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GROUND-WATER CONDITIONS AND SHALLOW TEST-WELL INFORMATION
IN THE EASTERN HALF OF MERCED COUNTY, CALIFORNIA, 1977-82

By Ann L. Elliott

ABSTRACT

The city of Merced, other municipalities, and many irrigators in the vicinity
of Merced in the San Joaquin Valley of California depend on ground water for water
supply. Water-level data for 1977-81 show that there has been no significant
change in water levels, indicating that during this period, recharge in the
project area balances natural discharge and withdrawal by pumping. Information
from shallow test wells drilled around Merced indicate shallow, fine-grained
material in the aquifer that could interfere with surface artificial recharge to
the aquifer system. Short-term and seasonal fluctuations of water levels in wells
perforated at different depths and in different aquifers show dissimilar patterns
in some areas. The expansion and refinement of the observation-well network will
provide a data base for water-management decisions and for assessments of ground-
water conditions in the future.



INTRODUCTION

The city of Merced in the San Joaquin Valley of California (fig. 1) has
recognized the need for long-term management of ground water, which is its sole
water supply. To gain a better understanding of the ground-water system in the
Merced vicinity, the city of Merced and the U.S. Geological Survey started a
cooperative study in 1975. Preliminary findings of the study, in a 112 mi? area
surrounding Merced (fig. 1), were presented in "Appraisal of Ground-Water Condi-
tions in Merced, California, and Vicinity," by R. W. Page (1977). That report and
another by Page and Balding (1973), described the geomorphology, geology, hydrol-
ogy, and ground-water quality in the Merced vicinity.

Purpose and Scope

The purposes of this report are (1) to determine if water levels in aquifers
in the Merced vicinity are declining, (2) to describe water-level fluctuations in
different aquifers in response to pumping patterns, recharge, and aquifer charac-
teristics, (3) to determine if a ground-water supply problem exists, and (4) to
describe further the shallow aquifer around Merced and the feasibility of artifi-
cial recharge.

The data presented in this report include lithologic logs of shallow test
wells drilled in 1977 as a part of the study, ground-water pumpage, surface-water
distribution, and hydrographs of ground-water levels. This information was col-
lected for an area of 1,129 mi? in the Merced vicinity (fig. 1) by local agencies,
the city of Merced, and the Geological Survey.
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Well-Numbering System

Wells are identified according to their location in the rectangular system
for subdivision of public land (fig. 2). For example, in the number 9S/13E-22A1 M,
assigned to a well about 2 miles west of E1 Nido, the part of the number preceding
the slash indicates the township (T. 9 S.) and the number between the slash and
hyphen indicates the range (R. 13 E.); the digits following the hyphen indicate
the section (sec. 22); the letter following the section number indicates the
40-acre subdivision of the section as shown by figure 2. Within each 40-acre
tract, the wells are numbered sequentially as they are inventoried and recorded
with the State of California, as indicated by the final digit. Wells not yet
assigned official State numbers will not have this final digit. The final letter,
separated from the rest of the number by a space, indicates the base line and
meridian. Because all wells in the study area are referenced to the Mount Diablo
base line and meridian (M), the final letter will be omitted.

R.1E. R.11E R.12E.R.13E.R.14E.
T.6$.<_2t
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FIGURE 2. — Well-numbering system.



GEOHYDROLOGIC SETTING

The physical setting, geologic units and their water-bearing properties, and
aquifer system in the Merced vicinity were described by Page and Balding (1973)
and Page (1977). 1Included in this report is a condensed description of the geo-
logic units and the aquifers in the study area. Lithologic logs of test wells
provide information about the shallow aquifer. Maps of water-level contours show
directions of ground-water flow.

Geologic Units

The study area lies mostly within the San Joaquin Valley. The eastern edge
is in the foothills of the Sierra Nevada. Consolidated rocks which crop out in
the foothills include the basement complex of pre-Tertiary age; the Ione Formation
of Eocene age; the Valley Springs Formation of Oligocene and Miocene age; and the
Mehrten Formation of Miocene and Pliocene age. The basement complex consists of
igneous and metamorphic rocks; the Ione Formation principally of sandstone and
conglomerate; the Valley Springs Formation of rhyolitic sandstone, siltstone,
claystone, and conglomerate; and the Mehrten Formation of conglomerate, sandstone,
siltstone, and claystone derived from andesite sources (Marchand and Allwardt,
1981). The consolidated sedimentary rocks dip westerly and underlie the study
area. The Mehrten Formation underlies most of the study area at depth. Figure 3
is a generalized diagram of the location of the geologic units and the aquifers in
an east-west cross section of the study area.
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FIGURE 3. — Diagrammatic section across the central part of the study area showing geologic units and aquifers.
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Unconsolidated rocks in the valley include
continental deposits of Pliocene and Pleistocene
(?7) age, older alluvium of Pleistocene and Holo-
cene (?) age, flood-basin deposits of Holocene
age, and younger alluvium of Holocene age. The
continental deposits consist of poorly sorted
gravel, sand, silt, and clay. They are gener-
ally finer grained than the older alluvium which
consists of intercalated beds of gravel, sand,
silt, clay, and some hardpan. The continental
deposits and the older alluvium each range 1in
thickness from 0 feet near the east edge of the
study area, to more than 700 feet in the south-
western part of the study area (Page and
Balding, 1973, p. 23). The flood-basin deposits
consist of intercalated lenses of bluish-gray,
brown, and reddish-brown fine sand, silt, and
clay. They occur on the surface in the south-
western quarter of the study area and range in
thickness from 0 to 100 feet (Page and Balding,
1973, p. 37). The younger alluvium consists
mostly of sand and gravel with little or no
hardpan. It is located along stream channels in
the study area and ranges in thickness from 0 to
100 feet.

At least two confining beds of lacustrine
and marsh deposits occur in the subsurface.
They are the Corcoran Clay Member of the Tulare
Formation of Pleistocene age, and a shallow clay
bed of Holocene (?) age. In the eastern part of
the San Joaquin Valley, the Corcoran Clay Member
is also considered to be a member of the Turlock
Lake Formation of Pleistocene age (Marchand and
Allwardt, 1981). The northeastern edge of the
Corcoran Clay Member extends diagonally through
the center of the study area (figs. 4-6). Along
this edge the depth to the top of the Corcoran
Clay Member ranges from less than 50 feet south-
east of Merced to more than 100 feet west of
Atwater; near the San Joaquin River, the depth
to the top 1is approximately 200 feet (Page,
1977, pl. 2). The thickness of the Corcoran
Clay Member ranges from 0 feet along its north-
eastern edge to 60 feet or more near the San
Joaquin River. In places, the shallow clay bed
is not well defined. In the 112 mi? surrounding
the city of Merced, Page (1977) found that the
depth to the top of the clay ranges from 10 to
35 feet and the thickness from 5 to 40 feet.

EXPLANATION TO FIGURES 4,5, AND 6

National Geodetic Vertical Datum of 1929

is well number; Lower number is altitude of potentiometric

NOT ENOUGH DATA TO CONTOUR - Upper number

surface, in feet.

OBSERVATION WELL IN AREA WHERE THERE ARE

3641
108

o]

CLAY MEMBER OF TULARE FORMATION AND
TURLOCK LAKE FORMATION (R.W. Page, U.S.

—————PROJECTION OF NORTHEAST EDGE OF CORCORAN
Geological Survey, written commun., 1982)

STUDY AREA

—120—7?~ POTENTIOMETRIC CONTOUR - Shows altitude at which

water level would have stood in tightly cased wells in
confined aquifer. Contour interval 10 feet. National
Geodetic Vertical Datum of 1929. Contour queried

where data are inconclusive
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Aquifers

The study area has a thick section of saturated unconsolidated and consoli-
dated sedimentary rocks consisting of the shallow, intermediate, and confined
aquifers, and parts of the Mehrten Formation and other consolidated rocks (Page,
1977) (fig. 3). Observation wells in the foothills (eastern part of the study
area) penetrate the consolidated rocks of the basement complex, the Ione Forma-
tion, the Valley Springs Formation, and the Mehrten Formation. Observation wells
in the valley penetrate the Mehrten Formation and the unconsolidated deposits of
the confined, the intermediate, and the shallow aquifers, as defined by Page
(1977). The continental deposits and the older alluvium below the Corcoran Clay
Member make up the confined aquifer. The intermediate aquifer consists of similar
deposits above and outside the extent of the Corcoran Clay Member. The inter-
mediate aquifer is locally confined by the shallow clay bed, but is unconfined
when water levels in the aquifer fall below the shallow clay bed and where the
shallow clay bed is not present. The shallow aquifer, which is unconfined, con-
sists of older alluvium and younger alluvium above the shallow clay bed.

Shallow Test Wells

Fifteen test wells were drilled in the central part of the study area from
July 25 to 28, 1977, (fig. 7) to define further the shallow aquifer and to evalu-
ate the potential for artificial recharge. The wells were drilled with a continu-
ous flight auger to depths of 35 to 65 feet. Drill cuttings were analyzed to make
a lithologic log of each well (table 1).

Information from the test wells indicate extensive fine-grained material at
a depth between 10 and 20 feet in the shallow aquifer. Some deposits of sand and
other coarse-grained material occur, and in these areas water from the shallow
aquifer may move down to the intermediate aquifer. Water levels in the shallow
aquifer fluctuate seasonally, with the highest levels occurring during the irriga-
tion season from June to September when water levels are commonly less than 5 feet
below the land surface (Page, 1977). This pattern of fluctuation is different
from patterns of fluctuation in the deeper aquifers, which generally have highest
water levels in the nonpumping season. This difference indicates a separation
between the shallow aquifer and the deeper ones, so that surface artificial
recharge to the shallow aquifer might not greatly benefit the deeper aquifers
although the vertical gradient, as indicated by comparison of water levels in Page
(1977, pl. 3 and 4), is down.
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TABLE 1. - Logs of test wells

Depth to
Material top of unit
(feet)

Thickness
(feet)

Test well 1, 6S/14E-32R2. Altitude of land surface 205 feet. 58 feet
of 3-inch casing installed; top of casing 1.5 feet above land surface. Water
first found at 58 feet below land surface datum. Water level after casing
44 feet below land surface.

Not logged-----======-=-----c--mmmmmm e 0 10

Silt, some clay, light-brown, damp------------------ 10 30

Silt, clayey, yellow-brown, moist and somewhat 40 2
plastic, micaceous, some dark mottling.

Silt, clayey, some sand, yellow-brown, damp, 42 16
micaceous-muscovite, some dark mottling.

Same, saturated--------==------mmemcm—mmmem—————-o- 58 Bottom.

Test well 2, 7S/13E-13J1. Altitude of land surface 165 feet. 45 feet
of 3-inch casing installed; top of casing 0.7 foot above land surface. Water
first found at 55 feet below land surface datum. Water level after casing
31.9 feet below land surface. Water flowing in entrenched Black Rascal Creek
25 feet from well about 10 feet below land surface.

Not logged----=-=--==-==—-=--—----m i me e 0 15

Clay, silty, greenish-brown, micaceous, some dark 15 7
mottling, slightly damp.

Sand, fine, silty, some clay, greenish-brown--------- 22 6

Sand, coarse, silty-clayey, some pebbles, subrounded, 28 2
subangular, quartz and fledspar.

Clay, greenish-brown----=-===---=-c-—-m--emmmmmamm 30 10

Sand, fine to medium, clayey, and silt, sandy, 40 5
greenish-brown, wet but not saturated.

Clay, silty, reddish-brown------=========c------wo-u- 45 15

Clay, some silt, greenish-gray, hard and dense, 60 Bottom.

micaceous, saturated.

Test well 3, 7S/14E-30N1. Altitude of land surface 162 feet. No casing
installed, backfilled.

Not logged===========mm e e e m e 0 6

Silt, sandy, brown, moist-=--====----=--me-m-a-—eeno- 6 4

Silt, fine, sandy, brown, plastic; first water at 10 20
18 feet.

Silt, fine, sandy, brown, plastic; some coarse sand-- 30 5

Silt, fine, sandy, gray; some clay binder------------ 35 25

Alternating layers of dense and less dense sandy 60 Bottom

silt. Density probably depends on amount of silt
and clay binder. No samples because water washed
material off auger.

12



TABLE 1. - Logs of test wells--Continued

Depth to
Material top of unit
(feet)

Thickness
(feet)

Test well 4, 8S/14E-6N1. Altitude of land surface 154 feet. 25 feet of
3-inch casing installed; top of casing 2.8 feet above land surface. Depth of
hole after casing 10.8 feet; material came up inside of casing. Well was dry
after casing.

Not logged----=====-==-==-------emmmmmm oo 0 8

Sand, silty, brown, water---------------------------- 8 10

Dense layer, probably clayey silt (samples of 18 7
water-washed material from auger).

Sand, fine to coarse, silty, brown; some pebbles up 25 33

to 3 inches, subrounded; probably water bearing

(samples of water-washed material from auger).
Silt, clayey, sandy medium, brown, probably tight---- 58 7
Same----=---==mmm e e 65 Bottom.

Test well 5, 8S/14E-1N2. Altitude of land surface 190 feet. 61 feet of
3-inch casing installed; top of casing 1.5 feet above land surface. Depth of
hole after casing 18 feet; material came up inside casing. Well was dry.

Not logged---==-=====--m----mcm e e 0 15
Silt, brown-gray, dry. Little or no clay------------ 15 1
Same as above, wet silt---=--=-=----e---mmmmmmmmeo e 16 21
Silt, clayey, coarse sand, gray, tight--------------- 37 28
Same as above, coarser sand and some gravel 65 Bottom.

up to 3/8 inch.

Test well 6, 7S/14E-26A1. Altitude of land surface 196 feet. 55 feet of
casing installed; top of casing 2.0 feet above land surface. Depth of hole
after casing 15.6 feet; material came up inside casing.

Not logged---==---=-==-----c--cmmmmomeemm e 0 15
Sand, fine, silty, reddish-brown------------==c------ 15 10
Sand, fine, gravelly; quartz pebbles up to % inch 25 3
long, subrounded.
Sand, fine, silty, brown, damp; cobbles up to 28 2
3 inches.
Same as above, some clay; saturated------------------ 30 15
Clay (hard drilling)=============-=-=-c-c--—ceee———o- 45 10
Silt? (looser material, easier drilling)-----=-------- 55 10
Clay, silty, brown, damp---------=======---==—---—-—-- 65 Bottom.

13



TABLE 1. - Logs of test wells--Continued

Depth to .
Material top of unit Th;ziz;ss
(feet)

Test well 7, 7S/14E-11Q. Altitude of land surface 196 feet. 67 feet of
3-inch casing installed; top of casing 2.0 feet above land surface.
Obstruction at 47.7 feet.

Not logged-==========ccemcecm e e mmmmm e e 0 13
Silt, clayey, gravelly, brown, plastic; pebbles up 13 1
to 1/2 inch, subrounded (cobbles, subrounded, at
18 feet).
Silt, clayey, gravelly, brown plastic, moist; 20 11
pebbles to 2 inches.
Silt, clayey, gravelly, brown, plastic-------------- 31 7
Gravel-===-==--— - 38 2
Silt, clayey, sandy, coarse, dense, plastic--------- 40 25
Same======== === e —m e mmmmmm o - e - 65 Bottom.

Test well 8, 6S/12E-35F1. Altitude of land surface 148 feet. 40 feet of
3-inch casing installed; top of casing 1.6 feet above land surface. Depth of
hole after casing 35 feet; material came up inside casing. Caving at 25 feet.

Not logged========-===--cc-ccmommmmecmcmm oo 0 10
Sand, medium, clean, light brown, damp--------------- 10 20
Same as above, slightly finer grained---------------- 30 5
Same as above, medium to coarse sand----------------- 35 25
Same===========cemmm e e m—ec e e 60 Bottom.

Test well 9, 6S/13E-31A2. Altitude of land surface 175 feet. 51.5 feet
of 3-inch casing installed; top of casing 1.3 feet above land surface. Depth
of hole 47 feet after casing; material came up inside casing. Well was dry.

Not logged-=--==-====c--emm oo 0 5

Sand, medium silt, red-brown, hardpan---------------- 5 20

Same, less red, more brown, no hardpan----=---=-------- 25 5

Same as above, some clay; clay content increasing 30 25
to 55-foot depth.

Sand, medium, brown, no clay----=-======--==c--cocoou- 55 5

e 60 Bottom.
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TABLE 1. - Logs of test wells--Continued

Depth to .
Material top of unit Th;;ggiss
(feet)

Test well 10, 6S/13E-20R1. Altitude of land surface 195 feet. 62 feet
of 3-inch casing installed; top of casing 1.5 feet above land surface. Depth
of hole 60.5 feet after casing; material came up inside casing. Well was dry.

Not logged-========--=cccmm e 0 2
Sand, silty, red--======-cmemmmece e mem 2 1
Sand, medium, silty, some clay=-=========-===c-cc---- 3 8
Sand, medium, silty, no clay, dark brown, damp------- 11 12
Silt, sandy, clayey, tight, plastic, medium-brown, 23 2
moist.
Sand, silty, no clay, medium-brown, moist----=------- 25 13
Same as above with clay---=-=====-=--cccmccccacaaa—a- 38 2
Sand, fine, and silt, no clay, medium-brown, dry---- 40 13
Sand, medium, and silt, clay, medium-brown---------- 53 7
Same, saturated--------==-----mm-mcmmmeeeemeeamneao 60 Bottom.

Test well 11, 7S/12E-22P1. Altitude of land surface 116 feet. 25 feet
of 3-inch casing installed; top of casing 3.4 feet above land surface. Depth
of hole after casing 20.5 feet; material came up inside casing.

Not logged-=-==========cccme e mm oo 0 8
Silt, gray--=-==-=-=--=memmem e emmememeemmm e 8 2
Sand, medium; and silt; clean, brown, saturated------ 10 10
Sand, fine; and silt, brown-------------------------- 20 25
Sand, medium to coarse, some silt, clean, brown,----- 45 11
Silt, sandy, clayey, plastic, tight, red and brown, 56 4
resistive to drilling.
Same==== = e s e e e e 60 Bottom.

Test well 12, 7S/12E-13D1. Altitude of land surface 140 feet. 24 feet
of 3-inch casing installed; top of casing 1.4 feet above land surface. Depth
of hole after casing 13.1 feet; material came up inside casing. Water first
foundat 18 feet below land surface datum. After casing water level 6.6 feet
below land surface.

Not logged==-=========c oo 0 5
Sand, fine, brown, and silt, some mica, dry---------- 5 27
Silt, clayey, tight, brown-=------===-=--=c-c-ecemu--- 32 3
Sand, silty, brown-=------------------ommmemm e 35 Bottom.

15



TABLE 1. - Logs of test wells--Continued

Depth to ,
Material top of unit Thickness
(feet) (feet)

Test well 13, 7S/13E-9B1. Altitude of land surface 165 feet. 62 feet of
3-inch casing installed; top of casing 2.0 feet above land surface. Depth of
hole 60 feet. Water level after casing 43.7 feet below land surface.

Not logged-=--=====-===--------—-mmmmm oo 0 10
Sand, fine, and silt, medium, brown, moist----------- 10 15
Sand, fine, silty, medium-brown, moist--------------- 25 25
Silt, sandy, some clay-=-============----—o-—oo—m—————- 50 10
Same-=-======="— e e m e 60 Bottom.

Test well 14, 7S/13E-33A2. Altitude of land surface 143 feet. 20 feet
of 3-inch casing installed; top of casing 1.6 feet above land surface. Depth
of hole after casing 9 feet; material came up inside casing. Water first
found at 26 feet below land surface datum.

Not logged===========—=-sme e o 0 14
Silt, sandy, brown, damp--=---------------—-—-e--o—-—-- 14 6
Silt, clayey, sandy, micaceous, tight, brown, damp--- 20 8
Silt, sandy, clayey, red pieces of hardpan (?)------- 28 7
Sand, silty, partially cemented, hardpan (?), red---- 35 5
Sand, medium to coarse; silt, brown, water-bearing--- 40 20
Same======== = e e 60 Bottom.

Test well 15, 6S/12E-23A1. Altitude of land surface 180 feet. No casing
installed; backfilled.

Not logged-----=-=-=====---—---—-mmmm e 0 5
Sand, medium, and silt, some clay, dark green, damp. 5 13
Gravel and cobbles to 3 inches, subrounded at
8 feet.
Sand, fine; silt, no clay, light brown--------------- 18 7
Sand, medium; silt, some clay, dark brown, damp. 25 13
Cobbles, 4 inches, rounded at 23 feet.
Sand, medium, silty, no clay, medium brown, damp----- 38 10
Clay, silty, brownish-gray------------==--=----c-u--- 48 13
Sand, medium, silty, no clay, brown (water in 61 4
this sand).
Same---=====e-semscceccec e meeimecesse e sc—e—————— 65 Bottom.
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Movement of Ground Water

Water-level contour maps of the confined and intermediate aquifers (figs. 4-6
and 8-10) were drawn using observation well data gathered in August 1980, December
1980, and January and February 1982. Before the observation well network was
expanded in 1982, observation wells were concentrated in the central part of the
study area and were scarce elsewhere. Therefore, the contours from the 1980 data
are limited. Water levels at individual wells are shown where data are too scarce
to contour. The observation well network does not include wells in the shallow
aquifer, but in September 1975, the general direction of ground-water movement in
the shallow aquifer was westward and southwestward (Page, 1977).

In January and February 1982, water in the confined aquifer moved south-
westward from Merced (fig. 6); however, west of Merced, it moved more toward the
west and, near Livingston, it moved west-northwestward. Southeast of Merced,
water in the confined aquifer moved south and southeast and toward a depression
caused by pumping southwest of El Nido.

In January and February 1982, water in the intermediate aquifer moved west
from Merced (fig. 10). Northwest of Merced, movement was generally westward with
local variations, such as a recharge area north of Winton and a discharge further
west along the Merced River. South of Merced, ground water moved toward the
southwest and toward a pumping depression southwest of El Nido.

EXPLANATION TO FIGURES 8 AND 9

~——120—— POTENTIOMETRIC CONTOUR - Shows altitude at which
water level would have stood in tightly cased wells in
intermediate aquifer. Contour interval 10 feet. National
Geodetic Vertical Datum of 1929

o 1A2 OBSERVATION WELL IN AREA WHERE THERE ARE
102 NOT ENOUGH DATA TO CONTOUR - Upper number
is well number; Lower number is altitude of potentiometric
surface, in feet. National Geodetic Vertical Datum of 1929

STUDY AREA
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WATER USE AND CHANGES IN GROUND-WATER LEVELS

Ground-Water Withdrawals

Ground water is pumped for irrigation, domestic supplies, and industry in the
study area, but irrigation is the main use (fig. 11). Four irrigation districts
in the area (fig. 12), along with private landowners, pump ground water for irri-
gation. The Merced Irrigation District, by far the largest user of water in the
study area, compiles summaries of the water it pumps by month and year and main-
tains annual pumpage records for each of the divisions in its service area.
Pumpage values are not available for the parts of the study area within Turlock,
El Nido, Chowchilla, and other small irrigation districts and outside areas.
However, pumpage from these areas constitutes only a small percent of that pumped
by the Merced Irrigation District. Municipalities record monthly and annual
pumpage from their wells although only the more recent records are available for
some.

Within the Merced Irrigation District, which supplies water to a large part
of the central study area, pumpage varies each year. The amount pumped depends
primarily on the availability of surface water (fig. 13).

Ground water is the only source of water for domestic and industrial use in
the study area. The population of Merced County increased from 104,629 in 1970 to
134,560 in 1980 (U.S. Department of Commerce, 1981), which increased the domestic
demand for ground water. Pumpage from the city of Merced wells (fig. 14) in
general shows an increasing trend from 1951, until the drought in 1976 and 1977
when voluntary water conservation lowered the demand. ¥rom 1977 to 1980 pumpage
increased, but was lower than if pumpage had continued the 1951 to 1976 trend.
Recent records of pumpage from other communities in the study area also show an
increasing demand for ground water.

Seasonal trends for both irrigation and domestic pumpage are illustrated by
graphs of monthly pumpage for the Merced Irrigation District and the city of
Merced (fig. 15). From a winter base level, pumpage usually increases in spring
to a peak in July and then decreases through autumn.

Surface-Water Distribution

Surface-water distribution data are important when evaluating the ground-
water supply. Surface water applied to irrigated fields is the largest source of
recharge to the shallow aquifer (Page, 1977). Ground water from the shallow
aquifer might also move to the deeper aquifers.

The Merced Irrigation District diverts water from the Merced River for dis-
tribution throughout its service area. Between 1964 and 1980 it diverted an
annual mean of 535,000 acre-ft of water between March and October (fig. 13). This
surface water is usually more than 80 percent of the total irrigation supply.
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ANNUAL GROUND-WATER PUMPAGE, IN ACRE-FEET

2000 —1—T— T 7T T 1
EXPLANATION

200,000 |- \ n I
SR H f (|| CITIES OF LIVINGSTON AND PLANADA
""" L T (No data available prior to 1980)

180,000

CITY OF ATWATER

160,000 r

140,000 |-

CITY OF MERCED

] < ;/ MERCED IRRIGATION DISTRICT

120,000 |—

100,000

80,000

60,000 [

SN

40,000

20,000

0
mmmmmm
hhhhhh

mmmmmmmm

— —_— — — — — — —

FIGURE 11. — Annual ground-water pumpage by Merced !rrigation District, city of Merced, city of Atwater, and
cities of Livingston and Planada, 1973-80.
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FIGURE 13. — Annual surface-water diversions and ground-water pumpage by Merced !rrigation District, 1964-80.
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PUMPAGE, IN ACRE-FEET

PUMPAGE, IN ACRE-FEET

600TT 1T 1T I r 1T T 1T 171 rrrrr 11111 1 1T 1r 1 T 1T T
Note: Prior to 1975, 95 percent of -
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FIGURE 14. — Annual pumpage, city of Merced, 1951-80. Modified from Page, 1977.
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FIGURE 15. — Monthly ground-water pumpage for Merced Irrigation District and the city of Merced, 1974-80.
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Water-Level Fluctuations

Water-level fluctuations indicate trends in
ground-water storage. A change in the rate of
decline or rise in the water level indicates a
change in discharge and/or recharge. Water
levels in wells generally fluctuate seasonally
in areas where there is considerable pumping.
The fluctuations reflect the irrigation and
domestic pumping patterns. Water levels usually
decline during increased pumping from spring to
autumn and rise during the decreased pumping
from autumn to spring.

Water levels were measured monthly in the
city of Merced's 13 municipal wells by city
personnel, and in observation wells at 4- to
6-week intervals throughout the rest of the area
by Geological Survey personnel. The observation
wells were chosen where possible in groups of
two or more wells open to different aquifers or
different depths. This arrangement facilitated
comparison of the response of water levels to
pumping from the various aquifers and depths.

To further facilitate the comparison, the
study area was divided into nine subareas, A
through I (fig. 16). The division was made by
natural or manmade boundaries such as rivers,
canals, or townships; and by the quantity of
irrigation water applied.

Differences between the short-term, or
seasonal, water-level fluctuations in wells open
to different aquifers were apparent in subareas
A, D, E, G, and H. Less pronounced differences
occurred in subareas B, C, and I. Substantial
differences occurred in subareas D, F, and G in
wells close to each other but perforated at
different depths in the same aquifer.

26

EXPLANATION TO FIGURE 16

STUDY AREA

OBSERVATION WELL PERFORATED ININTERMEDIATE AQUIFER

BOUNDARY OF SUBAREAS

OBSERVATION WELL PERFORATED IN CONFINED AQUIFER

e}

OBSERVATION WELL PERFORATED IN A COMBINATION OF AQUIFERS

®

OR IN CONSOLIDATED ROCKS, OR WITH UNKNOWN PERFORATIONS
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In the longer term, the water-level data indicate a general rise since the
end of the 2-year drought ending in 1977, followed by a leveling out. A compari-
son of the current data with those of Page (1977) indicates there has been no
significant long-term change in water levels in the Merced area since 1960,
although there have been declines of perhaps as much as 10 feet in a few shallow
wells. The data indicate that over the long term, recharge to the ground-water
system has equaled pumpage plus natural discharge in the Merced area.

A description of each subarea including information about surface-water
deliveries, irrigation rates, land use, and aquifers follows.

Subarea A

Subarea A includes the study area north of the Merced River (fig. 16).
Information on how much irrigation water is delivered to the western part of the
subarea, in Turlock Irrigation District, is not available. However, division 19
of Merced Irrigation District, further east along the river (fig. 12), received an
annual average of 3 acre-ft of water per acre of irrigated land from 1977 to 1980.
Other irrigated land along the river with water rights may be receiving comparable
amounts of water. Most of the subarea is under cultivation except for the far-
thest northeast part in the foothills, which is rangeland. Observation wells
penetrate the intermediate and confined aquifers in the west part of the subarea,
and the intermediate aquifer and the consolidated rocks in the east.

The water-level fluctuations in wells in subarea A are shown in figure 17.
Water levels measured during the 2-year period show no substantial net rise or
decline. The fluctuations in wells perforated only in the intermediate aquifer
are similar, but they differ from the fluctuations in wells perforated only in the
confined aquifer. This difference indicates that a layer of low permeability
separates the intermediate and confined aquifers in subarea A.
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DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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FIGURE 17. — Water-level fluctuations for wells in subarea A.

29



DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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FIGURE 17. — Continued.
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Subarea B

Subarea B (fig. 16) contains the westernmost divisions of the Merced Irriga-
tion District. From 1977 to 1980 an annual average of 3.2 feet of water was
applied to each acre of irrigated land in these divisions. During the 1977
drought year, 70 to 85 percent of the irrigation water was ground water. From 1978
to 1980 about 80 percent of the irrigation water was surface water. The aquifers
in subarea B include the confined aquifer and the intermediate aquifer.

Water-level fluctuations in wells in subarea B are shown in figure 18. No
continuing trend of declines or rises in water levels are evident in the 2-year
period of measurement. Water levels in wells perforated in the intermediate
aquifer generally had seasonal fluctuations. Too few measurements were made in
the one well open in the confined aquifer to establish the nature of the hydraulic
connection between the confined and intermediate aquifers in this area.
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FIGURE 18. — Water-level fluctuations for wells in subarea B.
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FIGURE 18. — Continued.

Subarea C

Most of subarea C (fig. 16) is not serviced by irrigation districts. Infor-
mation on irrigation rates within the subarea is not available. Most irrigation
water is pumped from the ground, with some water pumped directly from creeks and
the San Joaquin River. Subarea C is about evenly divided between cultivated land
and rangeland. Several areas of marsh and wetland are in the western part of the
subarea. All the observation wells in subarea C are in the area where the
Corcoran Clay Member underlies surface deposits.

Hydrographs of water-level fluctuations in wells in subarea C are shown in

figure 19. Trends over the 2 years of measurement indicate no declines or rises
in water levels.
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DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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FIGURE 19. — Water-level fluctuations for wells in subarea C.
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Wells 8S/12E-15B1 and 9S/13E-6H1, which are perforated adjacent to the inter-
mediate aquifer, and wells 8S/12E-15A1 and 9S/13E-5M1, which are perforated adja-
cent to the intermediate and confined aquifers, had similar seasonal water-level
fluctuations (fig. 19). The similarity does not necessarily result from leaky
confining conditions, but is a reflection of the common response of the inter-
mediate aquifer.

Farther east, well 8S/13E-36J1, which is perforated in the confined aquifer,
and nearby well 9S/13E-1A2, which is perforated in the intermediate aquifer, had
different water-level fluctuations (fig. 19). This difference indicates that the
confining layer in subarea C is fairly continuous and is not very permeable.

Subarea D

Subarea D includes E1 Nido Irrigation District and land along the Chowchilla
River (fig. 16). In the 1977 drought year the district received no water from
Merced Irrigation District. From 1978 to 1980, it purchased between 15,000 and
20,000 acre-ft of water each year. The El Nido Irrigation District estimated that
an average of 3 acre-ft of water per each of the 10,000 acres of irrigated land in
the district was applied each year from 1978 to 1980. An estimate of ground-water
pumpage would be the difference between that total used and the amount of water
imported. Most of the subarea south of the Chowchilla River is in the Chowchilla
Irrigation District. Information on water distribution in that area is not avail-
able. All but the eastern edge of subarea D is in the area underlain by the
Corcoran Clay Member.

Hydrographs of wells in subarea D are shown in figure 20. Water-level fluc-
tuations over the 2 years of measurements show no lasting rises or declines that
are evident throughout the subarea. In general, water-level fluctuations in wells
open in the intermediate aquifer had no definite seasonal fluctuations, whereas
wells open in the confined aquifer fluctuated seasonally with deeper levels in
summer and shallower levels in winter. This difference indicates a fairly tight
confining layer between the two aquifers in subarea D.

Within the confined aquifer, there may be another confining bed in the area
of subarea D. Wells open in the older alluvium of the confined aquifer had dif-
ferent water-level fluctuations from those of wells open in both the older allu-
vium and the continental deposits of the confined aquifer.
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FIGURE 20. — Water-tevel fluctuations for wells in subarea D.
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FIGURE 20. — Continued.
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FIGURE 20. — Continued.

Subarea E

Most of subarea E (fig. 16) is rangeland. Some of the land along the creeks
and canals east of Planada and Le Grand is under cultivation and some is in the
service area of Merced Irrigation District. Data are not available on irrigation
rates in the area. All three observation wells in subarea E are in the cultivated
land. The geologic units exposed in the western part of the subarea are the older
alluvium and continental deposits of the intermediate aquifer. The consolidated
rocks crop out in the eastern part. No lasting rises or declines are evident from
the 2 years of water-level data in the three observation wells in subarea E
(fig. 21), but seasonal fluctuations are evident in wells 7S/16E-19A1 and
8S/16E-36J1.

37



7S/15E-12E1 {Altitude 272 feet, depth 340 feet, perforations
46-300 feet, intermediate aquifer ?, Valley Springs,
Mehrten ?, and lone ? Formations)\

0T771IFTIIIIIlfflllllllrrTTr7|

[WE)

u —

< 10+

o

a

a 20 -

=

S 30 —

=

(@]

n —

o 40

b~ 7S/16E-19A1 (Altitude 284 feet, depth 100 feet, B

E 50 no perforations, Valley Springs Formation)

= —

60—

[a ~ |

e 70 ~

= ~

2 80 85/16E-36J1 (Altitude 299 feet, depth 176

= feet, no perforations, intermediate aquifer ?, |

% 90 - Valley Springs ?, and Ione ? Formations)

100*J(JI(1LL1JJJIIIllllllLlllllJl

JFMAMJI JASONDJIFMAMIIASIOINDIFMAMI

1979 1980 1981
FIGURE 21. — Water-level fluctuations for wells in subarea E.

Subarea F

Most of subarea F (fig. 16) is cultivated land served by the Merced Irriga-
tion District. In the District service area, an average of 2.4 acre-ft of water
per acre of irrigated land was delivered each year from 1977 to 1980. Surface
water constituted 90 percent of the irrigation water used in this area from 1978
to 1980. Ground water supplied close to 50 percent during 1977. The Corcoran
Clay Member occurs in the western section of subarea F but all the observation

wells lie east of the Corcoran Clay Member area and are perforated or open in the
intermediate aquifer.

Hydrographs of water levels in wells in subarea F showed no continuing rises
or declines during the 4% years of measurement (fig. 22). 1In general, water
levels were lower in 1977-78 than in 1979-80. The lower water levels probably are
residual effects of the 1976-77 drought. The variations in water-level fluctua-
tions in these wells probably result from local variations in pumping patterns.
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FIGURE 22. — Water-level fluctuations for wells in subarea F,
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Subarea G

Subarea G includes mostly cultivated land within the Merced Irrigation Dis-
trict and suburban areas around the city of Atwater (fig. 16). From 1977 to 1980,
irrigated land in the area received an average of 3 acre-ft per acre of Merced
Irrigation District water each year. During 1977, ground water supplied between
50 and 95 percent of the irrigation water for each of the Irrigation District
divisions in this subarea. From 1978 to 1980, ground water usually constituted
less than 15 percent of the irrigation water.

Water levels in all 15 of the observation wells in subarea G had similar
general patterns from 1977 to May 1981 (fig. 23). From January to August 1977,
water levels declined 15 to 40 feet as a result of the 1976-77 drought. Levels
then rose from August 1977 through 1979. From January 1980 to May 1981, water
levels in wells without seasonal fluctuations were near their January 1977 levels,
and winter levels of wells that had seasonal water-level fluctuations were also
near their January 1977 levels.

In general, the water-level fluctuations in wells open to the confined aqui-
fer had a greater range and more distinct seasonal patterns than those in wells
open to the intermediate aquifer. This indicates a fairly tight confining layer
between the aquifers in the vicinity of subarea G.

Subarea H

Subarea H includes the part of the study area that borders Merced, on the
north, east, and south (fig. 16). Much of it is included in Merced Irrigation
District. The District service area southwest of Merced received an average of
4 acre-ft of water per acre of irrigated land from 1977 to 1980. The rest of
subarea H in Merced Irrigation District received an average of 2.8 acre-ft per
acre. Ground water supplied less than 10 percent of the irrigation water from
1978 to 1980. During 1977, it supplied up to 50 percent of the water in some of
the Merced Irrigation District divisions in subarea H. Most of the subarea is
cultivated cropland. The northern section of subarea H lies northeast of the
Corcoran Clay Member. Here the intermediate aquifer and the Mehrten Formation are
present. South of Township 7, subarea H is in an area where the intermediate and
confined aquifers are separated by the Corcoran Clay Member.

The pattern of water-level fluctuations in wells in subarea H (fig. 24) is
similar to those in subarea G; water levels declined in 1977 during the drought
and then rose through 1978. Water levels remained fairly stable after 1978.

Water-level fluctuations in wells open in the intermediate aquifer and/or the
Mehrten Formation have varying patterns throughout subarea H. This reflects local
pumping and recharge patterns. Seasonal high and low water levels are consistent
in all the wells perforated in the confined aquifer.
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FIGURE 23. — Water-level fluctuations for wells in subarea G.
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FIGURE 24, — Water-level fluctuations for wells in subarea H.
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FIGURE 24. — Continued.

47



O T T T T T T[T T T I T T T T T A T T T [T T T T T T T T rrrTT
10 —
20+ -
30[ ]
g 40, /./"’ -
S 501 - -
o
2 0k _
5 3S/14E-9R1 (Altitude 170 feet, depth 340 feet, N
3 801 perforations 115-330 feet, confined aquifer)
o 90 —
o
100 . ]
— Pumping
S0 N.}*me]s rd —
= 120 |- —
. 130 prrrrvrra e b rrrerr g vy rver beerev ey g bragag
o
U o O SR AR AL TT LT I
= 10 8S/13E-19H2 (Altitude 121 feet, deptfi]
e 20k - 76 feet, no perforations, intermediate aquifer)
- 3S/13E-9J1 (Altitude 134 feet, depth - ]
5 301" 350 feet, perforations 2, internediate ? o
& 40— and confined aquifers) n
/ -
50 = 85/136-19J2 (Altitude 120,”feet, depth 288 feet, |
60 Pumpi]ng perforations 132-285 feet,” intermediate and confined
| levels ifers -]
78 Illllllllla?lfljll)lllllllllIlIIlllllllllllIllllllllllll
JFMAMJJASONDJFMAMIJASONDJIFMAMIJASONDIFMAMIJASONDJIFMAMY
1977 1978 1979 1980 1981

FIGURE 24. — Continued.

Subarea 1

Subarea I includes the city of Merced and immediate vicinity (fig. 16). Some
cultivated land within the Merced Irrigation District is on the eastern and
southern edge of this subarea, but most of the land is urban. The northeastern
edge of the Corcoran Clay Member extends through the middle of Merced at a depth
between 50 and 100 feet below land surface (figs. 4-6). Observation wells in the
area are open to the intermediate aquifer, confined aquifer, and Mehrten Forma-
tion. Thirteen of the seventeen observation wells in Subarea I supply domestic
water to Merced. They are single wells or groups of two or three wells located at

eight stations. The other observation wells belong to the Merced Irrigation
District.

Three Merced Irrigation District wells, 7S/13E-36F1, 7S/14E-31J1, and
78/14E-31M1, are on the southern edge of Subarea I. They are open in the confined

aquifer. Water levels in these wells fluctuated seasonally (fig. 25) but indicate
no long-term trend.

Water levels in all of the city of Merced wells fluctuate seasonally, but
show no long-term trends (fig. 25-27). The effects of the 1976-77 drought are
reflected only in the longer period of depressed water levels in 1977.
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FIGURE 25. — Water-level fluctuations for wells in subarea |.
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FIGURE 25. — Continued.
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FIGURE 25. — Continued.

DEPTH TO WATER, IN FEET BELOW LAND SURFACE

Monthly pumpage and water-level fluctuations of well 7S/13E-24Ql, which is
open in the confined aquifer, are shown in figure 26, modified from Page (1977).
Pumpage from the well was less from 1976 to 1980 than from 1971 to 1975. Nonpump-
ing water levels were also slightly lower from 1976 to 1980. Pumping levels were
nearly the same throughout 1971-80.

Well 7S/14E-19J1 is just north of the area underlain by the Corcoran Clay
Member and is open in the intermediate aquifer. Water-level fluctuations and
monthly pumpage from this well at city of Merced station 4 are shown in figure 27,
modified from Page (1977). Much less water was pumped from this well from 1977 to
1980 as compared to 1971 to 1976. Except during the drought years of 1976-77,
winter nonpumping water levels remained fairly stable.

Well 7S/14E-22F1, a Merced Irrigation District well, is open in the conti-

nental deposits of the intermediate aquifer. Its water level did not fluctuate
seasonally (fig. 25).
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MONITORING NEEDS

A ground-water monitoring network is needed to provide water-level data of
each aquifer over the entire study area. Contour maps of the potentiometric sur-
faces of the aquifers are important tools for interpreting changes in the storage
and movement of ground water.

Prior to 1982, the network of observation wells did not provide the data
needed to define the potentiometric surface. The deficiency in that network is
apparent in figures 5, 6, 8, and 9. Outside the central part of the study area,
observation wells were too scattered to allow reliable contouring. For this
reason, the observation-well network was expanded to cover as much of the confined
and intermediate aquifer as possible. Winter 1982 baseline water-level contour
maps are shown in figures 7 and 10. Once summer baseline water-level contour maps
are prepared, ground-water conditions can be monitored by quarterly measurements
of selected key wells. At 5-year intervals, or when large annual changes in
ground-water levels are detected in the key wells, the entire network of wells can
be measured to obtain data for new contour maps.

SUMMARY

Data show no significant net decline or rise in water levels. This indicates
that in the study area, recharge balances natural discharge and withdrawals by
pumping. Information from shallow test wells indicate extensive fine-grained
material at depths between 10 and 20 feet in the shallow aquifer that could inter-
fere with surface artificial recharge to the aquifer system.

Throughout much of the study area, water-level fluctuations in wells open to
different aquifers generally had dissimilar seasonal fluctuations. In some areas
wells open to different depths within the same aquifer also had dissimilar short-
term fluctuations. These dissimilarities probably are due to differing recharge
and pumping patterns and differing aquifer characteristics, such as degree of
confinement.
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