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CONVERSION FACTORS

For readers who prefer to use metric (International System) units rather
than inch-pound wunits, the conversion factors for the terms used in this
report are listed below:

Multiply inch-pound unit By To obtain metric unit
acre 0.4047 hectare
acre-foot (acre-ft) 0.001233 cubic hectometer
acre-foot per year 0.001233 cubic hectometer per

(acre-ft/yr) annum
foot (ft) 0.3048 meter
foot per mile (ft/mi) 0.1894 meter per kilometer
inch (in.) 25.4 millimeter

25,400 micrometer (um)

mile (mi) 1.609 kilometer
ounce, fluid (fl. oz) 29.57 milliliter (mL)
ounce, avoirdupois (o0z) 2.835 x 107 microgram
square mile (mi2?) 2.590 square kilometer

Abbreviations used:

DBCP - dibromochloropropane
PCE - tetrachloroethylene
TCE - trichloroethylene

Temperature is given in degrees Celsius (°C), which can be converted to
degrees Fahrenheit (°F) by using the following equation:
Temp. °F = 1.8 (temp. °C) + 32.

Chemical concentration is given in milligrams per 1liter (mg/L) or
micrograms per liter (ug/L). Milligrams per liter is a unit expressing the
solute per unit volume (liter) of water. One thousand micrograms per liter is
equivalent to one milligram per 1liter. For concentrations less than 7,000
mg/L, the numerical value in milligrams per 1liter is about the same as for
concentrations in parts per million (ppm), and the numerical value in
micrograms per liter 1is about the same as for concentrations in parts per
billion (ppb).

Specific conductance is given in microsiemens per centimeter (us/cm) at
25 °C. Microsiemens per centimeter is numerically equal to micromhos per cen-
timeter.

Sea level: 1In 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.



APPRAISAL OF GROUND-WATER QUALITY IN THE BUNKER HILL BASIN

OF SAN BERNARDINO VALLEY, CALIFORNIA

By Lowell F.W. Duell, Jr., and Roy A. Schroeder

ABSTRACT

Increasing population and an associated shift from agricultural to urban
land use in the Bunker Hill basin of San Bernardino Valley, California, have
caused increasing concern about the ground-water quality in the basin.
Forty-seven wells were sampled during 1986 and analyzed for the ' concentration
of major inorganic ions, nitrogen species, and volatile (purgeable) organic
priority pollutants to address this concern. Data from this study were
supplemented with additional analyses of nitrate, tetrachloroethylene, and
trichloroethylene concentrations determined by other agencies.

The inorganic quality of ground water in the basin generally was suitable
for most wuses during 1986, although fluoride concentration exceeded the
California public drinking-water standard of 1.4 milligrams per liter in water
from 5 of the 47 wells that were sampled.

Nitrate (as nitrogen) concentration equaled or exceeded the public
drinking-water standard of 10 milligrams per liter in water from 13 of 47
wells sampled for this study and in an additional 19 of 120 samples analyzed
by other agencies. Concentration generally decreased with increasing depth
below land surface. No relation between nitrate concentration and land use
was found, and no basinwide trend in concentration since 1955 was evident.

Twenty-four of the 33 volatile organic priority pollutants were detected
in water from wells sampled during this study. When supplemental data from
other agencies are included, tetrachleroethylene concentration was found te
exceed California’s interim advisory standard (action level) of 4 micrograms
per liter in water from 36 of 134 wells, and trichloroethylene concentration
exceeded the standard of 5 micrograms per liter in water from 49 of 138 wells.
No basinwide relation between contamination by these two chemicals and well
depths or land use was discerned; however, the two chemicals were commonly
detected in ground water in central Redlands and northwest San Bernardine.

A network of 11 observation wells that could be sampled twice yearly and
47 wells that could be sampled once every 5 years would enhance the monitoring
of changes in ground-water quality in the Bunker Hill basin.



INTRODUCTION

Ground water is the principal source of public water supplies in the
Bunker Hill ground-water basin (hereafter referred to as the Bunker Hill
basin) (fig. 1), which is about 60 miles east of Los Angeles in southern
California. Land use and water use in the basin are rapidly changing from
agricultural to urban, and domestic consumption has increased. Because of
these recent developments, ground-water-quality problems have become a concern

to residents and water-supply agencies. The principal ground-water-quality
problems in 1977-80 were high nitrate and fluoride concentrations. Since
then, commonly used industrial solvents, such as tetrachloroethylene (PCE) and
trichloroethylene (TCE), have been detected in ground water of the basin. In

addition, dibromochloropropane (DBCP), an agricultural fumigant, has been
reported in ground water from the Redlands area in the southeast part of the
basin.

A rising water table in the Bunker Hill basin could introduce contami-
nants contained in the unsaturated zone to the saturated zone. Previous
investigators (Klein and Bradford, 1980, p. 64) projected a worst case
scenario in which the concentration of nitrate as nitrogen (NO3-N) in ground
water could reach as high as 66 mg/L in the Highland-East Highlands area in
the east-central part of the basin. A similar calculation for the Redlands
area (Klein and Bradford, 1979, p. 73) indicated that the concentration of
NO3-N could reach as high as 48 mg/L if the water levels rose to within 50
feet of land surface. Because of decreases in pumpage of local water for
agricultural irrigation, recent above-average rainfall, and artificial
recharge of water imported from outside the basin, ground-water levels again
are high in the former swampland area of the Bunker Hill basin (fig. 2).
Therefore, current water-quality conditions mneed to be compared with
historical data to determine whether changes have occurred. In addition, an
assessment of water quality in the basin might aid in defining ground-water
flow and recharge patterns and could provide local water districts with
information needed to provide water of a given quantity while maintaining
adequate quality. The U.S. Geological Survey, in cooperation with the San
Bernardino Valley Municipal Water District, began a ground-water-quality
assessment of the Bunker Hill basin in 1986.

Purpose and Scope

This report describes current (1986) ground-water-quality conditions,
compares current to historical ground-water quality, and describes a
ground-water-quality observation-well network for the basin. The scope of the
study included analysis of major inorganic ions in water samples from 46
wells, nitrate 1in samples from 47 wells, and volatile (purgeable) organic
compounds in samples from 45 wells. In addition, water-quality data collected
by other agencies from more than 100 wells also were reviewed.































































































































































Table 9.--Wells and locations for potential ground-water quality
observation-well network

Perforation
Well No. interval, Description Recharge
or in feet of aquifer source Reason to monitor
location below land perforated
surface
1N/4W-22B 350-400 No confine- Northwest To determine if PCE and TCE are present in
(suggested ment the ground water. To detect movement
location) of PCE and TCE from the northwest.
1N/ 4W-25C2 378-569 No confine- North and To detect movement of PCE and TCE from the
ment northwest northwest and nitrate-nitrogen from the
surrounding areas.
1N/4W-34G1 494-572, Lower Northwest To detect movement of PCE and TCE from the
577-670 north and northwest. Represents water
recharging the lower aquifer.
1S/3W-9E2 211-288, Both East Represents water from the Santa Ana River
- 315-320, aquifers recharging the upper and lower aquifers.
355-385 PCE and TCE previously detected.
15/3W-17C3 105-255 Upper East and To detect movement of PCE, TCE, and nitrate-
south nitrogen from the southeast.
1S/3W-17M 200-250 Upper East and To determine if PCE and TCE are found in
(suggested south the upper aquifer in this area. To
location) detect movement of PCE and TCE from the
east.
1S/3W-18N2 793-988 Lower East To detect movement of PCE, TCE, or nitrate-
nitrogen into the lower aquifer from the
east.
1S/4W-11D2 888-951 Lower North To detect movement of PCE, TCE, or nitrate-
nitrogen into the lower aquifer from the
north.
1S/4W-13N1 122-299 Upper East and To detect changes occurring to the upper
north aquifer.
1S/4W-22H2 1,008-1,088 Lower Northeast To detect changes occurring to the deeper
and north part of the lower aquifer.
1S/4W-23A5 518-575, Lower East and To detect changes occurring to the upper
636-700 north part of the lower aquifer.

SUMMARY AND CONCLUSIONS

Land use in the 120-square-mile

from agriculture to

purgeable (volatile) organic

volatile organic compounds.
agencies from additional wells
this study.
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The inorganic quality of ground water in the basin generally is suitable
for most uses. The water generally is of a sodium calcium bicarbonate type,
containing about equal amounts (on an equivalents basis) of sodium and calcium
in water near the surface and an increasing predominance of sodium in water of
the lower aquifer. Mean dissolved-solids concentration was about 400 mg/L in
the upper aquifer and about 200 mg/L in the lower aquifer in the central part
of the basin where the lower aquifer is confined. Fluoride concentrations
that exceed California’s public drinking-water standard of 1.4 mg/L were
detected in water from five wells; the maximum concentration that was measured
is 3 mg/L.

Nitrate as nitrogen (NO3-N) concentration equaled or exceeded the public
drinking-water standard of 10 mg/L in water from 13 of 47 wells sampled for
this study, and in an additional 19 of 120 wells when wells sampled by other
agencies since 1984 are included. No correlation between constituent
concentration and land use was apparent; however, concentrations generally
decreased with increasing depth below land surface. In the central part of
the basin where the lower aquifer is confined, mean NO3-N concentration was 14
mg/L in the upper aquifer and 3.2 mg/L in the 1lower aquifer. No basinwide
trend was discerned from a comparison between current and historical nitrate
concentrations (dating back as far as 1955) in water from 17 wells.

Twenty-four of the 33 purgeable organic priority pollutants were detected
(detection limit of 0.2 or 3.0 ug/L) in the water from at least 1 of the 45
wells sampled. California has established interim standards (action 1levels)
of 4 pg/L for PCE and 5 ug/L for TCE. PCE and TCE, which are two of the most
commonly found organic contaminants in the Bunker Hill basin ground-water
system, were detected in water from 20 (for PCE) and 32 (for TCE) of the 45
wells sampled during this study. Water-quality results obtained in this
study, in combination with those obtained by other agencies, indicate that PCE
concentration exceeded the California interim standard in water from 36 of 134
wells, and TCE concentration exceeded the California interim standard in water
from 49 of 138 wells. No obvious basinwide pattern of contamination by these
two chemicals was apparent, other than their relatively common occurrence in
concentrations higher than the California interim standard in the northwest
San Bernardino and central Redlands areas.

Water-quality results obtained in this study and published information
from other studies were wused to describe a potential ground-water-quality
observation-well network. The network consists of 11 wells that could be
sampled every 6 months. In addition, 47 of the wells sampled in this study
could be resampled every 5 years. The water-quality information obtained from
the network could be used to determine trends and to identify changes in
ground-water quality in the Bunker Hill basin.
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