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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS, AND WELL-
NUMBERING SYSTEM

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
gallon per minute (gal/min) 0.003785 cubic meter per minute
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
pound (Ib) 0.4536 kilogram

Temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius
(°C) by the following equation:
°C=5/9 (°F - 32)

VERTICAL DATUM

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called Sea Level Datum of 1929.

ABBREVIATIONS

mg/L milligram per liter

ne/L microgram per liter

kg kilogram

puS/cm  microseimen per centimeter at 25°C

permil  parts per thousand, as used with delta (§) notation
pC/L picocurie per liter

RI/FS Remedial Investigation/Feasibility Study

USEPA  United States Environmental Protection Agency

UCM upper confining member
UWB upper water-bearing unit
MCM middle confining member
MWB middle water-bearing unit
LCM lower confining member
LWB lower water-bearing unit

MCL maximum contaminant level
SMCL  secondary maximum contaminant level
VSMOW Vienna Standard Mean Ocean Water



WELL-NUMBERING SYSTEM

Wells are identified and numbered according to their location in the rectangular system for the subdivision
of public lands. The identification consists of the township number, north or south; the range number, east or west;
and the section number. Each section is further divided into sixteen 40-acre tracts lettered consecutively (except I
and O), beginning with ‘A’ in the northeast corner of the section and progressing in a sinusoidal manner to ‘R’ in
the southeast corner. Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried.
The final letter refers to the base line and meridian. In California, there are three base lines and meridians;
Humboldt (H), Mount Diablo (M), and San Bernardino (S). All wells in the study area are referenced to the San
Bernardino base line and meridian (S). Well numbers consist of 15 characters and follow the format
001S004W22L0178S. In this report, well numbers are abbreviated and written 1S/4W-221.17. Wells in the same
township and range are referred to only by their section designation, 22L.17. The following diagram shows how the
number for well 1S/4W-221.17 is derived.
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Chemistry and Isotopic Composition of Ground
Water Along a Section near the Newmark Area, San
Bernardino County, California

By John A. Izbicki, Wesley R. Danskin, and Gregory O. Mendez

ABSTRACT

Chemical and isotopic analyses and flow-
meter measurements in pumped wells were used to
determine the source, movement, and age of
ground water along a section of the valley-fill aqui-
fer from the San Jacinto Fault to the base of the
San Bernardino Mountains near the Newmark area
in the Bunker Hill Basin of southern California.
Water samples were collected from four multiple-
depth well sites, from different depths within three
production wells, and from two nearby streams;
these samples were analyzed for major ions,
selected trace elements, stable isotopes of oxygen
and hydrogen (delta oxygen-18 and delta deute-
rium), tritium, and carbon-14. Within the produc-
tion wells, variations in vertical flowrate with
depth were recorded during pumped conditions
using a standard spinner tool. Where saturated, the
upper 200 feet of unconsolidated deposits contrib-
uted as much as 60 percent of the well discharge;
deposits at depths greater than 700 feet contributed
less than 10 percent. Chemical analyses indicate
that three general zones of ground-water quality
are present along a north-south section—an oxy-
genated zone near the base of the San Bernardino
Mountains, an oxygen-depleted zone near the San
Jacinto Fault, and a deeper zone characterized by
concentrations of fluoride greater than 1 mg/L. and
by a general water-quality composition similar to
that of base flow in East Twin Creek. The presence
of tritium in water from wells along the section
indicates that post-1952 recharge has moved rap-

idly through the valley-fill aquifer to depths as
great as 800 feet. Carbon-14 data indicate that the
maximum age of ground water, sampled at depths
ranging from 600 to 1,000 feet, is less than 5,000
years before present. Ground water along the study
section is much younger than ground water from
similar depths in other nearby basins. Delta
oxygen-18 and delta deuterium data indicate that
as much as 25 percent of the discharge from some
wells near the base of the San Bernardino Moun-
tains is water that was imported from northern Cal-
ifornia. Improved knowledge of depth-dependent
ground-water flow along this section can aid in the
design of an effective strategy for basin manage-
ment, including remediation of the Newmark area,
which is designated by the U.S. Environmental
Protection Agency as a Superfund cleanup site.

INTRODUCTION

Ground water pumped from the Bunker Hill
Basin, about 60 mi east of Los Angeles, is a major
source of supply for the cities of San Bernardino, Red-
lands, and Riverside, and for the surrounding agricul-
tural areas (fig. 1; the city of Riverside is outside the
map area, about 15 mi southwest of San Bernardino).
In 1980, the California Department of Health Services
discovered chlorinated solvents in public-supply wells
near the Shandin Hills in the Bunker Hill Basin. In
1990, the U.S. Environmental Protection Agency
(USEPA) began a Remedial Investigation/Feasibility
Study (RI/FS) in the area of this contamination, which
was designated the Newmark Ground Water Contami-
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cally heavier than water in the Santa Ana River. Thus,
it is not likely that water from well 22D4 originated as
infiltration of surface water. One possible explanation
is that water from well 22D4 may have originated near
the base of the San Bernardino Mountains, in the same
manner as most other water along section A-A’, but that
the water may be very old and was recharged at a time
when the climate was cooler and the isotopic composi-
tion of ground-water recharge was lighter. A second
possible explanation is that water from well 22D4 was
recharged at a different location, by water having a dif-
ferent isotopic composition, and is associated with a
different ground-water flow system. Samples were col-
lected and analyzed for tritium and carbon-14 to deter-
mine the age (time since recharge) of water from wells
to evaluate which of these two hypotheses is more
likely correct.

Tritium

Tritium (3H) is a naturally occurring radioactive
isotope of hydrogen that has a half-life of about 12.4
years. In this study, the activity of tritium was measured
in picocuries per liter (pC/L); one pC/L is equivalent to
about 2.2 disintegrations of tritium per minute or about
one tritium atom in 3.1 x 107 atoms of hydrogen. Prior
to 1952, the tritium concentration of precipitation in
coastal southern California was about 6 pC/L. About
800 kg of tritium was released to the atmosphere during
1952-62 (Michel, 1976) as a result of the atmospheric
testing of nuclear weapons, and the tritium concentra-
tion of precipitation increased (fig. 9). Because tritium
is part of the water molecule, tritium is not affected by
reactions other than radioactive decay, and tritium is an
excellent tracer of the movement of water on timescales
ranging from 10 to less than 100 years before present.
In this report, ground water having tritium activities
less than the detection limit of 0.3 pC/L is considered
to be water recharged before 1952. Ground water hav-
ing measurable tritium activity is considered to be
water recharged after 1952.

Tritium activity in water from wells in this study
ranged from less than the detection limit of 0.3 pC/L, to
18 pC/L. Measurable tritium was present in water sam-
ples throughout much of section A-A’from the recharge
areas near the base of the San Bernardino Mountains to
discharge areas near the San Jacinto Fault (fig. 8). On
the basis of these data, the horizontal velocity of ground
water moving through the UWB and MCM hydrogeo-
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Figure 9. Tritium in precipitation at Santa Maria, California.
(Data from International Atomic Energy Agency.)

logic units is greater than 2 ft/d. This relatively high
velocity is consistent with ground-water velocities cal-
culated from contaminant movement in the Newmark
area (D.L. Bane, URS Corporation, oral commun.,
1996). In all of these calculations, it is assumed that
ground water along section A-A’is recharged near the
mountains and flows horizontally through the valley-fill
aquifer to discharge areas near the San Jacinto Fault. It
is possible that additional recharge occurs downgradi-
ent along the section and that this recharge water, which
also contains tritium, moves vertically down into the
valley-fill aquifer and commingles with water re-
charged near the mountains. If this alternate pathway is
present, possibly through abandoned wells, then hori-
zontal ground-water velocities could be much less than
2 ft/d.

Measurable tritium was not present in water from
deep wells downgradient from the recharge areas (fig.
8). These data suggest that ground-water movement
through the MWB and LCM units is slower than in
overlying units, probably less than 1 ft/d, and that hor-
izontal ground-water velocities decrease with depth.
Vertical recharge to the deeper parts of the valley-fill
aquifer in the downgradient part of the section is not
likely given the absence of tritium in the deepest sam-
ples.

Water from deeper wells that does not contain
measurable tritium was recharged prior to 1952. The
age (time since recharge) of this water cannot be deter-
mined on the basis of tritium data. Carbon-14 data were
collected to determine the age of water from wells that
did not contain tritium.

isotopic Composition of Ground Water 15



Carbon-14

Carbon-14 (14C) is a naturally occurring radioac-
tive isotope of carbon having a half-life of about 5,730
years. Carbon-14 data are expressed as percent modern
carbon by comparing carbon-14 activities to the spe-
cific activity of National Bureau of Standards oxalic
acid: 12.88 disintegrations per minute per gram of car-
bon in the year 1950 equals 100 percent modern car-
bon. Atmospheric testing of nuclear weapons produced
carbon-14 along with tritium. As a result, carbon-14
activities may exceed 100 percent modern carbon in
areas where ground water contains tritium. Carbon-14
activities are used to determine the age of ground water
(time since recharge) on timescales ranging from
recent to more than 20,000 years before present.

Carbon-14 is not part of the water molecule, and
unlike tritium, carbon-14 activities are affected by
chemical reactions that occur between dissolved con-
stituents and the aquifer matrix. In this study, carbon-
13 (13C), a stable isotope of carbon, was used to evalu-
ate, in a qualitative sense, the chemical reactions that
occur within the valley-fill aquifer. Carbon-13 data are
expressed as ratios in delta notation () as per mil dif-
ferences relative to the ratio of 13C to 2C in standard
Peedee Belemnite (PDB) (Gonfiantini, 1978). Reac-
tions within the aquifer may add carbon that does not
contain carbon-14 to the dissolved phase or remove
carbon that may contain carbon-14 from the dissolved
phase. Thermodynamic and mass-balance simulations
necessary to quantify changes in carbon-14 activity
resulting from these reactions were not done as part of
this study.

Age of Ground Water

Measured carbon-14 activities for 12 samples of
water from 10 wells in the study area ranged from 110
to 47 percent modern carbon. In general, carbon-14
activities were highest in water from wells in the
recharge areas, lower in water from wells in the dis-
charge areas near the San Jacinto Fault, and lowest in
water from deep wells that did not contain measurable
tritium. For the three wells sampled that did not contain
tritium (1S/4W-22D4, 1S/4W-10B2, and IN/4W
-34Q1), carbon-14 activities ranged from 84 to 47 per-
cent modern carbon. Neglecting the chemical reactions
that occur within the aquifer and assuming only radio-
active decay and an initial carbon-14 activity of 90 per-
cent modern carbon, the calculated ages of water from

these wells range from about 500 years before present
for water from wells 1S/4W-10B2 and 1N/4W-34Q1 to
about 5,000 years before present for well 1S/4W-22D4.

Measured §13C composition of water from wells
ranged from —5.4 to —16.6 per mil. The 813C values
were heavier (less negative) in water from deep wells
near the downgradient end of section A-A”. Heavy 813¢
values in water from wells are consistent with the reac-
tion of ground water with aquifer cements such as cal-
cite. In desert aquifers to the east of the study area,
calcite cements typically have heavy 313C values,
about -4 per mil (Izbicki and others, 1995). In two anal-
yses of aquifer cements done on drill cuttings from well
1N/4W-34Q1, the 813C value was —6.7 per mil. The
313C values were lighter (more negative) in water from
wells open to the freshwater marsh deposits and from
alluvial deposits in discharge areas near the San Jacinto
Fault. Light 513C values in water from wells is consis-
tent with the reaction of ground water with organic
material in the valley-fill aquifer. In two analyses of
organic material in drill cuttings from well 1N/4W-
34Q1, the 83C values were —29.5 and —26.5 per mil.
These values are consistent with 813C values for non-
marine organic material. As described earlier in this
report, ground-water chemistry is affected by organic
material, particularly near the San Jacinto Fault in the
vicinity of the former marshland.

On the basis of carbon-13 data, the carbon-14
activity of water from the deep wells that do not contain
tritium, as well as water from other sampled wells in
the area, has been affected by reactions with aquifer
materials. As a result, actual ages of water from wells
are probably younger than the ages presented in this
report. Using thermodynamic and mass-balance simu-
lations, Izbicki and others (1992, 1995) demonstrated
that corrections for chemical reactions that occur
within an aquifer can result in an interpreted ground-
water age that is as much as 30 percent less than the age
calculated by assuming only radioactive decay.

Sources of Older Ground Water

Studies of oxygen, hydrogen, and carbon iso-
topes done in other ground-water basins can help to
resolve questions about ground-water flow in the Bun-
ker Hill Basin—especially questions about the source
of water from well 1S/4W-22D4. Water from the well
is isotopically lighter with respect to 8D and §'20 than
water from most other sampled wells and, on the basis
of carbon-14 data, is the oldest water from the wells

16 Chemistry and isotopic Composition of Ground Water aiong a Section near the Newmark Area, San Bernardino County



sampled. As discussed previously, water from this well
may be very old and recharged at a time when the cli-
mate was cooler and the isotopic composition of
ground-water recharge was lighter, or the water may
have been recharged at a different location and is asso-
ciated with a different ground-water flow system.

Changes in the stable isotopic composition of
ground water with increasing age were evaluated in the
adjacent Mojave River Basin and the nearby Santa
Clara-Calleguas Basin by Izbicki and others (1992,
1995). Some ground water in those basins, especially
water from deep wells near the downgradient end of
long flow paths through the aquifers, was found to have
been recharged more than 20,000 years ago. This water
is much older than ground water in the Bunker Hill
Basin. On average, the §!30 composition of ground
water in the Santa Clara-Calleguas and Mojave Basins
decreased by about 0.05 to 0.07 per mil per 1,000 years
as a result of climate change during that period.
Although this is an average rate, and the decrease in
8180 composition probably has not been uniform dur-
ing the last 20,000 years, data from these nearby basins
can serve as a baseline from which to evaluate observed
changes in isotopic composition of water from wells
along section A-A".

On the basis of these data, the expected §'80 iso-
topic composition of water recharged less than 5,000
years ago near the base of the San Bernardino Moun-
tains would not be more than 0.25 to 0.35 per mil
lighter than that of present-day recharge from Devil
Canyon and East Twin Creeks. In contrast, water from
well 1S/4W-22D4 is more than 0.7 per mil lighter than
present-day recharge from these sources and is more
similar in isotopic composition to water from the Santa
Ana River. This result suggests that water from well
1S/4W-22D4 may not have been recharged near the
base of the San Bernardino Mountains by infiltration of
surface water from Devil Canyon or East Twin Creeks
and may be part of a different flow path, oblique to sec-
tion A-A’. Possible sources for this recharge include
infiltration of runoff from the Santa Ana River or Lytle
Creek. These streams drain areas of higher altitude in
the San Bernardino Mountains and San Gabriel Moun-
tains, respectively (fig. 1).

DISCUSSION OF CHEMICAL AND
ISOTOPIC DATA

In alluvial aquifers undisturbed by human devel-
opment, the paths of ground-water flow are relatively
simple: ground water flows from natural recharge areas
to natural discharge areas, and ground-water levels
vary in a predictable manner with depth. However, as
these basins are developed and water is pumped from
wells, the paths of ground-water flow change—hori-
zontally and vertically, and with time. As a result, in
basins with extensive ground-water pumping, such as
the Bunker Hill Basin, it can be difficult to conceptual-
ize, much less predict, the complex pattern of three-
dimensional ground-water flow using two-dimensional
ground-water-level data. The presence of contaminants
in many of these aquifers that are used for public sup-
ply requires a knowledge of three-dimensional ground-
water flow in order to understand the movement of the
contaminants and to design effective mitigation strate-
gies. Water-chemistry and isotopic data can provide
knowledge about the source, movement, and age of
ground water that is not readily obtainable from more
traditional water-level and water-quality data—espe-
cially when the chemical and isotopic data are col-
lected from known depths and are representative of
specific hydrogeologic units within the aquifer.

In the Bunker Hill Basin, measurable differ-
ences, both areally and with depth, were found in the
chemical and isotopic composition of water from
observation wells completed at different depths along a
north-south section (A-A’) through the basin. Similarly,
measurable differences were found in water collected
from different depths within two production wells (1N/
4W-34G4 and 1N/4W-14P1, table 2). Depth-depen-
dent, water-quality data for these production wells
were collected at full-production pumping rates. The
vertical differences in water quality within the produc-
tion wells were interpreted with the aid of concurrently
collected flowmeter data and were found to be compa-
rable to differences expected on the basis of water-
chemistry and isotopic data from nearby observation
wells.

In contrast, virtually no differences in water-
chemistry or isotopic data were observed in water sam-
ples collected during packer tests done in production
well 1S/4W-22L17 (table 2), even though nearby
observation wells had large differences in water chem-
istry and isotopic composition. These data suggest that
the data collected during the packer tests were not rep-

Discussion of Chemical and isotopic Data 17



resentative of ground-water quality at different depths
within the aquifer. The inflatable packers isolated an
interval within the casing, but they did not isolate a
comparable interval within the valley-fill aquifer. Ver-
tical flow through the gravel pack outside the casing,
effectively short-circuiting the packers, seems a likely
explanation for the nearly identical water-quality data.
On the basis of these results, packer tests—although
commonly accepted in the water-well industry—may
not be an effective technique to collect depth-depen-
dent water-quality samples from gravel-packed wells
in alluvial aquifers.

Differences in the chemical and isotopic compo-
sition of water from streams and wells along the study
section were useful in identifying ground-water flow
paths. Ground water originating as recharge from Devil
Canyon Creek has slightly different chemistry than
does ground water originating as recharge from East
Twin Creek. These differences mimic the differences in
the major-ion chemistry and, to some degree, the trace-
element chemistry found in samples of base flow from
Devil Canyon Creek and from East Twin Creek.

These two flow paths appear to areally converge
between the bedrock outcrops on either side of the
study section (Shandin Hills and Perris Hill), commin-
gle, and continue toward discharge areas near the San
Jacinto Fault. At least some of the ground water
recharged from East Twin Creek may follow a deeper
flow path and maintain a distinct chemical composi-
tion. Geochemical evidence for a deeper flow path was
presented originally by Duell and Schroeder (1989);
however, they did not have the depth-dependent sam-
ples necessary to trace this flow path through the
valley-fill aquifer. Some of the observed differences in
chemistry may result from reactions of ground water
with aquifer materials or from inflow of ground water
from the bedrock surrounding and underlying the
valley-fill aquifer.

Isotopic data indicate that water in well 1S/4W
-22D4 did not originate as recharge from either Devil
Canyon Creek or East Twin Creek and did not move
along either of the flow paths identified in section A-A”.
The location of the well relative to stream courses sug-
gests that recharge may have originated from Lytle
Creek or the Santa Ana River, each of which has an
average discharge more than five times the combined
discharge of Devil Canyon and East Twin Creeks.

The presence of tritium in water from many of
these wells suggests that recent (post 1952) ground-

water recharge has moved relatively rapidly (as fast as
2 ft/d in some areas) through the valley-fill aquifer and
to relatively great depths (more than 800 ft below land
surface) when compared to the results of similar studies
in other parts of California (Izbicki and others, 1992,
1995; Izbicki, 1996; Izbicki and Martin, 1997). On the
basis of carbon-14 data, the ages (time since recharge)
of water from wells ranged from recent to about 5,000
years before present. Because these ages are not cor-
rected for chemical reactions that occur between
ground water and the aquifer materials, the actual age
of water from wells probably is less.

Water with an age greater than 10,000 years
before present, which is typical of water from deep
wells in alluvial aquifers in other parts of California,
was not observed in wells along the study section. The
rapid movement and comparatively deep circulation of
water in this part of the Bunker Hill Basin may result
from a combination of geologic and hydrologic factors
such as: (1) the comparatively large quantity of water
available for ground-water recharge along the base of
the San Bernardino Mountains; (2) the presence of
coarse-grained deposits with minimal fine-grained
material near the base of the mountains; (3) the geome-
try of this part of the valley-fill aquifer whereby
recharge from a long stretch of the mountain front is
forced between two bedrock outcrops (Shandin Hills
and Perris Hill); (4) the large quantity of ground water
pumped from the valley-fill aquifer, helping to acceler-
ate the movement of ground water; (5) the enhanced
downward movement of ground water caused by a
reversal of ground-water gradient; and (6) the presence
of many vertical conduits of ground-water flow, includ-
ing more than 800 abandoned wells.

SUMMARY AND CONCLUSIONS

In the Bunker Hill Basin of southern California,
measurable differences, both areally and with depth,
were found in the chemical and isotopic composition
of water from observation wells completed at different
depths along a north-south section through the basin.
Similarly, measurable differences were found in water
collected, under pumping conditions, from different
depths within two production wells (1IN/4W-34G4 and
1N/4W-14P1) near the section. In contrast, virtually no
differences in water-chemistry or isotopic data were
observed in water samples collected during packer
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tests done in a production well (1S/4W-221.17) near
the south end of the section, even though nearby wells
had large differences in water chemistry and isotopic
composition. These data suggest that data collected
during packer tests were not representative of ground-
water quality at different depths within the valley-fill
aquifer.

Results of chemical analysis indicate that three
general zones of water quality are present along sec-
tion A-A": (1) an oxygenated zone near the base of the
San Bernardino Mountains, (2) an oxygen-depleted
zone near the San Jacinto Fault, and (3) a deeper zone
that is oxygenated near the base of the mountains and
oxygen-depleted farther from the mountains. Water in
this third zone also is characterized by fluoride concen-
trations greater than 1 mg/L and by a general water-
quality composition similar to that of base flow in East
Twin Creek. Differences in the chemical and isotopic
composition of water from streams and wells were use-
ful in identifying ground-water flow paths created by
recharge from Devil Canyon Creek and East Twin
Creek. These two flow paths appear to converge areally
between bedrock outcrops (Shandin Hills and Perris
Hill) on either side of the study section, commingle,
and continue toward discharge areas near the San
Jacinto Fault. At least some of the ground water
recharged from East Twin Creek may follow a deeper
flow path and maintain a distinct chemical composi-
tion. Isotopic data indicate that water in well 1S/4W-
22D4 did not originate as recharge from either Devil
Canyon Creek or East Twin Creek and may have origi-
nated as recharge from either Lytle Creek or the Santa
AnaRiver.

The presence of tritium in water from many of
these wells suggests that recent (post 1952) ground-
water recharge has moved relatively rapidly (as fast as
2 ft/d in some areas) through the valley-fill aquifer and
to relatively great depths (more than 800 ft below land
surface) when compared to the results of similar stud-
ies in other parts of southern California. On the basis of
carbon-14 data, the ages (time since recharge) of water
from wells ranged from recent to about 5,000 years
before present. Because these ages are not corrected
for chemical reactions that occur between ground
water and the aquifer materials, the actual age of water
from wells probably is less. The rapid movement and
comparatively deep circulation of water in this part of
the Bunker Hill Basin along the study section may
result from a combination of geologic and hydrologic
factors such as: (1) the comparatively large quantity of

water available for ground-water recharge along the
base of the San Bernardino Mountains; (2) the pres-
ence of coarse-grained deposits near the base of the
mountains; (3) the geometry of this part of the valley-
fill aquifer whereby recharge from a long stretch of the
mountain front is forced between two bedrock out-
crops (Shandin Hills and Perris Hill); (4) the large
quantity of ground water pumped from the valley-fill
aquifer, helping to accelerate movement of ground
water; (5) the enhanced downward movement of
ground water caused by a reversal of ground-water gra-
dient; and (6) the presence of many vertical conduits of
ground-water flow, including more than 800 aban-
doned wells.
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Table 2. Chemical and isotopic analyses of water from selected wells in the San Bemardino area of southern California

[State well No.; See Well-Numbering System in text. Altitude of land surface datum in feet above sea level; ft, foot; uS/cm, microsiemen per centimeter at
25°C; mg/L, milligram per liter; pg/L, microgram per liter; pC/L, picocurie per liter; per mil, parts per thousand; °C, degree Celsius; —, no data]

Altitude of Depthof  Depth to '::Pfh at  pepth to top of

State well No. USGS station No. Date Time land surface well water locTt on sample interval
datum (ft) (f) () () (ft)

IN/4W-TF1 341122117202601 02-08-96 0915 1,630 400 —_ —_ —_
IN/4W-14P1 340955117162001 10-18-95 1440 1,362 930 — — —
03-06-96 1200 1,362 930 — 900 —

03-06-96 1045 1,362 930 — 900 —

03-06-96 1300 1,362 930 — 770 —

03-06-96 1301 1,362 930 —_ 770 —_

03-06-96 1445 1,362 930 —_ 710 —_

03-06-96 1515 1,362 930 — 650 —

03-06-96 1550 1,362 930 — 530 —

03-06-96 1615 1,362 930 — 420 —

03-06-96 1645 1,362 930 —_ 750 —_

1N/4W-16E3 341023117185001 02-08-96 1050 1,418 495 —_ — —_
IN/4W-34G3 340745117170501 10-26-94 1030 — 708 — —_ —
04-18-95 1151 — 708 — — —_

10-24-95 1020 — 708 — — —

05-13-96 1100 — 708 — — —_

IN/4W-34G4 340747117170501 10-18-95 1220 1,140 1,000 196.65 — —
10-19-95 1900 1,140 1,000 — 900 —

10-19-95 1830 1,140 1,000 — 800 —

10-19-95 1800 1,140 1,000 — 600 —

10-19-95 1715 1,140 1,000 — 450 —

10-19-95 2030 1,140 1,000 —_ 390 —_

10-19-95 2000 1,140 1,000 — 320 —

IN/4W-34Q1 340719117171101 03-05-96 1310 1,100 1,100 128.13 — —
IN/4W-34Q2 340719117171102 03-05-96 1100 1,101 800 127.88 — —
1N/4W-34Q3 340719117171103 03-05-96 0900 1,101 540 127.56 — —
IN/5W-27D1 340853117234701 10-11-94 1000 — 960 — —_ —_
1S/4W-2D6 340707117162706 08-29-95 1730 1,077 513.70 _ — —_
1S/4W-2D7 340707117162707 04-21-95 1210 1,077 373.70 —_ — —_
1S/4W-2D8 340707117162708 08-30-95 1130 1,077 184.70 — — —
1S/4W-10B2 340615117170902 04-20-95 1200 1,015 700 _ — —_
04-20-95 1205 1,015 700 — — —

18/4W-10B3 340615117170903 04-06-95 1620 1,015 320 34.90 — —
1S/4W-10B4 340615117170904 04-04-95 1800 1,015 120 — — —
04-20-95 1420 1,015 120 — — —

1S/4W-22D2 340439117173902 04-19-95 1700 975 157.20 — — —
1S/4W-22D4 340439117173904 04-03-95 1640 975 653.20 31.47 — —
18/4W-22D5 340439117173905 04-07-95 1015 975 524.20 18.98 — —
1S/4W-22D6 340439117173906 04-07-95 1230 975 398.20 — — —
04-07-95 1235 975 398.20 — — —_

18/4W-22D7 340439117173907 07-20-95 1500 975 51.60 17.04 — —
18/4W-22L17 340406117171801 02-21-95 1430 977 630 — —_ —_
02-21-95 1640 977 630 — 230 —

02-21-95 1945 977 630 —_ 530 —

03-14-95 1240 977 630 — — 500

03-14-95 1710 977 630 — —_ 380

03-15-95 0715 977 630 —_ — 130

03-15-95 1300 977 630 — — 80

Devil Canyon Creek 11063680 02-07-96 1410 1,900 — — — —

near San Bernardino
East Twin Creek above 340955117154401 02-07-96 1740 1,390 — — —_ —
40th Street
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Table 2. Chemical and isotopic analyses of water from selected wells in the San Bernardino area of southern California —Continued

De|
boﬂp;;tgf Specific con- Specific con- pH, field pH, Oxygen, dis- Tempera- Tempera- Hardness,
State well No. sample ductance  ductance, iab (standard lab (stan- solved ture, air ture, water total (mg/.
int(eﬂr)val (uS/ecm) (uS/cm) units) dard units) (mg/L) (°C) (°C) as CaCO;)
1N/AW-7F1 — 410 414 7.5 7.5 6.8 225 20.0 180
IN/4W-14P1 — 616 640 6.6 6.8 32 30.5 18.5 170
— 570 — 6.8 — — 19.0 18.5 160
— 374 —_ 7.8 — — 19.0 18.5 —
— 370 395 76 79 — 19.0 18.5 88
— 370 — — — —_ —_ — —_
— 494 —_ 70 — —_ 19.0 185 120
—_ 590 —_ 6.9 — — 19.0 185 160
— 563 — 70 — — 19.5 18.5 160
—_ 579 — 7.1 — — 19.5 18.5 160
— 409 —_ 74 — — 19.0 18.5 95
1IN/4AW-16E3 — 564 581 72 74 6.2 28.0 20.5 280
IN/4W-34G3 — 600 605 7.7 7.5 — 19.0 19.0 270
— 599 609 1.1 75 — 14.0 18.0 270
—_ 598 600 78 79 —_ 20.0 19.0 160
— 598 606 7.7 1.7 — 28.0 19.0 260
IN/AW-34G4 — 595 613 7.5 15 9.2 26.5 215 270
— 481 — 716 — — — — 210
— 475 477 7.6 — — — — 210
— 518 — 7.5 — — — — 230
— 574 — 73 — — — 21.5 270
— 610 — 7.7 — —_ — — 290
— 550 — 7.8 — — — — 260
IN/4W-34Q1 — 340 239 8.4 8.2 <2 175 18.5 83
1N/4W-34Q2 — 500 428 8.9 8.8 1.2 16.5 18.0 180
1IN/4W-34Q3 — 370 388 8.1 8.0 6 13.0 175 180
IN/SW-27D1 — 372 369 79 7.6 — — — 160
1S/4W-2D6 — 628 — 79 — <2 38.5 230 230
1S/4W-2D7 —_ 439 — 8.0 — 8.4 19.5 19.0 —
1S/4W-2D8 —_ 960 — 11.2 — 6 37.0 225 300
1S/4W-10B2 — 370 373 7.7 N 7.0 135 18.5 170
— 370 373 1.7 1.1 7.0 135 18.5 170
1S/4W-10B3 — 343 356 79 1.1 1.2 20.0 240 150
1S/4W-10B4 — 746 749 72 73 <2 225 215 280
— 754 755 73 72 <2 16.0 25.5 310
1S/4W-22D2 — 1,080 1,070 7.6 74 <2 17.0 21.0 510
1S/4W-22D4 — 478 483 8.2 8.0 <2 28.5 235 87
1S/4W-22D5 — 1,120 1,110 8.0 16 8 175 21.0 340
1S/4W-22D6 — 666 — 8.8 — — 20.0 220 —
— 666 — 8.8 — — 20.0 220 —
1S/4W-22D7 — 954 — 7.1 — <2 34.0 23.0 —
1S/4W-221L17 — 1,140 —_ 7.8 — — 155 19.5 —
— 1,100 — 1.5 — — — — —
— 1,090 — 7.6 —_ — — — —_
640 1,040 1,030 7.4 13 <2 26.0 21.0 470
510 1,030 1,040 73 72 <2 235 20.0 470
240 1,010 1,040 73 72 <2 135 20.0 450
110 1,030 1,030 73 7.1 <2 27.0 21.0 470
Devil Canyon Creek — 440 452 8.3 8.3 —_ 295 15.0 200
near San Bernardino
East Twin Creek above — 616 633 8.2 8.2 —_ 26.0 18.0 130
40th Street
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Tabie 2. Chemical and isotopic analyses of water from selected wells in the San Bernardino area of southern California—Continued

Alkaiinity, _ Alkailnity,

Caicium, Magnesium, Sodium, Potassium, Suifate, Chiorlde, Fiuoride,

State weli No. dissoived  dissolved  dissolved dlssolved ‘(‘,':9,:_'::: (m;‘l‘_’ as dissolved dissoived dissolved
(mgh)  (mg)  (mgn)  (mgn) (TELA  (@ALE  (mgy) (mem) (mon)
IN/AW-TF 54 2 13 20 142 155 27 75 0.60
1N/4W-14P1 48 13 60 40 140 150 120 23 11
45 1 57 44 — — 120 — 1.1
— — — — — — 54 18 16
23 73 48 3.7 — 111 59 17 1.1
— — — — — — 68 18 15
35 8.8 53 42 — — 97 20 1.1
46 12 59 43 — — 120 24 1.1
45 12 58 — — — 120 24 L1
44 1 56 42 - — 120 23 L1
2 7.4 49 38 — — 68 19 1.1
IN/4W-16E3 84 17 13 36 236 255 30 8.7 40
IN/AW-34G3 82 15 16 39 — 176 51 25 40
84 15 15 338 — 207 49 24 40
49 9.0 8.8 22 185 200 49 24 30
80 15 15 3.4 188 207 48 25 40
IN/AW-34G4 83 15 15 3.6 187 204 55 22 30
62 14 2 3.0 161 — 60 16 30
62 13 2 29 166 — 54 16 30
68 14 17 33 199 - 38 20 30
83 16 17 3.4 199 — 48 2 30
87 17 17 35 207 — 54 27 30
80 15 16 32 180 — 73 18 30
IN/AW-34Q1 20 8.0 13 38 — 104 6.0 52 1.8
IN/AW-34Q2 52 12 17 1 — 147 35 13 50
1IN/4W-34Q3 55 93 1 36 — 154 50 16 30
IN/5W-27D1 53 6.1 11 23 — 147 15 10 30
1S/4W-2D6 ” 13 37 63 97 — 130 27 —
1S/4W-2D7 — — — — 152 — 4 14 030
1S/4W-2D8 120 17 27 45 90 — 200 25 —
1S/4W-10B2 52 9.8 1 29 151 133 18 52 40
52 938 1 2.8 151 133 18 52 40
1S/4W-10B3 48 7.0 13 24 153 149 14 45 40
1S/4W-10B4 87 16 41 5.4 216 227 100 38 15
95 18 ) 55 215 217 110 37 14
1S/4W-22D2 170 20 47 33 260 243 290 27 50
1S/4W-22D4 31 22 64 19 129 134 17 51 32
1S/4W-22D5 120 9.7 110 93 134 88 350 73 30
1S/4W-22D6 — — — — — — 170 58 <20
— — — — — — 170 59 <20
1S/4W-22D7 — — — — 414 — — — -
1S/4W-22L17 — — — — 140 — 290 39 50
— — — — — — 290 37 40
— — — — 138 — 280 38 40
140 30 45 3.0 276 275 230 32 60
140 30 45 3.1 73 283 230 33 60
130 30 45 3.1 277 278 230 33 60
140 30 - 44 3.1 273 283 230 32 60
Devil Canyon Creek 55 14 16 3.4 142 154 36 24 30
near San Bernardino
EastTwin Creck above 38 90 80 49 122 130 130 28 23
40th Street
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Table 2. Chemical and isotopic analyses of water from selected wells in the San Bernardino area of southern California—Continued

Solids, Soilds, Nitrogen,

" Nitrogen, Nitrogen, Nitrogen,
State well No. daaoivod  disscrsd  diseervad r?z;gl:?:? ' co:;::uz:ns, nitrats,  NOp+NO3, ~ammonia, ;:;:?:Ifﬂ:
(mg/L) (mgiL) (mgl) - dissolved dissolved (:";:_"Lm) (::;/ida‘;e:) (m°:;°:) solved
(mgh.) (mgL.) (mgA. as N)
1IN/4W-TF1 0.050 0.001 29 254 261 <0.010 5.00 <0.015 <0.20
1N/4W-14P1 ,080 .001 36 418 408 <010 2.60 <.015 <20
<20 — —_ — — <.010 — —_ —
<20 — — — — <.010 — — —
.070 .007 13 242 240 .010 .060 <015 <20
<20 — — —_ — .010 — —_ —_
<20 —_ — — 287 .020 — — —
<20 — — — 348 <.010 —_ —_ —
<20 —_ —_— —_ — 060 — —_ —
20 — — — 335 .010 — — —
20 — — — 235 010 — — —
1IN/4W-16E3 .080 .001 26 351 353 <.010 3.90 <015 <20
1N/4W-34G3 —_ — 24 374 369 <010 6.60 <015 .50
— — 25 378 369 <.010 6.60 <015 <20
— — 24 366 306 .010 6.50 <015 <20
—_ — 23 346 350 <010 6.10 .030 <20
IN/4W-34G4 11 <.001 23 386 370 <.010 6.70 <.015 <20
<20 — — — 290 .020 — — —
.080 — 21 - 306 030 — — —
<20 — —_ — 295 .010 — —_ —
<20 — —_ — 338 200 — —_ —_
<20 —_ — — 359 130 — — —
<20 — — — 337 .010 —_ —_— —
IN/4W-34Q1 —_ —_ 23 —_— 144 010 .100 <015 <20
1IN/4W-34Q2 .050 .001 26 277 255 —_ —_ —_ —
IN/4W-34Q3 —_ — 24 —_ 277 010 3.40 <015 <20
IN/SW-27D1 —_ — 25 228 211 <010 2.90 <015 <20
1S/4W-2D6 — — —_ — 354 .020 — — —_
1S/4W-2D7 <30 — — —_ — <,020 2.80 — —
1S/4W-2D8 — — — — 443 .100 — — —_
1S/4W-10B2 .030 <.001 20 220 207 <010 1.80 <015 <20
.030 <.001 20 223 207 <010 1.80 <015 <20
1S/4W-10B3 .030 .002 19 207 199 <010 240 .030 <20
1S/4W-10B4 .090 012 20 467 453 .090 1.50 <015 <20
.090 .013 20 475 468 060 1.60 <015 <20
1S/4W-22D2 13 .021 21 760 728 <.010 <.050 .050 <20
1S/4W-22D4 .080 .017 20 281 273 <010 <.050 120 <20
1S/4W-22D5 .14 .015 93 796 739 <010 <.050 .320 .50
1S/4W-22D6 <20 — —_ — — <.020 <.020 — —
<20 — — —_ — <.020 <.020 —_ —
1S/4W-22D7S — — — —_— — .010 .050 060 <20
1S/4W-22L.17 <40 — — — — <.020 1.96 — —_
<.40 — — — — <.020 1.54 —_ —
<40 — — — — .020 920 — —_
23 .018 23 708 679 020 1.80 .030 <20
19 .017 23 717 685 .010 1.80 .020 <20
21 .017 23 706 672 <010 1.90 <.015 <20
.19 016 24 696 683 <010 1.90 <015 <20
Devil Canyon Creek .050 .001 23 274 270 <010 1.20 <.015 <20
near San Bernardino
East Twin Creek above .010 .004 39 413 414 <010 .880 <015 <20
40th Street
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Table 2. Chemical and isotopic analyses of water from selected wells in the San Bernardino area of southern California—Continued

Phosphate,

Phosphorus, ortho Arsenic, Barium, _Boron, ) Iron, Lithium,
State weli No. dissoived dissolv,ed dissoived dissolved dissoived dissoived dissoived

(mgh) (mglL) (ngh) (ngh) (ugh) (ngn) (gh)
1N/4W-TF1 <0.010 0.06 <1 100 10 4.0 <10
IN/4W-14P1 <.010 .03 1 100 440 15 —_
— — — — 430 70 —
<010 — 2 <100 300 510 30
— — — — 360 260 —
— — — — 430 260 —
— — —_ — 420 150 —
— —_ — — 430 160 —
— — — — 300 330 —
IN/4W-16E3 <.010 .03 1 100 20 <3.0 <10
1N/4W-34G3 <.010 .03 — — 40 <3.0 —
<010 .06 — — 50 <3.0 —
<.010 .03 —_ - 50 <3.0 —
.040 . — — 40 <3.0 —
1N/4W-34G4 <.010 .03 1 200 30 <3.0 —
— —_— — — 50 20 —
— —_ <1 <500 40 <10 —
— — — — 40 20 —
— — — — 30 70 —
— — —_ — 40 10 —
— —_ — — 40 <10 —
IN/4W-34Q1 <.010 .03 — — 10 13 —
1N/4W-34Q2 —_ — 2 <100 30 3.0 <10
1N/4W-34Q3 <010 .06 — — 10 5.0 —
IN/SW-27D1 — .09 — — 20 4.0 —
1S/4W-2D6 —_ —_— —_ —_ —_ — —
1S/4W-2D7 <.400 —_ —_ —_ — — —
1S/4W-2D8 — —_ —_ —_ — — —
1S/4W-10B2 <.010 — 1 33 10 30 —
<010 — 1 32 10 25 —
18/4W-10B3 <.010 .03 <1 44 50 140 —
1S/4W-10B4 <010 —_ <1 66 520 260 —
<010 — <1 68 480 250 -
1S/4W-22D2 <.010 —_ 3 140 280 1,200 —
1S/4W-22D4 .010 — 1 25 940 300 —
1S/4W-22D5 <010 — <1 120 300 940 —
1S/4W-22D6 <.400 — — —_ — — —
<.400 — — — — — —
1S/4W-22D7 <010 — — — —_ — —
1S/4W-221.17 1.60 — — — — — —
700 — — — — — —
1.20 — —_ — —_ — —
.010 — <1 76 120 1,300 —
<.010 —_ <1 71 130 1,000 —
020 —_ <1 77 130 620 —
<.010 — <1 78 110 320 —
Devil Canyon Creek <.010 —_ <1 <100 40 4.0 <10

near San Bernardino
East Twin Creek above <.010 .03 19 <100 590 40 70
40th Street
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Tabie 2. Chemical and isotopic analyses of water from selected wells in the San Bernardino area of southern California—Continued

-9/H- " Tritlum 2 sigma _19/C. .
State well No. s oot itlrs‘;';t::s"; Isort'ozé: tlo Isgtlgeo;;:o T'"{“'g;l_')"'" water, whole, Isgt::plecr;flo c(.prebr::r:t‘
(hgh) (hgh) (per mi) (per mil) P () (per mll) modern)
IN/AW-TF1 10 190 4388 —7.84 14 0.90 — —
IN/4W-14P1 1.0 430 -533 -8.15 13 80 ~16.46 110
<10 — -51.9 -8.22 — — —_ —
120 230 — — 13 90 -14.10 104
— — -50.7 -8.27 — — — —
20 - — — — — — —
10 — -52.5 -8.13 — — — —
<10 — —48.7 -7.76 — — — —
90 J— — _ —_ _ J— —
IN/4W-16E3 <1.0 280 493 -7.95 18 12 — —
1N/M4W-34G3 <1.0 - — — — — — —
<1.0 — — — — — — —
<1.0 —_ — — — — — —
<1.0 — — — —_ — — —
IN/M4W-34G4 1.0 400 -52.9 -7.87 18 12 ~13.10 947
<10 — -50.7 ~7.74 — — — —
<10 — -50.7 ~7.74 — - — —
<10 — -52.9 -7.82 — — — —
<10 — —54.4 -7.83 — — — —
<10 — -54.2 192 — — —_ —
<10 — -50.6 -1.76 — — — —
IN/4W-34Q1 <1.0 — -50.9 8.05 <3 60 -8.80 84.4
IN/AW-34Q2 <1.0 360 -50.4 -7.88 17 12 — —
IN/4W-34Q3 20 - -50.3 -7.89 3 60 — —
IN/5W-27D1 <1.0 280 -56.8 -8.48 — — — —_
1S/4W-2D6 — — -50.5 -157 — — — —
1S/4W-2D7 — — - — — — — —
1S/4W-2D8 — — —48.7 -7.53 — — — —
1S/4W-10B2 40 280 -50.5 -798 <3 60 -12.00 85.1
3.0 280 —49.4 -7.99 <3 60 ~12.20 85.2
1S/4W-10B3 30 280 -50.1 -8.01 4 A0 ~11.80 711
1S/4W-10B4 110 520 -48.9 -7.54 9.9 80 — —
120 560 —49.8 -7.58 11 70 -14.89 76.8
1S/4W-22D2 160 1100 -52.0 -1.97 6.8 60 7.50 76.7
1S/4W-22D4 15 370 -62.0 -8.69 <3 30 -5.40 46.9
1S/4W-22D5 96 2600 -55.4 -8.29 14 1.0 ~14.40 836
18/4W-22D6 —_ - — — — — — —
1S/4W-22D7 — - -52.2 -7.81 — — — —
1S/4W-22L17 - — — - — — — —
30 760 —60.4 -8.68 17 1.1 -16.10 86.6
24 760 -60.6 -8.65 17 1.1 -16.10 853
15 760 -61.5 -8.64 17 12 -16.30 883
10 770 -613 -8.62 15 1.0 -15.70 85.5
Devil Canyon Creek 1.0 170 -54.4 -8.26 — — — —
near San Bernardino
East Twin Creek above 9.0 380 -52.6 -7.82 — — — —
40th Street
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