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Northern Region Office
 
The Division of Integrated Regional Water Management 
assists public and private agencies and the general public 
with water issues throughout the state. Four regional offices 
are located throughout California to maintain close contact 
with local interests to facilitate communication and to work 
on water-related matters. The offices are: 

Northern Region in Red Bluff, • 
North Central Region in West Sacramento, • 
South Central Region in Fresno, and • 
Southern Region in Glendale.•  
 

Each of the regional offices offers technical guidance 
and assistance in water resource engineering, project 
management, hydrology, groundwater, water quality, 
environmental analysis and restoration, surveying, mapping, 
water conservation, and other related areas within the 
boundaries of their offices.  Because of the regional offices’ 
close ties with local interests, DWR regional coordinators in 
each office facilitate overall communication between DWR 
divisions and local partners to ensure coordinated efforts 
throughout all DWR programs and projects.

For more information on DWR and DWR projects, please 
contact the Regional Coordinators at:  
DWR-RC@water.ca.gov 

Northern Region Office address: 
2440 Main Street
Red Bluff, CA 96080
Northern Region Office phone number: 
(530) 529-7300
Department of Water Resources’ website:
http://www.water.ca.gov/
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The California Water Plan provides a framework for resource managers, legislators, Tribes, other decision-
makers, and the public to consider options and make decisions regarding California’s water future. Our goal 
is that this document meet Water Code requirements, receive broad support among those participating in 
California’s water planning, and be a useful document. With its partners, DWR completed the final Update 2009 
volumes and Highlights in December 2009. 

The first four volumes of the update and the Highlights booklet are contained on the CD attached below. All five 
volumes of the update and related materials are also available online at           www.waterplan.water.ca.gov. 

Volume 1: The Strategic Plan 
Volume 2: Resource Management Strategies 
Volume 3: Regional Reports
Volume 4: Reference Guide
Volume 5: Technical Guide 

For printed copies of the Highlights, Volume 1, 2, or 3, call 1-916-653-1097.  
If you need this publication in alternate form, contact the Public Affairs Office at 1-800-272-8869.

The accompanying CD holds proceedings and other materials from the 2009 California Tribal Water Summit,  
“Protect Our Sacred Water.”

Cover Photos:
1. 5. View downstream Sacramento River from Shasta Lake Dam
2. 3. Sacramento River along Old Sacramento Port
4.  Sacramento River south of Redding
6. Tower Bridge near downtown Sacramento
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Sacramento River Hydrologic Region

Setting
The Sacramento River Hydrologic Region includes the entire drainage area of the state’s 
largest river and its tributaries, extending from the Oregon border downstream to the 
Sacramento-San Joaquin River Delta (the Delta). The region covers 27,246 square miles 
including all or portions of 23 predominantly rural Northern California counties, and 
extends from the crest of the Sierra Nevada in the east to the summit of the Coast Range 
in the west (Figure SR-1).

The Sacramento River region encompasses all or portions of seven of the state’s 
18 national forests. Lassen, Mendocino, Modoc, Plumas, Shasta-Trinity, Eldorado, and 
Tahoe national forests are contained or contiguous to the region and contribute to the 
dynamics of its vast landscape. 

The many rivers and streams that are tributary to the Sacramento River provide 
important riparian habitat that is critical for many aquatic and terrestrial species 
including the spring-run Chinook salmon (Oncorhynchus tshawytscha), winter-
run Chinook salmon (Oncorhynchus tshawytscha), and Central Valley steelhead 
(Oncorhynchus mykiss). This region is the only known area for the Sacramento River 
winter-run Chinook. The valley floor region section adjoining the river provides some 
of the most important wintering areas along the Pacific Flyway for many varieties 
of waterfowl. The region also has several wetland and waterfowl preserves that 
provide nesting and migration areas for threatened avian species including the bald 
eagle, Swainson’s hawk, and numerous species of neotropical migratory birds. All of 
these valuable resources are vital components of the ecosystem and contribute to the 
ecological health of the entire state.

Agriculture is the region’s largest industry, contributing a wide variety of crops 
including rice, grain, tomatoes, field crops, fruits, and nuts. The southern portion of the 
region has been experiencing rapid population growth and urbanization. 

Watersheds
The Sacramento River Hydrologic Region extends from Chipps Island in Solano County 
north to Goose Lake in Modoc County. The region is bounded by the Sierra Nevada on 
the east, the Coast Range on the west, the Cascade and Trinity mountains on the north, 
and the Delta on the south. All drainage in the region is into the Sacramento River, 
whose basin extends from Oregon, north of Goose Lake, to the Delta. Goose Lake is a 
near-sink that intercepts the Pit River drainage at the California-Oregon border. Major 
tributaries to the Sacramento River include Putah Creek, the American River, Cache 
Creek, the Feather River with its major tributaries Bear River and Yuba River, and Butte, 
Deer, Mill, Battle, Cottonwood and Cow creeks. The Pit and McCloud rivers contribute 
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                     Some Statistics

  Area: 27,246 square miles (17.2% of state)

  Average annual precipitation: 36.7 inches

  Year 2005 population: 2,882,452

  2050 population projection: 5,348,930

  Total reservoir storage capacity: 16,146 TAF

  2005 irrigated agriculture: 1,920,870 acres
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Figure SR-1 �Sacramento�River�Hydrologic�Region�2005�inflows�and�outflows
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major volumes of water from the mountainous area above Shasta Lake. Principal 
distributaries during high water are the Yolo Bypass and the Sutter Bypass. Putah, 
Cache, and Cottonwood creeks enter from the west; all other tributaries mentioned 
originate to the east or north. Numerous smaller streams flow into the Sacramento River 
from both sides of the valley. The river traverses the Sacramento Valley, enters the Delta 
at Sacramento, and ends at Suisun Bay.

Putah Creek begins on Boggs Mountain south of Clear Lake, drains into Lake Berryessa, 
passes through Winters and Davis, and crosses the Sacramento Valley to end at the Yolo 
Bypass. Cache Creek begins in Lake County about 9 miles north of Clear Lake; many 
tributaries enter the lake, but the North Fork bypasses to the east through Indian Valley 
Reservoir. The creek traverses Capay Valley and the Sacramento Valley floor, passing 
near Woodland to end at the Yolo Bypass. Cottonwood Creek begins on the east slopes 
of the Coast Range in Shasta-Trinity National Forest, forms the Shasta-Tehama County 
Line, and enters the Sacramento River south of Cottonwood.

The American River begins along the crest of the central Sierra from south of Carson 
Pass to Donner Summit and flows into Folsom Lake. The river joins the Sacramento 
River at Sacramento. The Feather River begins along the Sierra crest from just west of 
southern Sierra Valley to its northern terminus and along the Cascades from the Sierra to 
west of Honey Lake. The system passes through several major reservoirs including Lake 
Almanor, Lake Oroville, and New Bullards Bar Reservoir. The river reaches the valley 
floor and flows along the east side, joining the Sacramento River at Verona. The system 
includes two tributary rivers, Bear and Yuba. Bear River originates below the Sierra 
crest northeast of Emigrant Gap. It flows through Camp Far West Reservoir and into 
the Feather River just upstream of the Sacramento River. Yuba River drains the western 
Sierra from Donner Summit to just west of southern Sierra Valley. It enters Feather 
River at Marysville. The North Fork flows through New Bullards Bar Reservoir.

Butte Creek begins in northern Butte County, passes near Paradise and southeast of 
Chico, and ends at the Butte Basin west of the Sutter Buttes. Deer Creek begins in 
Tehama County west of Lake Almanor and enters the Sacramento River near the 
town of Vina. Mill Creek originates southeast of Lassen Volcanic National Park and 
proceeds to the Sacramento River just north of Los Molinos. Battle Creek flows from the 
Cascades north of Lassen Park and from Lassen Peak to the Sacramento River opposite 
Cottonwood Creek. Cow Creek starts in the Cascades northeast of Redding and carries 
runoff into the Sacramento River east of Anderson.

The Pit River drainage begins in South Central Oregon, flowing into Goose Lake near 
the state line. However, the Goose Lake sink intercepts the runoff in all but an extremely 
wet series of years. The river below Goose Lake drains the west slope of the Warner 
Mountains and other mountains and intermontane valleys, passing through the Cascades 
to the Sacramento River at Shasta Lake. The McCloud River flows from the Cascades in 
north central Siskiyou County to the Sacramento River at Lake Shasta.
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The Yolo Bypass accepts excess flows from the Sacramento River about 18 miles and 
also about 3 miles north of Sacramento. It lies west of the river, extending southerly and 
returning to the Sacramento River in the Delta near Rio Vista. The bypass intercepts all 
drainage from the west throughout its extent, including Putah Creek and Cache Creek. 
Butte Creek and other tributaries flow into the Butte Sink, as do excess flows from the 
Sacramento River via three overflow areas and two weirs. The Butte Sink overflows 
through Butte Slough into the Sutter Bypass, which lies east of the Sacramento River 
from west of Yuba City to the Sacramento River north of the Feather River mouth. 
Another weir allows excess Sacramento River flows to enter the Sutter Bypass. 

AFRP  Anadromous Fish Restoration 
Program

AFSP Anadromous Fish Screening Program

AHPS  Advanced Hydrologic Prediction 
Service

API antecedent precipitation index

Basin Plan  Water Quality Control Plan for the 
Sacramento River and San Joaquin 
River basins

CABY  Cosumnes American Bear and  
Yuba Rivers area

Cal EMA  California Emergency Management 
Agency

CDEC California Data Exchange Center

CESA California Endangered Species Act

CRS Community Rating System

CVFMP  Central Valley Flood Management 
Planning

CVFPB Central Valley Food Protection Board

CVFPP Central Valley Flood Protection Plan

CVP Central Valley Project

CVPIA  Central Valley Project Improvement 
Act

Delta Sacramento-San Joaquin River Delta

DFG  California Department of Fish  
and Game

DWR  California Department of  
Water Resources

ESA [federal] Endangered Species Act

FCWCD	 	flood	control	and	water	conservation 
district

FEMA  Federal Emergency Management 
Agency

FIRM Flood Insurance Rate Map

IRWM  Integrated Regional Water 
Management

LFPZ Levee Flood Protection Zone

NFIP National Flood Insurance program

NID Nevada Irrigation District

NRCS  Natural Resources Conservation 
Service

NWS National Weather Service

RBDD Red Bluff Diversion Dam

Regional Water Board  Central Valley Regional Water  
Quality Control Board

SCWA Solano County Water Agency

SPFC State Plan of Flood Control

SR Sacramento River

SRFCP  Sacramento River Flood Control 
Project

SSWD South Sutter Water District

State Water Board State Water Resources Control Board

SWIM  Sacramento River Watershed 
Information Module

SWP State Water Project

TDS total dissolved solids

USACE US Army Corps of Engineers

USBR US Bureau of Reclamation

USFS US Forest Service

USGS US Geological Survey

WIM Watershed Information Model

Box SR-1  Acronyms�and�Abbreviations�Used�in�This�Report
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Ecosystems 

American�River�Basin�
The American River Basin contains several areas with valuable ecological processes 
and environmental resources. The California Natural Diversity Database, a database 
maintained by the California Department of Fish and Game (DFG), identifies 
15 sensitive plant and animal species listed as or candidates for rare, threatened, 
or endangered under the federal Endangered Species Act (ESA) or the California 
Endangered Species Act (CESA). Also, eight sensitive terrestrial communities, and  
two sensitive aquatic communities are within the region. 

Upper�American�River
The Upper American River is the reach of the river upstream of Folsom Dam. This 
includes the North Fork and Middle Fork American River and its tributaries in Placer 
County, and the South Fork American River in El Dorado County. Federal- and State-
listed species are not known to occur in the Upper American River. However, species of 
management concern include rainbow trout and brown trout. Hitch, Sacramento sucker, 
pikeminnow, and riffle sculpin have been documented on the Upper American River.

Auburn�Ravine
Auburn Ravine in Placer County has been included in the critical habitat designation 
for spring-run Chinook salmon, fall-run Chinook salmon, and steelhead. DFG has 
historically stocked Auburn Ravine, Doty Ravine, and Coon Creek with fall-run and 
spring-run Chinook salmon near Lincoln. Steelhead has not been reported as being 
planted in Auburn Ravine, but rainbow trout have been planted in water bodies 
connected to Auburn Ravine.

Lower�American�River
The Lower American River is the 23-mile section of the American River extending from 
Nimbus Dam to its mouth at the Sacramento River. Flows in the Lower American River 
are controlled by operation of Folsom Dam and Folsom Lake, about 30 miles east of 
Sacramento. Folsom Reservoir, Folsom Dam, Lake Natoma, and Nimbus Dam are a unit 
of the Central Valley Project (CVP) constructed by the US Army Corps of Engineers 
(USACE) and operated by the US Bureau of Reclamation (USBR). 

Folsom Reservoir provides flood protection for the Sacramento area; water supplies for 
irrigation, domestic, municipal, and industrial uses; hydropower; extensive water-related 
recreational opportunities; water quality control in the Delta; and maintenance of flows 
stipulated to protect fish, wildlife, and recreational considerations (both Folsom Dam 
on the river and at adjacent areas such as the American River Parkway and the Folsom 
Lake State Recreation Area). Lake Natoma serves as an afterbay to Folsom Reservoir, 
regulating fluctuating discharges and allowing dam operators to coordinate power 
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generation and flows in the Lower American River channel during normal reservoir 
operations. Nimbus Dam is about 7 miles downstream of Folsom Dam.

Lower�Sacramento�River
The Lower Sacramento River is generally defined as the portion of the river from 
Princeton to the Delta, at approximately Chipps Island. Flows in the Lower Sacramento 
River are largely controlled by Shasta Dam and Keswick Dam on the Upper Sacramento 
River. Shasta Dam provides flood protection for the Sacramento area, and is part of 
the CVP and operated by USBR. A western portion of the Lower Sacramento River 
is predominantly channelized, leveed, and bordered by the agricultural lands and the 
city and county of Sacramento. The Lower Sacramento River is used by more than 
30 species of native and nonnative fish. Anadromous fish such as adult Chinook salmon 
and steelhead use the river as a migratory pathway to and from upstream spawning 
habitats and an emigration route to the Delta. Other fish species such as the Sacramento 
splittail and striped bass use the Lower Sacramento River, but make little to no use of 
the upper river.

Lower�Cosumnes�River
The Cosumnes River is a small river whose headwaters rise at only 8,000 feet above 
sea level and whose course from the Sierra Nevada to the Delta is just 80 miles long. 
The Cosumnes is the only undammed river on the west slope of the Sierra. In its lower 
reaches, it flows through one of the biologically richest regions in California’s Central 
Valley on its way to its confluence with the Mokelumne River and the Delta.

Stretches of the river are today much as they were when described by explorer John C. 
Fremont in 1844—laced with sloughs, ponds, oak woods, and fertile bottomlands. The 
marshes and grasslands of the Cosumnes are wintering grounds for tens of thousands of 
migrating birds, songbirds and raptors, among them lesser and greater sandhill cranes, 
tundra swans, and great blue heron. The river itself is home to a number of native fishes, 
and Chinook salmon are showing signs of rebounding after years of decline.

Cosumnes�River�Preserve
In 1995 The Nature Conservancy and local farmers developed a 1,040-acre organic 
farm on the Cosumnes River Preserve. Since then, they have protected more than 
20,000 acres of private farmland and rangeland in the watershed through conservation 
easements and 10,000 acres more through direct purchase. A new conservancy 
subsidiary—Conservation Farms and Ranches, Inc.—manages day-to-day farming 
operations and ensures professional management of these properties. 

Sacramento River Valley
A concerted effort to improve the environmental and water quality conditions of the 
Sacramento River system parallels the water management activities listed above. Over 
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the past decade, an array of regional activities has been undertaken in the Sacramento 
Valley to improve the health of the region’s ecosystem. The environmental enhancement 
program consists of three major components: (1) improvements in water quality; 
(2) construction of fish screens, ladders, and siphons, and implementation of operational 
programs to support and enhance Sacramento River fisheries; and (3) conveyance 
system improvements to improve water supply reliability that will enhance an extensive 
system of wildlife refuges providing habitat for avian and terrestrial species. 

Climate
The northernmost area, mainly high desert plateau, is characterized by cold, snowy 
winters with only moderate rainfall, and hot, dry summers. The mountainous parts in the 
north and east typically have cold, wet winters with large amounts of snow providing 
runoff for summer water supplies. The Sacramento Valley floor has mild winters with 
less precipitation and hot, dry summers. Overall annual precipitation in the region 
generally increases from south to north and west to east. The snow and rain that fall in 
this region contribute to the overall water supply for the entire state.

Population
Sacramento River Hydrologic Region had 2.9 million people in 2005. About 8 percent 
of the state’s total population lives in this region, and 59 percent of the region’s 
population lives in incorporated cities. Between 2000 and 2005, the region grew by 
289,317 people, a growth of 11 percent over the 5-year period. For historical population 
data, 1960–2005, see Volume 5, The Technical Guide.

In Water Plan Update 2009, we project population growth based on the assumptions of 
future scenarios. Discussion of the three scenarios used in this Water Plan and how the 
region’s population may change through 2050 can be found later in this report under 
Looking to the Future.

Senate Bill 18 (Chapter 905, Statutes of 2004) requires cities and counties to consult 
with Native American Indian Tribes during the adoption or amendment of local general 
plans or specific plans. Within the Sacramento Valley region, there are 15 rancherias 
and 16 reservations. A contact list of appropriate Tribes and representatives within 
a region is maintained by the Native American Heritage Commission. A Tribal 
Consultation Guideline, prepared by the Governor’s Office of Planning and Research, 
is available online at http://www.opr.ca.gov/programs/docs/09_14_05%20Updated%20
Guidelines%20(922).pdf. See Box SR-2 for information about regional Tribal concerns.

Land Use Patterns
The Sacramento River supports about 2.145 million acres of irrigated agriculture 
(22 percent of state total). About 1.847 million acres are irrigated on the valley floor. The 
surrounding mountain valleys within the region add 298,000 irrigated acres (primarily 
pasture and alfalfa) to the region’s total. Crop statistics show that irrigated agricultural 

http://www.opr.ca.gov/programs/docs/09_14_05%20Updated%20Guidelines%20(922).pdf
http://www.opr.ca.gov/programs/docs/09_14_05%20Updated%20Guidelines%20(922).pdf
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Box SR-2  California�Native�American�Tribal�Information,�Sacramento�River�Hydrologic�Region

Demographics:	Tribes	with	historic	or	cultural	ties	to	•	
the Sacramento River region are primarily the Pit River 
(Achomawi)	in	the	northern	section;	and	the	Maidu,	Miwok,	
Nomalaki,	Pomo,	Wailaki,	and	Wintun	in	the	central	and	
southern areas of the region.

Currently,	Tribal	landholdings	located	in	this	region	 ○
include:	Alturas,	Auburn,	Big	Bend,	Burney	Creek,	Colfax-
Todds	Valley,	Colusa,	Cortina,	El-Em	(Sulphur	Bank),	
Enterprise,	Greenville,	Grindstone	Likely,	Lookout,	Lower	
Lake	(Koi),	Mechoopda	(Chico),	Middletown,	Montgomery	
Creek,	Mooretown.	Nevada	City	(T’Si-Akim),	Paskenta,	
Redding	(Redding,	Winnemum,	Wintun),	Roaring	Creek,	
Robinson,	Rumsey,	Strawberry	Valley,	Upper	Lake	
(Habematolel),	Wilton,	and	XL	Ranch	reservations,	
rancherias,	and	communities.	Located	on	the	boundary	
with	the	San	Joaquin	River	region	are	the	El	Dorado	and	
Shingle Springs rancherias. Approximately 50 individual 
allotments	are	also	located	within	this	region.	

Collaborative Efforts:•	

The Winnemem Wintu Tribe is a member of the Upper  ○
Sacramento-McCloud Regional Water Management 
Group,	which	submitted	a	proposal	to	the	Regional	
Acceptance Process for formal recognition in the IRWM 
program.

Lake	County	Coordinating	Resource	Management	 ○
Committee	is	working	with	federal,	Tribal,	state,	county,	
and local entities to manage and restore natural 
resources. 

There	are	inter-Tribal	efforts	on	Clear	Lake. ○

Issues and Priorities:•	

Water	exports	and	geothermal	power	have	been	proposed	 ○
for Mount Shasta area. The entire area is sacred and 
the	interconnections	of	spring	water,	groundwater,	and	
surface	flows	are	not	well	understood.	The	Mount	Shasta	
Springs	Study	characterizes	spring	water	from	the	Shasta,	
Upper	Sacramento,	and	McCloud	rivers,	and	conducts	a	
groundwater	analysis.	Local	communities	have	noticed	
increased	algal	blooms	in	Medicine	Lake	after	geothermal	
exploration activities and are concerned about changes in 
water	temperature.	

Mercury	contamination	issues	regarding	fish	consumption	 ○
and use of plant materials is a high priority.

NOTE:	Above	information	was	gathered	from	Tribal	input	at	the	
California	Water	Plan	Update	regional	workshops	and	the	Tribal	
water	plenary	sessions	that	are	supporting	the	California	Tribal	
Water Summit.

acreage in the region peaked during the 1980s and has since declined. The main reason 
for this decline is the conversion of irrigated agricultural lands to urban development 
and managed wetlands. Urban use occurs in smaller areas of the valley and is dispersed 
along the major transportation routes.

Tribal�Lands
A Native American Tribe may be federally recognized, and the federal government 
may set aside lands for Tribes as reservations. In California these reservations are often 
named “Rancherias.” One interpretation of the Spanish term Rancheria is small Indian 
settlement. Rancherias in the San Joaquin River Hydrologic Region are shown in  
Table SR-1.

Regional Water Conditions

Major water supplies in the region are provided through surface storage reservoirs and 
through direct groundwater pumping. Major reservoirs in the region provide water 
supply, recreation, power, environmental, and flood control benefits. The CVP is the 
largest water project in the state and delivers water for use in the region and for export 
to other regions. Most of the water delivered by CVP facilities is for agriculture use. 
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Table�SR-1� �Rancherias�in�Sacramento�River�Hydrologic�Region

Federal�Trust�lands* Acres Tribal�owners
Big Bend Reservation 40 Pit	River	(Achomawi)	Indians

Berry	Creek	Rancheria 65 Maidu Indians

Auburn Rancheria (More acres could 
be acquired in Placer County at later 
date.	Can	only	verify	2.8	currently)

2.8 United Auburn Indian Tribe 
consisting	of	Maidu	and	Miwok	
Indians

Alturas Rancheria 20 Pit	River	(Achomawi)	Indians

Toyon Wintu Government Unknown	at	this	time Wintu Indians?

Big Valley Reservation Unknown	at	this	time Pomo and Pit River Indians

Cortina Reservation 640 Wintun Indians

Colusa	Reservation	(300	acres	owned	
by Tribe and 273 held in trust by US 
Government)

573 Cachil DeHe Band of 
Wintun Indians 

Enterprise Rancheria Unknown	at	this	time

Greenville Rancheria 51 Maidu Indians

Grindstone	Creek	Rancheria 120 Nomlaki	and	Wintun	Indians

Middletown	Rancheria 109 Pomo Indians

Lookout	Reservation	-	Lookout	
Rancheria Pit River Tribe

40 Pit River Indians

Likely	Reservation 1.32 Pit River Indians

Montgomery	Creek	Reservation 72 Pit River Indians

Mooretown	Rancheria 109 Concow	and	Maidu	Indians

Paskenta	Rancheria 2,000 Nomlaki	Indians

Rumsey Rancheria 185 Wintun	(Yocha	Dehe)	Indians

Robinson Rancheria 113 Eastern Pomo Indians

Roaring	Creek	Reservation 80 Pit	River,	Ajumawi,	and	
Atsugewi	Indians

Redding Rancheria 31 Wintun,	Pit	River,	and	
Yana Indians

Scotts Valley Reservation (Federal 
recognition	was	reinstated	in	1991)

Unknown	at	this	time

Shingle Springs Rancheria 160 Maidu Indians

Sulphur	Bank	Reservation	(Elem	Indian	
Colony)

50 Pomo Indians

Upper	Lake	Reservation 119 Upper	Lake	Band	of	Pomo	
Indians

XL	Ranch	Reservation	-	XL	Ranch	
Reservation Pit River Tribe

1,609 Pit River Indians

Note:	*As	per	data	taken	from	the	San	Diego	State	University’s	online	library	and	information	access 
(http://infodome.sdsu.edu/research/guides/calindians/calinddict.shtml#a)

http://infodome.sdsu.edu/research/guides/calindians/calinddict.shtml#a
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USBR’s Solano Project provides urban and agricultural water supply to parts of the 
Sacramento River Hydrologic Region and parts of the San Francisco Bay Hydrologic 
Region. The State Water Project (SWP) primarily develops urban water supply from 
the Feather River watershed for use in the region and for export to other regions. A 
few of the larger cities in the region take a major share of their water supplies from 
major rivers. 

Environmental Water
The Sacramento River provides about 80 percent of the inflow to the Delta. It is the 
largest and most important riverine ecosystem in California and provides essential 
habitat for many anadromous fish populations—such as all runs of Chinook salmon and 
steelhead—for their spawning, holding, and rearing requirements.

Many areas within the Sacramento River Hydrologic Region have rivers and streams 
from which water has been diverted for more than 100 years. These diversions have led 
to instream structures that prevent fish passage and even harm aquatic life and, in some 
cases, divert all surface water. The DFG Code (sections 5901, 5937, and 1602) discusses 
diversion and dam restrictions regarding sufficient waterflow and fishways. Although 
Section 1600 requires all operations subject to that code section to contact DFG by 
December 1, 1961, many diversions have been operating without DFG agreements like 
Lake or Streambed Alteration Agreements.

A wide variety of CVP operation modifications and structural repairs have been required 
for the benefit of the wildlife and anadromous fish resources in compliance with the 
Anadromous Fish Restoration Program (AFRP), Anadromous Fish Screening Program 
(AFSP), and the Central Valley Project Improvement Act (CVPIA), which was passed 
by Congress in 1992. Operational improvements include fish screening and recovery 
facilities, structural changes in CVP facilities, and mandated changes in water operations 
to support fisheries restoration through a combination of timed increases in flows; water 
banking, conservation, and transfers; and modified operations and new or improved 
control structures.

Water Supplies
In the Sacramento Valley Groundwater Basin, groundwater is used intensively in some 
areas but is little used in areas with abundant surface water supplies. Historically, 
groundwater levels associated with the Sacramento Valley have remained steady, 
declining moderately during extended droughts and generally recovering to their 
pre-drought levels during subsequent wetter periods. Exceptions include the Yolo 
and Zamora areas where extensive groundwater extraction has led to 1 to 2 feet of 
land subsidence. The Arbuckle area is also experiencing an increase in groundwater 
extraction in recent years.

The Sacramento River region is the main water supply source for much of California’s 
urban, agricultural, and environmental areas. Basin runoff averages 22.389 million 
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acre-feet per year, providing nearly one-third of the state’s total natural runoff. Major 
supplies in the region are provided through surface storage reservoirs and through direct 
groundwater pumping. 

Because of the weather patterns that produce a high level of precipitation in the region, 
major water supplies from the region are provided through the development of reservoirs 
and from direct groundwater pumping, which historically has recharged through the 
winter months. Major reservoirs in the region provide water supply, recreation, power, 
environmental, and flood control benefits. 

Sacramento�River�Region�and�Parts�of�the�San�Francisco�Bay�Region
The major water supply facilities of SWP are along the Feather River basin in this 
region, consisting of Lake Oroville, Thermalito Afterbay, Lake Davis, and Frenchman 
Reservoir. SWP water serves both urban and agricultural uses in this region and is 
exported south to drier regions of the state. A large amount of water from both CVP 
and SWP reservoirs is released downstream to maintain environmental water quality 
standards in the Delta. Such storage releases are critical in the summer and fall to 
prevent ocean salt water from penetrating east into the Delta during high tidal cycles.

Surface�Water�Development
CVP Water Supply. Most of the water delivered by CVP facilities 
in the Sacramento River Region is for agriculture use. Sacramento 
and Redding receive part of their water supply from CVP facilities. 
CVP water is delivered for agriculture and wildlife refuges through 
the Tehama-Colusa and Corning canals and is supplied from Red 
Bluff Diversion Dam on the Sacramento River. The canals serve 
about 160,000 acres of land in Tehama, Glenn, Colusa, and Colusa, 
and Yolo counties. CVP contractors and water rights settlement 
users also make direct diversions from the Sacramento River. 
Some of the larger water agencies receiving CVP supplies are 
listed in Table SR-2. The supplies listed include, where applicable, 
both project water and water rights settlement (base supply) water.

Releases from Folsom Reservoir on the American River serve 
Delta and CVP export needs and also provide supply agencies in 
the Sacramento metropolitan area. 

Supply from Other Federal Water Projects. Monticello Dam in Napa County 
impounds Putah Creek to form Lake Berryessa, the principal water storage facility of 
USBR’s Solano Project. The project provides urban and agricultural water supply to 
Solano County (partly in the Sacramento River region and partly in the San Francisco 
Bay region) and agricultural water supply to the University of California, Davis in Yolo 
County. Napa County uses about 1 percent of the supply for development around  
Lake Berryessa.

Table�SR-2� �Major�Sacramento�River,� 
Central�Valley�Project�water�users

Agency

Total�supplies�from�
CVP�facilities� 
(taf/year)

Anderson-Cottonwood	ID 175.0

Glenn-Colusa ID 825.0

Natomas Central MWC 120.2

Princeton-Codora-Glenn ID  67.8

Reclamation District 108 232.0

Reclamation District 1004 71.4

Sutter Mutual WC 268.0
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Orland Project. There are three reservoirs on Stony Creek north of Lake Berryessa. 
Two of these are East Park (1909) and Stony Gorge (1928) built on upper Stony Creek. 
Presently, their supply irrigates small acreages of land in Colusa and Glenn counties 
before becoming part of the water supply in Black Butte Reservoir. About 100 thousand 
acre-feet is released from Black Butte Reservoir for irrigation in Glenn County.

SWP Water Supply. Lake Davis, Frenchman Lake, and Antelope Lake are on Feather 
River tributaries in Plumas County and are used primarily for recreation, but also supply 
water to the City of Portola and local agencies that have water rights agreements with 
the California Department of Water Resources (DWR). Lake Oroville and Thermalito 
Afterbay also supply the region. Local agencies that receive water rights delivered 
through Thermalito Afterbay include Western Canal Water District, Richvale Irrigation 
District, Biggs-West Gridley Water District, Butte Water District, and Sutter Extension 
Water District. Agencies in the region holding long-term contracts for SWP supply 
are Plumas County Flood Control and Water Conservation District (FCWCD), Butte 
County, Yuba City, and Solano County Water Agency. SCWA receives its SWP supply 
from the Delta through the North Bay Aqueduct.

Local Surface Water Supply. Water stored and released from Clear Lake and Indian 
Valley Reservoir into Cache Creek is diverted by the Yolo County FCWCD for irrigation 
in Yolo County. Since 1950, the district has diverted an average of 130 thousand acre-
feet annually at Capay Diversion Dam on lower Cache Creek. No water supply from 
these sources was available during the 1977 and 1990 drought years.

In Sutter County and in western Placer County, South Sutter Water District (SSWD) 
supplies irrigation water from Camp Far West Reservoir on the lower Bear River. SSWD 
also purchases surface water from Nevada Irrigation District to supplement irrigators’ 
groundwater supplies. NID’s supplies come from its reservoir on the Yuba-Bear River 
system. Yuba River supplies have also been developed by Yuba County Water Agency, 
which is New Bullards Bar Reservoir, the river’s largest reservoir at 966 thousand  
acre-feet.

The Sacramento metropolitan area, served by more than 20 water purveyors, is the 
largest urban area in the Sacramento River Hydrologic Region and is also the largest 
urban surface water user. Within Sacramento County, the City of Sacramento relies 
primarily on surface water (approximately 80 to 90 percent); water purveyors in 
unincorporated areas use both surface water and groundwater. The City of Sacramento 
diverts its CVP water supply from the American River at H Street and also diverts 
downstream from the confluence of the American and Sacramento rivers. The City of 
Folsom takes surface water from Folsom Lake.

Groundwater�Development
Groundwater provides about 30 percent of the water supply for urban and agricultural 
uses in the region, and has been developed in both the alluvial basins and the hard 
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rock uplands and mountains. There are 83 basins/subbasins delineated in the region. 
These basins underlie 5.053 million acres (7,900 square miles), about 29 percent of the 
entire region. The reliability of the groundwater supply varies greatly. The Sacramento 
Valley is recognized as one of the foremost groundwater basins in the state, and 
wells developed in the sediments of the valley provide sufficient supply to irrigation, 
municipal, and domestic uses. Many of the mountain valleys of the region also provide 
significant groundwater supplies for multiple uses.

Geologically, the Sacramento Valley is a large trough filled with sediments having 
variable permeabilities; as a result, wells developed in areas with coarser aquifer 
materials will produce larger amounts of water than will wells developed in fine aquifer 
materials. In general, well yields are good and range from 100 gallons per minute to 
several thousand gallons per minute. Because surface water supplies have been so 
abundant in the valley, groundwater development for agriculture for the most part has 
been used to supplement the primary surface supply. 

Water Uses
Water use in the Sacramento River region is mostly for agricultural production with 
more than 2 million irrigated acres in the year 2000. Agricultural products include a 
variety of crops such as rice and other grains, tomatoes, field crops, fruits and nuts. 
A substantial number of acres of rangeland in this region are also used for livestock 
management. Much of the economy of the region relies on agricultural water supplies, 
which are diverted and distributed through extensive systems of diversion canals 
and drains. Basinwide, water use efficiency is generally high because many return 
flows from fields are captured by drainage systems and then resupplied to other fields 
downstream.

The larger urban areas in the region have developed near major rivers so surface 
water diversions are a key component of municipal water supplies. The availability of 
abundant groundwater supplies under the Sacramento Valley floor has allowed urban 
areas to expand delivery capabilities by including the use of groundwater. In some areas, 
groundwater has become the principle source of water supply for urban as well as rural 
domestic uses.

Water Balance Summary
Figure SR-2 summarizes the total developed water supplies and distribution of the 
dedicated water uses within this hydrologic region for the eight years from 1998 through 
2005. As indicated by the variation in the horizontal bars for wet (1998) and dry (2001) 
years, the distribution of the dedicated supply to various uses can change significantly 
based on the wetness or dryness of the water year. The more detailed numerical 
information about the developed water supplies and uses is presented in Volume 5 
Technical Guide, which provides a breakdown of the components of developed supplies 
used for agricultural, urban, and environmental purposes and Water Portfolio data.



  C a l i f o r n i a  w a t e r  p l a n  |  u p d a t e  2 0 0 9                                                C a l i f o r n i a  w a t e r  p l a n  |  u p d a t e  2 0 0 9     

Volume 3 -  Regional  Repor ts

S R - 1 6                                                C a l i f o r n i a  w a t e r  p l a n  |  u p d a t e  2 0 0 9     

For the Sacramento River region, dedicated environmental water for instream fishery 
flows and Delta outflow requirements are a major component of the developed water 
usage. Agricultural water use is also a major portion of the total, with a smaller amount 
used for urban purposes. The water supply portion of Figure SR-2 also indicates that 
most of the water supply in this region is from surface waterflows. Although available, 
groundwater is only a small portion of the water supply for this region. The bar chart 
also identifies the reuse of agricultural water runoff as a major source of supply to 
downstream water users.

Table SR-3 presents information about the total water supply available to this region 
for the eight years from 1998 through 2005, and the estimated distribution of these 

Figure SR-2 �Sacramento�River�Hydrologic�Region�water�balance�summary,�1998-2005
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water supplies to all uses. The annual change in the region’s surface and groundwater 
storage is also estimated, as part of the balance between supplies and uses. In wetter 
water years, water will usually be added to storage, but during drier water years, storage 
volumes may be reduced. Of the total water supply to the region, more than half is either 
used by native vegetation; evaporates to the atmosphere; provides some of the water 
for agricultural crops and managed wetlands (effective precipitation); or flows to other 
states, the Pacific Ocean, and salt sinks like saline groundwater aquifers. The remaining 
portion, identified as consumptive use of applied water, is distributed among urban and 
agricultural uses and for diversions to managed wetlands. For some of the data values 
presented in Table SR-3, the numerical values were developed by estimation techniques, 
because actual measured data are not available for all categories of water supply and use.

Water Quality
The Sacramento River Hydrologic Region corresponds to approximately the northern 
one-third of Regional Water Quality Control Board’s Region 5. Below are key water 
quality issues in this region. For further discussion on some of these topics, see 
Appendix B Water Quality.

Salinity. Although water quality is generally excellent within this hydrologic region, 
localized salinity issues occur, such as in the southwest portion of the region where high 
total dissolved solids (TDS) and boron is found in some groundwater in Yolo County. 
The Sacramento River Hydrologic Region discharges over 2 million tons of salt a year 
to the Delta. This salt load is roughly equivalent to the amount of salt removed from the 
Delta with exported water. However, due to the large quantity of water carrying this salt 
load, the concentration of salt in the water from the Sacramento River is very low. This 
creates a problem in identifying and reducing salt loads from this hydrologic region.

Pesticides. The Central Valley Regional Water Quality Control Board (Regional Water 
Board) has adopted amendments to the Water Quality Control Plan for the Sacramento 
River and San Joaquin River basins (Basin Plan) to incorporate control programs for 
pesticides in the Sacramento and Feather rivers. However, pesticide impairments have 
been identified for other water bodies in the Sacramento River Hydrologic Region that 
still need to be addressed. Some of the pesticide impairments are from legacy pesticides, 
such as DDT, which are now banned from use.

Nitrates and Groundwater. Groundwater quality in the Sacramento River region is 
generally excellent although there are local groundwater problems. Naturally occurring 
salinity impairs wells at the north end of Sacramento Valley. Groundwater in the 
vicinity of the Sutter Buttes is impaired due to the local volcanic geology, and hydrogen 
sulfide is a problem in wells in the geothermal areas in the western part of the region. 
Salinity is also noticed in shallow groundwater near the Maxwell area. Human-induced 
impairments, like nitrate, are generally associated with agriculture and septic tanks; the 
latter is especially an issue in Butte County where 150,000 of its 200,000 residents rely 
upon individual septic systems. There are also some nitrate problems in the Antelope 
area of Tehama County.
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Legacy Mine Impacts. Historical mercury mining on the Coast Range side of the 
Central Valley and use of the mercury to amalgamate gold on the Sierra side has resulted 
in substantial mercury loads discharged to the Central Valley waterways. Methylmercury 
is the most toxic form of mercury and accumulates in successive levels of the food 
chain. It is a neurotoxicant that adversely affects reproductive and immune systems in 
humans and wildlife that consume contaminated fish and shellfish. 

Sedimentation and Erosion. In the Central Valley, erosion is occurring from the 
headwaters down to the valley floor. Although naturally occurring, erosion can be 
accelerated by timber harvest activities, land use conversion, rural development, and 
grazing.

Agriculture. Water quality impacts from irrigated agriculture, a major land use in the 
region that has been identified as a potential source of impairment for many of the 
water bodies on the 303(d) list (constituents of concern include nutrients, pesticides, 
and sediment) are being addressed by the State Resources Control Water Board by 
implementing the conditional waiver for irrigated lands. 

Riparian and Wetland Protection and Restoration Urban Runoff Reduction/
Increase Infiltration Sacramento River. The decline of fisheries in the Sacramento 
River is in part related to water quality problems on the river’s main stem: unsuitable 
water temperature, toxic heavy metals (such as mercury, copper, zinc, and cadmium) 
from acid mine drainage, pesticides and fertilizer in agricultural runoff, and degraded 
spawning gravels. 

Cache Creek watershed. Clear Lake suffers from large mercury, sediment, and nutrient 
loadings, the latter leading to nuisance algae blooms, and irreversible damage to 
important Native American cultural resources.

Lower American River/Folsom Lake. In addition to a few other water bodies, 
the basin plan specifically prohibits direct discharges of wastes into Folsom Lake 
and the Lower American River downstream to its confluence with the Sacramento. 
Waste discharges are also banned from houseboats on Shasta Lake, Clear Lake, and 
in the Delta. High density recreation use of Whiskeytown and Shasta lakes may be 
contributing to high bacteria levels in these two reservoirs. 

Water Governance
More complete information on water governance will be developed for California 
Water Plan Update 2013. This will include identification of local, State, Tribal, and 
federal government agencies and institutions that are responsible for managing the 
region's water resources, flood protection, and wastewater. A list of regional flood 
management participants is included in Appendix A Flood Management, and Integrated 
Regional Water Management (IRWM) plans provide information about water planning 
organizations in this region.
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Flood Management

Flood Hazards
Floods within the basin originate principally from heavy rainfall, rarely from snowmelt. 
Most flood events occur in December and January as a result of multiple storms and 
saturated soil conditions, but floods can occur in October and November or during 
the late winter or early spring months. Flood hazards in the region include these 
representative situations (for specific instances, see Challenges):

Protection from flooding is not provided for a flood equal to the runoff event with  • 
1 percent probability (1 percent event) for some residences and commercial 
facilities.
Highways and roads are vulnerable to the 1 percent event in many locations.• 
Some existing culverts and channels do not have sufficient capacity to carry flow • 
resulting from the 1 percent event.
Some existing levees are unsound, porous, or of unknown composition.• 
Some existing levees are not able to retain the 1 percent event.• 
Unmanaged vegetation has reduced floodflow capacity at some locations.• 
Some flood control reservoirs are too small or unsuitably fitted to accommodate the • 
1 percent event.
Climate change has modified or may modify the regional hydrology, increasing • 
flood peak volumes or changing runoff patterns.

Historic Floods
Recent notable events have been:

The floods of 1983 and 1995 brought on by El Niño• 
Floods in February 1986 and January 1997 due to tropical storms• 

For more information on these floods see Appendix A Flood Management.

Flood Governance
Flood management is a cooperative effort for which federal, Tribal, State, and local 
governments all play significant parts. The principal participants are listed in Box SR-3 
Flood Management Agencies. For more information on the agencies’ roles, see 
Table SRA-2 Flood management participants in Appendix A.

Flood Risk Management
Flood risk management includes a wide variety of projects and programs, which may 
be grouped as Structural Approaches (constructed facilities, coordination and reservoir 
operations, maintenance), Land Use Management (regulation, flood insurance), and 
Disaster Preparedness, Response, and Recovery (information and education, event 
management).
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Federal

Federal Emergency Management Agency•	

National Weather Service•	

Natural Resources Conservation Service•	

United States Geological Survey•	

United States Army Corps of Engineers•	

United States Bureau of Reclamation•	

Tribal

Tribal governments of the region•	

State

California Conservation Corps•	

California Emergency Management Agency •	

Central Valley Flood Protection Board •	

Department of Corrections•	

Department of Forestry and Fire Protection•	

Department of Water Resources•	

Local

Lake	County	Watershed	Protection	District•	

Napa County Flood Control and Water Conservation District•	

Placer County FCWCD•	

Plumas County FCWCD•	

Sacramento Area Flood Control Agency•	

Sutter-Butte Flood Control Agency•	

Sutter County Water Resources Division•	

Three Rivers Levee Improvement Authority•	

County and city emergency services units•	

County and city planning departments•	

County and city building departments•	

Local	flood	maintenance	organizations•	

Local conservation corps•	

Local emergency response agencies•	

Local initial responders to emergencies•	

Box�SR-3� �Flood�Management�Agencies

Structural�Approaches
Constructed Facilities. The Sacramento River region is the site of many flood control 
works, including California’s most extensive flood control system. Facilities in the 
region include reservoirs, levees, bypasses, pumping plants, weirs, debris basin, 
channels, and bank protection.

The region’s six multipurpose reservoirs with flood control reservations are Shasta Lake 
constructed by USBR on the Sacramento River, the USACE-built Folsom Lake on the 
American River and Black Butte Reservoir on Stony Creek, New Bullards Bar Reservoir 
of the Yuba County Water Agency on the North Yuba River, DWR’s Lake Oroville on 
the Feather River, and the Yolo County FCWCD’s Indian Valley Reservoir on the North 
Fork Cache Creek. USACE manages flood control space on the first five reservoirs. 
Numerous other reservoirs may provide incidental flood control benefits.

The Sacramento River Flood Control Project (SRFCP) is an umbrella term for six large 
USACE projects that, together with six reservoirs on the major rivers, constitute the 
State’s largest flood control system. The SRFCP includes levees, bypasses, weirs, a 
debris basin, and appurtenant facilities. It extends from Elder Creek in Tehama County 
downstream to the Delta, a distance along the Sacramento River of 230 miles. The 
SRFCP has levees or other facilities on 5 major rivers, 15 creeks, and 13 sloughs. It 
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incorporates six bypasses and 11 other human-made or improved channels. The project 
protects wide areas of the Sacramento Valley along the river and its tributaries, from the 
town of Tehama to downstream of Rio Vista.

Other USACE projects include bank protection along the Sacramento River from Chico 
Landing to Red Bluff; a diversion dam, channel and levees on the North Fork Feather 
River at Chester; a diversion channel, levees and a pumping plant on Middle Creek 
and tributaries near Upper Lake; and an improved channel for the Pit River through 
Alturas. The Natural Resources Conservation Service (NRCS) has funded construction 
for flood control reservoirs and channel work by the Lake County Department of Public 
Works on Adobe Creek near Kelseyville and Solano County Watershed Area channel 
improvements on Ulatis Creek near Vacaville. There are also levees that have been 
constructed and are maintained by local government or individuals. Notable among 
these are levees around Delta islands and along Deer Creek near Sloughhouse. 

Local sponsors and descriptions for reservoirs and non-storage flood control facilities 
in the region are listed in Appendix A in Table SRA-3, Flood control facilities. Also in 
Appendix A, Figure SRA-1 is a schematic of the SRFCP. 

Coordination of Flood Operations. Yuba County Water Agency, USACE, National 
Weather Service (NWS), and DWR are developing coordinated procedures for managing 
floods on the Feather and Yuba rivers based on weather forecasts. These forecast-
coordinated operations would provide earlier flood indications and more reaction 
time for high water situations on those rivers. There are no other formal agreements 
for operation of flood protection facilities in the region. However, during high water 
periods reservoir operators coordinate with DWR and USACE during daily operations 
conferences at the State-Federal Flood Operations Center in Sacramento. These 
conferences often lead to voluntary modifications of individual schedules to improve 
overall system operation.

For most of the larger flood control reservoirs in California, USACE has participated 
with a federal contribution to the cost of the flood control space. Whether federally 
financed or not, the reserved space in multipurpose reservoirs is most often defined by 
a trapezoidal diagram of volume required versus date, modified by conditions in the 
latter part of flood season. Generally, the diagrams require a flood space reservation 
increasing from zero from the beginning of the flood season, invariant with date during 
mid-season, and decreasing to zero again at season’s end. Superimposed on these 
diagrams are modifications based on either an antecedent precipitation index (API) or a 
runoff forecast. The API-controlled diagrams are usually decreased from the trapezoid 
and shortened in time during drier years, beginning in mid-season. The runoff-controlled 
diagrams increase the trapezoid and extend it in time for the greater runoff forecasts. 
Single-purpose flood control reservoirs are kept as low as possible. For any reservoir, 
there are usually downstream controls of various kinds on evacuation rates. 

For more information on flood control reservoirs, see Table SRA-3, Flood control 
facilities, in Appendix A.
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Maintenance. Maintenance of flood control works is a critical activity which preserves 
the integrity of the facilities, ensuring continued protection for the public. This effort is 
made more difficult by two factors: (1) Lack of adequate financing for many installations 
is the result of tax-management efforts of the late 20th century that have placed controls 
on former sources of revenue, and (2) heightened public awareness of the environment 
has resulted in new regulations making the permitting process lengthy and expensive. 
Compounding the problem, deferred maintenance can cause establishment of new 
habitat which then must be protected.

Maintenance of flood control facilities is usually the responsibility of the local 
maintaining agency, which is usually the local sponsor, or if there is none, the 
constructing agency. The Central Valley Flood Protection Board (CVFPB) has agreed 
to maintain most USACE project works, but subsidiary agreements have passed 
maintenance to local maintaining agencies. In this region, the exception is Black Butte 
Lake and its dam, maintained directly by the USACE. Also excepted are certain levees 
and appurtenant features of the SRFCP, which DWR maintains in accordance with law. 
NRCS projects follow a pattern of close cooperation with a local sponsor, with NRCS 
providing maintenance standards and the local sponsor performing the maintenance. 
USBR projects are invariably reservoirs, which may be maintained by USBR or the 
local maintaining agency. USBR maintains Shasta Lake and Folsom Lake in this region. 
DWR built and maintains Lake Oroville and its dam. The local constructing agency 
maintains other non-federal projects in this region.

Land�Use�Management
Regulation. Counties and the CVFPB are the main agencies responsible for designating 
and regulating floodways. Zoning ordinances regulating development in floodplains 
have been adopted by all counties within the last 30 years. Additionally, numerous 
cities—such as Sacramento, Auburn, Marysville, and Winters—restrict construction on 
floodplains via building codes. All local land use jurisdictions must adopt a floodplain 
management ordinance identifying 1 percent floodplains and floodways in order to 
qualify for Federal Emergency Management Agency (FEMA) flood insurance. 

Adopting designated floodways facilitates enforcement of floodplain building 
ordinances. The CVFPB has designated reaches of the Sacramento, Yuba, Feather, 
and American rivers and Stony, Clear, Cow, Cottonwood, Willow, and Dry creeks as 
regulated floodways. Cities troubled by localized flooding have also adopted streams as 
designated floodways.

Flood Insurance. The National Flood Insurance Program is administered by FEMA. 
It enables property owners in participating communities to purchase insurance as 
protection against flood losses in exchange for State and community floodplain 
management regulations that reduce future flood damages. About 97 percent of 
California communities participate in the NFIP. Of those, approximately 12 percent 
participate in the Community Rating System (CRS) Program, which encourages 
communities to go beyond minimum NFIP requirements in return for reduced insurance 
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rates. Quality mapping is critical to administering an effective flood insurance program, 
developing hydrologic and hydraulic information for determining floodplain boundaries 
and allocating flood protection project funds. 

FEMA has provided Flood Insurance Rate Maps (FIRMs) for most areas within the 
region. As of June 2009, maps in four of the region’s 22 counties are new since 2005 
and 12 more are scheduled to be updated by 2010. Two counties had a partial update in 
2008, and four are not scheduled for update.

CRS rates communities from 1 to 10 on the effectiveness of flood protection activities. 
The lower ratings bring larger discounts on flood insurance. Of the 22 counties and 
49 cities in the hydrologic region, six counties and seven cities participate in CRS. As 
of May 2009, Roseville is in CRS Class 1; Placer County, Sacramento County, and 
Sacramento, Class 5; Redding and Tehama, Class 6; Solano County, Yuba County, 
Fairfield, and Yuba City, Class 7; Lake County, Sutter County, and Vacaville, Class 8; 
and Yolo County’s application to participate is pending. See http://www.fema.gov/
business/nfip/crs.shtm for more information on the CRS system.

Disaster�Preparation,�Response,�and�Recovery
Information and Education. The California Data Exchange Center (CDEC) provides 
real-time and historical hydrometeorological data for hundreds of stations statewide, 
as well as real-time data on releases, spill rates, and elevations of many reservoirs. For 
this region, CDEC provides gage data from DWR (201 gages), NWS (33), Pacific Gas 
& Electric (83), USBR (75), US Forest Service-USFS (48), US Geological Survey-
USGS (63), and several other federal, State, and local agencies, a total of 711 gages, and 
real-time flow and stage data for the Sacramento, McCloud, Pit, Feather, Yuba, Bear, 
Rubicon, and American rivers and Hat, Cottonwood, Butte, Stony, Cache, and Putah 
creeks. For access to CDEC data, see http://cdec.water.ca.gov.

The USGS maintains and publishes statistics for stream gages nationwide. USGS gages 
are the source of data for the 21 stations listed in Appendix A, Table SRA-1, Flood 
parameters for principal streams. For access to USGS gage data, see http://waterdata.
usgs.gov/nwis.

DWR’s Awareness Floodplain Mapping project provides an easy-to-use computer 
interface for viewing areas vulnerable to flooding by the flood event having a 1 percent 
probability of occurrence. For this region, several floodplains have been demarcated 
in Sacramento, Yolo, Solano, Butte, and Tehama counties, and all flood risk areas in 
Shasta County have been identified. By 2012, all areas expected to develop over the next 
25 years will have mapped floodplains. 

In 2009, DWR provided Levee Flood Protection Zone (LFPZ) maps, which show lands 
inundated to a depth of three feet or more in the event of a levee failure, for levees of the 
Sacramento River Flood Control Project.

http://www.fema.gov/business/nfip/crs.shtm
http://www.fema.gov/business/nfip/crs.shtm
http://cdec.water.ca.gov
http://waterdata.usgs.gov/nwis
http://waterdata.usgs.gov/nwis
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Accurate hydrologic and hydraulic models inform the design of effective flood control 
structures and emergency actions before, during, and after floods. The NWS Advanced 
Hydrologic Prediction Service uses historical hydrologic data, current river and 
watershed conditions, and near-term meteorological outlooks to forecast river flows. 
The service is publicly available for certain streams of the Sacramento River Region. 
Locations are given in Appendix A, Table SRA-5 AHPS stream forecast points.

Event Management. Under the Standardized Emergency Management System and the 
National Incident Management System, initial flood emergency response is made by the 
responsible party at the site. When its resources are exhausted, the county emergency 
management organization (Operational Area) provides support. If necessary, additional 
support is coordinated by Inland Region of the California Emergency Management 
Agency (Cal EMA). Through the Cal EMA region and Cal EMA headquarters, help 
can be obtained from any State agency. Cal EMA coordinates with federal agencies and 
private organizations as well. The State-federal Flood Operations Center (a joint facility 
of DWR and the Sacramento Weather Office and California-Nevada River Forecast 
Center, both units of NWS) is normally called early in the event to provide weather and 
river forecasts, facilitate information flow, provide field situation analysis, and give flood 
fight expertise. Severe situations that require Cal EMA involvement may also require 
emergency response by USACE, which is obtained by request of DWR. Table SRA-4, 
Flood emergency response organizations, in Appendix A, is a listing of specific response 
organizations.

Recovery after a flood event may involve the funding and construction services of 
USACE if the facilities are parts of federal projects. Availability of resources to repair 
local and private facilities; remove floodwater; and restore housing, businesses, and 
infrastructure often depends on the severity of the event and the allocation of event-
specific federal or State funds.

Flood preparedness and mitigation efforts are promoted and funded by many 
organizations, including city and county governments, Cal EMA, DWR, NWS, 
and USACE.

Relationship with Other Regions

Although the Sacramento Valley and Mountain Counties Area have their own needs 
(see Mountain Counties Area report in Volume 3 for more information), the fact that 
they reside in the same watersheds requires cooperation to strategically reduce flooding 
risks. Several Integrated Regional Water Management (IRWM) plans for these two 
regions spatially overlap and thus provide a forum for coordination. Boundaries for the 
Cosumnes American Bear and Yuba Rivers (CABY) IRWM encircle some of the lands 
within the borders of the American River Basin and Yuba County IRWMs, providing a 
framework for collaboration between foothill and mountain stakeholders. 
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Figure�SR-3� �Regional�acceptance�process,�IRWM�regions,�Sacramento�River�Hydrologic�Region
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Also, failure of a Delta island levee can increase salinity in San Pablo Bay, the 
Carquinez Strait, and Suisun Bay in the San Francisco Bay Hydrologic Region, due to 
the sudden upstream flow of water into the damaged island.

Regional Water and Flood Planning 
and Management

Integrated Regional Water Management

The hydrologic region is engaged in IRWM planning through multiple planning 
regions that empower stakeholders to collaboratively develop integrated solutions and 
diversified water management portfolios to meet regional water management challenges. 
The IRWM efforts serve a vital role, in combination with local and statewide planning, 
to provide for sustainable water use, water quality and environmental functions. 

The regional acceptance process is a component of the IRWM Program Guidelines and 
will be used to evaluate and accept an IRWM region into the IRWM grant program. 
Acceptance and approval will be required before any region can submit an application 
for IRWM grant funds. In the Sacramento River Hydrologic Region, approval or 
conditional approval has been awarded to nine funding areas. Go to Web site http://
www.water.ca.gov/irwm/integregio_rap_summary2.cfm. See also Figure SR-3. 
Strategies for earlier efforts are listed in Table SR-4.

Some regional projects are highlighted1 here.
Red Clover Valley Restoration: Upper Feather River Watershed. • The Red 
Clover project restored three miles of deeply gullied Sierra stream channel to return 
flows to the meadow surface and restore natural hydrologic function, holding back 
floodwaters in the winter and extending base flows and reducing water temperature 
through the summer. The project was carried out by the Feather River Coordinated 
Resource Management Group with support from the CALFED watershed program, 
DWR, USFS, and others. The project is a prime example of the work that is being 
accomplished through the Feather River IRWM program to restore natural function 
to the watershed and help mitigate anticipated climate change impacts, including 
more extreme flood events and loss of snowpack water storage. 
The Bear River Project: Reducing Legacy Mercury Contamination. • The 
purpose of this project is to reduce total mercury and methylmercury concentrations 
in the upper Bear River through the design, construction, and operation of a 
mercury removal system. The Sierra region (the CABY area in particular) was 
widely contaminated by mercury used during the 1800s as part of gold mining 
operations. This contamination has built up in the sediments behind area dams 
and impoundments. NID has developed an innovative recovery process to remove 
elemental mercury from settled or suspended sediments during dredging operations. 
This pilot project is in the demonstration phase and, if successful, will provide 

1 Information about these projects came to the Water Plan by the Roundtable of Regions, which provides links to and 
works with IRWM planning groups.

http://www.water.ca.gov/irwm/integregio_rap_summary2.cfm
http://www.water.ca.gov/irwm/integregio_rap_summary2.cfm
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Table�SR-4� �Strategies�in�Integrated�Regional�Water�Management�efforts,�Sacramento�River�Hydrologic�Region

Strategy

American 
River�Basin�
IRWMP�

Upper�Feather�River�
Watershed�and�Water�
Quality�Improvement�

Plan�

Cosumnes,�
American,�
Bear,�and�

Yuba�IRWMP

Sacramento 
Valley 
IRWMP�

Yolo�
County�
IRWMP

(Jun�2006) (Jun�2005) (Jun�2006) (Apr�2007)
Agriculture 

Climate change 

Conjunctive use management   

Conservation strategies for the 
Sacramento Valley



Ecosystem restoration   

Environmental and habitat protection 
and improvement

   

Flood management     

Storm	water	capture	and	management	
strategies



Groundwater	management     

Imported	water 

Land use coordination 

Land use planning    

Monitoring mercury and other 
contamination



Nonpoint source pollution control    

Recreation   

Public access    

Resource mapping 

Storm	water	management   

Streamflow 

Surface storage   

System improvement 

Water	and	wastewater	treatment   

Water conservation     

Water conveyance 

Water planning 

Water quality    

Water recycling    

Water supply reliability    

Water transfers  

Watershed planning   

Wetland enhancement and creation    

Note:		The	summary	information	contained	in	these	tables	was	obtained	from	various	IRWM	plans.	For	additional	details	or	information	related	to	a	specific	
plan,	please	consult	the	current	version	of	the	plan	or	its	authors.
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a workable and cost effective solution to cleanup of contaminated sediments in 
facilities throughout the region, well beyond CABY boundaries.

Recent�Accomplishments
Water management objectives. Water agencies in the region continue to respond to 
changing water conditions within the region and the state. An example is the Sacramento 
Valley Water Management Program in which over 40 water suppliers in the Sacramento 
Valley, DWR, USBR, and the Downstream Water Users developed a cooperative water 
management partnership to better manage water and provide a mechanism for satisfying 
Bay-Delta water quality and flow objectives. 

Watershed management and programs. Maintaining and restoring the ecological 
health of the Sacramento Valley region depends heavily on local watershed groups, 
including local landowners, concerned individuals, and local resource experts. Many of 
these watersheds have completed watershed assessments, watershed management plans, 
and/or strategies. All of these documents identify the resources within their respective 
watersheds and needs for restoration, including the potential for improving water 
resources via restoration or other actions.

The Sacramento River Watershed Program (http://www.sacriver.org) is an umbrella 
organization that supports local watershed groups and conducts watershed-wide 
water quality and watershed health monitoring. The program is also developing the 
Sacramento River Watershed Information Module (SWIM at http://www.sacriver.org/
wim/), a web-based information center that will provide a one-stop repository for all 
data, reports, GIS layers, etc. for all watersheds within the region. This is based on the 
pilot project (Watershed Information Model) by Western Shasta Resource Conservation 
District, which provided the same service for 16 watersheds in Shasta County. WIM has 
since been melded into SWIM and additional data are being incorporated.

Groundwater. Several counties have enacted groundwater ordinances to regulate 
groundwater extraction, especially when groundwater is intended for export outside 
the county. 

Hazard mitigation. Between 2004 and 2007, Solano County annexed to the Association 
of Bay Area Governments multi-jurisdictional hazard mitigation plan and Alpine, 
Amador, Butte, Colusa, El Dorado, Lake, Napa, Nevada, Placer, Plumas, Sacramento, 
Sutter, and Yolo counties adopted hazard mitigation plans. All subsequently received  
Cal EMA approval. 

Flood control. Flood control facilities have been constructed in the region to protect life 
and property from the consequences of high water and debris flow. Notable among the 
constructed works are six large reservoirs with a total of nearly 2,800 thousand acre-
feet of flood control space, and the Sacramento River Flood Control Project and related 
projects. For information on these facilities and others in the region, see Structural 
Approaches in this report and Appendix A, Table SRA-3 Flood control facilities.

http://www.sacriver.org
http://www.sacriver.org/wim/
http://www.sacriver.org/wim/
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Two regional flood control agencies have been organized to sponsor and coordinate 
flood protection projects and other aspects of flood management. They are the 
Sacramento Area Flood Control Agency, established in 1989, and the Sutter-Butte Flood 
Control Agency, set up in 2007. 

Challenges
Recurrent flooding is a problem in many places in the Sacramento River region. At 
many locations, lives, homes, business, farm lands, and infrastructure are frequently 
at risk. Providing better protection for lives and property remains the definitive 
flood management challenge. Solutions may range from governmental regulation of 
occupancy and building in flood-prone areas through local or watershed-based non-
structural measures to infrastructure such as levees and reservoirs, constructed with 
consideration of environmental needs. Development of a discharge-based standard, such 
as protection from the flood having an 0.5 percent, 1 percent, or 2 percent probability 
of occurrence (or such a standard in conjunction with land use type or other pertinent 
factor) would facilitate equitable distribution of State and federal support funding. Some 
considerations in the region are potential runoff rate and flood frequency increases 
due to climate change, lack of capacity for Folsom Lake and levees in the Natomas 
area, and excessive seepage for levees in Sutter County and Oroville. Some floodways 
lacking sufficient capacity in the region are the Live Oak Canal in Yuba City; Big Chico 
Creek; Cherokee Canal; Cottonwood and South Fork Willow sloughs at Madison; 
Squirrel Creek at Penn Valley; Cosgrove Creek at Valley Springs; and storm drains 
and flood channels in Red Bluff, Oroville, and Cameron Park. A hydraulic deficiency 
in Rock Creek causes backwater flooding in Keefer Slough, and flash floods threaten 
lives in Alpine County. In the Colusa Basin, long-term ponding of floodwater threatens 
agriculture. 

Throughout the state, including this region, urbanization continues. It brings greater 
runoff due to increases of impervious areas, making retention of flood protection levels 
a challenging issue. Urbanization often causes increases in erosion and sedimentation. 
Construction of flood infrastructure or changes in land use may cause subsequent 
undesirable vegetation growth, whether of native or invasive species. Regulation of 
occupancy and land use is critical for reducing the number and severity of flood damage 
occurrences in an era of population growth. 

Effective preparedness for flood events depends on accurate evaluation of the 
risk, adequate measures for mitigation of flood damage, sufficient preparation for 
response and recovery activities and coordination among local, State and federal 
agencies. Completion of floodplain mapping, both the FEMA FIRMs and the State’s 
complementary Awareness Floodplain Mapping, will provide much needed information 
for evaluating flood risk. Mitigation may take many forms, including restriction of use, 
floodproofing, or structural protection of vulnerable sites. Some actions that help meet 
the challenge of response and recovery preparedness are organization for emergency 
management, formal agreement on responsibilities for emergency actions and funding, 
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and use of warning systems. In the Sacramento River region, some current needs are 
better topographic mapping for use in determining floodplain boundaries; stream gage 
data from more streams; improved public awareness of flood issues in rural areas; 
and protection of emergency routes from flooding, particularly on Concow Creek in 
Butte County. 

Local funding for flood maintenance and construction projects has become less effective 
in recent years because of several factors: Heightened public awareness of the need 
to protect the environment has increase the cost of upkeep and improvement; concern 
for endangered species has made scheduling more complex; both environmental and 
endangered species conditions have made permits more difficult to obtain; measures 
to reduce taxation, especially on property, have rendered revenue increases difficult 
to achieve; and inflation has increased costs. Meeting the requirements of these new 
restraints has become a high-profile local challenge. Other funding-related concerns in 
the region are the structural integrity of levees bordering Sacramento and Natomas, and 
along Cache Creek near Woodland; vegetation in the channels of Little Chico Creek and 
Hangtown Creek; sediment removal after increased erosion following forest fires; and 
invasive vegetation in several places.

Wildfires may denude steep erodible slopes in canyons and upland areas above urban 
development below. Ensuing winter rains may threaten these areas not only with 
high water, but also with debris flows. In these situations, flooding may cause greatly 
increased damages to structures and other installations and may leave large amounts of 
sediment and other detritus.

Flood Planning
Thirteen of the 22 counties in this region have adopted hazard mitigation plans and one 
has annexed to the Association of Bay Area Governments Multi-Jurisdictional Local 
Hazard Mitigation Plan. For more information, see Accomplishments in this report.

FloodSAFE is a strategic initiative of DWR that seeks a sustainable integrated flood 
management and emergency response system throughout California that improves 
public safety; protects and enhances environmental and cultural resources; and supports 
economic growth by reducing the probability of destructive floods, promoting beneficial 
floodplain processes, and lowering the damages caused by flooding. FloodSAFE is 
guiding development of regional flood management plans. These plans will encourage 
regional cooperation in identifying and addressing flood hazards and will include flood-
hazard identification, risk analyses, review of existing measures, and identification of 
potential projects and funding strategies. The plans will emphasize multiple objectives, 
system resiliency, and compatibility with State goals and IRWM plans. 

FloodSAFE is responsible for the Central Valley Flood Management Planning 
(CVFMP) Program, the purpose of which is to improve integrated flood management 
in the Sacramento and San Joaquin valleys. The CVFMP Program study area includes 
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the watersheds of the Sacramento and San Joaquin rivers. The program is charged 
with development of three documents: the State Plan of Flood Control (SPFC), 
describing the flood management facilities, land, programs, conditions, and mode of 
operations and maintenance for the State-federal flood protection system in the Central 
Valley, anticipated by December 31, 2009; the Flood Control System Status Report, 
assessing the status of facilities in the SPFC, identifying deficiencies, and making 
recommendations for improvement, anticipated by December 31, 2010, and the Central 
Valley Flood Protection Plan (CVFPP), required by law by January 1, 2012, describing 
a sustainable, integrated flood management plan that reflects a system-wide approach for 
protecting areas of the Central Valley currently receiving protection from flooding by the 
existing facilities of the SPFC. Updates of the CVFPP are required every five years. 

Looking to the Future

Climate Change
The current expectations for future changes in California’s climate include:

Mean temperature increases from 2 to 6 degrees C. California’s complex terrain • 
will modulate the value locally.
Unknown change to precipitation totals, but an increase in extreme wet and dry • 
conditions. More precipitation will fall as rain than as snow in higher elevations.
Decreased snowpack particularly in the northern Sierra (up to 90 percent by 2100) • 
and earlier melt time.
Less mountain block recharge from snowpack expected with implications for long-• 
term support of regional aquifers.
Annual runoff concentrated more in winter months with more variability and • 
greater extremes.
Ecosystem challenges increased due to exacerbation of existing threats from above • 
changes

In addition to these projected changes, land surfaces in the Delta are subsiding slowly. 
The combination of subsidence and the historical sea level rise at the Golden Gate 
result in estimates of Delta sea level rise rates on the order of 0.7 feet per century. 
However, due to continued trends in global warming, sea level rise has been predicted to 
potentially reach 55 inches by the end of the 21st century.

These changes will increase the vulnerability of water resources infrastructure including 
flood control, water supply, and wastewater treatment and disposal. The changes will 
challenge the current operations procedures for our water resources infrastructure and 
impact the planning for new projects and further stress ecosystems. Many mitigation 
strategies are under way to reduce greenhouse gas emissions (AB 32), but adaptation 
strategies such as those in DWR’s climate change white paper (2008) will be needed to 
accommodate changes caused by climate change. 
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Future Scenarios
For Update 2009, we evaluated different ways of managing water in California 
depending on alternative future conditions and different regions of the state. The 
ultimate goal is to evaluate how different regional response packages, or combinations 
of resource management strategies from Volume 2, perform under alternative possible 
future conditions. The alternative future conditions are described as future scenarios. 
Together the response packages and future scenarios show what management options 
could provide for sustainability of resources and ways to manage uncertainty and risk at 
a regional level. See Box SR-4 for scenario descriptions.

Total�Demand�Change
Change in total water demand in the Sacramento River hydrologic region for the three 
scenarios, Current Trends, Slow & Strategic Growth and Expansive Growth, is shown 
in Figure SR-4. The change in water demand is based on the difference between the 
historical average (1998-2005) and future average (2043-2050) water demands. Future 
water demand is shown with and without climate change. The change in demand without 
climate change is shown with solid bars and those with climate change are shown with 
hatched bars. As shown in the figure, water demand without climate change (solid 
bar) varies significantly between the Current Trends scenario (225 thousand acre-feet) 

Update 2009 uses three baseline scenarios to better 
understand	the	implications	of	future	conditions	on	water	
management decisions. The scenarios are referred to as 
baseline because they represent changes that are plausible 
and	could	occur	without	additional	management	intervention	
beyond	those	currently	planned.	Each	scenario	affects	water	
demands and supplies differently.

�Scenario�1�–�Current�Trends.�•	 For	this	scenario,	recent	
trends	are	assumed	to	continue	into	the	future.	In	2050,	
nearly 60 million people live in California. Affordable 
housing	has	drawn	families	to	the	interior	valleys.	
Commuters	take	longer	trips	in	distance	and	time.	In	
some	areas	where	urban	development	and	natural	
resources	restoration	has	increased,	irrigated	crop	land	
has	decreased.	The	state	continues	to	face	lawsuits:	
from	flood	damages	to	water	quality	and	endangered	
species protections. Regulations are not comprehensive 
or	coordinated,	creating	uncertainty	for	local	planners	and	
water	managers.

�Scenario�2�–�Slow�&�Strategic�Growth.�•	 Private,	public,	
and governmental institutions form alliances to provide 
for	more	efficient	planning	and	development	that	is	less	

resources intensive than current conditions. Population 
growth	is	slower	than	currently	projected—about	45	million	
people live here. Compact urban development has 
eased	commuter	travel.	Californians	embrace	water	and	
energy conservation. Conversion of agricultural land to 
urban	development	has	slowed	and	occurs	mostly	for	
environmental	restoration	and	flood	protection.	State	
government implements comprehensive and coordinated 
regulatory	programs	to	improve	water	quality,	protect	fish	
and	wildlife,	and	protect	communities	from	flooding.	

�Scenario�3�–�Expansive�Growth.�•	 Future conditions 
are more resource intensive than existing conditions. 
Population	growth	is	faster	than	currently	projected	with	
70 million people living in California in 2050. Families 
prefer	low-density	housing,	and	many	seek	rural	residential	
properties,	expanding	urban	areas.	Some	water	and	
energy	conservation	programs	are	offered	but	at	a	slower	
rate than trends in the early century. Irrigated crop land 
has	decreased	significantly	where	urban	development	
and natural restoration have increased. Protection of 
water	quality	and	endangered	species	is	driven	mostly	by	
lawsuits,	creating	uncertainty.

Box SR-4  Scenario�Descriptions
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Figure SR-4 �2050�water�demand�changes,�Sacramento�River�Hydrologic�Region

and the Expansive Growth scenario (733 thousand acre-feet). The Slow & Strategic 
Growth scenario shows a reduction in water demand (360 thousand acre-feet) over the 
planning horizon. When considering the 12 climate change alternatives (hatched bar), a 
pronounced variation in future water demand is shown under all three scenarios. 

Urban�Demand�Change
Figure SR-4 shows urban water demand change in the Sacramento River region with 
and without climate change under the Current Trends, Slow & Strategic Growth and 
Expansive Growth scenarios. Without climate change, all three scenarios show an 
increase in urban water demand relative to historical water use. Expansive Growth, 
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however, shows higher water demand when compared with Current Trends growth; 
an increase of 700 with Current Trends to 1,010 thousand acre-feet with Expansive 
Growth scenario. This shows relative effect of urban growth in Sacramento River 
region on future demand for water. The Slow & Strategic Growth scenario, with a 
lower population increase than the other scenarios shows an increase in demand of 
220 thousand acre-feet. When climate changes is factored in, all three scenarios show 
a relatively moderate increase in urban water demand relative to demands without 
considering climate change. 

Agricultural�Demand�Change
Change in agricultural water demand in the Sacramento River hydrologic region is 
shown in Figure SR-4. Agricultural water demand declines due to reduction in irrigated 
acreage and increases in background water conservation. Without climate change (solid 
bar), the Slow & Strategic Growth scenario shows a reduction of 970 thousand acre-
feet), followed by the Current Trends scenario (750 thousand acre-feet). Under the 
Expansive Growth scenario, however, agricultural demand shows a lower reduction 
of about 495 thousand acre-feet. When climate change is considered (hatched bar), 
a wide variation in future water demands is shown. As shown in the figure, climate 
change results in a large increase in water demand under certain drier and warmer 
climate scenarios. For example, under Expansive Growth scenario, water demand varies 
between a reduction of 530 thousand acre-feet under milder climate to an increase of 
about 280 thousand acre-feet. 

Environmental�Demand�Change
Figure SR-4 shows environmental demand change in the Sacramento River region. 
Future environmental water demand is based on historical unmet demand and indexed 
to climate. Without climate change, the Slow & Strategic Growth scenario shows the 
most increase in water demand (390 thousand acre-feet) and Expansive Growth shows a 
relatively smaller amount (220 thousand acre-feet). This is due to assumption that more 
water will be provided under the Slow & Strategic Growth scenario than the other two 
scenarios. When climate change is factored in, Slow & Strategic Growth shows a larger 
range of additional water demands.
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Appendix A. Flood Management
Historic Floods

Flood�Parameters
Table SRA-1, Record floods for selected streams, is based on US Geological Survey 
records. The stations were selected from all USGS gaging stations in the hydrologic 
region, according to the criteria in Box SRA-1. Canyons are omitted, unless particularly 
important to the overall flood situation.

Flood�Descriptions
Early Floods. Flood information prior to 1850 is sparse and based largely on local 
native and early settler eyewitness accounts. Extensive settling of California followed 
the discovery of gold. Systematic recording of stream flows also began around this 
time. Between 1850 and 1900, a number of great floods were documented, and accurate 
data for rainfall conditions and crest stages are available for some areas. Large floods 
occurred in 1850, 1852, 1853, 1861, 1862, 1867, 1868, 1878, 1881, 1886, 1889, 1890, 
and 1891. The early 20th century saw large flood events in 1904, 1907, 1909, 1911, 
and 1928.

1861-1862 Flood. Most notable of the 19th century floods was the “Great Flood” of 
1861-1862. These floods were remarkable for the exceptionally high stages reached 
on most streams, repeated large floods, and prolonged and widespread inundation in 
the Sacramento River basin. Lower elevations experienced heavy rain, while upper 
elevations saw continuous snowfall. There were reports published during this flooding 
period describing the lower Sacramento River basin as one vast sea of water. Overflow 
from the American River led to the flooding of the City of Sacramento, causing loss of 
life and property, while flooding from the Sacramento River enveloped large sections 
of the lowlands around Colusa, severely damaging ranches and drowning or starving 
cattle. It was this flood that provided the impetus for raising the levees around the City 
of Sacramento. 

1950 to 1980. Between the years of 1950 and 1980, several sizeable floods inundated 
the Sacramento River basin. The floods of 1955, 1964, 1967, 1969, 1970, and 1974 were 
all characterized by extremely large flows, including record flows at some locations. 
The Sacramento River Flood Control Project and other flood management programs had 
been implemented, and project levees, dams, reservoirs, and waterways were employed 
to control much of the flood flows through the Sacramento system. However, local 
flooding, mostly on agricultural lands, still occurred. For example, the floodwaters of 
1964 inundated an estimated 222,500 acres within valley floor areas of the Sacramento 
River Basin. Many cities and towns along the Sacramento River and tributaries were 
threatened by high water, but suffered only minimal flooding. Severe flooding occurred 
in the mountain communities of Chester, Downieville, and Coloma. Mountain highways, 

Box SRA-1   Selection 
Criteria

The	watercourse	•	
must be a natural 
stream	with	a	
watershed	of	at	least	
100 square miles. 

The station must •	
have a reasonably 
continuous record of 
discharge from 1996 
to the present.

The station must •	
be far enough from 
other stations on 
the same river to 
reasonably represent 
a separate condition.

Stations	in	well	•	
defined	watercourse	
locations such as 
deep canyons are 
omitted,	unless	
particularly important 
to	the	overall	flood	
situation.
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roads, bridges, public recreation areas, and cabins were extensively damaged. The 
flood of 1970 brought inundation to approximately 550,000 acres, including portions of 
several small towns.

1980 to the present. Since 1980, several extremely large and devastating flood events 
have occurred in the Sacramento River basin. The floods of 1983, 1986, 1995, and 1997 
caused extensive damage to the flood management system of the Sacramento Valley, 
and led to a substantial re-assessment of and repairs to flood control infrastructure. 
The floods of 1983 and 1995 were both brought on by El Niño weather conditions. 

Table�SRA-1� �Record�floods�for�selected�streams,�
Sacramento River Hydrologic Region

Stream Location
Mean annual 
runoff�(taf)

Peak�stage�
of�record�(ft)

Peak�
discharge�of�
record�(cfs)

Sacramento R. at Freeport 17,2702 129.61,	3 117,000

Sacramento R. at Verona 14,5002 42.11 102,000

Sacramento R. at Colusa 8,5182 69.21 51,800

Sacramento R. above	Bend	Bridge,	 
near Red Bluff

9,5142 36.61 170,000

Sacramento R. at	Keswick 7,4362 32.71 81,400

Putah Cr. near Winters 3492 19.6 18,700

American R. at	Fair	Oaks 2,7192 28.0 134,000

Cache Cr. at Yolo 392 86.41 41,400

Sacramento Weir Spill 
to Yolo Bypass4

near Sacramento 1572 33.01 128,000

Yolo Bypass near Woodland 2,3402 34.9 374,000

Feather R. at Oroville 4,4912 25.5 161,000

Bear R. near Wheatland 2992 24.31 48,000

Yuba R. near Marysville 1,7462 91.6 161,000

Butte Cr. near Chico 301 17.51 35,600

Deer Cr. near Vina 235 19.21 24,000

Mill Cr. near Los Molinos 222 23.4 36,400

Battle Cr. below	Coleman	
Fish	Hatchery,	near	
Cottonwood

3702 15.81,	3 34,0003

Cottonwood	Cr. near	Cottonwood 650 21.6 86,000

Cow	Cr. near Millville 503 26.81,	3 48,700

Pit R. near Montgomery 
Creek

3,5522 74.71 73,000

McCloud R. above	Shasta	Lake 5672 29.0 51,300
taf	=	thousand	acre	feet;	ft	=	feet;	cfs	=	cubic	feet	per	second

1 Different date than discharge

2 Most recent but less than period of record

3 Outside period of record

4	No	flow	for	all	or	most	of	each	year
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Extremely wet conditions coupled with voluminous Sierra runoff led to very high river 
stages throughout the system. Tropical storms in December 1996 and January 1997 
added more than 30 inches of rain to already saturated soils, leading to record flows that 
stressed and overwhelmed the weakened flood control system. Widespread levee failures 
and damages exceeding $301 million from the 1997 event highlighted the need for a 
concentrated effort to rehabilitate the flood control system.

Flood Governance
Many federal, State, and local agencies have responsibilities in the overall effort to 
manage floods. The principal participants in the Sacramento River Hydrologic Region 
and their activities are listed in Table SRA-2, Flood management participants. Most 
listed activities are self-explanatory. Descriptions of some are:

Flood project development. • Performing feasibility studies, planning, and design of 
constructed facilities.
Encroachment control. • Establishing, financing and operating a system of 
permitting and enforcing permits to encroach on constructed facilities.
Floodplain conservation or restoration. • Any overt activity causing part of a 
floodplain to remain in effect or to be reinstated as a watercourse overflow area.
Flood insurance administration or participation. • Contribution to the 
management of or acting as a sponsor and cooperator in the National Flood 
Insurance Program including the Community Rating System.
Hydrologic analysis. • Hydrologic or statistical analysis of collected 
hydrometeorological data.
Flood education. • Informing the general public about any aspect of flood 
management; publishing or broadcasting collected hydrometeorological data or 
other flood-related material.
Recovery operations. • Financing or performing any activity intended to return 
flood-impacted facilities or persons to normal status.
Event management system administration. • Oversight of the National Incident 
Management System/Standardized Emergency Management System (NIMS/SEMS) 
as applied to California. 

Flood Risk Management

Structural�Approaches
The Sacramento River Flood Control Project, including its several follow-up and 
continuing projects, is the State’s most extensive flood control system. It extends over a 
distance of more than 180 miles, from Ord Ferry in Glenn County to Sherman Island in 
the Delta. It includes 1,103 miles of levees on the Sacramento, Feather, Yuba, Bear, and 
American Rivers and other tributary streams, outlying facilities at Clear Lake and Lake 
Almanor, and two major bypasses through historic floodways with five overflow weirs 
modulating bypass flows. Operation of the project is coordinated with five major flood 
control reservoirs. The project is depicted in Figure SRA-1, Sacramento River Flood 
Control Project. 
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Table�SRA-2� �Flood�management�participants,�Sacramento�River�Hydrologic�Region

Note: FCWCD=Flood Control and Water 
Conservation District

Structural 
approaches

Land�use� 
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Federal�agencies
National Weather Service    

Natural Resources Conservation Service       

US Geological Survey    

US Army Corps of Engineers   

US Bureau of Reclamation                

State�agencies

California Conservation Corps  

Central Valley Flood Protection Board   

Department of Corrections 

Department of Forestry and Fire Protection 

Department of Water Resources                  

CA Emergency Management Agency      

Local�agencies
County emergency services units   

County planning departments 

County building departments 

Local	flood	maintenance	organizations   

Local conservation corps  

Local initial responders to emergencies   

Lake	County	Watershed	Protection	District       

Napa County FCWCD      

Placer County FCWCD  

Plumas County FCWCD   

Sacramento Area Flood Control Agency    

Sutter-Butte Flood Control Agency    

Sutter County Water Resources Division    

Tehama County FCWCD        

West Sacramento Flood Control Agency    

Three Rivers Levee Improvement Authority

Yolo County FCWCD
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Figure SRA-1 �Sacramento�River�Flood�Control�Project
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Table�SRA-3� �Flood�control�facilities,�Sacramento�River�Hydrologic�Region

Facility Stream
Owner 
(Sponsor) Description Protects

RESERVOIRS�AND�LAKES
Shasta L. Sacramento R. USBR,	USACE 1,300	taf	flood	

control
Redding,	Sacramento	R.	basin

Black	Butte	L. Stony Cr. USACE 136	taf	flood	
control

Stony	Cr.	vicinity,	Sacramento	R.	
and	Butte	basins,	Hamilton	City,	
Orland

New	Bullards	Bar	
Res.

North Yuba R. Yuba	Co.	WA,	
USACE

170	taf	flood	
control

Marysville,	Yuba	City,	Yuba,	
Feather and Sacramento R. 
basins

L. Oroville Feather R. DWR,	USACE 750	taf	flood	
control

Marysville,	Oroville,	Yuba	City,	
Feather R. and Sacramento R. 
basins

Indian Valley Res. North	Fork	Cache	Cr. Yolo Co. 
FCWCD

40	taf	flood	control	 Cache Cr. vicinity

Folsom L. American R. USACE,	USBR 400	taf	flood	
control

Folsom,	Sacramento,	American	
and Sacramento R. basins

Adobe	Creek Adobe Cr. Lake	Co.	DPW	
(NRCS)

3 maf and 625 af 
flood	control,	
channels

West	of	Kelseyville

NON-STORAGE�FLOOD�CONTROL�FACILITIES
Sacramento River 
Flood Control 
Project and related 
projects (American 
River	Levee,	Cache	
Creek	Basin,	
Sacramento River 
and Major and 
Minor	Tributaries,	
Sacramento River 
Bank	Protection,	
Colusa Trough 
Drainage	Canal)

Sacramento	R.,	Feather	R.,	
Wadsworth	Canal,	East	Interceptor,	
West	Interceptor,	Yuba	R.,	Bear	R.,	
WP	Interceptor	Canal,	American	
River,	Elder	Cr.,	Deer	Cr.,	Mud	Cr.,	
Sycamore	Cr.,	Big	Chico	Cr.,	
Lindo	Channel,	Butte	Cr.,	Butte	Cr.	
Diversion	Channel,	Cherokee	Canal,	
Honcut	Cr.,	Dry	Ck.,	Yankee	Slough,	
Coon	Cr.,	Pleasant	Grove	Cr.,	
Natomas	Cross	Canal,	Natomas	E.	
Main	Drain,	Magpie	Cr.,	Linda	Cr.,	
Arcade	Cr.,	Colusa	Drain,	Sutter	
Bypass,	Colusa	Bypass,	Tisdale	
Bypass,	Sacramento	Bypass,	Yolo	
Bypass,	Butte	Slough,	Knights	
Landing	Ridge	Cut,	Cache	Creek,	
Willow	Slough	Bypass,	Putah	Creek,	
Steamboat	Slough,	Sutter	Slough,	
Elk	Slough,	Three	Mile	Slough,	
Georgiana	Slough,	Cache	Slough,	
Haas	Slough,	Lindsey	Slough,	
Barker	Slough,	Shag	Slough,	Miner	
Slough,	Liberty	Island

USACE 
(CVFPB and 
many local 
maintaining 
agencies)

Levees,	bypasses,	
pumping	plants,	
weirs,	settling	
basin,	bank	
protection

Chico,	Colusa,	Woodland,	
Marysville,	Yuba	City,	
Sacramento,	many	smaller	
communities,	rural	property	in	
the	Sutter,	Natomas,	American,	
Butte,	Colusa,	and	Sacramento	
basins	and	vicinity,	some	
northern Delta islands

N.	Fork	Feather	
River at Chester

N.	Fork	Feather	R. USACE 
(CVFPB)

Diversion	dam,	
channel,	levees

Chester

Chico Landing to 
Red Bluff

Sacramento R. USACE 
(CVFPB)

Bank	protection Sacramento River vicinity from 
Chico to Red Bluff

Middle	Creek Middle	Cr.,	Clover	Cr.,	Scotts	Cr.,	
Alley	Cr.,	Page	Cr.

USACE 
(CVFPB,	Lake	
Co.	WPD)

Levees,	diversion	
channel,	pumping	
plant

Upper	Lake	and	vicinity
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The principal reservoirs and non-storage facilities contributing to flood control are listed 
in Table SRA-3 Flood control facilities.

Disaster�Preparation,�Response,�and�Recovery
Management of flood emergencies is the responsibility of many organizations and 
individuals. Response is required by law to conform to SEMS, under which action is 
taken by levels of organization. It is begun by the person or organization on the site. 
That entity resists personal injury and property damage to the best of its ability, only 
calling on the next level when its resources become insufficient, and succeeding levels 
follow the same procedure. Table SRA-4, Flood emergency responders, indicates the 
responsible entities at successive levels of response. 

Table SRA-5 is a list of stream forecast points that can be used in the Advanced 
Hydrologic Prediction Service of National Weather Service.

Table�SRA-4� �Flood�emergency�responders,�Sacramento�River�Hydrologic�Region

Responder Level Comment
Person(s)	or	organization(s)	on	the	site 0 Any emergency

Emergency services units of the 49 cities in the region 1 Any emergency

Emergency services units of the 22 counties in the region 1 or 2 Any	emergency,	and	by	request	from	Level	1	responders

CA	Department	of	Water	Resources	(DWR) 2 Flood	Operations	Center,	flood	fight,	and	USACE	liaison

California	Emergency	Management	Agency	(Cal	EMA),	 
Inland Region

3 Any	emergency,	Alpine,	Amador,	Butte,	Colusa,	El	Dorado,	
Glenn,	Lassen,	Modoc,	Nevada,	Placer,	Plumas,	Sacramento,	
Shasta,	Sierra,	Siskiyou,	Sutter,	Tehama,	Yolo,	and	Yuba	
Counties,	by	request	of	county	(operational	area)

California	Emergency	Management	Agency,	 
Coastal Region

3 Any	emergency,	Lake,	Napa	and	Solano	counties,	by	request	of	
county

US	Army	Corps	of	Engineers	(USACE) 3 Specified	water-related	emergencies,	by	request	of	DWR

California Conservation Corps 3 Personnel	and	equipment	for	flood	fight

CA Department of Forestry and Fire Protection 3 Personnel	and	equipment	for	flood	fight

California	Emergency	Management	Agency,	 
Headquarters

4 All	emergencies,	entire	hydrologic	region,	by	request	of	Cal	EMA	
Region

Facility Stream
Owner 
(Sponsor) Description Protects

N.	Fork	Pit	River Pit R. USACE Improved channel Alturas

Ulatis	Creek Ulatis Cr. NRCS Channels Vacaville and vicinity

Table�SRA-3� �Flood�control�facilities,�Sacramento�River�Hydrologic�Region�(Continued�)
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Regional Water and Flood Planning 
and Management

Integrated Regional Water Management
Of 10 Integrated Regional Water Management (IRWM) plans that include part of the 
Sacramento River Hydrologic region, eight address flood control issues. The American 
River Basin IRWM Plan identifies 17 flood or storm water management projects and 
highlights five as flood control projects of the Sacramento Area Flood Control Agency. 
The Cosumnes, American, Bear, Yuba Region IRWM Plan recommends projects that 
reduce flood damages to existing water resource infrastructure and also notes the 
connection between flood control and ecosystem benefits. The Upper Feather River 
IRWM Plan seeks to minimize flood damages by promoting projects that increase 
floodwater retention via higher interception and infiltration rates, and projects that 
maintain/restore channel capacities by retarding high sediment yields resulting from 
poor land use practices. Though the Solano Agencies IRWM Plan lists no flood control 
infrastructure to be constructed in the near term, it does discuss updating its flood control 
plan and flood-hazard maps and establishing more clearly its flood control duties with 
other agencies and evaluating the safety of its major structures such as Monticello Dam, 
which impounds Lake Berryessa. The Sacramento Valley IRWM Plan, Yolo County 
IRWM Plan, Lake County IRWM Plan, and Yuba County IRWM Plan also address flood 
control issues.

Table�SRA-5� �Advanced�Hydrologic�Prediction�Service�stream�forecast�
points,�Sacramento�River�Hydrologic�Region

River�Basin Stream Location

Sacramento River American River Folsom	Lake

Sacramento River Feather River Lake	Oroville

Sacramento River McCloud River Shasta	Lake

Sacramento River Middle	Fork	American	River Foresthill

Sacramento River Middle	Fork	American	River French	Meadows	Reservoir

Sacramento River North	Fork	American	River North	Fork	Dam

Sacramento River North	Fork	Feather	River Lake	Almanor

Sacramento River North Yuba River New	Bullards	Bar	Reservoir

Sacramento River Pit River Canby

Sacramento River Pit River Montgomery	Creek

Sacramento River Rubicon River Hell Hole Reservoir

Sacramento River Sacramento River Delta

Sacramento River Sacramento River Shasta	Lake

Sacramento River Silver	Creek Union Valley Reservoir 

Sacramento River South	Fork	American	River Chili Bar Reservoir

Sacramento River Yuba River Englebright Reservoir
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Appendix B. Water Quality
Salinity

Over the years, the Central Valley Regional Water Quality Control Board (Regional 
Water Board) has been aware of the growing problem of increasing salinity in the 
Central Valley. The salinity impairment of surface water and groundwater in this 
region is a subset of a more far-reaching problem shared by most of California, other 
arid western states, and much of the developed world. When water is used, salts are 
left behind. Sometimes this salt is intentionally added (e.g., home water softeners, 
plant fertilizers), but even when no salts are added to the system, evaporation and 
consumptive use act to concentrate unused salts. Additionally, salts move with water 
so salts originating in one basin will turn up in another. Salinity increases can affect 
municipal, agricultural, and industrial beneficial uses of water. Salinity increases in 
municipal use can affect the ability to recycle and reuse municipal wastewater.

The Regional Water Board and stakeholders have formed a salinity policy group to 
work on solutions to the Central Valley salinity problem. The goal of the Central Valley 
Salinity Alternatives for Long-Term Sustainability (CV-SALTS) efforts is to maintain 
a healthy environment and a good quality of life for all Californians by protecting the 
State’s water. Protecting high quality source waters should be part of the solution. These 
solutions are beyond the board’s jurisdiction and require cooperation by a number of 
local, State, and federal agencies. Solutions within the board’s jurisdiction need to be 
incorporated into the board’s Basin plans1. Basin plan amendments that the board could 
consider might result in more restrictive discharge limits, requirements to conduct costly 
studies, implementation of treatment measures or projects to manage salt, and potentially 
prohibition of certain discharges. Design, construction, and operation of infrastructure 
necessary to control salinity also will be expensive. Failure to control salinity, however, 
will result in continued decline of Central Valley water quality at an enormous cost to all 
water users, eventually creating even greater hardship for the environment, agriculture, 
industry, municipal utilities, and the entire economy of the valley and the state. In the 
meantime, the board has been including requirements in permits and waste discharge 
requirements to study ways to reduce salt loads. 

Pesticides
The Basin Plan amendments and many of the impairments are associated with irrigated 
agricultural activities. The Regional Water Board’s Irrigated Lands Regulatory Program 
(ILRP) implements the basin plan amendments and addresses the agricultural sources 
of pesticide impairments. ILRP was established in 2002 in response to amendments to 
the California Water Code section 13269 which required the termination of a waiver of 
Waste Discharge Requirements that had applied to irrigated land discharges for decades. 

1 The Central Valley Regional Water Quality Control Board has adopted two basin plans to cover the Central Valley: 
(1) The Water Quality Control Plan for the Sacramento River and the San Joaquin River Basins, and (2) The Water 
Quality Control Plan for the Tulare Lake Basin.
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ILRP addresses all water quality issues in irrigation and storm water runoff from about 
7 million acres of irrigated lands, from near-desert to temperate rainforest climates, 
hundreds of crop types, and tens of thousands of individual farming operations.

Program staff works with growers and third party coalitions that represent growers 
to conduct monitoring to identify water quality problems and then to implement 
management plans to address identified water quality problems. Staff is developing a 
long-term regulatory program to address both surface water and groundwater; processes 
and procedures to improve the timeliness and completeness of data evaluation; studies to 
determine the effectiveness of management practices to address identified water quality 
problems; enrollment of non-compliance growers in the program; increased outreach 
and enforcement to ensure that water quality protection becomes routine in all farming 
operations; and increased compliance and enforcement efforts.

Many of the pesticide impairments are due to chlorpyrifos and diazinon. Sale of both 
diazinon and chlorpyrifos for use in indoor and outdoor areas where children could 
be exposed was cancelled by recent US Environmental Protection Agency (EPA) 
regulations. The ban on residential uses of chlorpyrifos and diazinon should reduce 
the potential for water quality impacts from these pesticides in urban areas. The 
Regional Water Board is evaluating data for pesticide impairments for urban streams 
in the Sacramento metropolitan area for potential delisting from the Clean Water Act 
section 303(d) list of impaired water bodies.

Central Valley Water Board Rice Program. In the early 1980s, the Regional 
Water Board established a Rice Pesticide Program to address impacts to beneficial 
uses attributed to rice pesticides, including fish kills in agricultural drains and taste 
complaints in the City of Sacramento drinking water supply. The board formalized 
the Rice Pesticide Program in 1990 by amending the Basin Plan to include an 
implementation program for the control of rice field discharges and set performance 
targets for five pesticides. The program includes monitoring, compliance and 
enforcement components. The county agricultural commissioners implement the 
program. The core of the program consists of water management practices that require 
farmers to hold pesticide-laden water on the field until pesticides degrade to a level 
protective of aquatic life. Sampling results indicate that the program has resulted in 
full compliance with the performance goals and the water quality objectives. Overall, 
the program has proven to be highly successful in reducing the threat to aquatic life 
posed by rice field discharges and has resulted in significant reductions in rice pesticide 
concentrations in waterways through the modification of management practices.

Nitrates and Other Groundwater Contaminants
Groundwater is a primary water supply in many instances, but in many places it is 
impaired or threatened because of elevated levels of nitrates and salts derived principally 
from irrigated agriculture, dairies, discharges of wastewater to land, and from disposal of 
sewage from both community wastewater systems and septic tanks. In the Sacramento 
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Valley and foothills, discharges from septic tanks are a significant water quality concern 
(Regional Water Board 2004).

California’s Groundwater Update 2003 (Department of Water Resources Bulletin 118) 
includes a summary of water quality from public supply water wells sampled from 
1994 to 2000. In the Sacramento River Basin, 74 of 1,356 wells had constituents that 
exceeded one or more of the State’s maximum contaminant levels for drinking water. 
The most frequently exceeded constituents were nitrates, volatile/semi-volatile organic 
compounds, and inorganic chemicals. Bulletin 118 notes that groundwater quality is 
generally excellent, but that there are areas with local groundwater problems such as 
natural water quality impairments at the north end of the Sacramento Valley and along 
the margins of the valley and around the Sutter Buttes, where Cretaceous-age marine 
sedimentary rocks containing brackish to saline water are near the surface. Human-
induced impairments in this area are generally associated with individual septic system 
development in shallow unconfined portions of aquifers or in fractured hard rock areas 
where insufficient soil depths are available to properly treat effluent before it reaches the 
local groundwater supply.

A State Water Resources Control Water Board report to the State Legislature on Nitrate 
in Drinking Water (State Water Board 1988) reported that 10 percent of the samples in 
STORET (EPA database) were above the primary maximum contaminant level  
(10 milligrams per liter nitrate as nitrogen). A geographical depiction of wells with 
levels of nitrate above background (greater than 4.5 mg/L nitrate as nitrogen) shows 
highest densities in the Central Valley are close to Highway 99 corridor and primarily 
around population centers (e.g., Modesto, Yuba City, Fresno, and Bakersfield) and 
concentrated animal confinement areas (e.g., feedlots and dairies).

The primary health concerns with the consumption of water with elevated nitrate is the 
condition known as methemoglobinemia, more commonly known as the “blue baby 
syndrome.” It is the interference by nitrate byproducts in the absorption of oxygen by 
hemoglobin in the blood. The nitrogen byproduct combines with hemoglobin to form 
methemoglobin, which is much less efficient in transporting oxygen. Infants younger 
than a year old are most susceptible; the oxygen deficit in the blood stream produces 
blue coloration of the lips and skin hence the term “blue baby.” More severe cases  
result in death.

The primary sources of nitrate in groundwater are application of nitrogen fertilizers, 
disposal or reuse of animal waste at confined animal production facilities, and disposal 
of human sewage either in community sewer systems or individual sewer systems 
(septic systems).

Areas of intensive crop production in highly permeable soils, especially of crops with a 
high nitrogen demand (e.g., vegetables, citrus, and silage corn), are known or suspected 
of causing elevated nitrate levels in the groundwater (e.g., Salinas Valley, the Chico 
non-urban area and Hilmar Area of Merced County). Groundwater in crop production 
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areas can become contaminated with nitrate when nitrogen fertilizers are applied at 
rates in excess of crop use and inefficient irrigation or high rainfall leach the nitrate 
to groundwater. Other factors that put groundwater at risk are a shallow aquifer, the 
absence of a restricting layer to vertical migration of nitrate, permeable soils, and poor 
well construction. ILRP may address some of these issues by identifying impacts and 
requiring development and practices to reduce and/or eliminate the impacts.

The Regional Water Board adopted general waste discharge requirements in May 2007 
to control discharges from the 1,550 milk cow dairies in the Central Valley. The board 
found that many dairies in the region have impacted groundwater quality with salt and 
nitrates. The general waste discharge requirements provide for a phased approach with 
several milestones that culminate in five years with discharger certifications of facility 
retrofit and implementation of the Nutrient Management Plan with the goal of reducing 
salt and nitrate contamination. This program is implemented with the cooperation of 
the industry. The California Dairy Quality Assurance Program, with assistance from 
Regional Water Board staff, has developed and held workshops to provide education and 
outreach to help dairy producers comply with the general waste discharge requirements.

As of July 2008, there were 63 dairies with 36,073 cows in the Sacramento River 
Hydrologic Region. One of these dairies is also in the Mountain Counties area. Over 
three-quarters of the dairies (two-thirds of the cows) are in Glenn County. 

The Central Valley has approximately 600,000 individual onsite systems (equivalent 
dwelling units). Collectively, these systems daily discharge approximately  
120 million gallons to the subsurface. Pollutants of concern in these discharges  
consist primarily of nutrients and pathogens; but metals, salts, and personal care 
products (e.g. pharmaceuticals) are also a concern. 

The Regional Water Board developed “Guidelines for Waste Disposal from Land 
Developments” (1976) to protect drinking water beneficial uses and human health 
concerns from contact. Since then, regulatory agencies have not had adequate 
opportunity to evaluate many developments in the onsite disposal industry, especially in 
foothill areas that have shallow soil cover and sloping surfaces.

In 2000, the legislature passed Assembly Bill 885, which required the State Water Board 
to develop regulations for onsite wastewater systems that ought to include criteria to 
evaluate new engineered onsite disposal systems. However, these regulations have not 
yet been adopted.

In the past, the Regional Water Board has prohibited discharge in problematic 
service areas. In the Sacramento River Hydrologic Region, the board has adopted 
13 prohibitions of discharge from individual sewage disposal systems. Currently, 
12 of these areas are served by community sewage systems. The other area is the Chico 
Urban Area in Butte County. The prohibition for the Chico Urban Area covers about 
12,000 systems. As of 2008, approximately 1,500 have been sewered. The county/
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city plan to sewer about 6,500 more in phases over the next 5 to 6 years and provide a 
groundwater monitoring program. 

The widespread nitrate contamination of the aquifers in the Chico Urban Area is one 
example of what can occur if septic tank systems are not properly sited. There are likely 
other areas in the region that have groundwater contamination problems due to onsite 
wastewater treatment systems, but this potential problem has not been investigated.

Recent septic tank failures that involved the Regional Water Board included leachfields 
serving a Caltrans rest area and an recreation vehicle park. These failures were identified 
by routine review of monitoring reports and complaints. This highlights an issue that 
septic tank or leachfield failures may not be detected if those sites have minimal or no 
monitoring requirements.

Legacy Mine Impacts
Legacy mining activities have impacted many of the water bodies in the Sacramento 
River Hydrologic Region. Mining impacts include mercury, copper, zinc, cadmium, 
arsenic, and other metals. 

Mercury mines in the Cache Creek and Putah Creek watersheds have caused mercury 
impairments to these waterways. Gold mines in the Sierra have also caused mercury 
impairments from the use of mercury to amalgamate with gold. Less well known 
than the gold in the Sierra is the gold in the Klamath-Trinity Mountains resulting in 
mercury impairments in Clear Creek in Shasta County. The Office of Health and Human 
Assessment has issued fish advisories for Black Butte Reservoir, Bear Creek, Clear 
Lake, Cache Creek, Lake Berryessa, Putah Creek, the Lower Feather River, lakes on the 
Bear and Yuba rivers, Lake Natomas, and the Lower American River due to the mercury 
levels in the fish.

The Regional Water Board has adopted mercury and methylmercury control programs 
for Clear Lake and the Cache Creek watershed; these control programs focus on 
controlling discharges from mercury mines. The programs have already resulted in 
the summer 2007 cleanup of the Abbott and Turkey Run mercury mines located in 
the headwaters of Harley Gulch, a tributary to Cache Creek. Staff involved EPA in 
the cleanup, and EPA worked with the mine’s responsible party and their construction 
contractor to complete the work. The project stabilized an estimated 20,000 pounds of 
mercury and 400,000 cubic yards of mine waste by grading the surface to remove very 
steep slopes and relocating wastes. Mine wastes were pulled back from Harley Gulch. 
The wastes were covered with two feet of clean material, and the contractor built surface 
water run-on and runoff controls to protect the cap and reduce erosion and slope failure. 
The old mill processing buildings, 30-ton rotary furnace, bricks, and other hazardous 
materials were removed from the site and either shipped to a disposal site in Nevada or 
sent to mining museums. In addition, runoff from a spring at Turkey Run was diverted 
around mine wastes.
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Water bodies in the “Copper Crescent” in Shasta County are impaired due to the 
elevated levels of copper, cadmium, zinc, and lead. These metals are naturally occurring 
elements that are toxic to aquatic life at elevated concentrations; although, these 
concentrations that are toxic to aquatic life may not be high enough to cause human 
health impacts. The Iron Mountain Mine, northwest of Redding, was one of the largest 
contributors of these metals to the Sacramento River. Prior to remedial activities, the 
Iron Mountain Mine discharged approximately 650 pounds of copper and 1,800 pounds 
of zinc daily into the Sacramento River. The site was placed on the National Priorities 
List, and remedial activities were implemented by the EPA under the Federal Superfund 
program. More than $200 million has been spent on the site with an additional  
$700 million available for future operations of the acid mine drainage conveyance and 
treatment system. The treatment plant cost more than $30 million to build and operations 
and maintenance costs range between $5 million and $7 million per year depending on 
precipitation, which affects the generation of acid mine drainage.

The treatment system is designed to treat a maximum of 8,000 gallons per minute 
during extreme storm periods. Unless some other technology is developed in the future, 
treatment will be required for an estimated 2,000 years. Overall discharges of metals 
(copper, zinc, and cadmium) to the Sacramento River have been reduced by 95 percent. 
Despite these enormous efforts, the effluent from the treatment plant cannot meet water 
quality objectives for cadmium and zinc, or objectives for sulfates, aluminum, iron, 
and other metals. Further, the streams adjacent or immediately downstream from Iron 
Mountain Mine, including lower Spring Creek and Bolder Creek, will never support a 
typical aquatic community due to the contribution of nonpoint sources that cannot be 
controlled. Any aquatic organisms that do live in these watercourses are limited to algae 
and invertebrates that are adapted to a low pH and high metal environment. Fish will 
never exist in these streams.

Similar reductions of metals have also been achieved in the West Shasta Copper Mining 
District. Early prospectors used naturally occurring acid rock drainage as an exploration 
tool to locate mineralized deposits; however, this naturally occurring acid rock drainage 
was not well documented in the West Shasta Copper Mining District. The impact of 
acid rock drainage on the creeks of the West Shasta Copper Mining District was first 
documented in 1939. At that time, the seasonal flooding of the creeks and Sacramento 
River allowed for dilution of acidic waters. Following construction and filling of Shasta 
Dam, completed in 1945, fish kills were documented from acid rock drainage in the 
vicinity of the West Shasta Copper Mining District. These included fish in the West 
Squaw Creek arm of the lake immediately adjacent to the mouth of West Squaw Creek. 
Since 1939, attention has been directed at reducing acid rock drainage impacts in Shasta 
Lake and in the Sacramento River below Shasta Dam.

Prior to the initiation of remedial activities in the watershed, discharge from point 
sources accounted for more than 90 percent of the metal loading in West Squaw 
Creek. Currently, discharges from point sources, which are routed to various treatment 
systems, account for approximately 5 percent of the metal loading in the watershed. The 
remaining metal loading is attributed to nonpoint sources, including naturally occurring 
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sources. Since remedial activities were initiated in 1978 to address sources of acid rock 
drainage in West Squaw Creek, point source discharges of acid rock drainage have 
been reduced 95 percent from 560 pounds per day (lb/day) to 30 lb/day. Overall, point 
and nonpoint discharge has been reduced 80 percent from 720 lb/day to 150 lb/day. 
Currently, fish kills no longer occur in Shasta Lake.

While significant improvements have been realized at the Iron Mountain Mine and 
the mines on West Squaw Creek, other water bodies in the Copper Crescent including 
tributaries to Shasta Lake have mines that still require remediation and are still 
contributing copper loads to Shasta Lake. These water bodies include Little Backbone, 
Town, and Horse creeks, which are tributary to Shasta Lake and Willow Creek tributary 
to Clear Creek and the Sacramento River, and Little Cow Creek tributary to the 
Sacramento River. 

Copper mining in the Upper Feather River watershed have also caused copper, 
cadmium, and zinc impairments in several of the Upper Feather River tributaries. The 
largest mine in this area is the Walker Mine, an inactive copper mine about 12 miles east 
of Quincy in Plumas County. The ore deposit was discovered in 1904 and operated  
until the war in 1941. Mining during this period produced 84,000 tons of copper,  
3.6 million ounces of silver, and 179,000 ounces of gold.

Acidic and metal-laden water (acid mine drainage) discharging from the mine portal 
and tailings impoundment has long affected the nearby streams of Dolly Creek and 
Little Grizzly Creek. The discharge was reported to have eliminated aquatic life in Dolly 
Creek, downstream from its confluence with the mine drainage, and in Little Grizzly 
Creek downstream from its confluence with Dolly Creek for a distance of approximately 
10 miles from the mine. Little Grizzly Creek flows to Indian Creek, a tributary to the 
North Fork of the Feather River.

Walker Mine has a long history with water quality authorities in California. The mine 
was fined by the State for fish kills as early as 1919. Concerted regulatory water 
pollution control efforts began in the mid-1950s after the California Water Code was 
adopted (creating the State and Regional Water Board system). The Regional Water 
Board was tasked with regulating water quality impacts from numerous abandoned or 
inactive mines. In this case, the mine was on patented mining claims, which are private 
property, and the tailings on land administered by the Forest Service. This presented 
land ownership, control, and responsibility issues. The Walker Mine property is now 
abandoned. It is unknown whether another party will purchase the land given the 
environmental liability.

In 1987, a concrete mine seal was installed to stop acid mine drainage discharge from 
Walker Mine from polluting Dolly Creek and Little Grizzly Creek. Before the seal was 
installed, flows from the mine portal averaged 420 gallons per minute. After installation 
of the seal, only a minor amount of seepage is discharged. Prior to the seal installation, 
the average copper concentration in the flow was 13 milligrams per liter. After the seal, 
the concentration was reduced to 0.25 mg/L. The installation of the seal resulted in a  
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98 percent reduction in mass loading of copper to Dolly Creek and has resulted in a 
return of aquatic life to Little Grizzly Creek. 

Sedimentation and Erosion
Excessive soil erosion and sediment delivery can impact the beneficial uses of water by 
(1) silting over fish spawning habitats; (2) clogging drinking water intakes; (3) filling 
in pools creating shallower, wider, and warmer streams, and increasing downstream 
flooding; (4) creating unstable stream channels; and (5) losing riparian habitat. Timber 
harvesting in the riparian zone can adversely affect stream temperatures by removing 
stream shading which is especially a concern for spawning and rearing habitat for 
salmonids. Thousands of miles of streams are potentially impacted, and the lack of 
resources has prevented a systematic evaluation of these impacts. 

During the past five years in the Sacramento River Hydrologic Region, timberland 
owners have submitted 1,980 timber harvest plans that allow harvesting on more than  
1 million acres.

Another major source of erosion is construction activities that expose or loosen soils. 
In the past five years, the Regional Water Board has documented 34 incidents of water 
quality impacts that resulted in formal enforcement action and 238 incidents that could 
result in water quality impacts if not corrected.
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The first four volumes of the update and the Highlights booklet are contained on the CD attached below. All five 
volumes of the update and related materials are also available online at           www.waterplan.water.ca.gov. 

Volume 1: The Strategic Plan 
Volume 2: Resource Management Strategies 
Volume 3: Regional Reports
Volume 4: Reference Guide
Volume 5: Technical Guide 

For printed copies of the Highlights, Volume 1, 2, or 3, call 1-916-653-1097.  
If you need this publication in alternate form, contact the Public Affairs Office at 1-800-272-8869.

Cover Photos:
1. 2. 3. 6. Rugged North Coast 
4. North Coast fishing village
5. Redwood grove
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