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1.0 INTRODUCTION 
 
1.1 General Description of the Don Pedro Project 
 
Turlock Irrigation District (TID) and Modesto Irrigation District (MID) (collectively, the 
Districts) are the co-licensees of the 168-megawatt (MW) Don Pedro Project (Project) located on 
the Tuolumne River in western Tuolumne County in the Central Valley region of California.  
The Don Pedro Dam is located at river mile (RM) 54.8 and the Don Pedro Reservoir formed by 
the dam extends 24-miles upstream at the normal maximum water surface elevation of 830 ft 
above mean sea level (msl; NGVD 29).  At elevation 830 ft, the reservoir stores over 2,000,000 
acre-feet (AF) of water and has a surface area slightly less than 13,000 acres (ac).  The watershed 
above Don Pedro Dam is approximately 1,533 square miles (mi2).  
 
Both TID and MID are local public agencies authorized under the laws of the State of California 
to provide water supply for irrigation and municipal and industrial (M&I) uses and to provide 
retail electric service.  The Project serves many purposes including providing water storage for 
the beneficial use of irrigation of over 200,000 ac of prime Central Valley farmland and for the 
use of M&I customers in the City of Modesto (population 210,000).  Consistent with the 
requirements of the Raker Act passed by Congress in 1913 and agreements between the Districts 
and City and County of San Francisco (CCSF), the Project reservoir also includes a “water bank” 
of up to 570,000 AF of storage. CCSF may use the water bank to more efficiently manage the 
water supply from its Hetch Hetchy water system while meeting the senior water rights of the 
Districts. CCSF’s “water bank” within Don Pedro Reservoir provides significant benefits for its 
2.6 million customers in the San Francisco Bay Area. 
 
The Project also provides storage for flood management purposes in the Tuolumne and San 
Joaquin rivers in coordination with the U.S. Army Corps of Engineers (ACOE).  Other important 
uses supported by the Project are recreation, protection of the anadromous fisheries in the lower 
Tuolumne River, and hydropower generation.      
 
The Project Boundary extends from approximately one mile downstream of the dam to 
approximately RM 79 upstream of the dam. Upstream of the dam, the Project Boundary runs 
generally along the 855 ft contour interval which corresponds to the top of the Don Pedro Dam.  
The Project Boundary encompasses approximately 18,370 ac with 78 percent of the lands owned 
jointly by the Districts and the remaining 22 percent (approximately 4,000 ac) is owned by the 
United States and managed as a part of the U.S. Bureau of Land Management (BLM) Sierra 
Resource Management Area.   
 
The primary Project facilities include the 580-foot-high Don Pedro Dam and Reservoir 
completed in 1971; a four-unit powerhouse situated at the base of the dam; related facilities 
including the Project spillway, outlet works, and switchyard; four dikes (Gasburg Creek Dike 
and Dikes A, B, and C); and three developed recreational facilities (Fleming Meadows, Blue 
Oaks, and Moccasin Point Recreation Areas).  The location of the Project and its primary 
facilities is shown in Figure 1.1-1.   . 
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Figure 1.1-1. Don Pedro Project location.   
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1.2 Relicensing Process 
 
The current FERC license for the Project expires on April 30, 2016, and the Districts will apply 
for a new license no later than April 30, 2014.  The Districts began the relicensing process by 
filing a Notice of Intent and Pre-Application Document (PAD) with FERC on February 10, 2011, 
following the regulations governing the Integrated Licensing Process (ILP).  The Districts’ PAD 
included descriptions of the Project facilities, operations, license requirements, and Project lands 
as well as a summary of the extensive existing information available on Project area resources.  
The PAD also included ten draft study plans describing a subset of the Districts’ proposed 
relicensing studies.  The Districts then convened a series of Resource Work Group meetings, 
engaging agencies and other relicensing participants in a collaborative study plan development 
process culminating in the Districts’ Proposed Study Plan (PSP) and Revised Study Plan (RSP) 
filings to FERC on July 25, 2011 and November 22, 2011, respectively.   
 
On December 22, 2011, FERC issued its Study Plan Determination (SPD) for the Project, 
approving, or approving with modifications, 34 studies proposed in the RSP that addressed 
Cultural and Historical Resources, Recreational Resources, Terrestrial Resources, and Water and 
Aquatic Resources.  In addition, as required by the SPD, the Districts filed three new study plans 
(W&AR-18, W&AR-19, and W&AR-20) on February 28, 2012 and one modified study plan 
(W&AR-12) on April 6, 2012.  Prior to filing these plans with FERC, the Districts consulted 
with relicensing participants on drafts of the plans.  FERC approved or approved with 
modifications these four studies on July 25, 2012.  
 
Following the SPD, a total of seven studies (and associated study elements) that were either not 
adopted in the SPD, or were adopted with modifications, formed the basis of Study Dispute 
proceedings. In accordance with the ILP, FERC convened a Dispute Resolution Panel on April 
17, 2012 and the Panel issued its findings on May 4, 2012.  On May 24, 2012, the Director of 
FERC issued his Formal Study Dispute Determination, with additional clarifications related to 
the Formal Study Dispute Determination issued on August 17, 2012.   
 
This progress report describes the objectives, methods, and results of the Temperature Criteria 
Study (W&AR-14) as implemented by the Districts in accordance with FERC’s SPD and 
subsequent study modifications and clarifications.  Documents relating to the Project relicensing 
are publicly available on the Districts’ relicensing website at www.donpedro-relicensing.com. 
 
1.3 Study Plan  
 
FERC’s Scoping Document 2 identified potential effects of the Project on aquatic resources 
including anadromous fish. The continued operation and maintenance (O&M) of the Don Pedro 
Project (Project) may contribute to cumulative effects on habitat availability and production of 
in-river life stages of Chinook salmon and O. mykiss in the lower Tuolumne River.  FERC’s 
December 22, 2011 SPD did not recommend that the Districts conduct the W&AR-14 
Temperature Criteria Assessment (Chinook salmon and Oncorhynchus mykiss). FERC 
determined that documents provided by the California Department of Fish and Game (CDFG) 
and the National Marine Fisheries Service (NMFS) support the use of Environmental Protection 
Agency (EPA; 2003) temperature criteria for all life stages of salmonids in the lower Tuolumne 
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River.  As such, FERC determined that the existing information concerning the effects of water 
temperature on specific life-stages of salmonids is sufficient (study criterion 4), and that while 
the Districts’ temperature criteria assessment may have the potential to inform W&AR-05 
Salmonid Populations Information Integration and Synthesis Study, FERC will continue to rely 
upon the temperature criteria in EPA (2003) for its evaluation of Project effects, unless empirical 
evidence from the lower Tuolumne River is provided that suggests different criteria are 
appropriate for salmonids in the lower Tuolumne River.  As such, FERC does not see the need 
for the Districts to conduct this study.   
 
The Districts are carrying out the temperature criteria study consistent with the study plan, 
including development of empirical evidence from the lower Tuolumne River that could suggest 
different criteria are appropriate for evaluating potential effects of temperature on salmonids in 
the lower Tuolumne River. 
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2.0 STUDY GOALS AND OBJECTIVES 
 
The Districts propose a study that would develop information on the influence of temperature on 
the in-river life-stages of Chinook salmon and O. mykiss found in the lower Tuolumne River. 
The specific study objectives include the following: 
 
 Identify life stage-specific fisheries population effects related to water temperatures found in 

the lower Tuolumne River (e.g., effects on growth, disease susceptibility, predation risk, 
etc.); 

 Identify life stage-specific water temperature evaluation parameters (i.e., effects associated 
with expected range of water temperatures); 

 Assess and select an acceptable, informative approach to analyzing temperature regimes and 
their influences on Chinook salmon and O. mykiss in the lower Tuolumne River; and 

 Evaluate the historical exceedance of identified water temperature criteria. 
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3.0 STUDY AREA 
 
The study area includes the observed habitat use by Chinook salmon and O. mykiss in the 
Tuolumne River, extending from the La Grange dam (RM 52) downstream to the confluence 
with the San Joaquin River (RM 0).  However, because this study plan addresses different 
Chinook salmon and O. mykiss life stages, these boundaries can vary by life stage.  
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4.0 METHODOLOGY 
 
The study is using literature and information, including previously conducted studies and 
ongoing Tuolumne River monitoring, to examine biologically relevant water temperature 
parameters for in-river life-stages of Chinook salmon and O. mykiss.  Tasks in this study plan 
that address life stage-specific criteria for anadromous O. mykiss also would serve to address life 
stage-specific criteria for resident O. mykiss during freshwater life stages.  
 
As confirmed by FERC in its December 2011 SPD, the development, evaluation and application 
of empirical evidence that would reduce uncertainties regarding temperature-related effects on 
Tuolumne River salmonids is a prime directive of this study. Acquisition and evaluation of 
information collected as part of previous and ongoing evaluations of salmonids in the LTR and 
in other Central Valley streams is a fundamental approach to this study. Additionally, FERC’s 
emphasis on empirical evidence has further encouraged the Districts to identify and consider new 
evaluations that could contribute to more focused understanding of potential influences of 
temperature on LTR salmonids.  As such, the Districts have updated and expanded the approach 
originally defined in W&AR 14 to include identification and consideration of evaluations that 
could build on existing information and potential original investigations of LTR salmonids to 
provide empirical evidence that could assist FERC in evaluating Project-related temperature 
influences on LTR Chinook salmon and O. mykiss. A major part of this effort has involved the 
Relicensing Participants in the review and comment on the identification and development of 
studies proposed to provide applicable, meaningful, empirical information to the temperature 
criteria evaluation. 
 
The study is being conducted using the following steps defined in W&AR 14. Steps undertaken 
by the Districts upon initiation of this study that targeted acquisition and evaluation of additional 
empirical information are listed here and defined further in Attachment A – Additional Study 
Plans for Acquisition and Evaluation of Information Supporting Development of Emperical 
Evidence Addressing Temperature Criteria for Salmonids in the Lower Tuolumne River. 
 
Step 1 – Review Relevant Literature.  In order to successfully evaluate the influences of water 
temperature regimes on salmonid life history, relevant in-river life stages and life-history timing 
will be identified using existing river-wide monitoring and through coordination with fishery 
agency personnel. Evaluation will also include a literature review, including those already 
identified by RPs.  The review and subsequent tasks to be conducted during this study will 
involve RP participation to be facilitated by convening coordination meetings once the study 
begins. 
 
To identify appropriate water temperature evaluation parameters for the selected life stages and 
identified life history timing, the study will focus on effects of a range of temperatures that are 
beyond those identified as thresholds or benchmarks of optimum conditions (e.g., EPA 2003).  
The study  is supported by a review of existing water temperature criteria guidance documents 
that will (1) provide logical and biologically sound rationale for each life stage definition and/or 
combination of life stages; (2) interpret the literature on the life stage-specific fisheries 
population effects (e.g., egg mortality, growth effects, disease incidence, predation risk, acute 
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lethal temperatures, etc.); and (3) consider the effects of exposure time at either constant or 
fluctuating temperatures. 
 
The types of literature anticipated to be examined include scientific journals, Master’s theses and 
Ph.D. dissertations, peer reviewed literature, and agency publications.  To the extent available, 
data from recent unpublished or ongoing studies will be evaluated, including reported 
observations on water temperature-related effects, dose-response studies, and empirical 
relationships between water temperature and measures of fish biological performance (e.g., egg-
retention percentage, fertilization percentage, embryo viability, pre-spawning mortality, onset of 
smolting, juvenile growth, increased incidence of disease, etc.).   
 
The literature review will emphasize relevant laboratory and field experiments identifying water 
temperature-related effects on Chinook salmon and O. mykiss in a hierarchical manner.  
Literature that provides information from the Tuolumne River will be given the greatest 
emphasis, followed by information from the San Joaquin River system, and then followed by 
other Central Valley streams and rivers, as well as regulatory documents such as biological 
opinions from NMFS.  Studies on fish from outside the Central Valley will be included, as 
appropriate, to augment the review. 
 
Preliminary cursory literature review indicates that the application of temperature parameters to 
determine potential effects on targeted life stages varies and much of the literature on salmonid 
water temperature requirements refers to “stressful,” “tolerable,” “preferred or “optimal” water 
temperatures or water temperature ranges (e.g., McCullough 1999).  Because of the variation in 
description of potential effects of elevated water temperatures on anadromous salmonids, care 
will be taken to identify an appropriate range of water temperature criteria that describe the range 
of effects that could occur.  Water temperature criteria will be identified to represent a gradation 
of potential effects, from reported optimal water temperatures increasing to lethal water 
temperatures for each life stage from data gathered in both the laboratory and in the field so as to 
not bias the results by relying on a temperature recommendation developed using a single 
technique.  In addition, care will be taken to verify the appropriateness of individual temperature 
criteria, and in particular, recommendations supported by references to other literature.  For 
example, Hinze (1959) actually examines the effects of water temperature on incubating 
Chinook salmon eggs, yet Hinze (1959) is cited in Boles et al. (1988); Marine (1992); and NMFS 
(1997) in statements regarding the effects of water temperature on holding Chinook salmon 
adults.  Boles et al. (1988) and Marine (1992) were then further cited by McCullough et al. 
(2001) in support of statements regarding how water temperature affects the viability of gametes 
developing in adults.   
 
The results of information developed under Step 1 will identify:  
 
 The relevant life history timing of Chinook salmon and O. mykiss in the Tuolumne River. 

 The types of life stage-specific effects on Tuolumne River Chinook salmon and O. mykiss 
that could occur over a range of water temperatures. 

 Life stage-specific effects of temperatures in the lower Tuolumne River on Chinook salmon 
and O. mykiss.  
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 The most robust approach to developing parameters applicable to characterizing effects of 
temperature conditions in the lower Tuolumne River on its Chinook salmon and O. mykiss 
populations. 

 
The list of the references reviewed in this study is being maintained and some of the references 
have been provided to Relicensing Participants during preparation for W&AR 14 meetings. The 
list will be updated during the conduct of Step 1.  
 
Step 2 – Develop Water Temperature Evaluation Parameters.  
 
Based upon the literature and information review conducted in Step 1, biologically defensible 
water temperature evaluation parameters will be developed. The criteria development will 
synthesize existing water temperature reviews and guidance documents (e.g., Marine 1992, 
Myrick and Cech 2001, EPA 2003) as well as approaches for criteria development (e.g., Baker et 
al 1995, Jager et al. 1997, Sullivan et al 2000, Pagliughi 2008, RMT 2010).  
 
The study will use the term “index” as a metric characterizing temperature data (measured or 
modeled) over specific time periods of interest (i.e., a life stage); examples include daily or 
seasonal average temperatures, daily or annual maximum temperatures, 7-day average of daily 
maximum temperatures (7DADM), and the annual maximum weekly average temperature 
(MWAT) among others.  Temperature “thresholds” are identified in Step 1 above, and are 
defined as the value of a selected index that temperature must remain below to avoid specified 
(i.e., adverse) impacts. Temperature “Criteria” are defined as a combination of an index and 
associated threshold(s). 
 
Acute Criteria.  Acute temperature criteria refer to “lethal” conditions (often reported as the 
upper incipient lethal temperature, or UILT) and will be based primarily on laboratory studies 
with adjustments for acclimatization and other factors (e.g., Myrick and Cech, 2001) using the 
appropriate indices reflecting short term exposure (e.g., daily maximum water temperature).  It 
may also be possible to set acute temperature standards at lower temperatures using a longer 
term exposure approach (e.g., MWAT) approach if supported by available literature or survey 
data reliably documenting life-stage presence/absence at conditions corresponding to the selected 
index. 
 
Chronic and Sub-lethal Criteria. There are a variety of chronic and sub-lethal effects that can 
adversely affect anadromous salmonid populations (EPA 2003). These chronic and sub-lethal 
effects include reduced juvenile growth, increased incidence of disease, reduced viability of 
gametes in adults prior to spawning, increased susceptibility to predation and competition, and 
suppressed or reversed smoltification. Sub-lethal criteria will be based upon the effects 
assessment developed in Step 1 above, including reduced growth, increased susceptibility to 
disease, predator avoidance, or other identified effects on individual fish. Literature-based 
criteria for juvenile life stages developed from literature sources may be adjusted by application 
of bioenergetics approaches proposed by Sullivan et al (2000).  Adaptation of this approach will 
require (1) review of existing estimates of food consumption and ration size (TID/MID 1997, 
Report 96-9), (2) identification of biologically relevant growth criteria (e.g., percent reduction 
from optimal, size at date, etc.), and (3) bioenergetic growth modeling as functions of 
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temperature and fish size (i.e., length or weight). Depending upon the suitability of existing data, 
criteria specific to the Tuolumne River will be developed and compared with those reviewed in 
Step 1. 
 
The results of information developed under Step 2 will identify:  
 
 In-river temperatures that would be protective of Chinook salmon and O. mykiss at each 

identified in-river life-stage. 
 Indices, or metrics, that should be used to assess individual and population-level effects of 

a specific water temperature regime on Chinook salmon and O. mykiss in the Tuolumne 
River. 

 Appropriate water temperature evaluation criteria for the Tuolumne River. 
 
Step 3 – Relate Baseline Water Temperature Conditions to Population.  Following the literature 
review and identification of water temperature and population-level fisheries parameters in Steps 
1 and 2 above, the criteria will be applied to water temperatures recorded at various locations in 
the lower Tuolumne River. Exceedance probability distributions will be developed for the 
various criteria (e.g., optimum, stressful) from ranked and sorted water temperature data and the 
proportion of time that each of the water temperature evaluation parameter is exceeded will be 
calculated.  Based on these exceedance probabilities, the potential effects on anadromous 
salmonids will be summarized and discussed. 
 
The results of information developed under Step 3 will identify:  
 
 How often each of the life stage-specific water temperature evaluation parameters are met 

under baseline conditions. 

 How often various water temperature evaluation parameters were met, and the likely sub-
lethal and population-level effects on Tuolumne River Salmonids. 
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5.0 RESULTS 
 
In response to FERC’s SPD stating that FERC would consider empirical evidence from the lower 
Tuolumne River in addressing modification of temperature criteria for evaluation of Project 
effects on salmonids, the Districts initiated an investigation of potential sources of empirical 
evidence that could be integrated into Study W&AR 14. Conduct of the four steps comprising 
W&AR 14, defined above, is ongoing and will continue concurrent with the additional empirical 
studies identified in this progress report. 
 
Eight studies identified as potentially yielding empirical evidence on temperature effects in the 
Tuolumne River were discussed with Relicensing Participants during the April 11, 2012 meeting 
on W&AR-14 - Temperature Criteria Assessment Study.  During the workshop, questions were 
raised concerning data availability and utility to conduct the five studies considered “desktop” 
studies, since they would involve evaluation of existing field data. The studies and their status 
was discussed with relicensing participants at the November 16, 2012 progress meeting, and are 
briefly described in the following sections.  Three additional studies also discussed during the 
meetings would require additional data collection.  These studies are no longer being considered 
for implementation. 
 
The study team has further evaluated the availability and utility of data to conduct the five 
“desktop” studies and have determined that there are sufficient data to conduct all or part of three 
studies (2, 3 and 7 below), but are insufficient to conduct all or part of three studies (3, 6 and 8 
below).  Additionally, the Districts will proceed with proposed Study 1, but have determined that 
Studies 4 and 5 will not be pursued further.  Further detail on each study is summarized below.   

 
Study 1 - Local Adaptation of Temperature Tolerance of O. mykiss Juveniles in the Lower 
Tuolumne River  
 
Objective: Determine the temperature tolerance of juvenile and subadult O. mykiss captured 
from the lower Tuolumne River (LTR) to assess any local adaptation to warmer temperatures 
occurring in the southern extent of O. mykiss range. 
 
Status:  The Districts propose to conduct this study during 2013 and have initiated discussions 
with the National Marine Fisheries Service (NMFS) in order to obtain a Section 10 permit 
required to conduct this study. A study plan is included in Attachment A. 
 
Study 2 – Spatial distribution juvenile O. mykiss in response to temperature 
 
Objective: Identify temperature thresholds that define rearing temperature tolerances for 
juvenile O. mykiss rearing. 
 
Status: Data availability and utility have been determined to be sufficient to support conduct of 
this study. A study plan is included in Attachment A. 
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Study 3 – Influence of temperature on growth of O. mykiss and Chinook salmon 
 
Objective: Identify temperature thresholds that support “acceptable/expected” growth of 
juvenile O. mykiss and juvenile Chinook salmon in the lower Tuolumne River.  
 
Status: Evaluation of the availability and utility of data to support this study has shown that data 
are not available to conduct an evaluation of the observed influence of temperature on growth of 
O mykiss. Therefore, the Districts will not pursue this aspect of the study. However, data are 
available and suitable for conducting an evaluation of observed temperature influences on 
growth of Fall-run Chinook salmon. Therefore, the Districts will pursue this aspect of the study. 
 
Study 4 – Effect of temperature observed as changes in condition/health of Chinook salmon   
 
Objective: This study would evaluate the influence of the temperature regime of the Tuolumne 
River on Chinook salmon survival potential, measured as specific temperature-related affects to 
health and condition of smolt or smolt-sized Chinook salmon. The study would evaluate quality 
of Chinook salmon smolt rearing in the Tuolumne River using methods previously applied by 
CDFG (Rich and Loudermilk 1991) and USFWS (Nichols and Foote 2002) to assess Chinook 
salmon condition in the San Joaquin River system  
 
Status: The Districts will not pursue implementation of this study 
Study 5 – Influence of temperature on location, movement, survival potential of O. mykiss.  
 
Objective: Acoustic tagging O. mykiss during early summer in various locals with various 
temperature expectations and monitor movement and survival to emigration. 
 
Status:  The Districts will not pursue implementation of this study 
 
Study 6 – Influence of temperatures during the early Chinook salmon spawning period on egg 
survival. 
 
Objective:  Identify the relationship between temperature and egg-fry survival in the lower 
Tuolumne River.  Study would evaluate the influence of observed temperature conditions during 
spawning on Chinook salmon spawning (egg to emergence survival).  
 
Status: The Districts will not pursue implementation of this study. Data required to conduct this 
study are not available.  Data on emergence of Chinook salmon fry from redds within the 
Tuolumne River are available, but those data are not associated with temperature conditions, 
were not complete, or were too few to allow evaluation of influences of temperature on redd 
survival.   
 
Study 7 – Influence of temperature on timing of initial spawning of Chinook salmon 
 
Objective:  Identify adult Chinook salmon response to temperatures that exceed optimum, per 
EPA (2003) in the lower Tuolumne River in the early portion of the spawning period. Evaluation 
of inter annual timing of spawning will be compared with temperatures during early spawning 
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period using redd surveys or carcass survey results to identify temporal distribution of early 
spawning, and pre-spawning mortality, potentially measured as egg retention during carcass 
surveys. 
 
Status: Data availability and utility have been determined to be sufficient to support conduct of 
this study.  A study plan is included in Attachment A. 
 
Study 8 – Chinook salmon production related to precedent temperature conditions 
 
Objective: Identify effects of early temperature regime influence on Chinook salmon production 
measured as the relationship between spawner population and juvenile emigration from the natal 
stream reach. 
 
Status: The Districts will not to pursue implementation of this study 
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6.0 DISCUSSION AND FINDINGS 
 
Results of the temperature criteria evaluation will be available in 2013. 
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7.0 STUDY VARIANCES AND MODIFICATIONS 
 
There are no study variances for W&AR-14.  The study has been modified to include the updates 
to the study and additional, empirical evaluations, described in Attachment A. 
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