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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
acre-foot (acre-fr) 4047 cubic meter (in3)

acre-foot per year (acre-fi/yr) 4047 cubic meter per year (m3/yr)
bar l02 kilopascal (kPa)

foot (R) 0.3048 meter (in)

foot per year (ft/yr) 0.3048 meter per year (m./yr)
gallon (gal) 3.7854 liter (1..)
gallon (gal) 3785.4 milliliter (mL)
gallon (gal) 3.7854x 106 microliter (jsL)

gallon per minute (gal/rain) 3.7854 liter per minute (Umin)
inch (in.) 25.4 millimeter (mm)

inch per year (inlyr) 25.4 millimeter per year (mmfyr)
micromho per centimeter at I microsiemen per centimeter at

25°Celsius (tmho!cm) 25° Celsius (j.iS/cm)
mile (mi) t.609 kilometer (1cm)

pound (Ib) 0.4535 kilogram (kg)
pound (Ib) 453.5 gram (g)
pound (Ib) 4.535 x i05 milligram (mg)

Temperature is given in degrees Celsius (°C). which can be converted to degrees Fahrenheit (92) by
the following equation:

°F= l.8(°C)+32.

Note Regarding Units of Measurement The inch-pound system of units is generally used in this
report. However, data that were acquired in the International System of Units (abbreviated 51)—the
modernized metric system—are reported herein in SI units.

Sea Level: In this report “sea level” refers to 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 Stales and Canada, formerly called Sea Level Datum of 1929.

Water Quality Units

Concentrations of constituents in water samples are given in either milligrams per liter (mg!L.) or
micrograms per liter (ag/L). Milligrams per liter is equivalent to “pans per million” and micrograms
per liter is equivalent to “pans per billion.
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Data from a Thick Unsaturated Zone Underlying Oro Grande
and Sheep Creek Washes in the Western Part of the Mojave
Desert, near Victorville, San Bernardino County, California,
1994—99
ByJohn A. Izbicki, Dennis & Clark, M. Isabel Pimentel, Michael Land, John Fladyk, and Robert L Michel

ABSTRACT

This report presents data on the physical
properties of unsaturated alluvial deposits and on
the chemical and isotopic composition of soil
water and soil gas collected at 12 monitoring sites
in the western part of the Mojave Desert, near Mc-
(orville, California. Sites were installed using the
ODEX air-hammer method. Seven sites were
located in the active channels of Ott Grande and
Sheep Creek Washes. The remaining five sites
were located away from the active washes. Most
sites were drilled to a depth of about 100 feet
below land surface; two sites were drilled to the
water table almost 650 feet below land surface.
Drilling procedures, lithologic and geophysical
data, and site construction and instrumentation are
described. Core material was analyzed for water
content bulk density, water potential, particle size,
and water retention. The chemical composition of
leachate from almost 1,000 subsamples of cores
and cuttings was determined. Waterextracted from
selected subsamples of cores was analyzed for tn
tium and the stable isotopes of oxygen and hydro
gen. Water from suction-cup lysimctcrs and soil-
gas samples also were analyzed for chemical and
isotopic composition. In addition, data on the
chemical and isotopic composition of bulk precip
itation from five sites and on ground water from
two water-table wells are reported.

INTRODUCTION

The study area is in the western part of the
Mojave Desert, about 100 miles (ml) east of Los
Angeles (fig. 1) in San Bernardino County, California.
Population in the area has increased threefold, from
about 90,000 in 1980 to more than 300,000 in 1999
(Ron Rector. High Desert Regional Economic Devel
opment Authority, oral commun., 2000). Water supply
in the area is derived almost entirely from ground
water, and pumping has increased to meet the needs of
the expanding population. In the past, most ground
water was pumped from alluvial deposits along the
Mojave River. In recent years. ground-water pumping
from the surrounding regional aquifer, composed of
partly consolidated alluvial fan and basin-fill deposits,
has increased.

Prior to ground-water pumping, recharge to the
regional aquifer in the study area occurred primarily
near the front of the San Gabriel and San Bernardino
Mountains to the south of the basin (Hardt, 1971). The
quantity of recharge was small in relation to the water
stored within the alluvial aquifer and the water pumped
from the aquifer. In recent years, water levels in some
parts of the regional aquifer have declined more than
one foot per year (fi/yr) (Mendcz and Christensen,
1997).

Previous studies (Friedman and others, 1992;
Gleason and others, 1992) showed that ground water in
the regional aquifer is isotopicafly lighter [more nega
tive delta deuterium (80) and delta oxygen-18 (8’O)
valuesj than present-day precipitation and may have
been recharged at some time in the past when the cli
mate was wetter and cooler. Izbicki and others (1995)
confirmed this interpretation and showed that most
ground water in the regional aquifer was recharged
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FIgure 1. Location of study area, unsaturated-zone monitoring sites, and bulk precipitation collectors, near Victorville.
San Bernardino County, California.
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many thousands of years ago. Howevei they also
identified areas where ground water was isotopically
heavier (less negative 3D and 6180 values) and
younger in age than most water in the regional aquifer
On the basis of predevelopment water-level maps
(Hardt, 1971), this younger. isotopicafly heavier water
could not have been recharged by infiltration of stream-
flow in the Mojave River and therefore must have been
recharged from some other source. lzbicki and others
(1998) showed that water was recharged as infiltration
of flow in intermittent streams such as Oro Grande
Wash. Water from these streams must infiltrate below
the root zone and through a thick unsaturated zone
(from 500 to more than 1,000 ft in thickness) to reach
the water table and recharge the regional aquifer. The
quantity of recharge from this source is unknown and
its contribution to the water budget of the regional aqui
fer has not been incorporated into ground-water flow
models developed for the area (Hardt, 1971). In addi
tion, it may be possible to use imported water from the
California Aqueduct to supplement natural recharge
through the thick unsaturated zone beneath stream
channels (Izbicki and others, 1998).

Water movement though thick unsaturated
zones in desert environments has received increasing
scientific study since it was proposed that these areas
might be suitable for the disposal of radioactive and
other hazardous wastes. Extensive studies of thick
unsaturated zones have been done in the Mojave Desert
at the proposed U.S. Department of Energy high-level
nuclear waste repository at Yucca Mountain, Nevada;
nearan existing low-level nuclear wastedisposal site at
Beatty, Nevada; and near a proposed low-level nuclear
waste disposal site at Ward Valley. California. Studies
at other sites in the United States also have focused on
the suitability of the unsaturated zone for the storage of
radioactive material and other hazardous wastes. How
ever, none of these studies have addressed water-
supply or water-management issues associated with
ground-water recharge through thick unsaturated
zones. Data collected as part of this study focus on the
unsaturated zone underlying intermittent streams in the
Mojave Desert where present-day ground-water
recharge may occur.

Uescription of the Study Area

The study area is the upper part of the Mojave
River Basin near Victorville, California, in the western

part of the Mojave Desert about 100 mi east of Los
Angeles. California (fig. 1). in San Bernardino County.
The climate of the study area is characterized by low
precipitation, low humidity, and high summer temper
atures. Precipitation in most of the area is generally less
than 6 inches per year (inlyr); however, precipitation
near Cajon Pass, a gap between the San Bernardino and
the San Gabriel Mountains, can exceed 30 in/yr. Moist
air from the Pacific Ocean can enter the Mojave Desert
through Cajon Pass and precipitate without passing
over the San Bernardino and the San Gabriel
Mountains to the south of the study area. In these
mountains, precipitation—much of it snow—can
exceed 40 in/yr in liquid water equivalent.

The study area contains alluvial deposits along
the Mojave River. These deposits are extensively
pumped for water supply and are readily recharged by
infiltration from the Mojave River. This aquifer, known
locally as the shallow alluvial aquifer, is surrounded
and underlain by older alluvial deposits that compose
the regional aquifer. The regional aquifer is extensively
pumped and pumping has increased with population
growth. In some places water levels in the regional
aquifer have declined more than one ft/yr over the last
several years (Mendez and Christensen, 1997). Prior to
ground-water pumping, most recharge to the regional
aquifer in the study area occurred near the front of the
mountains (Hardt, 1971) and as infiltration along inter
mittent streams (Izbicki and others, 1998). The unsat
united zone overlying the regional aquifer ranges from
about 180 ft thick on the bluffs overlooking the Mojave
River to more than 1.000 ft thick along the western
slopes on the alluvial fans near the base of the San
Gabriel Mountains (Stamos and Predmore, 1995). As a
result of ground-water pumping, recharge from the
shallow alluvial aquifer along the Mojave River into
the surrounding and underlying regional aquifer has
increased.

Runoff from the mountains, and from precipita
tion that falls on the desert floor, allows intermittent
streamfiow in the two washes studied—Oro Grande
Wash and Sheep Creek Wash. Ow Grande Wash is
deeply incised (about 30 to 60 ft) into the surface of the
alluvial fan deposits, and streamfiow along the wash
has followed nearly the same course since the opening
of Cajon Pass during the geologic past (Izbicki and oth
ers. 1998). As a result of erosion and changes in the
regional drainage pattern near Cajon Pass during the
last 500,000 years (Meisling and Weldon, 1989), Oro
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Grande Wash no longer drains the mountains and flows Site Names and Instrument-Numbering System
only as a result of runoff from precipitation near the
pass and from precipitation that falls on the desert floor.
On the basis of channel-geometry data developed by
Lines (1996). average annual flow in Oro Grande Wash
is estimated to be about 500 acre-feet per year
(acre-ft]yr).

In contrast, Sheep Creek Wash is farther from
Cajon Pass and drains the San Gabriel Mountains.
Sheep Creek Wash flows as a result of runoff from the
higher altitudes in the San Gabriel Mountains and from
precipitation that falls on the desert floor. Sediment
from the wash is deposited on an actively aggrading
alluvial fan, and the channel of Sheep Creek Wash is
not incised into the surface of the fan. Under predevel
opment conditions, streamfiow in Sheep Creek Wash
did not necessarily follow the same course every year,
but rather, occasionally changed course in response to
deposition and subsequent changes in the slope of the
alluvial fan. Tn recent years, a series of flood-control
levees has restricted the course of Sheep Creek Wash
and streamflow has been confined to fewer active chan
nels- On the basis of channel-geometry data developed
by Lines (1996) average annual flow in Sheep Creek
Wash is estimated to be about 2,200 acre-ft/yr.

Purpose and Scope

This report presents data collected as part of a
cooperative study of infiltration and ground-water
recharge to the regional aquifer near Victorville.
California The study was funded by the U.S.
Geological Survey (USGS) and the Mojave Water
Agency. This report contains data on drilling, instru
ment installation, the physical properties of unsatur
ated earth materials, and the chemical and isotopic
composition of leachate from cores and cuttings, soil
water, and soil gas collected at sites underlying Oro
Grande and Sheep Creek Washes in the Mojave Desert.
The report also presents similar data collected at sites
on the alluvial fan near these washes and at a site near
Cajon Pass. The sites on the alluvial fan and near Cajon
Pass served as controls for the study and allow for com
parison with data from previous studies. In addition,
the report presents data on the chemical and isotopic
composition of bulk precipitation, and on ground-water
levels and quality. Interpretation of these data is
beyond the scope of this report.

Each unsaturated-zone monitoring site had a
name assigned by the USGS at the time the site was
built. In addition, each piece of instrumentation at each
site has two unique numbers assigned according to its
location in the rectangular system for the subdivision
of public lands and according to its location in the grid
system of latitude and longitude, respectively (table I).

Each unsaturated-zone monitoring site was
named according to the wash in which it is located or
to which it is near—OG for Oro Grande Wash and SC
for Sheep Creek Wash. Sites in the washes (and sites in
the incised channel of Oro Grande Wash near the active
wash) were identified by the suffix W. Sites further
away from the wash, on the alluvial fan, were identified
bythesuffixF.Siiesinthewashesalsowerenamed
according to their relative position along the wash. The
most upstream site was assigned the prefix U, the mid
dle site was assigned the prefix M, and the most down
stream site was assigned the prefix L If more than one
site was present in the same general area, the sites were
assigned a sequence number; 1.2. or3. The site near
Cajon Pass is away from the active channel of nearby
Oro Grande Wash and is located near the summit of
Cajon Pass. The climate at this site is much differtnt
from the typical desert environments studied at OGF
and SCE and as a result the site was assigned the name
SUMIvIIt

Each piece of instrumentation at each site was
named according to the site, type of instrumentation.
and its depth. Wells were named WELL, neutron
access tubes were named NEUTRON, gas samplers
were named GAS, and suction-cup lysimeters were
named LYS. In this system the site name LOGW-l
identifies a downstream site in the active channel of
Oro Grande Wash, and the instrument name LOGW-1
GAS@Sóisagassampler8óftbelowlandsurfaceat
that site. Bulk precipitation collectors were not
assigned names using this system.

Instrumentation at each unsaturated-zone moni
toring site and bulk piipitation collectors also were
named according to their location in the system for the
subdivision of public lands in the same manner as
wells. Each name consists of the township number,
north or south; the range number, east or west; and the
section number. Each section is divided into sixteen
40-acre tracts lettered consecutively (except I and 0),
beginning with “A” in the northeast corner of the sec
tion and progressing in a sinusoidal manner to “R” in

4 Data from a Thick linsatrnateit Zone underlying Oro Graede arid Sheep Cmak Washes in the Weston Pan of the Mejave Dewt California



Table 1. Site names. instrumentation names and numbers, and description ot instrumentation for unsaturated-zone monitoring sites near
Victorville, San Bernardino County. California

[Location of sites shown in figure l.All depths below bnd-sufacc daiwa ft. foot)

LOGW-t NEUTRON

1.0GW-I GAS @ 103
LOGW-l GAS @86
1.00W-I LYS @ 76
1.0GW-i GAS @73

LOOW-l LYS @64
LOGW-I GAS @59
1.0GW-I GAS @38
LOGW-I ENS @22
LOGW-i INS @ 14

Lower Oro Grande Wash
4N15W-1C2 NEUTRON 342803117212501

4N15W-1C3 GAS @ 103 342803117212502
4N15W-1C4 GAS @ 86 342803117212503
4W5W-IC5 LYS @76 342803117212504

4NISW-1C6 GAS @73 342203117212505

4N15W-1C7 LYS @64 342803117212506
4NISW-1C8 GAS @59 342203117212507
4N/5W-1C9 GAS @38 342803117212508

4NISW-ICIO LYS @ 22 342803117212509
4W5W-ICII LYS@ 14 342803117212510

Neutron access tube, total depth 103 ft

Gas sampler at 103 ft
Gas sampler at 86 ft
Suction-cup lysimeter at 76 ft

Gas sampler at 73 ft

Suction-cup lysimeter at 64 ft
Gas sampler a159 ft
Gas sampler at 38 ft

Suction-cup lysi meter at 22 ft
Suction-cup lysi meter at 14 ft

LOGW-2 LOGW-2 NEUTRON
LOGW-2 GAS @ 103
LOGW-2LYS @100

4Ne’5W-1C12 NEUTRON
4N15W-1C13 GAS @ 103

4N15W-1C14 LYS @ 100

342802117212801

342802117212802

342802117212803

Neutron access tube, total depth 103 ft

Gas sampler at 103 ft
Suction-cup lysimeter at tOO ft

lnstrumentetlon nemes and numbers

e Descriptive n suttc Zic
Latitude-longItude DescrIption of Instrumentation

lands number
Upstream Oro Grande Wash

UOGW UOGW NEUTRON 3N15W-5N1 NEUTRON 342208! 17255101 Neutron access tube, total depth 103 ft
UOGW GAS @ 105 3N/5W-5N2 GAS @ 105 342208117255102 Gas sampler at lOS ft
UOGW GAS @91 3ru5W-5N3 GAS @91 342208117255103 Gas sampler at9l ft
UOGW LYS @ 82 3N/5W-5N4 LYS @ 82 342208117255104 Suction-cup lysimeter at 82 ft
UOGW GAS @69 3N/5W-5N5 GAS @69 342208117255105 Gas sampler at69 ft
UOGW GAS @52 3N/5W-5N6 GAS @52 342208117255106 Gas samplerat 52 ft

UOGW LYS @ 38 3N15W-5N7 LYS @ 38 3422081 17255107 Suction-cup lysinieter at 38 ft
UOGW GAS @22 3Na’5W-5N8 GAS @22 342208117255108 Gas sampler 0122 ft
UOGWLYS @11 3N/5W-5N9LYS @11 342208117255109 Suction-cuplysimeterat II ft

Middle Oro Gnnde Wash
MOOW MOGW WELL 4N!5W-21 HI 342519117240701 Well, perforated from 630 to 670 ft

Upper 100 ft used as neutron access
tube.

MOGW GAS @500 4N15W-21H2 GAS @500 342519117240702 Gas sampler at 500 ft
MOOW GAS @ 300 4N15W-21H3 GAS @ 300 342519117240703 Gas sampler at 300 ft
MOGW GAS @ ISO 4N15W-21H4 GAS @ 150 342519117240704 Gas sampler at 150 ft

MOGW LYS @ 140 4N15W-21115 LYS @ 140 342519117240705 Suction-cup lysimeter at 140 ft
MOGW LYS @ 92 4N15W-21H6 LYS @92 342519117240706 Suction-cup lysi meter at 92 ft
MOGW GAS @80 4N15W-21H7 GAS @80 342519117240707 Gas sampler at 80 ft
MOOW LYS @ 65 4N/SW-21H8 LYS @65 342519117240708 Suction-cup lysimeter at 65 ft

MOGW GAS @50 4N15W-21H9 GAS @50 342519117240709 Gas sampler at 50 ft
MOGW LYS @43 4NISW-2IHIOLYS @43 342519117240710 Suction-cup lysimcterat43 ft

MOGW GAS @26 4N15W-21H11 GAS @26 342519117240711 Gas samplerat 26ft

MOGW LYS @22 4N15W-21H12 LYS @22 342519117240712 Suction-cup lysimeter at 22 ft

LOGW-1

leiroductian S



MSCW-2 MSCW-2 NEUTRON

MSCW-2 GAS @ 226

5N17W-28L7 NEUTRON

5NrIW-28L8 GAS © 226

342925117310701

342925117370702

Neutron access tube, total depth 280 ft

Gas sampler at 226 ft

Table 1. Site names. instrumentation names and numbers, and description of instrumentation for unsaturated-zone monitoring sites near
Victorville, San Bernardino County. California—Continued

Instrumentation names and numbers

flame Descriptive name subdivision of public
latitUde lOngitude Description of Instrumentation

grid numberlands number
Lower Oro Grande Wash—Continued

IflGW-2 GAS @82 4N/5W-1C15 GAS @82 342802! 17212804 Gas sampler at 82 ft
LOGW-2 LYS @ 74 4N!SW-1C16 LYS @ 74 342802! 17212805 Suction-cup lysimeter at 74 ft

LOGW-2 LYS @55 4N15W-1C17 LYS @55 342802117212806 Suction-cup lysimeter at 55 ft
LOGW-2 GAS @40 41’415W-1C18 GAS @40 342802117212807 Gas sampler at 40ft
LOGW-2GAS @15 4N15W-ICI9GAS @15 342802117212808 Gassamplerat 1511

LOGW-3 LOGW-3 NEUTRON 4N15W-1C20 NEUTRON 342802117212601 Neutron access tube, total depth 50 ft

Oro Grande Fan
OGF OaF NEUTRON 4N!5W-IDI NEUTRON 342804117213301 Neutron access tube, total depth 103 ft

OGF GAS @83 4N/SW-1D2 GAS @83 342804117213302 Gas sampler at 83 ft
OGF GAS @ 70 4N15W-1D3 GAS @ 70 342804117213303 Gas sampler at 70 ft
OGFGAS @50 4N15W-ID4GAS @50 342804117213304 GassampleratSOft

OGF GAS @ 30 4N/5W-1 D5 GAS @ 30 342804117213305 Gas sampler at 30 ft
OGE GAS @ 12 4N/SW-ID6GAS @ 12 342804117213306 Gas sampler at l2ft

Upper Sheep Creek l½sb
USCW USCW WELL 4N/7W-l631 NEUTRON 342551117363501 Neutron access tube, total depth 100 ft

USCW GAS @98 4N!7W-I6J2 GAS @98 342551 117363502 Gas sampler at98 ft
USCW LYS © 94 4N17W- I 6J3 LYS @ 94 342551117363503 Suction-cup lysimeter at 94 ft
USCW GAS @80 4N17W-16J4 GAS @80 342551117363504 Gas sampler at 80 ft
USCW GAS @ 63 4N/7W-16J5 GAS @ 63 342551117363505 Gas sampler at 63 ft
USCW LYS @ 58 4N17W-1616 LYS @ 58 342551117363506 Suction-cup lysimeter at 58 ft
USCW LYS @ 48 4N17W-1637 LYS @ 48 342551117363507 Suction-cup lysimetcr at 48 ft

USCW GAS @ 38 4N!7W-16.18 GAS @ 38 342551117363508 Gas sampler at 38 ft
USCW INS @28 4N!7W-16J9 LYS @ 28 342551117363509 Suction-cup lysinieter at 28 ft
USCW GAS @20 4Ne’7W-I6J10 GAS @20 342551117363510 Gas sampler at 20 ft

USCW LYS @15 4N!7W-16J11 LYS @15 342551117363511 Suction-cup lysimeter at 15 ft

Middle Sheep Creek Thish
MSCW-1 MSCW-1 WELL 4N17W-28L1 342923117370601 Well, perforated from 606 to 626 ft.

Upper 100 ft used as neutron access
tube

MSCW-1 GAS @ 500 5N17W-28L2GAS @500 342923117370602 Gas sampler at SOOft

MSCW-1 GAS @405 5N17W-28L3 GAS @ 405 342923117370603 Gas sampler at 405 ft

MSCW-1 GAS @ 300 5NfJW-28L4GAS @ 300 342923117370604 Gas sampler at300ft

MSCW-I LYS © 270 SNI7W-28L5 LYS © 270 342923117370605 Suction-cup lysimeter at 270 ft
MSCW-l LYS @ 160 5N17W-28L6 LYS @ 160 342923(17370606 Suction-cup lysinieter at 160 ft

6 Data 1mm a Thick Unsaturated Zone Undeilying Cro Grande and Sheep Creek Washes in the Western Part of the Mojave Desert, California



Table 1. Site names, instrumentation names and numbers, and description of instrumentation for unsaturated-zone monitoring sites near
Victorville, San Bernardino County, California—Continued

Instrumentation names and numbers
Site System for the flJdngWJ5 Description of instrumentationneme Descriptive name subdivision of public grid numberlands number

Middle Sheep Creek %Sisb—Contlnued
MSCW-2 GAS @ 142 SNt7W-22L9 GAS @ 148 342925117370703 Gas sampler at 148 ft

MSCW-2 D’S @ 122 5N17W-28L10 LYS @ 122 3429251 17370704 Suction-cup lysimeict at 122 ft
MSCW-2 INS @ 99 5N17W-28L.l 1 LYS @99 3429251(7370705 Suction-cup lysimeter at 99 ft
M5CW-2 GAS @ 83 5NflW-28L.l2 GAS @ 83 342925117370706 Gas sampler at 83 ft
MSCW-2 LYS @ 52 SN/iW-28LI3 LYS @ 52 342925117370707 Suction-cup lysimcier at 52 ft

MSCW-2 GAS @48 5N/7W-28Ll4 GAS @4 342925 117370708 Gas sampler at 4 ft

MSCW-2 LYS @30 5N/7W-28L15 LYS @30 342925117370709 Suction-cup lysimeter at 30 ft

MSCW-2 LYS @ 14 5NflW-28L16 LYS @ 14 342925117370710 Suction-cup lysimeter at 14 ft

Lower Sheep Creek Wash
LSCW LSCW NEUTRON 5N/7W-l7K1 NEUTRON 343106117375501 Neutron access tube, total depth 100 ft

LSCW GAS @ 108 5NflW- 17K2 GAS @ 108 343106117375502 Gas sampler at 108 ft

LSCW LYS @ 90 SN/iW-17K3 LYS @ 90 343106117375503 Suction-cup lysinieter at 90 ft

LSCW GAS @65 5N/7W-I7K4GAS @65 343106117375504 Gas sampler at 65 ft

LSCW LYS @ 58 5N/7W-17K5 LYS @ 58 343106117375505 Suction-cup lysimeter at 58 ft
LSCW GAS @46 SN!7W-I7KÔGAS @46 343106117375506 Gas sampler at4ó ft

LSCW LYS @41 5NflW-17K7 LYS @41 343106117375507 Suction-cup lysimeter at 41 ft

LSCW GAS @ 32 5N/7W-17K8 GAS @32 343106117375508 Gas sampler at 32 ft
LSCW LYS @27 5N/7W-17K9 LYS @27 343106! 17375509 Suction-cup lysimecer at 27 ft
LSCW GAS @20 SNr7W-I7ICIOGAS @20 343106117375510 Gas samplerat20 ft

LSCW INS @ 11 5Nf7W-17K11 LYS @ Il 343106117375511 Suction-cup lysimeter at 11 ft

Sheep Creek Fan
SC? SC? NEUTRON 5N1’7W-17Q1 NEUTRON 343054117374901 Neutron access tube, total depth 80 ft

SC? GAS @ 77 514/7W- I7Q2 GAS @ 77 343054117374902 Gas sampler at 77 ft

SC? GAS @50 514/7W- 17Q3 GAS @ 50 343054! 17374903 Gas sampler at 50 ft
SC? GAS @20 5W7W-17Q4 GAS @20 3430541 17374904 Gas sampler at 20 ft

SC? GAS @ 8 SN/7W-17Q5 GAS @ 8 343054117374905 Gas sampler at 8 ft

Ct
SUMMIT SUMMIT NEUTRON 3N/SW-8M1 NEUTRON 342137117255201 Neutron access tube, total depth 50 ft

SUMMIT GAS @ 49 3N/SW-8M2 GAS @ 49 342137117253202 Gas sampler at 49 ft
SUMMIT GAS @ 35 3N/5W-8M3 GAS @35 342137117255203 Gas sampler at 35 ft
SUMMiT INS @ 20 314I5W-8M4 LYS @ 20 342137117255204 Suction-cup lysinieter at 20 ft

SUMMITGAS @9 3N/5W-8M5 GAS @ 9 342137117255205 Gas sampler at 9 ft

SUMMIT LYS @7 3N15W-8M6 LYS @7 342137117255206 Suction-cup lysimeter at? ft

latradijetion
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Figure 2. Site-numbering system.

the southeast corner. Within the 40-acre tract, wells and
instruments installed as part of this study (except bUlk
precipitation collectors) are sequentially numbered in
the order in which they were inventoried. The final let
ter 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
and instrumentation in the study area are referenced to
the San Bernardino base line and meridian (5). These
numbers consist of 15 characters and follow the format
OO4NOO5W2IHOOIS. In this report these numbers are
abbreviated and written 4N/5W-2 1HI. This numbering
system is shown in figure 2- The suffixes NEUTRON,
GAS. LYS, and PRECIP are used instead of sequence
numbers to identify neutron access tubes, gas samplers.
suction-cup lysimeters, and precipitation collectors,
respectively.

Instrumentation at each unsaturated-zone moni
toring site and bulk precipitation collection site also
was named according to its location in the gild system
of latitude and longitude. The number consists of 15
digits. The first six digits denote degrees, minutes, and
seconds of latitude; the next seven digits denote
degrees, minutes, and seconds of longitude; and the last
two digits (assigned sequentially from bottom to top in
a borehole) identify different instruments at a site. This
station number once assigned has no locational signif
icance. As a result, if an error was made in the field
location of a site and that error resulted in an incorrect
calculation of latitude and longitude, the identification
number associated with that site will not be changed
after the error is discovered. However, the latitude and

longitude associated with that site will be corrected in
the USGS’s computerized National Water Information
System (NV/IS).
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DRIWNG PROCEDURES AND DATA COLLECTION

Twelve unsaturated-zone monitoring sites were
installed as part of this study of infiltration and ground
water recharge from intermittent streams. Seven sites
were located in the active channels of Oro Grande
(130GW, MOGW, LOGW-I) and Sheep Creek
(USCW, MSCW-l, MSCW-2, and LSCW) Washes,
two sites were located in the incised channel of Oro
Grande Wash near the active channel (LOGW-2 and
LOGW-3), two sites were located on the alluvial fan
away from the active channel of the wash (OGF and

TSP

T4l

5 5 4 3 2 1

7 8 9 10 12
———r—
18 17 16 15 14 13

19 20 22 23 24

30 29 281T25--25.

N

DC BIA
4l ‘5W-2 HI •

E F G H

ML K J

N P Q P

31 32 33 34 35 36

B Data from a Thick (ffisabirated Zone Underlying Ore Grende and Sheep Creek Washes in the Western Pan otthe Mojave Desert California



A. a
Figure 3. Selected unsaturated-zone monitoring sites 1.0GW (A.) and USCW (B.). near Victorville, San Bernardino County.
California.

SCF), and one site was located near Cajon Pass (SUM
MIT). All sites were installed using the ODEX air-
hammer method, also known as the under-reamer
method (Driscoll, 1986; Hammermeister and others,
1986) using a USGS drill rig and crew. Drill depths
ranged from about 54) to 700 ft. The diameter of all
ODEX holes drilled as part of this study was 8 in. The
ODEX drilling nthod minimized disturbance of the
unsaturated material near the drill hole, reduced con
tamination from drilling fluids, and allowed the collec
lion of high-quality cuttings and cores. At night, and
other times when drilling was not occurring, the ODEX
pipe was sealed to prevent the movement of air into and
out of the drill hole. The location of drill sites is shown
in figure 1 and photographs of selected sites are shown
infigure3.

At depths less than 100 ft. cuttings were col
lected every one ft in buckets from the “cyclone” dis
charge. At depths greater than 100 ft. cuttings were

collected less frequently. Sample collection was coor
dinated with drilling rates to allow collection of cut
tings from discrete intervals. After collection, the
material was subsampled and saved in a heat-sealable
aluminum pouch to retain moisture. The site, date,
time, and depth of the cuttings were recorded on the
pouch.

At depths less than 100 ft. 2-foot-long cores
were collected within eveiy 5-foot interval using a 3.5-
ora 4-inch-diameter piston-core barrel. The 4-inch-
diameter core barrel was preferred and used in most

drill holes because of the larger volume of material col
lected with each core. The 3.5-inch-diamctcr piston-
core barrel was used in drill holes where material was
more consolidated and coring more difficult. At depths
greater than 100 ft cores were collected less
frequently. Prior to core collection, the core barrel was
lined with four 6-inch-long aluminum or brass core liii
ers. A core catcher was used to help retain loose

Drilling Procedures and Data Collection 9



unconsolidated material while the core was being
retrieved. Immediately after the core was collected. (1)
the core barrel was retrieved and disassembled, (2)
material in the nose of the core barrel was collected and
saved in a heat-sealable aluminum pouch, (3) cores and
core liners were extruded from the core barrel, (4) the
cores were capped with plastic end-caps and sealed
with electrical tape, (5) the depth and orientation of the
core was recorded on the end-caps, (6) the core was
wrapped in plastic and placed into a heat-sealable alu
minum pouch, and (7) the site, date, time, and depth of
the core were recorded on the pouch. Four pouches,
one for each 6-inch-long core liner, were required for
each core. Plastic and heat-sealable aluminum pouches
used to store cuttings and cores are commercially avail
able and were used because they were specifically
designed and tested to retain moisture in core material.

For the deepest sites (MOGW and MSCW-l), it
was not possible to advance the ODEX casing to the
bottom of the hole. At MOGW, the ODEX casing was
advanced to 200 ft below land surface, and below this
depth cuttings were lifted from the hole using a combi
nation of air and foam. To minimize contamination of
the core material from these sites, air only (no foam)
was used in the 5-foot interval above the interval to be
cored. At MSCW-2, this approach was not successftil;
the first hole, MCSW-2. collapsed below 280 ft during
drilling and a second hole, MSCW-1, was drilled at the
site. At MSCW-l, ODEX casing was advanced to
400 ft below land suthce and dii Iling below that depth
proceeded with air and foam. Wells for both MOOW
and MSCW- 1 are completed in saturated aquifer mate
rial near the water table.

Lithologic Data

Detailed lithologic logs were compiled from
descriptions of drill cuttings and core material col
lected at each borehole (tables 2—12 at end of this
report). In the field, cuttings and core material were
described by texture, sorting, rounding, color, mineral
ogy, and any other significant feature. In addition to
lithologic data, the specific conductance of a mixture of
50 milliliters (mL) of distilled water and cuttings and
core material that passed through a 1-mm-mesh-size
sieve, about 50 grams (g). was measured and recorded
in the field. In the office, cuttings and core material
were reexamined and described in greater detail.

Texture (fig. 4) was determined on all cunings
using a method developed by Folk (1954), and particle-
size descriptions follow the National Research Council
(1947) classification. This classification allows for the
correlation of general grain-size terms (such as “sand”)
to size limits in millimeters or inches. Color, deter
mined on dry cuttings (except for those parts of the
deeper hole that were drilled using an air and foam
mixture), follows the numerical designation in the
Munsell Soil Color Charts (Munsell Color, 1975,
1994).

Geophysical Lags

Holes drilled using the ODEX method are con
tinuously cased with the steel ODEX pipe. As a result
it was not possible to collect an extensive suite of geo
physical logs. However, natural gamma logs and neu
tron logs were collected in the ODEX drill holes prior
to instrument installation.

Natural gamma logs measure the intensity of
gamma-ray emissions resulting from natural decay of
potassium-40 and the daughter products of uranium
and thorium. These logs are used primarily as litho
logic indicators and for geologic correlation. Clay. as
well as feldspar-rich gravel, generally has more intense
gamma-ray emissions than gravels with less feldspar
(Schlumberger, 1972; Hearst and Nelson, 1985;
Driscoll, 1986). Natural gamma logs for the drill holes
are shown in figures 5—15 at end of report.

Neutron logs measured the backscattering of
neutrons generated from a nuclear source in the bore
hole. A direct relation exists between the water content
and the neutron log measurement (Schlumberger,
1972; Hearst and Nelson, 1985; Troxler, 1994). Prior to
instrument installation, neutron logs were collected
from within the 8-inch-diameter ODEX pipe in the
borehole. At each measurement depth, the logs were
affected by differences in the position of the neutron
source within the pipe and by differences in the thick
ness of the ODEX pipe. As a result, neutron logs col
lected prior to instrument installation were used only
for site construction and instrumentation placement.
Neutron logs collected from neutron access tubes
installed in the drill holes were used to determine
changes in moisture content in the unsaturated zone.
These data are not presented in this report but are avail
able on request.
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Site Construction and Instrumentation

The design of each unsaturated-zone monitoring
site was determined on the basis of(l) data needs at the
site, (2) examination of cuttings and core material (both
lithology and specific conductance of leachate from the
cuttings and cores), gamma logs, and neutron logs, and
(3) limitations on the amount of instrumentation that
can be placed in a single 8-inch-diameter drill hole. All
sites were instrumented with a neutron access tube.
Most sites contain suction-cup lysimeters and gas sam
plers in addition to the neutron access tubes. Site con
stniction and instrumentation information is given in
table 1 and shown in figures 5—15.

The neutron access tube was the first piece of
instrumentation placed in the drill hole. The tube con
sists of 2-inch-diameter, 21-foot-long sections of
threaded galvanized steel pipe. The diameter of the
pipe is only slightly larger than the diameter ofthe neu
tron source—minimizing differences in neutron mea
surements resulting from differences in the position of
the source within the pipe. The pipe was steam cleaned
prior to installation to prevent contamination from cut
ting oil used in the manufacturing process. A threaded
end-cap was used to seal the bottom of the neutron-
access tube. For most sites, the access tube was less
than 100 ft long. For sites MOGW and MSCW-l. the
access tube was several hundred feet long and extended
to near the water table. A 2-inch-diameter stainless
steel screen was attached to the bottom of the pipe, and
at these sites the neutron access tube also served as a
water-table well. At MSCW-2, the hole collapsed
before the 2-inch-dianter pipe and screen could be
installed at the water table, and therefore the screen is
in the unsaturated zone above the water table. The tops
of the neutron access tubes were sealed with removable
air-tight caps. Suction-cup lysimeters and gas samplers
were installed in the same drill hole in which the neu
tron access tubes were instaLled.

Two types of commercially available suction-
cup lysimeters were used in this study. Both types were
made of 1.5-foot-long. 2-inch-diameter polyvinyl chlo
ride (PVC) with porous-ceramic cups. Suction-cup
lysimetens used at shallow depths (generally less than
60 ft) had a single chamber with pressure!vacuum and
sample tubes at different depths in the same chamber.
Suction-cup lysimeters used at greater depths were
equipped with two chambers separated by stainless
steel one-way valves. The pressure/vacuum and sample
tubes were located in the different chambers. These

lysimeters were designed to withstand the higher pres
sures needed to lift sample water from greater depths
(as great as 300 ft). Gas samplers used in this study
were 10 in. long and 0.5 in. in diameter, and had a
0.004-slot stainless steel well screen with a threaded
end.

Depths of suction-cup lysimeter and gas sampler
placement were determined on the basis of examina
Lion of cuttings and core material (both lithology and
specific conductance of leachate from the cuttings and
cores), gamma logs, and neutron logs. In general. suc
tion-cup lysimeters were installed at depths at which
neutron-log data indicated that soil moisture was rela
tively high—especially above fine-grained layers that
may act to slow infiltration or create perched condi
tions. Suction-cup lysimeters were not installed at sites
farther away from the washes (OGF or SCF) because
the unsaturated zone at these sites was too dry to yield
water to lysimeters. Gas samplers were installed in
dryer and (or) coarser layers where soil moisture was
not great enough for suction-cup lysimeters. At several
sites, lysimeters and gas samplers were placed at simi
lar depths to allow comparison of data from each
instrument.

Suction-cup lysimeters were installed in diato
maceous earth to ensure good contact between the
porous-ceramic cup of the lysirneter and the unsatur
ated-zone materials. Gas samplers were installed in
graded number 3 Monterey Sand to ensure good air
flow near the sampler. Gas samplers were isolated from
each other by a layer of grout and bentonite chips
placed at depths at which fine-grained layers were
present between the samplers. At the first four sites
(UOGW, MOGW LOGW, and OGF), the grout and
chips were installed partly hydrated and allowed to
completely hydrate with moisture from the unsaturated
zone after installation. For the remaining sites, the
grout and chips were installed dry and allowed to
hydrate with moisture from the unsaturated zone after
installation. Where backfill was required, graded num
ber 3 Monterey Sand was used. Sand and grout were
installed through a tremmie pipe; diatomaccous earth
and bentonite chips were poured into the hole from
land surface. All drill holes were sounded frequently to
determine the depth of the hole before, during, and
after installation of diatomaceous earth, grout. bento
nite chips, and sand.

At most sites, pressure/vacuum and sample tubes
connecting lysimeters to the surface, as well as sample

12 Data from a Thick Unsatrnated Zen. Underlying Ore Grande and Sheep Creek Washes in die Weston Pail Df lb. Molave Desert California



tubes connecting gas samplers to the surface, were
0.25-inch-diameter, refrigeration-grade copper tubing.
Copper tubing was used to minimize the potential for
chlorofluorocarbon (CFC) contamination from instru
mentation in the drill hole. At deeper sites (MOOW and
MSCW). nylon tubing was used because it was not pos
sible to place copper tubes in the deeper parts of these
holes. Prior to installation, the nylon tubing was tested
to determine that it would not contaminate samples
with CFC’s (Eurybiades Busenbeig, U.S. Geological
Survey, written commun., 1995).

On the surfitce, sites were finished in vaults or
risers set at or below land surface with concrete surface
seals. Tubes for gas samplers were color coded and
arranged from deepest to shallowest to the left of the
neutron access tube (when viewed from the hasp of the
vault or riser). Gas sampler tubes were sealed with
compression fittings. Pressure/vacuum tubes for
suction-cup lysimeters were color coded and arranged
from deepest to shallowest to the right of the neutron
access tube. Sample tubes for suction-cup lysimeters
were color coded and arranged from deepest to shal
lowest to the right of the pressure/vacuum tubes.
Suction-cup lysimeter tubes were sealed with radiator
hose and washers.

PHYSICAL AND HYDRAULIC PROPERTIES OF
UNSATURATED MATERIALS

Physical properties of unsaturated materials,
such as water content (gravimetric and volumetric),
bulk density, and water potential, are relatively easy
and inexpensive to measure. These properties were
determined on all cores collected as part of this study.
Other physical properties, such as particle-size distri
bution and moisture-retention curves, also are rela
tively easy, but more expensive, to measure. These
properties were determined on fewer cores. Measure
ments were made at the Desert Research Institute,
University of Nevada, Reno.

Water content (gravimetric and volumetric),
particle-size distribution, and water-retention were
measured using American Society for Testing and
Materials (1987) methods. Water potential was mea
sured using three different methods. For wet core
material (less negative than —1,000 kPa), water poten
tial was measured using tensiometers or the filter-paper
method (Campbell and Gee, 1986). For dry core mate
rial (more negative than —1,000 kPa), water potential

was measured using a water-activity meter commonly
known as a “chilled-mirror hygrometer” (Gee and oth
ers, 1992). Water retention data were measured using a
pressure-plate extractor (American Society for Testing
and Materials, 1987). For coarse-textured samples, it
was necessary to remove the gravel and repack the
sample to its original bulk density to measure water
retention.

Results of laboratory analysis for water content,
bulk density, and water potential are given in table 13
at end of report. Results of particle-size analysis for
selected cores are given in tables 14 and 15 at end of
report. Water-retention data are given in tables 16 and
17 at end of report.

CHEMICAL AND ISOTOPIC DATA

Extractions from Core Material and Cuttings

The chemical and isotopic composition of soil
and soil water was determined on soluble salts or on
water extracted by various methods from core material
and cuttings. Each core selected for analysis contained
material from the nose cone of the core and material
encased in four separate core liners. Not all cores col
lected were analyzed for all chemical constituents and
isotopic composition.

Chemical Data

Soluble anions in the soil (and dissolved in soil
water) were determined from analysis of leachate
extracted from the nose cone of selected corns and from
selected cuttings with distilled water.

Prior to extraction, core material and cuttings
were sieved to obtain 50 (±0.005) grams of material
having a particle size less than 1 millimeter (mm). The
sieved sample was mixed with 50 mL ofdistilled water.
The resulting mixture was shaken vigorously for 30
seconds, allowed to stand with occasional shaking for
about 24 hours, and centrifuged at 4,000 revolutions
per minute (rpm) for 20 minutes to allow the remaining
solids to settle. The supernatant was pressure filtered,
using a syringe, through a 0.45-mm pore-sized
disk-filter. The first 10 mL of sample was used to rinse
the filter and discarded. The remaining sample was fil
tered and analyzed for chloride, sulfate, nitrate, and
nitrite by ion chromatography (American Public
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Health Association, 1992) at the USGS laboratory in
San Diego. California. Sample handling and extraction
procedures were similar to those used by Prudic
(1994), except in this study the ratio of core material to
distilled water was greater and the samples were centri
fuged prior to filtration and analysis. The ratio of core
material to distilled water used for laboratory extrac
tions was based on a weight per volume ratio, whereas
the ratio used in the field for specific-conductance mea
surements was based on a volume per volume ratio.
However, the results are believed to be comparable.
Concentrations of selected constituents in leach water
extracted from cores and cuttings for field and labora—
tory data are given in table 18 at end of report

Replicate analyses were done on samples of
supernatant selected at random from each batch of
extract water to determine the precision associated with
sample analyses. Replicate samples were not analyzed
sequentially but instead were distributed throughout
the sample run. On the basis ofthe analysis of replicate
samples, the precision of chloride analysis was about
±0.4 milligram per liter (mgIL) for chloride concentra
tions less than 10 mg/L and about ±5 percent for chlo
ride concentrations greater than 10 mg!L. Duplicate
extractions were done on 21 samples and analyzed to
determine precision associated with sample extract
preparation and variation in the extractable anions in
subsamples from the cores and cuttings. On the basis of
the duplicate extractions, the overall precision of chlo
ride extractions was about ±10 percent. One sample
was held for 4 months to determine if any additional
anions could be extracted from the material with time.
After 4 months, chloride concentrations did not
change. In contrast, sulfate concentrations increased
from 67 to 840 mgIL, and fluoride concentrations
increased from 2.7 to 4.8 mgi’L.

Delta Oxygen-18 and Delta DeuterOn Data

Delta Oxygen-18 (&O) and delta deuterium
(81)) isotopic composition was determined on water
extracted from soil cores by azeotropic distillation
(Revesz and Woods. 1990) with toluene using analyti
cal methods described by Epstein and Mayeda (1953)
at the USGS laboratory in Menlo Park, California. An
azeotropic mixture of water and toluene has a lower
boiling point than that of a pure solution of either com
pound. The lower boiling point allows water to be dis
tilled from the core material at a lower temperature
(about 85°C in comparison with 100°C) and reduces

the potential for contamination of pore water with
water of hydration from minerals such as anhydrite.
Only core material was used for &O and SD extrac
tions. This material was not sieved prior to extraction;
however, if large rocks were present they were
removed.

For moist cores. 100 g of material was placed in
a round-bottom boiling flask, covered with 2.00 mL of
toluene, and stoppered. For dry cores, 300 g of material
was used. The core material was removed from the core
liner weighed, and placed in the boiling flask as
quickly as possible to minimize evaporation. During
distillation, the core material, soil watet and toluene
mixture was initially heated to about 80°C; as the dis
tillation progressed, the temperature was gradually
increased to about 85°C, until completion in about 30
to 45 minutes. Distillation of fine-grained material took
longer than distillation of coarse-grained material. At
completion, the temperature was increased to 100°C
for 15 minutes to ensure complete recovery of soil
water and to reduce fractionation. Actual yields from
azeotropic distillation were within ±12 percent of
expected yields (based on gravimetric water content
measured on subsamples of material from the same
core liner)- Comparison of yields from duplicate
extractions agreed within ±10 percent Delta oxygen-
18 and delta deuterium analyses of duplicate extrac
tions of material from the samecore lineragreed within
± 0.2 and ±1.9 per mil. respectively. Results of alSO
and SD analyses are presented in table 19 at end of
report

Tritium Data

Tritium was measured in water extracted from
soil cores by vacuum extraction. Only core material
was used for tritium extractions and this material was
not sieved. However, if laige rocks were present they
were removed prior to extraction. Azeocropic distilla
tion was not used to extract water for tritium analyses
because of the huger volume of water required for tn
tium analyses in comparison with &80 and 81) analy
ses. It was possible to use vacuum extraction because,
unlike delta oxygen- 18 and delta deuterium, tritium is
not sensitive to fractionation during sample extractioa

Water was extracted from about 2 kilograms (kg)
ofcore material (the weight of material in a typical core
liner) using a combination of vacuum and heat. The
material was weighed, placed in a tray, and heated to
about 85°C while subjected to vacuum of about
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—100 kilopascal (kPa) until it was dry and no more
water was yielded from the sample. Water was trapped
in a series ofcollection flasks located between the oven
and the vacuum pump. The first flask was cooled with
a mixture of dry ice and isopropanol. The second flask
was cooled with liquid nitrogen. This procedure gener
ally required about 4 hours for sandy material and as
much as 8 hours for finer graincd material. In some
cases, if 2 kg of material did not yield enough water for
analysis, additional water was extracted from another
core liner within the same 2-foot interval and the sam-
pies were composited. Care was taken to ensure that
the sample was minimally exposed to the atmosphere
(and potential contamination or evaporation) during
sample preparation and handling. However, this was
less of a concern for tritium extractions than for delta
deuterium and delta oxygen-lB extractions. After
extraction, samples were concentrated using electro
lytic enrichment and tritium was measured by liquid
scintillation (Thatcher and others. 1977) at the USGS
laboratory in Menlo Pailc California. The precision
(tritium error count) of individual measurements
changed with sample volume and ranged fmm
± 0.3 TU for moist core samples to ±8 TU for dryer
core samples. Results of tritium analyses on water
extracted from core material ale presented in table 19.

Suction-Cup Lysimeter Data

The chemical and isotopic compositions of
unsaturated zone water were measured on samples col
lected from suction-cup lysimeters at selected sites.
Suction-cup lysimeters were not installed at sites away
from the washes (OGF and SCF) because the unsatur
ated zone at these sites was too dry to yield water to
lysimeu±rs. Five suction-cup lysimeters installed at
sites near, but not directly underlying, a wash (sites
LOGW-2 and SUMMIT) did not yield water during
this study because the unsaturated zone at these sites
also was too dry. At the remaining sites, water was col
lected from 16 of the 29 lysimeters installed as part of
this study. The lysimeters installed in the unsaturated
zone underlying Oro Grande Wash yielded water more
frequently, and in greater volumes, than did lysimeters
installed in the unsaturated zone underlying Sheep
Creek Wash. Some of the lysimeters yielding water
were as deep as 140 ft below land surface.

Suction-cup lysimeters were sampled by apply
ing a vacuum (about 60 centibars), which induces

water to flow from the unsaturated zone into the lysim
eter. If the matrix potential of the unsaturated zone near
the lysimeter is more negative, then water will not enter
the lysimeter. For most lysimeters it was necessary to
apply vacuum many times over a period of several
months before the lysimeter yielded water and the first
sample could be collected. Once in the lysimeter. the
water was forced to land surface by applying nitrogen
gas pressure to one cube of the two-tube system.
Although water-yielding characteristics varied consid
erably from one lysimeter to another, about 2 to 4
weeks was required after the application of a vacuum to
ensure maximum accumulation of water within most
lysimeter cups. Umari and others (1995) found that
shorter sampling periods resulted in incomplete water
recovery, and longer sampling periods resulted in par
tial loss of the sample through leakage back into the
soil. Results of analysis of water from suction-cup
lysirneters for major ions, selected trace elements, and
the stable isotopes ofoxygen. hydrogen, and carbon are
given in table 20 at end of report. These analyses were
done by the USGS National Water Quality Laboratory
in Arvania, Colorado.

There is some uncertainty about whether sam
ples from suction-cup lysimeters are representative of
water in the unsaturated zone. Possible problems with
suction-cup lysimeter data include contamination of
the sample by lysimeter materials, inability to collect
sufficient sample volume for analysis, variability in
sample collection because of variability in applied vac
uum, and changes that occur in the sample, such as
chemical precipitation. during collection and storage
within the body of the lysimeter (Umari and others,
1995).

Soil Water Vapor and Other Gases

Delta Oxygen-la and Delta Denteriwn Data

The &o and ö1) composition of water vapor
was measured on samples collected from 21 gas sam
plers as deep as 500 ft below land surface at three sites
underlying Oro Grande Wash (UOGW, MOGW, and
LOOW) and at the nearby alluvial fan site (OGF). At
most sites, samples were collected only once. At the
LOGW site, samples were collected as often as six
times to determine if there were seasonal variations in
the composition of water vapor in the unsaturated zone.
Data are given in table 21 at end of report.

Chenilcal and Isotopic Data 15



Gas samplers were purged at a rate of I to
2 liters per minute (Llmin) for several hours prior to
sample collection using peristaltic pumps. Samples for
SD and 6180 analyses were collected in evacuated
glass bulbs placed in-line between the copper tube that
connects the gas sampler to the surface and the peristal
tic pump. The bulbs ranged in size from 1 to 2 liters (L).
Samples were collected by slowly opening the stop
cock and allowing the bulb to fill with gas. After the
bulb equilibrated for about 5 minutes the stopcock was
closed, the bulb was removed from the copper tube and
peristaltic pump, and the sample bulb was prepared for
overnight shipment to the Desert Research Institute
Isotope Laboratory in Las Vegas, Nevada.

At the laboratory, sample bulbs were placed in
liquid nitrogen for about 45 minutes. after which the
remaining unfrozen gases were evacuated from the
bulh Bulbs were then allowed to warm to room tem
perature. Carbon dioxide for &o analyses was col
lected from the sample bulbs in glass tubes. Water for
SD analyses was collected from the bulb in capillary
tubes. The bulbs yielded about 10 to 15 microliters
(piL) of liquid water per liter of air collected. The SD
analyses were done using the sealed-tube zinc-reduc
tion method described by Kendall and Coplen (1985).
This method allowed for the small sample volumes
obtained from the water vapor samples. The 8180 anal
yses were done using constant-temperature equilibra
tion with carbon dioxide gas (Epstein and Mayeda,
1953). To optimize the performance of the mass spec
trophotometer, analytical standards were analyzed
using volumes similar to the sample volumes. Dupli
cate samples collected as part of this study, and results
from other studies, suggest that the analytical precision
for 6180 and 3D analyses of water vapor is ±0.2 and
±1 per mil, respectively (Craig Shadel. Desert
Research Institute, written commun., 1996). These val
ues are slightly greater than the analytical precision of
.‘.O.05 and ±1.5 estimated in other studies for &80 and
SD in larger volume samples (Izbicki, 1996), such as
those obtained from soil cores and suction-cup
lysimeters.

Tritiuni Data

The tritium composition of water vapor was
measured on samples collected from 21 gas samplers
as deep as 500 ft below land surface at three sites

underlying Oro Grande Wash (sites UOGW, MOGW,
and LOOW) and at the nearby alluvial fan site (OGF).

To collect the sample, air was pumped from the
gas samplers using a peristaltic pump at a ratc of
ito 2 Lfmin, and water vapor was condensed in glass
tubes known as “cold fingers:’ The “cold fingers” were
placed in-line between the copper tube that connects
the gas sampler to the surface and the peristaltic pump.
To condense the water vapor during sample collection
the “cold fingers” were placed in a mixture of dry ice
and isopiopanol. The temperature of this mixture was
maintained near —25°C (temperatures as low as —70°C
could be achieved in the field). After about 8 hours, the
sample was removed from the dry ice-isopropanol mix
ture and allowed to thaw. Typically, 4 to 5 mL of water
was collected at a time and it was necessary to repeat
the sample collection procedure three times over a
period of several months to obtain enough sample for
analyses. Samples were concentrated by electrolytic
enrichment and analyzed by liquid scintillation
(Thatcher and others, 1977) at the USGS isotope labo
ratory in Menlo Park, California in the same manner as
water samples collected from core material and from
suction-cup lysimeters. Because of the small sample
volume, however, lower precision and higher detection
limits were obtained for tritium analyses of water vapor
than for larger volume samples from core material and
suction-cup lysimeters discussed previously. Tritium
data are given in table 21.

Chlorafluarocarbon Data

Chlorofluorocarbons (CFC’s) are synthetic
organic carbons used as refrigerants, aerosol propel
lants, cleaning agents, and solvents. They were first
nianuftctured in the 1930’s and are believed to be
entirety manmade. Unlike SD, S8o, and tritium, chlo
rofiuomcarbons are not part of the water molecule and
are present in the unsaturated zone as gases or dis
solved in water. in this study, three chlorofluorocar
boris, CR2-li (trichlorofluoromethane), CFC- 12
(dichlorodifluoromethane), and CFC-l 13 (trichlorotri
fluoroethane). were measured from gas samplers as
deep as 500 ft below land surface at seven sites under
lying Oro Grande Wash (UOGW, MOGW, and
LOGW) and Sheep Creek Wash (USC4c MSCW-i,
MSCW-2, and LSCW), and at the alluvial fan sites near
Oro Grande Wash (OGF) and Sheep Creek Wash
(SCF).

IS Data Iran a Thick Unsaturated Zne Underlying o Granle and Sheep Creek Washes in the Western Past oft Mojave Desert California



Prior to collection of chlorofluorocarbon sam
ples, gas samplers were purged for about 3 to 6 hours
at a rate of Ito 2 L/min using a peristaltic pump. Purge
times were less for shallow samplers and morn for
deeper samplers. Samples were collected using a
diaphragm pump and a sample-collection apparatus
similar to that designed by Busenbeig and Plunimer
(1992) to prnvcnt contamination during sample collec
tion. The diaphragm pump was tested prior to use to
ensure that it did not contaminate samples with chlo
rofluorocatbons. A three-way valve, between the pen
staltic pump and the tube that connects the air sample
to the surface, was used to connect the diaphragm
pump and sample-collection apparatus to the purge
line. Samples were collected in glass ampules that were
welded closed in the field while connected to the sam
ple apparatus. Because of potential breakage and inad
equate welds that do not completely seal the glass
ampules, contamination with ambient atmosphere was
a concern. To ensure that at least one uncontaminated
sample was collected, three replicate samples were col
lected from each gas sampler. Aftercollection, samples
were shipped to the USGS Chlorofluorocarbon
Laboratory in Reston, Virginia, for analysis using a
purge-and-trap gas chromatography procedure with an
ECI) detector (Busenbeig and Plumnier, 1992). Chlo
rofluorocarbon data are given in table 21.

OTHER DATA

Precipitation Data

Bulk precipitation (wet fallout plus dry fallout)
was collected at five sites between December 1994 and
November 1997 (fig. 1). Collectors were based on a
design by Friedman and others (1992) and consisted of
a 75-mm (3 in.) straight-sided Buchner funnel sup
ported on a stake about 3 ft above the ground. The fun
nel was connected using copper tubing to 1-L plastic
bottles placed below the ground. The bottles contained
a thin layer ofmineral oil, which prevented evaporation
of Lhe water. All sample collectors were located in
gated areas secure from vandalism.

To ensure comparability of data from these five
sites with regionalized precipitation data collected dur
ing previous studies (Friedman and others, 1992), bulk
precipitation was collected semiannually, in April and

November (at the end of the rainy season and the end
of summer, respectively). Large amounts of precipita
tion during the winters of 1994—95 and 1996—97
required an additional sample collection during the
middle of the rainy season to ensure that the 1-L bottles
did not overflow.

After collection, samples of bulk precipitation
were returned to the USGS laboratory in San Diego,
California for sample preparation and chemical analy
sis. The volume of sample was measured and was sub-
sampled for measurement of specific conductance, pit,
chemical constituents, and isotopic composition. Chlo
ride and sulfate and other anions were detennined by
ion chromatography (American Public Health Associ
ation, 1992). Delta oxygen-18 and delta dcutcrium
were determined by mass spectrometry at the USGS
Isotope Laboratory in Reston, Virginia (Epstein and
Mayeda, 1953; Coplen and others, 1991). Results of
chemical and isotopic analyses are given in table 22 at
end of report.

Ground-Water-Level and Ground-Water-Quality
Data

Ground-water levels were measured periodically
at MOGW and MSCW using a calibrated electric tape.
Water-level data for the period 1995—99 are given in
table 23 at the end of this report and plotted in
figure 16.

The wells were developed by a combination of
bailing and pumping. Development was not difficult
because mud was not used as a drilling fluid. Water-
quality samples were collected, using a positive-dis
placement piston pump, after at least three casing vol
umes were pumped and temperature, specific
conductance, and pH had stabilized. Samples were sent
to the USGS National Water Quality Laboratory in
Arvarda, Colorado, for analysis of major cations,
anions, nutrients, and selected trace elements using
methods by Fishman (1993). Samples for 3D, &8e,
and 8’3C were analyzed using mass spectrophotome
Dy. Samples for tritium were analyzed in Menlo Part
California using electrolytic enrichment and liquid
scintillation (Thatcher and others. 1977). Samples for
carbon- 14 were analyzed using accelerator mass-spec
trophotometiy (AMS). Results of chemical and isoto
pic analyses are given in table 24 at the end of this
report.

Other Data 17
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Hgnres 16. Water-level hydrograplis tor4NI5W-21H1 (MOOW) and 51’U7W-28L1 (MSCW) nearVictorville, San
Semardbio County. Cahtornia.
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Table 2. Uthologic log for unsaturated-zone monitoring site UOGW near Victorville, San Bernardino County. California
(Location shown in figure I. Altitude of land surface, approximately 3.225 ft. Depth is in feel below land surface. Soil and rock color notation from Munsell
Color (1994). Drilled by U.S. Geological Survey using ODEX, December 5—S. 1994. Total depth drilled 1045 ft. Consnuction data and ins*ninicnlation
given in table I and figure 5. ft. foot)

Depth (It)

From To
Description

0 2 Sand, medium to coarse, with some fine to very coarse sand and occasional granule-sized gravel; poorly sorted;
subangular to rounded; rock fragments, schist brown (7.SYR 5/4)

2 4 Clayey sand, fine to medium, with some very fine sand, coarse to very coarse sand, and granule- to medium pebble-
sized gravel; poorly sorted; subangular to rounded; schist brown ç7.5YK 5/4)

4 6 Sand. medium to coarse, with some fine to very coarse sand and granule- to small pebble-sized gravel, minor day;
poorly sorted; subangular to subrounded; schist brown (7.5YR 5/4)

6 15 Slightly gravelly sand, medium to coarse, with some very coarse sand, granule- to large pebble-sired gravel, and minor
very fine to fine sand; poorly soiled; subangular to subrounded; brown (7.5YR 5/4)

75 10.5 Slightly gravelly sand, fine to medium, with some coarse 10 very coarse sand, granule- to medium pebble-sized gTavel,
and minor very fine sand; poorly soiled; subangular lo subrounded, brown (7.5YR 5/4)

10.5 115 Sand, fine to medium, with some coarse to very coarse sand and minor granule- ID small pebble-sized gravel; poorly
sorted; subangular to subrounded; brown (7.5 YR 5/4)

11.5 115 Sand, fine to coarse, with some wry coarse sand, minor very fine sand, and granule-to small pebble-sized gravel;
poorly sorted; subangular to subrounded; brown (7.5YR 5/4)

12.5 17 Slightly gravelly sand, fine to coarse, with some very coarse sand, and granule- to small pebble-sized gravel, and minor
very fine sand; poorly sorted; subangular- to subrounded; brown (7SYR 5/4)

I? IS Sand, fine to coarse, with some minor very coarse sand and granule- to small pebble-sized gravel; poorly sorted;
subangular to subrounded; brown 5YR 514)

IS 19 Sand, fine to coarse, with minor very coarse sand and granule-sized gravel; poorly sated; subangularto subrounded;
brown (7.5YR 5/4)

19 22 Gravelly sand, mcdiwn to coarse, with some fine and minor very coarse sand and granule- to medium pebble-sized
gravel; poorly sorted; subangular to sufrounded; brown (7.5Th 5/4)

22 23 Gravelly said, medium to coarse, and granule- to lwgc pebble-sized gravel with minor fine and very coarse sand;
poorly sorted; subangular to rounded; brown (7.5YR 5/4)

23 24 Sand, medium ID coarse, with some fine and very coarse sand and minor granule- to large pebble-sized gravel; poorly
sorted; suhangular 10 rounded; brown (7.5YR 5/4)

24 27 Sand, medium to coarse, with some fine and minor very coarse sand, and granule-sized gravel; poorly sorted;
subangular to subrounded; brown (7.5YR 5/4)

27 28 Sand, medium to coarse, with some fine and minor very coarse sand to small pebble-sized gravel; poorly sorted;
subangular lo subrounded; brown (7.SYR 5/4)

28 32 Gravelly sand, medium to coarse, granule- to medium pebble-sized gravel, and minor fine and very coarse sand; poorly
sorted; subangular to subrounded; brown (7.SYR 5/4)

35 Data 1mm a Thick Unsaturnted Zone Underlymg Ore Grande and Sheep Creek Washes in the Western Pa,t of the Mojave Desert California



Table 2, lilliologic log ft. unsatrirated-zune nfrkoing site UOGW near Victorviile. San Bernardino County. Calilornia—Cunflnued

(It)
Description

32 33 Gravelly sand, fine to coarse, granule- to mediwn pebble-sized gravel with minor very coarse sand; poorly sorted;
subangular to rounded. brown (75YR 5/4)

33 35.5 Sand. coarse, with some fine to medium and minor very coarse sand, and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded; dark brown (7.5Th 3/2)

353 36.5 Sand, medium to coarse, with some very coarse and minor fine sand, and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded; dark brown (7.SYR 3/2)

36.5 37.5 Sand. fine to medium, with some minor very fine and coarse to very coarse sand, and granule- to large pebble-sized
gravel; poorly sorted; subangular to subrounded; dark brown (7SYR 3/2)

37.5 405 Sand, fine to medium, with some coarse, minor very fine and very coarse sand, and occasional granule- to large pebble-
sized gravel; poorly sorted; subangular to sijbrounded; dark brown (7.5YR 3/2)

40.5 41.5 Slightly gravelly sand, line to medium, with some granule- to large pebble-sized gravel, coarse and minor very coarse
sand; poorly sorted, subangular to rounded: dark brown (7.SYR 3/2)

415 42.5 Slightly gravelly sand, line to medium, with sonic coarse sand and granule- to medium pebble-sized graveL and minor
very coarse sand; poorly sorted; angular to subrounded; dark brown (7SYR 3/2)

42,5 455 Slightly gravelly sand. fine to coarse, with some granule- to large pebble-sized gravel, and minor very coarse sand;
poorly sorted; subangular to subrounded; dart brown (7.SYR 3)2)

45.5 465 Sand, fine to medium, with some very line, some coarse, and minor very coarse sand; poorly sorted; subangular to
subroun&d brown (7.5YR 5/4)

46,5 50.5 Gravelly sand, medium to coarse, with granule to medium pcbble’sized gravel; minor fine and very coarse sand. poorly
sorted; subangular to subrounded; dark brown (7.5YR 312)

50,5 515 Sand, very fine to fine, with some silt, minor medium to very coarse sand, and granule- to noll pebble-sized gravel;
poorly sorted; angular to rounded; sand is made of schisi; gray (IOYR 5/1)

515 57 Slightly gravelly sand, very fine to medium, with some minor coarse to very coarse sand, and granule- to large pebble-
sized gravel; poorly sorted; subangular to rounded; grayish brown (IOYR 5/2)

57 58 Slightly gravelly sand, very fine to medium, with minor coarse to very coarse sand, and granule- to small pebble-sized
gravel; poorly sorted; subangular to subrounded; grayish brown (IOYR 5/2)

58 60 Slightly gravelly sand, fine to coarse, with some very coarse sand, and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded; grayish brown (IOYR 5/2)

60 61 Gravelly sand, fine to coarse, granule- to medium pebble-sized gravel, with some very line and very coarse sand;
poorly sorted; subangular to subrounded; grayish brown (IOYR 5/2)

SI MS Gravelly sand, fine to medium, with granule- to large pebble-sized gravel, minor very fine and coarse to very coarse
sand; poorly sorted; subangular to rounded; grayish brown (IOYR 5/2)

64.5 66 Sand, fine to medium, with some coarse sand, minor very fine and very coarse sand, and occasional granule- to small
pebble-sized gravel; poorly soned subangular to subroundcd grayish brown (IOYR 5/2)
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Tale 2. Utholagic log for unsaturated-zone monitoring site UOGW near VictorviHe. San Bernardino County, Cafifornia—Continued

66 73 Gravelly sand, fine to medium, and granule- to large pebble-sized gravel with some very fine and coarse to very coarse
sand; poorly sorted; subangular to subrounded; grayish brown (IOYR 512)

73 75 Slightly gravelly sand, very line to fine, with minor granule- to small pebble-sized gravel, some medium La very coarse
sand; poorly sorted; angular to subrounded; grayish brown (IOYR 512)

75 iS Gravelly sand, very fine to fine, and granule- to medium pebble-sized gravel, minor medium to very coarse sand;
poorly sorted; angular to subrounded; grayish brown (1 OYR 5/2)

78 80 Sand, very fine to fine, with minor mednim to coarse sand, occasional very coarse sand, and granule- to small pebble-
sized gravel; poorly sorted; subangular to subroundert grayish brown (1OYR 5)2)

80 82 Slightly gravelly sand, very fine to medium, with some granule- to medium pebble- sized gravel, minor coarse to very
coarse sand, poorly sorted. angular to subrounded; grayish brown (IOYR 5/2)

82 86 Silty sand, very fine to fine, with trace to minor clay; poorly sorted; angular to subrounded; grayish brown (I OYR 5/2)

86 88 Sand, very fine lo fine, with some medium, minor coarse to very coarse sand, and occasional granule or small pebble-
sized gravel; poorly sorted; angular to subrounded; grayish brown (IOYR 5)2)

88 90 Sand, fine to medium, with some very fine and coarse to very coarse sand, minor granule- to small pebble-sized gravel;
poorly sorted; angular to subrounded; brown (IOYR 5/3)

94) 91 Sand, very fine to fine, with minor medium to very coarse sand, occasional granule- to large pebble-sized gravel;
moderately sorted; subangular to subrounded; brown (IOYR 5/3)

91 92 Slightly gravelly sand, fine to medium, with minor granule- to medium pebble-sized gravel, minor coarse to very
coarse sand; poorly sorted; subangula’ to subrounded; brown (IOYR 5)3)

92 93 Gravelly sand, fine to medium, and granule- to medium pebble-sized gravel, with some coarse and very coarse sand;
poorly soiled; angular to subrounded; brown (10Th 513)

93 95 Slightly gravelly sand, fine to medium, with minor granule- to medium pebble-sized gravel and coarse to very coarse
sand; poorly sorted; subangular to subrounded; brown (10Th 5/3)

95 96 Gravelly sand, fine to medium, granule- to medium pebble-sized gravel with some coarse to very coarse sand; poorly
sorted, sitangular to subrounded; brown (10Th 5/3)

96 97 Slightly gravelly sand, fine to coarse, minor granule- to small pebble-sized gravel, some very coarse sand: poorly
sorted, subangular to subroundcd, brown (7.SYR 5/4)

97 101 Gravelly sand, fine to medium, granule- to large pebble-sized gravel with some minor coarse to very coarse sand;
poorly sorted; angular to rounded; brown (7.SYR 5/4)

101 102 Sand, fine to medium, with some very fine, minor coarse sand, some occasional very coarse sand, and granule- to
medium pebble-sized gravel; moderately sorted; subangular to submunded; brown (7.SYR 5/4)

102 103 Sand, fine to medium, with sonic very fine, minor coarse to very coarse sand, and occasional granule- to medium
pebble-sized gravel; moderately sorted, sitangular to subrounded; brown (lOUt 5/3)

103 104,5 Gravelly sand, fine to medium, granule- to large pebble-sized gravel, minor coarse to very coarse sand: poorly sorted:
angular to subrounded, scliist grayish brown (2-5 YR 5)2)

3* Data train a Thick Uesatueted Zaire UndedØg Ore trends and Sheep Creek Wishes in lbs Westan Pan of the Mauve Desert California



Table 3. Lithologic log for unsaturated-zone monitoring site M0t5W near Victorville, San Bernardino County, California

[incarion shown in figure I. Altitude of land surface, approximately 3,530 ft Depth is in feet below land surface. Soil and rock color notation from Munsell
Color (1994). Drilled by U.S. Geological Survey using ODEX to 200 feetand air rotaiy to 700 feet, January 1995. Total depth drilled 700 ft. Screened
interval: 630470 ft. Construction dala and instrumentation given in table I and figure 6. ft. foot]

From
Description

0 6
Claycy sand, fine to medium, with some coarse to very coarse sand; poorly sorted; angular to subrounded; reddish
brown (SYR 4/4)

6 9
Clayey sand, very fine to fine, with some clay and medium to coarse sand; poorly sorted; subangular to subrounded;
yellowish brown (IOYR 5)4)

9 12
Sand, ttry fine to fine, with some medium to very coarse sand and silt; poorly sorted; subangular to subrounded;
yellowish brown (IOYR 5/4)

12 155
Sand, fine, with some very fine to very coarse sand and silt; poorly sorted; subangular to subruunded; yellowish brown
(IOYR 5/4)

155 175
Slightly gravelly saul, medium to very coarse, with some fine sand and some granule- to small pebble-sized gravel;

- very poorly sorted; angular to subrounded; yellowish brown (IOYR 5/4)

175 21
Slightly gravelly sand, fine to medium, with some very fine to very coarse sand and granule- to small pebble-sized
gravel; very poorly sorted; angular to subrounded; yellowish brown (IOYR 5/4)

21 fl
Slightly gravelly sand, fine to medium, with some clay, very fine and coarse to very coarse sand, and granule-sized
gravel; very poorly sorted; subangular to rounded; yellowish brown (IOYR 5/4)

22
Slightly claycy sand, fine to medium, very fine and coarse to very coarse sand, and occasional granule-sized gravel;
poorly sorted; subangular to subrounded; yellowish brown (IOYR 5/4)

Gravelly sand, fine to medium, with some silt very fine and coarse to very coarse sand, and granule- to medium
pebble-sized gravel; poorly sorted; angular to subrounded; yellowish brown (1OYR 5/4)

Slightly gravelly sand, fine to medium, with some silt, very fine and coarse to very coarse sand, and granule- to
medium pebble-sized gravel; very poorly sorted; angular to subrounded; yellowish brown (IOYR 5/4)

25
Sand, fine to medium, some very fine and coarse to very coarse sand, and occasional granule-sized gravel; poorly
sorted; subangular to subrounded yellowish brown (IOYR 514)

Slightly gravelly sand, fine to coarse, with some silt, very fine and very coarse sand, and granule- to small pebble-sized
27 29.5 gravel, and occasional medium to large pebble; very poorly sorted; subangular to rounded; yellowish brown

(IOYR 5/4)

295 325
Sand, coarse to very coarse, with some fine to medium sand; poorly sorted; subangular to subrounded; yellowish brown
(IOYR 5/4)

32-5
Sand. coarse to very coarse, with some fine to medium sand; poorly sorted; subangular to subrounded; yellowish brown
(1OYR 5/4)

Sand, coarse, with some medium to very coarse sand and occasional granule-sized gravel; poorly sorted; subangular to
subrounded; yellowish brown (IOYR 5/4)

43 Gravelly sand, medium to coarse, with some fine and very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; subangular to subrounded; yellowish brown (IOYR 5/4)
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TableS. Lithologic log for unsaturated-zone monitoring site MOGW nearVictorville, San Bernardino County, California—Continued

Depth Pt)
From To

Description

495 525 Clayey sand, fine to medium, with some coarse to very coarse sand; poorly sorted; subangular to subrounded;
• yellowish brown (IOYR 5/4)

$
Claycy sand, medium to coarse, with some very coarse and granule-sized gravel; poorly sorted; subangular to

•
subrounded; yellowish brown (IOYR 5/4)

Slightly gravelly sand, medium with someday. fine and coarse to very coarse sand, and granule- to large pebble-sized
• gravel; very poorly sorted; subangular to rounded; yellowish brown (IOYR 514)

Sand, medium to coarse, with some fine and very coarse sand and granule- to small pebble-sized gravel; poorly sorted,
- subangular to subrounded; yellowish brown (IOYR 5/4)

595 61 5
Gravelly sand, medium to coarse, with some fine and very coarse sand and granule- to small pebble-sized gravel;

•
poorly sorted; subangular to subrounded; yellowish brown (IOYR 514)

61.5 675
Clayey sand, fine to medium, with some occasional coarse to very coarse sand: moderately soned subangular to
subrounded; yellowish brown (IOYR 5/4)

675 fl
Gravelly sand, fine to medium, with some day, coarse to very coarse sand, and granule- to medium pebble-sized

- gravel; poorly sorted; angular to subrounded; yellowish brown (IOYR 514)

,,
Slightly gravelly sand, medium, with some fine and coarse to very coarse sand, and occasional granule- to small

• pebble-sized gravel; poorly sorted; subangular to subrounded; yellowish brown (IOYR 5/4)

Sand, fine to medium, with some wry fine and coarse to very coarse sand, and occasional granule- to small
•

‘ pebble-sized gravel; poorly sorted; subangular to subrounded; yellowish brown (IOYR 5/4)

Gravelly sand, fine to medium, some coarse to very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; subangular to rounded: dark grayish brown (IOYR 4/2)

90 100 Clayey sand, very fine to fine, with occasional medium to very coarse sand; moderately sorted; subangular to
subrounded; yellowish brown (IOYR 5/4)

100 105 Clayey sand, fine, with very fine to coarse sand; moderately sorted; subangular to subrounded; yellowish red (5YR 5/6)

105 115
Gravelly sand, fine to coarse, with some very coarse sand and granule- to medium pebble-sized gravel; poorly sorted;
subangular to subrounded; yellowish brown (IOYR 5/4)

115 125
Sand, fine to medium, with some very fine and coarse to very coarse sand and occasional granule- to small pebble-sized
gravel; poorly sorted; subangular to subrounded; dark grayish brown (IOYR 4/2)

125 155
Slightly gravelly sand, fine to coarse, with some very coarse sandand granule-sized gravel; poorly sorted; subangular
to subrounded; schist; dark grayish brown (IOYR 4/2)

155 160 Sand, fine to medium, with some very fine sand and silt; well-sorted; angular to subrounded; grayish brown (IOYR 5/2)

160
Sand, fine to medium, with somc silt, very fine and very coarse sand, and occasional granule- to small pebble-sized

- gravel; poorly sorted; subangular to rounded very pale brown (IOYR 7/4)
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Table 3. Lithologlc log for unsaturated-zone monitoring site MOOW near Victorville, San Bernardino County. California—Continued

Depth (if)
From To

Desedptlon

5
Sand, fine to medium, with some silt, and very fine and coarse sand; moderately sorted; angular to subrounded, very
pale brown (IOYR 7/4)

l98S 2195
Sand. very fine to fine, with some silt and medium to very coarse sand; poorly sorted; subangular to rounded; light
brownish gray ClOTh 6/2)

219S
Silty sand, very fine to fine, with some medium to very coarse sand and occasional granule- [0 small pebble-sized
gravel; poorly sorted; subangular to subrounded; yellowish brown (IOYR 5/4)

245 265
Sand, fine, with some very fine and medium to very coarse sand and some slight clay and granule-sized pcbbles; very
poorly sorted; subangular to rounded; yellowish brown (IOYR 5/4)

26$ fl5
Slightly gravelly sand, fine to medium, with some silt, very fine and coarse to very coarse sand, and granule- to
medium pebble-sized gravel; very poorly sorted; angular to subrounded; yellowish brown (IOYR 5/4)

285 290
Sand. fine, with some medium, and occasional very fine and coarse to very coarse sand; moderately sorted; subangular
to subrounded; yellowish brown (IOYR 5/4)

290 295
Sand, very fine to fine, with some silt and medium to very coarse sand; poorly sorted; angular to subrounded; pale
brown (IOYR 6/3)

295 300
Sand, very fine to fine, with some silt and occasional medium sand; well-sorted; angular to subrounded; pale brown
(IOYR 6(3)

300 310
Slightly gravelly sand, fine, with some silt, very fine and medium to very coarse sand, and granule- to small
pebble-sized gravel; very poorly sorted; angular to subrounded; pale brown (IOYR 6/3)

310
Sand, very fine to fine, with some silt and medium sand; moderately sorted; angular to subrounded; yellowish brown
(IOYR 5/4)

34(J
Slightly gravelly sand, very fine to fine, with some silt, medium to very coarse sand, and granule-sized gravel; poorly
sorted; subangular to subroundect pale brown (IOYR 6(3)

350 370
Sand. coarse, with some fine to medium and very coarse sand and occasional granule- to medium pebble-sized gravel;
poorly sorted; angular to subrounded; light yellowish brown (IOYR 6(4)

370 380
Silty sand, very fine to fine, with silt and some medium to very coarse sand and occasional granule- to medium
pebble-sized gravel; poorly sorted; angular to subrounded; pale brown (I OYR 6/3)

380 390
Gravelly sand, coarse to very coarse, with some fine to medium sand and granule- to medium pebble-sized gravel;
poorly sorted; angular to subrounded; pale brown (IOYR 6/3)

3%
Gravelly sand, fine, with some silt, very fine and medium to very coarse sand, and granule- to large pebble-sized gravel;
poorly sorted; subangular to subrounded: light brownish gray (IOYR 6/2)

400 410
Gravelly sand, coarse, with some fine to medium and very coarse sand and granule- to medium pebble-sized gravel;
poorly sorted; subangular to rounded; yellowish brown (IOYR 5/4)

410 430 Sandy gravel, granules to large pebbles, with some fine to very coarse sand; poorly sorted; subangular to subrounded;
yellowish brown (tOYR 5/4)
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Table 3. Uthologic log for unsaturated-zone monitoring site MOGW nearvictorville, San Bernardino County. California—Continued

Depth Pt)
From To

DesCnptlon

430 450
Gravelly sand, fine to medium, wilh some silt, very fine and coarse to very coarse sand, and granule- 10 medium
pebble-sized gravel; poorly sorted; subangular to subrounded; grayish brown (IOYR 5/2)

450 470
Silty sand, very fine to fine, with occasional medium to very coarse sand; poorly sorted; subangular to rounded; pale
brown (IOYR 6/3)

470 480 Silty sand, very fine to fine, with occasional medium to very coarse sand and granule- to small pebble-sized gravel:
poorly sorted; subangular to subrounded; pale brown (IOYR 6/3)

480 490
Sand, coarse to very coarse, with some silt to medium sand and occasional granule- to small pebble-sized gravel;
poorly sorted; angular to subrounded; yellowish brown (IOYR 5/6)

490 10
Gravelly sand, very fine to fine, with some silt medium to very coarse sand, and granule- to medium pebble-sized
gravel; poorly sorted; subangular to subrounded; light brownish gray (2.5Y 6/2)

Gravelly sand, medium to coarse, with some very fine to fine sand and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded; olive gray (5Y 5/2)

5
Gravelly sand, fine to medium, with some silt, very fine and coarse to very coarse sand, and granule- to small
pebble-sized gravel; poorly sorted; subangular to subrounded; light brownish gray (IOYR 6/2)

5%
Gravelly sand, fine to coarse, with some silt very fine and very coarse sand, and granule- to large pebble-sized gravel;
poorly sorted; subangular to rounded; light brownish gray (IOYR 6/2)

670 Sand, very fine to fine, with some silt and occasional medium to very coarse sand; moderately sorted; subangular to
subrounded; light brownish gray (IOYR 6/2)

670
Slightly gravelly sand, medium to coarse, with some fine and very coarse sand, and granule- to medium pebble-sized
gravel; poorly sorted; subangular to subrounded; light brownish gray (IOYR 6/2)

700
Gravelly sand, medium to coarse, with granule to large pebble-sized gravel and some fine sand; poorly sorted; angular
to subrounded; light brownish gray (IOYR 6/2)
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Table 4. Lithologic log for unsaturated-zone monitoring site LOGW-I near Victorville, San Bernardino County. California

[Location shown in figure I. Altitude of land surface, approximately 3.190 rt Depth is in feet below land surface. Soil and rock cokrnotaticn from Munsell
Color (1994). Drilled by US. Geological Survey using ODEX. December 1-4, l994. Totaldcpth dulled 103 ft Construction dab and instrumentation
givcn in table I and fIgure 7. ft. (ccii

Depth (It)

From To

0 4

4 II

II 16

Description

Sand, coarse, some medium; well-sorted; subangular to subrvunded moderate yellowish brown (IOYR 5/4)

Sand, medium, some fine to very coarse; moderately sorted; angular to subrounded; dark yellowish brown (10Th 4)2)

Slightly gravelly sand, medium, with some fine to very coarse sand and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded; dark yellowish brown (IOYR 4/2)

16 22 Gravelly sand, medium, with some fine to very coarse sand and granule- to medium pebble-sized gravel; poorly sorted;
subangular to subrounded, dark yellowish brown (10Th 4)2)

22 24 Sand, medium to coarse, with some fine sand and occasional granule- to small pebble-sized gravel; moderately sorted;
subangular to subrounded; dark yellowish brown (IOYR 4/2)

24 25 Sand, medium to coarse, some fine; well-sorted; subangular to subrounded; moderate yellowish brown (IOYR 5/4)

25 26 Silty sand, fine to medium, with some coarse and clayey silt; poorly sorted; subangular to subrounded; moderate
yellowish brown (IOYR 514)

26 21 Silty sand, very fine to medium, with some clay and silt; poorly sorted; subangular to submunded; dusky yellowish
brown (10Th 2/2)

27 30 Sand. medium, with some very fine to coarse; moderately sorted; subangular to subrounded; dark yellowish brown
(IOYR4/2)

30 31 Sand, medium to coarse, with occasional fine and coarse sand; moderately sorted; sulnngular to subrounded; dark
yellowish brown (IOYR 4/2)

31 37 Sand, fine to medium, with some very line and occasional coarse to very coarse sand; well-sorted; subangular to
subrounded, moderate yellowish brown (IOYR 5/4)

37 38 Slightly gravelly sand, fine to medium, with some very fine and coarse to very coarse, and occasional granule- to
medium pebble-sized gravel; poorly soiled; subangular to subrounded; moderate yellowish brown (10Th 5/4)

38 40 Sand, medium, with some fine and occasional coarse to very coarse; moderately sorted; subangular to subrounded;
moderate yellowish brown (IOYR 5/4)

40 41 Slightly gravelly sand, medium to coarse, with some fine and very coarse, and occasional granule- to small pebble-
sized gravel; poorly sorted; subangular to subrounded; dark yellowish brown (IOYR 4/2)

41 42 Gravelly sand, medium, with some fine to very coarse sand and granule- to medium pebble-sized gravel; poorly sorted;
subangular to subrounded; dark yellowish brown (IOYR 4/2)

42 46 Sand, fine to medium, with some coarse to very coarse, and occasional granule- to small pebble-sized gravel;
moderately sorted; subangular to subrounded; dark yellowish biown (I OYR 4/2)

46 47 Sand, medium, with some fine and occasional coarse to very coarse sand, and granule- to small pebble-sized gravel;
moderately sorted; subangular to subrounded, dark yellowish brown (IOYR 4/2)
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Table 4. Utlologic log for unsaturated-zone monitoring site 1.0GW-i near Victorville. San Bernardino County. Califomia—Continued

Depth Itt) -

From To

47 48 Slightly gravelly sand, fine to medium, with some coarse to very coarse sand and granule- to medium pebble-sized
gravel; poorly sorted; subangular to subrounded; dark yellowish brown (10Th 4/2)

48 50 Sand, fine to medium, with some very fine to very coarse; moderately sorted; subangular to subrounckd; dark yellowish
brown (IOYR 412)

50 53 Sand, very fine to fine, with some medium; well-sorted; subangular to subrounded: moderate yellowish brown
(I0YR 5/4)

53 55 Sandy clay, with some very fine to fine sand; well-sorted; subangular to subrounded; dark yellowish brown (10Th 412)

55 60 Silty sand, fine to medium, some very fine sand and clayey silt; moderately sorted, subangular to sutwoundcd clark
yellowish brown (10Th 4/2)

60 65 Sand, fine to medium, with some very fine to coarse; well-sorted; subangular to subrounded dark yellowish brown
(10Th 412)

65 72 Sand, fine to medium, with some very fine; well-sorted; subangular to subrounded; dark yellowish brown (1OYR 4/2)

72 75 Silty sand, vy fine to fine; well-sorted, subangular to subrounded; dark yellowish brown (10Th 4/2)

75 76 SaM, very fine to fine, with occasioriai medium; well-sorted; subarigular to subroundcd; dark yellowish brown
(IOYR 4/2)

76 77 Clayey sand, very fine, with some clay; well-sorted, subangular to subrounded dark yellowish brown (10Th 4/2)

77 80 Silty sand, fine, with some very fine sand and clayey silt; moderately sorted; subangular to subrounded; dark yellowish
brown (IOYR 4/2)

80 82 Sand. very fine to fine: well-sorted; subangular to subrowided; dark yellowish brown (IOYR 4/2)

82 85 Sand, very fine to fine; well-sorted, subangular to submunded; moderate yellowish brown (10Th 5/4)

85 86 Sand, fine, with some very fine to course sand and occasional medium pebble-sized gravel; poorly sorted; subangular to
rounded; dark yellowish brown (10Th 4/2)

86 87 Sand, very fine to fine, with some medium to very coarse sand; moderately sorted; subangular to subrounded; dark
yellowish brown (10Th 4/2)

87 89 Silty sand, very fine to fine, with some clayey silt; moderately sorted; subangular to subrounded; dark yellowish brown
(10Th 4/2)

89 90 Sand. medium, some very fine to coarse; moderately sorted; subangu Jar to subrounded; dark yellowish brown
(10Th 4/2)

90 91 Sand, fine, some very fine to medium; well-sorted; subangular to subrounded; dark yellowish brown (10Th 4/2)

91 92 Sand, very fine to fine; well-sorted; subangular to subrounded; dark yellowish brown (IOYR 4/2)
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Table 4. Lithologic log rot unsaturated-zone monitoring site 10GW-I near Victorville, San Bernardino County. California—Continued

Depth itt)
From To

Description

92 95 Sand, vay fine to fine, some silt; well-sorted; subangular to subrounded; dark yellowish brown (I OYR 412)

95 100 Sand, very fine to fine, well-sorted; subangular to subrounded; dark yellowish brown (IOYR 4(2)

100 101 Silty sand, very (Inc. with ctayey silt; wcll-soncd subangular w siktanxled; dark yellowish brown (IOYR 4(2)

101 103 Sand, vet)’ fine to fine, with sonic medium; well-sorted, subangular to subroonded; dark yellowish brown (IOYR 4.2)
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Table 5. Uthologic log for unsaturated-zone monitorin9 site LOGW-Z near Victorville, San Bernardino County, California

ILocation shown in figure I. Altitude of land surface, approximately 3.205 ft. Depth is in feet below land surface. Soil and rock color notation from Munsell
Color (1994). Drilled by U.S. Geological Survey using ODEX. January 10-I I, 1997. Total depth drilled 104 ft Cc,,struction dab and instrumenbtion given
in table I anti figure 8. ft. foot)

Description

0 4
Sandy silt, with some very fine and minor fine to very coarse sand and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded; dark yellowish orange (IOYR 6/6)

.

Silty sand, very fine, minor fine to very coarse sand and granule- to small pebble- sized gravel; poorly sorted; angular
to subrounded; approximately 20 percent gray clay flakes; dark yellowish orange (IOYR 6/6)

Silty sand. very fine, with minor fine to very coarse sand and granule- to large pebble-sized gravel; poorly sorted;
angular to rounded. schist rock fragments; moderate yellowish brown (IOYR 5/4)

9 11.5 Nosample

5 13 5
Gravelly silty sand, very fine to fine, with medium to very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; angular to rounded; rock fragments; greyish orange (I0YR 7/4)

135 145 Gravelly silty sand, very fine to fine, with medium to very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; angular to rounded; schist rock fragments; grayish orange (IOYR 7/4)

14.5 155
Gravelly silty sand, very fine to medium, with some coarse to very coarse sand and granule- to small pebble-sized
gravel; poorly sorted; subangular to subrounded; schist rock fragments; grayish orange (10Th 714)

155 17 Gravelly sand, fine to coarse, with granule- to medium pcbble-sizcd gravel, some silt, and very fine and very coarse
sand; poorly sorted; angular to rounded; schist and granite rock fragment mix; moderate yellowish brown (IOYR 5/4)

17 19
Gravelly sand, fine to coarse, granule- to medium pebble-sized gravel with some silt, and very fine and very coarse
sand; poorly sorted; angular to subrourtded; schist and granite rock fragments; moderate yellowish brown (IOYR 5/4)

19 20
Sandy gravel, granule- to large pebble-sized gravel, with some silt and very fine to very coarse sand; poorly sorted;
angular to rounded; schist rock fragments; moderate yellowish brown (IOYR 514)

20 21
Sandy gravel, granule- to large pebble-sized gravel, with some sill and very fine to very coarse sand; poorly sorted;
angular to rounded; moderate yellowish brown (IOYR 5/4)

21 fl
Silty sand, very fine, with some minor fine to very coarse sand, and granule- to medium pebble-sized gravel; poorly
sorted; angular to subrounded; grayish orange (1OYR 714)

22 24
Gravelly silty sand, very fine to fine, with some granule- to medium pebble-sized gravel and medium to very coarse
sand; poorly sorted; angular to subrounded; grayish orange (I OYR 7/4)

24 Sandy silty gravel, granule- to large pebble-sized gravel, with some silt and minor very fine to very coarse sand; poorly
sorted; angular to subrounded; rock fragments; grayish orange (10Th 7/4)

26
Silty sand, very fine, with some minor fine to very coarse sand; poorly sorted; subangular to subrounded; grayish
orange (IOYR 7/4)

26 27
Silty sand, very fine, with some minor fine to wry coarse sand; poorly sorted; subangular to subrounded; moderate
yellowish brown (IOYR 5/4)

46 Data from a Tbiclt Unsaturated Zone Underlying Ore Graside aed Sheep Creek Washes In die Western Partof the Mojave Desert California



Table 5. Lithologic lag for unsaturated-zone monitoring site LOGW-2 near Victorville, San Bernardino County. California—Continued

Depth Ift)
Descdptlon

From To

27
Sandy silt, very fine, with minor fine to very coarse sand, and granule- to large pebble-sized gravel; poorly sorted;
subangular to subrounded; grayish orange (IOYR 714)

29 30
Slightly gravelly sandy silt, with very fine sand, some minor tine to very coarse sand, and granule- to large pebble-sized
gravel; poorly sorted; angular to subrounded; grayish orange (IOYR 714)

30 31
Sandy silt, with sonic very fine to very coarse sand, and minor granule- to large pebble-sized gravel; poorly sorted;
angular to subrounded; grayish orange (I DIR 714)

31 32
Gravelly silt with sonic granule- to medium pebble-sized gravel and very fine to very coarse sand; poorly soned;
angular to rounded; grayish orange (IOYR 7/4)

32 34
Sandy silt with some very fine to very coarse sand, and occasional granule- to large pebble-sized gravel; poorly sorted,
angular to subrounded; grayish orange (IOYR 7/4)

Silt, with minor very fine (avery coarse sand, moderately sorted, subangular to subrounded, grayish orange
(IOYR 7/4)

Sandy silt, with very fine and minor tine to very coarse sand and occasional granule- to medium pebble-sized gravel;
poorly sorted; subangular to subruunded, grayish orange (IOYR 714)

Sandy silt, with wry fine to fine sand, and sonic nrdiwn to very coarse sand, and minor granule- to medium pebble-
sized gravel; poorly sorted; subangular to subroundixi; grayish orange (IOYR 7/4)

Silty sand, nrdium to very coarse, with sonic very fine to fine sand and minor granule- to medium pebble-sized gravel;
poorly sorted; subangular to subrounded; moderate yellowish brown (IOYR 5/4)

Sandy sift, with very fine, and some fine to vay coarse sand and occasional granule- to small pebble-sized gravel;
poorly sorted; angular to subrounded; grayish orange (IOYR 7/4)

40 41
Sandy silt with very fine and some fire to very coarse sand, and minor granule- to small pebble-sized gravel; poorly
soiled; subangular to subrounded; yellowish gzq (5’Y 7/2)

41 42
Slightly gravelly sand, very fine to line, with sane granule- to medium pebble-sized gravel, sonic sill, and medium to
very coarse sand; poorly sorted; subangular to rounded: grayish orange (IOYR 7/4)

42 44
Silt, with minor very fine to very coarse sand and granule- to small pebble-sized gravel; moderately sorted; angular to
subrounded; dusky yellow (5Y 6/4)

Silt, with minor very line to very coarse sand and occasional granule- to small pebble-sized gravel; poorly sorted;
subangular to subrounded; dusky yellow (5Y 6/4)

Silt, with occasional very fine sand to granule-sized gravel; moderalely sorted; subangular to subrounded; dusky yellow
(5Y 614)

46
Silt, with occasional very fine sand to granule-sized gravel; well-sorted; subangular to subroundcd; dusky yellow
(5Y 6/4)

47 51 Sift, with occasional very line to very coarse sand; well-sorted; subangular to subrounded; grayish orange (IOYR 7/4)
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TableS. Lithologic log for unsaturated-zone monitoring site LOGW-2 nearVictarville, San Bernardino County, Calitornia—Condnued

Depth itt)
Description

From To

51 52
Sandy silt, with some very fine and occasional fine to coarse sand; well-sorted; subangular to subrounded: dark
yellowish orange (IOYR 616)

52 54
Sandy silt, with very fine and some fine lo very coarse sand; moderately sorted: subangular to subro4mdcd; moderate
yellowish brown (IOYR 5/4)

Sandy silt, with some very fine to fine and occasional medium to very coarse sand, and granule- to small pebble-sized
gravel; poorly sorted; subangular to subroundet moderate yellowish brown (1OYR 5/4)

55 56
Sandy silt, with some very fine to fine sand and occasional medium sand to small pebble-sized gravel: poorly sorted;
subangular to subrounded, moderate yellowish brown (IOYR 5/4)

Sandy silt, with some very fine sand and occasional fine to very coarse sand; moderately sorted; subangulat to
subrowded; moderate yellowish brown (10Th 514)

Sandy sill, with some very fine to fine sand and occasional medium to very coarse sand; moderately sorted; subangiilar
to subrounded; moderate yellowish brown (IOYR 514)

Sandy sill, with very fine to fine sand and occasional medium to very coarse sand and granule-sized grave!; moderately
sorted; subangular to subrounded; moderate yellowish brown (IOYR 5/4)

Silty sand, very fine, with minor fine to very coarse sand and occasional granule-sized gravel; moderately sorted;
subangular to subrounded; moderate yellowish brown (IOYR 514)

61 62
Sandy silt, with very fine, minor fine to coarse, and occasional very coarse sand; moderately sorted; subangtilar to
subrounded; moderate yellowish brown (IOYR 5/4)

62
Sandy silt, with very fine and minor tine to very coarse sand; moderately sorted; subangular to subrounded; grayish
orange (IOYR 7/4)

67
Sandy silt, with very fine and minor fine to coarse sand; moderately sorted; subangular to subrounded; grayish orange
(IOYR 7/4)

67
Sandy silt, with very fine and minor tine to very coarse sand; moderately sorted; subangular to subrounded; grayish
orange (IOYR 7/4)

70
Sandy silt, with very fine and minor fine to coarse with occasional very coarse sand moderately soiled; subangular to
subroundet grayish orange (IOYR 7/4)

70 71
Silty sand, very fine, minor fine to coarse sand; moderately sorted, subangular to subrounded; grayish orange (IDYR 7/
4)

71
Silty sand, very fine, with some minor fine to medium and occasional coarse sand; moderately sorted; subangular to
subrounded, grayish orange (I0YR 7/4)

72 14
Sandy silt, very fine sand, with minor fine to very cse sand, moderately sated; subangular to subtoundect grayish
orange (IOYR 7/4)

Sandy sill, very fine sand wilh minor fine to coarse sand: moderately sorted; subangular to subrounded grayish orange
(10Th 7/4)
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TableS. Lithologic log for unsaturated-zone monitoiing site LOGW-2 near Victorville, San Bernardino County. California—Continued

Depth (It)
From To

Descsiption

75 76
Sandy silt with very fine, minor fine to medium, and occasional coarse to very coarse sand: moderately sorted;
subangu lar to subrounded; grayish orange (1 0YR 7/4)

76 77 Silt, with minor very fine to very coarse sand; well-sorted; subangular to subrounded; grayish orange (1 OYR 714)

77 81
Sandy sill, with very fine and minor fine to very coarse sand; moderately sorted; subangular to subrounded; grayish
orange (10Th 714)

81
Slightly gravelly sand, fine to medium, with granule- to medium pebble-sized gravel, some silt and very fine to very
coarse sand; poorly sorted; angular to rounded; schist; pale yellowish brown (IOYR 6/2)

82 84
Sandy sill, with very fine, minor fine to medium, and occasional coarse to very coarse sand, and granule- to small
pebble-sized gravel; poorly sorted subangular to subrounded; schist; pale yellowish brown (IOYR 6/2)

84 85
Sandy silt with very fine, and minor fine to very coarse sand, and occasional granule- to small pebble-sized gravel;
poorly sorted; subangular to subrounded; pale yellowish brown (IOYR 6/2)

85
Sandy silt with very fine and some fine to very coarse sand, and occasional granule- to small pebble-sized gravel;
poorly sorted; subangular to rounded: schist; pale yellowish brown (10Th 612)

86 87
Silty sand, very fine to fine, with some minor medium to very coarse sand and granule-sized gravel; poorly sorted;
subangular to subrcunded; sdiist; pale yellowish brown (10Th 6/2)

87
Sandy silt, very fine, with minor fine to medium, occasional coarse to very coarse sand, and granule- to large pebble-
sized gravel; poorly sorted; subangular to rounded; schist; pale yellowish brown (1 OYR 6/2)

89
Slightly gravelly sandy silt, with very fine and minor fine to very coarse sand, and granule- to medium pebble-sized
gravel; poorly sorted; subangular to subrounded; schist; pale yellowish brown (IOYR 6/2)

90 91
Sandy silt with very fine, and some fine to very coarse sand, and occasional granule- to small pebble-sized gravel;
poorly sorted; subangular to subrounded; scNsi pale yellowish brown (IOYR 6/2)

91
Sandy silt with very fine to fine, and minor medium to very coarse sand; poorly sorted; subangular to subrounded;
schist; pale yellowish brown (IOYR 6/2)

Sandy silt, with very fine and some fine to very coarse sand and occasional granule- to small pebble-sized gravel;
poorly sorted; subangular to subrounded; schist; pale yellowish brown (IOYR 6/2)

Silt, with minor very fine and occasional medium to very coarse sand; well-sorted; subangular to subrounded; schist;
pale yellowish brown (1OYR 6/2)

95 96
Sandy silt, with very fine and minor fine sand; well-sorted: subangular to subrounded: pale yellowish brown
(IOYR 6/2)

96 97 Silt, with minor very fine sand; well-sorted; subangular to subrounded; pale yellowish brown (IOYR 6/2)

Sandy silt, with very fine, minor fine, and occasional medium to very coarse sand and granule- to small pebble-sized
gravel; poorly sorted; subangular to subrounded; pale yellowish brown (IOYR 6/2)
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Table 5. Litliologic log for unsawrated-zone monitoring site LOGW-2 near Victorville, San Bernardino County. California—Continued

Depth ift)
Description

From To

100
Sandy silt, with very fine, minor fine In medium sand, and occasional coarse sand; well-sorted; suhangular In
subrounded; pale yellowish bmwn ( IOYR 6/2)

Silty sand, very fine, with fine and minor medium to coarse; well-sorted; subangular to subrounded; pale yellowish
brown (10Th 6/2)

101 102 Silty sand, very fine, some fine to medium; well-sorted, subangular to subrounded; pale yellowish bmwn (IOYR 6/2)
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Table L Littiologic log tar unsaturated-zone monitoring site 10GW-S nearvictorville, San Bernardino County, California

ILocation shown in figure I. Altitude of land surface, approximately 3.195 ft. Depth is in fret below land surface. Soil and rock color notation from Munsell
Color (1994). Drilled by U.S. Geological Survey using ODEX. Jammry 12. 1997. ThaI depth drilled 57 ft. Constniction data and instrumentation given in
rable I arid figure 9. ft foca}

F.
Siky sand, very fine to fine, with some medium to very coarse sand, granule to medium to very coarse sand, and gran
ule- to medium pebble-sized gravel; poorly sorted: subangular to subrounded; yellowish brown (IOYR 5/4)

10
Sand, fine to medium, with some very fine, coarse to very coarse sand, and granule- to medium pebble-sized gravel;
poorly sorted; subangular to subrounded; yellowish brown (10Th 5/4)

Sand. fine, with some very fine to very coarse sand and granule- to small pebble-sized gravel; poorly sorted; subangular
to subrounded, yellowish brown (IOYR 5/4)

15 17
Sand, fine to medium, with some very fine to very coarse sand and granule- to large pebble-sized gravel; poorly sorted;
subangular to subrounded; schist rock fragments; yellowish brown (IOYR 514)

Il 19
Gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; angular to subrounded; yellowish brown (IOYR 5/4)

19 21
Slightly gravelly sand, fine to medium, with some very fine to very coarse sand and granule- to medium pebble-sized
gravel; poorly soned; angular to subrounded; pale yellowish brown (10Th 6/2)

21
Gravelly sand, fine to medium, with some silt, very fine to very coarse sand and granule- to large pebble-sized gravel;
poorly sorted; angular to subrounded, pale yellowish brown (IOYR 6/2)

23 25
Slightly gravelly sand, fine, with some silt, very fine to very coarse sand and granule- to large pebble-sized gravel;
poorly sorted; angular to subrounded; pale yellowish brown (IOYR 6/2)

Silty sand, very fine to fine, with scene medium to very coarse sand and granule- to medium pebble-sized gravel; poorly
sorted; angular to subrounded; moderate yellowish brown (IOYR 5/4)

Silty sand, very fine to fine, with some medium to very coarse sand and occasional granule- to small pebble-sized
gravel; moderately sorted; subangular to subrounded; moderate yellowish brown (ICYR 5/4)

29 32
Silty sand, very fine to fine, with some medium to very coarse sand and granule-sized gravel; moderately sorted; suban

gular to subrounded; moderate yellowish brown (10Th 5/4)

32 37
Slightly gravelly sand, fine to coarse, with sonic silt, very fine to very coarse sand, and granule- to large pebble-sIzed
gravel; poorly sorted; angular to subrounded; yellowish brown (1OYR 5/4)

37 Slightly gravelly sand, fine to medium, with some silt, very fine to very coarse sand, and granule- to large pebble-sized
gravel; poorly sorted; angular to subrounded; moderate yellowish brown (IOYR 5/4)

Sandy silt, with some very fine, minor fine to very coarse sand, and granule- to small pebble-sized gravel; poorly
sorted; subangular to subrounded: moderate yellowish brown (10Th 5/4)

_________
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Table 1. Litbologlc log for unsaturated-zone monitoring site OGF near Victoiville, San Bernardino County, California

(Lncaticn shown in figure I. Altitude of land surface, approximately 3,225 ft. Depth is in feet below land surface. Soil and rock color nelation from Munscll
Color (1994). Drilled by U.S. Geological Survey using ODEX. December54. 1994. Tolal dq,th drilled 103 r. Cczistn,ction data and instrumentation given
in (able I and figure 10-ft. feoti

Depth (It)
Description

From To

0 2
Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular to subrounded; dark yellowish brown
(IOYR 412)

2 9
Sand, very line to very coarse, skewed toward rnediwn, minor silt; moderately well sorted; angular to subrounded;
moderate yellowish brown (IOYR 5/4)

9 10
Sand, very fine to very coarse, skewed toward fine, some silt; moderately well sorted; angular to subrounded; moderate
yellowish brown (10Th 5/4)

10 II Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular to subrounded; dark yellowish brown
(IOYR 4/2)

IS
Silty sand. very line to very coarse, skewed toward fine; moderately well sorted; angular to subrounded; dark yellowish
brown (IOYR 4/2)

15 16
Silty sand, very fine to very coarse, skewed toward fine; well-sorted: angular to subrounded; dark yellowish brown
(IOYR 4/2)

16 17
Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular to subroundeil; dark yellowish brown
(IOYR 4/2)

17 19 Sand, very fine to very coarse, with some gravel granules, minor silt; poorly sorted; even distribution; angular to
subroundcd; moderate yellowish brown (10Th 5/4)

19 20 Sand, very fine to very coarse, with minor gravel granules, minor silt moderately sorted; even distribution; angular to
subrounded; moderate yellowish brown (IOYR 514)

Sand. very fine to very coarse, with some gravel granules and pebbles, minor silt; poorly sorted; even size distribution;
angular to subroundcd; moderate yellowish brown (IOYR 5/4)

Sand, very fine to very coarse, skewed toward fine, with some silt; well-sorted; angular to subrounded; moderate
yellowish brown (IOYR 5/4)

24
Sand, very fine to coarse, skewed toward fine, some silt well-sorted; angular to subrounded; dark yellowish
brown (IOYR 4/2)

Sand, very fine to coarse, skewed toward fine; moderately well sorted; angular biotite to subrounded quartz; dark
yellowish brown (IOYR 4/2)

29
Sand, very fine to very coarse, with mitmr gravel granules; poorly soiled; angular to subrounded; moderate yellowish
brown (IOYR 5/4)

32
Sand, fine to very coarse, with minor gravel granules; poorly sorted; even dislribution; angular to subroumled;
moderate yellowish brown (IOYR 5/4)

32 33
Sand. very fine to very coarse, skewed toward fine, some silt; well-sorted; angular to subrounded; dart yellowish brown
(10Th 4/2)
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Table 7. Lithologic log for unsaturated-zone monitoring site OGF near Victorville. San Bernardino County, California—Continued

Depth Ut)
DescriptIon

From To
Sand, fine to very coarse, with some gravel granules and pebbles; poorly sorted; even distribution; angular to
subrounded; moderate yellowish brown (IOYR 514)

Sand, very fine to medium, skewed toward finc, sonic silt, trace gravel granules; well-sorted; angular to subrounded,
dark yellowish brown (10Th 4/2)

35 36 Silty sand, very fine to medium, skewed toward fine; well-sorted; angular to subrounded: dark yellowish brown
(IOYR 4/2)

36 39
Sand, very fine to very coarse, sonic silt, some gravel granules; poorly sorted. even distdbution angular to sttrounded
moderate yellowish brown (IOYR 5/4)

39 40
Silty sand, very fine to wry coarse, skewed toward fine, with tace gravel granules; well-sorted: angular to subrounded;
dark yellowish brown (IOYR 4/2)

41 Sand, very fine to very coarse, skewed toward medium; moderately well sorted: angular to subreunded; moderate
yellowish brown (IOYR 514)

41 42 Sand, fine to very coarse, with some gravel granules and pebbles; poorly sorted; angular to subrounded; moderate
yellowish brown (IOYR 5/4)

42 44 Sand, fine to very coarse, with minor gravel granules; poorly sorted; even distribution; angular to subrounded.
moderate yellowish brown (IOYR 5/4)

Sand, fine to very coarse, skewed toward medium; moderately well sorted; angular to subrounded; moderate yellowish
brown (IOYR 5/4)

Sand, fine to very coarse, skewed toward coarse, with some gravel granules; moderately sorted; angular to subrounded:
dark yellowish brown (IOYR 4/2)

46 47 Sandy clay, very fine to very coarse, with some gravel granules and pebbles; poorly sorted; angular to subrounded;
moderate yellowish brown (IOYR 5/4)

Silty sand, very fine to medium, skewed toward fine; well-sorted; angular to subrounded; dark yellowish brown
(IDYR 4/2)

49 Silty sand, very fine to medium, skewed toward fine; wcll-sc,ted; angular to subrounded. moderate olive brown
(SY 4/4)

50 51 Claycy said, very fine to medium, skewed toward fine, sonic silt; well-sorted; angular to subrourided, moderate
yellowish brown (IOYR 514)

51 52
Silty sand, very fine to medium, skewed toward fine, with minor to trace clay; well-sorted, angular to subrounded;
moderate yellowish brown (IOYR 5/4)

Silty sand, very fine to coarse, skewed toward fine; moderately well sorted; angular to rounded; light olive brown
(SYR 516)

56
Silty sand, vet)t fine to very coarse, skewed toward fine; moderately well sorted; angular to subrounded; light olive
brown (SY 5/6)
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Table 7. Uthologic log for unsaturated-zone monitoring site OGF nearVictorville. San Bernardino County, California—Continued

0rth (H)
Description

From To
56 57 Sand, very fine to coarse, skewed toward fine; well-sorted: angular to subrounded; moderate olive brown (5Y 4/4)

Sand, fine to very coarse, skewed toward coarse, with some gravel granules; moderately sorted; angular to subrounded;
light olive brown (5Y 5/6)

61
Sand, very fine to very coarse, skewed toward fine, with some silt moderately sorted; angular to subrounded; moderate
olive brown (5Y 4/4)

62 63
Silty sand, very fine to medium, skewed toward fine; very well sorted; angular to sufrounded; moderate olive brown
(5Y 5/4)

63 66 Sand, fine to very coarse poorly sorted; even distribution; angular to subrounded light olive brown (5Y 5/6)

Sand, fine to very coarse, skewed toward medium, with some gravel granules and pebbles; moderately sorted; angular
to rounded; moderate olive brown (5Y 4/4)

67
Sand, fine to very coarse, skewed toward medium; moderately well sorted; angular to subroundeit moderate olive
brown (5Y 4/4)

70
Sand, fine to very coarse, skewed toward medium, with trace gravel granules; moderately well sorted; moderate olive
brown (5Y 4/4)

70 71
Sand, fine to very coarse, with some gravel granules; poorly sorted; even distribution; angular to subrounded: moderate
olive brown (5Y 4/4)

71 73
Sand, fine to very coarse, skewed toward medium; moderately well sorted: angular to subrounded; moderate olive
brown (5Y 4/4)

Sand fine to very coarse, skewed toward medium, with trace of gravel, pebbles; moderately sorted angular to
subrounded; moderate olive brown (5Y 4/4)

Sand, fine to very coarse, skewed toward coarse, with some gravel granules; moderately sorted; angular to subrounded;
moderate olive brown (SY 4/4)

Sand, fine to very coarse, skewed toward mediurn moderately sorted; angular to subrounded; light olive brown
(5Y 5/6)

Sand, very fine to coarse, skewed toward fine, with minor silt; well-sorted; angular to subrounded; niodenilc olive
brown (5Y 4/4)

Sand, very fine to very coarse, skewed toward fine, with some silt well-sorted; angular to subrourxled, moderale olive
brown (5Y 4/4)

81 82 Silty sand, very fine to coarse, skewed toward fine; well-sorted; angular to subrounded; moderate olive brown (5Y 4/4)

82 84 Sand, very fine to very oaarse, with minor silt poorly sorted; angular to subrounded, moderate olive brown (SY 4/4)

Sand, very fine to very coarse, skewed toward fine, minor silt: moderately well sorted; angular to subrounded; moderate
olive brown (5Y 4/4)
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TableS. Uthologic log for unsaturated-zone monitoring site USCW near Victorville. San Bernardino County, California

Llcation shown in figure I. Altitude of land surface, approximately 4.180 ft. Depth is in feet tielow land surface. Soil and rock color notation from Munsell
Color (1994). Drilled by tJ.S. Geological Survey usingODEX. Dccenitcr 5—13. 1995. ‘Ibtal depth drilled 101 ft. Construction data and instrumentation
given in table I and figure II. ft. foot)

Depth (frI
From To

o 2

Description
—

— Sandy gravel, granule to large pebbles, with some fine to very coarse sand; poorly sorted; subangular to rounded;
schist, quartz miens; dark greenish gray (50 4/I)

2 4
Sandy gravel. granule- to large pebble-sized gravel with some fine to very coarse sand; poorly sorted; angular to
rounded, schist. quartz, rnicas greenish black (50 2/1)

4 6
Gravelly sand, coarse, with sonic fine to very coarse sand arid granule- to small pebble-sized gravel; poorly sorted,
angular to subrourided, sd’iist, quartz miens; greenish black (50 2/!)

6 8
Gravelly solid, coarse, with soar fine to very coarse sand mid granule- to large pebble-sized gravel; poorly sorted:
angular to subrounded, sctiist; greenish black (50 211)

Sandy gravel, granule- to large pebble-sized, with sonic fine to very coarse sand; poorly sorted; angular to subrounded;
schist; greenish black (50 211)

9 10
Sandy gravel, granule- to large pebble-sized. with sonic medium to very coarse sand; poorly sorted: angular to
rounded; schist; greenish black (50 2/I)

Sandy gravel, granule- to medium pebble-sized, with some fine to very coarse sand; poorly sorted; angular to
subroutided; sehist; greenish black (50 211)

II 12
Sandy gravel, granule- to medium pebble-sized, and some coarse to very coarse sand; poorly sorted; angular to
subrounded; schist; greenish black (50 211)

12 13 No sample collectcd

13
Gravelly sand, medium to coarse, with sonic fine to very coarse sand and granule- to medium pebble-sized gravel;
poorly sorted; angular to subrounded; schist; clerk yellowish brown (IOYR 4/2)

15 16
Gravelly sand, medium to ‘try coarse, with some fine sand and granule- to large pebble-sized gravel; poorly sorted;
angular to subrounded; schist: dark yellowish brown (IOYR 412)

16 17
Gravelly sand, fine to coarse, with sour very coarse sand and granule- to large pebble-shed gravel; poorly sorted;
angular to subrounded; schist dark yellowish brown (1 OYR 412)

17 18
Gravelly sand, fine to coarse, with some very coarse sand and granule- to large pebble-sized gravel; poorly sorted;
angular to subrounded; schist dark yellowish brown (I DYR 412)

Is
Gravelly sand, fine to coarse, with sonic very coarse sand and granule-to medium pebble-sized gravel; poorly sorted;
angular to subrounded; dark yellowish brown (I OYR 412)

21
Gravelly sand, medium to coarse, with some fine to very coarse sand and grariilc- to medium pebble-sized gravel;
poorly sorted, angular to subcc*inckd; schist dark yellowish brown (IOYR 412)

21
Sightly gravelly sand, medium to coarse, with some fine to very coarse sand arid granule-sized gravel; rnodnely
sorted; subangular to subrounded; schist; dusky yellowish brown (10Th 2/2)

Gravelly sand, medium to very coarse, with sonic granule- to medium pebble-sized gravel; poorly sorted; angular to
rounded; sdiisl; dusky yellowish brown (IOYR 212)
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TableS. Lithologic log for unsaturated-zone monitoring site USCW near Victorville, San Bernardino County. California—Continued

Depth(ft)
Descnpt.on

From To
Gravelly sand, very coarse. with some granule- to medium pebble-sized gravel; moderately sorted: angular to rounded;
alive gray (5Y 3/2)

25
Slightly gravelly sand, fine to coarse, with some very coarse sand and granule- to small pebble-sized gravel; poorly
sorted; subangular to rounded; schist olive gray (SY 3/2)

Gravelly sand, fine to coarse, with some very axse sand and granule- to small pebble-sized gravel; poorly soiled;
angular to rounded; schist; olive gray (SN’ 3/2)

Gravelly sand, coarse to very coarse, with some medium sand and granule- to small pebble-sized gravel: poorly sorted;
angular to rounded; schist olive gray (5Y 3/2)

28 30 Gravelly sand, line to coarse, with some very coarse sand and granule- to medium pebble-sized gravel; poorly sorted;
angular to rounded schist olive gray (SY 3/2)

Sand, fine to medium, with some very fine to coarse sand, occasional vesy coarse sand, and granule- to large pebble-
sized gravel; moderately sorted; subangular to subrounded; schist; olive gray (5Y 312)

31 32
Gravelly sand, fine to coarse, with some very coarse sand and granule- to large pebble-sized gravel; poorly soiled;
subangular to rounded; schist; olive gray (SY 3/2)

32 33
Gravelly sand, coarse to very coarse, with some medium sand and granule- to small pebble-sized gravel; moderately
sorted; angular to subrounded; schist; olive gray (5Y 3/2)

Sandy gravel, granule- to medium pebble-sized, with some fine to very coarse sand; poorly soiled; angular to
subrounded; schist; grayish olive green (5GY 3/2)

35 36
Sandy gravel, granule- to large pebble-sized, with some coarse to very coarse sand; poorly sorted; subangular to

rounded, grayish olive green (SGY 3/2)

36 31
Gravelly sand, coarse to very coarse, with some medium sand and granule- to large pebble-sized gravel; poorly sorted;
angular to rounded; schist olive gray (5Y 312)

37 38 Sand, medium to coarse, some fine; well-sorted; angular to subrounded; schist; olive gray (SY 3/2)

38
Sand, medium to coarse, with some fine to very coarse sand; moderately sorted; angular to subrounded; schist; olive
gray (SY 3/2)

41 Gravelly sand, coarse to very course, with some fine to medium sand and granule-sized gravel; moderately sorted;
angular to subrowxled schist olive gray (SN’ 3/2)

41 42
Gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to medium pebble-sized gravel;
poorly sorted; angular to subrounded; olive gray (SY 3(2)

42 43
Gravelly sand, fine to coarse, with some very coarse sand and granule’ to large pebble-sized gravel; poorly sorted;
subangular to rounded; olive gray (SY 3/2)

43
Gravelly sand, medium, with some fine to very coarse sand and granule- to medium pebble-sized gravel, poorly sorted;
angular to subrounded, schist olive gray (SY 3/2)
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Table 8. Litbologic log for unsaturated-zone monitoring site IJSCW near VictoMlle. San Bernardino County. California—Continued

Depth Ift)
Description

From To

45 46 Gravelly sand, medium, with some fine to very coarse sand and granule- to medium pebble-sized gravel; poorly sorted:
angular to subrounded, schist; olive gray (SY 312)

Graveliy sand, medium to coarse, with some fine to very coarse sand and granule- to medium pebble-sized gravel;
poorly sorted; angular to subrounded; schist olive gray (5Y 312)

47
Gravelly sand, medium, with some fine to coarse sand and granule- to small pebble-sized gravel; poorly sorted;
subangular to subrounded; schist; olive gray (5’? 3/2)

48 50
Gravelly muddy sand, coarse, with some medium to very coarse sand and granule- to large pebble-sized gravel mixed
with silty clayey mud; very poorly sorted; angular to rounded; schist; olive gray (5Y 3/2)

Gravelly sand, coarse to very coarse, with some granule- to medium pebble-sized gravel; poorly sorted; angular to
rounded; schist; olive gray (SY 3/2)

51 52 Slightly gravelly sand, coarse, with some medium to very coarse sand and occasional granule-sized gravel; moderately
soiled; angular to subrounded; olive gray (5’? 3/2)

52 53
Gravelly sand, medium to coarse, with some fine to very coarse sand and some granule- to medium pebble-sized
gravel; poorly sorted; angular to subrounded; schist; olive gray (SY 3/2)

53
Gravelly sand, medium to coarse, with some fine to very coarse sand and some granule- to medium pebble-sized
gravel; poorly sorted; schist; olive gray (5Y 3/2)

56 58
Sand, medium to coarse, with some fine sand and occasional granule- to small pebble-sized gravel; moderately sorted;
subangular to subrcunded; schist; olive gray (5’? 3/2)

58 60 Sand, medium to coarse, some fine sand; well-sorted; subangular to subrounded; schist olive gray (5’? 3/2)

61 Gravelly sand, fine to coarse, with some granule- to large pebble-sized gravel; poorly sortcd; subangular to rounded;
schist; olive gray (SY 312)

61 62 Slightly gravelly sand, medium, with some fine to coarse sand and granule- to small pebble-sized gravel; poorly sorted;
subangular to rounded; schist; olive gray (SY 3/2)

Sand. coarse, with some medium sand and occasional small pebble-sized gravel; well-sorted; subangular to
subrounded; schist; olive gray (5Y 312)

63 65
Gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; subangular to rounded; schist; olive gray (5’? 3/2)

Gravelly sand, coarse to very coarse, with some fine to medium sand and granule- to small pebble-sized gravel; poorly
sorted; angular to subrounded; schist olive gray (SY 3/2)

Gravelly sand, coarse to very coarse, with some fine to medium sand and granule- to small pebble-sized gravel; poorly
sorted; angular to rounded; schist; olive gray (5’? 3/2)

Slightly gravelly sand, coarse, with some medium to very coarse sand and occasional granule- to small pebble-sized
gravel; moderately sorted; angular to subrounded; schist; olive gray (5Y 3/2)
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Table 8 Lithologic log for unsaturated-zone monitoring site USCW near Victorville, San Bernardino County. California—Continued

Depth itt)
Description

From To

70
Slightly gravelly sand, medium. with some fine to wry coarse sand and occasional granule- to small pebble-sized
gravel; moderately sorted; subangular to rounded; schist; olive gray (5Y 312)

70 71
Gravelly sand, coarse lo very coarse, with some fine to medium sand and granule- to large pebble-sized gravel; poorly
sorted; schisi; olive gray (5Y 3)2)

71 72
Gravelly sand, medium to coarse, wilh some fine to very coarse sand and granule- to small pebble-sized gravel; poorly
soiled; subangular to munded schist; olive gray (SY 3/2)

72 73
Gravelly sand, medium to coarse, with some fine to very coarse sand and some granule- to medium pebble-sized
gravel; poorly sorted; subangular to rounded; schisl; olive gray (SY 3/2)

73 76
Gravelly sand, fine to coarse, with some very coarse sand and granule- to small pebble-sized gravel; poorly soiled.
suhangular to subrounded olive gray (SY 3/2)

76 ‘7 Gravelly sand, fine to coarse, with some very coarse sand and granule- to medium pebble-sized gravel; poorly sorted;
subangular to rounded; olive gray (5Y 3)2)

77 78
Sandy gravel, granule- to medium pebble-sized, with seine medium to coarse sand; poorly sorted: sungular to
rounded; olive gray (5Y 3/2)

78
Gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to medium pebble-sized gravel;
poorly sorted; angular to rounded; olive gray (5Y 312)

Gravelly sand. rneditnn to coarse. with seine fine to very coarse sand and granule- to small pebble-sized gravel; poorly
sorted; angular to rounded; olive gray (ZY 3/2)

84
Slightly gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to medium pebble-sued
gravel; poorly sorted; angular to subroun&d olive gray (SY 3/2)

84
Gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to very large pebble-sized gravel;
poorly sorted; subangular to rounded; olive gray (5Y 3/2)

86 88
Sandy graveL granule- to small pebble-sized. with some medium pebble-sized gravel and fine to very coarse sand;
poorly soited subangular to rounded; olive gray (SY 3/2)

Gravelly sand, medium to very coarse, with some granule- to medium pebble-sized gravel; poorly sorted; angular to
rotmded; olive gray (SY 3/2)

Gravelly sand, medium 10 very coarse, with seine granule- to snail pebble-sized gravel; poorly sorted; subangular to
subrounded; olive gray (5Y 3/2)

92 Gravelly sand, medium to very coarse, with some granule- to large pebble-sized gravel; poorly sorted; subangular to
subrounded; olive gray (5Y 3/2)

Gravetly sand, fine to medium, with some coarse to very coarse sand and granule- to large pebble-sized gravel; poorly
sorted; subangular to subrounded; schist; olive gray (SY 3/2)

96 98 Slightly gravelly sand, medium to coarse, with some fine to very coarse sand and granule- to small pebble-sized gravel;
poorly sorted; subangular to subrounded; schist; olive gray (SY 3/2)
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Table 9. Uthologic log for unsaturated-zone monitoring site MSCW-l and 2 near Victorville, San Bernardino County. California

[Location shown in figure 1. Altitude of land surface, approximately 3.505 ft. Depth is in feet below land surface. Soil and rock color notation front Munsell
Cob (1994). Dulled by U.S. Geological Survey using ODEX to 400 ft. air rotary to 660 ft; March-April 1996. Total depth drilled 660 ft. Screened inter
val: 606-626 ft. Consm,ccicm data and instrumentation given in cable I and figure 12. ft. foot]

Depth (It)
DescrIption

From To

0 2
Sand. very fine to very coarse, skewed toward fine, some gravel granules and minor pebbles; moderately sorted;
angular to subangular dusky green (SY 312)

2 6
Sand, very fine to very coarse, skewed toward medium; moderately sorted; angular to subangular; grayish green
(50 412)

6 8
Gravelly sand, very fine to very coarse, abundant gravel granules and pebbles; poorly sorted: angular to subangular;
grayish green (50 4/2)

8 9 Sand, some gravel granules, minor gravel pebbles; poorly sorted; angular to subangutar; grayish green (50 4/2)

9 12
Sand, very fine to very coarse, skewed towani fine, trace gravel granules and pebbles; moderately sorted; angular to
subangular grayish green (50 4/2)

12 14
Silty sand, very fine to very coarse, skewed toward fine, minor gravel granules; moderately sorted: angular to
subroundcd; grayish olive (tOY 4/2)

14 IS
Sand, very fine to very coarse, skewed toward medium, minor gravel granules; moderately sorted; angular to
subrounded; dusky green (50 312)

IS 16
Sand, very fine to very coarse, skewed toward coarse, minor gravel granules and pebbles; moderately sorted: angular
to subangulan dusky green (50 3(2)

16 22 Sand, very fine to very coarse, minor gravel granules; poorly sorted; angular to subangular grayish green (50 412)

22 26 Gravelly sand, very fine to very coarse; poorly sorted; angular to subangulan grayish green (50 4/2)

26 27
Silty sand, very fine to medium, skewed toward line, well-sorted; angular to subrounded; dusky yellow green
(SOY 512)

27 29
Sand, very fine to very coarse, skewed toward medium, minor gravel granules; moderately sorted: angular to
subangulan grayish green (SO 412)

29 31 Gravelly sand, very fine to very coarse; poorly sorted; angular to subangutar; grayish green (SOY 5)2

31 34
Silty sand, very fine to very coarse, skewed toward line, minor grave! granules and pebbles; well-sorted; angular to
subangulan dusky yellow green (50512)

Sand, very fine to very coarse, some gravel granules and minor pebbles; poorly sorted; angular to subangulan grayish
green (504/2)

35 36 Sand, some silt, some gravel granules; poorly sorted; angular to subangular; grayish green (50 412)

36 37
Sand, very fine to very coarse, some gravel granules and pebbles; poorly sorted; angular to suhangular; grayish green
(504/2)

37 38 Silty sand, very fine to medium, skewed toward fine; well-sorted; angular to subangulan dusky yellow green (SOY 5(2)
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TableS. Uthologic log for unsaturated-zone monitoring site MSCW-l and 2 near Victorville. San Bernardino County, California—Continued

Depth (It)
Description

From To
38 39 Gravelly sand, very fine to very coarse; poorly sorted; angular to subangular grayish green (50 5/2)

Silty sand, skewed toward fine, minor gravel granules and pebbles; moderately sorted; angular to subrounded; grayish
olive green (SOY 312)

40 41
Said, very fine to very coarse, some gravel granules, minor pebbles; poorly sorted; angular to subrounded; dusky green
(503/2)

4! 42
Sand, very fine to very coarse, skewed toward medium, sonic gravel granules, minor pebbles; moderately sorted,
angular to subangular; grayish olive green (SOY 312)

42 45 Sand, very fine to very coarse, skewed toward fine, some pebbles and granules, some silt; moderately sorted; angular to
sthangular grayish olive green (SOY 312)

Sand, very line to try coarse, some gravel granules and pebbles, minor sill: poorly sorted; angular to subangular;
grayish olive green (SOY 312)

Gravelly sand, very fine to very coarse, skewed toward coarse moderately sorted; angular to subrounded; grayish green
(504/2)

50 51 Sand, very fine to very coarse, skewed toward ncdiurn, minor gravel granules; well-sorted; angular to wbangular
grayish olive green (SOY 3/2)

51 52 Silty sand, very fine to fine; very well sorted, angulait dusky yellow green (SOY 5/2)

52 Silty sand, skewed toward fine, minor gravel granules and pebbles; well-sorted; angular to subrounded, dusky yellow
green (SOY 5/2)

60 62 Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular; dusky yellow green (SOY 5/2)

62 63 Silty sand, some gravel granules and pebbles: poorly sorted; angular to subrounded; grayish olive green (SOY 3/2)

63 64
Sand, skewed toward coarse, sonic gravel granules and pebbles; moderately sorted; angular to subrounded; dark
greenish gray (SOY 3/1)

64 73
Sand. tery fine to very coarse, skewed toward fine, some silt; very well soiled; angular to sthangnlar; dusky yellow
green (SOY 512)

73 75 Gravelly sand, very fine to very coarse; poorly sorted; angular to subangular; dark greenish gray (SOY 3/1)

75 76
Sand, very fine to very coarse, skewed toward medium, minor gravel granules; well-sorted; angular to subangular; dark
greenish gray (SOY 3/1)

76
Sand, very fine to very coarse, skewed toward fine, some sill, minor gravel granules and pebbles; well-sorted; angular
to subangular; grayish olive green (SOY 3/2)

80 82 Silty sand, very fine to very coarse, skewed toward fine, trace gravel granules and pebblcs; well-sorted; angulai
grayish olive green (SOY 3/2)
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Tabla 9. Lithologic log for unsaturated-zone monitoring site MSCW-1 and 2 near Victorville, San Bernardino County. California—Continued

Depth (ft - -

Description
From To

82 Sand. skewed toward fine, some silt, some gravel granules and pebbles; well-sorted; angular to subangular: dusky
yellow green (SOY 512)

85 88 Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular; dusky yellow green (SOY 4t2)

88 91
Silty sand, very fine to very coarse, skewed toward fine, minor gravel granules and pebbles; well-sorted; angular to
subrounded; grayish olive green (SOY 3/2)

91 92 Silty sand, very fine to medium, skewed toward fine; very well sorted; angular; grayish olive green (SOY 3/2)

92
Sand, very fine to very coarse, skewed toward medium, minor gravel granules; moderately sorted; angular to
subangular; dusky yellow green (SOY 5/2)

94 lOS Silty sand, very fine to coarse, skewed toward fine. minor to trace clay; well-sorted; angular; dusky yellow green
(SOY 5/2)

lOS 108 Silty sand, minor gravel granules and pebbles; poorly sorted; angular to subangular; dusky yellow green (SOY 512)

lOS 118
Sand, very fine to very coarse, skewed toward coarse, some gravel granules and pebbles, minor to trace silt; moderately
sorted; angular to subangular; grayish olive green (50Y 3/2)

118 120 Silty sand, very fine to coarse, skewed toward fine; well-sorted; angular; grayish olive green (SOY 3/2)

1 122
Silty sand, very fine to very coarse, skewed toward fine, some clay, trace gravel granules and pebbles; well-sorted;
angular to subangular moderate yellowish brown (IOYR 5/4)

122 128 Silty sand, very fine to fine; very well serial; angular; grayish olive green (SOY 3/2)

128 136 Silty sand, fine, trace granules and pebbles; well-sorted. angular to subrounded; grayish olive green (SOY 3/2)

136 140
Gravelly sand, very fine to very coarse, skewed toward coarse; well-sorted; angular to subrounded; greenish black
(SOY 2/I)

140 144 Silty sand, very fine to medium, skewed toward fine; very well-sorted; angular; grayish olive green (SOY 3/2)

144 148 Sand, very fine to very coarse, some gravel granules and pebbles; poorly sorted; angular; greenish black (SOY 2/I)

148 ISO
Oravelly sand, very fine to very coarse, skewed toward coarse; moderately sorted; angular to subrounded; greenish
black (SOY 2/i)

I 152
Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular to subangular; grayish olive green
(SOY 3/2)

152 154
Sand, very fine to very coarse, skewed toward coarse, minor gravel granules; moderately sorted; angular to subangular;
dark olive gray (5Y 3/I)

154 158 Silty sand, very fine to coarse, skewed toward fine; well-sorted; angular; dusky yellow green (SOY 5/2)
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Table 9. Llliiologic log for unsaturated-zone monitoring site MSCW-1 and 2 near Victorville. San Bernardino County, California—Continued

Depth Ift)
Description

From To

158
Sand, very fine to very coarse, skewed toward medium, some silt; moderately sorted; angular; grayish olive green
(SOY 3/2)

164
Silty sand, very fine to coarse, skewed toward fine, trace gravel granules; well-sorted; angular; grayish olive green
(SOY 3/2)

164 166 Sand, some sill, minor gravel granules and small pebbles; poorly sorted; angular; grayish olive green (SOY 3/2)

166 168 Silly sand, very fine to fine, some clay; very well sorted; angular; dusky yellow green (SOY 5/2)

170 Sand, very fine to very coarse, minor gravel granules; poorly sorted; angular to subrounded; grayish olive green
(SOY 3/2)

170 172 Sand, fine to very coarse, skewed toward coarse; well-sorted, angular to sutroonded; grayish olive green (SOY 3/2)

172 176
Sandy gravel, granules and pebbles, very fine to very ooarse sand; poorly sorted, angular to subrounded. grayish olive
green (SOY 3/2)

176 180 Nosarnple

180 190 Sand,vetyfinetoverycoasse

190 200 Sandy silty gravel, granules to tarse pebbles

200 215 Sand. very fine to medium; well-sorted: gray (lOY S/I)

215 235 Sand, very fine to medium; well-sorted; greenish gray (lOY 5/2)

235 240 Sand, very fine to medium; well-sorted, greenish gray (I OY 5/2). increase in coarse sand

240 250 Silty sand, fine to niedium well-sorted; olive gray (5Y 4/2)

250 260 Silty sand, increase of very coarse sand and gravel

260 265 Sand, very coarse

265 220 Silty sand, fine to medium; well-sorted; olive gray (SY 5/2)

280 290 Silty sand; yellowish brown (IOYR 5/4)

290 300 Sandy gravel, very rse

300 315 Silty sand, very fine to medium; well-sorted; olive gray (5Y 5/2)

315 320 Silty sand, some gravel

320 CORE: Silty sand, very fine to very coarse, minor granules to pebbles; moderately sorted; angular (0 subangular;
greenish gray (bY 6/I)
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Table 9. Lithologic log for unsaturated-zone monitoring site MSCW-l and 2 near Victorville, San Bernardino County. Cahtomia—Condnued

Depth Ift)
Descdptlon

From To
320 325

325 340

340 370

fl sand, very fine to medium; well-sorted

Silty sand, very fine to coarse; poorly sorted. greenish gray (SOY 612)

Silty sand, very fine to very coarse, skewed toward fine, trace gravel; well-sorted; angular to subangular olive (SY 513)

370 380
Silty sand, very fine to very coarse, skewed toward fine; well-sorted; angular to subangular; increase in coarse sand and
minor gravel granules; olive (5Y 513)

380 385 Color change lo yellowish brown (IOYR 514)

385 395 Color change to olive (5Y Sf3)

395 400 Increase in coarse sand

400 CORE: Sand, very fine to very coarse, sent granules; poorly sorted; angular to subangulan greenish gray (SOY 5/I)

400 440 Silty sand, fine to coarse; moderately sorted

440 500 Silty sand, very fine to fine; well-sorted

500 540 Silty sand, very fine to very coarse, abundant granules

540 660 No sample
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