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Appendix 1 
 

Klamath Hydroelectric Project Entrainment Analysis 
11/29/07 

 
This appendix describes how the Service estimated endangered sucker entrainment and 
mortality at Klamath Hydroelectric Project (Project) facilities under current operations 
and those proposed for the new FERC license.  Entrainment is defined as the downstream 
movement of fish into power or irrigation diversions and spillways by drift, dispersion, 
and volitional migration. Entrainment studies at Project facilities have been limited to 
work conducted at the Eastside and Westside power diversions from 1997-1999 
(Gutermuth et al. 2000b).  In addition, fish entrainment was quantified at the A-Canal, an 
irrigation diversion on Upper Klamath Lake (UKL) near Link River Dam, from1996-
1998 (Gutermuth et al. 1998; Gutermuth et al. 2000a).  The estimates from these studies 
serve as the foundation for our entrainment analysis. 
 
Current Project Entrainment and Mortality 
 
Larval entrainment and mortality 
 
Although the A-Canal and Eastside and Westside entrainment studies cited in this report 
(Gutermuth et al. 1998; Gutermuth et al. 2000a; Gutermuth et al. 2000b) did not identify 
sucker larvae to species, it is likely that nearly all were endangered Lost River and 
shortnose suckers.  Of the four Klamath basin sucker species (Lost River sucker, 
shortnose sucker, Klamath smallscale sucker, and Klamath largescale sucker) only one 
specimen of Klamath smallscale sucker has been reported from Upper Klamath Lake 
(Markle et al. 2005).  Klamath largescale suckers are common in the tributaries to UKL 
but rare in UKL (Markle et al. 2007; U.S. Geological Survey 2007).  Thus, based on the 
best available evidence, it is a reasonable conclusion that larval suckers documented by 
Gutermuth et al. (Gutermuth et al. 1998; Gutermuth et al. 2000a; Gutermuth et al. 2000b) 
were either Lost River suckers (LRS) or shortnose suckers (SNS).  There are Klamath 
smallscale sucker larvae present in J.C. Boyle, Copco No. 1, Copco No. 2, and Iron Gate 
Reservoirs.  However, entrainment of these fish was not included in this analysis.  In 
computations of larval entrainment numbers, we rounded estimates to the nearest 100 
larvae to avoid the perception of false precision.   
 
Link River - Initial larval entrainment estimates are based on data collected prior to the 
construction of the A-Canal fish screen in 2003.  Fish entrainment studies at Eastside and 
Westside power diversions from 1997-1999 assessed entrainment of all sucker life stages 
but did not compute total larval entrainment estimates (Gutermuth et al. 2000b).  
However, larval sucker entrainment estimates available for the A-Canal, which is located 
nearby, were used to estimate entrainment and mortality associated with current Project 
operations at the Eastside and Westside power diversions.  Larval sucker entrainment at 
the A-Canal was estimated at 3.3 million in 1996 and 1.7 million in 1997 (Gutermuth et 
al. 1998).  Because Gutermuth et al. (Gutermuth et al. 2000b) concluded that entrainment 
at the Eastside and Westside power diversions was generally proportional to the volume 
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of flow diverted into the canals, we used the A-Canal larval sucker entrainment numbers 
for the Eastside and Westside diversions because the mean diversion rates were similar 
for both locations during the April through July larval emigration period ((Federal Energy 
Regulatory Commission 2006), page 3-62).  Therefore, the initial larval entrainment 
estimate at the Eastside and Westside power diversions is 3.3 million per year (using the 
larger of the two years of entrainment estimates) and that this represents 60 percent of the 
larvae passing the facility.  We estimate the remaining 40 percent of larvae that reached 
the Eastside/Westside/Link River Dam area are proportional to the flow passed through 
the Link Dam spillways, fish ladder, or auxiliary water structure.  These larvae equate to 
2.2 million (2.2 million = 40 percent of the total; 3.3 million larvae = 60 percent of the 
total).  Therefore a total of 5.5 million sucker larvae passing Link River Dam annually.  
The 40 percent figure was based on the average amount of water passing through the 
Link River Dam spillway compared with the average quantity of water passing through 
the Eastside and Westside power diversions during the April through July period 
((Federal Energy Regulatory Commission 2006) page 3-62).  
 
With the completion of the A-Canal fish screen in 2003, many larval fish entering the A-
Canal are bypassed back to UKL in the vicinity of the Link River Dam where they can 
continue to disperse downstream through Link River Dam or the power diversions, or 
swim back upstream into UKL.  Based on larval sucker exclusion estimates at the A-
Canal (USDI Bureau of Reclamation, unpublished data) and a similar fish screen facility 
on the Sacramento River (Borthwick and Weber 2001), about 50 percent of the larvae are 
excluded by the screens and bypassed back to UKL.  Therefore, of the estimated 3.3 
million larvae entering A-Canal annually, 1.65 million would be bypassed back to UKL 
near Link River Dam.  Because larval suckers are poor swimmers and generally have a 
propensity to drift, we estimate that about 75 percent (1.24 million) of the sucker larvae 
bypassed at the A-Canal continue to disperse downstream and 25 percent (412,500) swim 
upstream into UKL (Mark Buettner, USFWS, pers. comm.).  Therefore, since the A-
Canal fish screen was installed, larval suckers passing by the Eastside/Westside/Link 
Dam, including the entrainment at the Eastside and Westside power diversions, is 
estimated at up to 6.74 million yearly (5.5 million + 1.24 million; Table 1).  When larvae 
are present (April through July) we estimate that approximately 60 percent of the flow 
passing Link River Dam is diverted through the turbines and 40 percent through the 
spillway (Federal Energy Regulatory Commission 2006).  A total of 4,044,000 larval 
suckers (60 percent of the 6.74 million larvae) are entrained through the Eastside and 
Westside power diversions and 2,696,000 (40 percent of the 6.74 million larvae) through 
the Link River Dam spillway.   
 
Mortality of larval suckers through the turbines is estimated at 25 percent (Electric Power 
Research Institute 1987).  This mortality rate is based on the average of several studies 
conducted on various sizes of salmonids and thus on the best evidence available.  
Application of this rate to larval suckers is reasonable because they are small, fragile, and 
would be subject to powerful turbulence and pressure changes passing through turbines.  
We use 2 percent mortality through the unimproved spillway based on estimates for 
anadromous salmonids from Whitney et al. (1997) as cited in (National Marine Fisheries 
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Service 2000); Table 2).  (These sources are the basis for estimated mortality rates for 
turbines and unimproved spillways throughout this Appendix.) 
 
Using these calculations, turbine mortality at the Eastside and Westside power diversions 
is estimated at 1,011,000 sucker larvae per year.  It is also assumed that the general health 
of entrained larval suckers is good because they are present during the spring and early 
summer when water quality conditions are good in all project waters (Federal Energy 
Regulatory Commission 2006).  Of the larval suckers passing the Eastside and Westside 
facilities, we estimate that 5,675,000 move downstream. 
 
Keno - At Keno Dam, Terwilliger et al. (Terwilliger et al. 2004) found that 
approximately 10 percent of the number of larval suckers at the upper end of Keno 
Reservoir made it to Keno Dam.  This study, and similar findings regarding the relative 
number of suckers entrained at A-Canal compared with the numbers entering UKL from 
the Sprague and Williamson Rivers (Klamath Tribes 1996), were the basis for our 
estimate that 10 percent of larval suckers entering Keno Reservoir from UKL (5,675,100) 
are entrained at Keno Dam (567,500). The remaining 90 percent would be accounted for 
by either: 1) natural mortality, 2) entrainment at other diversions in Keno Reservoir, or 3) 
suckers that take up residence in the impoundment.  Keno Dam does not have turbines or 
downstream fish passage facilities.  Fish moving downstream must pass through the spill 
gates, fish ladder, sluice conduit, or auxiliary water supply.  Fish passing under the 
narrow gate opening of the spill gates during low flow conditions are subject to 
mechanical or hydraulic-caused injury and mortality. Also, flows passing the dam 
discharge into shallow areas that may be predator holding areas (Oregon Department of 
Fish and Wildlife 2006).  Mortality rates through the spillway release gates, downstream 
passage through the fish ladder, auxiliary water supply, and/or sluice conduit are 
collectively estimated at 2 percent of the 567,500 larvae entrained (11,400).  Of the larval 
suckers passing the Keno facility, we estimate that 556, 100 move downstream, 
 
J.C. Boyle - We estimate that 10 percent of the larvae entering J.C. Boyle Reservoir from 
Keno Reservoir are entrained at J.C. Boyle Dam (Terwilliger et al. 2004).  Based upon 
PacifiCorp’s (PacifiCorp 2006) estimated that 20 percent of outmigrating anadromous 
salmonids would likely be spilled at J.C. Boyle if they were reintroduced, we reasoned 
that a smaller percentage of suckers would be spilled (10 percent) because the timing of 
downstream migration for suckers (Gutermuth et al. 2000b) is later than the anticipated 
timing for anadromous salmonids and spill is reduced when young suckers move 
downstream.  Therefore, of the 556,100 larval suckers entering J.C. Boyle Reservoir, an 
estimated 90 percent (55,700) remain by the time they get to J.C. Boyle Dam and are 
entrained, including 50,100 through the turbines (90 percent) and 5,600 (10 percent) over 
the spillway (Table 1).  Although J.C. Boyle has fish screen facilities, they are generally 
ineffective at excluding juvenile fish and therefore even less effective in excluding small 
larval suckers.  Mortality was estimated at 12,700 (25 percent) through the turbines and 
100 (2 percent) through the spillway.  Of the larval suckers passing the J.C. Boyle 
facility, we estimate that 43,600 move downstream, 
 
Copco No. 1 - Of an estimated 43,600 larval endangered suckers dispersing downstream 
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of J.C. Boyle Dam, 10 percent (Terwilliger et al. 2004) remain by the time they get to 
Copco No. 1 Dam (4,400).  Additionally, based on SNS spawning that occurs in the 
Klamath River just upstream from Copco No. 1 Reservoir and larval drift estimates in 
this reach (Beak Consultants Inc. 1987), we estimate that about 500,000 SNS larvae are 
produced and drift into Copco No.1 Reservoir annually.  An estimated 10 percent of these 
(50,000) disperse through Copco No. 1 Reservoir to the dam.  Of the total 54,400 listed 
sucker larvae that are entrained at Copco No. 1 Dam, an estimated 49,000 go through the 
turbines (90 percent) and 5,400 (10 percent) pass through the spillway.  Mortalities 
through the turbines and spillway are estimated at 12,300 (25 percent) and 100 (2 
percent), respectively.  Of the larval suckers passing the Copco No. 1 facility, we 
estimate that 42, 000 move downstream.   
 
Based on the low numbers of juvenile suckers collected in Copco No. 1 Reservoir 
(Desjardins and Markle 2000), we estimate that any survival of larvae to juveniles or 
adults is low.  However, SNS adults reside in Copco No. 1 Reservoir as a result of 
recruitment and dispersion from upstream areas.  Based upon the information in 
Desjardins and Markle (2000) and USDI Fish and Wildlife Service (USDI Fish and 
Wildlife Service 2006), we estimate the Copco No. 1 Reservoir population to be several 
hundred adult SNS.   
 
Copco No. 2 - Because Copco No. 2 Reservoir is immediately below Copco No. 1 Dam, 
only 0.3 miles long, and water residence time is less than 1 hour, we estimate that all fish 
remain by the time they get to Copco No. 2 Dam.  Of the 42,000 larval suckers passing 
Copco No. 2 Dam annually, an estimated 90 percent are entrained through the turbines 
(37,800) and 10 percent (4,200) pass through the spillway.  Yearly, turbine and spillway 
mortality estimates are 9,500 (25 percent) and 100 (2 percent) larval suckers, 
respectively.  Of the larval suckers passing the Copco No. 2 facility, we estimate that 
32,400 move downstream. 
 
Iron Gate - Of the 32,500 larval suckers entering Iron Gate Reservoir annually, we 
assume 10 percent remain by the time they get to the dam (3,200).  Of this number, 2,900 
(90 percent) enter the turbines and 300 (10 percent) through the spillway.  Mortality 
through the turbines is 700 (25 percent) and through the spillway 0 larvae (2 percent). Of 
the larval suckers passing the Iron Gate facility, we estimate that 2,500 move 
downstream. 
 
Summary - Of the 6.74 million LRS and SNS larvae passing Link River Dam and 
Eastside and Westside powerhouses, an estimated 2,500 disperse below Iron Gate Dam.  
 
Juvenile entrainment and mortality 
 
Juvenile Klamath smallscale suckers and Klamath largescale suckers are present in some 
Project reservoirs but were not included in this analysis. 
 
Link River – Before the A-Canal was screened, Gutermuth et al. (Gutermuth et al. 2000b) 
estimated juvenile sucker entrainment in 1997, 1998, and 1999 at the Eastside and 
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Westside power diversions, with the highest annual estimate of 83,000 in 1998 for both 
facilities combined.  In 2006, a high production year in UKL, juvenile sucker entrainment 
was likely much higher than 1998 based on catches in a screw trap operated below Link 
River Dam (Tyler 2007).   
 
In addition to entrainment at the Eastside and Westside power diversions, we estimate 
that an additional 20 percent of this number of juvenile suckers passed through Link 
River Dam spill release gates (20,750), based on the relative volume of flow passing 
through the spill release gates compared to that diverted into the Eastside and Westside 
power diversions for the period July through October (Mark Buettner, USFWS, pers. 
comm.).  This is when most juvenile sucker entrainment occurs.  Using this reasoning, we 
estimated that a total of 103,750 (83,000=89 percent; 20,750=20 percent) juvenile 
suckers were diverted annually at the Eastside and Westside power diversions based on 
studies conducted prior to the installation of the A-canal.  We also estimate that since 
2003, when the A-Canal fish screen became operational, additional juvenile suckers are 
entrained at the Eastside and Westside power diversions because the A-canal screens are 
a short distance upstream and fish are diverted towards the Eastside and Westside power 
diversions.  Using the highest estimated juvenile sucker entrainment into the A-Canal 
(1998; 246,000) before the screen was installed (Gutermuth et al. 2000a), reasoning that 
50 percent of these fish swim back to UKL after being bypassed (this percentage is 
higher than for larvae because juvenile suckers are better swimmers), and 50 percent 
move downstream towards Link River Dam (in 2005, BOR released 6 radio-tagged 
juvenile suckers in the A-Canal bypass and 2 of the 4 surviving fish moved upstream and 
2 dropped over Link River Dam (D. Bennetts, BOR, pers. comm.) 226,750 juvenile 
suckers disperse downstream to Link River Dam and the Eastside and Westside power 
diversions (103,750 based on pre A-canal studies plus the 123,000 that do not swim back 
to UKL).   
 
However, PacifiCorp operates the Eastside and Westside power diversions differently 
during the peak juvenile sucker entrainment period to reduce entrainment.  From mid-
July through mid-October, PacifiCorp generally shuts down the Westside and operates tat 
full capacity only during the day, when sucker entrainment is low (Gutermuth et al. 
2000b; Tyler 2007).  We estimate that this operation results in 25 percent (Mark Buettner, 
USFWS, pers. comm.) of the juvenile suckers approaching Link River Dam returning to 
UKL (56,688).  Therefore, an estimated 170,062 (226,750 minus 25 percent) juveniles 
are entrained at Eastside and Westside power diversions each year.  Of these 50 percent 
move through the turbines (85,031) and 50 percent through the spill gates (85,031).  
Mortality through the turbines is 21,258 (25 percent).  Of the juvenile suckers passing the 
Eastside and Westside power diversions, we estimate that 147,104 move downstream.   
 
It is reasonable to assume that there is an annual late summer entrainment of juvenile 
suckers, regardless of water quality conditions in UKL or condition of the fish. Although 
previous entrainment studies documented a high percentage of entrained juvenile suckers 
that were dead or debilitated during periods of poor water quality (i.e.,1997) in some 
years entrained juvenile suckers were in relatively good condition (1998; (Gutermuth et 
al. 2000a)).  Juvenile sucker entrainment appears to be related to the relative sucker year 
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class size.  For example, in 1998 and 2006 large numbers of age 0 suckers were entrained 
at Link River dam facilities (Gutermuth et al. 2000b; Tyler 2007) and were also 
documented in high densities in UKL (Simon and Markle 2001).  There were no obvious 
fish die-offs in either of these years indicating fish were debilitated.  Sucker entrainment 
also seems to be correlated with discharge (Gutermuth et al. 2000b; Tyler 2007).  Higher 
catch rates were documented during periods of higher Link River Dam discharge. 
 
Keno – Again, we estimated that 10 percent of the estimated 147,104 juvenile suckers 
entering Keno Reservoir make it downstream to Keno Dam (14,710).  We estimated 2 
percent mortality (294) of fish passing through the small gate openings of the spill gates, 
fish ladder, auxiliary water supply, or sluice conduit.  Since there are no hydropower 
facilities at Keno Dam, we estimate there is only spillway mortality.  Of the juvenile 
suckers passing the Keno facility, we estimate that 14,416 move downstream, 
 
J.C. Boyle – An estimated 10 percent of the juvenile suckers entering J.C. Boyle 
Reservoir make it to the dam.  Of these, 90 percent pass through the turbines and 10 
percent through the spillway.  With mortality rates of 25 percent and 2 percent, 
respectively, we estimate that turbine entrainment is 1,297 with a mortality of 324 fish.  
We estimate that spillway entrainment is 144 juvenile suckers and mortality is 3 fish.  Of 
the juvenile suckers passing the J.C. Boyle facility, we estimate that 1,114 move 
downstream. 
 
Copco No.1 – An estimated 10 percent of juvenile suckers entering Copco No.1 
Reservoir pass make it to the dam.  Of these, 90 percent pass through the turbines and 10 
percent through the spillway.  With mortality rates of 25 percent and 2 percent, 
respectively, we estimate turbine entrainment is 100 juveniles with a mortality of 25 fish 
and spillway entrainment is 11 juvenile suckers with a mortality of 0 fish.  Of the juvenile 
suckers passing the Copco No.1 facility, we estimate that 86 move downstream. 
 
Copco No.2 - We estimate that all juvenile suckers (86) entering the Copco No.2 
reservoir make it to the Copco No.2 turbines and spillway (the same estimation for 
juveniles as for larvae for this small reservoir).  With mortality rates of 25 percent and 2 
percent mortality, respectively, we estimate turbine entrainment is 78 juvenile suckers 
pass, with a mortality of 19, and spillway entrainment is 9 with zero mortality.  Of the 
juvenile suckers passing the Copco No. 2 facility, we estimate that 67 move downstream. 
 
Iron Gate - An estimated 10 percent of juvenile suckers entering Iron Gate Reservoir 
make it to the dam.  We estimate that 6 juveniles pass through the turbines (with 1 
mortality) and 1 fish through the spillway, with no mortalities.  Of the juvenile suckers 
passing the Iron Gate facility, we estimate 5 move downstream. 
 
Summary - Of the estimated 170,062 juvenile LRS and SNS entrained at Link River Dam 
and the Eastside and Westside developments annually, 5 fish survive dispersal and 
entrainment through all project facilities.  
 
Sub-adult and adult sucker entrainment and mortality  
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Link River – Since both the A-Canal and the Eastside and Westside power diversions had 
trash racks with openings of 2 5/8 inches, larger adult suckers were excluded from the 
estimates (Gutermuth et al. 2000a; Gutermuth et al. 2000b) that form the basis of this 
analysis.  This analysis is based on those sub-adult and adult suckers passing through the 
trash racks with openings of 2 3/4 inches at Eastside and Westside and 1 5/8 inches at A-
Canal.  Before the A-Canal was screened, the highest number of sub-adult/adult LRS and 
SNS entrained at the Eastside and Westside power diversions during a non fish die-off 
year was 14 in 1998 (Gutermuth et al. 2000b).  We estimate that an additional 20 percent 
of this amount were entrained through Link River Dam spill gates, fish ladder, and 
auxiliary water supply based on the relative volume of flow through the Link River (4 
fish).  Gutermuth et al. (Gutermuth et al. 2000a) estimated 411 sub-adult/adult listed 
endangered suckers entrained at A-Canal in 1998.  With the screening of the A-Canal, 
sub-adult/adult suckers are bypassed back to the lake near Link River Dam.  We estimate 
that 50 percent of these fish go back to UKL and 50 percent are entrained at Link River 
Dam.  Thus, an estimated 205 fish move down near the dam for a total of 223 (205 + 14 
+4).   
 
However, since PacifiCorp shuts down the Westside and operates the Eastside mostly 
during the day in the peak juvenile and adult entrainment period (mid-July to mid-
October), we estimate this operation leads to 25 percent (Mark Buettner, USFWS, pers. 
comm.) of the 223 suckers moving back to UKL (56) and that 167 (223 minus 25 
percent) adults move downstream and pass the Eastside/Westside/Link river facilites.  Of 
these, we estimate that 50 percent through the turbines (84) and 50 percent through the 
spill gates (84).  We estimate turbine mortality at 21 sub-adults/adults (25 percent).  Of 
the adult suckers passing the Eastside and Westside power diversions, we estimate that 
145 move downstream.  
 
Keno - We estimate that 10 percent of the sub-adult/adult LRS and SNS entering Keno 
Reservoir survive and disperse downstream to Keno Dam.  Thus, a total of 15 sub-
adult/adult suckers pass through Keno Dam with 2 percent spillway mortality (0); 15 
adults survive to disperse downstream into J.C. Boyle Reservoir.  Of the adult suckers 
passing the Keno facility, we estimate that 14 move downstream. 
 
J.C. Boyle - With 10 percent of the sub-adult/adult fish making it downstream to J.C. 
Boyle Dam, only 1 enters the turbines and 0 pass through the spillway.  One sub-
adult/adult sucker survives passage through J.C. Boyle Dam and enters Copco No.1 
Reservoir.  Of the adult suckers passing the J.C. Boyle facility, we estimate that 1 moves 
downstream. 
 
Copco No.1, Copco No. 2, and Iron Gate – We estimate that no sub-adult/adult suckers 
that originated from UKL are entrained at Copco No.1, Copco No.2 and Iron Gate dams.  
However, because there is a population of several hundred adult SNS in Copco No.1, 
there is likely occasional entrainment of an adult SNS at Copco No.1 Dam.  Of the adult 
suckers passing the Copco No. 1 facility, we estimate that zero move downstream. 
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In summary, of the estimated 6.74 million larvae, 170,062 juveniles, and 167 sub-
adult/adults (federally listed suckers) that are entrained at Link River Dam and the 
Eastside and Westside developments, due to residualism in reservoirs, natural mortality, 
and effects of the Project without of fishways, we estimate that few suckers pass through 
all Project facilities.  The Link River Dam fishway provides for some adults to return to 
Upper Klamath Lake from Keno Reservoir (C. Korson, Reclamation, pers. comm.).  
 
Table 1. Entrainment estimates at Klamath Hydroelectric Project for current facilities 
without fishways 
 

Facility Eastside/Westside Keno J.C. 
Boyle 

Copco 
No. 1 

Copco 
No. 2 

Iron 
Gate 

Turbines - Harassed (100%)   

Larvae 4,044,000 0 50,100 49,900 37,800 2,900 

Juvenile 85,031 0 1,297 100 78 6 

Adult 84 0 1 0 0 0 

Turbines - Mortality (25%) 

Larvae   1,011,000 0 12,500 12,200 9,500 700 

Juvenile 21,258 0 324 25 19 1 

Adult 21 0 0 0 0 0 

Spillway/ Dam release gates - Harassed (100%)  

Larvae  2,696,000 567,500 5,600 5,400 4,200 300 

Juvenile 85,031 14,710 144 11 9 1 

Adult 84 15 0 0 0 0 

Spillway - Mortality (2%) 

Larvae  53,900 11,400 100 100 100 10 

Juvenile 1,701 294 3 0 0 0 

Adult 2 0 0 0 0 0 

Without Fishways - Harassed 

Larvae 6,740,000 567,500 55,700 54,400 42,000 3,200 

Juvenile 170,062 14,710 1,442 111 86 7 

Adult 167 15 1 0 0 0 

Without Fishways -Total Mortality  

Larvae 1,064,900 11,400 12,600 12,300 9,500 710 

Juvenile 22,958 294 327 25 20 2 

Adult 23 0 0 0 0 0 

Number of suckers dispersing downstream  

Larvae 5,675,100 556,100 43,600 42,000 32,500 2,500 

Juvenile  147,104 14,416 1,114 86 67 5 

Adult 145 15 1 0 0 0 
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Table 2.  Sucker entrainment and mortality assumptions for current operations at the 
Klamath Hydroelectric Project facilities. 
Current License 
Life Stage Turbine 

Mortality 
Spillway 
Mortality  

Percent Dispersal To Next Facility 

Link River Dam - 60% of larval entrainment through turbines/40% through the spillway1; 
50% of juvenile and sub-adult/adult entrainment into turbines/50% through spillway2 
 
Larvae 25%3 2%4 10%5 
Juvenile 25%3 2% 10% 
Sub-adult/adult 25%3 2% 10% 
Keno Dam - 100% of entrainment through the spillway 
Larvae  No turbine 2% 10% 
Juvenile No turbine 2% 10% 
Sub-adult/adult No turbine 2% 10% 
J.C. Boyle Dam - 90% of entrainment through turbines/10% through spillway 
Larvae 25% 2% 10% 
Juvenile 25% 2% 10% 
Sub-adult/adult 25% 2% 10% 
Copco No. 1 - 90% of entrainment through turbines/10% through spillway 
Larvae 25% 2% 100% 
Juvenile 25% 2% 100% 
Sub-adult/adult 25% 2% 100% 
Copco No. 2 - 90% of entrainment through turbines/10% through spillway 
Larvae 25% 2% 10% 
Juvenile 25% 2% 10% 
Sub-adult/adult 25% 2% 10% 
Iron Gate Dam - 90% of entrainment through turbines/10% through spillway 
Larvae  25% 2% - 
Juvenile 25% 2% - 
Sub-adult/adult 25% 2% - 
1Based on relative proportion of flow passing the spillway and diverted at the Eastside and Westside 
facilities during the larval sucker entrainment period (April – July) 
2Assume 50% of juvenile and sub-adult/adult suckers pass through the turbines and 50% through the 
spillway at Link River Dam based on proportion of flow passing the spillway and diverted at the Eastside 
and Westside facilities during the major juvenile and sub-adult/adult entrainment period (July through 
October) 
3 Without site-specific studies, the Service referred to studies of entrainment at other hydroelectric 
installations to estimate turbine mortality from the Klamath Hydroelectric Project.  The Service believes 
that the Electric Power Research Institute (1987) entrainment study which focused on juvenile salmonids is 
the best information to estimate sucker turbine mortality in this project.  We believe the average mortality 
of 25% in this study should apply for all life stages of suckers, including larval suckers that are fragile and 
easily killed.  
4 Estimates for computational purposes only; spillways are not part of the proposed action.  Take will be 
part of the 2008 consultation with the Bureau of Reclamation; Spillway mortality estimate for anadromous 
salmonids from Whitney et al. (1997) in National Marine Fisheries Service (2000).   
5Terwilliger et al. 2004 
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New License Entrainment and Mortality with Fishways 
 
Larval entrainment and mortality 
 
Link River - A total of 6.74 million larvae of federally listed suckers are estimated to pass 
Link River Dam (Table 3).  Of these, approximately 4.04 million will be diverted towards 
the power canals instead of the spillways.  Under the new FERC license with proposed 
fishways, larval entrainment at the Eastside and Westside facilities will still occur 
because there are no practical methods to exclude sucker larvae for the turbines.  
However, we expect that up to 50 percent of the larvae (2,022,000) will be bypassed 
away from the turbines by the fish screens and guided downstream below Link River 
Dam.  Larval sucker mortality for turbine passage is estimated at 505,500 (25 percent; 
Table 4).  We estimate that turbine bypass mortality is 2 percent, resulting in the loss of 
40,400 larvae.  Of the larval suckers passing the Eastside and Westside facilities, we 
estimate that 6,140,100 move downstream. 
 
Keno - We estimate that 10 percent of the larvae entering Keno Reservoir (614,000) are 
entrained at Keno Dam and, with spillway improvements, larval sucker mortality is 
estimated at 1 percent (6,100).  The estimated number of larval suckers dispersing 
downstream into J.C. Boyle Reservoir is 607,900.   
 
With mortality rates of 25 percent and 2 percent, respectively, we estimate turbine 
entrainment is 100 juveniles with a mortality of 25 fish and spillway entrainment is 11 
juvenile suckers with a mortality of 0 fish.  Of the juvenile suckers passing the Copco 
No.1 facility, we estimate that 86 move downstream. 
 
J.C. Boyle - At J.C. Boyle Dam, with downstream fishways and spillway improvements, 
we estimate 27,400 larval suckers pass through the screens, going through the turbines 
and turbine bypass with 25 percent (6,800) and 2 percent mortality (500).  With 10 
percent of the larvae entrained at Boyle Dam passing through the improved spillway 
(6,100), we estimate 1 percent mortality (100) from spillway mortality.  Of the larval 
suckers passing the J.C. Boyle facilities, we estimate that 53,300 larvae move 
downstream. 
 
Copco No. 1 - With an estimated 500,000 SNS (no LRS) larvae produced in the Klamath 
River above Copco No. 1 Reservoir, total larval sucker dispersal into the reservoir is 
553,300 (500,000 + 53,300).  With 10 percent of these fish passing Copco No.1 Dam, we 
estimate that 24,900 fish enter the turbines and mortality is 6,200 (25 percent).  We 
estimate that turbine bypass mortality is 500 fish (2 percent).  An estimated 5,500 larvae 
are entrained through the spillway and mortality estimated to be 100 (1 percent) in the 
improved spillways.  Of the larval suckers passing the Copco 1 facilities, we estimate that 
48,556 move downstream. 
 
Copco No. 2 - At Copco No. 2 we estimate that all larval suckers entering the reservoir 
from Copco No. 1 make it to Copco No. 2 Dam.  An estimated 21,900 larvae enter the 
turbines and mortality is 5,500 (25 percent mortality).  Of an estimated 21,900 larval 
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suckers entering the turbine bypass mortality is 400 larvae (2 percent).  An estimated 
4,900 sucker larvae are entrained through the spillway and mortality is 100 (1 percent) in 
the improved spillways.  Of the larval suckers passing the Copco No. 2 facility, we 
estimate that 42,608 move downstream. 
 
Iron Gate – We estimate that 10 percent of the sucker larvae entering Iron Gate Reservoir 
pass downstream to the dam.  We estimate that 1,900 pass through the turbines (mortality 
500).  We estimate another 1,900 enter the turbine bypass and mortality is 0.  A total of 
an estimated 400 larval suckers pass through the spillway, with no mortality in the 
improved spillway.  Of the larval suckers passing the Iron Gate Dam facility, we estimate 
that 3,700 move downstream. 
 
Of the estimated 6.74 million larvae that are entrained annually at Link River Dam and 
the Eastside and Westside developments 3,700 disperse below Iron Gate Dam.   
  
Juvenile entrainment and mortality 
 
With downstream fishways at all Project facilities, turbine entrainment of juvenile 
suckers is estimated to be zero as all fish will be excluded by screens and bypassed 
downstream.  However, we assume there will be a small amount of mortality associated 
with passage through the turbine bypass structures (2 percent, Table 4).   
 
Link River - At Link River Dam, 68,025 juvenile suckers entering the turbine bypass 
facility will be trapped and hauled back to UKL during mid-June to mid-November 
during the interim period when water quality is poor.  We estimate that 80 percent of the 
juvenile sucker entrainment occurs during this period and 20 percent during other months 
based on entrainment studies at the Eastside and Westside facilities (Gutermuth et al. 
2000b).  Therefore, an estimated 17,006 juveniles will pass downstream through the 
turbine bypass.  We estimate turbine bypass mortality is 2 percent (340).   Of the juvenile 
suckers passing the Eastside and Westside power diversion facilities, we estimate that 
99,996 move downstream. 
 
Keno - We estimate that 10 percent of the juvenile suckers entering Keno Reservoir will 
disperse to Keno Dam (10,000).  With spillway improvements, we assume 1 percent 
mortality compared to 2 percent currently.  Total spillway entrainment mortality is 
estimated at 100 fish.  Of the juvenile suckers passing the Keno facility, we estimate that 
9,900 move downstream. 
 
J.C. Boyle – An estimated 891 juvenile suckers are entrained at J.C. Boyle Dam through 
the turbine bypass (90 percent) and 99 through the spillway (10 percent).  Turbine bypass 
mortality is estimated at 18 fish and spillway mortality of 1 fish.  Of the juvenile suckers 
passing the J.C. Boyle facility, we estimate that 971 move downstream. 
 
Copco No.1 - At the Copco No. 1 facility, we estimate that 97 or 10 percent of those 
dispersing below J.C. Boyle pass through the dam, including 87 through the turbine 
bypass and 10 through the spillway.  Turbine bypass mortality is estimated at 2 juvenile 
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suckers with no spillway mortality.  Of the juvenile suckers passing the Copco No.1 
facility, we estimate that 95 move downstream. 
 
Copco No. 2 – At Copco No. 2 Dam we estimate that all 95 juveniles pass through the 
reservoir to the Copco No. 2 dam, including 86 through the turbine bypass and 9 through 
the spillway.  Turbine bypass mortality is estimated at 2 juvenile suckers with no spill 
mortality.  Of the juvenile suckers passing the Copco No. 2 facility, we estimate that 93 
move downstream. 
 
Iron Gate – We estimate that approximately 93 juvenile suckers disperse downstream into 
Iron Gate Reservoir.  We estimate that eight juveniles are entrained through the turbine 
bypass and 1 through the spillway.  We estimate that there is no turbine bypass mortality 
or spillway mortality.  Of the juvenile suckers passing the Iron Gate Dam facility, we 
estimate that 9 move downstream. 
 
Sub-adult and adult entrainment and mortality 
 
Link River - At the Eastside and Westside power diversions, 68 sub-adult/adult suckers 
entering the turbine bypass facilities will be trapped and hauled back to UKL during mid-
June to mid-November during the interim period when water quality is poor.  We assume 
that 80 percent of the sub-adult/adult sucker entrainment occurs during this period and 20 
percent during other months based on entrainment studies here (Gutermuth et al. 2000b).  
Therefore, an estimated 17 sub-adult/adult fish go through the turbine bypass structure 
and 1 dies (2 percent mortality). Of the sub-adult and adult suckers passing the Eastside 
and Westside power diversions, we estimate that 99 move downstream. 
 
Keno - At Keno Dam, an estimated 10 (10 percent) survive and pass downstream through 
the spillway.  There is no spillway mortality.  Of the sub-adult and adult suckers passing 
the Keno facility, we estimate that 10 move downstream. 
 
J.C. Boyle - At J.C. Boyle Dam, we estimate that 1 sub-adult/adult sucker is entrained 
through the turbine bypass and none through the spillway.  There is no turbine bypass 
mortality or spillway mortality.  Of the sub-adult and adult suckers passing the J.C. Boyle 
facility, we estimate that 1 moves downstream. 
 
Copco No. 1, Copco No. 2, and Iron Gate – We estimate that no sub-adult/adult suckers 
move downstream of these facilities. 
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Table 3.  Entrainment estimates at Klamath Hydroelectric Project facilities with fishways. 
 

Facility Eastside/Westside Keno J.C. Boyle Copco No. 1 Copco 
No. 2 

Iron Gate 

Turbines - Harassed (100%)   

Larvae 2,022,000 0 27,400 24,900 21,900 1,900 

Juvenile 0 0 0 0 0 0 

Adult 0 0 0 0 0 0 

Turbines - Mortality  

Larvae   505,500 0 6,800 6,200 5,500 500 

Juvenile 0 0 0 0 0 0 

Adult 0 0 0 0 0 0 

Turbine bypass - Harassed (100%) 

Larvae 2,022,000 0 27,400 24,900 21,900 1,900 

Juvenile 17,006 0 891 87 86 8 

Adult 17 0 1 0 0 0 

Turbine bypass - Mortality (2%) 

Larvae 40,400 0 500 500 400 0 

Juvenile 340 0 18 2 2 0 

Adult 0 0 0 0 0 0 

Spillway/ Dam release gates - Harassed (100%)  

Larvae  2,696,000 614,000 6,100 5,500 4,900 400 

Juvenile 85,031 10,000 99 10 9 1 

Adult 84 10 0 0 0 0 

Spillway - Mortality (2% at Link River/ 1% at other facilities)% 

Larvae  53,900 6,100 100 100 0 0 

Juvenile 1,701 100 1 0 0 0 

Adult 2 0 0 0 0 0 

With Fishways - Harassed 

Larvae 6,740,000 614,000 60,900 55,300 48,700 4,200 

Juvenile 170,062 10,000 990 97 95 9 

Adult 101 10 1 0 0 0 

With Fishways -  Total Mortality  

Larvae 599,900 6,100 7,400 6,800 5,900 500 

Juvenile 2,041 100 19 2 2 0 

Adult 2 0 0 0 0 0 

Number of suckers dispersing downstream 

Larvae 6,140,100 607,900 53,300 48,500 42,800 3,700 

Juvenile  99,996 9,900 971 95 93 9 

Adult 99 10 0 0 0 0 
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Table 4.  Sucker entrainment and mortality assumptions under the new license at the 
Klamath Hydroelectric Project facilities. 
 
New License 
Life Stage Turbine 

Mortality 
Turbine 
Bypass Mort 

Spillway 
Mortality  

Percent Dispersal To Next 
Facility 

Link River Dam - 60% of larval entrainment through turbine bypass/40% through the spillway1; 50% 
of juvenile and sub-adult/adult entrainment into downstream fishway/50% through spillway2; 80% of 
juvenile and sub-adult/adult trapped at fishway and hauled back to UKL/20% entrained  
Larvae 25%3 2%4 2%5 10%6 
Juvenile 0% 2% 2% 10% 
Sub-adult/adult 0% 2% 2% 10% 
Keno Dam - 100% of entrainment through the spillway 
Larvae  No turbine No turbine 1% 10% 
Juvenile No turbine No turbine 1% 10% 
Sub-adult/adult No turbine No turbine 1% 10% 
J.C. Boyle Dam - 90% of entrainment through the turbine bypass/10% through spillway 
Larvae 25%3 2% 1% 10% 
Juvenile 0% 2% 1% 10% 
Sub-adult/adult 0% 2% 1% 10% 
Copco No. 1 - 90% of entrainment through the turbine bypass/10% through spillway 
Larvae 25%3 2% 1% 100% 
Juvenile 0% 2% 1% 100% 
Sub-adult/adult 0% 2% 1% 100% 
Copco No. 2 - 90% of entrainment through the turbine bypass/10% through spillway 
Larvae 25%3 2% 1% 10% 
Juvenile 0% 2% 1% 10% 
Sub-adult/adult 0% 2% 1% 10% 
Iron Gate Dam - 90% of entrainment through the turbine bypass/10% through spillway 
Larvae  25%3 2% 1% - 
Juvenile 0% 2% 1% - 
Sub-adult/adult 0% 2% 1% - 
1Based on relative proportion of flow passing the spillway and diverted at the Eastside and Westside 
facilities during the larval sucker entrainment period (April – July)  
2Assume 50% of juvenile and sub-adult/adult suckers pass through the turbines and 50% through the 
spillway at Link River Dam based on proportion of flow passing the spillway and diverted at the Eastside 
and Westside facilities during the major juvenile and sub-adult/adult entrainment period (July through 
October) 
3 EPRI 1987 
4(Muir et al. 2001) 
5Estimates for computational purposes only; spillways are not part of the proposed action.  Take will be 
part of the 2008 consultation with the Bureau of Reclamation; Spillway mortality estimate for anadromous 
salmonids from Whitney et al. (1997) in National Marine Fisheries Service (2000). 
6Terwilliger et al. 2004 

 14

20071203-5089 FERC PDF (Unofficial) 12/03/2007 05:57:14 PM



 

Literature Cited 
 
Beak Consultants Inc. (1987). Shortnose and Lost River Sucker Studies:  Copco 

Reservoir and the Klamath River. Portland, Oregon: 73 p. 
Borthwick, S. M. and E. D. Weber (2001). Larval fish entrainment by Archimedes lifts 

and an internal helical pump at Red Bluff Research Pumping Plant, Upper 
Sacramento River, California.  Red Bluff Resarch Pumping Plant Report Series, 
Volume 12. Red Bluff, California, U.S. Bureau of Reclamation. 

Desjardins, M. and D. F. Markle (2000). Distribution and Biology of Suckers in Lower 
Klamath Reservoirs. Portland, OR, PacifiCorp: 1-76. 

Electric Power Research Institute (1987). Turbine-Related Fish Mortality:  Review and 
Evaluation of Studies. Portland, OR, prepared by Eicher Associates Inc.: 196 
pages. 

Federal Energy Regulatory Commission (2006). Draft Environmental Impact Statement 
for Hydropower License, Klamath Hydroelectric Project, FERC Project No. 2082-
027, FERC/EIS-0201D. Washington, DC, Federal Energy Regulatory 
Commission, Office of Energy Projects, Division of Hydropower Licensing. 

Gutermuth, B., D. Beckstrand and C. Watson (1998). New Earth Harvest Site 
Monitoring, 1996-1997, Final Report. Klamath Falls, Oregon, New Earth/Cell 
Tech:  Research and Development: 13 p. 

Gutermuth, B., E. Pinkston and D. Vogel (2000a). A-Canal Fish Entrainment During 
1997 and 1998 with Emphasis on Endangered Suckers, New Earth/Cell Tech:  
Research and Development; Natural Resource Scientists, Inc.: 55 p. 

Gutermuth, B., C. Watson and J. Kelly (2000b). Link River Hydroelectric Project 
(Eastside and Westside Powerhouses) Final Entrainment Study Report March 
1997 - October 1999, Cell Tech:  Research and Development; PacifiCorp 
Environmental Services: 136 p. 

Klamath Tribes (1996). DRAFT - A Synopsis of the Early Life History and Ecology of 
Catostomids, With a Focus on the Williamson River Delta, The Klamath Tribes 
Natural Resources Department; Fish Subcommittee of the Lower Williamson 
River Restoration Team: 29 pgs. 

Markle, D. F., M. R. Cavalluzzi and D. C. Simon (2005). "Morphology and Taxonomy of 
Klamath Basin Suckers (Catostomidae)." Western North American Naturalist 
65(4): 473-489 p. 

Markle, D. F., S. A. Reithel, J. Crandall, T. Wood, T. J. Tyler, M. Terwilliger and D. C. 
Simon (2007). Larval Fish Retention, the Function of Marshes, and Importance of 
Location on Juvenile Fish Recruitment in Upper Klamath Lake, Oregon: 48 p. 

Muir, W. D., S. G. Smith, J. G. Williams and B. P. Sanford (2001). "Survival of Juvenile 
Salmonids Passing Through Bypass Systems, Turbines, and Spillways with and 
without Flow Deflectors at Snake River Dams." North American Journal of 
Fisheries Management 21: 135-146 pp. 

National Marine Fisheries Service (2000). White Paper on Passage of Juvenile and Adult 
Salmonids Past Columbia and Snake River Dams, Northwest Fisheries Science 
Center, National Marine Fisheries Service, National Oceanic and Atmospheric 
Administation, Seattle, Washington, April 2000: 144 p. 

 15

20071203-5089 FERC PDF (Unofficial) 12/03/2007 05:57:14 PM



 

Oregon Department of Fish and Wildlife (2006). Klamath Hydroelectric Project, FERC 
No. 2082 Comments and Recommended 10(j) Terms and Conditions. Prineville, 
Oregon, High Desert Region, Prineville Office: 296 p. 

PacifiCorp (2006). PacifiCorp's Alternative to the Joint United States Fish and Wildlife 
Service and National Marine Fisheries Service Preliminary Fishway Prescriptions.  
PacifiCorp Klamath Hydroelectric Project FERC No. 2082, dated April 25, 2006: 
124 p. 

Simon, D. C. and D. F. Markle (2001). Ecology of Upper Klamath Lake Shortnose and 
Lost River Suckers, Annual survey of abundance and distribution of age 0 
shortnose and Lost River suckers in Upper Klamath Lake. Corvallis, Oregon, 
Department of Fisheries and Wildife, Oregon State University: 59 p. 

Terwilliger, M. R., D. C. Simon and D. F. Markle (2004). Larval and Juvenile Ecology of 
Upper Klamath Lake Suckers:  1998-2003. Klamath Falls, OR, Klamath Project, 
U.S. Bureau of Reclamation: 217 pages. 

Tyler, T. J. (2007). Link River Fisheries Investigation, 2006 Annual Report. Klamath 
Falls, Oregon, Bureau of Reclamation: 12 p. 

U.S. Geological Survey (2007). Near-shore and offshore habitat used by endangered, 
juvenile Lost River and shortnose suckers in Upper Klamath Lake, Oregon. 
Klamath Falls, Oregon: 93 p. 

USDI Fish and Wildlife Service (2006). Draft White Paper:  Contribution of Klamath 
Reservoirs to Federally Listed Sucker Populations and Habitat. Yreka, California, 
U.S. Fish and Wildlife Service, Yreka Fish and Wildlife Office, Authors:  Mark 
Buettner, Ron Larson, John Hamilton, Gary Curtis: 13 p. 

 
 

 16

20071203-5089 FERC PDF (Unofficial) 12/03/2007 05:57:14 PM



 
Appendix 2.  Response to Comments Received on Draft FERC BO dated October 22, 
2007 
 
On October 22, 2007, in response to a request from Commission staff to review the draft 
BO, the Service provided the draft Biological Opinion to the Federal Energy Regulatory 
Commission for review and comment, pursuant to the Service’s consultation regulations 
at 50 C.F.R. 402.14(g)(5).  In that transmittal, the Service requested that comments on the 
draft BO be provided by November 2, 2007.  By letter dated October 29, 2007, the 
Service provided notice to the Project service list of the submittal of the draft to the 
Commission and the availability of the draft from the Yreka Fish and Wildlife Service 
website or office.  By letter dated November 9, 2007, the Service extended the deadline 
by which it would accept comments on the draft BO to November 15, 2007. 
 
Comments on the draft BO were received from the Federal Energy Regulatory 
Commission by letter dated  November 2, 2007 (hereafter “FERC Comments”), and from 
PacifiCorp by letter dated November 2, 2007 (hereafter “PacifiCorp Comments”).  In 
addition, by letter dated November 15, 2007, PacifiCorp responded to the Service’s 
extension of time for filing comments by indicating that it reserved its right to comment 
with additional information on the draft BO beyond November 15, 2007.  This letter 
provided no substantive comments and is not further addressed in this BO.   PacifiCorp’s 
initial comment letter further criticized the time for review and comment on the draft BO 
(PacifiCorp Comments at 1).   The Service notes, however, that PacifiCorp was provided 
the BO on October 23, and thus had twenty four days in which to comment.  The review 
period was based upon FERC staff’s representation that it required 14 days in which to 
review the draft BO.  Given the need to finalize and submit the BO to the Commission by 
December 1, 2007, the Service cannot consider comments that are received too late to be 
incorporated.   
 
Below are our responses to comments received from FERC on Nov. 2, 2007: 
 
1.  Proposed Agency Action 
 
We have clarified, within the introductory portion of the Incidental Take Statement, that 
the terms and conditions that address the East Side, West Side, and Keno developments 
will not be applicable to this biological opinion unless one or more of these developments 
are incorporated in a new license for the project.   
 
2.  Assignment of Responsibility for Actions 
 
The hydroelectric project retains some responsibility for perpetuating the conversion of 
an unknown amount of wetlands to agricultural lands by providing flood control at Keno 
Dam, by compensating for flooding damages from regulation of UKL to agriculturally 
converted wetlands, and by maintaining levees to prevent flooding of 2,100 acres at 
Caledonia Marsh.  These are PacifiCorp’s responsibility because without their continuing 

20071203-5089 FERC PDF (Unofficial) 12/03/2007 05:57:14 PM



action some or all of these lands could revert to wetlands and thus provide habitat to 
listed suckers.    
 
PacifiCorp’s Keno Dam and its impoundment continues to affect water quality primarily 
by increasing surface area, hydraulic retention time, and solar exposure of Keno 
Reservoir waters.  In addition, the absence of wetland fringe caused by PacifiCorp’s 
continuing operation of Keno Dam greatly reduces the potential for nutrient cycling in 
Keno Reservoir.   
 
Therefore, we disagree with your claim that the biological opinion assigns responsibility 
for Bureau of Reclamation’s Klamath Irrigation Project’s impacts on wetlands and water 
quality.  In fact, some of PacifiCorp’s proposed continuing actions will contribute to 
water quality problems in Keno Reservoir. 
 
3.  Scope of Incidental Take Statement 
 
The take identified in the Incidental Take Statement is incidental to the proposed action 
because the proposed continuing actions will have continuing effects on the listed sucker 
species.  East Side, West Side, and Keno developments were included because the 
continuing operations of these facilities may be included in the new license.  Continuing 
effects of the proposed action are expected at Upper Klamath Lake through facilitation of 
agricultural activities through flood control, which inhibits the re-establishment of 
wetland habitats for listed suckers.    
 
Below are our responses to comments received from PacifiCorp on November 2, 
2007: 
 
1.  The USFWS has allowed an inadequate amount of time for review and comment on 
the draft BO. 
 
The amount of time available for review of the draft BO was agreed to by FWS and 
FERC.  We will consider additional comments on the draft BO after the due date, 
especially regarding the Reasonable and Prudent Measures, but not after November 15, 
2007.   
 
2.  USFWS failed to consult with the action agency and applicant to ensure the 
reasonable and prudent measures were, indeed, reasonable and prudent. 
 
We provided the draft BO to PacifiCorp, in part, to receive comments on the 
reasonableness of the Reasonable and Prudent Measures.  
 
3.  By including the Keno, Eastside, and Westside developments within the draft BO, 
USFWS has improperly redefined the proposed agency action. 
 
We have added language recommended by FERC to accommodate the contingencies 
regarding whether each of these facilities are included in the new license. 
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4.  FWS fails to distinguish between environmental baseline and effects of the action. 
 
 A. The present and past impacts of the dams are included in the Environmental 
 Baseline.  We have increased the clarity of this in the document in response to this 
 comment. 
 
 B.  In some cases, Federal and third party impacts are difficult to distinguish from 
 effects of the action.  We have discussed these impacts in combination with the 
 past effects of the Project in the Environmental Baseline section and separated out 
 the continued Project effects in the Effects of the Action and Incidental Take 
 Statement sections.  We have added some clarifications that may assist the reader 
 in response to this comment. 
 
5.  The cover letter for the draft BO failed to acknowledge the continued effect of the 
1996 BO ITS and 2002 BOR BO ITS on Project operations.   
 
We have included a discussion of the continued effect of the 1996 BO ITS and 2002 
BOR BO ITS in the environmental baseline section of the BO and the Appendix 
(Klamath Hydroelectric Project Entrainment and Take Analysis).  However, the 1996 BO 
became ineffective in 2002 when the Service issued a BO covering BOR’s operations for 
the Klamath Irrigation Project which specifically superceded the 1996 BO. Only 
Reclamation’s activities were covered under the 2002 BO. 
 
6.  USFWS does not support its analysis with credible evidence. 
 
In the absence of adequate entrainment and mortality studies of Project facilities, we have 
utilized existing data in combination with credible assumptions to estimate entrainment 
and mortality rates.  We have clarified these assumptions in the Appendix in response to 
this comment.  The BO discusses the nature of habitats provided by the reservoirs on 
pages 51, 52, and 78.  The reservoirs have limited conservation value for suckers.   
 
7.  USFWS failed to justify that the RPMs are necessary to minimize incidental take from 
the proposed agency action. 
 
Regarding RPM 1a(ii), we believe that although the trap and haul operation will add 
additional stress and mortality to fish transported, overall survival of suckers in UKL is 
expected to be much higher than if they are allowed to pass into Keno Reservoir where 
most will perish due to poor water quality.  Trapping and hauling suckers will not be 
necessary when water quality improvements are made in Keno Reservoir. This RPM 
would not likely have a significant, negative impact on anadromous fish reintroduction 
because anadromous fish movement (July through October) is not expected during the 
period that trap and haul would be needed (March through June).  At A-Canal, fish 
screens and bypass facilities have been installed and an evaluation of the effects of 
implementing these actions is being required. 
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Regarding RPM 3b, we believe the role of wetlands in providing habitat for suckers is 
sufficiently known to support this measure.  There could be a response by exotic fish, but 
we still believe suckers would benefit from the additional habitats. 
 
RPM 2 requires PacifiCorp to upgrade the upstream fishway at Keno Dam to sucker 
criteria only if monitoring suggests that there would be a benefit to sucker recovery. 
 
RPM 4 requires measures that are likely to improve water quality of Keno Reservoir, as 
indicated by two site specific studies (Deas and Vaughan 2005, Gearhardt 1995) and a 
large body of general literature on the effectiveness of wetlands in improving water 
quality. 
 
8. The ITS provides no support or explanation for its RPMs, which must be consistent 
with the proposed agency action’s basic design, location, scope, duration, and timing. 
 
RPM 3b is reasonable and prudent because the proposed action may include relicensing 
of Keno Dam.  Continued operations with the proposed action would include stable 
reservoir water levels that would preclude re-establishment of approximately 230 acres of 
wetlands along the margins of Keno Reservoir.  It would be prudent to replace this 
wetland function with restored wetlands that will provide habitat for listed suckers. 
We reduced the number of acres to 230 acres because this is a reasonable estimate of lost 
wetland values.  Restoration of wetlands is estimated to cost $3,000 per acre, making the 
total cost $690,000.  This is a minor expenditure for a Project with a large budget and 
long time frame.  If Keno Reservoir maintenance and operations are included in the new 
license, then it would not be a significant change to also include establishment and 
maintenance of adjacent wetland habitat areas, especially since FERC has already 
included a water quality management plan for Keno Reservoir in the event that Keno is 
included in the new license.  
 
We believe sucker densities in the wetlands is an appropriate metric for determining 
wetland function because biological indicators integrate both habitat function and quality 
attributes.  The larval and juvenile sucker density criteria are based on low to medium 
rearing densities documented in UKL where water quality conditions are generally good.  
  
9.  The draft BiOp is inconsistent with findings in Reclamation’s Biological Assessment 
for the Klamath Irrigation Project. 
 
In our draft BO on the FERC relicensing, we also include historic wetlands loss and 
water quality impacts as part of the environmental baseline.  We have not completed our 
biological opinion on Reclamation’s proposed action, thus it is premature to comment on 
analysis contained in it.  In the relicensing opinion we acknowledge that a water quality 
management plan for Keno Reservoir would be in the proposed action if Keno Dam is in 
the new license.  Past and current operations and impacts of the Project are now only 
discussed in the Environmental Baseline section to avoid any impression that we consider 
them part of the Effects of the Proposed Action. 
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10.  The RPMs for the tailrace at the Eastside and Westside facilities alters the 
Agreement between PacifiCorp and USFWS. 
 
In its comments on RMP 1, PacifiCorp states that, in the Energy Policy Act of 2005 
(EPAct) trial-type hearing, the Services entered into an agreement with PacifiCorp 
regarding the need for and design of spillway modifications and tailrace barriers, and that 
the draft RPM and terms and conditions modify that agreement by stating that tailrace 
barriers will be built within three years of the license unless the Service determines 
otherwise.  In response to this comment, RPM 1 has been revised to reflect the 
Agreement with PacifiCorp.  It now provides that tailrace barriers be constructed, unless 
the Service determines, based on the site-specific studies to be conducted in accordance 
with the Agreement, that tailrace barriers are unnecessary.  Three years is considered an 
adequate time for PacifiCorp to conduct the site-specific studies called for in the 
Agreement that would address the need for and design of tailrace barriers for both 
federally listed suckers and for anadromous fish.   
 
Below are our responses to comments received from PacifiCorp on the Appendix:  
 
1.  New Link River Dam Fish Ladder Use 
 
We have added new information to the BO that was recently provided by Reclamation on 
sucker passage.  
 
2.  Sucker Entrainment at Project Facilities – Listed and Non-listed Species 
 
We have clarified that our entrainment analysis only includes listed suckers even though 
non-listed suckers (Klamath largescale sucker and Klamath smallscale suckers) are 
present throughout the project area. 
 
3.  Lost River Sucker Population Estimate for Keno Reservoir 
 
We have revised our estimate based on additional information provided by Reclamation. 
 
4.  Natural Mortality of Suckers  
 
Our estimates of fish dispersing downstream incorporate natural mortality and fish that 
take up residence in Project reservoirs. 
 
5.  Larval Sucker Entrainment Mortality Rate 
 
We believe use of a turbine mortality rate of 25 percent for larval sucker is justified 
because they are fragile and easily killed.  
 
6.  Eastside and Westside Entrainment Estimates 
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We have revised our estimates based on average diversion rates rather than full hydraulic 
capacity. 
 
7.  Spillway Entrainment Mortality Rate 
 
We have revised the rate from 5 percent to 2 percent based on Whitney et al. (1997) as 
cited in National Marine Fisheries Service (2000). 
 
8.  Existing J.C. Boyle Fish Screen Effectiveness   
 
We acknowledged that the screen is partially effective and have revised our entrainment 
estimates accordingly. 
 
9.  Trash Rack Exclusion of Adult Suckers at Powerhouse Intakes 
 
The entrainment studies used as the basis for our analysis were conducted on facilities 
with trash racks and therefore exclude larger suckers. 
 
10.  Sucker Pass-through Rates 
 
We have revised these rates substantially. 
 
11.  Larval Sucker Entrainment Estimates at Link River Dam 
  
We have revised and expanded our discussion of the rationale for these estimates in the 
Appendix. 
 
12.  Shortnose Sucker Spawning above Copco Reservoir  
 
We clarified the sources of our information in the BO and Appendix.  
 
13.  Shortnose Sucker Egg Stranding in the J.C. Boyle Peaking Reach 
 
Documentation on stranding of sucker eggs in the J.C. Boyle Peaking Reach is found in 
the BO on page 49.   
 
14.  Link River Fish Ladder Sucker Passage 
 
Addition information on fish passage at Link River fish ladder for 2005 has been added 
documenting successful sucker passage. Data on fish passage monitoring in 2006 and 
2007 has been requested from Reclamation but is not available at this time. 
 
15. Sucker Spawning Migration at Keno Dam 
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We have revised our estimates downward based on smaller adult federally listed sucker 
populations in J.C. Boyle Reservoir. 
 
16.  J.C. Boyle Listed Sucker Population Estimates in J.C. Boyle Reservoir 
 
The population estimates for adult LRS and SNS has been revised and lowered based on 
previous sucker population monitoring data. 
 
17.  False Attraction of Adult Suckers at Westside 
 
We have clarified, within the false attraction and harm at downstream tailrace barriers 
section, that false attraction is a concern during dry years when most of the flow exiting 
UKL is diverted in the Eastside and Westside diversions. 
 
 
 
 
18. Keno Dam Operations 
 
We have provided added a reference which is the source of information on Keno Dam 
operations (USDI Bureau of Reclamation 2006; Section B: US Department of Interior 
Preliminary 4(e) Conditions – Reclamation Reservation).  
 
19.  Keno Reservoir Wetland Losses 
 
We have revised and reduced our estimates of wetland losses. 
 
20.  Klamath River Water-Quality 303(d) Listings   
 
We have clarified reaches that are water-quality limited by parameter on page 73 of the 
BO. 
 
21.  Marine-Derived Nutrients  
 
We have provided additional information on the potential of MDNs to impact suckers. 
 
22.  Project Reservoir Nutrient Assimilation 
 
We have provided more information on the effects of reservoirs on nutrient assimilation 
in Klamath River waters in response to this comment. 
 
23.  Microcystis aeruginosa Impacts to Suckers 
 
We have revised our discussion to include effects on suckers in the Water Quality section 
pages 93-94. 
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24.  Effects of Anadromous Fish Reintroduction on Disease Prevalence 
 
We have clarified, within the Reintroduction of Anadromous Fish section, that we do not 
expect any significant disease effects on suckers related to anadromous fish 
reintroduction. 
 
 
 
 
 
 
 
 

20071203-5089 FERC PDF (Unofficial) 12/03/2007 05:57:14 PM



Submission Contents

USFWS Biological Opinion for Klamath Hydro Project
2007-12-03FERCKlamathBO.pdf··········································· 1-156

USFWS Biological Opinion for Klamath Hydro Project Appendices 1 and 2
2007-12-03FERCBOApp1-2.pdf············································ 157-180

20071203-5089 FERC PDF (Unofficial) 12/03/2007 05:57:14 PM


	200712035089
	2007-12-03FERCKlamathBO.pdf
	2007-12-03FERCBOApp1-2.pdf
	Submission Contents


