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Bureau of Reclamation

« 348 reservoirs, 479 dams and a total storage capacity of 245 million
acre-feet

 Largest wholesaler of water in U.S.

« 31 million people served (10 trillion gallons)

 1/3 of western irrigated agriculture (10 million acres)

e 1in 5 western farmers (140,000)

« 60% nation’s vegetables

e 25% nation’s fruits and nuts

« 40 billion kilowatt hours electricity annually (~3.5 million homes)




Central Valley Project
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INLAND EMPIRE — caLiFornia's
GREAT GENTRAL VALLEY IS A VAST
ENGLOSED BASIN — 500 MILES LONG —
100 MILES WIDE — SUPPORTING A
POPULATION OF I/2 MILLIONS IN ITS
GITIES AND TOWNS AND ON ITS BROAD

FARM LANDS.

1940’s publication of the Central Valley Project




TO_SPARE

THERE IS SUFFICIENT WATER IN THE
GREAT CENTRAL VALLEY TO MEET ALL
PRESENT AND FUTURE NEEDS — BUT
EVERY GALLON OF IT MUST BE PUT
e EULL USE.

1940’s publication of the Central Valley Project



OF 23 MILLION AGRE
FEET OF PRECIOUS WATER FLOWS
UNCONTROLLED AND UNUSED, INTO

THE PACGIFIGC OCEAN FROM THE
STREAMS OF THE GREAT GCENTRAL VALLEY.

1940’s publication of the Central Valley Project



Central Valley Project

The CVP is one of the largest water storage and transport systems in
the world:
« 20 reservoirs and more than 500 miles of canals.

* The project provides water used to irrigate more than 3 million acres of
agricultural land

Authorized purposes:
* flood control, fish and wildlife, municipal and agricultural water supply, power

generation, and recreation




Central Valley Project

Over 270 Contracts/Agreements

Water Deliveries to 29 of 58 California
counties

20% of Water Supply (~7 million acre-feet)
* 30% of California Agricultural
(~3 million acres of farmland)
* 13% of Municipal & Industrial
(~2 million people served)
« 19 Wildlife Refuges

2.8 billion Kilowatt-Hours of Surplus Power
(to ~650,000 people served)

Coordination with the State Water Project
and Local Systems
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TWO THIRDS OF THE WATER BUT
-ONLY ONE THIRD OF THE FARM LANDS

ARE IN THE SACRAMENTO RIVER BASIN.
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ONE THIRD OF THE WATER BUT TWO
THIRDS OF THE FARM LANDS ARE IN
THE SAN JOAQUIN RIVER BASIN.

1940’s publication of the Central Valley Project




Average Annual

California Water by — .

Precipitation in
California

* Most precipitation falls in the L L Gt O
north; most water demand is in
the south

 The wet season is winter and
spring; water is needed more in
the summer and fall
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* Precipitation varies from year to
year; demands don’t vary much

Maodified from the National Atias




Major CVP Facilities

1940s— Shasta Dam, Friant Dam, Jones
Pumping Plant, and Related
Canals

1956— Folsom Dam

1961- Trinity Division added to import
water into the CVP

1967- San Luis Unit/State Water Project
1968- San Felipe Unit
1979- New Melones Dam
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Shasta Dam

* Sacramento River
* 11 miles north of Redding
e Stands among the world’s largest dams

* Flood control, water supplies,
temperature management, power
generation, and water quality benefits

* Capacity: 4.5 MAF




Trinity Dam

* Trinity River
e 7 miles northeast of Weaverville

* Stores water on in the Trinity River in the
Klamath River basin partly for exporting to
the Sacramento River

* Water supply in the Sacramento system

Regulatory requirements both in the
Sacramento and Trinity/Klamath systems

 Hydropower
Capacity: 2.4 MAF




Trinity River Sacramento River
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Whiskeytown Dam and Lake

Photo: Reclamation

Movement of Water through the Shasta-Trinity Division

Trinity Lake Shasta Lake

Lewiston Reservoir Whiskeytown A Keswick Reservoir

Lake
- . Cow Creek
Trinity River

Clear Creek

Cottonwood Creek Battle

Creek
Sacramento River/Major Tributaries
/ Basin Diversio
ear Creek
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* American River
* 20 miles northeast of Sacramento

* Flood control, water supplies,
temperature management power
generation, and water quality

* High refill potential
 Capacity: 967 TAF




New Melones Dam

e Stanislaus River

e Sierra-Nevada foothills - 40 miles
east of Stockton

* Fishery requirements, water
quality, water rights, agricultural,
municipal, and industrial water

 Capacity: 2.4 MAF




OUT OF REACH —
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GROUND WATER SUPPLIES IN
PARTS OF THE SAN JOAQUIN
VALLEY ARE BEING EXHAUSTED =i |
AND ALREADY MANY FARMS 1935
HAVE BEEN ABANDONED BECAUSE

J OF THE EXCESSIVE COST OF DEEP
PUMPING FOR IRRIGATION.

1940’s publication of the Central Valley Project




Friant Dam

« San Joaquin River

e Foothills of the Sierra Nevada
Mountains 20 miles north of Fresno

« Diverts into two canals for irrigators
on the east side of the San Joaquin
Valley

« San Joaquin River Restoration
Program

« Millerton Reservoir Capacity: 520 TAF




San Luis Reservoir

e Stores water diverted from the
Bay-Delta

e Reclamation (48%) and the State of
California (52%) constructed and
operate this unit jointly

e The Federal portion of the dam
furnishes water to the western
portion of the San Joaquin Valley

e Capacity: 2 MAF




Tracy Pumping Plant

e The Tracy Pumping Plant consists of
an inlet channel, pumping plant,
and discharge pipes

e The Tracy Pumping Plant lifts
water from the Bay-Delta 200 feet
into the Delta-Mendota Canal

e CVP water right permits and

license allow Reclamation to pump
4,600 cfs




Delta Mendota Canal

e Carries water southeasterly from
the Tracy Pumping Plant along the
west side of the San Joaquin Valley

e [rrigation supply

¢ 116 miles long and ends at the
Mendota Pool, about 30 miles west
of Fresno

NEW MELONES




SACRAMENTO %

WHEN THE RIVERS ARE LOW SALT
WATER FROM THE OCEAN FLOWS
INTO THE SLOUGHS AND CHANNELS
J OF THE DELTA THREATENING THE
FERTILITY OF RICH ISLAND FARMS.

1940’s publication of the Central Valley Project



Delta Operations

» Salinity Management
* Delta Cross Channel Gate

 Old and Middle River Reverse
Flows

* Salvage before the Pumping
Plants

Delta
.| Outflow
: L
' 1-\‘2’....

* Facility limitations

Banks and Jones
Pumping Plants 4
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Bay-Delta Standards gpRAFT

Contained in D-1641
CRITERIA | JAN [FEB [MAR | APR | MaY [ JUN | JUL [ AUG [ SEP [ ocT [ NOV [ DEC |
FLOW/OPERATIONAL
= Fish and Wildlife
SWPICVP Export Limits

Export/inflow Ratio y 5% ofDelta nfow
I ——
Minimum Delta Outfiow 2000 -5.000 08"

Habitat Protection Outflow

salinity Starting Condition '®
River Flows:
@ Rio Vista 3,000 - 4,

@ Vernalis - Base

- Pulse £

Delta Cross Channel Gates Closed

WATER QUALITY STANDARDS
» Municipal and Industrial

All Export Locations

Contra Costa Canal

» Agriculture

Western/interior Delta

Southern Delta nq 30 day running avg EC 0.7 m3

» Fish and Wildlife

ng

San Joaquin River Salinity

Suisun Marsh Salinity "




Delta Cross Channel Gates

1940’s publication of the Central Valley Project
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DELTA CROSS-CHANNEL —

— CARRIES SACRAMENTO RIVER WATER
ACROSS THE DELTA FOR TRANSFER INTO
THE SAN JOAQUIN VALLEY AND
FURNISHES A FRESH WATER SUPPLY
TO REPEL SALT WATER INTRUSION.

DELTA—MENDOTA CANAL-

—PUMPS DELTA GCROSS-GCHANNEL WATER
INTO THE FOOTHILLS NEAR TRACY FROM
WHENCE IT FLOWS SOUTH TO MENDOTA

TO REPLACE SAN JOAQUIN RIVER WATER
DIVERTED AT FRIANT DAM.

FRIANT—KERN CANAL-

—160 MILES LONG, DIVERTS WATER
SOUTHWARD FROM FRIANT DAM FOR
IRRIGATION USE IN THE SOUTHERN SAN
JOAQUIN VALLEY. '




CVP Hydropower Profile
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CVP Allocations

* Total Contracted Quantity for
Senior Water Rights and
Refuges:

* 4 million acre-feet (55% of Total)

* Total Contracted Quantity for
Water Service (Not Including
Friant):

* 3.2 million acre-feet (45% of Total)

Kk W Cvor Lae

Settlement
4~ CONtractors

* Lk

South of
Delta

North of
Delta

= Slale Water Project
mm  Federal Water Project

mm  Local Water Project




Key Operating Agreements and Standards of
CVP and SWP

« SWRCB Permits and Conditions - Instream Flow and Delta Standards, Water Rights Decision 1641
« U.S. Fish and Wildlife Service Biological Opinion (2019)

* N.O.A.A. Fisheries (NMFS) Biological Opinion (2019)

 CDFW Incidental Take Permit (2019)

» Coordinated Operations Agreement — In-basin Demand Responsibilities
» Central Valley Improvement Act — Section 3406 b(1), b(2), b(3)

* U.S. Army Corps of Engineers — Flood Control Criteria

 California Department of Fish and Wildlife Agreements

* Federal Energy Regulatory Commission

* San Luis Joint Use Facilities Operating Agreement

* San Joaquin River Restoration Act

« Water Infrastructure Improvements for the Nation Act (WIIN)

» Water supply contracts and agreements




Coordination

- State Department of Water Resources : Project Operator

» State Water Resources Control Board : Regulator

 U. S. Fish and Wildlife Service : Regulator

» State Department of Fish and Wildlife: Regulator

* National Marine Fisheries Service : Regulator

* U. S. Army Corps of Engineers : Project Operator/Regulator

* Western Area Power Administration : Transmission and Power
Marketing

* Local System Operators: Project Operators
* Various Stakeholders




CVP Operational Schedule

Monthly
« Seasonal runoff forecast with short-term and long-term forecasts
« Operational forecast (Releases, storage and diversions/exports)
« Watershed technical team meetings on monthly operations and fishery conditions

Weekly
« Salmon and smelt technical team meetings on weekly operations and fishery conditions
« Review relevant regulations and agreements
» Forecast changes 3-5 days out given regulations and forecasts

Daily
« Operators discuss current conditions
* Flow, Export and Temperature adjustments as needed
» Coordinate with the State Water Project operators

Allocations
* Initial in February
« Monthly updates March through June as needed




CVP Challenges

* Flood Control

* River Regulation (Navigation)
* Fish and Wildlife*

« Water Supply

 Power Generation

» Recreation**

*Prioritized in 1992 by the Central Valley Project
Improvement Act

**Project Recreation Act, 1965

Droughts and Floods
Climate Change

 Aging Infrastructure

» Changing Hydropower Markets

Growing Populations

Groundwater and Subsidence
Invasive Species

Regulations and Coordination
Water Quality Compliance
Endangered Species




Central Valley Habitat

« Dams around the rim of the valley
floor isolate salmon from historical
habitats

« Warm water conditions challenge
spawning, incubation, and rearing

» Levees isolate fish from historical
floodplain habitat

* Diversions impair passage for
returning adults and may entrain O,
juveniles T RERSERR

—— Historical Chinook salmon and steelhead range
upstream or full or partial barriers to access

 Exports alter the hydrodynamics of
the Delta

Soutces: ESri-USGS! NOAAJ




Temperature Management




Background

* 1987: Court Order to protect winter run Chinook salmon

* 1990 and 1991: State Water Board modified Reclamation’s Water
Rights

* Incorporate temperature control objectives in the Upper Sacramento
River




- <Fall Run: 33 mm

-Spring Run: 40 mm
“Winter Run: 81 mm

S a I m O n i d S -Late-Fall Run: 130 mm

- 0. mykiss: 162 mm




Fish Presence

ADULT MIGRATION
SPAWNING

INCUBATION _
REARING AND MIGRATION
ADULT MIGRATION
SPAWNING

INCUBATION

REARING AND MIGRATION
ADULT MIGRATION
SPAWNING

INCUBATION

REARING AND MIGRATION
ADULT MIGRATION
SPAWNING

INCUBATION

REARING AND MIGRATION

LEGEND FIGURE 1

.. DENOTES PRESENCE AND RELATIVE MAGNITUDE LIFE HISTORY CHARACTERISTICS OF
| SACRAMENTO RIVER CHINOOK SALMON
ms—— DENOTES ONLY PRESENCE AT AND UPSTREAM OF RED BLUFF

U.S. BUREAU OF RECLAMATION

SAC28640.E0
CHM




John Hannon
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Temperature
Management

Reference Technical
Memorandum 2017

Web Link - See Additional References:
https://www.usbr.gov/mp/bdo/cvp-wtmp.html

RECLAMATION

Managing Water in the West

Water Temperature Management
in Reservoir=-River Systems

—thr-'leugh—Selectlve W|thdrawal

N\ : _‘r—“‘
Referenc'é“'l‘ec‘:'fﬁh;al emorandum

for Central Valley.\P!'o]ect Operatlnn callfo‘l‘nla» S

w T U.S. Department of the Interior

=== Bureau of Reclamation
tme g g2~ Mid-Pacific Region September 2017




Temperature Management Fundamentals

Lake Stratification

Epilimnion |
Metalimnion ||  + > S

Hypolimnion _

Stratified Condition




Thermal Heat Flux

Net Heat Flux, H =H +H —H *H tH £H
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Seasonal Lake Characteristics

Winter Spring

Cold Inflow ’

Isothermal Conditions Onset of Stratification




Seasonal Lake Characteristics

Summer Fall

Breakdown of

Stratified Condition Stratification




No Selective Withdrawal

Without Selective Withdrawal Capability




Selective Withdrawal

With Selective Withdrawal Capability




Temperature Management Infrastructure

Types of Facilities for Selective Withdrawal

Temperature Control Device Multiple Port Intake Tower

Moveable Shutters




L' Area

Temperature Control

Device System







Shasta Temperature
Control Device

Completed 1997

L
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Low Level Intake

it

Elevation 815.00
§ Penstock

SHASTA DAM

TEMPERATURE CONTROL DEVICE

BUREAU OF RECLAMATION
DEDICATED ON MAY 29, 1997

| see)




Construction 1990’'s

Photo: Reclamation



Shasta TCD

2019
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Photo: Watercourse Engineering, Inc.



Shasta TCD

I

2015
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Shutter System

Shutter \
System




Folsom Dam

Photo: Reclamation




Folsom Dam Outlets

3 Emergency Spillway

Gates I

Photo: Reclamation




Folsom Dam

2015

Photo: Reclamation




ELEVATION (ft msl)

Folsom Dam Shutters

spillway crest
418 ft msl
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Folsom Dam Shutter De-Ganging




Reservoir and
Regulating
Reservoir

Inflow based Reservoir

on upstream
hydropower
operations __, =* Regulating
Reservoir
Regulated outflow ——

Tributary
is based on s
downstream needs

Ti_jibutary

River




Regulating Reservoir Residence Time
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Temperature Management Process

AMERICAN R AT HAZEL AVE BRIDGE (AHZ)
Date from 07/01/2014 00:00 through 09/30/2014 00:00 Duration : 91 days

Scenario A: Modeled Temperature: April 2014 Modified 90% et
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arios 10 incorporate the most recent operational information (removal
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Temperature
Management
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Complete
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Temperature Modeling — Seasonal Plan

Hydrology Forecasts Long-Term Meteorology Forecasts Operation Outlook

AMERICAN -
Mozt Pronati

Storages
Fedsral End ofthe Month Storage/Elevation (TAF/Fest]

QUTLOOK
PROBABILITY
LehD.

gt 561" L s 13"6c 2017

Scenario A: Modeled Temperature: April 2014 Modified 90%-
Exceedance Outicok

,,‘s

Release (cfs) / Volume (TAF)

N




Temperature Modeling — Real-Time

Hydrology Forecasts Short-Term Meteorology Forecasts Short-Term Operation

113/201 n:

F ri d ay S atu rd ay S u n d ay LAKE NATOMA (NIMBUS DAM) ( NAT )

Mostly Sunny Partly Sunny

Initial Conditions

Lower American River
Late Spring through Early September Mean Daily Water Temperature by

Folsom Lake Temperature Profiles: 17-Jun-2014 Release Rate (cfs)

Note: Watertemperature based on 2001-2004 records.




Operational Tradeoffs

Shutter

Tail Bay

Tw

Configuration

/ ‘

Upper Shutter

Middle Shutter

P Lower Shutter

River Outlet

Alternative 1

Alternative 2

s

Alternative 3

Spring

Fall




Sacramento
River
Temperature
Compliance

Ideal Temperatures at
Variable Locations:
Water Right Order: 56°F
BiOp: 53.5°F - 56 °F

= w | Real Time Winter Run
\ s | Monitoring

25 Miles

Balls
Ferry \
idge N

Temperature
0.8 Miles Compliance
Point

\

Highway 44
Bridge
Clear
Creek Bridge 34 Miles
2016-1 9.7
2015-74 iles Jellys Ferry Bridge
2014-71 YI 2015-2 -
2013 -432 2014 -3 2015 — 0
2012-173 2013 -8 2014 -0 l
2011-1 2012-1 2013-1
2010 - 107 ;gié—g 2012 -0
2011-0 .
2010-0 Bend Bridge Red Bluff
Diversion

Winter-Run Chinook Salmon Spawning 41 Miles

Proportional Distribution by River Reaches

2

58 Miles




Shasta Lake Isothermobaths - 2014

(Water Temperature, in °F)
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Sacramento River Temperature
WY 2014
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Shasta Lake Isothermobaths - 2019
Water Temperature, in °F

>70
m6270
B66-68

O 64-66

@ 53-60

L
<
-
£
)
)]
©
S
o
el
(72]

O 56-58

0
1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec




Sacramento River Temperature
WY 2019
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Shasta Dam August 2021

SHASTA DAM

BgirW=
804’ SIDE GATES




American River Temperature Compliance

Target Species:

Central Valley Steelhead
(O. mykiss)

Target Life stage:

Over-summering Juvenile

Fair
jﬂfatt Ave. Bridge

Months:
May 15 — October 31

Ideal Temperature:
65°F Daily Average



American River Temperature Compliance

Target Species:
Fall-run Chinook
(O. tshawytscha)

Target Life stage:

Pre-spawning and
Spawning

Eair
;?Vatt Ave. Bridge

Months:

November

Ideal Temperature:
< 60°F



Folsom Dam July 2015

FOLSOM DAM

i - III

MAIN SPILLWAY - EMERGENCY
1EEVW A,

7/22/15

MIMBUS DAM

; R

WS

. e e William B. Pond

B OF. RECLA 710 66.7 °F




	Central Valley Project
	Bureau of Reclamation
	Central Valley Project
	Slide Number 4
	Slide Number 5
	Central Valley Project
	Central Valley Project
	Slide Number 8
	California Water
	Major CVP Facilities
	Shasta Dam
	Trinity Dam
	Slide Number 13
	Whiskeytown Dam and Lake
	Folsom Dam
	New Melones Dam
	Slide Number 17
	Friant Dam
	San Luis Reservoir
	Tracy Pumping Plant
	Delta Mendota Canal
	Slide Number 22
	Delta Operations
	Slide Number 24
	Delta Cross Channel Gates
	CVP Hydropower Profile
	CVP Allocations
	Key Operating Agreements and Standards of CVP and SWP
	Coordination
	CVP Operational Schedule
	CVP Challenges
	Central Valley Habitat
	Temperature Management
	Background
	Salmonids 
	Fish Presence
	Sacramento River Winter Run Spawning Area
	Temperature Management
	Temperature Management Fundamentals
	Thermal Heat Flux
	Seasonal Lake Characteristics
	Seasonal Lake Characteristics
	No Selective Withdrawal
	Selective  Withdrawal
	Temperature Management Infrastructure
	Temperature Control Device System
	Slide Number 47
	Shasta Temperature Control Device
	Construction 1990’s 
	Shasta TCD
	Shasta TCD
	Shutter System
	Folsom Dam
	Folsom Dam Outlets
	Folsom Dam
	Folsom Dam Shutters
	Folsom Dam Shutter De-Ganging
	Reservoir and Regulating Reservoir
	Regulating Reservoir Residence Time
	River Flow Heat Gain
	Temperature Management Process
	Temperature Modeling – Seasonal Plan
	Temperature Modeling – Real-Time
	Operational Tradeoffs
	Sacramento River�Temperature Compliance
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Shasta Dam August 2021
	American River Temperature Compliance
	American River Temperature Compliance
	Folsom Dam July 2015



