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GROUND-WATER CONDITIONS IN AMARGOSA DESERT,
NEVADA-CALIFORNIA, 1952-87

By Kathryn C. Kilroy

ABSTRACT

Ground-water data collected in Amargosa Desert since 1952 are summarized and
discussed with special attention to measurements made during 1986-87. Contour maps of
predevelopment and current water tables, and a water-use map show the effects of long-
term pumping, as well as the influence of subbasin structure and a regional {low system
on water levels. Hydrographs for the Amargosa Farms area show significant water-level
altitude declines during the 1970’s and lesser declines during the 1980°s. A vertical-
gradient map shows areas of upward {low potential associated with freshwater limestone
deposits, outcrops of carbonate bedrock, and subbasin structures. In addition to recharge
by upward flow from the regional ground-water system, recharge is indicated along
intermittent streams that drain hydrographic areas to the north of the study area because
ground-water temperatures near these streams are close to the average annual air tempera-
ture. Maps showing hydrogeology, basin-fill lithology, Bouguer gravity anomalies, and
depth to water are included.

INTRODUCTION

Purpose and Scope

The purpose of this report is to document the ground-water potentiometric surface in Amargosa
Desert as of 1987, and to compile historical water-level data into a single document that will support
ongoing and anticipated studies. Preliminary interpretation of water-level changes, vertical hydraulic
gradients, and the effects of pumping on ground-water flow are also included.

Historical water-level measurements were compiled for wells that are part of four independent
observation well networks. The networks include: (1) wells measured since 1955 by the Nevada Division
of Water Resources in Amargosa Desert, (2) wells measured intermittently by the U.S. Geological Survey
since 1962 in Amargosa Farms and Ash Meadows, (3) wells measured yearly since 1960 by the U.S.
Geological Survey in Amargosa Desert, and (4) shallow wells constructed in 1983 at Franklin Lake playa
by the U.S. Geological Survey. Additional water-level measurements from 19 deep (2,000 feet) boreholes
recently drilled in sparsely populated arcas of Amargosa Desert where water-level data were previously
unavailable are also included. Water-level data collected during 1986-87 are presented in tabular form
along with historical data from numerous sources.
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Description of Hydrographic Area

Amargosa Desert hydrographic area (figure 1) is bounded by consolidated rocks of the surrounding
mountain ranges, and an arbitrary boundary along State Highway 95. Basin-fill material slopes southward
from a high alluvial fan at 5,000 feet in the Bullfrog Hills, to a low of 1,900 feet where Amargosa River
crosses the basin boundary into Greenwater Valley.

Amargosa Desert hydrographic area is a subbasin of the larger Death Valley drainage basin in southwest
Nevada and southeast California in the Great Basin physiographic province (figure 1). Intermittent streamflow
from the surrounding mountain ranges and five subbasins to the northeast discharges into Amargosa Desert via
Amargosa River, Crater Flat Wash, Fortymile Wash, Rock Creek, and Amargosa Flat Wash. Surface-water
outflow from Amargosa Desert occurs at the southern boundary of the basin into Greenwater Valley through
Amargosa River. The river, which traverses Amargosa Desert, is a dry wash most of the year. The study arca
conforms with the boundaries of Amargosa Desert hydrographic area designated by Rush (1968), which is
based on surface-water drainage basins. It encompasses about 896 mi? in Nye County, Nev., and 468 mi?*
in Inyo County, Calif.

A regional ground-water flow system that includes part of Amargosa Desert discharges at Ash Meadows
at the foot of the Resting Spring Range. The regional flow system includes a substantially larger area than
Amargosa Desert. This regional system extends from Jackass Flats in the west to the Sheep Range in the east,
and at least 60 miles to the north of Amargosa Desert (Winograd and Thordarson, 1975).

Previous Work

Studies of the hydrogeology of Amargosa Desert began in the mid 1950’s, concurrent with the opening
of Amargosa Farms to Desert Land Entry setilement. An extensive study by Walker and Eakin (1963) of the
southeastern two-thirds of Amargosa Desert included the collection of water-level and geochemical data, an
assessment of ground-water mass balance, and recognition of ground-water discharge at Ash Meadows in the
context of a regional ground-water flow system. Water-level data were also presented by Thordarson and
Robinson (1971), Larson (1973, 1974), Hanes (1976), Carson (1979, 1980), and Nichols and Akers (1985).
Water-level data for basins adjacent to Amargosa Desert were presented by Harrill (1982) and Robison (1984).

Numerous interpretive studies, pertaining especially to Ash Meadows and the Nevada Test Site, have
been published. Studies related to local aspects of ground-water flow were done by Johnston (1968) and
Darryll Leap (Purdue University, written communication, 1987). Regional studies focusing on Amargosa
Desert and contiguous basins have been done by Rush (1970), Naff (1973), Naff and others (1974), Winograd
and Thordarson (1975), Dudley and Larson (1976), and Winograd and Doty (1980). Studies including simula-
tion of ground-water flow beneath Amargosa Desert were done by Waddell (1982), Czarmecki and Waddell
(1984), Czarnecki (1985), and Rojstaczer (1987). Hydrochemical studies were done by Eakin and others
(1963), Winograd and Thordarson (1975), Winograd and Pearson (1976), and Claassen (1983).
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FIGURE 1.--Location of Amargosa Desert hydrographic area within the greater Death Valley drainage basin.
Hydrographic areas after Rush (1968).
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Numbering System for Wells and Springs

Amargosa Desert straddles the Nevada-California State line. A different well-numbering system is used
in each State; both systems are used in this report to permit each well to be numbercd compatibly for the State
in which it is located. A discussion of each system is given below.

Nevada System

The numbering system used in Ncvada is based on an index of hydrographic areas (Rush, 1968) and the
rectangular subdivision of the public lands referenced to the Mount Diablo base line and meridian. Each site
designation consists of four units separated by spaces: The first unit is the hydrographic area number. The
second unit is the township, preceded by an N or S to indicate location north or south of the base line. The
third unit is the range, preceded by an E to indicate location east of the meridian, The fourth unit consists of
the section number and letters designating the quarter section, quarter-quarter section, and so on (A, B, C, and
D indicate the northeast, northwest, southwest, and southcast quarters, respectively), followed by a number
indicating the sequence in which the site was recorded. For cxample (figure 2), site 230 S12 E47 19ADCl1 is
in Amargosa Desert (hydrographic arca 230), and is the first site recorded in the southwest quarter of the
southeast quarter of the northeast quarter of section 19, Township 12 South, Range 47 East, Mount Diablo
base line and meridian.

California System

Wells in the California part of Amargosa Desert are numbered according to their location in the rectan-
gular system for subdivision of public land, referenced to the San Bernardino base line and meridian. For
cxample, the well 230 N24 E0S O1R is in Amargosa Desert (hydrographic arca 230), and is the first well
recorded in the 40-acre subdivision designated R of section 1, Township 24 North, Range 05 East, San
Bernardino base line and meridian (figure 2).

Basic Data

The basic data on water wells and ground-water levels collected during this study are stored in the ground-
water sile inventory files of the U.S. Geological Survey National Water Data Storage and Retrieval System
(WATSTORE) data base. Retricvals of this information may be obtained through the U.S. Geological Survey
District Office in Carson City, Nev., or through any designated National Water Data Exchange (NAWDEX)
assistance center.

Method of Measurement

Water-level measurements were made during January-March 1987 in approximately 150 wells, New
and historical data for these and other wells in the previously established networks are presented in table 1.
Measurements were timed so that discharge due to pumping and evapotranspiration would be minimal and
water-levels would be at their highest levels for the year,
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Water-level measurements in wells and open boreholes were made primarily with a steel tape, but electric
tapes occasionally were used. Measurements were recorded to the hundredth of a foot and rounded in table 1
to the nearest tenth due to the possibility of errors resulting from: (1) tape stretching, (2) settling of casing,

(3) changes in barometric pressure, (4) evaporation of water on the tape while the tape was being removed
from the well, and (5) human error in reading the tape marks. Water-level accuracy from previous studies by
the U.S. Geological Survey and Nevada Division of Water Resources is also considered to be accurate to
within 0.1 foot. Accuracy of water-levels recorded on drillers’ logs is considered to be 11 foot.

For vertical gradicnts in nested piezometers and changes of water-level with time, the accuracy limit of
measurements is considered to be £0.1 foot. For water-level contours, and vertical gradients at well clusters,
accuracy is considerably less because of the inaccuracy of measuring land altitude. An accuracy limit of 0.1
foot for surveyed wells, x5 feet for wells in closely surveyed arcas such as Amargosa Farms, where land-
surface altitudes for each section corner appear on 15-minute maps, and £20 fect for all other wells is
considered reasonable.

Inaccuracies may also be made in evaluating the height of the measuring point above land surface, but
they are generally insignificant relative to the inaccuracies of measuring land-surface altitude. For all wells
visited in 1987, the height of the measuring point was evaluated with a steel tape read to the nearest 20.1 foot.
Measuring-point heights from older U.S. Geological Survey reports and the Nevada Division of Water
Resources are also considered to be accurate within this limit.

Another source of inaccuracy is the depth and length of well screen or uncased interval in a borchole.
Ideally, all wells measured for horizontal gradients would be screened at the same depth below the water table.
No correction for this effect was made because most production wells are screened 50 to 200 feet below the
water table. The greatest discrepancies occur where vertical gradients are stcep causing a substantial vertical
component of hydraulic head. No correction for this effect was made because of the paucity of vertical
gradient information relative 1o the distribution of wells measured for horizontal gradients.

HYDROGEOLOGY

Geologic Framework

Rocks cropping out in the mountain ranges adjacent to Amargosa Desert range from Precambrian to
Holocene in age and for the purposes of this report have been divided into four hydrogeologic units. From the
oldest to youngest, these are: (1) Precambrian and Cambrian quartzite and dolomite; (2) Ordovician, Silurian,
and Devonian dolomite and limestone; (3) Mississippian and Pennsylvanian limestone and interbedded shale;
and (4) Tertiary and Quaternary rhyolitic and basaltic volcanics. Semiconsolidated and unconsolidated
sediments of Tertiary and Quaternary age comprise a fifth hydrogeologic unit forming the basin fill. These
units are shown in table 2. This division largely follows the classification of Winograd and Thordarson (1975),
who identified the Lower Paleozoic sequence as an important aquifer of regional extent. Winograd and
Thordarson identified Mississippian clastic units as a separate confining unit but they are lumped here with
Pennsylvanian limestones because they crop out sparingly in the study area.



Several episodes of Mesozoic and Cenozoic tectonic deformation were important in the development
of Amargosa Desert hydrographic area (Carr, 1984). During the Cretaceous Sevier Orogeny, east-northeast
striking, northwest verging folding, and older-over-younger thrust faulting occurred in the Paleozoic scction
(Mesozoic rocks are largely absent from the study area). The Specter Range, Point of Rocks, and Montgomery
Thrusts were formed during this stress regime (plates 1 and 2.)

Following shortly, and continuing possibly into Middle Tertiary time, northwest-striking tear faults were
formed. Virtually the entire area of Amargosa Desert was affected by this tectonism. Transverse movement
along these features is on the order of tens of miles. More recent northwest-southeast oriented strain related
to this system has been accommodated by movement along the Furnace Creck Fault, in the southern part of
Amargosa Dcsert hydrographic area.

A northeast-trending zone of folds, normal faults, and topographic trends bisects Amargosa Desert,
cxtending from the southern Funeral Mountains to the Specter Range. This zone, termed the Spotted Range-
Mine Mountain fault zone (Carr, 1984) may be structurally related to an older tectonic regime; however, left-
lateral shear along it strongly suggests a conjugate relation with northwest-trending deformation of Late
Cretaceous and Early Tertiary age. A fault near Amargosa Valley (formerly called Lathrop Wells) and faults
in the southern Funeral Mountains may be related to this structural trend. Plate 2 shows the Bouguer gravity
contours for Amargosa Basin. Continuations of high-angle faults (such as Ash Meadows fault) from bedrock
into basin fill (Healey and Miller, 1971) are based largely upon these data.

Tertiary low-angle detachment faulting identified elsewhere in southeastern Nevada and in some places
associated with metamorphic core complexes has been suggested as the mechanism of deformation of the
Boundary Canyon fault in the Funeral Mountains (R.H. Moench, U.S. Geological Survey, written communica-
tion, 1965). Precambrian gneiss and schist in the footwall (core complex) are overlain by Cambrian dolomites
and Tertiary volcanic rocks in the hanging wall. Eagle Mountain and parts of the adjacent Resting Springs
Range have also been postulated as detachment faults (R.H. Moench, U.S. Geological Survey, written com-
munication, 1965), but the evidence is less certain as the detachment surface is not exposed.

Block faulting related to Basin-and-Range deformation appears to have occurred along pre-existing
structures of northeast and northwest orientation. A northwest-striking fault along the long axis of the basin
that is uplifted to the southwest is suggested by the outcrop pattern of Tertiary conglomerates (figure 3), but is
nowhere mapped in outcrop. Recent southward tilting of the basin is indicated by: (1) the tendency for
topographic lows and playas to lie at the southem edge of their respective subbasins; and (2) the tendency
of Amargosa River to traverse the southwest edge of Amargosa Desert.

The net effect of tectonism on ground-water flow is that intrabasin flow occurs along the boundaries of,
or is constrained by, northeast and northwest-striking faults and fault blocks. The role of thrust faults is more

subtle because this type of faulting can result in the duplication or deletion of aquifer units due to ramping of
the thrust surface.
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Basin-fill lithologies have been subdivided into {ive units on the basis of rock type, mean particle size,
degree of sorting, and induration (figure 3). These units are: (1) river-channel, (2) playa, and (3) alluvial-fan
sediments, (4) freshwater limestones, and (5) Tertiary conglomerates. River-channel sediments are generally
better sorted than alluvial-fan sediments, and grain size may range from clay to gravel. Playa sediments are fine
grained, and poorly to well sorted. Alluvial-fan sediments are pootly sorted silt, sand, and gravel that are {iner
grained away from the mountain front. Freshwater limestones consist chiefly of {ine-grained well-indurated,
vuggy limestones that are relatively permeable. Tertiary conglomeraies predominately are moderately indurated
alluvial-fan sediments. Rhyolite flows and tuffs intercalated with basin-fill sediments are known from drilling
records and outcrops adjacent to the basin, The interbedded volcanic rocks form leaky confining units
(Winograd and Thordarson, 1975).

Water-Level Altitudes

Contours of water-level altitudes in basin-{ill material arec shown on plate 1. Thesc contours were based
on measurements in wells less than 500 feet decp although some other wells do penetrate up to 2,000 fect of
basin-fill material. Contours indicate that the potentiometric surface in basin-fill material slopes southeast-
ward, parallel to the surface gradient of Amargosa River. Contours cross Bare Mountain, which is mostly
carbonate rock, at a right angle, suggesting that Bare Mountain does not act as a barrier 10 ground-water
flow. In the Amargosa Flat area, flow is southwestward toward the main axis of Amargosa Desert.

Figure 4 is a map showing depth to water in Amargosa Desert. Figure 4 shows depth to water for the
entire desert area. Areas with the greatest depth to water are at the north end of the basin near Bullfrog Hills,
and at the south end adjacent to the Greenwater Range. Areas with the shallowest depths to ground water are
in Amargosa Flat, Ash Meadows, and near Franklin Lakc playa.

A map of the potentiometric surface of the developed area (outlined on plate 1), made by using water-
level data collected in the 1950’s, is shown in figure 5. This map shows conditions during the least-developed
period for which a record exists. A potentiometric-surface map of the developed area for 1987 is shown in
figure 6. In areas where water-level data are abundant, the potentiometric surface is somewhat convoluted.
The convolutions may be a function of: (1) hydrogeology, including local variations in hydraulic conductivity
or subbasin geologic structure; or (2) pumpage of ground water. Undulations common to both the 1950’s and
1987 maps are probably related to local variations in hydrogeology, whereas differences between them may be
related to water use.

The most prominent feature common to figures 5 and 6 is a northwest rending area of steep gradient that
lies along strike of Ash Mcadows Fault and is considered to be a direct consequence of the fault (Winograd
and Thordarson, 1975). A ground-water high in the northwest corner of T, 16 S., R. 50 E. that is shown on
both maps lies along strike of the Ash Meadows fault where it intersects both a ridge in the buried Paleozoic
carbonate rocks and the trend of the Spotted Range-Mine Mountain fault zone. Another feature associated
with the Spotted Range-Mine Mountain fault zone is a northeast trending zone of steep gradient in the north-
west corner of T. 17 S., R. 49 E. These two features suggest that the Spotted Range-Mine Mountain fault zone
is an important conduit for regional flow. In this area, the Ash Meadows [ault appears to be a leaky dam to
flow from the northeast along the Spotted Range-Mine Mountain fault zone.
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An east-northeast trending "ridge” in the potentiometric surface is located in the northern half of T. 16 S.,
R. 48 E. The "ridge" coincides with the subbasin extension of the Rock Valley normal fault mapped by Healey
and others (1980, plate 1). This feature suggests that a weak connection between the regional flow system and
basin-fill material occurs along the contact of the faulted carbonate rocks with overlying basin-{ill material.

A northwestward deflection of the 2,260-foot contour in figure 6, creates a "trough” in the potentiometric
surface near the current channel of Amargosa River. This deflection may reflect higher hydraulic conductivity
of river channel sediments coupled with increased water use during the previous 30 years.

Figure 5, for the 1950’s, shows a low in the potentiometric surface in the southeast comer of T. 16 S.,
R. 48 E. (about 10 feet below that of adjacent areas). The net change in altitude of the potentiometric surface
between the 1950’s and 1987 is shown in figure 7. The area of greatest change (greater than 30 fect) is in the
area where the potentiometric surface was low in the 1950’s. A net water-level change of less than 10 feet
since the 1950’s is indicated for the Ash Meadows area.

Hydrographs for 14 wells in Amargosa Desert developed arca are shown in plate 3. The most rapid water-
level declines occurred in the Amargosa Farms area. Areas distant from Amargosa Farms show little change
with time. The hydrographs show that the period of most rapid water-level decline was the 1970’s; the rate of
decline decreased during the 1980’s. This decrease may reflect establishment of a new steady-state condition,
may be the result of decreased pumpage in Amargosa Farms and at Ash Meadows during the 1980’s, or may
be a result of several very wet years during the early 1980°s. Probably all three factors contributed to this
change in hydrograph shape.

Figure 8 is a generalized water-use map for Amargosa Desert developed area during the period 1985-87.
Water withdrawal in irrigated areas was calculated by multiplying the acreage under cultivation by an annual
allotment of ground water of 5 acre-ft/yr. This value is based on a survey by the Nevada Division of Water
Resources during 1985 and field work by the author during 1986 and 1987. The accuracy of these calculations
is estimated to be most affected by errors in calculating draft of water; the error may be significant in specific
cases. Domestic wells are allowed to produce 1,800 gal/d or 2 acre-ft/yr. The density of domestic wells ranges
from about 4 per square mile (o 40 per square mile for the Amargosa Farms area. The water-use map agrees in
a general way with hydrographs and water-table contour maps in that most areas of current maximum water
use coincide with areas of greatest water-level decline.

Apparent Vertical Gradients

Vertical gradients were calculated for 21 nested piezometers, 1 well cluster, and 1 river and well pair.
Vertical gradients are calculated using two closely spaced wells that penetrate 1o different depths in an aquifer.
The difference in hydraulic head between the two wells divided by the difference in depth of the screened
interval yields the vertical gradient. The data are shown in table 3 and plate 4. Table 3 includes two levels of
data reliability depending on the accuracy of: (1) land-surface altitude, (2) distance of separation of wells, and
(3) well-screen length. The most accurate vertical gradients are from nested piezometers. A nested piezometer
is a well that has several small-diameter casings inserted in it that reach to different depths and are separated
from one another by clay seals. For the 16 pairs in this category, water levels are known within £0.1 foot and
well-screen lengths are generally less than 20 feet. This group can be identified in table 3 by the five-figure
water-level measurements, and on plate 4 as sites with numerical values.
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The second level of accuracy is represented by the well cluster and the river and well pair. The cluster of
two wells is separated by no more than 300 feet, and the wells have screens open for most or all their saturated
length. This group includes only those well pairs with a head difference greater than half the land surface
accuracy limit for each site (&5 feet for sites in Amargosa Farms, 120 feet for others). Several of the well pairs
in this category are wells which later collapsed in their lower portions. Where water-level and depth mecasure-
ments before and after collapse were known, a vertical gradient could be calculated.

Upward gradients in the central and southern part of Amargosa Desert are associated with: (1) freshwater
limestones, (2) carbonate-rock outcrops, and (3) subbasin structures. The correlation with freshwater lime-
stones suggests that areas of current upward gradient were the locus of springs during pluvial times. The
relative proximity of upward gradients to carbonate outcrops suggests the area is underlain in part or in whole
by bedrock that is in hydraulic connection with the regional flow system. Upward vertical gradients near the
State line appear to be related to the subbasin Spotted Range-Mine Mountain fault zone that is a conduit from
the carbonate aquifer to the basin fill. Upward gradicnts in Ash Meadows and around Franklin Lake playa
have been identified by Winograd and Thordarson (1975) as related to the regional flow system. Upward
gradients along the north flank of the Greenwater Range are uncommon. They may be related to a confining
relation between Tertiary conglomerate and underlying or interlayered volcanic rocks. They may also be the
result of interruption of the regional flow system where the Furnace Creek fault juxtaposes low permeability
volcanic rocks against carbonate rocks that have significantly higher heads.

Downward gradients are strongly associated with consolidated Tertiary conglomerates, and crystalline
and volcanic bedrock. Large downward gradients on the east flank of the Funeral Mountains appear related to
recharge from Bullfrog Hills and the Funcral Mountains. Downward gradients near the Resting Spring Range
may be related to recharge from the range and suggest that basin-fill material in this area is not connected to
the regional flow system at depth. Downward gradients in southern Amargosa Desert occur near the channel
of Amargosa River.

Two well pairs have little or no vertical gradient, and one well pair and the well-stream pair appear to
be perched. For the perched data, an indication of direction but not magnitude of vertical gradient is given in
table 3.

Ground-Water Temperatures

Water temperaturcs are shown in figure 9. Water temperatures were taken from Nevada State Drillers’
Logs and a report by Winograd and Thordarson (1975). Numerous factors affect the tcmperature in wells.
A few of the more important include: (1) volume of ground-water pumped prior to sampling, (2) presence or
absence of a vertical thermal gradient, and (3) the direction of ground-water flow. At Amargosa Valley, the
average annual air temperature is 20 °C. The data show some tendency towards northwest and north-northeast
elongation of warm and cool areas. Cool water areas (less than or equal to 20 °C) coincide fairly well with
areas where surface-water recharge is most likely--the channels of Amargosa River, Crater Flat Wash, Rock
Creek, Amargosa Flat Wash, and Fortymile Wash. The warmest area (greater than 30 °C) coincides with the
Pahrump Hills, where numerous springs discharge from Paleozoic carbonate rocks. An area of slightly warm
(greater than 20 °C) water approximately coincides with the trace of the Spotted Range-Mine Mountain fault
zone but water-temperature data for the northwest corner of T. 16 S., R. 50 E. are unavailable.
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SUMMARY AND CONCLUSIONS

Interpretation of the data presented in table 1 for approximately 340 wclls leads to several broad
conclusions about the nature of ground-water flow in Amargosa Desert hydrographic area:

(1) The potentiometric surface in basin-fill materials mimics the land surface except along the Ash
Meadows fault and where other subbasin structures allow upward flow from the underlying regional carbonate
aquifer. Specifically, upward leakage occurs along the Spotted Range-Mine Mountain fault zone, and to a
lesser degree along the Rock Valley fault. This interpretation is also supported by the temperature and vertical-
gradient data.

(2) Approximately 30 feet of drawdown in the potentiometric surface has occurred since the 1950°s in
the southcentral Amargosa Farms arca. Hydrographs of wells in the area show a period of rapid decline during
the 1970’s, followed in the 1980’s by lcss scvere declines. The flattening of the hydrograph slope is probably
related to changes in water use in the Amargosa Farms area and to unusually wet years during this period.

Less than 10 feet of drawdown has occurred in the Ash Meadows area during the same period. Water levels
near the edges of Amargosa Flat (where pumpage is minimal) have remained constant during this time.

(3) Steep vertical gradients are associated with wells that penetrate volcanic rocks and playa deposits.
Smaller gradients occur in conglomerates, alluvial-fan deposits, and freshwater-limestone deposits. Upward
vertical gradients are strongly associated with freshwater-limestone and playa deposits, and adjacent outcrops
of carbonate rocks. Downward gradients are strongly associated with Tertiary conglomerates and adjacent
outcrops of noncarbonate bedrock.

(4) A map of ground-water temperatures shows an approximate correspondence between warm waters
and the Ash Meadows fault and Spotted Range-Mine Mountain fault zones, and between cool waters and the
channels of major intermittent drainages in central Amargosa Desert. Temperature data suggest that recharge
from the intermittent drainages occurs in this area.

Areas where more data would be helpful in defining the potentiometric surface are: (1) the north part of
Amargosa Desert, particularly near Bare Mountain, where a connection to the regional {low system is implied
by water-level contours that trend across the mountain front; (2) the area southwest of Amargosa Farms, where
carbonate outcrops and the Spotted Range-Mine Mouantain fault zone show evidence of regional flow towards
Death Valley; and (3) the area near Furnace Creck fault at the south end of Amargosa Desert, where unex-
plainable upward gradients were encountered. Recent (1988) mining activity in northern Amargosa Desert
may contribute to knowledge of ground-water conditions there.



REFERENCES CITED

Carr, W.J., 1984, Regional structural setting of Yucca Mountain, southwestern Nevada, and Late
Cenozoic rates of tectonic activity in part of the southwestern Great Basin, Nevada and California:
U.S. Geological Survey Open-File Report 84-854, 109 p.

Carson, R.L., 1979, Water-resources data collected in the Devils Hole arca, Nye County, Nevada, 1976-77:
U.S. Geological Survey Open-File Report 79-742, 23 p.

----- 1980, Water-resources data collected in the Devils Hole area, Nye County, Nevada, 1977-78:
U.S. Geological Survey Open-File Report 80-772, 15 p.

Chapman, R.H., Healey, D.L., and Troxcl, B.W., 1973, Bouguer gravity map of California--Death Vallcy Sheet:
California Division of Mincs and Geology, scale 1:250,000.

Claassen, H.C., 1983, Sources and mechanisms of recharge for ground-water in the west-central Amargosa
Desert, Nevada--A geochemical interpretation: U.S. Geological Survey Open-File Report §3-542, 66 p.

Comwall, HR., 1972, Geology and mincral deposits of southcrn Nye County, Nevada: Nevada Bureau of
Mines and Geology Bulletin 77, 49 p.

Czarnecki, J.B., 1985, Simulated effects of increased recharge on the ground-water flow system of Yucca
Mountain and vicinity, Nevada-California: U.S. Geological Survey Water-Resources Investigations
Report 84-4344, 33 p.

Czarnecki, J.B., and Waddell, R.X., 1984, Finite-element simulation of ground-water flow in the vicinity
of Yucca Mountain, Nevada-California: U.S. Geological Survey Water-Resources Investigations
Report 84-4349, 38 p.

Dudley, W.W., Jr., and Larson, J.D., 1976, Effect of irrigation pumping on Descrt Pupfish habitats in Ash
Meadows, Nye County, Nevada: U.S. Geological Survey Professional Paper 927, 52 p.

Eakin, T.E., Schoff, S.L., and Cohen, Philip, 1963, Regional hydrology of a part of southern Nevada--A
reconnaissance: U.S. Geological Survey Open-File Report TEI-833, 40 p.

Hanes, W.T., 1976, Water-resources data collccted in the Devils Hole area, Ash Mcadows, Nevada, 1975-76:
U.S. Geological Survey Open-File Report 76-797, 15 p.

Harrill, J.R., 1982, Ground-water storage depletion in Pahrump Valley, Nevada-California, 1962-75:
U.S. Geological Survey Open-File Report 81-635, 75 p.

Healey, D.L., and Miller, C.H., 1971, Gravity survey of the Amargosa Descrt area of Nevada and Catifornia;
U.S. Geological Survey Report 474-136, 29 p. Available only from U.S. Department of Commerce,
National Technical Information Scrvice, Springfield, VA 22161.

Healey, D.L., Wahl, R.R., and Oliver, H.W., 1980, Bouguer gravity map of Nevada--Dcath Valley Shect:
Nevada Bureau of Mines and Geology Map 69, scale 1:250,000.

-19-



Johnston, R.H., 1968, U.S. Geological Survey tracer study, Amargosa Descrt, Nye County, Nevada,
part I--Exploratory drilling, tracer well construction and testing, and preliminary findings:
U.S. Geological Survey open-file report, 64 p.

Larson, J.D., 1973, Water-resources data collected in the Devils Hole area, Nevada, 1972-73:
U.S. Geological Survey Water-Resources Investigations Report 61-73, 14 p.

----- 1974, Water-resources data collected in the Devils Hole area, Nevada, 1973-74: U.S. Geological Survey
Open-File Report 74-330, 12 p.

Naff, R.L., 1973, Hydrogeology of the southern part of Amargosa Desert in Nevada: University of Nevada,
Reno, unpublished M.S. thesis, 207 p.

Naff, R.L., Maxey, G.B., and Kaufmann, R.F., 1974, Interbasin ground-water flow in southem Nevada:
Nevada Bureau of Mines and Geology Report 20, 28 p.

Nichols, W.D., and Akers, J.P., 1985, Water-level declines in the Amargosa Valley area, Nye County, Nevada,
1962-84: U.S. Geological Survey Water-Resources Investigations Report 85-4273, 7 p. ’

Robinson, G.D., 1985, Structure of Pre-Cenozoic rocks in the vicinity of Yucca Mountain, Nye County,
Nevada--A potential nuclear-waste disposal site: U.S. Geological Survey Bulletin 1647, 22 p.

Robison, J.H., 1984, Ground-water level data and preliminary potentiometric-surface maps, Yucca
Mountain and vicinity, Nye County, Nevada: U.S. Geological Survey Water-Resources Investigations
Report 84-4197, 8 p.

Rojstaczer, Stuart, 1987, The local effects of ground-water pumpage within a fault-influenced ground-water
basin, Ash Meadows, Nye County, Nevada, U.S.A.: Journal of Hydrology, v. 91, no. 3/4, p. 319-337.

Rush, F.E., 1968, Index of hydrographic areas in Nevada: Nevada Division of Water Resources, Information
Report 6, 38 p.

----- 1970, Regional ground-water systems in the Nevada Test Site area, Nye, Lincoln, and Clark Counties,
Nevada: Nevada Division of Water Resources, Reconnaissance Report 54, 25 p.

Thordarson, William, and Robinson, B.P., 1971, Wells and springs in California and Nevada within 100 miles
of point 37D 15MN, 116D 25MW on the Nevada Test Site: U.S. Geological Survey Report 474-85,
178 p. Available only from U.S. Department of Commerce, National Technical Information Service,
Springfield, VA 22161.

Waddell, R.K., 1982, Two-dimensional, stcady-state model of ground-water flow, Ncvada Test Site and

vicinity, Nevada-California: U.S. Geological Survey Water-Resources Investigations Report 82-4085,
72 p.

Walker, G.E., and Eakin, T.E., 1963, Geology and ground-water of Amargosa Desert, Nevada-California:
Nevada Department of Conservation and Natural Resources, Ground-Water Resources - Reconnaissance
Report 1, 45 p.

-20-



Winograd, L.J., and Doty, G.C., 1980, Paleohydrology of the southern Great Basin, with special refercnce
to water-table fluctuations beneath the Nevada Test Site during the late(?) Pleistocene:
U.S. Geological Survey Open-File Report 80-569, 97 p.

Winograd, LJ., and Pearson, F.J., Jr., 1976, Major carbon 14 anomaly in a regional carbonate aquifer--
Possible evidence for megascale channeling, south-central Great Basin: Water Resources Research,
v. 12, no. 6, p. 1125-1143,

Winograd, LJ., and Thordarson, William, 1975, Hydrogeologic and hydrochemical framework, south-central
Great Basin, Nevada-California, with special reference to the Nevada Test Site: U.S. Geological
Survey Professional Paper 712-C, 126 p.

21-
I\(;o Pur;ib 22



BASIC DATA

23
Ao peqe 2Y



S 2 SThOE L8-11-10

I Z 6°v0¢ 98-6Z-0T

9 Z Tve 98-22~-G0 L'z 068‘T-0£8'T 1I6L'T 0°¢ 098°1 soL‘e (p~I1€) s9sSn  TOVPZEVITIEHZYIE T VWVSZ 99vd bIS
I 2 S ¥sE L8-11-10

L 2 € vse 98-0€-0T

9 Z 39¢% 98-2¢-20 £€°C 08€-09¢€ 08¢ 0'€ oLy 0ze'’‘s (Z-¥N) s9sn T06Z8p9TTVPISYIE 1aALES80 9vd IS
L Z 8°8S¢ c8-LZ-20

I 2 G "86¢ P8-€1-C1T

L Z 6" 8G€ ¥8-9¢-L0

i3 Z 6"8G% €8-12-80 PIb-v6€

I 2 7 65¢€ €8~€1~L0 S6Z~-582C biv bivb sLL'e (Z-¥W) s9sn  10€E€TP9TITZGSPIE T €QEGE L¥d €1S
S d 6°182 L8-L0-T0

S Z £ 28z €9-21-L0

a 2 S1€ 19-L2-90 S°0 €6V -€SY €LS 0"g SLS 0°88L‘C KboTod3d SN 000€TF9ITO09%9€ T AYESE LI €1S
X Z 1°8€¢€ £€8-12-80

A 2 978€E €8~€1-L0

k2 Z S 8ee €8-2Z-90

I ¥4 6°Che £€8-60-90 Z0p-28¢€ [44}4 Z0% ocs‘ez (T-¥H) S9SN T0GPEPITILSSHIE TOOVEEE LbE €1S
S 2 L°91¥ L8-TT-T0

L Z L°9Th L8-11-10

9 Z 88S 98-12-20 0°0 081’1 0v0‘E (€-¥N) S9SN  TOLZLPOTTIOGSHOE TAAAQVSE Sv3 €IS
S Z |98 274 L8-11~10

L Z £ e L8-1T-T0

L 2 0°50¢€ 98-0€~-0T

9 4 0S¢ 98-Z1-20 0°0 00S‘T oge‘e (I-¥N) S9SN 106S8V9TTIHPSSHIE  TIDDOVHE 9%3 €1S
L Z Xua L8-TT~T0 0°0 0°s 81p 0ze‘e (p-SA)  TO0ZTIS9TT009P9E T Qa€es 9v3 €18
hd 4 S LY 98-0€-0T S°0 09 SLY 09L’‘e (TT-SA)  TO6TCS9TIESGPIE T AVEIE 9% €18
S 2 P vbs L8-17-10 0°¢ 00s 0°¢ 0058t 0£T’E (p-¥N)} s9sn  10pS8¥Y91T1¥I8P9E TEEEAST 9p3 €1S
S Z S*L1 L8-6T~T0

g Z 0z IL-€2-60 L0 1Z1-0¢ vet 06 9Z1 oLt’e *3 sIayosuery 108TSPOTILYPZSIE T1€DAV6T L¥T ZTS
S Z srzLe L8-90-10 8°'1 0°8 ooy 0zg'’‘s inbered 10Z02S9T19Z€69¢ T D€A8T 9%d ZTS

STTIM YAVAIN
@d1Inos asn {1297) 23ep {1@97) (1993) {1997) {sayouTy) (39@93) (1997} aweu TI2M UoT3IedTITIuapy Iaqunu TT19M
ejeq PR yadep Juau jutod TeAI23UT yaidep I939WeTp ysdep apniyaTe I0 Iaumo 217s
ToAaT ~2INnSean buy pSuU?adIIS butsed pbutsed T1oM aoeJans Teutb1I0
I33jey, -Inseay -pueq

“(g961) uyxes pue

J9)Tem Aq 3x0dax woxy eiep ‘M fadel OTX109T2 YlITM poainseaw Taaa] Iojem ‘] ‘odey 9215 Y3TM pPaInseaw T9Ad7 I231em ‘s {DoT TeoTsAydoab
WOoIXJ pPaATIBpP BiEp ‘O {2DTJJO SIOINOSIY I2IBM JO UOTSTAT(O BpEABN JO Tauuosiad Aq painseaw ‘3 ZHoT S,I9TTJIPp WOIJ elep ‘g :JJIIMOS EIEQ

TToM painsesaw ‘7 !juaswainseaw Hutanp bBujdund T1em Aqaeau ‘s

eIUIOFTTRI-BPBABN

*sIinoy pg 3Iseal Ie 1o03J padund jou sTTem Aqieau pue
tpadund AT3usoax TT8M ‘Y !Juswainseaw HbuTanp Hutdumd [Tem ‘g :IFWIITE

"stsoyluaIed U] poIeOTPUT @Ie sucTieubrsap JawIog BUWEW T(SK IO ISUARD

/119880 eSObIRUY UI ST[OM P3IIBTdS JO pI0ddy--°T1 ATAYL

-25-



TLy-1s¥p

b1E-€62
1tZ-891
a 4 €£€¢E 19-02-S0 2Z1-%01 ey 0°S we 0692 weybutssod T0LGE€ZITTILO6E9E 1ADEE8T 053 SIS
S 2 ANa L8-GT-T0
a Z 0°622 85-81-01 0Z¥-00¢ €EY 8°Z1 t427 ovs’e M ouInquyseMm  T0Z€9Z91T1TZ9¢9¢ 1 94ALZ 6v3 G1IS
S 4 z°5¢C L8-GT-T0 Z°1 0791 24 204 "y uangqysem T09H9Z9TTIA0LE9E TAAQLLZ 6% GTIS
S Z xda L8-S1-10
z 8°GSZ 28-21-L0
a 4 [ 24 85-62-50 ¥ 0 00S-0 86V 0°bt 00S s’z "y uandqyseM T0L€9Z9TTITTLE9E T DO0AZZ 6F3 SIS
S Z 9°G62 L8-S1-T0 €1
a 4 Z62 S-S 1-10 0LS5-0SS
z 6°062 €6-20-21 0" b 08T1-0L 08¢ 0°b1 0LS 19’2 " MeYsS  T0ZE€979TTZhLE9E TVEAVYZZ 6%3 SIS
a 4 Aya €6-T10-T1 06 or9 ‘ez ‘¥ uanqysem 106Z6Z9119€8¢€9¢ TvAVYLT 6b3 SIS
S Z s pee L8~ST-T0
a 4 0S¢ b9-50-21 8'0 08h-SGE [4:17 00T [4°34 0592 "M butoqd TOVTIPZSTI0EBESE TODAAET 643 G TS
Z ¥a
a Z S18 85-52-10 0"zt £€ve 6L9°C "y urnqysem T10TO9Z91TLG68€9¢ T VWOTL 63 GIS
Z x¥a L8-GT-€0 01 0°Zh 8Ll Zvs’e “els s,as0d T0SKLE9TTZSOF9E  THELAVZE 8P 1S
S Z 692 L8-TT-T0
I Z 97692 98-8Z-01
I 4 97692 98-£0-80 91 02e-LTE €Z¢ €1 €z¢ ST9‘C (9-¥N)} s9sSn ZOPISESTITPIVPIE 2T VAZE LPA BIS
S 4 v 692 L8-11-10
I Z 97692 98-82-0T1
S z 9°692Z 98~€£0-80
S 4 6°892Z 98-20-80
2 Z S92 98-£2-S0
2 4 L9z 98-01-€0 [ v16-v68 096 072z 096 sz9‘C (9-¥N) S9SN TOYISESTITHILYE T VAZE LbI PIS
na L8-11-10
M Z 1°€62 ¢9-21-L0 0°¥Z [Z2:1% 809‘¢ "M @Teq T10bTL€9T1T00Eb9E T 2€dvZ (%3 BIS
S Z L-°18z L8-11-T0
I A L7182 98-62-0T1 0°0 00b‘T-08€’T 0881 ozL‘z (€-19} s9sn TOLSKPFITIIPZYPIE T VWE9Z 9vd IS
S 2 €°€0¢g L8-11-10
L Z S eo¢e 98-8Z-01
9 2 01€ 98-22-S0
b Z L1e 98-£0-50 6°0 006‘1-088‘T 0661 0z 096 ‘1 otTL’e (z-18) s9sn  10€THPITTLPZYIE 1 WWSZ 9%3 bIS
22Inos asn (19937) ajep (1993) {19973) (1007} (sayouT} (1983} (1093) aweu TTaM uo73IedTITIUaPT Iaqunu TTaM
ejed 213TS yadap Juauw jutod TeazajuT yidap Jovjawetp yadep apni3yate I0 Iaumo alTs
T9A9T -2aInseapn but pauaaios butsen butsep TToM aoejans Teutbrio
I93eM -Insesn -puer

PanUTIUOD~-~BTUTOFTTED-EPEABN 7319580 BSobIBWY UT ST[d# POIVB[OS JO pIoddy--*1 14Vl

-26-



S 4 L°221  L8-LO-T10
a Z 021  b8-L0-S0 "1 09T-0%1 S91 9°8 S91 88€‘2 ‘3 KoTTON T0GTIGE9TIE0SE9E T QADSO 83 9TS
S b4 8821 L8-L0-T10
a 2z SZ1  £€9-T0-€£0 €°1 06z-021 96z 0°91 0sz b6E‘Z *d 8 ¥TOAITD  TOGZSEITTIZSE9E T €VISO 83 91S
A¥d  98-£1-20
§*zvT  ¥8-02-10
S z 9°LZT  29-70-L0O
a Z yZ1  09-50-T10 €1 05Z-0€1 052 8°2Z1 0s2 90b‘e 9bpTIpTooM TOLESEITIEZSE9E T VESC 8¥3 9IS
S Z 9°9Z1  L8-L0-10 6°0 0°8 £68°C TOIGEEOTITICEQE 1€EEAYO0 893 91S
S b4 97801  Z9-Z0-LO
a 2z 01T  19-G6I-2Z1 [2d¢] 862-€02 80¢ 8-zl 80€ o0EY‘e "3 UDBUTYUBW TOSGEE9TIISHEIE T A0 8%3 9IS
1 4 6°GET  L8-LO-T0
L°€YT  ¥8-0Z-10
p-LZl  29-20-LO 0°0 052-521 0se 821 0se Ziv‘e "3 193994 109GZE€9TIGZSE9E TVWVYVEQ 8%3 9IS
5 2z L°ZET  LB8-LO-T10
Z2°Z€1  98-€£1-20
P IET  ¥8-0Z-10
M €21  Z9-Z0-LO
a 2z s9 19-62-01 €1 zzZv-T1? zzh 0°vI 44 otv‘z ‘d Yledy T0ZHIE9TIPSHESE 1990QZ0 8bvF 91S
S Z 6°1b1  L8-80-10
s z S*IPT  98-£1-20 9°0
S Z 9°Zb1  ¥8-0Z-10
S 2z 6°GET  79-2Z0-LO 8" 1 00y-002 00¥ 8 vl oov (¥4 A% *T STIYDTN T100ZZ£9TI6TISE9E TEVVEZO 893 91S
S Z 2°ZST  L8-L0-T10
S 4 0°2ST  98-€£1-20
s b4 8°0ST  ¥8-0Z-T0
a Z L91T  £9-L0-90 6°0 £€26-661 €25 0" b1 G18 SEV‘Z "0 9AN 100S0£9T16bSE9E 194AVI0 8%3F 9IS
0°GEE  6S-T10-0T OLE 0°9 0£6 2 10Z2LSSTILTIOSLE T 28€Z 1S3 GIS
Xd4a 99-0Z-2°T 0" bt s0T 008‘2 "0 ®AN  00GPYZ9TISTLE9E T (€SZ 0S3 SIS
S d 9°69¢  Z9-Z1-90
a 4 09€  §$-8Z-20 8" 1 §0S-09¢€ S0S 0°01 508 G992 *g AOOTTOYM 000S€Z9TTIOYBE9E T 20181 06T SIS
S d 8°8G€  Z9-Z1-90 80 L0S-08€E 00§ 0°0T LOS 6992 epaTaIag 10S£€Z9TI0P8E9E 1 dDO8T 063 SIS
a 2z 6£€  £6-2C-90 09€ 9692 "AMH AN  TOOVEZOTILEBESE € D081 063 SIS
SES-T1S
a Z G9€  ¥9-€£0-T0 S8V -6GE SES c°6 SES 59972 ‘r Aey 100b€£Z9TT9€8€9€ T 2081 03 SIS
a 2z G9€  ZL-0E-VO G6b-S6€ {34 9°8 S6b AmH @335 100HE€Z9TISEBE9E T D081 0$3 SIS
s 2z €°16€  29-21-90 6°0 €6¢€ 0°8 €LE G992 epITaiagd 10T1H€Z9T1TOBBE9E Z D281 063 SIS
x4a  L8-GI-10
a 2z SpE  ZS-£0-50 S6E-SEE S6¢€ (/] S6E b99°‘¢ eprtaIad  T00KEZITTOYBE9E T D81 063 SIS
821IN0Ss Isn (1993) ?3ep (3993} (1997} (1993} (sayouT} (1993) {1993) sweu yIlam uoTIedTITIUaPT Iaqunu TTaM
ejeq ?1TS yadap Juau jutod Tealajury yadsp za39uweTp yidep apnitare J0 I3UMO ?137s
T9A3T -3Insean put pauaaIds butsed buisep TTaM Qoejyans Teuibta0
I91eM ~Inseap -pueq

panuUTIUOD--PTUTOJ[TBI~EPPABN “3I958Q esobIewy ul STIdM po31ddTas Jo prosay--"1 374Vl

27-



3 S°SIT vL~%1-~-1T
a 8 STl bL-92-20
a L°hTIL €L~€Z-80
a S Z°hit €L-ET~€0
a S €11 ZL~80~11
a L°ETT ZL~80-€0
3 0°b11 1L~-12-01
3 L°ETT 0L~0€~0T
3 L°ETT 0£~60~90
a 9°€1l 69~%1-10
3 PUETT 89~%Z-60
et € ETT 89-9T1~v0
a 9°€T11 89~01~10
a PETT L9~6Z~60
3 PoETT L9-S1~90
3 TI°€11 L9-1¢-€0
3 €°€TT L9-TE-10
e £°ETT 99-~22-60
3 67ETT 99~91~90
3 1°€1T 99-S1-€£0
3 0°€11 S9-€Z-11
et 1°€11 G9~LT~80
0°ETT 69~0Z~50
a 0°€T1 69-Z1-20
et 0°€ETT ?9~-%Z-01
2 1°%11 ¥9~20-60
2 1711 ¥9-~60-L0
a 0°%1T ¥9~-v0~-€0
3 6°111 29-20-L0
¢f 2 80T ¥S~vZ-10 9°0 08Z-001 0sZ 0°Z1 0se v8E‘Z "D ITI®Q TO0VSESTTHEVEQE TVWYvEBO0 83T 91S
%°80T 29~20~L0
a 2 60T 29-€2-50 g0 G1E-68T S1€ 8 21 SlE [4:15%4 "3 z3TOYDS  TO6SPEITI9ERE9E T ¥WVBO 8v3 91S
S d €221 L8~L0-10
a 2 ozt 78~1Z~v0 /A 00Z~0%T 00z 9'8 002 18€‘C PUBTYOTIAS TOEE9EQTICZHPEIE TWWOHLO 8F3 91S
0" vl 6LT 0EV ‘2 ¥y I®L TOZISE9TIOSRESE 1 daso 8y3 9IS
80INn0Ss asn {1997) ajep (3997]) (19933) (3927) {sayouTt) (39093) (319973) aweu TIoM uoT3edTITIUSPT Iaqunu TTaM
eajeq 223TS yadep Juau jutod TeAId3uT yadap I933weTp yaidep apnaTaTe I0 IdUMO 913TS
T8a97 -danseap but pauaaxds butsed butsed TI9M asejins Teutbt a0
I97BM -Inseay ~pue]
PANUTIUOD~~BTUIOJ T [PI~BPPABN ‘3I1859Q Psobrewy UT STToM pajoaTas JO pIroday-~-~°1 ITaVl

-28-



S A 0221 L8-80~T10

zzet 98-£1-20
5 Z 67121 ¥8-02-10 8°1
M 4 8°911 29-%0-L0 8°0
a Z 0Tl 86~-82-%0 0°bT 082 L8E’Z *5 sATTTITUd T0GHOE9TTIPPEESE TAAVVET 83 91S
S Z [ARTAN L8-L0-10 1 00€-8LZ
a Z 0€T 59~62-S0 LGC-9L1 00€ 0°91 00¢ z6€’C L @2I8Td T06S1€9T16ZHE9€ TVVWVOIT 8H3 91S
M €211 29-%0~L0 v0
a Z 80T 09-LT-60 20E-0ET zo¢ AEA (40} L8E‘C L ®2I9Td  T0STIZEITTISOPE9E T VWOIT 8vd 91S
S Z 198 749 L8~-L0-10

T°%el 98-€£1-20

€°1¢T ¥8-02-10 S'0
M 97911 Z9-€0-L0
a Z 8¢ 86-0€-11 Z°0 00€-002 00€ 8°Z1 00¢ 86€‘Z "M °0JUOW TOZEEE9TI9EPE9E TYWVEQT 8vd 91S
S 4 27911 L8-L0-T0 6°0
M 87L0T 29-20-L0 970
a Z 86 19-L0-€0 0Z2€-0ST 0ze 8°¢1 oze 88€‘2 "3 uluTYUBW T09HZEQTIBEREIE TOOVVOT 8v3 91S
M 080T 29-€0-L0
a S0T 65-0¢-10 0Tv~bb1 [1k84 0°21t (84 [1:1 A Y 2uTTMog  T0TSGEITTISOPESE T VWA60 8%3 9IS

07601 ¥8-02-10
M ¥°00T 29-€0-L0 | 20]
a Z So1 86-50-50 LVE-SOT LbE 0°%T 0S¢ €Le’e "D TTemMpTed T106ZHe9TTILOPE9E T VWI60 8%d 91TS
I Z §'G1T L8-L0-TO v°o
S Z 0°911 ¥8-02-10
M 2°60T1 ¢9-£0-L0 8°0
a Z [A%¢ 65-v1-20 06Z2-00T 0sZ 0721 0sZ 98¢ ‘¢ "D IT¥ea@ T0€ZHESTTIEhE9E  TVVWVde0 8%3 91S
hA Z 87121 L8-0T-10 1°0
3 S 6°2¢1 18-60-21
3 [ 24t 18-£0-60
3 002t 08-81-21
3 0°G6Z1 08-21-60
ke | ANRAN 08-81-L0
e [T AS 08~10-%0
3 P61l 6L~02-C1
3 €°811 8.-8Z2-21
3 17021 8L-8Z-L0
3 Z°61T 9L~02-L0
3 0°L1IT SL~9Z-60
3 8°ST1 SL-0€-%0 30 06Z-00T 052 0°21 0se |2 °D ITJ8Q T100PSESTIvEREIE  TVVWVES0 8% 91S

3¥2INOS  Isn (1837) 3izep {3093]) (31997) (1833) (sayouT) (3097) {3993]) aueu TTaM UOT3IBDTITIUSPT Jaqunu TIa2M
eleq 23TS yadsp Juau juyed Teaxaijuy yidep I938WeTp yadep apniTate I0 I3uMmo alTs
T9A@T -3Inseay but pauaaids butsed butsed T12M aoejans Teutbta0
I93eM —Inseap ~pueq

PANUTIUO)——PTIUTOF I [BD-FDEASN

/119580 PSOBIPWY UT ST[3M PIIDITSS JO PIoIay---T1 IT4YI

-29.-



3 8°L0T 08-10-%0C

3 6°L0T 6L~-02-21

3 6°90T1 8L-8Z~C1

e L7901 8L-82-L0

3 T°L01 9L-02~L0

S ¥4 2RSS 9.-80-10

3 P SOT SL-9¢-60

3 6°v01 SL-€0-¥0

3 0°p01 PL-pT~-T1

3 8 v0T1 vL-92~20

3 T°%01 €L~-£Z-80

3 6°€0T £L-€T-€0

3 8°€0T ZL-80-T1

3 9°€0T ZL-8B0-£0

3 S 201 TL-21-01

3 STe0l 0L-0E~-0Y

3 £€°€01 0L-60-90

3 2 €01 69-b1-10

3 8°€0T 89-vZ-60

3 Z2°¢€0T 89-91-%0

2 97¢01 89-01-10

2 97¢€01 89-01~10

3 8°€0T L9-62-60

a 0°€0T L9-S1~90

a 0°€0T1 L9-T2~£0

3 2 €01 L9-T1E€-T0

3 GTeot 99-22-60

a 8°€0T1 99-11-~90

3 27 €01 99-G1~t0

3 6°201 G9-£Z~-11

3 6°€0T S9-L1-80

3 L°€0T €9-0Z-S0

3 97201 G9~-01-20

3 17901 #9-62-01

3 Z2°y0T1 $9~20-60

3 87€0T ¥9-60~L0

3 |28 421 ¥9~v0-€0

M Z L°T0T 29-v0~L0 0°¢ S6Z~-0bC

a 2 011 29-20-20 S6T~0LT

a 2 001 SS~vZ-20 8GT~9F 1 (323 8°Z1 6V E 18€‘e ZayberTes 1082ZE€9TI9VEL9E  TVVYVEVT 8v3 91S

aoInos asn (1227) ajep (1993) {183]) {3293) {sayouvy) (1927} {(1997) duWeu TTaM UOTIBDTITIUDPT Jaqunu TTaM
exeqd 317S yadep uaw juted TeAI3WT yadsp I932weIp yadep apnitate IO Iaumo ?131s
19437 ~3INSEAR but pauaaios buysed butsed T1oM anejins 1euTHTIO
Ia3epm ~-Insean -pue

pPanUTIUOD~~FTUIOJ T TRI-EPPPASN ‘319597 EsobIewy U STTdM pdjdaras

FO pI02dY~-~"T IT8YL



3 £°86 29-%2-10

3 S'86 19-€2-1T1

3 £°86 19-02-60

2 1°86 19-L2-L0

3 6°L6 19-$2-G0

3 S°L6 19-80-20

3 9°L6 09-¢0-21

a 8°L6 09-12-0¢L

3 0°86 09-62-L0

3 0°86 09-02-%0

3 6°L6 09-L0-T0

3 8°66 66-L1-60

3 L°66 65-22-50

3 8°L6 6G-€£2-20

ke I AAS 86-02-11

3 1°L6 86-1¢-20

3 0°86 LS-12-11

3 9°96 96-€£2-50

ket 1°L6 §5-F1-20

a L6 y6-¥2-11 0" 1 0st 0°%T 0S1 9LE’C uauTyUeW TOTSCE9TITHEEIE T WYST 8%3F 9IS
Xda L8-E€1-10

a (A% £€9-8T-60

a Z 6 86-9¢-11 0°¢1 00€ oLe‘ez *d AxI94 T0TEOL9TIBEEE9E 1 VAbT 8%E 91§

3 I°111 298-T12-€£0

2 TI°111 98-€1-20

3 Z° 111 S8-01-21

a £€°T1T G8-€2-L0

3 FoTIT y8-10-€0

et S'60T ¥8-02-10 0°1

ket 6 111 £€8-02-60

3 S 11t £8-22-990

a 97011 £€8-LT-£0

3 0°011l 18-60-21

3 S'0T1 18-£0-60

ket 6°801 08-81-21

et 07601 08-Z1-60

a L°801 08-8T-L0 (34 8721 (32 8£°C IoybeTTED  108Z2€9TT9FEE9E TwYvapT 8%3 91S

adInos Isn {y997) ajep (1293} (1293) {1927) {sayouT) {39233) (1237) aweu TTaM UoTIBdTITIUSPT Jaqunu TTaM

eleqg 33Ts yadsp Juau jutod TeAIaljuy yidep I3jaweTp yadap opniTate I0 I3UMO 2178
19A3T -3Jnseay but pauaaIds buTsed bursen TT2aM ajejyins Teutbhizo
I93eM -Inseap -pueT

PAaNUTIUO)--BIUIOJ I TED-BPPASN ‘319590 BSOLIBWY UT STT9M Po3IJ9[S

JO PI0DdY-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>