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EXECUTIVE SUMMARY 
 

1. General 
The National Marine Fisheries Service (NOAA Fisheries) issued a Biological 

Opinion (BiOp) dated December 21, 2000, entitled “Endangered Species Act Section 
7 Biological Opinion on the Reinitiation of Consultation on Operation of the Federal 
Columbia River Power System, Including the Juvenile Fish Transportation Program, 
and 19 Bureau of Reclamation Projects in the Columbia Basin.” (NOAA Fisheries, 
2000)   

 
One of the measures identified within the BiOp was Reasonable and Prudent 

Alternative action number 143 (RPA 143).  This measure states, “The Action 
Agencies shall develop and coordinate with NOAA Fisheries and EPA on a plan to 
model the water temperature effects of alternative Snake River operations.  The 
modeling plan shall include a temperature data collection strategy developed in 
consultation with EPA, NOAA Fisheries and state and tribal water-quality agencies.  
The data collection strategy shall be sufficient to develop and operate the model and 
to document the effects of project operations.”   

 
Since 1991, Dworshak Dam has been releasing cold water to help achieve two 

objectives: to cool the Snake River, and to increase velocities in the reservoirs to aid 
Chinook juveniles migrating to the ocean.  Releases by the Dworshak Dam were first 
conducted on an experimental basis; in the last few years they have been part of the 
operational program. Biological goals of many agencies are to optimize the Snake 
River/Dworshak operations in an attempt to provide desirable temperature regimens 
(within existing authorities and other limitations) for both anadromous and resident 
fish.  Sufficient information about the Snake River temperature, and how fish respond 
to flows and temperatures, is required in order to create a thermal environment that is 
as supportive of fish as possible. 

  
Management of the Lower Snake River for fish involves more than observing and 

adjusting temperatures; it also involves managing discharges from all sources. This 
necessitates a cooperative relationship between Idaho Power Company, managers of 
the Hells Canyon Complex, and federal managers of the Lower Snake River projects, 
both for temperature and discharge. 

 
To address this RPA measure in a cooperative manner , the Regional Water 

Quality team established a technical workgroup to develop the plan called for by the 
action item.  The team is composed of numerous agencies, including the Bonneville 
Power Administration (BPA), Columbia River Inter-Tribal Fish Commission 
(CRITFC), Environmental Protection Administration (EPA), Idaho Power Company 
(IDPWR), Idaho Department of Environmental Quality (IDEQ), Idaho Water 
Resources Department (IDWRD), Nez Perce Nation, NOAA Fisheries, Oregon 
Department of Environmental Quality (ODEQ), Fish Passage Center, US Army Corps 
of Engineers (USACE) and Washington Department of Ecology (WDOE). The 
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workgroup first met March 8, 2002.  This document presents the executive summary 
of the plan developed by the technical workgroup. 
 
2. Geographic Domain 

The full Bi-Op language for RPA 143 actually calls for modeling more than the 
Snake River (also includes the lower Columbia River to Bonneville Dam) but it 
specifically identifies examining alternative Snake River operations as the first step.   

 
The workgroup proposes to build an initial model domain for the minimum area 

needed for effective evaluation of operational effects on temperature (Phase 1) and 
expand the model in subsequent phases.  The proposed phases are as follows:   

 
   
 

Phase 

North Fork 
Clearwater 
Boundary 

Mainstem 
Clearwater 
Boundary 

Upstream Snake 
River Boundary 

Downstream Snake 
River Boundary 

1 Mouth Orofino Anatone (RM 169) Lower Granite Dam

2 Dworshak 
Reservoir Head 

Orofino Hells Canyon Dam 
Tailrace 

Mouth 

3 Dworshak 
Reservoir Head 

Orofino Brownlee Reservoir 
Head 

Mouth 

 
 

The first phase includes the minimum system components needed to develop and 
evaluate an operational tool for temperature management (Dworshak flow 
augmentation).  The second phase expands the model system to include Dworshak 
Reservoir, Salmon/Grande Ronde Rivers, and the lower three projects on the Snake 
River.  The third phase expands the system to include the Hells Canyon Complex on 
the Snake River, in cooperation with Idaho Power Company.  The second and third 
phases extend the model to two reservoirs, Dworshak and Brownlee, both of which 
influence the temperature of the Snake River.  While Dworshak Reservoir has not 
been extensively modeled to date, Idaho Power Company has developed a CE-
QUAL-W2 model for Brownlee Reservoir (Idaho Power, 1999) that should provide 
information for Phase 3.    

 
The proposed timeline for development and expansion of the model domain is a 

general estimate of the minimum time necessary to complete this work, assuming 
consistent and adequate resources for this project.  This timeline could be delayed by 
a number of factors, including resource constraints, inter-agency coordination delays, 
and model development and evaluation challenges.  

 
3. Biological Needs 

An assessment was made of various stages of the life cycle of ESA-listed 
anadromous salmonids in the Snake River, from Hells Canyon Dam downstream to 
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the confluence with the Columbia River, and including the Clearwater River from 
Dworshak Dam downstream to its confluence with the Snake River. 

 
Spring and summer steelhead and Chinook salmon smolts, migrating mostly as 

yearlings, migrate sufficiently early that water temperature does not pose a direct risk 
to the bulk of the run.  Moderately strong correlative evidence has been developed 
that demonstrates that flow augmentation to reduce water temperatures can increase 
survival of juvenile fall Chinook salmon in the lower Snake River system.  Survival 
models demonstrate the importance of temperature either directly affecting survival 
or indirectly by affecting migration dates and body size, factors found to be highly 
associated with water temperature.  Additional studies should be conducted to more 
fully evaluate current survival models and more fully evaluate the role in improving 
survival of juvenile fall Chinook salmon.  At present, however, the available literature 
strongly supports use of flow augmentation with its attendant cooler water 
temperature to benefit downstream migrating fall Chinook salmon. 

For adults, fall Chinook salmon and steelhead have the greatest potential exposure 
to warm water temperatures.  However, since fall Chinook salmon are obligate 
migrants, and because the predominant pattern is for warm water conditions to persist 
later in the fall than historically occurred, fall Chinook salmon adults would appear to 
be at greater risk for incurring potential temperature related impacts while migrating 
through the lower Snake River.  This conclusion is supported by analyses of telemetry 
data for adult fall Chinook salmon and steelhead migrating through the lower 
Columbia River.  Although members from both runs enter tributary streams during 
summer, steelhead that use the cool-water refugia realized a survival advantage, while 
fall Chinook salmon that delay their migration to use the same refugia experience 
reduced escapement to spawning areas.  Historically, use of cool water refugia 
incurred an evolutionarily derived survival advantage to both species, but under 
current temperature conditions, extended delays to adult fall Chinook salmon 
migrants represent a survival risk.  Sockeye salmon pose a particular concern with 
respect to water temperatures.  Although the bulk of the sockeye salmon pass though 
the lower Snake River prior to peak temperatures, their lower perceived tolerance to 
warm water conditions, relative to Chinook salmon and steelhead, and the remnant 
size of the Snake River run, place adult sockeye salmon in a precarious position.  An 
extreme weather year, with early warming of the river in later spring, could 
significantly affect the reproductive success for sockeye salmon.  Late summer timing 
of flow augmentation would benefit adult fall Chinook salmon and adult steelhead 
once in Lower Granite Reservoir.  Effects of the releases from Dworshak Reservoir at 
the end of summer (late August–mid September) should be investigated to facilitate 
natural cooling patterns for the lower river. 

 
4. Data Collection and Modeling Uses 

The team believed that the best approach in meeting the Bi-Op requirements was 
to first fully understand how data collection and modeling might be used.  To this 
end, the team identified numerous questions that an appropriate model and associated 
data collection activity may be called upon to answer.  These questions then formed 
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the basis for developing model selection criteria and a data collection strategy.  After 
developing these questions, the team realized that the available Snake River 
environmental information was insufficient to fully resolve them.  Hence, in 2002 the 
team began to review existing information and ongoing studies (by others) in the 
geographic domain of interest to better understand the river environment.  As a result 
of this effort the team identified and coordinated with several entities to assemble 
data for better definition of the river’s thermal environment.  The ongoing studies are 
briefly described below: 

 The Idaho Department of Environmental Quality (DEQ) was collecting 
continuous water temperature data at four sites in the Clearwater and 
Snake Rivers.  Idaho DEQ also collected similar data on the Salmon River 
and at other points on the Snake River. 

 
 The Idaho Power Company was collecting water temperature data at five 

sites in the Snake River from upstream of Brownlee Dam to downstream 
of Hells Canyon Dam.   

 
 The University of Idaho was conducting a biological study and was 

collecting hourly water temperatures at three depths.  Their data collection 
sites were at the interface of Lower Granite Pool in the Snake and 
Clearwater Rivers, at multiple points in Lower Granite Pool and at a site in 
each of the other pools in the Lower Snake River.   

 
 Battelle and the United States Geological Survey (USGS), Biological 

Resources Division, were collecting water temperature data from several 
sites in the backwater from Lower Granite Dam.  In addition to continuous 
water temperature at multiple depths, they also collected data on discharge 
and instantaneous water temperatures and specific conductance.  These 
data collection efforts were part of two ongoing projects funded through 
BPA. 

 
 Since 1994 the USACE has routinely operated tailwater and forebay fixed 

monitoring (FMS) water quality stations to address potential Lower 
Columbia and Lower Snake Rivers hydropower project impacts on total 
dissolved gas (TDG) pressures in the water.  These instruments monitor 
TDG and water temperature hourly.  Generally the forebay instrument is 
located well downstream and in the forebay of the receiving pool project.  
The forebay monitors are intended to represent a mixed cross section in 
the river just upstream of the dam and can be a fair approximation of 
aquatic habitat as defined by TDG and water temperature in that area of 
the pool during non-stratified times.  The tailwater instruments are located 
nearer to the releasing project and generally in spillway releases 
downstream of aerated flow and prior to complete mixing with 
powerhouse releases.  Additional sites are located on the Clearwater River 
and Snake River upstream of the Clearwater River.  Each of these sites 
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collects hourly data; these data are transmitted to Portland every four 
hours and placed on the USACE web site. 

 
 Based on these ongoing studies during 2002, the team determined that 

additional data collection would be necessary to obtain a more complete 
picture of the river’s thermal environment.  To augment the data 
collection, the USACE, Walla Walla District funded the USACE, 
Engineer Research and Development Center (ERDC) to collect 
supplemental field temperature data in Snake River segments not being 
monitored by others.  ERDC installed several thermistor strings in 
mainstem project forebays, at tailwater sites, in tributaries and near 
existing river gages in the Snake River and Dworshak Dam.  In addition, 
BPA funded the United States Bureau of Reclamation (USBOR) to install 
weather stations (AgriMet system) along the river to collect real-time 
weather.  Data from all entities was collected by ERDC, analyzed and 
presented to the team. 

 
The forebay thermistor data demonstrate that the Lower Snake River can 

experience a high degree of vertical stratification.  With this understood, then the 
multiple dimensional properties of the Lower Snake River must be taken into account 
when modeling is required.  If the purpose is to describe or quantify habitat and 
potentially relate to biological communities as with RPA 143, then a 2-dimensional 
approach is called for to provide adequate resolution in the entire Lower Snake River.  
If the purpose is to forecast cross-sectional average temperatures at some point 
downstream, then a less rigorous 1-dimensional approach can be applied to address 
much of the Lower Snake River.  The exception is likely in Lower Granite pool, 
which experiences some of the more extreme variability in thermal patterns.   

 

Collectively, the data collection efforts of 2002 will provide a valuable dataset for 
future model development and testing, and a similar data collection effort is planned 
for 2003.  A long-term monitoring strategy is discussed below.    

 

 

 

5.  Model Review and Selection 
The Lower Snake River has been studied for many years. These studies have 

included the application of several models, which have been constructed by various 
agencies and organizations for various specific objectives.  Selection of the model for 
this assessment has several criteria.  The basis for the criteria is from the team’s 
understanding of the questions that need to be addressed and a conceptual 
understanding of how the river functions after evaluating existing data, models and 
reports of the Lower Snake River.  These criteria are listed below: 
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 The model will have at least 2-D resolution (horizontal down the length of 
the river plus vertical; laterally averaged); 

 The model is non-proprietary and any organization or agency can obtain 
the code for the model and run simulations; 

 The model has previously been used in similar applications including river 
and reservoir conditions;  

 The model will take into account the release of water from Dworshak 
Reservoir using selective withdrawal as well as outlet structures at dams;   

 The model is documented, currently maintained and is expected to be in 
use for the next few years; 

 The computer run time should be fast enough to be usable as an operation 
tool; 

 The model should have the capability of being expanded geographically 
and be able to simulate other water-quality parameters besides 
temperature. 

  
It is desirable but not a selection criterion that people in the Pacific Northwest 

have experience with the model.  There were nine different models considered for the 
Lower Snake River temperature modeling effort.  The team recommends the two-
dimensional model, CE-QUAL-W2, version 3.1, developed and maintained by 
USACE, be adopted for use in the Lower Snake River.  It will be used to assess 
reservoir releases at selected depths, flow routing, simulations of water temperature 
and has the capability of addressing other water-quality parameters such as dissolved 
oxygen, algal populations and nutrients.  This model meets all the criteria identified 
for this assessment.  In addition, numerous persons in the Pacific Northwest are 
knowledgeable about the use of the model.   

 

6. Model Development Framework and Issues 
Successful model development requires a clear progression of thought leading 

from the questions that are posed, to a conceptual model of the system based on 
theoretical understanding and site data, to application of the most appropriate model 
scenarios and tools, to an uncertainty analysis, and finally to an answer to the 
question posed with acknowledgment of the data gaps and model limitations.  
Modeling tasks must also be undertaken with an acknowledgment of the intrinsic 
iterative nature of modeling which commonly points out the need for additional site 
data or model scenarios. 

 
In the modeling work plan for this project, all data for model input parameters and 

boundary conditions that need to be assembled should be identified and their method 
of collection described. The following items should be included in the modeling work 
plan. 

 
1. The goals of the modeling should be stated in a manner that allows easy 

comparison to modeling results so that a determination can be made as to 
whether goals were achieved. 
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2. A site-specific conceptual model of the system should be presented in 
graphical form (including maps and cross-sections) based on available 
data.  The conceptual model should include the mathematical relationships 
that are used to describe the principal hydrogeologic processes of concern.  
Data gaps, assumptions, and uncertainties should be described in the 
conceptual model. 

3. The technical requirements needed to achieve the goals should be 
discussed (e.g., needed spatial/temporal resolution of the model, boundary 
data synthesis for dynamic simulations, etc.). 

4. If computer modeling is needed, the specific computer code (and version 
where appropriate) should be identified.  The ability and limitations of the 
proposed computer codes to meet the conceptual model requirements 
should be discussed.  It is critical to match the proposed code to the site 
conditions and the availability of data, including good justification for the 
input parameters. 

5. Boundary and initial conditions and other input parameters should be 
identified, and procedures for model calibration and uncertainty analysis 
should be described.  Parameter estimation techniques and associated 
uncertainties should be identified.  A plan for parameter sensitivity 
analysis should be outlined to compare model sensitivity with variations in 
boundary conditions and input parameters. 

6. Model documentation should incorporate the information and address the 
issues identified in the main report.  In addition, model documentation 
reports should include appendices with copies of critical model input files 
and a CD containing all the input files used in the model. 

 
The workgroup has begun the model development process by identifying goals, 

selecting a model code (CE-QUAL-W2), and providing an outline and summary of 
information and issues to be addressed in model development (Section 5 of this 
report). 

 
7. Data Collection Strategy 

The data collection strategy is designed to support the model development 
(calibration, verification of data sets) and will provide ongoing data for operational 
use and future checks on model performance.  The data collection will also provide 
answers to some of the questions identified by the team during the plan development 
process.  The key elements of the strategy are identified in the following paragraphs. 

 

The USACE tailwater monitors approximate the average forebay water 
temperature even during periods of significant vertical gradients.  This was found to 
be the case for all projects on the Lower Snake River as determined in the 2002 
Lower Snake River Screening Study.  The average profile water column temperature 
was very similar to the tailwater fixed monitor temperature.  No change is 
recommended for the Lower Snake River tailwater instruments.  On the other hand, 
the forebay monitors were very comparable to the 5 m deep profile instruments as is 
expected during the stratified period but not representative of the water column 
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average.  Both stations are point measures in space but the tailwater reach is generally 
well mixed and made up of a fairly uniform blend of the forebay waters in the case of 
the Lower Snake projects.  The forebay instrument is positioned at one discreet depth 
in an area that can experience some significant vertical thermal gradients and will be 
a biased measure of forebay temperature during periods of stratification.  

 
In future applications and/or studies, especially numerical model support, the 

potential bias associated with the forebay temperature monitoring during stratified 
periods should be recognized and accounted for while conducting analysis or 
decision-making.  To eliminate sample bias during stratified periods it would be 
desirable to install permanent automated profiling instrument strings to describe 
vertical thermal patterns associated with Lower Snake River project forebays.  The 
recommended depths are 0.5, 1.5, 3, 5, 10 meters and then at 5 meter intervals to 
within 1 m of bottom.  Since minimal lateral bias was indicated in the screening 
study, then one station located at the deepest point, preferably in the thalweg, will be 
adequate to get representative temperature measures of the forebay waters.  This 
station should be located an adequate distance upstream to avoid any affects from the 
dam on water movement such as mixing, downwelling or upwelling..  Collection of 
real-time data could occur on an as-needed basis, depending on how the data would 
be used. 

 
The key elements of the long-term water temperature data collection strategy are 

to continue water quality monitoring with the following recommendations: 
 

 Water temperature monitoring year round at all stations in pools, releases, and 
at upstream boundary conditions and at the mouths of all significant 
tributaries 

 Relocate forebay monitors upstream of project to avoid near-field effects of 
projects 

 Initiate temperature string profiling (seven to eleven depths) capable of real-
time operation in project forebays.  The recommended depths are 0.5, 1.5, 3, 
5, 10 meters and then at 5 meter intervals to within 1 m of bottom.  A single 
point measure monitor would be adequate during the non-stratified winter 
period for most projects 

 Continue with no change in tailwater water quality station operation 
 Continue in-project fishway thermal data collection and analysis. 

 
In the short term to support model development and validation, we recommend to 

continue through 2004 with one temperature string located at mid pool 
(longitudinally) in each of the Lower Snake River Projects modeled after the forebay 
station. 

 
The key elements of water discharge and project operation are as follows. 
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 Continue close interval project operations data by project, unit, and 
spillway on 15 minute time interval for short term support of model 
development and calibration 

 Continue routine USACE operations data collection for the long-term 
 Record all operational data for releases and reservoir volumes at 

hydroelectric and water storage projects.  This is particularly important at 
projects such as Dworshak where water is released at different levels. 

 
The meteorological data collection should be continued for the long-term to 

continue support of model operation from the six following sites. 
 

 Pasco, WA (National Weather Service) 
 Lewiston, ID (National Weather Service) 
 Fish Hook Park, Ice Harbor Pool (Washington State University Publing 

Agricultural Weather System, PAWS) 
 Lake Bryan-Rice Bar, WA, near little Goose Dam (AgriMet) 
 Silcott Island, WA, upstream of Lower Granite pool (AgriMet) 
 Dworshak pool/Dent Acres, ID (AgriMet) 

 
It is recommended to investigate potential gaps in coverage of bathymetry and 

flow field/water velocity data to meet modeling effort needs.  This can best be 
accomplished through model sensitivity analysis directed at refining or improving 
output errors. 

 
Development and maintenance of the research database should continue as 

needed.   
 

 ERD - Screening Study data 
 Walla Walla District - routine automated water quality 
 PNNL - Lower Granite Study 
 IDEQ - (Clearwater and [Middle] Snake River upstream of Anatone to 

Hells Canyon) 
 Idaho Power Company - ([Middle] Snake River) 
 USGS - (Clearwater, Snake Rivers) 
 Walla Walla District - (in-project fishway thermal data) 
 Walla Walla District - (project operations data, both routine and close 

interval) 
 Weather data 
 Bathymetry data 
 Water velocity and flow field data 

 
The long-term continuation of the database systems should be adequate to support 

the future, real-time operational use of the temperature model.  The database should 
be part of a common mainstem temperature database and accessible from the USACE 
Web location for the benefit of researchers and fish or river managers. 
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8.  Summary and Recommendations 
The RPA 143 technical team recommends to the regional Water Quality Team 

that the CE-QUAL-W2 model be adopted for development in the river reaches of 
interest along with the identified data collection strategy.  The team recommends 3 
phases.  Initially, the identified limited geographical domain would be modeled to 
determine model usefulness in defining the thermal effects of potential river 
operations.  Once this step has been completed satisfactorily, then consideration of 
expanding the model to additional river reaches should be considered. 

 
Agency Roles and Responsibilities:   

 The USACE and BPA will be responsible for implementing the model and 
data collection efforts.  

 The inter-agency technical team participating in this plan development will be 
asked to continue in a technical review role.  They will review potential 
contractor Scopes of Work, field data collection and analysis, assist in 
defining the period of record for use in model evaluation and review and 
comment on reports produced during the development.  Once the model has 
been reviewed and accepted, the team, in conjunction with the regional 
Technical Management Team (TMT) and Regional Water Quality Team 
(WQT), will define and identify preliminary model runs required to answer 
questions originally posed by the team. 

  
9.  Anticipated Scheduling. 

Scheduling of this work is highly dependent on available funding.  At the end of 
FY2003, two years of detailed data will have been gathered on the river.  FY2002 
data collection was a screening data set used to assist in decisions concerning model 
selection.  The FY2003 data collection has been initiated in conformance with the 
data collection strategy.  Beginning in FY2004 (October 2004), it is anticipated that 
additional data collection will commence as well as initial model development.  A 
tentative schedule for implementation is identified below: 
 

FY2004 Tasks 
 Collect additional field data 
 Select periods for model evaluation 
 Complete model setup including evaluation 
  Technical team review calibration and verification report. 

 
 
FY2005 Tasks 

 System development to operate as real-time tool for use by regional 
interests 

 Expand to Phase 2 Geographic Scope 
 Revise Data Collection as needed to support Phase 2 and other model 

input improvements. 
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FY2006 and beyond 
 Expand to Phase 3 Geographic Scope 
 Revise data collection as needed to support Phase 3 and other model 

inputs and improvements 
 
10.  Reference 
 
      NMFS, 2000, Endangered Species Act Section 7 Biological Opinion on the 

Reinitiation of Consultation on Operation of the Federal Columbia River 
Power System, Including the Juvenile Fish Transportation Program, and 19 
Bureau of Reclamation Projects in the Columbia Basin: NOAA Fisheries. 
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1.  INTRODUCTION 

 
1.1 Reasonable and Prudent Alternative (RPA) Action 143 

The National Marine Fisheries Service (NOAA Fisheries) issued a Biological 
Opinion (BiOp) dated December 21, 2000, entitled “Endangered Species Act Section 7 
Biological Opinion on the Reinitiation of Consultation on Operation of the Federal 
Columbia River Power System, Including the Juvenile Fish Transportation Program, and 
19 Bureau of Reclamation Projects in the Columbia Basin.” (NOAA Fisheries, 2000)  
One of the action items identified within the BiOp Reasonable and Prudent Alternatives 
was Action 143 (RPA 143).  This measure states, “The Action Agencies shall develop 
and coordinate with NOAA Fisheries and EPA on a plan to model the water temperature 
effects of alternative Snake River operations.  The modeling plan shall include a 
temperature data collection strategy developed in consultation with EPA, NOAA 
Fisheries and state and tribal water-quality agencies.  The data collection strategy shall be 
sufficient to develop and operate the model and to document the effects of project 
operations.”   

 
1.2 Biological Effects of Snake River Thermal Regimes on Endangered Species in 

the Lower Snake River 
The purpose of this paper on aquatic biology, included as Appendix C, is to assess 

the utility of flow augmentation for ESA listed fishes, examine timing of those releases 
and assess benefits and liabilities to the overall lower Snake River ecosystem. 

 
1.2.1 Summary 

Numerous literature surveys have been conducted on effects of temperature on the 
life cycle of Pacific salmon (see McCullough 1999; Brown 1976; Schuytema 1969) and a 
myriad of other literature not summarized (Appendix 1 of paper). Much of this 
information has been obtained from controlled laboratory studies which provide a 
structure to evaluate effects of higher temperatures in the lower Snake River.  Most of 
these studies have examined individual life stages to regulated temperatures and observed 
their responses. Few field studies have been conducted and results from these were 
applied to thermal conditions in the lower Snake River. Often literature sources that 
establish a paradigm may be based on single observations or small sample sizes.  

 
This paper examined the various stages of the life cycle of ESA listed 

anadromous salmonids including smolt and adult steelhead, smolt and adult spring and 
summer Chinook salmon, and sockeye salmon and egg, embryo, parr, smolt, and adult 
fall Chinook salmon in of the Snake River, from Hells Canyon Dam downstream to the 
confluence with the Columbia River and including from Dworshak Dam on the North 
Fork Clearwater River downstream to the Clearwater River confluence with the Snake 
River.  Spring and summer Chinook smolts migrating mostly as yearlings and steelhead 
migrate sufficiently early that water temperature does not pose a direct risk.  Moderately 
strong correlative evidence has been developed that demonstrates that flow augmentation 
to reduce water temperatures can increase survival of juvenile fall Chinook salmon in the 
lower Snake River system. Survival models demonstrate the importance of temperature 
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either directly affecting survival or indirectly by affecting migration dates and body size, 
factors found to be highly associated with water temperature.  Additional studies should 
be conducted to more fully evaluate current survival models and more fully evaluate the 
role in improving survival of juvenile fall Chinook salmon. At present, however, the 
available literature strongly supports use of flow augmentation with its attendant cooler 
water temperature to benefit downstream migrating fall Chinook salmon. 

 
For adults, spring and most summer Chinook salmon have the least impact from 

warm water conditions in the lower Snake River, while fall Chinook salmon and 
steelhead have the greatest potential exposure to warm water temperatures.  However, 
since fall Chinook salmon are obligate migrants, and because the predominate pattern is 
for warm water conditions to persist later in the fall than historically occurred, fall 
Chinook salmon adults would appear to be at greater risk for incurring potential 
temperature related impacts while migrating through the lower Snake River.  This 
conclusion is supported by analyses of telemetry data for adult fall Chinook salmon and 
steelhead migrating through the lower Columbia River by High (2002) and Goniea 
(2002).  They found that, although members from both runs enter tributary streams 
during summer, steelhead that use the cool-water refugia realized a survival advantage, 
while fall Chinook salmon that delay their migration to use the same refugia experience 
reduced escapement to spawning areas.  Historically use of cool water refugia incurred an 
evolutionarily derived survival advantage to both species, but under current temperature 
conditions, extended delays to adult fall Chinook salmon migrants represent a survival 
risk.  Sockeye salmon pose a particular concern with respect to water temperatures.  
Although the bulk of the sockeye salmon pass though the lower Snake River prior to peak 
temperatures, their lower perceived tolerance to warm water conditions, relative to 
Chinook salmon and steelhead, and the remnant size of the Snake River run, place adult 
sockeye salmon in a precarious position.  An extreme weather year, with early warming 
of the river in later spring, could significantly affect the reproductive success for sockeye 
salmon. 
 
1.3 Problem Statement 

The need for a review and potential optimization of current Snake 
River/Dworshak operations is clear from the observed temperature conditions in the 
Snake River.  Temperatures in the Snake River have been found to be higher than 
considered desirable for anadromous and resident fish, and are higher than the 
Washington State Standard for Temperature.  Data were collected from 1973 through 
1981 by the U.S. Geological Survey at River Mile 8.7 downstream of Ice Harbor Dam 
and by the USACE from 1994 through 2002 as part of the total dissolved gas program in 
the tailwater of Ice Harbor Dam.  A summary of these data in Table 1.1 show that there 
were several days each year with the temperature above 20oC, the Washington State 
temperature standard, and 21.1oC or 70oF, a temperature that is considered to be lethal to 
fish, (Karr et al, 1998).  Also these high temperatures persist for much of the summer 
during every summer included in the data. 

 
Management of the Lower Snake River for fish involves more than observing and 

adjusting temperatures; it also involves managing discharges from all sources.  While the 
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Snake River at Anatone makes up the majority of water entering the Lower Snake River 
most of the time, during times when temperatures are critical, the flow at Anatone is 
often nearly equal to or less than the flow from the Clearwater River that includes the 
release of cold water from Dworshak Dam.  Thus, there is a need for the development of 
a cooperative relationship between Idaho Power Company, managers of the Hells Canyon 
Complex, and management of the Lower Snake River, both for temperature and 
discharge. 

  
 
Table 1.1   Summary of Snake River water temperatures, 1973 – 81 and  
1994 – 2002. 

Year First day 
above 20oC 

First day 
above 
21.1oC 

Last day 
above 
21.1oC 

Last 
day 
above 
20oC 

Number 
of days 
above 
21.1oC 

Number 
of days 
above 
20oC 

Maximum 
(in oC) 

Source of 
data 

         
1973 11-Jul 15-Jul 12-Sep 17-Sep 60 69 24.2 USGS 
1974 26-Jul 28-Jul 7-Sep 25-Sep 42 62 24.0 USGS 
1975 23-Jul 27-Jul 3-Sep 18-Sep 35 56 23.1 USGS 
1976 24-Jul 31-Jul 8-Sep 12-Sep 38 54 22.0 USGS 
1977 26-Jun 20-Jul 13-Sep 18-Sep 49 71 23.6 USGS 

         
1978 23-Jul 30-Jul 6-Sep 8-Sep 27 47 22.6 USGS 
1979 14-Jul 19-Jul 26-Sep 2-Oct 69 81 23.7 USGS 
1980 20-Jul 26-Jul 31-Aug 17-Sep 36 59 22.2 USGS 
1981 19-Jul 26-Jul 20-Sep 23-Sep 55 67 23.4 USGS 
         
1994 10-Jul 13-Jul 1-Oct 7-Oct 65 87 23.0 USACE 
1995 14-Jul 21-Jul 8-Aug 19-Sep 19 47 22.2 USACE 
1996 15-Jul 24-Jul 29-Aug 1-Sep 29 48 22.3 USACE 
1997 19-Jul 6-Aug 16-Aug 25-Sep 9 57 21.3 USACE 
1998 11-Jul 17-Jul 17-Sep 2-Oct 60 84 23.1 USACE 
         
1999 23-Jul 28-Jul 14-Aug 2-Sep 18 42 21.7 USACE 
2000 12-Jul 28-Jul 22-Aug 4-Sep 26 55 22.5 USACE 
2001 13-Jul 18-Jul 8-Sep 22-Sep 31 69 22.0 USACE 
2002 18-Jul 23-Jul 17-Aug 7-Sep 26 49 21.9 USACE 

  
EPA and the states of Idaho, Washington and Oregon are currently developing a 

Total Maximum Daily Load (TMDL) criterion for temperature in the Columbia and 
Snake mainstems.  A preliminary draft of the TMDL, along with a draft Problem 
Assessment containing an analysis of temperature in the mainstems, was released for 
informal public review in November 2002 
(www.epa.gov/r10earth/columbiamainstemtmdl.htm).   

 
The TMDL is expected to establish target temperatures, based on state water 

quality standards, along the Snake River.  While the RPA 143 workgroup was formed in 
response to an action under the Endangered Species Act, the water quality model 
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envisioned by the group is expected to be an important tool for TMDL implementation in 
the future.    

 
Management of the Lower Snake River for fish involves more than observing and 

adjusting temperatures at the mainstem dams; it also involves managing discharges from 
all sources.  While the Snake River at Anatone makes up the majority of water entering 
the Lower Snake River most of the time, during times when temperatures are critical, the 
flow at Anatone maybe equal to or less than the flow from the Clearwater River, which 
includes the release of cold water from Dworshak Dam.  Thus, there is a need for the 
development of a cooperative relationship between Idaho Power Company, managers of 
the Hells Canyon Complex, and other agencies which manage the Lower Snake River, 
both for temperature and discharge.  
 

Since 1991, Dworshak Dam has been releasing cold water to help achieve two 
objectives: to cool the Snake River, and to increase velocities in the reservoirs to aid 
Chinook juveniles migrating to the ocean.  Releases at Dworshak Dam were first done on 
an experimental basis; in the last few years they have been part of the operational 
program.  Biological goals of many agencies are to optimize the Snake River/Dworshak 
operations in an attempt to provide desirable temperature regimens (within existing 
authorities and other limitations) for both anadromous and resident fish.  Sufficient 
information about the Snake River temperatures, and how fish respond to flows and 
temperatures, is required in order to create a thermal environment that is as supportive of 
fish as possible. 

 
In summary, public agencies, private corporations and citizens in the lower 

Clearwater and Snake mainstem areas are concerned about the impact of dam operations 
on river temperature and the resulting impacts on fish.  Our understanding of the thermal 
dynamics of this system is limited.  To date, there has been no systematic and 
coordinated plan for improving our understanding of the Snake River conditions through 
data collection and predictive modeling.  The process by which dam operations are 
planned and reviewed can be improved with a better understanding of the thermal 
conditions of these rivers and the impact of various dam operations on these conditions. 
 
1.4 Goal and Objectives 

The goal of this report is to document the findings and recommendations of the 
RPA 143 subgroup to the Water Quality Team.  The objectives of this report are as 
follows: 

• Identify all previous modeling studies of the Lower Snake River; 
• Identify ongoing temperature studies and monitoring programs that have 

contributed to a coordinated and effective data set describing water temperature in 
2002; 

• Provide a list of other monitoring programs pertaining to dam operation, 
meteorological conditions and biological research; 

• Assess temperature data collected to date and provide an updated concept of 
causes-and-effects associated with water temperatures in the Lower Snake River; 

• Identify temperature model selection criteria and process; 
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• Recommend a system of numerical temperature models to address critical 
questions; 

• Recommend a strategy for a water-quality monitoring program that will serve for 
calibration and verification of the model, seasonal and short-term simulation of 
the model and extend understanding of how to better manage the Lower Snake 
River for fish; 

• Identify agency roles and responsibilities associated with development and use of 
temperature models; and  

• Identify a schedule for data collection, model implementation and review of 
future efforts. 

 
1.5 Geographic Scope 

The geographic scope of this report is the Lower Snake River from Hell’s Canyon 
Dam (RM 247.0) to its confluence with the Columbia River, the inflow of tributaries such 
as the Imnaha, Salmon, Grand Ronde and Palouse Rivers, the North Fork Clearwater 
River downstream from Dworshak Dam at RM 2.0, and the Clearwater River 
downstream of Orofino at RM 45 (Figure 1.1).  The full Bi-Op language for RPA 143 
addresses modeling the lower Snake River and the lower Columbia River to Bonneville 
Dam; also it specifically identifies examining alternative Snake River operations as the 
first step.  In this report, the Lower Columbia River is the reach that extends from the 
confluence of the Snake River to Astoria, OR and the Mid-Columbia River is the reach 
extending from the Canadian boarder to the Snake River confluence.  The Lower Snake 
River is the reach from Hells Canyon Dam to the Snake River mouth.  While the initial 
domain of this plan is limited, the team recognized that it may be desirable to expand the 
domain in the future and so included in the model selection and data collection strategy 
the criterion of expandability. 

Ice Harbor Dam

Lower Granite 
Dam

Sacajawea

Kennewick
Burbank

McNary Dam

Lewiston

Hells Canyon
Dam

Oxbow Dam

Brownlee Dam

Columbia River
Snake River

Flow

Dworshak Dam

Figure 1.1.  Map of Geographical Area (taken from Appendix C) 
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1.6 Coordination 
The Water Quality Team, chaired by NOAA Fisheries, is responsible for 

providing technical review and advice to management groups in the salmon recovery 
program.  The BiOp measure 143 workgroup is a subgroup of, and reports to, the Water 
Quality Team.  Participants include representatives from Battelle, Bonneville Power 
Administration (BPA), Columbia River Inter-Tribal Fisheries Commission (CRITFC), 
Environmental Protection Agency (EPA), Idaho Power Company (IDPWR), Idaho 
Department of Environmental Quality (IDEQ), Idaho Water Resources Department 
(IDWRD), Nez Perce Nation, NOAA Fisheries, Oregon Department of Environmental 
Quality (ODEQ), Fish Passage Center, US Army Corps of Engineers (USACE), and 
Washington Department of Ecology (WDOE).  The Action 143 subgroup efforts are 
chaired by the USACE, Walla Walla District.  The workgroup first met March 8, 2002 
and has been open to all who desired to participate.  Meeting minutes through August 20, 
2002 are located in the progress report dated September 10, 2002, Appendix 1.  Minutes 
for meetings after September 10 can be found in Appendix A of this report. 
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2. HISTORIC AND ONGOING MONITORING/MODELING 

 
2.1 Past Modeling Studies 

The Lower Snake River has been studied for many years. These studies have 
included the calibration of several models, which have been constructed by various 
agencies and organizations for various specific objectives.  Generally, the models can be 
divided into three categories: 1-dimensional (1D), 2-dimensional (2D) and 3-dimensional 
(3D) models.  A 1D model refers to longitudinal distances in the river and ignores 
variability in depth and width.  2D models usually consider longitudinal and depth 
differences and ignore width variability.  3D models consider all three dimensions. 
 
2.1.1 Application of 1-D Heat Budget Models 

WQRRS is a model of thermal energy and constituent mass budgets.  It simulates 
daily average temperature with gradually varied flow; hydraulic conditions are based on 
water routing methodology and the model has been used in the Juvenile Salmon 
Migration Feasibility Report/Environmental Impact Statement. 

 
HEC5Q is a one-dimensional model designed to assess water quality conditions 

in the Lower Snake River as part of the Lower Snake River Feasibility study for the 
USACE.  This work was completed by Normandeau Associates (1999). 

 
RBM10 is a peer-reviewed model of the thermal energy budget of the Lower 

Snake River calibrated by EPA.  It simulates daily or hourly average temperature under 
conditions of gradually varied flow on the Columbia and Snake mainstems.  This model 
has been used to assess water temperature in the Snake and Columbia River systems for a 
number of environmental analyses, including a temperature Total Maximum Daily Loads 
(TMDLs).  The model has been applied to reaches from Hells Canyon and Dworshak to 
the mouth of the Snake River.  It is currently in use in annual Dworshak flow-
augmentation planning and in the development of the Columbia/Snake River mainstem 
temperature TMDL.  
 

MASS 1 (Modular Aquatic Simulation System 1-D) is a one-dimensional, 
unsteady hydrodynamic and water quality model for river systems. It was developed to be 
used on branched (tree-like) channel systems and has been extensively used on the 
Columbia and Snake Rivers. The model simulates cross-sectional average values; only 
single values of water surface elevation, discharge, velocity, concentration, and 
temperature are computed at each point in the model, at each time interval.  MASS 1 has 
been applied by Pacific Northwest National Laboratory to the Columbia River Basin.  
The upper boundaries of the modeled region are the US/Canadian border on the 
Columbia, Dworshak Dam on the North Fork of the Clearwater River, and Hells Canyon 
Dam on the Snake River. The downstream boundary is near Astoria, Oregon.  Within that 
region, simulations have included the operations of up to 15 hydropower projects. 
MASS1 was developed at the Pacific Northwest National Laboratory.  
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2.1.2 Application of 2-D Heat Budget Models 
MASS 2 (Modular Aquatic Simulation System 2-D) is a two-dimensional, depth-

averaged hydrodynamic and transport model for river and coastal systems.  Regions 
modeled using MASS2 include the Lower Snake River where the model domain extends 
downstream from the confluence of the Clearwater and Snake Rivers to the mouth of the 
Snake River.  On the Columbia River, the model domain extends downstream from Priest 
Rapids Dam to river mile 110 (about 10 miles upstream of the Willamette River 
confluence).  MASS2 was developed at the Pacific Northwest National Laboratory.   

  
CE-QUAL-W2 is a width averaged fully mixed lateral unsteady flow model 

recently revised by USACE.  The model simulates velocities, water levels, travel times, 
temperature, nutrients, algal growth of different algal groups, pH, silica, carbonatious 
biochemical oxygen demand (CBOD), bacteria, suspended sediment, dissolved gas and 
dissolved oxygen.  It uses a simplified description of wind sheltering and sediment heat 
exchange.  It has been applied to the mid and upper Snake River.  The model can be used 
to optimize temperatures in the Snake River with different releases from Dworshak 
Reservoir.   
 
2.1.3 Application of 3-D Heat Budget Model  

EFDC (Environmental Fluid Dynamics Code) solves the unsteady equations of 
motion for water in three-dimensions. It uses an orthogonal, curvilinear grid in the 
horizontal and a stretched coordinate system in the vertical to include motion of the free-
surface. EFDC can also solve the coupled unsteady transport equation for various 
constituents including salinity, dissolved oxygen, temperature, and sediment.  In the 
Columbia River basin, EFDC has been applied to the Lower Snake River (Perkins et al, 
2002).  Time periods of several months were simulated in these applications.  
 
2.2 Ongoing and Current Thermal Monitoring Studies 

There were several studies by several agencies and universities ongoing on the 
Lower Snake River during 2002.  Each of these studies is briefly described below and a 
listing of site locations and data collected is available in Appendix D. 

 
2.2.1 Total Dissolved Gas Fixed Station Water Quality Monitoring on Lower 

Snake River 
The U.S. Army Corps of Engineers (USACE), Walla Walla District, has 12 sites 

where they collect data on total dissolved gas, barometric pressure and water temperature 
hourly from April through October.  These fixed stations were established in 1984 on the 
forebays of each of the Snake River dam and in each of the tailraces of the dams in 1990 
or 1995.  Additional sites were established in the Snake River at Anatone in 1999, North 
Fork Clearwater River near the mouth in 1994 and Clearwater River at Peck and 
Lewiston in 1996.  These data are automatically sent every four hours via satellite to the 
USACE, Pacific Northwest Division office at Portland, Oregon and entered in the 
CROHMS data system.  These are recorded data values and as time is available, the 
values are reviewed and corrected or deleted as needed.  These data can be seen on the 
USACE web site at http://www.nwd-wc.usace.army.mil/tmt/wed/tdg/months.html.  
Details on the data available can be seen in Table 1 of Appendix D. 
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2.2.2 Lower Snake River Temperature/Water Quality Studies 

The Walla Walla District contracted with the USACE, Engineer Research and 
Development Center (ERDC) to collect data in 2002 on temperatures in the Lower Snake 
River, to assess the effectiveness of the total dissolved gas fixed station network, and to 
make recommendations for improving the existing monitoring program.  Joe Carroll, 
with ERDC, and after consultation from the RPA 143 workgroup, installed several 
thermister strings in forebays, at tailwater sites, in tributaries and near existing river 
gages to determine if fixed station monitors were providing representative measurements.  
The list of sites, locations and depth of thermisters are provided in Table 1 of Appendix 
D.  These data will be analyzed to help answer the questions identified with RPA 143. 
 
2.2.3 In-Structure/Fishway Temperature Monitoring at Lower Snake River 

Projects 
The BiOp 2000 (NMFS, 2000) includes RPA 114 which states: “The Corps shall 

examine existing fish-ladder water temperature and adult radio-telemetry data to 
determine whether observed temperature differences in fishways adversely affect fish 
passage time and holding behavior.  If non-uniform temperatures are found to cause 
delay, means for supplying cooler water to identified areas of warmer temperatures 
should be developed and implemented in coordination with the annual planning process.” 

 
 The Walla Walla District collected data in 2000, 2001 and 2002 to address the 
question, “Are fish ladder temperatures significantly different than the temperatures of 
the project forebays and tailwaters?”  It has been determined that the temperature of 
water at the fish ladder exits can be significantly higher than the temperatures in the 
tailwaters at each dam and in particular at Lower Granite Dam.  Current data collection 
and analysis activities are aimed at determining where in the ladder system temperature 
differences occur and how to minimize these temperature differences. A summary of the 
data collected in 2002 is located in Appendix D, Table 2.  
 
2.2.4 Dworshak Pool Thermal Monitoring, 2001 

The Walla Walla District collected water temperature data during 2001 at four 
points in the pool upstream of Dworshak Dam.  A summary of these data can be found in 
Table 1 of Appendix D.  These data were collected to develop an understanding of how 
the Dworshak Pool stratifies and how the USACE can best manage the pool for providing 
cool water for the Lower Snake River.  An analysis of these data can be found in section 
3 of this report. 
 
2.2.5 Clearwater and Snake River Temperature Monitoring by Idaho DEQ 

The Idaho Department of Environmental Quality (IDEQ) collected continuous 
water temperature data at four sites in the Clearwater and Snake Rivers.  IDEQ also 
attempted to collect similar data on the Salmon River and at other points on the Snake 
River, but lost their equipment.  A description of the data collected is included in Table 1 
of Appendix D.  An analysis of these data can be found in section 3 of this report. 
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2.2.6 Snake River Temperature Monitoring by Idaho Power Company 
The Idaho Power Company (IDPWR)collects water temperature data at several 

points in the Snake River from upstream of Brownlee Dam to downstream of Hells 
Canyon Dam.  Information for five sites downstream of Hells Canyon Dam, between 
river miles 229 and 156, is listed in Table 1, Appendix D; the information will also be 
included with the analysis, located in section three of this report.  These data can be 
obtained from IDPWR by requesting in writing from the company. 
 
2.2.7 Tri-Level Temperature Monitoring in Lower Snake River 
 Dr. Dave Bennett, University of Idaho, collected water temperature data at three 
depths.  The sample sites are at the interface of Lower Granite Pool in the Snake and 
Clearwater Rivers, at multiple points in Lower Granite Pool and at a site in each of the 
other pools in the Lower Snake River.  These sites also had data collected monthly at 
one-meter depth intervals, with two data collections in July and August.  Descriptions of 
these data are included in Table 1 of Appendix D.  The data will be analyzed in section 3 
of this report. 
 
2.2.8 Lower Granite Pool Temperature Monitoring by PNL and USGS 

Battelle and USGS, Biological Resources Division, collected water temperature 
data from several sites in the backwater of Lower Granite Dam.  In addition to continuous 
water temperatures at multiple depths, they also collected data on discharge and 
instantaneous water temperatures and specific conductance.  These data are listed in 
Table 1 of Appendix D.  These data are assessed in section 3 and will be used by Battelle 
to calibrate a 3-diminitial model of the Lower Granite Pool.  The Battelle and USGS 
effort will continue into 2003. 
 
2.3 Biological Monitoring  

In 2002, in-season and post-season data are summarized as follows.  Early life 
history timing and growth of wild Snake River subyearling fall chinook salmon in 2002 
was described and compared to other years.  A method for increasing the accuracy and 
precision of passage forecasts was developed.  The efficacy of summer flow 
augmentation during 2002 was assessed with focus on the how saving some Dworshak 
Reservoir water for release in September affected survival of Snake River subyearlings.  
In 2002, fry emergence occurred earlier in the upper reach than in the lower reach of the 
Snake River based on time of fry presence.  Fry emergence in 2002 in the upper and 
lower reaches was similar to other years except emergence timing was more protracted. 
Shoreline rearing by parr during 2002 occurred earlier in the upper reach than in the 
lower reach of the Snake River.  Rearing timing in the upper and lower reaches of the 
Snake River in 2002 was a little earlier than during other years and was more protracted.  
Mean growth rate was higher for parr in the upper reach than in the lower reach of the 
Snake River.  Growth rates in 2002 were rapid and similar to years. Passage of smolts 
from the upper reach was earlier than for smolts in the lower reach.  Overall smolt 
passage was slightly earlier than normal. The revised forecast method performed better 
than the original forecast method. Modeling results indicated that releasing Dworshak 
Reservoir in September exposed Snake River juveniles to lower flows and warmer 
temperatures than would have been the case if all the water been released in July and 



11 

August.  Survival of Snake River subyearlings was reduced slightly by saving some 
Dworshak Reservoir water for release in September, but this reduction was not 
statistically significant. 
 
2.4 Meteorological Data 

Meteorological data were collected by AgriMet (Bureau of Reclamation), 
National Weather Service (NWS) and by cooperative stations within the NWS.  Table 3 
of Appendix D lists the sites within 20 miles of the Lower Snake River with 2002 data.  
The AgriMet sites at Dworshak and Lake Bryan were funded by BPA starting in April 
2002.  The AgriMet site at Silcott Island was funded by Battelle as part of their Lower 
Granite Pool study and started recording mid July 2002.  AgriMet data can be obtained 
from the web site http://mac1.pn.usbr.gov/agrimet/ and includes data for air temperature, 
cumulative precipitation, solar radiation, dew point temperature, relative humidity, wind 
speed, peak wind gust speed, wind direction, cumulative wind run and barometric 
pressure.  The data for Pasco and Lewiston, Idaho and from the COOP sites can be 
obtained from the NWS; these data include all of the above (except for solar radiation), 
plus additional data on cloud cover and height of clouds.   
 
2.5 Dam Operations Data 

Data describing the operation at each of the five USACE dams in the Lower Snake 
River Basin are listed in Table 4 of Appendix D.  Data listing the daily mean values for 
flows, power generation and stages of reservoirs are available from Data Access in Real 
Time (DART) http://www.cbr.washington.edu/dart/dart.html.  Data listing flows, power 
generation and stages of reservoirs is also available hourly from Columbia River 
Operational Hydronet and Management System (CROHMS), http://www.nwd-
wc.usace.army.mil/tmt/wcd/tdg/months.html.  In addition, the Walla Walla District 
collected 5-minute data on the discharge and gate setting of each spillway and the power 
generation rate and discharge associated with each turbine in each of the four Snake 
River Dams; also stage, total discharge, and total power generation values are available.  
This data set is available on compact disk from Rick Emmert at the Walla Walla District.   
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3. ASSESSMENT AND APPLICATION OF TEMPERATURE 

AND RELATED DATA 
 

3.1 Role of Temperature Monitoring Data in Addressing RPA 143 Objectives/  
Questions 
Continued development and refinement of the understanding of system-wide 

aquatic thermal processes will greatly enhance our ability to manage project operations 
for the Lower Snake River projects.  The relative importance of the role of good quality 
comprehensive thermal data in managing seasonal operational strategies for the Snake 
River and associated projects has long been recognized by the regional stakeholders.  In 
order to address the objectives of RPA 143 (as described in Section 1.4 the BiOp), the 
measure 143 subgroup of the Water Quality Team formulated the matrix of questions 
described in Appendix B.  The next step of the subgroup was to both prioritize the 
questions and then determine how to best to answer the questions.  It was decided that a 
comprehensive temperature monitoring effort could address some of the questions either 
partially or entirely.  In addition, any future numerical or modeling effort would require 
an ongoing monitoring program for development, validation, and conduct/operation. 

 
The questions identified by the subgroup, which could be addressed completely or 

partially with monitoring data, are listed below and in Appendix B. 
• What are the temperature patterns for Lower Granite reservoir in relation to 

cold-water releases from Dworshak Dam?  How do these patterns change with 
changing flows in the Clearwater and Snake Rivers?   

• What is the time delay and magnitude of effect of releases from Dworshak 
Dam as seen at each Snake River project downstream? 

• To what degree is the Snake River stratified downstream of Lower Granite 
Dam? 

• What is the relative contribution and how far downstream can releases from 
Brownlee Dam affect water temperatures in the Lower Snake River?   

• How representative are the current fixed temperature stations of river 
conditions?  

 
The group decision was that station representativeness could be evaluated using a 

special screening study designed for that purpose.  The screening study was completed 
during 2002 to collect the summer/fall Lower Snake River temperatures.  This field 
sampling was conducted in addition to the ongoing routine temperature data monitoring.  
These data, along with the data being collected by other agencies and organizations, will 
be used to do the following: 

1) Characterize the river conditions which occurred in 2002 
2) Evaluate existing water quality monitors in representativeness for both spatial 

and temporal patterns in temperature 
3) Provide information to guide selection of locations for new permanent fixed 

temperature monitoring stations (FTMS) 
4) Answer questions posed by the workgroup team members   
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5) Provide information that will help to decide on the required model resolution 
6) Provide calibration and verification data for the selected model. 
 

3.2 Data Management for 2002 Monitoring 
The 2002 Lower Snake River Database is made up of five tables: the hourly 

temperature data table, the weather data table, the USACE routine water quality and 
operations (CROHMS) data table, the detailed operations data table, and the USGS flow 
data table.  Information found in each of these tables was collected by various agencies 
within Washington, Oregon, and Idaho.  Copies of this data base can be provided on CD- 
rom upon request.  Detailed descriptions of the data tables and sources of data are 
provided in Appendix E of this document.  The agencies that participated or contributed 
data include the USACE, Idaho Power (IDPWR), Idaho DEQ (IDEQ), U.S. Geological 
Survey (USGS), Battelle (BTL), Bureau of Reclamation (BOR), and the National 
Weather Service (NWS).   

3.3 Assessment of Routine Meteorological, Hydrological, and Thermal Data  
This section of the report presents an assessment of water temperature data 

collected on the Lower Snake and Clearwater Rivers during 2002.  It will include an 
overview on meteorological and hydrological data as well as water temperature 
information.  The area of interest starts with the middle Snake River above the 
headwaters of Lower Granite pool, and the Clearwater River including the main stem and 
the North Fork plus Dworshak pool.  The study area ends downstream at the Lower 
Columbia and Lower Snake Rivers’ confluence.   

 
3.3.1 Lower Snake River Meteorological Data for 2002 

The weather stations chosen to monitor conditions in the Lower Snake River area 
during the study consists of one National Weather Service (NWS) station at Pasco, WA, 
and three Bureau of Reclamation AgriMet stations located on Dworshak pool (Dent 
Acres, ID; Lake Bryan-Rice Bar, WA, near Little Goose Dam; and Silcott Island, WA, 
upstream in Lower Granite pool).  As seen in the Figures 3.1-3.3, the Pasco, Washington 
weather station collected data throughout the entire 2002 season.  The AgriMet stations 
located at Dworshak/Dent Acres and Lake Bryan-Rice Bar were not installed until April 
20, 2002 while the Silcott Island AgriMet weather station was not installed until almost 
two months later on July 17, 2002.  Two additional weather stations will be incorporated 
into future data collection and analysis.  These stations are the PAWS station at Fishhook 
recreation area on Ice Harbor pool, WA, and the NWS station at Lewiston, ID. 
 

The highest daily temperatures recorded at Dworshak, Lake Bryan-Rice Bar, and 
Pasco occurred on July 13 (Figure 3.1).  Since the Silcott Island station was not recording 
data at this time the highest temperature at this site occurred 10 days later on July 23rd.  
The lowest temperatures recorded at Dworshak/Dent Acres took place on October 30th 
while the lowest temperature at Lake Bryan-Rice Bar, Pasco, and Silcott Island took 
place a day later on the 31st.  From the latter part of April through the end of November, 
the Dworshak/Dent Acres site was generally 1-3°C cooler than that of Lake Bryan-Rice 
Bar, Pasco, and Silcott Island sites.  Out of the three warmer sites, Lake Bryan-Rice Bar, 
Pasco, and Silcott Island, no one station was predominately warmer than the others 
throughout the season. 
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The weather station located at Pasco, WA measured the highest wind speeds out 

of the four sites seen in Figure 3.2.  The three highest daily wind speeds measured at the 
Pasco station occurred April 14th, with an average wind speed of 17mph, July 8th, with an 
average wind speed of 16mph, and on November 17th, with an average wind speed of 
18mph.  At the other three sites, there was only one day when average wind speeds were 
recorded higher than 10 mph.  This occurred at Silcott Island on November 16.  None of 
the weather stations recorded daily wind speeds less than one mile per hour for the entire 
season. 
 

Wind peaks measured at the weather stations shown in Figure 3.3 followed 
similar patterns to that of the wind speed figure mentioned above.  The Pasco, WA, 
weather station clearly shows higher daily wind peaks than the other stations.  These 
highest measurements occurred on May 5th and 20th with peaks of about 33 mph and on 
July 8 with a peak of about 38 mph.  None of the weather stations during the 2002 season 
recorded wind peaks below approximately three miles per hour. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1.  Average daily air temperatures collected at Lower Snake River weather 
stations, April - November 2002. 
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Figure 3.2.  Average daily wind speeds collected at Lower Snake River weather stations, 
April - November 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3.  Average daily wind peaks collected at Lower Snake River weather stations, 
April - November 2002. 
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3.3.2 Summary of Hydrologic Flow Data for the Lower Snake and Clearwater 
Rivers during 2002 
Flow data collected by USGS from the Clearwater River at Orofino, ID, the 

Clearwater River at Spalding, ID, the Snake River near Anatone, WA, and the fixed 
monitor located along the north fork of the Clearwater River (DWQI) are shown in 
Figure 3.4.  With few exceptions, the majority of the season depicted relatively equal 
amounts of discharge from the Clearwater and Snake Rivers.  The exception occurs from 
May 22nd through June 20th when Anatone flows spiked 20% higher, on average, than 
flows out of the Clearwater River.  During the latter part of September and through the 
end of the season, Dworshak releases fell off and Snake River flows at Anatone rose to 
60-80% of the total flow.   

 
During 2002, Lower Snake river project flows started in the spring at 35 kcfs 

(average daily) and peaked at 130 kcfs in mid April and again at 140 kcfs in early June 
(Figure 3.5).  Flows were falling off by early July on the Snake River.  Low flows of 15 
kcfs were typical on the Snake by late September.  Theoretical retention times calculated 
by project using volume/surface elevation data would approximate flows through the 
system.  The retention times varied from a low of 2 days for all projects during the April-
June period to a high of 18 days for Little Goose and 12-14 days for the other projects 
during the fall low flows.  Retention time for the Lower Snake River up through Lower 
Granite pool ranged from a low of 8 days for the system during May/June high flows to a 
high of approximately 60 days during the fall low flows. 

 
3.3.3 Summary of Hydrologic Flow Data for the Lower Snake and Tributaries 

Upstream of Lower Granite Headwater During 2002 
The 2002 flow data for stations upstream of the Lower Granite headwaters are 

depicted in Figure 3.6.  The stations include Anatone, Grande Ronde River, Salmon 
River, Imnaha River and downstream of Hells Canyon Dam (river mile 229).  The flows 
for this reach were dominated by releases from Hells Canyon Dam until early May and 
then again during mid July.  The Hells Canyon flows remained fairly constant throughout 
the year fluctuating from 10 to 20 kcfs with few exceptions.  The Salmon River was 
characterized by a wide range in discharges over the year.  Fall and winter flows 
remained constant at about 3-4 kcfs.  The spring and summer flows on the Salmon 
peaked several times with the major peak at 54 kcfs on June 2.  The flow contribution 
from the Salmon to the Snake River exceeded 50% for much of the early summer period 
during 2002 whereas over 73% of the river flow came from Hells Canyon releases during 
August and September (Figure 3.7).  The Grande Ronde and the Imnaha Rivers had 
minor contributions throughout the year with a minor peak for the Grande Ronde River of 
19 kcfs during early April.  The exception occurs from May 22nd through June 20th when 
Anatone flows spiked 20% higher, on average, than flows out of the Clearwater River.  
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Figure 3.4.  Average daily flows and percent total flows from selected USGS sites along 
the Snake and Clearwater Rivers, April – November 2002. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5.  Lower Snake River average daily flow and theoretical retention time by 
project and the entire lower river, April – November 2002. 
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Figure 3.6.  Average daily flows and percent total flows from stations and tributaries on 
the Snake River above the Lower Granite headwaters and downstream of Hells Canyon 
Dam. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7.  Tributary contribution of flow on the Lower Snake River above Lower 
Granite Pool as a percent of total discharge for the summer of 2002. 
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3.3.4 Routine Forebay, Tailwater, and Selected River Fixed Monitoring Station 

Data 
The USACE has conducted routine monitoring at all Snake River projects plus 

selected in-river sites on both the middle Snake and Clearwater rivers for several years.  
The stations associated with each project are located in the forebay near or on the 
upstream dam face and in the tailwater just downstream of each project.  Sampling is on 
hourly intervals at discrete depths (generally approximately 15 ft) at each location.  
Neither vertical nor lateral gradient patterns are captured with this sampling strategy.   
 

These water quality stations were designed to sample total dissolved gas 
saturation but have been used to document water temperatures as well.  The general 
purpose for the forebay station has been to sample or represent an average cross section 
of the downstream forebay waters.  The purpose for monitoring in the tailwater areas has 
been to document spill water conditions in most cases on the river.  These objectives can 
be met in both cases if the water is well mixed spatially at each reach of interest.  Since 
the dams have no or little impact on water temperatures then the two stations should give 
comparable data throughout the sampling season for each project.   
 
3.3.5 Temporal Patterns 

The temporal patterns for water temperature collected at each of the Lower Snake 
River Projects fixed water quality monitoring sites (Ice Harbor, Lower Monumental, 
Little Goose, Lower Granite, and Dworshak on the Clearwater River) are depicted in 
Figures 3.8 through 3.12.  The time of each plot is from April through November 2002 at 
each station.  The Snake River water began warming from about 5°C starting in late 
March/early April.  The Figures 3.8-3.12 also depict total project discharge and spill 
discharge.  The warming continued at all sites until late July/early August with peak 
temperatures of 20-22°C on the Lower Snake River.   
 

The warmest temperatures were noted for the forebay monitor locations.  The 
forebay and tailwater water temperature data for the lower Snake River projects 
correspond well together until early July when increased warming was noted for most 
forebay stations.  The greatest differences in forebay and tailwater temperatures were 
observed at Lower Granite Dam (Figure 3.11) and ranged from 2-4°C consistently during 
the period of July through September.  Daily temperature spikes as great as 4-5°C were 
observed at the forebay stations until the water began cooling off in early October.  The 
least prominent daily temperature spiking (less than 2°C) was noted for Ice Harbor 
forebay waters.  The tailwater temperatures had minimal daily warming or spiking 
(generally less than 1°C) and were more characteristic of the somewhat mixed releases 
from each of the projects. 
 

Dworshak releases on the North Fork of the Clearwater River remained cooler, 
less than 10°C until mid October (Figure 3.12).  The middle fork of the Clearwater River 
warmed to 23°C by mid July at Orofino.  Daily thermal cycles on the middle fork of the 
Clearwater River ranged from 2-5°C routinely during the period of July through October.  
The water temperature at Orofino cooled off more rapidly late in the season to less than 
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5°C, whereas the water temperature of the Dworshak releases was still above 8°C by late 
November.  
 

Similar depictions for the river stations at Lewiston, ID, (LEWI), and Anatone, 
WA, (ANQW) are shown in Figure 3.13.  Peak temperatures of 22-25°C occurred on the 
Middle Snake at Anatone by mid July.  The Lewiston gage registered water temperatures 
around 15°C by early July and then  again by mid September.  Daily thermal cycles were 
in the order of 1-2°C with the greater daily cycles occurring on the lower Clearwater 
River at Lewiston. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8.  Ice Harbor tailwater (IDSW) and forebay (IHR) fixed monitor 
temperatures with total project and spillway discharges, April – November 2002. 
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Figure 3.9.  Lower Monumental tailwater (LMNW) and forebay (LMN) fixed 
monitor temperatures, with total project and spillway discharge, April – November 
2002. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10.  Little Goose tailwater (LGSW) and forebay (LGS) fixed monitor 
temperatures, with total project and spillway discharge, April – November 2002. 
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Figure 3.11.  Lower Granite Tailwater (LGNW) and Forebay (LWG) fixed monitor 
temperatures, with total project and spillway discharges, April - November 2002. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.12.  Dworshak tailwater temperature (DWQI), total discharge, spill 
discharge, and Clearwater River temperatures at Orofino, Idaho (OROFINO). 
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Figure 3.13.  Fixed monitor water temperatures for the Snake River station at 
Anatone, WA, (ANQW) and the Clearwater River at Lewiston, Idaho (LEWI), April 
– September 2002. 
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Lower Snake River indicating warming as would be expected.  During the period of June 
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season due to the cold water releases from Dworshak Dam.  
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Figure 3.14.  Tailwater fixed monitor temperature data for the Lower Snake River 
Projects plus water temperature for the LEWI and ANQW gages, 2002. 
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3.3.7 Temperature Screening Study on Lower Snake River for 2001 and 2002 

The screening study plan and data review is presented in Appendix E of this 
document along with details of the purpose and study approach.  The following selected 
data review is taken from that Appendix.  Most of the temperature profile logging 
instruments were started in early June and retrieved in late November of 2002.  Sampling 
depth (Z) varied from near surface to within 1 m of bottom in each case.  The depth for 
each logging instrument is indicated in the figure legend.   
 
3.3.7.1 Spatial and Temporal Patterns for Screening Study 

A large part of the 2002 effort for the Screening Study was to collect temperature 
profile time histories at multiple stations in each project forebay.  The following sections 
give overviews of temperature data for one station in each of Dworshak, Lower Granite, 
Little Goose, Lower Monumental, and Ice Harbor pools.  
 
3.3.7.1.1 Dworshak Forebay 

Strong vertical thermal gradients were present by mid June in the Dworshak 
forebay at station DWKFB as indicated in the 60 m deep profile described in Figure 3.15.  
Maximum temperatures of 25-29°C were achieved at the 0.5 m deep sensor by mid to 
late July.  The surface mixed layer or the epilimnion progressed down to 5 m by late July 
and on down to 10 m by late September.  The thermocline appeared to extend down to 
the 35-40 m depths with gradients up to 14°C occurring.  The hypolimnion, below the 40 
m depth, remained at or below 6°C for the duration of the sampling period.  Figure 3.16 
illustrates a daily average temperature profile of late August.   
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Figure 3.15.  Temperature profile time histories for Dworshak forebay station DWKFB 
and project discharge, June - November 2002.  (The sensor depths, Z, are in meters as 
indicated in the legend) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.16.  Lower Snake River project and Dworshak Dam forebay daily average 
temperature profiles on August 30, 2002. 
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3.3.7.1.2 Lower Granite Forebay 
Lasting vertical thermal gradients started in early July at the Lower Granite 

forebay station LWGFBP2 as indicated in the profile time histories described in Figure 
3.17 and continued until mid September.  Maximum temperatures of 25°C were achieved 
at the 0.5 m deep sensor by mid to late July.  The surface mixed layer never extended 
below 5 m with little classical development of an epilimnion.   An apparent thermocline 
extended down to near the bottom at the 25 to 30 m depths with gradients up to 6°C 
occurring.  The bottom temperatures remained between 16 and 19°C during the stratified 
period. Figure 3.16 illustrates a daily average temperature profile for late August showing 
no distinct thermal layers but a total gradient of 5°C.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.17.  Temperature profile time histories for Lower Granite forebay station 
LWGP2 and project discharges, June – November 2002.   
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Figure 3.18.  Temperature profile time histories for Little Goose forebay station 
LGSFBP3 and project discharges, June – November 2002.  
 
 
3.3.7.1.3 Little Goose Forebay 

Vertical thermal gradients started to develop for short periods (3 to 5 days) in 
June at the Little Goose forebay station LGSFBP3 as depicted in the profile time histories 
described in Figure 3.18 but would break up or mix due to surface cooling or wind 
mixing.  Continuous but relatively weak thermal gradients of 2-4°C were apparent by 
July 10 and, like at Lower Granite, continued until mid September.  Maximum 
temperatures of 25°C were achieved at the 0.5 m deep sensor by mid to late July.  The 
thermal gradients were more gradual from surface to bottom.  The bottom temperatures 
remained between 16 and 20°C during the stratified period. Figure 3.16 illustrates a daily 
average temperature profile for late August showing no distinct thermal layers but a total 
gradient of 2°C.   
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3.3.7.1.4 Lower Monumental Forebay 
The time series of thermal pattern development in Lower Monumental forebay 

followed that of Little Goose.  Short lived surface warming was observed during June 
and by mid July weak thermal gradients of 2-4°C were apparent at station LMNFBP1 
(Figure 3.19).  Maximum temperatures of 24-25°C were observed in July.  The thermal 
gradients were gradual from surface to bottom.  The bottom temperatures remained 
between 17 and 21°C during the stratified period. Figure 3.16 illustrates a daily average 
temperature profile for late August showing no distinct thermal layers but a total gradient 
of 1°C.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.19.  Temperature profile time histories for Lower Monumental forebay station 
LMNFBP1 and project discharges, June – November 2002.   
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3.3.7.1.5 Ice Harbor Forebay 

The Ice Harbor forebay thermal profile was characterized by intermittent daily 
surface warming throughout the season (Figure 3.20) with a very gradual and weak 
vertical gradient of 1-2°C.  Maximum temperatures of 24°C were observed in July.  The 
bottom temperatures remained between 18 and 22°C during the stratified period. Figure 
3.16 illustrates a daily average temperature profile for late August showing no distinct 
thermal layers but a total gradient of less than 1°C.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.20.  Temperature profile time histories for Ice Harbor forebay station IHRFBP1 
and project discharge, June - November 2002.   
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3.3.7.2 Lateral Bias Evaluation of Forebay Profiles 

Comparisons were made across stations for the Lower Snake River forebay 
profile monitoring.  Paired sample statistical analyses were conducted by pairing by 
depth and time between two stations.  This was completed in a way to compare each 
station in a forebay to all the other locations for that forebay.  Table 3.1 shows the results 
of these tests across the entire sampling season of June through November.  The 
abbreviations used in referencing the paired strings in Table 3.1 started with the project 
initials such as “I” for Ice Harbor followed by “F” for forebay station, and then followed 
with a number indicating the lateral position of the station.  Lateral station numbers start 
on the looking downstream left bank side.  The analysis was a t-test to determine if the 
calculated mean difference for each pair was significantly different from zero.  The 
analyses showed each pair to be significantly different; however, the maximum mean 
difference for all the tests was –0.17°C for the LWF3-LWFX pair.  These data indicate 
only minor bias (± 0.2°C) associated with the lateral positioning of stations in any of the 
Lower Snake River project forebays.  These small differences can easily be accounted for 
by possible differences in instruments depths or occasional seiche action. 
 
 
Table 3.1.  Paired samples test for each profile temperature string of a project forebay. 

Paired Differences 
95%Confidence 
Interval of the 

Difference 

 
 

Measures Paired by Time 
and Depth 

 
 

Mean 

 
Std. 
Dev 

Srd. 
Error 
Mean 

Lower Upper 

 
 
 
t 

 
 
 

df 

 
Sig. 
(2-

tailed 

Pair1 IF1-IF2 .0372 .24998 .00154 .0341 .0402 24.129 26344 .000
Pair2 LMF1-LMF2   .0266 .17689 .00138 .0239 .0293 19.306 16521 .000
Pair3 LMF1-LMF3 -.0088 .27889 .00192 -.0125 -.0050 -4.556 21066 .000
Pair4 LMF2-LMF3 -.0158 .22458 .00175 -.0193 -.0124 -9.029 16427 .000
Pair5 LGF1-LGF2 -.0534 .42692 .00391 .1929 .2029 77.841 19015 .000
Pair6 LGF1-LGF3 -.0816 .49092 .00449 .1512 .1623 55.312 15910 .000
Pair7 LGF1-LGFX -.1256 .59462 .00560 .0929 .1052 31.631 15051 .000
Pair8 LGF2-LGF3 -.0213 .24101 .00149 -.0243 -.0184 -14.316 26142 .000
Pair9 LGF2-LGFX -.1033 .39940 .00253 -.1083 -.0984 -40.860 24944 .000
Pair10 LGF3-LGFX -.1057 .38733 .00257 -.1107 -.1007 -41.133 22715 .000
Pair11 LWF2-LWF3 .0795 .32124 .00204 .0755 .0835 39.019 24878 .000
Pair12 LWF2-LWFX -.1021 .41403 .00277 -.1075 -.0967 -36.883 22375 .000
Pair13 LWF3-LWFX -.1718 .42087 .00272 -.1772 -.1665 -63.079 23873 .000
 
 
 These paired sample analyses were also conducted by month (Figure 3.21).  The 
stratified periods of July and August resulted in some of the highest mean differences in 
paired stations of about –0.3°C.  The stations located nearer the project and adjacent to 
the fish ladder exits (FX) were generally warmer than those stations that were further 
upstream of the projects. 
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Figure 3.21.  Paired samples mean differences for each profile temperature string of a 
forebay by month. 
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3.3.7.3 Boundary Conditions for Temperature 

In addition to the forebay automated profiling, additional river stations were 
monitored including locations on the middle Snake, Grande Ronde, Clearwater, Palouse, 
and Toucannon Rivers, plus additional monitors were installed on each project draft tube 
deck.  The following sections present a partial review of the individual river temperature 
monitor data collected in the screening study. 
  
3.3.7.3.1 Thermal Characteristics of Snake River Reach from Hells Canyon Dam 
to Confluence with the Clearwater River  

Water temperatures for the Snake River just upstream of Lower Granite 
headwaters increased to above 20°C the second week in July and remained elevated until 
mid September.  Maximum temperature was 22-23°C for all five stations presented in 
Figure 3.22.  Diel cycles in temperature were 1-2°C for all stations as well.  Warming in 
the order of 0.5°C from river mile 170 downstream to river mile 156 was identified in the 
middle Snake River data during July and August (provided by Idaho Power Company). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.22.  Snake River water temperatures, river mile 156 to 170. June – November 
2002. (Data provided by Idaho Power, USGS, and USACE) 

0

5

10

15

20

25

30

35

40

6/1 7/1 7/31 8/30 9/29 10/29 11/28

Te
m

pe
ra

tu
re

 (°
C

)

RM 156 IDPWR RM 165 IDPWR RM 170 IDPWR ANGS RM 167.2 ANCR RM 167.2



34 

The average daily river temperatures depicted in Figure 3.23 indicate peak 
temperatures of 24°C occurring during mid July in the Salmon River.  By early August 
the Salmon River water begins to cool more rapidly than the Snake.  This trend continues 
through out the fall and into the winter.  The Snake River waters warmed to 22°C by late 
August and is then characterized by a somewhat slower cooling trend into the winter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.23.  Snake River average daily water temperature for river mile 156 to 229, plus 
Salmon River temperature during 2002 (Data provided by Idaho Power). 
 
 
 Figure 3.24.  Depicts warming at selected stations in the Snake River reach above 
Lower Granite pool in July of 2002.  The major heat contributor is the Salmon River with 
an average increase of 0.89°C flowing in at about river mile 188 on the Snake.  The other 
reaches show similar warming trends of about 0.02°C per river mile.
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Figure 3.24.  Lower Snake River average warming from RM 229 (19.1°C) to RM 156 
(21.5°C), July 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.25.  Selected temperature monitoring stations on Clearwater River, June – 
November 2002. (Data provided by Idaho DEQ and USGS) 
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3.3.7.3.2 Clearwater River Thermal Characteristics 
Figure 3.25 depicts Clearwater temperatures for the upstream main fork at 

Orofino, ID, and Kooskia, ID, plus lower river stations at Peck, ID, and Spalding, ID.  
The sources of data for these stations include both USGS and Idaho DEQ.  As on the 
middle Snake River, the upstream Clearwater temperatures for the Kooskia and Orofino 
stations went above 20°C by the second week in July and peaked at 22-25°C during late 
July.  Diel temperature cycles for these stations ranged from 2 to 5°C.  The downstream 
stations at Peck and Spalding peaked at around 15°C with daily fluctuations of only 1-
2°C. 
 
3.3.7.3.3 Dworshak Releases and North Fork of Clearwater River 

Figure 3.26 depicts water temperatures for the north fork of the Clearwater River 
in the releases from Dworshak Dam and 1 mile downstream at the USACE fixed 
monitoring station (DWQI).  In general these temperatures fluctuated significantly in 
relation to operation of Dworshak dam. Intake elevation for the powerhouse, powerhouse 
discharge, and discharge of the spillway affected the average release temperatures as 
recorded 1 mile downstream at the USACE fixed monitor DWQI.  Station DWQIP5 
located directly across the river from station DWQI remained 0.5°C warmer than the 
fixed monitor (DWQI) temperature log during the period of spill.  These two stations 
would consist of a mix of the releases from the powerhouse and spillway at Dworshak.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.26.  Water temperatures downstream of Dworshak Dam on the north fork of the 
Clearwater River and project discharges, June – November 2002.  
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3.3.7.3.4 Temperature Impact on the Clearwater River 
Figure 3.27 depicts a flow weighted average temperature calculation for the lower 

Clearwater River at Lewiston using discharge and temperatures for Orofino on the 
Clearwater River and DWQI on the North Fork of the Clearwater River.  During the July 
14 through September 11 period the average water temperature at Lewiston was 12.9°C.  
The average calculated temperature was 2.2°C cooler at 10.7°C for the same period.  The 
average temperature at PEKI on the Clearwater was 11.6°C for the same period.  The 
difference of 2.2°C at Lewiston and 0.9°C at PEKI are due to the solar warming of the 
river.  The water at Lewiston also experienced wider daily swings in temperature than 
shown in the flow weighted calculated average.  Decreases in Dworshak cold water 
releases on September 12th resulted in quick increases in water temperatures for both the 
measurements and calculated values for the Peck station.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.27.  Temperatures and discharges at DWQI on the north fork of  the Clearwater 
River and at Orofino and Lewiston on the Clearwater River, plus a flow-weighted 
temperatures calculated for the Clearwater River at Lewiston, June – November 2002. 
 
 
3.3.7.3.5 Temperatures and Discharges at the Confluence of Snake and Clearwater 
Rivers and Influence on Lower Snake River Projects   

Figure 3.28 presents a similar calculation for the waters at the confluence of the 
Clearwater and Snake Rivers using river temperature and discharge for the lower 
Clearwater (Lewiston) and middle Snake River (Anatone) to calculate the flow weighted 
average temperature of waters flowing into the Lower Granite pool.  The calculated 
inflow temperature was compared to LGNW values by first adding the time of travel to 
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time stamp for the calculated values.  The calculated inflow values averaged 17.5°C for 
the period of July 14 to September 12 while the releases from Lower Granite for the same 
period average 18.2°C or 0.7°C warmer.  The difference was determined first by 
calculating a time of travel from the headwaters to the dam using the theoretical 
retentions presented in Figure 3.5.  The average retention time for Lower Granite 
changed from 5 days to 7 days during the period of comparison.  The 0.7°C warming in 
Lower Granite pool would be primarily attributed to solar warming since there are only 
minimal tributary and other sources of heat present in the system. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.28.  Daily average temperatures and discharges for Clearwater River (Lewiston), 
Snake River (Anatone), and Lower Granite releases (LGNW), plus flow-weighted daily 
temperatures calculated for outflows from Lower Granite project (Calculated LGNW), 
June – November 2002. 
 
 

Clearwater River temperature at Lewiston increased 4°C on September 12, 2002 
(Figure 3.28).  This increase was immediately following the decreased cold water 
releases from Dworshak. Over the next twelve days, there was a gradual increase by 2°C 
in Snake River water at LGNW.  Other responses in Snake River temperatures further 
down river were likely overshadowed by complicated heated and cooling cycles 
responding to changing weather conditions.  Figure 3.29 depicts the longitudinal trend in 
warming on down the Lower Snake River to the Ice Harbor tailwater monitor.  
Indications from this data are for coincidental responses downstream as significant water 
temperature changes occur at Lower Granite Dam, but it is difficult to determine whether 
the cause was due to coincidental weather changes in the system or release changes at 
Dworshak Dam. 
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When considering time of travel, the warming by project is presented in Table 3.2 
for the period starting in the last week of June and ending in mid August with waters at 
the confluence of the Snake and Clearwater Rivers.  Average warming for the entire 140 
miles for the Lower Snake River during this period was 3.2°C, which is only 1°C higher 
than the 2.2°C reported above for the 40 miles of the Lower Clearwater River.   

 
 

Table 3.2.  Average water temperature at Lower Snake project 
tailwaters during late June to mid August 2002 

Station River Mile Average 
Temperature 

Average  
Warming 

FWCLWG* 140 17.4 °C  
LWGN 107 18.3 °C 0.9 °C 
LGSW 70 19.2 °C 0.9 °C 
LMNW 42 19.7 °C 0.5 °C 
IDSW 6 20.6 °C 0.9 °C 

*FWCLWG = Flow weighted calculated inflow to Lower Granite Pool 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 3.29.  Twenty-four hour running average water temperatures showing a 
longitudinal trend from Lewiston (LEWI) and Anatone (ANQW) downstream to each 
project tailwater site, June – October 2002.  
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3.3.7.4 In-Project/Fishway Thermal Studies 
The Walla Walla District has been conducting lower Snake River project fishway 

temperature studies since August 1999.  This work has focused on thermal gradients in 
the fishways from the upstream exit pools to the downstream entrances.  Generally 5 to 7 
thermal logging devices were dispersed throughout the length of each fishway, logging 
data hourly from April to October each year.  During the 2001 season temperature 
differences from 5 to 8°C were recorded for both the Lower Granite and Little Goose 
fishways.  An example of those temperature time histories for the Lower Granite fishway 
is presented in Figure 3.30 for the 2002 monitoring season (data provided by Rex Baxter, 
Walla Walls District).  Daily temperature spikes became apparent in the exit pool during 
June and by July the exit pool waters stayed consistently warmer than the downstream 
fish entrance until early September.  The daily spiking which is evident in the surface 
waters for Lower Granite and the other Lower Snake River pools continued in the exit 
pool throughout the summer period.  The fishway temperature gradients are more severe 
in the Lower Granite and Little Goose fishways than in the downstream projects of 
Lower Monumental and Ice Harbor Dams.  This coincides with the larger vertical thermal 
gradients present in Lower Granite pool and, to a lesser extent, Little Goose pool. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.30.  Lower Granite fishway temperatures, July – September 2002 (data provided 
by Rex Baxter, Walla Walla District).   
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3.4 Response to Objectives/Questions 
 
3.4.1 Characterization of Lower Snake River Thermal Patterns 

 Thermal and hydrologic processes result in significant thermal, spatial, and 
temporal temperature gradients in the Lower Snake River.  One of the more important 
features is the extreme vertical density and temperature gradients resulting in Dworshak 
reservoir.  The annually occurring 12-14°C change in water from the surface down to 60 
m results in 4-6°C stored in the lower depths, some of which can be released through the 
selective withdrawal system on the dam.   

 
Release of the cold waters into the North Fork of the Clearwater River can result 

in rapid and significant changes in the lower Clearwater River temperatures depending on 
the ratio of the warmer upper Clearwater River to that from the North Fork.  The 
resulting change in Lower Granite forebay water temperature is more subtle/dampened 
and highly dependent on the ratios of the Snake and Clearwater River water, total 
discharge (travel time), and weather conditions.    

 
 Annual thermal cycles are consistent at all of the study area sampling stations as 
would be expected.  Spring warming trends start in March with most station’s 
temperatures (both in-pool and in-river) peaking in late July, followed by fall cooling.  
Maximum temperatures were observed a few weeks earlier in Dworshak pool.  Daily 
solar warming results in significant diel temperature cycles as well as lasting general 
warming on most of the riverine reaches.  This is true for both the middle Snake as well 
as the Clearwater Rivers.   
 

 Based on the screening study data, in conjunction with data from NPL (Cook et 
al, 2003) collected upstream on the Lower Granite pool, a density under flow of the 
Clearwater River water results when mixing in with the Snake River waters.  This 
incomplete mixing and forced thermal stratification persists throughout the length of 
Lower Granite pool with the colder Clearwater River water flowing underneath the 
warmer Snake River waters.  There appears to be slight warming of the surface waters 
but once the Clearwater has at least partially mixed in there only slight change in the 
bottom water temperatures by the time they reach the Lower Granite Dam.  The resulting 
forebay temperature profiles may have as much as a 6°C gradient from surface to bottom.  
This condition of a thermally induced density gradient exists from early July until mid 
September.   

 
Data for the stations farther downstream of Lower Granite dam indicated much 

weaker and often shorter lived vertical thermal gradients.  Data for Ice Harbor forebay 
indicated surface warming but a very small temperature gradient from there to the 
bottom.   

 
Longitudinal thermal gradients due to warming as the river flowed down the 

Lower Snake were indicated by the mixed river measures such as the tailwater fixed 
monitor data collected by the USACE.  The change was gradual from project to project 
with a total change of 2°C from Lower Granite Dam down to Ice Harbor Dam during the 
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July-August period.  In addition, a longitudinal increase of approximately 1°C occurred 
in the  Lower Granite pool from the head waters down to the dam.  Changes of 
approximately 1°C were indicated in the downstream reaches of the Clearwater River as 
well.  Occasional warming by 0.5°C was detected on the middle Snake River from river 
mile 170 down to river mile 156 during the July-August period. 

 
Table 3.3 presents a summary of average river water temperature and warming 

during July 2002, for the Lower Snake and Clearwater Rivers.  The data indicate the 
possibility of significant warming from each of the three major river segments. 
 
 

 
 
Lateral thermal gradients were not found to be a major component of the spatial 

patterns.  Some minor differences were determined between stations and depths for any 
one forebay.  However, these differences were minimal in relation to the vertical and 
even some of the longitudinal gradients.  The average differences recorded were 
generally in the order of 0.2°C and comparable to instrument/measurement uncertainty.  
Greater differences were observed for specific times but likely can be explained by water 
movement (wave or seiche action) and/or minor differences in the recorded depths of the 
instruments. 
 
 
 

Table 3.3.  Snake River average water temperature and warming during July 2002. 

River Reach Station River Mile Average 
Temperature 

Average 
Warming 

Warming by 
reach 

Snake above Salmon 
R. 

Hells Canyon 
Release 229 19.1 °C   

Snake 
above Salmon R. RM 189 189 19.7 °C 0.6 °C  

Snake Salmon River RM 180 180 20.6 °C 0.9 °C  

Snake below Salmon 
R. 

Lower 
Granite 

Headwater 
156 21.5 °C 0.9 °C 2.4 °C 

Clearwater/North 
Fork Calculated 40 12.3 °C   

Clearwater PEKI 33 13.0 °C 0.7 °C  
Clearwater LEWI 2 14.2 °C 1.2 °C 1.9 °C 

Lower 
Snake/Clearwater Calculated 140 17.4 °C    

Lower Granite LWGN 107 18.3 °C 0.9 °C  
Little Goose LGSW 70 19.2 °C 0.9 °C  

Lower Monumental LMNW 40 19.7 °C 0.5 °C  
Ice Harbor IDSW 6 20.6 °C 0.9 °C 3.2 °C 



43 

3.4.2 Evaluation and Recommendations for Fixed Water Quality Monitors  
 
3.4.2.1 Representativeness 

In general the tailwater monitor was a good measure of average forebay water 
temperature even during periods of significant vertical gradation.  This is illustrated in 
Figures 3.31 and 3.32 for Lower Granite and Ice Harbor projects which contrast the fixed 
monitor (tailwater and forebay) to profile time histories during 10 days of July for each.  
In both cases the profile column average data was no different from the tailwater fixed 
monitor data.  On the other hand the forebay monitors, LWG and IHR, were both very 
comparable to the 5 m profile instruments as would be expected during the stratified 
period.  Both are point measures in space but the tailwater reach is generally well mixed 
and made up of a fairly uniform blend of the forebay water in the case of the Lower 
Snake projects.  The forebay instrument is positioned at one discreet depth in an area that 
can experience some significant vertical thermal gradients and will be a biased measure 
of forebay temperature.  These relationships were found to be the same for two other 
projects, Lower Monumental and Little Goose. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.31.  Temperature profile for Lower Granite forebay (LWGFBP2) with fixed 
monitor and column averaged data overlaid, July 2002. 
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Figure 3.32.  Temperature profile for Ice Harbor forebay (IHRFBP2) with fixed monitor 
and column averaged data overlaid, July 2002. 

 
 
3.4.3 Recommendations for Fixed Monitoring Stations  
 In future applications and/or studies, the potential bias associated with the forebay 
temperature monitoring during stratified periods should be recognized and accounted for 
while doing analysis or decision making.  It would be desirable to install permanent 
automated profiling instrument strings to describe vertical thermal patterns associated 
with Lower Snake River project forebays.  The recommended depths are 0.5, 1.5, 3, 5, 10 
meters and then at 5 meter intervals to within 1 m of bottom.  Since minimal lateral bias 
was indicated in the screening study, one station located at the deepest point, preferably 
in the thalweg, will be adequate to get representative temperature measures of the forebay 
waters.  This station should be located an adequate distance upstream to avoid any effects 
from the dam on water movement such as mixing, down welling or upwelling.  
Collection of real-time data could occur on an as-needed basis, depending on how the 
data would be used. 
 
 The tailwater fixed monitors were determined to be representative of the well 
mixed project releases which is generally a good indicator of average column conditions 
in the project forebay.  No change is recommended for the Lower Snake River tailwater 
instruments. 
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3.4.4 Requirements to Meet Model Resolution 
The Lower Snake River can experience a high degree of stratification which 

supports vertical density gradients.  This results from incomplete inflow mixing of waters 
of different temperatures such as the Snake and Clearwater Rivers.  The other factors 
heavily influencing the vertical and longitudinal gradients in temperature is solar 
warming and wind mixing.  With this understood, the multiple dimensional properties of 
the Lower Snake River must be taken into account when modeling is required.  If the 
purpose is to describe or quantify habitat then a 2-dimensional approach is called for to 
provide adequate resolution in the entire Lower Snake River.  If the purpose is to forecast 
average temperatures at some point downstream then a 1-dimensional approach will 
address most of the Lower Snake River.  The exception is likely in Lower Granite pool, 
which experiences some of the more extreme variability in the thermal patterns.  
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4. MODEL REVIEW AND SELECTION 

 
The RPA 143 subgroup of the Water Quality Team (WQT) identified several 

questions that needed to be addressed by a thermal energy budget model of the Lower 
Snake River.  The subgroup then identified those questions that met two criteria: they 
were of high priority, and they required the use of a model of river temperatures, along 
with monitoring data, to help quantify the operational options.  These questions, which 
were both important and needed a model, are listed in Appendix B. 
 
4.1 Geographic Domain 

The geographic extent of the selected model will be downstream from the Hells 
Canyon Complex on the mainstem Snake River and include tributary contributions from 
the Salmon, Grande Ronde, Clearwater, Palouse and Tucannon Rivers.  The model will 
also include the discharge and temperature conditions resulting from the selective 
withdrawal system at Dworshak Dam on the North Fork Clearwater River to the mouth of 
the Clearwater River. 
 
4.2 Model Selection Criteria 
 Selection of the model for this assessment has several criteria.  The basis for the 
criteria is from RPA 143’s understanding of the questions that need to be addressed and a 
conceptual understanding of how the river functions after evaluating existing data, 
models and reports of the Lower Snake River.  These criteria are listed below: 
 1.  The model will have at least 2-D resolution (horizontal down the length of the 

river plus vertical); 
2. The model is non-proprietary and any organization or agency can obtain the 

 code for the model and run simulations; 
3.  The model has previously been applied to similar applications including river 

and reservoir conditions;  
4.  The model will allow for release of water from Dworshak Reservoir using 

selective withdrawal as well as outlet structures at dams;   
5. The model is documented, currently maintained and is expected to be in use 
    for the next few years; 
6. The computer run time should be fast enough to be usable as an operation 

tool; 
7. The model should have the capability of simulating other water-quality 

parameters besides temperature. 
  

It is desirable, but not a criterion, that people in the Pacific Northwest have 
experience with the model. 
 
4.3 Review of Potential Models 

There were nine different models considered for the Lower Snake River 
temperature modeling effort.  Information gathered about each of the models relative to 
the criteria is listed below.  Additional information on each model is in Appendix F and 
in some cases in section 2.1. 
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4.3.1 CE-QUAL-ICM 
Dimensions…………………… 1, 2, or 3-D    
Proprietary……………………. Public 
Previous application………….. Estuaries on East and West coast 
Outlet structure options………. None 
Documented and maintained…. Yes 

http://www.wes.army.mil/el/elmodels/index.html 
Run time for 1 yr simulation…. Dependent on grid resolution and number and type 

of constituents 
Other WQ parameters available Nutrients, eutrophication, sediment oxygen 

demand  
 
4.3.2 CE-QUAL-W2 
Dimensions………………….. 1, 2-D (quasi 3D)    
Proprietary…………………… Public 
Previous application…………. Several rivers and reservoirs in US and Western US 
Outlet structure options……… Point, line, distributed source 
Documented and maintained… Yes 

http://www.ce.pdx.edu/w2/Applications.html 
Run time for 1 yr simulation… Depends on grid resolution (hours generally) 
Other WQ parameters available Dissolved oxygen, nutrient, algal dynamics, 

sediment 
 
4.3.3 Coltemp 
Dimensions…………………… 1-D    
Proprietary……………………. Public 
Previous application………….. Columbia River Basin, Dworshak/Snake River 
Temperature Management 
Outlet structure options………. Empirical selective withdrawal approximations 
Documented and maintained…. Subset of HEC 5Q 
Run time for 1 yr simulation…. Depends on system size (minutes) 
Other WQ parameters available ? 
 
4.3.4 EFDC (Environmental Fluid Dynamics Code)   
Dimensions…………………… 1, 2 or 3-D    
Proprietary……………………. Non-proprietary 
Previous application………….. Lower Granite Pool, Lower Snake River and 

McNary Reservoirs and Wanapum and Priest 
Rapids Reservoirs 

Outlet structure options………. Specify forebay stage 
Documented and maintained…. Yes – Jin, K.R., J.H. Hamrick and T. Tisdale, 2000 
Run time for 1 yr simulation…. Lower Granite Pool, Intel P4 (1.7 GHz) 20 CPU 

days to perform a 1-year simulation 
Other WQ parameters available Sediment transport, sediment-contaminant 

interaction, wetting/drying of cells 
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4.3.5 MASS 1 (Modular Aquatic Simulation System 1 D) 
Dimensions……………………. 1-D     
Proprietary…………………….. Non-proprietary 
Previous application…………... Lower Snake River, Dworshak, Hanford reach 

Columbia River, Wanapum and Priest Rapids 
Outlet structure options……….. Specified forebay stage, project discharge, stage 

target and discharge target are boundary conditions 
types  

Documented and maintained….. Yes – Richmond, M.C., W.A. Perkins and Y. Chien, 
2000 

Run time for 1 yr simulation….. Mid-Columbia Application on a 1.7 GHz P4 (460 
river miles, 1094 cross sections, hydro time step = 
30 min, temperature time step = 3 min) = 90 
min/year 

Other WQ parameters available Total dissolved gas and dissolved oxygen 
 
4.3.6 MASS 2 (Modular Aquatic Simulation System 2 D) 
Dimensions……………………. 2-D depth averaged    
Proprietary…………………….. Non-proprietary 
Previous application…………... Lower Snake River, Columbia River, Hanford reach 
Outlet structure options……….. Can simulate a point withdrawal in 2D, specified 

and project discharge – boundary condition types 
Documented and maintained….. Yes – Richmond, M.C., W.A. Perkins and Y. Chien, 

2000 
Run time for 1 yr simulation….. Bonneville Pool on a Intel P4 (1.7 GHz) system =  

10 CPU days to simulate 1-year 
Other WQ parameters available  Total dissolved gas, dissolved oxygen, sediment 

transport, sediment contaminant interactions and 
wetting/drying of cells 

 
4.3.7 MIKE 11 
Dimensions…………………… 1-D river flow 
Proprietary…………………… Proprietary  
Previous application………….. Numerous worldwide; Snake River Hells Canyon 

Complex; Clearwater/Lower Snake Reservoirs; 
South Fork Clearwater; Pudding Rive, Oregon; 
Napa River and Klamath Lake 

Outlet structure options……….. Weirs, culverts, regulating structures, control 
structures, dam-break, user-defined and tabulated 

Documented and maintained….. Yes.  www.dhigroup.com 
Run time for 1 yr simulation….. Depends on numerous factors  
Other WQ parameters available Many add on modules are available including 

sediment transport and total dissolved gas 
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4.3.8 RBM 10 
Dimensions……………………. 1-D      
Proprietary…………………….. Non-proprietary  
Previous application…………... Columbia River, Lower Snake River, Dworshak 

Dam, Box Canyon Dam 
Outlet structure options……….. None 
Documented and maintained….. Yes – EPA, 2001 
Run time for 1 yr simulation….. Less than 1 minute for Snake/Clearwater Rivers 
Other WQ parameters available ? 
 
4.3.9 WQRRS 
Dimensions……………………. 1 D    
Proprietary…………………….. Public 
Previous application…………... ? 
Outlet structure options……….. Empirical selective withdrawal approximations 
Documented and maintained….. Yes – http://www.hec.usace.army.mil/ 
Run time for 1 yr simulation….. Minutes 
Other WQ parameters available Ecological cycle conditions in river and reservoir 

Systems 
 
 

4.4 Model Recommendation 
The RPA 143 workgroup recommends the two-dimensional model, CE-QUAL-

W2, version 3.1, developed and maintained by USACE, be adopted for use in the Lower 
Snake River.  This model will be used on the Lower Snake River, North Fork Clearwater 
and Clearwater Rivers, Dworshak Reservoir and the four reservoirs on the Lower Snake 
River.  It will be used to assess reservoir releases at selected depths, flow routing, 
simulations of water temperature and has the capability of addressing other water-quality 
parameters such as total dissolved gas, dissolved oxygen, algal populations and nutrients. 
This model meets all the criteria identified for this assessment.  In addition, several 
persons in the Pacific Northwest are knowledgeable about the use of the model.   
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5.  MODEL DEVELOPMENT 

 
The following is a framework for evaluating and documenting the development of 

a temperature model for the Snake and Clearwater Rivers.  The discussions below are 
intended to communicate workgroup expectations and baseline information for model 
developers and interested parties.  This information should be considered in the 
development of future workplans.    
 
5.1 Management Objectives 
 RPA 143 calls for development of a temperature model and data collection 
strategy for the lower Snake River.  The workgroup envisions that the model will be used 
in two ways.  First, the model will be used, in a manner similar to past modeling 
evaluations, to improve our understanding of the system, such as the spatial/temporal 
patterns of temperature in the pools and the impacts of alternative hydropower operations 
on river temperatures.  Second, the workgroup believes the model should be used as a 
real-time, predictive tool to assist in the operation of Dworshak Dam releases to meet 
target temperatures in the Clearwater and Snake Rivers.  This kind of tool could lead to a 
more optimal use of limited cold water releases to improve downstream fish habitat.  
Since there are currently no target temperatures established for the system, additional 
policy work to establish target temperature conditions will need to proceed in parallel 
with real-time model development.  
 

Because of the interest in vertical stratification within the impoundments, the 
workgroup selected a model framework (CE-QUAL-W2) that provides 2-dimensional, 
laterally-averaged estimates of temperature.   
 
5.2 Conceptual Model   
5.2.1 System Boundaries  
5.2.1.1 Geographic Boundaries 

A map of the study area is included in Figure 1.1.  The workgroup proposes to 
build an initial model domain for the minimum area needed for effective evaluation of 
operational effects on temperature (Phase 1) and expand the model in subsequent phases.  
The proposed phases are as follows:  

  
Phase North Fork 

Clearwater 
Boundary 

Mainstem 
Clearwater 
Boundary 

Upstream Snake 
River Boundary 

Downstream Snake 
River Boundary 

1 Mouth Orofino Anatone (RM 169) Lower Granite Dam

2 Dworshak 
Reservoir Head 

Orofino Hells Canyon Dam 
Tailrace 

Mouth 

3 Dworshak 
Reservoir Head 

Orofino Brownlee Reservoir 
Head 

Mouth 
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 The first phase includes the minimum system components needed to develop and 
evaluate an operational tool for temperature management (Dworshak flow augmentation).  
The specific sites are locations where long-term river flow and temperature monitoring 
has been conducted.  The second phase expands the model system to include Dworshak 
Reservoir, the lower three projects on the Snake River and upstream on the Snake River 
to Hells Canyon Dam tailrace, in cooperation with Idaho Power Company.  The third 
phase extends the model to Brownlee Reservoir, which influences discharges and 
temperatures of the Snake River.  While Dworshak Reservoir has not been extensively 
modeled to date, Idaho Power Company has developed a CE-QUAL-W2 model for 
Brownlee Reservoir (Idaho Power, 1999) that should provide information for Phase 3.  
   
5.2.1.2   Important Time and Length Scales 

It is anticipated that the model will support multiple purposes.  In terms of time 
scales of analysis, simulations of hourly temperatures may be desired for special studies 
on diurnal variation.  For support of operations, daily average temperatures will probably 
be the metric of interest.  The time span of interest is expected to range from a few days 
(operational decisions) to years (special studies).  

 
In terms of length scales, previous efforts have indicated that the model domain 

for this system can be sub-divided into approximately mile-long segments for model 
calculations and outputs.  In the vertical dimension, the length scales of interest should be 
on the order of one to two meters.   
 
5.2.1.3   Important Processes  

The temperature modeling conducted to date has indicated that advective heat 
inflows (tributaries, boundary inflows) and surface heat exchange represent the primary 
drivers of the mainstem Snake River and lower Clearwater River heat budgets.  The 
elements of the surface heat exchange include short wave radiation, long wave radiation, 
black body radiation, evaporation, and conduction. Reasonable temperature estimates 
have been obtained without inclusion of other potential influences on the heat budget 
such as groundwater, shade, and point source discharges.  The largest point source, 
Potlatch Corporation, should be included as an advective heat input.  In the future, the 
effects of topographic shade on river temperatures warrants evaluation and possible 
inclusion in the model.  
 

Vertical thermal stratification, which occurs in the impoundments, is an important 
process influencing fish habitat.  Because water density is a function of temperature, 
stratification is also an important variable in the mixing and transport within the pools.  
Mixing at the confluence of the Snake and Clearwater Rivers is also influenced by the 
differences in the temperatures of the two rivers, particularly during flow augmentation 
periods.  The model configuration and parameters should account for the expected 
mixing characteristics downstream of this confluence.  

 
Hydroelectric facility operations have a significant effect on conditions in the 

Clearwater and Snake mainstems.  Dworshak Dam, which has a selective withdrawal 
structure, determines both the flow and temperature of the North Fork Clearwater River.  
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Brownlee Dam (the upstream dam of the Hells Canyon Complex), does not have a 
selective withdrawal capability, but it determines the flow of the mainstem Snake River 
and hence plays a major role in downstream water temperatures.  The two smaller 
downstream projects, Hells Canyon Dam and Oxbow Dam, are run-of-the-river dams 
with little influence on downstream flows.  

          
5.2.2   System Characteristics  
5.2.2.1   Model Domain: Impounded/Free-Flowing Mainstem Rivers 

The model domain will consist of the mainstem Clearwater and Snake Rivers.  
The upstream segments of the Snake and Clearwater Rivers in the Phase 1 study area are 
free-flowing.  Downstream of the confluence of the Snake and Clearwater, in the vicinity 
of Lewiston, the Snake River becomes a series of four impoundments with the surface 
elevation held relatively constant by the downstream dam structures.  Free-flowing and 
impounded segments within the study area must be distinguished so the model captures 
the hydrodynamics properly.  The W2 model package includes pre-processor programs to 
check the volume-elevation relationships and the water balances within the 
impoundments.  The pre-processors should also be used to check the simulated water 
surface elevations, depths, and velocities in free-flowing segments.   
   
5.2.2.2   Boundary Inflows: Upstream Mainstems and Tributaries 

The flow and temperature of the upstream model boundaries and significant 
tributaries inputs will be included as boundary inputs of advected heat.   
 
5.2.2.3   Surface Heat Exchange 

In addition to tributary inputs of heat, the model will include surface heat 
exchange.  The net heat exchange is calculated based on short wave radiation, long wave 
radiation, black body radiation, evaporation, and conduction.  Based on the size of the 
rivers, shading of the water surface due to vegetation and/or topographic features may be 
negligible.  However, topographic shading of the river surface will be considered as a 
possible future model improvement.    
 
5.2.3   Source Characteristics  
5.2.3.1   Outlet Structures 

There are multiple structures that transport water through the dams.  The primary 
structures are the intake structures to the powerhouse and the spillway.  The configuration 
of these structures, including the depth from which water is drawn from the forebay, 
varies among the dams.  Except for the Dworshak selective withdrawal system (which 
would be part of Phase 1), the structures and withdrawal depths are fixed.    

 
5.2.3.2   Spill/Power 

Since the powerhouse and spillway draw water from different depths, the flow 
through the dam should be distinguished as either powerhouse flow or spill flow in the 
model.  The two flow contributions are monitored on an hourly basis.     
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5.2.4   Available Data Sources (Quality and Quantity)  
Data quality is discussed at length under Data Collection Strategy.  It is important 

to develop a common understanding of the different types of information needed for the 
model.  The following is a general discussion of the kinds of data needed for the model 
and the available information at the present time: 
 
5.2.4.1   Bathymetry 

The geometry of a waterbody is critical for simulation of hydrodynamics and heat 
budgets.  As a two-dimensional, laterally-averaged model, W2 requires the user to 
provide the cross-sectional width of the channel at each vertical layer of the model.  This 
information is generated from profiles of the bottom of the waterbody.  Because of the 
value of understanding the elevation/volume relationships and sedimentation patterns 
within the impoundments, there is generally ample bathymetry information for the Snake 
River below Lewiston.  The limitations of the bathymetry information for Dworshak 
Reservoir and the Hells Canyon Complex may warrant additional data collection.   

 
There is generally less bathymetry data for free-flowing stretches.  For example, it 

is currently necessary to piece together bathymetry information from poorly archived 
studies and gauging stations to simulate the Clearwater River between Dworshak Dam 
and the confluence with the Snake River.   
 

Because bathymetry information is collected by various agencies for a variety of 
purposes, it can be difficult to locate all the available data.  As part of development of the 
W2 model, the model developers should collect and document the available bathymetry 
data sources.  In data-rich locations, high resolution bathymetry information may require 
aggregation to datasets with one profile per mile (i.e., for each model segment), while in 
data-poor locations, a single profile may need to be used to represent river lengths of 
more than one mile.          
 
5.2.4.2   Boundary Flows 

Boundary inflows are critical to the water and heat balances of the system.  Two 
of the three significant tributary and boundary flows to the Phase 1 model domain are 
monitored on an hourly basis by USGS with data available online (Snake River at 
Anatone and Clearwater River at Orofino).  The third flow, the North Fork Clearwater, is 
monitored hourly by the USACE.  Outflows at each of the Lower Snake dams are 
monitored as well.          
 

There is a question as to the adequacy of inflow data to Dworshak Reservoir.  The 
main inflow (north fork of the Clearwater River near Canyon Ranger Station) is 
monitored hourly, but a significant fraction of the inflows is not monitored (on the order 
of 60%).  The phase 2 expansion to include Dworshak Reservoir would require 
estimation and/or additional data collection to improve the model inputs for this 
reservoir.  
 

Phases 2 and 3 will require the addition of flow data for a number of significant 
tributaries.  As with the Phase 1 tributaries, real-time data for these tributaries is available 
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from USGS.  Expansion to cover Dworshak Reservoir in Phase 2 will necessitate 
monitoring of the vertical elevation from which flow is released from the selective 
withdrawal inlets.        

   
5.2.4.3   Temperature of Boundary Inflows 

There has been no long-term, systematic data collection program for river 
temperature in this study area.  The data collection strategy in this plan should 
significantly improve both the coverage and quality assurance of this monitoring.  
Generally, the temperature of the mainstem Snake River and hydroelectric project 
releases has been monitored consistently, while tributary temperatures (e.g., Clearwater 
River at Orofino) have been monitored only sporadically.  In order to run dynamic 
simulations, EPA and other agencies have employed a variety of methods (or models) to 
fill data gaps and synthesize continuous temperature estimates for sporadically monitored 
tributaries.  The basis for selection of a particular model to accomplish each synthesis, 
and the uncertainties associated with its use, should be documented during model 
development.  

 
5.2.4.4   Temperature within Impoundments  

To date, there has been very limited monitoring of temperature within the 
impoundments.  Models have typically been evaluated using fixed point measurements in 
the forebays and tailraces of the dams.  EPA has tested models using vertical, in-pool 
measurements collected by CRITFC in 1992.  In the summer of 2002, vertical thermister 
strings were placed in the reservoir forebays by the USACE, and Battelle placed strings 
in the vicinity of Lower Granite Dam.  The data collection strategy calls for long-term, 
vertical monitoring in the forebays and at locations within the pools.     
 
5.2.4.5   Weather (Air Temp, Wind, Wind Direction, Dew Point Temp, Cloud Cover) 

Historically, measurements of the five parameters of the heat budget calculation 
have been taken only at regional weather stations.  In this study area, the three nearest 
stations are in Lewiston, Spokane, and Yakima.  As a result, some model evaluations 
have assumed that conditions at the Lewiston airport are representative of conditions 
throughout the study area.  There are a number of new AgriMet weather stations in this 
study area which monitor all the parameters of the heat budget except cloud cover, and 
monitoring has increased along with the interest in temperature assessment (see 
discussion of recent monitoring in Section 6., Data Collection Strategy).  The use of 
Lewiston meteorology may be sufficient for initial model development and evaluation.  
Model developers should also examine the sensitivity of the temperature estimates to 
alternative weather datasets.  

 
5.2.5   Other Data Issues 
5.2.5.1   Real-Time Data System 

To use the model as an operational tool, it will be necessary to devise a data 
management system to obtain and store the measured flow, water temperature, and 
weather data for each day leading up to the day of the predictive simulations.  In addition, 
forecast information looking ahead approximately 2 to 5 days (approximate range of 
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travel times from Dworshak to Lower Granite Dam) will need to be obtained on a daily 
basis.   
 

One possible source of forecast information is the MM5 numerical weather 
prediction model.  A regional MM5 forecasting effort is supported by the Northwest 
Regional Modeling Consortium, a group of local, state, and federal agencies and 
cooperating private companies. The model provides 72- hour forecasts of Pacific 
Northwest weather, and forecasts are produced twice daily by the University of 
Washington. 

 
  A forecasting system for river flows has been used by the project managers for the 
Columbia/Snake River hydropower system for a number of years.  The workgroup 
expects that this forecasting information can be used for the real-time model.   
 
5.3   Choice of Technical Approach   
5.3.1   Rationale for Approach in Context of Management Objectives and 
Conceptual Model 
 A two-dimensional model of the system, beginning with the Phase 1 geographic 
coverage, should meet the most pressing needs identified by the RPA 143 workgroup.  
Future expansion of the geographic scope to include the key upstream control points of 
Dworshak Reservoir and Brownlee Reservoir will improve our understanding of the 
constraints on system operations to manage temperature in the mainstems.   
 
 The W2 model framework selected by the workgroup includes the necessary heat 
budget methodology, and the conceptual model proposed for evaluation of the system has 
been used in previous temperature studies.        
 
5.3.2   Reliability and Acceptability of Methodology  
 The reliability of the heat budget method has been proven through many 
temperature studies throughout the United States.  While there are alternative 
formulations available for estimation of specific elements of the heat budget (e.g., 
evaporation), the general method is a common part of dynamic water quality model 
frameworks such as W2.   
 
 The W2 model framework has already been employed to simulate temperature in 
the summer of 1992 in Lower Granite Pool (EPA, 2002).  The model generally captured 
the observed temperature patterns in the pool, and the simulated outlet temperature was 
consistent with the timing and trajectory of the measured temperatures during periods of 
flow augmentation.  The model tended to under-predict observed temperatures in the 
tailrace, with a mean difference between simulated and measured temperatures (measured 
- simulated) for the 29 sample days of 0.7°C with a standard deviation of 0.6°C.  The root 
mean square difference was 0.2°C.         
 
5.3.2.1   Important Assumptions   
 A number of simplifying assumptions will be necessary in the development of the 
model.  Some of the likely assumptions include the following: 
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 1) Lateral temperature variations in the mainstems are negligible. 
 2) Local meteorology at the water surface is represented by regional weather 
    station data.   

3) The Snake and Clearwater confluence is either completely mixed or stratifies 
   based on the relative density of the two flows. 
4) Groundwater, vegetation, topography, and point-source influences on river 
   temperatures are negligible. 
5) Assumptions about outlet withdrawal zones near the dams. 

 6) Assumptions necessary to complete water balances (e.g., handling of 
    flow/elevation errors). 
 
5.4   Parameter Estimation   
 Generally, parameters are estimated by comparing observed and simulated 
temperatures for a given period of analysis.  Observations of vertical temperature profiles 
are needed for model evaluation and parameter estimation for a 2-D model.  This kind of 
data is only available for the years 1992 (CRITFC) and 2002 (USACE and Battelle).  The 
1992 data were obtained from grab samples spaced from one to several days apart, while 
in-situ thermisters were used for the 2002 monitoring. The fixed tailrace temperature data 
is also available for these years.  Additional data should be available for the summer of 
2003. 
 
 The model includes a variety of parameters related to hydrodynamics and the heat 
budget that can be adjusted by the model user.  For the hydrodynamic calculations, the 
parameters include roughness coefficients, eddy diffusivity, and eddy viscosity.  Heat 
budget parameters include wind speed coefficients, wind sheltering coefficient, shade 
coefficients, and solar radiation absorption fraction.  Generally, it is expected that a 
combination of W2 defaults and/or literature values will be used for most of these 
parameters. 
 
 In past work, the parameters associated with evaporation in the heat budget 
calculations have been adjusted from default values found in the literature to reduce the 
difference between simulated and observed temperatures.  This is because (1) evaporation 
has a significant affect on the simulated temperatures, and (2) there is relatively high 
uncertainty in the actual wind speed at the river surface.     
 
5.5   Uncertainty/Error   
5.5.1   Error/Uncertainty in Input and Boundary Conditions 
 River flows drive both the advective heat inputs and hydrodynamics within the 
system.  USGS reports that errors in river flow are generally less than 5% at good quality 
stations.  Errors in flow estimates may also be compounded due to the necessary 
balancing of flows and elevations of the impoundments. 
 
5.5.1.1 River Temperature 
 For simulations of 2002 conditions, hourly/daily temperature observations should 
be available for significant tributaries and mainstem boundaries.  The error in 
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measurements using continuous thermisters is generally ±0.2oC (see further discussion in 
Section 6.5).  Apart from measurement errors, river temperature data must be reviewed to 
minimize recording errors, and data gaps are filled using a variety of estimation 
techniques which include uncertainty as well.     
 
5.5.1.2   Meteorology 
 While there are measurement errors in the meteorology data, a more significant 
source of error is the use of regional data to represent conditions at the river water 
surface.  The long-term regional data collection at Lewiston has been augmented by new 
AgriMet stations in this study area.  The error associated with local meteorological 
variability can be examined by testing the sensitivity of the model to these new weather 
datasets.  
  
5.5.1.3   Error/Uncertainty in Specification of Environment  
 As discussed above, there are a number of specifications that establish the basic 
structure of the Snake/Clearwater system, including river geometry, physical mixing of 
tributary inflows, mixing characteristics within the system, types of outlet structures, 
friction coefficients, and flow balances.  Some of the errors associated with these 
specifications, such as flow balance errors and volume/elevation relationships, can be 
quantified.  Others could be evaluated through model testing and sensitivity analysis. 

 
5.5.1.4 Structural Errors in Methodology (e.g., Effects of Aggregation or 
 Simplification)   
 The model grid resolution and time series inputs should provide adequate spatial 
and temporal resolution for appropriate comparisons of simulated outputs to observed 
data.  They should also address the management needs identified by the workgroup.       
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6.  RECOMMENDATIONS FOR DATA COLLECTION STRATEGY 
 

In order to continue management and enhancement of Lower Snake River project 
operation for thermal conditions in relation to biological habitat and anadromous fish 
migration through the use of real-time models and other related tools, it will be necessary 
to continue with good quality comprehensive data collection and management strategies.  
In addition to management support, this strategy will provide ongoing detailed 
characterization of the Lower Snake River spatial and temporal thermal patterns.  The 
data collection strategy will also be instrumental in continued compliance monitoring as 
well as implementation and evaluation of Total Maximum Daily Load (TMDL) 
management for river temperatures.  TMDL’s for additional parameters could be 
addressed with additional sampling emphasis for the parameter or concern. 

 
Data collection strategies recommended for numerical model implementation and 

continued operation or river temperature management fall into two categories, a long-
term continued effort and the near-term or the 2003-2004 period.  The primary types of 
data identified by the RPA 143 subgroup effort include water quantity, water quality, 
project operations (discharge and elevations), and meteorological conditions.  Some of 
the more important criteria of the data collection strategy is that the information be of 
known acceptable quality and that it be available either real time or near real time (within 
hours). These data coupled with a user friendly accessible data management system are 
high priority items to support future regional efforts in water quality management on the 
river system.  Lower priority data types would include added bathymetry and flow field 
data as needed to fill in gaps for support of model calibration and validation.   
 
6.1   Long Term Data Collection Strategy 

Data required to support future model calibration and seasonal simulation, as 
mentioned above, fall into three primary data types: water quality, water quantity and 
meteorological.  The data availability should be real time to conduct short term forecasts 
of river conditions for management purposes.  To address routine water quality or 
temperature sampling needs, the USACE should continue water quality monitoring at 
each project tailwater and forebay with the following recommendations: 

• Water temperature monitoring should be conducted year round at all tailwater 
stations instead of sampling only during the spill season (April through 
September) as is the current standard for some stations.   

• The sample interval should remain at 1 hour. 
• The forebay monitor should be relocated an adequate distance upstream of 

projects to avoid down welling/upwelling associated with project vertical 
walls.  The monitor station should be in or near the deepest part of the 
forebay cross section.  This can be accomplished either by the use of water 
quality station floats or placement on upstream floating navigation lock 
guidance walls.  The station locations should be selected on a project-specific 
basis.   

• The point monitoring at one depth in the project forebay should be replaced 
with a profiling approach using a string of instruments.  Forebay monitoring 
can be discontinued during the non-stratified winter period.  The 
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instrumentation should be capable of real-time operation with sensors at as 
many as 8-12 depths, distributed from surface to bottom. The recommended 
sample depths are 0.5, 1.5, 3, 5, 10, and then 5 m intervals to the bottom. 

• It is recommended to continue sampling at selected project 
tailwater/powerhouse release station locations, tributaries such as the Palouse, 
Tucannon, Grande Ronde, and the Salmon rivers, and other routine water 
quality stations located on both the Clearwater and Snake Rivers sites 
downstream of the Hells Canyon Complex. 

 
Future long-term water discharge information requirements include continued 

routine USACE project operations data as well as a continuation of all current USGS 
gauging stations on the mainstem rivers and tributaries.  This will address critical 
requirements to the model simulations including boundary conditions (flows from 
upstream and secondary tributaries) plus the individual project water management 
information such as pool elevation, storage, and discharge.  The data collection interval 
should be hourly or shorter. 

 
The meteorological data collection strategy requires continued operation of the 

following stations to support the model simulations. 
• Pasco, WA, airport (NWS) 
• Lake Sacagawea-Fishhook Recreation Area, WA, near Ice Harbor Dam 

(PAWS) 
• Lake Bryan-Rice Bar, WA, near Little Goose Dam (AgriMet) 
• Silcott Island, WA, mid-pool on Lower Granite pool (AgriMet) 
• Lewiston, ID, airport (NWS) 
• Dworshak pool/Dent Acres, ID (AgriMet) 

A potential additional station should be considered for the Snake River reach below Hells 
Canyon Dam possibly at Cache Bar.  The parameters to be monitored include air 
temperature, barometric pressure, wind speed, wind direction, solar radiation, and 
precipitation, dew point, and relative humidity.   
 
6.2   Data Collection Program in 2003-2004 

The water temperature data collection strategy for the short-term model 
calibration and validation is similar to the proposed long-term strategy with additional in- 
pool sampling on each Lower Snake River Project.  An automated temperature profile 
monitor should be maintained in the deepest part of the river cross section approximately 
halfway upstream in Ice Harbor, Lower Monumental, and Little Goose pools.  PNNL 
plans to continue adequate spatial sampling in Lower Granite pool for the same period.  
This will add the ability to validate model runs at various depths for more than one 
longitudinal location in each pool.  The same sampling specifications (time intervals and 
depths) as used for the forebay stations should be applied. 

 
Additional short-term requirements include single temperature monitors located at 

5m deep on each draft-tube deck plus lateral stations located across river from PEKI and 
DWQI stations. 
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To better understand localized effects on wind, short-term deployments of 
multiple portable weather stations should be conducted for 2-week periods in selected 
river reaches for each of the Lower Snake River projects.  This should provide 
information to better understand micro-meteorological variability in areas characterized 
by significant changes in river basin direction and morphometry. 

 
 

6.3   In-Project/Fishway Thermal Studies 
The Walla Walla District studies directed at evaluating fishway effects on fish 

passage will continue the phase one physical descriptions of fishway conditions.  
Thermal monitoring studies will continue at all Lower Snake River projects.  Phase two 
of this effort is scheduled to begin in 2004 which will focus on relating fish passage 
characteristics or parameters to in-fishway water temperatures and gradients. 

 
6.4  Relationship between Physical Conditions and Potential New Biological  

Monitoring 
Future water quality monitoring should be flexible and adaptive to accommodate 

investigations of relationships between physical and biological parameters.  It will be 
important to adapt as needed to support any new biological monitoring efforts. 
 
6.5   Quality Assurance Program 

The goal of any field data collection program is to collect data that best represents 
conditions at the study site and to compile that data as accurately as possible in data sets 
for later use in regulatory or scientific applications.  This goal is achieved by minimizing 
data inaccuracies and by understanding variations in the actual sample water temperature 
and instrument measures of that water temperature.  There are essentially three sources of 
errors: instrument error (theoretical limits due to design), sampling error (study design 
and technique of measuring water temperature), and database management error.   

 
6.5.1 Sampling Uncertainty 

There are two types of variations in water temperature, spatial (differences in 
water quality laterally, longitudinally, or vertically) and temporal (changes in water 
temperature over time).  Point measures or samples from river/reservoir systems will 
have some degree of sampling and/or measurement uncertainty.  Routine temperature 
monitoring, usually automated and typically conducted on the Snake River at a forebay 
monitor, can be reflective of the temporal or time series of events for a point of measure.  
However, this same instrument or measure may be impacted significantly on a spatial 
basis due to potential vertical or horizontal thermal gradients.  Obviously any uncertainty 
in actual depth placement of a sampling instrument can add to the overall sampling error 
when vertical thermal stratification is present. 

 
If there is a vertical component to the thermal characteristics of the 

river/reservoir, then an instrument placed at some discrete depth below the surface will 
likely not be representative of the water column (all depths) during any stratified period.  
Surface warming or colder underflows may be missed by the monitoring system.  In 
addition, any lateral or longitudinal gradients in thermal patterns will be poorly 



61 

represented by a single point measure.  An additional source of sample uncertainty can be 
introduced by intermittent hydrologic events.  An example of this is presented when 
localized withdrawal zones near the upstream dam face set up.  Surface waters may be 
drawn down the dam face in the area of the fixed forebay monitor.  The forebay 
temperature data presented in Figures 3.6-3.10 (Section 3) all indicate some degree of 
variation (warming) that could be attributed to the above-described sources of error. 

 
Future sampling strategies should incorporate design characteristics conducive to 

minimizing sampling error.  These would include adequate sample distribution in time 
and space plus, appropriate sample and/or measurement replication.  Sample location is 
an important consideration for specific studies dealing with specific structural 
components (fishways) or project-related phenomenon such as releases or withdrawal 
processes at dams. 

 
6.5.2 Measurement Uncertainty/Instrument Validation 

The error attributable to the instrumentation is more fully discussed in Appendix 
G.  However measurement requirements (accuracies and precision) for much of the 
ongoing temperature research in the region routinely falls into the range of ± 0.2°C; with 
repeated measures, depending on sampling variability, mean estimates should be within 
0.1-0.2°C of the true mean of the water temperatures.  This level of accuracy is generally 
required to address issues concerning impacts on the biology of the system such as water 
quality standards or compliance issues.  This agrees with the data quality criteria 
established by the USACE developed for fixed monitoring stations on the Columbia 
River (USACE, 2003).  For temperature calibrations the USACE requires that an 
instrument must agree within ± 0.2°C with a primary National Institute of Standards and 
Technology (NIST) standard mercury thermometer. 

 
In general, there is little available information regarding the validation of 

temperature instrumentation used either for routine monitoring or in special research 
studies on the river system.  It is customary to accept manufacturer’s specifications when 
reporting instrument uncertainty.  This may not be the case, especially with equipment, 
which has been used for several years following purchase.  In addition, uncertainties 
calculated from bench-top studies, as conducted by most manufacturers, may not be 
applicable in field-use situations.  Appendix G describes the method used in validating 
instrumentation applied in the Lower Snake River Temperature Screening Study.   

 
6.6    Data Management 

Data management, including both warehousing and accessibility will continue to 
be needed to support model development and seasonal simulations.  In the short term a 
research database will be maintained as necessary to support storage and retrieval 
requirements.  Over the long term, a system should be developed with the capability to 
support real-time model operations as needed for management strategies.  This effort 
should be closely coordinated with ongoing regional efforts to develop a consolidated 
water quality database.   
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7.  SUMMARY 
7.1   Recommendations 

The RPA 143 technical team recommends to the regional Water Quality Team 
that the CE-QUAL-W2 model be adopted for development in the river reaches of interest 
along with the identified data collection strategy.  The team recommends 3 phases and 
that the identified limited geographical domain be initially modeled to determine model 
usefulness in defining the thermal effects of potential river operations.  Once this step has 
been completed satisfactorily, then consideration of expanding the model to other river 
reaches should be considered. 

 
7.2   Agency Roles and Responsibilities   

The USACE and BPA will be responsible for implementing the model and data 
collection efforts.  The inter-agency technical team participating in this plan development 
will be asked to continue in a technical review role.  They will 1) review potential 
contractor scopes of work, 2) review field data collection and analysis, 3) assist in 
defining the period of record for use in model evaluation and review and 4) comment on 
reports produced during the development.  Once the model has been reviewed and 
accepted, the team, in conjunction with the regional Technical Management Team (TMT) 
and Regional Water Quality Team (WQT), will define and identify preliminary model 
runs required to answer questions originally posed by the team. 

  
7.3   Anticipated Scheduling 

Scheduling of this work is highly dependent on available funding.  At the end of 
FY2003, two years of detailed data will have been gathered on the river.  FY2002 data 
collection was a screening data set used to assist in decisions concerning model selection.  
The FY2003 data collection has been initiated in conformance with the data collection 
strategy.  Additional field data collection will be conducted during the 2004 and 2005 
seasons as needed to support validation of the Phase 2 and 3 modeling efforts.  A 
tentative schedule for implementation is identified below. 

 
FY2004 Tasks: 

• Collect additional field data, 
• Select periods for model evaluation, 
• Complete model setup including evaluation, and 
• Technical team review calibration and verification report. 

FY2005 Tasks: 
• Collect additional field data, 
• System development to operate as real-time tool for use by regional interests, 
• Expand to Phase 2 Geographic Scope, and 
• Revise Data Collection as needed to support Phase 2 and other model input 

improvements. 
FY2006 and beyond: 

• Expand to Phase 3 Geographic Scope, and 
• Revise data collection as needed to support Phase 3 and other model inputs 

and improvements.  
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Final Minutes -- November 7, 2002 
 
Discussion Points 

1. Meeting was held on Thursday November 7th at NMFS in Portland.  The 
following people were either in attendance or on conference phone:  Chris Cook 
PNNL; Marshall Richmond, PNNL; Gene Spangrude, COE; Garth Newton, 
IDWR; Terry Sobecki, ERDC; Ben Cope, EPA; Jim Irish, BPA; Paul Pickett, 
WDOE; Mark Gunter, CBE; Ralph Myers, IPC; Don Essig, IDEQ; Phil Groves 
IPC; Eric Brandstetter, MWH; Mark Schneider, NMFS; Mike Schneider, ERDC; 
Joe Carroll, OA Systems; Rick Emmert, COE. 

 
2. Monitoring update.  Joe Carroll presented update on temperature monitoring and 

some initial analysis completed to date.  
 
3. Review of composite question matrix. The team did a quick review of the 

question matrix.  The main purpose was to make a team judgment as to the spatial 
dimensionality required of a numerical model to answer the stated question.  The 
results are shown below. 

 
   

Composite Question Matrix 
Number 

Spatial Dimensionality 

1 2d 
1a 2d 
1b 2d 
2 2d 
2a 2d 
2b 2d 
2c 1d 
2d 2d 
2e 2d 
2f 1d 
2g Not applicable 
3 2d 
3a 2d 
3b 2d 
3c 2d 
3d 1d/2d 
4 2d 
4a 1d 
4b 1d 
4c 1d 
4e 1d 
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4f 1d 
5 2d 
7 Most likely answered by monitoring 
7a Most likely answered by monitoring 
7c Most likely answered by monitoring 
7e Most likely answered by monitoring 
8 1d 

 
 In general, the team judged that 14 of the questions would require a minimum 
spatial resolution of a 2-dimensional model to answer the stated question, while 9 of 
the questions could be answered using a minimum spatial resolution of a 1-
dimensional model. 
 
4. Define model selection criteria.  Ben Cope presented summary slides of the 

information gathered prior to the meeting.  Much team discussion resulted in a 
proposal to use CEQUAL-W2 which is a 2-dimensional code, not proprietary, is 
continuously supported/updated by ERDC, has long history of use and can be run 
in either 1-dimensional or 2-dimensional modes.  Team requested to think more 
about this proposal.  Further discussion will be held at the next team meeting. 
 

5. Next meeting agenda items.  The next meeting was tentatively scheduled for 
either Dec 5 or 12 at the NMFS office in Portland.  Team members to check on 
availability and email Rick Emmert and Mark Schneider. 

Agenda items discussed as possibilities for the next meeting are as follows: 

a) Ask Chris Cook to present monitoring update of his work on the 
Lower Granite Pool. 

b) Invite one or more folks from the TMT to the meeting to 
describe how they envision the use of model output. 

c) Ask Tom Cole (ERDC) or Scott Wells (Portland State 
University??) to discuss strengths and weaknesses of CEQUAL-
W2 model. 

Ask Garth Newton IDWR to share his experiences in use of CEQUAL-W2. 
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RPA 143 - Snake River Temperatures 
Final minutes – December 5, 2002 

 
Discussion points 

• Meeting started at 10:07 with Rick Emmert welcoming everyone to the meeting at 
NOAA fisheries, Portland.  Rick asked everyone to introduce themselves, 
reviewed results of the last meeting, and received acceptance of the agenda for 
this meeting. 

• Chris Cook, Battelle, presented preliminary data that was collected in 2002 in 
Lower Granite Reservoir.  These data will be used to calibrate a 3D model of this 
reach, including the confluence of the Clearwater to the Snake River.   

• Bathymetric data collected in July 2002 includes RTK GPS data from Silcott 
Island to Potlatch, Idaho; this data is accurate to within 1 ft.  Downstream of 
Silcott Island to the forebay of Lower Granite Dam, DGPS data were collected 
with an accuracy of about 2 to 3 ft.  This data will be used to help configure the 
3D model with 12 layers. 

• 11 sites in the area were equipped with thermister strings, with over 70 
thermisters.  The temperature measuring equipment was in place from June 26 
through September 25; four sites still have the equipment in and will be pulled in 
December.  At bridge sites, the thermister strings were located upstream of bridge 
piers with sufficient weight to keep the strings straight.  Depths in the water were 
adjusted for reservoir water level fluctuations. 

• Velocity data in the reservoir and near the confluence were collected during two 
trips two weeks apart.  These data were collected at 4 to 5 stations and at 13 
sections laterally.  These data will be used with a transient model to route flows. 

• Profiles of temperature and electrical conductivity were collected at two week 
intervals. 

• Meteorological data were collected by AgriMet at Silcott Island, River Mile 130. 
• Joe Carroll had a CD with the temperature and meteorological data on it. 
• Chris Cook showed a movie portraying the topography along the river, 

bathymetry of the river and location of temperature strings. 
• Chris Cook has the data from temperature strings collected by USGS-BRD. 
• All thermisters used for temperature measurements and hydrolabs used for 

profiles were calibrated before use and after use. 
• The data showed there to be little variability in the cross section downstream of 

Silcott Island.  It was noted that there was a large amount of variability in the 
wind longitudinally; next year Battelle is considering placing several wind gages 
at key points along the reservoir to record the wind patterns. 

• The Clearwater River appears to be mixed vertically with measurable diel 
variability. 

• The Southway Bridge on the Snake River is mixed vertically.  The Interstate 
Bridge sees cold water from the Clearwater at lower depths as it moves to a deep 
hole between the two bridges.  Temperature data showed cold water moving into 
the deep hole and back out at a latter date. 



A-5 

• An Infrared photo of the Clearwater River confluence shows warm temperatures 
on the surface of the Snake River, a sharp line of cold water in the Clearwater 
River at the confluence where the Clearwater plunges beneath the Snake River.  
Downstream of the Clearwater River, the cross sectional variability in the Snake 
River is up to 5oC.  This cross-sectional variability decreases to between 0 and  
2 oC at Red Roof Bridge and is not distinguishable in the noise upstream of Silcott 
Island.  Downstream of Silcott Island in the thalweg of the reservoir, the 
temperature data shows evidence of heating at the surface and greater differences 
in the vertical direction. 

• Analysis of the temperature data shows a lag time of 1.8 to 3.0 days and a heating 
of 3.2 to 4.6 oC between the Clearwater River confluence and the Lower Granite 
Dam forebay. 

• Summary of observations: 
Clearwater River is mixed in the cross section; 

  Snake River is mixed two miles upstream of Clearwater River confluence; 
  Clearwater River plunges to bottom of Snake River; 
  Cold water moves 1 mile upstream of confluence in Snake River; 

 Up to 5oC variability in Snake River cross section downstream of 
Clearwater River confluence, 2oC at Red Roof bridge and  
immeasurable at Silcott Island; and 

  Vertical variation persists downstream of confluence with the magnitude 
increasing due to heating at the surface. 

 Slides of what Chris Cook showed the group can be seen at 
ftp://ftp.nww.usace.army.mil/Outgoing/RPA143%20120502/ 

• The meeting took a 10 minute break at 1135. 
• Mark Schneider introduced Paul Wagner, NOAA Fisheries and member of the 

TMT. 
• Paul explained what fisheries data was available for the TMT to decide when and 

how much water to release from Dworshak Reservoir.  It is desirable to use the 
reservoir for both juveniles and adult salmon; however the benefit for juveniles is 
better defined.  Correlations between water temperature at the Lower Granite 
forebay and survival and between Snake River flows and survival have R2 values 
in the 80 percentiles.  As temperatures go down and as flows go up, survival 
improves.  An average 1oC lowering of daily mean temperatures in Lower Granite 
Tailwater over the period of passage of four distinct groups of fall Chinook 
increases survival 7 percent.  The same regression model predicts survival 
improves 3 percent when temperatures are held constant and with an average 
increase of 100 m3/s of Lower Granite discharge for four distinct groups of fall 
Chinook.  

• The TMT has managed a similar volume of water from Dworshak Reservoir and 
the upper Snake River from year to year and assumes this volume will continue in 
planning flows for each year. 

• It is thought that the forebay temperatures relate to exposure for the juvenile Fall 
Salmon in the upper 5 meters in the pool.  Information on the temperature at 
various depths within Lower Granite Reservoir would be of help to the fishery 
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agencies and would help fisheries determine the degree that juvenile fish seek out 
cool waters. 

• Passage for sub-yearling Fall Chinook is from early June through mid September.  
Fish from the main stem Snake River (upstream of the Salmon River) move out 
first, from the Salmon River second, and the Clearwater River last.  Since the 
dams have gone in on the Snake River, the migration of juveniles has been slowed 
to a later date; before the dams, juvenile fish were out of the Snake River system 
by the end of June because of cooler temperatures in the fall and warmer 
temperatures in the spring. 

• In 1999, the TMT looked at 29 scenarios of when and how to use Dworshak 
water.  What appeared to be best was use of the water starting in July.  CRITFC 
would prefer that some of the cold water was available for September.  The 
review considered early release of water from Brownlee Reservoir; then 
Dworshak could be used from late July to mid September.  Paul reminded the 
meeting that the State of Idaho prefers to keep water at a maximum level until 
after July 4 for recreational purposes. 

• Paul indicated that use of a 2D model would be of interest for the TMT. 
• The meeting took a 5 minute break to start lunches. 
• In the Lower Snake River reach, Lower Granite Reservoir is considered the 

critical reach.  This past year, RBM10 was used to look at effects of releasing 
Dworshak water at alternate times.  This resulted in continuing to release 
Dworshak water in 2002 into the first three weeks of September.  At this time, 
there is minimal data to support releasing Dworshak water in September.  

• When the juvenile fish start to migrate, it is thought they see the slow velocities in 
the reservoirs, think they have arrived at the ocean.  It now takes many of the fish 
30 days to pass though Lower Granite Reservoir; now the juvenile fish have an 
unnatural delayed migration to the ocean relative to before dams were in the 
rivers. 

• It is thought that a 2D model would help manage Dworshak releases, determining 
when and how much to release.  TMT does not know at this time what depth to 
regulate temperatures to maximize fish passage.  It is hoped that by managing the 
release of Dworshak water better, the season of release could be extended into 
September.  It is known that adults do utilize cool water.  Fall Chinook are usually 
in the Snake River from late October to Early November. 

• Another concern is the hatchery on the Clearwater River.  The redesign of the 
hatchery may help some, however if Dworshak is drafted too low, only very cold 
warm water may be available. 

• Some results on juvenile fall Chinook survival to lower Granite Dam include the 
following:   

1993 – 8 percent survival 
1999 – 50 percent survival 
2001 – 21 percent survival 
2002 – 40 percent survival 

• Dworshak Reservoir usually fills with water, even on dry years.  98 percent of the 
time, Dworshak Reservoir has filled by July 1. 



A-7 

• The debate at TMT is usually when to start release, how much do we release, and 
do we hold water for September release. 

•  A worse case scenario is when the Snake River flow is low, discharge from 
Dworshak is higher, but the total discharge and downstream velocities in Lower 
Granite Reservoir are so low there is poor movement through the reservoir and 
loss in the reservoir is high. 

• There is still a lot of information that needs to be collected on how fish respond to 
cool water at depth.  If the fishery researchers had a better understanding of the 
thermal conditions, this may help them in their research.  TMT would like to 
know the cross sectional temperatures for all the lower Snake River.  The 
understanding that this group is obtaining needs to be explained to the TMT and 
what a 2D model could provide after calibration. 

• It was determined that the proposed 2D model would likely be used to look at 
several season long events and during the season to fine tune for extended release.  
Outputs would be needed at several specific points in different reservoirs.  TMT 
would manage first for Lower Granite Reservoir and second for the three lower 
reservoirs.  It is thought at this time that TMT would be willing to vary release of 
Dworshak water relative to meteorological forecasts. 

• Mark Schneider agreed to make copies of Paul’s slides and send them to 
attendees. 

• Tom Cole, USACE, ERDC, Waterways Experimental Station presented a 
summary of CE-QUAL-W2, version 3.1.  This is a 2D model, longitudinally and 
vertically, hydrodynamic model for streams and reservoirs.  It will simulate 
temperature, nutrients, algal growth, pH and dissolved oxygen.  It requires 128 
MB of memory and 1 GB or more of disc space. 

• The model will handle multiple algal groups, silica, carbonatious biochemical 
oxygen demand, bacteria, suspended sediment, dissolved gas and other water-
quality characteristics.  This model has been used in the Pacific Northwest on the 
Willamette, Columbia and Spokane Rivers and on the Columbia Slough. 

• The model can be as accurate as 0.5 oC for temperature.  Run times are about 24 
hours for one year of record with 10 to 30 second time steps for 100 miles of 
reach using a 2 GB computer.  It was estimated to take less than 30 minutes to do 
a 5 day simulation.  There is no post processor with the model, but commercial 
processors are available. 

• The model is more numerically difficult to initially calibrate (make stable) than 
reservoirs.  It uses a simplified description of wind sheltering and sediment heat 
exchange.  The model can be used to optimize of temperatures in the Snake River 
with different releases from Dworshak Reservoir. 

• It was suggested that early use of the model on the lower Snake River could 
identify the most sensitive parameters and use this information to finally design 
the data collection program. 

• Bathymetry of the Lower Granite Reservoir is currently good; some additional 
work would need to be done on the other reservoirs to have bathymetric data of 
similar quality.  However, previous models have shown a low sensitivity to 
bathymetry.  The model allows one to vary the grid size for bathymetry; it was 
suggested to start with a fine grid and make coarser over time. 
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• Rick Emmert has made Tom’s slides available on the web at 
ftp://ftp.nww.usace.army.mil/Outgoing/RPA143%201205021 

• The meeting took a 10 minute break at 1444. 
• Those in attendance and on the phone had a general discussion about whether we 

were ready to decide about the model.  The group did not see why the CEQUAL-
W2 model would not work.  The group also concluded that we need to inform 
TMT of what we know about the lower Snake River, we need to evaluate historic 
monitoring data relative to data collected in 2002 and what should be collected in 
the future and we should expect to learn more about how fish respond to cool 
water at depths in Lower Granite Reservoir. 

• One of the next tasks for this group will be to develop a report on model selection, 
data needs to support calibration of the model and key data to monitor the system 
and data to support short term model runs to optimize management of 
temperatures. 

• Next meeting is unscheduled at this time, but will be held in Portland and NOAA 
Fisheries office; let Rick know which date is best for you.  Agenda items include: 

Review report outline and timeline for completion, 
Determine how to link middle Snake River with lower Snake River 
Determine what input data is now available to calibrate and run the model, 
Determine what data should be collected to support model simulations in 

the future, and  
  Determine is we need more real-time data collection to allow short-term 

model runs. 
Attendance: 
Jim Irish  BPA 
John Piccininni BPA     
Mike Schneider USACE- The Dalles  
Rick Emmert  USACE-Walla Walla District 
Gene Spangrude USACE-Walla Walla District 
 
Stu McKenzie  USACE Contractor 
Joe Carroll  USACE Contractor 
Tom Cole  USACE- ERDC 
Paul Pickering  Washington Dept. of Ecology 
Jim Britton  USACE-Portland District 
 
Ben Cope  EPA 
Chris Cook  Battelle 
Marshal Richman  Battelle 
Mark Schneider NOAA Fisheries 
Dick Cassidy  USACE – Division 
 
Wendy Briner  USACE –Portland District 
Paul Wagner  NOAA Fisheries 
Garth Newton   Idaho Water Resources On phone 
Jamie Davis  Nez Perce Nation  On phone 
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RPA 143 Workgroup on Snake River Temperatures 
Final minutes – April 29, 2003 at Portland District COE office 

 
Discussion points 

• Rick Emmert, USACE, called the meeting to order at 0950.  All members 
introduced themselves (See list of workgroup present at end of minutes). 

• Ben Cope, EPA, indicated that the report needed more detail about the planned 
modeling effort.  There are elements of the CEQUALW2 model that can be 
spelled out now and because they will be needed by the model, would make the 
modeling effort more efficient.  Areas of concern include a) detailing available 
and needed bathymetry coverage, b) use of meteorological  data from one site 
(CEQUALW2 currently uses one set of data) or dividing the Lower Snake River  
into multiple reaches with different sources of meteorological data, c) establish  
relationships between water elevation and flow, and d) representing the outlet 
structures for Dworshak Dam.  It was agreed that this workgroup can and should 
provide these details for the modeling team. 

• John Piccininni, BPA, stated that Chris Cook was currently calibrating 
CEQUALW2 for the lower three pools of the Lower Snake River.  Chris Cook 
will be asked to report on his progress and recommendations for improving the 
model accuracy. 

• Mark Schneider, NOAA Fisheries, and Rick Emmert agreed that this workgroup 
needed to seek input from the Action Agencies, (USACE, USBOR and BPA) as 
well as EPA, States and Tribes, when defining specifics of the modeling effort 
and how the modeling effort will be accomplished; examples include using BPA 
contracting service, using the contracting service of some other agency, or one of 
the Action Agencies doing the effort in house.  It was agreed that the decision was 
not needed at this time and would not be part of this report.  When this report and 
its recommendations are completed, it will be presented to the Water Quality 
Team for review and then presented to the TMT (Technical Management Team) 
for implementation.  When TMT receives the report, we need to be prepared to 
identify the questions that TMT will be asking, showing how the model and 
associated monitoring effort will provide answers to these questions. 

• Jim Irish, BPA, reminded the group that as hydrologic conditions outside of 
current monitoring conditions occur, data will be needed to define the resulting 
conditions and to determine if the model is adequately accurate for these future 
conditions. 

• Rick Emmert indicated that a contract was in preparation to have someone 
summarize from the literature what is known about biota in the Lower Snake Rive 
and how water temperature is related to the behavior of fishes.  Currently Battelle 
and Normandeau Associates are interested in the contract; it is expected to be 
awarded in about one week and the first draft would be expected in 40 days with 
the final due within 15 days of receiving review comments.  This effort will be 
included as one of the appendices in the report. 

• Jim Irish asked if the report and all the appendices would be published or would 
only the plan or strategy be published and the rest of the report placed on a web 
site.  It was decided that the executive summary would be replaced with the plan 
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and strategy and that it would be 5 to 10 pages long; the complete report would 
likely have a limited number of copies printed and listed on a web site.  
Consideration would be given to having the appendices available on a web site. 

• Joe Carroll, USACE contractor (OA Systems, Inc.) presented his analysis of data 
collected in 2002 on the Lower Snake River.  His power point presentation 
included the questions that could be addressed by data collected in 2002, the 
objectives used to analyze the 2002 data, and the monitoring design used for 
2002.  The area studied included Dworshak Reservoir on the North Fork 
Clearwater River, lower 74 miles of the Clearwater River, and from River Mile 
229 on the Snake River to its mouth.  Joe reviewed where stations were located in 
this area. 

• Meteorological data included the National Weather Service site at Pasco and 
AgriMet sites (collected by the U.S. Bureau of Reclamation) on Dworshak pool 
(Dent Acres, ID), in Lower Granite pool (Silcott Island, WA), and near Little 
Goose Dam (Lake Bryan-Rice Bar, WA).  Silcott Island started collecting data on 
July 17, 2002 and the other AgriMet sites started April 20, 2002.  Comparison of 
the average temperature data showed Dent Acres, ID to be cooler than the other 
three sites; the lower three sites all had similar temperatures.  Pasco had higher 
daily wind speeds and higher peak wind speeds.  Ben Cope suggested that the 
NWS site at Lewiston ID should be looked at. 

• Analysis of discharge showed the Snake River dominating flows previous to June 
20 and from early July through mid September, the Clearwater and Snake River 
contributed about equal flows.  Dworshak releases decreased in late September 
making Snake River the dominant source of water in the four pools.  During the 
high flows in May and June, time of travel estimated for each of the pools was as 
low as 2 days but during July through mid September, travel times approached 18 
days for Little Goose and 12-14 days for the other three pools.  During the fall 
low flows, travel time through the four pools was approximately 60 days using 
volume/surface elevation data and assuming plug flow transport.  

• A review of precision and accuracy associated with instruments used in 2002 by 
the USACE indicated errors of less than plus or minus 0.2 oC.  Appendix G 
explains the methods and analyses used to determine this error.   

• Temperature in the South Fork Clearwater River at Kooskia and Clearwater River 
at Orofino had maximum values of 22 to 25 oC.  Diel temperature cycles ranged 
from 2 to 5 oC.  Sites downstream of the North Fork Clearwater River at 
Clearwater River at Peck and at Spalding peaked at around 15 oC with diel cycles 
of 1 to 2 oC.  A flow weighted average temperature using discharge and 
temperature from the Clearwater River at Orofino and DWQI site on the North 
Fork Clearwater River was 1.07 oC higher than the Clearwater River temperature 
at Peck.  This difference is probably caused by solar heating and from the low 
biased temperature measured at DWQI.  

• A review of the thermister string upstream of Dworshak Dam shows a 
thermocline extending to the 35 to 40 meter depth with gradients of up to 14 oC 
occurring and depths below 40 m remaining at 6 oC. 

• Analysis of data in the North Fork Clearwater River downstream of Dworshak 
Dam showed that site DWQI may be biased low by a small amount because the 
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river is not mixed at this point.  It is recommended that the thermister at his 
site be moved further into the stream; action has already been taken to follow 
this recommendation. 

• Water temperatures upstream of Lower Granite pool were above 20 oC the second 
week in July and remained elevated until mid September.  The Snake River at 
Anatone had peak temperatures of 22 to 25 oC with diel cycles of 1 to 2 oC.  There 
was a recorded 2 oC increase in temperature from RM 229 to RM 156 by Idaho 
Power Company recorders.  

• Lower Granite temperatures upstream of the forebay were a maximum of 25 oC at 
0.5 meter depth and surface heating never extended below a 5 meter depth.  
Differences between surface temperatures and 25 to 30 meter depths were up to 
6 oC with bottom temperatures remaining between 16 and 19 oC.  

• Little Goose temperatures upstream of the forebay showed some temperature 
gradients for 3 to 5 day periods starting in June and would break up or mix due to 
surface cooling or wind mixing.  Gradients from July though September of 2 to  
4 oC were present.  A maximum temperature of 25 oC was achieved at the 0.5 
meter depth with bottom temperatures remaining between 16 and 20 oC. 

• Lower Monumental temperatures upstream of the forebay indicated weak thermal 
gradients of 2 to 4 oC during June and mid July and 1 oC in late August.  
Maximum temperatures near the surface were 24 to 25 oC and bottom 
temperatures were 17 to 21 oC. 

• Ice Harbor temperatures upstream of the forebay were as high as 24 oC near the 
surface and between 18 and 22 oC near the bottom.  Thermal gradients over the 
depth of the pool were 1 to 2 oC for the summer season. 

• Comparison of FMSD (fixed monitoring station Data) for each project showed 
temporal pattern for the season that was very similar for all four projects.  
Another similar pattern was the higher temperatures at each of the forebay sites 
relative to the tailwater sites.  This pattern of high temperatures was shown to be 
influenced by wind conditions; when winds were high, the differences were less 
and when there was no wind, differences were greater.  Differences between 
forebay and tailwater sites were 2 to 4oC at Lower Granite and decreased at the 
downstream dams.  Diel variability ranged from 4 to 5oC at Lower Granite 
forebay to less than 2oC at Ice Harbor forebay and less than 1oC at the Ice Harbor 
tailwater site.  Review of the 2002 data shows the tailwater temperature 
measurements are representative of river conditions at these sites for each of the 
projects.  It was observed that a thermister about 1000 feet upstream of the 
forebay at 5 meter depth was often approximately equal to the tailwater 
temperature; it was also observed that an average of the temperatures over all 
recorded depths was about the same at the tailwater temperature, suggesting that 
the dam was pulling water from all depths as it passed through the dam.  It is 
recommended that the current fixed monitoring station forebay temperature 
site be replaced with a string of thermisters to be located sufficiently 
upstream of the dam face to accurately determine the incoming 
temperatures.  Recommended depths are 0.5, 1.5, 3, 5, 10 meters and then at 
5 meter intervals to within 1 meter of bottom.  It is also recommended that 
forebay and tailwater temperatures be recorded year around. 
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• There were three strings of thermisters upstream of the forebay in the cross 
section of each project.  One of the strings was near the exit of the fish ladders at 
three of the projects.  Other strings were located laterally across the river about 
1000 feet upstream of the forebays.  Joe calculated the average difference 
between thermister records at the same depth for two strings of the 2002 record; 
he then averaged the results for all depths where there were paired thermisters.  
These averaged differences between strings were less than 0.18oC.  These data 
indicate only minor bias associated with lateral positioning of stations.  It is 
interesting to note that all the strings near the fish ladder exits were warmer than 
the strings 1000 feet upstream of the dam face. 

• Viewing the temperatures measured in 2002 longitudinally from June through 
August for the reach Lewiston to the mouth of the Snake River shows a 1 to 3 oC 
warming trend.  Maximum temperatures in the Snake River at Anatone were 
frequently 2 oC higher than that recorded downstream at the projects; it has not 
been determined how much of this increase is due to tributary inflow.   

• The incomplete inflow mixing of waters from the Clearwater and Snake Rivers at 
Lewiston as well as the solar heating and mixing resulting from winds result in 
vertical gradients for the Lower Snake River that can best be represented by a 2-
dimensional habitat modeling.  If the purpose is to forecast average temperatures 
at some point downstream, then a 1-dimensional approach will work; a potential 
exception is Lower Granite pool which experiences some of the more extreme 
variability in thermal patters. 

• Joe concluded his presentation by listing all the hydrologic data he has assembled 
and its source, and indicated that he would make it available upon request on a 
CD. 

• The workgroup took a lunch break from 12:10 to 1:20 pm. 
• Joe Carroll presented his recommendations for data collection 2003 and 2004.  He 

felt that two years of data were needed to meet the objectives of RPA 143 and to 
measure hydrologic changes that occur from year to year.  There is a need to 
continue to manage a data base of all hydrologic data being collected in this 
reach; Joe indicated that he will be doing this effort over the next two years, but 
some long-term solution for managing the data base is needed beyond 2004.  

• Joe identified as a low priority the collection of additional bathymetric cross 
section data until it can be shown that additional data would help the modeling 
effort.  The relation between elevation of water surface and water velocities is 
fairly well known at this time.  There are currently some thermal imagery results 
available from Battelle and the decision to collect more should wait until the 
needs has been identified. 

• Monitoring that is high priority and should be continued includes the following: 
a. The COE should continue fixed station monitoring, with tailwater sites 

remaining as is; forebay sites should be moved about 1000 feet upstream of 
the dam face with a thermister string and with real time data available. 

b. Battelle will continue its data collection program in the Lower Granite pool. 
c. The COE should establish thermister strings at a mid point longitudinally in 

the lower three pools. Dave Bennett will not be collecting these data in 2003 
or 2004 because he is retiring from the University of Idaho. 
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d. A thermister should be located at the draft tube deck and used to measure 
mixed temperature conditions from the turbines. 

e. COE will continue to use thermisters to measure temperatures of tributaries 
inflows to the Lower Snake River. 

f. COE, Walla Walla District, should continue to collect operational data at each 
of the projects at 15 minute intervals, rather than the 5 minute data collected 
in 2002. 

g. COE, Walla Walla District, should review historic and current data on inflow 
to Dworshak Reservoir with the possibility of gauging additional inflows. 

h. BPA should continue funding meteorological data collection, with the 
possibility of adding a long wave sensor or some other method of measuring 
cloud cover.  COE, Walla Walla District should consider setting up some 
wind speed and direction sensors at points along the Lower Snake River.  It is 
believed that there are now anemometers at each of the dams and dam 
operators record values at some unknown time interval.   

i. Joe will continue to collect and manage the data base for 2003 and 2004.  
USACE has decided to store sample data for single points in time in 
STORET.  Continuous data is now stored in CROHMs; CROHMs will be 
replaced with SWMS. 

j. Idaho DEQ will continue to place thermisters in tributaries and the Snake 
River.  Idaho DEQ currently has identified 8 sites. 

k. Idaho Power Company will continue to measure water temperature at multiple 
sites between Hells Canyon Dam and Asotin. 

• It was agreed that when the strategy is forwarded to the TMT, this workgroup 
needs to identify a road map for supporting real time data collection and how the 
data and modeling results will be used to manage the Lower Snake River.    

• The report needs to reflect the change in geographic boundaries of RPA 143 from 
Hells Canyon Complex on the Snake River to Bonneville Dam on the Columbia 
River.  The workgroup changed the downstream boundary to the mouth of the 
Snake River.  The upstream boundary (Hells Canyon Dam or Snake River at 
Anatone) will be discussed later by the workgroup. 

• The following suggestions were provided on the existing draft: 
a. Increase table 1 showing the existence of high water temperatures in the 

Lower Snake River 
b. Summarize flow conditions for the Lower Snake River Basin during the 2002 

season; 
c. Washington State Water Temperature Standard is 20 oC; 
d. Section 2.2.1 – add information about ongoing monitoring, including when 

data collection began and where are the sites located; 
e. Section 2.2.2 – Add when monitoring of meteorological data began and what 

parameters are being collected; 
f. Section 2.1 – Summarize material to emphasize what was done with post 

modeling studies; 
g. Describe Dworshak operation conditions during the 2002 season relative to 

other years; 
h. Add information about fish ladder information and what it means; 
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i. Consider organizing section 3 by reaches; 
j. Document the change in geographic scope for RPA 143; 
k. Add reference to TMDL that is ongoing in the Lower Snake River; This 

strategy will need to incorporate the points of compliance listed in the TMDL 
and the ongoing monitoring plan will need to be compatible with the TMDL 
implementation plan. 

l. Change title to “Water Temperature Modeling and Data Collection Plan for 
Lower Snake River Basin”; 

m. Ben Cope will provide some material describing model development 
recommendations; and 

n. A Plan and Strategy section will replace the Executive Summary in the report. 
Reviewers were asked to provide specific changes within one week to Rick, Joe and 
Stu. 
• The workgroup agreed to meet June 12.  Rick Emmert will send agenda to 

workgroup members.  Potential items on the agenda for the next meeting are as 
follows: 
a. How agencies will participate when developing the model; 
b. How agencies will implement model development; 
c. Review white paper summarizing biology of the Lower Snake River (40+ 

days away); 
d.  Review revisions to the final RPA 143 report; 
e. Develop an outline for the Plan and Strategy to be presented to TMT; 
f. Ben to present material describing model development recommendations; 
g. Chris Cook to report on progress in understanding Lower Granite flows and 

temperatures and modeling of the lower three pools; 
h. Discuss upper boundary to the Plan and Strategy on the Snake River; and 
i. Review information about adding long-wave radiation to meteorological sites. 

• Meeting adjourned at 3:50 pm. 
 
Attendance at April 29, 2003 RPA 143 meeting 
Name  Agency  Telephone Email 
Steve Juul Walla Walla COE District 509-527-7281 Steve.T.Juul@usace.army.mil 
Rick Emmert Walla Walla COE District 509-527-7536 Rick.L.Emmert@usace.army.mil 
Joe Carroll OA Systems  541-980-5584 JCarroll@Gorge.Net 
Mark Schneider NOAA Fisheries  503-231-2306 mark.schneider@noaa.gov 
Ben Cope EPA   206-553-1442 cope.ben@epa.gov 
Mike Schneider CE-ERDC-CHC  541-298-6872
 Michael.I.Schneider@nwp01.usace.army.mil 
Jim Britton Portland COE District 503-808-4888 James.L.Britton@nwp01.army.mil 
Nick Beer U. of Washington  206-221-3708 nickbeer@u.washington.edu 
Jim Irish  BPA   503-230-5914 jtirish@bpa.gov 
Carolyn Schneider  CE-ERDC-EL  541-298-6885
 Carolyn.b.schneider@nwp01.usace.army.mil 
John Piccininni BPA   503-230-7641 jppiccininni@bpa.gov 
Arthur Armour Portland COE District 503-808-4833 arthur.armour@nwp01.usace.army.mil 
Stu McKenzie OA Systems  503-658-6824 stumckenzie@msn.com 
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RPA 143 Workgroup on Snake River Temperatures 
Minutes – June 12, 2003 at The Dalles 

 
Discussion points 

• Joe Carroll started the meeting at10:15 since Rick Emmert was held up because of 
an accident ahead of him on the road from Walla Walla to The Dalles.   

• Joe asked each attendee to introduce themselves and indicate who they 
represented. 

• Joe reviewed the agenda with the workgroup.  
• There were no changes to the minutes for the April 29th meeting. 
• Chris Cook reviewed the sampling program and data results of the Battelle 

(PNNL) study.  This study includes the Lower Granite pool, where the Clearwater 
River water flows upstream along the bottom of the Snake River, and backwater 
from the Lower Granite into the Clearwater River.  Chris handed out a copy of the 
results from the first year’s study.  The study is planned to continue for the next 
two years for a total of three years with BPA funding. 

•   The data program has included data collected by Joe Carroll and the USGS 
(Biological Division).  Bathymetry data collected included a reach from River 
Mile (RM) 4 on the Clearwater River, head of Lower Granite pool in the Snake 
River, and downstream on the Snake River to RM 143; this reach had an accuracy 
of plus or minus 2 feet.  The rest of the Lower Granite pool was completed with a 
second method and had an accuracy of plus or minus 5 feet.  Eleven temperature 
logging sites were used by PNNL and USGS where cross section temperatures 
were also taken; 14 foot subsurface buoys or bridges and anchors were used to 
keep the thermister springs in place.  Upstream sites on the Snake and Clearwater 
Rivers had uniform temperatures over depth.  Water velocities were measured 
using an acoustic velocity meter providing 52 velocity values in the cross section 
for each of the 13 transects.  Plans for 2003 are to collect more information on 
how water moves at the plunge point (confluence of Coldwater River).  

• Chris presented results of the data and indicated their progress and problems 
associated with a 3-D model of Lower Granite Pool and a 2-D model from 
Anatone to the Snake River mouth.  Several workgroup members had questions 
and suggestions.  On April 14, 2002, the Clearwater River was 1.5 oC cooler than 
the Snake River and the two rivers were moving as two parallel streams in the 
Snake River downstream of the confluence of the Clearwater River.  On July 21, 
the Clearwater River was 10 oC cooler and the cool Clearwater River water was 
plunging to the bottom of the Snake River.  There is a small stream, estimated 25 
cfs on April 4, from the Potlach plant at the Clearwater River mouth that can be 
quite warm.  Modeling results with the 3-D model show a need to improve on the 
balance between upstream and downstream discharge values. 

• Use of the CE Qual-W2 model takes about 15 minutes.  This model is using the 
bathymetry data from MASS1 model used previously on this reach.  Cells are 1 
mi long and 1 meter deep. 
1.  In Lower Granite pool, the mass balance of water is 5 to 9 percent off between  

the model and control manual.  Hourly discharge and temperatures from 
tributaries were used.  Meteorological data was taken from Rice Bar 
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AgriMet station.  The model seemed to be under-predicting the water 
temperatures.  It was not known if the total flows on the Corps web site 
included fish ladders, locks, juvenile by-passes and evaporation.  There 
are plans to conduct sensitivity tests.  The differences in mass balance are 
thought to not affect the simulated temperature results. 

2.  Little Goose pool had comparable simulated and measured temperatures.  It  
was suggested that PNNL look at the amount of heating that occurs in the 
pool.  Data from Joe Carroll was used to test the results of this reach.  
Lower Monumental and Ice Harbor pools had similar results.  At this time, 
each pool is run separately; it was suggested that the four pools need to be 
connected so that the simulated output of one pool becomes the input for 
the downstream pool.  

• For 2003, similar temperature data will be collected, starting the week of April 26.  
On May 14-16 and August 11 and 25, 15 cross sections will have velocity 
measurements in triplicate.  This will include additional cross sections at the 
Clearwater River confluence and plunge area.  There will be additional work done 
using CE-QUAL-W2 and the 3-D model.  Chris handed out a report on their 2002 
work.  Plans are to place the report on the Fish and Wildlife web site.  Basic data 
are on the streamnet web site. 

• At 12:05 pm, the workgroup took a lunch break. 
• Chris finished his presentation by saying the 2nd year would emphasize data 

collection and calibration of the models.  The 3rd year would try at placing 
biology into the 3-D model using fish tracking data.  Billy Connor and Ken Tiffan 
want to see if the model can help explain the holdback associated with fish.  BPA 
indicated that the third year of funding is in some level of question for this 
province of the Columbia River Basin. 

• Ben Cope reviewed Section five of the report on model development that he had 
prepared.  The approach and method that Ben showed was well received with 
some corrections suggested by workgroup members.  Ben was asked to change 
from 4 phases of development to three phases.  Phase 3 would be needed if 
Brownlee Dam were able to change its operation.  It was suggested that modelers 
should first do a sensitivity analysis before completing the last phase.  The model 
would be able to use hourly data, but daily values may answer many of the 
questions.  Scales were suggested to be 1 or 0.5 miles longitudinally and 1 to 2 
meters vertically.  In areas of special study, such as dam forebays, other scales 
may be needed.  Ben reviewed other issues, likely assumptions and calibration 
questions concerning the model. 

• Joe Carroll presented some material on discharges of the Snake River at Hells 
Canyon Dam and tributaries that made up the Lower Snake River for 2002.  This 
analysis showed the Snake River discharge upstream of the Clearwater River 
being dominated by Snake River at Hells Canyon and Salmon River in June and 
July and by Hells Canyon in August and September.  Joe also showed water 
temperatures for 2002 for the Snake River reach from Hells Canyon Dam to RM 
156 plus the Salmon River.  Results for July 2002 showed an average 0.6 oC 
warming from Hells Canyon to upstream of Salmon River, 0.9 oC warming from 
upstream of Salmon River to RM 180, and 0.9 oC warming from RM 180 to RM 
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150 (headwater of Lower Granite pool).  Heating in the Clearwater River from 
Dworshak to PEKI site was calculated to be 0.7 oC, and to LEWI at Lewiston to 
be 1.2oC.  Heating in Lower Granite pool was calculated to be 0.9 oC and 0.9, 0.5 
and 0.9oC in the next three pools downstream.  Joe cautioned that the travel time 
for RM 229 to RM 150 on the Snake River is 1 to 2 days, 12 hours on the 
Clearwater River and up to 20 days on the Lower Snake River.  Joe will be adding 
some of this material to section three of the report. 

• Rick Emmert led the workgroup in reviewing the executive summary.  It was 
decided to prepare a draft of the executive summary for the Water Quality Team 
to review in August.  Joe Carroll is to add information of monitoring.  Ben Cope 
will prepare information on the three phases of model development. 

• Rick then asked for comments on the main report.  The workgroup asked for table 
1.1 to be expanded to include Ice Harbor tailwater data, add a section explaining 
the TMDL activity and add the source of data in the table.  Stu McKenzie is to 
obtain a summary of biological monitoring in 2002.  Mark Schneider is to 
research the geographic boundaries of Lower and Middle Snake River that most 
agencies are using; this will be added to the report.  Stu McKenzie is to write 
section 7 on the summary, using information from the executive summary. 

• Rick Emmert is to determine when the paper summarizing what is known about 
the biology in the Lower Snake River will be available for review.  This paper 
will be sent to all workgroup members, who will have 10 days to provide review 
comments to Rick.  The authors will then provide a final report.  Stu McKenzie 
will place the report in the appendix, place a summary of the biological paper in 
the body of the RPA 143 report and review the main report to make sure the two 
reports are compatible. 

• Ben Cope will provide an updated version of Section 5 on Modeling.  Ben and 
Chris Cook will provide information on references.  Chris Cook will provide 
information on temperature data collected in 2002.  Stu McKenzie is to make sure 
the reference to Battelle uses the acronym PNNL.  Joe Carroll is to look into 
finding someone that can provide an editorial review of the report. 

• The meeting adjourned at 3:45 pm. 
   

The following list of items was identified at the June 12 meeting to complete the RPA 
143 report on Snake River Temperatures.  Please send requested material to Rick 
Emmert, Joe Carroll and Stu McKenzie. 
  

• Joe Carroll – Furnish material for executive summary on data collection 
• Joe Carroll – Add to section 3 on presentations made at June 12 meeting 
• Joe Carroll – Look into providing an editor to review the report 
• Mark Schneider – Determine correct terminology for Snake River from Brownlee 

Reservoir to Anatone 
• Stu McKenzie – Get material on biological monitoring from Billy Connor 

(Section 2.3) 
• Stu McKenzie --  Place summary of biological paper in text (section 1.2) 
• Stu McKenzie – Add source of temperature data in section 1.3 
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• Stu McKenzie – Add temperature data for Ice Harbor tailwater site for period of 
record to section 1.3 

• Stu McKenzie – Write section 7 (Summary) from executive summary, add info on 
funding limitations drive schedule 

• Stu McKenzie – See that RPA 143 report is compatible with bio paper 
• Stu McKenzie – Do search in RPA 143 report and change Battelle to PNNL 

(Pacific Northwest National Laboratory) 
• Ben Cope – Provide update on section 4, Model Development from meeting 

discussion 
• Ben Cope – Provide information on TMDL for section 1.3 
• Ben Cope – Provide information on three phases for executive summary 
• Ben Cope – Provide information for References  
• Chris Cook – Provide information for References  
• Chris Cook – Provide information for temperature table  
• Rick Emmert – Determine when biological paper will be available for review.  

Paper should be out for review after June 20 
• Marvin Shutters – Send out biological paper for review to workgroup members 

soon after June 20 
• All workgroup members – Provide review comments on biological paper to 

Marvin Shutters within 10 days after receiving for review 
• Meeting was adjourned at 3:45 pm. 
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Appendix B  

 
 

Summary of Water-Quality Questions 
 
 

 
The following is a summary of water-quality questions that were identified by the 

RPA workgroup that were of high priority and should be addressed with a model and 
data collection program. 
1. What is the temperature pattern for Lower Granite reservoir when stratified 

with release of cold water from Dworshak Dam?  How does this stratification 
change with different temperatures and flows in the Clearwater and Snake Rivers?  
What are the temperature and velocity profiles in the reservoir when 
stratified?  How do these profiles change in time?  

2. What is the time delay and magnitude of effects when Dworshak Reservoir 
releases cool water?  During seasons and flow conditions of interest?  For 
different lake stages and temperature releases of interest?  At each Snake River 
fixed monitoring station? 

      3.   Can a “smarter” release scheme for Dworshak be developed that optimizes 
cold water usage and achieves more desirable downstream temperatures in the 
Snake River? 

      4.   What are the limiting factors controlling the amount of water and temperature of 
water from Dworshak Reservoir after the initial release and after cool water 
releases are discontinued?  Is the amount of water for the amount of cold water 
more limiting?  Could day-to-day changes in flows and temperatures extend the 
effects of Dworshak Reservoir on the Snake River? 

5. How can management a) meet maximum temperature criteria in the Snake River,  
b) meet minimum temperature guidelines in the Clearwater River, and c) minimize  
differences upstream and downstream of the North Fork Clearwater River in 
the Clearwater River? 

     6.   What are the potential benefits of using real-time ambient conditions  
(e.g., meteorology, water temperatures, river flow) to manage daily operations at 
Dworshak? 

7. How do the cooled waters from Lower Granite Dam pass through the three lower  
Reservoirs?  Is there a management alternative to influence the temperature in  
downstream reaches? 

8. Can release of water from Brownlee Dam affect water temperatures in the Lower  
Granite Dam to Snake River to mouth reach?  For all seasons, flows and  
temperatures of interest?  How far downstream?  What is the magnitude of the 
temperature change?  What is the optimum balance between Brownlee and  
Dworshak augmentation for the fish?  How do operational options affect water 
temperatures in the Snake River? 
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9. What are the meteorological effect (wind, solar radiation, and humidity) on 
stratification, temperatures and velocities in the Snake River reservoirs? 

10. How representative are the current fixed temperature stations of river conditions? 
During augmentation from Dworshak Reservoir?  For the Snake River from 
Brownlee Reservoir to Snake River mouth?  At tributaries when used as 
boundaries for numerical models? 

11. How are operational decisions complying with the implementation plan from the 
Snake River TMDL? 



 
 
 

 

APPENDIX C 

Biological Effects of Snake River 
Thermal Regimes on Endangered Species 

in the Lower Snake River 



 

BIOLOGICAL EFFECTS OF SNAKE RIVER 
THERMAL REGIMES ON ENDANGERED SPECIES 

IN THE LOWER SNAKE RIVER 
 
 

Prepared for 
US ARMY CORPS OF ENGINEERS 

WALLA WALLA DISTRICT 
Walla Walla, Washington 99362 

 
 

Prepared by 
NORMANDEAU ASSOCIATES, INC. 

25 Nashua Road 
Bedford, NH 03110 

 
 

Dr. David Bennett 
Dr. Christopher Peery 

College of Natural Resources 
Department of Fish and Wildlife Resources 

University of Idaho 
Moscow, Idaho 

 
 
 

P-18880.007 
 

September 2003 



SNAKE RIVER ENDANGERED SPECIES WHITE PAPER 
 
 
 

Appendix C Biological Effects of Snake River Thermal Regimes on Endangered Species in 
the Lower Snake River 10/05/03 II NORMANDEAU ASSOCIATES, INC. 

Executive Summary 
Threats to anadromous Pacific salmonid (Oncorhynchus spp.) stocks in the Columbia Basin 

from human development activities began over a century ago. Intense fishing, irrigation dams and 
water diversions, land management activities such as mining, logging, and cattle grazing, and 
hydoelectrical power development all have adversely affected Pacific salmonids (Lichatowich 1999). 
Numerous salmonid stocks went extinct as a result of stream blockage and degraded habitat (Nehlsen 
et al. 1991) whereas others continue to slowly decline. Snake River stocks, the largest contributing 
tributary to the Columbia River (Hassemer et al.1997), declined seriously in the mid 1970s. In 1992, 
the National Marine Fisheries Service (NOAA Fisheries) listed under the Endangered Species Act of 
1972 the Snake River sockeye salmon (O. nerka-1991) followed by listing (1992) of spring and 
summer Chinook salmon (O. tshawytscha) and fall Chinook salmon (NMFS 1992).  Most recently, 
steelhead (O. mykiss) was listed in 1998 (NMFS 1998). 

In response to the listing, NOAA Fisheries, the federal agency responsible for enforcement of 
the Endangered Species Act of 1972 for anadromous Pacific salmonids, issued the Biological Opinion 
(BIOP) for operations of the Federal Hydroelectric Power System on the Columbia River (NMFS 
2000). In the BIOP, the Reasonable and Prudent Alternative section contained measure No.143 that 
directed “The Action Agencies shall develop and coordinate with NOAA Fisheries and the 
Environmental Protection Agency (EPA) on a plan to model the water temperature effects of 
alternative Snake River operations. The geographic area currently encompassed by measure No. 143 
is from Dworshak Dam on the North Fork Clearwater River and on the Snake River from Hells 
Canyon Dam downstream to Bonneville Dam on the lower Columbia River although the current 
implementation efforts of measure No. 143 are focused on the lower Snake River.  

Concern over elevated temperatures impacting the upstream migration of fall Chinook 
salmon and steelhead in August 1990 was directed from the Fish Passage Center, acting on behalf of 
the fishery agencies, and Indian tribes, who requested flow augmentation through the lower Snake 
River. The US Army Corps of Engineers through their Reservoir Control Center responded by 
increasing flow to full powerhouse capacity from Dworshak Reservoir, beginning September 4, 1990 
(Karr et al. 1992). Water was released for 17 days and a total volume of 320 Kacre-feet reduced water 
temperatures in the Clearwater River and moved downstream to Lower Granite Dam as a density 
current under the warmer water. Promising results of decreasing water temperatures at Lower Granite 
Dam led to monitoring studies of the dynamics of higher flows and colder water in the lower Snake 
River. Since then, timed cold water releases from Dworshak Reservoir and increased flows from the 
middle Snake River reservoirs have been used earlier in the summer to benefit juvenile fall Chinook 
salmon (Connor et al. 1998; 2000).  Questions continue however, as to which stocks and life history 
stages are the most at risk from high water temperatures. Consequently, the purpose of this white 
paper is to assess the utility of flow augmentation through cool water releases for river temperature 
management and ESA listed fishes, examine timing of those releases and assess benefits and 
liabilities to the overall lower Snake River ecosystem.  

Specific objectives were: 

1. To conduct and compile a literature review on effects of water temperature on life history 
stages of Chinook salmon Oncorhynchus tshawytscha and steelhead O. mykiss; 
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2. To identify the most sensitive ESA listed salmonid stocks and life stages to water 
temperature patterns and extremes characteristic of the Snake River, from Hells Canyon 
Dam downstream to the confluence with the Columbia River and including the 
Clearwater River from Dworshak Dam downstream to its confluence with the Snake 
River; 

3. To identify the life stages of the affected ESA listed species and examine the critical 
months and seasons or timing for operational actions to alter or control water 
temperatures to maximize biological benefit; and,  

4. To identify the three dimensional distribution of adult and juvenile anadromous 
salmonids passing through the Snake River corridor with emphasis on Lower Granite 
Reservoir and if possible, correlate fish locations with water temperature. 

 
Numerous literature surveys have been conducted on effects of temperature on the life cycle 

of Pacific salmon (see McCullough 1999; Brown 1976; Schuytema 1969) and a myriad of other 
literature not summarized in these literature surveys (Appendix 1). Much of this information has been 
obtained from controlled laboratory studies although few field studies have been conducted and 
results have generally not been applied to thermal conditions in the lower Snake River. Often 
literature sources that have established a paradigm may be based on small sample sizes.  

We examined the various stages of the life cycle (smolt and adult steelhead, smolt and adult 
spring and summer Chinook salmon, and sockeye salmon and egg, embryo, parr, smolt, and adult fall 
Chinook salmon) of ESA listed anadromous salmonids in the Snake River, from Hells Canyon Dam 
downstream to the confluence with the Columbia River and including the Clearwater River from 
Dworshak Dam downstream to its confluence with the Snake River.   

Spring and summer Chinook salmon smolts, migrating mostly as yearlings and steelhead 
migrate sufficiently early that water temperature does not pose a direct risk to the bulk of the run. 
Published survival models corroborate this interpretation. However, the middle 80% of the listed 
juvenile sockeye salmon in 1997 extended to early September which exposed 6.7% of the run to 
waters >20°C. These water temperatures are >5°C higher than those identified to affect juvenile 
sockeye salmon migrations (Brett et al. 1958). The smolt index data suggest that fall Chinook salmon 
juveniles are the latest migrators and potentially the most affected stock of ESA listed salmonid fishes 
to potentially deleterious existing thermal conditions in the lower Snake River. Altered life history 
patterns have been reported as a result of environmental changes in their rearing environment. The 
altered life history patterns have placed the juvenile fall Chinook salmon in a condition of migrating 
later in the year at a time when water temperatures are warmer. During the 4 years examined, 
representing recent high and low flow years, mean scrollcase  water temperatures were at or exceeded 
18°C - 20°C, for three of those years. Also, the proportion of the total run of wild fall Chinook 
salmon juveniles exposed to water temperatures >20°C was higher than 28%. Temperatures near 
23°C (± 1.08°C; Baker et al. (1995) have been reportedly lethal to 50% of marked hatchery released 
fish in the Sacramento River, California. In addition, moderately strong correlative evidence has been 
developed that demonstrates flow augmentation to reduce water temperatures can increase survival of 
juvenile fall Chinook salmon in the lower Snake River system (Connor et al. 1998, 2003b). Survival 
models demonstrate the importance of temperature either directly affecting survival or indirectly by 
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affecting migration dates and body size, factors found to be highly associated with water temperature.  
Additional studies should be conducted to more fully evaluate current survival models and more fully 
evaluate the role of cooler water temperatures in improving survival of juvenile fall Chinook salmon. 
At present, however, the available literature strongly supports use of flow augmentation with its 
attendant cooler water temperature to benefit downstream migrating fall Chinook salmon. 

For adults, spring and most summer Chinook salmon have the least impact from warm water 
conditions in the lower Snake River, while fall Chinook salmon and steelhead have the greatest 
potential exposure to warm water temperatures.  However, since fall Chinook salmon are obligate 
migrants, and because the predominate pattern is for warm water conditions to persist later in the fall 
than historically occurred, fall Chinook salmon adults would appear to be at greater risk for incurring 
potential temperature related impacts while migrating through the lower Snake River.  This 
conclusion is supported by analyses of telemetry data for adult fall Chinook salmon and steelhead 
migrating through the lower Columbia River by High (2002) and Goniea (2002).  They found that, 
although members from both runs enter tributary streams during summer, steelhead that use the cool-
water refugia realized a survival advantage, while fall Chinook salmon that increasingly delay their 
migration to use the same refugia experience reduced escapement to spawning areas.  Historically, 
use of cool water refugia incurred an evolutionarily derived survival advantage to both species, but 
under current temperature conditions, extended delays to adult fall Chinook salmon migrants 
represent a survival risk.  Sockeye salmon pose a particular concern with respect to elevated water 
temperatures.  Although the bulk of the sockeye salmon pass though the lower Snake River prior to 
peak temperatures, their lower perceived tolerance to warm water conditions, relative to Chinook 
salmon and steelhead, and the remnant size of the Snake River run, place adult sockeye salmon in a 
precarious position.  An extreme weather year, with early warming of the river in later spring, could 
significantly affect the reproductive success for sockeye salmon.   

The following recommendations were developed: 

1. The literature suggests that flow augmentation to decrease water temperatures would 
afford limited benefit to ESA listed spring and summer Chinook salmon and steelhead. 

2. Flow augmentation to decrease water temperatures in the lower Snake River have the 
potential to enhance survival of out-migrating subyearling Chinook salmon. Field data 
combined with modeling provide the strongest scientific evidence for use of flow 
augmentation to decrease water temperatures to enhance survival of subyearling Chinook 
salmon. Flow augmentation to enhance the thermal environment for juvenile fall Chinook 
salmon might benefit late out-migrating sockeye salmon and probably upstream 
migrating adult summer Chinook and sockeye salmon. 

3. Because of limited volume in upstream sources, flow augmentation to decrease water 
temperatures in August and early September have limited potential to significantly reduce 
temperatures in lower Snake River reservoirs. One study showed a 1°C decrease in 
summer water temperature (1991) at Ice Harbor Dam. Consequently, most benefits 
accrue to adults that would be mostly migrating through Lower Granite Reservoir. Late 
summer timing of flow augmentation to reduce water temperatures would benefit adult 
fall Chinook salmon and adult steelhead once in Lower Granite Reservoir.  Effects of the 
releases from Dworshak Reservoir at the end of summer (late August–mid September) 
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should be investigated to facilitate natural cooling patterns for the lower river. Such 
investigations should focus on effects of temperature exposures on survival to spawning 
areas and reproductive success.  Specifically, what are delayed effects of exposure to 
warm water temperatures on spawning success and gamete quality? 

4. Although results are not conclusive, the best scientific information suggests that properly 
timed flow augmentation with its attendant cooler water temperatures can improve 
juvenile survival. Current models developed to predict fall Chinook salmon survival 
could be improved with larger data sets and greater variation among years.  
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Appendix Table 2. Relationship between date and temperature for yearling and subyearling 

Chinook salmon, sockeye, and steelhead migrants passed Lower Granite 
Dam during two low flow years (1992, 1994) and two high flow years 
(1993, 1997). Numbers below each of the flow years refer to proportion 
of run passed Lower Granite Dam (e.g., 25-25% of run). 
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1.0 Introduction 
Threats to anadromous Pacific salmonid (Oncorhynchus spp.) stocks in the Columbia Basin 

from human development activities began over a century ago. Intense fishing, irrigation dams and 
water diversions, land management activities such as mining, logging, and cattle grazing, and 
hydoelectrical power development all have adversely affected Pacific salmonids (Lichatowich 1999). 
Numerous salmonid stocks went extinct as a result of stream blockage and degraded habitat (Nehlsen 
et al. 1991) whereas others continue to slowly decline. Snake River stocks, the largest contributing 
tributary to the Columbia River (Hassemer et al.1997), declined seriously in the mid 1970s. In 1992, 
the National Marine Fisheries Service (NOAA Fisheries) listed under the Endangered Species Act of 
1972 the Snake River sockeye salmon (O. nerka-1991) followed by listing (1992) of spring and 
summer Chinook salmon (O. tshawytscha) and fall Chinook salmon (NMFS 1992).  Most recently, 
steelhead (O. mykiss) was listed in 1998 (NMFS 1998). 

In response to the listing, NOAA Fisheries, the federal agency responsible for enforcement of 
the Endangered Species Act of 1972 for anadromous Pacific salmonids, issued the Biological Opinion 
(BIOP) for operations of the Federal Hydroelectric Power System on the Columbia River (NMFS 
2000). The BIOP covers numerous areas to enhance salmonid fish recovery. One goal of the BIOP is 
to optimize water temperatures for anadromous salmonid and resident fishes. In the BIOP, the 
Reasonable and Prudent Alternative section contained measure No.143 that directed “The Action 
Agencies shall develop and coordinate with NOAA Fisheries and the Environmental Protection 
Agency (EPA) on a plan to model the water temperature effects of alternative Snake River operations. 
The modeling plan shall include a temperature data collection strategy developed in consultation with 
EPA, NOAA Fisheries and state and Tribal water quality agencies. The data collection strategy shall 
be sufficient to develop and operate the model and to document the effects of project operations.” The 
geographic area currently encompassed by measure No. 143 is from Dworshak Dam on the North 
Fork Clearwater River and on the Snake River from Hells Canyon Dam downstream to Bonneville 
Dam on the lower Columbia River. The current implementation efforts of measure 143, however, are 
focused on the lower Snake River (Figure 1). The concern for this measure has been stated for many 
years as water temperatures in the Snake River have often exceeded temperatures considered stressful 
for salmonids. 

Widespread concern over elevated temperatures impacting the upstream migration of fall 
Chinook salmon and steelhead in August 1990 was directed from the Fish Passage Center, acting on 
behalf of the fishery agencies, and Indian tribes, who requested flow augmentation through the lower 
Snake River. The US Army Corps of Engineers through their Reservoir Control Center responded by 
increasing flow to full powerhouse capacity from Dworshak Reservoir, beginning September 4, 1990 
(Karr et al. 1992). Water was released for 17 days and a total volume of 320 Kacrefeet reduced water 
temperatures in the Clearwater River and moved downstream to Lower Granite Dam as a density 
current under the warmer water. These releases “show considerable promise in achieving meaningful 
habitat improvements for the river’s vital fish runs…” (Karr et al. 1992). Flow augmentation was 
continued in 1991 when water temperature and velocity characteristics of experimental releases were 
evaluated. Data showed a combination of higher flows and colder water, if started sooner and 
sustained longer, resulted in more complete mixing of the colder water through most of the lower 
Snake River (Karr et al. 1992). Since then, timed cold water releases from Dworshak Reservoir and 
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increased flows from the middle Snake River reservoirs, have been used earlier in the summer to 
benefit juvenile fall Chinook salmon (Connor et al. 1998, 2000).  Questions continue however, as to 
which stocks and life history stages are the most at risk from high water temperatures. Consequently, 
the purpose of this white paper is to assess the utility of flow augmentation through cool water 
releases for river temperature management and  ESA listed fishes, examine timing of those releases 
and assess benefits and liabilities to the overall lower Snake River ecosystem.  

Specific objectives were: 

1. To conduct and compile a literature review on effects of water temperature on life history 
stages of Chinook salmon Oncorhynchus tshawytscha and steelhead O. mykiss; 

2. To identify the most sensitive ESA listed salmonid stocks and life stages to water 
temperature patterns and extremes characteristic of the Snake River, from Hells Canyon 
Dam downstream to the confluence with the Columbia River and including the 
Clearwater River from Dworshak Dam downstream to its confluence with the Snake 
River; 

3. To identify the life stages of the affected ESA listed species and examine the critical 
months and seasons or timing for operational actions to alter or control water 
temperatures to maximize biological benefit; and,  

4. To identify the three dimensional distribution of adult and juvenile anadromous 
salmonids passing through the Snake River corridor with emphasis on Lower Granite 
Reservoir and if possible, correlate fish locations with water temperature. 

2.0 Study Area 
The area of concern for this white paper is the Snake River, from Hells Canyon Dam 

downstream to the confluence with the Columbia River and including the Clearwater River from 
Dworshak Dam downstream to its confluence with the Snake River (Figure 1). The section of the 
Snake River from Hells Canyon downstream to Lower Granite Dam and upstream in the Clearwater 
River to the confluence with the North Fork Clearwater River has been described by Connor et al. 
(2003a; 2003b). Muir et al. (2001) provided a description of the structural, fish collection and bypass 
systems from Lower Granite Dam downstream to the confluence with the Columbia River. 
Temperatures have been monitored throughout the lower Snake River annually during the warmer 
months generally from 1991 through 2002 (Karr et al. 1992; Bennett et al. 1997a, 1997b, 1997c, 
unpublished data). Peak water temperatures following impoundment of the lower Snake River are 
about 25°C (Funk et al. 1985).  

2.1. SNAKE RIVER TEMPERATURES 

The lower Snake River, draining high desert regions from southern Idaho, eastern Oregon and 
traversing southeastern Washington before joining with the Columbia River, has probably always 
been warm during summer.  One researcher noted the Snake River near its mouth routinely reached 
temperatures in excess of 72°F (22.2°C) during August, and during late July of 1956, water 
temperature were recorded above 77°F (25°C) (Sylvester 1958).  Impoundment of the lower Snake 
River by Ice Harbor (1962), Lower Monumental (1969), Little Goose (1970) and Lower Granite 
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(1975) dams created a series of slack-water reservoirs extending 220 km from Ice Harbor Dam 
upstream to the confluence with the Clearwater River.  Flows through the lower Snake River are 
influenced by operation of Dworshak Dam on the North Fork of the Clearwater River and by the 
Hells Canyon complex (Hells Canyon, Oxbow and Brownlee dams) in the mid-Snake River.  
Impoundment and flow manipulations have significantly altered thermal conditions in the lower 
Snake River however, there is little information on water temperatures in the Snake River prior to 
impoundment to provide a point of comparison.  Peery et al. (2003) described some information 
collected at the mouth of the Snake River during a 4 year period 1954-58, which indicated water 
temperatures could exceed 20°C from early July until mid-September (Figure 2).  However, without 
comparable data during the intervening period, little can be inferred on the degree of change to 
thermal regime of the river with development of the hydropower system.   

The most reliable temperature information has been collected at Ice Harbor Dam starting in 
1962.  Quinn et al. (1997) analyzed scrollcase temperatures for the period 1962 through 1994 and 
concluded that the fall cooling (down to 15.5ºC) occurred 11 days later at the end of that period.  
Looking at the mean scrollcase temperatures by decade (Data from DART website; Figure 3) we see 
that in the 1960s there were 63 days, on average, when water temperatures were 20°C or warmer, 
spanning the period from 14 July until 14 September and peaking with mean temperatures around 
23°C (range 22.2 to 24.4°C).  The 1970s were relatively cooler, with temperatures of 20°C or warmer 
occurring for 52 days on average, spanning the period 25 July through 14 September, and peaking at 
about 22°C (range 21.7 to 23.3°C).  During the 1980s and 1990s, temperatures warmer than 20ºC 
occurred for 58 d (1980s) and 73 d (1990s).  Peak temperatures were 23.1°C (21.7 to 24.8°C) in the 
1980s and 23.0°C (21.4 to 25.1°C) in the 1990s.  However later cooling in the fall was evident as the 
average period for temperatures of 20°C or warmer spanned from 22 July until 18 September during 
the 1980s and from 15 July until 25 September during the 1990s.  The first 3 years of the current 
decade have experienced noticeably cooler summers than average, with mean water temperatures 
warmer than 20°C spanning 14 July until 5 September (54 d) and peaking around 21.5°C (21.1 to 
22.7°C) through 2002.  All these values were summarized from scrollcase readings which measure 
water temperatures from about mid-depth in reservoirs and are recorded once or twice daily and 
averaged however, we know that water temperatures near the surface (top 5 m) can be 1 to 2°C 
warmer than water at depths at Ice Harbor Dam (Peery et al. 2003).  

3.0 Objective 1 
To conduct and compile a literature review on effects of water temperature on life history 

stages of Chinook salmon Oncorhynchus tshawytscha and steelhead O. mykiss. 

3.1 Methods 
A plethora of information exists on effects of temperature on the life cycle of Pacific salmon. 

Early studies were summarized by Brown (1976) and Schuytema (1969) and more recent summaries 
were completed by McCullough (1999), EPA (2003) and Berman (1998). Much of this information 
has been obtained from controlled laboratory studies and provides a basis to evaluate effects of higher 
temperatures on anadromous salmonid fishes in the lower Snake River. Some authors have reported 
similarities between field and laboratory findings (Baker et al. 1995) although extrapolation of 
laboratory results can be misleading because of the dynamic nature of the “natural” habitat. We 
therefore, have placed greater emphasis on more recent studies and those based on field research 
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under “natural” habitat conditions than on those from laboratory results. We conducted electronic 
searches to compile literature on effects of water temperature on the life history of steelhead and 
Chinook salmon. The following search engines were used:  

 Fish and Fisheries Worldwide 

 ABSEARCH (Includes all American Fisheries Society publications, Canadian Journal of 
Fisheries and Aquatic Sciences, Ecological Society of America and Copeia) 

 Aquatic Sciences and Fisheries Abstracts (Biological Sciences & Living Resources) 

 Aquatic Sciences and Fisheries Abstracts (Aquatic Pollution & Environ Quality) 

 Aquatic Sciences and Fisheries Abstracts (Aquaculture Abstracts) 

 Aquatic Sciences and Fisheries Abstracts (Marine Biotech Abstracts) 

 Aquatic Sciences and Fisheries Abstracts (Web Resources) 

 Aquatic Sciences and Fisheries Abstracts (Recent References) 

 Biological and Agricultural Index 

 Cambridge Scientific Abstracts (Biological Sciences) 

 Cambridge Scientific Abstracts (Biology Digest) 

 Cambridge Scientific Abstracts (Conference Papers Index) 

 Cambridge Scientific Abstracts (Environ Science & Pollution Mgt) 

 Cambridge Scientific Abstracts (MEDLINE) 

 Cambridge Scientific Abstracts (Plant Science) 

 Cambridge Scientific Abstracts (TOXLINE) 

 Cambridge Scientific Abstracts (Recent References) 

 Cambridge Scientific Abstracts (Web Resources) 

 Elsevier Science Direct 

 Thermal Ecology Workshops 

 Wildlife and Ecology Studies Worldwide 

Results from these searches were downloaded and the appropriate information was copied 
and pasted into word processing software. They were then sorted by author and redundancy removed.  

3.2 Results 
The located citations are shown in Appendix 1.  
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4.0 Objective 2 
To identify the most sensitive ESA listed salmonid stocks and life stages to water temperature 

patterns and extremes characteristic of the Snake River, from Hells Canyon Dam downstream to the 
confluence with the Columbia River and including the Clearwater River from Dworshak Dam 
downstream to its confluence with the Snake River. 

4.1 METHODS 

To obtain the information required to satisfy this objective and the following objective, we 
used a variety of published and unpublished reports and web data ((http://www.cbr.washington.edu). 
Smolt index numbers and water temperatures from the scrollcase at Lower Granite Dam were used in 
these analyses. In addition, comparisons were made using available data query tools on the web 
(http://www.cbr.washington.edu/perform).  

Temperature exposure was evaluated using a maximum water temperature of 20°C for two 
major reasons. Hokanson (1977) in his review of temperature requirements of freshwater fishes 
identified water temperatures <20°C as the maximum optimum temperature for salmonid fishes. Also, 
the State of Washington has used 20°C as a maximum water temperature standard to protect 
salmonids based on the Clean Water Act (Washington Administrative Code 1992; cited in Tiffan et 
al. 2003) 

4.2 FINDINGS 

 Water temperatures >20°C for 1 to 3 months n the Snake River have the potential to 
adversely affect nearly all life history stages of several ESA listed fishes. For example, the egg and 
parr stages of fall Chinook salmon and smolt stages for steelhead, sockeye salmon, spring, summer 
and fall Chinook salmon are all potentially affected by elevated water temperatures in the area of 
concern. Adult salmonids are exposed to a variety of temperature conditions during their tenure in 
freshwater.  The best examples are Chinook salmon that migrate through the lower Columbia and 
Snake rivers from March into November and are categorized into spring, summer, and fall runs 
primarily based on the time they enter freshwater and pass Bonneville Dam.  Steelhead also migrate 
in large numbers through both the lower Columbia and lower Snake rivers.  The main group of 
steelhead, the summer run, pass Bonneville from mid-July to mid October and pass Ice Harbor Dam 
from July through October. Adult sockeye salmon historically returned to the Snake River in larger 
numbers from mid-June through October, but currently are only a remnant group sustained by 
intensive artificial production, including a captive broodstock program. Each of these species and 
stages will be examined relative to their timing and existing temperatures in the Snake River.  

Salmonids are poikilotherms, vertebrates whose body temperatures are similar or slightly 
warmer than the surrounding water. In addition, Pacific salmon are considered cold-water species, 
that is, fishes whose optimal water temperatures are less than 20°C (Hokanson 1977).  As such, water 
temperatures outside their thermally optimal levels will constitute stressors and elicit a stress response 
(Fagerlund et al. 1995).  The response can be either behavioral (seeking of, and movement to, cooler 
water) or physiological (e.g., release of stress hormones, increase metabolic rate, etc.), or a 
combination of both.  Salmonids have some ability to adapt to or acclimate to new temperature 
conditions, up to a point, after which sub-lethal and then lethal effects will occur.  
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4.2.1 Spring Chinook Salmon 
Timing of life history patterns of spring Chinook salmon probably make them the least 

affected by elevated temperatures in the Snake River of all of the ESA listed salmonids 

4.2.1.1 Adults 
Adults typically migrate upstream through the area of concern from April through June when 

temperatures are generally less than 15°C (Figure 4). Even under the lowest flow years and warmest 
temperatures, water temperatures are generally less than 13.3°C, the temperature identified by 
McCullough (1999) to cause stress. McCullough (1999) indicated that adult migration blockage 
would occur at 21°C (Figure 5) but adult spring Chinook salmon typically migrate through the area of 
concern before these temperatures occur. Keefer et al. (submitted) demonstrate how spring Chinook 
salmon intra-annual migration rates increase through the season, both at dams and through reservoirs, 
and the effects were correlated with temperatures while inter-annual migration rates through the 
hydrosystem were correlated with flow levels.  Spawning occurs outside of the area of concern, as 
does most of the rearing in the parr stage. However, some subyearling migrations of spring Chinook 
salmon occur that generally coincide with the downstream migration of fall Chinook salmon (Connor 
et al. 2000).  No known information exists about overall survival of these subyearling spring Chinook 
salmon and their possible contribution to the adult population.   

4.2.1.2 Smolt 
Several investigators have examined travel time of yearling Chinook salmon in the Columbia 

River basin. Giorgi et al. (1997) found that release date was the most important variable (r2=0.21) in a 
bivariate analysis describing migration rate from Rock Island Dam to McNary Dam. Water 
temperature and flow explained <20% of the variation in migration rates of yearling Chinook salmon. 
Berggren and Filardo (1993) reported that flow, time of release before reaching Lower Granite Dam, 
and delta flow (max.-min.) collectively accounted for 74% of the variation in travel time in their 
multiple regression model.  Travel time and survival are reportedly correlates (Raymond 1979). 

The importance of flow and temperature on yearling Chinook salmon survival in the lower 
Snake River was recently examined. Smith et al. (2002) reported that the association of estimated 
survival and flow was weak and not consistently positive or negative. The relationship between travel 
time and flow was strong and consistent among years and that flow augmentation could decrease 
travel time. However, Smith et al. (2002) concluded that “with the survival rates observed under the 
flow conditions that existed recently for spring-migrating smolts in the lower Snake River, it would 
seem that little room exists for increased flow to improve overall survival in that stretch of the river.” 
They believed that higher flows could possibly benefit other stages of the life cycle further 
downstream in the estuary. However, correlations of survival and water temperature were not 
significant. 

Spring Chinook salmon typically enter the area of concern during the period from March 
through June (http://www.cbr.washington.edu). As can be seen in Figure 6, the majority of the 
downstream migrants of listed yearling Chinook salmon passed Lower Granite Dam about 60 d 
following 1 April of 1992, 1993, and 1994 but was later in 1997. During low flow years (1992, 1994 
used throughout this report as examples), the middle 80% of the smolt downstream migration passed 
Lower Granite Dam by early June (Table 1). During high flow years (1993, 1997 used throughout this 
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report as examples), the middle 80% of the smolt downstream migration  passed Lower Granite Dam 
by about early June in 1993 and the end of June in 1997.  Approximately 1% and 0% of the juvenile 
wild spring and summer Chinook salmon were exposed to water temperatures of 20°C and higher in 
1992 and 1994, respectively (Table 1). In comparison, less than 0.1% of the juvenile wild spring and 
summer Chinook salmon were exposed to water temperatures of 20°C and higher in 1993 and 0% in 
1997. Water temperatures averaged about 12°C during 1993 (range 10.3-14.2°C) and 1997 (range 
8.9-16.7°C) during the middle 80% of the ESA listed yearlings compared to about 13°C during both 
1992 (range 9.4-16.8°C) and 1994 (range 10.8-16.5°C). For all yearling smolts, 90% passed Lower 
Granite Dam at temperatures <15°C during both representative low flow and high flow years 
(Appendix Table 1). 

4.2.2 Sockeye Salmon 
The life cycle of the Snake River sockeye salmon places them in the area of concern during 

the adult and smolt stages. Rearing occurs upstream in lakes in the Sawtooth Mountains (Beauchamp 
et al. 1997) although their downstream access to the Columbia River and Pacific Ocean make them 
potentially affected by high water temperatures in the lower Snake River. Also as returning adults, 
they encounter the area of concern when they ascend to their natal waters for spawning. 

4.2.2.1 Adult 
Bell (1986 cited by Bjornn and Reiser 1991) stated that sockeye salmon are known to migrate 

in waters at temperatures from 7.2 to 15.6°C.  Optimal migrating temperatures for adult sockeye 
salmon are thought to be 15 to 17°C, based on laboratory evaluations (Brett and Glass 1973; 
McDonald et al. 2000).  The preferred temperature for adult migrating sockeye salmon is unknown.  
Historically, Quinn et al. (1997) reported the migration period of adult Snake River sockeye salmon 
over Ice Harbor Dam was from June 14 – October 26, which included the period of  highest water 
temperatures in the lower Snake River (Figure 7). During this time, water temperatures can exceed 
25°C (Funk et al. 1985; Peery at al. 2003).   

The primary behavioral trait reported for adult anadromous salmonids with respect to warm 
water temperatures was that fish will tend to delay or halt migrations when water temperatures reach 
21°C or warmer (e.g., ODEQ 1995; McCullough 1999; Sauter et al. 2001).  This observation is based 
on early tagging studies such as one by Major and Mighel (1967) in which they correlated movements 
of sockeye salmon to water temperatures in the Okanogan River, as determined from fish counts and 
movements of tagged fish between Rocky Reach and Zosel dams.  They concluded that sockeye 
salmon were delayed reaching Zosel Dam during periods when water temperatures in the Okanogan 
River were 21.1°C (70°F) or warmer, although they failed to consider the influence the relative 
differences between the Okanogan and Columbia rivers temperatures may have contributed to delays.  
Likewise, Hatch (1999 cited in McCullough 1999) found that the adult sockeye migration into the 
Okanogan River was curtailed until temperatures decreased to < 22.8°C.  As Quinn et al. (1997) 
pointed out, the general sockeye salmon run pattern at Ice Harbor Dam was bimodal, with the nadir 
between modes coinciding with the period when water temperatures exceeded 20 to 21°C (Figure 7).  
In the last few years (1999-2002), returning adult progeny from the Redfish Lake broodstock program 
have passed Ice Harbor Dam during late June and early July, just prior to peak water temperatures, 
with only a few individuals observed during August and September (Figure 7).   
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Potential sub-lethal effects from exposure to warm water conditions include increased 
susceptibility to disease, higher metabolic rates, and inhibited gonadal development (McCullough et 
al. 1999, 2001).  For example, adult male sockeye salmon held at 16.5°C developed smaller gonads 
than males held at 10°C over a 44 d period (Bouck et al. 1975).  An area of increasing research is the 
relation between energy use and migration and reproductive success for sockeye salmon in the Fraser 
River, Canada (e.g., Hinch and Rand 1998; Hinch and Rand 2000).  Although those studies did not 
directly address temperature effects, they point out the potential of energy exhaustion affecting adult 
migrating sockeye salmon.  Since metabolic costs increase exponentially with temperature (Brett 
1995), the potential for Columbia and Snake River sockeye salmon to exhaust energy reserves prior 
to spawning increases during warmer water conditions (as speculated by McDonald et al. 2000).  
Studies of this nature have not been undertaken for Columbia River sockeye salmon, although similar 
research has been initiated with Chinook salmon (Brown et al. 2002).   

Lethal levels for adult sockeye salmon have not been critically determined but it is generally 
believed that adult temperature tolerances are lower than those for juveniles (e.g., McCullough et al. 
2001).  The upper incipient lethal temperature for juvenile sockeye salmon is about 24 to 25°C (Brett 
1952).  At 26°C, mean survival time was 100 min for adult sockeye salmon (Servizi and Jensen 
1977).  Survival for Columbia River sockeye salmon averaged 3.2 d when held in tanks at 22°C and 
11.7 d when held at 20°C (Bouck et al. 1975).  In the Fraser River during 1998, one of the warmest 
years on record, in-river mortality of adult sockeye salmon was estimated to be 65% of the run 
(McDonald et al. 2000).  McDonald et al. (2000) concluded that the excess mortality for the adult 
Fraser River sockeye salmon occurs when system water conditions exceed 17 to 18°C for prolonged 
periods of time.  They also reported low fertilization and hatching success, and depressed sexual 
hormone levels in females for various Fraser River sockeye salmon stocks during 1998.  Water 
temperatures routinely exceed 18°C during the period adult sockeye salmon are migrating through the 
lower Snake River.  We do not have accurate travel times for sockeye salmon through the lower 
Snake River, but adults migrated between McNary and Rocky Reach dams (293 km and four 
dams/reservoir reaches) in a median of 12.6 d during 1997 (Naughton et al. 2003).   

4.2.2.2 Smolt 
Giorgi et al. (1997) presented regression models to explain travel time of juvenile sockeye 

salmon from Rock Island Dam to McNary Dam. They reported that flow in their bivariate models 
accounted for the largest amount of variation (r2=0.423)  while temperature explained less of the 
variation (r2=0.248). Their multiple regression model included flow release date and body length. 
Thus, water temperature has limited effect on sockeye salmon smolt travel time.  

Sockeye salmon smolts are first collected at Lower Granite Dam in late March to mid-April 
(http://www.cbr.washington.edu/).  As can be seen in Figure 8, over 80% of the downstream 
migration during both low flow and high flow years generally occurred before 75 days following 1 
April. Dates of the middle 80% of the ESA listed run were generally from early to late May although 
in 1997 the run extended into September (Table 1). Unfortunately, no data were available for higher 
flow year 1993. Examination of run timing for additional years (1998-2002) indicated a similar trend 
in the downstream migration of wild sockeye salmon (Table 2). Highest mean scrollcase  water 
temperatures at the Lower Granite Dam during the middle 80% of the ESA listed sockeye smolt run 
during high and low flow years ranged from 13.4 ºC (1994; low flow year) to 17.4 ºC (1997; high 
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flow year).  In comparison, the mean scrollcase water temperature during the middle 80% of the run 
from 1998-2002 was 17.8°C and ranged from a low of 9.4°C  (2001) to a high of 20.6°C (Table 2). 
During the selected high and low flow years, 0% of the listed sockeye salmon run generally was 
exposed to water temperatures >20°C except in 1997 (6.7%). In the years 1998-2002, exposure to 
waters >20°C ranged from 0.3% to 6.8% for the total run of wild juvenile sockeye salmon. Sockeye 
smolt numbers during 1992 and 1994 were low (<40 fish), whereas numbers of wild fish in 1998-
2002 ranged from about 1,500 to >76,000. For the overall downstream migrations of sockeye salmon 
from the representative low and high flow years, between 10% and 25% passed Lower Granite Dam 
at temperatures that ranged from 12.8°C  (1994) to 18.9°C (1997; Appendix Table 1). Brett et al. 
(1958) reported that sockeye salmon smolts curtail their migration at water temperatures of 12°C 
to14°C although collections made in Lower Granite Reservoir during some of the representative years 
did not demonstrate sockeye were residualizing in the reservoir (unpublished data, D.H. Bennett, 
University of Idaho).   

4.2.3 Summer Chinook Salmon 
Summer run Chinook salmon in the Snake River are potentially affected by warm water 

conditions in the adult and smolt stages. Like sockeye salmon and spring run Chinook salmon, their 
spawning and rearing is upstream of the area of concern.  

4.2.3.1 Adult 
Adult summer Chinook salmon are generally believed to pass through the lower Snake River 

from mid June through mid August. Typically this time period coincides with increasing water 
temperatures but generally prior to the peak annual water temperatures in the lower Snake River 
(Figure 4). However, during warm years the latter portion of the summer run can occur when water 
temperatures are 20°C or warmer (e.g., Figure 9).  Summer Chinook salmon migration rates were 
consistently higher than those for spring Chinook salmon, and this effect again appeared related to 
river temperature (Keefer et al. submitted). Based on thermal limits for adult spring Chinook salmon, 
McCullough (1999) suggests an optimum temperature for migration to 13.3°C with adult migration 
blockages at 21.0°C (Figure 5). Although these data were collected for spring Chinook salmon, 
McCullough (1999) reported “little justification for assuming large genetic adaptation on a regional 
basis to temperature regimes” for family and stock level designations. Peery et al. (2003) considered 
exposure to water temperatures of 20°C or warmer would cause non-lethal temperature effects.  
Region 10 EPA concluded water quality criteria for adult migrating salmon should be 20°C (7 day 
average of the daily maximums) although reductions in migration fitness (swimming ability, disease 
susceptibility) may occur with prolonged exposures to water temperatures of 17 to 18°C or warmer 
(US EPA 2003).  Consequently, thermal maxima in the Snake River create a possible risk for adult 
summer Chinook salmon upon entering the Snake River, upstream to the confluence with the Salmon 
River.  Further discussion on effects of temperatures on Chinook salmon are provided below in the 
section for fall Chinook salmon. 

4.2.3.2 Smolt 
Timing of the downstream spring and summer Chinook salmon smolt migration is identical in 

the Snake River and consequently, the same influence of temperature on spring Chinook salmon 
smolts applies to summer Chinook smolts. Summer Chinook salmon smolts, migrating as yearlings, 
typically enter the area of concern during the period from March through June 
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(http://www.cbr.washington.edu). As indicated earlier, McCullough (1999) reported that lethal 
/loading stress temperatures to smolts were at 18.3°C (Figure 5). As mentioned under spring Chinook 
salmon smolts, water temperatures during the warmest and driest years can range from 9.4°C to 
16.8°C during the middle 80% of the ESA listed yearling out-migration (Table 1), several degrees 
below the lethal loading temperature identified by McCullough (1999).  As indicated for spring 
Chinook salmon, approximately 1.2% of the run of ESA listed yearling Chinook salmon were 
exposed to water temperatures >20°C in 1992 (Table 1). Exposure of yearling Chinook salmon to 
similar temperatures was 0.1% or less in the remaining representative years.  Water temperatures 
were about 13°C when 75% of the indexed run passed Lower Granite Dam (Appendix Table 2-
1).Timing of the latter 10% of all yearling Chinook out-migration by Lower Granite Dam occurred 
consistently by about mid-May. Because juvenile summer Chinook salmon migrate as yearlings, 
results of various models presented earlier under spring Chinook salmon would apply to juvenile 
summer Chinook salmon migration characteristics. 

4.2.4 Fall Chinook Salmon 
Certain life history stages of fall Chinook salmon are reportedly the stock of Chinook salmon 

at highest possible risk associated with the warm water temperatures occurring in the area of concern 
(Connor et al. 1998; Connor et al. 2000; Connor et al. 2003a; Connor et al. 2003b).  Timing of adults 
into the Snake River historically occurred after peak water temperatures, but currently warm water 
temperatures persist later into the fall in the lower Snake River (Peery et al. 2003; Quinn et al. 1997) 
increasing temperature exposure levels for adult fall Chinook salmon. Juvenile fall Chinook salmon 
migrations downstream generally coincides with the highest water temperatures in the study area.  As 
a result, timing of various aspects of the life cycle of fall Chinook salmon has been shifted to later in 
the year, coinciding with higher water temperatures (Connor et al. 2002). 

4.2.4.1 Adult 
The upstream migration of adult fall Chinook salmon runs from mid-August to December in 

the Snake River (Figure 4) during which water temperatures can range from highs of 24 to 25°C to 
lows later in the fall below 10°C (Peery et al. 2003). Bell (1986 as cited by Bjornn and Reiser 1991) 
stated that fall Chinook salmon will migrate in waters at temperatures from about 10 to 19°C.  
Spigarelli and Smith (1975) suggested that adult Chinook salmon prefer to migrate in waters around 
17°C.  As with sockeye salmon, it is believed that water temperatures of 21°C will inhibit adult 
Chinook salmon migrations.  For example, Stabler (1981) found that some radio-tagged Clearwater 
River Chinook salmon would stray into the cooler North Fork Clearwater River (14 to 16°C) when 
the mainstem water temperatures were 21°C or warmer.  At that time, the North Fork was being 
cooled from water released from Dworshak Reservoir.  The relevance of this discussion is that fish 
may delay or halt their migrations when water temperatures reach 21°C, potentially creating a 
bottleneck to passage for fish entering the Snake River during summer when water temperatures in 
the Snake River reach 21°C and Columbia River water temperatures are < 21°C, and for fish passing 
Snake River dams when water temperatures in fishways exceed this level.   

Evidence that a migration block occurred at the mouth of the Snake River was presented from 
an early telemetry study conducted in 1967 (Stuehrenberg et al. 1978).  In that report Stuehrenberg et 
al. (1978) reported that summer Chinook salmon and steelhead began to congregate in the Columbia 
River outside the mouth of the Snake River during July when Snake River water temperatures 
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reached 21°C while the Columbia River water temperature was 17°C.  The delay of fish appeared to 
dissipate by the first week of September when water temperatures in both rivers decreased to 21°C.  
Peery et al. (2003) reported results from telemetry studies that some adult Chinook salmon would 
delay entering the Snake River during warm water temperatures, based on travel times between 
McNary and Ice Harbor dams, although overall relationships were weak (r2 values < 0.1).  They 
summarized 2 years of data, 1997 and 1998, for Chinook salmon, but since relatively few fall 
Chinook salmon enter the Snake River, sample sizes were small (69 summer and 2 fall Chinook 
salmon in 1997, 66 summer and 25 fall Chinook salmon during 1998).  Peery et al. (2003) also 
concluded from analyses of count data that fall Chinook salmon runs arrived later at Ice Harbor and 
Lower Granite dams during years with warmer summer-time water temperatures.  Thus, water 
temperatures will affect the timing when salmon and steelhead enter and move through the Snake 
River, and that some, but not all fish may delay entering the mouth of the Snake River when water 
temperatures reach 21°C (Figure 9).  Goniea (2002) also found a general trend where run timing for 
fall Chinook salmon in the lower Columbia River (based on dam counts) was later with warmer water 
temperatures and the relationship became stronger as the run progressed upstream from Bonneville to 
McNary dams.  Timing to Ice Harbor Dam was not included in the analysis since a relatively small 
proportion of fall Chinook salmon enter the Snake River.   

Subsequent analyses of 2 years (1998 and 2000) of telemetry data for fall Chinook salmon 
(Goniea 2002) revealed that significant numbers of fish destined for upriver sites (upstream from 
John Day Dam) temporarily strayed into cooler water tributaries of the lower Columbia River before 
continuing their migration to upstream locations, and that the proportion that strayed into tributary 
rivers was higher during the warmer of the 2 years evaluated.  During 1998, when Columbia River 
water temperatures at Bonneville Dam averaged 22.2°C during August and September, 30.2% of the 
464 radio-tagged fall Chinook salmon known to have later passed John Day Dam temporarily strayed 
into cool-water tributaries in the Bonneville and The Dalles reservoirs, as compared to 14.5% of 540 
radio-tagged salmon that strayed into the lower river tributaries in 2000 when water temperatures 
averaged 20.3°C (Goniea 2002).   

Keefer et al. (submitted) used radio telemetry to evaluate migration rates of adult Chinook 
salmon and steelhead in the Columbia and Snake rivers over a 5 year period.  They found that passage 
rate differences between years for spring and summer Chinook salmon were most strongly and 
inversely related to river discharge and within-year migration rates were highly correlated with water 
temperatures.  Migration patterns for fall Chinook salmon were more correlated to water 
temperatures, with slower migration rates through the lower Columbia River during warmer 
temperature conditions.  

Peery et al. (2003) found little relationship between times to pass Ice Harbor and Lower 
Granite dams by radio-tagged adult Chinook salmon and water temperatures even though 
temperatures in fishways were often in excess of 20°C.  This may be used to infer that water 
temperatures have little effect on salmon passage at dams, however this may be misleading.  
Relatively few fish migrate through the lower Snake River during periods of warmest water 
temperatures and this was evident in the low number of radio-tagged salmon, originally tagged at 
Bonneville Dam that attempted to pass the two Snake River dams during the warmest periods of the 
study.  So, some (30% and 15% during 1998 an 2000) upriver fall Chinook salmon may first delay 
their migration seeking cold water refuge in the lower Columbia River tributary streams, and a 
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portion of the run may later delay entering the Snake River during warm water conditions, although 
the number of fish that may delay and the amount of delay at the Snake River mouth is presently 
unknown.   

Passage by Chinook salmon at hydroelectric dams may also be related to water temperatures.  
Keefer et al. (2003) investigated salmon and steelhead passage at John Day Dam with respect to 
temperatures because adult migrants exhibit longer passage times at that project relative to other dams 
in the system.  Keefer et al. (2003) found that more fish tended to turn around in the transition pools 
and subsequently exit fishways at John Day Dam than at other dams, leading to the longer passage 
times.  They also found that proportions of steelhead, sockeye, and fall Chinook salmon that exited 
the fishways increased as water temperatures increased.  This suggests that, in some situations, 
temperature may contribute to delayed passage at dams.   

Little is known about preferred or optimal water temperatures for migrating adult Chinook 
salmon in freshwater.  Some insights may be available from a 2001 study in which adult Chinook 
salmon and steelhead were outfitted with sonic tags that transmitted depth and temperatures of the 
fish as they migrated in the Snake River between Lower Granite Dam and the confluence with the 
Clearwater River  to evaluate use of cool water releases from Dworshak Reservoir (Reischel et al. in 
press).  By tracking individual fish using a boat outfitted with hydrophones and sonic receiver, depths 
and temperatures were collected and stored in a portable computer.  Concurrent with the study, water 
temperatures were being collected through the reservoir (D. Bennett, University of Idaho, 
unpublished data) so that fish behavior and body temperature could be related to prevailing water 
temperatures (Figure 10).  Reischel et al.(in press) found that the Chinook salmon body temperatures 
were usually similar to the coolest water available in the segments of Lower Granite Reservoir 
monitored (Tables 3-5), but fish temperatures could also vary over a relatively wide range of water 
temperatures available to choose from (Table 6).  It appears fish selected for water temperatures 
between 15°C and 19°C while migrating through the lower Snake River and moved to water as cool 
as 12°C to 14°C, when available, inside the mouth of the Clearwater River.     

Fish temperatures (and depths, see Objective 4) have also been collected using archival 
transmitters for adult Chinook salmon migrating through the lower Snake River up to Lower Granite 
Dam (C. Peery and T. Reischel, University of Idaho, unpublished data).  Although sample sizes are 
small, we see from a preliminary summary of the data that temperatures were warmest during August, 
especially at Ice Harbor Dam and Reservoir where mean fish body temperatures were > 20°C (Table 
7).  Coutant (1970) concluded that the incipient lethal temperature for adult (‘jack’) Chinook salmon 
was 21°C to 22°C. Using this as a standard, fish in the tailrace at Ice Harbor Dam and in the Ice 
Harbor Reservoir were at near lethal temperature levels during August 2000.  Fish body temperatures 
were cooler upstream from Lower Monumental Dam during August, possibly related to the release of 
cool water from Dworshak Reservoir.   

As noted above, lethal temperature levels for adult Chinook salmon are thought to be around 
21 to 22°C (Coutant 1970).  However, sub-lethal effects from temperatures can occur at temperatures 
below this level.  For example, Berman (1990) found that spring Chinook salmon females held at 
19°C for about 3 weeks prior to spawning produced smaller eggs and alevins with more pre-hatch and 
developmental abnormalities than females held at 14°C.  A total of 33 females from Roza Dam on the 
Yakima River were used for that study.  It is believed optimal holding temperatures for adult salmon 
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prior to spawning are < 14°C (Piper et al. 1982), but it is not known how early in the migration that 
warm water temperature exposures will adversely affect gamete development.  If, as McDonald et al. 
(2000) found with sockeye salmon in the Fraser River, reproductive hormone production is affected 
in females that migrate during warm water conditions, fall Chinook salmon passing through the lower 
Snake River from late July until early September could be adversely affected.   

Fall Chinook salmon spawn in the un-impounded section of Snake River between Asotin, 
Washington, and Hells Canyon Dam (162 km), typically between late October and early December 
(Groves and Chandler 1999).  Groves and Chandler (1999) reported that fall Chinook salmon 
spawning in the Hells Canyon reach during 1993 to 1995 began at 16°C, with a daily mean 
temperature of 10.5°C.  On average, water temperatures in the Snake River decrease below 15 to 
16°C by mid-October (Figure 11), however during a warmer than average year (e.g., Figure 9), the 
onset of spawning could be delayed, or fish may be forced to spawn at elevated water temperatures.   

4.2.4.2 Egg and Alevin 
Effects of high temperature exposure within the female on egg viability has not been 

quantified in the study area. However, published literature strongly suggests adverse effects of 
exposure of ripe Chinook salmon females to temperatures exceeding 14°C (Rice 1960; Leitritz and 
Lewis 1976, both cited by McCullough 1999). Exposure to temperatures > 14°C reportedly can result 
in egg mortality and delayed alevin development.  

Thermal conditions in the area of concern during incubation are probably suitable and not 
have adverse effects on alevin survival and emergence. Bjornn and Reiser (1991) reported that 
optimum incubation temperatures  range from 5.0°C to 14.4°C although some researchers have 
reported an upper limit not to affect embryo incubation of 12.8°C (McCullough 1999).  At higher 
incubation temperatures, incubation success is reduced by about 50%.  At the timing of fall Chinook 
salmon spawning in the Snake River water temperatures are within this recommended range. 
Conversely, low water temperatures are not a factor in the Clearwater River as a result of warmer 
water releases (≥4.0°C) from Dworshak Reservoir. Historically, low water temperatures probably 
precluded fall Chinook spawning in the Clearwater River downstream of the North Fork Clearwater 
River and probably currently do upstream of that tributary (Don Chapman, Boise, Idaho, Personal 
Communication).  

4.2.4.3 Parr and Smolt 
Present  water temperatures in the area of concern affect growth of parr and have resulted in 

different life history strategies of fall Chinook salmon among the Clearwater River, Snake River 
downstream of the Salmon River and Snake River upstream of the Salmon River (Connor et al. 
2002). These thermal conditions have affected growth and ultimately changed the life history to a 
“river-type” for fall Chinook salmon in the Clearwater River and later migrate in the Snake River, 
although maintaining the historic “ocean-type” of life history, with parr attaining parr size (>45 mm) 
earlier upstream of the Salmon River. Size of juveniles initiating their downstream migration is 
critical as length has been implicated in survival (Connor et al. 2003a) and rate of movement (Connor 
et al. 2003b).  Rate of movement and size both have significant implications in predator avoidance 
(Anglea 1997; Poe et al. 1991) and successfully reaching the cooler Columbia River.  
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The “river-type” of life history described by Connor et al. (2002) for fall Chinook salmon 
from the Clearwater River is a by-product of the lowered water temperatures in the Clearwater River. 
Fry emerge later, rear for the summer and probably over-winter in the lower Snake River reservoirs 
and migrate seaward in the spring.  Captures of juvenile Chinook salmon in Lower Granite Reservoir 
in the fall of 2002 corroborate Connor et al.’s hypothesis (Normandeau and Bennett 2003). 

Currently, fall Chinook salmon in the Snake River, emerge later, grow more slowly than 
historic fish and rear for about 2-3 months, and migrate later than historic fish (Connor et al. 2002).  
As a result of this “shift” in their life cycle, temperature regimes are considerably higher than historic 
conditions that place these fish in potentially thermally stressful situations until they migrate to the 
Columbia River. 

Giorgi et al. (1997) found that a combination of length and mean daily flow from Rock Island 
Dam to McNary Dam explained more of the variation in subyearling Chinook salmon migration rates 
than any other combination of variables. Although temperature was a significant variable, it 
contributed little to the model.  

Currently, subyearling Chinook salmon migrate the latest of all the ESA listed anadromous 
salmonids in the area of concern (http://www.cbr.washington.edu/).Figure 12 shows that the 
migration of subyearling Chinook salmon passed Lower Granite Dam considerably earlier in 1992 
than 1993, 1994, and 1997. The earliest date when the middle 80% of the out migrating subyearling 
Chinook salmon passed Lower Granite Dam during the high and low flow years was 30 June in 1992 
and the latest was 22 August 1993 and 21 August 1997 (Table 1). However, the 1992 out-migration 
of listed fall Chinook salmon juveniles was small (n=42) which may have affected the early June 
date. Migrants during more recent years passed Lower Granite Dam in mid-June with the exception 
of 1999 (20 April) and the latter part of the middle 80% of the run was generally similar to the low 
and high flow years (Table 2). Mean water temperatures at the scrollcase when the middle 80% of the 
ESA listed run passed Lower Granite Dam ranged from 16.8°C  (1997) to 21.1°C (1994), slightly 
higher than those from 1998 to 2002 (Table 1). The proportion of the total listed downstream run of 
fall chinook salmon exposed to waters >20°C ranged from 1.6% (1997) to 73.7% (1994;Table 1), a 
little higher than found in 1998-2000 (0.0%-1999to 42.2%-1998; Table 2) The water temperatures 
that were measured at Lower Granite Dam when 90% of all indexed subyearlings passed Lower 
Granite Dam consistently exceeded 20°C during both low flow and high flow years (Appendix Table 
1).  In both 1992 and 1994, the highest water temperatures recorded during the middle 80% of the 
downstream migration was about 24°C (Table 1). Water temperatures at this level are especially 
critical as Baker et al. (1995) demonstrated that the upper incipient lethal level for fall Chinook (50% 
survival) was 23.01°C  ± 1.08°C based on field collections of marked hatchery released fish in the 
Sacramento River, California. Laboratory studies by Brett (1952) demonstrated that the upper 
incipient lethal temperatures were about 2°C higher for fish acclimated at 15°C than lower 
acclimations and about 2°C higher than the Baker et al. (1995) model predictions. However, field 
studies consider the indirect effects of temperature on fish (e.g., disease, predation) rather than the 
direct effects determined in the laboratory by Brett (1952) and others. 

4.2.5 Steelhead 
Steelhead are in the area of concern as smolts and adults.  Their life cycle is different from 

that of spring and summer Chinook salmon in that naturally spawned steelhead rear for 2 years in 
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tributaries prior to their downstream migration to the Pacific Ocean in the early spring. Their return as 
adults during the late summer to early fall place them at risk to elevated temperatures in the lower 
Snake River.  Adult steelhead are not obligate summer migrants as fall Chinook salmon are, as 
steelhead typically spawn from March to June of the year following their freshwater entry. 

4.2.5.1 Adult 
Adult steelhead migrate into the Snake River from the end of July and into November (Figure 

4) during which time water temperatures can range from highs at 22°C to 23°C to lows below 15°C 
(Peery et al. 2003).  Early migrating adults would be at risk for exposure to relatively high water 
temperatures in the Snake River.  The preferred migration temperature for adult steelhead is 
unknown, but we speculate it would most likely be in the range for Chinook salmon, between 15°C 
and 20°C (see above).  As with sockeye and Chinook salmon, it is believed that water temperatures of 
21°C will inhibit adult migrations (McCullough 1999; Figure 5), which could delay fish entering the 
Snake River during summer and early fall.  Evidence for a migration block occurring at the mouth of 
the Snake River was presented from an early telemetry study conducted in 1967 (Stuehrenberg et al. 
1978).  In that study, summer Chinook salmon and steelhead were reported to have congregated in the 
Columbia River outside the mouth of the Snake River during July when Snake River water 
temperatures reached 21°C as compared to the Columbia River that was 17°C.  The delay of fish 
appeared to dissipate by the first week of September when water temperatures in both rivers 
decreased to 21°C.   

Peery et al. (2003) reported results from telemetry studies that some adult steelhead would 
delay entering the Snake River during warm water temperatures, based on travel times between 
McNary and Ice Harbor dams, although the overall relationships were weak (r2 values < 0.1).  They 
summarized 2 years of data, 1996 and 1997, for steelhead with relatively good sample sizes (n = 178 
for 1996, 345 for 1997).  A trend existed where some steelhead took longer to migrate between 
McNary and Ice Harbor dams, while many fish continued to migrate between the two dams at close to 
the median travel time of about 2 d even though water temperatures in the Snake River were 20°C or 
higher (Figure 13).  Peery et al. (2003) also concluded from analyses of count data that steelhead runs 
arrived later at Ice Harbor and Lower Granite dams during years with warmer summertime water 
temperatures (Figure 14).  Thus, it appears water temperatures will affect the timing when steelhead 
enter and move through the Snake River, and that some fish may delay entering the mouth of the 
Snake River when water temperatures reach 21°C.  There is also evidence that the timing of steelhead 
runs through the lower Columbia River is affected by water temperatures, which will determine when 
fish first reach the Snake River (High 2002).  During warm years (mean water temperatures at 
Bonneville Dam >22°C), analysis of count data indicates the steelhead run is delayed passing through 
Bonneville Reservoir.  During cooler years (mean temperatures 20°C or cooler), steelhead progress 
through the lower Columbia River but then delay between McNary Dam and Ice Harbor Dam (see 
High 2002, Figures 4 and 9).  There is also a trend that steelhead are arriving later at the Snake River 
as compared to historical run timing (Figure 14; Peery et al. 2003: Robards and Quinn 2002), which 
correlates with trends in flows (decreasing) and temperatures (increasing) over time.  An explanation 
for this pattern is indicated from analysis of 3 years of telemetry data for adult steelhead outfitted with 
radio transmitters at Bonneville Dam (High 2002).  High (2002) reported that over half (57 to 66%) 
of radio-tagged steelhead monitored during 3 years (765, 975 and 1,160 radio-tagged fish released) of 
a basin-wide telemetry study temporarily strayed into cool-water tributaries in the lower Columbia 
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River between Bonneville and John Day dams.  Use of these tributaries was greatest during periods 
with highest mainstem Columbia River temperatures that resulted in delayed timing of fish migrating 
through the lower Columbia River during warm water conditions. As the system has warmed over 
time (Quinn et al. 1997), more steelhead may be delaying in the lower river seeking cool water 
refugia.   

Fish temperatures (and depths, see Objective 4) have also been collected for steelhead 
migrating through the lower Snake River up to Lower Granite Dam using archival transmitters.  
Although sample sizes are low and summaries presented here are preliminary, we see that adult 
steelhead migrating through the lower Snake River experience warmest temperature exposures during 
July and August when mean body temperatures were > 20°C (Table 7; C. Peery and T. Reischel, 
University of Idaho, unpublished data).  Coutant (1970) suggested that the incipient lethal 
temperature for adult steelhead was near 21°C, which could mean that adult steelhead were migrating 
through the lower Snake River near lethal temperature levels during July and August of 2000.  Fish 
body temperatures were slightly cooler as they approached Lower Granite Dam, probably related to 
the release of cool water from Dworshak Reservoir.   

Keefer et al. (submitted) used radio telemetry to evaluate migration rates of adult steelhead in 
the Columbia and Snake rivers over a 5 year period.  They found that passage rate differences among 
years were best explained by temperature conditions.  Specifically, median times for steelhead to 
migrate between Bonneville and McNary dams were about 10 d during June and early July, increased 
rapidly with water temperatures to between 30 d and 60 d in August, then decreased through 
September until times were near 10 d again in late October.  Passage through McNary Reservoir was 
slower during summer than during cooler periods, but the effect was less than that seen in Bonneville 
and The Dalles reservoirs, which was attributed to adult steelhead delaying migration while seeking 
cooler water refuge in lower tributaries.  Once steelhead reached the Snake River they generally 
moved quickly between Ice Harbor and Lower Granite dams (8 to 15 d medians) with relatively little 
variation among years.  Migration patterns for steelhead were more variable than those reported for 
fall Chinook salmon, indicating a greater flexibility in their ability to alter migration timing with 
respect to environmental conditions (Keefer et al. submitted).   

Peery et al. (2003) found little relationship between times to pass Ice Harbor and Lower 
Granite dams by radio-tagged steelhead and water temperatures, even though temperatures in 
fishways were often in excess of 20°C, possibly because few fish attempted to pass dams during the 
warmest periods of the study.  However, Keefer et al. (2003) investigated salmon and steelhead 
passage at John Day Dam with respect to temperatures because adult migrants exhibit longer passage 
times at that project relative to other dams in the system.  Keefer et al. (2003) found that more fish 
tended to turn around in the transition pools and subsequently exit fishways at John Day Dam than at 
other dams, leading to the longer passage times.  They also found that proportion of steelhead, 
sockeye, and fall Chinook salmon that exited the fishways increased as water temperatures increased.  
This suggests that, in some situations, temperature may contribute to delayed passage at dams.   

As mentioned previously, little is known on the preferred or optimal migration temperatures 
for migrating adult steelhead.  However, Reischel et al. (in press) found that adult steelhead outfitted 
with temperature-sensitive transmitters had body temperatures similar to the coolest water available 
in the segments of Lower Granite Reservoir monitored (Tables 3-5), but fish temperatures varied over 
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a relatively wide range of water temperatures available to choose from (Table 6).  Fish selected for 
water temperatures between 15°C and 19°C while migrating through the lower Snake River and 
moved to water as cool as 12°C to 14°C when available inside the mouth of the Clearwater River.  
This study was conducted as an evaluation of cool water releases from Dworshak Reservoir.   

There is little information on sub-lethal effects of elevated water temperatures on adult 
steelhead.  As with sockeye and Chinook salmon, it is conceivable that sub-lethal effects of warm 
water temperatures for steelhead could be excessive energy use, elevated susceptibility to disease, and 
reduced reproductive potential through altered hormone production and reduced gamete development 
(e.g., McCullough 1999).   

4.2.5.2 Smolts 
Some reports suggest that juvenile steelhead might be more tolerant of higher water 

temperatures than juvenile Chinook salmon. For example, Reese and Harvey (2002) reported the Eel 
River, California, supporting “high” densities of juvenile steelhead when water temperatures averaged 
20°C -23°C. Also, Roper et al. (1994) reported relatively high densities of juvenile steelhead in a 
tributary of the South Umpqua River, Oregon, when maximum daily water temperatures were 20°C-
22°C. In contrast, McCullough (1999) reported stressful temperatures at >18.3°C (Figure 5). 

A number of researchers have developed models to predict survival and migration 
rates of juvenile steelhead through the Snake and Columbia rivers reservoirs. Giorgi et al. 
(1997) reported that flow was the single most important variable (r2= 0.32) affecting juvenile 
steelhead (hatchery and wild) migration in the mid-Columbia River from Rock Island Dam to 
McNary Dam. Temperature was significant but explained <1% of the variation in migration 
rates of juvenile steelhead. Berggren and Filardo (1993) found that flow alone explained 90% 
of the variation in migration rates of juvenile steelhead from Lower Granite Dam to McNary 
Dam. In this model temperature was not a significant variable affecting juvenile steelhead 
migration rates. Interestingly, water temperature was a significant variable in their steelhead 
migration model for the Middle Columbia River reach to predict smolt travel time; 
temperature contributed equally to the model as flow. In these models with flow fixed, 
increasing water temperature decreased travel time for juvenile steelhead.  

The downstream migration of juvenile steelhead over Lower Granite Dam generally peaks in 
early May (http://www.cbr.washington.edu).  Approximately 50 days following 1 April, nearly 80% 
of the wild run passed Lower Granite Dam (Figure 15). By mid-May in each of the 4 years, regardless 
of low or higher flows, the middle 80% of the steelhead had passed Lower Granite Dam (Table 1). 
During this time, water temperatures are typically below optimum (14°C) as mean temperatures 
during the middle 80% of the downstream migration were below 13°C. Highest water temperatures 
during the middle 80% of the out-migration were 13.7°C (1992) and 14.9°C  (1994). During both 
1993 and 1997, the high flow years, water temperatures for 90% of the out-migrants were < 13°C 
(Appendix Table 1).  During the low flow years, water temperatures in 1994 were below 14°C when 
90% of the run had passed Lower Granite Dam but not in 1992 (17.2°C). During low flow years, a 
small proportion of the total run (<0.5%) was exposed to water temperatures at or higher than 20°C 
(Table 1). Although these data indicate exposure of juvenile steelhead to water temperatures >20°C is 
low, huge numbers of steelhead are confined to Lower Granite Reservoir during low flow years 
which ultimately result in high mortality (Bennett et al. 1995; Bennett unpublished data, University of 
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Idaho, Moscow). Observed mortality in the reservoir from summer to the following spring is high 
although surviving juveniles “remold” and migrate the following spring based on presence/absence 
sampling (Bennett Unpublished data, University of Idaho, Moscow). Flow, as reported earlier by 
Giorgi et al. (1997) and Berggren and Filardo (1993), is a more important habitat variable in juvenile 
steelhead migration than water temperature. 

5.0 Objective 3 
To identify the life stages of the affected ESA listed species and examine the critical months 

and seasons or timing for operational actions to alter or control water temperatures to maximize 
biological benefit. 

5.1 Timing of Releases 
Flow augmentation to enhance the thermal environment in the lower Snake River could 

benefit the ESA listed fishes as follows: early in the spring migration season, coinciding with the 
juvenile steelhead and spring and summer Chinook salmon downstream movement; releases 
coinciding with the downstream migration of juvenile fall Chinook salmon and the latter portion of 
the sockeye salmon outmigration; and releases coinciding with the timing of adult summer and fall 
Chinook salmon and the latter part of the juvenile fall Chinook salmon migration.  

5.1.1 Brief Overview of Flow Augmentation for Temperature Enhancement 
Water sources for flow augmentation for the lower Snake River are limited to 

Dworshak Reservoir on the North Fork Clearwater River and reservoirs upstream of 
Brownlee Dam on the Snake River. Supply and competing water uses limit the volume 
potentially available from the Snake River. In addition, cooler waters are not available from 
Brownlee Reservoir because of the lack of selector gates and thus, waters released are 
relatively warm (17.5°C-20.3°C; Connor et al. 1998). Therefore, Dworshak Reservoir 
provides the only source of water for flow augmentation for temperature control. However, 
supply and competing demands also limit the volume. Dworshak Reservoir can be drafted to 
near-minimum operating level but further drafting limits the refill potential. 

First reported attempts for downstream temperature reductions using waters from 
Dworshak Reservoir occurred in 1990 to increase survival of adult fall Chinook salmon and 
steelhead (Karr et al. 1992). This was followed by experimental releases and monitoring in 
1991 to quantify temperature reductions. These efforts demonstrated that the largest 
temperature reductions were in Lower Granite Reservoir followed downstream sequentially 
to Ice Harbor Reservoir. More recently, the BIOP has called for use of Dworshak Reservoir 
waters to decrease high temperatures and help satisfy flow targets for ESA listed stocks. 
Generally, outflows from Dworshak Reservoir in April through June are related to refill 
(Figure 16). Higher inflows increase the probability of refill and therefore can result in higher 
outflows in the spring. In July and August, the reservoir has been drafted to near-minimum 
operating levels to decrease reservoir temperatures and outflows have increased to near 
maximum for hydroelectrical power generation (~25 Kcfs) followed by a reduction in flows 
to inflow levels for the remainder of the calendar year. Figure 16 shows these general 
patterns in flow from operational changes. 
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5.1.2 Enhance the Thermal Environment for spring and summer Chinook salmon, 
sockeye salmon, and steelhead 
Examination of thermal characteristics of representative low flow (1992, 1994) and high flow 

(1993, 1997) years revealed that water temperatures in the lower Snake River are generally less than 
16°C during most of the downstream runs of juvenile steelhead and yearling Chinook salmon. Water 
temperatures are generally at or near optimum for these stocks, except for a small proportion of the 
latter downstream migration during some years. These stocks might benefit from increased flows as 
some authors (Giorgi et al. 1997; Berggren and Filardo 1993) have indicated the significance of flow 
especially for juvenile steelhead.  However, enhancing the thermal environment for these stocks 
during the early and middle part of the run is not warranted. We know of no predictable benefit to 
adult salmon and steelhead at the time of the majority of  the yearling Chinook salmon and steelhead 
downstream migration and consequently, do not see any advantage to these ESA listed Pacific 
salmonids to release water for temperature improvement.  

5.1.3 Enhance the Thermal Environment for Subyearling Chinook salmon and 
Late Migrating Sockeye Salmon 

Flow augmentation to decrease water temperatures in the lower Snake River has been shown 
to be highly effective at increasing detection rates (Connor et al. 1998) and survival of juvenile fall 
Chinook salmon (Connor et al. 2003b). The importance of Snake River flow and water temperatures 
were demonstrated by Connor et al. (2003b) in their final survival model (Survival = 140.82753 + 
0.2648  x (flow) – 7.14437  x  (temperature)). Both flow and water temperature explained 92% of the 
variation in survival of subyearling Chinook salmon from the unimpounded Snake River downstream 
to the tailrace of Lower Granite Dam. Maintaining the main effect of flow constant in their model 
resulted in about 7% decrease in survival for each 1°C increase in water temperature. Although 
survival was predicted to increase by about 3% with each change in 100 m3/s in flow (temperature 
held constant), effects of water temperature were more significant. Their results supported decreasing 
water temperatures through flow augmentation as an interim recovery step for fall Chinook salmon.  

In addition, water releases from Dworshak Reservoir might benefit water temperatures in the 
latter part of the sockeye salmon downstream migration. As indicated earlier, approximately 6.7% of 
the listed juvenile sockeye salmon migration (n=166) occurred in 1997 when water temperatures 
exceeded 20°C. Also from 1998-2002, exposure of the total run of wild sockeye salmon to water 
temperatures at or above 20°C ranged from about 0.5% to 6.8%. Brett et al. (1958) reported that 
sockeye salmon smolts curtail their migration at water temperatures of 12°C to14°C, which were 
similar to mean water temperatures in 1992, 1994, 1998, 2000, 2001, and 2001 when the middle 80% 
of the run passed Lower Granite Dam. Consequently, flow augmentation to decrease water 
temperatures at this time could also benefit juvenile sockeye salmon. 

For adult sockeye salmon, current run timing through the lower Snake River is prior to peak 
water temperatures.  However, because sockeye salmon appear to be less tolerant of warm water 
temperatures than other species, during a warmer than average spring and early summer, releases of 
water from Dworshak could benefit sockeye salmon by reducing the potential for passage delays or 
other sub-lethal effects on adult sockeye salmon migrating through the lower Snake River.   
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5.1.4 Enhance the Thermal Environment for Adult Fall Chinook salmon and 
Steelhead 

Flow augmentation for reduced water temperatures timed to benefit adult fall Chinook 
salmon and steelhead, is the third possible temperature enhancement in the lower Snake River. Water 
releases from Dworshak and the middle Snake River reservoirs was timed in 1990 and 1991 to benefit 
fall Chinook salmon. In 1990, those releases were not monitored and no known assessment was 
made. In 1991, those releases brought about minor water temperature decreases throughout the entire 
lower Snake River reservoirs with approximately a 1°C decrease at Ice Harbor Dam (Karr et al. 
1992). No known quantification of benefits of cooler waters to adult fall Chinook salmon was made 
in either year.  In general, however, water temperatures in the forebay and fishways at Lower Granite 
Dam were estimated to be reduced by 1 to 3°C when Dworshak Reservoir releases reached 50 to 60% 
of summer-time Snake River flow (Peery et al. 2003).  They determined that adult fall Chinook 
salmon and steelhead would select the coolest water available while migrating through the Lower 
Granite reservoir (Reischel et al. in press), thereby lowering their thermal exposure in that segment of 
the river.  Cool water available in the Lower Granite Reservoir during that study was the result of 
Dworshak Reservoir releases.   

The correlation of increased temperatures and flow declines with delay for adult steelhead 
during the late summer in the Columbia River basin was identified recently by Robards and Quinn 
(2002). They reported that the timing of the “early part” of the run has been delayed 21 days relative 
to 1950 prior to construction of many dams in the basin, in spite of strong evidence of hatchery 
selection for earlier migrants (Leider et al. 1984). In contrast, the later portion of the run, largely B-
run fish migrating to the Snake River in Idaho, have been arriving later at Ice Harbor Dam but not at 
Bonneville Dam, on the Columbia River (Busby et al. 1996). High (2002) reported an interesting 
finding that the apparent delay in the adult steelhead migration between McNary and Ice Harbor dams 
was more obvious during cooler (August mean <20.5°C) years when the temperature differential in 
August between the Snake and Columbia rivers averaged 1.3°C compared to the warmer (August 
mean >22°C) years when the differential averaged 0.4°C. The average passage time for 40% of the 
run between dams was 13.3 and 7 days for cooler and warmer years, respectively. 

Few studies have addressed this issue at the mouth of the Snake River. Although adult 
steelhead are not “obligate” migrators like fall Chinook salmon, exposure to higher temperatures may 
adversely affect the over-winter survival, and egg and alevin viability. Nakamoto (1994) found that 
adult steelhead held in pools in the New River, California, at a temperature range of 16.8°C to 24.6°C 
while pools about 1°C warmer did not support adult steelhead. Although other factors could have 
affected the suitability of uninhabited pools, temperatures near 26°C are near the ultimate upper 
incipient lethal limit (Hokanson 1977) and can ultimately affect their survival. McCullough (1999) 
reported a maximum temperature of 24°C for short-term exposure. Therefore, temperatures in late 
July, August and into September at the mouth of the Snake River could exceed this temperature limit 
for short-term exposure. Thus it appears that Dworshak releases sufficient to cool Snake River water 
temperatures between Ice Harbor and Lower Granite dams so as to replicate pre-impoundment fall 
cooling and to provide a cool-water migration corridor through Lower Granite reservoir would 
directly benefit adult fall Chinook salmon and steelhead migrants.   
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5.2 Predation Effects 
Water temperature directly affects metabolic activities in fishes and increases food 

consumption.  Vigg et al. (1991) reported that temperature is probably the most important single 
variable regulating consumption rates in fishes. Petersen and Kitchell (2001) reported that a 2°C 
increase in temperature associated with climate shifts could increase predation on salmonids by as 
much as 26-31% in the Columbia River. In fact, studies conducted on the Columbia River 
demonstrated that highest predation coincided with higher temperatures and higher salmonid 
abundance (Vigg et al. 1991). Predation on subyearling Chinook salmon by smallmouth bass 
(Micropterus dolomieu) was highest in August when water temperatures were the highest in John Day 
Reservoir, Columbia River (Poe et al. 1991). Anglea (1997) demonstrated that increased predation 
was associated with higher temperatures in Lower Granite Reservoir for May and June with reduced 
predation occurring later in the year, presumably a reflection of reduced salmonid abundance. 
However, estimated smallmouth bass predation was highest on juvenile salmonids in 1994 and 1995 
(Anglea 1997) compared to years of higher flows in 1996 and 1997 (Naughton 1998). Predation 
losses can be substantial as Rieman et al. (1991) reported that predation losses amounted to about 
14% of all juvenile salmon and steelhead that entered John Day Reservoir. In Lower Granite 
Reservoir, Anglea (1997) speculated that smallmouth bass predation on subyearling Chinook salmon 
may have accounted for a loss of 7% of the juvenile run during 1995.  Connor et al. (1998) reported 
that pit tag detection rates of fall Chinook salmon were considerably lower in 1994 and 1995 
compared to 1996 and 1997, coinciding with the higher estimated predation rates of Anglea (1997) in 
1994 and 1995 compared to those in 1996 and 1997 (Naughton 1998).  Although the higher losses of 
subyearling Chinook salmon occurred during the lower flow years, predation may be only one factor 
affecting detection rates and ultimately survival in the lower Snake River.  In addition, higher survival 
in the latter years may have been related to increased success of the predator removal program that 
began in 1990 (Parker et al. 1995).  

5.3 Resident Fishes 
The significance of elevated water temperatures on resident fishes varies among species. 

White sturgeon (Acipenser transmontanus) a Species of Concern in Idaho and Washington is one 
species that could be impacted by higher water temperatures.  Other fishes, such as smallmouth bass 
and other centrarchid fishes (pumpkinseed [Lepomis gibbosus], crappies [Pomoxis spp.], warmouth 
[L. gulosus], and channel catfish [Ictalurus punctatus]) are introduced and below their optimum 
temperatures of >29°C (Scott and Crossman 1990). Therefore, elevated temperatures during the 
warmer months could ultimately enhance populations of these warmer water species in the lower 
Snake River reservoirs and  can increase dietary overlap and increase predation on species known to 
prey on juvenile salmonid fishes (Bennett 1999; Poe et al. 1991; Anglea 1997; Naughton 1998). 

The significance of elevated temperatures on “native” resident fishes in the lower Snake 
River reservoirs remains largely unknown. In general, warmer water temperatures would generally 
benefit survival of fishes until temperatures exceed optimal levels (Kroll et al. 1992; Brett 1979). 
Increased survival with larger body size has generally been reported for fishes (Rice et al. 1993). Of 
interest though is that water temperatures >20°C may inhibit growth of juvenile northern pikeminnow 
as Cichosz (1996) reported negative correlations of growth with duration of temperatures > 20°C in 
Lower Granite Reservoir.  However, Vigg et al. (1991) reported that predation on juvenile salmonid 
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fishes by all predatory fishes, including northern pikeminnow, increased with higher water 
temperatures in John Day Reservoir.  

Effects of elevated water temperatures on white sturgeon are largely unknown. Natural 
spawning of white sturgeon in the Snake River, downstream of Hells Canyon Dam, occurs (Tim 
Cochnauer, Personal Communication, IDF&G) in the area of concern. Spawning habitat in the 
Columbia River consists of high velocity waters (0.8-2.8 m/s), 4-24 m deep, and mostly over cobble 
to boulder substrates (Parsley et al. 1993). Most spawning occurred from April through July at water 
temperatures of 14°C although limited spawning was reported at 18°C -20°C. However, Wang et al. 
(1985) reported high mortality of embryos >18°C. Temperature tolerance increases with age as Cech 
et al. (1984 cited in US EPA 2003) reported that growth increased from 15°C - 20°C but was not 
significantly different between 20°C -25°C.  

Studies of white sturgeon in Lower Granite Reservoir suggested a young population; most 
fish were between ages 0 to 8 (Lepla 1994). Lepla (1994) speculated that juvenile white sturgeon 
recruited to the reservoir, reared for varying times, and then possibly migrated upstream as adults to 
the unimpounded waters of the Snake River. No known evidence exists that suggests that spawning 
occurs in the reservoir. Distribution data of the various life history stages in comparison to 
temperature data suggests white sturgeon are not at risk from elevated temperatures. Although the 
literature suggests that the embryo stage in the life history of white sturgeon is the most sensitive to 
high temperature, comparing the water temperatures that occur in the area of concern with the spring 
timing of spawning and incubation, suggests that temperature should probably be less of a concern 
than for some of the stocks of salmonids. 

6.0 Objective 4 
To identify the three dimensional distribution of adult and juvenile anadromous salmonids 

passing through the Snake River corridor with emphasis on Lower Granite Reservoir and if possible, 
correlate fish locations with water temperature. 

Limited data are available on the distribution of juvenile anadromous salmonids passing 
through the lower Snake River corridor. Recently, Tiffan et al. (2003) examined the thermal exposure 
of juvenile fall Chinook salmon migrating through Little Goose Reservoir. Using a combination of 
bathythermograph measurements with temperature-sensing, gastrically implanted radio tags, they 
found that mean body temperatures were similar to mean water column temperatures from early 
August to early September. Differences between water temperatures and body temperatures were 
<0.3°C and less than the sensitivity of the tags. Fish temperatures were highest in 1998 and ranged 
from 20.4°C to 20.9°C as compared to 18.2°C to 19.8°C in 1999. Thermal exposures were related to 
water temperatures and fish residence times.   

Depth used by adult Chinook salmon and steelhead migrating through the lower Snake River 
from Ice Harbor Dam to Lower Granite Dam, as determined from archival tags retrieved at Lower 
Granite Dam during 2000, are shown in Tables 8 and 9.  Monthly mean migration depths generally 
ranged from 3 to 5 m and 50% of time was spent at depths of 4 m or shallower while migrating 
through the three lower reservoirs during 2000.  Seasonal differences in migration depths were more 
obvious for adult Chinook salmon and steelhead migrating through the Lower Granite reservoir, as 
determined from tracking fish with acoustic transmitters during 2001 (Table 10).  The depth 
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distribution of adult fish appeared related to the layering of cool Dworshak and warmer Snake River 
water sources (see Table 5) in Lower Granite Reservoir, prior to the mixing of the two water masses 
as flow passed Lower Granite and downstream dams.   

7.0 Summary 
Numerous literature surveys have been conducted on effects of temperature on the life cycle 

of Pacific salmon (see McCullough 1999; Brown 1976; Schuytema 1969) and a myriad of other 
literature not summarized by these authors (Appendix 1). Much of this information has been obtained 
from controlled laboratory studies that provide a basis to evaluate effects of higher temperatures in 
the lower Snake River.  Most of these studies have examined individual life stages to regulated 
temperatures and observed their responses. Few field studies have been conducted and results from 
these were applied to thermal conditions in the lower Snake River. Often literature sources that have 
established a paradigm may be based on small sample sizes.  

We examined the various stages of the life cycle (smolt and adult steelhead, smolt and adult 
spring and summer Chinook salmon, and sockeye salmon and egg, embryo, parr, smolt, and adult fall 
Chinook salmon) of ESA listed anadromous salmonids in the Snake River, from Hells Canyon Dam 
downstream to the confluence with the Columbia River and including the Clearwater River from 
Dworshak Dam downstream to its confluence with the Snake River. Spring and summer Chinook 
salmon smolts, migrating mostly as yearlings, and steelhead migrate sufficiently early that water 
temperature does not pose a direct risk to the bulk of the run. Published survival models corroborate 
this interpretation. However, the middle 80% of the listed juvenile sockeye salmon in 1997  extended 
to early September which exposed 6.7% of the run to waters >20°C. These water temperatures are 
>5°C higher than those identified to affect juvenile sockeye salmon migrations (Brett et al. 1958). 
The smolt index data suggest that fall Chinook salmon juveniles are the latest migrators and 
potentially the most affected stock of ESA listed salmonid fishes to potentially deleterious existing 
thermal conditions in the lower Snake River.  Altered life history patterns have been reported as a 
result of environmental changes in their rearing environment. The altered life history patterns have 
placed the juvenile fall Chinook salmon in a condition of migrating later in the year at a time when 
water temperatures are warmer. During the 4 years examined, representing recent high and low flow 
years,  mean scrollcase water temperatures were at or exceeded 18°C - 20°C, for three of those years. 
Also, the proportion of the total run of wild fall Chinook salmon juveniles exposed to water 
temperatures >20°C was higher than 28%. Temperatures near 23°C (± 1.08°C; Baker et al. (1995) 
have been reportedly lethal to 50% of marked hatchery released fish in the Sacramento River, 
California. In addition, moderately strong correlative evidence has been developed that demonstrates 
that flow augmentation to reduce water temperatures can increase survival of juvenile fall Chinook 
salmon in the lower Snake River system (Connor et al. 1998, 2003b). Survival models demonstrate 
the importance of temperature either directly affecting survival or indirectly by affecting migration 
dates and body size, factors found to be highly associated with water temperature.  Additional studies 
should be conducted to more fully evaluate current survival models and more fully evaluate the role 
in improving survival of juvenile fall Chinook salmon. At present, however, the available literature 
strongly supports use of flow augmentation with its attendant cooler water temperature to benefit 
downstream migrating fall Chinook salmon. 
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For adults, spring and most summer Chinook salmon have the least impact from warm water 
conditions in the lower Snake River, while fall Chinook salmon and steelhead have the greatest 
potential exposure to warm water temperatures.  However, since fall Chinook salmon are obligate 
migrants, and because the predominate pattern is for warm water conditions to persist later in the fall 
than historically occurred, fall Chinook salmon adults would appear to be at greater risk for incurring 
potential temperature related impacts while migrating through the lower Snake River.  This 
conclusion is supported by analyses of telemetry data for adult fall Chinook salmon and steelhead 
migrating through the lower Columbia River by High (2002) and Goniea (2002).  They found that, 
although members from both runs enter tributary streams during summer, steelhead that use the cool-
water refugia realized a survival advantage, while fall Chinook salmon that delay their migration to 
use the same refugia experience reduced escapement to spawning areas.  Historically, use of cool 
water refugia incurred an evolutionarily derived survival advantage to both species, but under current 
temperature conditions, extended delays to adult fall Chinook salmon migrants represent a survival 
risk.  Sockeye salmon pose a particular concern with respect to elevated water temperatures.  
Although the bulk of the adult sockeye salmon pass though the lower Snake River prior to peak 
temperatures, their lower perceived tolerance to warm water conditions, relative to Chinook salmon 
and steelhead, and the remnant size of the Snake River run, place adult sockeye salmon in a 
precarious position.  An extreme weather year, with early warming of the river in later spring, could 
significantly affect the reproductive success for sockeye salmon.   

8.0 Recommendations 
1. The literature suggests that flow augmentation to decrease water temperatures would afford 

limited benefit to ESA listed spring and summer Chinook salmon and steelhead. 

2. Flow augmentation to decrease water temperatures in the lower Snake River have the 
potential to enhance survival of out-migrating subyearling Chinook salmon. Field data 
combined with modeling provide the strongest scientific evidence for use of flow 
augmentation to decrease water temperatures to enhance survival of subyearling Chinook 
salmon. Flow augmentation to enhance the thermal environment for juvenile fall Chinook 
salmon might benefit late out-migrating sockeye salmon and probably upstream migrating 
adult summer Chinook and sockeye salmon. 

3. Because of limited volume in upstream sources, flow augmentation to decrease water 
temperatures in August and early September  have limited potential to significantly reduce 
temperatures in lower Snake River reservoirs. One study showed a 1°C decrease in summer 
water temperature (1991) at Ice Harbor Dam. Consequently, most benefits accrue to adults 
that would be mostly migrating through Lower Granite Reservoir. Late summer timing of 
flow augmentation to reduce water temperatures would benefit adult fall Chinook salmon and 
adult steelhead once in Lower Granite Reservoir.  Effects of the releases from Dworshak 
Reservoir at the end of summer (late August–mid September) should be investigated to 
facilitate natural cooling patterns for the lower river. Such investigations should focus on 
effects of temperature exposures on survival to spawning areas and reproductive success.  
Specifically, what are delayed effects of exposure to warm water temperatures on spawning 
success and gamete quality. 
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4. Although results are not conclusive, the best scientific information suggests that properly 
timed flow augmentation with its attendant cooler water temperatures can improve juvenile 
survival. Current models developed to predict fall Chinook salmon survival could be 
improved with larger data sets and greater variation among years.  
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Figure 1. Map of lower Snake River area of concern. 
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Figure 2. Water temperatures recorded at mouth of the Snake River during 1955-58, and mean water 

temperatures for the four years.  Taken from Eldidge (1963) and Peery ey al. (2003). 
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Figure 3. Mean decadal water temperatures recorded at Ice Harbor Dam from 1962 to 2002. 
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Figure 4. Mean number of adult Chinook salmon and steelhead counted and mean water temperatures 
at Ice Harbor Dam during 1963-72 (top) and during 1993-2002 (bottom).  Dashed horizontal 
line represents reference temperature of 20°C. 
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Figure 5. Spring Chinook salmon temperature requirements (From: McCullough 1999). 
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Figure 6. Cumulative percent of wild yearling Chinook salmon migrating downstream passed Lower 

Granite Dam, Snake River, during 1992 and 1994 and 1993 and 1997 representing low and 
high flow years, respectively (http://www.cbr.washington.edu). 
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Figure 7. Mean sockeye salmon counts and water temperatures at Ice Harbor Dam during 1963-72 

(top) and 1993-2002 (bottom).  Dashed horizontal line represents reference temperature of 
20°C. 
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Figure 8. Cumulative percent of wild juvenile sockeye salmon migrating downstream passed Lower 

Granite Dam, Snake River, during 1992 and 1994 and 1993 and 1997 representing low and 
high flow years, respectively (http://www.cbr.washington.edu). 
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Figure 9. Run timing and water temperatures for adult Chinook salmon and steelhead at Ice Harbor 

Dam during 1998. 
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Figure 10. Lower Granite Reservoir showing temperature monitoring sites in 2001 (Reischel et al. In 

press). 
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Figure 11. Mean Snake River water temperatures in Hells Canyon Reach (Anatone, WA) during 1993-

2002.   
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Figure 12. Cumulative percent of wild subyearling Chinook salmon migrating downstream passed 

Lower Granite Dam, Snake River, during 1992 and 1994 and 1993 and 1997 representing 
low and high flow years, respectively (http://www.cbr.washington.edu). 
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Figure 13. Travel times for steelhead between McNary (MN) and Ice Harbor (IH) dams and mean 

water temperatures at McNary and Ice Harbor dams on the day fish left McNary Dam in 
1996 and 1997.  Shown are relationships between travel times and temperature at Ice Harbor 
Dam in 1996, and between travel times and temperature at McNary Dam in 1997 (insets).  
Dashed lines represent median travel times (Peery et al. 2003). 
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Figure 14. Date that 25% of the fall Chinook salmon and steelhead runs were counted at Ice Harbor 

Dam versus mean water temperature measured in the forebay of the dam during the period 
from 1 August through 15 September for each year 1962-2000.  Fall Chinook salmon counts 
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from 12 August until 31 October.  Steelhead counts were from 1 June until 31 October 
(Peery et al. 2003). 
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Figure 15. Cumulative percent of wild juvenile steelhead migrating downstream passed Lower Granite 

Dam, Snake River, during 1992 and 1994 and 1993 and 1997 representing low and high 
flow years, respectively (http://www.cbr.washington.edu). 
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Figure 16. Weekly mean outflows (Kcfs) from Dworshak Reservoir, North Fork Clearwater River, 

starting 1 March for 1997, 2001, and 2002 (http://www.cbr.washington.edu). 
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Table 1. Comparison of timing of the middle 80% of the run of ESA listed yearling Chinook 
salmon (spring and summer), sockeye salmon, subyearling Chinook salmon, and 
steelhead at Lower Granite Dam, Snake River for selected representative low (1992, 
1994) and high (1993, 1997) flow years (from http://www.cbr.washington.edu/ 
perform). Also shown is the percent of the total run exposed to water temperatures > 
20°C (based on scrollcase temperatures).  

Water 

Flow Year Stock Year N 

Date of 

Middle 

80% 

% Exposed 

>20°C 

Meana 

Temp (°C) Rangeb 

Low yearling 1992 1224 4/15-6/3 1.2 13.4 9.4-16.8 

Low yearling 1994 7374 4/22-6/6 0.0 13.3 10.8-16.5 

High yearling 1993 3522 4/26-6/6 0.1 12.4 10.3-14.2 

High yearling 1997 1316 4/12-6/28 0.0 12.1 8.9-16.7 

Low Sockeye 1992 11 5/9-5/30 0.0 14.5 12.6-16.6 

Low Sockeye 1994 39 5/9-5/29 0.0 13.4 11.9-14.8 

High Sockeye 1993 N O  D A T A    

High Sockeye 1997 166 5/19-9/3 6.7 17.4 11.7-21.7 

Low subyearling 1992 42 6/6-6/30 28.5 18.0 15.7-23.6 

Low subyearling 1994 194 7/2-8/21 73.7 21.1 16.7-24.4 

High subyearling 1993 162 7/1-8/22 33.9 18.9 17.1-21.8 

High subyearling 1997 3822 6/20-8/8 1.6 16.8 12.8-19.4 

Low Steelhead 1992 3638 4/19-5/15 0.2 12.6 10.8-13.7 

Low Steelhead 1994 4558 4/23-5/18 0.4 12.6 10.8-14.9 

High Steelhead 1993 3832 4/30-5/16 0.0 11.6 10.3-13.4 

High Steelhead 1997 2435 4/20-5/14 0.0 10.6 9.4-12.2 
 

aMean scrollcase temperature at Lower Granite Dam during the middle 80% of the run. 
bRange of scrollcase temperatures at Lower Granite Dam during the middle 80% of the run. 
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Table 2. Comparison of timing of the middle 80% of the run of ESA listed sockeye salmon 
and subyearling Chinook salmon at Lower Granite Dam, Snake River for years 1998 
to 2002 (from http://www.cbr.washington.edu/perform). Also shown is the percent of 
the total run exposed to water temperatures > 20°C (based on scrollcase 
temperatures).  

Stock Year N Date of Middle 80% % Exposed>20°C Mean1 Temp (°C) Range2 

subyearling 1998 88,325 6/12-8/25 42.2 18.8 15.0-21.1 

subyearling 1999 2,793 4/20-6/3 0.0 11.3 10.0-13.3 

subyearling 2000 747,839 6/14-8/20 15.0 18.8 14.4-21.7 

subyearling 2001 740,554 6/11-8/10 18.5 17.9 13.9-21.1 

subyearling 2002 753,596 6/18-8/2 32.1 17.6 11.7-20.6 

Sockeye 1998 1,382 5/11-5/26 0.4 13.2 12.2-13.9 

Sockeye 1999 11,951 4/2-5/5 0.3 9.7 7.8-11.1 

Sockeye 2000 8,889 4/29-8/2 6.8 15.5 11.1-20.0 

Sockeye 2001 4851 4/21-6/16 2.0 12.0 9.4-15.6 

Sockeye  2002 76,701 4/26-6/2 0.8 17.8 13.9-20.6 
 

1Mean scrollcase temperature at Lower Granite Dam during the middle 80% of the run. 
2Range of scrollcase temperatures at Lower Granite Dam during the middle 80% of the run 
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Table 3. Mean fish body temperatures for adult Chinook and steelhead tracked in the Lower 
Reach of Lower Granite reservoir compared to tri-level temperature recordings at 
Wawawai landing (RKM 699.8) July-October, 2001. From Reischel et al. (in press). 

Mean Temperature (ºC) July August September October 
Fish (sd)a 

 nb =  
17.3 (0.9) 

5 
18.4 (1.3) 

21 
18.9 (0.8) 

7 
15.8 (1.5) 

14 
Surface (6 m) 22.3 (1.4) 21.0 (0.8) 20.2 (0.6) 15.7 (2.4) 
Middle   (21 m) 19.2 (0.8) 17.4 (0.7) 19.5 (0.6) 15.3 (1.0) 
Bottom  (37 m) 17.9 (0.7) 16.7 (0.7) 17.8 (1.3) 15.2 (2.4) 
 
a standard deviation  b n=number of fish 
 
 
 
 
Table 4. Mean fish body temperatures for adult Chinook and steelhead tracked in the in the 

middle reach compared to tri-level temperature recordings at Steptoe Creek (RKM 
727.9) July-October, 2001.  From Reischel et al. (in press). 

 
 
Mean Temperature (ºC) July August September October 
Fish (sd)a 

 nb = 
16.2 (1.0) 

4 
15.1 (1.0) 

4 
18.0 (1.4) 

15 
14.7 (2.0) 

12 
Surface (6 m) 18.5 (1.3) 17.9 (1.3) 19.8 (0.8) 15.0 (1.9) 
Middle   (16 m) 17.7 (1.5) 15.9 (0.9) 19.2 (0.7) 15.0 (1.8) 
Bottom  (27 m) 17.3 (1.4) 15.3 (0.8) 18.0 (1.1) 14.6 (1.8) 

 
a standard deviation  b n=number of fish 
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Table 5. Mean fish body temperatures for adult Chinook and steelhead tracked in the the 
upper reach compared to temperature recordings near Red Wolf Crossing Bridge 
(RKM 742.8), near Potlatch Mill on the Clearwater River (RKM 747.8), and near 
Asotin on the Snake River (RKM 754.7) July-October, 2001. From Reischel et al. (in 
press). 

Mean Temperature (ºC) July August September October 
Fish (sd)a 

     nb = 
13.7 (1.2) 

7 
12.7 (1.6) 

26 
15.6 (1.6) 

37 
13.8 (2.2) 

10 
Red Wolf Bridge (12 m) 19.2 (1.8) 17.4 (1.1) 19.5 (0.9) 15.3 (2.1) 
Clearwater River (4 m) 14.5 (2.1) 12.3 (1.1) 14.3 (1.1) 9.6 (1.1) 
Snake River (5 m) 20.9 (0.6) 21.9 (0.6) 20.4 (0.9) 14.6 (2.1) 
 
a standard deviation  b n=number of fish 
 
 
 

Table 6. Percent of time for body temperatures (ºC) of summer/fall Chinook salmon and 
steelhead tracked in the Lower Granite Reservoir by reservoir reach (Figure 10) and 
month.  From Reischel et al. (in press). Blank cells represent zero time spent at a 
particular temperature. 

 Lower Reach Middle Reach Upper Reach 
Temp.  (ºC) Jul Aug Sep Oct Jul Aug Sep Oct Jul Aug Sep Oct 

8.0 – 8.9            8.1 
9.0 – 9.9             

10.0 – 10.9          19.0   
11.0 – 11.9          10.2  6.0 
12.0 – 12.9    7.0  5.9  12.5 38.0 28.5 3.9 15.9 
13.0 – 13.9    2.0 0.5 4.8  54.7 39.4 15.8 11.6 19.7 
14.0 – 14.9    20.3 14.5 18.1 1.0  7.1 12.7 24.9 29.1 
15.0 – 15.9  1.0  15.0 18.9 38.0 0.5  5.2 12.7 12.9 1.9 
16.0 – 16.9 61.4 16.4 6.9 42.8 56.8 33.1 7.6 12.1 10.3 0.9 28.4 11.3 
17.0 – 17.9 23.4 28.4 4.9 7.6 9.3  13.6 16.4   12.3 6.0 
18.0 – 18.9 2.6 18.9 8.8 1.5   25.0    1.5 2.0 
19.0 – 19.9 10.5 24.8 71.4 2.7   9.9 4.0   4.2  
20.0 – 20.9 2.1 3.8 8.6 0.7   42.1      
21.0 – 21.9  6.6           

 



 

 

Table 7. Monthly mean body temperatures (ºC) of adult Chinook salmon and steelhead migrating through the tailraces (TR) and 
reservoirs (Res) of Ice Harbor (IH), Lower Monumental (LM), Little Goose (LGo), and Lower Granite (LGr, tailrace only) 
dams, lower Snake River dam during 2000, with standard deviations (sd) and number of fish (n).  

IH TR IH Res LM TR LM Res LGo TR LGo Res LGr TR 

Mon. 
Mean 
(ºC) sda nb 

Mean
(ºC) sd n 

Mean
(ºC) sd n 

Mean
(ºC) sd n 

Mean
(ºC) sd n 

Mean
(ºC) sd n 

Mean
(ºC) sd n 

Chinook salmon 
Apr. 11.6 0.3 7 11.5 0.3  7 11.6 0.4  5 11.1 0.3  3 10.8 0.2  2 11.8 0.4  2 12.1 0.1  2 
May 13.8 1.2 33 13.4 1.2 31 13.6 1.1 30 13.2 1.4 29 13.1 1.3 25 12.8 1.3 30 13.2 0.9 29 
Jun. 15.0 0.8 39 15.4 1.0 40 15.4 1.3 35 15.4 1.3 43 15.8 1.6 34 15.5 1.6 41 14.9 1.7 36 
Jul.                   19.3 0.4  2 
Aug. 21.4 0.2 3 20.4 0.4 3 20.1 0.2 2 17.5 2.6 2 18.0 1.6 4 17.9 0.5 1    
Sep. 19.1 0.6 4 18.1 0.6 6 18.1 0.5 2 13.1 2.8 6 18.4 0.1 4 18.4 0.4 6 18.4 0.2 3 
Oct. 16.7 0.0 1 16.4 0.1 1        15.9 1.9 4 15.3 0.0 2 17.2 0.5 3 17.1 0.1 3 
Nov. 12.0 0.0 1 11.1 0.3 1        10.2 0.1  1 10.1 0.0 1  9.0 0.1  1  8.9 0.0 1 

Steelhead 
Jun 17.5 0.2 2 18.4 0.2 2 18.3 0.1 2 15.6 3.1 1          
Jul 21.0 0.1 2 21.0 0.3 2 20.7 0.2 2 14.8 3.2 3 20.3 0.1 1 18.9 0.7 3 19.5 0.0 2 
Aug 21.6 0.0 2 21.0 0.4 2 20.3 0.1 2 14.2 2.5 3    19.2 0.4 2    
Sep 17.6 0.5 13 18.2 0.5 13 19.0 0.5 8 17.7 2.1 13 18.7 0.2 3 19.1 0.6 11 18.5 0.9 6 
Oct 15.0 1.1 18 15.9 1.2 21 15.4 0.9 12 15.0 1.6 23 15.1 0.9 11 14.2 1.7 21 13.8 1.0 11 
Nov 14.0 0.0 4 13.0 0.1 6    12.4 0.4 7 12.6 0.1 4 11.2 0.5 10 10.3 0.3 8 
 
a standard deviation  b n=number of fish 
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Table 8. Monthly mean depths (m) of adult Chinook salmon and steelhead migrating through the tailraces (TR) and reservoirs (Res) of 
Ice Harbor (IH), Lower Monumental (LM), Little Goose (LGo), and Lower Granite (LGr, tailrace only) dams, lower Snake 
River dam during 2000, with standard deviations (sd) and number of fish (n).  

IH TR IH Res LM TR LM Res LGo TR LGo Res LGr TR Mon. 

Mean 
(m) sda nb 

Mean 
(m) sd n 

Mean 
(m) sd n 

Mean 
(m) sd n 

Mean 
(m) sd n 

Mean 
(m) sd n 

Mean 
(m) sd n 

Chinook salmon 
Apr. 2.8 1.4 7 5.4 4.1  7 4.7 1.9  5 6.9 6.7  3 5.2 3.3  2 5.1 4.2  2 3.9 2.1  2 

May 3.2 2.5 33 5.3 4.8 31 3.6 2.1 30 5.2 5.0 29 4.4 3.2 25 5.9 5.1 30 4.0 2.9 29 

Jun. 3.3 2.7 39 4.6 3.7 40 4.7 2.0 35 5.1 4.7 43 2.9 3.0 34 6.4 4.9 41 4.5 3.3 36 

Jul.                   5.3 2.3  2 

Aug. 4.5 2.0 3 6.2 3.4 3 5.2 2.8 2 5.7 4.4 2 5.3 3.7 4 9.1 6.1 1    

Sep. 4.4 2.8 4 5.8 3.5 6 3.6 2.2 5 1.7 2.4 6 3.7 2.0 4 6.2 5.2 6 3.7 3.2 3 

Oct. 3.2 1.9 1 4.5 3.1 1        2.8 2.9 4 1.7 0.6 2 2.9 2.5 3 4.5 2.7 3 

Nov. 6.6 2.5 1 3.9 2.6 1        7.4 2.8  1 4.8 3.0 1 7.0 3.4  1 6.9 3.4 1 

Steelhead 
Jun 3.6 1.9 2 5.2 3.2 2 4.6 2.0 2 4.7 5.6 1          

Jul 4.5 2.4 2 5.3 4.9 2 3.9 2.2 2 2.9 2.8 3 3.7 1.5 1 4.1 4.5 3 4.4 2.0 2 

Aug 4.2 1.1 2 3.9 3.5 2 3.5 1.9 2 3.3 2.9 3    3.6 5.8 2    

Sep 3.3 3.0 13 4.2 3.0 13 5.1 1.4 8 4.0 3.2 13 6.4 3.1 3 4.0 2.5 11 4.7 3.6 6 

Oct 4.4 2.8 18 2.8 1.9 21 4.2 2.6 12 2.9 2.3 23 3.1 1.8 11 4.2 2.2 21 2.7 2.0 11 

Nov 4.9 1.9 4 2.3 1.4 6    3.1 1.9 7 3.0 1.7 4 4.3 2.4 10 4.1 2.3 8 
 
a standard deviation  b n=number of fish 
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Table 9. Percent of time adult Chinook salmon and steelhead spent at different depths as they 
migrated trough Ice Harbor, Lower Monumental and Little Goose reservoirs during 
2000. 

Depth (m) Ice Harbor Lower Monumental Little Goose 
0 and 0.9 8.4 6.0 6.3 
1 and 1.9 17.9 18.8 15.7 
2 and 2.9 13.5 17.1 15.1 
3 and 3.9 10.2 12.6 11.5 
4 and 4.9 11.0 9.6 8.6 
5 and 5.9 11.0 7.6 7.6 
6 and 6.9 7.8 5.4 6.3 
7 and 7.9 4.5 4.1 5.1 
8 and 8.9 3.3 3.4 4.1 
9 and 9.9 2.8 2.6 3.3 

10 and 10.9 2.5 2.1 2.7 
11 and 11.9 1.5 1.6 2.1 
12 and 12.9 1.0 1.4 1.9 
13 and 13.9 0.8 1.2 1.7 
14 and 14.9 0.7 1.0 1.4 
15 and 15.9 0.6 0.9 1.6 

>=16 2.5 4.6 5.2 
 



SNAKE RIVER ENDANGERED SPECIES WHITE PAPER 
 
 
 

Appendix C Biological Effects of Snake River Thermal Regimes on Endangered Species in 
the Lower Snake River 10/05/03 57 NORMANDEAU ASSOCIATES, INC. 

Table 10. Percent of time spent at different depths (m) by summer/fall Chinook salmon and 
steelhead tracked in the Lower Granite Reservoir by reservoir reach (Figure 10) and 
month.  Blank cells represent zero time spent at a particular depth. 

 Lower Reach Middle Reach Upper Reach 
Depth (m) Jul Aug Sep Oct Jul Aug Sep Oct Jul Aug Sep Oct 

0 – 2.9 0.9 6.7 20.9 49.0 2.3 2.4 24.3 63.0 29.1 14.9 5.8 48.3 
3.0 – 5.9 2.2 5.7 23.1 20.9 2.2 8.2 16.0 19.8 21.3 40.0 25.2 8.3 
6.0 – 8.9 3.9 7.8 16.0 10.4 35.6 21.4 20.3 6.3 33.9 37.1 53.3 16.6 

9.0 – 11.9 4.9 9.3 8.7 7.6 23.7 36.1 20.5 3.8 15.4 7.9 14.2 25.9 
12.0 – 14.9 6.9 10.9 4.5 4.0 17.6 17.3 7.8 1.6 0.1  0.7 0.9 
15.0 – 17.9 15.7 15.9 6.7 2.6 17.0 14.6 10.6 0.2 0.3 0.1 0.9  
18.0 – 20.9 18.7 17.9 10.0 2.2 1.7  0.4 0.6     
21.0 – 23.9 20.1 11.5 7.4 2.3    4.6     
24.0 – 26.9 16.8 6.2 1.5 0.4         
27.0 – 29.9 9.4 4.5 0.7 0.3         
30.0 – 32.9 0.5 3.5 0.5 0.3         
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Appendix Table 2. Relationship between date and scrollcase temperature for 
juvenile yearling and subyearling chinook salmon, sockeye, and 
steelhead migrants passed Lower Granite Dam during two low 
flow years (1992, 1994) and two high flow years (1993, 1997). 
Numbers below each of the flow years represent the proportion 
of run passed Lower Granite Dam (e.g. 25-25% of run). 

Chinook Salmon 
Yearling SubYearling Sockeye Steelhead 

Year Date Temp Date Temp Date Temp Date Temp 

1992 LOW FLOW YEAR 

25 4/22 11.96 6/18 17.95 5/09 13.7 5/03 13.17 
         

50 4/30 11.97 6/24 22.73 5/15 12.69 5/07 13.44 
         

75 5/06 13.21 6/30 22.73 5/24 15.47 5/19 13.93 
         

90 5/15 12.69 7/17 20.83 6/21 18.78 5/15 17.19 

1994 LOW FLOW YEAR 

25 4/26 10.76 7/08 21.97 5/11 14.73 5/01 11.01 
         

50 5/03 10.93 7/15 18.61 5/12 14.88 5/08 13.15 
         

75 5/09 13.93 8/09 22.82 5/23 12.8 5/12 14.88 
90 5/13 14.72 8/23 23.88 6/03 15.97 5/19 12.39 

1993 HIGH FLOW YEAR 

25 4/22 10.51 7/07 17.06 5/20 12.6 5/04 10.81 
         

50 5/02 11.00 7/22 18.08 5/25 12.84 5/08 10.93 
         

75 5/09 13.26 8/14 20.35 6/06 13.88 5/16 12.62 
90 5/13 12.42 8/26 21.5 6/24 16.62 5/21 12.62 

1997 HIGH FLOW YEAR 

25 5/01 10.6 7/07 18.3 4/26 10.0 4/27 10.6 
         

50 5/05 11.1 7/18 18.9 5/17 11.7 5/04 10.6 
         

75 5/12 11.1 8/01 18.9 5/22 15.6 5/13 12.2 
90 5/17 11.7 8/26 20.6 7/23 18.9 5/23 12.2 

 
 



            APPENDIX D: DATA COLLECTION ACTIVITIES IN LOWER SNAKE RIVER BASIN, 2002

Table 1.  Water Temperature, Other Water-Quality and Flow Data from Lower Snake River and Tributaries

[A separate table at bottom indicates how to contact agency for data; us = upstream; N = north; S = south; Br = bridge; NF = North Fork; RM = River Mile; SF = South Fork;  
  ds = downstream; nr = near; St = street; R = river; lb = left bank:pt = point; therm = thermistor; opp = opposite; m = meters; ig = incremental gap between recorded temperatures;
TDG = total dissolved gas; Bar = barometric pressure; DO = dissolved oxygen; SP = Specific Conductance]
  

Site name/number Latitude Longitude RM Agency Data type Season Interval Site location Sampling info. QA Comments
Snake River RM 229 45.4600 116.5642 229.8 ID Power Temp 1/1/02-1/13/03 hourly Therm in stream calibrated

Snake River  RM 202 45.7786 116.5921 202.3 ID Power Temp 1/1/02-1/13/03 hourly Therm in stream calibrated

Snake River RM 170 46.0756 116.9569 169.8 ID Power Temp 1/1/02-1/13/03 hourly Therm in stream calibrated

Snake R US Grande Ronde R 46.07638 116.95945 169.7 ID DEQ Temp 5/30/02 to 11/13/02 30 min  Stream bottom Therm in stream Unknown
    ( SNKCLW01)
Snake R us Grande Ronde R ? ? ? USACE-1 Temp 7/30/02-8/6/02 15 min Hydrolab at 3m calibrated

TDG
SC

Snake R us Grande Ronde R ? ? ? USACE-1 Temp 7/30/02-8/6/02 15 min Thermistor in stream calibration

Grande Ronde R ? ? ? USACE-1 Temp 7/30/02-8/6/02 15 min Stream bottom Thermistor in stream calibration

Grande Ronde R ? ? ? USACE-1 Temp 7/30/02-8/6/02 15 min Stream bottom Hydrolab in stream instrument was
SC tampered with while

in stream
Snake R at Anatone (13334300) 46.0972 116.9767 167.2 USGS-1 Temp, Flow 1/1/02 to 12/31/02 15 min Left bank Real-time fixed Preliminary data

monitor
Snake R at Anatone (ANQW) 46.0972 116.9767 167.2 USACE-3 Temp 3/27/02 to 8/29/02 hourly Left bank Real-time fixed Unknown Depth unknown

TDG 3/27/02 to 7/31/02 monitor Calibrated temp & TDG affected
Bar 3/27/02 to 8/29/02 Unknown by Grande Ronde R

Snake R ds Anatone ? ? ? USACE-1 Temp 7/30/02-8/6/02 15 min Right Bank Hydrolab at 1.5m Calibrated
TDG Calibrated
SC Calibrated

Snake R ds Anatone ? ? ? USACE-1 Temp 7/30/02-8/6/02 15 min Left Bank Hydrolab at 5.5m Calibrated
TDG Calibrated
SC Calibrated

Snake River RM 165 46.1104 116.9503 165.7 ID Power Temp 1/1/02-1/13/03 hourly Therm in stream calibrated

Snake River RM 156 46.2181 116.9595 156.7 ID Power Temp 1/1/02-1/13/03 hourly Therm in stream calibrated

Snake R at backwater interface 46.3443 117.0517 145.25 U of ID Temp May-Oct hourly Center of stream 2-3m, median,
 1 m from bottom

Snake R at backwater interface 46.3443 117.0517 145.25 U of ID Temp May - Oct monthly At therm. site each m of depth,
 twice in Jul and Aug

Snake R at Southway St Br 46.39483 117.03932 141.4 PNNL Temp June - Oct 15 min us bridge pier Thermistor string cal check
    ( Site 9) at each 2 m
Snake R nr Lewiston 46.4154 117.0337 139.9 U of ID Temp May - Oct monthly 4 pt transect each m of depth, 

twice in Jul and Aug
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Site Name/Number Latitude Longitude RM Agency Data type Season Interval Site location Sampling info. QA Comments
Snake R at Bridge St Br 46.42025 117.03661 139.6 PNNL Temp June - Oct 15 min us bridge pier Thermistor string cal check
     (Site 8)  at each 2 m
Snake R at Clarkston- 46.42040 117.03480 139.5 USGS-2 Temp July - Aug 15 min Depths of 0.5, 1.5, 
     Lewiston Br 3, 5, 7, 9m
Clearwater R us SF Clearwater R 46.14597 115.97957 74.7 ID - DEQ Temp 6/1/02 to 10/30/02 30 min  stream bottom Therm in stream
     (SNKCLW06)
Clearwater R at Orofino (13340000) 46.4785 116.2563 44.6 USGS-3 Temp, Flow 1/1/02 to 12/31/02 15 min gaging station Real-time fixed 

monitor
Clearwater R us NF Clearwater R 46.49837 116.30502 41.8 ID - DEQ Temp 6/1/02 to 11/1/02 30 min  stream bottom Therm in stream
    (SNKCLW07)
NF Clearwater R, Dworshak Pool 46.51623 116.29458 2 USACE-1 Temp 6/10/02 to 11/25/02 15 & 30 min us of dam Depths of 0.5, 1.5, 3, 5, ig = 0.02 and Corrected for bias
     (DWKFB) 10, 15, 20, 25, 30, 35,  0.16 oC

40, 45, 50, 55, 60 m
Dworshak Dam forebay (T1-T21) 46.5153 116.295 1.9 USACE-2 Temp Apr - Oct. daily face of dam 21 therm at

\various depths
Dworshak powerhouse tailwater 46.51483 116.29895 1.9 USACE-1 Temp 6/10/02 or 11/25/02 15 & 30 min draft tube deck Single thermistor therm replicate Corrected for bias
     (DWKDTD) after 8/13/03

ig = 0.02 oC
Dworshak  tailwater 46.51135 116.30101 1.8 USACE-1 Temp 8/13/02 to 11/25/02 15 & 30 min nr left bank Replicate thermistors ig = 0.02 oC Corrected for bias
     (DWKTW)
NF Clearwater River ds 46.50380 116.32510 0.1 USACE-1 Temp 8/13/02 to 11/25/02 15 & 30 min right bank Replicate thermistors ig = 0.02 oC Corrected for bias
       Dworshak Dam (DWQIP5)
Dworshak Dam tailrace (DWQI) 46.5031 116.3217 0.1 USACE-3 Temp 1/1/02 to 12/31/02 hourly lb at fish hatchery Real-time fixed Unknown Missing data
   at mouth NF Clearwater R TDG 1/1/02 to 12/31/02   monitor Unknown Some bad data

Bar 1/1/02 to 12/31/02 Unknown Missing data
Clearwater R ds of NF (PEKI) 46.5406 116.3919 36 USACE-3 Temp 3/27/02 to 10/8/02 hourly lb  Real-time fixed Unknown Scroll case data

TDG 3/27/02 to 12/31/02  monitor Unknown   every 24 hours
Bar 3/27/02 to 12/31/02 Unknown

Clearwater R nr Peck (13341050) 46.5000 116.3917 37.4 USGS-3 Temp, Flow 1/1/02 to 12/31/02 15 min gaging station Real-time data

Clearwater R at Spalding (13342500) 46.4486 116.8264 11.6 USGS-4 Temp, Flow 1/1/02 to 9/30/02 15 min discharge station Real-time fixed
 monitor

Clearwater R at Lapwai Creek 46.45072 116.82292 11.6 ID - DEQ Temp 6/1/02 to/10/30/02 30 min  stream bottom Therm in water 
     / Spalding (SNKCLW05)
Clearwater R nr Lewiston (LEWI) 46.4350 116.9600 4 USACE-3 Temp 3/27/02 to 10/7/02 hourly Right bank Real-time fixed Unknown

Tdg 3/27/02 to 10/7/02 monitor Unknown

Bar
1/1/02 to 1/28/02, 3/14/02 to 
3/20/02, 3/27/02 to 10/7/02 Unknown

Clearwater R nr backwater interface 46.4249 116.985 2.8 U of ID Temp May - Oct hourly Center of stream 2-3m, median,
 1 m from bottom

Clearwater R nr backwater interface 46.4249 116.985 2.8 U of ID Temp May - Oct monthly At therm. site each m of depth, 
twice in Jul and Aug

Clearwater R, Site 11, 46.41942 117.00001 2 PNNL Temp 6/25/02-12/17/02 15 min us bridge pier every 2 m in depth cal check
     Lewiston Mem. Br
Clearwater R, Site 10, Railroad Br 46.42599 117.02516 0.5 PNNL Temp 6/25/02-9/25/02 15 min us bridge pier every 2 m in depth cal check

Clearwater R at Railroad Br 46.42599 117.02516 0.5 USGS-2 Temp July - Aug 15 min Depths of 0.5, 1.5, 
3, 5, 7, 9 m

Snake R ds Clearwater, Site 7 46.42555 117.04097 139.2 PNNL Temp 6/26/02-7/12/02 15 min Nr center of stream string every 2 m cal check
8/7/02-9/25/02

Snake R nr Lewiston 46.4265 117.0408 139.0 U of ID Temp May - Oct monthly 4 pt transect each m of depth,
 twice in Jul and Aug
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Site Name/Number Latitude Longitude RM Agency Data type Season Interval Site location Sampling info. QA Comments
Snake R ds Clearwater, Site 6 46.43012 117.04423 138.8 PNNL Temp 6/26/02-9/25/02 15 min Nr center of stream every 2 m in depth cal check
Snake R nr Lewiston 46.4230 117.0744 138.0 U of ID Temp May - Oct monthly 4 pt transect each m of depth,

 twice in Jul and Aug
Snake R, Site 5, us Red Wolf Br 46.42532 117.07227 137.5 PNNL Temp 6/26/02-12/17/02 15 min At Red Wolf Bridge every 2 m in depth cal check

Snake R at Red Wolf Br 46.42425 117.07131 137.5 USGS-2 Temp 7/4/2002 - 8/19/2002 15 min At Red Wolf Bridge Depths of 0.5, 1.5,

Snake R in Lower Granite Pool 46.4241 117.0733 137.25 U of ID Temp 6/28/02-11/18/02 hourly Center of river Depths of 3, 6, 12 m

Snake R in Lower Granite Pool 46.4241 117.0733 137.25 U of ID Temp May - Oct monthly At therm. site each m of depth, 
twice in Jul and Aug

Snake R nr Lewiston 46.4216 117.0784 137.0 U of ID Temp May - Oct monthly 4 pt transect each m of depth,
 twice in Jul and Aug

Snake R, Site 4, us Silcott Island 46.42309 117.17505 132 PNNL Temp. 6/26/02-9/26/02 15 min Left Bank every 2 m in depth cal check

Snake R, Site 3, us Silcott Island 46.42519 117.17593 132 PNNL Temp 6/26/02-8/8/02 15 min Right Bank every 2 m in depth cal check
8/9/02-9/26/02

Snake R, Steptoe Canyon barge 46.4525 117.2092 128 USGS-2 Temp July - Aug 15 min Depths of 0.5, 1.5, 
3, 5, 7, 10, 14 m

Snake R in Lower Granite Pool 46.4558 117.2125 127.75 U of ID Temp 6/19/02-11/19/02 hourly Center of river Depths of 3, 13, 27 m

Snake R in Lower Granite Pool 46.4558 117.2125 127.25 U of ID Temp May - Oct monthly At therm. site each m of depth,
 twice in Jul and Aug

Lower Granite Pool, Site 2 46.49265 117.23254 125 PNNL Temp 6/27/02-8/8/02 15 min Nr center of stream every 2 m in depth cal check
8/9/02-9/26/02

Snake R, Water Canyon barge 46.57960 117.30330 117 USGS-2 Temp July - Aug 15 min Depths of 0.5, 1.5, 3,
5, 10, 15, 20, 26 m

Lower Granite Pool, Site 1 46.58187 117.31726 116.5 PNNL Temp 6/27/02-9/26/02 15 min. Nr right bank every 2 m in depth cal check

Snake R in Lower Granite Pool 46.6414 117.3839 110.25 U of ID Temp 6/19/02-11/19/02 hourly Center of river Depths of 3, 18, 36 m

Snake R in Lower Granite Pool 46.6414 117.3839 110.25 U of ID Temp May - Oct monthly At therm. site each m of depth,
 twice in Jul and Aug

Snake R, Lower Granite 46.6559 117.3963 109 USGS-2 Temp July - Aug 15 min Depths of 0.5, 1.5, 3,
    forebay barge  5, 10, 15, 21 m
Lower Granite Pool (LWG1079A) 46.65604 117.42195 107.90 USACE-1 Temp 6/11/02 to 11/25/02 15 and 30 min Therm. string nr lb Depths of 0.5, 1.5, 3, 5, ig = 0.02 and Corrected for bias
     (LWGFBP2) 10, 15, 20, 25, 30, 35 m  0.16 oC
Lower Granite Pool (LWG1079B) 46.66074 117.41808 107.90 USACE-1 Temp 6/11/02 to 11/25/02 15 and 30 min Therm. string nr rb Depths of 0.5, 1.5, 3, 5, ig = 0.02 and Corrected for bias
     (LWGFBP3) 10. 15, 25 m  0.16 oC
Lower Granite Pool (LWGFX) 46.58297 118.02632 107.60 USACE-1 Temp 6/11/02 to 11/25/02 15 and 30 min Fish ladder exit Depths of 0.5, 1.5, 3, 5, ig = 0.02 and Corrected for bias

10, 15, 20 m  0.16 oC
Lower Granite forebay (LWG) 46.6592 117.4250 107.6 USACE-3 Temp 1/1/02 to 12/31/02 hourly Dam face About 15 foot depth, Unknown Nonrepresentative

TDG 1/1/02 to 12/31/02  real-time data Calibration temp & bar at times
Bar 1/1/02 to 12/31/02 Unknown

Lower Granite Dam 46.6592 117.4250 107.5 USACE-3 Temp 3/6/02 to 12/13/02 daily Scroll case Read manually

Lower Granite powerhouse tailwater 46.65792 117.43135 107.5 USACE-1 Temp 5/21/02 - 11/25/02 15 and 30 min Off of turbine 3 Replicate thermistors ig = 0.02 and Corrected for bais
     (LWGDTD)  0.16 oC
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Site Name/Number Latitude Longitude RM Agency Data type Season Interval Site location Sampling info. QA Comments
Lower Granite tailrace (LGNW) 46.6661 117.4383 106.8 USACE-3 Temp 1/1/02 to 12/31/02 hourly Right bank About 15 foot depth, Unknown

TDG 1/1/02 to 12/31/02  real-time data Calibration
Bar 1/1/02 to 12/31/02 Unknown

Snake R in Little Goose Pool 46.6252 117.8522 81.25 U of ID Temp 7/17/02-11/22/02 hourly Center of river Depths of  3, 14, 28 m

Snake R in Little Goose Pool 46.6252 117.8522 81.25 U of ID Temp May - Oct monthly At therm. site each m of depth,
 twice in Jul and Aug

Little Goose Pool  (LGS0700A) 46.58497 118.01835 70.6 USACE-1 Temp 5/21/02 to 11/26/02 30 min Therm. string Depths of 0.5, 3, ig = 0.16 oC Corrected for bais
     (LGSFBP1) Nr left bank 5, 10, 25, 40 m
Little Goose Pool  (LGS0700B) 46.58646 118.02011 70.6 USACE-1 Temp 6/11/02 to 11/26/02  30 min Therm. string Depths of 0.5, 1.5, 3, 5, ig = 0.02 and Corrected for bias
     (LGSFBP2) Center of river 10, 15, 20, 25, 30, 35 m  0.16 oC
Little Goose Pool (LGS0700C) 46.58830 118.02031 70.6 USACE-1 Temp 6/11/02 to 11/26/02 30 min Therm. string Depths of 0.5, 1.5, 3, 5, ig = 0.02 and Corrected for bais
     (LGSFBP3) Nr right bank 10, 20, 35 m  0.16 oC
Little Goose Pool (LGSFX) 46.58297 118.02632 70.5 USACE-1 Temp 6/20/02 to 11/26/02 15 min Fish ladder exit Depths of 0.5, 1.5, ig = 0.02 oC Corrected for bais

3, 5, 10, 15, 20 m
Little Goose forebay (LGS) 46.5847 118.0256 70.5 USACE-3 Temp 3/26/02 to 10/4/02 hourly Mid channel About 15 foot depth, Unknown Nonrepresentative

TDG on dam  real-time data Calibration temp data at times
Bar Unknown

Little Goose Dam 46.5847 118.0256 70.4 USACE-3 Temp 4/1/02 to 10/31/02 daily Scroll case Manually read Unknown

Little Goose powerhouse tailwater 46.58220 118.02900 70.4 USACE-1 Temp 5/21/02 to 11/26/02 15 & 30 min Outside gate Replicate thermistors ig = 0.02 and Corrected for bais
     (LGSDTD) entrance  0.16 oC
Little Goose tailrace (LGSW) 46.5831 118.0419 69.7 USACE-3 Temp 3/26/02 to 10/4/02 hourly Right bank About 15 foot depth, Unknown

TDG  real-time data Calibrated
Bar Unknown

Tucannon R nr mouth 46.5174 118.12920 0.1 USACE-1 Temp 6/11/02 to 11/26/02 30 min Replicate therm ig = 0.02 and Corrected for bais
     (TRV) on stream bottom  0.16 oC
Palouse R nr mouth 46.7436 118.2023 0.1 USACE-1 Temp 5/22/02 to 11/26/02 30 min Old CR 26 bridge Replicate therm ig = 0.02 and Corrected for bais
     (PRV) on stream bottom on stream bottom  0.16 oC
Snake R in Lower Monumental Pool 46.5796 118.4904 44.25 U of ID Temp 7/16/02-11/20/02 hourly Center of river Depths of 3, 14, 29 m

Snake R in Lower Monumental Pool 46.5796 118.4904 44.25 U of ID Temp May - Oct monthly At therm. site each m of depth,
 twice in Jul and Aug

Lower Monumental Pool (LMN0418A 46.56457 118.53046 41.8 USACE-1 Temp 5/22/02 - 11/26/02 30 min Therm. string nr lb Depths of 0.5, 1.5, ig = 0.16 oC Corrected for bais
     (LMNFBP1) 3, 5, 10, 25, 40 m
Lower Monumental Pool (LMN0418B) 46.56571 118.53154 41.8 USACE-1 Temp 5/22/02 to 11/26/02 30 min Therm. string nr Depth of 0.5, 1.5, 3, 5, ig = 0.16 oC Corrected for bais
     (LMNFBP2) river center 10, 20, 30 m
Lower Monumental Pool (LMN0418B) 46.56719 118.53273 41.8 USACE-1 Temp 5/22/02 to 11/26/02 30 min Therm. string nr rb Depths of 0.5, 1.5, 3, 5, ig = 0.16 oC Corrected for bais
     (LMNFBP3) 10, 12.5, 15 m
Lower Monumental Forebay (LMN) 46.5631 118.5372 41.7 USACE-3 Temp 3/26/02 to 10/4/02 hourly Mid channel on dam About 15 ft depth, Unknown

TDG 3/26/02 to 10/4/02  real-time data Calibrated
Bar 3/26/02 to 10/4/02 Unknown

Lower Monumental Dam 46.5631 118.5372 41.6 USACE-3 Temp 4/1/02 to 10/31/02 daily Scroll case Manual reading Unknown

Lower Monumental powerhouse flow  46.56345 118.53995 41.6 USACE-1 Temp 5/22/02 to 11/26/02 15 & 30 min Drafttube deck Between turbines Replicate therm. Corrected for bais
     (LMNDTD) 2 and 3 ig = 0.02 and 0.16 oC
Lower Monumental tailrace (LMNW) 46.5536 118.5475 40.8 USACE-3 Temp 3/26/02 to 10/4/02 hourly Left bank About 15 ft depth, Unknown Missing temp

TDG 3/26/02 to 10/4/02  real-time data Calibrated and TDG data
Bar 3/26/02 to 10/4/02 Unknown
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Site Name/Number Latitude Longitude RM Agency Data type Season Interval Site location Sampling info. QA Comments
Snake R in Ice Harbor pool 46.2904 118.7890 15.5 U of ID Temp 7/1/02-11/20-02 hourly Center of river Depths of  3, 14, 28 m

Snake R in Ice Harbor pool 46.2904 118.7890 15.5 U of ID Temp May - Oct monthly At therm. site Each m of depth,
 twice in Jul and Aug

Snake R in Ice Harbor Pool 46.24894 118.87247 10.0 USACE-1 Temp 6/11/02 to 11/26/02 15 & 30 min Therm. string nr lb Depths of .5, 1.5, ig = 0.02 and Corrected for bais
     (IHRO100A)  (IHRFBP1) 3, 5, 10, 15, 20 m  0.16 oC
Snake R in Ice Harbor Pool 46.25122 118.87372 10.0 USACE-1 Temp 6/11/02 to 11/26/02 15 & 30 min Therm. string nr rb Depths of .5, 1.5, 3, 5, ig = 0.02 and Corrected for bais
     (IHRO100B)  (IHRFBP2) 10, 15, 20, 25, 30, m  0.16 oC
Ice Harbor forebay (IHR) 46.2494 118.8783 9.8 USACE-3 Temp 1/1/02 to 12/31/02 hourly Mid channel on dam About 15 ft depth, unknown

TDG 1/1/02 to 12/31/02  real-time data calibration
Bar 1/1/02 to 12/31/02 unknown

Ice Harbor Dam 46.2494 118.8783 9.7 USACE-3 Temp 1/1/02 to 12/31/02 12 or 24 hrs Scroll case Manual reading unknown

Ice Harbor tailwater (IHRDTD) 46.24813 118.88023 9.7 USACE-1 Temp 6/20/02 to 11/26/02 15 & 30 min Draft-tube deck Replicate therm. ig = 0.02 and Corrected for bais
 0.16 oC

Ice Harbor Tailrace (IDSW) 46.2422 118.9389 6.1 USACE-3 Temp 1/1/02 to 12/31/02 hourly Right bank About 15 ft depth, unknown Bad & missing data
TDG 1/1/02 to 12/31/02  real-time data calibration Bad & missing data
Bar 1/1/02 to 12/31/02 unknown Bad & missing data

ID DEQ = Don Essig, 208-373-0119, dessig@DEQ.State.ID.US

ID Power = Ralph Myers, 208-388-2358, rmyers@idahopower.com; request data with a letter to Ralph Meyers identifying specific data desired and how the data will be used. 

PNNL = Chris Cook, Battelle,  Chris.Cook@pnl.gov 

U of ID = Dave  Bennett, 208-885-6337, 

USACE-1 = Joe Carroll, 541-298-6656, joe.h.carroll@nwp01.usace.army.mil 

USACE-2 = Rick Emmert/Jerry Wren, 509-527-7536, Rick.L.Emmert@usace.army.mil

USACE-3 = Dick Cassidy, 503-808-3938, http://www.nwd-wc.usace.army.mil/tmt/wcd/tdg/months.html

USACE-4 = Russ Heaton, 509-527-7282, Russ.D.Heaton@usace.army.mil, http://www.nwd-wc.usace.army.mil/report/tdg.htm or tdo.htm 

USGS-1 = Greg Ruppert, 509-547-2571, http://wa.water.usgs.gov/realtime/current.html

USGS-2 = Ken Tiffan, 509-538-2299x279, ken_tiffan@usgs.gov 

USGS-3 = Alvin Sablan,  208-387-1399, aasablan@usgs.gov

USGS-4 = H. Russ Christensen, 208-773-4938, hrchrist@usgs.gov
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Table 2.  Water Temperatures from Fish Ladders in 2002
March 26, 2003

[A separate table at bottom indicates how to contact agency for data; us = upstream; N = north; S = south; ds = downstream; LWG = Lower Granite Dam; 
  LGS = Little Goose Dam; LMN = Lower Monumental Dam; IHR = Ice Harbor Dam; RM = River Mile; QA = Quality Assurance] 
  

Site name/number Latitude Longitude RM Agency Data type Season Frequency Site location Sampling information

LWG Juvenile Collection Channel by Unit 1 46.6579 117.4293 107.5 USACE-5 Temp May - Sept. hourly Fish Ladder Thermistor in fish ladder
     (LWGFWT11)
LWG Juvenile Collection Channel by Unit 6 46.6586 117.4288 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LWGFWT12)
LWG Exit Pool 46.6576 117.4294 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LWGFWT06)
LWG Diffuser 14 46.6576 117.4302 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LWGFWT03)
LWG ds Diffuser 14 46.6581 117.4314 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LWGFWT04)
LWG Between Lower Diffusers 46.6579 117.4309 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LWGFWT07)
LWG Junction Pool 46.6579 117.4307 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LWGFWT05)
N Powerhouse Channel 46.6591 117.4293 107.5 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LWGFWT02)
LWG N Shore Collection Channel 46.6607 117.4283 107.5 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
     (LWGFWT01
LWG Separator 46.65595 117.4335 107.5 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
    (LWGFWT08)
LWG Raceway 46.65595 117.4335 107.5 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
    (LWGFWT09)
LWG Sample Holding Tank 46.65595 117.4335 107.5 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
     (LWGFWT10)
LGS Exit Pool 46.5827 118.0251 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
    (LGSFWT05)
LGS Primary Dewatering Structure 46.5827 118.0253 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
     (LGSFWT06)
LGS 2 Pools ds Diffuser No. 13 46.5826 118.0257 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
     (LGSFWT01)
LGS Viewing room 46.5826 118.0273 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
    (LGSFWT10)
LGS Junction Pool - ds side 46.5827 118.0259 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
     (LGSWT03)
LGS Diffuser 1 S Shore Entrance 46.5827 118.0259 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
     (LGSFWT02)
LGS N Shore Entrance 46.586 118.0269 70.4 USACE-5 Temp April - Sept. hourly Fish ladder Thermistor in fish ladder
    (LGSFWT04)
LGS Separator 46.5823 118.0296 70.4 USACE-5 Temp April - Sept. hourly Smolt collection Thermistor in flowing water
    (LGSFWT07)
LGS Raseway 10 46.5824 118.0297 70.4 USACE-5 Temp April - Sept. hourly Smolt collection Thermistor in flowing water
    (LGSFWT08)
LGS B side Sample Holding Tank 46.5824 118.0297 70.4 USACE-5 Temp April - Sept. hourly Smolt collection Thermistor in flowing water
     (LGSFWT09)
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Site Name/Number Latitude Longitude RM Agency Data type Period Frequency Site location Sampling info. QA
LMN S Ladder Exit Pool 46.5616 118.5357 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LMNFWT06)
LMN N Ladder Exit Pool 46.5647 118.5393 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LMNFWT02)
LMN Juvenile Collection Channel 46.5630 118.5373 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LMNFWT10)
LMN N Ladder ds Upper Diffuser 46.5645 118.5392 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LMNFWT03)
LMN S Ladder ds Upper Diffuser 46.5613 118.5363 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LMNFWT07)
LMN N Ladder us Uppermost Lower Diffuser 46.5640 118.5399 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LMNFWT04)
LMN S Ladder us Uppermost Lower Diffuser 46.5613 118.5369 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LMNFWT08)
LMN N Ladder junction pool 46.5643 118.5393 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LMNFWT01)
LMN S Ladder Entrance 46.5614 118.5365 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (LMNFWT09)
LMN N Ladder end collection channel 46.5600 118.5300 41.6 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (LMNFWT05)
LMN Primary Dewatering 46.5643 118.5403 41.6 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
    (LMNFWT11)
LMN Separator 46.5627 118.5402 41.6 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
    (LMNFWT13)
LMN Sample Holding Tank 46.5627 118.5420 41.6 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
    (LMNFWT14)
LMNRaceway 46.5627 118.5419 41.6 USACE-5 Temp May - Sept. hourly Smolt processing Thermistor in flowing water
    (LMNFWT12)
IHR N Juvenile Collection Channel 46.2489 118.8782 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (IHRFWT12)
IHR S Ladder Collection Juvenile Channel  46.2478 118.878 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (IHRFWT08)
IHR S Ladder Exit Pool 46.2472 118.8779 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (IHRFWT09)
IHR N Ladder Exit Pool 46.251 118.8788 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (IHRFWT05)
IHR N Ladder Upper Junction Pool 46.2506 118.8787 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (IHRFWT01)
IHR S Ladder Upper Diffuser 46.2473 118.8782 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (IHRFWT07)
IHR N Ladder Upper Diffuser 46.2507 118.8796 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (IHRFWT03)
IHR N Ladder Bottom Diffuser 46.2505 118.8797 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (IHRFWT04)
IHR S Ladder Bottom Diffuser 46.2469 118.8795 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
    (IHRFWT06)
IHR S Ladder Collection Chamber 46.2489 118.8792 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (IHRFTW11)
IHR S Ladder Junction Pool 46.2494 118.8783 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (IHRFWT10)
IHR N Ladder Lower Junction Pool 46.2494 118.8783 9.7 USACE-5 Temp May - Sept. hourly Fish ladder Thermistor in fish ladder
     (IHRFWT02)
USACE-5 = Gene Spangrude, 509-527-7292, Gene.R.Spangrude@usace.army.mil
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                              Table 3.  Locations and Types of Meteorlogical Data Collected in 2002   

  [NWS = National Weather Sevice; COOP = Cooperative Westher Station with the National Weather Service]

Site name Source Latitude Longitude Elevation (ft) Starting date Ending date

Dworshak/Dent Acres (DENI) AgriMet 46.62333 116.22056 1660 4/19/2002 12/31/2002

Hermiston (HERO) AgriMet 45.82111 119.51222 550 1/1/2002 12/31/2002

Hermiston (HRMO) AgriMet 45.81944 119.28333 607 1/1/2002 12/31/2002

Lake Bryan/Rice Bar (LBRW) AgriMet 46.68750 117.65417 630 4/18/2002 12/31/2002

Silcott Island (SILW) AgriMet 46.41861 117.18472 825 7/17/2002 12/31/2002

Parameters, units and frequency of data available from AgriMet
AgriMet recorded air temperature in oF every 15 minutes, cumulative precipitation in inches every hour,
cumulative solar radiation in Langleys every hour, dew point temperature in oF every 15 minutes,
relative humidity in percent every 15 minutes, wind speed in nautical miles per hour every hour, peak wind
gusts in nautical miles per hour every 15 minutes, wind direction in degrees azimuth every 15 minutes, 
cumulative wind run in miles every hour, and barometric pressure in inches of mercury every hour. 

Comments about AgriMet data
Barometric pressure converted to millimeters of mercury in database.
Peak wind gusts and wind speed converted to miles per hour.

Site name Source Latitude Longitude Elevation (ft) Starting date Ending date

Pasco (24168) or (KPSC) NWS 40.45 119.20 407 1/1/2002 12/31/2002

Parameters, units and frequency of data available from NWS
NWS recorded air temperature in oF, dewpoint in oF, relative humidity in percent, windspeed in miles 
per hour, peak wind gusts in miles per hour, wind direction in degrees azmith, barometric 
pressure corrected for mean sea level in millibars, cloud cover in eighths of the sky, cloud height in 
hundreds of feet, visibility in miles and incremental rain in inches.

Comments about NWS data
Barometric pressure converted to millimeters of mercury in database.

Site name Source Latitude Longitude Elevation (ft) Starting date Ending date

Lewiston-Nez Perce County Airport (105241) COOP 49.37 117.02 1436 1/1/2002 12/31/2002

Dworshak Fish Hatchery COOP 46.50 116.32 995 1/1/2002 12/31/2002

Asotin 14 SW  (450294) COOP 46.20 117.25 3499 1/1/2002 12/31/2002

Ice Harbor Dam (453883) COOP 46.25 118.87 368 1/1/2002 12/31/2002

Kennewick (454154) COOP 46.22 119.10 390 1/1/2002 12/31/2002

Richland (457015) COOP 46.32 119.27 372 1/1/2002 12/31/2002

Eltopia 8 SWS (452542) COOP 46.40 119.17 700 1/1/2002 12/31/2002

Parameters, units and frequency of data available from COOP sites
COOP stations recorded daily maximum, minimum and observed temperature in oF and daily precipitation in inches.
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Table 4.  Operations Data for Lower Snake Dams in 2002

   [A separate table at bottom indicates how to contact agency for data; RM = River Mile; MWH = megawatt hours;   
   [MW = megawatts; KCFS = thousands of cubic feet per second; KAF = thousands of acre feet] 

Site name/number Latitude Longitude RM Agency Season Data type Units Frequency

Dworshak Dam 46.5153 116.2950 1.9 USACE-4 1/1/02 to 12/31/02 Reservoir storage KAF Mean daily

Lower Granite Dam 46.6592 117.4250 107.5 USACE-4 1/1/02 to 12/31/02 Lewiston gage height at midnight feet Mean daily

Little Goose Dam 46.5847 118.0256 70.4 USACE-4 1/1/02 to 12/31/02

Lower Monumental Dam 46.5631 118.5372 41.6 USACE-4 1/1/02 to 12/31/02

Ice Harbor Dam 46.2494 118.8783 9.7 USACE-4 1/1/02 to 12/31/02

All of the following data types are available from each of the dams
Total power generation MWH Daily
Power generation MW Mean daily
Total power used by station MWH Daily
Inflow to dam KCFS Mean daily
Total flow from dam KCFS Mean daily
Outflow through powerhouse KCFS Mean daily
Outflow over spillway KCFS Mean daily
Reservoir elevation at midnight feet Daily
Reservior elevation at forebay feet Mean daily
Water elevation at tailwater feet Mean daily
Head feet Mean daily

Site name/number Latitude Longitude RM Agency Season Data type Units Frequency

Dworshak Dam 46.5153 116.2950 1.9 USACE-3 1/1/02 to 12/31/02 All of the following data types are available from each of the dams
Outflow over spillway KCFS Hourly

Lower Granite Dam 46.6592 117.4250 107.5 USACE-3 1/1/02 to 12/31/02 Total flow from dam KCFS Hourly
Reservoir elevation at forebay feet Hourly

Little Goose Dam 46.5847 118.0256 70.4 USACE-3 1/1/02 to 12/31/02 Water elevation at tailwater feet Hourly

Lower Monumental Dam 46.5631 118.5372 41.6 USACE-3 1/1/02 to 12/31/02

Ice Harbor Dam 46.2494 118.8783 9.7 USACE-3 1/1/02 to 12/31/02

Site name/number Latitude Longitude RM Agency Season Spill gates Power turbines

Lower Granite Dam 46.6592 117.4250 107.5 USACE-2 4/18/02 to 12/31/02 8 6

Little Goose Dam 46.5847 118.0256 70.4 USACE-2 3/1/02 to 12/31/02 8 6

Lower Monumental Dam 46.5631 118.5372 41.6 USACE-2 5/1/02 to 12/31/02 8 6

Ice Harbor Dam 46.2494 118.8783 9.7 USACE-2 5/1/02 to 12/31/02 10 6

All of the following data types are available from each of the dams
Data type Units Frequency
Reservoir elevation at forebay feet 5 minute
Water elevation at tailwater feet 5 minute
Head feet 5 minute
Generation for each turbine MW 5 minute
Discharge for each turbine KCFS 5 minute
Gate setting for each spillway Setting 5 minute
Discharge for each spillway KCFS 5 minute
Total power generation MW 5 minute
Total discharge through powerhouse KCFS 5 minute
Total discharge over all spillways KCFS 5 minute
Total discharge for dam KCFS 5 minute

USACE-2 = Rick Emmert/Jerry Wren, 509-527-7536, Rick.L.Emmert@usace.army.mil

USACE-3 = Dick Cassidy, 503-808-3938, http://www.nwd-wc.usace.army.mil/tmt/wed/tdg/months.html

USACE-4 = Dick Cassidy, 503-808-3938, http://www.nwd-wc.usace.army.mil/ftppub/project-data/daily/(dam name).txt
     Dam names are as follows: ihr = Ice Harbor Dam, lmn = Lower Monumental Dam, lgs = Little Goose Dam and lwg = Lower Granite Dam
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Appendix E. Lower Snake River Temperature/Water Quality Studies 2002 
 

Introduction 
 

Background/Problem Statement.  Water temperature and associated water quality 
processes are known to have significant effects on both the indigenous biological 
community as well as the anadromous fishes in the Columbia River system.  Continued 
development and refinement of the understanding of system wide aquatic thermal 
processes could greatly enhance our ability to manage project operation for the Lower 
Snake River projects.  
  

The National Marine Fisheries Biological Opinion for 2000 (NOAA, 2000) lists 
199 “Reasonable and Prudent Alternatives” (RPAs) which address environmental 
concerns in the Snake River System.  Alternatives 131, 132, 133, and 143 specifically 
address total dissolved gas and temperature issues in relation to fish passage and survival.  
Successful completion of these RPAs will depend to some extent on adequate water 
temperature data for the system.  All future analytical water research tasks will remain 
dependent on the support of adequate water temperature data for system characterization.  
This need has been reviewed and pointed out by research efforts by the Environmental 
Protection Agency (EPA), the University of Idaho (UI), the US Fish and Wildlife 
Service, Idaho Power, Inc. (IDPWR), the Corps of Engineers (COE), the Pacific 
Northwest National Laboratory (PNNL), and Tribal water quality agencies.  RPA 143 
specifically states:  
 

“The Action Agencies shall develop and coordinate with NMFS and EPA on a 
plan to model the water temperature effects of alternative Snake River operations.  
The modeling plan shall include a temperature data collection strategy developed 
in consultation with EPA, NMFS, and state and Tribal water quality agencies.  
The data collection strategy shall be sufficient to develop and operate the model 
and to document the effects of project operations.” 

 
Spatial gradients in water temperature have significant influence on community 

metabolism, dissolved gas tension and saturation, mixing processes, biological 
communities, chemical and biological reaction rates, and other aquatic processes.  Any 
efforts to better understand the biological and physical processes in the river system can 
benefit from a more complete description of the thermal gradients and processes 
associated with the Lower Snake River hydropower projects.    
 

Historical trend evaluations, impact assessment, management strategies, and 
abatement investigations and initiation can all benefit from a comprehensive 
representative long-term water quality monitoring system operated throughout the river 
system.  The current COE monitoring system does not address vertical or horizontal 
gradients in temperature that may exist in some of the project forebays.  Nor does it 
effectively monitor powerhouse release temperatures, which may effectively represent 
mixed conditions of the forebay waters.  This system relies on single point/depth 
monitors for the Snake River projects.  Powerhouse water temperatures are recorded 
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manually in most cases using mercury thermometers accurate to ±1° F.  Adequate 
representative sampling of the well-mixed powerhouse release waters could provide 
needed support to ongoing and future research on the river system. 
 

Previous water temperature monitoring on the Lower Snake River pools done by 
the University of Idaho has demonstrated dramatic water temperature decreases 
associated with increased upstream releases (Bennett et al. 1997).  This phenomenon is 
readily observed from the hourly temperature data collected at multiple depths during 
these studies. 
 

Vertical gradients in reservoir/river water temperature can result from solar 
warming at the surface coupled with convective exchange as well as advective inflow 
mixing of different waters such as two separate streams.  The hydropower projects on the 
Lower Snake River are generally classified as short-retention-time, run-of-the-river 
projects, especially during high flow water years.  Wind mixing can also impact them.  
Due to the high degree of associated mixing, these characteristics will normally impede 
the development of vertical gradients in temperature and hence density in the water 
column.  Even though vertical temperature gradients in these projects have received little 
attention for describing the water quality and associated processes, there are events and 
locations where this phenomenon is significant, at least for short periods of time.   
 

Vertical gradients have been demonstrated to occur in McNary and John Day 
pools located on the Lower Columbia River and in Lower Granite on the Lower Snake 
River.  Both McNary and Lower Granite have confluences with major secondary 
tributaries contributing high ratios of often cooler waters, which can result in significant 
inflow mixing and advective heat exchange processes.  This is in addition to the extreme 
daily solar warming cycles, which occur in this area of the country.  Intermittent daily 
surface water temperature spikes have also been observed at all of the Snake River 
project forebay water quality stations indicating at least some localized warming of the 
waters.  
 

Study Phases 
 
Purpose/Goals/Scope.   This report describes a water quality study with two major 
phases or study components.  The focus of the study was on patterns in water quality and 
hydrodynamics determined to be important in addressing questions regarding standard 
and alternative operation of projects on the Lower Snake and how those operations relate 
to salmon passage and survival.  The study was conducted as a screening study to provide 
guidance on what future sampling requirements would be needed to continue with trend 
analysis and characterization of the thermal and water quality patterns.  Phase one was a 
field sampling effort whose primary objective was to characterize thermal and water 
quality patterns and processes in the Lower Snake River System during the fish passage 
season of 2002.  Since extensive comprehensive field sampling was planned for the 
Lower Granite pool throughout the spill season by the USGS, PNNL (in conjunction with 
ongoing thermal modeling studies), and the UI (to monitor water temperatures in lower 
Snake River reservoirs to enhance the understanding of the thermal dynamics of the 
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reservoirs), this work area focused primarily on Little Goose, Lower Monumental, and 
Ice Harbor pools.  The study area extended from river mile 107 at Lower Granite Dam on 
the Snake River down to river mile 0 adjacent to the confluence with the Columbia River.   
 

Additional sampling was required in Dworshak pool and downstream to the 
headwaters of the Lower Granite pool as well as in the area of the Anatone fixed monitor 
above the Lower Granite pool on the Snake River and upstream to the release from Hells 
Canyon Dam.  Since much of the river upstream of Anatone was monitored by Idaho 
Department of Environmental Quality (ID DEQ), sampling in this reach was limited to an 
as-needed basis to fill in where necessary. 
 

The field study was adequate in both temporal and spatial resolution to support 
the development of a more thorough understanding of the run-of-the-river one-
dimensional reaches and time periods, as well as any of the more spatially diverse 2-3 
dimensional reaches.  The study results describe vertical temperature/density gradients in 
the water column and in cross sections where appropriate.  Particular areas of 
interest/focus were the forebay areas for pools of interest on the Lower Snake and 
Dworshak on the Clearwater River with emphasis on both vertical and cross-sectional 
patterns. 

 
Phase two of the proposed work assimilated all available data for 2002 from the 

Lower Snake River along with the Phase one field data in a final report addressing the 
proposed study objectives.  Phase two thus required extensive coordination with other 
ongoing water quality studies on the Lower Snake River.  This included work conducted 
by the PNNL, ID DEQ, and Idaho Power Company, in addition to USGS temperature 
work in relation to fish movement, UI tri-level temperature studies in Lower Granite 
Dam, COE temperature sampling in McNary forebay, and COE in-project temperature 
data collection. 
 
Objectives 

• Characterize thermal and water quality patterns in the Lower Snake River System 
during the 2002 summer and fall period 

• Provide guidance on future sampling requirements (screening level study) 
• Determine the fate and effects of releases from Dworshak Dam on the Lower 

Snake River System 
• Determine representativeness of the current fixed temperature monitors of river 

conditions including scroll case temperature monitoring sites as well as the 
forebay and tailwater water quality monitoring sites 

 
The field study only addressed questions that fell into the operational and discharge range 
characterized by the 2002 flow year. 
 
 
 
Field Sampling Approach.  Routine manual in-situ profiling of water quality parameters 
was combined with automated remote water temperature logging (temperature strings) to 
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complete the study.  Specific close interval detailed operations data was collected for 
each project in the study area for the entire season.  Additional flow information on 
secondary tributaries of interest was documented.  The study incorporated all available 
meteorological data in the vicinity of the Lower Snake River.  All data was compiled and 
put into a research database adequate to support required analysis and future research 
needs.  
 
Field Study Area.  The study area extended from Columbia River mile 323 in McNary 
Pool up the Lower Snake River to the Lower Granite forebay river mile 108 (Figure E.1).  
Sampling was conducted at selected locations in the Dworshak forebay (Figure E.2), 
Clearwater River, and at the Anatone water quality monitor at Snake River mile 166-168 
near the confluence of the Grande Ronde River with the Snake River (Figure E.3).  
Sampling was also conducted upstream of the Anatone gage as needed. 
 
 

Study Design/Methods 
 
Automated Temperature Monitoring.  Automated thermal loggers were deployed 
upstream and downstream of each project in the study reach for the period of mid June 
through October.  The loggers were deployed as a string in a vertical profile starting at 
the surface (0.5 m) down to 0.5 m off bottom.  Sampling emphasis was placed on the 
depths ranging from the surface down through the thermocline, if present.  This 
concentrated the effort in the region of the more significant temperature gradients.  
Recommended depths were 0.5 m, 1.5 m, 3 m, 5 m, then at 5 m intervals to within 0.5 m 
of bottom.  Actual depths were determined based on column depth and the possibility of 
vertical gradients.  The vertical profile stations were arranged in lateral transects of 2 to 3 
stations to adequately describe the pool/river cross-sections.  The lateral stations were 
spaced at near-equal distances apart, but included one station located in the deepest point 
(generally the old thalweg).  Single logging instruments were placed in the releases from 
each project where mixed conditions have been documented.  Sampling intervals were set 
at 30 minutes.  The download/maintenance schedule was at 2-month intervals.   
 
 
 
 
Primary temperature logging station locations: 
 

1. McNary pool at Columbia River mile 323.4 (Stations MCNFBP1 and MCNFBP2 
in Figure E.4) – 2 lateral stations with 6-7 loggers each, station P1 in Snake River 
flow and station P2 in Columbia River flow 

2. McNary pool at Columbia River mile 326 (Station MCNPASCO in Figure E.4) 
located in the river thalweg 

3. Walla Walla River (Station WRV) located upstream of any backwater effects 
from the Columbia River 

4. Ice Harbor draft tube deck (station IHRDTD in Figure E.5) – 2 duplicate 
instruments in powerhouse release waters 
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5. Ice Harbor forebay (stations IHRFBP1 and IHRFBP2 in Figure E.5) – 2 lateral 
stations with 6-7 loggers each adjacent to Boating Restriction Zone (BRZ) 
boundary markers upstream of the dam 

6. Lower Monumental draft tube deck (station LMNDTD in Figure E.6)– 2 duplicate 
instruments in the powerhouse release waters 

7. Lower Monumental forebay (stations LMNFBP1, LMNFBP2, and LMNFBP3 in 
Figure E.6) – 3 lateral stations with 6-7 loggers each adjacent to forebay BRZ 
boundary markers upstream of the dam 

8. Palouse River (PRV) – 2 duplicate instruments upstream of any backwater effects 
from Snake River 

9. Tucannon River (TRV) – 2 duplicate instruments upstream of any backwater 
effects from the Snake River 

10. Little Goose draft tube deck (station LGSDTD in Figure E.7)– 2 duplicate 
instruments in powerhouse release waters 

11. Little Goose forebay adjacent to fish ladder exit (station LGSFX in Figure E.7 
12. Little Goose forebay (stations LGSFBP1, LGSFBP2, and LGSFBP3 in Figure 

E7)– 3 lateral stations with 6-7 loggers positioned adjacent to BRZ boundary 
markers upstream of the dam 

13. Lower Granite draft tube deck (station LWGDTD in Figure E.8) – 2 duplicate 
instruments in powerhouse release waters 

14. Lower Granite forebay adjacent to fish ladder exit (station LWGFX in Figure E.8 
15. Lower Granite forebay (stations LWGFBP1 and LWGFBP2 in Figure E.8) 2 

lateral stations with 6-7 loggers positioned adjacent to BRZ boundary markers 
upstream of the dam 

16. Dworshak draft tube deck (station DWKDTD in Figure E.2)– 1 instrument in 
powerhouse release waters 

17. Dworshak forebay (station DWKFB in Figure E.2)– 1 station with 8-10 loggers 
positioned in the deepest area 

 
Anatone Fixed Monitor Site. Field sampling was conducted to evaluate the 
representativeness of the Anatone water quality monitor sampling location.  This was 
completed as a one-time effort in the July-August time frame to identify spatial thermal 
gradients that may be attributed to the confluence and mixing of the Snake and Grande 
Ronde rivers.  The study also quantified any resulting sampling bias.  Figure E3 shows 
the sampling station locations.  
 
Additional Data Sources.  Data was collected by various agencies within Idaho, 
Washington, and Oregon. These agencies include the Corps of Engineers, Idaho Power, 
Idaho DEQ, USGS, the University of Idaho, and the Pacific Northwest National 
Laboratory. Depending on the agency, data was collected from every fifteen minutes up 
to daily intervals.  Sites of interest included the Lower Snake, Clearwater, Tucannon, 
Palouse, Grande Ronde, Salmon, and Imnaha Rivers.     
  
Meteorological Data.  Weather data was gathered from one National Weather Service 
station at Pasco, WA, and three Bureau of Reclamation AgriMet stations with the 
following locations: on Dworshak pool Dent Acres, ID: Lake Bryan-Rice Bar, WA, near 
Little Goose Dam: and Silcott Island, WA, upstream in Lower Granite pool. The 
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parameters of interest were wind speed, wind direction, air temperature, barometric 
pressure, relative humidity, precipitation, and solar radiation.  Evaporation was calculated 
from available measures.  The data used was collected at 15-minute intervals.   
 
Project Operations Data.  Project operation records were compiled and stored in the 
database for Ice Harbor, Lower Monumental, Little Goose, Lower Granite, and 
Dworshak dams.  The information was collected on a 15-minute interval with adequate 
detail to identify which generator units and spillway bays were operating, when they 
came on/off line, and house unit and other miscellaneous releases (fishways etc) when 
possible.  Discharge by unit/spill bay was logged at each time interval.  Records of inflow 
at Anatone plus secondary stream (Salmon, Clearwater, Palouse, Walla Walla, etc) 
discharges were included.  
 
Data Management.  All data gathered was archived, analyzed, and distributed in 
Microsoft Excel and Access files.  Date used in this report can be acquired through the 
2002 Lower Snake River Database.  This database is made up of five tables, the hourly 
temperature data table, the weather data table, the Columbia Rive Operational Hydronet 
and Management System (CROHMS) data table, the detailed operations data table, and 
the USGS flow data table.  Information found in each of these tables was collected by 
various agencies within Washington, Oregon, and Idaho.  Copies of this database can be 
provided on CD-rom upon request. 

 
The temperature table is a collection of hourly water temperature data from sites 

throughout the Snake, Tucannon, Palouse, and Clearwater Rivers.  The agencies that took 
part in collecting this data include the COE, Idaho Power (IDPWR), Idaho DEQ (IDEQ), 
USGS (USGS), and the Pacific Northwest National Laboratory (PNNL).  Since data was 
collected by various agencies, gaps of data are prevalent in this table.  If information such 
as river, river mile, latitude, and longitude were not collected, they were found by using 
DCR (Digital Columbia River) or SMS v8.0 software.  However, irretrievable data such 
as missing depths “Thermistor Z (m)” or “Hydrolab Z (m)” were marked –999, while 
missing string values were left blank.  Within this table many abbreviations were used to 
minimize database size. For example, under the column “Instrument” the letters “T” and 
“H” specify which type of instruments were used in the sampling procedure, thermistors 
or hydrolabs.  Since two types of Onset thermistors were used the “Model” column 
specifies whether a Hobo (H) or a StowAway (S) was used to collect the data.   

 
COE, whose main contact is Joe Carroll Joe.H.Carroll@nwp01.usace.army.mil 

(541-298-6656), collected data from May/June through November 2002.   This 
information was obtained by deploying strings of thermistors located at various depths 
from the surface to the bottom of the water column.  Data was collected in the forebay 
and drafttube decks of Ice Harbor (IHRFB and IHRDTD), Lower Monumental (LMNFB 
and LMNDTD), Little Goose (LGSFB and LGSDTD), Lower Granite, and Dworshak 
Dams (DWKFB and DWKDTD).  Temperature data was also collected at the fish exits at 
Little Goose (LGSFX) and Lower Granite Dams (LWGFX).  Near Dworshak, thermistors 
were also placed in the tailwater (DWKTWP1) and across the river from the fixed 
monitoring station (DWKQIP5).  Lastly, temperatures were collected at stream bottom in 
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the Palouse River (PRV) and the Tucannon River (TRV).  Midway through the field 
season, a replicate thermistor was added to sites that had only one thermistor collecting 
temperature data.  These instruments are signified by a number “2” after the site name 
such as “PRV-2” or “LWGDTD-2”.  Subsequent to COE’s data collection season all 
thermistors were placed in a water bath and tested for bias (see column “Bias”).  Each 
instrument’s temperature readings were subtracted by their bias and outputted into the 
column “Corrected Temp C”.  The COE is the only agency to have done this, so for every 
other agencies’ data “Bias” fields are blank and “Temp C” equals “Corrected Temp C”.  
Missing days, hours, or minutes in the COE’s temperature data are due to instrument 
failure or instruments temporarily pulled out of the water for data retrieval and instrument 
reprogramming.  Failures occurred randomly, while instrument reprogramming occurred 
on August 12th and 13th and September 4th and 5th.      

 
Idaho Power and Ralph Myers, rmyers@idahopower.com (208-388-2358), 

collected temperature data along the Snake River near river miles 156, 165, 170, 202, and 
229 for the entire 2002-year.  At river miles 202 and 229 temperatures were recorded on 
a daily instead of hourly basis and are not included in the 2002 Lower Snake River 
Database.   

 
Idaho DEQ and Don Essig, dessig@deq.state.id.us (208-373-0119), collected 

hourly temperature data from June through November 2002.  Thermistors were deployed 
on the Clearwater River near Kooskia, ID (KOOSKIAIDEQ), the Clearwater River near 
Orofino, ID (OROFINOIDEQ), and the Clearwater River near Spalding, ID 
(SPALDINGIDEQ) and on the Snake River above the confluence of the Grande Ronde 
River (SNKABVGRIDEQ).  The thermistors used to collect this information were 
programmed in Mountain Time and converted to Pacific Time before added to the 
database. 

 
Data from four USGS sites were added to the hourly temperature table.  These 

sites include the Snake River near Anatone, WA, the Clearwater at Spalding, ID, the 
Clearwater at Peck, ID, and the Clearwater at Orofino, ID.  This data is preliminary and 
subject to change.  Greg Ruppert, gruppert@usgs.gov, is the main point of contact for 
temperatures collected at the Snake River near Anatone site (MSRM197_2GS) during 
2002.  This data was converted from Mountain Time to Pacific Time before included in 
the database.  H. Russ Christensen, hrchrist@usgs.gov (208-773-4938), is the main point 
of contact for temperatures gathered at the Clearwater River at Spalding site 
(SPALDINGGS) from January through September 2002.  Lastly, Alvin Sablan, 
aasablan@usgs.gov (208-387-1399), is the main point of contact for data collected at 
both the Peck (PECKIDEQ) and the Orofino (OROFINOIDEQ) sites on the Clearwater 
River over the 2002-year. 

 
Data collected by the Pacific Northwest National Laboratory (PNNL) were 

obtained from Chris Cook, chris.cook@pnl.gov , 509-375-6878. The data set includes 15-
minute water temperate data collected at 11 sites throughout the Lower Granite Pool. At 
each site several loggers were suspended vertically throughout the water column. Data 
were collected using Onset Optical StowAways, with a stated accuracy of ±0.2°C. 
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Logger accuracy was confirmed by PNNL by immersing the loggers in a constant 
temperature bath and using two check points. All loggers were found to perform at or 
better than the stated accuracy.  PNNL reports in progressdocumenting the data collection 
plan, data analysis, and numerical modeling of the Lower Snake can be obtained by 
contacting Chris Cook at the address above.   

   
The CROHMS data included in the hourly temperature table was collected by the 

fixed monitoring sites DWQI, IDSW, IHR, LGS, LGSW, LMN, LMNW, LGNW, LWG, 
ANQW, LEWI, and PEKI.  This information is preliminary and subject to change and 
can be found at the website http://www.nwd-
wc.usace.army.mil/tmt/wcd/tdg/months.html.  Before information was added to the 
database depths were converted from feet to meters. 

 
The weather data table includes information collected by AgriMet and NWS 

weather stations.  AgriMet stations collected data at Dworshak-Dent Acres, ID, Lake 
Bryan-Rice Bar, WA, and Silcott Island, WA every 15 minutes.  The National Weather 
Service station (NWS) collected weather data at Pasco, Washington every hour.  
Conversion factors were used to obtain the same units of measure for all sites.  
Barometric pressures from both NWS and AgriMet stations were converted to 
millimeters of Hg.  A column was added and BP (MSL) was converted to absolute 
pressure.  NWS wind speed and wind peak data were converted from nautical miles per 
hour to statute miles per hour.   Lastly, air temperature was converted to degrees Celsius 
and added to the database as a new column. 

 
The NWS weather data is provisional (subject to change) and was pulled off the 

website http://www-12.atmos.washington.edu/k12/grayskies/nw_weather.html.  The 
parameters collected include barometric pressure (mmHg), air temperature (Celsius and 
Fahrenheit), dew point (Fahrenheit), wind direction (clockwise degrees from North), 
wind speed (statute mph), wind peak (statute mph), cloud cover (8ths of the sky), cloud 
height (100’s of feet), visibility (miles), relative humidity (%), and incremental 
precipitation (inches). 

 
Meteorological data from the US Bureau of Reclamation AgriMet stations were 

pulled off the website http://mac1.pn.usbr.gov/agrimet/ and is provisional.  The 
parameters collected include barometric pressure (mmHg), air temperature (Celsius and 
Fahrenheit), dew point (Fahrenheit), wind direction (degrees), wind speed (statute mph), 
wind peak (statute mph), solar radiation (langleys), relative humidity (%), and cumulative 
precipitation (inches).  AgriMet stations rely on solar power to revitalize the (Interstate 
31-PHD Workaholic) batteries that keep stations working properly.  When batteries run 
low and adequate sunlight is not available to replenish power, data is not collected.  This 
is most likely the cause for missing data during the months of November and December 
at the Dworshak/Dent Acres station.   

 
The fixed monitoring sites DWQI, IDSW, IHR, LGS, LGSW, LMN, LMNW, 

LGNW, LWG, ANQW, LEWI, and PEKI are included in the COE CROHMS data table.  
This is preliminary data and is subject to change.  Data was gathered from the website 
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http://www.nwd-wc.usace.army.mil/tmt/wcd/tdg/months.html and depths were converted 
from feet to meters before being added to the database.  The CROHMS data found in the 
hourly temperature table includes temperature data only.  This table includes not only 
temperature data but also parameters such as barometric pressure, total dissolved gas, 
total gas saturation, total spill, total generation, forebay elevation, and tailwater elevation.  

 
The detailed operations table consists of operational data organized by Jerry Wren 

of The Corps of Engineers-Walla Walla District, Jerry.D.Wren@nww01.usace.army.mil 
(509-527-7422).  Data from Lower Granite, Little Goose, Lower Monumental, and Ice 
Harbor dams were collected on five-minute intervals.  Gate positions, spillway flows, 
turbine flows, power production, and elevations for each project can be found in this table 
for the months of May-December at Ice Harbor Dam, March-December at Little Goose 
Dam, May-December at Lower Monumental Dam and April-December at Lower Granite 
Dam.  Since Ice Harbor Dam is the only project in this table to have a 9th and 10th gate, 
blank fields are found under the columns G9POS, S9KCFS, G10POS and S10KCFS for 
LWG, LGS, and LMN dams.   

 
The USGS flow data table includes the sites Snake River near Anatone, WA, the 

Clearwater River at Spalding, ID, the Clearwater River at Peck, ID, and the Clearwater 
River at Orofino, ID.  This data is preliminary and subject to change.  Greg Ruppert, 
gruppert@usgs.gov, is the main point of contact for flow data collected at the Snake 
River near Anatone site (MSRM197_2GS) during 2002.  This data was converted from 
Mountain Time to Pacific Time before being included in the database.  H. Russ 
Christensen, hrchrist@usgs.gov (208-773-4938) is the main point of contact for flow data 
gathered at the Clearwater River at Spalding site (SPALDINGGS) during the 2002-year.  
Lastly, Alvin Sablan, aasablan@usgs.gov (208-387-1399), is the main point of contact 
for data collected at both the Clearwater at Peck site (PECKIDEQ) and the Clearwater at 
Orofino site (OROFINOIDEQ) during 2002.  Station numbers are also included in this 
table, so that additional information can be retrieved off of the USGS website, 
http://www.usgs.gov/, if desired. 
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Figure E.1.  Study Area for Temperature Monitoring on Lower Snake River Projects. 
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Figure E.2.  Dworshak Pool Diagram with In-Situ Profile Station Locations (red dot) and 
Automated Temperature String (circle). 
 

 

 

 

 

 

 



 

 Appendix E 13

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure E.3.  Lower Snake River Mile 166-168 with Anatone Fixed Monitor Location and 
Proposed Evaluation Sample Transect (red bars) and Station Locations (red dots). 
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Figure E.4.  McNary Pool Logging Temperature String Locations. 
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Figure E.5.  Ice Harbor Dam with locations of Logging Temperature Strings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E.6.  Lower Monumental Dam with Locations of Logging Temperature Strings.  
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Figure E.7.  Little Goose Dam with Locations of Logging Temperature Strings. 
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Figure E.8.  Lower Granite Dam with Locations of Logging Temperature String. 
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Results 
 
Project Operations/River Discharge.   Figures E.9 through E.13 below describe total 
river discharge and spill at Dworshak, Lower Granite, Little Goose, Lower Monumental, 
and Ice Harbor dams during the months of April through November 2002.  Releases at 
these projects began during the first 15 days in April 2002.   
 

Dworshak Dam spilled from early April through mid May, mid June through July 
2, and July 9 through the end of August as seen in Figure E.9.  The highest day of spill at 
this project occurred on June 23 and 24 averaging 10.08 kcfs. 
 

Lower Granite Dam (Figure E.10) spilled for the day of February 8.  Spill 
resumed early April and continued through mid July. In mid August through the rest of 
the season, spill was initiated five times, August 14-15, September 9, and November 26 
through the 27.  The highest day of spill at this project occurred on June 5 averaging 
68.53 kcfs. 
 

Little Goose Dam spilled from early April through mid July and again in late 
August.  The projects highest day of spill occurred on June 2 averaging 64.08 kcfs 
(Figure E.11).   
 

Lower Monumental Dam’s releases were quite less than that of any other Snake 
River project as seen in Figure E.12.  LMN spilled on only two occasions, or a total of 
eight days during 2002, on April 15 and 16 and May 30 through June 4. The highest day 
of spill at this project occurred on May 31 averaging 16.27 kcfs. 
 

Ice Harbor Dam (Figure E.13) spilled from mid April through the end of August, 
mid September and two days in November.  Ice Harbor’s highest day of spill occurred on 
June 2 averaging 102.15 kcfs.  Compared to the other projects, this dam had the most 
active spill season of 2002.   

 
 
 
 
 
 

.   
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Figure E.9. Average daily total spill and discharge measured at Dworshak Dam, April-
November, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.10. Average daily total spill and discharge measured at Lower Granite Dam, 
April-November, 2002. 
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Figure E.11. Average daily total spill and discharge measured at Lower Monumental 
Dam, April-November, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.12. Average daily total spill and discharge measured at Little Goose Dam, 
April-November, 2002. 
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Figure E.13. Average daily total spill and discharge measured at Ice Harbor Dam, April-
November, 2002. 
 
 

Flow data collected by USGS from the Clearwater River at Orofino, ID, the 
Clearwater River at Spalding, ID, the Snake River near Anatone, WA, and the fixed 
monitor located along the north fork of the Clearwater River (DWQI) are shown in 
Figure E.14.  With few exceptions, the majority of the season depicted relatively equal 
amounts of discharge from the Clearwater and Snake Rivers.  The exception occurred 
from May 22 through June 20 when Anatone flows spiked 20% higher, on average, than 
flows out of the Clearwater River.  During the latter part of September and through the 
end of the season, Dworshak releases fell off and Snake River flows at Anatone rose to 
60-80% of the total flow.   
 

In the upper portion of Figure E.15 a time history plot of Lower Snake River 
project river discharges is displayed.  As seen, flows started in the spring at 35 kcfs 
(average daily) and peaked at 130 kcfs in mid April and again at 140 kcfs in early June.  
Flows began falling by early July on the Snake River and by September low flows of 15 
kcfs were typical.  The lower part of Figure E.15 depicts theoretical retention times, 
which were calculated by project using volume/surface elevation data to approximate 
flows through the system.  The retention times varied from a low of 2 days for all projects 
during the April-June period to a high of 18 days for Little Goose and 12-14 days for the 
other projects during the fall low flows.  Retention time for the Lower Snake River up 
through Lower Granite pool ranged from a low of 8 days for the system during May/June 
high flows, to a high of approximately 60 days during the fall low flows. 
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Figure E.14.  Average daily flows and percent total flows from various USGS sites along 
the Snake and Clearwater Rivers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.15.  Lower Snake River project discharge (average daily flow), theoretical 
retention time by project and the entire lower river. 
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Meteorological conditions.  The weather stations chosen to monitor conditions in the 
Lower Snake River area during the study consists of one National Weather Service 
station at Pasco, WA, and three Bureau of Reclamation AgriMet stations located on 
Dworshak pool Dent Acres, ID, Lake Bryan-Rice Bar, WA, near Little Goose Dam, and 
Silcott Island, WA, upstream in Lower Granite pool.  As seen in the Figures E.16 through 
E.18 the Pasco, Washington weather station collected data throughout the entire 2002 
season.  The AgriMet stations located at Dworshak/Dent Acres and Lake Bryan-Rice Bar 
were not installed until April 20, 2002 while the Silcott Island AgriMet weather station 
was not installed until almost two months later on July 17, 2002.   

 
The highest daily temperatures recorded at Dworshak, Lake Bryan-Rice Bar, and 

Pasco occurred on July 13 (Figure E.16).  Since the Silcott Island station was not 
recording data at this time the highest temperature at this site occurred 10 days later on 
July 23.  The lowest temperatures recorded at Dworshak/Dent Acres took place on 
October 30 while the lowest temperature at Lake Bryan-Rice Bar, Pasco, and Silcott 
Island took place one day later on the 31.  From the latter part of April through the end of 
November, the Dworshak/Dent Acres site was generally 1-3 °C cooler than that of Lake 
Bryan-Rice Bar, Pasco, and Silcott Island sites.  Out of the three warmer sites, Lake 
Bryan-Rice Bar, Pasco, and Silcott Island, no one station was predominately warmer than 
the others throughout the season. 

 
The weather station located at Pasco, WA measured the highest wind speeds out 

of the four sites seen in Figure E.17.  The three highest daily wind speeds measured at the 
Pasco station occurred April 14, with an averaged wind speed of 17mph, July 8, with an 
averaged wind speed of 16mph, and on November 17, with an average wind speed of 
18mph.  At the other three sites, there was only one day when averaged wind speeds were 
recorded higher than 10 mph.  This occurred at Silcott Island on November 16.  None of 
the weather stations recorded daily wind speeds less than one mile per hour for the entire 
season. 

 
Wind peaks measured at the weather stations shown in Figure E.18 followed 

similar patterns to that of the wind speed figure mentioned above.  The Pasco, WA, 
weather station clearly shows higher daily wind peaks than the other stations.  These 
highest measurements occurred on May 5 and 20 with peaks of about 33 mph and on July 
8 with a peak of about 38 mph.  None of the weather stations during the 2002 season 
recorded wind peaks below approximately three miles per hour. 
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Figure E.16. Average daily air temperatures collected at Lower Snake River weather 
stations, April-November, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.17. Average daily wind speeds collected at Lower Snake River weather stations, 
April-November, 2002. 
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Figure E.18. Average daily wind peaks collected at Lower Snake River weather stations, 
April-November 2002.  
 
 
 
River Temperatures.    
 
COE Temperature Data.  Strong vertical thermal gradients were present by mid June in 
the Dworshak forebay at station DWKFB as indicated in the 60 m deep profile described 
in Figure E.19.  Maximum temperatures of 25-29 °C were achieved at the 0.5 m deep 
sensor by mid to late July.  The surface mixed layer or the epilimnion progressed down to 
5 m by late July and on down to 10 m by late September.  The thermocline appeared to 
extend down to the 35-40 m depths with gradients up to 14 °C occurring.  The 
hypolimnion, below the 40 m depth, remained at or below 6 °C for the duration of the 
sampling period.  Figure 3.14 illustrates a daily average temperature profile of late 
August.   
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Figure E.19.  Temperature profile time histories for Dworshak forebay station DWKFB 
and project discharge, 2002.  (The sensor depths, Z, are in meters as indicated in the 
legend) 
 

 
 
Figure E.20 depicts water temperatures collected at the fish exit of Lower Granite 

Dam (LWGFX) from June through November 2002.  Vertical thermal gradients began 
during mid July and continued through mid September.  Maximum temperatures were 
recorded by the 0.5 m thermistor on July 25 at approximately 25°C.  During the stratified 
period, coolest temperatures were recorded in mid August at 16°C by the 20 m 
instrument.  This instrument failed shortly thereafter and was never regained.   

 
Lasting vertical thermal gradients started in early July and continued through mid 

September at the Lower Granite forebay stations LWGFBP2 and LWGFBP3 as indicated 
in the profile time histories described in Figures E.21 and E.22.  Maximum temperatures 
of approximately 25 °C were achieved at the 0.5 m deep sensors by mid to late July.  The 
surface mixed layers never extended beyond 5 m with little classical development of an 
epilimnion.   An apparent thermocline extended down to near the bottom at the 25 to 30m 
depths with gradients of up to 6 °C occurring.  The bottom temperatures remained 
between 16 and 19 °C during the stratified period.   
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Figure E.20.  Temperature profile time histories for Lower Granite fish exit station 
LWGFX and project discharge, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.21.  Temperature profile time histories for Lower Granite forebay station 
LWGP2 and project discharge, 2002.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.22.  Temperature profile time histories for Lower Granite forebay station 
LWGP3 and project discharge, 2002.   
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Figure E.23 describes the temperature conditions collected at the Little Goose 

Dam fish exit (LGSFX) during the months of June-November 2002.  As shown, weak 
thermal gradients developed in mid June and continued through the end of September.  
Peak temperatures during this time occurred in mid July measuring approximately 27°C 
by the two surface instruments of 0.5 m and 1.5 m and approximately 21°C by the bottom 
two instruments of 15 m and 20 m.  The two deepest instruments of 15 m and 20 m 
measured temperatures at or above 20 °C for approximately 32 out of the 45 days of mid 
July through August. 

 
Vertical thermal gradients started to develop for short periods (3 to 5 days) in 

June at the Little Goose forebay stations LGSFBP1, LGSFBP2, and LGSFBP3 as 
depicted in the profile time histories described in Figures E.24 through E.26.  These 
gradients would break up or mix due to surface cooling or wind mixing.  Continuous but 
relatively weak thermal gradients of 2-4 °C were apparent by July 10 and, similar to 
Lower Granite, continued until mid September.  Maximum temperatures of 25 °C were 
achieved at the 0.5 m deep sensors by mid to late July.  The thermal gradients were more 
gradual from surface to bottom.  The bottom temperatures remained between 16 and 20 
°C during the stratified period. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure E.23.  Temperature profile time histories for Little Goose fish exit station LGSFX 
and project discharge, 2002. 
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Figure E.24.  Temperature profile time histories for Little Goose forebay station 
LGSFBP1 and project discharge, 2002.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.25.  Temperature profile time histories for Little Goose forebay station 
LGSFBP2 and project discharge, 2002. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
Figure E.26.  Temperature profile time histories for Little Goose forebay station 
LGSFBP3 and project discharge, 2002.  
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Figure E.27 shown below describes the thermal conditions at the mouth of the 
Palouse and Tucannon Rivers.   Duplicate thermistors were deployed at these sites, so an 
average temperature was calculated to produce the time series plot. Daily fluctuations 
were prominent at both of these sites throughout the season.  Peak temperatures of 
approximately 28.9°C occurred on July 12 and 13 at the Palouse River site.  Peak 
temperatures of approximately 27.3°C occurred on July 12 at the Tucannon River site.  
From June to late October, the Palouse River was slightly warmer than the Tucannon 
River.  However, the end of October through November brought cooler conditions at the 
Palouse of 1-4°C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure E.27.  Temperature profile time histories for sites along the Palouse and Tucannon 
Rivers, 2002.   

 
 
 
Figures E.28 through E.30 depict thermal patterns measured at the Lower 

Monumental forebay sites of LMNFBP1, LMNFBP2, and LMNFBP3.  On and off 
warming/cooling patterns began in early June and by mid July weak thermal gradients of 
2-4 °C were apparent.  During the stratification period, peak temperatures of 23-24°C 
were measured, while bottom temperatures increased from 17 to 21 °C.  From July 31-
August 5 data logs from the LMNFBP2 site were lost due to a programming error and no 
temperature readings were taken.  At all three Lower Monumental forebay sites logs were 
lost from August 9-11 and again, no temperatures were taken during that time. 
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Figure E.28.  Temperature profile time histories for Lower Monumental forebay station 
LMNFBP1 and project discharge, 2002 
.   

 
 

 
 
 
  
 
 
 
 
 
 
 
Figure E.29.  Temperature profile time histories for Lower Monumental forebay station 
LMNFBP2 and project discharge, 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.30.  Temperature profile time histories for Lower Monumental forebay station 
LMNFBP3 and project discharge, 2002.  
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The Ice Harbor forebay thermal profiles are characterized by intermittent daily 
surface warming throughout the season (Figures E.31 and E.32) with very gradual and 
weak vertical gradients of 1-2 °C.  Maximum temperatures of 24 °C were observed in 
July.  The bottom temperatures remained between 18 and 22 °C during the stratified 
period.  
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.31.  Temperature profile time histories for Ice Harbor forebay station IHRFBP1 
and project discharge, 2002.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.32.  Temperature profile time histories for Ice Harbor forebay station IHRFBP2 
and project discharge, 2002.   
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Figure E.33 depicts temperature profiles measured at the drafttube decks of 

Dworshak, Lower Granite, Little Goose, Lower Monumental, and Ice Harbor Dams.  
Duplicate thermistors were deployed at these sites, so an average temperature was 
calculated to produce the time series plot.  From mid June through mid October 
Dworshak’s tailwater temperatures were between 5° and 12°C cooler than the four 
projects on the Snake River.  The abrupt fluctuations in temperature at the Dworshak site, 
which can be seen on August 7 and 29, September 12, and October 18 are due to 
operational changes in spill. Comparing the Snake River projects during the months of 
June though October, Ice Harbor’s tailwater temperatures, on average, were warmest, 
while Lower Granite’s tailwater temperatures were coolest. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure E.33.  Temperature profile time histories for all drafttube deck stations at the 
Lower Snake River projects, 2002.  
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Other Temperature Data.  In addition to the forebay automated profiling supplementary 
river stations were monitored including locations on the middle Snake, Grande Ronde, 
Clearwater, Palouse, and Tucannon Rivers plus additional monitors were installed on 
each project draft tube deck.  The following sections present a partial review of the 
individual river temperature monitor data collected in the screening study. 
 

Water temperatures for the middle Snake River just upstream of Lower Granite 
headwaters increased to above 20 °C the second week in July and remained elevated until 
mid September.  Maximum temperature was 22-23 °C for all five stations presented in 
Figure E.34.  Diel cycles in temperature were 1-2 °C for all stations as well.  Warming in 
the order of 0.5 °C from river mile 170 downstream to river mile 156 was identified in 
the middle Snake River data during July and August (provided by Idaho Power 
Company). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.34.  Middle Snake River water temperature, river mile 156 to 170. (Data 
provided by Idaho Power, USGS, and COE) 
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Figure E.35 depicts Clearwater temperatures for the upstream main fork at 

Orofino, ID, and Kooskia, ID, plus lower river stations at Peck, ID, and Spalding, ID.  
The sources of data for these stations include both USGS and Idaho DEQ.  As on the 
middle Snake River, the upstream Clearwater temperatures for the Kooskia and Orofino 
stations went above 20 °C by the second week in July and peaked at 22-25 °C during late 
July.  Diel temperature cycles for these stations ranged from 2 to 5 °C.  The downstream 
stations at Peck and Spalding peaked at around 15 °C with daily fluctuations of only 1-2 
°C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.35.  Selected temperature monitoring stations on Clearwater River. (Data 
provided by Idaho DEQ and USGS) 
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Figure E.36 depicts water temperatures for the North fork of the Clearwater River, 

the releases from Dworshak Dam, and 1 mile downstream at the COE fixed monitoring 
station (DWQI).  In general these temperatures fluctuated significantly in relation to the 
operation of Dworshak dam. Intake elevation for the powerhouse, powerhouse discharge, 
and discharge of the spillway affected the average release temperatures as recorded 1 
mile downstream at the COE fixed monitor DWQI.  Station DWQIP5 located directly 
across the river from station DWQI remained 0.5 °C warmer than the fixed monitor 
(DWQI) temperature log during the period of spill.  These two stations would consist of a 
mix of the releases from the powerhouse and spillway at Dworshak. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

 
 
 
 
 
 
 
 
Figure E.36.  Water temperatures downstream of Dworshak Dam on the North Fork 
Clearwater River and project discharge. 
 
 
 
 
CROHMS (Columbia River Operational Hydronet and Management System).  The 
COE has conducted routine monitoring at all Snake River projects plus selected in-river 
sites on both the middle Snake and Clearwater Rivers for several years.  The stations 
associated with each project are located in the forebay, near or on the upstream dam face, 
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and in the tailwater just downstream of each project.  Sampling is on hourly intervals at 
discrete depths (generally approximately 15 ft) at each location.  Neither vertical nor 
lateral gradients patterns are captured with this sampling strategy.   
 

These water quality stations were designed to sample total dissolved gas 
saturation but have been used to document water temperatures as well.  The general 
purpose of the forebay station has been to sample or represent an average cross section of 
the downstream forebay waters.  In most cases, the purpose for monitoring in the 
tailwater areas has been to document spill water conditions on the river.  These objectives 
can be met in both cases if the water is well mixed spatially at each reach of interest.  
Since the dams have no or little impact on water temperatures then the two stations 
should give comparable data throughout the sampling season for each project.   

 
Figures E.37 through E.42 below depict temporal patterns for water temperatures 

collected at the fixed monitoring stations at Ice Harbor (IHR and IDSW), Lower 
Monumental (LMN and LMNW), Little Goose (LGS and LGSW), Lower Granite (LGS 
and LNGW), Dworshak (DWQI) Lewiston (LEWI), and Anatone (ANQW).  The time 
frame of each plot is from April through November 2002.   

 
Dworshak releases on the North Fork of the Clearwater River remained less than 

10 °C until mid October (Figure E.37.).  Daily thermal cycles on the middle fork of the 
Clearwater River ranged from 2-5 °C routinely during the period of July through 
October.  Late in the season (November) water temperatures of Dworshak releases were 
still above 8 °C. 

 
River stations at Lewiston, ID, (LEWI), and Anatone, WA, (ANQW) are shown 

in Figure E.38.  Peak temperatures of 22-25 °C occurred on the Middle Snake at Anatone 
by mid July.  The Lewiston gage registered water temperatures around 15 °C by early 
July then again by mid September.  Daily thermal cycles were in the order of 1-2 °C with 
the greater daily cycles occurring on the lower Clearwater River at Lewiston. 

 
The Snake River water began warming in late March and early April.  The 

warming continued at all sites until late July and early August with peak temperatures of 
20-22 °C on the Lower Snake River.  The forebay and tailwater water temperature data 
for the lower Snake River projects are consistent with each other until early July when 
increased warming occurs at most forebay stations.  The greatest differences in forebay 
and tailwater temperatures were observed at Lower Granite Dam (Figure E.39) and 
ranged from 2-4 °C consistently during the period of July through September.  Daily 
temperature spikes as great as 4-5 °C were observed at the forebay stations until the water 
began cooling off in early October.  The least prominent daily temperature spiking (less 
than 2 °C) was noted for Ice Harbor forebay waters (Figure E.42).  The tailwater 
temperatures had minimal daily warming or spiking (generally less than 1 °C) and were 
more characteristic of the somewhat mixed releases from each of the projects. 
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Figure E.37.  Temperature profile time histories collected at the DWQI fixed monitoring 
station and the USGS Orofino gauging station with project operations, 2002. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure E.38.  Temperature profile time histories collected at the ANQW and LEWI fixed 
monitoring stations, 2002. 
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Figure E.39.  Temperature profile time histories collected at the LWG and LGNW fixed 
monitoring stations with project operations, 2002. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure E.40.  Temperature profile time histories collected at the LGS and LGSW fixed 
monitoring stations with project operations, 2002 
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Figure E.41.  Temperature profile time histories collected at the LMN and LMNW fixed 
monitoring stations with project operations, 2002 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure E.42.  Temperature profile time histories collected at the IHR and IDSW fixed 
monitoring stations with project operations, 2002 
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A longitudinal series of temperature data is depicted in figure E.43.  Temperature 
data for each tailwater fixed monitor plus the Lewiston and Anatone sites are shown.  The 
general pattern or trend is for increasing temperature in the downstream direction on the 
Lower Snake River indicating warming as would be expected.  During the period of June 
through August the warming on the Lower Snake River appears to fall in the range of 1-3 
°C (this observation assumes some lag as we progress downstream).  The water 
temperature at Anatone was frequently 2 °C higher than that recorded further downstream 
at the projects.  The Clearwater temperature at Lewiston remained cooler through the 
season due to the cold-water releases from Dworshak Dam. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure E.43.  Tailwater fixed monitor temperature data for the Lower Snake River 
Projects plus water temperature for the LEWI and ANQW gages. 

 
 
 

 Figures E.44 through E.47 below depict project release temperatures at Lower 
Granite, Little Goose, Lower Monumental, and Ice Harbor dams.  Temporal patterns 
collected by both the Corp’s tailwater fixed monitoring stations and CE’s drafttube deck 
instruments agree well at all four projects.  Drafttube deck temperatures were slightly 
warmer than those temperatures downstream with the largest temperature difference seen 
at Lower Granite Dam of approximately 1°C in the end of August.    
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Figure E.44.  Temperature profile time histories collected at the LGNW fixed monitoring 
station and drafttube deck (LWGDTD), 2002. 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure E.45.  Temperature profile time histories collected at the LGSW fixed monitoring 
station and drafttube deck (LGSDTD), 2002. 
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Figure E.46.  Temperature profile time histories collected at the LMNW fixed monitoring 
station and drafttube deck (LMNDTD), 2002. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.47.  Temperature profile time histories collected at the IDSW fixed monitoring 
station and drafttube deck (IHRDTD), 2002. 
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Discussion 
 

Comparisons were made across stations for the Lower Snake River forebay 
profile monitoring.  Paired sample statistical analyses were conducted by pairing by 
depth and time between two stations.  This was completed in a way to compare each 
station in a forebay to all the other locations for that forebay.  Table E.1 shows the results 
of these tests across the entire sampling season of June through November.  The 
abbreviations used in referencing the paired strings in Table E.1 started with the project 
initials such as “I” for Ice Harbor followed by “F” for forebay station, and then followed 
with a number indicating the lateral position of the station.  Lateral station numbers start 
on the looking downstream left bank side.  The analysis was a t-test to determine if the 
calculated mean difference for each pair was significantly different from zero.  The 
analyses showed each pair to be significantly different; however, the maximum mean 
difference for all the tests was –0.17 °C for the LWF3-LWFX pair.  These data indicate 
only minor bias (+- 0.2 °C) associated with the lateral positioning of stations in any of the 
Lower Snake River project forebays.  These small differences can easily be accounted by 
possible differences in instruments depths or occasional seiche action. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table E.1. Paired samples test for each profile temperature string of a forebay. 
 
 
 
 
 
 
 
 

Paired Samples Test

.0372 .24998 .00154 .0341 .0402 24.129 26344 .000

.0266 .17689 .00138 .0239 .0293 19.306 16521 .000
-.0088 .27889 .00192 -.0125 -.0050 -4.556 21066 .000
-.0158 .22458 .00175 -.0193 -.0124 -9.029 16427 .000
-.0534 .42692 .00391 .1929 .2029 77.841 19015 .000
-.0816 .49092 .00449 .1512 .1623 55.312 15910 .000
-.1256 .59462 .00560 .0929 .1052 31.631 15051 .000
-.0213 .24101 .00149 -.0243 -.0184 -14.316 26142 .000
-.1033 .39940 .00253 -.1083 -.0984 -40.860 24944 .000
-.1057 .38733 .00257 -.1107 -.1007 -41.133 22715 .000
.0795 .32124 .00204 .0755 .0835 39.019 24878 .000

-.1021 .41403 .00277 -.1075 -.0967 -36.883 22375 .000
-.1718 .42087 .00272 -.1772 -.1665 -63.079 23873 .000

IF1 - IF2Pair 1
LMF1 - LMF2Pair 2
LMF1 - LMF3Pair 3
LMF2 - LMF3Pair 4
LGF1 - LGF2Pair 5
LGF1 - LGF3Pair 6
LGF1 - LGFXPair 7
LGF2 - LGF3Pair 8
LGF2 - LGFXPair 9
LGF3 - LGFXPair 10
LWF2 - LWF3Pair 11
LWF2 - LWFXPair 12
LWF3 - LWFXPair 13

Mean Std. Deviation
Std. Error

Mean Lower Upper

95% Confidence
Interval of the

Difference

Paired Differences

t df Sig. (2-tailed)



 

 Appendix E 45

These paired sample analyses were also conducted by month (Figure E.48).  The 
stratified periods of July and August resulted in some of the highest mean differences in 
paired stations of about –0.3 °C.   The stations located nearer the project and adjacent to 
the fish ladder exits (FX) were generally warmer than those stations further upstream of 
the projects. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure E.48. Paired samples mean differences for each profile temperature string of a 
forebay by month. 

 
 
 

 Figure E.49 depicts a flow weighted average temperature calculation for the lower 
Clearwater River at Lewiston using discharge and temperatures at the Orofino site on the 
Clearwater River and at the DWQI site on the North Fork of the Clearwater River.  
During the July 14 through September 11 period the average water temperature at 
Lewiston was 12.9 °C.  The average calculated temperature was 2.2 °C cooler at 10.7 °C 
for the same period.  The average temperature at PEKI on the Clearwater was 11.6 for the 
same period.  The difference of 2.2 °C at Lewiston and 0.9 °C at PEKI are due to the 
solar warming of the river.  The water at Lewiston also experienced wider daily swings in 
temperature than shown in the flow weighted calculated average.  Decreases in 
Dworshak’s cold waters releases on September 12 resulted in quick increases in water 
temperatures for both the measurements and calculated values for the Peck station. 
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Figure E.49.  Clearwater River temperatures and discharges at Orofino on the middle 
fork, DWQI on the North fork, and Lewiston on the lower Clearwater plus a flow 
weighted average resulting in a calculated temperature for the lower Clearwater at 
Lewiston. 

 
 
 
Figure E.50 presents a similar calculation for the waters at the confluence of the 

Clearwater and Snake Rivers using river temperature and discharge for the lower 
Clearwater (Lewiston) and middle Snake River (Anatone) to calculate the flow weighted 
average temperature of waters flowing into the Lower Granite pool.  The calculated 
inflow temperature was compared to LGNW values by first adding the time of travel to 
the time stamp for the calculated values.  The calculated inflow values averaged 17.5 °C 
for the period of July 14 to September 12 while the releases from Lower Granite for the 
same period average 18.2 °C or 0.7 °C warmer.  The difference was determined first by 
calculating a time of travel from the headwaters to the dam using the theoretical 
retentions presented in Figure E.15.  The average retention time for Lower Granite 
changed from 5 days to 7 days during the period of comparison.  The 0.7 °C warming in 
Lower Granite pool would be primarily attributed to solar warming since there are only 
minimal tributary and other sources of heat present in the system. 
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Figure E.50.  Clearwater (Lewiston), Snake River (Anatone) daily average temperatures, 
and Lower Granite releases (LGNW), discharges at each station plus a flow weighted 
average resulting in a calculated temperature for outflows from to Lower Granite pool 
(Calculated LGNW).   
 
 
 

Clearwater River temperatures at Lewiston increased 4 °C on September 12, 2002 
(Figure E.50).  This increase immediately followed the decreased cold-water releases 
from Dworshak. Over the next twelve days, there was a gradual increase by 2 °C in 
Snake River water at LGNW.  Other responses in Snake River temperatures further down 
river were likely overshadowed by complicated heated and cooling cycles responding to 
changing weather conditions.   Figure E.51 depicts the longitudinal trend in warming on 
down the Lower Snake River to the Ice Harbor tailwater monitor.  Indications from this 
data are for coincidental responses downstream as significant water temperature changes 
occur at Lower Granite dam.   It is, however, difficult to determine whether the causes 
are due to coincidental weather changes in the system or release changes at Dworshak 
Dam. 

 
When considering time of travel, the warming by project is presented in the 

following table from the last week of June through mid August with waters at the 
confluence of the Snake and Clearwater Rivers.  Average warming for the entire 140 
miles for the Lower Snake River during this period was 3.2 °C, which is only 1 °C higher 
than the 2.2 °C reported above for the 40 miles of the Lower Clearwater River.   
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Table 2.  Average Water Temperature at Lower Snake Project 

Tailwaters During Late June to Mid August, 2002 
Station River Mile Average 

Temperature 
Average  
Warming 

FWCLWG 140 17.4 °C  
LWGN 107 18.3 °C 0.9 °C 
LGSW 70 19.2 °C 0.9 °C 
LMNW 42 19.7 °C 0.5 °C 
IDSW 6 20.6 °C 0.9 °C 

 
        (FWCLWG = Flow weighted calculated inflow to Lower Granite Pool) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure E.51.  Twenty-four hour running average water temperatures showing longitudinal 
trend from Lewiston (LEWI) and Anatone (ANQW) downstream to the Ice Harbor 
tailwater (IDSW). 
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Conclusions/Recommendations 

 
Thermal and hydrologic processes result in significant thermal spatial and temporal 

temperature gradients in the Lower Snake River.  One of the more important features is 
the extreme vertical density and temperature gradients resulting in Dworshak reservoir.  
The annually occurring 12-14 °C change in water from the surface down to 60 m results 
in 4-6 °C temperatures stored in the lower depths, some of which can be released through 
the selective withdrawal system on the dam.   

Release of the cold waters into the North Fork of the Clearwater River can result 
in rapid and significant changes in the lower Clearwater River temperatures depending on 
the ratio of the warmer middle fork Clearwater River to that from the North Fork.  The 
resulting change in Lower Granite forebay water temperature is more subtle/dampened 
and highly dependent on the ratios of middle Snake and Clearwater River water, total 
discharge (travel time), and weather conditions.    
 Annual thermal cycles are consistent at all of the study area sampling stations as 
would be expected.  Spring warming trends start in the March timeframe with most 
stations temperatures (both in-pool and in river) peaking in late July followed by fall 
cooling.  Maximum temperatures were observed a few weeks earlier in Dworshak pool.  
Daily solar warming results in significant diel temperature cycles as well as lasting 
general warming on most of the riverine reaches.  This is true for both the middle Snake 
as well as the Clearwater Rivers.   

 Based on the screening study data in conjunction with data from PNNL collected 
upstream on the Lower Granite pool, an under flow of the Clearwater River water results 
when mixing in with the middle Snake River waters.  This incomplete mixing persists 
throughout the length of Lower Granite pool with the colder Clearwater River water 
flowing underneath the warmer Snake River waters.  There appears to be slight warming 
of the surface waters but once the Clearwater has at least partially mixed in there is little 
change in the bottom water temperatures by the time they reach the Lower Granite Dam.  
The resulting forebay temperature profiles may have as much as a 6 °C gradient from 
surface to bottom.  This condition of a thermally induced density gradient exists from 
early July until mid September.   

Data for the stations further downstream of Lower Granite dam indicated much 
weaker and often shorter-lived vertical thermal gradients.  Data from the Ice Harbor 
forebay indicated surface warming but a very small temperature gradient from top to 
bottom.  Longitudinal thermal gradients due to warming as the river flowed down the 
Lower Snake were indicated by the mixed river measures such as the tailwater fixed 
monitor data collected by the COE.  The change was gradual from project to project with 
a total change of 2 °C from Lower Granite Dam down to Ice Harbor Dam during the 
July-August period.  In addition, a longitudinal increase of approximately 1 °C occurred 
in the Lower Granite pool from the headwaters down to the dam.   Changes of 
approximately 1 °C were indicated in the downstream reaches of the Clearwater River as 
well.  Occasional warming by 0.5 °C was detected on the middle Snake River from river 
mile 170 down to river mile 156 during the July-August period. 

Lateral thermal gradients were not found to be a major component of the spatial 
patterns.  Some minor differences were determined between stations and depths for any 
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one forebay.  However, these differences were minimal in relation to the vertical and few 
longitudinal gradients.  The average differences recorded were generally in the order of 
0.2 °C and comparable to instrument/measurement uncertainty.  Greater differences were 
observed for specific times but likely can be explained by water movement, (wave or 
seiche action) and/or minor differences in the recorded depths of the instruments. 

 
In general the tailwater monitor was a good measure of average forebay water 

temperature even during periods of significant vertical gradients.  This is illustrated in 
Figures E.52 and E.53 for Lower Granite and Ice Harbor projects, which compare the 
fixed monitor (tailwater and forebay) and profile time histories temperatures during 10 
days in July.  In both cases the profile column average data was no different from the 
tailwater fixed monitor data.  On the other hand, the forebay monitors LWG and IHR 
were both very comparable to the 5 m profile instruments as would be expected during 
the stratified period.  Both are point measures in space but the tailwater reaches are 
generally well mixed and made up of a fairly uniform blend of the forebay waters, 
especially in the case of the Lower Snake projects.  The forebay instrument is positioned 
at one discreet depth in an area that can experience some significant vertical thermal 
gradients that will be a biased measure of forebay temperatures.  These relationships were 
found to be the same for other the two projects Lower Monumental and Little Goose. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure E.52. Temperature profile for Lower Granite forebay, LWGFBP2, with fixed 
monitor and column average data overlaid during July. 
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Figure E.53. Temperature profile for Ice Harbor forebay, IHRFBP2, with fixed monitor 
and column average data overlaid during July. 
 
 

In future applications and/or studies the potential bias associated with the forebay 
temperature monitoring during stratified periods should be recognized and accounted for 
while doing analysis or decision making.  It would be desirable to install permanent 
automated profiling instrument strings to describe vertical thermal patterns associated 
with Lower Snake River project forebays.  The recommended depths are 0.5, 1.5, 3, 5, 10 
meters and then at 5 meter intervals to within 1 m of bottom.  Since minimal lateral bias 
was indicated in the screening study then one station located at the deepest point, 
preferably in the thalweg, will be adequate to get representative temperature measures of 
the forebay waters.  This station should be located an adequate distance upstream to 
avoid any affects from the dam on water movement such as mixing, down welling or 
upwelling.  Depending on how the data will be used will determine the need for real- 
timing the data flow. 
 

The tailwater fixed monitors were determined to be representative of the well-
mixed project releases, which is generally a good indicator of average column conditions 
in the project forebay.  No change is recommended for the Lower Snake River tailwater 
instruments. 
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The Lower Snake River can experience a high degree of stratification, which 
supports vertical density gradients.  This results from incomplete inflow mixing of waters 
of different temperatures such as the Snake and Clearwater Rivers.  The other factors 
heavily influencing the vertical and longitudinal gradients in temperature is solar 
warming and wind mixing.  With this understood, the multiple dimensional properties of 
the Lower Snake River must be taken into account when modeling is required.  If the 
purpose is to describe or quantify habitat then a 2-dimensional approach is called for to 
provide adequate resolution in the entire Lower Snake River.  If the purpose is to forecast 
average temperatures at some point downstream then a 1-dimensional approach will 
address most of the Lower Snake River.  The exception is likely in Lower Granite pool, 
which experiences some of the more extreme variability in the thermal patterns. 
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CE-QUAL-ICM  
http://www.wes.army.mil/el/elmodels/index.html 
Proprietary/Non-Proprietary  Public 
Peer-Reviewed (Y/N) Yes 
Documentation Yes 

Previous Applications 
Chesapeake Bay, the New York Bight, Lower 
Green Bay, Los Angeles - Long Beach Harbor, 
and Indian River - Rehoboth Bay 

Dimensionality (1,2,3-D) Multi-dimensional water quality model (1,2,3- D) 
Time Increment Range (min/max) Sub-hourly 
Simulation Period Range (min/max) Unlimited 
Steady State/Dynamic Simulation Dynamic 
Solution Technique – benefits Finite volume 
River Hydrodynamics-
Steady/Unsteady/Momentum 

None- coupled to hydrodynamics 

Reservoir Hydrodynamics-
Continuity/Momentum 

None – coupled to hydrodynamics 

Heat Budget Formulations/References  
Outlet Structure Options (2 and 3-D) None 
Source Code Language/Version Coded in ANSI Standard FORTRAN F77 

Hardware Requirements 
Operates on a variety of platforms including 486 
PC, Silicon Graphics and Hewlett Packard 
workstations, and Cray Y-MP and C-90 
mainframes. 

Run Time - 1 year simulation Highly Dependent on grid resolution and number 
and type of constitutes 

Input File Database Requirements  Constituent loading 
Developer Aids (e.g., interfaces, 
utilities) 

Easily ported to scientific visualization post 
processors. 

User Support Availability US Army Corps of Engineers, Engineer Research 
Development Center Staff and Web Site 

 
Other Features 
 
 
 
 

A versatile, multidimensional model (CE-QUAL-
ICM), based on the finite volume modeling 
approach, has been developed for 2D horizontal 
(i.e., depth-averaged) and 3D studies. CE-QUAL- 
ICM has evolved from a 3D water quality model 
developed for Chesapeake Bay to evaluate the 
effectiveness of nutrient reduction proposals on 
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Other Features (cont.) 

Bay eutrophication. This model contains a 
bottom sediment chemistry sub-model that 
interacts with the water column for simulating 
sediment oxygen demand and nutrient fluxes. 
The CE-QUAL-ICM modeling approach involves 
first applying a 2D or 3D hydrodynamic model 
and coupling the output to CE-QUAL-ICM for 
driving the transport terms. The water quality 
model can then be applied for a variety of 
conditions without having to rerun the 
hydrodynamic model 
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CE-QUAL-W2  
http://www.ce.pdx.edu/w2/Applications.html 
Proprietary/Non-Proprietary  Public 
Peer-Reviewed (Y/N) Yes 
Documentation Yes 

Previous Applications 
Application list too long to list here.  See the 
following Web site: 
http://www.ce.pdx.edu/w2/w2app.htm 

Dimensionality (1,2,3-D) 1D-2D  (quasi 3D) 
Time Increment Range (min/max) Variable, surface gravity wave restrictions 
Simulation Period Range (min/max) Unlimited 
Steady State/Dynamic Simulation Unsteady 
Solution Technique – benefits Finite volume 
River Hydrodynamics-
Steady/Unsteady/Momentum 

Unsteady one-dimension shallow water equations 
(water surface and velocity)  

Reservoir Hydrodynamics-
Continuity/Momentum 

Unsteady coupled continuity and momentum 
equations 

Heat Budget Formulations/References 
Surface heat exchange options (equilibrium 
temperature and exchange coefficient: Edinger et al. 
(1974) or term by term representation) 

Outlet Structure Options (2 and 3-D) Point, line, distributed source 
Source Code Language/Version Fortran 
Hardware Requirements PC-Pentium class 
Run Time - 1 year simulation Depends on grid resolution (hours, generally) 

Input File Database Requirements  Flow and constituent loading, meteorological 
parameters, project operations 

Developer Aids (e.g., interfaces, 
utilities) 

Output easily ported to scientific visualization post 
processors 

User Support Availability US Army Corps of Engineers, Engineer Research 
Development Center Staff and Web site 

Other Features 
Dissolved oxygen, nutrient, algal dynamics, 
sediment interactions 
Coupled reservoir and river systems 
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COLTEMP 
 
Proprietary/Non-Proprietary  Public 
Peer-Reviewed (Y/N) Yes 
Documentation ?   Subset of HEC 5Q 

Previous Applications Columbia River Basin, Dworshak/Snake River 
Temperature Management 

Dimensionality (1,2,3-D) 1-D 
Time Increment Range (min/max) Daily/hourly 
Simulation Period Range (min/max) Unlimited 
Steady State/Dynamic Simulation  
Solution Technique – benefits Dynamic 
River Hydrodynamics-
Steady/Unsteady/Momentum 

Linked node  routing 

Reservoir Hydrodynamics-
Continuity/Momentum 

Steady or unsteady 

Heat Budget Formulations/References Equilibrium temperature and exchange coefficient, 
Edinger et al. (1974)) 

Outlet Structure Options (2 and 3-D) Empirical selective withdrawal approximations 
Source Code Language/Version Fortran 

Hardware Requirements Microcomputer version (MS DOS compatible; 
Extended Memory: 2 - 10Mb) 

Run Time - 1 year simulation Depends on system size (minutes) 

Input File Database Requirements  Flow and constituent time histories; can be coupled 
with DSS 

Developer Aids (e.g., interfaces, 
utilities) 

? 

User Support Availability ? 
 
 
 
 
 
Other Features 
 
 
 

The COLTEMP numerical model is a one-
dimensional water temperature model that provides 
conceptual information about water temperature 
conditions in Columbia River reservoirs. COLTEMP 
is a water management tool used to evaluate how 
reservoir regulation changes could impact the water 
temperature structure of reservoirs. The potential 
changes in the water temperature structure of the 
reservoirs are taken into consideration during water-
release scheduling. COLTEMP is a simplified 
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Other Features (cont.) 

version of the Corps’ HEC-5Q water quality model. 
The model uses the concept of mass balance to move 
water downstream. The fundamental transport 
mechanisms are advection (the horizontal movement 
of a mass of water) and diffusion (movement from a 
region of higher concentration to a region of lower 
concentration). External sources determining water 
temperature include point sources and water 
withdrawals. Point sources include headwater flow, 
tributary stream flow, and water withdrawals. The 
major non-point source is solar radiation. Point 
sources are represented by daily flow rates 
multiplied by the corresponding water temperatures. 
Withdrawals remove mass at the rate of the outflow 
multiplied by the computed ambient water 
temperature. As a one-dimensional model, 
COLTEMP does not consider any degree of thermal 
stratification within the reservoir. Accuracy of the 
water temperature output depends on the accuracy of 
water temperature, weather, and river flow data. In 
the 1994 interagency Columbia River System 
Operation Review, the model showed that it 
adequately represented the one-dimensional thermal 
dynamics of reservoirs during summer seasons in the 
Columbia reservoirs. 
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EFDC (Environmental Fluid Dynamics Code) 
 
Proprietary/Non-Proprietary  Non-proprietary 
Peer-Reviewed (Y/N) Yes 

Documentation 
Jin, K.-R., J. H. Hamrick, and T. Tisdale (2000). 
Application of Three-Dimensional Hydrodynamic 
Model for Lake Okeechobee. J. Hydraulic 
Engineering, 126:758–771. 

Previous Applications  
(Columbia and Snake Rivers) 

Perkins, W.A., M.C. Richmond, A. Coleman, and J. 
Serkowski. 2002. Three-Dimensional Temperature 
Simulation of the Lower Snake River and McNary 
Reservoirs. Battelle Pacific Northwest Division, 
Richland, WA 

Perkins, W.A., M.C. Richmond, A. Coleman, and J. 
Serkowski. 2002. Three-Dimensional Temperature 
Simulation of the Wanapum and Priest Rapids 
Reservoirs. Battelle Pacific Northwest Division, 
Richland, WA 

Dimensionality (1,2,3-D) 3D, 2D and 1D 
Time Increment Range (min/max) Seconds to hours 
Simulation Period Range (min/max) Seconds to year 
Steady State/Dynamic Simulation Dynamic simulation 

Solution Technique – benefits Code uses a curvilinear grid system to efficiently 
model large river/reservoir/coastal systems. 

River Hydrodynamics-
Steady/Unsteady/Momentum 

Unsteady momentum 

Reservoir Hydrodynamics-
Continuity/Momentum 

Unsteady momentum 

Heat Budget 
Formulations/References 

Hamrick, J, and W. Mills, (undated). Three-
Dimensional Hydrodynamic and Reactive Transport 
Modeling of Power Plant Impacts on Surface Water 
Systems. Unpublished article. Tetra-Tech, Inc. 

Rosati, A. K., and K. Miyakoda, 1988: A general 
circulation model for upper ocean simulation. J. 
Phys. Ocean., 18, 1601-1626. 

Outlet Structure Options (2, 3-D) Specify forebay stage 
Source Code Language/Version Fotran77 

Hardware Requirements 
Runs on Windows, Linux, and Unix operating 
systems using common hardware (P3-P4 processor, 
512 Mb RAM, and >10 Gb disk storage) 
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Run Time - 1 year simulation Example: Lower Granite Pool, Intel P4 (1.7 GHz) 20 
CPU days to perform a 1-year simulation 

Input File Database Requirements  ASCII files with specific data requirements in a 
space delimited format 

Developer Aids (e.g., interfaces, 
utilities) 

Tecplot interface exists 

User Support Availability 

Existing model applications on the Columbia and 
Snake River; contact Marshall Richmond 509-372-
6241. 
Other applications: Contact John Hamrick (the 
EFDC code developer) at TetraTech, Inc. 

Other Features 
Includes capabilities for sediment transport, 
sediment-contaminant interaction, wetting/drying of 
cells. 
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MASS1 (Modular Aquatic Simulation System 1D) 
 
Proprietary/Non-Proprietary  Non-Proprietary 
Peer-Reviewed (Y/N) Yes 

Documentation 

Richmond, M.C., W.A. Perkins, and Y. Chien. 2000. 
Numerical Model Analysis of System-wide 
Dissolved Gas Abatement Alternatives. Battelle 
Pacific Northwest Division, Richland, Washington. 
Perkins, W.A., M.C. Richmond, A. Coleman, and J. 
Serkowski. 2002. Effects of Wanapum and Priest 
Rapids impoundments on Columbia River 
Temperature. Battelle Pacific Northwest Division, 
Richland, Washington. 

Previous Applications 

Corps of Engineers: Dissolved Gas Abatement 
Study, Lower Snake River Feasibility Study, 
Dworshak Operations Study 
Washington Dept. of Fish and Wildlife: Hanford 
Reach Fish Stranding 
Department of Energy: Columbia River Hydraulics 
and Contaminant Transport Studies 
Grant County PUD: Effects of Wanapum and Priest 
Rapids Impoundments on Columbia River 
Temperatures, Hanford Reach Fish Stranding 

Dimensionality (1,2,3-D) 1D cross-sectional average 
Time Increment Range (min/max) Seconds to hours  
Simulation Period Range (min/max) Seconds to decades  

Steady State/Dynamic Simulation Dynamic (unsteady) simulation for both hydraulics 
and transport calculations 

Solution Technique – benefits 

Model couples both hydrodynamics and transport 
simulations thus avoiding the need for a separate 
hydrodynamics code. Accurate solution methods 
(TVD) are used for the transport equation to 
minimize numerical diffusion. Dynamic memory 
allocation 

River Hydrodynamics-
Steady/Unsteady/Momentum 

Unsteady momentum (St. Venant Equations) 

Reservoir Hydrodynamics-
Continuity/Momentum 

Unsteady momentum (St. Venant Equations) 

Heat Budget Formulations/References Surface heat exchange based on individual flux 
components. Edinger et al. (1974). Brown and 
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Barnwell (1987). TVA(1972).  

Outlet Structure Options  

Specified forebay stage, specified project discharge, 
specified stage 
    *target*, specified discharge *target* - these are 
boundary condition types 

Source Code Language/Version Fortran95 

Hardware Requirements 
Runs on Windows, Linux, and Unix operating 
systems using common hardware (P3-P4 processor, 
256 Mb RAM, and 1 Gb disk storage) 

Run Time - 1 year simulation 

Example: Mid-Columbia Application on a 1,7 GHz 
P4 (460 river miles, 1094 cross sections, hydro time 
step = 30 min, temperature time step = 3 min) = 90 
min/year 

Input File Database Requirements  ASCII files with specific data requirements in a 
space delimited format 

Developer Aids (e.g., interfaces, 
utilities) 

Input and output files are directly readable by 
many analysis and plotting packages, like 
gnuplot, R (a stats package), Excel, etc.  GUI's 
have been developed for specific applications 
such as the Hanford Reach. 

User Support Availability 
Available through the code developers at Pacific 
Northwest National Laboratory. Contact Marshall 
Richmond 509-372-6241 

Other Features 

Also includes capabilities for total dissolved gas 
transport, equation of state for dissolved gas, lateral 
inflow/outflow to simulate groundwater interaction, 
and a process control theory based method for 
hydroproject operations. Model bathymetry is based 
on a survey data from the Corps and other sources. 
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MASS2 (Modular Aquatic Simulation System 2D) 
 
Proprietary/Non-Proprietary  Non-proprietary 
Peer-Reviewed (Y/N) Yes 

Documentation 

Richmond, M.C., W.A. Perkins, and Y. Chien. 2000. 
Numerical Model Analysis of System-wide 
Dissolved Gas Abatement Alternatives. Battelle 
Pacific Northwest Division, Richland, Washington. 
Perkins, W.A. and M.C. Richmond. 2002. 
Evaluation of Time-varying Physical Fish Habitat in 
the Hanford Reach. Battelle Pacific Northwest 
Division, Richland, Washington. 

Previous Applications 

Corps of Engineers: Dissolved Gas Abatement 
Study, Lower Snake River Feasibility Study, The 
Dalles Tailwater Predator Study 
Department of Energy: Columbia River Hydraulics 
and Contaminant Transport Studies 
Grant County PUD: Hanford Reach Fish Stranding 

Dimensionality (1,2,3-D) 2D depth-averaged 

Time Increment Range (min/max) Seconds to minutes. Typical applications use time 
steps in the range of 10 to 60 seconds. 

Simulation Period Range (min/max) 
Seconds to years. Typical applications have 
simulated time periods of a few days to several 
months.  

Steady State/Dynamic Simulation Unsteady solution of the 2D depth-averaged thermal 
energy and other general transport equations. 

Solution Technique – benefits 
Code uses a curvilinear multiblock grid system to 
efficiently model large river/reservoir/coastal 
systems.  

River Hydrodynamics-
Steady/Unsteady/Momentum 

Unsteady solution of the 2D depth-averaged 
momentum equations. 

Reservoir Hydrodynamics-
Continuity/Momentum 

Unsteady solution of the 2D depth-averaged 
momentum equations. 

Heat Budget Formulations/References 
Surface heat exchange based on individual flux 
components. Edinger et al. (1974); Brown and 
Barnwell (1987); TVA (1972). 

Outlet Structure Options (2 and 3-D) 
Can simulate a point withdrawal in 2D. Specified 
forebay stage, specified project discharge – boundary 
condition types 
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Source Code Language/Version Fotran95 

Hardware Requirements 
Runs on Windows, Linux, and Unix operating 
systems using common hardware (P3-P4 processor, 
512 Mb RAM, and >1 Gb disk storage) 

Run Time - 1 year simulation Example: Bonneville Pool on a Intel P4 (1,7 Ghz) 
system = 10 CPU days to simulate 1 year 

Input File Database Requirements  ASCII files with specific data requirements in a 
space delimited format 

Developer Aids (e.g., interfaces, 
utilities) 

Input files are directly readable by many analyses 
and plotting packages, like gnuplot, R (a stats 
package), Excel, etc. 2-D output files use net CDF 
standard format, for which many manipulation tools 
exist.  2-D output files are directly readable by 
tecplot. 

User Support Availability 
Available through the code developers at Pacific 
Northwest National Laboratory. Contact Marshall 
Richmond 509-372-6241. 

Other Features 

Also includes capabilities for total dissolved gas 
transport, equation of state for dissolved gas, 
sediment transport, sediment-contaminant interaction 
and wetting/drying of cells. Model bathymetry is 
based on a survey data from the Corps and other 
sources. 
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MIKE11 
 
Proprietary/Non-Proprietary  Proprietary 
Peer-Reviewed (Y/N) Yes 

Documentation 
DHI, 2002,  MIKE11 User Manual 
DHI, 2002. MIKE11 Reference Manual 
On-line context-specific help 

Previous Applications 

Numerous applications worldwide (see 
www.dhigroup.com) 
Idaho Power Co., Snake River Hells Canyon 
complex FERC Re-Licensing. 
IDWR, Clearwater/Lower Snake reservoirs (in 
progress). 
IDWR, South Fork Clearwater Sediment model (in 
progress). 
Cape Fear River Basin Project, North Carolina 
Pudding River Flood Management, Oregon 
Napa River Flood Plain and Marsh Restoration 
Eutrophication of Klamath Lake, Oregon 
Salt River project modeling of irrigation canals, 
Arizona 

Dimensionality (1,2,3-D) 
1-D river flow 
2-D laterally averaged reservoir model 

Time Increment Range (min/max) Not limited, depends on selection of model 
simulation algorithm. 

Simulation Period Range (min/max) Not limited 
Steady State/Dynamic Simulation Dynamic 

Solution Technique – benefits 
The hydrodynamic module is a fully implicit, finite 
difference computation of unsteady flow. Uses 
double sweep method for matrix solution.  

River Hydrodynamics-
Steady/Unsteady/Momentum 

Solves the complete Saint-Venant non-linear 
equations of open channel flow. Offers a choice of 
high-order fully dynamic, diffusive wave, kinematic 
wave, and quasi-steady state solution methods. 
Solution scheme by Abbott and Ionescu. (Abbott, 
M.B. and Ionescu, F., 1967: On the numerical 
computation of nearly-horizontal flows. J.Hyd.Res., 
5, pp. 97-117.) Includes advective and dispersive 
transport. 
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Reservoir Hydrodynamics-
Continuity/Momentum Continuity/momentum 

Heat Budget Formulations/ 
References 

Sinkrot and Gulliver, Journal of Hydraulic Research, 
Vol 38, 2000, No.5 
Muhammed Iqbal, An introduction to solar radiation, 
Academic Press, 1983. 
M.E. Jensen, R.D. Burman, and R.G. Allen, 
Evaporatranspiration and Irrigation Requirements, 
ASCE 1990. 
Peter S. Eagleson, Dynamic Hydrology McGraw-
Hill, 1970. 
Swedish Council for Building Research, Jorgen 
Sahlberg, A hydrodynamic model for heat 
conduction calculation on lakes at the ice formation 
date. Document D4:1984, 1984. 
Gunnar Lindh and Martin Falkenmark, En inledning 
til vatteresurslaren, Norway 1972. 
Poul; Harremoes and Anders Malmgren-Hansen, 
Laerebog i vandforurening, Polyteknish forlag, 
Denmark, 1990. 
Robert G. Wetze. Limnology, Saunders College 
Publishing, 1983. 

Outlet Structure Options (2- and 3-D) Weirs, culverts, regulating structures, control 
structures, dam-break, user-defined, tabulated. 

Source Code Language/Version 
Proprietary. Runs under Microsoft Windows/NT 
operating system. Written in Pascal using Borland 
DELPHI. 

Hardware Requirements 

PC running Windows /95/98/2000/NT.  Minimum 
Pentium processor, 200 Mhz, 64 MB Ram, 1 GB 
hard drive, SVGA monitor 1024x768 resolution, 1 
MB memory on graphics card, 8 x speed CD ROM 
drive. 

Run Time - 1 year simulation Depends on numerous factors 

Input File Database Requirements  Proprietary input/output format. Utilities for 
importing some data types. 

Developer Aids (e.g., interfaces, 
utilities) 

GUI interface for data control, analysis and 
presentation of results. Graphic presentation includes 
river network plan plots, cross-sectional plots, pre-
selection of longitudinal profiles, time series plots, 
comparison of measured/simulated and 
simulated/simulated time series, animation of flows 
and water levels on both plans and profiles, control 
of plotting parameters, etc. 
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User Support Availability 

Part of DHI annual maintenance contract. Offices in 
Pennsylvania,  Florida, Oregon. Representatives in 
Boise, Idaho. Research collaborators with University 
of Idaho Ecohydraulics Research Group. Additional 
professional consulting with DHI available. 

Other Features 

Many add-on modules are available including 
sediment transport, rainfall/runoff, water quality, 
advection dispersion, flood forecasting, dam break, 
structure operation, quasi steady state, heat balance, 
TDG modeling and 2-D reservoir modeling. 
Integrates with other DHI modeling products. 
User defined structure allowing for the customization 
of almost specialist application or modification to 
MIKE11. 
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RBM10  
 
Proprietary/Non-Proprietary  Non-Proprietary 
Peer-Reviewed (Y/N) Yes 

Documentation 

EPA, 2001.  Application of a 1-D Heat Budget 
Model to the Columbia River System. 
EPA, 2001.  Evaluation of Water Temperature 
Regimes in the Snake River using Transect 
Measurements and the RBM10 Model. 

Previous Applications 

Draft TMDL for Temperature for Mainstem 
Columbia/Snake Rivers 
Annual Dworshak Dam Operation planning 
Box Canyon Dam FERC Re-Licensing 

Dimensionality (1,2,3-D) 1-D 
Time Increment Range (min/max) Hourly - daily 
Simulation Period Range (min/max) 1 hour to 30 years 
Steady State/Dynamic Simulation Dynamic 

Solution Technique – benefits 

Mixed Eulerian-Lagrangian approach (reverse 
particle tracking) reduces numerical dispersion 
and allows longer time steps without instability.  
Kalman filter using model estimates and 
measurements. 

River Hydrodynamics-
Steady/Unsteady/Momentum 

Steady, gradually-varied 

Reservoir Hydrodynamics-
Continuity/Momentum 

Continuity 

Heat Budget Formulations/References Wunderlich and Gras (1967); Chapra (1997); 
Bowie et al (1985) 

Outlet Structure Options (2 and 3-D) NA 
Source Code Language/Version Fortran (Microsoft Powerstation 4.0) 

Hardware Requirements PC Workstation (500-900 Mhz, 256 MB RAM, 
500 MB hard drive space) 

Run Time - 1 year simulation Less than 1 minute for Snake/Clearwater rivers 

Input File Database Requirements  Flat Files (space delimited), Naming 
Conventions 

Developer Aids (e.g., interfaces, utilities) Input/Output interface 
User Support Availability EPA Region 10 support 
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WQRRS 
 (http://www.hec.usace.army.mil/) 
Proprietary/Non-Proprietary (P/NP) Public 
Peer-Reviewed (Y/N) Yes 
Documentation Yes 
Previous Applications  
Dimensionality (1,2,3-D) 1D 
Time Increment Range (min/max) Daily-Hourly 
Simulation Period Range (min/max) Unlimited 
Steady State/Dynamic Simulation Dynamic 
Solution Technique – benefits Linked Node 
River Hydrodynamics-
Steady/Unsteady/Momentum 

Steady or Unsteady 

Reservoir Hydrodynamics-
Continuity/Momentum 

Hydrologic Routing 

Heat Budget Formulations/References Equilibrium Temperature and Exchange 
Coefficient; Edinger et al. (1974) 

Outlet Structure Options (2 and 3-D) Empirical Selective Withdrawal 
Approximations 

Source Code Language/Version Fortran 

Hardware Requirements Microcomputer version (MS DOS compatible; 
640Kb RAM) 

Run Time - 1 year simulation Minutes 
Input File Database Requirements  Flow and Constituent Time Histories 

Developer Aids (e.g., interfaces, utilities) 

Can be coupled with DSS (WQRRSR, 
WQRRSQ, and SHP) that are able to be 
integrated into a system analysis or to be used 
as separate programs. Three other programs 
(GEDA, HEATX, and WEATHER) are used to 
develop model input and parameters 

User Support Availability US Army Corps of Engineers, Hydrologic 
Engineering Center   

 
 
 
Other Features 
 
 
 

The WQRRS package of computer programs 
has been assembled to evaluate water quality 
(ecological cycle) conditions in river and 
reservoir systems. The package provides 
vertical profiles of water quality conditions in 
reservoirs and longitudinal conditions in river 
networks of branching channels and/or around 
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Other Features (cont.) 

islands. This type of modeling is referred to as 
one-dimensional modeling. The package 
includes three separate modules (WQRRSR, 
WQRRSQ, and SHP) that are able to be 
integrated into a system analysis or to be used 
as separate programs. 
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Introduction 
 

Background/Problem Statement  Water temperature and associated water 
quality processes are known to have significant effects on both anadromous and 
indigenous fishes in the Columbia River system.  Continued development and refinement 
of the understanding of system-wide aquatic thermal processes could greatly enhance our 
ability to manage project operation for the Lower Snake River projects.   Spatial 
gradients in water temperature have significant influence on community metabolism, 
dissolved gas tension and saturation, mixing processes, biological communities, chemical 
reaction rates, and other aquatic processes.  Any efforts to better understand the 
biological and physical processes in the river system can benefit from a complete 
description of the thermal gradients and processes associated with the Lower Snake River 
hydropower projects.    
 

The National Marine Fisheries Biological Opinion for 2000 (NMFS BiOp 2000) 
Reasonable and Prudent Alternatives (RPA’s) 131, 132, 133, and 143 all relate to total 
dissolved gas and temperature issues in relation to fish passage and survival.  Successful 
completion of these RPA’s will depend to some extent on adequate water temperature 
data for the system.  All future analytical water research tasks will remain dependent on 
the support of adequate water temperature data for system characterization.  This need 
has been reviewed and pointed out by research efforts staffed by the Environmental 
Protection Agency (EPA), the University of Idaho (UI), the US Fish and Wildlife 
(USFW), Idaho Power, Inc. (IPI), the Corps of Engineers (COE), the Pacific Northwest 
National Laboratory (PNNL), and Tribal water quality agencies.  RPA 143 specifically 
states: “The Action Agencies shall develop and coordinate with NMFS and EPA on a 
plan to model the water temperature effects of alternative Snake River operations.  The 
modeling plan shall include a temperature data collection strategy developed in 
consultation with EPA, NMFS and state and Tribal water quality agencies.  The data 
collection strategy shall be sufficient to develop and operate the model and to document 
the effects of project operations.”  
 

Extensive comprehensive water temperature field measurements are either 
ongoing or planned for the Lower Snake River to address the requirements as specified in 
the RPA 143 and in conjunction with ongoing routine water quality monitoring which 
extends throughout the Columbia River basin.  Specific studies include the Lower 
Granite pool and McNary fishway and forebay temperature measurements throughout the 
spill season by the United States Geological Survey, PNNL in conjunction with ongoing 
thermal modeling studies, and the UI to monitor water temperatures in lower Snake River 
reservoirs to enhance the understanding of the thermal dynamics of the reservoirs.  The 
COE has a multiyear plan to review and evaluate the function and the representativeness 
of forebay water quality monitoring for both the Lower Snake and Lower Columbia 
hydropower projects.  The COE also is involved in ongoing fishway water temperature 
monitoring at all projects on the Lower Snake and Lower Columbia Rivers.  EPA is 
currently preparing the final draft of the temperature TMDL requirements for the Lower 
Columbia and Lower Snake Rivers complete with requirements for monitoring.    
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Measurement requirements (accuracies and precision) for much of the ongoing 
work routinely falls into the range of ± 0.2 °C; or with repeated measurements depending 
on sampling variability mean estimates should be within 0.1-0.2 °C of the true mean of 
the water temperatures.  This level of accuracy is generally required to address issues 
concerning impacts on the biology of the system as water quality standards or compliance 
issues.  This certainly agrees with the data quality criteria established by the US Army 
Corps of Engineers COE developed for fixed monitoring stations on the Columbia River 
(USACE, 2003).  For thermistor calibrations the COE requires that instruments must 
agree within ± 0.2 °C with a primary National Institute of Standards and Technology 
(NIST) standard mercury thermometer. 
 

With this level of water temperature monitoring including both the intensity and 
variety of researchers it is highly desirable to adapt standard procedures utilizing 
instruments of known and verifiable quality.  The methods of instrument validation 
should be supported with well-documented and incorporated quality assurance/quality 
control programs to ensure the compatibility and comparability of data across the various 
research projects.  This document provides recommendations for instrument data 
quality criteria and instrument evaluations, which would ensure known and 
adequate data quality to meet the needs of most of the field study requirements and 
provide comparable/compatible data across the studies.  
 

Sources of Error  The goal of any field data collection program is to collect data 
of known quality that best represent conditions in the study site and to compile those data 
as accurately as possible in data sets for later use in regulatory or scientific applications.  
This goal is achieved by minimizing data inaccuracies and by understanding variations in 
the actual sample water temperature and instrument measures of that water temperature.  
There are essentially three sources of errors: instrument error (theoretical limits due to 
design), errors caused by sampling (study design and technique of measuring water 
temperature), and errors which arise from database management.  There are two types of 
variations in water temperature, spatial (differences in water quality laterally, 
longitudinally, or vertically) and temporal (changes in water temperature over time).   
 

To minimize sampling errors, careful sampling techniques, instrument selection, 
instrument calibration/validation checks, and sample analyses are carried out in close 
accord with documented methods. The quality of these activities is quantified by error 
analysis.  Again the focus of this document is on instrument error.  The combined 
accuracy and precision of available electronic water temperature monitoring equipment 
(thermistors) is commonly around ± 0.2°C, but some manufacturers’ specifications go as 
low as ± 0.0002 °C (Seabird model 39).  This lower limit on precision is of limited use or 
need in river and reservoir field monitoring due to the potential magnitudes of total 
sampling uncertainty that may be encountered.  Other than careful maintenance, there is 
little that can be done to minimize instrument precision beyond manufacturer 
specifications.  However, accuracy or systematic bias characteristic of most field 
instruments can be accounted for or minimized through careful instrument validation and 
calibration checks.  Once the temperature logging instruments have been calibrated and 
set to read as accurately as possible, most remain stable and consistent.  Generally, 
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temperature-logging instruments remain stable and require little in the way of 
measurement corrections or recalibrations, and calibration activities are normally left to 
the manufacturer on some time basis such as annually.   
 

Measurement Uncertainty Analysis  As mentioned above, measurement or 
inaccuracies in data collection arise from many sources.  They can originate from the 
position, location or operation of the instruments, or from the instrument itself.  An error 
in any one measurement is considered a fixed, given value.  The possible magnitude of 
that error is described as an uncertainty.  It is a statistical variable that can be arrived at 
through a process of uncertainty analysis.  Typically, the measurement reported is 
considered to be the mean estimate.  The uncertainty describes the variation of the 
measurement about the mean.  The uncertainty of any measurement is defined as a 
combination of precision  (random) uncertainty and bias (fixed or systematic) uncertainty 
(Abernathy, Benedict, and Dowdell 1985).  Precision as defined by Standard Methods is 
a measure of the closeness with which multiple measures or analyses of a given sample 
agree with each other (American Public Health Association, 2000).  Precision uncertainty 
can be introduced into any repeated measurement by the variability of the instrument.  
Bias uncertainty will similarly effect each measurement resulting from a calibration or 
position error.   
 

Using a modification of total uncertainty as expressed in Standard Methods, 
single-point sample uncertainty can be expressed as follows (American Public Health 
Association, 1992, Geldert and Gulliver, 1995, and Kline, 1985): 
 
  U2 = (W2

manuf + W2
sample)  + B2   

 
Where: 
 
  U is the total single-point field sample/measure uncertainty, 
  W2

manuf  = the manufacturer precision specification for the instrument 
  W2

sample = the short-term temporal variation in samples and  
 
  B is the total instrument bias uncertainty as calculated from calibration 

                and sampling bias.  

 
 
In order to validate instrument uncertainty for equipment used in temperature monitoring 
activities, it is necessary to verify or calculate both the precision specifications and the 
instrument measurement bias on some routine basis, such as before deployment and 
following retrieval of logging instruments in the field activities.   
  

The reporting of temperature measurements should include a statement of 
uncertainty.  The simplest method for estimating typical measurement bias is to measure 
a known standard, then compute the difference between the measured (M) and known 
value (T), assumed to be the true value being measured (American Public Health 
Association, 2000).   
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   M – T = B + Z 
Where: 
   B  =  total instrument bias uncertainty and 
   Z  =  the random or precision uncertainty of the measure 
 

In the case of temperature measurements the true value should be verified with a 
primary National Institute of Standards and Technology (NIST) standard or a secondary 
standard traceable to an NIST standard instrument.  The NIST primary standard can be 
acquired from most laboratory supply houses complete with the certification.  The 
primary standard should be readable to 0.1 °C, which would allow estimation to 0.05 °C.  
Based on the known study requirements and the data quality criteria established in the 
COE “Data Quality Criteria for Fixed Water Quality Monitors” (USACE, 2003) all 
instruments must agree to within ± 0.2 °C of the NIST primary or secondary standard 
instrument.  If random uncertainty is negligible (Z=0), the difference, M-T, will provide 
an estimate of bias (B).   
 

If random uncertainty is not negligible, it can be observed and quantified by 
making a measurement repeatedly on the same test specimen under control conditions to 
minimize variability of the measures.  This should be a part of most QA/QC procedures 
and is a standard analysis for precision or standard deviation for the mean of the repeated 
measures.  Since no controllable source of variability, which may affect the measure, is 
allowed during this testing, then the repeatability is the minimal variability of the 
measurement system (American Public Health Association, 2000).  Repeatability may be 
an underestimate for routine field measures but will provide a good estimate of the 
instrument precision which will allow the computation of uncertainty intervals, ± U, 
which can be referred to as ultimate instrument variability. 
 

Protocol for Temperature Logging Instrument Validation  Validation of 
instruments should take place both before deployment and after retrieval of the field 
equipment to describe any changes, which may occur over time.  Where possible, one 
should follow the manufacturer’s recommendations for the validation/calibration process.  
Since most temperature instruments are only calibrated by the manufacturer, the 
validation procedure will determine if an individual instrument is operating within 
required specifications, and if not, the instrument data should be corrected based on the 
known bias to bring it within the required specifications.   
 

The following protocol is recommended for temperature instrument validation 
based on the above approach to estimate total uncertainty.  This protocol is adapted from 
that described in Standard Methods, “Sections 1030 Measurement Uncertainty and 1040 
Measurement Method Validation” where an individual instrument will be checked 
against a known standard an adequate number of times to calculate the instrument bias 
and precision (American Public Health Association, 2000).  The measurement or 
instrument uncertainty can then be reported as a mean bias with a stated level of 
confidence.  The instrument uncertainty is reported as a 95% confidence interval, 
meaning that for approximately 95% of the time the uncertainty measure should fall 
within the range of ± U or 2 times the repeatability standard deviation.    
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The validation procedure is conducted by taking 10 or more measurements in a 
constant temperature water bath at each of three different test water temperatures.     
Since the instruments can rapidly take repeated measures of the same sample without 
changing the sample, then the number of measures or sample size can easily be in the 
100s.  The known test water temperature should be verified using an NIST primary or 
secondary standard.  If the water temperature cannot be held constant, an alternative 
would be to log temperatures using the NIST primary or secondary standard instrument.  
The test temperatures should cover the range of expected field water temperatures to be 
monitored by the device.  For most areas on the Lower Columbia and Lower Snake 
Rivers, this range would be from 4°C to 26°C.  Three candidate test temperatures ranges 
are 4-6°C, 12-15°C, and 22-26°C; however, validation in the expected zone or range 
would be adequate.    

Table 1 shows calculation of precision and bias for 12 StowAway Temp 
instruments (Onset Corporation, Optic StowAway Temp) using the above approach.  
The results are then reported as total instrument uncertainty (mean difference ± 2 STD).  
This information can then be compared to both the manufacturers’ specifications plus the 
test requirements for accuracy.  If the total uncertainty for a particular instrument is  
outside of the acceptable or advertised specification, it would be possible to correct the 
data for the instrument bias and possibly bring it back into the required specifications.  
From Table 1, instruments T360f, T368f, and T452f with total uncertainties of -0.24, -
0.21, and 0.22 would be considered borderline and questionable in performance; however 
none of the three are much higher than the manufacturers specification of ± 0.2.   

It would also be useful to produce control charts for both the instrument bias and 
precision as presented in Figures 1 and 2.   This would allow a quick review of the 
instrument uncertainty to look for individual instruments that did not give accurate results 
or true measures of water temperature.  Based on Figure 1, the bias for instruments 
T360f, T368f, T371, T386f, and T451 are significantly different (99% confidence level) 
from the mean bias to justify data correction to improve the accuracy.  From Figure 2, the 
precision estimate from instrument T452f is outside of acceptable limits (99% confidence 
level) in relation to the other 11 instruments tested.  

It is recommended that similar analyses be completed for two additional 
temperature ranges that bracket the expected field temperatures.  This routine should 
typically be conducted before and after each long-term deployment (one season or 3-4 
months).  The “National field manual for the collection of water-quality data: U.S. 
Geological Survey Techniques of Water-Resources Investigations” recommends a similar 
protocol for testing to be conducted on a 3-4 month interval for thermistor thermometer 
calibration check (D.B. Radtke, J.K. Kurklin, and F.D. Wilde, 1998).  Records should be 
kept by instrument serial number to both correct measures for bias if needed and to 
identify any instrument drift as needed to resolve data analysis problems.  Logbooks 
complete with all calibrations, make, model descriptions, serial number, etc are 
recommended. 
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The described protocol for examining the total uncertainty of temperature 
monitoring equipment complete with adequate records should ensure a minimum 
standard of temperature data for field sampling on the Lower Columbia and Lower Snake 
Rivers.  The recommended data quality for most work is ± 0.2°C which should be 
verified for each instrument before and following each long term monitoring deployment.  
Instruments that fail to meet this qualification could either be removed from use or 
returned to the manufacturer for refurbishment; or resulting data could be corrected to 
improve accuracy to within acceptable limits.  One obvious technique used to correct data 
would be to apply a linear correction factor based on time step used to calculated percent 
of total bias.  If there is some distinct shift in temperature due to handling or other 
environmental factors, it may be conceivable to make a one-time shift of the entire bias as 
in an instrument calibration.  The recommended approach for most instances would be to 
make an across the entire log shift of the average bias for the instrument in question, 
again similar to an instrument calibration.   
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Table 1.  Instrument Uncertainty, Precision, and Bias Calculated for StowAway Temp 
Loggers Pre-Deployment, September 2001, for a Temperature Range of 23 to 25°C. 

 

Instrument 
Serial 

Number 
N Mean Difference 

(Bias/B) 

Precision    
(Repeatability 

STD/Z) 

Total 
Instrument 
Uncertainty  

(E = B ± 2Z) 

Original 
Specs 

T192 21 -0.0024 0.049 -0.10 ±0.2 °C 

T332f 21 0.0343 0.055 0.14 ±0.2 °C 

T360f 21 -0.0933 0.071 -0.24 ±0.2 °C 

T364 21 -0.0148 0.050 -0.11 ±0.2 °C 

T365 21 -0.0033 0.052 -0.105 ±0.2 °C 

T368f 21 -0.0614 0.070 -0.21 ±0.2 °C 

T371 21 0.0471 0.049 0.14 ±0.2 °C 

T375f 21 0.0076 0.076 0.16 ±0.2 °C 

T386f 21 0.0552 0.058 0.17 ±0.2 °C 

T438f 21 0.0110 0.049 0.109 ±0.2 °C 

T451 21 -0.0619 0.048 -0.16 ±0.2 °C 

T452f 21 0.0210 0.097 0.22 ±0.2 °C 
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Figure 1.  Control Chart of Mean Values of Instrument Differences by Serial Number. 
 
 

 
Figure 2.  Control Chart of Standard Deviations of Mean Differences by Serial Number.  
(UCL=Upper Control Limit and LCL = Lower Control Limit using a sigma level=3)) 
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