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The Sacramento Valley comprises about 6,000 square miles of the WATER TYPES
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percent of the Sacramento Valley was irrigated, about 18 percent of it by
ground water (California Department of Water Resources, 1978, p. 11).
The 2 million acre-feet of ground water used in 1975 was considered to be
of good quality for irrigation, domestic, and most other uses.

As part of the Central Valley Aquifer Project, this atlas is the second of
three reports concerning the quality of ground water in the Sacramento
Valley. It is intended to be a general guide for what the ground-water user
might expect to find in terms of chemical quality. The first report was an
atlas showing the distribution of dissolved-solids concentrations
(Fogelman, 1981). The third, in preparation, is a more detailed report on
the geochemistry of ground water.
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WATER TYPES

The general chemical character of water can be described by use of a
classification system based on the relative proportions of major ions, as in
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Magnesium sodium bicarbonate

the following examples: a “calcium bicarbonate” type water designates . Approximate valley boundary based
u{ater in which calcium amounts to 50 percent or more of the cati.ons and , Sodium magnesium bicarbonate on the 500-foot contour
bicarbonate to 50 percent or more of the anions, in chemical equivalents; L
“sodium calcium bicarbonate” designates water in which the sodium and L 26 N
calcium are first and second, respectively, in order of abundance among RAN il i E H A M A
the cations but neither amounts to 50 percent of all the cations; ‘‘sodium Ye" R Calcium magnesium bicarbonate R3E
sulfate bicarbonate” designates water in which the sulfate and bicarbonate L A % NS =, or : I
are first and second in order of abundance among the anions (Piper, o eel; 7 = - //// 00 Magnesium calcium bicarbonate ' JJ
Garrett, and others, 1953, p. 26). L I e T25N .

Several types of water occur in the Sacramento Valley (fig. 1). Calcium Ay ) / - 40° _]J
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magnesium bicarbonate and magnesium calcium bicarbonate are the
predominant water types in ground water from the Holocene alluvium in
the northern part of the valley. Calcium bicarbonate water occurs near
Orland in a distinct area that coincides with the radial path of ground-water
flow away from Stony Creek. Water in Stony Creek is a calcium
bicarbonate type, and, because Stony Creek is a losing stream, the ionic
composition of the ground water is influenced by recharge from the creek.

In the Marysville-Gridley area, along the Feather River in the central
part of the valley, magnesium bicarbonate is the predominant water type
in the ground water. Recharge to this area is from the Feather River and
Honcut Creek, which flow through the pre-Tertiary basement complex of
the Sierra Nevada.

The southwestern part of the Sacramento Valley, from near Colusa
southward, shows a more complex distribution of water types. In general,
concentrations of sodium, chloride, and sulfate are greater in ground
water in this area than in the northern or central areas. Ground-water
recharge is from the Rumsey Hills and the Coast Ranges, which contain
Cretaceous marine sediments of the Chico Formation and Lower
Cretaceous rocks formerly called the Shasta Series (now an obsolete
term). These rocks have low permeability and contain connate saline
water (Olmsted and Davis, 1961, p. 37, 43). The source area also is
characterized by many mineral springs and seeps. Kirby (1943) reported
flowing saline water from exploratory gas and oil wells drilled 40 to 60
years ago. There is a large area of sodium bicarbonate type ground water
adjacent to Salt Creek (near Williams) and along the Sacramento River
from Colusa to near Grimes. The sodium cation is probably derived from
saline water in the Cretaceous formations drained by Salt Creek.

On the western edge of the valley from Williams south to near
Dunnigan, most of the ground water is dominated by bicarbonate among
the anions with varying proportions of the cations sodium, calcium, and
magnesium. Streams from the Rumsey Hills, including Salt Creek (near
Arbuckle) and Petroleum Creek, are a source of ground-water recharge
and many of them flow through the Chico Formation and the Pliocene
Tehama Formation in the lower Rumsey Hills. The Tehama Formation,
derived from the Coast Ranges, contains silt, sand, gravel, and clay, locally
cemented (Olmsted and Davis, 1961, P. 36). This may account for the 39°45" 4
increased presence of the calcium and magnesium as cations in
combination with the sodium. Magnesium bicarbonate water occurs in a
small area near Dunnigan. The source of recharge to this area is the
Dunnigan Hills that are predominantly composed of the Tehama
Formation.

Sutter Buttes, erosional remnants of a volcano probably formed during
Pliocene time, may also be the source of the high concentrations of sodium
and chloride in the Sutter Basin and lower Colusa Basin. Saline water may
rise from the edges of the core of the Buttes, since depths to the base of
fresh water around the Buttes have been shown by Berkstresser (1973) to
be shallower than in other parts of the valley. In the area south of the Sutter
Buttes, chloride and sulfate are major anions, either singly or in
combination with bicarbonate. This is the only area in the Sacramento
Valley where bicarbonate is not the single major anion in solution.

Calcium sodium bicarbonate
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POTENTIAL PROBLEM AREAS

Ground-water samples were analyzed for inorganic constituents and,
along with water-quality data furnished by other agencies for the period
1974-79, were used to delineate potential problem areas (fig. 2). The
analyses were classified by using either California Domestic Water Quality
and Monitoring Regulations (California Department of Health, 1977),
which are based on National Interim Primary Drinking Water Regulations
(U.S. Environmental Protection Agency, 1975), or, when classifying the
suitability of water for irrigation purposes, criteria suggested by the
National Academy of Sciences and National Academy of Engineering
(1973).

The following discussions relate measured concentrations of nitrate and
boron to recognized, suggested, or recommended limits. Some
concentrations exceeded the recommended limits in the particular area
and others only approached that limit; hence the designation, ‘‘potential
problem area.”
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Nitrate

Usually, nitrate toxicity does not affect adults and older children, but it
may cause a temporary blood disorder known as methemoglobinemia in
infants. Occasionally, methemoglobinemia is fatal, but the incidence of
fatality is low in the United States where public water supplies are used.
Most cases of nitrate toxicity are associated with water from domestic wells
with high nitrate concentrations caused by surface contaminants and
inadequate sealing of supplying aquifers. The recommended maximum
concentration of nitrate'as nitrogen (NO3-N) in drinking water is 10 mg/L
(milligrams per liter) (National Academy of Sciences and National
Academy of Engineering, 1973, p. 73). Ten mg/L nitrate as nitrogen is
roughly equivalent to the maximum contaminant level of 45 mg/L nitrate
as NOj prescribed by California Domestic Water Quality and Monitoring
Regulations (California Department of Health, 1977, p. 11).

For most agricultural purposes, nitrate in irrigation water is considered
an asset because of its nutrient value. There is little evidence indicating that
it will accumulate to toxic levels in irrigated plants consumed by animals;
therefore no limit has been established for nitrate in irrigation water
(National Academy of Sciences and National Academy of Engineering,
1973, p. 329).

Three areas in the Sacramento Valley are potential problem areas with
respect to nitrate concentrations affecting human consumers. In the
Chico-Corning area in the northern part of the valley, water from 40 wells,
32 of which are domestic wells, had nitrate-nitrogen concentrations of 5.5
mg/L or more. Water in 10 of these 40 wells exceeded the recommended 39915 — :
maximum of 10 mg/L for dfinking water. The main cause of the nitrate Ul \ S S O\) @ SO - (NN,
problem here may be surfage contamination, as the average depth of these \ 1 A L kod ]¢) ; — > A
wells, or depth where water can enter the well, is only 62 feet. ' - | § 3

On the east side of the valley, water from 21 wells in the g j g Xene Creet o Z >§§ : ; g
Matysville-Gridley area had nitrate-nitrogen concentrations of 5.5 mg/L % )
or more, and seven of these exceeded the recommended maximum of 10
mg/L for drinking water. As the average depth of these wells is only 78 feet, 3
the higher nitrate concentrations may also be a result of surface i ¢ 0
contamination. o\ _ & 1 ! @d

Nitrate concentrations are high also in ground water in the Knights DORME | OLUSA NATION {0
Landing-Arbuckle area in the southwestern part of the valley. Of the wells S i AP
sampled in this area, four had nitrate-nitrogen concentrations greater than A : ;
the 10 mg/L limit, and 10 wells exceeded 5.5 mg/L. As the average depth S N 174 T
of these wells is 159 feet, contamination from the surface seems less likely ?\ > 3
than in the other two problem areas. This area of high nitrate : (e W) e
concentration coincides with the area where the distribution of water types
is complex.

The potential sources of excess nitrate in the Sacramento Valley are
leaching of applied nitrate-rich fertilizers, urban waste-treatment facilities / - n%fi
or farmstead septic systems, and natural resources. 17 A W“‘r o2

Natural sources of nitrate can be ruled out in the Sacramento Valley. Sfy
Oxidation of ammonia from tuffaceous deposits has been suggested as a ARz (e
source of nitrate in ground water in Arizona (Silver and Fielden, 1980). o= ;
Most tuffaceous deposits in the valley are located at depth and would affect QA VS
deeper rather than shallower wells. Also, the scattering of nitrate 3 '
concentrations is evidence against this, as the process should give more T
uniform concentrations across the valley. A source external from the valley
is unlikely, as excessive nitrate concentrations have not been observed in 000 WG .
surface water entering the valley. SANRS

Pollution from sewage effluent in populated areas can explain some of 122°15
the observed high nitrate concentrations. Sewage waste from septic tanks
is capable of supplying excessive concentrations of nitrate to ground water
(Klein and Bradford, 1979) and could account for the irregular distribution
of wells having higher nitrate concentrations. The higher concentrations
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FIGURE 2.—Potential nitrate and boron problem areas.
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TABLE 1—Relative tolerance of some plants to boron

[Partial list from U.S. Salinity Laboratory Staff (1954).
Crops named first in each column are more
tolerant; crops named last, more sensitive]

-
utte
ACRAMENTO

Tolerant Semitolerant Sensitive

DL# REFUG
! Athel (Tamarix Sunflowerl! Pecan

asphylla) Potato Black walnut!
Asparagus Cotton English Walnut!
Palm Tomato! Plum!
Date Palm Radish Prune!
Sugar beet! Pea Pearl
Garden beet Olive! Apple
Alfalfal Barley! Cherry
Broadbean Wheat! Peach!
Onion Corn! Apricot
Turnip Milo! Almond?
Cabbage Oat! Orange!
Lettuce Pumpkin! Avocado
Carrot Bell pepper Grapefruit
Sweet potato Lemon
Lima bean
39°00’ 1Commonly grown commercially in the Sacramento Valley.
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found mostly in shallower wells, the nonuniform concentrations, and the
increase in the dissolved chemical species would also be expected if the
source were sewage effluent. Sodium, however, should also increase from
sewage wastes, but does not do so in the waters studied. The

For these reasons, continued monitoring of ground-water quality would
serve as a measure of the effect of man’s activities on the ground water.
Those concerned with management of ground water will find this atlas and
a companion atlas (Fogelman, 1981) a valuable base for determining
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concentration of excessive-nitrate wells in urban areas can be explained water-quality trends. f >
by this source; however, the farm sources should be randomly distributed @ g : S il
with perhaps an excess for farmsteads. Although septic-tank effluent may QJ_ 2 ; .° { \r—'f{;: - I_\i;\\a:'oin
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explain the random occurrence of high nitrate concentrations, it is unlikely
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FIGURE 1.—Distribution of water types.
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