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Chapter 6
Basic Groundwater Concepts

This chapter presents general concepts relating to the origin, occurrence, movement, quantity, and quality of
groundwater. The concepts will be useful in providing the nontechnical reader with a basic understanding of
groundwater. For more experienced readers, many topics are discussed specifically as they apply to
California or as the terms are used in this report. A glossary of terms is included at the end of this report.
For additional reading on basic groundwater concepts see Basic Ground-Water Hydrology (Heath 1983).

Origin of Groundwater
Groundwater is a component of the hydrologic cycle (Figure II), which describes locations where water may
occur and the processes by which it moves or is transformed to a different phase. In simple terms, water or
one of its forms—water vapor and ice—can be found at the earth’s surface, in the atmosphere, or beneath the
earth’s surface. The hydrologic cycle is a continuum, with no beginning or end; however, it is often thought
of as beginning in the oceans. Water evaporates from a surface water source such as an ocean, lake, or
through transpiration from plants. The water vapor may move over the land and condense to form clouds,
allowing the water to return to the earth’s surface as precipitation (rain or snow). Some of the snow will end
up in polar ice caps or in glaciers. Most of the rain and snowmelt will either become overland flow in
channels or will infiltrate into the subsurface. Some of the infiltrated water will be transpired by plants and
returned to the atmosphere, while some will cling to particles surrounding the pore spaces in the subsurface,
remaining in the vadose (unsaturated) zone. The rest of the infiltrated water will move gradually under the
influence of gravity into the saturated zone of the subsurface, becoming groundwater. From here,
groundwater will flow toward points of discharge such as rivers, lakes, or the ocean to begin the cycle anew.
This flow from recharge areas to discharge areas describes the groundwater portion of the hydrologic cycle.

The importance of groundwater in the hydrologic cycle is illustrated by considering the distribution of the
world’s water supply. More than 97 percent of all earth’s water occurs as saline water in the oceans (Fetter
1988). Of the world’s fresh water, almost 75 percent is in polar ice caps and glaciers, which leaves a very
small amount of fresh water readily available for use. Groundwater accounts for nearly all of the remaining
fresh water (Alley and others 1999). All of the fresh water stored in the world’s rivers and lakes accounts for
less than 1 percent of the world’s fresh water.

Occurrence of Groundwater
Groundwater is the water occurring beneath the earth’s surface that completely fills (saturates) the void space
of rocks or sediment. Given that all rock has some open space (voids), groundwater can be found underlying
nearly any location in the State. Several key properties help determine whether the subsurface environment
will provide a significant, usable groundwater resource. Most of California’s groundwater occurs in material
deposited by streams, called alluvium. Alluvium consists of coarse deposits, such as sand and gravel, and
finer-grained deposits such as clay and silt. The coarse and fine materials are usually coalesced in thin lenses
and beds in an alluvial environment. In this environment, coarse materials such as sand and gravel deposits
usually provide the best source of water and are termed aquifers; whereas, the finer-grained clay and silt
deposits are relatively poor sources of water and are referred to as aquitards. California’s groundwater basins
usually include one or a series of alluvial aquifers with intermingled aquitards. Less frequently, groundwater
basins include aquifers composed of unconsolidated marine sediments that have been flushed by fresh water.
We include the marine-deposited aquifers in the discussion of alluvial aquifers in this bulletin.
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Figure 11 The Hydrologic Cycle

Although alluvial aquifers are most common in California, other groundwater development occurs in
fractured crystalline rocks, fractured volcanics, and limestones. For this report, these nonalluvial areas that
provide groundwater are referred to as “groundwater source areas,” while the alluvial aquifers are called
groundwater basins. Each of these concepts is discussed more fully below.

Groundwater and Surface Water Interconnection
Groundwater and surface water bodies are connected physically in the hydrologic cycle. For example, at
some locations or at certain times of the year, water will infiltrate the bed of a stream to recharge groundwater.
At other times or places, groundwater may discharge. contributing to the base flow of a stream. Changes in
either the surface water or groundwater system will affect the other, so effective management requires
consideration of both resources. Although this physical interconnection is well understood in general terms,
details of the physical and chemical relationships are the topic of considerable research.

These details are the subject of significant recent investigations into the hyporheic zone, the zone of sand and
gravel that forms the channel of a stream. As surface water flows downstream it may enter the gravels in the
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Box N One Resource, Two Systems of Law

In California, two distinct legal regimes govern the appropriation of surface water and

subterranean streams, and percolating groundwater. The California Water Code requires that

water users taking water for beneficial use from surface watercourses and “subterranean streams

flowing through known and definite channels” obtain water right permits or licenses from the State

Water Resources Control Board (SWRCB) (Water Code § 1200 et seq.). Groundwater classified as
percolating groundwater is not subject to the Water Code provisions concerning the appropriation

of water, and a water user can take percolating groundwater without having a State-issued water

right permit or license. Current Water Code section 1200 is derived from a provision in the Water

Commission Act of 1913, which became effective on December 19, 1914.

The SWRCB developed a test to identify groundwater that is in a subterranean stream flowing

through a known and definite channel and is therefore subject to the SWRCB’s permitting

authority. The physical conditions that must be present in a subterranean stream flowing in a

known and definite channel are: (1) a subsurface channel must be present; (2) the channel must

have relatively impermeable bed and banks; (3) the course of the channel must be known or

capable of being determined by reasonable Inference; and (4) groundwater must be flowing in the

channel. Whether groundwater is subject to the SWRCB’s permitting authority under this test Is a
factual determination. Water that does not fit this test is ‘percolating groundwater” and is not

subject to the SWRCB’s permitting authority.

The SWRCB has issued decisions that find that groundwater under the following streams

constitutes a “subterranean stream flowing through known and definite channels” and is therefore

subject to the SWRCB’s permitting authoflty (Murphey 2003 pers com):

Los Angeles River in Los Angeles County

Sheep Creek in San Bernardino County

Mission Basin of the San Luis Rey River in San Diego County

Bonsall Basin of the San Luis Rey River in San Diego County

Pala Basin of the San Luis Rey River in San Diego County

Carmel River in Monterey County

Garrapata Creek in Monterey County

Big Sur River in Monterey County

Russian River

Chorro Creek in San Luis Obispo County

Morro Creek in San Luis Obispo County

North Fork Gualala River in Mendocino County

Contact the SWRCB, Division of Water Rights for specific stream reaches and other details of

these decisions.
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hyporheic zone, mix with groundwater, and re-enter the surface water in the stream channel. The effects of
this interchange between surface water and groundwater can change the dissolved oxygen content,
temperature, and mineral concentrations of the water. These changes may have a significant effect on aquatic
and riparian biota.

Significantly, the physical and chemical interconnection of groundwater and surface water is not well
represented in California’s water rights system (see Box N “One Resource, Two Systems of Law”).

Physical Properties That Affect Groundwater
The degree to which a body of rock or sediments will function as a groundwater resource depends on many
properties, some of which are discussed here. Two of the more important physical properties to consider are
porosity and hydraulic conductivity. Transmissivity is another important concept to understand when
considering an aquifer’s overall ability to yield significant groundwater. Throughout the discussion of these
properties, keep in mind that sediment size in alluvial environments can change significantly over short
distances, with a corresponding change in physical properties. Thus, while these properties are often
presented as average values for a large area, one might encounter different conditions on a more localized
level. Determination of these properties for a given aquifer may be based on lithologic or geophysical
observations, laboratory testing, or aquifer tests with varying degrees of accuracy.

Porosity
The ratio of voids in a rock or sediment to the total volume of material is referred to as porosity and is a
measure of the amount of groundwater that may be stored in the material. Figure 12 gives several examples
of the types of porosity encountered in sediments and rocks. Porosity is usually expressed as a percentage
and can be classified as either primary or secondary. Primary porosity refers to the voids present when the
sediment or rock was initially formed. Secondary porosity refers to voids formed through fracturing or
weathering of a rock or sediment after it was formed. In sediments, porosity is a function of the uniformity
of grain size (sorting) and shape. Finer-grained sediments tend to have a higher porosity than coarser
sediments because the finer-grained sediments generally have greater uniformity of size and because of the
tabular shape and surface chemistry properties of clay particles. In crystalline rocks, porosity becomes
greater with a higher degree of fracturing or weathering. As alluvial sediments become consolidated,
primary porosity generally decreases due to compaction and cementation, and secondary porosity may
increase as the consolidated rock is subjected to stresses that cause fracturing.

Porosity does not tell the entire story about the availability of groundwater in the subsurface. The pore
spaces must also interconnect and be large enough so that water can move through the ground to be extracted
from a well or discharged to a water body. The term “effective porosity” refers to the degree of
interconnectedness of pore spaces. For coarse sediments, such as the sand and gravel encountered in
California’s alluvial groundwater basins, the effective porosity is often nearly equal to the overall porosity.
In finer sediments, effective porosity may be low due to water that is tightly held in small pores. Effective
porosity is generally very low in crystalline rocks that are not highly fractured or weathered.

While porosity measures the total amount of water that may be contained in void spaces, there are two
related properties that are important to consider: specific yield and specific retention. Specific yield is the
fractional amount of water that would drain freely from rocks or sediments due to gravity and describes the
portion of the groundwater that could actually be available for extraction. The portion of groundwater that is
retained either as a film on grains or in small pore spaces is called specific retention. Specific yield and
specific retention of the aquifer material together equal porosity. Specific retention increases with decreasing
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grain size. Table 7 shows that clays, while having among the highest porosities, make poor sources of
groundwater because they yield very little water. Sand and gravel, having much lower porosity than clay,
make excellent sources of groundwater because of the high specific yield, which allows the groundwater to
flow to wells. Rocks such as limestone and basalt yield significant quantities of groundwater if they are
well-weathered and highly fractured.

MODERATE POROSITY
Sediments with variable grain sJze

S
—{

__________

1

1-

MINIMAL USABLE POROSITY
Fine sediments

Ca

LOW POROSITY
Fractured crystalline rock

LOW TO HIGH POROSITY
Fractured volcanic rocks

Figure 12 Examples of porosity in sediments and rocks
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Table 1 Porosity (in percent) of soil and rock types

Material Porosity Specific yield Specific retention

Clay 50 2 48

Sand 25 22 2

Gravel 20 19

Limestone 20 18 2

Sandstone (semiconsolidated) II 6 5

Granite 0.1 0.09 0.01

Basalt (young) I I 8 3

Modified from Heath (1983)

Hydraulic Conductivity
Another major property related to understanding water movement in the subsurface is hydraulic conductivity.
Hydraulic conductivity is a measure of a rock or sediment’s ability to transmit water and is often used
interchangeably with the term permeability. The size, shape, and interconnectedness of pore spaces affect
hydraulic conductivity (Driscoll 1986).

Hydraulic conductivity is usually expressed in units of length/time: feet/day, meters/day, or gallons/day!
square-foot. Hydraulic conductivity values in rocks range over many orders of magnitude from a low
permeability unfractured crystalline rock at about lO feet/day to a highly permeable well-sorted gravel at
greater than I 04 feet/day (Heath 1983). Clays have low permeability, ranging from about I to I 0’ feet/day
(Heath 1983). Figure 13 shows hydraulic conductivity ranges of selected rocks and sediments.

Transmissivity
Transmissivity is a measure of the aquifer’s ability to transmit groundwater through its entire saturated
thickness and relates closely to the potential yield of wells. Transmissivity is defined as the product of the
hydraulic conductivity and the saturated thickness of the aquifer. It is an important property to understand
because a given area could have a high value of hydraulic conductivity but a small saturated thickness,
resulting in limited overall yield of groundwater.

Aquifer
An aquifer is a body of rock or sediment that yields significant amounts of groundwater to wells or springs.
In many definitions, the word “significant” is replaced by “economic.” Of course, either term is a matter of
perspective, which has led to disagreement about what constitutes an aquifer. As discussed previously,
coarse-grained sediments such as sands and gravels deposited in alluvial or marine environments tend to
function as the primary aquifers in California. These alluvial aquifers are the focus of this report. Other
aquifers, such as those found in volcanics, igneous intrusive rocks, and carbonate rocks are described briefly
in the section Groundwater Source Areas.

Aquitard
An aquitard is a body of rock or sediment that is typically capable of storing groundwater but does not yield it
in significant or economic quantities. Fine-grained sediments with low hydraulic conductivity, such as clays
and silts, often function as aquitards. Aquitards are often referred to as confining layers because they retard the
vertical movement of groundwater and under the right hydrogeologic conditions confine groundwater that is
under pressure. Aquitards are capable of transmitting enough water to allow some flow between adjacent
aquifers, and depending on the magnitude of this transfer of water, may be referred to as leaky aquitards.
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Figure 13 Hydraulic conductivity ranges of selected rocks and sediments
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Unconfined and Confined Aquifers
In most depositional environments, coarser-grained deposits are interbedded with tiner-grained deposits
creating a series of aquifers and aquitards. When a saturated aquifer is bounded on top by an aquitard (also
known as a confining layer), the aquifer is called a confined aquifer (Figure 14). Under these conditions, the
water is under pressure so that it will rise above the top of the aquifer if the aquitard is penetrated by a well.
The elevation to which the water rises is known as the potentiometric surface. Where an aquifer is not
bounded on top by an aquitard, the aquifer is said to be unconfined. In an unconfined aquifer, the pressure on
the top surface of the groundwater is equal to that of the atmosphere. This surface is known as the water
table, so unconfined aquifers are often referred to as water table aquifers. The arrangement of aquifers and
aquitards in the subsurface is referred to as hydrostratigraphy.

With the notable exception of the Corcoran Clay of the Tulare Formation in the San Joaquin Valley and the
aquitard in West Coast Basin in Los Angeles County, there are no clearly recognizable regional aquitards in
California alluvial basins, Instead, due to the complexity of alluvial environments, it is the cumulative effect
of multiple thin lenses of fine-grained sediments that causes increasing confinement of groundwater with
increasing depth, creating what is often referred to as a semiconfined aquifer.

In some confined aquifers groundwater appears to de& gravity, but that is not the case. When a well
penetrates a confined aquifer with a potentiometric surface that is higher than land surface, water will flow
naturally to the surface. This is known as artesian flow, and results from pressure within the aquifer. The
pressure results when the recharge area for the aquifer is at a higher elevation than the point at which
discharge is occurring (Figure 14). The confining layer prevents the groundwater from returning to the
surface until the confining layer is penetrated by a well. Artesian flow will discontinue as pressure in the
aquifer is reduced and the potentiometric surface drops below the land surface elevation.

Flowing Artesian Well

Figure 14 Interbedded aquifers with confined and unconfined conditions
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Groundwater Basin
A groundwater basin is defined as an alluvial aquifer or a stacked series of alluvial aquifers with reasonably
well-defined boundaries in a lateral direction and a definable bottom. Lateral boundaries are features that
significantly impede groundwater flow such as rock or sediments with very low permeability or a geologic
structure such as a fault. Bottom boundaries would include rock or sediments of very low permeability if no
aquifers occur below those sediments within the basin. In some cases, such as in the San Joaquin and
Sacramento Valleys, the base of fresh water is considered the bottom of the groundwater basin. TableS is a
generalized list of basin types and the features that define the basin boundaries.

Table 8 Types and boundary characteristics of groundwater basins
Characteristics of groundwater basins

Groundwater basin An aquifer or an aquifer system that is bounded laterally and
at depth by one or more of the following features that affect
groundwater flow:

• Rocks or sediments of lower penneability
• A geologic structure, such as a fault
• Hydrologic features, such as a stream, lake, ocean, or

groundwater divide

Types of basins and their boundaries

Single simple basin Basin sunounded on all sides by less permeable rock.
Higher permeability near the periphery.
Clays near the center.
Unconfined around the periphery.
Confined near the center.
May have artesian flow near the center.

Basin open at one or more places to other basins Many desert basins.
Merged alluvial fans.
Topographic ridges on fans.
Includes some fault-bounded basins.

Basin open to Pacific Ocean 260 basins along the coast.
Water-bearing materials extend offshore.
May be in contact with sea water.
Vulnerable to seawater intrusion.

Single complex basin Basin underlain or surrounded by older water-bearing
materials and water-bearing volcanics.
Quan(ilication is difficult because of unknown contacts
between different rock types within the basin.

Groundwater in areas of volcanic rocks Basin concept is less applicable in volcanic rocks.
Volcanic rocks are highly variable in permeability.

Groundwater in weathered crystalline rocks Small quantities of groundwater.
(fractured hard rock)—rtot considered a basin Low yielding wells.

Most wells are completed in the crystalline rock and rely on
fractures to obtain groundwater.

Political boundaries or management area boundaries Usually not related to hydrogeologic boundaries.Formed
for convenience, usually to manage surface water storage
and delivery.
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Although only the upper surface of a groundwater basin can be shown on a map, the basin is three-
dimensional and includes all subsurface fresh water-bearing material. These boundaries often do not extend
straight down, but are dependent on the spatial distribution of geologic materials in the subsurface. In fact,
in a few cases near California’s coastal areas, aquifers in the subsurface are known to extend beyond the
mapped surface of the basin and may actually be exposed under the ocean. Under natural conditions, fresh
water flows from these aquifers into the ocean. If groundwater levels are lowered, sea water may flow into
the aquifer. This has occurred in Los Angeles, Orange, Ventura, Santa Cruz and Monterey Counties, and
some areas around San Francisco Bay. Depiction of a groundwater basin in three dimensions requires
extensive subsurface investigation and data evaluation to delineate the basin geometry. Figure 15 is a cross-
section showing how a coastal basin might appear in the subsurface.
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Figure 15 Groundwater basin near the coast with the aquifer extending
beyond the surface basin boundary

Groundwater basin and subbasin boundaries shown on the map included with this bulletin are based on
evaluation of the best available information. In basins where many studies have been completed and the
basin has been operated for a number of years, the basin response is fairly well understood and the
boundaries are fairly well defined. Even in these basins, however, there are many unknowns and changes in
boundaries may result as more information about the basin is collected and evaluated. In many other basins
where much less is known and understood about the basin, boundaries will probably change as a better
understanding of the basin is developed. A procedure for collecting information from all the stakeholders
should be developed for use statewide so that agreement on basin boundaries can be achieved.
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Groundwater Subbasin
A subbasin is created by dividing a groundwater basin into smaller units using geologic and hydrologic
barriers or, more commonly, institutional boundaries (see Table 8). These subbasins are created for the
purpose of collecting and analyzing data, managing water resources, and managing adjudicated basins. As
the definition implies, the designation of a subbasin boundary is flexible and could change in the future. The
limiting rule for a subbasin is that it should not cross over a groundwater basin boundary.

An example of a hydrologic subbasin boundary would be a river or stream that creates a groundwater divide.
While hydrologic boundaries may limit groundwater flow in the shallow subsurface, data indicate significant
groundwater flow may occur across the boundary at greater depths. In addition, the location of the boundary
may change over time if pumping or recharge patterns change. Institutional subbasin boundaries could be
based on a political boundary, such as a county line or a water agency service area, or a legally mandated
boundary such as a court adjudicated basin.

Groundwater Source Areas
Groundwater in California is also found outside of alluvial groundwater basins. Igneous extrusive
(volcanic), igneous intrusive, metamorphic, and sedimentary rocks are all potential sources of groundwater.
These rocks often supply enough water for domestic use, but in some cases can also yield substantial
quantities. In this report the term groundwater source area is used for rocks that are significant in terms of
being a local groundwater source, but do not fit the category of basin or subbasin. The term is not intended
to imply that groundwater actually originates in these rocks, but that it is withdrawn from rocks underlying a
generally definable area. Because of the increased difficulty in defining and understanding the
hydrogeologic properties of these rocks, the limited data available for the areas in which these rocks occur,
and the relatively small, though rapidly growing, segment of the population served by these water supplies,
they are discussed separately from groundwater basins.

Volcanics
Groundwater in volcanics can occur in fractures that result from cooling or changes in stress in the crust of
the Earth, lava tubes, tree molds, weathering surfaces, and porous tufT beds. Additionally, the volcanics
could overlie other deposits from an alluvial environment. Flow in the fractures may approach the same
velocities as that of surface water, but there is often very limited storage potential for groundwater. The tufT
beds can act similarly to alluvial aquifers.

Some of the most productive volcanic rocks in the State include the Modoc Plateau volcanics in the northeast
and the Napa-Sonoma volcanics northeast of San Francisco Bay (Figure 16). Wells in Modoc Plateau
volcanics are commonly reported to yield between 100 and 1,000 gallons per minute, with some yields of
4,000 gpm (Planert and Williams 1995). Bulletin 118-75 assigned identification numbers to these volcanic
rocks throughout the State (for example, Modoc Plateau Recent Volcanic Areas, 1-23). The numbers led
some to interpret them as being groundwater basins. In this update, the numbers corresponding to the
volcanics are being retired to eliminate this confusion.
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Figure 16 Significant volcanic groundwater source areas
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Igneous Intrusive, Metamorphic, and Sedimentary Rocks
Groundwater in igneous intrusive, metamorphic, and consolidated sedimentary rocks occurs in fractures
resulting from tectonism and expansion of the rock as overburden pressures are relieved. Groundwater is
extracted from fractured rock in many of the mountainous areas of the State, such as the Sierra Nevada, the
Peninsular Range, and the Coast Ranges. Rocks in these areas often yield only enough supply for individual
domestic wells, stock water wells, or small community water systems. Availability of groundwater in such
formations can vary widely, even over a distance of a few yards. Areas of groundwater production from
consolidated rocks were not defined in previous versions of Bulletin 118 and are not included in this update.

As population grows in areas underlain by these rocks, such as the foothills of the Sierra Nevada and
southern California mountains, many new wells are being built in fractured rock. However, groundwater
data are often insufficient to accurately estimate the long term reliability of groundwater supplies in these
areas. Additional investigation, data evaluation, and management will be needed to ensure future sustainable
supplies. The Legislature recognized both the complexity of these areas and the need for management in SB
1938 (2002), which amended the Water Code to require groundwater management plans with specific
components be adopted for agencies to be eligible for certain funding administered by DWR for construction
of groundwater projects. Water Code section 10753.7(a)(5) states:

Local agencies that are located in areas outside the groundwater basins delineated on the latest
edition of the department’s groundwater basin and subbasin map shall prepare groundwater
management plans incorporating the components in this subdivision, and shall use geologic and
hydrologic principles appropriate to those areas.

In carbonate sedimentary rocks such as limestone, groundwater occurs in fractures and cavities formed as a
result of dissolution of the rock. Flow in the largest fractures may approach the velocities of surface water,
but where these rocks occur in California there is limited storage potential for groundwater. Carbonate rocks
occur mostly in lnyo County near the Nevada border (USGS 1995), in the Sierra Nevada foothills, and in
some parts of the Sacramento River drainage north of Redding. The carbonates near the Nevada state border
in Inyo County are part of a regional aquifer that extends northeastward into Nevada. Springs in Nevada and
in the Death Valley region in California are dependent on groundwater flow in this regional aquifer. In other
pans of the country, such as Florida, carbonate rocks constitute significant sources of groundwater.

Movement of Groundwater
The movement of groundwater in the subsurface is quite complex, but in simple terms it can be described as
being driven by potential energy. At any point in the saturated subsurface, groundwater has a hydraulic head
value that describes its potential energy, which is the combination of its elevation and pressure. In an
unconfined aquifer, the water table elevation represents the hydraulic head, while in a confined aquifer the
potentiometric surface represents the hydraulic head (Figure 14). Water moves in response to the difference
in hydraulic head from the point of highest energy toward the lowest. On a regional scale this results in flow
of groundwater from recharge areas to discharge areas. In California, pumping depressions around extraction
wells often create the discharge points to which groundwater flows. Groundwater may naturally exit the
subsurface by flowing into a stream, lake, or ocean, by flowing to the surface as a spring or seep, or by being
transpired by plants.

The rate at which groundwater flows is dependent on the hydraulic conductivity and the rate of change of
hydraulic head over some distance. In the mid-I9th century, Henry Darcy found through his experiments on
sand filters that the amount of flow through a porous medium is directly proportional to the difference
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between hydraulic head values and inversely proportional to the horizontal distance between them (Fetter
1988). His conclusions extend to flow through aquifer materials. The difference between hydraulic heads
divided by the distance between them is referred to as the hydraulic gradient. When combined with the
hydraulic conductivity of the porous medium and the cross-sectional area through which the groundwater
flows, Darcy’s law states:

Q = KA(dh/dI) (volume/time)
Where:

Q = flow discharging through a porous medium
K = hydraulic conductivity (length/time)
A = cross-sectional area (length2)
dh = change in hydraulic head between two points (length)
dl = distance between two points (length)

This version of Darcy’s law provides a volumetric flow rate. To calculate the average linear velocity at
which the water flows, the result is divided by the effective porosity. The rate of movement of groundwater
is very slow, usually less than 1,000 feet per year because of the great amount of friction resulting from
movement through the spaces between grains of sand and gravel.

Quantity of Groundwater
Because groundwater is a precious resource, the questions of how much there is and how more can be made
available are important. There are many terms and concepts associated with the quantity of groundwater
available in a basin, and some controversy surrounding their definition. Some of these include groundwater
storage capacity, usable storage capacity, groundwater budget, change in storage, overdraft, and safe yield.
This section discusses some of the more common terms used to represent groundwater quantity in California.

Groundwater Storage Capacity
The groundwater storage capacity of an individual basin or within the entire State is one of the questions
most frequently asked by private citizens, water resource planners, and politicians alike. Total storage
capacity seems easy to understand. It can be seen as how much physical space is available for storing
groundwater. The computation of groundwater storage capacity is quite simple if data are available: capacity
is determined by multiplying the total volume of a basin by the average specific yield. The total storage
capacity is constant and is dependent on the geometry and hydrogeologic characteristics of the aquifer(s)
(Figure 17).

Estimates of total groundwater storage capacity in California are staggering. Previous estimates of total
storage range from 850 million acre-feet (mafl to 1.3 billion acre-feet (DWR 1975, DWR 1994). However,
due to incomplete information about many of the groundwater basins, there has never been an accurately
quantified calculation of total storage capacity statewide. Even if such a calculation were possible, the utility
of such a number is questionable because total storage capacity might lead to overly optimistic estimates of
how much additional groundwater development can contribute to meeting future demands.

Total groundwater storage capacity is misleading because it only takes into account one aspect of the
physical character of the basin. Many other factors limit the ultimate development potential of a
groundwater basin. These limiting factors may be physical, chemical, economic, environmental, legal, and
institutional (Table 9). Some of these factors, such as the economic and institutional ones, can change with
time. However, there may remain significant physical and chemical constraints that will limit groundwater
development.
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Figure 17 Schematic of total, usable, and available groundwater storage capacity

Table 9 Examples of factors that limit development of a goundwater basin

Limiting factor Examples
Physical Basin recharge area not adequate to sustain development; pumping too concentrated in a portion of basin;

well yields too low for intended use.

Quality Water quality not suitable for intended use: increased potenlial for seawater intmsion in coastal areas;
upwelling of poorer quality water in deeper pans of basin.

Economic Excessive costs associated with increased pump lifts and deepening of wells; cost of treating water if it
does meet requirements for intended use.

Environmental Need to maintain groundwater levels for wetlands, stream base flow, or other habitat.

Institutional Local groundwater management plans or ordinances restricting use; basin adjudication; impacts on
surface water rights of others.
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Usable Groundwater Storage Capacity
Usable storage capacity is defined as the amount of groundwater of suitable quality that can be economically
withdrawn from storage. It is typically computed as the product of the volume of the basin to some basin-
specific depth that is considered economically available and the average specific yield of the basin
(see Figure 17).

As more groundwater is extracted, groundwater levels may fall below some existing wells, which may then
require replacement or deepening. This may be a consideration in management of the basin and will depend
on the cost of replacement, the cost of pumping the water from deeper zones, and whether managers are
willing to pay that cost. Other impacts that may increase the cost include subsidence and groundwater
quality degradation. The usable storage may change because of changes in economic conditions.

Estimates of usable storage represent only the total volume of groundwater assumed to be usable in storage,
not what would be available for sustained use on an annual basis. Previous estimates of usable groundwater
storage capacity range from 143 to 450 maf(DWR 1975, DWR 1994). Unfortunately, the term “usable
storage” is often used to indicate the amount of water that can be used from a basin as a source of long-term
annual supply. However, the many limitations associated with total groundwater storage capacity discussed
above may also apply to usable storage.

Available Groundwater Storage Capacity
Available storage capacity is defined as the volume of a basin that is unsaturated and capable of storing
additional groundwater. It is typically computed as the product of the empty volume of the basin and the
average specific yield of the unsaturated part of the basin (see Figure 17). The available storage capacity
does not include the uppermost portion of the unsaturated zone in which saturation could cause problems
such as crop root damage or increased liquefaction potential. The available storage will vary depending on
the amount of groundwater taken out of storage and the recharge. The total groundwater in storage will
change inversely as the available storage changes.

Available storage has often been used as a number to represent the potential for additional yield from a
particular basin. Unfortunately, many of the limitations that exist in developing existing supply discussed above
also limit taking advantage of available storage. Although limitations exist, looking only at available
groundwater storage capacity may underestimate the potential for groundwater development. Opportunities to
use groundwater already in storage and create additional storage space would be overlooked by this approach.

Groundwater Budget
A groundwater budget is an analysis of a groundwater basin’s inflows and outflows to determine the change
in groundwater storage. Alternatively, if the change in storage is known, the value of one of the inflows or
outflows could be determined. The basic equation can be expressed as:

INFLOWS - OUTFLOWS = CHANGE IN STORAGE

Typical inflows include:
• natural recharge from precipitation;
• seepage from surface water channels;
• intentional recharge via ponds, ditches, and injection wells;
• net recharge of applied water for agricultural and other irrigation uses;
• unintentional recharge from leaky conveyance pipelines; and
• subsurface inflows from outside basin boundaries.
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Outflows include:
• groundwater extraction by wells;
• groundwater discharge to surface water bodies and springs;
• evapotranspiration; and
• subsurface outflow across basin or subbasin boundaries.

Groundwater budgets can be useful tools to understand a basin, but detailed budgets are not available for
most groundwater basins in California. A detailed knowledge of each budget component is necessary to
obtain a good approximation of the change in storage. Absence or inaccuracy of one or more parameters can
lead to an analysis that varies widely from a positive to a negative change in storage or vice versa. Since
much of the data needed requires subsurface exploration and monitoring over a series of years, the collection
of detailed field data is time-consuming and expensive. A management plan should develop a monitoring
program as soon as possible.

Change in Groundwater Storage
As stated above, a groundwater budget is one potential way of estimating the change in storage in a basin,
although it is limited by the accuracy and availability of data. There is a simpler way—by determining the
average change in groundwater elevation over the basin, multiplied by the area overlying the basin and the
average specific yield (or storativity in the case of a confined aquifer). The time interval over which the
groundwater elevation change is determined is study specific, but annual spring-to-spring changes are
commonly used. A change in storage calculation does not attempt to determine the volume of water in
storage at any time interval, but rather the change from a previous period or baseline condition.

A change in storage calculation is a relatively quick way to represent trends in a basin overtime. If change in
storage is negligible over a representative period, the basin is in equilibrium under current use. Changes in
storage calculations are more often available for a groundwater basin than groundwater budgets because water
level measurements are available in many basins. Specific yield and storativity are readily estimated based on
knowledge of the hydrogeologic setting and geologic materials or through aquifer pumping tests. Although
simple, change in storage calculations have potential sources of error, so it is important to treat change in
storage as just one of many tools in determining conditions in a groundwater basin. Well data sets must be
carefully evaluated before use in these calculations. Mixing of wells constructed in confined and unconfined
portions of the basin and measurement of different well sets over time can result in significant errors.

Although the change in storage calculation is a relatively quick and inexpensive method of observing
changes in the groundwater system, the full groundwater budget is preferable. A detailed budget describes an
understanding of the physical processes affecting storage in the basin, which the simple change in storage
calculation does not. For example, the budget takes into account the relationship between the surface water
and the groundwater system. If additional groundwater extraction induced additional infiltration of surface
water, the calculated change in storage could be minimal. However, if the surface water is used as a source
of supply downstream, the impact of reduced flows could be significant.

Overdraft
Groundwater overdraft is defined as the condition of a groundwater basin or subbasin in which the amount of
water withdrawn by pumping exceeds the amount of water that recharges the basin over a period of years,
during which the water supply conditions approximate average conditions (DWR 1998). Overdraft can be
characterized by groundwater levels that decline over a period of years and never fully recover, even in wet
years. If overdraft continues for a number of years, significant adverse impacts may occur, including
increased extraction costs, costs of well deepening or replacement, land subsidence, water quality
degradation, and environmental impacts.
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Despite its common usage, the term overdraft has been the subject of debate for many years. Groundwater
management isa local responsibility, therefore, the decision whether a basin is in a condition of overdraft is
the responsibility of the local groundwater or water management agency. In some eases local agencies may
choose to deliberately extract groundwater in excess of recharge in a basin (known as “groundwater mining”)
as part of an overall management strategy. An independent analysis of water levels in such a basin might
conclude that the basin is in overdraft. In other cases, where basin management is less active or nonexistent,
declining groundwater levels are not considered a problem until levels drop below the depth of many wells in
the basin. As a result, overdraft may not be reported for many years after the condition began.

Water quality changes and subsidence may also indicate that a basin has been overdrafted. For example,
when groundwater levels decline in coastal aquifers, seawater fills the pore spaces in the aquifer that are
vacated by the groundwater, indicating that the basin is being overdrafted. Overdraft has historically led to
as much as 30 feet of land subsidence in one area of the State and lesser amounts in other areas.

The word “overdraft” has been used to designate two unrelated types of water shortages. The first is “historical
overdraft” similar to the type illustrated in Figure 18, which shows that ground water levels began to decline in
the mid 1950s and then leveled off in the mid 1980s, indicating less groundwater extraction or more recharge.
The second type of shortage is “projected overdraft” as used in the Cal{fornia Water Plan Update (DWR 1998).
In reality, this is an estimate of future water shortages based on an assumed management program within the
basin, including projected supply and projected demand. If water management practices change in those basins
in which a water shortage is projected, the amount of projected shortage will change.
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Figure 18 Hydrograph Indicating Overdraft
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In some basins or subbasins, groundwater levels declined steadily over a number of years as agricultural or

urban use of groundwater increased. In response, managing agencies developed surface water import
projects to provide expanded water supplies to alleviate the declining groundwater levels. Increasing
groundwater levels, or refilling of the aquifer, demonstrate the effectiveness of this approach in long-term
water supply planning. In some areas of the State, the past overdraft is now being used to advantage. When
the groundwater storage capacity that is created through historical overdraft is used in coordination with
surface water supplies in a conjunctive management program, local and regional water supplies can be
augmented.

In 1978 DWR was directed by the legislature to develop a definition of critical overdraft and to identif3’
basins that were in a condition of critical overdraft (Water Code § 12924). The process that was followed
and the basins that were deemed to be in a condition of critical overdraft are discussed in Box 0, “Critical
Conditions of Overdraft.” This update to Bulletin 118 did not include similar direction from the legislature,
nor funding to undertake evaluation of the State’s groundwater basins to determine whether they are in a state
of overdraft.

Box 0 Critical Conditions of Overdraft

In 1978 DWR was directed by the legislature to develop a definition of critical overdraft and to identify
those basins in a critical condition of overdraft (Water Code §12924). DWR held public workshops
around the state to obtain public and water managers’ input on what the definition should include, and
which basins were critically overdrafted. Bulletin 118-80. Ground Water Basins in California was

published in 1980 with the results of that local input. The definition of critical overdraft is:

A basin is subject to critical conditions of overdraft when continuation ofpresent

water management practices would probably result in significant adverse
overdraft-related environmental, social, or economic impacts.

No time Is specified in the definition. Definition of the time frame is the responsibility of the local water
managers, as is the definition of significant adverse impacts, which would be related to the local
agency’s management objectives.

Eleven basins were identified as being in a critical condition of overdraft. They are:

Pajaro Basin Cuyama Valley Basin
Ventura Central Basin Eastern San Joaquin County Basin
Chowchilla Basin Madera Basin
Kings Basin Kaweah Basin
Tulare Lake Basin Tule Basin
Kern County Basin

The task was not identified by the Legislature, nor was the funding for this update (2003) sufficient to
consult with local water managers and fully re-evaluate the conditions of the 11 critically overdrafted
basins. Funding and duration were not sufficient to evaluate additional basins with respect to
conditions of critical overdraft.
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If a basin lacks existing information, the cost of a thorough evaluation of overdraft conditions in a single
basin could exceed $1 million. In this update of Bulletin 118, DWR has included groundwater budget
information for each basin description, where available. In most cases, however, sufficient quantitative
information is not available, so conditions of overdraft or critical overdraft were not reported.

While this bulletin does not specifically identi& overdrafted basins (other than the II basins from Bulletin
118-80), the negative effects of overdraft are occurring or may occur in the future in many basins throughout
the State. Declining water levels, diminishing water quality, and subsidence threaten the availability of
groundwater to meet current and future demands. A thorough understanding of overdraft can help local
groundwater managers minimize the impacts and take advantage of the opportunity created by available
groundwater storage capacity. Local groundwater managers and DWR should seek funding and work
cooperatively to evaluate the groundwater basins of the State with respect to overdraft and its potential
impacts. Beginning with the most heavily used basins and relying to the extent possible on available data
collected by DWR and through local groundwater management programs, current or projected conditions of
critical overdraft should be identified. If local agencies take the lead in collecting and analyzing data to fully
understand groundwater basin conditions, DWR can use the information to update the designations of
critically overdrafted basins. This can be a cost effective approach since much of the data needed to update
the overdraft designations are the same data that agencies need to effectively manage groundwater.

Safe Yield
Safe yield is defined as the amount of groundwater that can be continuously withdrawn from a basin without
adverse impact. Safe yield is commonly expressed in terms of acre-feet per year. Depending on how it is
applied, safe yield may be an annual average value, or may be calculated based on changed conditions each
year. Although safe yield may be indicated by stable groundwater levels measured over a period of years, a
detailed groundwater budget is needed to accurately estimate safe yield. Safe yield has commonly been
determined in groundwater basin adjudications.

Proper application of the safe yield concept requires that the value be modified through time to reflect changing
practices within the basin. One of the common misconceptions is that safe yield is a static number. That is,
once it has been calculated, the amount of water can be extracted annually from the basin without any adverse
impacts. An example of a situation in which this assumption could be problematic is when land use changes.
In some areas, where urban development has replaced agriculture, surface pavement, storm drains, and sewers
have increased runoff and dramatically reduced recharge into the basin. If extraction continued at the
predetennined safe yield of the basin, water level decline and other negative impacts could occur.
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Subsidence
When groundwater is extracted from some aquifers in
sufficient quantity, compaction of the fine-grained sediments
can cause subsidence of the land surface. As the groundwater
level is lowered, water pressure decreases and more of the
weight of the overlying sediments is supported by the
sediment grains within the aquifer If these sediments have
not previously been surcharged with an equivalent load, the
overlying load will compact them. Compaction decreases the
porosity of the sediments and decreases the overall volume of
the finer grain sediments, leading to subsidence at the land
surface. While the finer sediments within the aquifer system
are compacted, the usable storage capacity of the aquifer is not
greatly decreased.

Data from extensometers (Figure 19) show that as
- groundwater levels decline in an aquifer, the land surface fallsFigure 19 Photograph of

extensonieter slightly. As groundwater levels nse, the land surface also nses
to its original position. This component of subsidence isAn exzenso.’neter is a well with a concrete bench mark

at the bottom. A pipe extendsfrom the concrete to the called elastic subsidence because it recovers. Inelastic
land surface. Ifcompaction of the finer sediments subsidence, the second component of subsidence, is what

occurs, leading to land surface subsidence, the pipe in
the well will appear to rise out of the well casing. occurs when groundwater levels decline to the point that the

When this movement is recorded, the data show h finer sediments are compacted. This compaction is not
much the land surface has subsided, recoverable.

Conjunctive Management
Conjunctive management in its broadest definition is the coordinated and combined use of surface water and
groundwater to increase the overall water supply of a region and improve the reliability of that supply. Conjunctive
management may be implemented to meet other objectives as well, including reducing groundwater overdraft and
land subsidence, protecting water quality, and improving environmental conditions. Although surface water and
groundwater are sometimes considered to be separate resources, they are connected in the hydrologic cycle. By
using or storing additional surface water when it is plentiful, and relying more heavily on groundwater during dry
periods, conjunctive management can change the timing and location of water so it can be used more efficiently.

Although a specific project or program may be extremely complex, there are several components common to
conjunctive management projects. The first is to recharge surplus surface water when it is available to increase
groundwater in storage. Recharge may occur through surface spreading, by injection wells, or by reducing
groundwater use by substituting surface water. The surplus surface water used for recharge may be local runoff,
imported water, stored surface water, or recycled water. The second component is to reduce surface water use
in dry years or dry seasons by switching to groundwater This use of the stored groundwater may take place
through direct extraction and use, pumping back to a conveyance facility, or through exchange of another water
supply. A final component that should be included is an ongoing monitoring program to evaluate operations and
allow water managers to respond to changes in groundwater, surface water, or environmental conditions that
could violate management objectives or impact other water users.
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Quality of Groundwater
All water contains dissolved constituents. Even rainwater, often described as being naturally pure, contains
measurable dissolved minerals and gases. As it moves through the hydrologic cycle, water dissolves and
incorporates many constituents. These include naturally occurring and man-made constituents.

Most natural minerals are harmless up to certain levels. In some cases higher mineral content is preferable to
consumers for taste. For example, minerals are added to many bottled drinking waters after going through a
filtration process. At some level, however, most naturally occurring constituents, along with those
introduced by human activities, are considered contaminants. The point at which a given constituent is
considered a contaminant varies depending on the intended use of the groundwater and the toxicity level of
the constituents.

Beneficial Uses
For this report, water quality is a measure of the suitability of water for its intended use, with respect to
dissolved solids and gases and suspended material. An assessment of water quality should include the
investigation of the presence and concentration of any individual constituent that may limit the water’s
suitability for an intended use.

The SWRCB has identified 23 categories of water uses, referred to as beneficial uses. The beneficial use
categories and a brief description of each are presented in Appendix E. The actual criteria that are used to
evaluate water quality for each of the beneficial uses are determined by the nine Regional Water Quality
Control Boards, resulting in a range of criteria for some of the uses. These criteria are published in each of
the Regional Boards’ Water Quality Control Plans (Basin Plans)’.

A summary of water quality for all of the beneficial uses of groundwater is beyond the scope of this report.
Instead, water quality criteria for two of the most common uses—municipal supply (referred to as public
drinking water supply in this report) and agricultural supply—are described below.

Public Drinking Water Supply
Standards for maximum contaminant levels (MCLs) of constituents in drinking water are required under the
federal Safe Drinking Water Act of 1974 and its updates. There are primary and secondary standards.
Primary standards are developed to protect public health and are legally enforceable. Secondary standards
are generally for the protection of aesthetic qualities such as taste, odor, and appearance, and cosmetic
qualities, such as skin or tooth discoloration, and are generally non-enforceable guidelines. However, in
California secondary standards are legally enforceable for all new drinking water systems and new sources
developed by existing public water suppliers (DWR 1997). Under these primary and secondary standards,
the U.S. Environmental Protection Agency regulates more than 90 contaminants, and the California Department
of Health Services regulates about 100. Federal and State primary MCLs are listed in Appendix K

Agricultural Supply
An assessment of the suitability of groundwater as a source of agricultural supply is much less
straightforward than that for public water supply. An evaluation of water supply suitability for use in
agriculture is difficult because the impact of an individual constituent can vary depending on many factors,
including soil chemical and physical properties, crop type, drainage, and irrigation method. Elevated levels
of constituents usually do not result in an area being taken entirely out of production, but may lower crop
yields. Management decisions will determine appropriate land use and irrigation methods.

Digital versions of these plans are available online at htip://www.swreb.ca.gov/plnspols/index.html
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There are no regulatory standards for water applied on agriculture. Criteria for crop water have been
provided as guidelines. Many constituents have the potential to negatively impact agriculture, including
more than a dozen trace elements (Ayers and Westcot 1985). Two constituents that are commonly considered
with respect to agricultural water quality are salinity—expressed as total dissolved solids (TDS)—and boron
concentrations.

Increasing salinity in irrigation water inhibits plant growth by reducing a plant’s ability to absorb water
through its roots (Pratt and Suarez 1996). While the impact will depend on crop type and soil conditions, it
is useful to look at the TDS of the applied water as a general assessment tool. A range of values for TDS
with their estimated suitability for agricultural uses is presented in Table 10. These ranges are modified from
criteria developed for use in the San Joaquin Valley by the San Joaquin Valley Drainage Program. However,
they are similar to values presented in Ayers and Westeot (1985).

Table 10 Range of TDS values with estimated suitability for agricultural uses

Range of TDS (mgIL) Suitability
<500 Generally no restrictions on use

500 1,250 Generally slight restrictions on use

1,250— 2,500 Generally moderate restrictions on use

>2,500 Generally severe restrictions on use

Modified from Si VDP 0990)

TOS = total dissolved solids

High levels of boron can present toxicity problems in plants by damaging leaves. The boron is absorbed
through the root system and transported to the leaves. Boron then accumulates during plant transpiration,
resulting in leaf burn (Ayers and Westcot 1985). Boron toxicity is highly dependent on a crop’s sensitivity to
the constituent. A range of values of dissolved boron in irrigation water, with their estimated suitability on
various crops is presented in Table II. These ranges are modified from Ayers and Westcot (1985).

Table 11 Range of boron concentrations with estimated suitability on various crops

Range of dissolved boron (mgIL) Suitability
<0.5 Suitable on all but most highly boron sensitive crops

0.5 1.0 Suitable on most boron sensitive crops

1.0— 2.0 Suitable on most moderately boron sensitive crops

>2.0 Suitable for only moderately to highly boron tolerant crops

Source. Modified from Ayers and Westcot 1985

102 DWR BULLETIN 118



0

t

0
Contaminant Groups
Because there are so many potential individual constituents to evaluate, researchers have often summarized
contaminants into groups depending on the purpose of the study. Recognizing that there are exceptions to
any classification scheme, this update considered groups according to their common sources of
contamination—those naturally occurring and those caused by human activities (anthropogenic). Each of
these sources includes more than one contaminant group. A listing of the contaminant groups and the
individual constituents belonging to those groups, summarized in this report, is included in Appendix F.

Naturally Occurring Sources
In this report, naturally occurring sources include three primary groups: (1) inorganic constituents with primary
MCLs, (2) inorganic constituents with secondary MCLs, and (3) radiological constituents. Inorganics primarily
include naturally occurring minerals such as arsenic or mercury, although human activities may certainly
contribute to observed concentrations. Radiological constituents include primarily naturally occurring
constituents such as radon, gross alpha, and uranium. Although radioactivity is not considered a significant
contaminant statewide, it can be locally important, particularly in communities in the Sierra Nevada.

Anthropogenic Sources
Anthropogenic contaminants include pesticides. volatile organic compounds (VOCs), and nitrates. Pesticides
and VOCs are often grouped together into an organic contaminant group. However, separating the two gives a
general idea of which contaminants are primarily from agricultural activities (pesticides) and which are primarily
from industrial activities (VOC5). One notable exception to the groupings is dibromochloropropane (DBCP).
Even though this compound is a VOC, DBCP is a soil fumigant and is included with pesticides. Nitrates are
a surprising anthropogenic class to some observers. Nitrogen is certainly a naturally occurring inorganic
constituent. However, because most nitrates are associated with agriculture (see Box P, “Focused on
Nitrates: Detailed Study of a Contaminant”) and nitrates are among California’s leading contaminants, it is
appropriate to consider them separately from inorganics.

Box P Focused on Nitrates: Detailed Study of a Contaminant

Because water has so many potential uses, the study of water quality means different things to different
people. Thomas Hailer, a professor at the University of California at Davis, has chosen to focus on
nitrates as one of his research interests. Hailer’s monitoring network consists of 79 wells on 5 dairies in
the San Joaquin Valley.

A common result of dairy activities is the release of nitrogen into the surroundings, which changes to
nitrate in groundwater. Nitrates are notorious for their role in interfering with oxygen transport in babies, a
condition commonly referred to as “blue baby syndrome. Nitrates are also & interest because more
public supply wells have been closed due to nitrate contamination than from any other contaminant
(Bacbman and others 1997).

Hailer’s study has focused on two primary activities. The first is a meticulous examination of nitrogen at
the surface and nitrates in the uppermost 25 feet of the subsurface. This monitoring has been ongoing
since 1993, and has shown that a sigiif.cant amount of nitrate can reach shallow groundwater. The
second locus of the study has been to change management practices to reduce the amount of nitrogen
available to reach groundwater, along with continued monitoring. This has occurred since 1998. Results
of the study are better management practices that significantly reduce the amount of nitrogen available to
groundwater. This will help minimize the potential adverse impacts to groundwater quality from nitrates.
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Chapter ‘7
Inventory of California’s Groundwater Information

The groundwater information in this chapter summarizes the available information on statewide and regional
groundwater issues. For more detailed information on specific groundwater basins see the supplement to this
report that is available on the California Department of Water Resources (DWR) website.
http://www.waterplan.water.ca.gov/groundwater/ II Sindex.htm. See Appendix A for information on
accessing individual basin descriptions and the map delineating California’s groundwater basins.

Statewide Groundwater Information
There is a large amount of data available for many of the State’s most heavily developed groundwater basins.
Conversely, there is relatively little data available on groundwater in the undeveloped areas. The information
in this report is generally limited to a compilation of the information readily available to DWR staff and may
not include the most up-to-date data generated by studies that have been completed recently by water
management agencies. For this reason, the collection of additional. more recent data on groundwater basins
should be continued and integrated into the basin descriptions. Statewide summaries are included below.

Groundwater Basins
There are currently 431 groundwater basins delineated, underlying about 40 percent of the surface area of the
State. Of those, 24 basins are subdivided into a total of 108 subbasins. giving a total of 515 distinct
groundwater systems described in this report (Figure 20). Basin delineation methods are described in
Appendix G. Additionally, many of the subbasin boundaries were developed or modified with public input.
but little physical data. These boundaries should not be considered as precisely defining a groundwater basin
boundary; the determination of whether any particular area lies within a groundwater basin boundary should
be determined only after detailed local study.

Groundwater basin and subbasin boundaries shown on the map included with this bulletin are based on
evaluation of the best available information. In basins where many studies have been completed and the
basin has been operated for a number of years. the basin response is fairly well understood and the
boundaries are fairly well defined. Even in these basins, however, there are many unknowns and changes in
boundaries may result as more information about the basin is collected and evaluated.

Groundwater Budgets
Rather than simply providing all groundwater budget data collected during this update, the budget
information was classified into one of three categories indicating the relative level of detail of information
available. These categories, types A. B. and C. are discussed in Box R. “Explanation of Groundwater Data
Tables.” A type A budget indicates that much of the information needed to characterize the groundwater
budget for the basin or subbasin was available. DWR staff did not veri& these type A budgets. so DWR
cannot address the accuracy of the data provided by them. Type B indicates that enough data are available to
estimate the groundwater extraction to meet local water use needs. This is useful in understanding the
reliance of a particular area on groundwater. Type C indicates a low level of knowledge of any of the budget
components for the area.

Figure 21 depicts where these type A. B, and C budgets occur. In general, there is a greater level of
understanding (type A or B) in the more heavily developed areas in terms of groundwater use. These include
the Central Valley and South Coast. The lowest level of knowledge of groundwater budget data is in the
southeast desert area. A discussion of groundwater use in each region is included below.
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Box C) How Does the Information in This Report Relate to the Recently Enacted laws
Senate Bill 221 and Senate BiN 610 (2002)?

‘C

Recently enacted legislation requires developers of certain new housing projects to
demonstrate an available water supply for that development If a part of that proposed water
supply is gvundwateL ixban water supphers must provide additional information on the
availability of an adequate supply of groundwater to meet the projected demand and show that
they have the legal ‘ight to extract that amount of g’oundwater. SB 610 (2002) amended the
Water Code to require, among other things, the following information (Section 10631M2)):

For basins that have not been adjudicated. information as to whether the department has
identified the basin or basins as over&afted or has projected that the basin will become
overdrafted if present management conditions continue, in the most current official
departmental bulletin that characterizes the condition of the groundwater basin, and a
detailed description of the efforts being undertaken by the urban water supplier to
eliminate the long-term overdraft condition.

The hydrogeologic information contained in the basin descriptions that supplement this update
of Bulletin 118 includes only the information that was available in California Department of
Water Resources (DWR) files through reference searches and through limited contact with local
agencies. Local agencies may have conducted more recent studies that have generated
additional information about water budgets and aquifer characteristics. Unless the agency
notified DWR. or provided a copy of the recent reports to DWR staff, that recent information
has not been included in the basin descriptions. Therefore, although SB 610 refers to
groundwater basins identified as overdrafted in Bulletin 1181 it would be prudent for local water
suppliers to evaluate the potential for overdraft of any basin included as a part of a water
supply assessment.

Persons interested in collecting groundwater information in accordance with the Water Code as
amended by SB 221 and SB 610 may start with the information in Bulletin 118. but should
follow up by consulting the references listed for each basin and contacting local water
agencies to obtain any new information that is available. Otherwise, evaluation of available
oundwater resoixces as mandated by SB 221 and SB 610 may not be using the most
complete and recent information about water budgets and aquifer characteristics.
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Figure 20 Groundwater basins and subbasins
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Box R Explanation of Groundwater Data Tables

A groundwater data table for each hydrologic region is included at the end of each hydrologic region
section in Chapter?. The tables include the following information:

Basin/Subbasin Number. The basin numbering format is x-xxx.xx. The first number in the sequence
assigns the basin to one of the nine Regional Water Quality Control Board boundaries. The second
number is the groundwater basin number Any number following the decimal identifies that the
groundwater basin has been further divided into subbasins. Reevaluation of available hydrogeologic
information resulted in the deletion of some basins and subbasins identified in Bulletins 118-75 and 118-
80. Because of this, there are some gaps in the sequence of basin numbers in this report. The method
used for developing the current groundwater basin maps are discussed in Appendix H. The names and
numbers of the basins deleted, along with any comments related to their elimination are included in the
appropriate region in Chapter 7. PrevIously unidentified groundwater basins or subbasins that were
delineated during this update are assigned new identification numbers that sequentially follow the last
number used in Bulletin 118-80 for groundwater basins or subbasins.

Basin or Subbasin Name. Basin names are based on published and unpublished reports, topographic
maps, and local terminology. Names of more recently delineated basins or subbasins are based on the
principal geographic feature, which In most cases corresponds to the name of a valley. In the case of a
subbasin, its formal name should include the name of the basin (for example, Sacramento Valley
Groundwater Basin, North American Subbasin). Howev% both locally and informally, the term subbasin is
used interchangeably with basin (for example, North American Basin).

Area. The area for each basin or subbasin is presented in acres rounded to three significant figures (for
example, 147,148 acres was rounded to 147,000 acres). The area describes only the upper surface or
map view of a basin. The basin underlies the area and may extend beyond the surface expression
(discussed in Chapter 6).

Groundwater Budget Type. The type of groundwater budget information available was classified as Type
A, B, or C based on the following criteria:

Type A — indicates one of the following: (1) a groundwater budget exists for the basin or enough
components from separate studies could be combined to give a general indication of the basin’s
groundwater budget, (2) a groundwater model exists for the basin that can be used to calculate a
groundwater budget, or (3) actual groundwater extraction data exist for the basin.

Type B — indicates that a use-based estimate of groundwater extraction is calculated for the basin. The
use-based estimate is determined by calculating the overall use from California Department of Water
Resources land use and urban water use surveys. Known surface water supplies are then subtracted from
the total demand leaving the rest of the use to be met by groundwater extraction.

Type C — indicates that there are not enough data to provide either an estimate of the basin’s groundwater
budget or groundwater extraction from the basin.

Well Yields. Maximum and average well yields in gallons per minute (gpm) are reported for municipal
supply and agricultural wells where available. Most of the values reported are from initial tests reported
during construction of the well, which may not be an accurate indication of the long-term production
capacity of the wells.

Box R continued on next page
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Box P Explanation of Groundwater Data Tables (continued)

Types of Monitoring. This includes monitoring of both groundwater levels and quality. “Levels’

indicate the number of wells actively monitored without consideration of frequency. Most wells are
monitored semi-annually, but many are monitored monthly. “Quality” indicates the number of

wells monitored for various constituents; these could range from a grab sample taken for a field

specific conductance measurement to a full analysis of organic and inorganic constituents. ‘Title

22” indicates the number of public water system wells that are actively sampled and monitored
under the direction of California Department of Health Services (DHS) Title 22 Program.

Total Dissolved Solids. This category includes range and average values of total dissolved solids

(TDS). This data primarily represents data from published reports. In some cases, a range of
average TDS values is presented.

0

Active Monitoring

The summary of active monitoring includes wells that are monitored for groundwater elevation or
groundwater quality within the delineated groundwater basins as of 1999. Groundwater elevation data
collected by DWR and cooperators are available online at http://wdl.water.ca.gov. Most of the water quality
data are for public supply wells and were provided by the California Department of Health Services (DHS).
Other groundwater level and water quality monitoring activities were reported by local agencies during this
update. The summary indicates that there are nearly 14,000 wells monitored for groundwater levels, 10,700’
wells monitored under DHS water quality monitoring program, and 4,700 wells monitored for miscellaneous
water quality by other agencies.

‘These numbers include the wells in basins and subbasins only; throughout the entire state, DHS has responsibility for more than
16,000 public supply wells.
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Box S What Happens When an MCI Exceedance Occurs?

All suppliers of domestic water to the public are subject to regulations adopted by the U.S.
Environmental Protection Agency under the Safe Drinking Water Act (42 U.S.C. 300f et seq.) as well
as by the California Department of Health Services under the California Safe Drinking Water Plan Act
(Health and Safety Code § 116270-116750).

These regulations include primary drinking water standards that establish maximum contaminant
levels (MCLs) for inorganic and organic chemicals and radioactivity. MCLs are based on health
protection, technical feasibility, and economic factors.

Cablornia requfres public water systems to sample their drinking water sources, analyze for
regulated contaminants, and determine compliance with the MCLs on a regular basis. Sampling
frequency depends on the contaminant, type of water source, and previous sampling results;
frequency can range from monthly to once every nine years. or none at all if sampling is waived
because the source is not vulnerable to the contaminant.

Primary MCLs are enforceable standards. In California, compliance is usually determined at the
wellhead or the surface water intake. To meet water quality standards and comply with regulations,
a water system with a contaminant exceeding an MCL must notify the public and remove the source
from service or initiate a process and schedule to install treatment for removing the contaminant.

Notification requirements reflect the severity of the associated health risks; immediate health
concerns prompt immediate notice to consumers. Violations that do not pose a significant health
concern may use a less immediate notification process. In addition to consumer notification, a water
system is required by statute to notify the local governing body (for example, city council or county
board of supervisors) whenever a drinking water well exceeds an MCL, even if the well is taken out
of service.

Detections of regulated contaminants (and certain unregulated contaminants) must also be reported
to consumers in the water system’s annual Consumer Confidence Report.

Groundwater Quality

The summary of water quality relied heavily on data from the DI-IS Title 22 water quality monitoring
program. The assessment consisted of querying the DHS database for active wells that have constituents
exceeding the maximum contaminant level (MCL) for drinking water. Summaries of this assessment for
each of the State’s hydrologic regions (HIts) are discussed in this chapter.

DHS data are the most comprehensive statewide water quality data set available, but this data set should not
be used as a sole indicator of the groundwater quality in California. Data from these wells are not
necessarily representative of any given basin; it only represents the quality of groundwater where a public
water supply is extracted.
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The Natural Resources Defense Council (NRDC 2001) issued a report that concludes California’s
groundwater resources face a serious long-term threat from contamination. Despite heavy reliance on
groundwater, no comprehensive statewide assessments of groundwater quality were available. In response to
the NRDC report, the State Water Resources Control Board (SWRCB) is planning a comprehensive
assessment of the State’s groundwater quality. This program is discussed in Chapter 4, in the section titled
“Groundwater Quality Monitoring Act of 2001 (AB 599).”

Regional Groundwater Use
The importance of groundwater as a resource varies regionally throughout the State. For planning purposes,
DWR divides California into 10 hydrologic regions (HRs), which correspond to the State’s major drainage
areas. HR boundaries are shown in Figure 22. A review of average water year supplies from the California
Water Plan (DWR 1998) shows the importance of groundwater as a local supply for agricultural and
municipal use throughout the State and in each of California’s 10 HRs (Table 12 and Figure 23).

0

Table 12 Annual agricultural and municipal water demands
met by groundwater

Demand met by Demand met by
Total Demand Volume Groundwater Groundwater

Hydrologic region (TAF) (TAF) (%)
North Coast 1063 263 25

San Francisco Bay 1353 68 5

Central Coast 1263 1045 83

South Coast 5124 1177 23

Sacramento River 8720 2672 31

San Joaquin River 7361 2195 30

Tulare Lake 10556 4340 41

North Lahontan 568 157 28

South Lahontan 480 239 50

Colorado River 4467 337 8

Source: DWR 1998

With more than 80 percent of demand met by groundwater, the Central Coast HR is heavily reliant on
groundwater to meet its local needs. The Tulare Lake and South Lahontan HRs meet more than 40 percent of
their local demand from groundwater. The South Coast, North Coast North Lahontan, San Joaquin River,
and Sacramento River HRs take between 20 and 40 percent of their supply from groundwater. Groundwater
is a relatively minor source of supply in the San Francisco Bay and Colorado River HRs.

Of all the groundwater extracted annually in the state, an estimated 35 percent is produced from the Tulare
Lake HR. More than 70 percent of groundwater extraction occurs in the Central Valley (Tulare Lake, San
Joaquin River, and Sacramento River HRs combined). Nearly 20 percent is extracted in the highly urbanized
South Coast and Central Coast HRs, while less than 10 percent is extracted in the remaining five HRs
combined.

0
C

0
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Figure 22 California’s 10 hydrologic regions
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The remainder of this chapter provides a summary of each of the 10 HRs. A basin location map for each HR
is followed by a brief discussion of groundwater occurrence and groundwater conditions. A summary
tabulation of groundwater information for each groundwater basin within the HR is provided. Greater detail
for the data presented in these tables, including a bibliography, is provided in the individual basin/subbasin
descriptions in the supplemental report (see Appendix A). Because the groundwater basin numbers are based
on the boundaries of the State’s nine Regional Water Quality Control Boards (RWQCB), Figure 24 shows the
relationship between the Regional Board boundaries and DWR’s HR boundaries.

The groundwater basin tabulations give an overview of available data. Where a basin is divided into
subbasins, only the information for the subbasins is provided. The data for each subbasin generally come
from different sources, so it is inappropriate to sum the data into a larger basin summary. An explanation of
each of the data items presented in the summary table is provided in Box R.
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p Coast Department of Water Resources
Hydrologic Region Boundary and Name
NC North Coast

SFB San Francisco Bay
CC Central Coast
SC South Coast
SR Sacramento River

- SJ San Joaquin River
TL Tulare Lake

SR NL North Lahontan
SL South Lahontan
CR Colorado River

— • Regional Water Quality Control Board
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Figure 24 Regional Water Quality Control Board regions and Department of
Water Resources hydrologic regions
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North Coast Hydrologic Region

CALIFORNIA’S GROUNDWATER UPDATE 2D03 119



Chapter? I North Coast Hydrologic Region
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Figure 25 North Coast Hydrologic Region
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Basins and Subbasins of the North Coast Hydrologic Region

I—I

1-2

1-2.0

1-2.02

1—3

1-4

1-5

I-a

1-7

I-s

1-8.01

1-8.02

1-9

1-10

I—Il

1-12

1-13

1-14

1-IS

1-16

1-17

I-Is

1-19

1-20

1-21

1-22

1-25

1-26

1-27

1-28

1-29

1-30

1-31

1-32

1-33

1-34

1-35

1-36

1-37

1-38

1-39

1-40

1-41

Smith River Plain

Klamath River Valley

Tule Lake

Lower Kiamalb

Butte Valley

Shasta Valley

Scott River Valley

Flayfork Valley

Hoopa Valley

Mad River Valley

Mad River Lowland

Dows Prairie School Area

Eureka Plain

Eel River Valley

Covelo Round Valley

Laytonville Valley

Little Lake Valley

Lower Klamath River Valley

Happy Camp Town Area

Seiad Valley

Bray Town Area

Red Rock Valley

Anderson Valley

Garcia River Valley

Fort Bragg Terrace Area

Fairchild Swamp Valley

Prairie Creek Area

Redwood Creek Area

Big Lagoon Area

Mattole River Valley

Honeydew Town Area

Pepperwood Town Area

Weott Town Area

Garberville Town Area

Larabee Valley

Dinsmores Town Area

Hyampom Valley

Hettenshaw Valley

Cottoneva Creek Valley

Lower Laytonville Valley

Branscomb Town Area

Ten Mile River Valley

Little Valley

(-42

1-43

1-44

1-45

1-46

1-48

1-49

1-50

I-SI

1-52

1-53

1-54

1-54.0 I

1-54.02

1-55

1-55.01

1-55.02

1-55.03

1-56

1-57

1-59

I-60

1-61

1-62

Sherwood Valley

Williams Valley

Eden Valley

Big River Valley

Navarro River Valley

Gravelley Valley

Annapolis Ohlson

Highlands

Knights Valley

Potter Valley

Ukiab Valley

Sanel Valley

Alexander Valley

Alexander Area

Cloverdale Area

Santa Rosa Valley

Santa Rosa Plain

Healdsburg Area

Rincon Valley

McDowell Valley

Bodega Bay Area

Wilson Grove Formation Highlands

Lower Russian River Valley

Fort Ross Terrace Deposits

Wilson Point Area

Basin/subbasin Basin name Basinlsubbasin Basin name
0

Ranch Formation
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Description of the Region
The North Coast HR covers approximately 12.46 million acres (19,470 square miles) and includes all or
portions of Modoc, Siskiyou, Del Norte, Trinity, Humboldt, Mendocino, Lake, and Sonoma counties
(Figure 25). Small areas of Shasta, Tehama, Glenn, Colusa, and Mann counties are also within the region.
Extending from the Oregon border south to Tomales Bay, the region includes portions of four geomorphic
provinces. The northern Coast Range forms the portion of the region extending from the southern boundary
north to the Mad River drainage and the fault contact with the metamorphic rocks of the Klamath Mountains,
which continue north into Oregon. East of the Klamath terrane along the State border are the volcanic
terranes of the Cascades and the Modoc Plateau. In the coastal mountains, most of the basins are along the
narrow coastal strip between the Pacific Ocean and the rugged Coast Range and Klamath Mountains and
along inland river valleys; alluviated basin areas are very sparse in the steep Klamath Mountains. In the
volcanic terrane to the east, most of the basins are in block faulted valleys that once held Pleistocene-age
lakes. The North Coast HR corresponds to the boundary of RWQCB 1. Significant geographic features
include basin areas such as the Klamath River Basin, the Eureka/Arcata area, Hoopa Valley, Anderson Valley,
and the Santa Rosa Plain. Other significant features include Mount Shasta, forming the southern border of
Shasta Valley, and the rugged north coastal shoreline. The 1995 population of the entire region was about
606,000, with most being centered along the Pacific Coast and in the inland valleys north of the San
Francisco Bay Area.

The northern mountainous portion of the region is rural and sparsely populated, primarily because of the
rugged terrain. Most of the area is heavily forested. Some irrigated agriculture occurs in the narrow river
valleys, but most occurs in the broader valleys on the Modoc Plateau where pasture, grain and alfalfa
predominate. In the southern portion of the region, closer to urban centers, crops like wine grapes, nursery
stock, orchards, and truck crops are common.

A majority of the surface water in the North Coast HR goes to environmental uses because of the “wild and
scenic” designation of most of the region’s rivers. Average annual precipitation ranges from 100 inches in
the Smith River drainage to 29 inches in the Santa Rosa area and about 10 inches in the Klamath drainage; as
a result, drought is likely to affect the Klamath Basin more than other portions of the region. Communities
that are not served by the area’s surface water projects also tend to experience shortages. Surface water
development in the region includes the U.S. Bureau of Reclamation (USBR) Klamath Project, Humboldt Bay
Municipal Water District’s Ruth Lake, and U.S. Army Corps of Engineer’s Russian River Project. An
important factor concerning water demand in the Klamath Project area is water allocation for endangered fish
species in the upper and lower basin. Surface water deliveries for agriculture in 2001, a severe drought year,
were only about 20 percent of normal.

Groundwater Development
Groundwater development in the North Coast HR occurs along the coast, near the mouths of some of the
region’s major rivers, on the adjacent narrow marine terraces, or in the inland river valleys and basins.
Reliability of these supplies varies significantly from area to area. There are 63 groundwater basins/
subbasins delineated in the region, two of which are shared with Oregon. These basins underlie
approximately 1.022 million acres (1,600 square miles).

Along the coast, most groundwater is developed from shallow wells installed in the sand and gravel beds of
several of the region’s rivers. Under California law, the water produced in these areas is considered surface
water undenflow. Water from Ranney collectors installed in the Klamath River, Rowdy Creek, the Smith
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River, and the Mad River supply the towns of Kiamath, Smith River and Crescent City in Del None County
and most of the Humboldt Bay area in Humboldt County. Except on the Mad River, which has continuous
supply via releases from Ruth Reservoir, these supplies are dependent on adequate precipitation and flows
throughout the season. In drought years when streamfiows are low, seawater intrusion can occur causing
brackish or saline water to enter these systems. This has been a problem in the town of Klamath, which in
1995 had to obtain community water from a private well source. Toward the southern portion of the region,
along the Mendocino coast, the Town of Mendocino typifies the problems related to groundwater
development in the shallow marine terrace aquifers. Groundwater supply is limited by the aquifer storage
capacity, and surveys done in the Town of Mendocino in the mid-I 980s indicate that about 10 percent of
wells go dry every year and up to 40 percent go dry during drought years.

Groundwater development in the inland coastal valleys north of the divide between the Russian and Eel
Rivers is generally of limited extent. Most problems stemming from reliance on groundwater in these areas
is a lack of alluvial aquifer storage capacity. Many groundwater wells rely on hydrologic connection to the
rivers and streams of the valleys. The City of Rio Dell has experienced water supply problems in community
wells and, as a result, recently developed plans to install a Ranney collector near the Eel River. South of the
divide, in the Russian River drainage, a significant amount of groundwater development has occurred on the
Santa Rosa Plain and surrounding areas. The groundwater supplies augment surface supplies from the
Russian River Project.

In the north-central part of the North Coast HR. the major groundwater basins include the Klamath River
Valley, Shasta Valley, Scott River Valley, and Butte Valley. The Klamath River Valley is shared with Oregon.
Of these groundwater basins, Butte Valley has the most stable water supply conditions. The historical annual
agricultural surface water supply has been about 20,000 acre-feet. As farming in the valley expanded from
the early l950s to the early l990s, bringing nearly all the arable land in the valley into production,
groundwater was developed to farm the additional acres. It has been estimated that current, fully developed
demands are only about 80 percent of the available groundwater supply. By contrast, water supply issues in
the other three basins are contingent upon pending management decisions regarding restoration of fish
populations in the Klamath River and the Upper Kiamath Basin system. The Endangered Species Act (ESA)
fishery issues include lake level requirements for two sucker fish species and in-stream flow requirements for
coho salmon and steelhead trout. Since about 1905, the Klamath Project has provided surface water to the
agricultural community, which in turn has provided water to the wildlife refuges. Since the early I 990s, it
has been recognized that surface water in the Klamath Project is over-allocated, but very little groundwater
development had occurred. In 2001, which was a severe drought year, USBR delivered a total of about
75,000 acre-feet of water to agriculture in California, about 20 percent of normal. In the Klamath River
Groundwater Basin this translated to a drought disaster, both for agriculture and the wildlife refuges. In
addition, there were significant impacts for both coho salmon and sucker fisheries in the Klamath River
watershed. As a result of the reduced surface water deliveries, significant groundwater development
occurred, and groundwater extraction increased from an estimated 6,000 acre-feet in 1997 to roughly 60,000
acre-feet in 2001. Because of the complexity of the basin’s water issues, a long-term Kiamath Project
Operation plan has not yet been finalized. Since 1995, USBR has issued an annual operation plan based on
estimates of available supply. The Scott River Valley and Shasta Valley rely to a significant extent on surface
water diversions. In most years, surface water supplies the majority of demand, and groundwater extraction
supplements supply as needed depending on wet or dry conditions. Discussions are under way to develop
strategies to conjunctively use surface water and groundwater to meet environmental, agricultural, and other
demands.

CALIFORNIA’S GROUNDWATER UPDATE 2003 123



Groundwater Quality
Groundwater quality characteristics and specific local impairments vary with regional setting within the
North Coast HR. In general, seawater intrusion and nitrates in shallow aquifers are problems in the coastal
groundwater basins; high total dissolved solids (TDS) content and general alkalinity are problems in the lake
sediments of the Modoc Plateau basins; and iron, boron, and manganese can be problems in the inland basins

of Mendocino and Sonoma counties.

Water Quality in Public Supply Wells
From 1994 through 2000, 584 public supply water wells were sampled in 32 of the 63 basins and subbasins
in the North Coast KR. Analyzed samples indicate that 553 wells, or 95%, met the state primary Maximum
Contaminant Levels (MCL) for drinking water. Thirty-one wells, or 5%, sampled have constituents that
exceed one or more MCL. Figure 26 shows the percentage of each contaminant group that exceeded MCLs
in the 31 wells.

D Meetpdmary MCL standam’s

• Detection ofat Mast one constituent above pdmaa’yMCL

Figure 26 MCL exceedances in public supply wells in the North Coast Hydrologic Region

Table 13 lists the three most frequently occurring individual contaminants in each of the five contaminant
groups and shows the number of wells in the HR that exceeded the MCL for those contaminants.
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Table 13 Most frequently occurring contaminants by contaminant group
in the North Coast Hydrologic Region

Contaminant - # of wells
Arsenic —4

Contaminant group Contaminant - # of wells Contaminant - # of
wellslnorganics Primary Aluminum 4 4 tied at I
exceedance
Inorganics — Secondary Manganese — 150 Iron — 108 Copper —2

Radiological Radium 228—3 Combined RA226 + RA228 3 Radium 226— I

Nitrates Nitrate(as NO,) —7 Nitrite(as N) —

VOCs/SVOCs TCE —2 3 tied at I exceedance

TCE = Trichioroethylene
VOC = Volatile Organic Compound
SVOC = Semivolatile Organic Compound

Changes from Bulletin 118-80

Since Bulletin 118-80 was published, RWQCB 2 boundary has been modified. This resulted in several
basins being reassigned to RWQCB I. These are listed in Table 14, along with other modifications to North
Coast HR.

Table 14 Modifications since Bulletin 118-80 of groundwater basins
in North Coast Hydrologic Region

Basin name New number Old number
McDowell Valley 1-56 2-12

Knights Valley 1-50 2-13

Potter Valley 1-51 2-14

Ukiah Valley 1-52 2-15

Sanel Valley 1-53 2-16

AlexanderValley 1-54 2-17

Santa Rosa Valley 1-55 2-18

Lower Russian River Valley 1-60 2-20

Bodega Bay Area 1-57 2-21

Modoc Plateau Recent Volcanic Area deleted 1-23

Modoc Plateau Pleistocene Volcanic Area deleted 1-24

Gualala River Valley deleted 147

Wilson Grove Formation Highlands 1-59 2-25

Fort Ross Terrace Deposits 1-61

Wilson Point Area 1-62

0

C,

C
z
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Fort Ross Terrace Deposits (1-61) and Wilson Point Area (1-62) have been defined since B 118-80 and are
included in this update. Mad River Valley Groundwater Basin (1-8) has been subdivided into two subbasins.
Sebastopol Merced Formation (2-25) merged into Basin 1-59 and was renamed Wilson Grove Formation
Highlands.

There are a couple of deletions of groundwater basins from Bulletin 118-80. The Modoc Plateau Recent
Volcanic Area (1-23) and the Modoc Plateau Pleistocene Volcanic Area (1-24) are volcanic aquifers and were
not assigned basin numbers in this bulletin. These are considered to be groundwater source areas as
discussed in Chapter 6. Gualala River Valley (147) was deleted because the State Water Resources Control
Board determined the water being extracted in this area as surface water within a subterranean stream.
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1 24 Basin Number

12.01 Subbasin Number

Basin

r-, Hydrologic Region Boundaries

County Lines

tO 2(JMitcs

flgure 21 San Francisco Bay Hydrologic Region
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Basins and Subbasins of the San Francisco
Bay Hydrologic Region

Basin/subbasin Basin name

Petaluma Valley

Napa-Sonoma Valley

Suisun-Fairfield Valley

Pittsburg Plain

Clayton Valley

Ygnacio Valley

San Ramon Valley

Castro Valley

Santa Clara Valley

Niles Cone

Sunol Valley

Kenwood Valley

Half Moon Bay Terrace

San Gregorio Valley

Pescadero Valley

Sand Point Area

Ross Valley

San Rafael Valley

Novato Valley

Arroyo Del Hambre Valley

Visitacion Valley

Islais Valley

Merced Valley

San Pedro Valley

South San Francisco

Lobos

Marina

Downtown San Francisco

Description of the Region
The San Francisco Bay HR covers approximately
2.88 million acres (4,500 square miles) and includes
all of San Francisco and portions of Mann, Sonoma,
Napa, Solano, San Mateo, Santa Clara, Contra Costa,
and Alameda counties (Figure 27). The region
corresponds to the boundary of RWQCB 2.
Significant geographic features include the Santa
Clara, Napa, Sonoma, Petaluma, Suisun-Fairfield, and
Livermore valleys; the Mann and San Francisco
peninsulas; San Francisco, Suisun, and San Pablo
bays; and the Santa Cruz Mountains, Diablo Range,
Bolinas Ridge, and Vaca Mountains of the Coast
Range. While being the smallest in size of the 10
HRs, the region has the second largest population in
the State at about 5.8 million in 1995 (DWR 1998).
Major population centers include the cities of San
Francisco, San Jose and Oakland.

Groundwater Development
The region has 28 identified groundwater basins.
Two of those, the Napa-Sonoma Valley and Santa
Clara Valley groundwater basins, are further divided
into three and four subbasins, respectively. The
groundwater basins underlie approximately 896,000
acres (1,400 square miles) or about 30 percent of the
entire HR.

Despite the tremendous urban development in the
region, groundwater use accounts for only about 5
percent (68,000 acre-feet) of the region’s estimated
average water supply for agricultural and urban uses,
and accounts for less than one percent of statewide
groundwater uses.

In general, the freshwater-bearing aquifers are
relatively thin in the smaller basins and moderately
thick in the more heavily utilized basins. The more
heavily utilized basins in this region include the Santa
Clara Valley, Napa-Sonoma Valley, and Petaluma
Valley groundwater basins. In these basins, the
municipal and irrigation wells have average depths
ranging from about 200 to 500 feet. Well yields in
these basins range from less than 50 gallons per minute
(gpm) to approximately 3,000 gpm. In the smaller
basins, most municipal and irrigation wells have
average well depths in the 100- to 200-foot range.
Well yields in the smaller and less utilized basins are
typically less than 500 gpm.

0

Napa Valley

Sonoma Valley

Napa-Sonoma Lowlands

Santa Clam

San Mateo Plain

East Bay Plain

Livermore Valley

2-I

2-2

2-2.01

2-2.02

2-2.03

2-3

2-4

2-5

2-6

2-7

2-8

2-9

2-9.01

2-9.02

2-9.03

2-9.04

2-10

2-Il

2-19

2-22

2-24

2-26

2-27

2-28

2-29

2-30

2-31

2-32

2-33

2-35

2-36

2-37

2-38

2-39

2-40

ORNIA’S GROUNDWATER UPDATE 2003 131



Chapter 7 I San Francisco Bay Hydrologic Region

Land subsidence has been a significant problem in the Santa Clara Valley Groundwater Basin in the past. An
extensive annual monitoring program has been set up within the basin to evaluate changes in an effort to
maintain land subsidence at less than 0.01 feet per year (SCVWD 2001). Additionally, groundwater recharge
projects have been implemented in the Santa Clara Valley to ensure that groundwater will continue to be a
viable water supply in the future.

Groundwater Quality
In general, groundwater quality throughout most of the region is suitable for most urban and agricultural uses
with only local impairments. The primary constituents of concern are high TDS, nitrate, boron, and organic
compounds.

The areas of high TDS (and chloride) concentrations are typically found in the region’s groundwater basins
that are situated close to the San Francisco Bay, such as the northern Santa Clara, southern Sonoma,
Petaluma, and Napa valleys. Elevated levels of nitrate have been detected in a large percentage of private
wells tested within the Coyote Subbasin and Llagas Subbasin of the Gilroy-Hollister Valley Groundwater
Basin (in the Central Coast HR) located to the south of the Santa Clara Valley (SCVWD 2001). The shallow
aquifer zone within the Petaluma Valley also shows persistent nitrate contamination. Groundwater with high
TDS, iron, and boron levels is present in the Calistoga area of Napa Valley, and elevated boron levels in other
parts of Napa Valley make the water unfit for agricultural uses. Releases of fuel hydrocarbons from leaking
underground storage tanks and spills/leaks of organic solvents at industrial sites have caused minor to
significant groundwater impacts in many basins throughout the region. Methyl tertiary-butyl ether (MTBE)
and chlorinated solvent releases to soil and groundwater continue to be problematic. Environmental
oversight for many of these sites is performed either by local city and county enforcement agencies, the
RWQCB, the Department of Toxic Substances Control, and/or the U.S. Environmental Protection Agency.

Water Quality in Public Supply Wells
From 1994 through 2000, 485 public supply water wells were sampled in 18 of the 33 basins and subbasins
in the San Francisco Bay HR. Analyzed samples indicate that 410 wells, or 85 percent, met the state primary
MCLs for drinking water standards. Seventy-five wells, or 15 percent, have constituents that exceed one or
more MCL. Figure 28 shows the percentages of each contaminant group that exceeded MCLs in the 75 wells.

Table 16 lists the three most frequently occurring contaminants in each contaminant group and the number of
wells in the HR that exceeded the MCL for those contaminants.
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485 Wells Sampled

Figure 28 MCL exceedances in public supply wells in the San Francisco Bay Hydrologic Region

Table 16 Most frequently occurring contaminants by contamthant group in the
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San Francisco Bay Hydrologic Region

Contaminant group Contaminant - U of wells Contaminant - U of wells Contaminant - U of wells
Inorganics Iron —57 Manganese —57 Fluodde —7

Radiological Gmss Alpha —2 Radium 226—

Nitrates Nitrate (as NO3) 27 Nitrate + Nitrite —3 Nitrite (as N) — I

Pesticides Di(2-Ethylbexyl)phthalate —4 Heptachlor —

VOCsISVOCs PCE 4 Dichloromethane —3 TCE— 2
Vinyl Chloride —2

TCE = Trichloroethylene
PCE = Tetrachloroethylene
VOC = Volatile Organic Compound
SVOC = Semivolatile Organic Coumpound
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Changes from Bulletin 118-80
Since Bulletin 118-80 was published, RWQCB 2 boundary has been modified. This resulted in several
basins being reassigned to RWQCB 1. These are listed in Table 17.

Table 17 Modifications since Bulletin 118-80 of groundwater basins in
San Francisco Bay Hydrologic Region

Basin name New number Old number
McDowell Valley 1-56 2-12

Knighis Valley 140 2-13

PotlerValley 1-51 2-14

Ukiah Valley 1-52 2-15

Sand Valley 1-53 2-16

AlexanderValley 1-54 2-17

Santa Rosa Valley 1-55 218

Lower Russian River Valley 1-60 2-20

Bodega Bay Area 1-57 2-21

No additional basins were assigned to the San Francisco Bay HR in this revision. However, the Santa Clara
Valley Groundwater Basin (2-9) has been subdivided into four subbasins instead of two, and the Napa
Sonoma Valley Groundwater Basin is now three subbasins instead of two.

There are several deletions of groundwater basins from Bulletin 118-80. The San Francisco Sand Dune Area
(2-34) was deleted when the San Francisco groundwater basins were redefined in a USGS report in the early
1990s. The Napa-Sonoma Volcanic Highlands (2-23) is a volcanic aquifer and was not assigned a basin
number in this bulletin. This is considered to be a groundwater source area as discussed in Chapter 6.
Bulletin 118-80 identified seven groundwater basins that were stated to differ from 118-75: Sonoma County
Basin, Napa County Basin, Santa Clara County Basin, San Mateo Basin, Alameda Bay Plain Basin, Niles
Cone Basin, and Livermore Basin. They were created primarily by combining several smaller basins and
subbasins within individual counties. This report does not consider these seven as basins. There is no
change in numbering because the basins were never assigned a basin number.
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Central Coast Hydrologic Region
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124 Basin Number

12.01 Subbasin Number

Basin

ar... Hydrologic Region Boundaries

County Lines

N 312

314

31

0 0 20 ‘tiles

Figure 29 Central Coast Hydrologic Region
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Basins and Subbasins of Central Coast Hydrologic Region
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3-IS

3-16

3-17

3-IS

3-19

3-20

3-2 i

3-22

3-23

3-24

3-25

3-26

3-27

3-28

3-29

3-30

3-31

3-32

3-33

3-34

Sequel Valley

Pajaro Valley

Gilroy-Hollister Valley

Llagas Area

Bolsa Area

1-lollister Area

San Juan Bautista Area

Salinas Valley

180/400 Foot Aquifer

East Side Aquifer

Forebay Aquifer

Upper Valley Aquifer

Paso RabIes Area

Seaside Area

Langley Area

Corral de Tierra Area

Cholame Valley

Lockwood Valley

Carmel Valley

Los Osos Valley

San Luis Obispo Valley

Santa Maria River Valley

Cuyama Valley

San Anlonio Creek Valley

Santa Ynez River Valley

Golela

Santa Barbara

Carp interia

Carrizo Plain

Ano Nuevo Area

Santa Cruz Purisima Formation

Santa Ana Valley

Upper Santa Ana Valley

Quien Sabe Valley

Tres Pinos Valley

West Santa Cruz Terrace

Scotis Valley

San Benito River Valley

Dry Lake Valley

Bitter Water Valley

Hernandez Valley

Peach Tree Valley

San Carpoforo Valley

Arroyo de Ia Cruz Valley
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3-35 San Simeon Valley

3-36 Santa Rosa Valley

3-37 Villa Valley

3-38 Cayucos Valley

3-39 Old Valley

3-40 Tore Valley

3-41 Mono Valley

3-42 Chorro Valley

3-43 Rinconada Valley

344 Pozo lley

3-45 Fluasna Valley

346 Rafael Valley

347 Big Spring Area

349 Montecito

3-50 Felton Area

3-SI Majors Creek

3-52 Needle Rock Point

3-53 Foothill
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Description of the Region
The Central Coast HR covers approximately 7.22 million acres (11,300 square miles) in central California
(Figure 29). This HR includes all of Santa Cruz, Monterey, San Luis Obispo, and Santa Barbara counties, most
of San Benito County, and parts of San Mateo, Santa Clara, and Ventura counties. Significant geographic
features include the Pajaro, Salinas, Carmel, Santa Maria, Santa Ynez, and Cuyama valleys; the coastal plain of
Santa Barbara; and the Coast Range. Major drainages in the region include the Salinas, Cuyama, Santa Ynez,
Santa Maria, San Antonio, San Lorenzo, San Benito, Pajaro, Nacimiento, Cannel, and Big Sur Rivers.

Population data from the 2000 Census suggest that about 1.4 million people or about 4 percent of the
population of the State live in this HR. Major population centers include Santa Barbara, Santa Maria, San
Luis Obispo, Gilroy, Hollister, Morgan Hill, Salinas, and Monterey.

The Central Coast HR has 50 delineated groundwater basins. Within this region, the Gilroy-Hollister Valley
and Salinas Valley groundwater basins are divided into four and eight subbasins, respectively. Groundwater
basins in this HR underlie about 2.390 million acres (3,740 square miles) or about one-third of the HR.

Groundwater Development
Locally, groundwater is an extremely important source of water supply. Within the region, groundwater
accounted for 83 percent of the annual supply used for agricultural and urban purposes in 1995. For an
average year, groundwater in the region accounts for about 8.4 percent of the statewide groundwater supply
and about 1.3 percent of the total state water supply for agricultural and urban needs. In drought years,
groundwater in this region is expected to account for about 7.2 percent of the statewide groundwater supply
and about 1.9 percent of the total State water supply for agricultural and urban needs (DWR 1998).

Aquifers are varied and range from large extensive alluvial valleys with thick multilayered aquifers and
aquitards to small inland valleys and coastal terraces. Several of the larger basins provide a dependable and
drought-resistant water supply to coastal cities and farms.

Conjunctive use of surface water and groundwater is a long-standing practice in the region. Several
reservoirs including Hernandez, Twitchell, Lake San Antonio, and Lake Nacimiento are operated primarily
for the purpose of groundwater recharge. The concept is to maintain streamflow over a longer period than
would occur without surface water storage and thus provide for increased recharge of groundwater. Seawater
intrusion is a major problem throughout much of the region. In the Salinas Valley Groundwater Basin,
seawater intrusion was first documented in the 1930s and has been observed more than 5 miles inland.

Groundwater Quality
Much of the groundwater in the region is characterized by calcium sulfate to calcium sodium bicarbonate
sulfate water types because of marine sedimentary rock in the watersheds. Aquifers intruded by seawater are
typically characterized by sodium chloride to calcium chloride, and have chloride concentrations greater than
500 mg/L. In several areas, groundwater exceeds the MCL for nitrate.

Water Quality in Public Supply Wells
From 1994 through 2000, 711 public supply water wells were sampled in 38 of the 60 basins and subbasins
in the Central Coast HR. Analyzed samples indicate that 587 wells, or 83 percent, met the state primary
MCLs for drinking water. One-hundred-twenty-four wells, or 17 percent, have constituents that exceed one
or more MCL. Figure 30 shows the percentages of each contaminant group that exceeded MCLs in the 124
wells.
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Figure 30 MCL exceedances in public supply wells in the Central Coast Hydrologic Region

Table 19 lists the three most frequently occurring contaminants in each of the six contaminant groups and
shows the number of wells in the HR that exceeded the MCL for those contaminants.

Table 19 Most frequently occurring contaminants by contaminant group
in the Central Coast Hydrologic Region

Contaminant - ft of wells Contaminant - ft of wellsContaminant group Contaminant - ft of
wells
1organics — Primary Antimony —6 Aluminum —4 Chromium (Total) —4

Inorganics — Secondary Iron — 145 Manganese — 135 TDS — II

Radiological Gross Alpha — 15 Radium 226—3 Uranium —3

Nitrates Nitrate (as NO3)—69 Nitrate + Nitrite 24

Pesticides 1-leptachlor —4 Di (2-Ethylbexyl) phthalate 2

VOCs/SVOCs TCE —3 3 are tied at 2 exceedances

TCE = Trichioroethylene
VOC = Volatile Organic Compound
SVOC Semivolatile Organic Compound
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Changes from Bulletin 118-80
Four new basins have been defined since Bulletin 118-80. They are Felton Area, Majors Creek, Needle Rock
Point, and Foothill groundwater basins. Additionally, new subbasins have been broken out in both the
Gilroy-Hollister Valley Groundwater Basin (3-3) and the Salinas Valley Groundwater Basin (3-4) (Table 20).

Table 20 Modifications since Bulletin 118-80 of groundwater basins and subbasins
in Central Coast Hydrologic Region

Subbasin name New number Old number
Liagas Area 3-301 3-3

Bolsa Area 3-3.02 3-3

I-bluster Area 3-3.03 3-3

San Juan Bautista Area 3-3.04 3-3

1801400 Foot Aquifer 3-4.01 3-4

East Side Aquifer 3-4.02 3-4

Upper Forebay Aquifer 3-4.04 3-4

Upper Valley Aquifer 34.05 34

Pismo Creek Valley Basin 3-12 3-10

Arroyo Grande Creek Basin 3-12 3-Il

Careaga Sand Highlands Basin 3-12 and 3-14 348

Felton Area 3-50

Majors Creek 3-51

Needle Rock Point 3-52

Foothill 3-53

Pismo Creek Valley Basin (3-10) and Arroyo Grande Creek Basin (3-11) have been merged into the Santa
Maria River Valley Basin (3-12). Careaga Sand Highlands Basin (348) has been merged into the Santa
Maria River Valley Basin (3-12) and San Antonio Creek Valley Basin (3-14).
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Figure 31 South Coast Hydrologic Region
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Basins and Subbasins of the South Coast Hydrologic Region
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Description of the Region
The South Coast HR covers approximately 6.78 million acres (10,600 square miles) of the southern

California watershed that drains to the Pacific Ocean (Figure 31). The HR is bounded on the west by the

Pacific Ocean and the watershed divide near the Ventura-Santa Barbara County line. The northern boundary

corresponds to the crest of the Transverse Ranges through the San Gabriel and San Bernardino mountains.

The eastern boundary lies along the crest of the San Jacinto Mountains and low-lying hills of the Peninsular

Range that form a drainage boundary with the Colorado River HR. The southern boundary is the

international boundary with the Republic of Mexico. Significant geographic features include the coastal

plain, the central Transverse Ranges, the Peninsular Ranges, and the San Fernando, San Gabriel, Santa Ana

River, and Santa Clara River valleys.

The South Coast HR includes all of Orange County, most of San Diego and Los Angeles Counties, parts of

Riverside, San Bernardino, and Ventura counties, and a small amount of Kern and Santa Barbara Counties.

This HR is divided into Los Angeles, Santa Ana and San Diego subregions, RWQCBs 4, 8, and 9
respectively. Groundwater basins are numbered according to these subregions. Basin numbers in the Los

Angeles subregion are preceded by a 4, in Santa Ana by an 8, and in San Diego by a 9. The Los Angeles

subregion contains the Ventura, Santa Clara, Los Angeles, and San Gabriel River drainages, Santa Ana
encompasses the Santa Ana River drainage, and San Diego includes the Santa Maria River, San Luis Rey

River and the San Diego River and other drainage systems.

According to 2000 census data, about 17 million people live within the boundaries of the South Coast HR,
approximately 50 percent of the population of California. Because this HR amounts to only about 7 percent

of the surface area of the State, this has the highest population density of any HR in California (DWR 1998).
Major population centers include the metropolitan areas surrounding Ventura, Los Angeles, San Diego, San

Bernardino, and Riverside.

The South Coast HR has 56 delineated groundwater basins. Twenty-one basins are in subregion 4 (Los
Angeles), eight basins in subregion 8 (Santa Ana), and 27 basins in subregion 9 (San Diego).

The Los Angeles subregion overlies 21 groundwater basins and encompasses most of Ventura and Los
Angeles counties. Within this subregion, the Ventura River Valley, Santa Clara River Valley, and Coastal
Plain of Los Angeles basins are divided into subbasins. The basins in the Los Angeles subregion underlie
1.01 million acres (1,580 square miles) or about 40 percent of the total surface area of the subregion.

The Santa Ana subregion overlies eight groundwater basins and encompasses most of Orange County and
parts of Los Angeles, San Bernardino, and Riverside counties. The Upper Santa Ana Valley Groundwater

Basin is divided into nine subbasins. Groundwater basins underlie 979,000 acres (1,520 square miles) or

about 54 percent of the Santa Ana subregion.

The San Diego subregion overlies 27 groundwater basins, encompasses most of San Diego County, and
includes parts of Orange and Riverside counties. Groundwater basins underlie about 277,000 acres

(433 square miles) or about II percent of the surface of the San Diego subregion.

Overall, groundwater basins underlie about 2.27 million acres (3,530 square miles) or about 33 percent of the

South Coast HR.
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Groundwater Development
Groundwater has been used in the South Coast HR for well over 100 years. High demand and use of
groundwater in Southern California has given rise to many disputes over management and pumping rights,
with the resolution of these cases playing a large role in the establishment and clarification of water rights
law in California. Raymond Groundwater Basin, located in this HR, was the first adjudicated basin in the
State. Of the 16 adjudicated basins in California, II are in the South Coast HR. Groundwater provides about
23 percent of water demand in normal years and about 29 percent in drought years (DWR 1998).

Groundwater is found in unconfined alluvial aquifers in most of the basins of the San Diego subregion and
the inland basins of the Santa Ana and Los Angeles subregions. In some larger basins, typified by those
underlying the coastal plain, groundwater occurs in multiple aquifers separated by aquitards that create
confined groundwater conditions. Basins range in depth from tens or hundreds of feet in smaller basins, to
thousands of feet in larger basins. The thickness of aquifers varies from tens to hundreds of feet. Well yields
vary in this HR depending on aquifer characteristics and well location, size, and use. Some aquifers are
capable of yielding thousands of gallons per minute to municipal wells.

Conjunctive Use
Conjunctive use of surface water and groundwater is a long-standing practice in the region. At present, much
of the potable water used in Southern California is imported from the Colorado River and from sources in the
eastern Sierra and Northern California. Several reservoirs are operated primarily for the purpose of storing
surface water for domestic and irrigation use, but groundwater basins are also recharged from the outflow of
some reservoirs. The concept is to maintain streamfiow over a longer period of time than would occur without
regulated flow and thus provide for increased recharge of groundwater basins. Most of the larger basins in this
HR are highly managed, with many conjunctive use projects being developed to optimize water supply.

Coastal basins in this HR are prone to intrusion of seawater. Seawater intrusion barriers are maintained
along the Los Angeles and Orange County sections of the coastal plain. In Orange County, recycled water is
injected into the ground to form a mound of groundwater between the coast and the main groundwater basin.
In Los Angeles County, imported and recycled water is injected to maintain a seawater intrusion barrier.

Groundwater Quality
Groundwater in basins of the Los Angeles subregion is mainly calcium sulfate and calcium bicarbonate in
character. Nitrate content is elevated in some parts of the subregion. Volatile organic compounds (VOCs)
have created groundwater impairments in some of the industrialized portions of the region. The San Gabriel
Valley and San Fernando Valley groundwater basins both have multiple sites of contamination from VOCs.
The main constituents in the contamination plumes are trichloroethylene (TCE) and tetrachloroethylene
(PCE). Some of the locations have been declared federal Superfund sites. Contamination plumes containing
high concentrations of TCE and PCE also occur in the Bunker Hill Subbasin of the Upper Santa Ana Valley
Groundwater Basin. Some of these plumes are also designated as Superfund sites. Perchlorate is emerging
as an important contaminant in several areas in the South Coast HR.

Groundwater in basins of the Santa Ana subregion is primarily calcium and sodium bicarbonate in character.
Local impairments from excess nitrate or VOCs have been recognized. Groundwater and surface water in
the Chino Subbasin of the Santa Ana River Valley Groundwater Basin have elevated nitrate concentrations,
partly derived from a large dairy industry in that area. In Orange County, water from the Santa Ana River
provides a large part of the groundwater replenishment. Wetlands maintained along the Santa Ana River near
the boundary of the Upper Santa Ana River and Orange County Groundwater Basins provide effective
removal of nitrate from surface water, while maintaining critical habitat for endangered species.
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Groundwater in basins of the San Diego subregion has mainly calcium and sodium cations and bicarbonate
and sulfate anions. Local impairments by nitrate, sulfate, and TDS are found. Camp Pendleton Marine Base,
in the northwestern part of this subregion, is on the EPA National Priorities List for soil and groundwater
contamination by many constituents.

Water Quality in Public Supply Wells
From 1994 through 2000, 2,342 public supply water wells were sampled in 47 of the 73 basins and subbasins in
the South Coast HR. Analyzed samples indicate that 1,360 wells, or 58 percent, met the state primary MCLs
for drinking water. Nine-hundred-eighty-two wells, or 42 percent, have constituents that exceed one or more
MCL. Figure 32 shows the percentages of each contaminant group that exceeded MCLs in the 982 wells.

2342 Wells Sampled

fl Meetpt*nasy MCL slandatds

• Deacifon ofat feast one consUftient above pi*nary MCL

Figure 32 MCL exceedances in public supply wells in the South Coast Hydrologic Region

Table 22 lists the three most frequently occurring contaminants in each of the six contaminant groups and
shows the number of wells in the HR that exceeded the MCL for those contaminants.

Changes from Bulletin 118-80
Several modifications from the groundwater basins presented in Bulletin 118-80 are incorporated in this
report (Table 23). The Cajalco Valley (8-3), Jarnul Valley (9-20), Las Pulgas Valley (9-21), Pine Valley (9-
26), and Tecate Valley (9-30) Groundwater Basins have been deleted in this report because they have thin
deposits of alluvium and well completion reports indicate that groundwater production is from underlying
fractured bedrock. The Conejo Tierra Rejada Volcanic (4-21) is a volcanic aquifer and was not assigned a
basin number in this bulletin. This is considered to be groundwater source area as discussed in Chapter 6.
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Contaminant group Contaminant - # of wells Contaminant - ii of wells Contaminant - # of wells
Inorganics Primary Fluoride —56 Thallium — 13 Aluminum — 12

Inorganics Secondary Iron — 337 Manganese — 335 TDS —36

Radiological Gross Alpha — 104 Uranium —40 Radium 226—9 Radium 228—9

Nitrates Nitrate (as NO3)— 364 Nitrate + Nitrite — 179 Nitrate Nitrogen (NO,-N) — 14

Pesticides DBCP —61 Di(2-E(hylhexyl)phthalate —5 Heptachlor —2 EDB —2

VOCs/SVOCs TCE— 196 PCE— 152 1,2 Dichloroethane 89

DBCP = Dibromochloropropane
EDB = Ethylene Dibromide
VOCs = Volatile Organic Compounds
SVOCs = Semivolatile Organic Compounds

The Ventura River Valley (4-3), Santa Clara River Valley (4-4), Coastal Plain of Los Angeles (4-Il), and
Upper Santa Ana Valley (8-2) Groundwater Basins have been divided into subbasins in this report. The
extent of the San Jacinto Groundwater Basin (8-5) has been decreased because completion of Diamond
Valley Reservoir has inundated the valley. Paloma Valley has been removed because well logs indicate
groundwater production is solely from fractured bedrock. The Raymond Groundwater Basin (4-23) is
presented as an individual basin instead of being incorporated into the San Gabriel Valley Groundwater Basin
(4-13) because it is bounded by physical barriers and has been managed as a separate and individual
groundwater basin for many decades. In Bulletin 118-75, groundwater basins in two different subregions
were designated the Upper Santa Ana Valley Groundwater Basin (4-14 and 8-2). To alleviate this confusion,
basin 4-14 has been divided, with parts of the basin incorporated into the neighboring San Gabriel Valley
Groundwater Basin (4-13) and the Chino subbasin of the Upper Santa Ana Valley Groundwater Basin (8-
2.0 1). The San Marcos Area Groundwater Basin (9-32) in central San Diego County is presented as a new
basin in this report.

Table 22 Most frequently occurring contaminants by contaminant group
in the South Coast Hydrologic Region
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Table 23 Modifications since Bulletin 118-80 of groundwater basins and subbasins
in South Coast Hydrologic Region

Basinhubbasin name Number Old number Basina’subbasin name Number Old number
Upper Ventura River 4-3.0! 4-3 Cajon 8-2.05 8-2

Lower Ventura River 4-3.02 4-3 Bunker Hill 8-2.06 8-2

Oxnard 4-4.02 4-4 Yucaipa 8-2.07 8-2

Mound 44.03 44 San Timoteo 8-2.08 8-2

Santa Paula 44.04 44 Temescal 8-2.09 8-2

Fillmore 44.05 44 Cajalco Vailey deleted 8-3

Piru 4-4,06 4-4 Tijuana Basin 9-19

Santa Clara River Valley East 4-4.07 44 Jamul Valley deleted 9-20

Santa Monica 4-11.01 4-Il Las Pulgas Valley deleted 9-2!

Hollywood 4-11.02 4-Il Batiquitos Lagoon 9-22
Valley

WestCoast 4-11.03 4-Il
San Elijo Valley 9-23

Central 4-11.04 4-Il
Pamo Valley 9-24

Upper Santa Ana Incorporated 4-14
Valley into 8-2.0! and Ranchita Town Area 9-25

4-13
Pine Valley deleted 9-26

Conejo-Tierra Rejada deleted 4-21
Volcanic Cottonwood Valley 9-27

Raymond 4-23 4-13 Campo Valley 9-28

Chino 8-2.01 8-2 Potrero Valley 9-29

Cucamonga 8-2.02 8-2 Tecate Valley deleted 9-30

Riverside-Arlington 8-2.03 8-2 San Marcos Area 9-32 Not
previously

Rialto-Colton 8-2.04 8-2 identified
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Chapter 7 Sacramento River Hydrologic Region
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Figure 33 Sacramento River Hydrologic Region
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Description of the Region
The Sacramento River HR covers approximately 17.4 million acres (27,200 square miles). The region
includes all or large portions of Modoc, Siskiyou, Lassen, Shasta, Tehama, Glenn, Plumas, Butte, Colusa,
Sutter, Yuba, Sierra, Nevada, Placer, Sacramento, El Dorado, Yolo, Solano, Lake, aiid Napa counties (Figure
33). Small areas ofAlpine and Amador counties are also within the region. Geographically, the region
extends south from the Modoc Plateau and Cascade Range at the Oregon border, to the Sacramento-San
Joaquin Delta. The Sacramento Valley. which forms the core of the region, is bounded to the east by the
crest of the Sierra Nevada and southern Cascades and to the west by the crest of the Coast Range and
Klamath Mountains. Other significant features include Mount Shasta and Lassen Peak in the southern
Cascades, Sutter Buttes in the south central portion of the valley, and the Sacramento River, which is the
longest river system in the State of California with major tributaries the Pit, Feather, Yuba, Bear and
American rivers. The region corresponds approximately to the northern half of RWQCB 5. The Sacramento
metropolitan area and surrounding communities form the major population center of the region. With the
exception of Redding, cities and towns to the north, while steadily increasing in size, are more rural than
urban in nature, being based in major agricultural areas. The 1995 population of the entire region was 2.372
million.

The climate in the northern, high desert plateau area of the region is characterized by cold snowy winters
with only moderate precipitation and hot dry summers. This area depends on adequate snowpack to provide
runoff for summer supply. Annual precipitation ranges from 10 to 20 inches. Other mountainous areas in the
northern and eastern portions of the region have cold wet winters with large amounts of snow, which
typically provide abundant runoff for summer supplies. Annual precipitation ranges from 40 to more than 80
inches. Summers are generally mild in these areas. The Coast Range and southern Klamath Mountains
receive copious amounts of precipitation, but most of the runoff flows to the coast in the North Coastal
drainage. Sacramento Valley comprises the remainder of the region. At a much lower elevation than the rest
of the region, the valley has mild winters with moderate precipitation. Annual precipitation varies from
about 35 inches in Redding to about 18 inches in Sacramento. Summers in the valley are hot and dry.

Most of the mountainous portions of the region are heavily forested and sparsely populated. Three major
national forests (Mendocino, Trinity, and Shasta) make up the majority of lands in the Coast Range, southern
Klamath Mountains, and the southern Cascades; these forests and the region’s rivers and lakes provide
abundant recreational opportunities. In the few mountain valleys with arable land, alfalfa, grain and pasture
are the predominant crops. In the foothill areas of the region, particularly adjacent to urban centers, suburban
to rural housing development is occurring along major highway corridors. This development is leading to
urban sprawl and is replacing the former agricultural production on those lands. In the Sacramento Valley,
agriculture is the largest industry. Truck, field, orchard, and rice crops are grown on approximately 2.1
million acres. Rice represents about 23 percent of the total irrigated acreage.

The Sacramento River HR is the main water supply for much of California’s urban and agricultural areas.
Annual runoff in the HR averages about 22.4 maf, which is nearly one-third of the State’s total natural
runoff. Major water supplies in the region are provided through surface storage reservoirs. The two largest
surface water projects in the region are USBR’s Shasta Lake (Central Valley Project) on the upper
Sacramento River and Lake Oroville (DWR’s State Water Project) on the Feather River. In all, there are
more than 40 major surface water reservoirs in the region. Municipal, industrial, and agricultural supplies to
the region are about 8 maf, with groundwater providing about 2.5 maf of that total. Much of the remainder
of the runoff goes to dedicated natural flows, which support various environmental requirements, including
in-stream fishery flows and flushing flows in the Delta.
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Groundwater Development
Groundwater provides about 31 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 rock uplands and mountains. There are 88 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 excellent supply to irrigation, municipal, and domestic uses. Many of the mountain

valleys of the region also provide significant groundwater supplies to multiple uses.
m

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 waler than

wells developed in fine aquifer materials. In general, well yields are good and range from one-hundred to

several thousand gallons per minute. Because surface water supplies have been so abundant in the valley,

groundwater development for agriculture primarily supplement the surface supply. With the changing

environmental laws and requirements, this balance is shifting to a greater reliance on groundwater, and

conjunctive use of both supplies is occurring to a greater extent throughout the valley, particularly in drought

years. Groundwater provides all or a portion of municipal supply in many valley towns and cities. Redding,

Anderson, Chico, Marysville, Sacramento, Olivehurst, Wheatland, Willows, and Williams rely to differing

degrees on groundwater. Red Bluff, Corning, Woodland, Davis, and Dixon are completely dependent on

groundwater. Domestic use of groundwater varies, but in general, rural unincorporated areas rely completely

on groundwater.

In the mountain valleys and basins with arable land, groundwater has been developed to supplement surface

water supplies. Most of the rivers and streams of the area have adjudicated water rights that go back to the

early 1900s, and diversion of surface water has historically supported agriculture. Droughts and increased

competition for supply have led to significant development of groundwater for irrigation. In some basins, the

fractured volcanic rock underlying the alluvial fill is the major aquifer for the area. In the rural mountain
areas of the region, domestic supplies come almost entirely from groundwater. Although a few mountain
communities are supplied in part by surface water, most rely on groundwater. These groundwater supplies

are generally quite reliable in areas that have sufficient aquifer storage or where surface water replenishes

supply throughout the year. In areas that depend on sustained runoff, water levels can be significantly

depleted in drought years and many old, shallow wells can be dewatered. During 2001, an extreme drought

year on the Modoc Plateau, many well owners experienced problems with water supply.

Groundwater development in the fractured rocks of the foothills of the southern Cascades and Sierra Nevada

is fraught with uncertainty. Groundwater supplies from fractured rock sources are highly variable in terms of

water quantity and water quality and are an uncertain source for large-scale residential development.

Originally, foothill development relied on water supply from springs and river diversions with flumes and
ditches for conveyance that date back to gold mining era operations. Current development is primarily based

on individual private wells, and as pressures for larger scale development increase, questions about the
reliability of supply need to be addressed. Many existing foothill communities have considerable experience

with dry or drought year shortages. In Butte County residents in Cohasset, Forest Ranch, and Magalia have

had to rely on water brought up the ridges in tanker trucks. The suggested answer has been the development

of regional water supply projects. Unfortunately, the area’s development pattern of small, geographically

dispersed population centers does not lend itself to the kind of financial base necessary to support such
projects.
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Groundwater Quality
Groundwater quality in the Sacramento River HR is generally excellent. However, there are areas with local
groundwater problems. Natural water quality impairments occur at the north end of the Sacramento Valley in
the Redding subbasin, 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. Water from the older
underlying sediments mixes with the fresh water in the younger alluvial aquifer and degrades the quality.
Wells constructed in these areas typically have high TDS. Other local natural impairments are moderate
levels of hydrogen sulfide in groundwater in the volcanic and geothermal areas in the western portion of the
region. In the Sierra foothills, there is potential for encountering uranium and radon-bearing rock or sulfide
mineral deposits containing heavy metals. Human-induced impairments 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 leach effluent before it reaches the local
groundwater supply.

Water Quality in Public Supply Wells
From 1994 through 2000, 1,356 public supply water wells were sampled in 51 of the 88 basins and subbasins
in the Sacramento River HR. Samples analyzed indicate that 1,282 wells, or 95 percent, met the state
primary MCLs for drinking water. Seventy-four wells, or 5 percent, have constituents that exceed one or
more MCL. Figure 34 shows the percentages of each contaminant group that exceeded MCLs in the 74
wells.

4%
Pesticides

33%
Nitrates

• 32%
• cws

26

1356 Wells Sampled

fl Meetpdmaiy M standwds
• De*ectlon ofat least one constituent above peinwsyMCL

Figure 34 MCL exceedances in public supply wells in the Sacramento River Hydrologic Region
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Table 25 lists the three most frequently occurring contaminants in each of the six contaminant groups and

shows the number of wells in the HR that exceeded the MCL for those contaminants.

Table 25 Most frequently occurring contaminants by contaminant group in the
Sacramento River Hydrologic Region
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Changes from Bulletin 118-80

Some modifications from the groundwater basins presented in Bulletin 118-80 are incorporated in this report.
These are listed in Table 26.

Table 26 Modifications since Bulletin 118-80 of groundwater basins and subbasins
in Sacramento River Hydrologic Region

Basin name New number Old number

Fandango Valley 5-1.02 5-39

Bucher Swamp Valley deleted 5-42

Modoc Plateau Recent deleted 5-32
Volcanic Areas

Modoc Plateau Pleistocene deleted 5-33
Volcanic Areas

Mount Shasta Area deleted 5-34

Sacramento Valley Eastside deleted 5-55
Tuscan Formation Highlands

Clear Lake Pleistocene deleted 5-67
Volcanics

Contaminant group Contaminant - ft ofwells Contaminant - ft of wells ContaminantS # of wells

Inorganics Primary Cadmium —4 Chromium (Total) 3 3 tied at 2

Inorganics Secondary Manganese —221 Iron — 166 Specific Conductance —3

Radiological Gross Alpha —4

Nitrates Nitrate (as NO,) —22 Nitrate + Nitrite 5 Nitrate Nitrogen (NO,-N) 2

Pesticides Di(2-Ethylhexyl)phthalate —4

VOCsISVOCs PCE-lI ICE-I Benzene-4

PCE = Tetrachloroethylene
TCE = Trichloroethylene
VOC = Volatile Organic Compounds
SVOC Semivolatile Organic Compound
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No additional basins were assigned to the Sacramento River HR in this revision. However, four basins have
been divided into subbasins. Goose Lake Valley Groundwater Basin (5-I) has been subdivided into two
subbasins, Fandango Valley (5-39) was modified to be a subbasin of Goose Lake Valley. Redding Area
Groundwater Basin has been subdivided into six subbasins, Sierra Valley Groundwater Basin has been
subdivided into two subbasins, and the Sacramento Valley Groundwater Basin has been subdivided into 18
subbasins.

There are several deletions of groundwater basins from Bulletin 118-80. Bucher Swamp Valley Basin (5-42)
was deleted due to a thin veneer of alluvium over rock. Modoc Plateau Recent Volcanic Areas (5-32),
Modoc Plateau Pleistocene Volcanic Areas (5-33), Mount Shasta Area (5-34), Sacramento Valley Eastside
Tuscan Formation Highlands (5-55), and Clear Lake Pleistocene Volcanics (5-67) are volcanic aquifers and
were not assigned basin numbers in this bulletin. These are considered to be groundwater source areas as
discussed in Chapter 6.
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San Joaquin River Hydrologic Region

CALIFORNIA’S GROUNDWATER UPDArE 2003 161



Chapter? I San Joaquin River Hydro’ogic Region
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Figure 35 San Joaquin River Hydrologic Region
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Basins and Subbasins of the San Joaquin
River Hydrologic Region

Basin/subbasin Basin name

5-22 San Joaquin Valley

5-22.01 Eastern San Joaquiri

5-22.02 Modesto

5-22.03 Turlock

5-22.04 Merced

5-22.05 Chowchilla

5-22.06 Madera

5-22.07 Delta-Mendota

5-22.15 Tracy

5-22.16 Cosumnes

5-69 Yosemite Valley

5-70 Los Banos Creek Valley

Description of the Region
The San Joaquin River HR covers approximately 9.7

million acres (15,200 square miles) and includes all of
Calaveras, Tuolumne, Mariposa, Madera, San Joaquin,

and Stanislaus counties, most of Merced and Amador
counties, and pans of Alpine, Fresno, Alameda, Contra
Costa, Sacramento, El Dorado, and San Benito counties
(Figure 35). The region corresponds to a portion near
the middle of RWQCB 5. Significant geographic
features include the northern half of the San Joaquin
Valley, the southern part of the Sacramento-San Joaquin
Delta, the Sierra Nevada and Diablo Range. The region
is home to about 1.6 million people (DWR 1998).
Major population centers include Merced, Modesto, and
Stockton. The Merced area is entirely dependent on
groundwater for its supply, as will be the new
University of California at Merced campus.

Groundwater Development
The region contains two entire groundwater basins and
part of the San Joaquin Valley Groundwater Basin,
which continues south into the Tulare Lake HR. The
San Joaquin Valley Groundwater Basin is divided into
nine subbasins in this region. The basins underlie 3.73
million acres (5,830 square miles) or about 38 percent
of the entire HR area.

The region is heavily groundwater reliant. Within the
region groundwater accounts for about 30 percent of the
annual supply used for agricultural and urban purposes.
Groundwater use in the region accounts for about IS
percent of statewide groundwater use for agricultural
and urban needs. Groundwater use in the region
accounts for 5 percent of the State’s overall supply from
all sources for agricultural and urban uses (DWR 1998).

The aquifers are generally quite thick in the San Joaquin
Valley subbasins, with groundwater wells commonly
extending to depths of up to 800 feet. Aquifers include
unconsolidated alluvium and consolidated rocks with
uncontined and confined groundwater conditions.
Typical well yields in the San Joaquin Valley range
from 300 to 2,000 gpm with yields of 5,000 gpm
possible. The region’s only significant basin located
outside of San Joaquin Valley is Yosemite Valley.
Yosemite Valley Basin supplies water to Yosemite
National Park and has substantial well yields.
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Conjunctive Use
Since near the beginning of the region’s agricultural development, groundwater has been used conjunctively

with surface water to meet water needs. Groundwater was and is used when and where surface water is

unable to fully meet demands either in time or area. For several decades, this situation was more of an

incidental conjunctive use than a formal one. Historical groundwater use has resulted in some land

subsidence in the southwest portion of the region.

Groundwater Quality
In general, groundwater quality throughout the region is suitable for most urban and agricultural uses with

only local impairments. The primary constituents of concern are TDS, nitrate, boron, chloride, and organic

compounds. The Yosemite Valley Groundwater Basin has exceptionally high quality groundwater.

Areas of high TDS content are primarily along the west side of the San Joaquin Valley and in the trough of

the valley. The high TDS content of west-side groundwater is due to recharge of streamfiow originating

from marine sediments in the Coast Range. High TDS content in the trough of the valley is the result of

concentration of salts due to evaporation and poor drainage. Nitrates may occur naturally or as a result of

disposal of human and animal waste products and fertilizer. Boron and chloride are likely a result of

concentration from evaporation near the valley trough. Organic contaminants can be broken into two

categories, agricultural and industrial. Agricultural pesticides and herbicides have been detected in

groundwater throughout the region, but primarily along the east side of the San Joaquin Valley where soil

permeability is higher and depth to groundwater is shallower. The most notable agricultural contaminant is

dibromochloropropane (DBCP), a now-banned soil fumigant and known carcinogen once used extensively

on grapes and cotton. Industrial organic contaminants include TCE, dichloroethylene (DCE), and other

solvents. They are found in groundwater near airports, industrial areas, and landfills.

Water Quality in Public Supply Wells
From 1994 through 2000, 689 public supply water wells were sampled in ID of the II basins and subbasins

in the San Joaquin River HR. Samples analyzed indicate that 523 wells, or 76 percent, met the state primary

MCLs for drinking water. One-hundred-sixty-six wells, or 24 percent, have constituents that exceed one or

more MCL. Figure 36 shows the percentages of each contaminant group that exceeded MCLs in the 166 wells.

Table 28 lists the three most frequently occurring contaminants in each of the six contaminant groups and

shows the number of wells in the HR that exceeded the MCL for those contaminants.

Changes from Bulletin 118-80
The subbasins of the San Joaquin Valley, which were delineated as part of the 118-80 update, are given their

first numeric designation in this report. Additionally, the Cosumnes Subbasin has been added to the

subbasins within the San Joaquin River HR. It is worth noting that the southern portion of the South

American Subbasin of the Sacramento Valley Groundwater Basin is also included as part of this HR. The

subbasin names and numbers within the region are listed in Table 29.
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Table 28 Most frequently occurring contaminants by contaminant group
in the San Joaquin River Hydrologic Region

Contaminant group Contaminant - # of wells Contaminant - # of wells Contaminant - N of wells

Inorganics Primary Aluminum —4 Arsenic —4 4 tied at 2 exceedances

Inorganics — Secondary Manganese — 123 Iron — 102 TDS —9

Radiological Uranium —33 Gross Alpha —26 Radium 228—6

Nitrates Nitrate (as NO3)—23 Nitrate + Nitrite 6 Nitrate Nitrogen (NO,-N) —3

Pesticides DBCP 44 Di(2-Ethylhexyl)phthalale — II EDB —6

VOCs PCE —8 Dichloromethane —3 TCE —3

DBCP = Dibromochloropropane
EDB = Ethylenedibromide
PCE = Tetrachloroethylene
TCE = Trichloroethylene
VOC = Volatile Organic Compound
SVOC = Semivolatile Organic Compound

0 0
C,
7
a,
•0
p.

S

-J

‘3

1010 un°,
Nitrates 33 /0

PesticIdes .0

I’,

11% 1
VDCsISVOCs

‘C

Ino.’gank
a
0
0

689 Wells Sampled

o Meepe*nmy MCI snda,tb

• DewcWon ofat least one ccnsfmien above pc*naiyMCL

Figure 36 MCI.. exceedances in public supply wells in the San .loaquin River Hydrologic Region
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Table 29 Modifications srice Bulletin 118-80 or groundwater basins and subbasins

in San Joaquin Hydrologic Region

Subbasin name New number Old number
Eastern San Joaquin 5-22.01 5-22

Modesto 5-22.02 5-22

Turlock 5-22.03 5-22

Merced 5-22.04 5-22

Chowchilla 5-22.05 5-22

Madera 5-22.06 5-22

Delta-Mendota 5-22.07 5-22

Tracy 5-22.15 5-22

Cosumnes 5-22.16 5-22
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