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Figure 3.5. EDR water velocity for increasing discharge from left to right (30000, 50500, 

96100 cfs). Color scale is different for each image. 



Englebright Dam GAIP  G. B. Pasternack, 2010 

  49 

 

 

Figure 3.6. EDR Chinook spawning hydraulic habitat quality (GHSI) for 855 (left) and 

4500 cfs (right). Color scale is identical for both images 
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Figure 3.7. EDR Shields stress for increasing discharge from left to right (855, 4500, 

10000, 15400 cfs). Color scale is identical for each image. 
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Figure 3.8. EDR Shields stress for increasing discharge from left to right (30000, 50500, 

96100 cfs). Color scale is identical for each image. 
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4. RECOMMENDED METHOD FOR GRAVEL/COBBLE AUGMENTATION 

 

Discussion of how to implement gravel/cobble augmentation below Englebright 

Dam has been on-going for years.  Every idea that has been thought up by diverse 

stakeholders has been thoroughly discussed and vetted.  The Lower Yuba River 

Technical Working Group and the Yuba Accord River Management Team have provided 

forums for discussion about this topic over the years.  The 2007 pilot gravel injection 

with a truck-mounted conveyor belt demonstrated that gravel/cobble augmentation is not 

only technically feasible, but institutionally and politically possible.  Observations of 

Chinook spawning in 2009 prove that salmon will use what is injected. 

 

4.1. Elimination of Inadequate Methods 

 

For the canyon below Englebright Dam, gravel is needed throughout the reach, 

but most especially in the longer and wider sections downstream of the Narrows I 

facility, as reflected in the estimates provided in Tables 3.1 and 3.2.  This is a key 

constraint on augmentation methods.  The truck-mounted conveyor belt method, 

roadside-dumping method, and (short of heroic measures) cableway delivery method are 

simply unable to get gravel into the river downstream of the Narrows I facility.  A 

helicopter theoretically could dump gravel into the river, but the U.S. civil helicopter 

accident rate per 100,000 flight hours is 8.09 (IHSS, 2005), which is high.  Operating in a 

narrow canyon with uncertain winds is even riskier than normal.  Taking such a risk with 

human life is not necessary.  That leaves road construction with front-loader placement 

and gravel/cobble sluicing. 

Part of the reason why there is so much undesirable debris down at Sinoro Bar at 

the confluence of the Yuba and Deer Creek is that the pre-existing road down to the river 

at Englebright Dam washed away and deposited down there.  Building a road requires a 

large amount of crushed aggregate, and in this case it has to be placed on a landslide-

prone hillside where it will be attacked by large floods (Fig. 4.1).  The 1997 flood was 

not a fluke.  Floods of close to the same size or bigger occurred in 1955, 1963, 1964, and 

1997 (Pasternack et al., 2010).  That is four times in the last 55 years, or roughly once 
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every ~14 years (foregoing detailed flood frequency analysis).  If the road went all the 

way to the baseflow channel, then the lower part of the road would be submerged almost 

annually and seriously scoured every 3-5 years.  The potential environmental harm from 

this is serious.  Together with the long duration for permitting, the difficulty of getting 

big trucks down the steep road with switchbacks, and water quality impacts, the risk of 

aggregate entering the river makes road construction an unsatisfactory alternative. 

 

 

Figure 4.1. Photo of the New Year’s 2006 flood drowning the area where a road would 

have to be built to use trucks and front loaders as the delivery method for gravel/cobble 

augmentation.  Aggressive velocities were evident all along the north bank. 

 

4.2. Best Method for The EDR 

 

By the process of elimination, the only remaining option is gravel/cobble sluicing.  

To my knowledge, no one has ever attempted to do gravel/cobble augmentation by as 

long of a sluice pipe as would be necessary for this plan.  The long distance that water 
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has to be pumped up and then slurry pumped down make the method much more 

expensive than for past projects using this method.  Also, this method is relatively slow 

and potentially subjected to regular clogs.  At an average rate of 150 tons per day, it 

would take 33 days to inject 5,000 tons.  Front loaders typically place that much into a 

roadside river in ~4-6 days.  On the other hand, the elevation drop for the EDR is so great 

that clogs may be relatively infrequent; a record speed of injection is possible.  Once 

pipes are purchased in the first year, they can be stockpiled and used again in future 

years, reducing the overall cost of the system to a normal level.  After thorough scrutiny, 

discussion, and on-site visit with the inventor of the method, no major impediment to the 

approach is evident at this time. 

 

4.3. Detailed Concept for Sluicing Gravel Mix Down to EDR 

 

Despite the fact that sluicing will have to be done over a long distance, the EDR 

has excellent attributes that promote the idea of attempting this method.  The overall 

schematic for the application of sluicing to get gravel/cobble into the EDR is shown in 

Figure 4.2.  Prior to the start of sluicing operations, 2000 short tons of gravel would be 

stockpiled in the three parking/turnaround areas at the overlook on the north side of the 

dam.  This location is behind a locked gate and is inaccessible to the public.  Englebright 

Reservoir is close by and easily accessible.  Only ~2.3 cfs is needed for the sluicing 

operation, in comparison to the typical autumnal release of ~750 cfs- that’s just 0.3%.  A 

gravel road on the north side of the reservoir close to the dam (Fig. 4.3, right) goes right 

to the water’s edge (Fig. 4.3, left), so that the water intake pump system (including fish 

screening custom built by Morrill Industries) can be safely positioned and easily 

operated.  From there, water would be pumped in one or two 6-8” diameter pipes ~1070’ 

up the side of the road (Fig. 4.3, right) to the crest.  Where needed, the pipe would cross 

1-2 roads in Rain-For-Rent Entrance/Exit Ramps, enabling vehicles to pass over the pipe 

with no interference to anyone’s normal activities.  The water pipe(s) would go over the 

crest of the hill and down the side of the paved road ~300’ toward the Narrows II 

powerhouse until a point at which there is a noticeable slope break especially favorable to 

beginning gravel/cobble addition to the pipe.  At that location a screened hopper on the 
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north side of the road would receive sediment from a front loader bringing the material 

the short distance from the stockpile.  The loader operator would gently bounce the 

bucket to trickle the sediment into the hopper as the primary control on the flow rate.  A 

hopper operator would be standing there to ensure no blockages, clean out finger rocks as 

needed, and communicate conditions with other operations participants by radio.  Under 

the hopper the gravel and water would join in a metal pipe that would then connect to the 

beginning of the 8” diameter, semi-flexible “Yelomine” pipe.  This pipe would then go 

~1270’ down the ditch on the north side of the road to the switchback. From that point, 

the best option would be to go 264’ straight down the grassy hillside (Fig. 4.4, left) to a 

terrace level where an old roadbed and foot trail is located.  From there, the pipe would 

make a straight line 130’ down to the water’s edge near the upstream end of the gravel 

placement area for 2010 (Fig. 4.4, right).  Overall, this approach would use roughly 2000’ 

of Yelomine pipe to drop a vertical height of roughly 360’, yielding an overall slope of 

0.18 (18%).   
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Figure 4.2. Schematic of the gravel/cobble delivery system using a sluice method. 
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Figure 4.3. Landing area at the water’s edge of Englebright reservoir (left) and gravel 

road leading up to the hillcrest (right). 

 

 

 

Figure 4.4. Hillslope from road down to low terrace (left) and view from low terrace 

down to the Area A gravel placement location (right). 
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4.4. Gravel/Cobble Placement Location 

 

The selection of the specific location within the EDR for focusing gravel/cobble 

placement was guided by constraints in powerhouse operations, potential benefits to the 

river, and feasible delivery methods.  Powerhouse operations presently make 

gravel/cobble augmentation between Englebright Dam and the Narrows I powerhouse 

uncertain for the reasons described in section 2.3.3.  To get the most benefit and 

longevity from adding gravel to the river, the further upstream it is introduced, the better.  

Thus, gravel/cobble augmentation could begin in the scour pool adjacent to the Narrows I 

facility.  This pool is up to 8’ deep at 855 cfs.  To avoid having to fill in that scour hole 

and yield riffle habitat for immediate spawning use with the least amount of initial gravel 

injection during a pilot gravel sluicing operation, it would be advantageous to begin 

placement ~115’ downstream of the end of the Narrows 1 powerhouse where the 

maximum depth is under 5’ at 855 cfs.  If the sluicing operation is successful, the 

Narrows 1 pool could be partially filled in a future year.  Accessing this placement 

location with the gravel/cobble sluicing method is highly feasible according to the pipe 

pathway described in section 4.3.  From this point, additional sluice pipe could be added 

to reach across the river or shift placement downstream in future years. 

 

4.5. Gravel Cobble Mixture Design 

 

Table 4.1 below provides the design of the gravel mixture to be used at the site.  

This mixture is consistent with the scientific literature on what is preferred for salmon 

spawning, embryo incubation, and fry emergence.  Because the mix only specifies 2.5% 

of the material to be 4-5” in its B-axis dimension, that helps reduce the likelihood of 

having large finger rocks that can clog the sluice pipe. 
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5. 2010 EDR SPAWNING RIFFLE DESIGN DEVELOPMENT 

 

The Watershed Hydrology and Geomorphology Lab at UC Davis has been 

designing spawning habitat rehabilitation projects since 1999 using the Spawning Habitat 

Integrated Rehabilitation Approach (SHIRA) (Fig. 5.1).  Over the years, testing of 

numerous gravel-contouring schemes in 2D models and in actual construction has yielded 

a conceptual understanding of expected hydraulic attributes, geomorphic processes, and 

ecologic benefits.  Numerous specific design examples are illustrated on the SHIRA 

website at http://shira.lawr.ucdavis.edu/casestudies.htm. 

 

 

Figure 5.1. General schematic illustrating what is involved in the SHIRA framework. 
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Table 5.1. Design objectives and hypothesis for EDR gravel/cobble augmentation. 
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5.4. Design Concept 

 

Given the array of site and project constraints described earlier, there is a limited 

range of concepts possible for implementing spawning habitat rehabilitation.  To 

facilitate a larger, longer term vision, a staged design concept was developed that can be 

aimed for over time.  The design concept for the plan is illustrated in Figure 5.3.  Area A 

is the focus of the effort for 2010.  The design for Area A involves filling in the channel 

to a depth of ~2’ for the primary spawning area at 855 cfs and then having a 3’ deep 

thalweg going up to the crest.  The thalweg is in the 2D model-predicted location of the 

pre-existing thalweg for 855 cfs.  A deeper thalweg is required to cope with the total 

volume of flow focusing through the gravel-placement site.  The thalweg ends at the 

riffle crest allowing water to diverge laterally across the crest.  By design the thalweg 

does not go all the way through riffle, because that would increase the rate and likelihood 

of the flow cutting the gravel deposit into two lateral benches, which is not desirable 

(Pasternack et al., 2004).  However, given the strength of the flow, it may be 

unavoidable, even without the thalweg going through the whole riffle by design.  If fully 

built, Area A would use up an estimated 4673 short tons of gravel.  The conversion of 

gravel amount from a design volume to a tonnage is based on the density measurements 

of Merz et al. (2006) reported earlier in section 2.2, noting that with the sluicing method 

there is no heavy machinery to compact the bed, in contrast to the effect of front loaders 

reported by Sawyer et al. (2009).  A key reason to aim for 2’ water depth at 855 cfs is that 

flows can drop to 700 cfs in a schedule A year and 500 cfs in a schedule B year.  This 

depth provides a hydrologic buffer so that the riffle does not dewater.  This is consistent 

with design objective #4.  Another factor is that the design has to be constructible using 

the gravel sluicing method, and this simple design meets construction criteria based on 

past experience. 

Figure 5.3 also illustrates design concepts for adding coarse sediment in future 

years to continue to meet the design objectives (Areas B and C).  Because the channel 

deepens downstream, Area B uses more gravel than Area A, but is about half as long.  

Area B divides the flow and refocuses it into two 3’-deep thalwegs.  Between them is a 

medial bar.  This channel pattern is known to promote habitat diversity as well as 
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resiliency against interannual flow differences during the spawning season.  Area B 

requires an estimated 4870 short tons.  Area C terminates the medial bar and joins the 

two thalwegs along the right bank, before beginning to shift it back toward the center.  

Area C requires an estimated 3192 short tons.  Thus, the overall design concept would 

use 12735 short tons of gravel if it were possible to build it out over a period of a few 

years.  This accounts for 56% of the estimated gravel/cobble storage deficit for the area 

from Narrows II to the rapid below the gaging station (Table 3.1).  For the sake of 

comparison, a “blanket fill” design that would involve filling half of the pre-existing 

mean water depth at 855 cfs with coarse sediment between Narrows I and the rapid 

downstream of the gaging station would require an estimated 15850 short tons.  Such a 

blanket installation is not feasible by gravel sluicing as it is currently practiced.  

Nevertheless, this value is helpful to appreciate that the creation of a heterogeneous 

spawning riffle in a relatively small area can achieve the same gravel/cobble storage goal, 

while also yielding the benefit of providing preferred SRCS spawning habitat. 

If the gravel introduced in the first year washes downstream consistent with 

design objective #5, then that is fine, as the eroded material would still be serving the 

primary plan goal (design objective 1).  Future injections would use the next amount of 

material purchased to rebuild as much of Area A, then Area B, and then Area C as 

possible.  It is possible that frequent floods could preclude the complete design concept 

from ever being achieved, and that is an acceptable outcome consistent with the overall 

goals of the plan and the specific design objectives. 
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Figure 5.3. Design concept for using gravel augmentation in the EDR to possibly obtain 

a salmon-spawning riffle with diverse microhabitat features. 
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5.5. 2D Model Testing of Design Hypotheses 

 

The likely ability of the design concept to achieve design objectives 2 and 5 is 

testable by performing spatially distributed, mechanistic numerical modeling of the 

design.  Objective 2 and hypothesis 2B require that the design yield areas with GHSI>0.4 

at a typical autumnal discharge of ~500-950 cfs.  Objective 5 and hypothesis 5B require 

that the design yield areas with Shield stress values > 0.06 at flows overtopping 

Englebright Dam, which is Q>4500 cfs.  The abilities of the design for Area A, Areas 

A+B, and Areas A+B+C to achieve these requirements were tested by incorporating their 

respective topographic features into SRH-2D models of the EDR and putting these 

models through the same paces as the models reported in section 3.  The computational 

meshes used were the same as for the baseline simulations, with only the bed topography 

changed. 

 

The SRH-2D model simulation for 855 cfs revealed that the design concept for Area A 

successfully achieves substantial area of spawning habitat with GHSI>0.4 (Fig. 5.4). 

Because excessive depth appears to be the limiting variable, lower discharges would have 

lower depths, higher GHSI values, and thus a larger total area of preferred Chinook 

spawning habitat. 

 

The SRH-2D model simulation for 855 cfs revealed that the design concept for Area A 

yields a stable bed with a Shields stress of 0.01-0.03 during this spawning discharge 

(Fig. 5.5).  Depending on how loosely the gravel/cobble settles onto the bed and whether 

any grain size fractionation occurs during settling, it is unclear whether this range of 

Shields stress values would be associated with partial transport.  However, if that 

happened, the bed can be expected to adjust very quickly to yield a stable configuration 

prior to the autumn 2011 spawning season. 

 

The SRH-2D model simulation for 10,000 and 15,400 cfs revealed that the design 

concept for Area A successfully provides a condition of full bedload mobility over the 

majority of the project area at these discharges (Fig. 5.6). That means that at these high 
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discharges and any higher ones, the project site will scour significantly.  Beginning with 

the 1991 water year, flows of >10,000 cfs have occurred in 12 out of 20 years, or once 

every 1.67 years.  Therefore, there is a high likelihood that the placed grave/cobble will 

transport downstream in accordance with design objective #5.  Results shown in Figures 

3.6-3.7 indicate that the placed material is unlikely to leave the EDR.  Considering that 

those analyses do not account for the impeding effects of flow out of Deer Creek, then 

the likelihood is even stronger that the material will stay in the EDR. 

One other consideration related to any riffle design is the fact that a riffle is a 

partial barrier to flow.  Water backs up behind a riffle and accelerated over it.  When a 

riffle is added artificially or degraded riffle-pool relief is rehabilitated, then an increased 

backwater effect will result (Wheaton et al., 2004a).  The Area A 2D model simulations 

show that effect for that design.  In the EDR, there is no negative environmental impact 

of this upstream backwater effect, because it serves to decrease velocity and increase 

depth in an area that is already mostly devoid of spawning habitat anyway.  In terms of 

powerhouse operations, both powerhouses operate normally with a wide range of 

tailwater depths, so an increase in water surface elevation in the Narrow I pool and 

Narrows II pool should not impact their operations. 

 

Overall, there do not appear to be any impediments for the use of the Area A 

design.  The design uses a reasonable amount of gravel to pilot the gravel sluicing 

method in 2010.  If the material survives in its placement location through winter and 

spring 2011, the design is predicted to yield preferred Chinook spawning habitat and is 

predicted to yield a stable riffle during spawning and embryo incubation in 2011 prior to 

winter storms in 2012.  The designed riffle is predicted to be erodible during floods 

overtopping Englebright Dam roughly every other year, but when moved the material is 

expected to stay within the EDR.  This means that the tonnage still counts toward 

achieving the geomorphic goal of eliminating the gravel/cobble deficit for the reach over 

the long term.  Further gravel additions to re-build Area A in future years would yield 

short-term habitat benefits and add up toward the longer term geomorphic goal.  The last 

column of Table 5.1 lists specific measures than can be used to test the efficacy of gravel 

augmentation toward meeting each specific design objective. 
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Figure 5.4. GHSI prediction for Area A at 855 cfs.  Areas of green and blue are predicted 

to be preferred Chinook spawning habitat. 
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Figure 5.5. Shields stress prediction for Area A at 855 cfs. 
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Figure 5.6. 2D model predictions of Shields stress for flows of 10,000 cfs (left) and 

15,400 cfs (right), focusing on the location of gravel placement below the Narrows I 

powerhouse (PH1).  In both scenarios, Shields stress > 0.06 over the majority of Area A. 
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6. LONG-TERM GRAVEL AUGMENTATION PLAN 

 

The estimated gravel/cobble deficit for the EDR is 63,077 to 100,923 in the 

current condition.  Considering just the area from the Narrows I powerhouse to the rapid 

downstream of the gaging station, the amount is 15,949 to 25,518 short tons.  The lower 

value for each domain is consistent with the idea of having a diversity of complex 

morphological units in the reach, while the higher value for each domain is consistent 

with the idea of having a fully alluvial reach with a lot of riffle area and low 

morphological diversity.  The former conception involving a balanced role of alluvial and 

bedrock influences is interpreted to be the best match for what was likely present prior to 

hydraulic mining.  The latter conception of a fully alluvial river within the canyon would 

more resemble the state of the river during severe alluviation with hydraulic mining 

debris, and therefore is deemed less appropriate. 

Strategically, different approaches are feasible for the sequencing of placing 

gravel and cobble.  It is not feasible to erase the entire gravel/cobble deficit in one year.  

It is very important to use an incremental approach in this type of project, because it 

yields a more resilient and better-tested outcome (Elkins et al., 2007).  The area of the 

river that is presently appropriate for gravel augmentation is the domain from the 

Narrows I pool to the top of the rapid downstream of the gaging station.  The 

recommendation for the 2010 pilot project is to use the sluicing method to place 2000 to 

5000 short tons of gravel/cobble to build up an Area A riffle.  This project is a “pilot”, 

because the gravel/cobble sluicing method has never been attempted for salmon habitat 

rehabilitation over such a long distance and with such a high height drop. 

During and after the 2010 pilot gravel/cobble placement, a monitoring program 

should be instituted to evaluate what happened.  Baseline data exists for the pre-project 

characterization (see section 3).  Observation, description, and photo-documentation of 

the gravel/cobble sluicing operation would help assess its logistical effectiveness to get 

gravel/cobble into the river.  After construction, an as-built topographic survey should be 

performed to enable 2D hydrodynamic modeling for mapping of physical habitat and 

sediment transport potential for the site.  The as-built survey is also required for DEM 

differencing to track volumetric change over time.  Thereafter, the seven tests listed in 
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Table 5.1 should be carried out.  These tests will ascertain the veracity of the design 

hypotheses and the suitability of the design objectives.  Based on the outcome of a 

thorough evaluation, future projects may be designed differently to yield improved 

outcomes. 

Assuming the gravel-sluicing method of doing gravel/cobble augmentation is 

judged successful after evaluation of the 2010 pilot project, then a long-term plan that 

continues to use this approach would be recommended.  The concept would be to add 

gravel and cobble to Areas A, B, and C until the EDR deficit is erased.  Building out the 

design concept for Areas A, B, and C would come close to achieving the total deficit for 

this section, and it would be easy to add an Area D to finish it off when and if that is 

needed.  Thereafter, as floods relocate the sediment into the lowermost section of the 

EDR, further additions would be made to the placement area to keep up with the flux into 

the lowermost section plus any outflux leaving the EDR.  Eventually, the gravel deficit 

for the whole reach would be erased.  Once the overall deficit is erased, then further 

additions would only be appropriate after material is observed leaving the EDR, and then 

the amount would match the estimated loss. 

 

For the section between the Narrows II and I powerhouses, it may or may not be 

feasible to ever erase the gravel/cobble deficit.  Further evaluation of options in light of 

existing and possible future powerhouse operations is required. 

 

Overall, the evidence shows that the EDR has the potential to accommodate 

thousands of Chinook spawners.  Erasing the gravel/cobble deficit for the reach would be 

beneficial toward achieving that potential.  Gravel sluicing is the recommended method 

for augmenting gravel into the EDR.  Going further to build diverse morphological units 

in the reach would yield a sufficient amount of preferred holding, spawning, and embryo-

incubation habitat for the population.  Such actions would account for the most 

significant and evident geomorphic impacts of Englebright Dam on the lower Yuba 

River. 
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1.0 Introduction  

Instream large woody material (LWM) provides escape cover and relief from high current velocities 
for juvenile salmonids and other fishes (Figure 1). Snorkeling observations in the lower Yuba 
River have indicated that juvenile Chinook salmon had a strong preference for near-shore habitats 
with instream woody material (JSA 1992).  As 
part of the Central Valley Project 
Improvement Act Anadromous Fish 
Restoration Program, the United States Fish 
and Wildlife Service (USFWS) (1995) 
identified the need for increasing the amount 
of instream woody material to improve 
juvenile salmonid rearing habitat in the lower 
Yuba River. Beak (1996, as cited in CALFED 
and YCWA 2005) recommended the addition 
of instream woody material as a habitat 
enhancement action to increase annual 
salmonid smolt production in the lower Yuba 
River. 

It has been reported by the lower Yuba River Fisheries Technical Working Group (CALFED and 
YCWA 2005) that little instream woody material occurs in the lower Yuba River, because upstream 
dams block some downstream transport of woody material, and because of the lack of riparian 
vegetation throughout much of the lower Yuba River.  However, the CALFED and YCWA (2005) 
report did not indicate that any surveys or studies were conducted to support these statements. Some 
woody material may not reach the lower Yuba River due to collecting on the shoreline and sinking 
in Englebright Reservoir. However, Englebright Dam does not substantively block woody material 
from reaching the lower Yuba River because there is no woody material removal program 
implemented for Englebright Reservoir, and accumulated woody material therefore spills over the 
dam during uncontrolled flood events (R. Olsen, Corps, pers. comm. 2011). Nonetheless, few 
pieces of large wood reportedly are found within the reach of the lower Yuba River extending from 
Parks Bar to Hammon Bar, presumably due to upstream dams disrupting downstream transport 
from the upper watershed and the overall lack of supply and available inventory along the riparian 
corridor of the river downstream of Englebright Dam (USFWS 2010).  

On November 21, 2007, National Marine Fisheries Service (NMFS) issued a long-term biological 
opinion (BiOp) regarding the U.S. Army Corps of Engineers’ (Corps) operation and maintenance of 
Daguerre Point and Englebright dams. The BiOp included an incidental take statement (ITS) with 
several terms and conditions. Term and condition D.2. requires the Corps to “develop and 
implement a long term program to replenish large woody materials in the lower Yuba River.” In 
accordance with this term and condition, the Corps must “determine an effective method of 

Figure 1. Juvenile salmonids associated with LWM. 
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replenishing the supply of large woody material  ... back into the lower Yuba River, in a manner 
that provides instream cover, invertebrate flood sources, and micro-habitat complexity…”  

In October of 2011, the Corps submitted a Biological Assessment (BA) to NMFS assessing the 
effects of ongoing operations and maintenance of Englebright and Daguerre Point dams in the 
lower Yuba River.  The BA included a conservation measure addressing LWM. The conservation 
measure in the BA stated that  the Corps will: (1) develop a plan or policy for management of 
LWM, consistent with recreation safety needs; (2) conduct a pilot program to identify suitable 
locations and evaluate the efficacy of placing large instream woody material to modify local flow 
dynamics to increase cover and diversity of instream habitat for the primary purpose of benefitting 
juvenile salmonid rearing; and (3) based upon the outcomes of the pilot program, develop and 
implement a long-term Large Woody Material Management Plan (LWMMP) for the lower Yuba 
River, anticipated to occur within one year following completion of the pilot program.  

This LWMMP has been prepared consistent with term and condition D.2. in the BiOp and the 
conservation measure presented in the BA, with technical assistance provided by HDR Engineering, 
Inc. It includes the following key elements. 

 Metrics for assessing LWM value and selection criteria 

 Design considerations including LWM sources, collection location(s), collection methods, 
transportation methods, and stockpiling location(s).  

 Description of a LWMMP Pilot Program 

1.1 Goals of the LWMMP 

The overall goal of this plan is to provide and manage LWM in the lower Yuba River downstream 
of Englebright Dam to improve habitat for juvenile salmonids and other non-listed fish species, by 
improving cover and diversity of instream habitat for rearing juvenile anadromous salmonids, and 
provide increased cover, invertebrate food sources, and micro-habitat complexity. The Corps 
recognizes that the accomplishment of this goal has to occur while maintaining recreation and 
public safety values. 

2.0 LWMMP Design Considerations  

The application of LWM to improve habitat for juvenile salmonids and other non-listed fish species 
in the lower Yuba River considers several design characteristics including the source of LWM, 
collection methods, size and type criteria for selection, access and transportation of LWM, and 
placement techniques for optimal benefit of LWM.  

LWM is a naturally occurring feature in stream channels. LWM may alter existing hydrodynamics, 
habitat availability and use, and a redistribution of species (Saldi-Caromile et al. 2004). The 
deliberate placement of wood in streams and floodplains to form discrete structures at specific 
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locations may create habitat immediately, or may take years to develop (Saldi-Caromile et al. 
2004). Wood can be a naturally occurring feature anywhere in a stream system where trees are 
present in the adjacent riparian zone or upstream watershed. However, there is risk associated with 
adding mobile wood to certain stream types. For example, as the velocity and depth of flow 
increases, so do the buoyant and drag forces acting to transport LWM. And as the width and depth 
of the stream increases, the likelihood of wood getting wedged between banks, or held up on bank 
and channel obstructions decreases. Consequently, the risk of wood transport (though not 
necessarily project failure) increases with channel gradient, channel depth, and channel width 
(Saldi-Caromile et al. 2004). Ideal locations for wood replenishment include less developed 
watersheds where infrastructure is not located within or immediately adjacent to the stream (Saldi-
Caromile et al. 2004). 

2.1 LWM Availability and Collection  

Within the Yuba River Basin, several dams have altered the downstream movement of large wood 
into the lower Yuba River. New Bullards Bar Dam and Reservoir is located relatively low in the 
watershed and functions as the dominant flood control and water supply reservoir in the Yuba River 
Basin (CALFED and YCWA 2005). The drainage area of the North Yuba Basin is approximately 
489 square miles (mi2), which is the largest drainage area of the three Yuba River sub-basins (i.e., 
North Yuba River Basin, South Yuba River Basin, and Middle Yuba River Basin). Since 
completion of New Bullards Bar Dam in 1969, the movement of LWM from the North Yuba River 
Basin into the Yuba River has been reduced. A cable-and-buoy line (floating boom) spans New 
Bullards Bar Reservoir just upstream of the dam, which captures woody material that has entered 
and traveled downstream on the reservoir’s surface.  

The woody debris that accumulates on New Bullards Bar Reservoir consists of various materials, 
including leaves, twigs, branches, logs, root-wads, and trees.  However, the quantity, size, and type 
of LWM entering New Bullards Bar Reservoir on an annual basis are not well known. In general, 
the most commonly available floating wood is generally small diameter material, with large 
diameter trees occurring less frequently and usually associated with flood events.  

A flood event that occurred December 31, 2005 reportedly resulted in approximately 6,300 cubic 
yards (yd3) of floating woody material on the surface of New Bullards Bar Reservoir (Figure 2). 
The Yuba County Water Agency (YCWA) obtained a Federal Emergency Management Agency 
(FEMA) grant to gather up and remove the woody material, and about 4,800,000 pounds of wood 
was chipped and hauled to Oroville to be used as fuel for a biomass generation unit.  

Because the availability of LWM is related to magnitude, duration and frequency of large floods 
(City of Tacoma 2004), it is likely that the quantity and quality of LWM entering New Bullards Bar 
Reservoir from the North Yuba River vary inter-annually. Research quantifying the large wood 
loading in the Yuba River Basin is presently underway by Anne Senter, a UC Davis student advised 
by Dr. Pasternack (USFWS 2010). Preliminary estimates have quantified the volume of wood 
stored in New Bullards Bar Reservoir at two times - 1998 and 2006.  
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Figure 2. Large Woody Material in New Bullards Bar Reservoir (YCWA 2006). 

 

Aerial photography examinations resulted in an estimated 34,400 yd3 of wood accumulated on New 
Bullards Bar Reservoir during 1998, and an estimated 110,000 yd3 accumulated on New Bullards 
Bar Reservoir during 2006 (A. Senter unpublished data, as cited in USFWS 2010). 

YCWA presently manages the LWM that is washed into New Bullards Bar Reservoir from the 
North Yuba River Basin upstream. Although no formal LWM Management Plan has been 
established, YCWA methods currently involve pushing the floating LWM into shallow coves of 
New Bullards Bar Reservoir using tug boats, and subsequently gathering and removing the dry 
LWM from the reservoir using a boom (G. Rabone, YCWA, pers. comm.). USFWS (2010) reports 
that accumulated wood from New Bullards Bar Reservoir is burned every 1 to 3 years.  

Consistent with past LWM removal efforts on New Bullards Bar Reservoir, YCWA will continue 
to manage LWM on New Bullards Bar Reservoir by pushing the floating LWM using tug boats into 
shallow coves that have landside access along New Bullards Bar Reservoir, and subsequently 
stockpiling the LWM on the shoreline using a boom. The Corps will coordinate with YCWA to 
gather some of the stockpiled LWM along New Bullards Bar Reservoir and place it onto transport 
trucks for relocation downstream in the lower Yuba River. It is anticipated that LWM that is not 
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selected for enhancement downstream will be burned on the shoreline of New Bullards Bar 
Reservoir. 

For the Pilot Program (see Section 4.0, below), the Corps will use LWM available from the 
stockpiles located along New Bullards Bar Reservoir, which is anticipated to be dominated by 
coniferous species. However, if the amount, type and size of available LWM from the stockpiled 
sources along New Bullards Bar Reservoir are insufficient to meet the needs of the Pilot Program, 
then the LWMMP will consider augmentation of LWM from New Bullards Bar Reservoir with 
LWM from orchard trees, if a suitable source and quantity can be identified. 

2.1.1 LWM Selection Criteria  

LWM is highly variable in size, texture, plant species, and degree of decomposition (SAFCA 1999). 
Not all the woody material entering New Bullards Bar Reservoir is expected to be suitable for 
meeting the goal of this LWMMP. In general, some LWM that enters reservoirs may not be 
removed from a reservoir such as wood that is habitat for snag and log dependent species and 
provide greater ecological benefit by remaining in place rather than being removed and stockpiled 
(Puget Sound Energy 2011). For example, large trees along a reservoir shoreline riparian zone that 
fall into the reservoir are not necessarily removed if their rootwad rests more than a couple of feet 
above the full pool surface elevation and prevents the wood from floating away.  For the LWMMP, 
LWM selected for removal from the stockpiles located along the shoreline of New Bullards Bar 
Reservoir will be based on the size and type criteria identified below.  

A review of available literature indicates that LWM size criteria is highly variable, although two 
general size criteria methods were identified: (1) specific length and diameter dimensions of LWM 
irrespective of channel width; and (2) length and diameter criteria that are scaled to the width of the 
channel under consideration (PG&E 2008). Several studies that specify a minimum length and 
diameter define LWM as being wood with a diameter of at least 10 centimeters (cm) along 2 meters 
(m) of their length, or rootwads less than 2 m long with a minimum bole diameter of 20 cm, and 
may include whole trees with rootwad and limbs attached, pieces of trees with or without rootwads 
and limbs, and cut logs (Saldi-Caromile et al. 2004). USFWS (2010) identified large wood (conifers 
or hardwoods) as greater than or equal to 16 inches (in) in diameter and greater than or equal to 15 
feet (ft) in length. Fox (2004, as cited in CRH 2007) specifies a mid-point diameter of 10 cm or 
greater, a length of 2 m or greater, and protruding into the bankfull channel is required for 
designation as LWM (CRH 2007). Additionally, a log with a rootwad is considered a “key piece” 
because it is likely to be stable during bankfull flows and influences many of the physical and 
ecological characteristics (CRH 2007). Similarly, the 1998 CDFG Stream Habitat Restoration 
Manual (Flosi et al. 1998) identifies a single piece of large wood greater than 12 inches in diameter 
and 6 ft long as LWM, and small woody material as any amount of small wood that is less than 12 
in diameter. Other studies are less specific and focus on LWM that ranges between 10-20 cm in 

Size 
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diameter, 1-3 m in length, or both (e.g., Robison and Beschta 1990; Bilby and Ward 1991; Fausch 
and Northcote 1992; Crispin et al. 1993; Beechie and Sibley 1997, as cited in SAFCA 1999). 

Other management plans suggest that the length of LWM selected for placement must be shorter 
than the bankfull width of the river, due to transport considerations and the potential for log jams to 
occur downstream following mobilizing flood events (Flanagan 2004 and Wohl 2000, as cited in 
Energy Northwest 2005). However, this LWM size criterion may not be relevant to the lower Yuba 
River in consideration that the river generally is much wider (e.g., 300-600 ft) than the rivers 
addressed in these other plans. LWM is defined in the USFS Region 5 Stream Condition Inventory 
(SCI) protocol as all pieces of wood lying within the bankfull width of the channel that measures 
one half bankfull width or longer (SMUD undated). Cramer et al. (2002) suggests size of trees and 
rootwads have a minimum trunk diameter 0.5 × bankfull discharge depth, and minimum tree length 
0.25 × bankfull discharge width. Again, however, these types of criteria and considerations are 
generally most relevant to smaller streams.  

Size criteria in this LWMMP are more inclusive to provide a greater range of options for future 
monitoring, and to facilitate comparison with other existing data sets on LWM load in streams. 
Therefore, based on a review of the literature, this LWMMP defines LWM as pieces of wood that 
are minimally 12 inches in diameter, and 6 ft long. The maximum length of LWM pieces will 
correspond to that length with is capable of being transported by truck.  

In addition to size of the LWM, the type influences stability of the LWM and is defined as the 
species, geometry, and presence versus absence of rootwad (Saldi-Caromile et al. 2004). Decay 
rates are climate dependent, due to the requirements of the fungi responsible for aerobic 
decomposition of wood. Differences in the durability between coniferous and hardwood species can 
be quite dramatic when not fully submerged. Several studies conducted in the northern hemisphere 
recommend coniferous species be used for all key pieces of wood that are critical to structure 
stability and function and may not be continuously submerged. Lacking tannins that slow decay, 
deciduous wood decays much more rapidly and may lose structural integrity within a decade, 
depending on its size and the degree of wetting and drying that occurs (Saldi-Caromile et al. 2004).  

Type 

Widely spreading or multiple-stemmed hardwoods are more prone to forming snags than the more 
cylindrical conifers which are more readily transported and accumulate as racked members, and 
may beneficially enhance recruitment of other woody material (CRH 2007).  Complex woody 
material structures that feature numerous branches and high stem density locally decrease flow 
velocity, inducing sediment deposition. Accordingly, materials should be selected that have 
numerous branches, being careful not to break or remove branches during wood placement (Corps 
2007).  

Hilderbrand et al. (1997) suggest using trees with branches or rootwads left intact because they are 
less likely to move when flow is high (SAFCA 1997). Root tissue is more resistant to 
decomposition and provides increased stability than trunks and stems (SAFCA 1999). The 
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Sacramento River Bank Protection Project (SAFCA et al. 2011) states that selected trees for LWM 
placement should have a structurally complex canopy and/or root mass containing many branches 
and roots of various sizes. Trees that provide optimal LWM have many fine- and medium-sized 
branches or roots. A dense network of smaller roots and branches provides optimal cover for target 
fish species. Emphasis should be placed on selecting those trees with the greatest volume, density, 
and complexity of branches or roots. For example, SAFCA et al. (2011) state that trees to be 
imported to the Sacramento River Bank Protection Project sites should have a minimum trunk 
diameter of 10 in diameter at breast height (DBH) and a minimum total length of 25 ft (including 
trunk, canopy, and/or root wad) (DBH is a standard measurement of trunk diameter as measured 4 
ft above the ground). Therefore, for the LWMMP, pieces with rootwads will be preferentially 
selected from the materials stockpiled along the shoreline of New Bullards Bar Reservoir.  

Several different methods of identifying the appropriate loading levels of LWM have been used in 
various localities, including proportion of adjacent riparian, volume per stream channel area, 
emulation of natural loading, and pieces per length. Classifying and inventorying LWM within a 
stream is a key step in a LWM management plan. A LWM assessment provides a baseline on the 
amount and type of LWM and the locations along a stream. The assessment also helps to quantify 
the impact of LWM on the designated uses of the stream. Following a LWM assessment, 
management options should be evaluated. Any management action needs to fit within what is 
expected of the stream through its designated uses and what is feasible based on a stream’s 
characteristics. Other key factors that determine management options include cost and the 
experience of the responsible parties designing and/or implementing management activities (CRH 
2007). 

Quantity 

As a part of the Corps’ compliance with term and condition D.2. of the BiOp and as part of a 
conservation measure identified in the BA, the Corps will: (1) develop a plan or policy for 
management of LWM, consistent with recreation safety needs; (2) conduct a pilot program to 
identify suitable locations and evaluate the efficacy of placing large in-stream woody material to 
modify local flow dynamics to increase cover and diversity of instream habitat for the primary 
purpose of benefitting juvenile salmonid rearing, anticipated to occur no later than one year of 
NMFS issuance of a new biological opinion for this project; and (3) based upon the outcomes of the 
pilot program, develop and implement a long-term large woody material management plan for the 
lower Yuba River, anticipated to occur within one year following completion of the pilot program.  

Under Agreement No. W912HZ-11-2-0004, the Corps is a federal agency partner in the University 
of California’s Office of Research Cooperative Ecosystem Studies Unit (CESU). Through the 
CESU, the Corps coordinated with Dr. Greg Pasternack at UC Davis in the spring of 2011 
regarding the potential development of a multi-disciplinary research study that would investigate 
ecologic, hydrologic, and geomorphologic considerations associated with large woody material 
adaptive management actions. In September 2011, a one-year study was approved. A contract will 
be awarded and the study implemented in spring 2012. It is anticipated that the results of this study 
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will provide the following information: (1) a streamwood budget for the Yuba River watershed 
above Englebright Dam; (2) a detailed accounting of large woody material distribution and 
abundance; and (3) potential design concepts for instream hydraulic structure placement in the 
Englebright Dam Reach of the lower Yuba River. The technical information provided by this 
research would be used to facilitate the development and implementation of a large woody material 
adaptive management plan for the lower Yuba River, including identifying the appropriate 
quantities of LWM to be placed in the lower Yuba River.  

2.2 New Bullards Bar Reservoir Access Site 

The Corps will coordinate with YCWA regarding access to, and availability of LWM at accessible 
shoreline sites around New Bullards Bar Reservoir prior to LWM collection activities. In their 
determination of suitable access locations related to the collection of LWM, the Corps and YCWA 
will consider equipment size, available space, as well as minimizing impacts to recreational 
facilities. Recreational facilities located along New Bullards Bar Reservoir include Emerald Cove 
Marina, Hornswoggle Group Camp, Schoolhouse Family Camp, Dark Day Campground, Dark Day 
Boat Ramp, Garden Point Campground, Madrone Cove Campground, and Cottage Creek Boat 
Ramp.    

2.3 LWM Transportation Methods 

LWM collected from the surface of New Bullards Bar Reservoir and placed in stockpiles along the 
shoreline that meets the suitable criteria stated above (see Section 2.1.1) will be transported 
downstream to placement sites identified below in Section 2.4. The equipment needed to move the 
LWM can include self-loading log trucks, excavators, end dumps, skidders and dump trucks (Saldi-
Caromile et al. 2004). The LWM will be transported to downstream areas along the lower Yuba 
River via truck.  

The Corps will identify a Licensed Timber Operator, who is licensed under the Forest Practice Act 
law and is authorized to conduct forest tree cutting and removal operations, for the loading, 
transporting and unloading of LWM collected from New Bullards Bar Reservoir. 

2.4 LWM Placement 

Placement of LWM in the lower Yuba River is anticipated to temporarily improve habitat for 
juvenile salmonids and other non-listed fish species in the lower Yuba River directly at the 
placement site, in addition to areas downstream as transport of LWM occurs during high flow 
conditions. The following factors will be considered in identifying potentially suitable LWM 
placement sites: (1) within the boundaries of the lower Yuba River frequently occurring inundation 
zone (approximately 880 to 5,000 cfs); (2) located at the downstream end of a meander bend, the 
head of a side channel, the apex of a bar, in backwatered reaches, pools, or relatively low energy 
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sites, consistent with LWM stability guidelines presented in Saldi-Caromile et al. (2004); (3) 
consistent with potential habitat rehabilitation sites identified in the Rehabilitation Concepts for the 
Parks Bar to Hammon Bar Reach of the Lower Yuba River by USFWS (2010) and Potential 
Juvenile Rearing Habitat Expansion Actions in the Lower Yuba River, Appendix L to the Final 
Habitat Expansion Plan by PG&E (2010); (4) provide access for heavy equipment; and (5) sites 
under federal land management or where the Corps can obtain necessary real estate rights. The 
Corps will conduct a real estate assessment for each of the potential sites as part of the Pilot 
Program (see Section 4.0). 

Additionally, it is preferable to place appropriate LWM at bank locations where juvenile salmonids 
are most likely to occur so that they will benefit most from the LWM. The LWM placement sites 
identified in this LWMMP are approximate locations for improving juvenile salmonid rearing 
habitat on the lower Yuba River. Implementation ultimately relies on the experience and judgment 
of the equipment operators or supervisor to select the specific location and orientation of each 
individual log and the methods for placing LWM.  

Factors influencing the structural stability of LWM clusters include magnitude, duration, and 
frequency of flooding, as well as natural geomorphic processes in the channel. Hydrologic 
assessment methods are useful in identifying the most appropriate bank position for placement of 
LWM (SAFCA 1999).  According to Pasternack (2009), the lower Yuba River experiences floods 
capable of inducing geomorphic changes to the mainstem, which potentially would influence 
downstream transport of placed LWM complexes. Additionally, a review of 2D-hydrologic 
modeling developed by the Yuba Accord River Management Team (RMT) indicates that the 
frequently occurring inundation zone is defined by the inundated channel between the low flow 
(e.g., 880 cfs) and nearly annual high flow (e.g., 5,000 cfs) boundaries.  

LWM stability guidelines presented in Saldi-Caromile et al. (2004) suggest that optimal placement 
locations for LWM include the downstream end of a meander bend, the head of a side channel, at 
the apex of a bar, in backwatered reaches, pools, or relatively low energy sites. The upper portions 
of the bars or inlets where LWM placement sites are identified would remain undisturbed in order 
to preserve natural hydrologic and geomorphic structure. LWM will be placed and allowed to 
potentially move under high flow conditions. In some locations, large wood would promote the 
geomorphic processes of scour and deposition, further enhancing a heterogeneous mosaic of aquatic 
habitat types. This LWMMP identifies suitable LWM placement sites, consistent with optimal 
placement locations identified by Saldi-Caromile et al. (2004) and within the boundaries of the 
lower Yuba River frequently occurring inundation zone (e.g., the floodplain between 880-5,000 
cfs).  

Two studies were primarily referenced in the identification of approximate LWM placement sites in 
this LWMMP, including Rehabilitation Concepts for the Parks Bar to Hammon Bar Reach of the 
Lower Yuba River by USFWS (2010) and Potential Juvenile Rearing Habitat Expansion Actions in 
the Lower Yuba River, Appendix L to the Final Habitat Expansion Plan by PG&E (2010). USFWS 
(2010) reports that the approximate 4-mile reach of the lower Yuba River downstream of the 
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Highway 20 Bridge, often referred to as the Parks Bar to Hammon Bar reach, is relatively dynamic 
because of the availability of sediment and the potential for the alignment of this sediment to be 
altered during large magnitude floods in the reach. Further, USFWS (2010) states that the entire 
reach between Parks Bar and Hammon Bar could be suitable for placing large wood along the 
margins of the active main channel, side channels and backwaters. The Parks Bar to Hammon Bar 
reach (Figure 3) is considered a focal reach for restoration because of its proximity to the primary 
spring-run Chinook salmon and steelhead spawning reaches, favorable rearing temperatures, and 
the limited current extent of off-channel habitat (PG&E 2010).  Pending the results of the five 
factors considered in identifying potentially suitable LWM placement sites, additional sites 
upstream of the Highway 20 Bridge also may be considered. 

 

 

Figure 3. Proposed LWM placement areas within the Parks Bar to Hammon Bar reach of the lower 
Yuba River (Modified from PG&E 2010). 

 

At the upstream portion of the Parks Bar to Hammon Bar reach, the river is laterally confined by 
bedrock canyon walls; however, in the downstream portion of the reach, the river is laterally 
confined to approximately the same width by the remnant sediment (i.e., training walls) of historic 
gold dredging activities (USFWS 2010). The functional valley width in the reach ranges between 
approximately 310 ft to 1,420 ft, with a mean width of approximately 980 ft and a mean gradient of 
0.19% (G. Pasternack unpublished data). LWM placement guidelines presented in Saldi-Caromile 
et al. (2004) indicates that constructed log jams work well in alluvial channels having less than a 
2% slope and may not be appropriate in alluvial channels with high sediment loads that can cause 
frequent channel avulsions and lateral migrations that can abandon log jams shortly after 
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construction. In consideration of these criteria, the Parks Bar to Hammon Bar reach is identified in 
this LWMMP as suitable for placing LWM to improve the availability of juvenile salmonid rearing 
habitat. 

Potential habitat enhancement actions proposed in PG&E (2010) include large wood placement. 
The general design concept for the rearing habitat enhancement actions proposed by PG&E (2010) 
were informed by aerial photography and extensive field surveys of off-channel habitats reportedly 
conducted beginning in 2007. PG&E (2010) reports that many of the surveyed floodplain habitats 
support fry for variable periods of time following winter flows, but do not provide suitable rearing 
habitat after flows recede because they become too shallow, too warm, or lack sufficient cover to 
protect fry from piscivorous birds and other predators. Locations identified by PG&E (2010) as 
suitable for juvenile salmonid rearing habitat expansion projects include Upper Gilt Edge Bar, 
Lower Gilt Edge Bar, Lost Island, and Hammon Bar (Figure 3). These habitat expansion projects 
generally consisted of provision of currently unavailable side-channel and/or backwater habitat 
areas, and not LWM placement per se. However, these locations may be appropriate as LWM 
placement sites in consideration of the selection criteria, particularly heavy equipment access and 
proximity to salmonid spawning and rearing areas. 

Although USFWS (2010) stated that the entire stream margin along this 4-mile reach of the lower 
Yuba River is potentially suitable for LWM placement, specific locations have been identified for 
LWM placement, corresponding to sites identified in Rehabilitation Concepts for the Parks Bar to 
Hammon Bar Reach of the Lower Yuba River (USFWS 2010) and Potential Juvenile Rearing 
Habitat Expansion Actions in the Lower Yuba River, Appendix L to the Final Habitat Expansion 
Plan (PG&E 2010). Within the 4-mile reach of the lower Yuba River that has been identified for 
LWM placement, vehicular access to the river is limited, and the transport of LWM would require 
the Corps to use roads that traverse privately owned lands. Therefore, site selection, LWM 
stockpiling and placement within the frequently inundated floodplain will be dependent on whether 
or not the Corps is able to obtain permission from private landowners for an easement or right-of-
way access.  

Potential LWM placement sites are located along the southern edge of Lower Gilt Edge Bar, which 
is a stable point bar that starts near the low water elevation at the top of the bar and extends well 
above the low water elevation at the downstream end of the bar (USFWS 2010). Based on 
assessment of aerial photography, this location has been stable in recent years, and may be a 
suitable candidate for LWM placement, as long as there are no real estate constraints with this 
location. 

Lower Gilt Edge Bar  

Hidden Island, which is also referred to as Lost Island, is located on the northern side of the lower 
Yuba River downstream of Lower Gilt Edge Bar, where a high flow side channel is present 

Hidden Island (also referred to as Lost Island)  
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(USFWS 2010). Inspection of historic aerial photography indicates that the side channel used to 
remain inundated and longitudinally connected at lower river discharges and has presumably 
become disconnected at lower discharges (USFWS 2010). Field observation indicates that at 
present the high flow side channel becomes longitudinally connected at mainstem flows >3,300 cfs 
(USFWS 2010).  LWM would be placed along the banks and within the side channel, 
predominantly in the most upstream and downstream region where the side channel joins the lower 
Yuba River and backwater habitat may occur at lower flows. USFWS (2010) hypothesize that the 
historic side channel has converted into a high flow channel due to incision of the mainstem and/or 
deposition on the bar. It is uncertain how long this side channel will be maintained at this location, 
if the main channel is indeed incising in this area or a future flood deposits on the bar. In addition, 
access and cooperation the north bank land owner is unknown and will need to be pursued.  

LWM placement could occur within and along the existing backwater on the southern edge of 
Hammon Bar. Along the upper portion and some edges of the existing backwater, woody riparian 
vegetation is well established. LWM would be placed throughout the length of Hammon Bar, along 
existing backwater and riparian vegetation, as well as along vegetation planted during recent 
riparian restoration activities. Additionally, the western end of Hammon Bar is characterized by a 
series of remnant channels that intersect the bar and lead to a large side channel sustained by 
groundwater flows from the river and the Yuba Goldfields. This side channel supports high 
densities of juvenile Chinook salmon, steelhead, and other native fishes during spring and summer. 
LWM placement could occur in the large side channel to provide additional cover.  It should be 
noted that potential placement of LWM on Hammon Bar would need to avoid disruption of the 
recently implemented riparian vegetation enhancement pilot project being undertaken by USFWS. 

Hammon Bar 

2.4.1 Placement Configuration 

Large wood in interaction with channel margins has been shown to create a variety of microhabitats 
and affect geomorphic processes in a way that supports natural riparian recruitment and diversity 
(Gerhard and Reich 2000 in USFWS 2010). Juvenile salmonids are known to show preference for 
habitats with cover and velocity refugia associated with large wood (Roni and Quinn 2001). Large 
wood has been found to locally improve spawning conditions (Merz 2001; Senter and Pasternack 
2010). 

LWM is found in many natural configurations. In general, placement of in-channel structures has 
had mixed results in providing sustained habitat improvement and one factor influencing the 
persistence or risk of such projects is the dynamics or flood potential of the stream. Placement of 
LWM should allow for potential transport under high flow conditions. LWM placement also can be 
configured to provide specific habitat benefit, such as provision of low velocity refuges during high 
flow conditions (Figure 4).  
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Corps (2007) suggests that combinations of 
woody materials with stone and living plant 
materials are common. Rootwads may be 
placed at spaced intervals or in an interlocking 
fashion so they may be considered either 
intermittent or continuous types. Intermittent 
structures provide greater aquatic habitat 
diversity than continuous protection. The 
configuration of LWM structures should 
consider the dominant erosion processes 
operating on the site (Shields and Aziz 1992 
in Corps 2007), as well as key habitat 
deficiencies such a lack of pools, cover, and 
woody substrate. Intermittent structures could 
be built by stacking whole trees and logs in 
crisscross arrangements that emulate natural 
formations, creates diverse physical 
conditions, and traps additional debris. Alternatively, LWM may be placed as single logs and 
angled upstream. Large accumulations are frequently the result of a key log that is transported or 
falls into the stream at a low energy point, becomes anchored in that location, and collects 
additional debris that is transported from upstream (Saldi-Caromile et al. 2004; CRH 2007).  

The specific influence of woody debris on velocity and habitat formation is determined by LWD 
type and orientation within the channel. For example, a log with a root-wad in a stream will create a 
scour pool on the upstream end of the root-wad and a sediment bar on the downstream end (Saldi-
Caromile et al. 2004). In larger streams, LWM creates scour pools, controls floodplain construction 
and side channel development (Saldi-Caromile et al. 2004; CRH 2007). 

The stability of LWM once it enters a stream is determined by the interaction of the forces resisting 
its transport downstream and the forces driving its transport downstream. Examples of resisting 
forces would be the LWM’s weight and friction on the streambed and channel banks. Driving 
forces would be the drag from the flowing water on the LWM and the buoyancy of the wood (Saldi- 
Caromile et al. 2004). Large wood debris is stable when the resistive forces are greater than the 
driving forces (CRH 2007). Often, the most stable LWM structure in a stream is a log with an 
attached rootwad (Fox 2001, as cited in CRH 2007). Channel constrictions and bends, or locations 
where the channel depth is less than the buoyant depth, tend to be the locations where mobilized 
LWM becomes trapped (Braudrick and Grant 2001, as cited in Energy Northwest 2005). 

Moving a log that is perpendicular to the stream channel to a forty-degree angle to the bank, away 
from the flow will increase the capacity of the channel and maintain the local habitat (Rutherford et 
al. 2002 in CRH 2007). It is important to determine after changing the orientation of a LWM 
structure whether or not the structure will require anchoring, which should be done by estimating 
the net buoyancy force and drag force on the LWM (Shields et.al. 2004 in CRH 2007). 

Figure 4. Example of large wood placed on the 
floodplain will provide low velocity refuge during 
high flows (Finney Creek in Skagit County, 
Washington, as shown in Saldi-Caromile et al. 
2004).  
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LWM can be anchored to the stream channel or bed by one of four basic techniques (Saldi-
Caromile et al. 2004; Washington State Aquatic Habitat Guidelines Program 2003): (1) No anchors 
- existing and newly recruited wood is mobile and finds stable locations based on stream 
characteristics; (2) Passive - the weight and shape of the LWM structure provides resistance to 
downstream transport; (3) Flexible - LWM is tethered in by at least one point into the bank  or bed, 
but allowed to float and rotate during  high flows; (4) Rigid - LWM is tethered by two or more 
connection points to anchors such as standing trees, duckbill or deadman anchors or keyed into a 
bank and not allowed to move (CRH 2007). Not anchoring any existing or newly recruited LWM, 
but rather allowing LWM to find stable locations based on the stream characteristics, provides the 
greatest benefits to stream function (CRH 2007). 

For this LWMMP, the LWM will be placed in the functional inundated floodplain, or deposited 
directly within the low flow channel, as access allows. The low flow channel is defined by the edge 
of the wetted channel top width which is generally occurs at about a 880 cfs baseflow. The upper 
extent of the frequently inundated floodplain is defined by 5,000 cfs. Because high flows have been 
reported to import LWM into the channel and recruit it downstream (Keller and Swanson 1979 in 
CRH 2007), it is anticipated that for this LWMMP, placement of LWM within the functional 
inundated floodplain will result in the transport and distribution of LWM to downstream reaches in 
the lower Yuba River and the creation of new habitat for aquatic species downstream. 

2.4.2 Placement Equipment 
Sites for stockpiling of LWM along the lower Yuba River need to provide sufficient space for 
operation of equipment used to transport LWM to and from the site. Equipment used to place 
individual LWM elements and/or complexes includes an excavator with a hydraulic thumb and/or a 
track log loader (Saldi-Caromile et al. 2004). A “spyder” excavator (Figure 5) is preferred because 
it is relatively low-impact, requires 
minimal disruption of the 
surrounding environment to 
maneuver, can operate on steep 
slopes, and can work in water up to 
1.7 m depth. However, “spyder” 
excavators are relatively slow which 
can be a time/cost issue if they are 
used to transport materials very far. 
Dual fuel tanks allow the excavator to 
work for 4 days between refueling, 
which is important when working on 
remote, steep or environmentally 
sensitive sites. The telescopic 
extending boom provides long reach 
which reduces the number of times 

Figure 5. “Spyder” excavator (Source: ArcRidge LTD 
Environmentally Responsible Forest Services 2011). 
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the machine must move thereby reducing ground disturbance. Panolin biodegradable hydraulic fluid 
is used to protect the environment in the event of a hose failure (ArcRidge LTD Environmentally 
Responsible Forest Services 2011).  A loader, however, does not have the ability to dig or move 
rocks if required. Regardless of the specific equipment used, heavy machinery that is operated in 
the floodplain of the lower Yuba River will use biodegradable hydraulic fluid and will be steam 
cleaned of residual hydraulic fluid and oil prior to operating.  

2.5 Timing and Frequency 

Natural LWM recruitment is generally considered to be episodic due to variable frequency and 
magnitude of storm events which may result in few LWM pieces entering New Bullards Bar 
Reservoir in some years and large amounts of LWM entering in other years. Therefore, LWM 
collection and downstream placement activities are anticipated to be variable in the frequency of 
activity in response to the episodic nature of LWM recruitment.  The long-term frequency of LWM 
collection in New Bullards Bar Reservoir, stockpiling and placement along the lower Yuba River 
will be informed by the results of the previously described CESU woody material investigations, 
particularly the  large woody material adaptive management plan.  

Collection will generally occur during early summer months (e.g., June and July) following the 
spring snow melt and rain events when LWM is most likely to be mobilized from the North Yuba 
River Basin, and transported to New Bullards Bar Reservoir. It is further anticipated that 
stockpiling along the reservoir will continue through the summer, and LWM will be transported to 
the lower Yuba River during fall. Stockpiling at the enhancement sites in the lower Yuba River will 
occur when river stage is low to ensure placement of LWM is within the boundaries of the active 
floodplain. The Corps will conduct the initial collection, transporting, and placement of LWM 
within one year upon acceptance of this LWMMP, pending funding and fulfillment of all regulatory 
compliance requirements.  

Prior to implementation of the LWMMP Pilot Program (see Section 4.0, below), it is anticipated 
that the Corps would need to comply with applicable environmental and regulatory requirements 
such as National Environmental Policy Act (NEPA) and the Clean Water Act (CWA). As part of 
compliance with the CWA, it is anticipated that the Corps will coordinate with the Regional Water 
Quality Control Board. As part of the NEPA process, it is also anticipated that the Corps would 
coordinate with NMFS, as well as USFWS and CDFG regarding potential effects to botanical and 
terrestrial species that may be present in areas selected for LWM stockpiling and placement along 
the lower Yuba River.   
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3.0 Recreation and Public Safety 
Considerations 

Safety issues for recreational use and public safety on New Bullards Bar Reservoir and on the lower 
Yuba River are important considerations in this LWMMP. Floating debris or LWM located near the 
water surface of New Bullards Bar Reservoir represents a hazard to other forms of water-based 
recreation such as water skiing and tubing. While associated with boating, these activities require 
participants to be outside of the boat. Participants travel at relatively high speeds without anything 
to protect them should an impact with any object occur. Generally, these activities are conducted 
away from areas with potential hazards; however, due to the transient nature of floating debris, 
hazards could be present in areas where they had previously been absent. It is important to note that 
potential boating hazards, including debris, exist in all waterways. It is impossible to identify or 
remove all potential boating hazards. However, removal of LWM from New Bullards Bar Reservoir 
is anticipated to reduce public risk posed by floating material. 

Structures that protrude into a river channel, block the channel, or are designed to trap floating 
materials can be hazardous to recreational users and boaters (Saldi-Caromile et al. 2004). For this 
LWMMP, LWM will be placed along the shoreline of the frequently inundated channel and not 
transversing a significant portion of the cross-sectional length of the channel at any location, to 
minimize impediments to flow or navigation. Some concerns regarding LWM structures stem from 
the fact that materials used in anchoring often persist long beyond the functional life of the 
structure. Cables can pose significant public safety concerns as they can form traps for recreational 
users, and often have sharp ends (Saldi-Caromile et al. 2004). Thus, this threat will be avoided by 
placing LWM without the use of cables or anchoring structures. Potential safety hazards may be 
reduced by placing warning signs at public access points and upstream from the LWM placement 
reach to alert the public. 

4.0 LWMMP Pilot Program 

Upon acceptance of this LWMMP, the Corps in consultation with NMFS and CDFG will conduct 
field reconnaissance investigations of road access, site stockpiling and LWM placement locations 
for the LWMMP Pilot Program. For the Pilot Program, the Corps will use LWM available from the 
stockpiles located along New Bullards Bar Reservoir, which is anticipated to be dominated by 
coniferous species. However, the long-term LWMMP will consider augmentation of LWM from 
New Bullards Bar Reservoir with LWM from orchard trees, if a suitable source and quantity can be 
identified. According to SAFCA et al. (2011), trees appropriate for use as imported LWM include 
orchard trees being removed for urban development or agricultural conversion, native and non-
native trees designated to be removed at project sites, and other native and non-native trees 
designated for removal from unrelated projects. Preferred species of trees to use as LWM include 
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almond (Prunus dulcis), because of the hardness, flexibility of limbs, durability of branches, and 
their resistance to decay.  If almond trees are not available, other dense hardwood trees such as 
walnut (Juglans regia), pistachio (Pistacia vera), orange (Citrus sp.), lemon (Citrus sp.), olive trees 
(Olea europaea), and durable ornamental species such as redwood, cedar, other resinous trees can 
be used.  Trees such as eucalyptus, pine species and trees of the pome fruit family (e.g., cherry, 
apricot, pear and apple) should be avoided (SAFCA et al. 2011). 

For the LWMPP Pilot Program, wood will be placed in either LWM complexes, defined as being 
comprised of 10 or more pieces of LWM, or as individual pieces. The specific quantity and 
arrangement of LWM placement during the LWMPP Pilot Program will be determined through 
site-specific accessibility, and through Corps consultation with NMFS and CDFG. Preliminary 
considerations regarding the quantity of LWM included in the LWMMP Pilot Program include log 
truck capacity, end dump truck capacity, distance from New Bullards Bar Reservoir to sites 
identified along the lower Yuba River, individual LWM pieces or pieces with rootwads and 
multiple branches. These considerations indicate that, depending on the nature and availability of 
the LWM, quantities of LWM for the LWMMP Pilot Program could range from approximately 500 
– 1,000 logs (1-2 ft in diameter) and from 1,000 – 3,000 yd3 of rootwad material.  

The Corps will take advantage of studies currently being undertaken by YCWA as part of the FERC 
Relicensing study plan process and by the Yuba Accord RMT to establish a baseline of LWM 
presence, location and abundance in the lower Yuba River. Field mapping efforts of LWM in select 
locations within the lower Yuba River was performed by the RMT, but the extensive amount of 
material present made the ground surveys unrealistically time consuming. RMT field methods were 
revised to largely substitute aerial photograph analyses. 

Aerial photography and other remote sensing techniques can be used to obtain inventory data and 
can be valuable tools for making management decisions (USDOI 2001). Aerial photos have proven 
especially useful in the management of riparian-wetland areas. Aerial photography can also assist in 
assessing functionality, determining classification, and improving management planning processes. 
Aerial photos also link data geographically, allowing detailed vegetation maps to be transferred to a 
Geographic Information System (GIS) for spatial modeling purposes (USDOI 2001). Aerial photo 
baseline data, when carefully selected prior to a project, allows analysis of a large area of interest, at 
a minimum cost, in less time per hectare than conventional on-the-ground methods (Keating 1993 
in USDOI 2001). Certainly tree canopy, herbaceous cover, and to some extent, age distribution of 
woody dominant species can also be identified using aerial photos at an adequate scale. 

As part of the YCWA FERC Relicensing process and the RMT process, an analysis of historic 
aerial photographs and maps of the lower Yuba River dating from 1906 through 1998 will be 
undertaken as a joint project between YCWA and the RMT. This effort is anticipated to be 
completed prior to summer 2012.  In addition, YCWA will conduct field measurement of LWM 
along study sites in the lower Yuba River during spring/summer of 2012.  According to YCWA, 
LWM occurring within study sites will be counted as follows: all LWM greater than 3 ft in length 
within the active channel within four diameter classes (4-12 in, 12-24 in, 24-36 in, and greater than 
36 in) and four length classes (3-25 ft, 25-50 ft, 50-75 ft, and greater than 75 ft).  
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More detailed measurements will be taken for key pieces located within riparian habitat study sites.  
Key pieces of LWM are defined as pieces either longer than 1/2 times the bankfull width, or of 
sufficient size and/or are deposited in a manner that alters channel morphology and aquatic habitat 
(e.g., trapping sediment or altering flow patterns).  Key piece characteristics to be recorded will 
include: 

 Piece location, either mapped onto aerial photos or documented with GPS 

 Piece length 

 Piece diameter 

 Piece orientation 

 Position relative to the channel 

 Whether the piece has a rootwad 

 Tree species or type (e.g., conifer or hardwood) 

 Whether the LWM piece is associated with a jam or not (number of LWM pieces in the 
jam) recruitment source and mechanism function in the channel 

These same key piece characteristics will be recorded for all LWM placed in the lower Yuba River 
as part of the LWMMP Pilot Program, in addition to photographs taken of all placed LWM. In 
addition to key pieces, measurements will be taken and data recorded for all LWM greater than 3 ft 
in length within the active channel within four diameter classes (4-12 in, 12-24 in, 24-36 in, and 
greater than 36 in) and four length classes (3-25 ft, 25-50 ft, 50-75 ft, and greater than 75 ft).  

Because fish habitat creation is usually identified as one of the primary goals of an in-stream project 
utilizing LWM, project monitoring generally focuses on the physical expressions of this goal 
(Larson et al. 2001). However, structural habitat may be only one of numerous conditions that are a 
limiting factor for fish survival, as well as survival of other aquatic species (such as benthic 
invertebrates) that are critical links in the aquatic food web (Larson et al. 2001). Studies have 
shown that macroinvertebrate community structure changes and diversity increases when structures 
are added (Hilderbrand et al. 1997; Gortz 1998). 

Effectiveness monitoring of LWM placed in the lower Yuba River is anticipated to be conducted by 
using:  (1) aerial photography to visually detect wood movement into downstream reaches; and (2) 
field-based reconnaissance/verification using GPS tracking to detect and record wood movement.  

The resultant effects of the Corps’ LWMMP Pilot Program will be evaluated to assess the 
effectiveness of LWM placement in the lower Yuba River, including whether LWM placement at 
the locations selected has resulted in improved habitat conditions for anadromous salmonids. It is 
anticipated that a performance evaluation will be conducted, which will use the performance criteria 
described below. Performance evaluation considerations will include the size and quantities of 
LWM collected from New Bullards Bar Reservoir, and the spatial and temporal distribution of 
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LWM in the lower Yuba River.  Components of the performance evaluation to be conducted 
include the following.  

 Estimate the quantity of LWM collected that met the size, type, and density suitability 
criteria 

 Evaluate the spatial and temporal distribution of LWM in the placement reaches and the 
downstream reaches of the lower Yuba River  

 Estimate the proportion of LWM contributed to the lower Yuba River by introduction, 
relative to LWM contributed to the lower Yuba River by natural recruitment  

 Evaluate the physical, geomorphic characteristics where LWM was deposited (e.g., 
landform, water velocity, geomorphologic unit) 

 Characterize the extent and substrate size of spawning gravel recruitment in areas 
directly downstream of LWM 

 Assess the potential for public safety to be affected given the distribution of LWM in the 
placement reaches and in the downstream reaches of the lower Yuba River 

The effectiveness monitoring is anticipated to be conducted during the first low flow period (i.e., 
fall) occurring after initial placement of the LWM as part of the LWMMP Pilot Program. Thus: (1) 
baseline monitoring will be complete by end of September 2012; (2) initial LWM placement under 
the Pilot Program will occur during September 2012; and (3) Pilot Program monitoring will be 
conducted during September 2013.  During winter 2012/2013, the Corps will prepare an interim 
report describing the results of the monitoring and analyses conducted as part of the LWMMP Pilot 
Program performance evaluation. The interim report will include: 

 Summary description of the existing LWMMP, and proposed plan modifications (if any) 

 Summary of efforts completed in the previous year relating to the plan requirements, 
including a tally of the LWM collected from the stockpiles along the shoreline of New 
Bullards Bar Reservoir and transported to the lower Yuba River 

 Inventory of the number and size of LWM along the lower Yuba River 

 Information regarding: (1) the sizes, types and locations of LWM mobilized during 
higher flow conditions; and (2) LWM movement patterns in the lower Yuba River, as 
observed via aerial photography and field reconnaissance efforts 

 Description of any problems encountered and associated remedies 

The interim report also may identify provisions addressing future LWM needs and the frequency of 
subsequent LWM reintroductions into the lower Yuba River, as well as recommended 
considerations for the integration of the LWMMP with other future or ongoing plans (e.g., Riparian 
Restoration Plan). 
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The Corps will submit a copy of the interim report to NMFS and CDFG for review, comment and 
identification of other potential LWMMP recommendations. During the performance evaluation, 
lower Yuba River site conditions or study findings also may warrant modifications to the approach 
that will be used in the long-term LWMMP, which will be described in the report.  

If necessary, following completion of the performance evaluation and report review by NMFS and 
CDFG, recommended modifications to the LWMMP would be considered and incorporated into the 
Long-term Adaptive Monitoring and Evaluation Plan. LWM placement under the long-term 
LWMMP is anticipated to occur during September 2014. 
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This Appendix Includes: 

 Daguerre Point Dam Fish Passage Sediment/Gravel Management Plan 

 Flashboard Management Plan 

 Debris Monitoring and Maintenance Plan for Daguerre Point Dam,  
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DAGUERRE POINT DAM 
FISH PASSAGE SEDIMENT/GRAVEL  

MANAGEMENT PLAN 

Purpose:  The purpose of this plan is to describe the methods used to manage 
the sediment/gravel that accumulates upstream of Daguerre Point Dam.  The 
sediment/gravel could impede upstream fish passage.  This plan was developed 
by the US Army Corps of Engineers (Corps) with cooperation and advice from 
the National Marine Fisheries Service (NMFS), the California Department of Fish 
and Game (CDFG) and the US Fish and Wildlife Service (FWS). 

Goal:  The goal is to maintain an adequate water depth across the face of the 
dam to allow unimpeded fish passage from the ladders to the main channel 
upstream from Daguerre Point Dam.  An adequate water depth is defined as a 
“channel” at least 30 feet wide when measured from the face of the dam 
upstream and 3 feet deep when measured from the crest of the dam to the 
riverbed.  The process to determine the adequacy of the water depth is described 
in the Criteria section of this plan. 

Criteria:  In June of each year, water depth measurements will be taken across 
the face of the dam to determine the depth of the channel.  The goal is to keep 
an area 30 feet wide by 3 feet deep upstream from the face of the dam cleared of 
sediment/gravel in order to facilitate fish passage.  If the flows are too high in 
June to take the measurements, they will be taken as soon as conditions are 
safe. 

If the water depth measurements show that the channel is still at least 30 feet 
wide by 3 feet deep, no sediment removal is required for that year. 

If the water depth measurements show that sediment/gravel has encroached and 
the channel has filled in to less than 30 feet wide by 3 feet deep, sediment/gravel 
removal will be conducted during the first 2 weeks in August (01-15).  The 
channel will be widened to 45 feet and deepened to 5 feet. 

High Flow Events: In addition to the annual inspections described above, the 
Corps shall also inspect the channel as soon as practicable following a “high flow 
event”. A “high flow event” is defined as a storm “that generates Yuba River flow 
exceeding 20,000 cubic feet per second as measured at the Marysville flow 
gauge or flow that is sufficient to move sediment loads into the bed of the river.” If 
the “high flow event” inspection reveals significant sediment buildup that risks 
impairing fish passage, the Corps shall dredge the channel in a manner that 
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minimizes adverse impact risks to the fish. The Corps will reconsider the need for 
“high flow event” inspections upon issuance by NMFS of a Biological Opinion for 
the continued operation and maintenance of Daguerre Point Dam and 
Englebright Dam. 

Equipment:  A tracked excavator will be used to remove the sediment/gravel.  
The excavator will be cleaned of all oils and greases, and will be inspected and 
re-cleaned daily as necessary to insure no contaminants are released into the 
water.  All hydraulic hoses and fittings will be inspected to insure there are no 
leaks in the hydraulic system. 

Management:  Sediment/gravel removed shall be managed in one of two ways.  
The preferred method is to deposit this material downstream from the dam on 
either bank above the ordinary high water mark to augment downstream 
spawning gravels.  With this method, natural river flows during the spring run-off 
will naturally recruit the gravel.  If conditions do not allow the downstream 
placement, then the material will be removed and disposed of above the ordinary 
high water mark. 

Monitoring/Coordination:  Management of the sediment/gravel at Daguerre 
Point Dam will be monitored and coordination will be made with NMFS, CDFG 
and FWS to ensure the methods used are beneficial to the fishery.  Any 
recommended changes to the procedures will be discussed and coordinated with 
these agencies. 
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FLASHBOARD MANAGEMENT PLAN 

The long-term flashboard operations plan developed by the Corps includes the 
following. 

 Conditions of Placement.  Flashboards will be used in periods of low flow to 
direct water toward the fish ladders to provide optimal flow conditions.  Because 
there is no recorded flow information at this time to set a flow-based trigger, the 
flashboards will be set in place when the flows recede to a point that only part of 
the dam has water flowing over it.  Flows will be recorded at the time of 
placement to determine the flow rate trigger for future placement.   

 Period of Placement. Flashboards and brackets will be installed as described 
above, but only after April 15 and will be removed before November 1 of each 
year.  Further, flashboards will be removed within 24 hours, if directed by the 
Corps, NMFS or CDFW.  

 Flashboard Adjustments. Flashboards will be closely monitored in accordance 
with monitoring and inspection activities (see below) to ensure they have been 
placed in a manner that leads to actual improvement in fish passage and will be 
adjusted accordingly based on such monitoring. All adjustments will be 
coordinated with NMFS and CDFW. Any recommended adjustments will be 
made within 24 hours of notification unless flow conditions prohibit them. In that 
case, the adjustments will be made as soon as conditions allow. 

 Method of Placement.  Flashboards will be installed using metal brackets that are 
attached to the dam with anchor bolts.  The brackets will be fabricated of material 
that is light enough that it will break away if the flows increase too rapidly before 
the brackets can be removed. 

 Location of Placement. When flashboard placement is required, they will be 
placed in the center portion of the dam in such a way that the flows are directed 
toward both fish ladders.  This will ensure adequate flows through the fish 
ladders to promote optimal flow conditions and attraction flows to the fish 
ladders.  The number of boards placed and the exact location will be determined 
based upon flow conditions and channel position.  Adjustments will be made as 
necessary to provide optimal fish attraction and passage.  All adjustments will be 
coordinated with NMFS and CDFW. 

 Flashboard Material.  Flashboard material will be 2” x 10” Douglas Fir or equal 
material. Material will be free of preservatives and other contaminants – no 
pressure treated material will be used. 
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 Monitoring and Inspection. Once the flashboards have been placed, fish passage 
will be closely monitored for the first week after placement to confirm that the 
flashboard installation improves fish passage.  This monitoring will be conducted 
via the VAKI in coordination with the RMT.  Additionally, during the period that 
flashboards are installed in accordance with this plan, the flashboards will be 
monitored at least once per week to make sure that the flashboards have not 
collected debris that might contribute to juvenile fish mortality.  The flashboards 
will be cleared within 24 hours of finding a blockage, or as soon as it is safe to 
clear them. 

 Updates.  The Corps will update and adjust this plan as required based upon 
new information generated through monitoring efforts.  

As part of future Cordua Irrigation District license renewal and approval processes after 
2016, the Corps will refine the description of specific operations addressing the 
placement, timing and configuration of the flashboards at Daguerre Point Dam and 
incorporate changes to the Flashboard Management Plan into the terms and conditions 
for the Corps license to be re-issued to Cordua Irrigation District (Grothe 2011a), and 
Cordua Irrigation District will remain responsible for implementing the flashboard 
operations.    

If the Corps does not renew the license to Cordua Irrigation District or another entity 
when it expires in 2016, then the Corps will assume responsibility for implementing the 
operations and maintenance activities addressing the placement, timing and 
configuration of the flashboards at Daguerre Point Dam that are described in the 
Flashboard Management Plan on a long-term basis. 
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Purpose:  The purpose of this plan is to describe the methods used for clearing 
accumulated debris and blockages in the fish ladders at Daguerre Point Dam.  This plan 
was developed by the US Army Corps of Engineers (Corps) with cooperation and 
advice from the National Marine Fisheries Service (NMFS) and the California 
Department of Fish and Wildlife (CDFW).   

Goal:  The goal is to clear any accumulated debris and blockages in the fish ladders at 
Daguerre Point Dam.    

History:  In 2003, the Corps installed a log boom at the north ladder exit to divert debris 
away from the ladder.  In September 2011, as a result of an order issued by Judge 
Karlton in South River Citizens League, et al. v. National Marine Fisheries Servce et al 
(SYRCL 1), Case No. S-06-2845 LKK-JFM (ECF Doc. 402), the Corps installed locking 
grates over most of the fish ladder bays. To date, these grates have helped to keep 
debris from collecting in the fish ladders.   

Monitoring/Coordination:  Through coordination with CDFW and NMFS, the Corps will 
implement the Debris Monitoring and Maintenance Plan.  This plan specifies that CDFW 
is responsible for inspecting and clearing the portion of the ladders containing the VAKI 
device, and that the Corps is responsible for all other parts of the ladders. 

Inspection Criteria:  Inspections will include sub-surface inspections of the ladders.  
The Corps will conduct weekly inspections of the Daguerre Point Dam fish ladders for 
surface and subsurface debris.  The Corps also will routinely inspect the fish ladder 
gates to ensure that no third parties close them. Routine inspections shall occur at least 
weekly, and may be conducted under agreement with CDFW.   

This plan also specifies that routine inspection and clearing of debris from the two fish 
ladders at Daguerre Point Dam may be conducted by CDFW pursuant to agreement 
with the Corps, or by other parties (e.g., PSMFC) under CDFW direction. Routine 
inspections and debris clearing will occur weekly, although more frequent inspections 
and debris clearing activities may be conducted by CDFW, or other parties (e.g., 
PSMFC) under CDFW direction. 

High Flow Events: When river flows are 4,200 cfs or greater, the Corps or other 
designated parties as described above, will conduct daily manual inspections of the 
Daguerre Point Dam fish ladders.  Upon discovering debris in the ladders, the debris will 
be removed within twelve hours, even if the Corps or CDFW determines that flow levels 
are adequate for fish passage.   

If conditions do not allow for safe immediate removal of the debris, the debris will be 
removed within twelve hours after flows have returned to safe levels.  
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ATTACHMENT 1 

U.S. Army Corps of Engineers, Sacramento District Itemized Comments on the NMFS’ 
February 2012 Final Jeopardy Biological Opinion on the Lower Yuba River 

 

I. INTRODUCTION 

The formal section 7 consultation process between the U.S. Army Corps of Engineers, 
Sacramento District (Corps) and the National Marine Fisheries Service (NMFS) on the 
Englebright and Daguerre Point Dams has a long history dating back to March 2000, when 
the Corps first initiated formal consultation on its operation and maintenance activities at the 
Dams. Since then, NMFS has issued four Biological Opinions (BO) related to these projects, 
with the most recent opinion in February 2012 reaching a conclusion of “jeopardy”.  The 
long consultation history on these projects will not be repeated here as it is summarized in the 
NMFS BO. The Corps appreciates the time and effort that NMFS’ staff has devoted to the 
various consultations on these projects. However, because the information and analysis in the 
BO on the Corps’ action will likely be used in future opinions on other federal actions, the 
Corps thinks it is important that the technical and factual deficiencies with the February 2012 
jeopardy BO be corrected. 

 The purpose of this document is to provide a discussion and analysis of the major concerns 
the Corps has with the February 29, 2012 jeopardy BO and Reasonable and Prudent 
Alternative (RPA) on the operation and maintenance of Englebright and Daguerre Point 
Dams on the Yuba River. (NMFS No. 2012/00238). This document, in addition to 
Attachments 2 and 3, discusses why the Corps believes the analysis in the BO is flawed and 
the RPA is inappropriate and inconsistent with the requirements of 50 CFR § 402.02. It also 
discusses concerns with the Incidental Take Statement and Conservation recommendations. 

II. BACKGROUND 

 On October 14, 2011, the Corps submitted a comprehensive draft Biological Assessment 
(BA) to NMFS requesting formal consultation on the operation and maintenance of both 
Englebright and Daguerre Point Dams. The final BA was submitted in January 2012. The BA 
evaluated the effects of the operation and maintenance activities on 3 species listed as 
“threatened” under the Endangered Species Act (16 U.S.C. 1531, et seq.) (ESA) and their 
designated critical habitat. The BA determined that the proposed operation and maintenance 
activities “may affect, and are likely to adversely affect” Central Valley spring-run Chinook 
salmon and Central Valley steelhead, but concluded that these adverse effects would not 
appreciably reduce the likelihood of both the survival and recovery either species. The BA 
also concluded that operation and maintenance would not result in the destruction or adverse 
modification of spring-run Chinook salmon or Central Valley steelhead critical habitat. As 
for the Southern Distinct Population Segment (DPS) of North American green sturgeon, the 
BA determined that the Corps’ actions “may affect, but are not likely to adversely affect” that 
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species and its critical habitat.  The conclusions in the Corps’ BA are based on the best 
currently available science regarding the species and their habitat and the Yuba River. 
Chapter 3 of the Corps’ BA provides a detailed description of the ongoing operation and 
maintenance activities at Englebright and Daguerre Point Dams. For purposes of this 
document, only a brief summary of the project authorizations and ongoing activities is 
provided. 

Englebright Dam and Reservoir are located downstream of New Bullards Bar Dam on the 
Yuba River. Authorized by the Rivers and Harbors Act of August 30, 1935 (P. L. 409, 74th 
Congress, 1st Session, 49 Stat. p. 1028-1049), for the purpose of debris storage and power 
development, Englebright Dam was constructed by the California Debris Commission in 
1941. Englebright Dam is 260 feet high, and the storage capacity of Englebright Reservoir 
was 69,700 acre-feet (AF) at the time of construction. When the California Debris 
Commission was decommissioned in 1986, administration of Englebright Dam passed to the 
Corps pursuant to Section 1106 of the 1986 Water Resources Development Act (P. L. 99-
662, 99th Congress, 2nd Session, November 7, 1986). 

Because Englebright Dam was constructed as a sediment retention facility, it does not 
contain a low-level outlet. Unregulated flood flows spill over Englebright Dam. Following 
construction of Englebright Dam in 1941 and extending until approximately 1970, controlled 
flow releases from Englebright Dam were made through the Pacific Gas & Electric (PG&E) 
Narrows I Project facilities. Since about 1970 to the present, controlled flow releases from 
Englebright Reservoir into the lower Yuba River have been made from the PG&E Narrows I 
and the Yuba County Water Agency (YCWA) Narrows II power plants.  

The purpose for the Corps’ ongoing maintenance of Englebright Dam pertains to dam 
infrastructure safety and security. The Corps does not have authority or discretion to control 
Narrows I, Narrows II or Englebright Reservoir operations; the Corps activities are restricted 
to coordination and cooperation with PG&E and YCWA. The water stored in Englebright 
Reservoir provides opportunities for recreation and hydroelectric power. YCWA and PG&E 
administer water releases for hydroelectric power, irrigation, and other beneficial uses (e.g., 
instream flow requirements) and is regulated and permitted for these activities by the Federal 
Energy Regulatory Commission (FERC). 

Additionally, the Corps operates and maintains recreation-related facilities on and around 
Englebright Reservoir, as identified and described in the 2007 Harry L. Englebright Lake 
Operational Management Plan. Along the 24 miles of Englebright Reservoir’s shoreline, the 
developed facilities include: (1) 96 campsites; (2) 9 picnic sites; (3) 1 group picnic shelter 
with 4 tables; (4) 2 boat launching ramps (Narrows and Joe Miller Ravine) maintained by the 
Corps; (5) a private marina operated by a concessionaire; and (6) 5 parking lots containing a 
total of 163 parking spaces.  

  




