuosity close to the weir.   Based on historical aerial and satellite imagery, the river 
channel appears to be stable upstream of the diversion weir.  The weir crosses the river at a 
point where the river channel plan form transitions from a long shallow left bend upstream of 
the weir to a sharp left bend downstream of the weir, figure 3.  The channel upstream of the 
weir is nearly straight and aligned with the weir for 5,700 ft.  Tortuosity, Rc/w, is a term used to 
define the ratio of the meander radius of curvature, Rc, to river width at bank full, w. Channel 
tortuosity values >3 are classified as channels where helicoidal flow is the predominate 
hydraulic force effecting meander development and bank stability (NRCS, 2005).  As tortuosity 
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increases (channel straightening) the strength of helicodial flow decreases. The tortuosity 
within a mile upstream of the weir ranges between 6 and 10.  Henderson, 1966 suggests values 
in the 6 to 10 range reflect low strength helicoidal flow capable of moving small bed material.   

During low water the river thalweg is visible from Google Earth imagery following the right bank 
well upstream of the weir, figure 4.  Above bank full, the river's right bank upstream of the weir 
spreads onto a broad, heavily vegetated flood plain within the river's meander belt.  Below 
bank full, the right bank is steeper and does not appear to be armored, figure 5.  Upstream of 
the fishway the left bank follows a steep bluff for about 1 mile with little floodplain.   The river's 
high fine sediment load, mild bend and the influence of the diversion weir all influence the 
development of a sediment bar along the left bank.  The left bank sediment bar can extend for 
about 1000 ft upstream of the diversion weir.  The bar grows during high flows, becoming a 
broad exposed silt flat as river stage drops, figure 6.  The bar can build to the extent that it 
disconnects the river from the fishway leaving the fishway without water as river flow and stage 
drop. The problem is most common in the spring when the fishway is opened, in mid-summer 
following the high flow season and following fall thunderstorms. A fairly extreme example 
occurred in 2005 when San Juan River experienced high spring and summer flows followed by 
fall thunderstorms, figure 7.   Photographs from the fall of that year show the extent to which 
the left bank point bar can develop.  As flows dropped in September a sediment deposit several 
feet higher than the fishway invert was exposed, blocking flow from entering the fishway.  A 
long-boom trackhoe was brought in to excavate a channel through the sediment deposit, figure 
8.  A series of thunderstorm events in October caused a rise in river flow and again sediment 
sealed off the fishway exit, figure 9.  The point bar growth in 2005 was greater than in lower 
flow years, but sediment bar formation impacts fishway flow in most years.  Chris explained 
that fall thunderstorms can cause a large rise in river sediment load due to activation of flow in 
upstream arroyos. This process was documented by Heins, et al. as a major contributor of fine 
sediments to the upper San Juan River.  Although no sediment size distribution data close to 
the fishway was available for this report, photographs of flow cutting through the deposits 
show the material is largely fine sand and silt, figure 10.   

Chris also described finding greater silt deposition immediately in front of the fishway exit with 
the greatest deposition on the left side of the exit.  Elevated deposition in this location is 
probably caused by two factors; a slow velocity wake zone that forms behind the upstream 
apron wall and rapid plugging of the fish trap bar racks when the river is transporting significant 
debris.  Both factors reduce flow velocity near the exit and promote deposition.  Observation of 
the normal pattern entering the fishway could not be made during the site visit as the left bay 
slide gate was shut for repairs and therefore fishway flow was skewed toward the right bay.   A 
strong flow separation was observed off the upstream apron wall that deflected near bank river 
velocity away from the intake, figure 11. 
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Figure 3 - Google Earth 2012 view of river channel.  Flow is from bottom to top. 

 

Figure 4 - 2006 Google Earth view of the fishway, diversion dam and upstream river during low 
water.  Flow is from bottom to top. 
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Figure 5 - View of right bank across from the fishway exit during low water.  Note shallow depth 
and silt bar in front of fishway exit. (R. Norman, USBR). 

 

  

Figure 6 - View looking upstream from fishway exit along the left bank.  The riprap slope 
upstream of the fishway is seen on the right.  (R. Norman, USBR) 
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Figure 7- Hydrograph showing San Juan River flows in 2005. 

 

 

Figure 8 - Trackhoe removing silt from in front of the fishway exit in September 2005. (USBR) 
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Figure 9 - Silt and sand deposition in October 2005 following thunderstorm events. (USBR) 

 

 

Figure 10 - View showing the small grain size of the sediment deposit. (R. Norman, USBR) 
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Figure 11 - View of flow separation off the upstream wing wall during the site visit. 

 

Discussion of Possible Actions 

The applicability of a number of sediment management techniques were investigated to 
address the sediment problem at PMN fishway.  These include river management and site 
management methods found in literature and from personal experience.  The objective of this 
study is to provide the first step in identifying and assessing viability of sediment management 
alternatives.   The discussion provides preliminary design guidance based on available data.  
Design guidance is presented to facilitate further study, alternative selection and feasibility 
design.  Planning level cost estimates received from manufacturers for equipment discussed 
herein are presented.  Written quotes are attached at the end of this report for reference. 

River Management Techniques 

Altering formation of the point-bar to the extent that it no longer impacts fishway operation 
may not be possible as the site is within an urban area and directly across from the PMN water 
intake facility.  There is precedent for using barbs, river training walls and river realignment to 
alter local thalweg alignment and depositional zones.  Barbs are the most common and least 
intrusive of these methods.  Barbs, bendway weirs and reverse sills are all terms used to 
describe the same type of submerged vane.  Barbs are commonly used to prevent erosion of 
the outer bank of a stream bend by redirecting a portion of the near bank flow toward the 
center of the channel and altering secondary flow currents within the bend.  Barbs are similar 
to rock jetties except they are sloped downward into the river with the majority of the 
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structure submerged during high river flows, figure 12.  Typically a series of barbs are 
constructed along a bend to prevent bank cutting, figure 13.  Barbs are aligned upriver from 45 
degrees to 60 degrees to redirect near bank flow away from the bank and create a low velocity 
zone behind the barb.   

At PNM, properly located barbs along the right bank could be investigated for the purpose of 
moving the river thalweg to a more river center location in the vicinity of the fishway exit.  If 
successful, the left bank point-bar would be reduced but probably not eliminated.   Studies 
have shown that barb structures can be used to alter thalweg alignment and major depositional 
patterns (3,15).  LaGrone (3) suggests that constructing barbs of length greater than one-third 
the river width can result in thalweg movement and impacts to the opposite bankline.   

 

Figure 12 - Schematic showing a barb profile, NRCS Technical Note No. 23. 

 

 

Figure 13 - Schematic showing a series of barbs spaced along the outside of a river bend, NRCS 
Technical Note No. 23. 
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Explicit guidance for designing barbs to alter stream thalweg location and opposite bank flow 
patterns was not found during the literature review for this project.  However, laboratory and 
field studies of barbs designed for bank protection provide some insight for this purpose 
(3,8,11,15).   As a starting point for a more detailed study, the following design guidance is 
offered.  In general barb design should follow NRCS or COE design standards (8,15).  Barb 
designs including deviations from the standards suggested herein should be numerically 
modeled using preferably 3-dimensional models with movable bed capability (COE and USBR).  
One to three barbs are likely sufficient to impact thalweg location in the river reach upstream of 
the fishway. Barb length should be between one-third and one-half the bank full river width 
and angle upstream at 60 degrees from the bank. The downstream most barb should be 
located such that a line normal to the barb at its mid-point intersects the opposite bank near 
the fishway upstream wingwall.  Barbs should be spaced at 5 to 6 times the barb length which is 
on the high side of standard design criteria.   Altering the river flow pattern using barbs can 
result in unexpected consequence, especially during channel forming flows and therefore, must 
be thoroughly investigated.   Changes in the river due to altering the thalweg near the fishway 
would likely be constrained to the reach between the dam and upstream most barb.   At 
greatest risk for adverse impacts would be the PNM intake located on the right bank and the 
left bank upstream of the fishway exit.  It is possible the PNM water diversion could see an 
increase in sediment load.  It is also possible the left bank adjacent to the steep slope that has a 
narrow overbank area could experience some bank erosion during bank full or greater flows. 
This approach would require significant study and cooperation of impacted land owners during 
construction.  

 

Site Management Techniques 

Numerous sediment management techniques for local control of sediment deposition were 
also investigated.  Some of the local control techniques discussed herein would also benefit 
from field experimentation and/or numerical modeling.  The best solution may be arrived at 
using a combination of approaches.   

 

Modify the Upstream Wing Wall 

The alignment of the upstream wing wall appears to deflect flow away from the fishway exit, 
causing flow entering the fishway to be skewed in favor of the downstream bay.  As previously 
discussed, flow conditions during the site visit were not typical as the left fishway bay was 
closed for repair to the control gate.  This made it impossible to view flow conditions entering 
the fishway with both bays operating.  Chris Cheek said he didn't believe the eddy was as strong 
as we witnessed with both gates operating, but he felt the right fishway bay always carried 
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more water due to approach conditions.  The wall supports the end of the fish return pipe and 
the upstream riprap bank protection.  Figure 14 uses Google Earth imagery to show a 
comparison of the 1997 pre-project vegetated bankline with the project bankline in 2013.  The 
vegetated bankline in 1997 is shown by the red line on both images.  River flow was higher in 
the 1997 image than in 2013 as shown by greater inundation of the upstream bank.  A 
comparison of the images shows construction of the fishway facility moved the high flow 
bankline into the river and created a sharp offset in the bankline at the fishway exit.  The 
changes in the bankline due to the fishway facility and wing wall likely reinforce deposition in 
the fishway exit but not overall point bar growth. 

 

 

 

 

 

 

 

 

 

 

   

Figure 14- A comparison of Google Earth imagery showing pre-project bankline in 1997 
and post project bankline in 2013. The red line shows pre-project bankline in both 
photographs. 
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Submerged Vanes 

 Submerged vanes for managing movement of 
bed load sediment have been widely studied 
(1,2,6,7,9,10,12,13).  Vanes can be as simple 
as planks suspended between piles driven in 
the river bed.  They are used to locally alter 
the secondary flow patterns in a river that 
drive bed load shoaling.  Typically one or more 
lines of vanes are used to alter the movement 
of sediment moving along the channel bed.  
Vanes are aligned at an attack angle to the 
flow of between 10 and 20 degrees to cause 
flow circulation around the vanes that moves 
bed material transverse to the vane 
alignment, figure 15.  Vane height extends 
from near the channel bottom to 0.2 to 0.5 
times the design depth during major shoaling.  
Vane heights of between 0.4 and 0.5 design 
depth are most typical.  Vane length should be 
between 2 to 3 times vane height.  Vane 
spacing depends mainly on flow velocity and 
the dominate bed load particle diameter.  Spacing vanes between 1 to 2 vane lengths apart is 
often cited for sand bed channels.  Vane lines are typically spaced apart between 1 to 2 design 
flow depths.  Submerged vanes have been largely used to modify flow conditions in front of 
water intakes to reduce entrainment of bed load during flow diversion.  A physical model study 
by Nakato et. al. (7) illustrates a typical vane array design, figure 16. 

 

Figure 16 - Photograph of a physical model study of submerged vanes used to reduce bed load 
entrainment into a diversion intake. (Nakato et al.)  

Figure 15 - Conceptual flow pattern of a 
submerged vane line presented by Barkdoll et 
al., 1999. 
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 Barkdoll et al. (1) suggests submerged vanes can also be used to intercept bed load upstream 
of a diversion and move it away from the bank.  He recommends using two or more parallel 
lines of vanes placed upstream of the diversion with the lines angled into the major flow 
direction at 10 degrees, as shown in figure 17.  Figure 18 illustrates what Barkdoll's upstream 
vane array might look like applied at PNM fishway.  The example vane array shown was 
developed based on the general vane design guidance cited above. The array is composed of 8 
ft long vanes 3 ft high set on a 10 degree angle from the bank. The vanes are spaced 16 ft on 
center with the two lines set 12 ft apart (2 design flow depths).  A 15 degree vane attach angle 
(α) is shown for illustration. The angle should be determined following a site flow survey 
defining velocity patterns. The design guidance found in the literature gives a range of 
parameters that are often refined by conducting numerical or physical model studies.  At PNM 
the complex flow patterns that occur near the fishway exit should be modeled along with 
submerged vane placement to evaluate vane array effectiveness.  

 

Figure 17 - Drawing of a submerged vane design for intercepting bed sediment upstream of a 
diversion intake and moving it away from the intake. (Barkdoll) 
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Figure 18 - A conceptual view of two submerged vane lines designed to intercept bed load 
upstream of the PNM fishway moving it away from the intake.   

 

 High Pressure Air/Water Silt Resuspension System 

High pressure air burst, water jetting or combination systems are used in large tanks, settling 
ponds and around hydraulic structures to resuspend fine sediments during system flushing or 
as a routine sediment management practice in raw water diversions.  Resuspension systems 
use a pipe system containing orifices or nozzles to release air or water under pressure near the 
invert.  Figure 19 shows an air burst system used to resuspend fine sediment that deposits in 
the low velocity zone behind a large fish screen.  Manifold pipe arrangements are often used to 
achieve a wide coverage area of flow turbulence as the pressurized fluid is released.  
Pressurized air in the range of 90 to 120 psi or water pumped at 40 to 90 psi is typically used. 
The sediment must be light enough to be entrained by vertical turbulence generated during the 
sudden release of the pressurized fluid near the bed.  Material must also stay in suspension 
long enough for flow currents to transport the material downstream.  A 1 mm dia. sand grain 
has a settling velocity of 0.36 ft/s in standing water.  Assuming a system is designed to lift 1 mm 
sand material 1 ft off the bottom, flow velocity into the fishway or down the river would need 
to be on the order of 2 ft/s or greater to achieve a reasonable displacement of material per 
operation.  Orifice or nozzle sizes typically range between 0.5 to 1 inch diameter.  A minimum 
water depth above the sediment of about 20 orifice or nozzle diameters is recommended to 
achieve a strong turbulent flow field.  Greater submergence depth is desirable for air burst 
systems which rely on the sudden displacement of water due to the rapid expansion of air as it 
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enters the water column.  Greater depth allows the air cavities greater time to expand and 
move upward while entraining the surrounding water.  Re-suspension systems are not well 
suited for sediment deposition areas where sediment largely moves as bed load.   Systems are 
normally operated at regular intervals to resuspend sediment before sediment deposition 
depths become large.  Air burst or water jetting several times a day may be required during 
periods when sediment deposition rates are high.  Water jetting systems may be preferable 
where sediments require greater force to resuspend bed material and where coverage area is 
relatively small, as pumped flow requirements can be large.  An example of the minimum flow 
requirements for a water re-suspension system for medium sands and silts would be 0.1 ft3/s 
pumped flow per discharge port at a pressure of 40 psi or greater.  This is based on using 0.5 
inch diameter full-cone spray nozzles with a 30 degree spray angle and one nozzle per square 
foot of treatment area.  Air burst systems are better suited when coverage areas are large and 
access to debris free water for pumping is not available.  Air burst systems require an air 
compressor and pressure tank sized to meet the air flow requirements of the air distribution 
manifold and desired air release duration.  A cautionary note on this approach is warranted.  If 
the sediment contains significant amounts of large bed material that is too heavy to be 
resuspended, the turbulent action will simply result in a layer of coarse bed material overlying 
the pipe manifold which would require removal by hand.  A number of sediment samples 
should be taken following several high flow events to determine the sediment size distribution. 
Further evaluation of this type of system should include an onsite pilot study on a small area to 
determine appropriate port spacing, orientation, release pressure and flow rate for 
resuspending the sediments.    

 

Figure 19 - Photograph of a compressed air sediment 
resuspension system used behind fish screens at RD108 in 
California. (USBR) 
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Dredging  

Hand operated dredges designed specifically for managing sediment accumulation around in-
water facilities like docks, pump intakes and diversion structures are commercially available.    
These types of dredges are typically designed to remove small gravel and finer material using a 
combination hydraulic jetting and strong suction.  Most do not have a mechanical cutter head 
found on larger dredges, therefore they are not recommended for highly cohesive sediments. 
They are most effective for removal of non-cohesive materials or deposits containing sand, silt 
and clay that disperse when hit by a strong water jet.  Small dredges require the dredging head 
be submerged a minimum of about one foot to maintain pump suction and are typically limited 
to about 20 to 25 ft of suction pipe length.  Dredges can be shoreline or boat mounted units.   A 
boat mounted dredge would provide the greatest flexibility but would require a number of 
safety issues to be addressed due to the close proximity of the downstream weir.  An example 
of a shoreline application would be a dredging unit mounted on a movable platform supported 
on piles located near the end of the fishway exit channel.  The platform could be raised to the 
fishway deck level for storage and lowered to the water surface for dredging using the 
overhead crane.  An operator would wade in the river while guiding the dredge head.  A 
shoreline facility would limit the dredging reach to the maximum suction pipe length specified 
for the dredge (~20 to 25 ft). Commercial vendors contacted estimated a small dredge designed 
to pump large sediment loads would require four to eight hours to dredge a 40 ft by 20 ft 
channel 3 ft deep. Maintaining a channel through the point bar would likely require dredging in 
the spring and fall as the river stage drops and prior to the sediment bar being exposed.  A small 
dredge manufactured by Piranha Pumps & Dredges in Albuquerque, New Mexico is shown in figure 
20.  Their small series sediment dredges cost between $8,000 and $10,000 depending on size and if a 
raft is included. 

 

Figure 20- Photograph of a small dredge designed for excavating small gravel, sand and silt. 
(Piranha Pumps & Dredges) 
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Sluice Gate at Fishway Exit with Buried Pipe between Fishway and the River Downstream of 
the Diversion Weir 

A water surface difference of about 5 ft or more occurs between the fishway exit and tailwater 
below the diversion weir for all river flows.  The head is sufficient to consider the benefits of 
adding a sluice gate in the fishway exit.  Sluicing sediment is a common technique used to 
manage sediment deposition in slow velocity areas near water diversions.  Sluice gates are set 
close to the water intake with the sluice gate invert typically set several feet below the 
elevation of the diversion.   The intake area where sediment is effectively sluiced depends 
mainly on the bed shear stress required to scour sediment deposits, intake geometry and the 
interaction of the resident flow field and that of the sluice generated flow field.  A sluice located 
at the fishway entrance would require about 175 ft of pipe running between the fishway exit 
and downstream side of the diversion weir.   The pipe invert would have to run from about 
elevation 5083 upstream to elevation ~5082 downstream. The diversion weir is a major 
obstacle to constructing a pipeline.  The pipe would have to pass around the diversion weir 
following the right fishway berm, requiring about a 15 ft deep trench, or pass through the left 
edge of the weir.  For the purposes of assessing feasibility, a 24 inch diameter pipe is assumed.   
A 24 inch dia. pipe would convey 20 to 25 ft3/s flow from the fishway exit to downstream of the 
diversion weir.  The sluice would generate a flow velocity at the entrance of > 6 ft/s or about 
double that of flow entering the fishway when unimpeded by sediment.  A sluiceway gate 
located on the downstream wall of the fishway entrance would likely prevent major sediment 
deposition in the fishway entrance if it could be operated continuously.  Operating a sluice in 
the fishway entrance during the fish passage season would require moving the fishtrap fish 
return to a location upstream of the fishway exit to prevent entraining fish from the fishway.  
To determine if sluiceway flow in combination with the fishway flow would maintain a channel 
through the point bar during high sediment laden flows would require modeling of the river and 
fishway flow field.   

 

Winter Fishway Operation with Fish Barrier in Fishway 

Winter operation of the fishway could reduce sediment deposition upstream of the fishway exit 
in the spring by having continuous fishway flow and sediment entrainment during the winter.  
This alternative would require a fish barrier be installed in the fishway during the normal winter 
shutdown and removed in the spring prior to passage startup.   Preventing passage from 
October through mid-February could likely be accomplished with a 2 ft high inclined bar rack 
installed about 150 ft downstream of the exit structure or at about station 2+70.  A bar rack 
inclined downstream at about a 30 to 45 degree angle from vertical is recommended.   Inclining 
the bar rack increases fish barrier performance by allowing fish to swim under the inclined bar 
rack to the upstream toe where it is anchored to the bed.  A bar rack with 3/4 inch openings 
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Figure 21 - A temporary fish barrier deployed in the Pyramid Lake 
fishway to control fish entry.  (B. Heiner, USBR) 

 

 

 

 

between bars conforming to the fish trap barrier is recommended.  The barrier could be 
designed in sections to allow manual installation.  The upstream toe of the barrier should be 
anchored in the fishway rock or mounted to a permanently installed concrete or steel sill.  Legs 
running from the barrier top at an angle to the downstream channel bed provide support.   
Should the barrier become plugged with debris or ice, flow would pass over the top while 
maintaining a 1 ft water surface differential for river flow less than about 2000 ft3/s.  After mid-
February the chance of flows exceeding 2000 ft3/s increases.  A plugged barrier operating as an 
over flow weir (plugged) at river flows above 2000 ft3/s would provide less than 1 ft of water 
surface differential due to submergence of the barrier toe.  Consultation with the fish recovery 
team would be needed to determine if an inclined barrier providing a worst case 1 ft 
differential would be an acceptable fish barrier for winter operation when water is cold and fish 
activity is low.  This alternative would not significantly change sediment deposition that occurs 
during summer and fall.  Figure 21 shows a temporary bar rack fish barrier used to block fish 
from entering a rock fishway at Pyramid Lake near Reno, Nevada. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deck Mounted Backhoe 

Deck mounted backhoes are used to clean trashracks and sediment from water intakes.  They 
are typically custom designed to meet the needs of each facility.  A rail mounted backhoe used 
at Rosa Dam in Yakima Washington is shown in figure 23.  The unit is used to clean the 
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trashrack.  The deck of the PMN fishway exit channel would have to be extended out in front of 
the trashrack to support a deck mounted backhoe.  To clean the PNM fishway apron area a 
boom reach of about 30 ft would be needed.  It was not possible for this study to determine if a 
deck mounted backhoe with sufficient reach was feasible.   

 

Figure 22 - Deck mounted backhoe trashrake cleaner at Rosa Dam, Yakima WA. 

 

Active Cleaning of the Fish Trap Upstream Bar Racks 

The fishway exit channel contains two identical fish trap bays separated by a center pier wall.  
Upstream of the fish traps are a slide gate in each bay and a coarse trashrack with 4 inch 
openings.   Fish traps provide for selective fish passage which is a critical function of the 
fishway.  Each trap consists of an upstream and downstream bar rack.  The upstream bar rack is 
a flat panel designed to prevent upstream passage of fish larger than the bar spacing, figure 
23A. The downstream bar rack is an upstream pointing "Vee" shaped bar rack designed to allow 
fish to swim through a narrow center slot into a pool between bar racks, figure 23B.  The trap 
bar racks have 1.5 inch wide by 3/16 inch thick bars on 15/16 inch centers providing a 3/4 inch 
clear opening between bars and an 80 percent open area, see drawing 1745-D-22. Reference 
drawings are attached at the end of this report.  The upstream racks are supported on angle 
guides inclined downstream at about 14 degrees off vertical.   The racks seat on an embedded 
steel angle set at 14 degrees off horizontal.  The angle is recessed 4 inches on the angle such 
that the bar racks set flush with the channel invert, see drawing 1745-D-20.  
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 The bar racks are cleaned by hand during fish recovery operations.  Chris Cheek stated that the 
upstream bar racks are frequently found to have large water surface differentials across them.  
He also pointed out the problem can occur throughout the spring, summer and fall as debris 
loads are often highest during thunderstorm events.  During periods of high debris load the 
racks can become totally plugged within minutes.  In a two hour period during the site visit a 
water surface differential across the right side bar rack of about 1.5 ft developed under what 
appeared to be a low to normal debris load for spring runoff.  Even partial plugging of the fish 
trap bar racks can significantly reduce fishway flow, impacting both fish passage performance 
and sedimentation upstream of the trap.   

 

Maintaining high fishway flow is important for effective fish passage, fishway attraction at the 
entrance and moving sediment through the fishway.  Unlike most water diversions where bed 
load entrainment into the diversion intake is highly undesirable, the fishway can convey high 
sediment loads through it without major problems as long as fishway flows remain high.  It 
would require detailed modeling to quantify the impact of fishway flow on sediment bar 
growth in front of the fishway.  Without further study we simply know bed load entrained into 
the fishway is no longer available for sediment bar building in the fishway exit.   

Cleaning the racks should include a method that can remove debris as opposed to passing it 
downstream ahead of the downstream Vee rack.  The upstream trap bar racks extend from the 
channel floor up 6.875 ft on a 4:1 slope (V:H).   The top of the racks are about 7 ft below the top 
of deck.  Two common methods for mechanically removing debris are traveling belt screens or 
trash rakes.  Both types would need a debris sluice, conveyor or debris collection area.  

 

Figure 23A - View of upstream fish trap bar 
rack. 

 

 

Figure 23B - View of downstream fish 
trap Vee shaped bar rack. 
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Traveling Belt Screen 

 Traveling belt screens are commonly used to screen debris and, in many cases, fish from 
diversion flows.  Traveling screens are composed of a porous screen belt that rotates around 
horizontal rollers or fixed guides.  The belt rotates moving upward on the upstream screen face.  
Water is filtered as it passes through the upstream screen face.  Water then passes a second 
time through the screen as it passes out the downstream screen face.  Debris is carried up the 
screen face and typically swept or sprayed off into a conveyor or hopper.  There are several 
manufacturers of traveling debris screens.  Screens with no bearings or moving guides within 
the water are best suited for locations with high sand and silt loads.  A traveling fish screen built 
by Hydrolox Screens is shown in figure 24. The screen belt is the only moving part below the 
water surface.  

 

Figure 24 - Photograph of an inclined Hydrolox traveling fish screen. 

 

There are several issues that must be considered for using a traveling screen at PMN.  These 
are: screen location, screen angle, bottom blanking area, screen headloss, screen height, screen 
cleaner and debris removal method.    

 Screen location- A traveling screen would likely have to be located upstream of the trap 
bar rack. The downstream faces of traveling screens are not designed to be fish friendly.  
Replacing the bar rack with a traveling screen would require specialized screen seals on the 
downstream face designed to be fish friendly.  Fish protection would be a significant concern 
along the invert as the screen belt is moving downward and creates a pinch point along the 
bottom guide.  Placing a traveling screen upstream of the bar rack would require removing the 
upstream access ladder and designing a debris removal system on the back side of the the 
screen that would allow for removing the upstream fish trap bar rack.   
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 Screen angle- Locating screens upstream of the trap bar rack would limit the screen 
angle to the 14 degree angle of the trap bar rack.  Debris screens are typically sloped to allow 
debris to ride up the screen face.  The steep slope required for a screen at PMN may require a 
belt with horizontal flights (cleats) to prevent debris from continuously rolling back down the 
front face of the screen.  

 Bottom blanking area- Bottom blanking area refers to the area (height of blockage 
multiplied by width of screen) at the bottom of the screen taken up by the screen frame, lower 
screen guide and seals that do not provide for flow passage.  The typical blocked height at the 
bottom of a traveling screen is between 0.5 ft and 1.0 ft depending on screen frame design.   
Where possible, screens are often recessed below the channel invert to eliminate blocking of 
flow.  Recessing a traveling screen at PMN would require saw cutting slots wider than the 
screens the full width of each bay.  The concrete floor in the PMN fishway exit channel is 1.5 ft 
thick with a #6 rebar mat several inches below the concrete surface.  A structural assessment of 
the structure would be required to determine if the structural modifications required to slot the 
floor for flush mounting screens is possible.  Not flush mounting the screens would reduce flow 
area and likely result in sediment deposition upstream. 

 Screen headloss- Headloss is the energy required to pass water through the screen 
expressed as change in water surface elevation from upstream to downstream of a screen.  
Increased screen headloss requires higher upstream pool elevation to pass a set flow or flow is 
reduced.  Headloss is a function of the screen belt porosity, screen frame blockage and flow 
velocity.  To prevent excessive headloss the traveling screen should have a percent open area 
similar to the 80 percent open area of the trap bar rack and cause minimal flow blockage.  The 
headloss of different traveling screens varies and many are poorly documented.  Headloss 
values documented for traveling belt fish screens should be increased to account for the much 
higher flow velocity in the PNM channel compared to most fish screen applications. 

 Screen height- A standard traveling screen installation would extend from the channel 
invert several feet above the structure deck depending on the debris removal method.   PNM 
would require screens between 15 and 17 ft in length.   Installing screens that do not extend 
above the deck would require a specially designed screen drive and debris capture system.   

 Screen cleaner- High pressure water spray is the most common form of screen cleaner 
used on traveling screens, however, brushes and scraper bars can also be used on some 
screens.  Debris impinged on the screen belt is passed over the top of the screen and washed, 
brushed or scraped off on the back side.   High pressure water spray systems are typically used 
on vertical or near vertical screens to dislodge debris from the screen.   An even spray over the 
screen surface spray is achieved using a horizontal pipe the width of the screen with evenly 
spaced spray nozzles (3 to 4 inch spacing is typical).  Commonly the spray bar is positioned 
inside the screen spraying outward through the screen belt.  In addition to the screen, a pump 
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sized to provide the spray flow at the design pressure is also required.  Spray pressure is 
typically between 40 and 90 psi depending on the debris type and load.  In addition, a water 
strainer is required to remove particles large enough to plug the spray nozzles when raw water 
is pumped for the spray wash.  If the debris at PMN is largely saturated woody material, a 40 psi 
pressure spray wash system possibly utilizing the existing sump pump would be sufficient.  A 
flow strainer would be required on the pump discharge line to prevent plugging of spray 
nozzles.  

 Debris removal method- After being removed from the screen, debris must be 
transported away or collected and periodically removed.  Water sluices or conveyors are 
frequently mounted on the back side of traveling debris screens to collect and carry the debris 
away from the screen.  At PMN a water sluice system serving both screen bays would provide a 
simple means of removing screen debris.  Debris could be flushed across the deck and wasted 
over the downstream wall.    

A traveling screen installed in a PMN fishway exit bay would look approximately as shown in 
figure 25.  

 

Figure 25-Schematic showing a traveling screen  
installed in the PMN fishway exit channel. 
 
 

 

 

Hydrolox is a leading manufacturer of traveling screens with a good history of operation in 
sediment laden flow.  Hydrolox provided an estimated cost of approximately $100,000 for two 
15 ft long by 94 inch wide screens with a 20 ft long debris sluice.  The cost does not include 
installation.  The costs are intended for alternative comparison and should not be used as a 
final cost.  Several factors needing further investigation that will impact costs are:  
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• The cost estimate provided uses Hydrolox's S1800 mesh belt material which is 
used on fish screens.   Due to the high approach velocity in the fishway exit 
channel, belting with a larger mesh size may be necessary to control headloss 
through the screen.  

•  Identifying available site power. 
•  Determining bottom flow blockage due to the screen and evaluate slotting the 

channel floor. 
•  Select a debris removal method and the corresponding required screen height 

above the deck. 

The complete Hydrolox quote is attached following this report.   

Trashrake Cleaner 

Trashrakes are mechanical systems designed to rake debris to the top of the trashrack for 
disposal.  Numerous manufactures and types of automated rakes are commercially available.  
Many are designed for handling large debris that may collect on head-of-diversion trashracks 
similar to the PMN fishway trashrack.  For the fish trap bar rack, a light duty rake is preferable 
for handling the small debris that passes through the upstream trashrack.   A good example of a 
rake cleaner designed for smaller debris is the STL9000 Atlas Polar Rake shown in figure 26.  
The rake head enters the water upstream of the bar rack then moves against the rack bottom 
and is pulled upward.  When the head reaches the rack top, debris is ejected onto a collection 
area.  The rake automatically traverses across the rack to clean all surfaces.  A single rake can 
traverse the full width of the fishway and clean the racks in both fishway bays.  The simplest 
system would periodically rake the bar racks using a programmable time period between raking 
operations.  Debris would accumulate behind the rake on the fishway deck for manual removal.  
A conveyor or sluice system could also be used in place of manual debris removal.  A trash 
raking system would not require any significant modifications to the existing concrete structure.  
Assuming debris was raked to the top of the facility deck, the bar racks would have to be 
lengthened or blank panels added above the bar racks to provide a continuous surface to the 
top of deck.  An option not requiring lengthening the bar racks would be to add a debris basket 
mounted behind the existing bar racks level with the rack top.  Debris would then be removed 
manually during fish salvage operations.  
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A budgetary price estimate for a debris rake capable of cleaning the fishway bar racks in both 
bays was requested from Atlas Polar Corporation, a well known manufacturer of trashrakes.  
They quoted a cost of about $131,000 FOB factory for their ST9000 trashrake.  Installation cost 
is not included.  Power availability on site and clearances with existing structures on the deck 
would need to be investigated.  The complete quote is attached following this report.  

 

Recommendations 

Alternatives were evaluated based on the headings listed in table 3.  The rankings are the 
opinion of the author based on the preliminary alternative investigation conducted for the 
study.  The ratings are meant as broad indicators for alternative comparison. The alternatives 
highlighted in red are approaches requiring in-river structures or bankline modifications.  The 
alternatives presented in green focus on managing sediment deposition in the near field to the 
fishway exit.  The last two alternatives shown in black are grouped separately because they 
could improve both sediment deposition near the fishway exit and fish passage efficiency.   

Of the alternatives shown in red, barbs and submerged flow vanes likely have the highest 
probability of effecting major changes in the sediment deposition patterns surrounding the 
fishway exit.  Removing or modifying the fishway guidewall would require substantial effort 
while likely only improving deposition in the area of the exit apron downstream of the 
wingwall.  

 

Figure 26 - Photograph of an Atlas Polar light duty 
debris rake.  (G. Mackey, Atlas Polar Corporation) 
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All three of the red alternatives would require further study, including modeling to develop 
performance based designs.  The cost of constructing these alternatives at this level of study is 
highly uncertain.  Barbs are typically relatively low cost structures, however, land ownership 
issues and right-of-way costs for construction could be significant in an urban area.   Submerged 
flow vanes constructed adjacent to the fishway would likely generate fewer public concerns 
and could be installed on a trial basis.  Between the three red alternatives, submerged flow 
vanes appear to offer a higher probability of success with the lowest chance of unintended 
consequences.  

The group of alternatives presented in green offer potential improvements for sediment 
management close to the fishway exit.   Implementing more than one of these alternatives 
should be considered.  These alternatives can complement each other or alternatives from 
other groups.  Between the green alternatives dredging stands out in table 3.  It offers the 
greatest flexibility to react to changing river conditions and sediment bar development at a 
modest cost. It is also the most labor dependent of the alternatives.  The availability of labor to 
operate a small dredge during the periods of receding river flows is a requirement of the 
alternative.  

The last group is specific to maintaining strong fishway flow by frequent cleaning of the 
upstream fish trap bar rack.  This issue impacts sediment deposition in the fishway exit when 
bar rack plugging significantly slows flow entrance velocity.  Both traveling debris screens and 
trashrakes are viable alternatives with long histories of good performance on similar water 
intake structures.  For PMN installing a trashrake is likely the best option.  A trashrack fits best 
with the facility design and was likely considered an option in the design (16).  A trashrake 
would be completely out of the flow when not cleaning and therefore would not impact flow 
during between cleaning operations.   A traveling screen would require modifications to the exit 
channel and/or screen to operate with minimal impact on flow conditions.    
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Table 3 - Alternative evaluations  

   

  

References 

1. Barkdoll, B., Ettema, R., and Odgaard, A. (1999). ”Sediment Control at Lateral Diversions: 
Limits and Enhancements to Vane Use.”J. Hydraul. Eng., 125(8), 862–870. 

2. Bejestan, M. and Azizi, R. (2012) "Experimental Investigation of Scour Depth at the Edge of 
Different Submerged Vane Shapes", World Environmental and Water Resources Congress 2012: 
pp. 1376-1385. 

3. David LaGrone, "Reverse Sill (Bendway Weirs) General Guidance", U.S. Army Corps of 
Engineers, Omaha District  

 
 4. Haltigin, T., Biron, P., and Lapointe, M. (2007). ”Predicting Equilibrium Scour-Hole Geometry 
near Angled Stream Deflectors Using a Three-Dimensional Numerical Flow Model.” J. Hydraul. 
Eng., 133(8), 983–988. 

5. Heins,A, Simon,A., Farrugia,L.  and Findeisen, M., "Bed Characteristics of the San Juan River 
and Selected Tributaries, New Mexico: Developing Procols for stream bottom Deposits",  ARS-
USDA National Sedimentation Laboratory, Channel and Watershed Processes Research Unit, 
Oxford Mississippi, Research Report No. 47, August 2004. 

6. Michell, F., Ettema, R., and Muste, M. (2006). ”Case Study: Sediment Control at Water Intake 
for Large Thermal-Power Station on a Small River.” J. Hydraul. Eng., 132(5), 440–449. 

7. Nakato, T., Kennedy, J., and Bauerly, D. (1990). ”Pump-Station Intake-Shoaling Control with 
Submerged Vanes.” J. Hydraul. Eng.,116(1), 119–128. 

Sediment Management Probability of Achieving Need for Further O&M Cost Capital Cost Difficulty of
Alternative Sediment Management Goal Study  Implementing

Barbs M-H H M-H M-H H

Modifying wing wal l L-M H L H H

Submerged vanes M-H M-H L L-M L-M

Sediment resuspens ion system M M L-M M-H M-H

Dredging H L M L L

Sluice L-M M L-M H H

Winter operation L-M L-M L M L

Deck mounted backhoe M-H M M H H

Travel ing Screens M-H L-M L-M M L-M

Trashrake H L L-M M L

L=Low, M=Medium, H=High

30 
 



8. NRCS, "Engineering Technical Note 23-Design of Stream Barbs (Version 2), May 3, 2005 
Portland Oregon. Oregon Bulletin OR210-205-2 

9. Odgaard, A. and Spoljaric, A. (1986). ”Sediment Control by Submerged Vanes.” J. Hydraulc 
Eng., 112(12), 1164 

10. Odgaard, A. J.,"River Training and Sediment Management with Submerged Vanes", 
American Society of Civil Engineers, 2009. ISBN-978-0-7844-0981-7.  

11. Radspinner, R., Diplas, P., Lightbody, A., and Sotiropoulos, F. (2010). ”River Training and 
Ecological Enhancement Potential Using In-Stream Structures.” J. Hydrauic. Eng. 136, SPECIAL 
ISSUE: Special Issue on River Flow Hydrodynamics: Physical and Ecological Aspects, 967–980. 

12. Ranjan, R., Ahmad, Z., and Asawa, G. (2006). "Effect Of Spacing Of Submerged Vanes On Bed 
Scour Around River Bends." J. Hydraulic Engineering, 12(2), 49-65.  

13. Tan, S., Yu, G., Lim, S., and Ong, M. (2005). ”Flow Structure and Sediment Motion around 
Submerged Vanes in Open Channel.” J. Waterway, Port, Coastal, Ocean Eng., 131(3), 132–136. 

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

15. U.S. Army Corps of Engineers, 1995. “Bendway Weir Design Guidance." Omaha District. 

16. U.S. Bureau of Reclamation, 2003." DESIGN SUMMARY, Fish Passage Facility at PNM 
Diversion Dam, San Juan River Basin Recovery Implementation Program, New Mexico. 

17. Yalin Wang, et al., Sedimentation Control at Water Intakes, J. Hydraulic Engineering, Vol. 
122, Issue 6, June 1996. 

 

 

 

 

 

 

 

 

 

31 
 

http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(ranjan%2C+r)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(ahmad%2C+z)
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(asawa%2C+g+l)
http://ascelibrary.org/action/doSearch?ContribStored=Wang%2C+Y


 

Equipment Budgeting Quotes for Traveling Screen and Trashrack Rake 

 Budgeting quote received from Atlas Polar Corporation  

Gary Mackey (ATLAS POLAR CO) 
 

Jul 3  

 

 
 

 
 

 

Hi Brent, 
 
Thank-you for the photos and drawings. As usual the burec drawings are well detailed. I'm going to 
recommend the ST9000 trashrake for this application. The single machine can traverse to clean both 
screens. I've attached a photo of an installation with similar side pier (wall) mounting and a photo of our 
latest rake head incorporating a trailing brush that has proven to be quite effective. 
 
The raked debris would be deposited on the existing 4 ft. deck for manual removal. Our latest PLC control 
system features a HMI touch screen for all unit functions as needed. Timed operation is fully adjustable 
as well as standard start contacts accepting a remote or differential signal. 
 
Supply to Include: 
- ST9000 Trashraking System 
- Running rail system w/supports 
- Auto/manual PLC controls w/ HMI touch screen (see photo) 
- Outdoor weatherproof control enclosure w/ heat shields 
- Wireless pendant for manual operation 
- Festoon power/control cables 
- Access/maintenance platform 
- Spare parts kit 
- O/M manuals (3) w/ as built drawings 
 
Estimate................................................................................$130,745.00 
 
The above complete system FOB factory, exclusive of delivery, installation and taxes, if applicable. 
 
Brent, review the above and if I can be of any further assistance with additional data or info please 
advise. Although premature at this time, I would like to visit the facility before submitting a formal proposal 
when appropriate. Have a good July 4th. 
 
Regards, 
 
Gary 
 
Gary D. Mackey, Div. Mgr. 
Atlas Polar Company Limited 
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Budgeting quote received from Hydrolox for two traveling screens 

 

 
 
6/5/2014 
 
Brent Mefford 
Wild Fish Engineering LLC 1900 Hoyt St 
Lakewood, CO 80215 
 

Subject: PNM Diversion Dam Navaho Nation Project Hydrolox Water Screen Budgetary Estimate 
Date Issued: 06/05/2014 
 
 
Pursuant to your recent request, we are pleased to submit our Budgetary Estimate for the Hydrolox Water 
Screen for the above-referenced project. This is not a binding formal offer and proposal to sell. A 
budgetary estimate price is provided solely for your planning and budgeting purposes. Please do not 
issue a Purchase Order until you have received and signed the formal contract proposal. 
Summary Description: Hydrolox Water Screen(s) for PNM Diversion Dam Navaho Nation. General Hydrolox 
Water Screen Specifications 
Type: Environmental Fish Exclusion 
Quantity: 2 
Screen Specifications: S1800, Mesh Top, UV Resistant Acetal Frame Material: Coated Carbon Steel 
Screen Height: 15 feet (shaft centerline to shaft centerline) Screen Width (in.): 94 
Belt Width (in.): 82 Filtering Width (in.): 79.5 
Total Screen Weight (lbs.): 3190 
Spray Bar: Stainless Steel with flush out valve-- Quantity: 1 
Takeup: Manual 
Debris / Fish Sluice: 5052 Aluminum -- Quantity: 1.  Length: 20 feet each. Belt Pullers: Yes (2 Sets Total) 
 
Warranty: 3 years from installation or 90 days after delivery, Intralox will repair or replace, at its sole option, 
the following components found to be defective in materials or workmanship: the screen frame, the Hydrolox 
mesh screen and sprockets. 
 
Budgetary Estimate Price:  

$98,900 
 
Project Schedule:  To be shipped no sooner than 6 - 8 weeks from receipt of signed Proposal and PO 
(subject to prompt customer approval of approval drawings). 
 
We trust this meets your immediate needs.  Should you have any questions, please do not hesitate to call. 
 
Thank you for your continued interest in Hydrolox Water Screens and the Intralox Optimization Services 
Group. 
 
Sincerely, 
Intralox, L.L.C., d.b.a. Hydrolox 
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Reference Drawings of PMN Fishway 
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