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PREFACE

The Tuolumne River is one of the most important
natural resources of California’s Great Central
Valley. The largest tributary of the San Joaquin
River, the Tuolumne River drains a 1,900 square-
mile watershed that includes the northern half of
Yosemite National Park. As the Tuolumne River
emerges from the Sierra Nevada foothills into the
Central Valley, it carries precious agricultural and
municipal water supplies to a highly developed
and diversified regional economy. Agriculture,
ranching, mining, and tourism dominate the
region and depend on the river for their sustained
livelihoods.

An enormous biological community also depends
on the Tuolumne River. Vast Fremont cottonwood
and Valley Oak riparian forests once insulated the
Tuolumne River banks, extending several miles
wide in the lower San Joaquin Valley, and merging
into riparian forests of the neighboring Merced,
Stanislaus and San Joaquin rivers. These forests
provided foraging and breeding habitat for a
diverse array of resident and migratory bird and
wildlife populations, including tremendous
populations of migratory waterfowl. Despite recent
declines, the Tuolumne River still supports the
largest naturally reproducing population of
chinook salmon remaining in the San Joaquin
Valley.

The Turlock Irrigation District (TID) and the
Modesto Irrigation District (MID), which own
and operate the New Don Pedro Dam and
Reservoir and La Grange Dam, and provide water
and electricity to much of Stanislaus County, have
a legal and historic role as stewards of the Lower
Tuolumne River. Sharing in this responsibility as
stewards of the Tuolumne River’s natural re-
sources are regulatory agencies and stakeholders,
including several state and federal resource
agencies, public utilities, and private organizations.
This group includes TID, MID, California Depart-
ment of Fish and Game (CDFG), US Fish and
Wildlife Service (USFWS), the Federal Energy
Regulatory Commission (FERC), the National
Marine Fisheries Service (NMFS), the City and
County of San Francisco (CCSF), San Francisco
Bay Area Water Users Association (BAWUA),
Friends of the Tuolumne (FOTT), the Tuolumne
River Preservation Trust (TRPT), Tuolumne River
Expeditions (TRE), and California Sports Fishing
Protection Alliance (CSFPA).

The Tuolumne River stakeholders entered into an
historical agreement in 1995, following re-evalua-
tion of the original FERC license for the New Don
Pedro Project (NDPP). This historic agreement,
known as the 1995 FERC Settlement Agreement
(Settlement Agreement or FSA) established
several important strategies for reversing the
decline of fall-run chinook salmon in the lower
Tuolumne River: (1)  higher minimum instream flow
requirements below La Grange Dam, (2) expanded
chinook salmon monitoring program, (3) develop-
ment and implementation of a lower Tuolumne
River chinook salmon habitat restoration program,
and (4) salmon management and habitat restora-
tion activities coordinated and administered
through a Tuolumne River Technical Advisory
Committee (TRTAC), composed of the stakeholder
organizations.

A central directive of the FERC Settlement Agree-
ment was to identify and implement ten priority
habitat restoration projects by the year 2005, at
which time FERC would evaluate progress toward
Settlement Agreement objectives. As part of this
process to identify and implement ten priority
restoration projects, the TRTAC has commissioned
fisheries habitat restoration scientists to develop a
“Habitat Restoration Plan for the Lower Tuolumne
River Corridor” (Restoration Plan).

The Restoration Plan will be used by the TRTAC to
help fulfill its obligations to the FERC under the
1995 Settlement Agreement. The Restoration Plan
is a technical resource document intended to aid in
identifying areas of potential habitat improvement
and provide guidance for restoring or rehabilitating
these areas. The Plan is not intended to supercede
regulatory agency management obligations and
previously developed restoration plans (e.g.,
CDFG 1990, 1992, CVPIA/AFRP 1995, CALFED
ERPP 1999, and CALFED Strategic Plan 1998), but
instead is intended to provide additional technical
information to the TRTAC for use in making
restoration decisions.

Implementation of any specific habitat restoration
project will be subject to prior environmental
documentation and review as required by state
and federal regulations (California Environmental
Quality Act; National Environmental Policy Act).
Selected projects will be subject to pre-project
planning discussions with affected landowners
other interested public entities, along with
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participation from applicable federal, state, and
local regulatory agencies. Restoration activities
may include the transfer of private lands, mineral
rights, water rights, etc., through purchase,
conservation easement, or other means. Participa-
tion in restoration activities by landowners and
other members of the public is entirely voluntary.
The TRTAC stakeholders understand that
decisions affecting the lower Tuolumne River are
influenced by policies relating to land use, water
supply and use, water quality, flood control, fish
and wildlife, and recreation, and are not governed
solely by physical habitat considerations.

The Tuolumne River Technical Advisory Committee
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EXECUTIVE SUMMARY

Prior to major human settlement and land develop-
ment in the Great Central Valley of California, the
lower Tuolumne River was a dynamic, meandering
alluvial river, with broad floodplains and terraces,
large gravel bar deposits, and extensive riparian
wetlands and forests harboring a rich diversity of
species. An alluvial river has riverbed, banks, and
floodplains composed of coarse and fine sedi-
ments (sand, gravel, and cobble) that were eroded,
transported, and deposited by the forces of
running water. A natural river is dynamic, having
the ability to frequently move the channelbed and
banks, scour coarse sediments and transport them
downstream, to be replaced by comparable material
transported from upstream. In this way, the
morphology or shape of the river channel is
maintained in a state of “dynamic quasi-equilib-
rium” over time. This condition provides the
physical foundation of the riverine ecosystem
upon which native plant and animal communities
depend for their survival. Native flora and fauna
evolved within this natural riverine environment.
Alteration of this physical environment, as has
occurred extensively on the Tuolumne River, has
adversely impacted the native salmon fishery
along with associated plant and animal communi-
ties.

The fundamental premise of this Restoration Plan
is that a dynamic, healthy river ecosystem can be
restored on the Tuolumne River if the fluvial
geomorphic and hydrologic processes that create
and maintain the physical landscape are restored.
River ecosystems are extremely complex; fluvial
geomorphic and hydrologic processes sustain an
alluvial river’s structure and function. Therefore,
improving natural processes within the con-
straints of present-day flow conditions, sediment
supply, and land use must be an integral strategy
for restoring and managing the Tuolumne River.
While advocating this fundamental premise, we
acknowledge that restoration actions cannot be
expected to return the Tuolumne River to histori-
cal conditions that existed prior to modern
settlement and intensified land development of
the region. Instead, physical processes are
intended to be used as tools for creating and
maintaining habitat, in accordance with other
management strategies. Success of this approach
is fundamentally dependent on adaptive manage-
ment techniques to evaluate restoration opportu-
nities, the efficacy of actions and approaches, and

then redirect strategies if needed. The Tuolumne
River Technical Advisory Committee (TRTAC) will
be the focus of this process.

The purpose of each chapter in this Restoration
Plan is as follows:

• CHAPTER 1: Provide background information
describing the need to develop a technically-
based Restoration Plan;

• CHAPTER 2: Integrate salmon ecology and
management with contemporary knowledge of
fluvial geomorphic and hydrologic processes to
develop an ecosystem-based restoration
strategy;

• CHAPTER 3: Conduct and present results of
fluvial geomorphic and riparian investigations
that evaluated contemporary fluvial geomorphic
processes, riparian conditions, and potential
aggregate sources for restoration purposes;

• CHAPTER 4: Integrate this information to
present river-wide and reach-specific restora-
tion goals and strategies, a comprehensive list
of all potential restoration sites and actions, and
conceptual designs for fourteen high priority
restoration projects;

• CHAPTER 5: Develop an Adaptive Environ-
mental Assessment and Management (AEAM)
approach that recommends river-wide and site
specific monitoring objectives, guides future
management, and ensures restoration and
maintenance of the fishery resources of the
Tuolumne River.

Historical and Contemporary Conditions

Hydrology. The streamflow hydrology of the
Tuolumne River has changed from unimpaired
conditions due to the cumulative water storage
and diversion projects in the watershed. Hydro-
logic analyses of streamflow records from the
USGS gaging station at La Grange (Station 11-
289650, immediately downstream of La Grange
Dam) illustrates three basic trends in hydrologic
alteration: (1) the annual water yield to the lower
Tuolumne River below La Grange dam has been
progressively reduced by dam regulation and
diversion, from an average annual unimpaired
yield of 1,906,000 acre feet, to a post New Don
Pedro Project (NDPP) regulated annual yield of
772,000 acre-feet, a 60% reduction in flow
volume; (2) specific “components” of the annual
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hydrograph, including summer and winter
baseflows, fall and winter storms, and spring
snowmelt runoff have been reduced in all water
year types from unimpaired conditions, including
reductions in magnitude and variability; (3) the
magnitude, duration, and frequency of winter
floods have been reduced by regulation from
NDPP compared to unimpaired conditions; the
mean annual flood (based on annual maximum
series) has been reduced from 18,400 cfs to 6,400
cfs; the 1.5-year recurrence event (approximately
bankfull discharge) has been reduced from 8,400
cfs to 2,600 cfs; the 10-year recurrence event has
been reduced from 36,000 cfs to 9,500 cfs. This
reduction in hydrology has, in turn, caused
changes to fluvial geomorphic processes, riparian
vegetation, riverine habitats, and the biota that
uses these riverine habitats.

Chinook Salmon. The fall-run chinook salmon is
the predominant anadromous salmonid run on the
Tuolumne River. Once thought to have numbered
in the hundreds of thousands (including spring-
run chinook), chinook salmon have declined to
small fractions of their previous numbers.  Since
1951, the Tuolumne River salmon population has
experienced large fluctuations, ranging from 100
to 45,000 spawners.  The lowest San Joaquin
Basin escapement of record occurred in 1963 with
only 300 spawners in the entire basin. Tuolumne
River escapements have plummeted from a high
of 41,000 salmon in 1985 to 100 salmon in 1990,
1991, and 1992.  Salmon returns in recent years
(1997-1999) have rebounded to near ten thousand
adults.

Several multi-year research programs conducted
by the TID/MID, USFWS, and CDFG to assess
chinook salmon population dynamics and habitat
conditions on the Tuolumne River identified
several “limiting factors” to chinook salmon
production and survival. These factors included:

• reduced spawning gravel quantity and quality,
egg mortality from redd superimposition, and
low egg survival -to-emergence;

• inadequate streamflow during fry and juvenile
emigration;

• reduced and degraded fry and juvenile rearing
habitat;

• increased in-river predation by non-native fish
species;

• increased Bay/Delta and ocean mortality
(predation, Delta pumping mortality, sport and
commercial harvest);

• elevated in-river and Delta water temperatures.

Many of these factors are related to degradation of
habitat within the Tuolumne River corridor,
which is in turn related to impaired fluvial
geomorphic processes, flow regulation, and
physical impacts from land use. The Settlement
Agreement reverses some of these factors with
improved flows and physical habitat restoration
efforts; however, the processes that create and
maintain habitat must still be incorporated into
restoration efforts.

Riparian vegetation. Riparian corridors are
uniquely dominated by winter-deciduous hard-
wood trees (e.g., cottonwood, willow, valley oak)
which can only survive within the particular
microclimatic and edaphic (soil moisture)
conditions available within the river corridor. In
California, the native amphibian, bird, and
mammalian species diversity in Central Valley
riparian zones represents the highest biodiversity
found anywhere in the state (Tietje et at. 1991).
Riparian zones support at least 50 amphibian and
reptile species, 147 bird species, 55 mammalian
species, and 60 native tree and plant species.

The Tuolumne River riparian corridor is presently
a small remnant of historical conditions. The
Restoration Plan inventoried riparian vegetation
within the entire Tuolumne River corridor using
the plant series classification system developed by
Sawyer and Keeler-Wolf (1995). Of the 29
riparian plant series identified, all native terres-
trial vegetation series within the Tuolumne River
corridor are classified as “threatened” or “very
threatened”, with the exception of narrow-leaf
willow and white alder. Dramatic losses of these
large riparian stands has occurred from cumula-
tive impacts of land uses, including agriculture,
urban encroachment, aggregate mining, gold
mining, and flow regulation. Riparian vegetation
on the lower Tuolumne River is a composite of
relic pre-NDPP vegetation on terraces, and post-
NDPP vegetation on smaller recently built
“floodplains”. Pre-NDPP vegetation reflects a
larger hydrologic scale. This dramatic reduction
in riparian vegetation, and the recognition that
riparian zones are biologically rich and thus vital
to river ecosystem integrity, have made riparian
habitat preservation and restoration high
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priorities. Cottonwood and valley oak series are
particularly important overstory species, provid-
ing habitat critical for birds (egrets, herons,
osprey, bald eagles, and others). Dense understory
habitat provided by willow and herbaceous plants
is important for wildlife such as rodents (includ-
ing the endangered riparian brush rabbit), deer,
and their predators.

Fluvial Geomorphology. The lower Tuolumne River
corridor is divisible as two distinct geomorphic
zones. The sand-bedded zone extends from RM 0.0
to RM 24, and the gravel-bedded zone extends
from river mile 24 to 52.2. The corridor can be
further subdivided into seven distinct reaches
based on present and historical land uses. These
historical land uses include:

• placer mining for gold

• dredger mining for gold

• urban growth

• livestock grazing

• agriculture

• streamflow regulation and diversion

• commercial aggregate (gravel) mining

These disturbances have cumulatively degraded
the lower Tuolumne River ecosystem by:

• decreasing the floodway capacity,

• reducing or eliminating the low-flow and
bankfull channel confinement,

• degrading the channel morphology,

• decreasing the frequency of large floods,

• decreasing the variability of inter-annual and
seasonal flows,

• eliminating coarse sediment supply,

• creating large in-channel and off-channel
aggregate extraction pits,

• reducing riparian vegetation coverage and
structural diversity,

• increasing the distribution and abundance of
non-native plant, fish, and wildlife species.

The reduced quality of aquatic habitat is partly
responsible for decreased chinook salmon
escapement over the years. To begin reversing
these impacts and improving river ecosystem
quality and chinook salmon populations, a
framework is needed to guide restoration. Based
on interpreting historic conditions on the

Tuolumne River (that approach unimpaired
conditions), and documenting natural fluvial
geomorphic processes in contemporary alluvial
rivers, a set of restoration principles, the
“Attributes of Alluvial River Integrity”  was
developed to help quantify restoration objec-
tives. The Attributes are:

Attribute 1. Spatially complex channel mor-
phology.

No single segment of channelbed provides habitat
for all species, but the sum of channel segments
provides high-quality habitat for native species. A
wide range of structurally complex physical
environments supports diverse and productive
biological communities;

Attribute 2. Flows and water quality are
predictably variable.

Inter-annual and seasonal flow regimes are
broadly predictable, but specific flow magnitudes,
timing, durations, and frequencies are unpredict-
able due to runoff patterns produced by storms
and droughts. Seasonal water quality characteris-
tics, especially water temperature, turbidity, and
suspended sediment concentration, are similar to
regional unregulated rivers and fluctuate season-
ally. This temporal “predictable unpredictability”
is a foundation of river ecosystem integrity;

Attribute 3. Frequently mobilized channelbed
surface.

In gravel-bedded reaches, channelbed framework
particles of coarse alluvial surfaces are mobilized
by the bankfull discharge, which on average
occurs every 1-2 years. In sand-bedded reaches,
bed particles are in transport much of the year,
creating migrating channel-bed “dunes” and
shifting sand bars.

Attribute 4. Periodic channelbed scour and fill.

Alternate bars are scoured deeper than their
coarse surface layers by floods exceeding 3- to 5-
year annual maximum flood recurrences. This
scour is typically accompanied by re-deposition,
such that net change in channelbed topography
following a scouring flood usually is minimal. In
gravel-bedded reaches, scour was most likely
common in reaches where high flows were
confined by valley walls;

EX
EC

UT
IVE

 SU
MM

AR
Y

EXECUTIVE SUMMARY



HABITAT RESTORATION PLAN FOR THE LOWER TUOLUMNE RIVER CORRIDOR

xx

TUOLUMNE RIVER TECHNICAL ADVISORY COMMITTEE

Attribute 5. Balanced fine and coarse sediment
budgets.

River reaches export fine and coarse sediment at
rates approximately equal to sediment inputs. The
amount and mode of sediment storage within a
given river reach fluctuates, but sustains channel
morphology in dynamic quasi-equilibrium when
averaged over many years. A balanced coarse
sediment budget implies bedload continuity: most
particle sizes of the channelbed must be trans-
ported through the river reach;

Attribute 6. Periodic channel migration
and/or avulsion.

The channel migrates at variable rates and
establishes meander wavelengths consistent with
regional rivers with similar flow regimes, valley
slopes, confinement, sediment supply, and
sediment caliber. In gravel-bedded reaches,
channel relocation can also occur by avulsion,
where the channel moves from one location to
another, leaving much of the abandoned channel
morphology intact. In sand-bedded reaches,
meanders decrease their radius of curvature over
time, and are eventually bisected, leaving
oxbows;

Attribute 7. A functional floodplain.

On average, floodplains are inundated once
annually by high flows equaling or exceeding
bankfull stage. Lower terraces are inundated by
less frequent floods, with their expected inunda-
tion frequencies dependent on norms exhibited by
similar, but unregulated river channels. These
floods also deposit finer sediment onto the
floodplain and low terraces;

Attribute 8. Infrequent channel resetting
floods.

Single large floods (e.g., exceeding 10-yr to 20-yr
recurrences) cause channel avulsions, rejuvenate
mature riparian stands to early-successional
stages, form and maintain side channels, and
create off-channel wetlands (e.g., oxbows).
Resetting floods are as critical for creating and
maintaining channel complexity as lesser
magnitude floods, but occur less frequently;

Attribute 9. Self-sustaining diverse riparian plant
communities.

Based on species life history strategies and
inundation patterns, initiation and mortality of
natural woody riparian plants culminate in early-
and late-successional stand structures and
species diversities (canopy and understory)
characteristic of self-sustaining riparian commu-
nities common to regional unregulated river
corridors;

Attribute 10. Naturally-fluctuating
groundwater table.

Groundwater tables within  the floodway are
hydrologically connected to the river, and
fluctuate on an inter-annual and seasonal basis
with river flows. Groundwater and soil moisture
on floodplains, terraces, sloughs, and adjacent
wetlands are supported by this hydrologic
connectivity.

Supplemental Investigations

The Restoration Plan provides analyses of
historical and contemporary hydrologic, fluvial
geomorphic, riparian, and chinook salmon habitat
conditions to the extent that data were available,
incorporating relevant information from pub-
lished literature and professional experience, and
from the extensive investigations on salmon
ecology conducted on the Tuolumne River by the
TID/MID, USFWS and CDFG. In addition, the
Restoration Plan conducted geomorphic and
riparian investigations to determine the extent to
which specific Attributes are attained under
regulated sediment and streamflow conditions,
and to provide baseline data for evaluating
restoration options. These evaluations included:

• Fluvial geomorphic processes: identify reaches
that impede gravel transport, estimate
streamflow thresholds for gravel transport,
measure gravel and sand transport rates
downstream of La Grange Dam, identify fine
sediment sources, evaluate the M.J. Ruddy 4-
Pumps restoration project, and develop channel
design objectives based on these evaluations;

• High flow releases: Consider ways to re-operate
flood control releases to achieve fluvial geomor-
phic thresholds;
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• Aggregate source inventory: Locate and
estimate volumes of aggregate sources along
the Tuolumne and Merced Rivers that are
available for restoration purposes;

• Riparian vegetation evaluation: conduct a
comprehensive, corridor-wide riparian inven-
tory, and develop relationships between fluvial
geomorphic processes and natural riparian
regeneration.

Goals and Objectives of the Restoration Plan

The heart of the Restoration Plan is provided in a
set of principles and actions that, if fully imple-
mented, would help re-establish fluvial geomor-
phic functions, processes, and characteristics,
within contemporary regulated flow and sediment
conditions. This strategy will most effectively
promote the recovery and maintenance of a
resilient, naturally producing chinook salmon
population and the river’s natural animal and
plant communities. These principles and actions
are contained in five progressively more detailed
sections in Chapter 4, including: (1) a statement
of restoration goals and objectives, including
existing programs (CDFG, USFWS/AFRP, and
CALFED), the FERC Settlement Agreement
goals and objectives, and river-wide restoration
goals developed in this Plan, (2) formulation of
appropriate restoration strategies for the gravel-
bedded and sand-bedded zones, and for each of
the seven reaches of the Tuolumne River, (3)
specific restoration and preservation approaches
that are appropriate for different restoration
needs, (4) identification of restoration sites along
the entire 52 mile corridor, contained in a
comprehensive list with specific information for
each site, and finally (5) a set of restoration
conceptual designs for 14 high priority projects,
which should be among the first group of projects
to be implemented.

The long-term goals for restoring the Tuolumne
River, developed in this Restoration Plan, are:

• A continuous river floodway from La Grange
Dam to the confluence with the San Joaquin
River with capacity that safely conveys at least
15,000 cfs above Dry Creek and 20,000 cfs
below Dry Creek;

• A continuous riparian corridor from La Grange
Dam to the San Joaquin River confluence, with
a width exceeding 500 ft minimum in the
gravel-bedded zone to a width up to 2,000 ft
near the San Joaquin River;

• A dynamic alluvial channel, maintained by flood
hydrographs of variable magnitude and fre-
quency adequate to periodically initiate fluvial
geomorphic processes (e.g., mobilize channelbed
surface, scour and replenish gravel bars,
inundate floodplains, and promote channel
migration);

• Variable streamflows, such as during chinook
spawning, rearing and emigration, to benefit
salmon and other aquatic resources.

• A secure gravel supply to replace gravel
transported by the high flow regime, thus
maintaining the quantity and quality of alluvial
deposits that provide chinook salmon habitat;

• Bedload transport continuity throughout all
reaches;

• Chinook salmon habitat created and maintained
by natural processes, sustaining a resilient,
naturally reproducing chinook salmon popula-
tion;

• Self-sustaining, dynamic, native woody riparian
vegetation;

• Continual revision of the adaptive management
program, addressing areas of scientific uncer-
tainty that will improve our understanding of
river ecosystem processes and refine future
restoration and management;

• Public awareness and involvement in the
Tuolumne River restoration effort;

• A clean river. Our perception of a river’s
intrinsic value is largely based on visual
aesthetics. To most people, a clean river is
worth caring for, and the public will be more
conscious of keeping it clean.

Restoration Approaches and Site Identification

A fundamental component of the Restoration Plan
was to identify and describe potential restoration
sites along the lower Tuolumne River corridor.
Restoration sites were identified through several
methods, and assessed during numerous field
visits. Vital statistics for each site (including river
mile and reach location, area, project type,
property ownership, a project description and
prescription) were tabulated and entered into the
Tuolumne River GIS. This comprehensive effort
resulted in 184 potential restoration sites. Going
from 184 potential restoration sites to on-the-
ground implementation requires a technically valid
prioritization procedure, extensive landowner
participation and support, planning, project
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management, and engineering.  The Tuolunme
River Technical Advisory Committee, districts,
regulatory agencies, and consultants provide this
infrastructure.

Adaptive Management and Implementation

Ecosystem restoration is by necessity experimen-
tal, driven by hypotheses advanced by greater
understanding of physical processes and interac-
tive biotic responses. The Restoration Plan
recognizes recovery will depend on adaptive
management by the Tuolumne River Technical
Advisory Committee (TRTAC) to regularly
evaluate project successes and failures, and then
refocus objectives if needed. The recommended
adaptive management approach is similar to the
strategy outlined as Adaptive Environmental
Assessment and Management (AEAM) (Holling
1978), which stresses explicit integration of
scientific, economic and social concerns into
efforts addressing resource problems. Objectives
for adaptive management should include: (1) define
policy and management objectives for satisfying
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Copies of this report, or a 16 page Summary of the Habitat Restoration Plan for the Lower Tuolumne River
Corridor may be obtained from:

The Turlock Irrigation District
333 E. Canal Drive
Turlock, CA   95381
(209) 883-8300

the restoration principles, (2) document the status
and trends in chinook salmon population
dynamics, continuing with the outlined FERC
mandated monitoring plan, and (3) intertwine the
first two objectives, is to define restoration
endpoints.

These are ambitious goals for any program, but
much more so for a program attempting large-
scale ecological restoration of a river the size of
the Tuolumne River. We must acknowledge the
inherent uncertainty of our actions, weigh
possible outcomes with considerable caution, then
proceed with the best techniques available. There
is no solution to this scientific uncertainty.
Adding the social, political, and economic
uncertainties makes river restoration more
daunting. But this daunting task does not justify
inaction, and the stakeholders involved in the
implementation of this Restoration Plan must be
willing to accept success with periodic setbacks,
substantial amounts of time and money, and the
risks involved in decision making.
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1.2 PRECURSORS TO THIS
RESTORATION PLAN

The Tuolumne River has an extensive history of
flow regulation and diversion by the Turlock
Irrigation District (TID), Modesto Irrigation
District (MID), and the City and County of San
Francisco (CCSF). The City and County of San
Francisco manages three reservoirs on the upper
Tuolumne River (Figure 1-3): Hetch-Hetchy
Reservoir on the upper mainstem Tuolumne River
(363,000 af), Lake Eleanor on Eleanor Creek (27,000
af), and Lake Lloyd on Cherry Creek (268,000 af)
for a combined storage capacity of 658,000 af.

The Districts (TID/MID) have jointly operated
water storage and diversion facilities on the
Tuolumne River near La Grange for over a
century (Johnston 1997). The first major facility,
La Grange Dam, was constructed in 1893 and
continues to serve as the diversion point for the
TID and MID main canals. Additional storage
needs on the river resulted in construction of the
original Don Pedro Dam in 1923 (with a storage
capacity of 290,000 af), which was replaced by
the New Don Pedro Dam in 1970. The New Don
Pedro Project (NDPP) is the largest mainstem
storage facility on the Tuolumne River, with a
capacity of 2,030,000 acre-feet. Construction of

Figure 1-2. Tuolumne River downstream of the New Don Pedro Project (NDPP), showing urban areas, tributaries, TID/
MID regulation facilities, and major roads.

Figure 1-3. Major streamflow diversion structures and volumes of water diverted from the Tuolumne River basin (water
volumes are 1984-1998 averages).
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NDPP was a joint project of TID, MID, CCSF, and
the Army Corp or Engineers (ACOE). The New
Don Pedro Project diverts an average of nearly
900,000 af annually, delivering 575,000 af to TID
customers, and 310,000 af to MID customers. An
additional 230,000 af are diverted from the upper
watershed by CCSF for delivery of municipal water
supplies to the San Francisco Bay metropolitan
area (Figure 1-3).

The Federal Power Commission (later to become
the Federal Energy Regulatory Commission
[FERC]) issued a license for the NDPP in 1964,
which required the Districts, in cooperation with
federal and state resource agencies, to conduct
studies on the Tuolumne River “aimed at assuring
continuation and maintenance of the salmon
fishery in the most economical and feasible
manner” (Article 39). Studies were conducted
cooperatively by the Districts, U.S. Fish and
Wildlife Service (USFWS), and California
Department of Fish and Game (CDFG) under a
1971 study plan, which was subsequently
updated in 1986. These studies described the
salmon ecology and provided management
recommendations for the Tuolumne River, and
are summarized in a series of reports by EA

Engineering, Science and Technology (EA 1992;
1997). The Tuolumne River is one of the most
intensively studied and documented tributary
streams in the Sacramento/San Joaquin River
system, and this Restoration Plan attempts to
integrate this knowledge with additional analyses
and recommendations needed to improve and
sustain the salmon population.

In 1992, FERC began proceedings in response to
Article 37 of the original NDPP license, which
required re-evaluation of minimum flow releases
after the first 20 years of project operation. The
resulting 1995 FERC Settlement Agreement
(Settlement Agreement or FSA) was entered into
among stakeholder groups including the FERC
(Commission), TID and MID (Districts), CA
Department of Fish and Game (CDFG), US Fish
and Wildlife Service (USFWS), the City and
County of San Francisco (CCSF), San Francisco
Bay Area Water Users Association (BAWUA),
Friends of the Tuolumne (FOTT), the Tuolumne
River Preservation Trust (TRPT), Tuolumne
River Expeditions (TRE), and CA Sports Fishing
Protection Alliance (CSFPA). The Commission
adopted a FERC Order in 1996 amending the FERC
license, which subsequently increased minimum
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instream flow requirements. The FERC Order
required additional reporting on non-flow mitiga-
tive measures and an expanded monitoring
program.

The 1995 Settlement Agreement outlined a
general strategy for restoring the declining fall-
run chinook salmon fishery (Sections 8-13 of the
FSA), and appointed the Tuolumne River Techni-
cal Advisory Committee (TRTAC) to oversee
implementation of the restoration measures. The
TRTAC then chose to prepare a restoration plan to
guide planning and implementation of a compre-
hensive recovery program. The TRTAC in March
1996 approved a pilot geomorphic and salmonid
habitat restoration assessment of the lower
Tuolumne River downstream of La Grange Dam
(McBain and Trush 1996). This pilot assessment
led to full-scale development of an integrated,
long-term restoration plan for the lower
Tuolumne River mainstem. This restoration plan
would more thoroughly evaluate general biologi-
cal and geomorphic watershed processes affect-
ing river ecosystem health and fall-run chinook
salmon habitat conditions, gauge the river’s
restoration potential within present socioeco-
nomic constraints, and guide the design and
prioritization of river-wide restoration projects.
Additional tasks for the restoration plan included:

• A review of recent biological studies to
evaluate factors potentially limiting chinook
salmon productivity;

• Fluvial geomorphic and hydrologic investiga-
tions to document physical processes most
important to river ecosystem restoration in the
Lower Tuolumne River;

• Riparian investigations to document historic
conditions and contemporary processes that
promote natural regeneration of riparian
vegetation;

• Evaluation of coarse and fine sediment budgets,
including an assessment of tributary and
agricultural runoff inputs of fine sediment (silt
and sand), and identification of reaches
potentially restricting coarse sediment
(bedload) transport, and strategies for restoring
coarse sediment equilibrium;

• Inventory of all aggregate sources potentially
available for use in future restoration projects
on the Tuolumne River, along with evaluation
of costs and recommendation of strategies for
utilizing materials;

• Evaluation of opportunities for re-operation of
flood control releases for fluvial geomorphic
processes.

This Habitat Restoration Plan for the Lower
Tuolumne River Corridor (Restoration Plan) is
the result of efforts by the TRTAC to develop an
integrated, long-term plan, pursuant to the
direction in the FERC Settlement Agreement, that
will improve naturally occurring salmon popula-
tions, improve riparian habitat, and improve
physical processes that create and maintain river
form and function. The timeline for specific
actions required by the FERC Settlement Agree-
ment, as well as other programs related to
Tuolumne River habitat restoration activities are
outlined in Figure 1-4.

Figure 1-4. Timeline of specific actions required by the FERC Settlement Agreement.


