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Determination of Land Subsidence Related to Ground-
Water-Level Declines Using Global Positioning
System and Leveling Surveys in Antelope Valley,

Los Angeles and Kern Counties, California, 1992

By Marti E. lkehara and Steven P. Phillips

Abstract

Land subsidence has occurred where com-
pressible sediments are present in Antelope
Valley, California, as a result of ground-water-
level declines, particularly in the Lancaster
ground-water subbasin. A large-scale monitor-
ing network of bench marks was established in
Antelope Valley for the purposes of calculating
historical subsidence and enabling precise
measurements for future subsidence calcu-
lations. Geodetic surveying of 85 stations was
done using Global Positioning System (GPS)
during 35 days of observations in 1992. The
results of this survey indicate that the 95-
percent confidence (20) level of accuracy for
the elevations of these 85 stations generally
ranged from +0.010 meter (0.032 foot) to
+0.024 meter (0.078 foot).

Using results from the 1992 GPS survey and
elevations from differential-leveling surveys
spanning more than 60 years, the magnitudes
and rates of land subsidence from about 1930
to 1992 were calculated for 218 bench marks
throughout Antelope Valley. The maximum
calculated magnitude of land subsidence was
6.0 feet (1.83 meters) between 1926 and 1992
near Avenue I and Sierra Highway. The
maximum estimated magnitude of land subsi-
dence was 6.6 feet (2.01 meters) between about
1930 and 1981 near Avenue I and Division
Street. A contour map of land subsidence
shows a 210-square-mile (542-square-kilo-
meter) area of Antelope Valley, generally
bounded by Avenue K, Avenue A, 90th
Street West, and 120th Street East, has
subsided between 2 and 7 feet (0.61 and 2.13
meters).

Land subsidence in Antelope Valley is
caused by aquifer-system compaction that is
related to ground-water-level declines and the
presence of fine-grained, compressible sedi-
ments. The potentiometric surface of the
Lancaster ground-water subbasin of Antelope
Valley was mapped for selected years from
data collected for the ground-water-monitoring
program operated cooperatively by the U.S.
Geological Survey and the Antelope Valley-
East Kern Water Agency. Comparison of
potentiometric-surface, water-level-decline, and
subsidence-rate maps for several periods indic-
ated a general correlation between water-level
declines and the distribution and rates of sub-
sidence.

Aquifer-system compaction in Antelope
Valley has resulted in a reduced volume of
void space within the compressed sediments
that comprise the solid matrix of the aquifer
system. Consequently, the porosity of the com-
pressed sediments and the ground-water storage
capacity of the aquifer system also have been
reduced. A conservative estimate of the
amount of the reduction in storage capacity of
the aquifer system in the Lancaster ground-
water subbasin is about 50,000 acre-feet in the
area [290 square miles (750 square kilometers)]
that has been affected by more than 1 foot
(0.30 meters) of land subsidence as of 1992.

Information on the history of ground-water
levels and the distribution and thickness of
fine-grained compressible sediments in Ante-
lope Valley can be used by water managers to
mitigate continued land subsidence. Subsid-
ence can be reduced or stopped by maintaining
ground-water levels above a region’s precon-
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solidation head, which is related to the histor-
ically lowest ground-water level to have oc-
curred in that region. Future monitoring of
ground-water levels in subsidence-sensitive
regions of the valley may be an effective
means to manage land subsidence.

INTRODUCTION

Land subsidence, related to ground-water-level
declines resulting primarily from ground-water
withdrawals, historically has been a problem in
parts of Antelope Valley, California (fig. 1)
(Poland, 1984). Land subsidence is a dynamic
process with changes in the causal factors affecting
the magnitude, distribution, and rates of subsidence
(Poland and others, 1975; Ireland and others, 1984;
Ireland, 1985). Ground-water use in the valley was
at its highest in the 1950’s and 1960’s (about
400,000 acre-ft in 1953), primarily as a result of
agricultural demand, but sharply decreased to about
82,000 acre-ft between 1968 and 1972 (Templin
and others, 1994). The combination of increased
pumping lifts because of ground-water-level de-
clines and escalating costs for electric power caused
a steady decrease in agricultural production. How-
ever, rapid urban development, which began in the
1980’s, has resulted in renewed demands for the
valley’s water resources that lately have been met
by increased ground-water pumping. Imported
surface water from the State Water Project, first
available to Antelope Valley in 1972, was insuf-
ficient to meet demands during the 1976-77 drought
and from 1990 to 1992, during the 1987-92 drought
(Wallace Spinarski, Antelope Valley-East Kern
Water Agency, written commun., 1993). Long-
term, recurring measurement of areally distributed
land-surface elevations is essential for the deter-
mination of the cumulative magnitude of subsidence
and for the assessment of the geographic extent and
changes in rates of subsidence.

Antelope Valley is in the western part of the arid
Mojave Desert in southern California, about 50 mi
northeast of Los Angeles (fig. 1). The trian-
gular-shaped valley is bounded on the south by the
southeast-trending San Gabriel Mountains, on the
northwest by the northeast-trending Tehachapi
Mountains, and by lower hills, ridges, and buttes in
the north and east. The valley is a topographically
closed basin with surface-water runoff terminating
in several playas.

Ground-water-level declines and the consequent
incidence of land subsidence have been attributed to
ground-water withdrawals where compressible sedi-
ments are present (Poland and others, 1975), and
both can be particularly severe where large quanti-
ties of ground water have been pumped. Land
subsidence has caused sinkholes and fissures near
Lancaster and on Edwards Air Force Base (Thomas
Holzer and Malcolm Clark, U.S. Geological Survey,
written commun., 1981; Blodgett and Williams,
1992; Geolabs, 1991). Other known effects of land
subsidence in Antelope Valley include well-casing
failures and unstable vertical-control stations. Dif-
ferential amounts of subsidence, especially across
distances of only a few miles, commonly result in
damage to engineered structures and utility infra-
structures, particularly long linear ones such as
pipelines, canals, and aqueducts. Additional poten-
tial effects of land subsidence include flooding as a
result of altered drainage channel gradients, loss of
development potential of vertically unstable real
estate, increased insurance costs, and legal implica-
tions related to culpability.

In 1992, the sixth year of drought, concerns
about current and probable future shortages of
surface-water availability and long-term declines in
ground-water levels were underscored. Water de-
mands related to projected population growth are
expected to increase rapidly in the next decade in
Lancaster and Palmdale (Templin and others, 1994).
The potential for increased reliance on ground water
to satisfy increased water demands may adversely
affect aquifer systems in Antelope Valley, particu-
larly Lancaster ground-water subbasin, and may
increase the potential for land subsidence. To in-
vestigate these concerns, a cooperative agreement
between the U.S. Geological Survey (USGS) and
the newly formed Antelope Valley Water Group
(AVWG) in 1992 authorized a preliminary water-
resources management study. Members of AVWG
that contributed funds toward this study include the
following public and private water-related agencies:
Los Angeles County (LAC), Department of Public
Works (DPW), Waterworks and Sewer Maintenance
Division; Antelope Valley-East Kern Water Agency;
City of Palmdale; City of Lancaster; Palmdale
Water District; Rosamond Community Services
District; and Antelope Valley United Water
Purveyors. Some data and results from a cooper-
ative geohydrologic study with Edwards Air Force
Base (EAFB), which began in 1989, also were used
in this investigation. The goals of the preliminary

2 Land Subsidence Related to Ground-Water-Level Declines using GPS and Leveling Surveys in Antelope Valley, California, 1992
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water-resources management study were to (1)
quantify historical and estimate future water
sources, uses, and demands; (2) determine the
magnitude and areal extent of land subsidence; and
(3) prepare detailed study plans to evaluate the
aquifer system and to develop ground-water-flow
and optimization models for use as resource allo
cation tools in managing the valley’s water re-
sources. This report fulfills the second goal of the
preliminary Antelope Valley water-resources
management study.

Land subsidence has been calculated by compar-
ison of elevations from various differential-leveling
surveys of bench-mark networks made during the
past 65 or so years. It has become increasingly
difficult to make elevation adjustments among the
different leveling surveys because of the localized
nature of the networks and variable areal rates of
land subsidence in Antelope Valley. Global
Positioning System (GPS) geodetic surveys of a
newly established valleywide network were done in
1992 to establish a vertical-control network for the
region based on a single datum, to determine the
current magnitude and areal distribution of land
subsidence, and to facilitate future monitoring of
land subsidence.

Purpose and Scope

The purposes of this report are to (1) char-
acterize the geohydrologic environment of Antelope
Valley with respect to the phenomenon of land
subsidence; (2) discuss the results, accuracy, and
limitations of land-surface elevations that histor-
ically have been determined by differential leveling
and that were determined by GPS surveys in 1992;
(3) quantify the cumulative magnitude, rates, and
distribution of land subsidence based on the 1992
GPS survey and historical differential-leveling sur-
veys; and (4) relate the occurrence of land subsid-
ence to observed ground-water-level declines within
the geohydrologic framework of Antelope Valley.

The geology, subsurface lithology, tectonic
environment, and hydrology of Antelope Valley are
briefly characterized in this report, and the me-
chanics of aquifer-system compaction within this
geohydrologic framework are explained. The
accuracy and limitations of leveling data, measured
by different agencies using different locally adjusted
vertical-control datums, are discussed relative to
land-subsidence calculations. The use of GPS
geodetic surveying in a land-subsidence monitoring

application is presented and criteria for selection of
network stations are explained. The GPS-surveying
methodology used in data collection, postprocessing
methodology, and results of network adjustments
for 85 stations are documented. Comparisons were
made between various historical measurements and
the most recent elevation measurements to deter-
mine the magnitudes and rates of land subsidence
for 218 bench marks in Antelope Valley (table 1).
Contour maps are presented to show the magnitude
and distribution of subsidence between about 1930-
92 and subsidence rates for six variable-length time
periods between 1957-92. Hydraulic heads meas-
ured in ground-water observation wells in the
Lancaster ground-water subbasin were contoured to
map potentiometric surfaces for selected years and
water-level changes for selected periods. These
maps and selected hydrographs illustrate the relation
of subsidence to historical ground-water-level
declines. The accuracy of measurements from the
GPS survey and current calculated rates of subsid-
ence were considered in estimating the appropriate
frequency of future subsidence monitoring in
Antelope Valley.

Previous Investigations

Several land-subsidence studies of Antelope
Valley have been done by the county of Los
Angeles. A report prepared by the Office of the
County Engineer for Los Angeles County presents
elevation differences of selected bench marks in
Antelope Valley between 1928 and 1960 (Mankey,
1963). This report includes average annual rates of
subsidence for these bench marks, as well as a
contour map showing generalized rates of vertical
land-surface movement. The maximum magnitude
of subsidence for this period was 2.2 ft near
Avenue I and 40th Street West, west of Lancaster,
in Area 1 on figure 1. The maximum rate of
subsidence reported was 0.09 ft/yr, calculated for a
14-year period (1946-60) for three bench marks and
for a 19-year period (1941-60) for another bench
mark. These four bench marks were along Avenue
I between 55th Street West and 70th Street West.

A subsequent report by the Office of the County
Engineer for Los Angeles County (McMillan, 1973)
presented their earliest and most recent (1972)
leveled elevations and the elevation differences for
selected bench marks in Antelope Valley between
1935 and 1972. About 1,300 additional bench
marks were used to prepare a contour map showing
the rate of vertical movement from 1967 to 1972.

4 Land Subsidence Related to Ground-Water-Level Declines using GPS and Leveling Surveys in Antelope Valley, California, 1992



Table 1. Map number, alternate name, latitude, longitude, and universal transverse mercator coordinates for 218

bench marks in Antelope Valley, Los Angeles and Kern Counties

[Map numbers refer to bench-mark locations in figures 7 or 8. Latitude and longitude are referenced to NAD83 (with error
of 5-10 seconds), determined by digitizing from 1:100,000-scale map unless preceded by footnote. NAD83, North American
Datum of 1983; UTM, universal transverse mercator; NCMN, national crustal motion network; SC, section corner; OS, offset;
RS, reset; m, meter]

UTM x- UTM y-
I\I:IIap Bench-mark Alternate Latitude Longitude coordinate coordinate
0. name names
(m) (m)

1 BM 53 34°42’ 14" 118°07°51" 396434 3840592

2 BM 56 34°42°15" 118°07°19" 397249 3840615

3 BM 60 Y488 1961 34°42°11" 118°06°43" 398163 3840480

4 BM 73 34°40°29" 118°06°44" 398103 3837340

5 BM 85 34°40°30" 118°08°56" 394744 3837407

6 BM 118 S811 RS1955, 34°40°54" 118°08°00" 396178 3838130
101-127

7 BM 120 34°42’14" 118°09°22" 394119 3840618

8 BM 121 34°42°08" 118°09°27" 393990 3840434

9 BM 135 H306 1935 134°31°16" 117°57°54" 411429 3820165

10 BM 171 E306 1935 134°34°49" 118°02°45" 404077 3826800

11 BM 172 F489 1955 34°38°45" 118°12°07" 389845 3834229

12 BM 185 SC 7N/13W 34°40°27" 118°13°08" 388330 3837390

13 BM 271A SC 7N/10W 34°41°24" 117°58°02" 411404 3838895

14 BM 278A SC 7N/10W 34°42°16" 117°58°01" 411445 3840497

15 BM 283 107-30 1961 34°42°13" 118°00°24" 407806 3840440

16 BM 287A 34°43°11" 117°58°05" 411360 3842192

17 BM 316 34°42°15" 118°05°42" 399717 3840588

18 BM 330 D489 1955 34°38°45" 118°09°53" 393256 3834189

19 BM 336 E489 1955 134°38°45" 118°10°55" 391678 3834207

20 BM 397 SC 6N7N/13W 34°38°40" 118°14°10" 386711 3834113

21 BM 417 SC IN/11W 34°44°01" 118°01°26" 406263 3843783

22 BM 426 SC 8N/11W 34°44°55" 118°00°23" 407882 3845430

23 BM 471 B57 RS1955, 134°39°24" 118°07°47" 396477 3835354
101-124

24 BM 472 T811 1947, 34°40°03" 118°07°51" 396389 3836556
101-125

25 BM 474 B2335 1902, 134°42°26" 118°08°16" 395803 3840968
101-133

26 BM 476 Z811 1947, 34°43°54" 118°08°38" 395274 3843685
101-136

27 BM 477 Y56 1926, 34°44°35" 118°08°36" 395339 3844948
101-138

28 BM 479 OBAN 1929 LINT, 234°45’15" 118°08°47" 395073 3846183
101-141

29 BM 481 H487 1955 34°45°43" 118°08°48" 395058 3847046

30 BM 482 J487 1955, 34°47°29" 118°09°06" 394638 3850317
101-147

Footnotes at end of table.
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Table 1. Map number, alternate name, latitude, longitude, and universal transverse mercator coordinates for 218
bench marks in Antelope Valley, Los Angeles and Kern Counties--Continued

UTM x- UTM y-
I\I:IJap Bench-mark Alternate Latitude Longitude coordinate coordinate
0. name names
(m) (m)
31 BM 483 N487 1955 34°48°23" 118°09°09" 394580 3851981
32 BM 484 M487 1955, 34°49°07" 118°09°21" 394291 3853340
101-151
33 BM 499 34°45’40" 118°07°56" 396379 3846939
34 BM 537 102-9 1957 134042 16" 118°12°37" 389159 3840738
35 BM 540 34°42°12" 118°10’59" 391651 3840585
36 BM 545 34°41°25" 117°57°00" 412982 3838911
37 BM 560 SC IN/11W 34°44°00" 118°04°39" 401354 3843803
38 BM 571 34°45°40" 118°06’19" 398845 3846911
39 BM 577 34°45°41" 118°04°38" 401413 3846914
40 BM 585 34°45°44"  118°02°31" 404643 3846972
41 BM 666 34°42°13" 118°08’14" 395849 3840567
42 BM 714 34°42°07" 118°13’11" 388291 3840471
43 BM 721 34°40°25" 118°10°31" 392325 3837280
44 BM 725 IN/12W 34°40°26" 118°11°33" 390747 3837330
45 BM 820 102-15 1957 34°42°11" 118°15°18" 385061 3840634
46 BM 823 B306 1935, 134°42°15" 118°15°47" 384325 3840766
102-16, US 3170
47 BM 828 34°42°07" 118°17°19" 381981 3840550
48 BM 835 34°43°31" 118°17°26" 381836 3843140
49 BM 839 SC 8N/13W 34°44°46" 118°17°23" 381942 3845449
50 BM 852 8N/13W 34°47°50" 118°17°25" 381964 3851118
51 BM 866 SC 8N/13W 34°48°16" 118°14°15" 386802 3851858
52 BM 878 SC 8N/13W 34°45°39" 118°14’14" 386768 3847021
53 BM 887 SC 8N/13W 34°43’54" 118°14°14" 386728 3843787
54 BM 900 SC 8N/13W 34°46°31" 118°16°21" 383560 3848663
55 BM 966 L306 1935 34°29°54" 117°43°55" 432802 3817460
106-48, US 3378
56 BM 998 LS33 1929, 34°36’59" 117°46°22" 429153 3830578
106-80, US 1982
57 BM 1069 LS17 1929, 34°39°58" 117°49°34" 424308 3836131
106-93, US 1944
58 BM 1078 SC TN/10W 34°41°22" 117°55°53" 414686 3838803
59 BM 1082 34°41°23" 117°54°53" 416213 3838819
60 BM 1087 SC IN/10W 34°41°23" 117°53°45" 417943 3838804
61 BM 1090 SC 7IN/OW10W 34°41°22" 117°52°42" 419546 3838759
62 BM 1103 34°38°41" 117°51°36" 421183 3833785
63 BM 1146 SC TIN/OW10W 34°43°07" 117°52’41" 419600 3841993
64 BM 1155 SC 8N/OW10W 34°45°47" 117°52°39" 419694 3846921
65 BM 1159 106-116 1959 134°45°50" 117°55°01" 416084 3847046
66 BM 1165A 106-122 1959 34°45°47" 117°57° 57" 411609 3846995
67 BM 1165B (Offset) 106-122 1959 OS89  '34°45°50" 117°58°15" 411153 3847092
68 BM 1170A 116-4 1961 34°44’ 00" 117°58°04" 411400 3843701
69 BM 1171A 116-3 1961 134°43° 37" 117°58°10" 411240 3842994
70 BM 1182 107-18 1961 34°38°47" 117°58’01" 411383 3834059

Footnotes at end of table.
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Table 1. Map number, alternate name, latitude, longitude, and universal transverse mercator coordinates for 218
bench marks in Antelope Valley, Los Angeles and Kern Counties--Continued

UTM x- UTM y-
I\I:IJap Bench-mark Alternate Latitude Longitude coordinate coordinate
0. name names
(m) (m)
71 BM 1238 34°46°27" 118°25°49" 369119 3848736
72 BM 1254 34°46°26" 118°30°03" 362651 3848091
73 BM 1276 102-52 1957 134°45° 40" 118°30°49" 361471 3847398
74 BM 1290 102-38 1957 134°43°49" 118°24°49" 370576 3843846
75 BM 1291 34°43°25" 118°24°43" 370718 3843106
76 BM 1295 34°43°3Q" 118°22’38" 373900 3843216
77 BM 1302 TIN/14W 34°42°08" 118°20°04" 377784 3840635
78 BM 1306 SC 7N/13W14W 34°42°08" 118°18°23" 380353 3840601
79 BM 1327 PC21 34°39°31" 118°22°34" 373901 3835850
80 BM 1380 110-10 1958 134°37°01" 118°09’23" 393983 3830976
81 BM 1456 D1154 1961 34°46°35" 118°10°01" 393220 3848669
82 BM 1469 AVENUE 1960 134°46°36" 118°13°12" 388366 3848758
83 BM 1480 102-60 1957 34°46°29" 118°34'11" 356359 3848988
84 BM 1483 102-63 1957 134°46°32" 118°36°20" 353081 3849131
85 BM 1494 102-73 1957 134°46°23" 118°41°11" 345679 3848975
86 BM 1518 G452 1953 34°47° 14" 118°49°11" 333505 3850759
87 BM 2016 34°38°45" 118°05°42" 399646 3834117
88 BM 2030 121-11 1961 134°38°46" 118°01°24" 406215 3834079
89 BM 2037 122-1 1961 134°38°45" 117°57°38" 411968 3833992
90 BM 2041 122-4 1961 34°38°43" 117°55°51" 414692 3833904
91 BM 2045 SC 6N7N/10W 34°38°45" 117°53°47" 417849 3833937
92 BM 2061 71044 1960 34°38°41" 118°17°21" 381849 3834204
93 BM 2067 34°39°26" 118°20°25" 377183 3835652
94 BM 2076 TIN/14W 134°39°34" 118°22°06" 374615 3835933
95 BM 2078 119-35 1961 34°39°32" 118°22’17" 374334 3835875
96 BM 2140 119-46 1961 34°44°14" 118°19°29" 378725 3844505
97 BM 2169 RDBM 95] 134°41°25" 117°57°39" 411990 3838920
98 BM 2174 106-130 1959 134°45°47" 118°02°29" 404694 3847064
99 BM 2180 107-35 1961 134°42°16" 118°03°01" 403813 3840573
100 BM 2181 G1154 1961 34°42°12" 118°02°29" 404626 3840441
101 BM 2186 F1154 1961 134°45°45" 118°06°47" 398135 3847073
102 BM 2230 SC 8NON/12W 34°49°08" 118°11°07" 391598 3853402
103 BM 2235 117-6 1961 134°49°12" 118°12°10" 389999 3853544
104 BM 2236 8NON/13W 34°49°08" 118°12°41" 389210 3853431
105 BM 2244 117-10A 1961 34°49’05" 118°14°13" 386872 3853367
106 BM 2290 34°44°51" 118°09°31" 393946 3845457
107 BM 2295 SC 8N/12W 34°44° 47" 118°11°04" 391580 3845361
108 BM 2298 34°44’51" 118°11°49" 390437 3845498
109 BM 2300 103-7 1957 34°44°46" 118°12°12" 389850 3845351
110 BM 2301 34°44°48" 118°12°38" 389190 3845420

Footnotes at end of table.
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Table 1. Map number, alternate name, latitude, longitude, and universal transverse mercator coordinates for 218
bench marks in Antelope Valley, Los Angeles and Kern Counties--Continued

UTM x- UTM y-

I\Igzl.) Bennczll:lrgark Arll;e;;aste Latitude Longitude coordinate coordinate
(m) (m)

111 BM 2317 117-16 1961 '34°49°12" 118°17°25" 381997 3853644
112 BM 2318 SC 8NON/13W 34°49°07" 118°17°26" 381969 3853490
113 BM 2319 34°49°09" 118°17°57" 381182 3853564
114 BM 2326A SC 8NON/14W 34°49°06" 118°19°33" 378742 3853501
115 BM 2344 SC TN/10W 34°43°08" 117°54°49" 416344 3842053
116 BM 2348 34°43’10" 117°55°56" 414641 3842130
117 BM 2356 8N/10W 34°44°26" 117°54°49" 416366 3844456
118 BM 2368 SC IN/11W 34°40°29" 118°03°32" 402990 3837285
119 BM 2371 120-6 1961 34°40°32" 118°02°25" 404696 3837360
120 BM 2393 SC 7N8N/OW 34°44°03" 117°48°26" 426100 3843664
121 BM 2395 TNEN/OW 34°45°48" 117°47°54" 426939 3846892
122 BM 2396 34°44°00" 117°47°52" 426964 3843564
123 BM 2409 SC TN/8WIW 34°42°16" 117°46°20" 429279 3840344
124 BM 2442 34°42°13" 117°48°27" 426047 3840277
125 BM 2616 RDBM 47FTEJON  '34°33°06" 118°02°33" 404350 3823624
126 BM 2646 LS28 1929 34°37°51" 118°01°26" 406147 3832385
127 BM 2678 H977 1964 34°30°20" 117°54’16" 416971 3818388
128 BM 2685 71045 1960 34°30°16" 117°48’58" 425080 3818196
129 BM 2706 115-4 1961 '34°36°08" 117°52°17" 420099 3829081
130 BM 2716 109-4 1961 134°34°48" 117°56°01" 414370 3826668
131 BM 2746 109-19 1961 '34°33°01" 117°50°08" 423337 3823293
132 BM 2760 34°38°47" 118°00°21" 407819 3834094
133 BM 3198 SC 6NTN/11W 34°38°44" 118°03°31" 402981 3834051
134 BM 3225 IN/11W 34°40°30" 118°05°08" 400547 3837344
135 BM 3294 TN8N/12W 34°43’59" 118°06°16" 398887 3843799
136 BM 3317 34°47°22" 118°11°04" 391636 3850136
137 BM 3387 SC 8NIN/15W 34°49°01" 118°27°57" 365935 3853525
138 BM 3392 117-32 1961 34°48°59" 118°25°49" 369186 3853417
139 BM 3398 34°38°43" 117°44°44" 431672 3833763
140 BM 3454 SN/BWOW 34°45°22" 117°46°18" 429373 3846072
141 BM 3455 34°45°20" 117°46°20" 429322 3846010
142 BM 3549 117-29 1961 134°49°08" 118°24°21" 371426 3853663
143 BM 3636 119-41 1961 134°46°33" 118°19°32" 378705 3848788
144 BM 3646 106-126 1959 34°45°46" ' 118°00°20" 407974 3847000
145 BM 3724 34°43'35" 118°00°23" 407857 3842966
146 BM 3738 RDBM 50G8 134°43’36" 118°02°27" 404703 3843029
147 BM 3998 SC 8NON/14W 34°49°07" 118°22°42" 373941 3853599
148 BM 4116 X973 RS1965 134°46°29" 118°46°09" 338107 3849290
149 BM 4217 W811 RS1973 134°37°34" 118°07°30" 396872 3831960
150 BM 4218 34°38°45" 118°07°38" 396693 3834151

Footnotes at end of table.
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Table 1. Map number, alternate name, latitude, longitude, and universal transverse mercator coordinates for 218
bench marks in Antelope Valley, Los Angeles and Kern Counties--Continued

UTM x- UTM y-
h;[}ap Bench-mark Alternate Latitude Longitude coordinate coordinate
o. name names
(m) (m)
151 BM 4219 S12-19 1971, 34°38°45" 118°07°35" 396769 3834151
101-122A
152 BM 4360 34°49°04" 118°52°50" 328002 3854251
153 BM 4415 34°42°16" 118°04°36" 401396 3840599
154 BM 4465 34°38°47" 118°02°26" 404637 3834126
155 BM 5159 B2657 1902, US 829 !34°34°44" 118°07°01" 397553 3826716
156 BM 5190 GRINELL RS1929 234°45'60" 117°49° 10" 425010 38472717
157 BM 5197 B2356 RS1961 34°41°52" 118°08°12" 395893 3839922
158 BM 5199 756 RS1965, 34°42’49" 118°08°18" 395785 3841679
101-134A
159 BM 5204 N487 1955 OS89 134°48°19" 118°09°15" 394427 3851859
160 BM 5205 M899 1955, US 4765 '34°30°58" 118°06°19" 398547 3819742
161 ALDER 1947 234°51°49" 118°06°42" 398386 3858285
162 Aqueduct 100 134°51°24" 118°29°31" 363612 3857966
163 ARP 1971 PMD Airport Ref Pt 134°37°46" 118°05°04" 400594 3832289
164 Ask P7 134°52°23" 117°54°46" 416576 3859148
165 B2322 1906 334°55°09" 117°54°38" 416826 3864260
166 BUCKHORN 3 1967 134°50°19" 117°59°43" 408998 3855400
167 BULL 134°49°06" 118°33°12" 357934 3853800
168 D1155 1961 134°53°06" 117°57°57" 411739 3860518
169 F54 1926 34°50’44" 118°52°08" 329126 3857312
170 F1147 1961 101-159 134°52°50" 118°10°03" 393304 3860222
171 GWM2 1937 134°53°45" 117°55°00" 416244 3861678
172 GWM4 1937 134°51°59" 117°57°11" 412888 3858443
173 GWMI10 RS1971 335°00°42" 117°52°53" 419580 3874494
174 GWM11 RS1971 35°00°30" 117°50°17" 423531 3874090
175 GWM11 RS1971 OS89 335°00°22" 117°50’ 14" 423605 3873843
176 H1155 1961 34°50°43" 117°54°57" 416269 3856070
177 H1155 1961 OS89 134°50°42" 117°54’60" 416192 3856040
178 HPGN 0618 234°49°31" 118°52’05" 329161 3855061
179 HPGN 0705 234°29°34" 117°45°54" 429762 3816866
180 HPGN 0805 135°00°26" 117°31°45" 451716 3873774
181 HPGN PEARBLOSSOM NCMN 7254 234°3044" 117°55°21" 415321 3819143
182 JUNCTION 1958 235°00°43" 117°54°43" 416793 3874550
183 L68 1928 334°57°35" 117°46°57" 428558 3868659
184 LC68 1952 35°02’18" 117°49°30" 424750 3877407
185 LC68 1952 OS89 135°02°20" 117°49°09" 425282 3877465
186 LS38 1929 US 2173 134°47°32" 118°05°44" 399772 3850352
187 LS39 1929 US 2176 34°47°32" 118°02°26" 404804 3850300
188 LS40 1929 US 2002 34°47°35" 117°59’13" 409710 3850343
189 L.S42 1929 US 2003 or 2008 34°48°28" 118°08°12" 417907 3851898
190 1.S46 1929 134°41°29" 117°48°37" 425782 3838922

Footnotes at end of table.
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Table 1. Map number, alternate name, latitude, longitude, and universal transverse mercator coordinates for 218
bench marks in Antelope Valley, Los Angeles and Kern Counties--Continued

UTM x- UTM y-
I\I:II?? Ben::m?ark Arll;er;ncaste Latitude Longitude coo(rgli;late coozlcllji)nate
191 1.S53 1929 134°43°59" 117°53°29" 418393 3843606
192 M1155 1961 134°48°43" 117°52°41" 419690 3852343
193 MDC4 1973 134°48°30" 117°49°55" 423904 3851907
194 MDC6 1973 134°48°32" 117°46°28" 429164 3851926
195 MDC30 1973 134°52°10" 117°48°32" 426068 3858666
196 MDC33 1973 134°54°30" 117°47°29" 427702 3862966
197 MONDAY RS1929 Adobe Mtn. F-1 '34°44°35" 117°42°21" 435389 3844580
198 P1155 1961 134°48°25" 117°54’56" 416255 3851819
199 Rogers Lakebed 1 1RLB 1989 134°56°37" 117°50°49" 422659 3866920
200 Rogers Lakebed 3 3RLB 1989 '34°54°06" 117°50°34" 423001 3862265
201 Rogers Lakebed 4 4RLB 1989 134°49°30" 117°51°33" 421430 3853776
202 Rogers Lakebed 5 5RLB 1989 134°59°45" 117°50’44" 422835 3872710
203 Rogers Lakebed 6 6RLB 1989 '34°56’50" 117°47° 11" 428192 3867275
204 ROSAMOND SC SNON/11WI12W  '34°49’17" 118°05°43" 399833 3853586
205 Rosamond Lake 1 1ROL 1989 134°49°02" 118°05°26" 400260 3853119
206 RS38 1932 35°00°08" 117°46’25" 429406 3873365
207 RS38 1932 OS89 135°00°08" 117°46°30" 429280 3873366
208 Santa Fe Trail 1 134°55°29" 117°51°52" 421043 3864839
209 Sewage Treatment Pond 1 134°51°23" 117°52’51" 419479 3857274
210 T1139 1961 134°56°22" 117°54°57" 416364 3866513
211 Transect 8 134°50°59" 117°49°42" 424273 3856494
212 U56 1926 101-156 134°51°36" 118°09°45" 393735 3857937
213 U1154 1961 134°51°55" 118°04°37" 401562 3858435
214 V1146 1961 134°51°10" 118°13°13" 388443 3857199
215 V1155 1961 134°48°29" 117°59’16" 409650 3852005
216 Y1139 1961 134°57°44" 117°53°48" 418137 3869023
217 Y1154 1961 134°52’00" 118°00°37" 407657 3858525
218 Z488 1955 134°42°41" 118°05°49" 399547 3841389
! Latitude and longitude referenced to NAD83, measured using GPS in 1992.
2 Latitude and longitude referenced to NADS83, held fixed for 1992 GPS survey.
3 Latitude and longitude referenced to NAD83, measured using GPS in 1989.
McMillan also described the limitations of eval- land subsidence in and around Lancaster (County of
uating changes in elevation for long periods of time Los Angeles, 1981a, 1991). The area having the
because of differing datums and adjustment stand- maximum calculated magnitude of subsidence,
ards that were in effect at the time of elevation 4.9 ft, for the period 1957-81 was near Avenue I
determinations. The area with the maximum mag- and 90th Street East (Area 3, fig. 1), slightly
nitude and rate of land subsidence between 1967 northeast of the area identified as having the
and 1972 was near Avenue J and 70th Street East, maximum subsidence rate between 1967 and 1972.
about 14 mi east of the area with maximum subsid- Nearly 5 ft of subsidence was identified for the
ence between 1928 and 1960. A rate of subsidence same period in Lancaster at Avenue I and Division
of about 0.3 ft/yr for 1967 to 1972 at this location Street (Area 2, fig. 1).
corresponds to a magnitude of 1.6 ft and repre-
sented a threefold increase above the rate of 0.1 In the northeastern part of Antelope Valley,
ft/yr for the previous period, 1960-67 (McMillan, bench-mark elevations on and in the vicinity of
1973). EAFB were measured between 1989 and 1991
using differential leveling or GPS surveying or both
Second- and third-order leveling networks of the (Blodgett and Williams, 1992). In 1989, a network
Los Angeles County, Department of Public Works, of 41 bench marks was measured using GPS sur-
Road Department, supplemented the network of the veying; about 25 additional bench marks were lev-
Los Angeles County Engineer. The leveling eled between 1989 and 1991. The maximum mag-
surveys of the Road Department, done at recurrence nitude of subsidence between 1961 and 1989 on
intervals of about a decade or less, also documented EAFB was 3.3 ft near the intersection of Lancaster
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Boulevard and Avenue B, southwest of Rogers
Lake. In a related study of the hydrogeology of
EAFB, sediment compaction was measured using an
extensometer constructed near this area of maxi-
mum subsidence (Londquist and others, 1993). At
this same site, ground-water levels were measured
in four piezometers completed at different depths.
Data collected between May 1990 and November
1991 showed a higher rate of compaction during the
pumping season (about April to September) which
corresponded to the water-level declines. The
aquifer system continued to compact, albeit at a
lower rate, during the autumn and winter, even
though water levels recovered.
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GEOHYDROLOGIC FRAMEWORK OF
ANTELOPE VALLEY

Generalized Physical Geology, Subsurface
Lithology, and Tectonics

Underlying Antelope Valley are three large,
sediment-filled structural basins, which are sepa-
arated by areas of extensively faulted, elevated
bedrock (Dibblee, 1967; Londquist and others,
1993). These depositional basins, West Antelope
Basin, East Antelope Basin, and Kramer Basin
(fig. 2), are filled with alluvium and sedimentary
and volcanic rocks of Tertiary age. The predom-
inant bedrock types are pre-Tertiary igneous quartz
monzonite and granitoid batholiths, with isolated
remnants of intensely deformed metamorphic rocks
(Dibblee, 1967). Dibblee postulated that the large
areas of basement complex that separate the basins
probably were highlands that became further ele-
vated as the basins were depressed. Evidence to
substantiate this interpretation relates to the differ-
ence in sedimentary sequences in each basin and to
the coarsening of some formations at basin margins.

The subsurface lithology of unconsolidated
sedimentary deposits influences the location and
degree of land subsidence that results from aquifer-
system compaction of fine-grained sediments. In
Antelope Valley, unconsolidated sedimentary
deposits of Quaternary age overlie consolidated
rocks and are of either alluvial or lacustrine origin.
The alluvial deposits consist of unconsolidated to
moderately indurated, poorly sorted gravel, sand,
silt, and clay (Dutcher and Worts, 1963). The
lacustrine deposits are primarily thick layers of
blue-green silty clay and a brown clay with inter-
bedded sand and silty sand layers. These deposits
accumulated in a lake or marsh that covered large
parts of Antelope Valley at the end of the Pleisto-
cene Epoch (Dibblee, 1967). Older alluvium is
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Figure 3. Generalized geologic section showing relation of lacustrine and alluvial deposits. Line of section shown
on figure 2. (Modified from Londquist and others, 1993, fig. 3).

overlapped by lacustrine deposits, which are them-
selves overlapped from the south by younger allu-
vium (fig. 3). Individual clay beds, locally as much
as 100 ft thick, are interbedded with pockets of
coarser material as much as 20 ft thick (Londquist
and others, 1993).

Crustal extension during the Oligocene Epoch
(about 32 million years ago) resulted in the struc-
tural basins in the Mojave Desert. A second period
of tectonic deformation superimposed predom-
inantly northwest-trending right-lateral faulting over
the northeast-trending faults of the Basin and Range
topography. The tectonic environment of Antelope
Valley is dominated by the San Andreas Fault,
which forms the southern boundary of the valley
(fig. 2). The San Andreas Fault is a right-lateral,
northwest-trending active fault at the northern base
of the San Gabriel Mountains. There are several
other fault zones and fault traces in the western
Mojave Desert, most notably the active Garlock
Fault. It is a left-lateral, northeast-trending fault
zone at the boundary between the valley and the
Tehachapi Mountains (fig. 2). The western end of
the Garlock Fault zone terminates at its inter-
section with the San Andreas Fault zone near
Gorman.

In addition, there are several minor faults in
Antelope Valley, but they are not considered active
(Londquist and others, 1993) and are located out-
side the extent of most bench marks in the leveling

networks. The location of the major active faults at
the boundaries of the valley allows points within
the valley to be considered tectonically stable
relative to each other. Ideally, primary and secon-
dary control stations within a geodetic network
would be located in one structural unit.

Research, using hundreds of kilometers of
geodetic leveling, indicates that much of Southern
California was subject to two periods of tectonic
uplift during the 20th century (Mark and others,
1981; Castle and others, 1984; Castle and others,
1987). Antelope Valley, which is in the western
half of the Mojave Desert province, is included
entirely within the uplifted area. The two periods
of tectonic uplift, measured relative to a tidal bench
mark at San Pedro on the coast just south of Los
Angeles (fig. 1), are 1905-33 and 1959-76. Tec-
tonic activity in Antelope Valley during the early
20th century was characterized by an uplift ranging
from 1.15 to 1.31 ft (0.35 to 0.40 m) between 1906
and 1907, relative to a time baseline of 1902,
followed by a slight collapse of about 0.33 ft (0.1
m) between 1924 and 1928 (Castle and others,
1987). Elevations for all bench marks used in the
current study (1992) were determined after 1925,
except bench mark Aqueduct 100 (no. 162, table 1),
which was leveled in 1907 and later adjusted to
National Geodetic Vertical Datum of 1929
(NGVD29). Thus, the early tectonic episode has
had no effect on the determination of land subsi-
dence since about 1930.

Geohydrologic Framework of Antelope Valley 13



The more recent period of tectonic uplift
(between 1959 and 1976) had a similar magnitude,
history, and areal distribution as the 1905-33 period.
Using a time baseline of 1955, land-surface eleva-
tion changes in Antelope Valley attributed to tec-
tonic causes in the mid-20th century include the
following phases: The inception, with uplift of 0.16
ft (0.05 m) by mid-1961 along the San Andreas
Fault zone; uplift of 0.49 ft (0.15 m) throughout the
valley with a narrow zone of 0.66-ft (0.20-m) of
uplift between Palmdale to the valley boundary east
of Llano by 1962; valleywide uplift of 0.66 ft (0.20
m) by 1966; an increase in uplift to 0.98 ft (0.30 m)
in a small linear zone between Gorman and Palm-
dale by mid-1971; a maximum valleywide uplift of
0.98 ft (0.30 m) by 1973, with a small zone of 1.15
ft (0.35 m), again between Palmdale and Llano;
followed by a collapse by 1977 with increases in
elevation relative to 1955 ranging from only 0.16 ft
(0.05 m) at Rosamond and 0.33 ft (0.10 m) at
Lancaster to 0.49 ft (0.15 m) at Palmdale (Castle
and others, 1984).

Generalized Hydrology

Antelope Valley has a predominantly arid
climate, as evidenced by average annual precip-
itation of only 4.8 in. for the 1933-89 period of
record at EAFB (Londquist and others, 1993).
During the middle of the 1987-92 drought, total
precipitation at Lancaster was 2.43 in. in 1989 and
only 1.85 in. in 1990. Ground water is the primary
local source of water for the valley. From 1983 to
1992, ground water supplied an average of about 60
percent of the total water used, with a maximum of
about 75 percent in 1991 (Templin and others,
1994). The ground-water basin in Antelope Valley
has been divided (Bloyd, 1967) into several sub-
basins separated by faults, outcrops, subsurface
structural features, and physiographic boundaries
(fig. 4). Most of the valley is underlain by the
Lancaster ground-water subbasin, which is the most
developed ground-water resource.

The aquifer system of the Lancaster subbasin
consists of two alluvial aquifers—the principal and
the deep aquifer—which are separated by a con-
fining bed (Londquist and others, 1993). The
principal aquifer is unconfined and overlies lacus-
trine clay sediments. The subsurface lithology of
both aquifers has been logged as interbedded
heterogeneous mixtures of clay, silt, sand, and
gravel (Rewis, 1993). The deep aquifer is confined
by a massive bed of blue clay, except in the north-
eastern part of Antelope Valley where the clay
intersects land surface and thins to extinction
(Durbin, 1978). The confining clay bed is at depths
greater than 600 ft near Lancaster, which is in the
south center of the Lancaster subbasin and surfaces
between Redman and Buckhorn Lake. The prin-

cipal aquifer extends to just north of the southern
boundary of EAFB where the deep aquifer becomes
unconfined in the northeastern part of the valley.

Mechanics of Aquifer-System Compaction

Land subsidence is the lowering of land-surface
elevations over a long-term period and can be
caused by various natural or human-induced pro-
cesses, such as aquifer-system compaction.
Aquifer-system compaction is the decrease in
thickness of subsurface sediments that results from
an increase in vertical compressive stress (Poland
and others, 1972). Land subsidence usually is
measured by differential leveling; aquifer-system
compaction generally is measured by one or more
types of gages installed at an extensometer well.
The relation of compaction and associated sub-
sidence to increases in effective stress that result
from exceeding the preconsolidation stress of the
aquifer materials has been documented in other
locations (Epstein, 1987; Hanson, 1989), most no-
tably in San Joaquin Valley (Poland, 1984). Total
vertical stress at a particular depth in the aquifer
system is a function of two opposing components
and is expressed by the equation

p=p’+u, M

where p is total vertical stress, p’ is effective stress,
and u i1s fluid stress. Total vertical stress, also
called geostatic pressure or overburden, is the load
on the aquifer matrix caused by the weight of
aquifer-system materials and water above that point.
Effective stress, p’, is the grain-to-grain load and
fluid stress, u, also called hydrostatic pressure or
porewater pressure, represents the buoyant effect of
water in the void spaces of the aquifer-system
matrix. Because geostatic pressure is the sum of
effective stress and porewater pressure, a decrease
in porewater pressure will cause a corresponding
increase in effective stress. If ground-water-levels
decline, the release of porewater from fine-grained
materials and the associated decrease in porewater
pressure causes an equal increase in effective stress
and usually will result in aquifer-system com-
paction.

Some of the compaction of sedimentary deposits
is not permanent, but is recoverable and, thus, is
referred to as elastic. If the reduction in porewater
pressure and other factors are such that effective
stress on the aquifer materials exceeds the previous
maximum preconsolidation stress, permanent,
nonrecoverable, inelastic compaction will occur.
Preconsolidation stress is defined as the maximum
antecedent effective stress of an unconsolidated
sedimentary deposit and can be expressed as an
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‘(¥ "By ‘e661 ‘sioyio pue jsinbpuo woyy payipoly) “AsjieA adojeluy ul suiseqqns Jalem-punoib pue A60joab |eloIuNS pazieieusy) “p ainbidg

SHIALINOTIM 02

ot
|

1
—
S3UN 02

o—d-o

oL

L}
131sR0UR]

wupsy AT TIVA IdOTILNY  s31ing

AITIVA INOWIHA

Nl

AYVANNOL NISVEANS J4LVM-aNNOYD =—
X¥VANNOY ESVE dDYO0J 91V SadvMad —-—

Q«w\mw&s
%

HILSYONVT

JdOT3INY =

s3Ling
EZTHTy Rt

/9,
\.\Q@O 5
()

JAd0¥aad

SLISOdHd AAVINFWIAES QELVAITOSNOONN [ ]

HOVAMNS VAVId [ ]
NOLLVNVIdXA

0E ¥E

00 .S€

00.8L}

0€.841

Geohydrologic Framework of Antelope Valley 15



equivalent hydrostatic hydraulic-head value. Where
aquifer-system compaction is caused by ground-
water-level declines, preconsolidation stress can be
represented by the resultant of the previous
minimum hydraulic head and geostatic pressure.
Preconsolidation stress can be represented solely by
the historical minimum hydraulic head if the
geostatic load has remained constant during the
stress period, the fine-grained interbeds are thin, or
the influence of delayed drainage from thick inter-
beds is appropriately estimated. Preconsolidation
stress is the threshold between elastic and inelastic
aquifer-system compaction. If water levels decline
but stay above this preconsolidation head,
compaction will be in the elastic range. When
water levels recover, compaction is reversed and
water goes back into storage in fine-grained
materials; thus, the elastic component of storage in
fine-grained deposits is similar to storage in
coarse-grained deposits. Water-level declines in
coarse-grained sediments, such as sand, cause much
smaller amounts of deformation because of the
incompressible nature of coarse-grained sediments.
Compaction in the inelastic range results in per-
manent loss of storage capacity and represents a
one-time source of water.

The fine-grained deposits of alluvial and
lacustrine origin are an integral part of the aquifer
system in Antelope Valley. Although fine-grained
deposits transmit water at a relatively low rate, the
large total surface area of upper and lower surfaces
of multiple fine-grained deposits interbedded with
coarser sediments represents a significant inter-
granular storage capacity. This large total surface
area, in combination with relatively high porosities
of fine-grained materials, constitutes a major source
of water for wells (Freeze and Cherry, 1979, p.
332). For example, throughout most of the western
San Joaquin Valley, 20 to more than 60 percent of
water pumped for irrigation from 1963 to 1966 was
estimated to have come from inelastic storage of
fine-grained deposits (Poland and others, 1975, p.
H41; Williamson and others, 1989, p. D84).

Inelastic compaction and the resulting loss in
storage capacity have detrimental effects on the
aquifer system with respect to ground-water pro-
duction. First, compaction results in a change in
the bulk hydraulic properties of an aquifer system.
Because the alluvial and lacustrine deposits 1n
Antelope Valley are horizontally layered, the fine-
grained deposits control, to a large extent, the
vertical hydraulic conductivity of the aquifer
system. Inelastic compaction results in decreased
vertical hydraulic conductivity, which could result
in increased confinement of underlying zones within
the aquifer system. Increased confinement
generally results in a smaller storage coefficient and
corresponding lower yields. Secondly, compaction
of the outermost surfaces of a fine-grained deposit
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Figure 5. Measured water levels and compaction at
a site near Mendota, San Joaquin Valley. (Modified
from Ireland and others, 1984, fig. 21).

effectively decreases the hydraulic connection to the
interior part of the deposit, thus limiting access to
the water in storage in these deposits (water of
compaction).

The detrimental effects of inelastic compaction
described above and the overall loss of aquifer-
system storage probably are best discussed with
reference to data collected in San Joaquin Valley
(Ireland and others, 1984, p. 122). Figure 5 shows
the hydrograph of a well about 3 mi south of
Mendota in western San Joaquin Valley (fig. 1) and
measured compaction at an extensometer well in the
immediate vicinity from part of 1958 through 1979.
Original water-level declines between 1905 and
1960 were nearly 500 ft. Between 1960 and 1968,
water levels were relatively stable and compaction
averaged nearly 1.0 ft/yr. Deliveries of State Water
Project water, which began in 1968, resulted in a
drastic decrease in ground-water pumpage, a rapid
recovery of water levels (270 ft) from 1968-76, and
the elimination of measurable compaction by 1975.
Substantial ground-water pumping resumed in 1977
in response to reduced deliveries from the State
Water Project during the second of 2 severe drought
years. Although ground-water pumpage increased
to about three times the 1976 rate, it was less than
one-third of the average annual rate for the 1961-68
period (Bertoldi, 1992, p. 71). This relatively low
rate of ground-water pumpage resulted in 170 ft of
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drawdown and about 0.4 ft of inelastic compaction
(fig. 5). The large drawdown (170 ft) associated
with 1 year of relatively low ground-water pumpage
and the subsequent rapid water-level recovery are
attributed to the reduced storage capacity of the
aquifer system caused by inelastic compaction.

The areal extent of compaction at a pumping
well is partially dependent on the duration of
pumping. Typically, the cone of depression that
develops at a pumped well initially is narrow and
the decline in water levels is fairly constant, but the
rate of water-level decline gradually slows as the
cone of depression spreads laterally. Similarly, the
initial rates of subsidence often are high and then
gradually slow. As the geographic influence of the
cone of depression for a well enlarges, the lateral
extent of the source of ground water supplied to the
well also increases causing the area affected by
aquifer-system compaction and land subsidence to
become areally more extensive. Although com-
paction initially supplies water to an aquifer, it
ultimately reduces the amount of water available
from aquifer-system storage resulting in a more
extensive spreading of the cone of depression, thus
causing compaction farther from the well.

The number, thickness, and hydraulic
conductivity of clay deposits, usually interbedded
with coarse-grained aquifer material, influence not
only the rate but also the duration of aquifer-system
compaction. Large thickness and relatively low
vertical hydraulic conductivity of the clay interbeds
delay the equilibration of porewater pressures and
effective stresses between the fine- and coarse-
grained materials. Water levels measured in wells
screened predominantly in the coarse-grained
aquifer materials could recover to above precon-
solidation-stress levels, but compaction in the
aquifer system will continue until the stress in the
fine-grained interbeds equilibrates with that in the
coarse-grained deposits. Figure 5 illustrates the
time-delay effect in San Joaquin Valley where
compaction continued for almost a decade, even
after a net rise in ground-water levels was measured
during that same period. Equilibration of the
stresses in all components of an aquifer system can
take years or decades.

HISTORICAL PRECISE-LEVELING
SURVEYS

Differential-Leveling Sources

Differential leveling has been done in some parts
of Antelope Valley since before the turn of the
century to ascertain changes in land-surface
elevations, or lack thereof, relative to time. Most of
the earliest leveling—for the first 50 years of this

century—was done by national organizations as part
of their original mission to establish and update
large-scale vertical-control networks. Because of
the nationwide scope of these surveys, relatively
few bench marks were established in any one
region. Densification—the establishment and
measurement of a smaller-scale network of geodetic
stations—was accomplished in the early 1950’s by
LAC for a vertical-control network located pri-
marily in the southern half of Antelope Valley.

Most of the differential leveling data used in this
report was from the LAC DPW Road Department’s
precise network surveying of Antelope Valley. This
network was divided into five quads: Lancaster,
Lancaster East, Lancaster West, Llano, and
Palmdale (County of Los Angeles, 1980, 1981a,
1981b, 1981c, 1981d, 1981e, 1991). Second- or
third-order standards of accuracy were achieved for
these data. Other primary sources of differentially
leveled elevations include the U.S. Department of
Commerce, National Geodetic Survey, and the
National Mapping Division (NMD) of the USGS,
particularly for bench marks in areas not within
LAC and leveled before 1955. Locations of
selected leveling lines for each of these agencies are
shown in figure 6. Most of the NGS leveling was
first order and was published in NGS quads
341174, 341181, and 341184 (U.S. Department of
Commerce, Coast and Geodetic Survey, 1966a,
1966b, 1966¢), respectively, and a digital data base.
Most of the NMD leveling was third order and was
published in NMD quadrangles for California:
Alpine Butte (160), Lancaster (161), Bouquet
Reservoir (162), Rogers Lake (185), Rosamond
(186), Willow Springs (187), Neenach (188), and
Castle Butte (210) (USGS, National Mapping
Division, 1955, 1974, 1969, 1973b, 1973c, 1976a,
1976b, 1973a, respectively).

Other sources of elevation data included
third-order leveling done by the USGS, Water
Resources Division, on EAFB in 1990 and 1991.
In addition, elevation and subsidence-rate data were
obtained from a report and map published by the
LAC Engineer’s office, which documented changes
in land-surface elevation between 1928 and 1960
(Mankey, 1963). A more recent generalized com-
parison by LAC, DPW, Road Department of their
bench-mark elevation data showed amounts of
subsidence of more than 4 ft between 1957 and
1981 at two locations (Gerald Campbell, Los
Angeles County, Department of Public Works, oral
commun., 1992). For the 1957-81 period, subsi-
dence ranged from 4.0 to 4.8 ft near downtown
Lancaster, between 20th Street West and Division
Street along Avenue I (Area 2, fig. 1) and from 3.5
to 4.9 ft between 70th and 90th Street East and
between Avenues H and J (partly included in Area
3, fig. D).

Historical Precise-Leveling Surveys 17
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Accuracy and Limitations of Historical
Leveling

The accuracy and precision of differential
leveling at a regional scale are affected by several
factors, including the validity and accuracy of the
elevation of the origin bench mark; method of
leveling, which is a component of the intended
standards of accuracy; method of adjustment; and
possible intrasurvey movement of control stations,
which would influence the magnitude of misclosure.
Because vertical-control stations in Antelope Valley
are in networks of various scales and have been
measured by several agencies with different
objectives and standards of accuracy, differences in
elevation of less than about 0.2 ft were considered
to be "measurement error.” To reduce some of the
confusion caused by interagency leveling, two
major leveling and adjustment programs, referenced
to NGVD?29, were done in the Southern California
region in the last 25 years. McMillan (1973)
reports,

"By 1966, it had become apparent that,
through the instability of the earth’s surface
and through the inclusion into the net of
more and more interconnecting lines, the
originally assigned elevations of the key
bench marks were losing their
validity...Leveling instituted by one agency
could not be tied to leveling being done by
another agency. As a result of these events,
the Southern California Cooperative Leveling
(COOP) Program was instituted in 1968-69,
[and] resulted in a general readjustment of
ﬁllé%]imary leveling in Southern California [by

Several years later, a similar program, Southern
California Releveling Program (SCRP) also was
coordinated by NGS. Leveling was done in 1978
and adjustments were completed in 1980 (U.S.
Department of Commerce, National Geodetic
Survey, 1980, digital data base). Because this was
the most recent large-scale measurement of bench
marks in Antelope Valley, elevations from this
survey were used whenever possible for the primary
vertical-control stations in the 1992 GPS survey.

A report by Mankey (1963) provides the oldest
valleywide land-surface elevations for Antelope
Valley. However, there seems to be an error in the
data for bench mark US827 (no. A, fig. 7) at Sierra
Highway and Avenue P in Palmdale. Because the
report by Mankey (1963) was the source for esti-
mates of subsidence at selected bench marks prior
to 1960, the exclusion of some of its data and the
rationale for that exclusion are discussed. On the
basis of all data examined, the reported magnitude
of 1.491 ft of subsidence between 1928 and 1960
appears to be in error because the 1960 land-surface

elevation reported by LAC is questionable. On the
basis of the location of bench mark US827 plotted
on the subsidence-rate contour map and descriptions
of the locations of bench marks published by NGS,
it seems likely that bench mark US827 is also
known as bench mark W425 1935. Bench mark
US827 was reported as established in 1928, but
bench mark W425 was not established until 1935;
however, they appear to be the same bench mark
because of the proximity of their locations and
because of the earliest reported land-surface eleva-
tions of the two bench marks. Los Angeles County
reported a land-surface elevation of 2,613.510 ft for
bench mark US827 compared with the NGS-
reported land-surface elevation of 2,613.446 for
bench mark W425—a difference of only 0.064 ft.
However, in contrast to the LAC 1960 reported
elevation of 2,612.019, the NGS 1961 elevation is
2,613.643, a difference of 1.624 ft.

Other leveling done by NGS and LAC indicates
that there was no apparent subsidence in the area
near Sierra Highway between Avenues N-8 and Q
during that time period (about 1930 to about 1961)
nor more recently. Bench mark W425 was leveled
five times by NGS between 1935 and 1961, and the
differences in elevation are not indicative of sub-
sidence; in fact, the change in elevation measured
by NGS during that period was +0.197 (upward).
Bench mark W425 was leveled also by LAC (five
times) between 1957 and 1991 and likewise showed
an upward change in elevation (of 0.277 ft).
Elevation histories are available for 11 bench marks
that are within 1 mi southward of bench mark
W425, 7 bench marks that are within 1 mi north-
ward, and 1 bench mark, BM 4217 (no. 149, fig. 7),
1.5 mi north of bench mark W425. Most of these
bench marks were leveled seven times by NGS
between 1935 and 1965. Rather than indicating
subsidence, the elevation changes of these bench
marks, including bench mark BM 4217, which was
measured by leveling when reset in 1973 and
measured by GPS in 1992, show increases in
elevation (of less than 0.3 ft). Even if the ele-
vations for bench mark US827 are correct, the
amount and downward direction of land-surface
change is not representative of this area with respect
to the elevation histories of 19 other bench marks
within 1.5 mi of the bench mark in question.
Therefore, in extrapolating subsidence-rate infor-
mation from the map by Mankey (1963), the
contours of equal rates were redrawn ignoring
bench mark US827 and no estimates of subsidence
were made in the area where the published and
redrawn contour lines showed divergence.

There was some concern that the bench marks
used as primary vertical-control stations for LAC
networks (those that were common to adjacent
quads) might have been subject to land subsidence.
However, the possibility was slight because the
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selection of these bench marks for control was
based on the results of a least squares analysis.
Bench marks with the least amount of change in
elevation between periods of leveling had been
selected as primary vertical-control stations for their
network. Nonetheless, one of the goals of the GPS
measurement was to evaluate whether a significant
amount of subsidence had been ignored because
these bench marks had been held fixed. These
vertical-control stations were BM 1327 (no. 79, fig.
7) and BM 4219 (no. 151, fig. 8) in the Palmdale
quad (Gerald Campbell, Los Angeles County,
Department of Public Works, oral commun., 1992).
Because of poor visibility or accessibility at both
bench marks, BM 1327 and BM 4219, bench marks
BM 2076 (no. 94, fig. 7), BM 471 (no. 23, fig. 8),
and BM 4217 (no. 149, fig. 7) were instead selected
for the GPS network. BM 2076 is 0.5 mi east of
BM 1327 near Elizabeth Lake (fig. 1). During one
GPS multiple-constraint adjustment, the elevation of
BM 2076 was not held fixed, and the computed
elevation was within a few millimeters of the 1991
leveled elevation, indicating that significant vertical
crustal movement had not occurred. Thus, this
bench mark was shown to be acceptable for use as
a primary vertical-control station in the GPS net-
work. On the basis that conditions were similar—
no significant vertical crustal movement—0.5 mi
away, it was assumed that BM 1327 also was
suitable as a primary vertical-control station for a
leveling network.

Vertical-control station BM 4219 (no. 151, fig.
8) on Avenue M was bracketed by two substitute
bench marks in the GPS network because it seemed
to be near a boundary between a subsiding area
(Area 2, fig. 1) and a nonsubsiding area. BM 4217
(no. 149, fig. 7) is 1.4 mi south of BM 4219 along
Sierra Highway near Avenue N-8, and BM 471 (no.
23, fig. 8) is 0.75 mi north of BM 4219 near
Avenue L-4, toward the area of subsidence. The
difference between the 1991 leveled elevation and
the 1992 GPS-derived orthometric height for
BM 4217 was insignificant (0.04 ft). The
difference of 0.13 ft for BM 471 for the same
period was an order of magnitude larger, but still
within the +0.2 ft range considered to be measure-
ment error. On the basis of these relatively insig-
nificant differences between GPS-derived and lev-
eled elevations of these bracketing bench marks,
BM 4219 has not experienced sufficient subsidence
to necessitate revising elevations of bench marks in
the LAC networks that have been dependent on the
elevation of this vertical-control station.

Increases and decreases in land-surface ele-
vations for periods of decades that are attributed to
tectonic causes have been documented for Southern
California, including the Palmdale area (Castle and
others, 1984). In assessing the amount of crustal
movement related only to tectonic causes, Castle

and others (1984) estimated the amount of sub-
sidence that they could attribute to fluid with-
drawal and eliminated it to obtain the resultant
land-surface profiles. In contrast to other areas in
Southern California, tectonic-induced crustal defor-
mation within the western Mojave Desert block was
relatively uniform, with a slight downward-to-the-
north tilt between Palmdale and Rosamond relative
to profiles of previous years. A difference in
elevation of 0.20 ft (0.06 m) across the valley in a
north-south orientation between 1959 and mid-1971
(Castle and others, 1984, fig. 62) to a maximum
difference of 0.30 ft (0.09 m) after the post-1974
collapse can be inferred from their maps (Castle and
others, 1984, fig. 65).

The tectonic influence on leveling predom-
inantly within Antelope Valley, such as that done
for the LAC networks, most likely would be
affected only by this downward tilt of between 0.2
and 0.3 ft and to a lesser extent than indicated by
Castle and others (1984) because LAC leveling did
not extend north of the Los Angeles/Kern County
line, which is 3 mi south of Rosamond. On the
other hand, all NGS leveling originated at a tidal
station bench mark in San Pedro (fig. 1); thus, their
elevations would have incorporated the amounts of
tectonic uplift relative to the 1955 time datum to a
maximum of 1.15 ft (0.35 m) in about 1973 (Castle
and others, 1984, fig. 63).. However, relatively few
of the calculations in this report include NGS data
for bench marks in LAC from the post-1955 period,
and variations in the relatively uniform valleywide
uplift can be incorporated into the +0.2 ft allowed
for measurement error. Therefore, calculations of
subsidence resulting from artificially induced com-
paction have not been adjusted to account for
crustal movement--subsidence or uplift—presumed
to result from tectonic or "natural” causes.

GLOBAL POSITIONING SYSTEM
GEODETIC SURVEYING FOR
LAND-SUBSIDENCE MONITORING

Principles of Global Positioning System
Geodetic Surveying

Geodetic measurements made by receiving and
recording radio signals sent by GPS satellites have
been shown to be very accurate relative to other
systems of geodetic measurement (Dixon, 1991),
particularly when relatively large areas are involved.
Geodetic measurements are those made to high
standardized levels of accuracy and corrected for
the curvature of the Earth’s surface. In geodetic
networks, the unknown coordinates of stations are
determined by relating them to points with known
coordinates (control stations) using instruments that
can achieve the intended standards of accuracy.
The three-dimensional position of a point or station
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on Earth is computed on the basis of the distance or
range to each observed satellite whose position
within its orbit is known. In relative positioning,
two or more GPS receivers receive signals simul-
taneously from the same set of satellites. These
observations are processed to obtain the three-
dimensional components of a vector between each
pair of observed stations. The vector coordinates,
dx, dy, and dz, represent the relative positions of the
stations and are based on an earth-centered
Cartesian coordinate system. GPS-computed hori-
zontal and vertical coordinates are referenced to the
universally accepted ellipsoid, GRS80 (Geodetic
Reference System 1980), that currently best approx-
imates the Earth’s shape. These coordinates usually
are converted into other, more familiar, coordinate
systems.

The selection of a set of horizontal-control
stations and a set of vertical-control stations, each
referenced to its respective datum, defines the
three-dimensional, localized reference system to
which GPS coordinates are converted. Stations
whose horizontal positions had been measured
previously are known as horizontal-control stations.
Commonly, "vertical-control station” and "bench
mark" are synonymous. In this report, "primary
vertical-control stations" are those that are at stable
locations relative to areas susceptible to artificially
induced compaction and whose previously measured
elevations were held fixed in the GPS-network
adjustment. Other stations, whose elevations have
changed and probably will continue to change with
time as determined by repeat measurements, will be
considered "secondary vertical-control stations."
"Bench marks" will be used to refer to either or
both types of vertical-control stations.

In this report, GPS data have been converted to
latitude and longitude for the horizontal coordinates
and elevation above mean sea level for the vertical
coordinate. Latitude and longitude have been refer-
enced to another ellipsoid that best represents the
Earth’s surface in this locality, which is the North
American Datum 1983, generally called NADS3.
The conversion of GPS-measured horizontal
coordinates to latitude and longitude is a straight-
forward mathematical transformation. However, the
conversion of the GPS-measured vertical coordinate,
ellipsoidal height, to a locally valid elevation is
more complex. A closer approximation of the local
vertical reference system (datum), which is refer-
enced to mean sea level, is achieved by modeling
the difference (geoidal separation) between the
ellipsoid (NADS83 datum) and the geoid, an
equipotential surface that is equivalent to mean sea
level. These relations (fig. 9) are expressed by the
equation

Land surface /] ﬁ\!;

H=h-N
H - Land-surface elevation, referenced to geoid (mean sea level)
h - Ellipsoidal height, referenced to ellipsoid

N - Geoidal separation, referenced to ellipsoid

Figure 9. Examples of the relations of land-surface,
ellipsoidal, and geoidal heights in North America.

H="h-N, 2

where
H is the land-surface elevation, referenced to
the geoid or mean sea level;
h is the ellipsoidal height, referenced to the
ellipsoid; and
N is the geoidal separation, also referenced to
the ellipsoid.

Where the geoid surface is below the ellipsoid, as
shown in figure 9, N has a negative value. For
example, 725.890 m —(-31.889 m) yields an
elevation of 757.779 m for bench mark BM 471
(no. 23, fig. 8). GPS-computed elevations are
referred to as orthometric heights.

Surface gravity and conventional differential-
leveling measurements are used to estimate geoidal
separations. The NGS geoid model GEOID90
(Milbert, 1991) was used in the GPS-based
elevation calculations for this study. This model
was evaluated on a 3-minute x 3-minute regular
grid that spans the conterminous United States.
Data from four different grids were used as input
data to the GEOID90 model: OSU89B (Ohio State
University 1989) geoid heights and OSU89B
gravity anomalies, gravity anomalies gridded from
1.5 million points, and topographic elevations.
OSUB89B is a spherical harmonic model of the
Earth’s geopotential with a resolution to about 50
km (31 mi). A sample of elevations simulated by
the GEOID90 model compared favorably with
first-order leveling, with a root mean square error
(RMSE) of 0.01 m (0.0328 ft) between points
spaced at 10 km (6.2 mi) (Milbert, 1991). Given
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the distance of about 60 mi (100 km) between the
eastern and western extremes of Antelope Valley,
the maximum error associated with orthometric

heights because of the geoidal-height estimation
would be about 0.3 ft (0.1 m).

Selection of Primary Control Stations

A large-scale monitoring network of bench
marks was established and measured in Antelope
Valley during 1992 to calculate historical
subsidence and to provide a basis for comparisons
with future measurements. Existing geodetic
stations in the study area were evaluated for their
suitability for inclusion in the network. All selected
bench marks have clear overhead visibility to
facilitate measurement by GPS, which will allow
precise comparative measurements to be made in
the future. Stations in the Antelope Valley
subsidence network (fig. 10, table 2) were selected
for various purposes. Primary control stations in a
geodetic network are stations with horizontal
coordinates or elevations or both that have been
accurately measured previously and currently are
considered reliable. The three criteria for selection
of primary horizontal- and vertical-control stations
were (1) areal distribution in the study area,

(2) level of accuracy of previous measurements, and
(3) stability of the Earth’s surface near each station.

After the geographic scope of the GPS. network
was tentatively defined, diagrams of horizontal-
control stations published by NGS and NMD were
examined. Areally distributed control stations that
had the most accurate levels of measurement were
selected to minimize error introduced to the new
coordinates of secondary control stations computed
by relative positioning methods. The Federal
Geodetic Control Committee (1989) defined six
orders of accuracy that are applicable to GPS
surveys, which include, in order of decreasing
accuracy, AA, A, B, first, second, and third.
Stations in the California HPGN, which was newly
established and surveyed in 1991 using GPS, have
horizontal coordinates that meet or exceed order
B accuracy [+(8 mm + 1 ppm)]. Coordinates of
other horizontal-control stations, measured by
conventional geodetic methods, have first-, second-,
or third-order standards of accuracy. The accuracy
of horizontal coordinates is important even for GPS
surveys in which determination of the vertical com-
ponent is of primary concern because the vertical
reference system is related to the horizontal
datum—the reference ellipsoid.

Generally, 10 percent of a network should
consist of primary control stations, which, for a
network of 85 stations, would be 8 or 9 stations for
horizontal control and 8 or 9 stations for vertical
control (Ellis Veatch, Ashtech, Inc., written

commun., 1991). Eight horizontal-control stations
originally were selected for the network, but one
station, BULL (no. 167, fig. 10), in the western part
of the valley was omitted as a primary control
station. Computations during a preliminary GPS
multiple-constraint adjustment revealed that holding
fixed the coordinates of this station, which
originally was measured to only third-order
standards of accuracy, introduced an unacceptably
large error in the constrained adjustment.

Seven horizontal-control stations were selected
for the Antelope Valley GPS network. Six stations
are distributed around the perimeter of the study
area and one is centrally located within the study
area. Four HPGN stations are near the boundaries
of Antelope Valley. Stations HPGN 0618, HPGN
0705, and HPGN PEARBLOSSOM (nos. 178, 179,
and 181, respectively, fig. 10) were horizontal-
control stations in the 1992 GPS survey. Station
HPGN 0805 (no. 180, fig. 10) was occupied
(observed) by a surveyor, but was not used for
horizontal control because it was relatively distant
from the other Antelope Valley network stations
and thus would have introduced too much pro-
portional error into the control. The horizontal
coordinates of station PEARBLOSSOM have an
order A standard of accuracy [+(5 mm + 0.1 ppm)];
the three other HPGN stations are order B accuracy.
Areal distribution of the three high-precision
stations selected for horizontal control is limited.
HPGN 0705 and HPGN PEARBLOSSOM (nos.
179 and 181, respectively, fig. 10), which are only
about 9 mi (14.5 km) apart, are both at the south-
east boundary of the valley. Station HPGN 0618
(no. 178, fig. 10) is at the western apex of Antelope
Valley. To provide control for the north and east
boundaries and within the network, four additional
horizontal-control stations were selected on or near
EAFB. These stations were selected because they
had been measured using GPS during a previous
study (Blodgett and Williams, 1992). The four
additional horizontal-control stations are (map
number, alternate name, if any, and order of
accuracy are in parentheses) ALDER 1947 (no. 161;
first), GRINELL Reset 1929 (no. 156, BM 5190;
first), JUNCTION 1958 (no. 182; first), and OBAN
1929 LINT (no. 28, BM 479; second) (fig. 10).

The most important criteria for selecting
primary vertical-control stations for a land-
subsidence study is their vertical stability. Rock
outcrops and other evidence of near-surface bedrock
usually represent locations that are not subject to
land subsidence and thus are ideal sites for control
stations. Examination of geologic maps (Dibblee,
1960, 1963) and communication with earth
scientists familiar with Antelope Valley (Devin
Galloway, USGS, oral commun., 1992) verified
areas that were presumed to be stable because of
their geologic foundation. Bench-mark descrip-
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Table 2. Global Positioning System code name, elevation, standard error, geoidal height, and ellipsoidal height
from multiple-constraint adjustment of 85 stations measured in 1992 by Global Positioning System geodetic
surveying in Antelope Valley, Los Angeles and Kern Counties

[Map numbers refer to bench-mark locations in figures 7 or 8. Elevations are referenced to NGVD29. Ellipsoidal heights
are referenced to the NADS83 ellipsoid. 10, 1 standard error; ft, foot; m, meter. ND, not determined]

Map Bench-mark GPS Elevation Elevation Ge(_)idal Ellip§oidal
No. name code lo height height
name (fo (m) (m) (m) (m)

9 BM135 306H 2,936.066 894.869 0.009 -31.619 863.250
10 BM 171 306E 2,615.063 797.032 .010 -31.832 765.200
19 BM 336 489E 12,520.137 768.100 ND -31.911 736.187
23  BM 471 _B57 2,486.274 757.779 .008 -31.979 725.799
25 BM474 2335 2,330.610 710.335 .006 -32.042 678.292
28 BM 479 OBAN 2,302.886 701.885 .006 -32.020 669.865
34 BM 537 _537 2,329.413 709.970 .008 -31.985 677.985
46 BM 823 306B 2,375.875 724.131 .008 -31.956 692.175
65 BM 1159 6116 2,356.589 718.253 .006 -31.959 686.284
67 BM 1165B (Offset) 0122 2,338.980 712.886 005 -32.026 680.860
69 BM 1171A 1171 2,382.089 726.025 007 -32.030 693.995
73  BM 1276 1276 2,880411 877.906 010 -31.793 846.113
74  BM 1290 1290 2,782.591 848.092 011 -31.850 816.242
80 BM 1380 1380 2,640.123 804.670 .006 -31.868 772.801
82 BM 1469 AVEN 2,367.370 721.539 .006 -31.948 689.591
84 BM 1483 1483 3,051.102 929.930 010 -31.729 898.201
85 BM 1494 1494 3,143.875 958.206 .008 -31.607 926.599
88 BM 2030 2030 2,486.914 757.974 .009 -31.973 726.001
89  BM 2037 2037 2,532.858 771.977 007 -31.924 740.053
94 BM 2076 2076 '3,415.129 1,040.880 ND -31.766 1,009.114
97 BM 2169 2169 2,445.419 745.327 .009 -31.989 713.337
98 BM 2174 6130 2,318.073 706.514 .006 -32.062 674.451
99  BM 2180 2180 2,382.233 726.069 .009 -32.071 693.997

101 BM 2186 154F 2,301.344 701.415 .006 32.037 669.377
103  BM 2235 2235 2,343.951 714.401 .009 -31.879 682.522
111 BM 2317 2317 2,431.770 741.167 .009 -31.857 709.310
125 BM 2616 2616 2,705.720 824.663 .009 -31.752 792911
129 BM 2706 2706 12,799.291 853.182 ND -31.771 821.411
130 BM 2716 2716 2,687.189 819.015 .009 -31.770 787.245
131 BM 2746 2746 2,889.050 880.539 010 -31.651 848.888
142 BM 3549 3549 2,593.805 790.553 012 -31.820 758.733
143 BM 3636 3636 2,487.622 758.190 .007 -31.906 726.284
146 BM 3738 3738 2,356.317 718.170 .009 -32.081 686.089
148 BM 4116 973X 3,329.376 1,014.744 .008 -31.510 983.234
149 BM 4217 811W 2,577.017 785.436 .006 -31.925 753.511
155 BM 5159 2657 2,658.759 810.350 .007 -31.811 778.539
156  BM 5190 GRNL 13,173.916 967.362 ND -31.757 935.604
159  BM 5204 ON48 2,304.723 702.445 .009 -31.926 670.518
160 BM 5205 899IM 13,085.214 940.327 ND -31.621 908.706
161  ALDER 1947 ALDR 2,274.728 693.303 .005 -31.790 661.513

Footnote at end of table.
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Table 2. Global Positioning System code name, elevation, standard error, geoidal height, and ellipsoidal height
from multiple-constraint adjustment of 85 stations measured in 1992 by Global Positioning System geodetic
surveying in Antelope Valley, Los Angeles and Kern Clunties--Continued

GPS Elevation Elevation Geoidal Ellipsoidal
Y Bench-mark code I height height
' name (fo) (m) (m) (m) (m)
162  Aqueduct 100 A100 '3,126.299 952.849 ND -31.569 921.280
163  ARP 1971 PMD PARP 2,505.363 763.597 0.007 -31.956 731.640
164  Ask P7 7ASK 2,336.490 712.127 .005 -31.782 680.345
166 BUCKHORN 3 1967 BKHN 2,401.001 731.789 .006 -31.877 699.912
167 BULL BULL 2,861.378 872.105 010 -31.702 840.403
168  DI1155 1961 155D 2,378.070 724.800 .006 -31.729 693.071
170  F1147 1961 147F 12,447.581 745.986 ND -31.734 714.252
171 GWM2 1937 GWM2 2,302.203 701.677 .006 -31.719 669.958
172  GWM4 1937 GWM4 2,322.493 707.861 .006 -31.794 676.067
177  H1155 1961 OS89 O55H 2,275.699 693.599 007 -31.848 661.751
178 HPGN 0618 0618 13,641.872 1,109.988 ND -31.141 1,078.847
179  HPGN 0705 0705 3,480.595 1,060.833 .009 -31.385 1,029.448
180  HPGN 0805 0805 2,473.901 754.008 .042 -31.311 722.696
181 HPGN PEARBLOSSOM PEAR 3,027.095 922.613 .006 -31.564 891.049
182  JUNCTION 1958 JUNC 2,375.812 724.112 .006 -31.482 692.630
185 LC68 1952 0S89 0C68 2,511.620 765.504 .008 -31.441 734.062
186  LS38 1929 LS38 2,283.721 696.044 .006 -31.980 664.063
190  LS46 1929 LS46 2,775.960 846.071 .009 -31.767 814.304
191  LS53 1929 LS53 2,415.841 736.312 .009 -31.915 704.397
192  MI1155 1961 155M 2,297.492 700.241 .006 -31.871 668.369
193  MDC4 1973 MDC4 2,332.159 710.807 .006 -31.802 679.005
194 MDC6 1973 MDC6 2,602.277 793.135 .008 -31.709 761.426
195 MDC30 1973 MD30 2,291.619 698.451 007 -31.751 666.699
196 MDC33 1973 MD33 2,278.816 694.549 .009 -31.670 662.878
197 MONDAY RS1929 MOND 3,175.284 967.779 .008 -31.635 936.143
198  P1155 1961 155P 2,308.539 703.608 007 -31.922 671.685
199  Rogers Lakebed 1 RLBI1 2,270.965 692.156 007 -31.622 660.534
200  Rogers Lakebed 3 RLB3 2,271.913 692.445 .007 -31.715 660.730
201 Rogers Lakebed 4 RLB4 2,269.068 691.578 .008 -31.838 659.739
202  Rogers Lakebed 5 RLB5 2,274.430 693.212 .006 -31.534 661.678
203  Rogers Lakebed 6 RLB6 2,280.194 694.969 .007 -31.590 663.379
204 ROSAMOND 3631 2,272.802 692.716 .008 -31.909 660.806
205 Rosamond Lake 1 ROLI 2,274.367 693.193 .006 -31.922 661.271
207  RS38 1932 0S89 038R 2,315.075 705.600 010 -31.498 674.102
208  Santa Fe Trail 1 SFT1 2,276.247 693.766 .006 -31.667 662.099
209  Sewage Treatment
Pond 1 STP1 2,278.734 694.524 007 -31.813 662.701
210  T1139 1961 139T 2,448.733 746.337 .008 -31.611 714.726
211  Transect 8 TRNS 2,271.477 692.312 .006 -31.789 660.522
212 US56 1926 _Us6 2,326.027 708.938 007 -31.795 677.143
213 U1154 1961 154U 2,273.944 693.064 .008 -31.787 661.277
214 V1146 1961 146V 2,363.830 720.460 009 -31.800 688.660
215 V1155 1961 155V 2,296.183 699.842 007 -31.969 667.873
216 Y1139 1961 139Y 12,369.756 722.265 ND -31.570 690.695
217 Y1154 1961 154Y 12,408.452 734.060 ND -31.787 702.273
218 7488 1955 4887 2,362.144 719.946 007 -32.072 687.874

'Vertical-control station elevation held fixed in adjustment.
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tions were searched to find bench marks constructed
on bedrock outcrops or in areas where bedrock is
near land surface. Historical-leveling data also
were reviewed to confirm the stability of these
stations and to search for additional bench marks
that showed insignificant changes in elevation
during the course of several decades. Ten bench
marks were selected as primary vertical-control
stations for the Antelope Valley GPS network:
Aqueduct 100 (no. 162 on fig. 10), F1147 1961
(no. 170), HPGN 0618 (no. 178), Y1139 1961 (no.
216), Y1154 1961 (no. 217), BM 336 (no. 19), BM
2076 (no. 94), BM 2706 (no. 129), BM 5190

(no. 156), and BM 5205 (no. 160) (fig. 10).

The stability of the Earth’s surface is of concern
in the selection of primary horizontal- and vertical-
control stations. Because two of Antelope Valley’s
boundaries are at, or at least parallel to, fault zones,
the potential influence of tectonic activity was con-
sidered. Control stations close to the San Andreas
Fault zone (fig. 2) are, from east to west, HPGN
0705 (no. 179), HPGN PEARBLOSSOM (no. 181),
BM 5205 (no. 160), BM 2076 (no. 94), and HPGN
0618 (no. 178) (fig. 10). HPGN 0618 is near the
intersection of the San Andreas and Garlock Fault
zones.

Because the motion of the San Andreas Fault is
related to strike-slip (lateral) rather than thrust
(vertical) forces, changes in the horizontal coor-
dinates are of more concern than changes in vertical
coordinates. In the absence of significant tectonic
activity in the fault zone between the time of the
original GPS measurement (summer 1991) and the
time of this GPS survey (spring 1992), the hori-
zontal coordinates of the California HPGN stations
were considered reliable and accurate for the 1992
adjustment. HPGN PEARBLOSSOM is a National
Crustal Motion Network (NCMN) site also and
often is used in post-earthquake crustal-movement
studies, such as was done in May 1992 following
the Landers earthquake (Charles Peer, Los Angeles
County, Department of Public Works, oral
commun., 1992). In the future, should crustal
motion affecting the horizontal coordinates be
suspected, the HPGN and NCMN stations would be
reobserved by a consortium of governmental and
educational agencies and updated coordinates would
be made available.

Tectonic activity in Antelope Valley, not
necessarily resulting directly from earthquakes,
contributes to uncertainty in bench-mark elevations
and thus to uncertainty in current and future esti-
mates of land subsidence. Maximum changes in
land-surface elevations in Antelope Valley that were
attributed to tectonic sources and that occurred prior
to 1978 were about 1.15 ft (0.35 m) (Castle and
others, 1984, 1987). The most recent first-order
leveling that included the majority of the vertical-

control stations selected for the subsidence-
monitoring network was done in 1978 and was
adjusted in 1980 by NGS. This and all other
historical leveling examined by Castle and others
for evidence of tectonic-based vertical crustal
movement originated at the San Pedro (fig. 1) tidal
and vertical-control station to ensure that all
elevations were referenced to the same regional
vertical datum.

Localized leveling within Antelope Valley only,
such as that done by LAC, would tend to minimize
the problem of a shifting vertical datum because all
bench marks in the network would be part of the
same tectonic environment. Thus, changes in ele-
vations based only on a local datum with vertical-
control stations stable relative to artificial com-
paction would be virtually unaffected by uplift or
collapse that was more or less uniformly distributed
throughout the valley, as it appears to have been in
the two documented periods of land surface insta-
bility resulting from tectonic activity.

A comparison between bench-mark elevations
leveled and adjusted by NGS in 1961 and in 1978
affirms the phenomenon of tectonic uplift. For this
current study (1992), 1961 was selected for the
comparison for two reasons. First, elevations of
vertical-control stations in the 1989 GPS survey in
the vicinity of EAFB were referenced to a 1961
datum. This datum also had been used for 1973
leveling in that vicinity, so the use of the 1961
datum for the 1989 study allowed comparisons to
be made among the three data sets without intro-
ducing uncertainties from network adjustments and
tectonically induced changes. Secondly, 1961 was
selected for this comparison because leveling was
done just prior to or very close to the time when
the tectonically based uplift is postulated to have
become measurable in Antelope Valley (Castle and
others, 1984). Because this period of uplift is
thought to have ended in 1974, the near-maximum
differences in elevation could be crudely estimated
by comparing the 1978 with the 1961 elevations of
bench marks considered to be on stable ground
relative to compaction-induced subsidence.

Differences in elevations were calculated for a
17-year period (1961-78) (table 3) for vertical-
control stations F1147 1961 (no. 170), BM 5205
(M899 1955; no. 160), Y1139 1961 (no. 216),
Y1154 1961 (no. 217) (fig. 10), and F54 1926 (no.
169, fig. 7) from which the elevation of HPGN
0618 (no. 178, fig. 10) was subsequently deter-
mined (table 3). Differences range from +0.079 to
+0.548 ft and correspond with elevation data pre-
sented by Castle and others (1984), which indicate
that the greatest uplift in this area is near the San
Gabriel Mountains. The average difference in
elevation for two of the primary vertical-control
stations, F1147 1961 and Y1139 1961, which were
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Table 3. Elevations measured in 1961 and 1978 and
the change in elevation for selected bench marks in
Antelope Valley

[Elevations are referenced to NGVD29. Source of data:
1961 elevations, U.S. Department of Commerce, Coast
and Geodetic Survey (1966b, 1966¢); 1978 elevations,
Emery Balasz (National Geodetic Survey, oral commun.,
1992). ft, feet]

Bench- Elevation (ft) Change in

mark elevation

name 1961 1978 (ft)
F1147 1961 2,447.328 2,447,581 +0.253
M899 1955  3,084.974 3,085.214 +.240
Y1139 1961 2,369.677 2,369.756 +.079
Y1154 1961 2,408.361 2,408.452 +.091
F54 1926 3,463.274 3,463.822 +.548

control stations in the 1989 GPS network also, is
+0.17 ft. A cursory examination of orthometric
heights computed for bench marks measured in the
1989 (Blodgett and Williams, 1992) and the 1992
GPS surveys indicates that many of the 1992 values
are higher by 0.1-0.2 ft than those for 1989.

The effect of tectonic activity between 1978 and
1992 on the accuracy of the elevations of the
primary vertical-control stations is unknown. On
the basis of historical tectonic episodes documented
in southern California, the magnitude of tectonically
related elevation changes in Antelope Valley prob-
ably would not exceed 1.15 ft (0.35 m); however, a
change of this magnitude would not go undetected
in a GPS measurement and adjustment. An in-
accurate value for any of the three coordinates
results in relatively high residuals for the incorrect
value(s) used in the adjustment process. The 1992
GPS network adjustment procedure indicated that
the ellipsoidal surface, converted to latitudes,
longitudes, and orthometric heights of control
stations, was well defined by the given coordinates,
which were referenced to NAD83 and NGVD29
(1978) datums.

The geologic setting of the 10 primary vertical-
control stations are described in the following
paragraphs. Aqueduct 100 (no. 162, fig. 10) is an
iron-pipe bench mark along the First Los Angeles
Aqueduct in the Sand Hills in western Antelope
Valley. The Sand Hills anticline consists of coarse
alluvial sand and gravel with a few exposures of
medium- to coarse-grained sandstone (Dibblee,
1963, p. 200). This semiconsolidated, coarse-
grained material is not susceptible to compaction
and thus provides a stable setting for a primary
vertical-control station. This bench mark was
leveled to first-order standards of accuracy by the
Los Angeles Department of Water and Power in
1907, in conjunction with the construction of the

First Los Angeles Aqueduct, and later was adjusted
to the NGVD29 datum. Although no subsequent
leveling data are available for this bench mark to
verify its relative stability, it was selected for con-
trol because of its presumed stability, its elevation
had been measured to first-order standards of
accuracy, and no other geodetic leveling has been
done in this area where a primary vertical- control
station was needed.

F1147 1961 (no. 170, fig. 10) is a U.S. Coast
and Geodetic Survey (USC&GS) disk set in a
boulder of tuff or tuffaceous sandstone of the Gem
Hill formation (Dibblee, 1963, p. 175 and 187) 1.2
mi north of Rosamond. Because this bench mark is
located on bedrock, it is considered an anchor
bench mark and its 1965 elevation was used for the
origin during 1972-73 leveling by NMD in northern
Antelope Valley. The elevation from the 1978
SCRP leveling was held fixed for the 1992 GPS
adjustment.

HPGN 0618 (no. 178, fig. 10), at the western
end of Antelope Valley, is a horizontal-control
station that also was used for vertical control. This
station, on Interstate 5 near Gorman, is in
mountainous terrain and thus is not susceptible to
aquifer-system compaction. The elevation of
HPGN 0618 was measured by first-order leveling in
September 1992 (Larry Scott, Johnson-Frank &
Associates, Inc., written commun., 1993) from
nearby bench mark F54 1926. The elevation of
bench mark F54 1926, determined from the 1978
SCRP leveling, was held fixed for the September
1992 leveling to HPGN 0618, which had been
established in 1991.

Y1139 1961 (no. 216, fig. 10) is set in a quartz
monzonite outcrop at the eastern extreme of Bissell
Hills (fig. 1). Y1154 1961 (no. 217, fig. 10),
although not set in an outcrop, is located where
surficial quartz monzonite is mapped (Dibblee,
1963, pl. 9) at the southeastern extent of Rosamond
Hills. The elevation histories for these bench marks
are similar. The difference in elevation for the
1961-73 period was -0.129 and -0.127 ft, respec-
tively, and the difference for the 1961-78 period
was +0.079 and +0.091 ft, respectively. Leveling
adjustments, different starting points, and tectonic
activity probably contributed to the relatively minor
changes in elevation. The 1978 SCRP elevations
for both of these primary vertical-control stations
were held fixed.

BM 336 (no. 19, fig. 10), also known as E489
1955, is a standard USC&GS disk set in a concrete
post adjacent to Avenue M about 0.25 mi east of
the crest of Quartz Hill (fig. 1), which is a small,
locally prominent bedrock ridge. This bench mark
was not included in the 1978 SCRP leveling; there-
fore, the elevation held fixed in the 1992 GPS
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adjustment was that determined in the 1991 LAC,
DPW leveling. BM 2076 (no. 94, fig. 10) is a
County Surveyor monument locating the Y4-corner
between sections 28 and 33, T. 7 N., R. 14 W.
This bench mark is about 0.55 mi east of BM 1327
(no. 79, fig. 7) east of Elizabeth Lake, which has
been used twice since 1965 as a primary vertical-
control station in LAC, DPW network surveys.
Unfortunately, BM 1327 was not suitable for GPS
surveys because it is under the canopy of a small
tree and thus overhead visibility is poor. The
elevations for BM 2076, a substitute for BM 1327,
were determined by LAC in 1965 (twice), 1973,
and 1991 (County of Los Angeles, 1981a, 1991).
The maximum difference between values is 0.18 ft,
indicating acceptable vertical stability; thus, BM
2076 was selected as a primary vertical-control
station for the GPS network with its 1991 elevation
held fixed.

BM 2706 (no. 129, fig. 10), also known as
115-4, is a County Surveyor monument on the west
slope of Lovejoy Buttes (fig. 2). Since it was
installed in 1961, elevations of this bench mark,
determined in 1965, 1973, and 1981, indicate ver-
tical stability. Therefore, this bench mark was
selected to provide vertical control for the south-
eastern part of the subsidence monitoring network,
and its 1981 elevation was used.

BM 5190 (no. 156, fig. 10), also known as
GRINELL Reset 1929, is a horizontal-control
station near the southeast corner of EAFB set in
rock at the top of a hill composed of quartz
monzonite (Dibblee, 1960, pl. 1). Because of its
geologically stable foundation, the station was
selected to be a primary vertical-control station also.
The elevation of BM 5190 was determined by third-
order leveling done by LAC, DPW, Road Depart-
ment in May 1992 (table 4). A level line was run
between County Surveyor monument BM 3454 (no.
140, fig. 7) at the intersection of Avenue E-8 and
200th Street East and County Surveyor monument
BM 2393 (no. 120, fig. 7) at the intersection of
Avenue G and 180th Street East. The elevations of
these two bench marks (table 4), determined by
leveling and adjustment in 1981, were held fixed,
and the elevations of the inter- mediate bench marks
were adjusted accordingly.

BM 5205 (no. 160, fig. 10), also known as
M899 1955, is a standard USC&GS disk set just
north of Vincent at the base of the San Gabriel
Mountains south of Palmdale. The elevations of
this bench mark were the same for the 1961, 1964,
and 1965 first-order levelings. The difference of
+0.25 ft between the first leveling (1955) and the
most recent leveling (1978) is nearly within the
+0.2-ft measurement error range and indicates that
this bench mark is acceptable as a primary vertical-
control station for subsidence monitoring. The

1978 SCRP leveling elevation was held fixed in the
1992 adjustment.

Selection of Secondary Vertical-Control
Stations

Secondary vertical-control stations for the land-
subsidence monitoring network were selected at
locations where updated elevations were needed in
order to determine the current magnitude, rate, and
areal distribution of subsidence. The locations of
the secondary stations in Antelope Valley were
determined on the basis of available information for
the following categories: historical geodetic
leveling, geology and subsurface lithology,
ground-water pumpage or ground-water-level
history, and projected ground-water use and land
use.

On the basis of historical leveling, done
predominantly by LAC, DPW, several areas had
magnitudes of subsidence on the order of several
feet for the period between the 1950’s and 1981.
The secondary vertical-control stations were
selected in these areas to evaluate elevation changes
since 1981. In contrast, some secondary stations
were chosen because of the lack of leveling infor-
mation in the area. About 15 bench marks whose
elevations had never been determined or had been
determined only by a GPS survey done a few years
earlier (Blodgett and Williams, 1992) in the vicinity
of EAFB were included in the network as secondary
stations. Future monitoring would indicate if subsi-
dence is occurring in these areas.

The composition of geologic materials that
comprise the subsurface lithology at a given
location is one factor that controls the potential for
aquifer-system compaction and consequent land
subsidence at that location. The presence of thin,
fine-grained layers called interbeds and thick beds
of fine-grained materials is indicative of a high
potential for subsidence. Secondary vertical-control
stations were located in areas that had been iden-
tified as having a relatively large percentage of
fine-grained sediments (Durbin, 1978; Devin
Galloway, USGS, oral commun., 1992).

Land subsidence in Antelope Valley is caused
primarily by aquifer-system compaction induced by
ground-water-level declines attributed to ground-
water pumping. Therefore, the locations of former
and current ground-water-pumping centers also were
important in the selection of secondary vertical-
control stations for the land-subsidence monitoring
network. Because there are no oil or natural gas
production wells in Antelope Valley, compaction
resulting from these types of fluid withdrawals is
not a concern in the study area.
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Table 4. Leveled elevations of BM 5190 (GRINELL Reset 1929) and bench marks along Sierra Highway measured
by Los Angeles County, Department of Public Works, 1992

[Elevations are referenced to NGVD29 and are measured to third-order standards of accuracy. OS, offset; RS, reset]

Los Angeles Los Angeles

Map County Alternate Elevation Map County Alternate Elevation
No. bench mark name No. bench mark
120 BM 2393 13,047.986 @) BM 4757 2,302.378
140 BM 3454 '3,070.036 @) BM 5202 2,301.057
156 BM 5190 *GRINELL RS1929 3,173.916 28 BM 479 ’0BAN 1929 LINT 2,303.051
160 BM 5205 ’M899 1955 3,084.921 * BM 480 2,300.250
155 BM 5159 ’B2657 1902 2,658.721 * BM 2193 2,300.484
149 BM 4217 *W811 RS1973 2,577.054 29 BM 481 H487 1955 2,299.662
151 BM 4219 S12-19 1971 32,529.351 ) BM 1440 2,300.857
* BM 470 2,497.642 * BM 1441 2,300.837
23  BM 471 ’B57 RS1955 2,486.403 @) BM 1442 2,297.939
* BM 2191 2,476.558 * BM 1443 2,302.304
o) BM 4777 2,473.777 * BM 1444 2,300.550
24 BM 472 T811 1947 2,447.086 @) BM 1445 2,301.711
@) BM 1427 2,442 .428 @) BM 1446 2,300.119
* BM 4774 2,421.931 30 BM 482 J487 1955 2,303.142
6 BMI118 S811 RS1955 2,396.472 BM 1447 2,303.778
* BM 1429 2,395.792 ) BM 5203 2,301.394
@) BM 680 2,377.250 @) BM 1448 2,303.429
@) BM 2192 2,374.270 159 BM 5204 *N487 1955 OS 1989 2,304.823
) BM 5194 2,374.193 @) BM 1450 2,303.018
@) BM 5195 2,354.066 31 BM 483 N487 1955 2,305.296
@) BM 5196 2,354.386 ) BM 1451 2,307.026
157 BM 5197 B2356 RS1961 2,349.505 ) BM 1452 2,307.098
* BM 5198 2,336.302 @) BM 1453 2,307.037
@) BM 4779 2,336.334 32 BM 484 M487 1955 32,307.772
25 BM 474 ’B2335 1902 2,330.728 @) BM 101-152 2,309.126
@) BM 1430 2,324.462 ) BM 101-153 2,311.883
@) BM 1431 2,323.789 ) BM 101-154 2,312.816
158 BM 5199 756 RS1965 2,326.623 ) BM 101-155 2,313.777
* BM 5200 2,323.538 @) BM 101-156  *U56 1926 2,326.067
* BM 1433 2,323.672 BM KCi 2,340.840
* BM 4455 2,316.888 * BM KC2 2,368.580
26 BM 476 Z811 1947 2,316.226 @) BM 101-158 2,408.984
@) BM 5201 2,315.699 * BM 101-158A 2,408.271
@) BM 1435 2,313.098 @) BM 101-159B 2,431.951
27 BM 477 Y56 1926 2,304.101 * BM 101-159A 2,442.074
@) BM 4408 2,303.378 @) BM 101-159 ?F1147 1961 2,447.564

'Elevation was held fixed from 1981 adjustment for leveling to BM 5190.
?Also measured by Global Positioning System (GPS) surveying in 1992.
*Elevation was held fixed from 1991 adjustment for Sierra Highway leveling.
“Bench mark was not used for this study.

If it is anticipated that ground-water pumping appropriately timed measurements would provide a
will begin at a new location, measurement of the comparison of relative subsidence rates between
land-surface elevation before the onset of pumping new and former land and ground-water uses.
would be important. Likewise, if any change in Changes in land use in Antelope Valley from partly
local land use or ground-water use is anticipated, fallow or active agricultural use to urban use have
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occurred during the last several decades (Templin
and others, 1994). Although these changes have
resulted in decreased ground-water pumpage, they
have also significantly changed the spatial distri-
bution of that pumpage. Agricultural pumping
tends to be widespread, whereas pumping for urban
use tends to concentrate around population centers.
Locations of secondary vertical-control stations
were densified in urban areas where differential
magnitudes and rates of subsidence occurring within
a relatively small area historically had been
measured.

The configuration--location and spacing—of
specific stations in the GPS network is a function of
vector length and interstation geometry. Because
systematic error in GPS surveying increases in
direct proportion to vector length, limiting the
distance between stations is desirable (Federal
Geodetic Control Committee, 1989). For static
geodetic surveys, 15 km often is cited as an ideal
distance between stations, particularly for single-
frequency observation. Most of the vectors in the
1992 Antelope Valley GPS survey were between 10
and 15 km. Vectors greater than 15 km were not
uncommon because receivers were operated at six
or seven stations simultaneously; thus, distances
between the farthest points of a session were
significantly greater. However, because many of
these vectors were dependent (trivial) vectors, they
were deweighted in postprocessing.

Ideal interstation geometry occurs when points
are spaced at regular intervals in a geometric
pattern. For Antelope Valley, the location of
historical level lines generally dictated a rectilinear
pattern. A higher density of secondary vertical-
control stations near areas with the greatest mea-
sured land subsidence also was considered when
designing the network configuration. Thus, many
of the vector lengths are about 5 km because of the
relatively close spacing of these stations. The
number of receivers and time available to complete
the survey is of practical, not theoretical, concern
when considering the number of stations to include
in the network. The combination of all the factors
discussed above dictated the final design of the
network configuration for monitoring land subsi-
dence in Antelope Valley.

MEASUREMENT AND ADJUSTMENT OF
GLOBAL POSITIONING SYSTEM
NETWORK, 1992

Field Observations

The land-subsidence monitoring network was
measured primarily between March 17 and May 8,
1992, using GPS instrumentation. The GPS sur-
veying was done in the spring to minimize potential

complications from inadvertently incorporating land
subsidence caused by the onset and continuation of
intensive ground-water pumping during the summer.
It was necessary, however, to make additional
observations on June 30 and between August 5-8,
1992, to provide requisite redundant observations
that met accuracy standards and to observe bench
marks previously inaccessible because of playa
flooding. The duration of the observations ranged
from 4.75 to 6.75 hours and was dependent on the
amount of time predicted for ideal satellite config-
urations. Satellite transmissions were recorded
every 15 seconds when the satellites were at least
10 degrees above the horizon.

The GPS equipment consisted primarily of
Ashtech dual-frequency receivers (LD-XII and
MD-XII) with micro-strip antennas. Four Trimble
dual-frequency receivers (4000 SST) also were
operated between May 4-8, 1992. These data were
converted to Receiver Independent Exchange
(RINEX) format and then to Ashtech format prior
to postprocessing. An optical plummet mounted on
a tripod enabled the antenna to be mounted in the
center of and plumb to the setup mark etched in the
bench-mark monument. All antennas were mounted
with the phase center oriented north. Between three
and seven units operated simultaneously in the
static mode, with four receivers in operation for
nearly half (15) of the 35 days of observation. Data
were unusable for only one receiver for 1 day of
observations because of sporadic equipment mal-
functions. Of the 85 stations in the network,

33 percent (28) were occupied once, 51 percent (43)
were occupied twice, and 16 percent (14) were
occupied between three and five times.

Vector Computation

The two primary stages in the postprocessing of
differential GPS geodetic surveying data are vector
computation and network adjustment. In the first
phase of postprocessing, computations result in
vectors defined by dx, dy, and dz values in a
Cartesian coordinate system for differences in
three-dimensional location between two stations
observed simultaneously. In the second phase,
network adjustment converts Cartesian coordinates
into values of the local horizontal and vertical
coordinate systems. The horizontal datum used for
the subsidence-monitoring network was NADS83,
and NGVD29 was the vertical datum used, which
allowed comparison of GPS-derived elevations with
historical elevations.

Data were processed using Ashtech software
called GPPS, version 4.5. When computing a
vector between two stations, a differencing
technique was used to minimize most satellite-,
station-, and observation-dependent errors. For
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example, a double-difference measurement is a
difference in measurements between two receivers
recording signals from two satellites at the same
time. The primary purpose of double-difference
processing is to correctly determine the integer
number (interchangeably termed "ambiguity"” or
"bias") of carrier-phase cycles of either frequency
between the satellite and receiver. Signals from the
satellites are radio waves transmitted at L1 fre-
quency (1.57542 MHz) and at L2 frequency
(1.22760 MHz). Dual-frequency processing enables
a time correction to be calculated for signal atten-
uation (time delay) of radio signals traveling differ-
ent distances through the ionosphere. Signals
received from satellites less than 20 degrees above
the horizon were masked (not included) in the pro-
cessing. Broadcast (predicted), rather than precise,
ephemerides (satellite orbits) were used in vector
computations. Because most of the vector lengths
between stations were relatively short (less than

20 km) and the duration of observations was very
long, the reduction in error from the use of precise
ephemerides probably would have been insignifi-
cant.

All satellite observations were processed in two
ways to obtain both single- and dual-frequency
solutions and some data, particularly those with
long vector lengths, were processed a third way.
Single-frequency processing results in bias-fixed,
double-difference solutions generated for L1-
frequency data and is not corrected for ionospheric
effects. Dual-frequency processing usually results
in bias-fixed, ionosphere-corrected, double-
difference solutions. If bias-fixing for dual-
frequency processing is not successful, the bias for
one or more satellites may be fixed to the wrong
integer. If partial-fixing occurred during dual-
frequency processing, which commonly happened
for data with long vector lengths, the data were
reprocessed a third time. In these cases, solutions
were generated such that the bias was not forced to
be an integer; instead, processing was complete
when a real number had been computed. These
solutions are called bias-float, ionosphere-corrected,
double-difference solutions.

Results from each type of processing were
examined to select the vector solution with the
lowest RMSE for inclusion in the input data set for
network adjustment. Single-frequency processing
produced better results for most vectors than did
dual-frequency processing because the average
length of all 332 vectors generated was less than 12
km (table 5). Single-frequency processing, which
does not include an ionospheric correction, is ac-
ceptable for relatively short vectors (less than 15
km) because signals transmitted by the satellites to
stations in close proximity are assumed to be trav-
eling at virtually the same angle and, thus, through

a similar distance of ionosphere. For 10 vectors
ranging in length from 23 to 60 km (table 5),
dual-frequency, bias-float processing produced the
best results. These vectors were relatively long and
the correct integer number of the biases could not
be solved with sufficient certainty. Dual-frequency,
bias-fixed processing produced the best results for
the remainder of the vectors (68), which had an
average length of about 18 km (table 5).

Minimal- and Multiple-Constraint Network
Adjustments

After the appropriate mode of processing was
selected for each vector, a minimal-constraint
adjustment was run to determine the quality of each
vector relative to the other vectors without concern
about fitting the network to local horizontal or
vertical control. In a minimal-constraint
adjustment, two horizontal coordinates and one
vertical coordinate are supplied as known values.
For the Antelope Valley GPS survey, the NAD83
coordinates of horizontal-control station OBAN
1929 LINT were held fixed and the NGVD29 (1978
adjustment) elevation for F1147 1961 was held
fixed in the minimal-constraint adjustment. The
ellipsoidal height for F1147 1961, 714252 m
(2,343.462 ft), was computed by subtracting the
GEOID90 geoidal separation value of -31.734 m
(104.119 ft) from the published elevation of
745.986 m (2447.581 ft). The output for the
minimal-constraint adjustment was checked for
misclosure to detect any field or office blunders
(nonsystematic errors) and poor quality vectors.
Vectors that required a large adjustment (high
residual) relative to the statistically normal adjust-
ment allowed for the vector length—those that had
a high standardized residual—were reexamined.
Large adjustments indicate the potential for
uncorrected blunders in a data set. Examples of
blunders include an incorrect bench-mark name or
wrong height of instrument (H.I.) measured or
recorded in the field or entered in the computer file.

After checking for and correcting blunders, the
minimal-constraint adjustment was rerun so that the
quality of the method of measurement (GPS
observation) could be quantified. Assignment of
appropriate a priori weights to error estimates in the
x, ¥, and z coordinates resulted in a value close to
unity for the Standard Error of Unit Weight
(SEUW), which is the desired goal. For the
Antelope Valley network, the appropriate minimal-
constraint a priori errors for bias-fixed vector
solutions were +(3 mm + 0.4 ppm) for x,
+(4 mm + 0.4 ppm) for y, and (5 mm + 0.5 ppm)
for z, and twice each of those for bias-float
solutions. These low error values indicate that the
quality of the GPS-survey measurements is high.
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Table 5. Antelope Valley Global Positioning System-network vectors by processing type for the 1992 GPS survey

[Bench mark Global Positioning System code name identified in table 2. km, kilometer; m, meter; 10, 1 standard error;
--, no data)

1992 Vector 1992 Vector
Julian Julian
Length lo Length lo
day Name (km) (m) day Name (km) (m)
Single-frequency, bias-fixed processing
078 OBAN-ON48 5.74 0.006 094 MDC6-TRN8 6.70 0.006
ON48-_U56 6.12 .006 MDC4-MD30 7.12 005
OBAN-_U56 11.9 .005 MDC6-MD30 7.43 .006
GRNL-TRN8 9.25 005
079 147F-_U56 2.31 005 GRNL-MD30 11.5 .005
_U56-ALDR 4.67 .005
147F-ALDR 5.45 .004 095 139Y-SFT1 5.09 .004
OC68-RLB5 5.35 .005
080 6116-0122 4.94 .005 JUNC-139Y 5.67 .004
RLBS5-SFT1 8.06 .005 RLBS5-139Y 5.96 .004
RLBS-JUNC 6.31 005
081 OBAN-154F 3.19 .005 OC68-JUNC 8.97 .006
154F-488Z 5.85 .005 JUNC-SFT1 10.6 005
OBAN-488Z 6.53 .005 0C68-139Y 11.0 005
154F-6130 6.55 005 OC68-SFT1 13.3 .006
4887-6130 7.66 005
OBAN-6130 9.65 .005 096 O55H-STPI 3.52 004
155P-O55H 421 005
083 7ASK-GWM2 2.55 .005 6116-155P 4.79 .005
154Y-155D 4.53 .005 155P-STP1 6.34 .005
GWM2-155D 4.65 .005 6116-0O55H 8.99 .005
7ASK-155D 5.03 .004 6116-STP1 10.8 .005
154Y-7ASK 8.93 .004
154Y-GWM?2 9.13 .005 097 7ASK-O55H 3.13 .005
7ASK-STPI 345 .005
084 139T-139Y 3.07 .005 O55H-STP1 3.52 .004
139T-GWM2 4.87 .006 STP1-TRNS 4.87 .005
JUNC-139Y 5.67 .004 RLB3-TRN8 5.91 .005
139Y-GWM2 7.61 .005 STP1-RLB3 6.09 .005
JUNC-139T 8.03 .006 7ASK-RLB3 7.15 .005
O55H-TRN8 8.10 .005
085 6130-0122 6.45 .005 7ASK-TRNS 8.15 .005
O55H-RLB3 9.23 .005
092 155D-GWM4 2.38 .004
GWM4-7ASK 3.75 .004 098 BKHN-155V 3.47 .005
155D-7ASK 5.03 .004 BKHN-GWM4 4.95 .005
155V-0122 5.14 .005
093 MD33-RLB6 2.38 .006 155V-GWM4 7.22 .005
MD30-MD33 4.61 .006 BKHN-0O122 8.60 .005
038R-0OC68 5.73 .006
RLB6-0O38R 6.18 .006 099 155P-155M 345 005
MD30-RLB6 8.87 .006 155M-MDC4 4.25 005
'MD30-038R 15.0 .008 155V-155P 6.61 .005
155P-MDC4 7.65 005
094 TRN8-MD30 2.83 .005
MDC4-TRN8 4.61 .005 100 LS38-154F 3.65 .005
GRNL-MDC4 4.76 .004 ALDR-LS38 8.06 .005
MDC6-MDC4 5.26 .005 ALDR-154Y 9.28 .004
GRNL-MDC6 6.24 .005 154F-ALDR 11.2 .005
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Table 5. Antelope Valley Global Positioning System-network vectors by processing type for the 1992 GPS
survey--Continued

1992 Vector 1992 Vector
Julian Julian
Length lo Length lo
day Name (km) (m) day Name (km) (m)
Single-frequency, bias-fixed processing--Continued
100 154Y-LS38 114 0.004 120 2706-2716 6.24 0.007
154Y-154F 14.9 005 306E-2657 6.54 .007
2716-306E 103 .007
113 2746-2706 6.66 007 2706-306E 16.2 .007
2746-PEAR 9.03 007 2716-2657 16.8 077
0705-2746 9.08 007 12706-2657 227 .006
2706-PEAR 11.1 .005
’PEAR-489E 28.1 - 126 3738-2180 2.60 .006
488Z7-2335 3.76 005
114 LS46-GRNL 8.40 .007 2169-1171 4.14 .006
PEAR-2706 11.1 .005 2180-488Z 4.36 .006
LS46-MOND 11.2 .008 2169-2037 492 .006
2706-LS46 113 .008 3738-488Z 541 .006
3738-1171 6.53 .006
115 0122-1171 4.09 005 2180-1171 7.79 .006
LS53-1171 7.19 007 2180-2335 8.03 .006
GRNL-LS53 7.56 006 2180-2169 8.33 .006
LS53-0122 8.04 006 3738-2169 8.36 .006
GRNL-MOND 10.7 .006 2037-1171 9.02 006
GRNL-0122 13.9 .004 3738-2335 9.13 .006
GRNL-1171 14.4 .006 2180-2037 10.5 .006
LS53-MOND 17.0 .008 3738-2037 11.6 .006
1171-MOND 242 .007 1171-488Z 11.8 .005
'1171-PEAR 24.2 .007 2169-488Z 12.7 .006
0122-MOND 24.4 007 2037-488Z 14.6 .006
'0122-PEAR 28.3 .007 1171-2335 15.6 .006
2169-2335 16.3 .006
116 PEAR-306H 4.03 006 2037-2335 17.6 .006
2616-899M 6.97 .006
306H-2616 7.89 007 127 _B57-811W 3.44 .006
PEAR-2616 11.9 007 811W-PARP 372 .005
306H-899M 12.9 .007 _B57-489E 4.94 .006
PEAR-899M 16.8 006 _B57-PARP 5.14 .006
OBAN-2335 5.26 .005
117 811W-1380 3.07 .005 2335-_B57 5.64 .006
811W-2657 527 005 811W-489E 5.67 .005
1380-2657 5.57 005 OBAN-AVEN 7.22 .005
899M-2657 7.07 .006 2335-489E 7.93 .005
1380-899M 12.1 .006 2335-811W 9.08 .005
811W-899M 123 .006 PARP-489E 9.12 .006
2335-PARP 9.91 .006
118 1494-1483 7.39 .006 2335-AVEN 10.8 .006
973X-1494 7.60 .005 OBAN-_BS57 10.9 .006
973X-0618 10.7 .006 OBAN-489E 12.5 .006
973X-1483 15.0 007
1494-0618 17.6 007 128 489E-1380 3.96 .005
306B-_537 4.84 .007
119 2030-2037 573 .006 _537-489E 6.99 .006
2030-PARP 592 .006 _537-AVEN 8.09 .006
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Table 5. Antelope Valley Global Positioning System-network vectors by processing type for the 1992 GPS
survey--Continued

1992 Vector 1992 Vector
Julian Julian
Length 1o Length io
day Name (km) (m) day Name (km) (m)
Single-frequency, bias-fixed processing--Continued
128 306B-AVEN 8.97 0.006 130 13549-1483 18.9 0.012
3636-AVEN 9.66 ) .005 'BULL-2076 244 013
3636-306B 9.80 .007 'A100-2076 24.6 .010
306B-2076 10.8 .008 11483-2076 25.3 013
_537-1380 10.9 .007
3636-_537 13.2 .007 183 973X-14%4 7.60 .005
3636-2076 13.5 .008 0618-973X 10.7 .006
_537-2076 15.3 .008 0618-1494 17.6 .007
AVEN-2076 18.8 .007 973X-BULL 20.3 .008
'3636-489E 19.5 .007 0618-BULL 28.8 .008
'3636-1380 23.5 .007
218 LS38-ROL1 2.84 .005
129 146V-2235 3.98 .006 BKHN-154Y 3.39 .004
AVEN-2235 5.06 .006 ROL1-BKHN 9.02 .005
147F-146V 5.71 .006 ROL1-154Y 9.16 .004
2317-3636 5.86 007 LS38-BKHN 10.5 .005
146V-2317 7.39 .007 LS38-154Y 11.4 .004
147F-2235 7.43 .006
AVEN-2317 8.01 .006 219 155M-RLB4 2.29 .006
2235-2317 8.02 007 RLB3-RLBI 4.68 .006
146V-AVEN 8.44 .006 155M-GRNL 7.34 .005
AVEN-3636 9.66 .005 RLB4-GRNL 7.43 .006
2235-3636 12.3 .007 RLB3-RLB4 8.63 .006
147F-AVEN 12.5 .005
146V-3636 12.9 .007 220 RLBI1-SFT1 2.63 .005
147F-2317 13.1 .007 RLBI1-139Y 4.99 005
3636-A100 17.7 .009 SFT1-139Y 5.09 .004
147F-3636 18.6 .006 RLB1-RLB6 5.55 .005
2317-A100 18.9 010 RLB5-RLB1 5.79 .005
RLBS5-139Y 5.96 .004
130 BULL-1483 6.74 .007 SFT1-RLB6 7.56 .005
A100-BULL 7.05 -- RLB5-RLB6 7.64 .005
'BULL-1276 7.32 .007 RLBS-SFT1 8.06 .005
'1483-1276 8.58 .008 139Y-RLB6 10.2 .005
1290-2076 8.86 010
3549-A100 8.93 010 221 ROL1-3631 0.632 .005
1290-1276 9.79 010 154U-ALDR 3.18 .005
3549-1290 9.87 010 ALDR-3631 491 .005
'A100-1276 10.8 012 154U-3631 5.15 .006
13549-1276 11.8 011 154U-ROL1 5.46 .005
'3549-BULL 13.5 012 ALDR-ROL1 5.48 .005
'A100-1483 13.8 013 154Y-154U 6.10 .005
'A100-1290 15.8 011 154Y-ALDR 9.28 .004
'BULL-1290 16.1 011
12076-1276 17.4 012 Average vector length . . ........ 9.14
13549-2076 18.0 011 Minimum vector length . . . ... ... 0.632
'1483-1290 18.3 011 Maximum vector length .. ...... 28.8

Footnotes at end of table.
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Table 5. Antelope Valley Global Positioning System-network vectors by processing type for the 1992 GPS
survey--Continued

1992 Vector 1992 Vector
Julian Julian
Length 1o Length 1o
day Name (km) (m) day Name (km) (m)
Dual-frequency, bias-fixed processing
080 GRNL-6116 8.94 0.005 118 0618-1483 24.7 0.008
GRNL-0122 13.9 .004
119 2037-2706 9.51 .006
082 139Y-147F 26.4 007 PARP-2037 11.5 .006
2030-2706 14.7 .007
084 JUNC-GWM2 12.9 .006 PARP-2706 19.8 .006
127 811W-OBAN 14.3 .006
085 154Y-6130 11.9 005 PARP-OBAN 14.9 .006
154Y-0122 12.0 004 AVEN-489E 149 .005
147F-154Y 14.5 005 _B57-AVEN 15.7 .006
147F-6130 17.4 .006 811W-AVEN 18.9 .006
147F-0122 22.2 .005 AVEN-PARP 20.5 .006
093 MD?33-038R 10.5 .007 128 489E-306B 9.86 007
OC68-RLB6 10.6 .005 1380-306B 13.7 007
MD?33-0C68 14.7 .007 AVEN-489E 14.9 .005
'0C68-MD30 18.8 .007 489E-2076 17.2 .008
AVEN-1380 18.7 .006
098 GwWM4-0122 11.5 .005 1380-2076 200 .008
099 155V-155M 10.0 .005 129 146V-A100 24.9 .010
155V-MDC4 14.3 .005 A100-AVEN 26.4 .009
A100-2235 26.8 .010
113 0705-PEAR 14.6 .007 147F-A100 29.8 .010
0705-2706 15.6 .006
899M-489E 16.0 .006 183 1276-BULL 7.32 .007
PEAR-899M 16.8 .006 BULL-1494 13.2 .007
2706-899M 23.5 006 1276-1494 15.9 .008
1276-973X 235 .008
114 GRNL-MOND 10.7 .006 0618-1276 332 .009
0705-PEAR 14.6 .007
2706-0705 15.6 .006 219 RLB3-155M 10.5 .005
2706-GRNL 18.8 .006 RLB1-RLB4 13.2 .007
2706-MOND 21.8 .007 RLB1-155M 14.9 .006
LS46-PEAR 22.4 .008 RLB3-GRNL 15.1 .005
0705-1.846 22.4 .009 RLB1-GRNL 19.8 .006
0705-MOND 28.3 .009
GRNL-PEAR 29.8 .007 221 154Y-ROL1 9.16 .004
0705-GRNL 30.8 .008 154Y-3631 9.27 .005
PEAR-MOND 324 .008
Average vector length . ... ... .. 17.9
115 PEAR-LSS53 24.7 .008 Minimum vector length . . ... ... 7.32
PEAR-GRNL 29.8 .007 Maximum vector length . ... ... 332
PEAR-MOND 324 .008
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Table 5. Antelope Valley Global Positioning System-network vectors by processing type for the 1992 GPS

survey--Continued

1992 Vector 1992 Vector
Julian Julian
Length lo Length 1o
day Name (km) (m) day Name (km) (m)
Dual-frequency, bias-float processing
082 'GRNL-139Y 22.8 0.006 113 22746-899M 25.1 -
'0805-139Y 339 .034 22706-489E 28.9 -
'GRNL-147F 343 006 20705-899M 314 -
'GRNL-0805 37.6 .034 22746-489E 335 --
'0805-147F 60.0 .035 20705-489E 41.9 --
Average vector length . .............. 349
Minimum vector length . ............. 22.8
Maximun vector length . ............. 60.0

'Bias-float solution used in adjustment.

*Vector excluded from final multiple-constraint adjustment.

For example, the allowable misclosure with these
errors for a bias-fixed vector of 10 km is £7 mm in
the x coordinate, +8 mm for y, and £10 mm for z.

The second step in network adjustment proce-
dures is a multiple-constraint adjustment in which
the coordinates of the proposed horizontal and
vertical control are held fixed. High standardized
residuals in the output may indicate that the quality
of the coordinates of one or more control stations is
questionable. After control issues were resolved, a
multiple-constraint adjustment was done with the
same a priori errors that had been assigned for the
minimal-constraint adjustment and resulted in a
relatively low SEUW of 1.521. This low value
indicates that incorporation of the local datum refer-
ence systems, including estimated geoidal-separation
values, did not introduce much error related either
to the original measurement of coordinates by con-
ventional methods or to intrasurvey movement of
control stations. High values of SEUW are an indi-
cator that (1) the specified control values may not
have been measured originally to the same datum,
(2) those measurements had low standards of accu-
racy, or (3) crustal movement (vertical or horizontal
or both) may have occurred between measurements.

The multiple-constraint adjustment output was
reexamined for high standardized residuals. To
eliminate high values, the importance (weight) of
those vectors is reduced by increasing the allow-
able error or adjustment. The bias-float solution,
with a priori errors twice those of a bias-fixed
solution, allows more of an adjustment to be made
to the vector’s coordinates without influencing other
vectors. Starting with the vector with the highest
statistical errors, the bias-float solution was selected
for one vector at a time and an adjustment was

rerun. If that vector’s standardized residual was not
reduced to an acceptable level, it was excluded
from the data set and the network was readjusted.
Of the 332 vectors in the Antelope Valley GPS
network, 7 vectors were excluded from the
multiple-constraint adjustment and 27 were selected
as bias-float vector solutions (table 5).

The final step in the multiple-constraint adjust-
ment was to assign values to the a priori errors that
reflected the quality of the adjusted network relative
to the local datum coordinate systems. Appropriate
values for a priori errors have been selected when
the resulting SEUW value equals or approaches 1
(unity) and if the magnitude of the errors are rea-
sonable for the type of GPS survey done. A SEUW
of 1.003 resulted when the a priori errors for bias-
fixed vector solutions were +(6 mm + 0.6 ppm) for
x, (7 mm + 0.6 ppm) for y, and (8 mm + 0.6
ppm) for z. The corresponding a prior errors for
biasfloat vector solutions were +(13 mm + 1.2 ppm)
for x, and +(15 mm + 1.2 ppm) for y and z
coordinates.

The 95-percent confidence (20) level of accuracy
for GPS-derived orthometric heights of the
multiple-constraint adjustment ranged from +0.010
m (0.032 ft) to +0.024 m (0.078 ft), except for
bench mark HPGN 0805 (no. 180, fig 10). Because
this bench mark was so distant from most of the
network and because it was outside the area
bounded by the control, its 26 value of +0.084 m
(0.276 ft) was nearly an order of magnitude higher.
Except for HPGN 0805 and the 10 vertical-control
stations (for which no new elevations or standard
errors were computed), the average 26 standard
error was +0.015 m (0.050 ft) for the 74 GPS-
derived elevations (table 2).
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Accuracy and Limitations of Geodetic
Global Positioning System-Derived
Orthometric Heights

Geodetic quality measurement of x, y, and z
coordinates 1s best accomplished using relative-
positioning techniques. The geometric classi-
fication of accuracy for relative-positioning deter-
minations is based on the internal consistency of the
GPS network (Federal Geodetic Control Committee,
1989), which is characterized during a minimal-
constraint adjustment. Accuracy standards are
based on the assumption that errors can be assumed
to follow a normal distribution. Such a distribution
applies only to independent, random errors and
assumes that systematic errors and blunders have
been eliminated or reduced sufficiently to permit
treatment as random errors. Major factors affecting
the accuracy of relative-positioning determinations
in static GPS geodetic surveying mode are (1)
accuracy of satellite positions (ephemerides), (2)
accuracy of modeled atmospheric refraction, (3)
receiver-timing bias, and (4) blunders. Selective
availability (SA) and satellite code encryptation
restrictions have no effect on static relative-
positioning techniques. However, locally severe
storm fronts and solar activity could substantially
degrade signal quality (Federal Geodetic Control
Committee, 1989).

Ellipsoidal heights are converted to orthometric
heights when the multiple-constraint adjustment
calculations include geoidal separations. Accuracies
of GPS-derived orthometric heights are a function
of the accuracies for ellipsoidal heights, elevations

of vertical-control stations, and estimates of geoidal
separations. For high quality (low error) GPS
surveys, such as the survey done in Antelope
Valley, errors in calculating orthometric heights
result primarily from inaccuracies associated with
modeled geoidal-separation values.

Accuracy of vertical-control station elevations was
qualitatively assessed by comparing the output
statistics of the multiple-constraint adjustment prior
to and after holding fixed the elevation of one
vertical-control station at a time. Relatively low
values of standardized residuals and of the SEUW
indicated high quality vertical control.

Selection of the better geopotential model for this
study area was achieved by comparing the geoidal
separations calculated by the GEOID90 and
GEOID93 models to differences in elevations
determined by spirit leveling for seven pairs of
bench marks along Sierra Highway (table 6). The
leveling was done within 1 month of the GPS
observations so that subsidence, or real changes in
the vertical coordinate, would not be a factor in the
comparison. Given that the differences in ele-
vations determined using differential leveling rep-
resent true values, the geoidal separations derived
from the GEOID93 model resulted in elevation
differences that were, on average, a few hundredths
of a foot (millimeters) less accurate than those
obtained using the GEOID90 model. The differ-
ences between the two modeled sets, which ranged
from 0.004 to 0.039 ft (1 to 11 mm), were virtually
insignificant, but the GEOID93 model was not used
because, overall, it did not improve the geoid esti-
mates for the examined area.

Table 6. Comparison of elevation differences computed using geopotential models GEOID90 and GEOID93 and
determined by differential leveling for several bench-mark pairs along Sierra Highway between Palmdale and

Rosamond, Antelope Valley

[ft, foot; mi, mile]

Di Elevation difference (ft) Difference Difference
1stance
between _ _ between between
Bench-mark bench Differential GPS, GPS, leveled/ leveled/
pair marks leveling using using GEOID90 GEOID93
. (1992) GEOID90 GEOID93 differences differences
(mi)
(ft) (f)
BM 5159 - BM 4217 33 81.667 81.742 81.753 0.075 0.086
BM 4217 - BM 471 1.9 90.651 90.743 90.733 .092 .082
BM 471 - BM 474 33 155.675 155.664 155.684 -.011 .009
BM 474 - BM 479 34 27.677 27.724 27.721 .047 .043
BM 479 - BM 5204 34 -1.772 -1.837 -1.850 -.065 -.078
BM 5204 - US56 4.0 -21.244 -21.304 -21.343 -.060 -.099
U56 - F1147 .1 -121.497 -121.554 -121.581 -.057 -.084
BM 5159 - BM 479 11.9 355.670 355.873 355.890 203 220
BM479 - F1147 7.5 -144.513 -144.695 -144.774 -.182 -.261
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Figure 11. Land-surface profile on Sierra Highway between Palmdale and Rosamond and error for Global
Positioning System-derived elevation differences relative to leveled differences of bench-mark pairs.

Table 7. Comparison of elevations for 11 bench marks in
Antelope Valley determined by differential leveling and by a
Global Positioning System (GPS) multiple-constraint
adjustment

[Elevations are referenced to NGVD29. ft, foot]

Bench- .Different%al 1992 GPS Difference
mark leveling elevations (ft) elevation betweem
name (o) methods

1991 1992 (ft)

BM 135 2,935.912 2,936.066 -0.154

BM 171 2,615.072 2,615.063 .009

BM 471 2,486.403 2,486.274 129

BM 474 2,330.728 2,330.610 118

BM 479 2,303.051 2,302.886 .165

BM 1380  2,640.107 2,640.123 -.016

BM 2030 2,486.904 2,486.914 -.010

BM 2616  2,705.548 2,705.720 -.172

BM 4217  2,577.054 2,577.017 .037

BM 5159 2,658.721 2,658.759 -.038

BM 5204 2,304.823 2,304.723 _.100

Z|x|

Average deviation = 0.086

The ability of GEOID90 to correctly estimate
geoidal separations was evaluated in two ways. A
comparison was made between elevations deter-
mined by conventional differential leveling that was
done in either 1991 or 1992 and orthometric ele-
vations calculated using GPS methods (table 7).
For 11 bench marks, the average absolute value of
the elevation differences between the two methods
of measurement was 0.086 ft (0.026 m). The
greatest inaccuracy of modeled geoidal separations
would be expected to coincide with the lowest
elevation of a valley’s land-surface profile, which is
the gravity low as well, because of inaccuracy in

defining the geoid. For the profile along Sierra
Highway, differences in elevation between the two
topographically highest and six lower bench marks
were calculated from elevations determined by
leveling and by using modeled geoidal separations
applied to ellipsoidal heights to ascertain the devi-
ations from the leveled differences (fig. 11).
Calculations were made relative to BM 5159 and
F1147 1961, the highest bench marks on opposite
ends of the profile. The largest deviations do occur
at the lowest elevations along the profile. These
calculations yielded a maximum geoidal-separation
component of error associated with orthometric
elevations computed by the GEOID90 model of
about 0.2 ft (0.06 m) for this part of Antelope
Valley (fig. 11). Deviations in elevation of about
0.1 to 0.2 ft for bench marks at this spacing
(maximum of 12 mi) are consistent with the 0.3-ft
error related to geoid estimations computed for the
longer dimension (60 mi) of the valley.

When monitoring the change in vertical position
of a station over time, neither local reference
systems nor geoidal-separation estimates need to be
incorporated into the height component. The
accuracy of changes in vertical position then
depends only on the accuracy of ellipsoidal-height
determinations. Furthermore, because vectors are
the first product of GPS postprocessing and thus
have somewhat less error than coordinates deter-
mined for individual bench marks, changes in
ellipsoidal-height differences for a vector rather than
changes in ellipsoidal heights for a bench mark are
often examined in monitoring programs. For the
minimal-constraint adjustment of the 1992 GPS sur-
vey, the 16 error of the vertical component of the
vectors usually was between +0.004 m (0.013 ft)
and +0.008 m (0.026 ft) (table 5). The magnitude
of these errors, or some multiple thereof, could be
used to determine the timing of repeat surveys for
monitoring land subsidence.
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DETERMINATION OF LAND
SUBSIDENCE, ABOUT 1930-92

Magnitude and Distribution of Subsidence

Land subsidence was determined by examining
elevation data for 218 bench marks (table 8): 160
bench marks have a LAC designation and 58 bench
marks were either measured or recently installed by
other agencies. If elevation data were available for
the early period (about 1930-60), subsidence for the
entire period (about 1930-92) is considered "calcu-
lated;" if subsidence for the first part of this period
was determined by interpolating from a previously
published subsidence-rate contour map (Mankey,
1963), it is considered "estimated." The maximum
magnitude of calculated land subsidence between
about 1926 and 1992 was 6.0 ft at BM 474 (no. 25,
fig. 8) near Avenue I and Sierra Highway in Area 2
(fig. 1). Less than 0.5 mi east, at Avenue I and
Division Street, 6.6 ft of subsidence--the largest
magnitude of either calculated or estimated land
subsidence in Antelope Valley--was estimated at
BM 53 (no. 1, fig. 8) for about 1930-81. Subsi-
dence of 6.0 ft was similarly estimated for about
1930-81 at BM 666 (no. 41, fig. 8), also at Avenue
I and Sierra Highway. Several additional bench
marks that are within 1.5 mi east and west of Sierra
Highway and within 0.5 mi north and south of
Avenue I have magnitudes of estimated subsidence
ranging between 4.5 and 6.0 ft since about 1930.

Two other locations in Antelope Valley also have
estimated amounts of subsidence of more than 5 ft.
At BM 1171A (no. 69, fig. 8) near Avenue G-8 and
90th Street East in Area 3 (fig. 1), subsidence of
6.4 ft was estimated for 1930-92. Subsidence of
5.2 ft was estimated for BM 2180 (no. 99, fig. 8) at
Avenue I and 45th Street East in Area 4 (fig. 1) for
the same period. In Area 1 between Avenues F and
J and 40th Street West to 90th Street West (fig. 1),
the estimated magnitude of subsidence for 1930-92
was between 2 and 3 ft. This area is identified
because, in contrast to the timing of subsidence in
the other areas, most of the subsidence in Area 1
occurred before 1960.

Subsidence estimates for the early period were
based on a contour map prepared by Mankey
(1963), which showed contours of equal mathe-
matically averaged rates of subsidence. The rate of
subsidence for a selected bench mark was deter-
mined by interpolating between contour lines to the
nearest 0.001 ft/yr and then was multiplied by 30
years (usually) to obtain the magnitude of subsi-
dence for the early period. The number of years
used in the calculation was the same as the number

of years in the period of record for the historically
leveled bench mark nearest the selected bench
mark. Estimates were used if they met the follow-
ing criteria: (1) contours were not affected by the
apparent error for bench mark US827 at Sierra
Highway and Avenue P, (2) contours were based on
20 to 30 years or more of leveling data, and

(3) bench marks of interest were within 1 mi of a
leveled bench mark for which the rate of subsi-
dence had been calculated and contours subse-
quently drawn. Exceptions were made for four
bench marks [BM 1159, BM 1165B, BM 1171A,
and BM 2180 (map nos. 65, 67, 69, and 99,
respectively, fig. 8)] when the third criterion was
not met. Subsidence estimates for the early period
for these four bench marks, all measured in 1992
using GPS, ranged from about 0.8 to 1.4 ft (table 8)
and represented only 15 to 32 percent of the total
subsidence calculated for the entire period
(1930-92).

Magnitudes of calculated and estimated subsi-
dence as of 1992 for 218 bench marks are listed in
table 8 and presented as a contour map in figure 8
with different symbols used to represent various
periods of measurement. In table 8, an "e" precedes
the capital-letter code listed if subsidence was esti-
mated for the first period. Estimates for the first
period were made if the elevation of a bench mark
was last determined in 1981, 1991, or 1992 and the
three criteria previously listed were met. Of the 55
bench marks that met all these criteria, the earliest
leveling generally had been done between 1955 and
1962. When a bench mark was leveled about the
midpoint of the 1930-92 period, the change in ele-
vation for the entire period of record was calcu-
lated by subtracting the most recent measurement
from the earliest measurement thus avoiding the
cumulative incorporation of measurement error.
Most of the measurements for the 218 bench marks
were made in the second period (about 1957-92);
bench marks with measurements from the earlier
period can be identified by the code "A" that is not

non

preceded by an "e.

A letter code, A-E, was assigned to each bench
mark to represent the period of record for which
subsidence calculations were made. The letters also
correspond to the five symbols used in figure 8 that
represent the periods of record used to determine
the cumulative magnitude of subsidence. The letter
"A" represents the longest time period and corre-
sponds to the five-point star symbol in figure 8.
There are 18 bench marks in the data set that have
a leveling history starting within about 5 years of
1930. These bench marks were originally leveled
between 1926 (adjusted to NGVD29) and 1937.
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Table 8. Calculated and estimated subsidence from about 1930 to 1992 for 218 bench marks in Antelope Valley,
Los Angeles and Kern Counties

[Codes represent periods of leveling: A, between 1926-40 and 1988-92; B, between 1929, 1930, or 1940 and 1981; C,
between 1952-61 and 1991 or 1992; D, between 1955-57 and 1981; E, for all other periods. Code letters correspond to
symbols in figure 5 as follows: A, five-point star; B, square; C, triangle; D, asterisk; E, plus. EAFB, Edwards Air Force
Base. e, estimated; ft, foot; --, no data]

Subsidence (ft) Period Total
Map . of subsidence,  Period of Nearest cross streets or
N Estimated, Calculated, record, calculated record Code ' ] .
first second second or estimated available township/range location
period period period ()

1 1.80 478 1955-81 6.6 1930-81 eB Avenue I and Division Street

2 1.86 2.99 1962-81 4.8 1930-81 eB Avenue I and 5th Street East

3 1.89 3.27 1957-81 52 1930-81 eB Avenue I and 10th Street East

4 1.23 1956-81 1.2 1956-81 D Avenue K and 10th Street East

5 42 1957-81 4 1957-81 D Avenue K and 10th Street West

6 1.29 1.38 1957-92 2.7 1930-92 eA Avenue J-8 and Sierra Highway

7 1.59 451 1957-81 6.1 1930-81 eB Avenue I and 15th Street West

8 1.59 4.40 1957-81 6.0 1930-81 eB Avenue I and 15th Street West

9 =27 1955-92 -3 1928-92 A Highway 138 and 87th Street East
10 =23 1955-92 -2 1935-92 A Palmdale Boulevard and 47th Street East
11 =23 1955-91 -2 1955-91 C Avenue M and 40th Street West
12 .29 1957-81 3 1957-81 D Avenue K and 50th Street West
13 3.46 1957-81 3.5 1957-81 D Avenue J and 90th Street East
14 4.92 1957-81 49 1957-81 D Avenue I and 90th Street East
15 4.63 1957-81 4.6 1957-81 D Avenue I and 70th Street East
16 4.66 1957-81 4.7 1957-81 D Avenue H and 90th Street East
17 1.80 2.17 1957-81 4.0 1930-81 eB Avenue I and 20th Street East
18 -.19 1955-91 -2 1955-91 C Avenue M and 20th Street West
19 -25 1955-92 -3 1955-92 C Avenue M and 30th Street West
20 -.16 1955-91 -2 1955-91 C Avenue M and 60th Street West
21 3.16 1957-81 32 1957-81 D Avenue G and 60th Street East
22 1.90 1957-81 1.9 1957-81 D Avenue F and 70th Street East
23 23 1957-92 2 1957-92 C Avenue L-2 and Sierra Highway
24 35 1957-92 3 1957-92 C Avenue K-8 and Sierra Highway
25 4.74 1957-92 6.0 1926-92 A Avenue I and Sierra Highway
26 1.38 2.83 1957-92 42 1930-92 eA Avenue G-2 and Sierra Highway
27 2.79 1957-92 35 1926-92 A Avenue F-2 and Sierra Highway
28 1.05 2.61 1957-92 3.7 1930-92 eA Avenue E-4 and Sierra Highway
29 .96 2.09 1957-81 3.1 1930-81 eB Avenue E and Sierra Highway
30 45 1.51 1957-92 2.0 1930-92 eA Avenue C and Sierra Highway
31 45 .84 1957-92 1.3 1930-92 eA Avenue B and Sierra Highway
32 23 1957-92 2 1957-92 C Avenue A and Sierra Highway
33 2.19 1957-81 2.2 1957-81 D Avenue E and Division Street
34 1.50 1.02 1957-92 2.5 1940-92 eA Avenue I and 45th Street West
35 1.80 2.30 1957-81 4.1 1930-81 eB Avenue I and 30th Street West
36 3.15 1957-81 3.1 1957-81 D Avenue J and 100th Street East
37 1.23 1957-81 1.2 1957-81 D Avenue G and 30th Street East
38 1.30 1957-81 1.3 1957-81 D Avenue E and 15th Street East
39 95 1957-81 9 1957-81 D Avenue E and 30th Street East
40 .84 1957-81 8 1957-81 D Avenue E and 50th Street East
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Table 8. Calculated and estimated subsidence from about 1930 to 1992 for 218 bench marks in Antelope Valley,
Los Angeles and Kern Counties--Continued

Subsidence (ft) Period Total
Map . of subsidence,  Period of Nearest cross streets or
N Estimated, Calculated, record, calculated record Code townshib/range location

first second second or estimated available wnship/rang !

period period period (ft)

41 1.77 4.21 1957-81 6.0 1930-81 eB Avenue I and Sierra Highway
42 1.60 .68 1957-81 23 1940-81 eB Avenue I and 50th Street West
43 .55 1957-81 6 1957-81 D Avenue K and 25th Street West
44 42 1957-81 4 1957-81 D Avenue K and 35th Street West
45 1.19 1957-81 1.2 1957-81 D Avenue [ and 70th Street West
46 1.34 1957-92 23 1935-92 A Avenue [ and 75th Street West
47 1.34 1.04 1957-81 2.4 1940-81 eB Avenue I and 90th Street West
48 1.50 .59 1957-81 2.1 1940-81 eB Avenue G-8 and 90th Street West
49 1.50 .38 1957-81 1.9 1940-81 eB Avenue F and 90th Street West
50 1.05 27 1957-81 13 1930-81 eB Avenue B-8 90th Street West
51 1.62 1.49 1957-81 3.1 1930-81 eB Avenue B and 60th Street West
52 .80 1957-81 .8 1957-81 D Avenue E and 60th Street West
53 1.43 1957-81 1.4 1957-81 D Avenue G and 60th Street West
54 .81 1957-81 8 1957-81 D Avenue D and 80th Street West
55 -.14 .09 1960-81 -1 1935-81 A Pearblossom near 226th Street East
56 -.04 1955-81 2 1929-81 B Avenue O and 200th Street East
57 .08 1957-81 3 1929-81 B Avenue K-8 and 170th Street East
58 2.93 1957-81 2.9 1957-81 D Avenue J and 110th Street East
59 1.30 1957-81 1.3 1957-81 D Avenue J and 120th Street East
60 .38 1957-81 4 1957-81 D Avenue J and 130th Street East
61 39 1957-81 4 1957-81 D Avenue J and 140th Street East
62 .05 1955-73 1 1955-73 E Avenue M and 150th Street East
63 22 1955-81 2 1955-81 D Avenue H and 140th Street East
64 12 1957-81 .1 1957-81 D Avenue E and 140th Street East
65 .84 1.75 1957-92 2.6 1930-92 eA Avenue E and 120th Street East
66 2.63 1957-81 2.6 1957-81 D Avenue G and 90th Street East
67 1.11 3.04 1957-92 4.1 1930-92 eA Avenue E and 90th Street East
68 4.01 1957-81 4.0 1957-81 D Avenue E and 90th Street East
69 .99 5.41 1957-92 6.4 1930-92 eA Avenue G-8 and 90th Street East
70 - 11 1955-91 -1 1955-91 C Avenue M and 90th Street East
71 .08 1957-81 1 1957-81 D Avenue D and 170th Street West
72 .08 1957-81 .1 1957-81 D Avenue D and 210th Street West
73 26 1957-92 3 1957-92 C Lancaster Road and 210th Street West
74 .63 .26 1957-92 9 1930-92 eA Lancaster Road and 160th Street West
75 .60 11 1957-81 T 1930-81 eB Lancaster Road and 160th Street West
76 .50 25 1957-81 7 1940-81 eB Lancaster Road and 140th Street West
77 61 .16 1957-81 8 1940-81 eB Avenue I and 115th Street West
78 .89 .53 1957-81 1.4 1940-81 eB Avenue I and 100th Street West
79 .04 1957-91 .0 1957-91 C Johnson Road and Elizabeth Lake Road
80 =21 1955-92 -2 1955-92 C Avenue O and 15th Street West
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Table 8. Calculated and estimated subsidence from about 1930 to 1992 for 218 bench marks in Antelope Valley,
Los Angeles and Kern Counties--Continued

Subsidence (ft) Period Total
Map . of subsidence,  Period of Nearest cross streets or
N Estimated, Calculated, record, calculated record Code township/ loca;
first second second or estimated available ownship/range focation
period period period (ft)

81 0.57 2.31 1962-81 2.9 1930-81 eB Avenue D and 20th Street West

82 1.26 .53 1961-92 1.8 1930-92 eA Avenue D and 50th Street West

83 .05 1962-81 1 1962-81 E Highway 138 near 254th Street West
84 -.10 1962-92 -1 1962-92 E Lancaster Road and 270th Street West
85 .02 1962-92 .0 1962-92 E Highway 138 and Old Ridge Road
86 -.06 1962-81 -1 1962-81 E Gorman Post Road

87 32 1965-91 3 1965-91 E Avenue M and 20th Street East

88 75 35 1965-92 1.1 1930-92 eA Avenue M and 60th Street East

89 .17 1965-92 2 1965-92 E Avenue M and 95th Street East

90 .18 1965-81 2 1965-81 E Avenue M and 110th Street East

91 .14 1965-81 .1 1965-81 E Avenue M and 130th Street East

92 -.03 1965-91 -0 1965-91 E Avenue M and 90th Street West

93 -.04 1965-91 -0 1965-91 E Johnson Road and Elizabeth Lake Road
94 -.02 1965-92 -0 1965-92 E Johnson Road and Elizabeth Lake Road
95 .00 1965-91 .0 1965-91 E Johnson Road and Elizabeth Lake Road
96 .01 1965-75 .0 1965-75 E Avenue F-8 and 110th Street West
97 72 2.57 1965-92 33 1930-92 eA Avenue J and 95th Street East

98 1.47 72 1965-92 22 1930-92 eA Avenue E and 50th Street East

99 1.38 3.77 1961-92 52 1930-92 eA Avenue I and 45th Street East
100 2.84 1965-81 2.8 1965-81 E Avenue I and 50th Street East
101 2.11 1961-92 2.1 1961-92 C Avenue E and 10th Street East

102 .96 .80 1965-81 1.8 1930-81 eB Avenue A and 30th Street West
103 1.11 1.42 1965-92 2.5 1930-92 e A Avenue A and 40th Street West
104 1.17 .98 1965-81 22 1930-81 eB Avenue A and 45th Street West
105 1.29 75 1965-81 2.0 1930-81 eB Avenue A and 60th Street West
106 1.02 1.43 1965-81 2.4 1930-81 eB Avenue F and 15th Street West

107 .84 1.47 1965-81 2.3 1930-81 eB Avenue F and 30th Street West

108 .87 1.40 1965-81 23 1930-81 eB Avenue F and 35th Street West

109 96 1.51 1965-81 2.5 1930-81 eB Avenue F and 40th Street West

110 .96 1.68 1965-81 2.6 1930-81 eB Avenue F and 40th Street West
111 1.11 1.44 1965-92 2.5 1930-92 eA Avenue A and 90th Street West
112 1.11 1.46 1965-81 2.6 1930-81 eB Avenue A and 90th Street West

113 1.05 1.23 1965-81 23 1930-81 eB Avenue A and 95th Street West
114 18 1965-75 2 1965-75 E Avenue A and 110th Street West
115 1.14 1965-81 1.1 1965-81 E Avenue H and 120th Street East

116 2.34 1965-81 2.3 1965-81 E Avenue H and 110th Street East

117 1.80 1965-81 1.8 1965-81 E Avenue F-8 and 120th Street East
118 1.64 1965-81 1.6 1965-81 E Avenue K and 40th Street East

119 3.11 1965-81 3.1 1965-81 E Avenue K and 50th Street East

120 .14 1965-81 1 1965-81 E Avenue G and 180th Street East
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Table 8. Calculated and estimated subsidence from about 1930 to 1992 for 218 bench marks in Antelope Valley,
Los Angeles and Kern Counties--Continued

Subsidence (ft) Period Total
Map . of subsidence,  Period of Nearest cross streets or
No Estimated, Calculated, record, calculated record Code township/range location
) first second second or estimated available p/rang
period period period (ft)
121 0.15 1965-81 0.2 1965-81 E Avenue E and 185th Street East
122 15 1965-81 2 1965-81 E Avenue G and 185th Street East
123 18 1965-81 2 1965-81 E Avenue I and 200th Street East
124 .18 1965-81 2 1965-81 E Avenue I and 180th Street East
125 -.04 1965-92 -0 1965-92 E Highway 138 and Fort Tejon Road
126 20 1965-73 2 1965-73 E Avenue N and 60th Street East
127 15 1965-81 2 1965-81 E Highway 138 and 126th Street East
128 12 1965-81 1 1965-81 E Highway 138 and 175th Street East
129 .06 1965-92 1 1965-92 E Avenue P and 145th Street East
130 .08 1965-92 .1 1965-92 E Palmdale Boulevard and 110th Street East
131 12 1965-92 1 1965-92 E Avenue S-8 and 165th Street East
132 0.60 30 1965-91 9 1930-91 eA Avenue M and 70th Street East
133 .50 1965-91 .5 1965-91 E Avenue M and 40th Street East
134 .69 1968-81 T 1968-81 E Avenue K and 25th Street East
135 1.38 1968-81 14 1968-81 E Avenue G and 15th Street East
136 .78 1.08 1968-81 1.9 1930-81 eB Avenue C and 30th Street West
137 .05 1965-81 A 1965-81 E Avenue A and 190th Street West
138 .08 1965-81 1 1965-81 E Avenue A and 170th Street West
139 .14 1965-73 1 1965-73 E Avenue M and 215th Street East
140 .08 1972-81 1 1972-81 E Avenue E-8 and 200th Street East
141 .09 1972-81 1 1972-81 E Avenue E-8 and 200th Street East
142 .82 1965-92 .8 1965-92 E Avenue A and 155th Street West
143 .02 1965-92 .0 1965-92 E Avenue D and 110th Street West
144 .68 1972-81 7 1972-81 E Avenue E and 70th Street East
145 1.79 1972-81 1.8 1972-81 E Avenue G-8 and 70th Street East
146 1.33 1972-81 1.3 1972-81 E Avenue G-8 and 50th Street East
147 .20 1973-81 2 1973-81 E Avenue A and 140th Street West
148 .05 1973-81 1 1973-81 E Highway 138 and Gorman Post Road
149 .07 1973-92 1 1973-92 E Avenue N and Sierra Highway
150 .00 1973-91 .0 1973-91 E Avenue M and Sierra Highway
151 -.01 1973-91 -0 1973-91 E Avenue M and Sierra Highway
152 -.08 1973-81 -1 1973-81 E Frazier Mtn. Park Road and Peace Valley Road
153 1.62 67 1975-81 3 1930-81 eB Avenue I and 30th Street East
154 .14 1973-91 A 1973-91 E Avenue M and 50th Street East
155 A1 1961-92 -0 1926-92 A Palmdale Boulevard and Sierra Highway
156 -- -- Township 8 North/Range 9 West Sec. 22
157 1.86 3.58 1965-92 5.4 1930-92 eA Lancaster Boulevard and Sierra Highway
158 1.59 2.86 1965-92 4.5 193092 eA Avenue H-4 and Sierra Highway
159 .84 1957-92 8 1957-92 C Avenue B and Sierra Highway
160 -25 1955-92 -3 1955-92 C Highway 138 and Sierra Highway
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Table 8. Calculated and estimated subsidence from about 1930 to 1992 for 218 bench marks in Antelope Valley,
Los Angeles and Kern Counties--Continued

Subsidence (ft) Period Total
Map : of subsidence,  Period of Nearest cross streets or
N Estimated, Calculated, record, calculated record Code ¢ hin/ locat;

first second second  or estimated available ownslup/range focation

period period period (ft)

161 1.23 1961-92 1.2 1961-92 C Township 9 North/Range 12 West Sec. 24
162 -- -- Township 9 North/Range 15 West Sec. 20
163 A1 1978-92 1 1978-92 E Township 6 North/Range 12 West Sec. 7
164 .08 1967-92 1 1967-92 E Jones Road and Lancaster Road
165 -- 4 1927-89 A Rosamond Boulevard and Fitzgerald Boulevard
166 -- -- Township 9 North/Range 11 West Sec. 25
167 -- -- Township 8 North/Range 16 West Sec. 2
168 .00 1961-92 0 1961-92 C Township 9 North/Range 10 West Sec. 8
169 -- -9 1926-88 A Township 9 North/Range 19 West
170 -25 1961-92 -3 1961-92 C Township 9 North/Range 12 West Sec. 8
171 .04 1961-92 1 1937-92 A Township 9 North/Range 10 West Sec. 11
172 -- 2 193792 A Township 9 North/Range 10 West Sec. 20
173 .14 1973-89 1 1973-89 E Highway 58 and Rosamond Boulevard
174 .79 1973-89 .8 1973-89 E Highway 58 and Clay Mine Road
175 -- -- Highway 58 and Clay Mine Road
176 .69 1961-92 T 1961-92 C Scout Road and Lancaster Boulevard
177 -- -- Scout Road and Lancaster Boulevard
178 -- -- Interstate 5 Lebec Rest Area
179 -- -- California Aqueduct and 204th Street East
180 -- -- Township 11 North/Range 6 West Sec. 32
181 -- -- Highway 138 and 116th Street East
182 -23 1973-92 -2 1973-92 E Highway 58 and California City Boulevard
183 37 1961-89 5 1928-89 A Township 10 North/Range 9 West
184 .08 1952-92 1 195292 C Highland Boulevard and Clay Mine Road
185 -- -- Highland Boulevard and Flint Road
186 .88 1959-92 2.6 1929-92 A Avenue C and 20th Street East
187 .92 1959-89 2.5 1929-89 A Avenue C and 50th Street East
188 -- 1.3 1929-59 E Avenue C and 80th Street East
189 3.03 1961-89 3.7 1929-89 A Avenue B and 130th Street East
190 - 3 1929-92 A Avenue J and 180th Street East
191 -- i 1929-92 A Avenue G and 135th Street East
192 3.33 1961-92 33 1961-92 C Avenue B and 140th Street East
193 13 1973-92 .1 1973-92 E Avenue B and 170th Street East
194 .10 1973-92 1 1973-92 E Avenue B and 200th Street East
195 27 1973-92 3 1973-92 E Township 9 North/Range 9 West Sec. 14
196 05 1973-92 1 1973-92 E Township 9 North/Range 9 West Sec. 11
197 -- -- Township 8 North/Range 8 West Sec. 34
198 0.93 3.10 1961-92 4.0 1930-92 eA Avenue B and 120th Street East
199 -- -- Township 10 North/Range 9 West
200 -- -- Township 9 North/Range 9 West
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Table 8. Calculated and estimated subsidence from about 1930 to 1992 for 218 bench marks in Antelope Valley,
Los Angeles and Kern Counties--Continued

Subsidence (ft) Period Total
of subsidence, Period of
I\I:IIap Estimated, Calculated, record, calculated record Code Nearesg cross streets‘or
0 first second second  or estimated available township/range location
period period period (ft)

201 -- -- Township 9 North/Range 9 West Sec. 32

202 -- -- Township 10 North/Range 9 West Sec. 4

203 -- -- Township 10 North/Range 9 West Sec. 24

204 -- -- Township 8-9 North/Range 11-12 West

205 -- -- Township 8 North/Range 11 West Sec. 6

206 -- -0.1 1932-92 A Highway 58 and 20 Mule Team Road

207 - -- Highway 58 and 20 Mule Team Road

208 -- -- Township 10 North/Range 9 West

209 -- -- Township 9 North/Range 9 West Sec. 19

210 -0.06 1961-92 -1 1961-92 C  Township 10 North/Range 10 West Sec.
23

211 -- -- Township 9 North/Range 9 West Sec. 27

212 -.07 1961-92 .1 1926-92 A Rosamond Boulevard and Sierra Highway

213 1.04 1961-92 1.0 1961-92 C  Township 9 North/Range 11 West Sec. 20

214 .14 1961-92 .1 1961-92 C Rosamond Boulevard and 50th Street West

215 1.23 2.58 1961-92 3.8 1930-92 eA Avenue B and 80th Street East

216 -.08 1961-92 -1 1961-92 C Rosamond Boulevard and Lancaster
Boulevard

217 -.09 1961-92 -1 1961-92 C Rosamond Boulevard near EAFB West
Gate

218 1.80 2.44 1961-92 4.2 1930-92 eA  Avenue H-8 and 20th Street East

The starting year for estimates of subsidence for the
bench marks coded "A" was 1930, except for one
bench mark in Area 1 for which the starting year
was 1940. The most recent measurement for all
bench marks coded "A" was made between 1988
and 1992. The period of record for calculated
subsidence for two bench marks coded with the
letter "B"—corresponding to the square symbol in
figure 8—was 1929-81. The period of record for
estimated subsidence for all other "B"-coded bench
marks started from either 1930 or 1940 and ended
in 1981. Measurements for bench marks coded
with letter "C"—corresponding to the triangle
symbol in figure 8—were first done between 1952
and 1961 and most recently in 1991 or 1992.
Measurements for bench marks coded with letter
"D"—corresponding to the asterisk symbol in figure
8—were first done between 1955 and 1957 and all
were most recently measured in 1981. Measure-
ments for bench marks coded with letter "E"—
corresponding to the plus symbol in figure 8—were
made for all other time periods not included in the
previous four categories. These periods ranged
from 8 to 30 years, but generally spanned 15 years.

Although data for several periods are plotted on
figure 8, more importance was given to bench
marks with longer periods of record when the con-
tours for areas with equal magnitudes of calculated

or estimated subsidence were drawn. The contours
indicate that a large area—210 mi* (542 km*)—of
Antelope Valley, generally bounded by Avenue K,
Avenue A, 90th Street West, and 130th Street East,
has subsided between 2 and 7 ft (fig. 8). Much of
this same area, but only extending to 35th Street
West, has subsided more than 3 ft, including a lobe
that extends past 140th Street East at Avenue B. In
an area south of Rosamond Lake, notably less sub-
sidence has been measured than in surrounding
areas. In this area, subsidence of less than 2.5 ft
has been measured between 20th Street East and
70th Street East and Avenues C and G. More than
4 ft of subsidence has been measured in Antelope
Valley in an L-shaped area with Avenue I as the
long leg and 90th Street East as the short leg. In
Area 2 near Sierra Highway, the area with more
than 4 ft of subsidence is between Avenues G and
J, but probably is limited to the area between Ave-
nues H and J along most of the east-west axis of
the L-shaped area. The western extent of the 4-ft
subsidence contour is 30th Street West. Along the
north-south axis, this contour extends about 1.5 mi
east and west of 90th Street East between Avenues
B and J, with a slight lobe extending to 120th Street
East at Avenue B. Three areas identified on figure
1 had more than 5 ft of subsidence between about
1930 and 1992.
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The magnitudes of calculated or estimated
subsidence are negligible in several areas. One of
these areas of negligible subsidence is south of
Avenue L, except for a small area between 40th
Street East and 70th Street East at Avenue M where
subsidence of between 0.5 and 1.1 ft was calculated
or estimated. In another area, at 130th Street East
and Avenue G, subsidence of 0.7 ft was measured
between 1929-92. Less than 0.5 ft of subsidence
has been measured in Antelope Valley east of 130th
Street East, north of Rosamond Boulevard in the
northeastern part of the valley, and west of 110th
Street West, with some exceptions. Between
0.5 and 0.9 ft of subsidence was measured at four
bench marks between 110th Street West and 160th
Street West on Avenue I and Lancaster Road and at

another bench mark at Avenue A and 155th Street
West.

Average Rates of Subsidence for Selected
Periods

To assess the variability of subsidence rates dur-
ing the 1957-92 period and to relate the occur-
rence of subsidence to ground-water-level decline,
shorter time periods were examined. The magni-
tudes and mathematically averaged annual rates of
subsidence were calculated for six variable-length
periods (table 9). The lengths of these periods were
dependent on the years in which local network lev-
eling had been done. These calculated rates of sub-
sidence are annual averages and the rates could

Table 9. Magnitudes and average annual rates of subsidence for selected bench marks in Antelope Valley, Los
Angeles County, for six variable-length periods between 1957 and 1992

[Map numbers refer to bench-mark locations in figures 7 or 8. ft, foot; ft/yr, feet per year; --, no data]

1957-62 1962-65 1965-72 1972-75 1975-81 1981-92
Map Bench- . . .
No mark  Magni- Magni- Magni- Magni- Magni- Magni-
) name tude Rate tude Rate tude Rate tude Rate tude Rate tude Rate
(fy (fvy) (fy (fuyr) (fy (fvyr) (fy (fuyr) () (fvyr)  (fy  (fvyn)
1 BMS53 0.87 0.174 0.69 0230 0.88 0.126 0.57 0.190 091 0.151 -- --
2 BM56 -- - 1 .238 .84 119 54 181 .89 .149 - --
3 BM 60 .66 133 .55 .184 74 .106 50 .165 .82 137 - --
4 BM73 .05 .011 -.04 -.014 .03 .004 18 .059 14 .023 -- --
5 BMA&S 14 029  -.05 -.018 .08 .012 .14 .048 .10 .017 -- --
6 BM 118 .19 .038 .04 .012 23 .033 27 091 32 .053 0.33 0.030
7 BM 120 91 181 79 265 1.13 161 .63 210 1.06 176 -- --
8 BM 121 91 181 77 257 1.11 159 .62 206 1.00 .166 -- --
9 BM135 -- -- - - .14 017 - - - -- -- --
10 BM 171 -- - - - .14 018 - - - -- .01 .000
11 BM 172 -- - - - .06 007 - - - - -- --
12 BM 185 .08 017  -.05 -.017 11 016 .10 .032 .06 .010 -- --
13 BM271A 49 .098 .70 233 -- -- -- -- .60 101 - --
14 BM278A .59 118 .99 330 -- -- -- -- 1.00 167 -- -
15 BM 283 A48 .095 97 322 149 213 75 249 95 158 -- --
16 BM 287A 46 .092 .97 322 -- -- -- -- 1.21 201 - --
17 BM 316 40 081 30 .098 46 065 .39 130 .62 104 -- --
18 BM 330 -- -- -- - 08 010 -- - - -- -- --
19 BM 336 -- - -- -- .06 007 - - -- -- -- --
20 BM 397 - -- -- -- .02 003 -- - -- -- .00 .000
21 BM 417 .61 122 41 138 94 134 .56 .188 .63 105 -- --

22 BM 426 .55 109 44 148 -.10
23 BM 471 01 001 -14 -.046 .00
24 BM 472 .06 012 -10 -.033 .02
25 BM 474  1.02 204 .69 231 .90
26 BM 476 .59 117 45 148 .62
27 BM 477 .50 .099 39 129 .64
28 BM 479 41 .083 25 082 52
29 BM 481 34 067 19 .063 52
30 BM 482 21 042 .14 .048 .36

-014 45 150 .56 094 -- --
.001 A7 055 05 .008 02 .002
.003 1 037  0.16 .027 .10 .009

128 54 180 .81 135 .67 061
089 40 132 S .084 .28 025
091 45 150 58 .096 23 021

074 39 130 .61 .101 27 025
075 45 .149 .60 .09 - -
.051 32 105 .38 .063 11 .010
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Table 9. Magnitudes and average annual rates of subsidence for selected bench marks in Antelope Valley, Los
Angeles County for six variable-length periods between 1957 and 1992--Continued

1957-62 1962-65 1965-72 1972-75 1975-81 1981-92
Map Bench-
No mark  Magni- Magni- Magni- Magni- Magni- Magni-
’ name tude Rate tude Rate tude Rate tude Rate tude Rate tude Rate
(fo (fuyr) (fy (fuyr) (fy (fuyr)  (f)  (fvyr) (ft) (fvyr)  (ft)  (fvyrn)
31 BM 483 0.07 0.014 0.05 0.016 0.16 0.023 0.22 0.074 0.19 0.031 0.05 0.005
32 BM 484 .00 .000 .02 .005 .07 010 .13 .043 .02 .004 .00 .000
33 BM 499 .46 .092 21 071 .53 076 -- - - - - --
34 BM 537 35 .070 12 .040 22 032 11 035 .04 .006 19 .017
35 BM 540 .60 120 40 134 .54 077 32 .108 43 .072 -- --
36 BM 545 34 .069 62 205 1.13 161 .52 174 .54 .090 -- --
37 BM 560 44 .088  -.02 -.008 21 .030 26 .086 34 .057 -- --
38 BM 571 47 094  -.07 -.025 23 .032 32 105 .36 .060 - -
39 BM 577 48 095  -17 -.058 15 .021 24 .081 25 .042 -- --
40 BM 585 52 104 225 -.082 1 .015 23 .076 23 .038 -- --
41 BM 666 1.00 201 73 243 97 138 71 237 .80 134 -- --
42 BM 714 .30 .059 .03 .009 17 .025 12 041 .06 .010 -- --
43 BM 721 A2 023 -10 -.034 13 018 .16 .054 25 .042 -- -~
44 BM 725 .08 016 -.13 -.043 10 .014 13 .043 24 .040 -- --
45 BM 820 .30 061 -- -- -- -- 12 041 .07 011 -- --
46 BM 823 31 .061 .36 119 37 .053 .10 .034 .07 011 0.13 0.012
47 BM 828 .30 .060 32 .108 31 .045 .08 .027 .01 .002 -- --
48 BM 835 .28 .056 .16 .052 .14 .021 .05 017 -.04 -.007 - --
49 BM 839 25 .050 .08 .027 .04 .005 .04 013 -.03 -.006 -- -
50 BM 852 23 .047 .00 000 -.05 -.007 .08 025 .01 .002 - --
51 BM 866 28 .057 31 .104 47 .066 25 .084 17 .029 - --
52 BM 878 31 .062 .06 .019 22 .032 12 .038 .09 015 - --
53 BM 887 .29 .058 .30 .099 42 .060 20 .067 22 .036 -- --
54 BM 900 24 .049 21 .070 23 .032 11 .035 .03 .005 -- --
55 BM 966  -- -- - -- .07 .009 -- -- -- -- -- --
56 BM 998 -- -- -- - 11 013 - - -- -- -- --
57 BM 1069 .05 010 -.14 -.046 -.01 -.002 15 .051 .03 .005 -- --
58 BM 1078 .33 .066 .53 177 .99 141 48 .160 .60 .099 -- --
59 BM 1082 .32 .064 11 .037 .40 .057 23 .077 24 .040 -- --
60 BM 1087 .31 061 -20 -.068 .08 012 .14 .046 .06 011 -- --
61 BM 1090 .29 058 -.18 -.060 .09 .013 13 .042 .06 .009 - --
62 BM 1103 -- - -- - 12 015 - -- -- -- - -
63 BM 1146 -- -- -34 -.114 .05 .007 11 .037 .07 .011 .- --
64 BM 1155 .40 .080 -41 --.136 .00 .000 A1 .035 .02 .003 -- --
65 BM 1159 .44 088 -.12 -.039 44 .062 31 .105 .39 .066 28 .026
66 BM 1165A .50 .100 .30 099 -- -- - -- 71 118 41 .037
68 BM 1170A .48 .096 .82 272 - -- -- -- .95 .158 -- --
69 BM 1171A .46 093  1.00 334 -- -- -- -- 1.14 .190 .66 060
70 BM 1182 -- -- -- -- .15 019 - -- -- -- - --
71 BM 1238 .00 .000 .16 .054 -.10 -.014 .00 .000 .01 .002 -- --
72 BM 1254 .00 .000 23 075 -.16 -.022 .00 .000 .01 .002 -- --
73 BM 1276 .00 .000 .19 063  -.09 -.012 .00 .000 05 008 11 .010
74 BM 1290 .00 .000 17 056 -.02 -.003 .00 000 -.06 -010 17 016
75 BM 1291 .00 .000 .16 .054 .02 .002 .00 000  -.07 -.011 -- --
76 BM 1295 .00 .000 15 .050 .02 .003 .00 .000 .08 .013 -- --
77 BM 1302 .11 .022 .04 .012 .01 .001 .01 005 -.01 -.001 -- --
78 BM 1306 .22 .044 12 .039 .16 022 .02 .007 .02 .003 -- --
79 BM 1327 00 .000 .04 .015 .00 000 -- -- -- -- - --
80 BM 1380 -- -- -- -- .10 012 -- -- -- -- -.03 .002
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Table 9. Magnitudes and average annual rates of subsidence for selected bench marks in Antelope Valley, Los
Angeles County for six variable-length periods between 1957 and 1992--Continued

1957-62 1962-65 1965-72 1972-75 1975-81 1981-92
Map Bench- .
No mark  Magni- Magni- Magni- Magni- Magni- Magni-
’ name tude Rate tude Rate tude Rate tude Rate tude Rate tude Rate
(fo vy (fv (dyn () @y (F)  Eyr)  J)  Jyr) () (ft/yr)
81 BM 1456 -- - 0.48 0.159 0.78 0.111 047 0.157 0.58 0.096 - --
82 BM 1469 -- -- -.01 -.003 .10 .015 12 .040 .08 .014 0.17 0.016
83 BM 1480 -- -- .16 054 -11 -.019 .00 .000 .00 .000 -- -
84 BM 1483 -- - .03 010  -.16 -.020 .00 .000 .01 .001 .02 .002
85 BM 1494 -- -- 11 036 -.07 -.009 .00 .000 .00 .001 -.02 -.001
8 BM 1518 -- -- -.03 -010  -.07 -.009 .00 .000 .05 .008 -- -
87 BM 2016 -- -- - - 24 030 -- - - - - --
88 BM 2030 -- - -- - 31 038 -- - -- -- - -
89 BM 2037 -- - -- - -- - - - .00 -.001 .02 .002
90 BM 2041 -- -- -- -- -- - - -- .03 .005 - --
91 BM 2045 -- - - -- -- - - - .00 .000 - -
92 BM 2061 -- - -- - .02 002 -- - -- -- - -
93 BM 2067 -- -- - - .02 002 -- - - -- - -
94 BM 2076 -- -- - - .02 .003  -- -- - -- -- .000
95 BM 2078 -- -- -- -- .01 .001 - - -- -- - -
97 BM 2169 -- -- -- -- 1.17 .167 .54 .180 .59 .098 27 .024
98 BM 2174 -- -- -- -- 11 .016 24 .079 21 .035 .16 .015
99 BM 2180 -- - -- -- 1.15 .165 .66 222 .85 141 32 .029
100 BM 2181 -- -- - - 1.28 182 .70 234 .86 144 - -
101 BM 2186 -- -- -- - .36 .051 41 137 .55 .091 56 .051
102 BM 2230 -- - -- -- 31 .045 .30 .101 .18 .031 -- -
103 BM 2235 -- - -- - .54 .077 .38 128 30 .050 .20 018
104 BM 2236 -- - - - 43 .062 31 .104 24 .040 -- --
105 BM 2244 -- - -- -- .39 .056 22 .075 13 022 - --
106 BM 2290 -- -- - -- 46 .065 .39 .129 .58 .097 - --
107 BM 2295 -- - -- -- .59 .084 37 125 S1 .084 -- --
108 BM 2298 -- - - -- 58 .083 .36 121 46 .076 -- --
109 BM 2300 -- - - - .65 .094 .38 128 47 .079 - --
110 BM 2301 -- - - - 77 110 41 138 .49 .082 -- --
111 BM 2317 -- - -- - .82 117 38 127 .19 .032 .05 .004
112 BM 2318 -- - -- - .86 123 .39 131 21 .035 -- --
113 BM 2319 -- - -- - .74 105 34 114 15 .025 -- --
115 BM 2344 -- - -- -- .46 065 31 .103 38 .063 - --
116 BM 2348 -- -- - - 1.11 158 .54 179 .70 116 -- --
117 BM 2356 -- - - - .78 112 43 144 58 .097 -- --
118 BM 2368 -- - - - 75 107 .49 .162 41 .068 -- --
119 BM 2371 -- -- - - 1.49 213 78 .260 .84 .140 -- -
120 BM 2393 -- -- - - .07 .010 .14 045  -.06 -.010 -- -
121 BM 2395 -- -- -- - .07 .010 .14 046  -.05 -.009 -- -
122 BM 2396 -- -- -- -- .07 .010 .14 046  -.05 -.009 -- -
123 BM 2409 -- - -- -- .07 .010 .15 049  -.03 -.005 -- -
124 BM 2442 -- -- - -- .05 .007 .16 055 -.03 -.006 -- -
125 BM 2616 -- -- -- -- .10 012 - -- -- - 03 .003
126 BM 2646 -- - -- - .20 025 - -- -- - - --
127 BM 2678 -- -- - - 11 014 - -- -- -- -- -
128 BM 2685 -- - -- - 11 014 -- -- -- - - --
129 BM 2706 -- -- - -- .08 010 -- -- -- -- .00 .000
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Table 9. Magnitudes and average annual rates of subsidence for selected bench marks in Antelope Valley,
Los Angeles County for six variable-length periods between 1957 and 1992--Continued

1957-62 1962-65 1965-72 1972-75 1975-81 1981-92
Map Bench-
No mark  Magni- Magni- Magni- Magni- Magni- Magni-

: name tude Rate tude Rate tude Rate tude Rate tude Rate tude Rate
f)  (fuyn () (fyn () (fuyn () (flyn () (flyn  (f)  (fuyn)

130 BM 2716 -- -- - -- 0.13 0.016 -- -- -- -- -0.06 -0.005
131 BM 2746 -- -- -- -- 18 022 -- -- -- -- -.06 -.006
132 BM 2760 -- -- - -- 26 032 -- - - -- -- --
133 BM 3198 -- -- -- -- 38 047 -- -- - -- -- --
134 BM 3225 -- -- -- -- -- -- 0.26 0.088 0.26 0.043 -- -
135 BM 3294 -- - -- -- -- -- 41 136 .69 116 - -
136 BM 3317 -- -- -- - - 41 137 34 .057 -- --
137 BM 3387 -- -- -- -- -.01 -001  -- -- .06 011 - --
138 BM 3392 -- -- -- -- .06 .008 .00 .000 .02 .003 -- --
139 BM 3398 -- -- -- -- .14 017 - -- -- -- -- -
140 BM 3454 -- -- - - - - .15 049 -.06 -.011 -- --
141 BM 3455 -- -- -- -- - -- .15 049 -.05 -.009 -- -
142 BM 3549 -- -- -- - .24 .030 .00 000 -- -- -- --
144 BM 3646 -- -- -- -- -- -- 33 .109 .35 .058 -- --
145 BM 3724 -- -- -- -- -- -- 73 245  1.06 .176 -- --
146 BM 3738 -- -- -- -- -- -- .57 .190 .76 126 .39 .035
147 BM 3998 -- -- - -- -- -- .00 .001 .20 .034 -- --
148 BM 4116 -- -- -- -- -- -- .00 .000 .05 .009 -.20 -.018
149 BM 4217 -- - - -- -- -- -- -- -- -- .02 .002
152 BM 4360 -- - - -- -- -- .00 .000 -.08 -.014 -- --
153 BM 4415 -- -- -- -- - -- -- -- 67 d11 -- --

Table 10. Maximum magnitude and average annual rate of subsidence in Antelope Valley for six variable-length

periods between 1957 and 1992

(ft, foot; ft/yr, feet per year]

Period Mag(lfltl)t ude (];;;:) 1;112? Benrf;ll;lrgark Nearest cross streets
1957-62 1.02 0.204 25 BM 474 Avenue I and Sierra Highway
1962-65 1.00 334 69 BM 1171A Avenue G-8 and 90th Street East
1965-72 1.49 213 15 BM 283 Avenue I and 70th Street East
1972-75 .78 260 119 BM 2371 Avenue K and 50th Street East
1975-81 1.21 201 16 BM 287A Avenue H and 90th Street East
1981-92 .67 061 25 BM 474 Avenue I and Sierra Highway

have varied considerably within each period. The
periods range from 3 to 11 years and are 1957-62,
1962-65, 1965-72, 1972-75, 1975-81, and 1981-92
(table 9). If data were not available for a bench
mark for a specified year, leveling data from either
the previous year or the following year were
substituted and the number of years used to
calculate the annual rate changed accordingly.
Generalized contour maps showing average annual
rates of subsidence were prepared for each of the
periods (fig. 12).

The maximum magnitudes of calculated
subsidence for the six variable-length periods

ranged from 0.67 ft (11-year period) to 1.49 ft
(7-year period), and the highest average annual rates
of subsidence for the same periods ranged from
0.061 to 0.334 ft/yr (table 10). The maximum
magnitudes of subsidence and average annual rates
given in table 10 are for only one bench mark per
period and are not representative of a widespread
distribution. Contour maps showing magnitudes of
subsidence for bench marks with a broad areal
distribution are essential in determining the
geographic extent of subsidence. However, the
maximum rates of subsidence are representative of
the relative scale of the changes in rates over time.
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RELATION BETWEEN LAND

SUBSIDENCE AND GROUND-
WATER-LEVEL DECLINES IN
THE LANCASTER SUBBASIN

The occurrence of land subsidence caused by
aquifer-system compaction resulting from ground-
water-level declines has been documented in the
EAFB area of Antelope Valley (Blodgett and
Williams, 1992; Londquist and others, 1993).
Measurements of aquifer-system vertical compaction
and water-level fluctuations in the deep aquifer of
the Lancaster ground-water subbasin made between
May 1990 and November 1991 indicate that com-
paction was continuous even when water levels
rose. However, sediment-compaction rates were
higher during summer when ground-water levels
were lowest as a result of the seasonal increase in
ground-water pumping. In an earlier study, contour
maps for the LAC region of Antelope Valley
showed that the magnitude and rate of subsidence
for 1955-67, which were highest in Lancaster, were
highly correlated with contours showing average
annual ground-water-level decline (Lewis and
Miller, 1968, p. 3, figs. 3 and 4).

Ground-Water Data

Ground-water levels and changes since about the
mid-1950’s were compiled for wells in a monitoring
network in Antelope Valley (tables 11 and 12).
This network is cooperatively maintained by the
USGS and the Antelope Valley-East Kern (AVEK)
Water Agency. Ground-water levels generally were
measured during the first quarter of the calendar
year or during spring. Because subsidence-affected
areas have been found only in the Lancaster sub-
basin, ground-water data from wells in this
hydrologic unit were examined. The major com-
ponents of the Lancaster subbasin aquifer system
consist of the principal aquifer and the deep aquifer,
separated by a thick, clay confining bed (Bloyd,
1967). The principal aquifer is the primary source
of ground-water supply for the Lancaster subbasin,
except in the northeast lobe, which includes the
southern two-thirds of Rogers Lake where the deep
aquifer has been developed. In this area, the prin-
cipal aquifer is terminated by a confining clay layer
that surfaces near Avenue B (Diane Rewis, USGS,
oral commun., 1993); thus, data from wells
screened only in the deep aquifer are available.
South of Rosamond Lake, several wells had rela-
tively shallow water levels, which probably repre-
sented perched water or areas of local recharge,
such as near the terminus of Amargosa Creek.
These wells were not retained in the data set.

Extensive differential leveling surveys were done
by LAC, DPW, Road Department in 1957, 1962,
1965, 1972, 1975, and 1981, and a smaller scale

leveling survey and a GPS survey were done in
1992. Therefore, regional water-level data for these
years were examined. Contours of the potentio-
metric surface of the principal aquifer in the
Lancaster ground-water subbasin of Antelope Valley
were mapped for those 7 selected years (fig. 13).
Beginning with the base year of 1957, generalized
contours of equal water-level change for six periods
also were prepared using data from wells in the
principal aquifer (fig. 14). The locations of the
water-level-change contours for these periods were
determined by interpolating among locations of
wells with calculated drawdowns relative to 1957
and generalizing the differences in hydraulic head
from the potentiometric surfaces mapped for 1957
and each of the other relevant years. Potentiometric
surfaces and water-level changes for wells com-
pleted in the deep aquifer were not mapped because
of the paucity of data. Water levels for 13 wells
completed in the deep aquifer in the vicinity of an
area where there is as much as 4 ft of subsidence
are presented in table 12 and the well locations are
shown in figure 15.

In addition to contour maps of potentiometric
surfaces and ground-water-level changes of the
Lancaster ground-water subbasin, hydraulic heads
for selected wells were plotted for the period of
record available. In contrast to contour maps,
hydrographs are of limited geographic scope but are
valuable for examining the history of hydraulic-
head changes at a particular location. Hydrographs
of eight wells—two wells in areas where land
subsidence was minimal (less than 1 ft) and six
other wells—are presented to illustrate the temporal
relation between subsidence and ground-water-level
changes. Subsidence calculated for the period of
record available for a bench mark near each well is
plotted with the hydrographs.

Comparison of Ground-Water-Level Trends
and Subsidence History

The contour map of the potentiometric surface of
the principal aquifer of the Lancaster subbasin in
1957 (fig. 13A) shows ground-water depressions of
about 60 and 40 ft in areas east and northwest of
Lancaster, respectively. The contour map of the
potentiometric surface for 1962 (fig. 13B) and
measured water levels indicate declines of about 20
ft since 1957 throughout most of the central sub-
basin (fig. 14A), and differences in hydraulic head
of 30 to 95 ft measured at a few wells contribute to
ground-water depressions west of Lancaster. Note
that the potentiometric-surface (fig. 13A) and water-
level-change (fig. 14A) maps show no significant
features near Avenue I and Sierra Highway where
the average rate of subsidence was at a maximum
for this period (fig. 12A). This high rate of sub-
sidence is attributed to water-level declines prior to
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Table 11. Ground-water levels for wells completed in the principal aquifer of the Lancaster ground-water
subbasin of Antelope Valley for 7 selected years between 1957 and 1992

[Site numbers refer to locations of wells in figure 12. State well No.: See well-numbering system in text. Water-level
elevations are referenced to NGVD29. ft., feet; --, no data)

S; State Water-level elevation (ft)
le well
No. No. 1957 1962 1965 1972 1975 1981 1992
1 06N/11W-03E2 - - - - - 2,140.65 2,194.73
2 06N/11W-09P1 - - -- - - 2,181.70 -
3 06N/11W-11M1 - - - - 2,187.12 2,189.10 2,218.36
4 06N/11W-16J1 - - -- - 2,202.90 2,178.18  2,229.38
5 06N/12W-11P1 - - - - 2,185.06 2,126.85 --
6 07N/10W-01P3 - - -- -~ 2,088.30 2,077.66 --
7 07N/10W-05E1 - . -- 2,188.30 2,187.20 2,211.65 2,220.31
8 07N/10W-05N1 - - -- - - 2,144.81 2,186.86
9 07N/10W-09H1 - - -- - -- 2,151.00 --
10 07N/10W-14R3 -- - - - 2,084.12 2,080.93 -
11 O7N/10W-15J1 - - - - 2,083.00 -- -
12 07N/10W-19D1 2,222.50 - 2,177.62 2,167.26 2,163.57 2,162.80 2,179.33
13 07N/10W-22P1 - - - -- 2,137.44 2,13890 2,171.07
14 07N/10W-29B1 -- -- - -- -- 2,138.30 2,183.92
15 07N/10W-29P1 - -- -- -- - 2,14798 2,188.80
16 O7N/10W-32B1 - - - - - 2,173.50 -
17 O7N/10W-33]1 2,249.74 - -- -- 2,199.40 2,197.11 2,220.37
18 07N/11W-01Q1 - 2,204.67 2,180.32 -- 2,176.41 2,17898  2,199.16
19 07N/11W-05L1 -- -- -- -- 2,243.69 2,238.20 2,232.12
20 07N/11W-09P2 -- - - - 2,170.55 2,166.77 -
21 O7N/11W-10F2 -- - - - 2,204.60 2,212.28 --
22 07N/11W-14P2 - - - - 2,131.60 2,169.66 -
23 07N/11W-27Q1 -- - - - 2,126.70 2,123.68 2,182.74
24 07N/11W-28Q1 -- - - - - -- 2,176.18
25 07N/11W-29H1 - - - - 2,143.30 2,12898 2,172.85
26 07N/11W-31M1 -- - - - 2,178.20 2,165.48  2,153.31
7 07N/11W-33N1 2,235.45 2,212.88 2,179.01 2,153.16 2,146.03 2,147.30 2,179.04
28 07N/12W-02E8 - -- - -- 2,272.65 2,266.78 -
29 07N/12W-09E1 -- 2,238.00 2,222.00 2,184.00 2,181.90 -- --
30 O7N/12W-12R1 -- - - -- -- 225030 2,241.56
431 07N/12W-15F1 2,255.40 2,237.90 2,191.06 2,192.07 2,187.10 2,175.58

32 07N/12W-19R1

2,236.00 2,222.00 2,201.48 2,190.45 2,170.05  2,157.55
33 O07N/12W-21A4 - -

-- -- 2,198.51 2,183.20 2,161.10

34 07N/12W-22K1 -- -- 2,221.20 2,189.71 2,178.16 2,164.31  2,150.32
35 07N/12W-24A1 -- -- -- -- -- -- 2,178.72
36 07N/12W-24Q3 -- -- -- -- -- -- 2,164.81
537 07N/12W-27H1 -- -- -- -- 2,167.22 2,154.62  2,137.98
38 07N/12W-35M1 2,273.00 -- -- -- 2,180.16 2,159.73 -~

639 07N/13W-03E1 -- -- -- 2,191.07 2,205.85 2,208.12  2,225.40
40 07N/13W-06A4 -- -- -- -- -- 2,174.02 --

2,198.02  2,207.00

4] 07N/13W-13N1 -- -- -- -- --

42 07N/13W-26]2 2,201.00 -- -- 2,087.40 2,144.29 2,179.65 2,180.18
43 07N/13W-34B1 -- -- -- 2,088.26 2,114.61 2,175.86  2,212.50
44 07N/14W-13A1 2,215.30 2,191.80 -- 2,180.23 2,189.47 -- 2,232.59
45 08N/10W-08R3 2,269.82 2,260.11 2,255.01 2,244.82 2,241.77 2,235.77 --

46 08N/10W-23F2 -- -- - 2,228.23 222850  2,219.40 2,211.57
a7 08N/10W-28B1 2,265.36 2,245.63 2,233.36 2,217.23 2,213.87 -- 2,206.88

Footnotes at end of table.
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Table 11. Ground-water levels for wells completed in the principal aquifer of the Lancaster ground-water
subbasin of Antelope Valley for 7 selected years between 1957 and 1992--Continued

S; State Water-level elevation (ft)
e well
No. No. 1957 1962 1965 1972 1975 1981 1992
48 08N/10W-35Q1 -- -- 2,193.34 - -- 2,084.30 --

49 08N/11W-14R1 -- -- -- 2,221.37 2,226.49 -- 2,230.59
50 08N/11W-15Q1 -- 2,218.38 2,217.41 2,218.64 2,220.86 2,223.63  2,228.45
51 08N/11W-22P2 -- - - - -- 2,215.72 2,223.18
52 08N/11W-24R2 -- - - - 2,229.18 2,229.68 2,227.43
53 08N/11W-32P1 -- -- -- - -- 2,234.96 --

54 08N/11W-34D2 2,195.18 2,198.20 2,192.59 2,191.95 2,201.08 2,207.91 2,217.36
55 08N/11W-34R2 2,200.21 2,193.87 2,179.50 2,200.91 2,220.38 2,217.00 2,226.78
56 08N/12W-02Q1 2,273.83 2,253.79 2,253.75 2,240.04 2,234.90 2,233.25 2,234.00
57 08N/12W-05D1 -- -- -- -- 2,179.11 2,195.60 2,216.94
58 08N/12W-10J1 -- -- 2,262.68 -- 2,252.12 2,249.84 2,248.57
59 08N/12W-14R1 - 2,251.75 2,240.91 2,226.18 2,220.80 2,221.64 -
60 08N/12W-20B2 2,278.22 2,268.23 2,255.95 -- 2,238.80 2,234.76 --

61 08N/12W-21R1 -- -- -- -- -- -- 2,231.95
62 08N/12W-22M1 2,283.63 2,273.11 2,261.24 -- 2,246.55 2,240.92 --

63 08N/12W-26F1 -- -- -- - 2,284.21 2,283.59 2,279.50
64 08N/12W-28D1 -- -- -- - 2,253.50 -- 2,248.86
65 08N/12W-30K1 2,271.24 2,254.80 2,236.89 2,224.72 2,222.65 2,223.55 2,232.72
66 08N/12W-31Q2 - -- -- 2,264.49 2,261.73 2,257.44 2,250.69
67 08N/12W-32L1 -- -- -- -- 2,258.93 2,255.18 --

68 08N/12W-34K1 -- -- - -- -- 2,265.62 2,259.51
69 08N/13W-02Q1 -- -- - - 2,168.13 2,157.48 2,210.11
70 08N/13W-03M1 -- -- - - 2,144.03 2,159.54 2,211.48
71 08N/13W-05E1 2,236.00 2,141.80 -- 2,167.57 2,133.72 2,165.41 2,205.80
72 08N/13W-06E1 -- -- -- - 2,119.92 2,142.38 --

73 08N/13W-07B1 -- -- -- -- - -- 2,202.74
74 08N/13W-08D4 -- -- -- -- 2,133.85 2,151.54 --

75 08N/13W-11Q1 2,230.00 2,236.60 -- -- 2,167.90 -- 2,209.82
76 08N/13W-14B2 -- -- -- -- -- 2,226.18 2,232.09
77 08N/13W-15M1 -- -- -- -- 2,159.64 2,168.11 --

78 08N/13W-18Q2 -- -- -~ -- 2,162.38 2,180.75 2,217.47
79 08N/13W-20B1 2,208.00 2,190.60 - -- 2,150.78 2,173.88 2,210.52
80 08N/13W-23E1 -- -- -- -- 2,176.55 2,187.68 2,212.28
81 08N/13W-23M1 -- -- -- -- -- -- 2,217.77
82 08N/13W-26K1 -- -- -- -- -- 2,22840  2,232.60
83 08N/13W-31Q1 -- 2,146.90 -- -- 2,218.13 2,203.34 222791
84 08N/13W-35M1 -- - -- -- 2,219.92 2,218.90 --

85 08N/14W-12C1 -- -- -- -- -- 2,141.56 --

86 08N/14W-23Gl1 2,256.00 - -- -- 2,209.90 2,209.19 2,239.90
87 08N/14W-24C1 -- -- -- -- - 2,191.28 2,228.05
88 08N/14W-36E1 2,270.50 2,237.60 -- 2,198.13 2,205.54 2,212.98 --

89 09N/12W-23N1 2,270.99 2,261.38 2,254.39 -- 2,235.30 2,228.76  2,221.31
90 09N/12W-33P1 -- - -- -- -- 2,239.77 2,235.41
91 09N/13W-27K1 -- -- -- -- -- 2,190.38 --

'Hydrograph is shown in figure 17.
Hydrograph is shown in figure 18.
*Hydrograph is shown in figure 20.
*Hydrograph is shown in figure 16.
Hydrograph is shown in figure 21.
SHydrograph is shown in figure 19.
"Hydrograph is shown in figure 22.
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Table 12. Ground-water levels for selected wells completed in the deep aquifer of the Lancaster ground-water
subbasin of Antelope Valley for 7 selected years between 1957 and 1992

[Site numbers refer to locations of wells in figure 15. State well No.: See well-numbering system in text. Elevations are

referenced to NGVD29. ft., feet; --, no data]

Si State Water-level elevation (ft)

ite well

No. No. 1957 1962 1965 1972 1975 1981 1992
D1 8N/9W-06D1 -- 2,261.17 2,258.12 2,253.70 2,249.71 2,24793 2,252.27
D2 8N/10W-04El -- -- - - 2,189.86  2,182.08
D3 8N/10W-30R1 -- -- -- - 2,206.00 2,202.80 2,217.35
D4  9N/8W-06H1 2,267.73 2,254.10 2,243.28 2,232.70 2,224 .85 2,211.92 --
D5 9N/SW-02Q1 -- 2,246.57 2,238.65 - 2,216.43 2,215.73 2,242.46
D6 9N/9W-06E1 2,247.11 2,245.98 2,245.05 2,241.87 2,240.88 2,238.83 --
D7 9N/9W-10R1 -- 2,244.17 2,235.87 2,218.74 2,212.15 2,200.47  2,185.42
D8 9N/9W-27H2 2,257.24 2,247.67 2,239.56 2,219.72 2,214.59 2,202.19  2,186.50
D9 O9N/10W-12R1 2,253.17 2,238.22 2,229.10 2,209.52 2,203.07 2,191.04 --

'DI0  9N/10W-24C1 -- 2,207.20 2,107.70 2,169.60 2,184.50 2,135.50  2,163.01

DIl  9N/10W-28F2 2,245.45 2,235.00 2,230.94 2,220.45 2,216.22 2,208.72  2,199.45

D12 9N/10W-34H1 2,265.03 2,249.02 2,237.04 2,210.78 2,204.95 -- --

D13  9N/11W-36L1 2,255.17 2,239.93 2,226.92 -- 2,194 .41 2,188.22  2,202.81

'Hydrograph is shown in figure 23.

1957. Figure 16 shows the hydrograph of a well
and the subsidence history of two bench marks in
the area of Avenue I and Sierra Highway, which
ultimately became the area of maximum cumulative
subsidence in Antelope Valley. The head decline in
well 7N/12W-15F1 (site no. 31, fig. 134) was about
80 ft in the 15 years between 1942 and 1957 and
was about 60 percent greater than the rate for the
1957-62 period (17 ft for 5 yrs). Despite the
cyclical nature of seasonal pumping stresses, the
rate of water-level decline was steady from the
1940’s to the mid-1960’s when it began to slow.
The subparallel nature of the hydrograph and
subsidence history curves for bench marks BM 666
and BM 474 (nos. 41 and 25, respectively, fig. 8)
reflects the cause-and-effect relation between water-
level decline and land subsidence with respect to
both magnitude and rate (fig. 16).

Between 1957 and 1965, ground-water levels had
declined between 20 and 60 ft (fig. 13C, 14B). The
location of the water-level declines in and east of
Lancaster are reflected in the contour map of subsi-
dence rates between 1962 and 1965 (fig. 12B),
some of which were the highest rates calculated for
bench marks in this data set during the last 35
years. Figure 17 shows the hydrograph for well
TN/10W-05E1 (site no. 7, fig. 13D) near Avenue
G-8 and 90th Street East and the magnitude of
subsidence of a nearby bench mark. This well is
representative of ground-water conditions in Area 3
where water levels declined nearly 100 ft between
1952 and 1971 and recovered about 40 ft by 1992
(fig. 17). The magnitude and average annual rates
of subsidence for bench marks in this area, most
notably BM 1171A (no. 69, fig. 8), were the high-

est for the 1962-65 period (tables 9 and 10). In
fact, estimated total subsidence for BM 1171A
(table 8) from about 1930 to 1992 was 6.4 ft,
among the highest determined in this study. Even
though water levels recovered somewhat,
indications are that subsidence has not stopped.
The magnitude and rate of subsidence for BM
1171A are the second-highest calculated for the
most recent period, 1981-92 (table 9).

Water-levels for 1972 (fig. 13D) do not indicate
much change in potentiometric surface since 1965
nor much difference in the magnitude of ground-
water-level declines (fig. 14C). Of note, however,
is a cone of depression greater than 100 ft illus-
trated by data from two wells near Quartz Hill (fig.
13D). Although water levels were significantly
drawn down, no consequent measurable subsidence
occurred here during this or later periods. The
sedimentary deposits in this area are mostly coarse-
grained material and there is an absence of fine-
grained compressible interbeds. Therefore, minimal
aquifer-system compaction and subsidence have
occurred. The highest subsidence rate for 1965-72
(fig. 12C) was in an area centered near Avenue J
and 70th Street East, between Areas 3 and 4 (fig.
1). The hydrograph for nearby well 7N/11W-09P2
(site no. 20, fig. 13E), indicates that water levels
declined about 35 ft in the 24 years between 1964
and 1988 (fig. 18). An additional 40-ft decline in
hydraulic head was estimated for the 3-year period
1961-64 using the potentiometric-surface map for
1961 prepared by Durbin (1978, pl. 3). Rapidly
imposed stresses caused by this type of decline and
continued regional water-level declines [for
example, as much as 80 ft between 1957 and 1972
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Figure 16. Water-level elevation for well 7N/12W-15F1 (site no. 31, fig. 13A) and historical subsidence at bench
marks BM 666 and BM 474 (nos. 41 and 25, respectively, fig 8), Antelope Valley, Los Angeles County.
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Figure 17. Water-level elevation for well 7N/10W-05E1 (site no. 7, fig. 13D) and historical subsidence at bench
marks BM 1171A (nos. 69, fig 8), Antelope Valley, Los Angeles County.

in well 7N/11W-33N1 (site no. 27, fig. 13)] just
south of this area result in subsidence where
compressible sediments are present. More than 5 ft
of subsidence at bench mark BM 2180 (no. 99, fig.
8) in Area 4 is shown on figure 18. Also note the
correlation between the rates of water-level decline
and subsidence for similar time periods.

Potentiometric-surface contour maps for 1975
and 1981 (figs. 13E and 13F) show the same
general depiction of the potentiometric surface but
with different hydraulic-head values. Water levels
had declined more than 80 ft between 1957 and
1975 (fig. 14D) in a broad area around Lancaster
and more than 100 ft by 1981 (fig. 14E) in a more

extensive area between Lancaster and Redman.
Correspondingly, rates of subsidence in this east-
west band were highest for the 1972-75 (fig. 12D)
and 1975-81 (fig. 12E) periods. The areas with the
highest rates of subsidence are Areas 2, 3, and 4

(fig. 1).

Between 1981 and 1992, ground-water levels had
partially recovered in some areas and continued to
decline in the Lancaster area. The water-level-
change map (fig. 14F) indicates that levels were
between 60 to 100 ft lower in 1992 than in 1957
between Lancaster and Redman. However, water
levels in the area west of 60th Street West had
recovered to about 1957 levels. The hydrograph for
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Figure 18. Water-level elevation for well 7N/11W-09P2 (site no. 20, fig. 13E) and historical subsidence at bench

marks BM 2180 (no. 99, fig 8), Antelope Valley, Los Angeles County.
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Figure 19. Water-level elevation for well 7N/13W-03E1 (site no. 39, fig. 13D) and historical subsidence at bench
marks BM 823 (no. 46, fig 8), Antelope Valley, Los Angeles County.

well 7N/13W-03E1 (site no. 39, fig. 13D) substan-
tiates why most of the subsidence measured in Area
1, between Avenues E and J and 60th to 90th
Streets West, occurred prior to 1960. The water
level in this well declined about 190 ft between
1920 and 1963 and subsequently recovered by
about 60 ft as of 1992 (fig. 19). Rates of subsi-
dence for bench marks BM 537 and BM 823 (nos.
34 and 46, respectively, fig. 8) for the 1981-92
period decreased to about 20 percent of the rates for
the 1957-62 period (table 9). The reduction in the
rate of subsidence at BM 823 lags about a decade
behind the recovery in water levels. Even after 30
years of recovery, subsidence still has not ceased
(fig. 19).

Two other hydrographs illustrate that declines in
hydraulic head are not always correlated with
aquifer-system compaction and subsidence. The
hydrograph of well 7N/11W-33N1 (site no. 27, fig.
13A), near Avenue M and 50th Street East, shows a
maximum decline in head of about 110 ft between
1952 and 1977 and a recovery of 30 ft by 1992
(fig. 20). At nearby bench mark BM 171 (no. 10,
fig. 7), no subsidence occurred between 1935 and
1992 (fig. 20). In fact, between 0.1 and 0.3 ft of
uplift has been calculated since 1955. Similarly, at
well 7N/12W-27H1 (site no. 37, fig. 13E), near
Avenue K-8 and Sierra Highway, a maximum of
180 ft of head decline was recorded between 1950
and 1992 (fig. 21). Cumulative subsidence of only
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Figure 20. Water-level elevation for well 7N/11W-33N1 (site no. 27, fig. 13A) and historical subsidence at bench
marks BM 171 (no. 10, fig 7), Antelope Valley, Los Angeles County.
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Figure 21. Water-level elevation for well 7N/12W-27H1 (site no. 37, fig. 13E) and historical subsidence at bench
marks BM 472 (no. 24, fig 8), Antelope Valley, Los Angeles County.

0.3 ft from 1957 to 1992 (fig. 21) was calculated at
nearby BM 472 (no. 24, fig. 8). These data indi-
cate that either ground-water levels have not
declined below the preconsolidation head of the
fine-grained interbeds, or, more likely, the occur-
rence of compressible materials in these areas is
insignificant. Even though large decreases in
hydraulic head were measured at these and other
wells, significant subsidence was not calculated for
bench marks at corresponding locations.

A significant hydrologic feature evident in the
three most recent potentiometric-surface contour
maps (figs. 13E-G) is the ground-water mound
north of Lancaster. This mound is near the
terminus of Amargosa Creek and the wastewater

treatment ponds near Rosamond Lake and has some
geographic correlation with the area of smaller
relative rates (and magnitudes) of subsidence

mapped near Avenue E and 30th Street East (figs.
12B-12F). Further examination of the potentio-
metric-surface and subsidence-rate contour maps
shows an apparent inverse correlation between the
ground-water mound evident in 1975 and 1981
(figs. 13E and 13F, respectively) and the rates of
subsidence contoured for the 1975-81 period (fig.
12E). For this period, the rates of subsidence near
the mound southwest of Rosamond Lake are higher
than in surrounding areas.

Two hypotheses for this anomaly relate to the
distribution of the components of effective stress.
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If wastewater effluent discharged to ponds and
water from other recharge sources are perched on
fine-grained sediment layers, that water is not
hydraulically connected to the water table. In this
case, the perched water would cause an increase in
geostatic stress without a corresponding increase in
pore pressure and thus would result in increased
effective stress and compaction in both the principal
and deep aquifers. Another possibility is that
compaction is occurring primarily in the deep
aquifer for similar reasons. If the ground-water-
level contours represent a water-table mound in the
principal aquifer and not perched water, the pore
spaces would be saturated, and the higher pore
pressure probably would counteract the increased
geostatic stress resulting from loading by the
ground-water mound. However, because the
hydraulic connection between the deep aquifer and
the water table (principal aquifer) is impeded by a
confining bed of low permeability, compaction
would occur at depth as a result of increased
effective stress caused by the disparity between the
increased geostatic stress and the negligible increase
in pore pressure in the deep aquifer. Thus, com-
paction would result only, or primarily, in the deep
aquifer and confining bed.

In general, the locations of the highest magni-
tudes and rates of land subsidence correlate with
areas that have had the greatest ground-water-level
declines in the principal aquifer of the Lancaster
subbasin. More specifically, the areas of greatest
subsidence occur somewhat northward of the areas
of maximum water-level decline, most likely
because of the geohydrologic setting of the aquifer
system, which has a relatively coarse-grained
composition nearest the base of the San Gabriel
Mountains. As the topographic gradient decreases
toward the playas in the closed basin, the sediments
comprising the aquifer system become more fine-
grained and multiple fine-grained interbeds become
more prevalent. These depositional characteristics
probably cause the locations of maximum subsid-
dence and maximum water-level decline to be
somewhat offset.

The correlation between the locations of
subsidence and ground-water-level changes in the
deep aquifer of the Lancaster subbasin is not as
well illustrated. Data collected since 1989 at a
monitoring station on EAFB southwest of Rogers
Lake during a study done by Londquist and others
(1993) illustrate the relation between land subsi-
dence resulting from aquifer-system compaction and
ground-water-level declines in the deep aquifer. In
the northeast lobe of the Lancaster subbasin, the
largest magnitudes of calculated or estimated
subsidence between about 1930 and 1992—as much
as 3.3 ft—occurred in a narrow band extending
between Redman and just south of Rogers Lake.
There are no long-term (pre-1950) water-level

histories for wells completed in the deep aquifer in
this vicinity; therefore, the hydrographs of two
wells and the subsidence history of two bench
marks in the general vicinity are included in this
report. Figure 22 is a hydrograph for well
8N/10W-8R3 (site no. 45, fig. 134), which is
completed in the principal aquifer, and the magni-
tude of subsidence at nearby bench mark BM
1165B (no. 67, fig. 8). This figure shows a water-
level decline of 55 ft between 1947 and 1991 and
an estimated subsidence of 4.1 ft at BM 1165B
since about 1930 to 1992.

Well 9N/10W-24C1 (site no. D10, fig. 15) is a
former production well at South Base on EAFB and
is completed in the deep aquifer. The hydrograph
for this well shows a maximum water-level decline
of about 180 ft (fig. 23) since 1953, but an average
decline of about 100 ft. Subsidence of only 0.7 ft
was calculated for the 1961-92 period at nearby
bench mark H1155 (no. 176, fig. 7). Although this
well is about 4 mi north of the area of maximum
subsidence in this vicinity, the hydrogeologic setting
again is important in characterizing the geographic
correlation between ground-water levels and subsi-
dence. The primary source of water for wells in
this part of the subbasin is to the south because of
gradational sedimentary deposition and ground-
water divides to the west and north. Where both
the confined (deep) and unconfined (principal)
aquifers are present and utilized as significant
sources of water, examination of water-level
histories for wells completed in both aquifers can
provide insight to the degree of compaction that
could occur in each aquifer and the confining bed
or interbeds.

Loss of Aquifer-System Storage

Aquifer-system compaction results in a net
reduction of void space in the fine-grained,
compressible interbeds and confining beds of an
aquifer system and usually represents a predom-
inantly irrecoverable loss in the storage capacity of
the aquifer system. A conservative estimate of
reduced storage capacity in the Lancaster ground-
water subbasin was based on the volume of
subsidence greater than 1 ft. This volume was
computed on the basis of subsidence surfaces
contoured from calculated or estimated cumulative
subsidence as of 1992 (fig. 8). The area bounded
by each of the contoured 1-ft intervals of subsi-
dence was determined, and the volume of subsi-
dence was computed by multiplying the average
magnitude of subsidence in the interval by the area.
About 290 mi® (750 km?) has subsided more than 1
ft, and about 210 mi* (542 km?) has subsided more
than 2 ft. The area where subsidence exceeds 1 ft
corresponds to a volume loss of more than 2.0x10°
ft’, which is attributable to aquifer-system com-
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Figure 22. Water-level elevation for well 8N/10W-08R3 (site no. 45, fig. 13A) and historical subsidence at bench
marks BM 1165B (no. 67, fig 8), Antelope Valley, Los Angeles County.
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Figure 23. Water-level elevation for well 9N/10W-24C1 (site no. D10, fig. 14) and historical subsidence at bench
marks H1155 (no. 176, fig 7), Antelope Valley, Kern County.

paction. This volume is equivalent to about 50,000
acre-ft of reduced storage capacity in the aquifer
system in the region affected by more than 1 ft of
land subsidence as of 1992. The total volume loss
in the Lancaster ground-water subbasin, which
would include areas affected by less than 1 ft of
subsidence, would be more than 50,000 acre-ft.

The reduction in aquifer-system storage capacity
of the area in the Lancaster subbasin that has
subsided more than 1 ft is equivalent to the average
estimated volume of water that would be recharged
to all the ground-water subbasins in Antelope
Valley in about 1.2 years. This calculation is based
on an estimate of mean annual recharge of about

40,700 acre-ft/yr (Durbin, 1978). Because of the
reduced storage capacity and reduced permeability
of the aquifer system in the subsidence-affected
regions, recovery of ground-water levels would be
greater than if this region were unaffected by
subsidence. However, in comparison with historical
trends of ground-water-level declines, a post-
recovery decline in ground-water levels would be
more rapid and of greater magnitude for the same
level of pumping stress. The increased sensitivity
of the aquifer system to pumping stress increases
the potential for exceeding the preconsolidation
stress, which would not only yield water from
storage in fine-grained materials, but also would
cause renewed aquifer compaction.
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LAND-SUBSIDENCE AND GROUND-
vl{\I:rLEERYMONITORING IN ANTELOPE

Long-term monitoring is essential to maintain an
accurate assessment of the changes in the cumula-
tive magnitude, rate, and geographical extent of
ssubsidence. In order to monitor and attempt to
con- trol the occurrence or location of subsidence
resulting from aquifer-system compaction, measure-
ments of ground-water levels and subsidence or
compaction are needed to assess changing con-
ditions. For effective management of ground-water
resources in a subsidence-prone environment, one of
the most important reasons for measuring ground-
water levels is to determine if the previous maxi-
mum preconsolidation stress is being, or is about to
be, exceeded. If water levels decline below the
preconsolidation head, inelastic aquifer-system com-
paction results. Ground-water-level monitoring can
be an early warning indicator, and the maintenance
of ground-water levels above the preconsolidation
head can be used as a preventive measure against
the onset or renewal of subsidence. Measuring
water levels as a subsidence-management tool is
much less complex, less time-consuming, and thus
more economical than measuring either aquifer-
system compaction or land subsidence. However,
because of the equilibration time-delay of aquifer-
system pressures, compaction or subsidence moni-
toring would still be required for updated
assessments.

Maintenance of Networks

The ideal situation for repeat measurement of
land-surface elevations using GPS surveying is to
observe an identical network configuration. It is
important that the bench marks, especially the pri-
mary control stations, be protected from damage or
destruction so that the integrity of the network is
preserved. Detailed descriptions of the locations of
the 85 stations are given in appendix A. In areas
where more detailed knowledge of the localized
distribution of subsidence is needed, differential
leveling or GPS surveying from a network bench
mark to neighboring bench marks in various direc-
tions could be done on a more frequent basis than
would be done for full-scale network measure-
ment. Examples of such locations include the three
areas with the largest magnitude of subsidence

(fig. 1).

Ideally, measurement of ground-water levels
would continue at all wells that have numerous
historical measurements. If fewer wells are avail-
able than were measured previously for reasons
such as changes in use, ownership, physical con-
dition of the well, or economic resources, a ranking
system could be developed from a decision matrix

to determine which of the remaining wells would
merit continued measurement. Criteria on which to
base such a decision could include duration and
quality of historical measurements, location of the
screened interval(s) of the well in relation to the
aquifer system, amount of current or planned
pumping activity, and duplication of representative
observation points. If ground-water use were to
change, measurements could be done more fre-
quently or at different or additional wells.

Monitoring Frequency

Future changes in land-surface elevations can be
detected with a high degree of confidence by repeat
GPS geodetic surveying if the changes exceed the
magnitude of the larger error associated with the
two measurements of a bench-mark’s ellipsoidal
height. Reoccupation of the same network bench
marks and reuse of the identical primary control
stations in the network adjustment would produce
results that could be readily compared with previous
measurements. Comparisons of ellipsoidal heights
eliminate the relatively large error associated with
geoidal separations used in calculations of ortho-
metric heights. A conservative approach would be
to schedule a follow-up GPS survey no sooner than
the estimated average magnitude of subsidence in
the study area exceeded 26 of the error associated
with the vector for a bench-mark pair or with the
ellipsoidal-height measurements of the bench marks.
On the basis of the average value of +0.006 m
(0.020 ft) of 1o error for the vertical component of
vectors resulting from the minimal-constraint adjust-
ment of the 1992 GPS surveying, resurveying
would not be scheduled until more than 0.024 m
[(0.006 m x 2) x 2] (0.08 ft) of subsidence was
expected to have occurred in most of the subsiding
area. On the basis of subsidence rates calculated
for 1981-92 (0.03 ft/yr) for a large part of the
Lancaster subbasin, a conservative interval for
resurveying would be 3 years, assuming that no
substantial increase or change in distribution of
ground-water pumping had occurred during that
interval and that the same or a better level of sur-
veying accuracy would be achieved.

The frequency of ground-water-level measure-
ements is dependent on the goals of the monitoring
program. For generalized potentiometric surfaces,
annual or biannual synoptic measurements of net-
work wells may be sufficient. However, if con-
junctive management of ground- and surface-water
resources is a primary objective, more frequent
measurements, such as monthly or weekly, of key
ground-water observation wells may be more
appropriate. The effect of trial water-management
and subsidence-management strategies could be
examined by temporary intensive monitoring of
water levels. If different ground-water-management
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strategies were to be tested, frequent monitoring
would be prudent until the effects of the trial man-
gement strategies were determined and understood.

SUMMARY

Land-surface elevations, measured in 1992 using
GPS geodetic surveying, were used to calculate
magnitudes of subsidence of more than 6.5 feet
since about 1930 in areas of Antelope Valley,
California. Calculations of subsidence were made
for more than 200 selected bench marks in the
valley. If measurements were not available for the
1930-60 period, estimates were made for selected
bench marks by interpolating values from contours
of subsidence rates plotted from historical leveling
done at neighboring bench marks. A total of 85
control stations were observed in 35 days using
GPS. Three to seven receivers were operated
simultaneously in the static mode with the duration
of observation ranging from 4.75 to 6.75 hours.
The minimal-constraint a priori errors for bias-fixed
vector solutions were +(3 millimeters + 0.4 parts
per million) for x, +(4 millimseter + 0.4 parts per
million) for y, and +(5 millimeters + 0.5 parts per
million) for z, indicating that the quality of the
GPS-survey measurements was high. Historical
differential-leveling data published by Los Angeles
County, Department of Public Works; the National
Geodetic Survey; and the National Mapping
Division were used in the determination of cumu-
lative subsidence magnitudes and rates for selected
periods between 1957-92.

Much of the area in the Lancaster ground-water
subbasin has subsided at least 2 feet since about
1930. Subsidence of more than 5 feet occurred
between about 1930 and 1992 in three areas: near
Avenue I and Division Street, near Avenue G-8 and
90th Street East, and near Avenue I and 45th Street
East. Subsidence at these and other locations
occurred mostly after 1957, but, near Avenue I and
60th Street West, most of the subsidence (between
2 and 3 feet) occurred prior to 1960. Subsidence in
the Lancaster subbasin generally coincides with
large declines in ground-water levels where the sub-
surface lithology consists predominantly of fine-
grained sedimentary deposits. Ground-water pump-
ing since 1957 has resulted in ground-water-level
declines of at least 190 feet in some wells, and de-
clines of 60 to 100 feet have been noted in wells
that are widely dispersed throughout Lancaster sub-
basin. Ground-water-level and subsidence mon-
itoring programs are critical in obtaining current
information to assess the effects of various ground-
water and subsidence-management strategies.
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APPENDIX A. DESCRIPTIONS OF ANTELOPE VALLEY SUBSIDENCE NETWORK
STATIONS

Directions to and descriptions of the Antelope Valley Subsidence Network stations are provided in this
appendix to facilitate use of these geodetic stations in future measurements. The maximum possible protection
from any construction activity in the vicinity of these stations is critical so that future measurements for land-
subsidence determinations by Global Positioning System (GPS) surveying can be made of a network whose
configuration is as similar as possible to the original.

There are 86 entries—85 are for stations measured by GPS in 1992 and 1 is for an offset station (GWM11
Reset 1971 Offset 1989) installed by the U.S. Geological Survey (USGS), Water Resources Division, in the
Edwards Air Force Base subsidence network that was measured by GPS in 1989. The 7.5-minute topographic
quadrangle where the station is located is given at the top of each entry. All road logs are written starting
from either Lancaster or Palmdale. The mark used for centering the GPS antenna was either a centered dot
within a triangle, a centered intersection of a cross consisting of a long line and a short line, or a punched
dimple in the top of a knob rising about 0.5 in. above the disk. Where applicable, restricted access and other
requirements are noted at the bottom of the entry. Additional comments, usually about the condition of the
bench mark, are included at the end of some entries.

Abbreviations used in Appendix:

ave. avenue mi mile

blvd. boulevard mm millimeters

BM bench mark n north

CDoT California Department of Transportation NCMN  National Crustal Motion Network
CE County Engineer ne northeast

C/L centerline nne north-northeast

Co. County nnw north-northwest

diam diameter nw northwest

dr. drive PP power pole

e east PVC polyvinyl chloride

EAFB Edwards Air Force Base rd. road

ene east-northeast RR railroad

engr engineer S south

ese east-southeast se southeast

ft foot, feet SSW south-southwest

HPGN High Precision Geodetic Network st. street

hwy. highway sW southwest

ID identification USC&GS U.S. Coast and Geodetic Survey
in. inch USDI U.S. Department of the Interior
P iron pipe USGS U.S. Geological Survey

JPL Jet Propulsion Lab w west

LAA Los Angeles Aqueduct wnw west-northwest

LAC Los Angeles County WRD Water Resources Division

Is land surface
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BM 135; H306 1935 Littlerock
From Palmdale, drive e on Hwy. 138 (also known as Pearblossom Hwy.) to 0.5 mi e of 87th St. E, or 0.35 mi
w of 90th St. E. The USC&GS monument is 33 ft n of C/L of the hwy., 101 ft e of PP 1294916E, 96 ft w of
PP 1294915E, and 1.0 ft n of 2-inch-diam IP witness post. It is about 1 ft higher than the hwy. and set in a
square concrete post projecting 1.3 ft above Is.

Note: Corners of the post have been chipped off, but the post is still solid.

Last recovered on 4/24/92.

BM 171; E306 1935 Palmdale
From Palmdale, drive ¢ on Ave. P to 50th St. E and thence s to the intersection of Palmdale Blvd., turning w
on Palmdale Blvd. The USC&GS monument is about 230 ft w of the st., 45 ft n of C/L of the blvd., between
the first and second PPs w of 50th St. E, 76 ft w of the first PP, and 31 ft se of a Joshua tree. Itis setin a
square concrete post projecting 0.3 ft above Is.

Last recovered on 4/28/92. '

BM 336; E489 1955 Lancaster West
From Sierra Hwy., drive 3.1 mi w along Ave. M to 300 ft e of the intersection of 30th St. W, a side rd.
north. The USC&GS monument is between the first and second PPs e of 30th St. W, 34 ft n of C/L of the
ave., and 1.7 ft e of a witness post. It is set in a round concrete post projecting 0.3 ft above Is.

Last recovered on 5/16/94.

BM 471; B57 1926 Reset 1955 Lancaster West
From Ave. L in Lancaster, drive 1,250 ft (about 0.25 mi) s on Sierra Hwy., or 0.35 mi s of RR Milepole 408,
to opposite the s fenceline of the building at 42607 Sierra Hwy. The USC&GS monument is 60 ft e of C/L of
the hwy., 41.6 ft w of the w rail of the e set of tracks, and 1.5 ft e of a witness post. It is set in a round
concrete post about 2.0 ft below Is.

Note: As of 7/94, this mark appears to have been buried during installation of the w set of tracks in late

1993.

Last recovered on 5/5/92.

BM 474; B2335 1902; 101-133 Lancaster West
From Sierra Hwy. in Lancaster, drive 0.05 mi n of Ave. I to a dirt track bearing ne between the third and
fourth PPs, and thence about 0.1 mi ne and n to 4 3/4 PPs n of RR Milepole 405. The USGS monument is
0.05 mi w of a pipe culvert under the tracks, 49.4 ft w of the w rail of the main track, 48.8 ft e of the s wall
of the building at 45354 Sierra Hwy., and 1.5 ft e of a short wooden 4 x 4-inch witness post. A bronze cap is
riveted on top of a 3-inch-diam IP about 1.5 ft lower than the RR tracks and 0.2 ft below Is.

Last recovered on 5/5/92.

BM 479; OBAN 1929 LINT; 101-141 Rosamond
From Lancaster, drive n on Hwy. 14 (Antelope Freeway) and exit on Ave. F, driving e for 1.35 mi to the T-
intersection at Sierra Hwy. Drive n on Sierra Hwy. for 0.45 mi until the witness post is visible to the w, 0.05
mi s of an area bounded by concrete masonry walls. Best access to the mark (especially during wet conditions
when the w shoulder becomes the channel for Amargosa Creek) is a track rd. angling sw just s of the wall.
The USC&GS horizontal control station is 227.1 ft w of C/L of the hwy., 81.2 ft s of OBAN RM 2, and 45.4
ft nw of OBAN RM 1. The monument is about 2 ft higher than the hwy. and is set in a round concrete post
projecting about 1.3 ft above a concrete pad on top of a low knoll.

Note: The bronze tablet is in good condition and stable, but the concrete post is badly cracked vertically on
the e and w sides. '

Last recovered on 8/10/94.
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BM 537; 102-9 1957 Lancaster West
From Hwy. 14 in Lancaster, drive 2.5 mi w on Ave. I to the intersection of 45th St. W (a dirt rd.). The CE
monument is 89 ft n of C/L of the ave., 30 ft e of C/L of the st., and 3 ft s of the base of the guy wire for PP
2145, which is 29.9 ft s of the mark. It is set in a square concrete post projecting 0.4 ft above Is.

Note: The guy wire makes setup of the antenna difficult.

Last recovered on 5/6/92.

BM 823; B306 1935, 102-16; US 3170 Del Sur
From Hwy. 14 in Lancaster, drive 5.1 mi w on Ave. I to the intersection of 75th St. W (an unmarked, dirt rd.
heading n). The USC&GS monument is 61 ft n of C/L of the ave., 17 ft e of C/L of the st., in line with a
row of PPs leading n, and 1 ft w of a barbed-wire fence. It is set in a square concrete post about 0.7 ft below
Is.

Note: It is likely that the mark will be covered with tumbleweeds and fine dirt and sand.

Last recovered on 5/6/92.

BM 1159; 106-116 1959 Redman
From Lancaster, drive n on Sierra Hwy. and thence e on Ave. E for 13 mi to the intersection of 120th St. E.
The CE monument is 197 ft w of C/L of the st., 23 ft n of C/L of the ave., 2.5 ft e of PP 390066E, and 1.6 ft
s of a witness post. It is about 1.5 ft lower than the ave. and set in a square concrete post about 1 ft below Is.
Last recovered on 4/5/92.

BM 1165B; 106-122 1959 Offset 1989 Redman
From Lancaster, drive n on Sierra Hwy. and thence e on Ave. E for 10 mi to the intersection of 90th St. E.
The WRD monument is 330 ft w of C/L of the st., 40 ft n of C/L of the ave., 24 ft n of the fourth PP w of
the intersection, and 360 ft nw of and diagonally across the intersection from LAC bench mark BM 1165A
(106-122 1959). It is a USGS gaging-station disk set in the se corner of a 1.5 ft-square concrete pad flush
with ls.

Last recovered on 4/23/92.

BM 1171A; 116-3 1961 Alpine Butte
From Sierra Hwy. in Lancaster, drive 9.5 mi e on Ave. I and thence 1.5 mi n on 90th St. E to the intersection
of Ave. G8, a dirt rd. The CE monument is about 80 ft e of C/L of the st., 20 ft s of C/L of the ave., 23.1 ft
w of PP SC13871 (with transformer), 45.1 ft e of PP on se corner of intersection, and 1.8 ft s of a yellow IP
witness post. It is set in a square concrete post projecting 0.3 ft above Is.

Last recovered on 5/4/92.

BM 1276; 102-52 1957 Neenach School
From Hwy. 14 in Lancaster, drive n to the Ave. D (Hwy. 138) exit, thence 18.7 mi w to 210th St. W, thence
0.9 mi s to Lancaster Rd. (Ave. D-15), and thence 0.6 mi w. The CE monument is 32 ft n of C/L of rd. and 1
ft n of yellow IP witness post. It is set in a square concrete post projecting 0.5 ft above ls.

Last recovered on 6/30/92.

BM 1290; 102-38 1957 Lake Hughes
From Hwy. 14 in Lancaster, drive 9.5 mi w on Ave. I, or 1 mi w of 110th St. W, to where Ave. I becomes
Lancaster Rd. (and turns n for 0.5 mi). Proceed 4.9 mi wnw on Lancaster Rd. to 160th St. W, and thence 0.4
mi n to where paved rd. curves w. Drive n on dirt track and then w on dirt track (extension of e-w part of
Lancaster Rd.). The CE monument is 54 ft n of C/L of the rd., 33 ft w of C/L of the dirt track, 32 ft ne of a
PP (not numbered), 28 ft n of a PP cut off to 5 ft, 1.5 ft s of a yellow IP witness post, 1 ft e of a steel
fencepost witness post, and 7 ft nw of a corner 6 x 6-inch wooden fencepost. It is set in a square concrete
post 0.4 ft below Is.

Last recovered on 5/8/92.
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BM 1380; 110-10 1958 Ritter Ridge
From Hwy. 14 in Palmdale, drive 0.2 mi w on Ave. N to 15th St. W and thence 0.95 mi s to near the
intersection of Ave. O. The CE monument is 185 ft n of C/L of the ave., 126 ft n of fire hydrant on ne
corner of intersection, 24 ft e of C/L of the st., and 1 ft e of yellow IP witness post. It is set in a square
concrete post projecting 0.3 ft above Is.

Last recovered on 5/6/92.

BM 1469; AVENUE 1960 Rosamond
From Hwy. 14 in Lancaster, drive n to the Ave. D (Hwy. 138) exit and thence 3.7 mi w to 50th St. W (an
unmarked, dirt rd.). The USC&GS monument is 102 ft n of C/L of the ave., 92 ft w of C/L of the st., 55 ft
nnw of mile-marker post 30.00 on n shoulder of the ave., 35 ft e of (Caltrans) reference mark AVENUE No. 3
1983, 47 ft s of reference mark AVENUE No. 4 1983, 2.5 ft nw of fencepost witness post, and 5 ft ssw of
fiberglass-slat witness post marked "GPS 0028." It is set in a square concrete post projecting 0.3 ft above Is.
Last recovered on 5/7/92.

BM 1483; 102-63 1957 Neenach School
From Hwy. 14 in Lancaster, drive n to the Ave. D (Hwy. 138) exit and thence 22.0 mi w to where the
California Aqueduct crosses from n to s of the rd. and Ave. D becomes Lancaster Rd. (about 0.5 mi w of
240th St W). Continue 1.5 mi w to where Three Points Rd. (to the s) and 160th St. W (to the n) intersect;
proceed another 0.9 mi w where the hwy. bears n. The CE monument is 70 ft s of C/L of the hwy., 89 ft e of
beginning of curve to n into 270th St. W, opposite e side of gravel driveway to residence 26803 W Ave C-
15, 68 ft w of guy pole 1123728E, 1 ft s of steel fencepost witness post, and 1 ft n of ne corner of barbed-
wire fence surrounding a corrugated metal barn bearing a Jennings Realty sign. It is set in a square concrete
post projecting 0.5 ft above ls.

Last recovered on 5/8/92.

BM 1494; 102-73 1957 La Liebre Ranch
From Hwy. 14 in Lancaster, drive n to the Ave D (Hwy. 138) exit, thence w to 300th St. W, and continue w
for 1.75 mi. The CE monument is 49 ft s of C/L of the hwy., 20 ft s of headwall of culvert 156+09, 1 ft s of
fencepost witness post, and 1 ft n of a barbed-wire fence. It is set in a square concrete post projecting 0.1 ft
above Is.

Last recovered on 6/30/92.

BM 2030; 121-11 1961 Lancaster East
From Palmdale, two alternate routes are described because Ave. M is not paved (in 1992) e of 50th St. E.
From n of Plant 42, drive e on Ave. L to 60th St. E and thence 1 mi s to nw corner of intersection with dirt
track (Ave. M). From s of Plant 42, drive e on Ave. P to 50th St. E, thence 2 mi n to Ave. N, thence 1 mi e
to 60th St. E, and thence 1 mi n to the nw corner of intersection with dirt track (Ave. M). At red painted
stake, turn w on dirt track. The CE monument is 30 ft n of the track, 42 ft w of the ave., and 1 ft w of
yellow IP witness post. It is set in a square concrete post projecting 0.3 ft above ls.

Last recovered on 4/27/92.

BM 2037; 122-1 1961 Alpine Butte
From Lancaster, drive e on Ave. K to 90th St. E and thence 2 mi s to Ave. M. (Or from Palmdale, drive e on
Ave. P, thence 2 mi n on 50th St. E to Ave. N, thence 4 mi e to 90th St. E, and thence 1 mi n to Ave. M).
From Ave. M and 90th St. E, drive 0.5 mi e to 95th St. E. The CE monument is 89 ft e of C/L of the st., 38
ft s of C/L of the ave., and 2 ft s of yellow IP witness post. It is set in a square concrete post projecting 0.3 ft
above ls.

Last recovered on 5/4/92.
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BM 2076 Del Sur
From Hwy. 14 in Lancaster, drive 9.4 mi w on Ave. K to the T-intersection at 110th St. W and thence s, sw,
and then w 3.5 mi on 110th St. W (which becomes Johnson Rd. when the rd. bears sw) to near the
intersection with Leadhill Dr. (to n only). Continue 0.05 mi w of Leadhill Dr. to opposite the residence at
13529 Johnson Rd. (the second lot), and turn s on dirt track. The CE monument is 170 ft w of Leadhill Dr.,
112 ft s of Johnson Rd., 37 ft s of PP 1938452E, 2.5 ft w of (three) corner fencepost(s) with "Game Bird
Club" sign, 1.0 ft n of barbed-wire fenceline, and 2.0 ft s of yellow IP witness post. It is set in a square
concrete post projecting 0.3 ft above Is.

Last recovered on 5/8/92.

BM 2169 Alpine Butte
From Sierra Hwy. in Lancaster, drive 10.6 mi e on Ave. K to 90th St. E, thence 1 mi n to Ave. J, and thence
0.5 mi e to the intersection of 95th St. E (a dirt rd.). The mark is 40 ft n of C/L of the ave., 40 ft w of C/L
of the rd., and 1 ft nne of yellow IP witness post. It is a metal brad cemented (off-centered to the e) in a 2-
inch-diam IP projecting 0.3 ft above 1s, marked with a "LAC Engr" tag.

Note: Brad and tag are slightly depressed in the concrete.

Last recovered on 5/4/92.

BM 2174; 106-130 1959 Rosamond Lake
From Sierra Hwy. in Lancaster, drive 5.9 mi e on Ave. E to the intersection of 50th St. E. The CE monument
is 26 ft n of C/L of the ave., 47 ft w of C/L of the st., 16.5 ft w of PP KY855 with two guy wires, 18 ft w of
a fence corner, 1.2 ft s of a barbed-wire fence, and 1.0 ft e of a witness post. It is set in a square concrete
post about level with the rd. and projects 0.8 ft above the shoulder Is.

Last recovered on 3/24/92.

BM 2180; 107-35 1961 Lancaster East
From Hwy. 14 in Lancaster, drive 6.75 mi east on Ave. I to the intersection of 45th St. E. The CE monument
is 12 ft e of C/L of the st., 25 ft s of C/L of the ave., 46 ft e of PP 4089749E, and 2 ft n of yellow IP witness
post. It is set in a square concrete post flush with ls.

Last recovered on 5/4/92.

BM 2186; F1154 1961 Rosamond Lake
From Sierra Hwy. in Lancaster, drive 1.9 mi e on Ave. E to the intersection of 10th St. E (renamed Challenger
Way). The USC&GS monument is 43 ft s of C/L of the ave., 46 ft e of C/L of the st., 13.5 ft sw of PP
1270596E, and 1.8 ft e of a witness post. It is set in a round concrete post about 2 ft above the rd. and is
flush with the shoulder Is.

Last recovered on 4/8/92.

BM 2235; 117-6 1961 Rosamond
From Hwy. 14 and Ave. K in Lancaster, drive 10.3 mi n to the Ave. A exit and thence 1.8 mi w to
intersection of 40th St. W (a dirt rd.). The CE monument is 40 ft s of C/L of the ave., 8 ft s of line of power
lines, 71 ft w of C/L of the st., 92 ft w of PP 649711E, 2 ft s of yellow IP witness post, and 6 ft w of another
pipe post. It is set in a square concrete post projecting 0.8 ft above ls.

Note: Dirt has eroded away around base of concrete, but the mark is still stable.

Last recovered on 5/7/92.

BM 2317; 117-16 1961 Little Buttes
From Hwy. 14 and Ave. K in Lancaster, drive 10.3 mi n to the Ave. A exit and thence 6.8 mi w to
intersection of 90th St. W. The CE monument is 82 ft s of the ave., 21 ft e of the st., and 2 ft n of yellow IP
witness post. It is set in a square concrete post projecting 1.0 ft above ls.

Note: Dirt is eroding away under w side of concrete.

Last recovered on 5/7/92.
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BM 2616 Palmdale
From Hwy. 14 and Ave. M, drive 7.2 mi s to the Ave. S exit and thence 4.1 mi e to 47th St. E, which is also
Hwy. 138 and also Ft. Tejon Rd. Drive 0.2 mi s on Ft. Tejon Rd where the main rd. curves left and continue
for about 0.2 mi farther. The LAC, Rd. Department, monument is on the northern end of a concrete culvert
headwall, which is 29 ft w of the western, yellow hwy. center lines, 4.5 ft w of white edge of pavement line,
and 7.5 ft n of southern end of headwall. The mark is set flush in the concrete wall about 0.5 ft above the rd.
Note: Northern end of the headwall is broken, and the wall is very close to the hwy. lanes.

Last recovered on 4/24/92.

BM 2706; 115-4 1961 Lovejoy Buttes
From Palmdale, drive e on Palmdale Blvd. (Hwy. 138) to 47th St. E. Continue e on Palmdale Blvd (not Hwy.
138 after this point) for 10 mi to 150th St. E, thence 0.5 mi n to Ave. Q, thence 0.5 mi w to 145th St. E, and
thence 1 mi n to where the rd. reaches the crest. The CE monument is 27 ft w of C/L of the st., 25 ft s of a
yellow-green cable equipment unit, and 2 ft w of a yellow IP witness post. It is set in a square concrete post
about 2 ft higher than the rd. and projects 0.2 ft above Is.

Last recovered on 4/28/92.

BM 2716; 109-4 1961 Littlerock
From Palmdale, drive east on Hwy. 138 (Palmdale Blvd.) to 47th St. E and continue e on Palmdale Blvd. for
about 6 mi to the intersection of 110th St. E. The CE monument is 35 ft s of C/L of the blvd., 91 ft e of C/L
of the st., and 2 ft s of yellow IP witness post. It is set in a square concrete post projecting 0.5 ft above ls.
Last recovered on 4/28/92.

BM 2746; 198-19 1961 Lovejoy Buttes
From Palmdale, drive east on Hwy. 138 (Palmdale Blvd.) to 47th St. E. Continue e on Palmdale Blvd. for
about 11.5 mi to 165th St. E and thence 1.9 mi s to where the intersection of Ave. S-8 would be located. The
CE monument is 42 ft e of C/L of the st., 163 ft n of the proposed ave., and 2 ft w of yellow IP witness post.
It is set in a square concrete post flush with or just below Is.

Last recovered on 4/21/92.

BM 3549; 117-29 1961 Fairmont Butte
From Hwy. 14 in Lancaster, drive n to the Ave. A exit and thence 13.2 mi w to the intersection of 155th St.
W (a dirt rd. heading north and privately marked), which is 0.15 mi e of where the power transmission lines
cross the ave. The CE monument is 84 ft w of C/L of the st., 43 ft s of C/L of the ave., and 2 ft w of yellow
IP witness post. It is set in a square concrete post that is often buried by the sand.

Last recovered on 5/8/92.

BM 3636; 119-41 1961 Little Buttes
From Hwy. 14 in Lancaster, drive n to the Ave. D exit (Hwy. 138) and thence 8.8 mi w to the intersection of
110th St. W. The CE monument is 87 ft s of C/L of the ave., 30 ft w of C/L of the st., and 2 ft w of yellow
IP witness post. It is set in a square concrete post about 2.0 ft below Is.

Last recovered on 5/7/92.

BM 3738 Lancaster East
From Sierra Hwy. in Lancaster, drive 5.1 mi e on Ave. K to 50th St E and thence 3.5 mi n to Ave. G-8 (a dirt
rd.). The LAC, Rd. Department, monument is 40 ft n of C/L of the rd. and 65 ft e of C/L of the st. The
mark is set in the nw corner of the concrete block on which a well discharge pipe is mounted and is about 2 ft
above Is.

Last recovered on 5/4/92.
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BM 4116; X973 Reset 1965 Lebec
From Hwy. 14 in Lancaster, drive n to the Ave. D (Hwy. 138) exit and thence w on Hwy. 138 towards Quail
Lake. From 245th St. W, where Ave. D becomes Lancaster Rd. (which is also Hwy. 138), the California
Aqueduct passes under the rd., and the w driveway to the Quail Lake parking lot heads n of the rd., continue
0.2 mi w to where the hwy. divides and curves left, but exit the paved rd. by continuing straight and drive 0.2
mi farther w along the dirt shoulder. The USC&GS monument is between the third and fourth PPs w of the
split, 147 ft w of PP 4053151E, 105 ft e of PP 1061891E, 77 ft n of C/L of Hwy. 138, 1.9 ft n of a barbed-
wire fence, which is on an embankment about 3.5 ft above rd. grade, and 1.6 ft w of a witness post. It is set
in a round concrete post projecting 0.3 ft above Is.

Last recovered on 6/30/92.

BM 4217; W811 Reset 1973 Lancaster East
From Hwy. 14 in Palmdale, drive about 1.6 mi e on Ave. N to Sierra Hwy. and thence 0.3 mi s. The
USC&GS monument is 55 ft e of C/L of the hwy. and 0.2 ft s of a witness post. It is set in a round concrete
post projecting 0.2 ft above Is.

Last recovered on 5/11/94.

BM 5159; B2657 1902; US 829 Palmdale
From Sierra Hwy. in Palmdale, drive to the s side of Palmdale Blvd. and bear

sw into the vacant lot e of the RR tracks. The USGS monument is about 300 ft se of the intersection of
Palmdale Blvd. and the RR tracks, 72.0 ft e of the e rail of the e set of tracks, 8 ft w of the PP with a guy
wire that passes above the mark, and 1.6 ft s of a witness post. A bronze cap is riveted on top of a 3-inch-
diam IP projecting 0.3 ft above Is.

Last recovered 4/28/92 (visible from blvd. in 1994).

BM 5190; GRINELL Reset 1929 Rogers Lake South
From Sierra Hwy. in Lancaster, drive 14.5 mi e on Ave. J to 140th St. E, thence 3.0 mi n to Ave. G, and
thence 2.5 mi e to 165th St. E (a dirt side rd. to the n). Drive 1.5 mi n to the end of the track, where Ave. E8
(unmarked) ends from the e, and thence 0.6 mi e on Ave. E8 to a dirt track rd. to the n. Drive northeasterly
on the track rd. for 0.65 mi to a fork, passing through several trash heaps; take the right fork and continue ne
for 0.4 mi to the end of the track. The USC&GS monument is at the highest point in the vicinity, and set in
the se edge of a 5 x 15-foot rock outcrop.

Last recovered 8/6/92.

BM 5204; N487 1955 Offset 1989 Rosamond
From Sierra Hwy. and Ave. I in Lancaster, drive 7 mi n to Ave. B, thence w briefly to a dirt track s, and
thence s for a few hundred ft. The WRD monument is 280 ft s of C/L of the ave., 125 ft w of C/L of the
hwy., and in the ne corner of a 4 x 5-foot raised concrete platform. The platform is at the e edge of and
midway from the n and s edges of a series of concrete foundations (which are about 100 x 175 ft), and set
flush with Is. The monument is about 370 ft sw of and across the hwy. from USC&GS bench mark N487
1955. It is a USGS gaging-station disk set flush in a concrete platform projecting 1.2 ft above Is.

Last recovered on 3/17/92.

BM 5205; M899 1955; US 4765 Palmdale
From Palmdale Blvd. in Palmdale, drive about 4.5 mi s on Sierra Hwy. to its end and thence about 0.6 mi sw
(right) on Pearblossom Hwy. to near culvert 710+00 and a dirt access rd. that parallels the hwy. The
USC&GS monument is about 170 ft ne of the junction of the hwy. and access rd., 63 ft nw of C/L of the
hwy., 56.5 ft sw of PP 706712E, and 1.6 ft nw of a witness post. It is set in a round concrete post about 2 ft
lower than the hwy. and projects 0.2 ft above Is.

Note: The access rd. is best approached from a sw/ne angle.

Last recovered on 4/25/92.
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ALDER 1947 Rosamond Lake
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit and thence 3.2 mi e on Rosamond Blvd. to a
short paved rd. sloping down to the nw edge of Rosamond Lake. Continue about 0.1 mi southeasterly to the
mark. The USC&GS horizontal-control station is 534 ft s of C/L of the blvd., due s of a "Warning--cable
underground” signpost, and near a witness post that is not permanently placed. It is set in a round concrete
post projecting 0.4 ft above Is.

Note: Physical access unrestricted, but notification of EAFB Security needed.

Last recovered on 8/8/92.

Aqueduct 100 Fairmont Butte
From Hwy. 14 and Ave. K in Lancaster, drive 13 mi n on Hwy. 14 and thence 14.5 mi w on Rosamond Blvd.
to 170th St. W, where the paved rd. curves s. Follow curve for about 100 ft onto dirt area, thence w (not sw)
on graded dirt rd. for 1.05 mi, and thence nw for 0.15 mi to a T-intersection. Turn left, driving 0.55 mi sw,
thence take left leg (straight) of a Y-intersection continuing sw and thence nw for 2.1 mi, passing--in order--
one dirt track intersection, two dirt tracks to the right, one to the left, and another intersection just after some
loose sand. Turn right (e) before a concrete bridge over the First Los Angeles Aqueduct (LAA) and drive
0.15 mi e on the dirt rd. s of the concrete-enclosed channel to a 9 x 11-foot concrete portal projecting 2.5 ft
above lIs, and identified by the stenciled number "1722+34." The LAA mark is N. 25° W. and 250 ft n of the
portal, just s of the crest of a sloping ridge, between two IP witness posts each about 2 ft away, of which one
is yellow. It is a 3-inch-diam brass cap riveted to the top of a pipe, projecting 1.0 ft above Is.

Note: The center of the cap is concave.

Last recovered on 5/8/92.

ARP 1971 PMD Lancaster East
From Palmdale, drive e on Ave. P to 25th St. E and thence n to the guard gate at the entrance to Air Force
Plant 42. After gaining entry, proceed n for about 0.9 mi, thence curve and turn right (e) following the sign to
Site 5, and thence curve n to a red brick building (#552) housing Aeronautical Systems Center (ASC)
Engineering. After obtaining a radio from Security in building #560 to communicate with the air traffic
control tower, proceed to the nw end of the parking lot w of the ASC Engineering building and drive nw
toward the runways. Turn left (sw) on the taxiway for 0.15 mi and thence right (nw) on taxiway for 0.45 mi,
crossing Runway 4-22 and Taxiway E to the three-way intersection with Taxiways D(Delta) (e-w) and
L(Lima) (n-s), thence bear right (n) and cross Taxiway D and drive 0.1 mi ne on minor taxiway, thence turn
right (e) for 0.1 mi, thence turn left (n) on roadway ending in a circular area called a hardstand. The
USC&GS Airport Reference Point monument for PMD (Palmdale Airport) is 601.6 ft nnw of the center of the
circular hardstand, 798.1 ft nnw of the center of a similar circular hardstand 0.17 mi e, 707.3 ft s of the s end
of the 13th painted hachure mark e of Taxiway L and near a 4 x 4-inch short wooden post painted white with
blue and green paint at its top. It is set in a round concrete post flush with Is.

Note: Restricted access. Plant 42 flightline driving permit and two-way radio contact with control tower
required.

Last recovered on 5/5/92.

Ask P7 Redman
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 7.5 mi n on the st.,
which becomes Lancaster Rd. (or 5.5 mi n of EAFB guard gate). Drive 0.1 mi e on Jones Rd., thence se and
then e on poorly paved South Rd. about 0.2 mi. Turn s on a dirt rd. (leading to a dump) for a few hundred
feet, thence e to the e end of a 25 x 50-foot concrete pad n of a concrete building pad projecting 2 feet above
Is. The U.S. Air Forces Geodetic Survey monument is 134 ft e of C/L of the n-s dirt rd., 47 ft s of the C/L of
South Rd., and 337 ft w of w fenceline of a radar installation compound. It is cemented flush in the concrete
pad 8 ft s of the n edge, 13.8 ft w of the e edge, and 15.7 ft sw of ne corner.

Note: Restricted access.

Note: Ask is short for Askenia--a type of photogrammetric camera.

Last recovered on 2/1/93.
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BUCKHORN 3 1967 Redman
From Sierra Hwy. in Lancaster, drive n to Rosamond Blvd. and thence 8.55 mi e to a formerly paved rd./track
bearing se. Proceed around various rd. obstructions (barrels, timbers, etc.) 1.1 mi se to Buckhorn Lake edge
(past T1155 1961 on left at 1.0 mi). Continue southward across lakebed for 1.05 mi to a low ridge oriented
e-w, thence bear right on dirt track (past Y1155 1961 on the left) 0.05 mi to another set of tracks. Keep right
for 0.1 mi to steep track to the right going up just west of the ridgeline of a circular rocky hill for 0.1 mi to
the mark. The USGS horizontal-control station is cemented in a drill hole in the top of a 1.5 x 2-foot boulder
projecting about 0.9 ft above Is in the center of the ridge.

Note: Restricted access. Firing Range permission suggested.

Note: There are two reference marks nearby: No. 2 1940 (36.4 ft nw of and about 1 ft above the station) and
No. 3 1967. The stamping on the latter is similar to the stamping on the station, but the disk on the reference
mark has an arrow and is 16.4 ft ene of and about 2 ft lower than the station.

Last recovered on 8/5/92.

BULL Neenach School
From Hwy. 14 in Lancaster, drive n to the Ave. D (Hwy. 138) exit, thence 20.4 mi w on Ave. D to 230th St.
W, thence 2.0 mi n on the paved st., thence 1.0 mi n on dirt rd. to Ave. A, and thence 0.9 mi w to the mark
where the rd. narrows noticeably. The USGS horizontal-control station is on a 3-foot high bank on the s
shoulder, 25 ft s of C/L of the ave., and 45 ft n of the Los Angeles/Kern County line monument Itis setin a
square concrete post prOJectmg 1.0 ft above Is.

Note: The center cross is worn. The concrete post was cracked and repaired with fresh cement.

Last recovered on 6/30/92.

D1155 1961 Edwards
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit and thence 11.5 mi e on Rosamond Blvd. to
just w of and opposite Adams Rd., a side st. south to the Firing Range office. (It also is 3.55 mi sw along
Rosamond Blvd. from the intersection with Lancaster Blvd.) The USC&GS monument is 73 ft w of C/L of
the extension of the rd. opposite, and 38 ft nw of C/L of the blvd. It is set in the top and 0.4 ft ne of the sw
end of a concrete headwall of a triple 36-inch-diam concrete pipe culvert and is about 1.5 ft lower than the
blvd.

Note: Restricted access.

Last recovered on 3/31/92.

F1147 1961; 101-159 Soledad Mtn.
From Hwy. 14 in Lancaster, drive n to Rosamond Blvd. and thence 0.1 mi w to S.H. 14 Frontage Rd., a side
rd. to the right. Proceed 1.2 mi n to a gravel track rd. on the w near a large rd. sign for Hwy. 14. Take the
track rd., which parallels the paved frontage rd., across a small gully for 0.05 mi n to the mark w of the track.
The USC&GS monument is in the se ledge of a prominent bedrock outcrop about 150 ft w of C/L of the
frontage rd., 90 ft w of C/L of the track rd., about 14 ft nnw of a witness post that is next to a rectangular
boulder projecting 3 ft, 125 ft w of a witness post, in a small ledge about 6 ft higher than the frontage rd., and
146.3 ft nw of CDoT (Caltrans) reference mark T-24, a 0.5-inch-diam disk nailed on top of an iron stake. It
is set in an outcrop, which is about 15 ft higher than the frontage rd., and projects about 1.5 ft above Is, which
is a few feet to the s.

Note: The highest point of the formation is about 17° above the antenna (set about 5 ft above the disk) at an
azimuth of about 340°. Most of the rest of the outcrop is below 10°.

Last recovered on 5/7/92.

GWM2 1937 Edwards
From Hwy. 14 in Lancaster, drive n to Rosamond Blvd., thence 14.3 mi e to Lancaster Rd. and thence 1.25 mi
s to a paved side rd. e to a very wide (aircraft size) double gateway in a chainlink fence. The USGS
monument is 51 ft e of C/L of the blvd., 68 ft s of C/L of the rd., and 1.9 ft e of a witness post. It is set in a
round concrete post projecting 1.0 ft above Is.

Note: Restricted access.

Last recovered on 3/23/92.
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GWM4 1937 Redman
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 7.5 mi n to Jones
Rd., and continue n for another 0.5 mi n on Lancaster Rd. to a dirt side rd. w. (Or, from Rosamond Blvd. to
the n, drive 2.35 mi s on Lancaster Blvd. to a dirt side rd. w after the second PP.) From Lancaster Blvd.,
drive 1.6 mi w to the intersection with another dirt rd., thence 0.75 mi s (past a water tank at 0.25 mi), thence
where the rd. continues (for 0.1 mi) to a fenced well and pump, turn right and go 0.4 mi w to a pond enclosed
by a berm raised about 6 ft. Turn left west of the pond and go 0.25 mi s turning w at the curve of an
intersection. The USGS monument is just e of the w end of the curved dirt rd., about 20 ft s of C/L of the
rd., about 2 ft n of a barbed-wire fence, and about 3 ft w of the third wooden 4 x 6-inch fencepost from the
w. It is set in a square concrete post projecting 0.6 ft above Is.

Note: Restricted access

Last recovered on 2/1/93.

GWMI11 Reset 1971 Offset 1989 North Edwards
From Hwy. 14 in Lancaster, drive n to Hwy. 58 and thence e to the Clay Mine Rd. exit. From the center of
the south ramps and the overpass, drive 0.2 mi e on the eastbound on-ramp for Hwy. 58. Continue to the e
part of the cloverleaf to access the interior of the area n of the ramp. The WRD monument is 26 ft n of C/L
of the ramp, in the e end of the n culvert headwall, and is about 3 ft above Is. It is a USGS gaging-station
tablet cemented in the headwall and stamped "11GWM Offset 1989."

Last recovered in 2/92.

H1155 1961 Offset 1989 Redman
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, and thence 5.5 mi n on
120th St. (which becomes Lancaster Blvd.), or 0.35 mi n of the n intersection with Scout Rd. and just past
(about 0.2 mi n of) the EAFB guard gate. (Or, from Rosamond Blvd. to the n, drive 4.7 mi s on Lancaster
Blvd.) The WRD offset monument is at a small roadside cut, 72 ft e of C/L of the blvd., and 59.6 ft s of and
about 4 ft lower than USC&GS monument H1155 1961. It is a USDI triangulation station disk set in a
concrete post flush with Is.

Note: Restricted access

Last recovered on 4/5/92.

HPGN 0618 Lebec
From Lancaster, drive n on Hwy. 14 to the Ave D. (Hwy. 138) exit and thence about 39 mi w on Hwy. 138 to
Interstate 5 northbound. Drive 7.3 mi n, passing the Gorman exit (at 3.5 mi) and Tejon Pass, indicated by the
"elevation 4,014 feet" signpost (at 5 mi), to the offramp to the Lebec Rest Area. Bear right for 0.3 mi
following the perimeter of the area, thence curving left (ne) to follow the right bank of Cuddy Creek for 0.1
mi to where the rd. curves left again to leave the rest stop. Instead, continue straight, jumping the curb and
heading toward a hay shed in the distance and the property fence corner in the near distance. The CDoT
HPGN monument is 64 ft westward of the corner of a 6-foot high chainlink fence, 7 ft w of the bank of a
drainage channel, 3.6 ft se of a metal witness post, and 3.0 ft nw of a fiberglass witness post marked "0618."
It is a stainless-steel rod monument with a 2.5-inch-diam aluminum disk set 0.3 ft below Is and protected by
an access cover.

Last recovered on 6/30/92.

HPGN 0705 Valyermo
From Hwy. 14 in Lancaster, drive s to the Ave. S exit, thence e for about 5.5 mi, and thence southeastward on
Hwy. 138 through Pearland, Littlerock, Pearblossom and Llano. About 3.4 mi e of Llano, drive s on Largo
Vista Rd. (opposite 204th St. E, a dirt rd. n) for 0.45 mi to just before the California Aqueduct. The CDoT
HPGN monument is 25.5 ft e of C/L of the rd., 8.1 ft e of the n end of a metal guardrail, 15.4 n of a
chainlink fence at the rd. overpass headwall, and 18.8 ft w of the second post of a barbed-wire fence
extending from the chainlink fence. It is a stainless-steel rod monument with a 2.5-inch-diam aluminum disk
set 0.3 ft below Is and protected by an access cover.

Last recovered on 1/27/93.
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HPGN 0805 Saddleback Mtn.
From Lancaster, drive n on Hwy. 14 to Mojave, thence east on Hwy. 58 to the Hwy. 395 intersection, called
Kramer Junction, and alternatively, Four Corners. Drive 0.35 mi n on Hwy. 395 to a dirt rd. paralleling a
transmission line opposite a transmission tower, thence 0.5 mi e to a side dirt rd. n, thence 0.25 mi n to the
end of the dirt rd., thence 0.45 mi e to n of an X-intersection of dirt rds. n of a junked car, and thence nnw on
the northwestern dirt rd. for 0.4 mi to the mark. The CDoT HPGN monument is 39 ft e of C/L of the rd.,
68.5 ft ne of a gas pipeline signpost, and 3 ft w of a metal witness post. It is a stainless-steel rod monument
with a 2.5-inch-diam aluminum disk set 0.5 ft below 1s and protected by an access cover.

Last recovered on 1/29/93.

HPGN PEARBLOSSOM; NCMN 7254 Littlerock
From Hwy. 14 in Palmdale, drive s to the Ave. S exit, thence e for about 5.5 mi, and thence southeastward on
Hwy. 138 through Pearland and Littlerock to 116th St. E (a side rd. n). Drive 0.35 mi n on 116th St. E and
thence e for about 0.1 mi, passing through a bar gate (locked at night). Proceed n at the entrance to the State
Police fenced compound (with a trailer at far nw corner) for about 100 ft into their parking lot. The USC&GS
monument is in the center of a 3 x 3-foot concrete slab in the center of the parking lot and in the middle of
three 4 x 8-foot concrete slabs, all flush with the pavement. It is 114.5 ft nw of the se corner of the chainlink
fence, 104.0 ft due n of that fence, 52.2 ft se of a PP with meter, and 48.2 ft e of and 48.2 ft w of fences.
Note: Restricted access.

Last recovered on 4/24/92.

JUNCTION 1958 California City South
From Lancaster, drive n on Hwy. 14 to near Mojave and thence about 14 mi e on Hwy. 58 to the California
City Blvd. turnoff n. (Or, from Rosamond Blvd., drive 1.75 mi w on Hwy. 58 to the mark.) The USC&GS
horizontal control station is 0.28 mi e of the turnoff rd. in the median strip between the four-lane hwy., 52 ft n
of C/L of the eastbound lanes, 70 ft s of C/L of the westbound lanes, 8 ft s of a witness post, and between
pumping stations n and s of the hwy. It is set in a square concrete post projecting 0.5 ft above ls.

Last recovered on 4/3/92.

LC68 1952 Offset 1989 North Edwards
From Lancaster, drive n on Hwy. 14 to south of Mojave, thence about 18 mi e on Hwy. 58 to the Clay Mine
Rd. exit, thence n for 1.7 mi to Highland Blvd. (no signpost), the first dirt rd. after Hillcrest St. (a paved rd.),
thence 0.65 mi e to just before a housing area on the ne corner of the intersection with a paved rd. s and a dirt
rd. n. Drive 0.4 mi n on the dirt rd. to intersection with e-w dirt rd., then engage four-wheel drive. Follow
track to ne for about 0.1 mi, and thence bear nw up a cobbly track to e end of top of hill, keeping s of the
ridgeline. The WRD monument is n of the track in a rock outcrop near a rockface that has a 1.5 ft vertical
drop. An arrow is spray-painted in the face to locate the disk, which is a USGS gaging-station monument set
in the flat rock surface and flush with Is.

Note: The edge of the ne quadrant of the disk has been bent over. The center punch hole is nearly obliterated
by a small depression, and there are several dings, probably from buckshot.

Note: LC68 1952 is about 0.4 mi w of the offset mark and about 2.2 mi ne on Clay Mine Rd. from Hwy. 58.
Last recovered on 2/2/93.

LS38 1929 Rosamond Lake
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 2 mi e to 10th St. E, a dirt rd. n and a paved rd. s
(also known as Challenger Way), thence 1 mi n to Ave. D (a dirt rd., not the wide, graded dirt rd. bearing
nw), thence 1 mi e to 20th St. E (a dirt rd.), and thence 1 mi n to Ave. C (a dirt rd.). (Avenue C is flooded
between 10th and 20th St. E most of the time, so the mark cannot be accessed from Ave. C w of 20th St. E.)
The USGS monument is 56 ft w of C/L of the st. and 32 ft n of C/L of the ave. It is set in a square concrete
post projecting 0.3 ft above ls.

Last recovered on 8/5/92.
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LS46 1929 Hi Vista
From Sierra Hwy. in Lancaster, drive 17.5 mi e on Ave. J to 170th St. E (which is the access rd. to
Saddleback Butte State Park to the s). Continue another 0.8 mi e to a dirt rd. left bearing ne and thence about
0.2 mi ne (or 0.1 mi ne of red automotive hulk) to just e of a small curve in track. The USGS monument is
20 ft n of C/L of track, 51 ft nne of and across track from a three-branched, large Joshua tree, and about 190
ft sw of a split in the track rd. It is set in a square concrete post projecting 0.2 ft above ls.

Last recovered on 4/22/92.

LS53 1929 Alpine Butte
From Sierra Hwy. in Lancaster, drive 14.5 mi e on Ave. J, thence 3 mi n on 140th St. E to Ave. G (paved to
the e), thence 0.6 mi w on Ave. G (a dirt rd.), or 0.15 mi e of an LAC barricade and yellow IP marked "V12",
and thence 415 ft s cross country to the mark. The USGS monument is on the w side of an open area

(without bushes). It is set in a square concrete post projecting 0.6 ft above Is.
Last recovered on 4/23/92.

M1155 1961 Redman
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 3 mi n to Ave. B,
thence 2 mi e to 140th St. E (a paved rd. s), and thence 0.1 mi farther e to a dirt track n bearing ne, just past
a rd. sign for westbound traffic that indicates the T-intersection and which is w of the main entrance to the
abandoned paved rd. (formerly Lancaster Blvd., now called Scout Rd.) blocked off by a cable gate. Proceed
0.25 mi n on the abandoned rd. to the mark on the w, which is also about 0.1 mi n of a group of mesquite
trees. The USC&GS monument is 44 ft w of C/L of the rd. and 1.5 ft s of a witness post. It is set in a round
concrete post about 3.5 ft higher than the rd. and projects 0.5 ft above Is.

Last recovered on 2/1/93.

MDC4 1973 Rogers Lake South
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 3 mi n to Ave. B,
and thence 4.9 mi e to where the ave. becomes a graded dirt rd. and the main rd. curves ne and becomes
Mercury Blvd. The mark is at a triangular corner of a barbed-wire fence delineating the westernmost extent of
a bombing range. The USGS monument is 54 ft s of C/L of the asphalt rd. and 33 ft n of C/L of the dirt ave.
It is set on a copper-coated rod encased in a white 6-inch-diam PVC drainpipe.

Last recovered on 4/7/92.

MDCé6 1973 Rogers Lake South
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E., thence 3 mi n to Ave. B,
and thence 4.9 mi e to where the ave. becomes a graded dirt rd. and the main rd. curves ne and becomes
Mercury Blvd. Continue e on the dirt rd. (Ave. B) for 3.1 mi to the T-intersection at 200th St. E. The USGS
monument is 83 ft n of C/L of the ave., 47 ft n of a barbed-wire fence corner, 35 ft w of C/L of the st., 91 ft
nw of the intersection of C/Ls, and 1 ft e of a fence. It is set on a copper-coated rod encased in a yellow 6-
inch-diam PVC drainpipe.

Last recovered on 4/2/92.

MDC30 1973 Rogers Lake South
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E., thence 3 mi n to Ave. B,
and thence 4.9 mi e to where the ave. becomes a graded dirt rd. and the main rd. curves ne and becomes
Mercury Blvd. Continue ne on Mercury Blvd. for 4.6 mi to a powerline crossing and thence about 100 yd nw
on an unnamed dirt rd. (used by media for viewing space shuttle landings). The USGS monument is 6 ft e of
the first PP w of the crossing, 239 ft w of C/L of the blvd., and 56 ft n of C/L of the dirt rd. It is seton a
copper-coated rod encased in a white 6-inch-diam PVC drainpipe.

Last recovered on 4/2/92.
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MDC33 1973 Rogers Lake North
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 3 mi n to Ave. B and
thence 4.9 mi e to where the ave. becomes a graded dirt rd. and the main rd. curves ne and becomes Mercury
Blvd. Continue ne on Mercury Blvd. for 7.6 mi to the s end of a small, usually dry lakebed on the e. The
USGS monument is 198 ft s of a pipe culvert, about 50 ft s of the lake perimeter, 44 ft e of C/L of the blvd.,
and 1 ft e of a barbed-wire fence. It is set on a copper-coated rod projecting 0.3 ft above s and is encased in
a black 6-inch-diam drainpipe.

Last recovered on 4/1/92.

MONDAY RS 1929; Adobe Mtn. F-1 Adobe Mtn.
From Sierra Hwy. in Lancaster, drive € on Ave. J to 200th St. E, thence 3 mi n to Ave. G, thence 4 mi e to
240th St. E (an unmarked, dirt rd.) and mailbox 23733. Continue 0.5 mi n to a dirt side rd. west (what would
be Ave. F-8), thence 0.25 mi w to the w end of a rd. cut and a dirt track n, and thence 0.1 mi n to a foot trail
e. Hike up the foot trail for 400 ft to the summit of a rock outcrop and the mark. The USGS
horizontal-control station is set in the rock outcrop.

Last recovered on 4/23/92.

P1155 1961 Redman
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 2.9 mi n to the
triangular junction of Ave. B, bearing ne on pavement and thence s cross country to the mark on the inside of
the curve. The USC&GS monument is 116 ft s of C/L at the center of the curve of the eastbound lane of
Ave. B for traffic approaching from the s, 0.6 ft se of the nw corner of a concrete foundation for a small
(demolished) building, and 1.5 ft s of a witness post. It is set in the top of the foundation about level with the
ave.

Note: The disk has been disturbed slightly by an old crack 0.6 ft e of w edge of foundation; the disk may
have shifted laterally several to 10 mms horizontally and perhaps that much vertically as well.

Last recovered on 4/7/92.

Rogers Lakebed 1; 1RLB 1989 Rogers Lake North
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 10.2 mi n on this st.
(which becomes Lancaster Blvd.) to Rosamond Blvd. (Or, from Hwy. 14 in Lancaster, drive n to the
Rosamond Blvd. exit, thence e to Lancaster Blvd.) From this intersection, drive 0.3 mi ne on Rosamond Blvd.
to Fitzgerald Blvd., thence 0.3 mi se to Wolfe Ave., and thence 0.4 mi ne to Base Operations (Ops) at
Building #1200 on the right. Obtain a radio and call ID, and access the lakebed at Gate A1200 between the
ne end of Building #1200 and the hanger to the ne. From the gate, turn left and drive 0.8 mi ne along
Taxiway F to the fire station, thence 0.25 mi e, skirting s of the control tower, on the ends of Taxiway F and
Taxiway C, to a paved crossroad, thence 0.1 mi n on the rd. to a bladed dirt rd. e, and thence 0.8 mi e. At
0.45 mi, cross the oiled fly-by line which is at an oblique angle. At 0.5 mi, bear straight on the left of a Y-
intersection and continue to the edge of Rogers Lake, marked by yellow pipe gateposts. Drive 0.15 mi nne on
dirt track to intersection with oiled fly-by line, thence 1.6 mi ne adjacent the line or 0.2 mi ne of the sixth
oiled circle. Proceed 0.4 mi N.30°W. of--perpendicular to--the fly-by line to the mark. The WRD monument
is set in a flat 0.5 x 0.5-foot lip-shaped granite outcrop virtually flush with Is. It is a USGS gaging-station
disk cemented in the rock and stamped "IRLB 1989."

Note: Restricted access. Lakebed access permission, flightline driving permit, and two-way radio contact are
required by Base Ops and Control Tower.

Last recovered on 8/7/92.

Rogers Lakebed 3; 3RLB 1990 Rogers Lake North
From Sierra Hwy. in Lancaster, drive n to Ave. E and thence continue 13 mi e to 120th St. E. Drive 10.2 mi
n on this st. (becomes Lancaster Blvd.) to Rosamond Blvd. (Or, from Hwy. 14 in Lancaster, drive n to the
Rosamond Blvd. exit and thence e to Lancaster Blvd.) From this intersection, drive 0.3 mi ne on Rosamond
Blvd. to Fitzgerald Blvd., continue 0.3 mi se to Wolfe Ave., and thence 0.4 mi ne to Base Ops at Building
#1200 on the right. Obtain a radio and call ID, and access the lakebed at Gate A1200 between the ne end of
Building #1200 and the hanger to the ne. From the gate, turn left and drive 0.8 mi ne along Taxiway F to the
fire station. Continue 0.25 mi e skirting s of the control tower on the ends of Taxiway F and Taxiway C to a
paved crossroad, thence 0.1 mi n on the rd. to a bladed dirt rd. e, and thence 0.8 mi e. At 0.45 mi, cross the
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oiled fly-by line which is at an oblique angle. At 0.5 mi, bear straight on the left of a Y-intersection and
continue to the edge of Rogers Lake (marked by yellow pipe gateposts). Drive 0.15 mi nne on dirt track to
intersection with oiled fly-by line, continue 1.6 mi ne adjacent the line or 0.2 mi ne of the sixth oiled circle.
Proceed 0.65 mi S.30°E. of--perpendicular to--the fly-by line to the ne corner of Runway 17L/35R (about 150
ft sw of cones marking a fissure location in 1992). Thence, drive 2.05 mi ssw along e edge of runway to the
se corner of the intersection with Runway 6/24, crossing Runway 4/22 between 0.05 and 0.15 mi and Runway
6/24 between 1.95 and 2.05 mi. The WRD monument is about 10 ft s of the oiled edge of the e-w runway.
The USDI triangulation station aluminum tablet is set in a concrete post flush with Is and is stamped "3RLB
1990."

Note: Restricted access. Lakebed access permission, flightline driving permit, and two-way radio contact are
required by Base Ops and Control Tower.

Last recovered on 8/6/92.

Rogers Lakebed 4; 4RLB 1989 Rogers Lake South
From the south: From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, and thence
5.1 mi n to Scout Rd. (a triangular junction e). (From the north: From Rosamond Blvd., drive 5.3 mi s on
Lancaster Rd. to Scout Rd.) Drive 2.25 mi e (passing a dirt rd. n at 1 mi) past the fire station/survival school
in Building #510 to a rough, paved/dirt track n. Drive 0.3 mi n to Rogers Lake dry lakebed edge and thence
ese along edge for about 1.5 mi. Landmarks to note on route include: at 0.1 mi--wooden posts and plywood
from a small, former structure; 0.2 mi--a point of land with a wooden stake on the hilltop and some PPs only
10 ft high with resistors; 0.6 mi-- fence line; 1.0 mi--a point of land with a four-legged stand and a 10-foot
long pipe on the ground; 1.3 mi--vehicle tracks s toward land; 1.4 mi--wooden survey stakes painted orange at
the top about 0.1 mi inland on hill; 1.5 mi-- an airplane hulk about 0.5 mi inland. From this point, drive nnw
to the se edge of Runway 17L/35R to the mark. From bench mark Rogers Lakebed 3 to the north: Rogers
Lakebed 4 is 5.35 mi s along Runway 17/35 on a direct route. Because of fissuring, detours to the e are
necessary, which add a couple tenths of a mi to the route. Landmarks to note include (with mileage
approximate): 0.4 mi--oiled lines delineating runway disappear; 0.7--vehicle tracks cross diagonally nw-se and
runway lines reappear; 0.8 mi--black oiled line perpendicular to two eastern runway lines (of four); 1.1 mi--
wooden stake along runway (and several more to s); 1.3 mi--start of fissures; 1.35 mi--fissure; 1.4 mi--fissure
and oiled lines disappear; 1.5 mi--fissure; 1.6 mi--fissure; 3.8 mi--vegetation; 3.9 mi--8 x 8-inch x 2-foot
timber with bolts and a sail-shaped piece of metal on one end; 4.0 mi--light-colored lakebed surface to the e;
4.1 mi--n edge of Runway 7/25; 4.2 mi--s edge of Runway 7/25, bear west toward light-colored lakebed
surface and thence s after rejoining the n-s runway (17/35); 5.1 mi--n edge of Runway 9/27; 5.2 mi--s edge of
Runway 9/27; 5.5 mi--end of runway and location of mark. The WRD monument is 12 ft e of the s edge of
the eastern-most distinct edge of the e-w oiled line marking the s end of the runway, 4 ft e of the indistinct e
edge of the n-s oiled line, 3.5 ft n of an orange fiberglass witness post, and 3.5 ft se of another orange
fiberglass witness post. It is a USDI triangulation station aluminum tablet set in a concrete post flush with 1s
(often buried by silt) and is stamped "4RLB 1989."

Note: Restricted access. Lakebed access permission, flightline driving permit, and two-way radio contact are
required by Base Ops and Control Tower.

Last recovered on 8/6/92.

Rogers Lakebed 5; SRLB 1989 Rogers Lake North
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit and thence e to Lancaster Blvd. (Or, from
Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, and thence 10.2 mi n on this st.,
which becomes Lancaster Blvd., to Rosamond Blvd.). Drive 3.9 mi n and thence ne on Lancaster Blvd. to a
Y-intersection with Rosamond Blvd., thence 1.55 mi nne on Rosamond Blvd. to North Base Rd. Drive 0.5 mi
e to northbound Lake Shore Dr. on left (southbound is just prior on the right) toward the Jet Propulsion Lab
(JPL) area, thence 0.3 mi n to curve in rd., and thence 0.5 mi ne to the end of the paved rd. just past the side
rd. left entrance to JPL and the start of a partially paved/dirt rd. (posted as Kern Dr.). Continue ne for 0.45
mi and bear left at a Y-intersection with a dirt track. The rd. curves left at 0.5 mi and then right heading e at
0.8 mi. At 1.6 mi bear right and se, and at 1.85 mi, turn ssw on a dirt track just before a light-blue cinder
block building (about 10 x 12 ft). Drive 0.15 mi to the edge of Rogers Lake dry lakebed and thence bear w
to the mark. The WRD monument is at the edge of vegetation, about 15 ft w of C/L of the track rd., and in
line with the second oiled line from the e of Runway 18/36. It is a USDI aluminum tablet set in a concrete
post flush with lIs.

Note: Restricted access.

Last recovered on 8/7/92.
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Rogers Lakebed 6; 6RLB 1989 Rogers Lake North
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit and thence e to Lancaster Blvd. (Or, from
Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, and thence 10.2 mi n on this st.,
which becomes Lancaster Blvd., to Rosamond Blvd.). Drive 3.9 mi n and thence ne on Lancaster Blvd. to a
Y-intersection with Rosamond Blvd., thence 1.55 mi nne on Rosamond Blvd. to North Base Rd. Drive 0.5 mi
e to northbound Lake Shore Dr. on left (southbound is just prior on the right) toward the JPL area, thence 0.3
mi n to curve in rd., and thence 0.5 mi ne to the end of the paved rd. just past the side rd. left entrance to JPL
and the start of a partially paved/dirt rd. (posted as Kern Dr.). Continue ne for 0.45 mi and bear left at a
Y-intersection with a dirt track. The rd. curves left at 0.5 mi and then right heading e at 0.8 mi. At 1.6 mi
bear right and se paralleling the lakeshore. Continue for a total of 7.2 mi to the mark noting the following
landmarks: at 1.85 mi--the track s to bench mark Rogers Lakebed 5 and a light-blue, cinder block building;
5.0 mi--antenna arrays are on both sides of the rd.; 6.3 mi--the old RR grade is on the left; 6.4 mi--bear right,
away from the main dirt rd., to follow the lakeshore; 6.5 mi--turn right after a tall (8-foot-high?) RR tie stuck
in a pile of rocks; 6.8 mi--an empty metal signpost frame; 6.9 mi--rutty ford; 7.0 mi--bear left toward an
outcrop extending out from a hill; 7.2 mi--a cluster of rocks to the e with the outcrop gradually increasing in
height. The WRD monument is cemented in a 3 x 2-foot flat rock at the w end of the outcrop. It is a USGS
gaging-station tablet stamped "6RLB 1989."

Note: Restricted access.

Last recovered on 8/7/92.

ROSAMOND; SC 8N9N/11W12W Rosamond Lake
From Hwy. 14 in Lancaster, drive n to the Ave. A exit and thence 0.75 mi e to Sierra Hwy. Continue 0.9 mi
e on an unmaintained paved rd. to the end of the pavement, passing Antelope Valley Salvage driveway at 0.6
mi, passing the southern boundary of a Superfund site to the n, and encountering severe potholes throughout
and an abrupt ditch at 0.8 mi. Continue another 0.5 mi e on dirt rd. to Division St. (an unmaintained paved
rd.), thence turn left (north)--DO NOT go straight--for 200 ft and then e, bearing right after 0.18 mi (unless
left track has better driving conditions), and driving e for a total of 1.0 mi from Division St. to the edge of
Rosamond Lake and the end of vegetation, due s of Red Hill (a mountain 3.3 mi to the n). Landmarks
include: at 0.5 mi--a Y4-corner section tablet between sections 35 and 2 with yellow IP witness post; 0.8
mi--heavily eroded mound rising 5 ft and a minor boundary between lakebed and vegetation, as mapped on the
1973 topographic quadrangle. From the easternmost lakebed edge, continue due e for another 1.0 mi (passing
a Ya-corner section tablet with yellow IP witness post at 0.5 mi) to ROSAMOND, the section corner for
townships 8N and 9N and ranges 11W and 12W, with two orange fiberglass witness posts, 6 ft n and 6 ft w,
respectively, of the mark. The LAC monument is a section corner tablet set in a cement post flush with Is.
Note: Physical access unrestricted, but notification of EAFB Security required.

Last recovered on 8/8/92.

Rosamond Lake 1; 1IROL 1989 Rosamond Lake
From Hwy. 14 in Lancaster, drive n to the Ave. A exit and thence 0.75 mi e to Sierra Hwy. Continue 0.9 mi
e on an unmaintained paved rd. to the end of the pavement, passing Antelope Valley Salvage driveway at 0.6
mi, passing the southern boundary of a Superfund site to the n, and encountering severe potholes throughout
and an abrupt ditch at 0.8 mi. Continue another 0.5 mi e on dirt rd. to Division St. (an unmaintained paved
rd.), thence turn left (north)--DO NOT go straight--for 200 ft and then e, bearing right after 0.18 mi (unless
left track has better driving conditions), and driving e for a total of 1.0 mi from Division St. to the edge of
Rosamond Lake and the end of vegetation, due s of Red Hill (a mountain 3.3 mi to the n). Landmarks
include: at 0.5 mi--a Y4-corner section tablet between sections 35 and 2 with yellow IP witness post; 0.8
mi--heavily eroded mound rising 5 ft and a minor boundary between lakebed and vegetation, as mapped on the
1973 topographic quadrangle. From the easternmost lakebed edge, continue due e for another 1.0 mi (passing
a Ya-corner section tablet with yellow IP witness post at 0.5 mi) to ROSAMOND, the section corner for
townships 8N and 9N and ranges 11W and 12W, with two orange fiberglass witness posts. Drive 0.4 mi se
toward a 75 x 100 ft mound with sagebrush and an abandoned well pump marked with "50B" in grey paint.
The mark is a cross chiseled in the top of a 2-inch-diam, rusted, steel-pipe elbow fitting in the hexagonal part
of the pump assembly projecting about 0.8 ft above lIs.

Note: Physical access unrestricted, but notification of EAFB Security required.

Last recovered on 8/8/92.
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RS38 1932 Offset 1989 North Edwards
From Hwy. 14 in Lancaster, drive n to Hwy. 58 and thence e to the 20 Mule Team Rd. exit. At the s end of
the overpass, turn w at a short paved driveway and drive 0.85 mi w on a gravel (pipeline) rd. to the mark on
the n, passing a dirt rd. intersection and then, at about 0.8 mi, a single, large Joshua tree, under which is
USC&GS monument 38RS 1932. The WRD monument is 132 ft N.81°W. of the original mark, 93 ft s of C/L
of eastbound lanes of Hwy. 58, 1 ft s of a barbed-wire fence. It is a USDI triangulation station aluminum
tablet set in a concrete post projecting 0.1 ft above Is.

Last recovered on 4/1/92.

Santa Fe Trail 1 Rogers Lake North
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 10.2 mi n on this st.
(which becomes Lancaster Blvd.) to Rosamond Blvd. (Or, from Hwy. 14 in Lancaster, drive n to the
Rosamond Blvd. exit, thence e to Lancaster Blvd.) From this intersection, drive 0.3 mi ne on Rosamond Blvd.
to Fitzgerald Blvd., thence 0.3 mi se to Wolfe Ave., and thence 0.4 mi ne to Base Ops at Building #1200 on
the right. Obtain a radio and call ID, and access the lakebed at Gate A1200 between the ne end of Building
#1200 and the hanger to the ne. From the gate, turn left and drive 0.8 mi ne along Taxiway F to the fire
station, thence 0.25 mi e, skirting s of the control tower, on the ends of Taxiway F and Taxiway C, to a paved
crossroad, thence 0.1 mi n on the rd. to a bladed dirt rd. e, and thence 0.8 mi e. At 0.45 mi, cross the oiled
fly-by line which is at an oblique angle. At 0.5 mi, bear straight on the left of a Y-intersection and continue
to the edge of Rogers Lake, marked by yellow pipe gateposts. Bear right around the gateposts following lake
edge for 0.15 mi to the end of a peninsula. The WRD monument is at the e end of a downed PP, about 60 ft
e of a debris-strewn, sandy pile rising 4 ft, in line visually with Mercury Blvd. across the lake to the e and the
control tower to the w. It is a USGS gaging-station disk set in a concrete post flush with Is and stamped
"TBM JPL1."

Note: Restricted access. Lakebed access permission, flightline driving permit, and two-way radio contact are
required by Base Ops and Control Tower.

Note: The tablet was stable vertically, but was able to spin freely.

Last recovered on 8/7/92.

Sewage Treatment Pond 1 Redman
From Sierra Hwy. in Lancaster, drive n to Ave E, thence e to 120th St. E, and thence 7.5 mi n on the st.
(which becomes Lancaster Blvd.), or 5.5 mi n of EAFB guard gate, to Jones Rd. Drive e on Jones Rd.,
curving ne at 0.45 mi, for a total of 1.35 mi to another guard gate. Proceed for 0.5 mi ne to a triangular
junction with Ordnance St., continue straight for 0.1 mi to a stop sign, and thence drive right on an unnamed
rd. (not shown on 1973 topographic quadrangle) with several reverse curves for 0.7 mi, where it curves s to
join an older unnamed asphalt rd. Drive 1.0 mi s (passing a side rd. bearing sw at 0.13 mi, and a side rd.
right entrance to treatment facilities farther s) to a chain gate. Drive through or around the posts to the e and
drive another 0.6 mi s to the end of the rd. and Rogers Lake edge. The WRD monument is 87 ft n of a
warning sign near the shoreline, about 100 ft e of C/L of the rd., near witness posts, and is just below the crest
on the w side of a small knoll. It is a USDI triangulation station set in a concrete post and stamped "STP1
1992."

Note: Restricted access.

Last recovered on 4/5/92.

T1139 1961 Edwards
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit and thence e to Lancaster Blvd. (Or, from
Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, and thence 10.2 mi n on this st.,
which becomes Lancaster Blvd., to Rosamond Blvd.) Drive 1.75 mi n on Lancaster Blvd. to the intersection
with Forbes Ave. The USC&GS monument in 55 ft e of C/L of the blvd., 19 ft n of C/L of the ave., in the
top of the w end of the concrete headwall of a 36 in. concrete pipe culvert under Forbes Ave. and about level
with the ave.

Note: Restricted access.

Last recovered on 3/23/92.

Transect 8 Rogers Lake South
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 3 mi n to Ave. B,
and thence 4.9 mi e to where the ave. becomes a graded dirt rd. and the main rd. curves ne and becomes
Mercury Blvd. Continue ne on Mercury Blvd. for 2.6 mi to a side dirt track left, and thence 0.25 mi w to a 3-
foot-high staff gage set in Rogers Lake (passing a staff indicating a high-water mark location at 0.1 mi). Bear
sw, keeping the water tower (at the sw part of the lake) at the 11 o’clock position, then drive 0.45 mi until a
major fissure has been crossed. Drive 0.2 mi nnw toward the wooden shelter housing the shallow
extensometers and thence cross the black oiled lines delineating Runway 7/25 at 0.4 and 0.5 mi, continuing for
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0.25 mi past the runway to the mark near two orange fiberglass witness posts. The WRD monument is a
USDI triangulation station set in a concrete post flush with Is and stamped "TRN8 1991."

Note: Lakebed access permission, flightline driving permit, and two-way radio contact are required by Base
Ops and Control Tower.

Last recovered on 8/9/92.

U56 1926; 101-156 Rosamond
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit, thence 0.35 mi e to Sierra Hwy., and thence
0.3 mi s, or 0.2 mi s of RR milepost 394, to opposite the s shoulder of Center St., a side rd. w. The
USC&GS monument is 43 ft e of C/L of the hwy., 52.9 ft se of the center of the e headwall of a 36-inch-diam
corrugated pipe culvert A144+65, 8 ft w of PP 627109E, and 2.1 ft n of a witness post. It is set in a round
concrete post about 0.5 ft higher than the hwy. and projects about 0.3 ft above ls.

Last recovered on 3/18/92.

U1154 1961 Rosamond Lake
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit, thence 5.5 mi e to near the center of the n
side of Rosamond Lake. The USC&GS monument is 100 ft s of C/L of the blvd., 20 ft n of a "Underground
Telephone Cable" signpost, and 2.0 ft e of a witness post. It is set in the top of a round concrete post about 1
ft higher than the blvd. and projects 0.6 ft above Is.

Last recovered on 8/8/92.

V1146 1961 Rosamond
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit, thence 2.8 mi w to 50th St. W, and thence
0.8 mi s on the westernmost dirt rd. to the second dirt rd., a side rd. e and just n of a residential compound.
The USC&GS monument is 30.5 ft e of C/L of the st., 26.5 ft n of C/L of the rd., 17 ft ne of a section tablet
between sections 23 and 24, 2.0 ft nne of a witness post. It is set in a round concrete post about 0.5 ft above
the rd. and projects 0.5 ft above Is.

Last recovered on 5/7/92.

V1155 1961 Redman
From Sierra Hwy. in Lancaster, drive n to Ave. E, thence 9 mi e to 80th St. E (a graded dirt rd.), and thence
1.0 mi n to Ave. D (a graded dirt rd. only to the e). Bear nne to detour around trash heap, slowly crossing
two narrow ruts nearly 1 ft deep. Continue 0.05 mi n and then w, carefully crossing barbed-wire fencing on
the ground to the w side of the fenceline, thence 2 mi n to Ave. B, crossing a small depression or pond at 1.9
mi. The USC&GS monument is 20 ft n of C/L of the ave., 10 ft w of C/L of the st., and 1.5 ft s of a witness
post. It is set in the top of a round concrete post about 1.5 ft higher than the rd. and projects 0.7 ft above Is.
Last recovered on 4/7/92.

Y1139 1961 Edwards
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit and thence e to Lancaster Blvd. (Or, from
Sierra Hwy. in Lancaster, drive n to Ave. E, thence 13 mi e to 120th St. E, thence 10.2 mi n on this st., which
becomes Lancaster Blvd., to Rosamond Blvd.) Drive 3.8 mi n and thence ne on Lancaster Blvd. to a
prominent quartz monzonite outcrop on the n side of the blvd., 0.1 mi w of the Y-intersection with Rosamond
Blvd., and nearly opposite a new electric substation. The USC&GS monument is 109 ft nw of C/L of the
blvd., 195 ft sw of a PP on the n side of the blvd. where the power lines cross the rd., and 10 ft nw of a
witness post. It is set in the top of a 6 x 11-foot, nearly flat boulder which is about 1.5 ft above surrounding
Is, and is 5 ft ne of the ne face of a large outcrop projecting 7 ft above Is.

Note: Restricted access.

Note: The tablet is slightly bent up at the edges such that a 5-mm gap exists between the bottom of the tablet
and the cement; this occurs on the n half of the tablet, which has a shallow dish shape.

Last recovered on 2/2/93.

Y1154 1961 Rosamond Lake
From Hwy. 14 in Lancaster, drive n to the Rosamond Blvd. exit, thence 9.05 mi e on Rosamond Blvd., or
3.15 mi e of the place where the hwy. becomes divided by a median strip, to a paved cross-over between the
east- and west-bound dual lanes, which is opposite and slightly nw of an oblique junction of a dirt rd. bearing
se. Make a U-turn and drive 0.05 mi w to the mark where the bank rises. From the east, drive 1.35 mi w of
the EAFB guard gate. The USC&GS monument is 150 ft nw of the C/L of the paved cross-over, 45 ft n of
the C/L of the westbound lanes, and 2.5 ft w of a witness post. It is set in a round concrete post about 4 ft
higher than the blvd. and projects 0.2 ft above Is.

Last recovered on 8/8/92.
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7488 1955 Lancaster East
From Sierra Hwy. in Lancaster, drive 2.45 mi e to 20th St. E, thence 0.5 mi n to Ave. H8 (an unmarked, side
dirt rd. w), and thence 0.1 mi w to the ne corner of a 90°-bend in a rapidly eroding flood-drainage channel,
and where the rd. bears left, bridging the ditch, and becomes the driveway to a school. The USC&GS
monument is about 175 ft ene of a PP, about 125 ft wnw of a PP, about 125 ft ne of the ne corner of a
chainlink fence surrounding a cinder block building (1739 E Ave. H8), 39.3 ft ne of the n end of a 30-inch
pipe culvert, and 11.0 ft s of C/L of Ave. H8, in a small mound. It is set in a round concrete post about 2 ft
above the rd. and projects 0.1 ft above ls.

Note: As of 9/13/94, mark appears to have been destroyed or disturbed by flood channel activity. Use bench
mark A489 1955 (about 0.1 mi n) as alternate.

Last recovered on 8/4/92.
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