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METRIC CONVERSIONS

_ Metric equivalents of the inch-pound measurements used in this report are
given 1n parentheses. The metric equivalents may be calculated by use of the
following conversion factors:

From MuTtiply To obtain

Unit by Unit Abbreviation
foot 0.3048 meter m
mile 1.609 kilometer km
pound per 0.07031 kilogram per kg/cm?
Square inch square centimeter
square mile 2.590 square kilometer km?2




LAND-SURFACE SUBSIDENCE IN THE
TEXAS COASTAL REGION

By
Karl W. Ratzlaff

ABSTRACT

Land-surface subsidence has been mapped in the Houston-Galveston area and
is known to have occurred in other areas within the Texas coastal region. Most
of the subsidence has been caused by both the withdrawal of ground water and by
the production of 0il, gas, and associated ground water.

Land-surface subsidence was determined by comparing adjusted elevations of
bench marks for various periods of releveling and by comparing topographic maps
of the same areas for different years. In general, most of the Texas coastal
region has subsided less than 0.5 foot (0.15 meter). The largest amount of sub-
sidence measured in the region is in the Pasadena-Houston Ship Channel area,
where the land surface subsided between 8.5 and 9.0 feet (2.6 and 2.7 meters)
during 1906-73. The cause of the subsidence in this area was ground-water with-
drawals. Local subsidence caused by sulfur mining in the Moss Bluff Salt Dome
area has been reported to exceed 15 feet (4.6 meters).

In Jefferson County, the Spindletop Dome area subsided approximately 5
feet (1.5 meters) during 1925-77, and the Port Acres area subsided about 3 feet
(0.9 meter) during 1959-77, mainly from the withdrawal of oil or gas and asso-
ciated ground water. Local subsidence caused by sulfur mining in the Spindletop
Dome area has been estimated to exceed 10 feet (3.0 meters).

In southeastern Jackson County and northwestern Matagorda County, the land
surface subsided more than 1.5 feet (0.46 meter) during 1943-73 as a result of
ground-water withdrawals. Withdrawals of oil, gas, and associated ground water
caused more than 5 feet (1.5 meters) of subsidence during 1942-75 in the western
part of Corpus Christi in Nueces County.



INTRODUCTION
Purpose and Scope of This Report

The purpose of this report, which was prepared in cooperation with the
Texas Department of Water Resources, is to document the available information
on land-surface subsidence in the Texas coastal region.

The scope of the project was limited to the collection and analysis of
readily available subsidence data, but includes brief discussions of the causes
of subsidence and the methods of determining subsidence.

Location and Extent of the Area

The Texas coastal region (fig. 1), as used in this report, includes all or
parts of %; counties and has an area of approximately 23,400 square miles
(60,600 km¢). The region is bounded on the east by the Texas-Louisiana border
and on the south by the international boundary between the United States and
Mexico. The width of the region ranges from 40 to 92 miles (64 to 148 km) and
averages about 64 miles (103 km). The distance from Orange to Brownsville,
which are at the extreme ends of the region, is 468 miles (753 km).

The region is divided into five subregions (fig. 1). Subregion 1 includes
all of Hardin, Jefferson, and Orange Counties, and the southern parts of Jasper
and Newton Counties. Subregion 2 includes all of Brazoria, Chambers, Fort
Bend, Galveston, Harris, and Liberty Counties. Subregion 3 includes all of
Calhoun, Jackson, Matagorda, Victoria, and Wharton Counties. Subregion 4
includes all of Aransas, Jim Wells, Kleberg, Nueces, Refugio, and San Patricio
Counties. Subregion 5 includes all of Brooks, Cameron, Kenedy, Hidalgo, and
Willacy Counties.
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LAND-SURFACE SUBSIDENCE

The primary cause of land-surface subsidence in the Texas coastal region
is the withdrawal of ground water and oil, gas, and ground water associated
with the production of oil and gas. Subsidence in local areas may result from
sulfur mining.

When water is withdrawn from an artesian aquifer, an immediate decrease in
pore pressure occurs, which causes an equivalent increase in pressure on the
aquifer skeleton. Adjustment to the changes in pore pressure in the coarse-
grained (sand) beds of the artesian aquifer is instantaneous (Poland and Davis,
1969, p. 196), while the adjustments in the fine-grained (clay, silt, silty-
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clay) beds of the aquifer is slow. Thus a pressure difference between the
sands and clays is established that causes water to move from the clays into
the sands, which allows the clays to compact. The compaction results in a
decrease in land-surface elevation. Because compacted clays are relatively
inelastic, most of the subsidence is permanent.

The same principles involved in the withdrawal of ground water apply to
the withdrawal of fluids related to oil and gas production. However, there are
differences in reservoir properties and in the magnitude of man-made stresses
involved. O0il and gas reservoirs are commonly older, deeper, more consolidated,
and have less areal extent. These reservoirs have relatively small permeabil-
ities and porosity, and the reduction in fluid pressure in the producing zones
may be 20 times greater than that for ground-water reservoirs.

Land-surface subsidence in the study area was determined by comparing
bench-mark elevations for different periods of leveling. The data were obtained
from Tists of adjusted elevations published by the National Geodetic Survey for
the various periods. Additional elevation data were obtained from the Texas
Department of Highways and Public Transportation and the Texas Department of
Water Resources. In subregion 1 (fig. 1), topographic maps were also used to
delineate land-surface subsidence.

The bench marks shown on the illustrations in this report are those that
had a net loss in elevation. The time period for the corresponding losses is
not necessarily the same throughout a subregion; consequently, the subsidence
contours shown for each subregion are based on known and projected values for
the most prevalent time period. Special symbols on the illustrations are given
to those bench marks that represent the maximum time period between level runs.

The standard of accuracy for bench-mark elevations used in this report is
given by the National Ocean Survey (1974). The standard for first order level-
ing is described as follows: "The lines are divided into sections 1 to 2 km in
length, and each section is Teveled forward and backward. The difference in
the two Tevelings mus} got exceed 3.0 mm [millimeters] (K)1/2 for Class I (Basic
Net A), or 4.0 mm (K) /2 for Class Il (Basic Net B), where K is the distance in
kilometers."

The standard for second order, Class I leveling is described as follows:
"A11 lines should be divided into sections 1 to 2 km in length, and each section
should be run forward and backward, the two runnings of a section not to differ
more than 6 mm (K)l/2 where K is the length of the section in kilometers."

The standard for second order Class II leveling is described as follows:
"For double-run leveling, the Tine should be divided into sections of 1 to 3
km, and the forward and backward running of each section should differ by not
more than 8 mm (K)1/2 where K is the distance in kilometers."

The standard of accuracy for a 1.24-mile (2.0-km) first-order section for
Class I is 0.014 foot (0.004 m), and for Class II it is 0.018 foot (0.005 m).
The standard of accuracy for a 1.24-mile (2.0-km) second-order Class I section
is 0.029 foot (0.009 m), and for a 1.86-mile (3.0-km) second-order Class II
section it is 0.045 foot (0.014 m). The standards of accuracy are important
when considering elevation differences of less than 0.05 foot (0.015 m). Ele-
vation differences of this magnitude are common in subregion 5.
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Land-surface subsidence in the Texas coastal region is generally less than
0.5 foot (0.15 m); however, two large areas where land-surface subsidence
exceeds 0.5 foot (0.15 m) are the Houston-Galveston area in subregion 2 and a
rice irrigation area in subregion 3. Elsewhere in the coastal region, subsid-
ence exceeding 0.5 foot (0.15 m) is more localized.

Subregion 1

Land-surface subsidence from 1918 to 1977 in subregion 1 is generally
less than 0.5 foot or 0.15 m (fig. 2), but subsidence has exceeded 1.0 foot
(0.3 m) in the Spindletop Dome area and the Port Acres area. Land-surface sub-
sidence in the Spindletop Dome area (fig. 3) is related to the withdrawal of oil,
gas, associated ground water, and the solution mining of sulfur. The maximum
subsidence attributable to withdrawal of oil, gas, and associated ground water
is approximately 5 feet (1.5 m), which was determined by comparing a 1925 topo-
graphic map of Jefferson County with a 1977 topographic map of Jefferson County
Drainage District No. 7.

With regard to subsidence due to the sulfur mining, Wesselman (1971, p.
25) states that, "Extremely localized subsidence sometimes takes place when
sulfur is removed from the cap rock of the salt domes by the Frasch process.***
The Frasch process of removing sulfur has been initiated at the Fannett and
Spindletop Domes in the last decade but noticeable subsidence that could be
attributed to this cause was not found during this study." However, an arcuate
depression, indicating that subsidence caused by removal of sulfur has occurred,
is shown on the Jefferson County Drainage District No. 7 (1977) topographic
map, but is not present on the Beaumont East (1960) topographic map. On-site
observations verified that the depression exists.

The amount of subsidence attributable to the sulfur mining cannot be easily
determined from the maps because part of the depression is filled with water.
Comparison of contours on the 1960 and 1977 topographic maps indicates a differ-
ence in elevation of approximately 15 feet (4.6 m) at the deepest part of the
depression. By subtracting the 5 feet (1.5 m) of subsidence caused by the with-
drawal of o0il, gas, and associated ground water, the subsidence attributable to
sulfur mining is estimated to exceed 10 feet (3.0 m).

The maximum land-surface subsidence in the Port Acres area during 1959-77,
as shown on figure 4, is approximately 3 feet (0.9 m). The subsidence was deter-
mined by comparing 1959 and 1977 topographic maps of Jefferson County Drainage
District No. 7 and by examining available releveling data. Measurements of the
elevation of bench mark Gl1016 (fig. 4) show that during 1954-59, the bench mark
subsided 0.07 foot (0.021 m) and that during 1959-73, it subsided 2.89 feet
(0.88 m). A comparison of the topographic maps indicated small but additional
subsidence during 1973-77. Ground-water withdrawal in the Port Acres area was
insufficient to cause land-surface subsidence of this magnitude.

The rapid increase in subsidence between 1959 and 1973 corresponds closely
to the discovery and development of the Port Acres Gas Field in 1957. The pro-
ducing zones of the field range in depth from 9,184 to 10,625 feet (2,799 to
3,238 m). The compressibility of the sediments at these depths is unknown, but
loading of the zone has been significant. Decreases_in well-head pressures of
as much as 5,100 pounds per square inch or 360 kg/cm2 (The Railroad Commission
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of Texas, unpublished records) have been measured. The most probable cause of
land-surface subsidence in the Port Acres area is the withdrawal of oil, gas,
and associated ground water.

Other areas of land-surface subsidence of more than 0.5 foot (0.15 m)
occur in the eastern, central, and western parts of Orange County, in northern
Jefferson County, and in two small areas in southeastern Jefferson County.

The subsidence in Orange County is related mainly to ground-water with-
drawals. The subsidence in northern Jefferson County is in or near the city of
Beaumont (fig. 2). The primary cause is not as apparent as it is in Orange
County, but subsidence is probably caused by ground-water withdrawals. Although
no well fields are directly associated with the area of subsidence in Beaumont,
a well field is near the subsided area. Subsidence west of Beaumont is probably
caused by the fluid withdrawals related to oil and gas production. There are
no water-well fields in the area to provide the necessary stress to the aquifer
system to cause subsidence.

The area of subsidence in northwestern Jefferson County is probably caused
by ground-water withdrawals. The two small areas in southeastern Jefferson
County (fig. 2), where subsidence is greater than 0.5 foot (0.15 m), may be
areas with Tocal conditions of relatively large compressibility or undetected
water-level declines.

Subregion 2

Land-surface subsidence in the Houston-Galveston area of subregion 2 (fig.
5) has been well documented by Gabrysch and Bonnet (1975). Subsidence is gen-
erally greater than 0.5 foot (0.15 m), and the greatest measured amount, between
8.5 and 9.0 feet (2.6 and 2.7 m), occurred in the Pasadena-Houston Ship Channel
area.

The subsidence shown on figure 5 was caused more by the withdrawal of
ground water than by the withdrawal of oil, gas, and associated ground water.
Local subsidence probably occurs in most of the oil and gas fields, but the con-
trol necessary to define the amount is not available.

Subsidence in the vicinity of Freeport in Brazoria County is caused by
ground-water withdrawals from the shallow subsurface for municipal supply and
industrial use. Subsidence in the vicinity of the 01d Ocean 0il and Gas Field
is probably the result of water-level declines rather than pressure declines
due to 0il and gas production.

Subsidence greater than 15 feet (4.6 m) was reported, but not measured
(Wesselman, 1971, p. 25), at the Moss Bluff Salt Dome on the Liberty-Chambers
County line just east of the Trinity River (fig. 5). This subsidence was caused
by sulfur production.

Subregion 3

Land-surface subsidence during 1918-73 in subregion 3 (fig. 6) is gener-
ally less than 0.5 foot (0.15 m). An area of subsidence of at least 0.5 foot
(0.15 m) extends into Matagorda and Victoria Counties from Jackson County, with
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the greatest amount of subsidence, more than 1.5 feet (0.46 m), in southeastern
Jackson County and northwestern Matagorda County. The principal cause for the
subsidence in subregion 3 is ground-water withdrawals.

Withdrawals of o0il, gas, and associated ground water have probably caused
the subsidence in the areas adjacent to the 0il and gas fields. The subsidence
at Bay City probably is the result of withdrawal of both fresh ground water and
0oil, gas, and associated ground water. The subsidence in eastern Matagorda
County is probably caused by withdrawals of ground water for irrigation.

The large area of subsidence in the eastern one-half of Jackson County and
the northwestern part of Matagorda County, most of which occurred between 1950
and 1973, is the result of declines in water levels resulting from an increase
in ground-water withdrawals for irrigation in the early 1950's (Loskot and
others, 1979). The area of subsidence extending westward from Jackson County
into Victoria County is also the result of an increase in ground-water withdraw-
als for irrigation.

Land-surface subsidence in southeastern Victoria County is probably related
to oil and gas production. There are very few water wells and only a small
amount of ground-water withdrawal in the subsided area. Water levels in observa-
tion wells within the subsided area declined more than 1 foot (0.3 m) from
1958 to 1973 (Texas Department of Water Resources, unpublished data); but
these declines were not sufficient to cause the subsidence shown for the area.

Subregion 4

Land-surface subsidence in subregion 4 (fig. 7) is generally less than 0.5
foot (0.15 m). The maximum periods of record are 1918-51 in Refugio and San
Patricio Counties and 1942-75 in Nueces County. The subsidence for these two
periods is shown on figure 7.

The two areas that have subsided more than 0.5 foot (0.15 m) are in the
western part of Corpus Christi in Nueces County and in the southern part of
Refugio County. The maximum measured land-surface subsidence in Corpus Christi
is 5.28 feet (l1.61 m), which occurred between 1942 and 1975. There are no
water wells in or near the subsided area in which the head decline has been
large enough to cause the subsidence. The outline of the subsidence bowl,
which closely corresponds to the outline of the Saxet 0il and Gas Field; the
comparative shallowness of the Saxet field (4,060-8,100 feet or 1,237-2,469 m);
and the lack of ground-water withdrawal indicates that the cause of the subsid-
ence at Corpus Christi is the withdrawal of oil, gas, and associated ground
water.

The maximum measured subsidence in Refugio is 0.74 foot (0.23 m), which
occurred between 1918 and 1951. Approximately 90 percent of the subsidence
occurred between 1918 and 1943.

It is not possible to determine the cause of subsidence from the data
available. The few records of water levels that are available indicate that the
deep wells, 800-900 feet (245-275 m), were flowing wells. Mason (1963, p. 27)
states that, "In most of the county, the water levels have declined in recent
years due to increased pumping, and as a result, many wells have stopped flow-
ing or their flows have decreased."
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The water level in a deep well within the subsided area declined from 60
feet (18 m) above land-surface datum in 1937 to 19.7 feet (6 m) below land-
surface datum in 1961. This may have been enough reduction of head to cause
the subsidence. The Refugio 01d and Refugio New 0il and Gas Fields were dis-
covered in 1920 and 1931, and the subsequent withdrawal of oil, gas, and asso-
ciated ground water may have contributed to the subsidence.

Subregion 5

Maximum measured land-surface subsidence during 1917-51 in subregion 5
(fig. 8) was 0.42 foot (0.13 m).

In Brooks County, the early development of ground water was principally
for public and domestic supply and livestock use (Myers and Dale, 1967).
Irrigation increased rapidly in the early 1960's.

In Kenedy County, ground-water development is mainly for domestic supply
and livestock use in the central and western parts of the county (Baker and
Dale, 1961). Most of the ground-water development in Hidalgo County for irri-
gation is in the southern and central parts of the county, while the develop-
ment for domestic supply and livestock use is scattered throughout the county.

Almost all of the ground-water development in Cameron County is in the
western one-half of the county. The majority of the development is for live-
stock use, domestic supply, and irrigation (Baker and Dale, 1961), but there
is some industrial and public-supply development.

The decline in water levels in the subregion varies in amount, time, and
extent. The greatest recorded declines are in Brooks County, where there has
been at least 110 feet (33.5 m) of decline in the north-central and northeastern
parts of the county from 1932-33 to 1964-65 (Myers and Dale, 1967). Water
levels declined everywhere in Brooks County during that time except in the west-
central part of the county.

Historical water-level records for Kenedy and Willacy Counties are not
available, but it is known that in Kenedy County many of the wells that form-
erly flowed ceased to flow prior to 1968 (Shafer and Baker, 1973).

In Hidalgo County, water levels in the northern part of the county declined
from 19047-48 to 1957-58. In the southern part of the county, the water levels
rose from 1933 to 1945.

Water-level records from Cameron County are inadequate to determine water-
level trends. However, the water levels probably followed the same trends as
in Hidalgo County because ground-water development in both counties occurred
about the same time and for the same purpose.

It is difficult to determine if subsidence has occurred in subregion 5.
As indicated, the decline in elevation at most of the bench marks is small, gen-
erally less than 0.1 foot (0.3 m). In fact, most of the bench-mark elevation
differences in Cameron County are less than 0.05 foot (0.015 m). Many of these
elevation differences are within the standard of accuracy mentioned earlier in
this report. In southern Cameron County, bench mark U48, which had a 0.42-foot
(0.13-m) loss in elevation during 1917-51, is in an area where ground-water de-
velopment did not occur until after 1949.
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If subsidence has occurred in the areas where repetitive levelings were
made, the amounts are very small. In Brooks County, where water levels have
declined, no subsidence has been detected because of the lack of repetitive
leveling.
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