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FOREWORD

he restoration of Hetch Hetchy Valley on the upper Tuolumne River has
once again captured the public’s imagination. In order to provide for an informed
dialogue about this issue, the Resources Agency has objectively evaluated the
many Hetch Hetchy Valley restoration studies produced during the past two
decades. In so doing, the state also recognized the great value and benefit of

providing a central clearinghouse of all Hetch Hetchy restoration work.

Moreover, in conducting the study, the state provided a neutral, public forum to
discuss issues related to Hetch Hetchy restoration, such as water supply and water
quality, flood management, cultural resources, environmental impacts, energy
generation, and recreation. In all, several hundred people participated in a July
2005 workshop in Sacramento and at other stakeholder meetings throughout the
state. In addition, many interested Californians provided written comments for

our consideration.

This final report is a comprehensive analysis of Hetch Hetchy Valley restoration
studies. But even as a comprehensive analysis, we find, first and foremost, that
much study remains to be done because there are major gaps in vital information.
For example, objectives for replacing the water supply for the Bay Area, dam
removal methods and impacts, and considerations of the public use and benefit

of a restored Valley remain largely undefined. Another critical, missing element

is a formal public involvement process to engage agencies, Native American tribes,

stakeholders and other interested parties in this issue.

While we offer no formal recommendation about next steps, it is clear that further
investigations into Hetch Hetchy Valley restoration cannot be led by the State of
California alone. Federal participation will be important to help shape future
studies and to work with the San Francisco Public Utilities Commission, tribes,

and the public on any next steps in this process. Moving forward, the Resources
Agency’s role in studies and planning for Hetch Hetchy will be consistent with the
state’s approach to other significant natural resources such as the Sacramento-

San Joaquin Delta or the Salton Sea — to protect the public trust by ensuring that

these natural places are protected and utilized for the benefit of all Californians.

HETCH HETCHY RESTORATION STUDY 1



OVERVIEW OF REPORT

In November 2004, in response to a legislative request, Secretary for Resources Mike
Chrisman directed the Department of Water Resources (DWR) and the Department of
Parks and Recreation (DPR) to review the many studies prepared during the last 20 years
on the restoration of Hetch Hetchy Valley. These studies include work performed by the
state and federal governments in response to the 1987 proposal of then-Secretary of the
Interior Donald Hodel to study restoring Hetch Hetchy, and more recent analyses by

Environmental Defense and the University of California, Davis.

In addition to a review of previous Hetch Hetchy studies, DWR and DPR considered
local, state and federal resource plans to help evaluate water supply, drought preparedness,

water quality, operational ﬂexibility, flood impacts, environmental and energy issues.

The project also included an evaluation of the likely costs of replacing water and energy
supplies, removal of O’Shaughnessy Dam, increased water treatment, and ecosystem res-

toration activities for Hetch Hetchy Valley.

The state found that most of the previous studies addressed speciﬁc Or narrow aspects
of restoring Hetch Hetchy Valley, sometimes targeting only a single purpose or ob-
jective. No single study tackled the entire array of issues involved in restoring Hetch

Hetchy Valley. Further, even when these studies are taken collectively, major information
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gaps still emerge. For example, very little information is currently available regarding dam

removal, public use in a restored Valley, or the economic benefits of restoration. Past stud-
ies have also largely ignored the environmental impacts of removing O’Shaughnessy Dam
and replacing its water and power benefits. Even for water and power replacement options,
researchers have not fully evaluated statewide water management impacts or established
performance criteria to measure SUCCeSS. Perhaps most noteworthy, a major element missing
from most existing studies is a public involvement process. Such a process would engage
the public, agencies, and stakeholders in determining the purpose and need of the project,
establishing objectives, and grappling with potentially adverse regional and third-party

impacts that might result from options involving water and power changes‘

The state concludes that the existing body of work—including its own—is insufficient to
support sound public policy decision-making at this time; in fact, most of the work to date
is not even at the “concept level”. However, the state found no fatal flaws in the restoration
concept that would preclude additional study. Future studies of Hetch Hetchy restoration
should be completed with well-defined objectives, supported by a robust stakeholder pro-
cess. Moreover, studies should be carried out to a consistent level across all issues, begin—

ning with benefits, public use in a restored Hetch Hetchy Valley, and dam removal.
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COST ESTIMATES

The cost estimates in past studies of Hetch Hetchy Valley restoration, even when reviewed
collectively, do not cover all aspects and implications of valley restoration. To better
understand the potential costs of restoring the valley, the state developed an overall cost
estimate that covers valley restoration, public use, and dam removal, as well as water and

power replacement.

The cost estimate range of nearly $3 billion to $10 billion is patterned on existing work
by making broad assumptions on a mix of facilities that may be required for water and
power replacement. Given the uncertainty involved in these assumptions, the state estimate
includes a range of costs to reflect the potential variation in facility mix and sizing, as

well as the potential for additional environmental protection and water management risk
mitigation. The estimate also assumes varying levels of restoration, dam removal and public
use, but, in the end, is inherently limited due to the level of information available and the

lack of formal project objectives‘

The following table provides a summary of Hetch Hetchy Valley restoration cost estimates
completed by the San Francisco Public Utilities Commission (SFPUC), Restore Hetch
Hetchy (RHH), Environmental Defense (ED), and the state. The table does not include
the cost of conducting all of the planning studies required to proceed with further consid-
eration of the program. If a decision is made to continue investigations, the cost would be

approximately $65 million.

Hetch Hetchy Valley Restoration Cost Estimate [millions of dollars)

Category RHH ED STATE

Implement Water Replacement 626 174 to 652 1144 to 4,305

Components

Implement Power Replacement 217 340 to 693 560 to 820

Components

Dam Moaodification or Removal 108 Not Included 250 to 915

Restore Valley 23 Not Included 32 to 53

Implement Public Use Plan for Valley Not Included Not Included 10 to 91
Subtotal 974 514 to 1,345 1,996 to 6,184

Contingencies 57 -11 to 228 Included in above values

Site-Specific Environmental Not Included Included in 390 to 1,790

Documentation, Permitting above values

& Mitigation

Engineering, Legal and Administration 65 6 to 76 610 to 1,850

GRAND TOTAL $510 TO 1,649 $2,996 TO 9,824

Note: Via memo to DWR dated July 20, 2005, SFPUC provided an estimate of $9 billion in total costs to restore Hetch Hetchy Valley.
The SFPUC did not respond to DWR requests to review documentation of this cost estimate; therefore, DWR was unable to
examine SFPUC's claim in this report.

4 HETCH HETCHY RESTORATION STUDY



NEXT STEPS

The existing studies provide initial conceptual information on
Hetch Hetchy Valley restoration, but do not contain enough
collective detail to reach conclusions about the feasibility or
acceptability of Hetch Hetchy Valley restoration. Future stud-
ies could further refine and assess technical, cost, and environ-
mental factors in greater detail. If there is support to move
forward with plans for Hetch Hetchy Valley restoration, the

following issues need to be examined in more detail:

®* Dam owner and beneficiary rights

° Legal contracts and the application of fair principles for

determining whether and how to make parties whole

* Potential beneficial and adverse effects of restoring

Hetch Hetchy \/alley

® Replacement water and power deliveries from new
P P

facilities, including potential water quality and water

i The Tuolumne River
supply reliability benefits and the institutional and operational is a federally

agreements among potential participants designated wild

. . . and scenic river.
® Potential costs and ﬁnancmg for Hetch Hetchy Valley restoration and water and

power replacement, including allocation Ol: costs among PLII’POSGS

* A method for determining the value of potential benefits to assist decision-makers
in allocating costs

® Increased dialogue among elected officials, federal, state and local agencies, Native
American tribes, environmental interest groups and the public, including a formal
process engaging the city and county of San Francisco and the Department of

Interior regarding objectives for water and power replacement

An estimated $7 million is needed for a comprehensive Hetch Hetchy Restoration study
at the conceptual level of detail and another $13 million at the appraisal or reconnaissance
level. Because Hetch Hetchy Valley is located in a national park, the U.S. Department of

Interior must be involved in any further study of Valley restoration.

Further investigations into Hetch Hetchy Valley restoration cannot be led by the State of
California alone. Federal participation will be important to help shape future studies and
to work with the San Francisco Public Utilities Commission, Native American tribes, and
the public on any next steps in this process. Federal authorization may be needed to initi-
ate this federal role. A public/private partnership might be one mechanism to proceed with
further evaluations. The Resources Agency will participate in any future studies under

it mission to manage California’s natural resources with the goal of ensuring that future
studies or plans adhere to principles of integrated regional water management, that they

maximize public benefit, and that they protect the environment, as well as the public trust.

HETCH HETCHY RESTORATION STUDY 5



(1) INTRODUCTION

Hetch Hetchy is a glacially carved valley located within Yosemite National
Park in the Sierra Nevada of California. With its sheer granite walls and
waterfalls, it is often compared to Yosemite Valley, about 17 miles to the
south. In December 1913, amid much controversy, the federal government
granted the city and county of San Francisco the rights to dam Hetch
Hetchy Valley to impound the Tuolumne River for water supply and power
generation. The reservoir behind O’Shaughnessy Dam can inundate the
valley with up to 360,000 acre-feet of water. Hetch Hetchy is the flagship
of a system of 10 storage reservoirs relied upon by the San Francisco
Public Utilities Commission (SFPUC]). It currently supplies an average

of 220 million gallons per day of exceptionally high quality water to more
than 2.4 million people in the San Francisco Bay Area. The Hetch Hetchy
system provides about 85 percent of San Francisco’s total water demand
and, together with SFPUC’s Cherry and Eleanor system, generates an
average of 1.7 billion kilowatt-hours of hydroelectric energy annually.

PURPOSE OF REVIEW

In September 2004, 1n response to a study conducted at the University of California
at Davis, Assembly Members Lois Wolk and Joe Canciamilla asked Governor
Schwarzenegger to examine the feasibility of restoring Hetch Hetchy Valley and

to outline the necessary actions the state should take to achieve this restoration.

In response, Secretary for Resources Mike Chrisman directed the Department of
Water Resources (DWR) and the Department of Parks and Recreation (DPR) to
review and summarize the growing body of information that has been prepared over
the last 20 years on potential removal of O’Shaughnessy Dam and restoration of

Hetch Hetchy Valley.

The purpose of this report is to provide an objective review of prior work on pertinent
water supply, water quality, flood management, public use, environmental, economic,
and power issues surrounding proposals to restore Hetch Hetchy Valley. The affected
geographic areas covered by this report include Hetch Hetchy Valley, Yosemite Nation-
al Park, the local Tuolumne River region, the service area of the SFPUC, the service
areas of the Modesto and Turlock Irrigation Districts (MID and TID), and the lower
San Joaquin River region. The report also addresses Native American and statewide

considerations.

6 HETCH HETCHY RESTORATION STUDY



STATE INVOLVEMENT

Resources Agency staff undertook this review and analysis, with existing personnel and
budget, under its mission to manage California’s natural resources. Although Hetch
Hetchy is not owned or operated by the state, changes to the Hetch Hetchy system would
impact California’s natural resource management activities and responsibilities. By review-
ing the range of information accumulated over nearly 20 years of studies and evaluating
the possible costs of the project, the state can facilitate informed public policy discussions

regarding the future of Hetch Hetchy Valley.
SCOPE OF REVIEW

The work by DWR and DPR was limited to a review of prior studies. The goal was to
determine if, collectively, there was enough information to show the feasibility of restor-
ing Hetch Hetchy Valley. Due to incomplete cost estimates from previous studies, DWR
found it necessary to prepare its own rudimentary estimates of restoration costs. In ad-
dition, DWR and DPR conducted a limited analysis of key resource management issues,

primarily to compare information from the prior studies.

The review was not intended to answer all the questions surrounding the restoration of
Hetch Hetchy Valley. However, DWR and DPR conducted the review with an eye to the

following questions:
* Are the assumptions and technical evaluations performed in previous studies
complete and reasonable?

* What are the cost considerations of replacing the water and power benefits

from O’Shaughnessy Dam?

* What information is available regarding dam removal and its cost?

* What are the Hetch Hetchy Valley restoration and public use opportunities?

* How do the costs of the proposal relate to other resource management needs
facing California?

* Who should direct any additional studies necessary to enable a future decision

on Valley restoration?

HETCH HETCHY RESTORATION STUDY 7



DWR and DPR reviewed existing Hetch Hetchy restoration reports and met with

stakeholders and agencies, focusing on two primary objectives:

1. Learn enough about the issues to appreciate the scope and complexity of

the subjects.

2. Conduct the review from a neutral, objective perspective.

Public
Workshop

On July 14, 2005, the
Resources Agency held

a public workshop and
issued a progress report
on the study framework
and its initial observa-
tions. More information
is available at http://
www.hetchhetchy.water.

ca.gov

During the course of this review, DWR and DPR met with the
SFPUC and its retailers, MID and TID, Native American tribes,
the National Park Service, affected stakeholders downstream of
Hetch Hetchy, and environmental interest groups. These meetings
provided insight into stakeholder and agency concerns. The general
public also had an opportunity to provide comments, via mail,

a dedicated web site, and a workshopi Public comments can be

found in Appendix J.

DWR and DPR found that considerably more work needs to be
done before the financial feasibility of restoring Hetch Hetchy
Valley can be determined. While this report cannot make speciﬁc

recommendations on potential restoration, it does provide:

e A compilation of relevant information regarding Hetch Hetchy Valley

restoration and water and POWCI’ replacement‘

® Evaluation of previous studies and reports for completeness when compared

with common practices.

1splay of existing information on key topics that influence cost
* D ply f g inf ky P h l

and uncertainties.

® Identification of additional information needed for more comprehensive

appraisal or feasibility level studies.

Department of Interior
Tuolumne Band of Me-Wuk Indians
Modesto Irrigation District

U.S. Bureau of Reclamation

Bay Area Water Supply and

Conservation Agency

Groveland Community

DWR and DPR staff engaged a broad array of stakeholders to gather input
and perspectives on Hetch Hetchy:

San Francisco Public Utilities Environmental Defense
Commission

Restore Hetch Hetchy

National Park Service UC Davis

Tuolumne River Trust
Bay Area Council
Silicon Valley Leadership Group

Turlock Irrigation District Sierra Club

American Fisheries Society
California Research Bureau

American Water Works Association

8 HETCH HETCHY RESTORATION STUDY




A description of different Hetch Hetchy Valley restoration and public use
opportunities that may be possible (with and without the existing reservoir).
A discussion of statewide and tribal considerations when replacing the current
water and power benefits provided by Hetch Hetchy.

Estimates of costs from existing work including Hetch Hetchy Valley
restoration and recreation, removing O’Shaughnessy Dam, and replacing the
lost water and power.

Management options for additional studies necessary to enable a future

decision on the restoration of Hetch Hetchy Valley.

Tueeulala Falls

Hetch Hetchy Valley.

SFPUC wholesales
water to more than
30 entities in the
San Francisco Bay
Area, serving 1.7
million people outside
the city and county of
San Francisco. Most
of these entities are
members of the Bay
Area Water Supply
and Conservation

Agency.

is a scenic feature of
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(@ BACKGROUND

HETCH HETCHY SYSTEM

The San Francisco Public Utilities Commission manages and operates the
Hetch Hetchy Water System, which begins with facilities in Hetch Hetchy
Valley in Yosemite National Park. The water originates as snowmelt and
rain runoff in the upper Tuolumne River watershed. From Hetch Hetchy,
Tuolumne River water flows by gravity through approximately 160 miles
of pipelines and tunnels to the San Francisco Bay Area.

0’Shaughnessy Dam

O'Shaughnessy Dam is the most prominent feature of the Hetch Hetchy water
system. The original construction of the dam began in 1914 and finished in 1923.
Construction in 1938 raised the dam another 85 feet to its present height of 312

feet. The city and county of San Francisco own the concrete gravity dam.

The dam’s spillway consists of three gated, 65-foot wide concrete bays at the left
(looking downstream) dam abutment. Drum gates on each weir bay are typically raised
annually in the late spring to provide additional storage. Gates are down in the winter
to pass storm flows. The discharge capacity of the spillway is 48,600 cubic feet per
second (cfs) with the gates down. There are 14 outlets that pass through the dam or
its foundation, 11 of which are used to discharge directly to the river. Modifications
in 2004 diverted the flow of three outlets into the Canyon Power Tunnel leading to
Kirkwood Powerhouse. Two outlets release water directly to the Tuolumne River for

instream ﬁshery requirements.

O’Shaughnessy Dam is located in the central portion of the Sierra Nevada geomorphic
province‘ The Sierra Nevada is comprised of Mesozoic age granitic rocks that have
intruded into Paleozoic- and Mesozoic-age meta—sedimentary and metavolcanic rocks.

No regional faults are mapped in the area of the dam and reservoir.

The state of California began regulating dam safety in 1929, According to DWR’s

Division of Safety of Dams, the dam has performed well since its construction.

Water Conveyance Facilities

Two additional reservoirs, Lake Lloyd
(Cherry Lake) and Lake Eleanor, also
collect water that is used for downstream

flow obligations to the MID/TID and

power generation at Holm Powerhouse.

Upon completion in 1923,
(0'Shaughnessy Dam impounded the
Tuolumne River in Hetch Hetchy Valley.

10 HETCH HETCHY RESTORATION STUDY




Suisun Bay
Estuary

San Francisco Bay

Figure 2-1 Hetch Hetchy Regional Water System

The Department of Health Services has permitted these two lakes, which are hydrauli-
cally connected, as standby sources for the SFPUC. Water from the two reservoirs can be
diverted to the Early Intake Diversion Structure via the Lower Cherry Aqueduct, where it

would enter the Mountain Tunnel to provide additional water supply.'

Water from Hetch Hetchy Reservoir is conveyed through a series of tunnels and pipelines,
two power houses, and other facilities in its journey to the Bay Area. Figure 2-1 shows the

general path that water takes by gravity from Hetch Hetchy Valley.

Drinking Water Quality
The Tuolumne River is impounded behind O’Shaughnessy Dam in Hetch Hetchy Valley

and currently serves as an exceptionally high quality drinking water source. Its 459 square-
mile watershed lies completely within Yosemite National Park, and with the exception of
just a handful of locations (such as Tuolumne Meadows), it is undeveloped, federally
designated wilderness and is difficult for the public to access.” Long-term monitoring

of this source consistently shows that the water contains low levels of alkalinity, hardness,
dissolved solids, turbidity, organic matter, nutrients, and pathogens; contaminants of
concern are usually not even detected in the Hetch Hetchy water supply. The lack of
alkalinity, though, results in a poorly buffered water that is unstable in pH, aggressive to

pipelines, and a challenge to treat.

The Hetch Hetchy water supply is one of the few surface water sources in the U.S. that
is legally delivered unfiltered to customers, with only disinfection required for potability.
In 1993, SFPUC applied for, and the U.S. Environmental Protection Agency (USEPA)
granted, “filtration avoidance™ status for Hetch Hetchy, that is, the water supply meets

1 Before domestic use, water from Lakes Eleanor and Lloyd would require full conventional treatment at the Sunol Valley
Filter Plant. The use of such supplies would impact the community of Groveland, which normally uses Hetch Hetchy water.

2 Tuolumne Meadows is a recreational area in the High Sierra, 24 miles upstream of Hetch Hetchy, which is open to vehicle
traffic only during the summer.

HETCH HETCHY RESTORATION STUDY 11
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PUBLIC WATER SUPPLY

NO PERSON SHALL BATHE
WASH CLOTHES OR COOKING
UTENSILS, OR WATER STOCK

USEPA criteria for avoiding fileration. Unlike 3 ek IN. OR IN ANY WAY POLLUTE

THE WATER WITHIN THE
LIMITS OF THE HETCH
these filtration avoidance criteria on a continu- Y HETCHY RESERVOIR

an exemption or variance, SFPUC must meet

ous basis, and one of these criteria addresses
watershed protection, including an annual

Watershed sanitary survey.

Only four other major urban areas in the U.S.

(Portland, Seattle, Boston, and New York City)

have also earned this status for one of their water sources. In 2000, the SFPUC for- When the Raker Act
mally reaffirmed its policy of maintaining filtration avoidance status for Hetch Hetchy. of 1913 aL.lthD”ZEd
o . . . construction of the
In the near future, it is expected that Hetch Hetchy water will require advanced disin- Hetch Hetchy system,
fection, as well as potentially some modification to current disinfection practices, to it also mandated
provide for further inactivation of Cryptosporidium to comply with USEPA's Long-Term protection of water

2 Enhanced Surface Water Treatment Rule. quality in Hetch Hetchy.

Even with this special status for Hetch Hetchy, SFPUC actually filters much of this
supply. For example, during times when the Hetch Hetchy supply arriving in the

Bay Area exceeds system demand, Tuolumne River water is spilled to Upper Crystal
Springs Reservoir on the San Francisco Peninsula, where it is subsequently filtered and
disinfected at the Harry Tracy Water Treatment Plant. In response to seasonal water
quality problems, SFPUC also has the capability of ﬁltering Hetch Hetcliy at its Sunol
Valley Water Treatment Plant, either directly or after storage in San Antonio Reservoir.
Normally, though, Hetch l—letchy 1s only treated with lime for corrosion control,
hypochlorination for primary disinfection, chloramination for secondary disinfection,

and fluoridation for the prevention of dental cavities.

Ambient Water Quality

Water diversions in the upper Tuolumne River watershed have impacts to water quality downstream
and in the Delta because of lower diluting flows of high quality water from upstream. Some of these
impacts can include less water for maintaining habitat and higher concentrations of contaminants. For
instance, the lower reach of the Tuolumne River provides habitat for the biggest wild salmon run in the
San Joaquin River system, so dissolved oxygen and temperature levels are of concern. As for pollution
sources, the lower Tuolumne, like many rivers in the Central Valley, receives urban and agricultural run-
off and, during the winter, the City of Modesto discharges its wastewater effluent immediately above
the Tuolumne-San Joaquin River confluence. Mine tailings line portions of the lower reach of the
Tuolumne as well. In 2002, USEPA formally listed 60 miles of the lower Tuolumne River (from Don
Pedro Reservoir to the San Joaquin River) as a water quality limited segment under Section 303 (d)

of the Clean Water Act, speciﬁcally for contamination by diazinon, pesticides, and unknown toxicity.

Don Pedro itself was listed at the same time for mercury contamination.

12 HETCH HETCHY RESTORATION STUDY



In addition, Hetch Hetchy water is usually blended with a small percentage of SFPUC'’s
local supplies—which are always filtered—in the East Bay (primarily from Calaveras
Reservoir) or on the San Francisco Peninsula (from Crystal Springs, San Andreas,
Pilarcitos, and Stone Dam Reservoirs.) Some of SFPUC's retailers utilize other water
supplies (e.g., State Water Project water, local surface water, and groundwater), with which
the Hetch Hetchy supply may be further blended by the time a customer receives “Hetch
Hetchy” water. Hetch Hetchy water is also specifically blended in southern Alameda
County to dilute hard and saline groundwater, and on the Peninsula to dilute nitrate

concentrations in local groundwater and support conjunctive use programs.

LEGAL BACKGROUND

Yosemite Enabling Legislation

In 1864, President Abraham Lincoln signed legislation that granted Yosemite Valley and
the Mariposa Big Tree Grove to the State of California, to “be held for publie use, resort,
and recreation” to be “inalienable for all time .”* In 1890, President Benjamin Harrison
signed legislation establishing Yosemite National Park as a “forest reservation” to preserve
and protect “from injury all timber, mineral deposits, natural curiosities, or wonders”
within the park area and to retain them in their “natural condition.” The act excluded
Yosemite Valley and the Mariposa Big Tree Grove, leaving them under the jurisdiction of
the State of California as provided for in the 1864 act. A joint resolution of Congress on
June 11, 1906, accepted the transfer of Yosemite Valley and the Mariposa Big Tree Grove

from the State of California to the federal government as part of Yosemite National Park.

Raker Act

In 1913, Congress passed, and President Woodrow Wilson signed, the Hetch Hetchy Act,
popularly known as the Raker Act after Manteca Congressman Edward Raker. This law
authorized the city and county of San Francisco to build dams in the Hetch Hetchy
Valley, the Lake Eleanor Basin, and Cherry Valley to provide for a regional water supply
for the entire San Francisco Bay Area. The act also protects water quality in Hetch Hetchy
by prohibiting certain activities, including “batliing” in the reservoir or in streams within
one mile of the reservoir. In addition, the act limits the width of aqueduct right—of—ways
crossing the San ]oaquin Valley to 250 feet. Since 1934, the Raker Act has required the

city to pay an annual rental fee of $30,000 to the U.S. Department of the Interior.

3 California State Parks measures its beginning from this act, a fact commemorated on the
California State Parks logo with the reference, “Since 1864.”
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Water Rights and Interagency Agreements

San Francisco holds pre-1914 water rights under the Civil Code to appropriate water
from the Tuolumne River. MID and TID also hold pre-1914 appropriative rights on
the Tuolumne, which are senior to San Francisco’s water rights. There are also other
appropriative and riparian water users on the system. Because Hetch Hetchy Valley

is in a national park, the doctrine of federal reserved water rights also applies.

In addition, San Francisco, MID, and TID have entered into four agreements over the
past 72 years that concern water rights to the Tuolumne, operation of Hetch Hetchy,
flood control, cost—sharing for Don Pedro Reservoir, a water banking and credit-ex-
change agreement for Don Pedro, and sharing of Federal Energy Regulatory Commuis-
sion (FERC) operational requirements at Don Pedro. The rights and duties under
these agreements would have to be resolved by the parties in the event that Hetch

Hetchy Reservoir no Ionger exi1sts.

Organic Act

In 1916, Congress passed the Organic Act, establishing the National Park Service and
its purpose:
Promote and regulate the use of the federal areas known as national parks, monu-
ments and reservations by such means and measures as conform to the fundamental
purpose of the said parks, monuments and reservations, which purpose is to con-
serve the scenery and the natural and historic objects and the wild life therein and
to provide for the enjoyment of the same in such manner and by such means as will

leave them unimpaired for the enjoyment of future generations.

Wilderness Act

In 1964, President Lyndon Johnson signed the Wilderness Act. This act defines and
designates wilderness areas as those “where the earth and its community of life are
untrammeled by man, where man himself is a visitor who does not remain.” The
California Wilderness Act of 1984 resulted in the designation of about 95 percent of
Yosemite National Park as the Yosemite Wilderness, inciuding the entire watershed

above the high water mark of Hetch Hetchy Reservoir.
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Wild and Scenic Rivers Act Spray from Wapama
Falls in foreground.

Passed by Congress in 1968, the National Wild and Scenic Rivers Act requires that
designated rivers “be preserved n free—ﬂowing condition, and that they and their immedi-
ate environments shall be protected for the benefit and enjoyment of present and future
generations.” Yosemite National Park manages two Wild and Scenic Rivers and their
watersheds, the Merced and the Tuolumne. In the 1984 California Wilderness Act,
Congress designated 83 miles of the Tuolumne River as wild and scenic, 54 of which are
located within Yosemite National Park. Hetch Hetchy Reservoir is excluded from the
Wild and Scenic Rivers Act.
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3) PRIOR STUDIES

Prior studies for potential restoration of Hetch Hetchy Valley are clustered
in two distinct groupings.
1) A series of studies from 1988 to 1990 were spurred by a restoration study
proposal by former Secretary of the Interior Donald Hodel.
2) More recent analyses, conducted between 2002 and 2005, have

renewed interest in potential restoration of the valley.

The state has reviewed each of these studies in the context of existing and relevant re-

source management plans produced by federal, state, and local agencies. These resource
management plans, such as the California Water Plan Update 2005 and the California
Outdoor Recreation Plan, provide important guidance in evaluating the

collection of existing work on Hetch Hetchy.

THE HODEL PROPOSAL

In ]uly 1987, Secretary of the Interior Hodel proposed to study the removal of
O’Shaughnessy Dam and restoration of Hetch Hetchy Valley. In response, the federal
and state governments issued a total of five related reports between early 1988 and
early 1990. Three reports focused on potential alternatives for replacing lost water
and power supplies and their costs, while two focused mostly on different options for
the restored valley. Only one of the five reports discussed the potential environmental
impacts of removing O’Shaughnessy Dam and replacing lost water and power supplies.
None of the reports focused on the potential benefits of restoration of, or public use

in, Hetch Hetchy Valley, nor attempted to quantify those benefits economically.

The basic conclusion from these five reports was that Hetch Hetcliy Valley was more
valuable as a water source than as a restored valley. One report suggested that the
feasibility of restoring the Valley may be more attractive as O’Shaughnessy Dam

nears the end of its useful life.

RECENTLY PUBLISHED WORKS

The release of four recent works—major reports from Environmental Defense and
Restore Hetch Hetchy and two related master’s theses—have rekindled public interest
in the restoration of Hetch Hetchy Valley. They generally support the concept of
removing the dam and restoring the valley. Also, SFPUC issued four reports as a

rebuttal to the report by Environmental Defense.
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CONTEXT OF PRIOR STUDIES

Most of the reports resulting from the Hodel proposal, as well as recently published
works, were targeted toward a single purpose or objective. Some studies focused mainly
on water and power replacement. Some studies focused mainly on restoration of the
valley. None of the studies presented a complete view of information necessary to make a
decision on the feasibility of the restoration concept. Therefore, the body of prior work
must be viewed collectively to judge what further information is needed. The matrix on

pages 2 and 3 provides a snapshot of prior studies and the issues covered by each.

In general, the studies did not define an array of broad objectives to guide valley
restoration, visitor use, dam removal, and water and power replacement. Environmental
Defense conducted computer modeling and cost estimates for various water replace-
ment alternatives, but they did not estimate the cost of dam removal or restoration.
Restore Hetch Hetchy did not conduct any modeling of water replacement alterna-
tives, but did estimate the cost of dam removal and restoration under certain
assumptions. The method for deconstructing the dam does not include alternative
dam removal options such as full removal, partial removal by breach, or draining the

reservoir and leaving the dam in place.

Work on water and power replacement included identifying various options for replac-
ing water supplies and lost power, although some options were very conceptual in na-
ture. In addition, modeling to replace water and power supplies lost from the removal
of O’Shaughnessy Dam did not evaluate the effects on statewide water management.
These evaluations focused on meeting the water and power replacement needs within
the Hetch Hetchy system, but did not incorporate geographical or institutional con-

straints that WOLlIC] need to b€ addressed as part O{: any solution.

A major element missing from all of the prior studies is a public involvement process
that also engages agencies, tribes, and other stakeholders to determine the goals of the
project and to establish objectives. Other elements missing from existing studies in-
clude Iinking restoration and public use alternatives with water and power replacement
strategies and evaluating adverse regional and third-party impacts that might result
from options involving water and power changes. Also, performance criteria were not
established to predict how well alternative strategies would perform in accomplishing

the specified objectives.

HETCH HETCHY RESTORATION STUDY
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LEVEL OF DETAIL OF PRIOR STUDIES

Figure 3-1 shows DWR’s and DPR's estimates of the relative levels of alternative
development, cost estimates, and benefit information presented by others for key
subject areas concerning the restoration of Hetch Hetchy Valley. These characteriza-
tions do not address the accuracy or adequacy of the existing work; instead, they

simply give perspective to the level of work completed to date.

As the ﬁgure shows, some level of work has been completed in each of the subject ar-
eas. Our study did not include any new analyses related to development of alternatives
or benefits, but did estimate the costs of restoring Hetch Hetchy Valley and replacing

the lOSt water and power.

While different organizations may use different terms and definitions for various
study levels, DWR and DPR relied upon their own terminology for this study, which
is summarized in the accompanying sidebar on page 20. Thus, using our study defini-
tions, most of the prior work is, at best, at the “concept level” of study. That is, the
body of work to date, including the state’s work on the potential costs for the poten-
tial project, is not sufficient to support sound public policy. However, the state found

no fatal flaws in the restoration concept that would preclude additional study.

Completing all aspects of existing studies to a common level (concept or appraisal)
would be a key milestone in the decision—making process, by providing a basis
for recommendation to either terminate the study or proceed with feasibility

investigations.
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Figure 3-1 Characterization of Study Level by Key Subject Areas
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RELATED RESOURCE MANAGEMENT PLANS

Federal, state, and local resource management plans provide additional guidance and
context for the restoration of Hetch Hetchy Valley. The concept of a restored Hetch

Hetchy Valley is not currently incorporated into any of these plans.”
* California Water Plan
* Integrated Energy Policy Report
* California Outdoor Recreation Plan
® Water 2025 (U.S. Department of the Interior)
®* Yosemite National Park General Management Plan 1980
* Tuolumne Wild and Scenic River Comprehensive Management Plan
* Yosemite National Park Resources Management Plan
* Tuolumne County General Plan
* SFPUC Water Supply Master Plan
* SFPUC Water System Improvement Plan

4 More detail on these plans can be found in Appendix A.
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Summary of Levels of Study

Concept-Level studies present preliminary information for review to promote discussion

of a proposed project. They generally focus on a single project concept and do not include
alternatives analysis or reach any conclusions about the ultimate feasibility or acceptability of a
project‘ The purpose of concept—level studies is to inform participating agencies, stakeholders,
and the public about the nature of potential benefits, types of facilities required, and issues that

should be addressed in more detailed studies. All existing Hetch Hetchy studies are at this level, at best.

Appraisal-Level studies build on the conceptual-level studies and include a preliminary
assessment of alternatives, and identification of sensitive environmental resources and legal and
institutional constraints. The analyses conducted in appraisal studies are generally based upon

the minimum information needed to determine if there are workable solutions or fatal flaws.

Feasibility-Level studies include additional data collection and analyses required to develop

a full and reasonable range of alternatives. Feasibility studies provide enough information for
decisionmakers to understand what potential risks are involved, and who are potential benefi-
ciaries. The feasibility study process includes items such as: identification of present and future
conditions; identification of problems and needs; evaluation of resource capabilities; formula-
tion of alternative plans; analysis and comparison of alternatives and costs; and plan selection.
An iterative process is used to arrive at a preferred plan that reasonably maximizes net benefits
with acceptable environmental impacts. Feasibility studies are usually integrated with compli-
ance under California Environmental Quality Act(CEQA), National Environmental Policy

Act (NEPA), and other related environmental and cultural resources laws. Environmental

documentation may be conducted at a programmatic—level or site-speciﬁc level.

Site-Specific studies are conducted to quantify resources at a defined geographical location.
These studies typically consist of field investigations to identify features such as geological
and liydrological conditions and cultural, arcbeological, or biological resources. Many of the
site—speciﬁc studies are conducted during the feasibility study phase or as part of the NEPA/
CEQA/environmental documentation and permit acquisition processes. Often, study protocols
are established to assure that investigations are conducted to meet the requirements of a

regulatory agency.

Design-Level studies or documents build on feasibility-level designs based on new or revised
plans and information such as updated design practices and cost trends. Design—level studies
also include more detailed cost estimates and detailed field investigations, such as subsurface

soil explorations and topoeraphic surveys.
3 pograp Y

Plans and Specifications are the detailed instructions to contractors on how to build

the project.
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Wildflowers bloom in
a meadow along the
trail around the Hetch
Hetchy Reservoir.

HETCH HETCHY RESTORATION STUDY

21



@) MAJOR RESTORATION COMPONENTS

A restoration project for the Hetch Hetchy Valley would require major
construction within and beyond the valley. For purposes of discussion, this
chapter divides these activities into two major components: 1) activities
for valley restoration, and 2) activities to replace the water and power that
would be lost. It should be recognized that any construction can create
new environmental impacts that must be mitigated.

VALLEY RESTORATION

Dam Removal

Before the valley can be restored to resemble its original condition, O’Shaughnessy
Dam must be removed, or at least the reservoir must be drained. The prior studies have
almost no information on how to remove the dam. The Restore Hetch Hetchy report
included some information on dam removal; additional information on costs of dam

removal was provided to the state by RHH separately.

Possible methods of demolition include controlled blasting, diamond-saw cutting,
or hydraulic ramming. While controlled blasting may be the most efficient, it

creates more noise. Depending on the technique, the concrete could end up block

Figure 4-1 Dam Removal and Cost Cosiderations

22

Dam Name 0'Shaughnessey San Clemente Elwha Glines Canyon Matilja
Dam Height 312 feet 85 feet 108 feet 190 feet 163 feet
Concrete Volume 662,605 cy. 7070 cy. 26,000 c.y. 15,000 cy. 47825 cy.
Sediment Volume Unkawn (minimal) 2,000 af 2,480 af 8,678 af 3,660 af
Total Project Cost Unknown Unknown $ 182.5 Million in 2004 $110 Million
Dam and/or Unknown 3 Years 2 Years 3 Years 2 Years
Sediment Removal ( Dam,removal & ( Dam remaval only ( Dam removal only ( Dam. remu\{al &
Time mechanical Sed'ment Natural river transport Natural river transport slurry of fine sediments )

transportation ) for sediment removal ) for sediment removal ) Alt. 4B

=t 0O' Shaughnessy Glines Canyon
Matilija

sediment

San Clemente

Elwha
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size or rubble size. Block size would have to be broken down further prior to trans-
portation out of the valley by truck, railroad, or conveyor belt. New roadways will be
necessary for construction equipment access. Cofferdams will be needed upstream and
downstream of the dam to control water diversion and to keep water out of the site.
In the winter, the project could be shut down due to high flows. Concrete above the

original streambed elevation would be removed plus some portion of the

concrete bClOW ground level to allow ﬁSh passage and groundwater ﬂOW.
. ) . . . There have been
The concrete in the higher abutments could remain to avoid leavrng a deep
) . numerous meadow
tI'CI’lCh mn the steeper rock slopes. TO reduce COStS, all or a POftIOI’l Ol: the dam )
. ) . : . restorations, but
could remain as an l'llStOI‘lC structure. Removal 1S QXPCCECCl to be a multi—year
. . . . on a very small
pro]ect. Some aestlietlc 1mprovement Ol: the site after dam removal Wlll bc

scale compared

required. .

to the size of the
More than 400 small dams have been removed in the United States, Hetch Hetchy
but none approach the size of O’Shaughnessy Dam. Even proposals to re- Valley Reservoir.

move larger dams, such as Elwha and Glines Canyon dams on the Elwha River

in Olympia National Park in Washington State and Matilija Dam on the Ventura
River in Southern California, are small compared with the O’Shaughncssy Dam
project. Another proposal involves the concrete arch San Clemente Dam on the
Carmel River in California, where removal is only one of the alternatives under study.
These dams also differ from O’Shaughnessy because their reservoirs have filled with

sediments, diminishing their original water storage capacities.

Ecosystem Restoration

The goal of restoration is to recreate biotic communities that are representative of
those that would have occurred naturally in Hetch Hetchy Valley. Some of the restora-
tion will be by natural means with wind and water spreading seeds, but the restoration
process could be accelerated by human management. Monitoring and evaluation must
be part of any restoration to ensure its effectiveness and progress. There is also a vast
range of public use opportunities that could be developed to different degrees that
could affect restoration. The primary variable is how passive or active the restoration

activities and public use opportunities should be.

The most comprehensive discussions of restoration opportunities are found in the
1988 National Park Service (NPS) document. The NPS outlines three scenarios for

how restoration might be accomplished:
® recovery without direct management, in which the reservoir is drawn down
in one year;

* recovery with moderate management, with the reservoir drawn down over five
years, and with the five years preceding drawdown dedicated to collecting native

plants secds and propagules; and

® recovery with intensive management, also with a ﬁve—year drawdown.

HETCH HETCHY RESTORATION STUDY
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Cultural Resources

The draining of the reservoir and the restoration of Hetch Hetchy Valley will
trigger compliance with various cultural resources laws and regulations regard-
less of the level of restoration. Because much of
the valley is federally owned property, the most
significant law that will apply is the National
Historic Preservation Act (NHPA).

Some data are currently available about
archaeological sites present in the valley. Seven
prehistoric archaeological sites were recorded
around the edge of the reservoir by University
of California, Berkeley, m 1951 (Montague and
Mundy 1995:5). An additional 10 archaeologi-

cal sites were recorded by National Park Service

archaeologists in 1991 when the reservoir
level fell to its lowest elevation since its original inundation (Montague and
Mundy 1995). All of the sites contain prehistoric components, while three of
the sites also include historic elements and one site reflects occupation by Native
Americans during the historic era. Eleven isolated artifacts or features were also
recorded during the National Park Service study; four were prehistoric isolates
and seven were from the historic era.

Cultural resources, other than archaeological sites, also need recording and
evaluation, including traditional cultural properties (TCP) and the dam and
hydroelectric facilicies. It is likely that the entire Valley would be considered
a TCP given the importance of the area to descendents of the Native Ameri-
cans inhabiting the Valley at the time of Euro-American contact. Furthermore,
O’Shaughnessy Dam and the Hetch Hetchy system may be eligible for listing in
the National Register.

January 2001 amendments to the NHPA implementing regulations require
consultation with tribes during all phases of an undertaking from the identifica-
tion and evaluation of cultural resources through decisions on mitigation efforts
for National Register-eligible properties. Numerous federally recognized tribes
and tribes without federal recognition have traditional ties to Hetch Hetchy
Valley. These tribes reside on both sides of the Sierra Nevada and include the
Tuolumne Band of Me-Wuk, the Southern Sierra Miwuk Nation (American
Indian Council of Mariposa County), the North Fork Band of Mono Indians, the
Bridgeport Paiute Indian Colony, and the Mono Lake Kutzadika Paiute Indian

Community.

continued
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Cultural Resources (continued)

To better understand Native American issues related to restoring Hetch
Hetchy Valley, state officials met with approximately 20 Native American
representatives on March 29, 2005, in Tuolumne, California. A wide variety
of opinions were expressed by meeting participants. Should the reservoir be
drained, participants were adamant about the need for the tribes to be thor-
oughly involved in the decision to drain and manage the land. Opinions ranged
from returning full ownership of the land to the native tribes to maintaining
the valley as a national wilderness area open to the public.

While the appropriate use of the valley would be determined by an intensive
planning process involving all stakeholders, the tribes speciﬁcally considered
several issues to be particularly important: 1) development in the valley should
be very limited to avoid duplicating the level of development found in
Yosemite Valley, 2) recreation should be restricted to low impact activities,

3) restoration of native plants, wildlife, and springs should be a priority, and
4) the tribes should be provided access to ceremonial grounds.

The tribes want to participate fully in the management of any recreational
development, including providing law enforcement and protection of resources.
Tribal participants called for a full inventory of cultural resources in the Valley
if Hetch Hetchy is drained, and for a full survey of cultural resources in any

other areas to be inundated to compensate fOI’ the lOSS Ol: Hetch Hetchy water.

In 1ts study assumptions, the NPS also concluded that sediment removal would be
unnecessary, the Tuolumne River would return to its original channel on its own,
growth of nonnative vegetation would be tolerated to some extent, and widespread
herbicide usage would not be employed‘ The report also mentions the need for
“mechanical obliteration of the scars left by dam construction,” including excavated
material from the damsite deposited in the lower meadow, a gravel pit near Wapama
Falls, and a sand pit near the confluence of Rancheria Creek with the Tuolumne.

For each alternative, NPS illustrates the potential vegetation and wildlife responses

at two or five, 10, 50, 100 and 150 years. While the NPS offered no preference for
any of the three restoration scenarios, it did predict that for the latter two alternatives,
after 150 years, the “entire valley would appear much as it did before construction” of

O’Shaughnessy Dam.

If in the future it is decided that the valley should be restored, new data on alternatives
would need to be collected and analyzed. These alternatives could range from draining
the reservoir all at once and allowing the valley to recover with no human management,

to draining the reservoir gradually and providing a high degree of assistance to the
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Hikers cross footbridge
at Wapama Falls
(Photo courtesy of The Sacramento Bee)

natural processes. Variables would include

fire management, invasive species management,

human-assisted revegetation, animal manage-
ment, duration of drainage, and extent of monitoring. The amount of human man-
agement involved in restoration will understandably have an effect on the result. In
general, the expectation is that with a higher degree of appropriate active management,

ecosystem recovery time would be minimized.

Public Use

Very few of the reports regarding the restoration of Hetch Hetchy Valley address
future public use. If the valley was indeed restored, an extensive, public planning
process would need to determine the most appropriate uses of a restored Hetch
Hetchy, considering the perspectives of all stakeholders as well as the best available
scientific information.” For this report, the California Department of Parks and

Recreation (DPR) considered two alternatives for public use.

Status Quo

Recreation is not allowed on the reservoir in accordance with the Raker Act and to
maintain filtration avoidance for Hetch Hetchy water. According to NPS, visitation
to the valley during the peak April through June period currently averages approxi-
mately 100 cars per day. Nearly all existing recreation in the Hetch Hetchy Valley
is of a passive nature. Primary recreational activities in the valley include fishing
(from the shore), hiking, backpacking, horseback riding, rock—climbing, and wildlife

viewing. Currently, body contact and boating activities are prohibited.

Draining the Reservair

A range of public use opportunities could be studied, along with desired resource
conditions, as part of a plan to manage the restored Valley. Additionally, because
San Francisco would continue to divert water from the Tuolumne River even with-
out the reservoir, measures would have to be taken to maintain water quality. Also,
draining the reservoir would expose artifacts and possibly human remains from the
native peoples who once inhabited the valley. Consequently, an assessment would
be needed of the cultural resources in the valley, and these resources would need
to be protected from theft, vandalism, or exploitation. The public use possibilities
in a post-reservoir Hetch Hetchy Valley range from a wilderness reserve with very

limited development toa developed public use area.

5 Appendix C contains more information on public use in the valley. It is understood that involvement of
the Native American community in these lands is integral and that the needs and issues involving Native
Americans will be considered independent of those of the general public.
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Without a wilderness designation, there are many possible public use options that

could be explored for Hetch Hetchy Valley, ranging from minimal to full develop—

ment. Such development could include additional campsites (developed, primitive,

stock, and RV/trailer), hardened surface or paved bike and walking paths, and ad-

ditional opportunities to participate in preexisting public use activities in the valley,

such as hiking, rock—climbing, horseback riding, and wildlife viewing.

If the wilderness designation is extended below the high water mark by Congress,

minimal development would occur in the valley. Nonetheless, additional trails could

be created to provide increased visitor access to the bacl(country. Activities such

as hiking, backpacking, horseback riding, and climbing would likely be supported;

though fully developed facilities and some activities would be incompatible with

wilderness values and policy.

Figure 4-2 Hetch Hetchy Outdoor Visitor Uses

L o5 53
¥ 283 < 5835
Activities with High 53 <£%% <Et8s
Latent Demand © =9 £@52 G582
23 Séca 58c2d
Camping at developed sites v
Trail hiking v v v
Walking v (4 4
Wildlife viewing (4 v v
Bicycling - paved surfaces v
Picnicking v v v
Visiting outdoor interpretive displays v v v
Visiting a historic or cultural site v v v
Fishing v 4 4
Camping at a primitive site v v v
Horseback riding v 4 4
Driving for pleasure - scenic v
Backpack camping v 4 4
Swimming - in a lake
Bicycling - unpaved (Mountain Biking) v
Paddle sports - kayaking, canoeing v v
Jogging v 4 4
Rock climbing v v v
Motor boating
Sail boating/windsurfing
Orienteering/ geo-caching v v v

8 From Public Opinions and Attitudes on Outdoor Recreation in California: 2002, a publication of the California Department of Parks
and Recreation; activities ranked in descending order based upon a combined index of latent demand and public support.
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Figure 4-2 compares the possible visitor use opportunities with each alternative.
Increasing the recreation opportunities available in the valley would likely also have

a positive economic impact on the communities in the area and strengthen Yosemite
National Park’s role as a primary economic engine for the communities in the central

Sierra Nevada region of the state.

WATER AND POWER REPLACEMENT

Removing O’Shaughnessy Dam or changing its operation will impact the contribu-
tion of the Hetch Hetchy system to San Francisco’s water and power supplies. Water
supply, drought preparedness, drinking water quality, operational flexibility, flood

management, environmental impacts, and power production all demand consideration.

Power supply replacement requirements are highly dependent upon the selection of

water supply replacement components. Modifications to structural facilities and new

infrastructure have already been suggested by various parties. Alternatives for water

and power replacement may use different combinations of facilities. The following
sections show possible infrastructure changes by geographical area, based on informa-
tion available from previous Hetch Hetchy studies. Figure 4-3 shows a general map

of the potential facilities.
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Water Management Components
Potential water management replacement components can be organized
into three broad categories based on their geographic and institutional
relationships:

1. Madifications to the Hetch Hetchy/Upper Tuolumne
River system.
A number of components fall into the category of direct modifications

of the SFPUC system.

2. Madifications to the TID/MID/Lower Tuolumne River
system.
This category includes components that modify facilities or operation of

Don Pedro Dam and Reservoir, as well as conjunctive use programs.

3. Statewide Water and Power Options.

This category includes components that have statewide implications due
to interaction with the Bay-Delta system, to which Hetch Hetchy and
the Tuolumne River belong. Generally, this category includes

recapture of Tuolumne River water and storage and diversions of water

on other river systems in California that would ultimately pass through
and be exported from the Delta to reach SFPUC customers.

Figure 4-3 Water Management Components
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Modifications to the Upper Tuolumne River System/SFPUC System

1A — O’Shaughnessy Dam Removal or Modification: Removing O’Shaughnessy Dam and
restoring the ecological and biological integrity of the site. Removal of the dam
could also help restore downstream ecological functions along the nationally

designated wild and scenic Tuolumne River.

1B — Cherry/Eleanor Storage and Reoperation: This includes pumping from Holm
Powerhouse to Mountain Power Tunnel. A pumping station downstream from Holm
could pump up to 730 cfs of Cherry/Eleanor Lakes water into Mountain Power
Tunnel. Additional water supply to Mountain Power Tunnel would result in power
generation at Moccasin Powerhouse and diversion into the Foothill Tunnel for

domestic use in the Bay Area, with any excess spilling to Don Pedro Reservoir.

1C - New/EnZMged Storage on Tuolumne River: Expanded storage at Don Pedro Reservoir
or new storage at Wards Ferry and Harden Flat Reservoirs in the upper

Tuolumne Basin could partially replace SFPUC storage for supply and power.

Wards Ferry would inundate part of designated wild and scenic river. There is

also some potential of increasing storage at Cherry/Eleanor Lakes.

1D — San Joaquin Pipeline: A fourth barrel could be added to provide additional convey-
ance capacity and increase ﬂexibility of operations. The new pipeline could be 48 miles
long with a design capacity of 250 cfs, and would run alongside the three existing San

Joaquin Pipelines, thus increasing the total conveyance capacity to 542 cfs.

1E — Calaveras Reservoir Expansion: An expanded reservoir capacity of 420 taf could
store water pumped from the Hetch Hetchy Aqueduct. The existing pipeline capac-
ity from the aqueduct is 74 cfs. A pumping plant 1s required to increase 1ts capacity
to 282 cfs. The reservoir can also impound flows from Upper Alameda Creek, to

which it is connected via a diversion dam and tunnel.

1F — Other Enlarged Local Storage: SFPUC owns five major reservoirs in the Bay Area.
Storage in Crystal Springs and San Antonio reservoirs could be expanded to provide
additional capacity for water supply reliability and operational ﬂeXibility, Upstream

diversions from Tuolumne River would supply water for storage in these reservoirs.

1G — Conservation and Efficiency
Measures: Further implementation
of additional water use efficiency
programs, including water recy-
cling, in the SFPUC service area
could reduce demand and make
better use of the existing water

supplies.

The Tuolumne River flows
through Poopenaut Valley
downstream of Hetch Hetchy.
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1H — Tiolumne River Diversion Modifications: Diverting and pumping water from
Tuolumne River into Canyon Tunnel would help replace water lost due to the

removal of O’Shaughnessy Dam.

AH(1) — Tuolumne River Diversion into Canyon Power Tunnel: A pumping station and
a diversion structure on Tuolumne River just downstream of the O’Shaughnessy
damsite could pump 1,500 cfs

into the Canyon Power Tunnel.

1H(2) — Diversion Tunnel from
O’Shaughnessy Dam Site to Can-
yon Power Tunnel: A 6-mile-long
tunnel would divert water at

the dam site and would require
leaving 20 feet of the dam in the
river. This option would cost
much more than diverting from

the river downstream.

Modifications to the Lower Tuolumne River

System/TID/MID Don Pedrao is the largest
reservoir on the
2A — Don Pedro Intertie/Reoperation: Water pumped directly from Don Pedro Reservoir Tuolumne River:

into the Foothill Tunnel could replace lost supply from Hetch Hetchy. The Foothill
Tunnel runs directly beneath the reservoir. Capacity of this new intertie could be
around 400 cfs. Alternatively, water could be released through the Don Pedro
Powerhouse and diverted further downstream via a new pipeline or canal to the

Hetch Hetchy Aqueduct which would also require pumping‘
2B — New Groundwater Storage (TID/MID): Physical potential exists for develop-

ing 400,000 acre-feet of groundwater storage in the Lower Tuolumne River basin.
During wet years, TID/MID diversions from Don Pedro Reservoir would recharge
groundwater which could be used by TID/MID for irrigation supplies. In dry years,
surface water diversions from Don Pedro would decrease and groundwater pumping
would increase. Water thus saved in the TID/MID Don Pedro system could be used
by SFPUC.

2C — Enlarged Don Pedro Reservoir: Don Pedro Reservoir storage capacity could be
increased by 360,000 acre-feet by raising the dam height by 21 feet. Such a raise,
though, would also require a saddle dam between Don Pedro and Exchequer Res-
ervoirs. This would replace the lost Hetch Hetchy Reservoir storage capacity and
allow transfer of water from Don Pedro into the Foothill Tunnel through a Don Pedro

intertie. Also, raising Don Pedro would provide additional head for power generation.
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2D — Agricultural to Urban Water Transfers: Water sale agreements with TID and MID,
similar to the agreement MID has currently with the city of Modesto, could be ar-
ranged for SFPUC users. However, downstream flow requirements in the Tuolumne
River below the La Grange Dam, including possible additional flows for steelhead

and salmon, would have to be met.

Statewide Water and Power Options

3A — California Aqueduct Intertie to SFPUC System: With connection to the State Water
Project (SWP) and federal Central Valley Project (CVP) systems, SFPUC could

supply water to the local storage reservoirs. San Antonio Reservoir is already physi-
cally linked to the Delta via the SWP's South Bay Aqueduct. Delta supplies may be
available during periods when the Delta is in surplus. However, in critical years, the

intertie would allow SFPUC to purcliase supplies from other water users.

3B — Los Vaqueros Reservoir Enlm;gement: Proposed additional storage on Los Vaqueros
Reservoir could be used to supplement supplies to the SFPUC system through the
expanded South Bay Aqueduct, Presently, the reservoir planning considers the Envi-

ronmental Water Account as the main beneficiary.

3C — Shasta Reservoir Enlargement: New water supplies from enlarging Shasta Reservoir
could be used for the Bay Area, conveyed through the SWP or CVP. Raising the dam
by 6.5 feet would enlarge Shasta Reservoir by 290,000 acre-feet and improve the
average annual water supply by 60,000 acre-feet during the dry periods. Also, this

will increase the CVP power production by 10 gigawatt hours per year.

3D — Other Storage/Conveyance Proposals: Several new water supplies or additional stor-
age were discussed in the 1988 U.S. Bureau of Reclamation (USBR) report includ-
ing 1) wildlife refuges in the San Joaquin Valley (used as offstream storage),

2) coordination of Lake Berryessa with the state’s North Bay Aqueduct, 3) extend
new conveyance from Folsom South Canal and New Melones Reservoir to San

Francisco System, and 4-) enlarged Delta-Mendota Canal as discussed by USBR.

3E — Agricultural to Urban Water Transfers: There is potential for water transfers from
agricultural districts to SFPUC during dry years. With an additional intertie to the
SWE, the SFPUC could purchase water from a wide variety of sellers statewide. It
should be noted, tliougli, that agricultural districts have liistorically endured water
shortages during critically dry years, which would increase competition for scarce

water supplies.

3F — Power Replurcment: In addition to hydropower replacements, other solutions
dealing with conservation and energy efﬁciency programs, photovoltaic cells and

new gas turbines have been proposed.
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The Tuolumne River generates hydropower at Moccasin Powerhouse.

Climate Change

As a result of global warming, California’s future hydrologic conditions will Iikely
be different from patterns observed over the last century. Predictions include increased
temperatures, reductions in the Sierra snowpack, earlier snowmelt, and a rise in sea
level, although the extent and timing of the changes remain uncertain.

Computer modeling of climate change scenarios predicts large reductions in the
Sierra snowpack as a result of warming. Historicaﬂy the snowpack has contributed
around 14 million acre-feet (maf) on average to the state’s water supply during the
April through July snowmelt period. Much of this is carryover of winter precipitation
in our “frozen reservoirs.” Loss of a portion of the snowpack will accentuate the state’s
current lack of storage to maintain supply in dry periods. The amounts have yet to be
quantiﬁed by system operation studies for potential climate change scenarios, but the
direction is clear: a reduction in natural water storage. In the future, then, the value of

stored water in reservoirs will increase with climate change.
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Modeled Water Management Alternatives

Of all the recemly published works on restoring Hetch Hetchy Valley, only two includ-
ed modeling as a basis for their Hetch Hetchy water and power replacement evaluations:
U.C. Davis (Null 2003) and Environmental Defense (2004). Figure 4-4 includes a
summary of water management alternatives and related assumptions as modeled by
U.C. Davis and Environmental Defense. Options 1C, 1F, 1H, 2C, 3B, 3C, 3D and 3F

were not modeled in previous studies. Modeled alternatives for replacing water include

Upper Tuolumne System
(including local SFPUC system)

Figure 4-4 r .
Assumed Parameters g |g e s |8 5
for Water Supply and E | § Fo | o | g £ 5
5 8 o< £ ° S w 2
Power Management S |T& 8% |8 |& o B a
Scenarios Modeled § |5z |22 |8 |2 |2 | g2
in Past Studies $ |U% |£¢ |§z | 8% | g8 | 2%
E | FE |55 |28 |35 |8 % | 5%
7] 28 88 | &% |w3s |58 ] R
[=} oo Z2F 0o o> ok |o2 s 2
1A 1B 1C 1D 1E 1F 1G 1H
Environmental Defense
Water Supply Replacement Alternatives
Existing Demand Scenarios
Existing Conditions Base 360 300 465 97 yes
Surface Storage Replacement 0] 300 542 420 yes
Groundwater Exchange Replacement 0] 300 542 97 yes
Transfer Replacement 0 300 542 97 yes
Delta Source Transfer Replacement 0 300 542 97 yes
Future Demand Scenarios
Potential Future Conditions Base, CIP 360 300 542 420
Transfer Replacement 0] 300 542 420
Delta Source Transfer Replacement 0] 300 542 420
Groundwater Exchange Replacement 0] 300 542 420
-
Patterned water Don Pedro Intertie & Hetch Hetchy Run-of-River Diversions 0 300 542 97
Constituents of concern (data) 0 300 542 97
mana_gement con_1ponents Bay-Delta System Alternatives
used in state estimate, Existing Demand Scenarios
selection based on most Existing Conditions Base 360 300 465 97 yes
diverse tools available CA Aqueduct Intertie 0 300 465 97 yes
to meet broad ObjECtiVES Future Demand Scenarios
Potential Future Conditions Base, CIP 360 300 542 97
for water & power : -
) CA Aqueduct Intertie, Intermediate Calaveras Expansion 0] 300 542 260
replacement’ environmen- CA Aqueduct Intertie, Full Calaveras Expansion 0] 300 542 260
tal protection and risk CA Aqueduct Intertie 0 300 542 97
mitigation for California UC Davis
water management. Base E1El0 A5 || B
2020 Level Demand Scenarios
0'Shaughnessey, with filtration avoidance 360 465 91
O'Shaughnessey, without filtration avoidance 360 465 91
New Don Pedro Intertie, no O’'Shaughnessey, w/ o filtration avoidance 0 465 Sl
2100 Level Demand Scenarios
O'Shaughnessey w/ o filtration avoidance 360 465 91
New Don Pedro Intertie, no O'Shaughnessey, w,/ o filtration avoidance 0 485 91

Climate Change (O'Shaughnessey, w/ o filtration avoidance)

Climate Change (no O'Shaughnessey, w/ o filtration avoidance)

Note: Values in this table are modeling assumptions used by ED and UCD.
Modeling assumptions were not reviewed for accuracy or acceptability by stakeholders, agencies and the public.

yes = included in the options, but not quantifiable
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components modifying, expanding, or reoperating existing reservoirs and conveyance
facilities; constructing new facilities; developing new surface storage; developing a
groundwater storage and retrieval system; and implementing conjunctive use programs.

More information on the water management modeling can be found in Appendix E

The U.C. Davis modeling focused on an intertie to Don Pedro Reservoir supplement-
ed by dry—year purchases from the agricultural sector and simulations were run using

projected urban and agricultural demands for 2020 and 2100.

Water Management Components

Lower Tuolumne System Outside/Bay-Delta System . .
(including local MID/TID) (Water and Power Options) Other Modeling Assumptions
£ > While the state did not conduct any
5 . £ o £ 2 c 3 2 E modeling analyses or work related to
o | O € 2 2 -] s . . 6. i
oE |8~ 2 ] ] g ) 5 g @ | B < ~ 2 the development of alternatives, it did
53 |80 k] 2 € E 2 e j o S > 9 ©
€5 8= @ o =& Q ‘5 a - £ £ 0 c el 28
gsS |03 a o5 8L c s ° 86 o —_ o= 2 — = sojad . . .
£ 5% £ LG SZ2 | g, £ w ) "G 8 [ go| 8B Sg|lc® estimate the potential costs of restoring
582 | 8§ |85 | 8% |55 |88 | £ | 25| g | &8 | 25| =6 |3LE| £
=] = . o -] o =1 o 2 w= |=8<
F g 25 E &"E 5’2 % g;, o 5’ & E 'E o E £s g 45? S¢ 45? 2 '% Hetch Hetchy Valley patterned on the
Qg §5E~ £ =0 T P B e [ S a 5] @ > a 28 |g2 8| Seg :
9|83k = 28 £0 s s 2 o8 2 £ BEE| & 4 359 .
é & & SE| = L Sz | 8% % 5 = Eg 8 3 82| & § t% £ § 88 most comprehensive water supply and
2A 2B ac 2D 3A 3B 3c 3D 3E 3F 1 1 1 2 power replacement alternative modeled
by ED as follows.

0 0 290 0 143 160 0 ® The Environmental Defense modeled
407 0 290 200 | 600 400 0 alternative chosen as a basis for the
407 | 400 290 0 143 400 | 200 state cost estimate includes:

407 0 yes 290 0 143 400 0] .
o7 5 Jes = 5 T T 5 - Expanded Calaver_as Reservoir to
420 taf (an additional 323 taf)

0 0 339 200 600 240 0 - 200 cfs peak groundwater extraction
407 0 yes 333 | 200 | 600 | 400 0 capacity (400 taf storage volume)
407 0 yes 338 200 600 400 ) - 407 cfs Don Pedro Intertie
407 400 339 200 600 400 200 6 f ) 1 d
407 400 yes 333 200 600 400 200 =IO ””lem“m annuat dry year
407 0 339 0 143 | 400 0 LERLE (HER I e

0 0 339 0 143 400 0 - Future annual demand of 339 taf

(up from existing 290 taf)
ater management components
290 0 143 400 . W, g P
yes 290 0 143 400 2 2
assumed in the state cost estimate
include:
339 0 143 | 400 e
yes 339 200 200 400 - 250 — 450 taf new surface storage
yes 339 200 200 400 - 200 — 300 cfs peak groundwater
yes 339 0 143 400 extraction capacity (400 taf storage
volume)
238 - . .
- 407 cfs Don Pedro or SWP intertie
238 - 22— 86 taf maximnm annual dry
038 year water transfers
yes 238 - 5 — 20 taf increased water use
efficiency
259
yes 259
yes
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ED conducted two sets of modeling studies to analyze the operations of SFPUC,
MID, and TID, using both current and projected 2030 demand levels. One set of
modeling studies includes several Water Supply Replacement Alternatives that evaluate
replacement of the water supply lost by removing O’Shaughnessy Dam. Another set
of modeling studies includes several Bay-Delta System Alternatives that simulate the
delivery of Tuolumne River water to the SFPUC service area via the California Aque-

duct. These modeling studies are shown in Figure 4-4.

Environmental Defense’s most comprehensive water supply replacement alternative
modeled under future conditions includes the expansion of Calaveras Reservoir to

420,000 acre-feet, an intertie between Don Pedro Reservoir and the Hetch Hetchy
water system, groundwater exchange (both in the San Francisco Bay Area, as well as
along the lower Tuolumne and San Joaquin Rivers), and water transfers during dry
years. These components primarily provide water supply replacement benefits with

some pOWEI‘ replacement as well

The state chose this mix of facilities to pattern its cost estimate on because tliey
provide a diverse mix of potential benefits. None of the existing studies attempted
to define the actual or potential benefits of O’Shaughnessy Dam and Hetch Hetchy

Reservotr.

While the state estimate makes broad assumptions on a mix of facilities that may

be required, it includes the same types of water supply replacement components as
proposed by ED, along with increased water use efﬁciency and additional power
replacement components. This combination of water supply and power replacement
components was chosen because it has the potential to meet the broad objectives likely
to be required in a thoroughly developed study on the restoration of Hetch Hetchy
Valley. These broad objectives may include environmental mitigation and enhance-
ment, improved recreation, and replacement of power supply, in addition to water
supply replacement. The state’s cost estimate also includes costs for dam removal,
valley restoration, and public use. Given the uncertainty involved, a cost estimate
range was used because the exact location, facility size, and operational parameters
are unknown at this time. The facility mix selected and the cost range presented
also accounts for additional environmental protection and risk mitigation for water

management that may be required to implement these projects.
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Tuolumne River flows over the top
of O'Shaughnessy Dam spillway.
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