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1. Introduction 

This document supplements the September 24, 2008 Hydro Module for Snake River anadromous 
fish species listed under the Federal Endangered Species Act (ESA): Snake River steelhead, 
Snake River spring/summer Chinook, Snake River fall Chinook, and Snake River sockeye (2008 
Hydro Module).1 NMFS prepared these modules to assist in recovery planning for listed 
Columbia Basin species. The 2008 Hydro Module overviews limiting factors, summarizes 
current recovery strategies, and provides survival rates associated with Columbia and Snake 
River hydropower and water storage projects. This Supplemental Module provides new 
information relevant to these Snake River species, including the most recent survival estimates 
and discussion of latent and delayed mortality. The geographic area addressed includes the 
accessible mainstem habitat in the Snake River (i.e., to the tailrace of Hells Canyon Dam) 
downstream to the tailrace of Bonneville Dam (see Figure 1 below).2

This Supplemental Module, together with the 2008 Hydro Module, will comprise the “Hydro 
Module,” an appendix to the ESA Snake River “roll-up” Recovery Plan.  The Hydro Module 
provides consistent out-of-natal stream information on the general effects of Columbia River 
mainstem hydropower and water storage projects. 

  

This Supplemental Module incorporates new scientific data related to the implementation of 
management actions associated with the 2008 Federal Columbia River Power System (FCRPS) 
Biological Opinion and 2009 Adaptive Management Implementation Plan incorporated into the 
2010 FCRPS Supplemental Biological Opinion. Specific new information includes: 

 Post 2008 configuration changes at FCRPS mainstem dams; 
 Recent data on juvenile survival following the installation of surface bypass structures;  
 Recent information on juvenile fish transportation;  
 Recent data on delayed mortality. 

The analysis and synthesis of this information represents the best scientific data available. 
However, as new information arises this module will be periodically updated or supplemented to 
reflect the data. 

The information that follows is arranged in the following order: 

                                                           
1 This module supplements the September 24, 2008 Hydro Module provided as guidance to regional recovery 
planners.  The September 24, 2008 module will continue to serve as guidance for the recovery of the four Snake 
River salmon and steelhead species as well as the remaining nine listed salmonid species in the Columbia River. 
2 A separate module (the Mainstem Columbia River Estuary Recovery Plan Module) provides the same types of 
information for the lower river below Bonneville, in the estuary and the ocean plume.   
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• Hydrosystem overview 
o Limiting factors 
o Recent Hydrosystem Improvements 

• Juvenile Passage and survival 
o Spillways/surface passage routes 
o Juvenile In-river survival 
o In-river survival estimates 
o Transportation 
o Differential delayed survival 
o Transport Survival estimates  

• Adult Passage and Survival 
o Kelt passage survival rates 

• Smolt to Adult Returns 

2. Hydropower System Overview 

Historically, Snake River species traveled through an unobstructed river system as they migrated 
from their freshwater natal streams to the Pacific Ocean, and again as they returned as adults to 
spawn. However, beginning with the construction of Swan Falls Dam and hydroelectric plant on 
the upper Snake River in 1901 and the subsequent construction of the three-dam Hells Canyon 
hydroelectric complex and the Federal Columbia River Power System,3

 

 mainstem habitat was 
inundated, altering the rivers’ natural hydrograph. The construction of these projects not only 
affected fish passage, but also the ecological function necessary for fish survival. The following 
information identifies the past and continuing effects of the FCRPS operation on extant listed 
Snake River species and their designated critical habitat. 

2.1 Limiting Factors  

The most dramatic effect of dams is blocked access to important historical production areas for 
salmon and steelhead (see Figure 1). For example, prior to dam development Snake River fall 
Chinook spawned primarily in the Thousand Springs reach of the Snake River, near Hagerman, 
Idaho. Today, occupied habitat terminates at the impassible Hells Canyon Dam, representing 
approximately 15% of the historical range of this ESU (Groves and Chandler 2005). By blocking 
fish passage, dams have greatly limited the range of anadromous fish in the basin. At those 
projects where effective fish passage has been provided, dams on the mainstem Snake and 

                                                           
3 The Hells Canyon Dam Complex (Brownlee, Oxbow, and Hells Canyon Dams) was completed between 1958 and 
1967 and blocked historical habitat for salmon and steelhead in the Snake River upstream of river mile 247. The 
construction of Bonneville (1938), The Dalles (1960), John Day (1971), and McNary (1957) dams inundated 
mainstem habitat in the lower Columbia River between Bonneville Dam (river mile 146) and the confluence of the 
Snake River (river mile 324). The construction of Ice Harbor (1962), Lower Monumental (1970), Little Goose 
(1970), and Lower Granite (1975) dams inundated an additional 147 miles of mainstem habitat in the Snake River 
basin (Groves and Chandler 1999). Dworshak Dam was completed in 1973, blocking all but about 2 miles of the 
North Fork Clearwater River. 

Comment [rjg1]: Being developed. 
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Columbia rivers affect salmonids in the following ways (Williams et al. 2005; Ferguson et al. 
2005): 
 
 Inundated mainstem spawning and shallow-water rearing areas (loss of spawning gravels 

and access to spawning and rearing habitat); 
 Altered riparian vegetation; 
 Altered water quality (reduced spring turbidity levels); 
 Altered water quantity (seasonal changes in flows and consumptive losses resulting from 

use of stored water for agricultural, industrial, or municipal purposes); 
 Influenced natural regulation of water temperature (including generally warmer minimum 

winter temperatures, cooler maximum summer temperatures, and delayed fall cooling); 
 Altered water velocity (reduced spring flows, decreased channel gradient, and increased 

cross-sectional areas of the river channel); 
 Changed food webs (including the type and abundance of prey species [both native and 

non-native]); and  
 Reduced or delayed safe fish passage. 

 

 
Figure 1. Mainstem hydroelectric projects on the Columbia and Snake Rivers. 
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Together these factors affect all Snake River species as they migrate through the Columbia and 
Snake River systems. However, the effects on fall Chinook salmon also included changes in their 
spawning and rearing habitat because they use the mainstem river environment for these 
functions as well. Features of spawning and rearing habitat that are important to these fish 
generally include: spawning gravel, water quality, water quantity, water temperature, food, 
riparian vegetation, and access to spawning and rearing areas. 
 
Detailed descriptions of the effects of the hydropower system on salmon and steelhead are 
provided in Williams et al. 2005 and Ferguson et al. 2005 (NOAA Technical Memoranda 
NMFS-NWFSC-63 and 64) and summarized in the 2008 Hydro Module and in NMFS 2008a 
(Supplemental Comprehensive Analysis of the Federal Columbia River Power System and 
Mainstem Effects of the Upper Snake and other Tributary Actions – Section 5.1). 
 
2.2 Recent Hydrosystem Improvements 

As of 2012, the majority of the mainstem project configuration improvements required by the 
2008 FCRPS BiOp (as amended in the 2010 Supplemental BiOp) have been completed and all 
eight mainstem dams now have a surface oriented passage route (spillway weirs at six dams, a 
corner collector at Bonneville Dam, and an ice and trash sluiceway at The Dalles Dam). These 
actions were intended to improve passage conditions and survival rates of juvenile and adult 
salmon and steelhead migrating through the mainstem FCRPS projects. This section summarizes 
the most significant changes from 2008 to 2012.  
 
The COE is testing two summer spill patterns - 95,000 cfs of flow (day and night) vs 85,000 cfs 
flow (day) and about 121,000 cfs flow (night) at Bonneville Dam to assess survival and passage 
performance of subyearling fall Chinook. 
 
 A spillway wall was completed at The Dalles dam in 2010. This structure, along with improved 
avian predator deterrents (wire arrays), has substantially increased the survival of juvenile 
salmon passing the dam (about 2-4% dam passage survival improvement). Adult PIT tag 
detectors are scheduled to be added at The Dalles Dam fishways in 2013, which will greatly 
assist fish managers by identifying where adult losses are occurring in the Bonneville to McNary 
reach of the lower Columbia River (see Section 4). 
 
At John Day Dam, two spillway weirs were installed at John Day Dam in 2008 to provide 
surface oriented passage routes for downstream migrants. The COE continues to test these 
structures as part of a larger study of two alternative spill patterns - 30% of total river flow (day 
and night) spill vs 40% of total river flow (day and night). Improved avian predator deterrents 
were also installed below John Day Dam in 2010 to improve the survival of smolts in the tailrace 
below the project.  
   
Summer spill levels were increased to 50% of total river flow at McNary Dam starting in 2009, 
following several years of testing alternative operations (prior to 2005, no spill was provided and 
all fish were transported at this project). Also, in 2010, following initial test results, the two 
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TSWs (first installed in 2007) were removed for the summer migration period because they were 
found to be less beneficial (lower survival rates) than standard spillbays for juvenile subyearling 
fall Chinook. A new juvenile bypass outfall was constructed at McNary Dam in 2012 to release 
fish in an area with better egress conditions to improve juvenile survival rates. An evaluation of 
the new outfall and dam survival studies are ongoing. 
 
A spillway weir was installed at Lower Monumental Dam in 2008 to provide a surface oriented 
passage route for downstream migrants. A new juvenile bypass outfall was constructed at Lower 
Monumental Dam in 2012 to release fish in an area with better egress conditions to improve 
juvenile survival rates. An evaluation of the new outfall and dam survival studies are ongoing. 
 
A spillway weir was installed at Little Goose Dam in 2009 to provide a surface oriented passage 
route for downstream migrants. A new juvenile bypass outfall was constructed at Lower 
Monumental Dam in 2012. Dam survival studies are ongoing.   
 
4. Juvenile Passage & Survival 

4.1 Spillways/Surface Passage Routes 

Snake River juvenile migrants pass eight federal mainstem dams on their way to the ocean. They 
pass these mainstem dams via three potential routes: through turbines, by way of the spillway, or 
through the juvenile bypass system. Survival studies of juvenile salmonid passage through these 
various passage routes indicate survival typically is highest through spillways, followed by 
bypass systems, then turbines (Muir et al. 2001).4

 
  

Turbine passage is considered a hazardous route and studies show that juvenile salmon 
experience approximately an 11% mortality rate per mainstem dam when they pass by way of 
turbines (Whitney et al. 1997). Turbine induced mortality may be caused by a range of factors, 
such as: striking turbine runners; rapid and severe pressure changes that occur in the turbine 
environment; or predation that occurs when the fish emerge in a disoriented state after passing 
through a turbine.  
 
To respond to this high mortality rate, juvenile bypass systems were built at the FCRPS 
mainstem dams to reduce the number of fish that passed through turbines. Large underwater 
screens are a key feature of juvenile bypass systems. These screens partially cover the turbine’s 
intake and guide the juvenile migrants away from turbines. The juvenile fish then enter a series 
of galleries and channels through which they pass via the dam’s interior. At some dams (Lower 
Granite, Little Goose, Lower Monumental, and McNary dams) the bypassed fish can be collected 
for transportation, but at all other facilities they can only be discharged back to the river below 
the dam.  
                                                           
4 It should be noted that some dams also have ice and trash sluiceways which are used by fish.  Generally, 
relatively small percentages of fish pass the dams through sluiceways and survival rates are intermediate between 
those of spillways and juvenile bypass systems. 
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Fish may also pass the mainstem dams through spillways. All of the mainstem dams are 
equipped with spillways which allows water to be passed (spilled) past the dams when flow in 
the river exceeds the power house capacity or when there is no market for the energy that would 
otherwise be produced. The spill is controlled by large spill gates which are often raised from a 
depth of 50 feet below the water surface to provide water through the spillway (Whitney et al. 
1997). Water can be voluntarily spilled to provide a passage route for juvenile fish rather than 
running the water through turbines to produce electricity. Since 1994, the Corps has spilled water 
as a means to increase the survival of smolts passing dams on the Snake and Columbia rivers. As 
spill levels increase, the proportion of smolts passing via the spillway generally increases, which 
reduces the proportion of smolts passing through turbines and bypass systems.  
 
Although spillway passage generally provides the safest passage route (highest survival rates) for 
migrating juveniles, it creates dissolved gas in the water below the dams which can injure fish at 
high gas levels. Spilled water also reduces the amount of energy produced by the dams. To 
minimize these effects, efforts were made to make spillway passage more efficient, ideally 
achieving the spill passage efficiency observed at the Wells Dam spillway where 89% of the 
juveniles pass with a spill volume of only 10% (Whitney et al. 1997). However, because most 
yearling juveniles migrate in the upper 10 to 20 feet of the water column, a limiting feature of 
providing spill through a conventional spillway is the need for fish to dive as deep as 50 feet to 
take advantage of the spillway passage route.  
 
Surface spillway weirs were developed to capitalize on the natural tendency of juvenile 
salmonids to migrate at shallow depths (Beeman et al. 2006, as cited by Beeman et al. 2010a). 
Each spillway weir design is based on the concept of providing an overflow weir with a depth 
similar to the natural migration depth of juvenile salmonids (Beeman et al. 2010a). The results of 
the new design show improved survival rates by guiding fish away from other passage routes 
with lower survival rates. The operation of the spillway weir at Little Goose Dam, for instance, 
has lowered the probability of turbine passage and increased the probability of spillway weir 
passage. This has increased dam passage survival rates (Beeman et al. 2010a).  
 
4.2 Juvenile Migrant Survival  

Direct Survival  

As juvenile salmon and steelhead migrate through the Columbia River to the ocean, many do not 
survive the journey through the FCRPS dams. Direct survival estimates of migrating fish can be 
measured directly at a dam, reservoir, or series of dams and reservoirs using either passive 
(passive integrated transponder or PIT) tags or active (e.g., radio or acoustic) tags. In most dam 
passage or reach survival studies, direct survival estimates are measured from some upstream 
point to a location immediately below a dam, or at the end of a succession of dams. Mortalities 
can be calculated as 1 minus the percent survival (e.g., 1.00 – 0.98 survival rate = 0.02 mortality 
rate).  



  7 April 2011 
  

 
Latent Mortality 

Perhaps more conceptually complex is the notion of latent, or indirect, mortality. It is defined as 
mortality that occurs after a juvenile fish passes Bonneville Dam that would not occur in a 
natural, unobstructed river system (Williams et al. 2005). The concept relies on the premise that 
as juveniles pass through the FCRPS they experience a certain degree of harm. This harm affects 
survival later in the life cycle and is therefore reflected in a lower rate of adult returns than when 
there were fewer or no, dams. Building on this premise, potential causes of latent mortality could 
include:  

 Changes in arrival timing in the estuary and ocean (the hydrosystem increases juvenile 
fish travel time through the migration corridor);  

 Sublethal injuries or stress incurred during migration through juvenile bypass systems, 
turbines, or spillways;  

 Disease transmission or stress resulting from the artificial concentration of fish in bypass 
systems;  

 Depletion of energy reserves from prolonged migrations;  
 Altered conditions in the estuary and plume as a result of FCRPS construction or 

operation; and 
 Disrupted homing ability in fish transported as juveniles.  

 
Most researchers agree that some level of latent mortality exists. However, there are many 
opinions regarding what mechanisms result in latent mortality, and by extension, what managers 
might do to minimize or mitigate for these effects in the future. For example, Williams et al 
(2005) posited that a major component of latent mortality is caused by the disruption of timing of 
transported fish and inriver migrants, and that seasonal interactions between latent mortality and 
ocean conditions are likely to exist. Schaller and Petrosky (2007) found that Snake River 
Chinook salmon adult return rates became substantially lower following construction of the four 
Federal Snake River dams than for the years preceding the existence of these dams.  

More recently, the Fish Passage Center (2010) reviewed literature on the subject of latent and 
delayed mortality and concluded that powerhouse passage and the transportation /collection 
bypass systems at mainstem dams result in significant delayed/latent mortality of juvenile 
salmonids, which in turn reduces adult returns and has implications for management actions. 
Similarly, Buchanan et al., (2011) reviewed juvenile bypass effects and found that for some 
species, individual bypass system were consistently associated with reduced adult return rates 
compared to smolts that passed through spillways or turbines. They further noted that some pairs 
of dams had synergistic effects – where the perceived effect of two or more bypasses was greater 
than the sum of the perceived effect of each bypass individually.  
 
The Independent Scientific Advisory Board (ISAB) reviewed a number of hypotheses relating 
causative factors to latent mortality. The panel concluded the hydropower system causes some 



  8 April 2011 
  

fish to experience latent mortality, and noted that researchers have made estimates of latent 
mortality ranging from 0.01 to 64% (ISAB 2007). The management implications of these vastly 
different estimates are substantial. If the 64% figure is accurate, then it strengthens the argument 
for dam removal of the lower Snake River projects. Conversely, if the 0.01 estimate is correct, 
then dam removals are unnecessary because dam passage does not play a significant role in post-
Bonneville Dam survival rates.  

The ISAB strongly advised against continuing to try to measure absolute latent mortality, which 
requires a reference condition that does not exist: the Columbia and Snake river system with no 
dams (ISAB 2007). They suggested that “the focus should be on the total mortality [direct and 
indirect] of in-river migrants and transported fish, which is the critical issue for recovery of listed 
salmonids,” and “recommend[ed] that research and monitoring be used to further quantify 
biological factors that contribute to variability in estimated post-Bonneville mortality” (ISAB 
2007). 

Most recently, the ISAB (2011) was asked to review several Fish Passage Center documents 
relating to latent mortality. They concluded that: 

Based, on our review, the studies and analyses cited in these technical memos do 
not provide an adequate base of reliable information to support a “weight of 
evidence” conclusion on the strength of a relationship between multiple bypass 
passage and latent mortality of juvenile Chinook and steelhead. That is, the 
relationships observed between latent mortality and bypass passage are 
confounded with other factors that obscure unambiguous interpretation. 

In summary, latent mortality caused by the FCRPS exists; the specific mechanisms (e.g., altered 
migration timing, passage through bypass systems, etc.) which are thought to contribute to latent 
mortalities are poorly understood; and how these factors might interact with other important 
factors (like ocean productivity) are even less well understood. Hopefully, continued monitoring 
of hydrosystem improvements (juvenile bypass system outfall relocations, reduced travel times 
relating to installation of surface passage structures) and ongoing research will shed additional 
light on this issue in the coming years. 

 
In-River Survival Estimates  

Understanding the complex and evolving relationship between dam passage and survival 
/mortality is imperative for fisheries managers because it shapes management and policy 
decisions. To derive survival estimates, thousands of juvenile salmon and steelhead are PIT 
tagged at or above Lower Granite Dam each year. Detections of these fish at mainstem dams (in 
juvenile bypass systems or the corner collect at Bonneville Dam) and in the estuary allow NMFS 
to estimate survival rates from Lower Granite to Bonneville Dam. Estimates of expected average 
annual juvenile survival rates reported in the 2008 Hydro Module are derived from the 
COMPASS model calibrated with empirical data from wild migrants available at the time. The 
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results of two scenarios were presented, the “Current” (expected survival that would occur with 
operational and configuration changes at the mainstem hydroelectric projects through 2006) and 
“Prospective” analysis (expected survival that would occur by 2014-2018 following 
implementation of key actions in the biological opinion’s reasonable and prudent alternative). 
COMPASS was not used to model the survival of Snake River sockeye or fall Chinook due to a 
lack of data for these species.5

 

 Figures 2a, b, and c show recent survival rates of juvenile wild 
spring /summer Chinook, wild steelhead, and sockeye (hatchery and wild) to McNary and 
Bonneville Dams compared to estimated average “Current” and “Prospective” survival rates 
expected in the 2008 FCRPS BiOp under medium/high flow conditions (i.e., when Snake River 
flows are higher than 65,000 cfs) from Lower Granite to Bonneville dams. 

NOTE: 2011 data is on the way – 2006 and 2011 sockeye data are omitted, because detection rates were 
so poor in the lower river, reasonably accurate survival estimates could not be made. 

 
Since 2008, Lower Granite to Bonneville dam survival estimates for wild Snake River steelhead 
(range = 49.3% to 56.9%) have generally met or exceeded the average survival rates expected 
under the Prospective scenario in the 2008 FCRPS BiOp (Figure 2b). This has not been the case 
for wild Snake River spring/summer Chinook salmon (range = 45.5% to 47.7%), whose survival 
rates have decreased since 2006-2007 (Figure 2a). Relatively high survival rates have been 
maintained for this species through the Lower Granite to McNary dam reach (range = 74.4% to 
78.6%) during this period. Thus, most of the discrepancy (compared to 2006-2007) is occurring 
in the Lower Columbia River between McNary and Bonneville dams. Acoustic tag studies 
completed in 2011 and additional studies conducted in 2012 should provide additional 
information for assessing where and why these losses might be occurring. This will allow 
managers to take corrective actions.   
 
As previously noted, data limitations prevented NMFS from using the COMPASS model to 
assess potential survival improvements for sockeye salmon resulting from configuration and 
operational changes at the mainstem FCRPS projects. However, the 2008 FCRPS BiOp did 
estimate Current and Prospective survival rates for these species using the limited available 
species-specific reach survival information (extrapolated to the full Lower Granite to Bonneville 
Dam reach) and information from other species as surrogates. Since 2009, Lower Granite to 
Bonneville Dam reach survival estimates for hatchery and wild Snake River sockeye (range = 
40.4% to 57.3%) have exceeded the average survival rates expected under the Prospective 
scenario in the 2008 FCRPS BiOp (Figure 2c).6

 
 

                                                           
5 Insufficient numbers of sockeye have been available for tagging to assess route-specific passage and survival rates 
to date. However, with recent increases in the production of hatchery sockeye smolts, NMFS is evaluating whether 
sufficient information is available to parameterize the model for SR sockeye. 
6 2006 and 2011 sockeye data are omitted from Figure 2c because detection rates were so poor in the lower 
Columbia River in those years that reasonably accurate survival estimates could not be made. 
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Many Snake River fall Chinook juveniles cease migrating through the lower Snake River 
reservoirs, rear in these areas and continue their migration the following spring. This behavior, in 
combination with limited passage and survival rate data available primarily from hatchery reared 
juveniles, precluded development of a model for this species. Because of these limitations, 
NMFS used the survival of hatchery released subyearling Chinook from Lower Granite to 
McNary dam – expanded to the Lower Granite to Bonneville Dam reach - as surrogates in the 
2008 FCRPS BiOp for assessing mainstem survival rates.7

 

 This analysis estimated Current 
average survival rates of surrogate hatchery fish to range between 18.7% and 53.4% (NMFS 
2008b). NMFS conservatively assumed that structural and operational changes at the mainstem 
dams would have no additional benefits for subyearling Chinook (i.e., that future Prospective 
survival rates would be no different than Current survival rates). Figure 2d shows recent (2008-
2010) survival estimates for biweekly release groups of subyearling Chinook salmon from Lower 
Granite to McNary dams (estimates are from FPC 2010b, Table 4-16) extrapolated to the Lower 
Granite to Bonneville dam reach. Since 2008, survival rates for these releases have all exceeded 
both the minimum, and with one exception in late June 2008, the maximum average survival 
estimates used in the 2008 FCRPS BiOp. 

  

                                                           
7 Hatchery subyearlings are released at larger sizes (above 85 mm) than natural subyearlings and their post-release 
behavior and survival differs markedly from natural subyearlings. Hatchery subyearlings migrate faster, pass dams 
earlier, and survive at higher rates than natural subyearlings. These differences result from the fact that production 
subyearlings migrate immediately upon release similar to a yearling Chinook juveniles, while the naturally produced 
fish spend more time feeding and rearing, than migrating until they become smolts. As a result of behavioral 
differences, production subyearlings experience cooler temperatures, higher flows, and different levels of spill than 
natural subyearlings (Connor 2004, 2006, 2008, 2009), which are environmental variables that influence survival.  
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Figure 2a. 
 

 

Figure 2b. 
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Figure 2c. 

 

Figure 2d. 
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4.3 Transportation 

The juvenile fish transportation system was developed to mitigate for juvenile mortality incurred 
when passing through the mainstem Federal dams. Fish are collected at the upper most mainstem 
dams and transported in barges (or trucks when numbers are very low) to a release point below 
the lowermost mainstem dam (Bonneville Dam). This, in effect, eliminates the mortality 
juveniles would otherwise experience by passing multiple dams. Three of the four Snake River 
dams and McNary Dam on the Columbia River are equipped with juvenile fish collection and 
transportation facilities.  
 
The value of transportation as a strategy to improve juvenile survival is continuously evaluated. 
Studies consistently demonstrate that transportation results in a higher adult return rate for 
steelhead when compared to in-river migrants (Marsh 2005, 2006, 2007; Williams 2005; Schaller 
2007). However, this is not consistently true for natural-origin spring Chinook when measured as 
an annual average rate of return (Schaller 2007). Williams et al. (2005, 2010) and Marmorek et 
al. (2004) have demonstrated a seasonal benefit from transport, generally beginning in early 
May. In addition, adult steelhead and to a lesser extent spring Chinook migrating up the 
Columbia and Snake Rivers that were transported as juveniles tend to stray into non-natal 
spawning areas at higher rates than adults that migrated inriver as juveniles (site 2008 SCA and 
2010 ISAB recommendations report). 
 
The seasonal trend in the effectiveness of juvenile transport is reflected in the COMPASS model, 
which was used to evaluate proposed spill and transport operations and their likely effect on 
steelhead and spring/summer Chinook adult returns. As a result of this modeling effort, two 
different transport operations were developed for a “low” and a “high” Snake River flow regime. 
When the average flow for the Snake River is forecast to be less than 65,000 cubic feet per 
second (<65 kcfs; “low” flow) no spill is provided at the Snake River collector projects, thus 
maximizing transportation during these low flow years. Conversely, when the average spring 
flow is forecast to be above 65 kcfs (>65 kcfs; “high” flow) voluntary spill is provided at the 
collector projects except during the May 7 through 20 timeframe. During this two week time 
period no voluntary spill is provided to maximize juvenile transport (NMFS 2008a).  
 
A notable difference between the “Prospective” modeling assumptions and actual operations 
since 2006 is the planned reduction in spill did not occur. Thus, fewer juvenile fish were 
transported. The “Prospective” modeling assumed a higher percentage of fish transport than what 
actually occurred. The modeled assumption was that no voluntary spill would occur from May 7 
through May 20 and maximum juvenile transport would occur at the three lower Snake River 
dams. However, in its review of juvenile transportation, the ISAB did not support this strategy 
(ISAB 2008). The panel recommended providing spill throughout the spring season to ensure an 
adequate evaluation of the effect of recent configuration changes to the hydrosystem (ISAB 
2008). In addition, the ISAB contrasted juvenile transport with a “spread the risk” strategy that 
would provide both spill and juvenile transport across the migration season (ISAB 2008, 2010). 
The ISAB recommended the “spread the risk strategy,” citing risks to non-Snake River 
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populations (such as MCR steelhead) resulting from the increased stray rates of Snake River fish 
and to the unknown consequences of transport on other species (lamprey and sockeye in 
particular). Consistent with the ISAB’s recommendation, actual operations since 2006 have not 
terminated spill in the spring season. Table 3 below identifies the percentage of juvenile migrants 
transported during the 2008 through 2011 seasons. 
 
Table 3. Percent of juvenile migrants transported for the years 2008-2011 compared to 
2008 FCRPS BiOp COMPASS model estimate for the “Prospective” operation. 

Percentage of Juveniles Transported 

Species Year Avg. Prop. Transported^ 

 
 

Snake River Steelhead 

BiOp 
Avg 

>65 kcfs = 74.3 
<65 kcfs = 89.0 

2008 50.5 (wild) 
46.6 (hatchery) 

2009 46 (wild) 
43 (hatchery) 

2010 36.8 (wild) 
34.8 (hatchery) 

2011 36.1 (wild) 
37.8 (hatchery) 

 
Snake River Spring/Summer 

Chinook 

BiOp 
Avg 

>65 kcfs = 63.7 
<65 kcfs = 88.7 

2008 54.3 (wild) 
45.3 (hatchery) 

2009 40 (wild) 
38 (hatchery) 

2010 38.2 (wild) 
22.6 (hatchery) 

2011 35.2 (wild) 
40.7 (hatchery) 

For Snake River fall Chinook and Snake River sockeye there is not sufficient data to determine the percentage 
of juveniles transported. For Snake River fall Chinook, a 2005 study is evaluating whether juvenile fish 
transportation is an effective management strategy for these fish. However, to date too few adults have 
returned to make an assessment of how transport affects these fish (Williams et al. 2005; Marsh 2009). 
Sources: Faulkner et al. 2011; Ferguson 2011; and NMFS unpublished data.  

 

For Snake River steelhead, Prospective modeled operations assumed nearly 90% of juveniles 
would be transported during “low” flow years (<65 kcfs) and 74% during “high” flow years (>65 
kcfs). The actual spill operations during the 2008 to 2011 timeframe resulted in less than a 50% 
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transport rate for Snake River steelhead. In fact, only about 36% of the wild steelhead smolts 
were transported in 2010 and 2011. The lower transport percentage during 2010 (a low flow 
year) is partly due to fixed spill volumes at some of the lower Snake River dams. This results in a 
higher fraction of total flow being spilled in lower flow years. These relatively high spill rates 
and the tendency for steelhead to use the surface passage structures (which are especially 
effective during low flow conditions) resulted in a high percentage of the steelhead remaining in 
river, particularly in 2010 (Faulkner 2010). In 2011, flows started low and then greatly increased 
to levels where over-generational spill was occurring. Both of these conditions would reduce the 
proportion of juveniles entering the juvenile bypass systems. 
 
Under Prospective modeled operations, nearly 90% of Snake River spring/summer Chinook 
smolts were expected to be transported in low flow years (<65 kcfs) and 64% in higher flow 
years (>65 kcfs). As was the case with steelhead, transport rates were generally lower than 50% 
between 2008 and 2011. In 2010 and 2011, for reasons noted above, only 38% and 35%, 
respectively, of the wild yearling Chinook were transported. 
 
Reduced transport rates should substantially reduce straying of Snake River spring/summer 
Chinook and steelhead into other basins, and result in an overall higher fraction of adults, after 
reaching Bonneville Dam, migrating through the FCRPS back to Snake River tributaries. 
 
NOTE: Will add preliminary results for sockeye and fall Chinook if available.  
 

Differential Delayed Mortality (D)  

“D” or differential delayed mortality is a specific type of latent mortality that is used to measure 
the relative effectiveness of transporting juvenile fish past the dams. The direct survival rate of 
transported juveniles to below Bonneville Dam is estimated to be about 98%. However, average 
adult return rates are usually lower for transported fish than for fish that migrated through the 
hydrosystem in-river. “D” is defined as the ratio of post-Bonneville Dam survival for transported 
fish to that of in-river migrants. When D is equal to one, there is no difference in survival rate 
after hydrosystem passage; D<1 indicates transported fish die at a higher rate after passing 
Bonneville Dam than those that migrated in-river; D >1 indicates transported fish have higher 
survival after passing Bonneville Dam than those that migrated in-river. Thus, in population 
modeling, a correction factor of “D” is applied to the transported fish population to account for 
the observed difference in adult return rates. There is regional consensus on the need to track 
“D” for Snake River salmon and steelhead when possible; however its causal agents are 
uncertain at this time. This is consistent with the ISAB’s recommendation (ISAB 2007).  
 
Values for “D” vary by species, by year, and within year. The Comparative Survival Study 
(CSS), a collaborative study effort conducted by the U.S. Fish and Wildlife Service; the states of 
Washington, Oregon, Idaho; and the Columbia River Intertribal Fish Commission, reports annual 
average “D” values for spring Chinook and steelhead (CSSOC/FPC 2011). The NWFSC has 
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demonstrated that “D” varies on a weekly or even daily basis during the spring migration period 
(Williams 2008), which is a scale more useful for regional transport management decisions. 
 
Transport Survival Estimates 

A challenge in selecting the appropriate “D” value to apply to the transported fraction in 
modeling is that “D” is determined after all of the adults from a juvenile cohort have returned (up 
to four years for spring/summer Chinook and three years for steelhead). So, for modeling 
purposes, various possible values for “D” can be applied to estimate a range of future outcomes. 
To demonstrate the range of values for “D”, two sources are considered: the study (CSSOC/FPC 
2011) and the 2008 Supplemental Comprehensive Analysis (NMFS 2008a, Appendix E).  
 
For Snake River steelhead, the CSS study estimates annual average “D” for natural-origin 
steelhead for the years 1997 to 2008. These values range from a low of 0.11 for the year 1998 to 
a high of 2.69 for the year 2004, with a geometric mean of 0.94 for the 12-year data set. The 
geometric mean of the 2006 to 2008 data (which is most representative of recent operations) is 
0.71 – which is consistent with the substantially improved inriver migrant survival rates noted 
previously. The estimates of “D” in the 2008 FCRPS Biological Opinion varied with flow 
conditions, ranging from 1.38 for “low” flow conditions (LGR < 65 kcfs) to 3.65 for “high” 
flows and an average value of 1.61 for the 70- year flow record. These values are quite different 
from the 0.71 “D” estimate (geometric mean of 2006-2008) from the CSS data set. 
 
“D” values for steelhead are generally greater than 1.0 (8 out of 12 years in the CSS data set), 
indicating that transported steelhead juveniles generally have a higher post-Bonneville Dam 
survival rate than in-river juvenile migrants. Factoring the effectiveness of transportation into the 
calculation of survival to below Bonneville allows for better comparisons of management 
alternatives than direct survival through the hydrosystem alone.   
 
For Snake River spring/summer Chinook, the CSS study provides annual average estimates of 
“D” for natural-origin spring Chinook for the years 1994 -2009. These values range from a low 
of 0.32 for the year 2000 to a high of 2.16 for the year 2001 (see discussion above relating to 
2001) with a geometric mean of 0.61 for the 16-year data set. The geometric mean of the 2006 to 
2009 data (which is most representative of recent operations) is 0.65. The 2008 FCRPS 
Biological Opinion provides estimates of “D” that vary with flow conditions, ranging from a low 
of 0.54 for the highest flow conditions (LGR > 130 kcfs) to 2.40 for extremely low flow 
conditions (LGR < 65 kcfs) with an average value of 0.71 for the 70-year flow record – which is 
fairly similar to the CSS 2006-2009 geometric mean of 0.65.  
 
NOTE: In very low flow years like 2001 and 2004, during which little or no spill was provided at the 
Snake River projects, nearly all juveniles are transported at the three Snake River collector dams. This 
operation left only a relatively small number of tagged study fish in the river. More recent data indicates 
that predation rates on inriver migrating fish under these circumstances is much higher than would be the 
case if higher proportions of migrants are left inriver – (add citation).   
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Within each year, “D” values for wild spring Chinook usually start out less than 1.0, but increase 
through the spring period, reflecting the increasing benefit provided by transport as the season 
progresses (Williams et al. 2005, 2008). The COMPASS model therefore uses a seasonal trend 
function that changes in value across the spring season instead of an average “D” in its 
computations. However, to allow a comparison of the values used in the COMPASS modeling 
with the CSS data, a seasonal average “D” was calculated from the COMPASS output and 
presented in NMFS (2008a, Appendix E). The value of “D” as a management metric allows for a 
more accurate evaluation of the effectiveness of transport to increase adult returns relative to 
juveniles that migrated in-river by allowing a “system survival” to be calculated. The system 
survival accounts for the proportion and respective survival of fish by passage route (in-river or 
transported) and accounts for the “effectiveness of transport by the use of “D”.  
  
For Snake River fall Chinook and sockeye there is not yet sufficient information to estimate the 
effectiveness of transport operations (Williams et al. 2005). As a result, there is no estimate of 
“D” to apply to these ESUs. For Snake River sockeye, a pilot transportation study was initiated 
in 2008 to address these data gaps and will be on-going for the next several years. At present, 
however, there is not sufficient data to estimate how transportation affects these fish.  
 
Table 4. Juvenile system survival estimates for Snake River spring Chinook and steelead 
for the years 2008 – 2011 compared to the Biop estimate.  

 

Juvenile System Survival Estimates Between Lower Granite and Bonneville 
Dams after adjustment by “D” 

Species Year Estimated System Survival of 
natural-origin fish using estimate 

of “D” from BiOp 

Expected System Survival after full 
implementation of the FCRPS 

Biological Opinion (range) 
 
 

Snake River 
Steelhead 

2008  104.08

 
 131.3 

2009 102.5 
 131.3 

2010  94.0 
 131.3 

 
Snake River 

Spring/Summer 
Chinook 

2008 59.5 
 

67.6 

2009 55.6 
 

67.6 

2010 54.7 
 

 67.6 

                                                           
8 Although it is not possible to exceed 100% survival, estimates of survival exceed 100% when “D” values greater 
than 1 are applied to the survival data.  This is often the case with steelhead data.   
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Snake River 
Fall Chinook 

 NA NA 

   

   
 

Snake River 
Sockeye 

 NA NA 

   

   

 
 
 
3. Adult Passage & Survival 

There is no indication that dams and reservoirs substantially delay adult upstream migration at 
present (Ferguson et al. 2005). While the upstream migration of adults can be slowed as fish 
search for fishway entrances and navigate through the fishways themselves, they migrate more 
quickly through the relatively slow velocity reservoir environments. Large upstream water 
storage and flood control projects and mainstem run-of river hydropower projects have affected 
the thermal regime of the mainstem Snake and Columbia rivers. Together, they have generally 
increased minimum winter temperatures, delayed spring warming, reduced maximum summer 
temperatures, and delayed fall cooling. These alterations may benefit adults that migrate during 
the spring and summer (spring and summer Chinook salmon, sockeye salmon, and early 
migrating steelhead), but may negatively affect those migrating in the late summer and fall (fall 
Chinook salmon, and later migrating sockeye and steelhead) by increasing their exposure to 
relatively high temperatures. To mitigate for (or, in some instances, enhance) these thermal 
effects, Dworshak Dam, on the North Fork Clearwater River, releases cool water during July, 
August, and September to reduce mainstem Snake River temperatures. 
  
Adult fish passage, in the form of fish ladders, is provided at each of the eight mainstem projects 
in the lower Snake and lower Columbia rivers. In general, these adult passage facilities are 
highly effective. For example, the current estimate of average adult Snake River spring/summer 
Chinook salmon survival (conversion rate estimates using known-origin adult fish after 
accounting for “natural straying” and mainstem harvest) between Bonneville and Lower Granite 
dams (2002-2007) 9

 

 is approximately 91% for fish that migrated in-river as juveniles and 84% 
for those that were transported as juveniles (NMFS 2008b).  

                                                           
9 These adult survival estimates capture all sources of mortality manifested within the Bonneville to Lower Granite 
dam reach, including those resulting from the existence and operation of the FCRPS, unquantifiable levels of 
mortality from other potential sources (e.g., unreported or delayed mortality caused by fisheries, marine mammal 
predator attacks, etc.), and unquantifiable levels of “natural mortality (i.e., levels of mortality in the migratory 
corridor that would have occurred “naturally” without human influence. 
 

Comment [rjg2]: 1) there may be some info on 
sockeye and fall Chinook D estimates from 2011; 
2) I am still working on this section – system 
survival.  The issue is that inriver migrants should be 
penalized when D>1 – which would prevent system 
survival estimates from exceeding 1.0. 
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The most recent adult survival rates available (2008-2010) for Snake River steelhead, 
spring/summer Chinook, fall Chinook, and sockeye are reported in Table 1 below. Adult survival 
estimates are based on conversion rates of known origin, PIT tagged adults detected at 
Bonneville Dam and redetected at upstream dams. These raw estimates are adjusted using 
background stray rates (estimates from active tag telemetry studies) and general harvest 
estimates from U.S. v. Oregon technical advisory committee. While NMFS believes this 
methodology provides the best scientific data available, it is possible that the available harvest 
estimates – which were NOT generated specifically for PIT tagged fish – may be inaccurate for 
this purpose or somehow biased. Further work is being done to assess this potential issue.  
 
Based on PIT tagged fish, adult survival rates appear to have declined for some species in recent 
years compared to the longer-term average estimates reported in the 2008 Biological Opinion. 
For both inriver migrating and transported Snake River steelhead, estimated survival rates from 
Bonneville Dam to Lower Granite Dam in 2008 to 2010 were often 10% or more lower than the 
2008 FCRPS BiOp average. Survival rates of inriver migrating spring/summer Chinook were 
about 7-11 percent lower than the BiOp average, however those of transported fish were equal to 
or higher than BiOp averages each year. Adult sockeye survival rates were about 6 percent lower 
than BiOp average in 2008 and 2009, but exceeded the BiOp average in 2010. 
 
 Snake River fall Chinook adult survival estimates substantially exceeded the 2008 BiOp 
averages for both inriver (roughly 7 to 11 percent) and transported (11-15%) groups throughout 
the 2008-2010 period.  
 
At this time, the reason for the decrease in adult steelhead and inriver spring/summer Chinook 
conversion rates returns in not known and is being investigated. The 2010 Supplemental 
Biological Opinion included actions to add adult detectors at The Dalles and/or John Day Dam to 
better understand where these losses are occurring. This information should help managers 
identify the factors likely contributing to these losses and develop corrective actions (NMFS 
2010).  
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Table 1. Adult survival estimates presented in 2008 Hydro-module (BiOp Averages) 
compared to 2008 - 2010 estimates for known origin fish detected as adults at Bonneville 
Dam. BiOp averages generally included 2002-2007 annual estimates unless sufficient 
numbers of tagged fish were not detected or adult returns were not complete). Adult 
survival estimates are reported separately based on juvenile migration history (transported 
or inriver migrants).  

Species Year 

Bonneville to Lower Granite 

(Transported) 

Bonneville to Lower Granite 

(Inriver Migrants) 
BiOp Average 

(range) 
Annual 

Estimate 
BiOp Average 

(range) 
Annual 

Estimate 

Snake River 
Steelhead 

2008 
83.3 

(78.2 - 89.8) 

69.7 
90.1 

(85.6 - 93.8) 

80.8 

2009 72.5 75.2 

2010 77.4 82.3 

Snake River 
Spring/Summer 

Chinook 

2008 

84.1 
(73.7 – 88.0) 

86.9 
91.0 

(81.6 – 97.9) 

86.0 

2009 84.3 80.2 

2010 87.3 84.3 

Snake River Fall 
Chinook 

2008 
74.9 

(62.4 – 94.7) 

90.5 
81.0 

(58.8 – 98.6) 

91.9 

2009 87.7 88.8 

2010 86.4 90.6 

Snake River 
Sockeye 

2008 

NA 

NA 81.1 
(79.1 – 83.2 

 

74.9 

2009 NA 74.9 

2010 NA 82.8 
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3.1 Kelt Passage & Survival Rates 

Unlike other Pacific salmonids, a large fraction of the adult steelhead do not die after spawning 
and instead attempts to migrate back to the Pacific Ocean. Termed kelts, very few post-spawn 
adult steelhead survive downstream passage through the hydrosystem to spawn again. Estimates 
of FCRPS kelt passage survival ranged from 4.1-6.0% in the low flow year 2001 to 15.6% in 
2002 and 34% in 2003 (Boggs and Peery 2004; Wertheimer and Evans 2005). At present, 
juvenile collection and bypass systems are not specifically designed to safely pass adult fish 
including kelts. In addition to injury and mortality, kelt downstream migrations are delayed by 
the mainstem projects (Wertheimer and Evans 2005). 
 
The fraction of repeat spawning kelts in West Coast steelhead populations varies widely, from  
1-51% (Wertheimer and Evans 2005). Boggs and Peery (2004) cite an estimated 2% kelt rate for 
the Clearwater River in 1954. It is estimated that 17-25% of the steelhead that pass Lower 
Granite Dam return downstream as kelts (Boggs and Peery 2004; Wertheimer and Evans 2005). 
Thus, while there is a relatively large number of kelts present, their relatively poor survival 
through the FCRPS may limit the contribution that they can make to steelhead populations. 
 
The Corps of Engineers (Corps), in coordination with the other Action Agencies, NMFS, and 
regional parties is developing a Kelt Management Plan to improve B-run steelhead population 
productivity by about 6% by increasing the number of female kelts that survive to the spawning 
grounds (NMFS 2008). NMFS expects that the Corps’ recently adopted decision to open the ice 
and trash sluiceway at The Dalles Dam in late fall and early spring (outside the juvenile 
migration period) as a non-turbine passage route for surface oriented kelts will be one element of 
this plan. Analysis indicates that this should result in a substantial (about 1%) improvement for 
B-run steelhead populations and that similar benefits should also accrue to A-run steelhead 
populations ( Tackley and Clugston 2011). 
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