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ABSTRACT

Average daily ground-water withdrawals in the Houston district, Texas,
reached an all-time high of 338,000,000 gallons in 1954. However, the increase
in pumpage over that of 1953 was confined to the Katy rice-irrigation ares, where
a record high of about 67,000 acres was irrigated. The completion of Lake Houston
Dam on the San Jacinto River and the resulting increased use of surface water in
the heavily industrialized Houston-Pasadena area permitted the first decrease 1n
ground-water pumping in that area since 1941. The average daily vithdrawal in the
Houston-Pasadena area in 1954 vas about 180,000,000 gallons 85 compared vith
186,000,000 gallons in 1953.

In the Baytown~La Porte area, which lies to the east of the Houston district,
the average daily pumpage in 1954 vas about 22,000,000 gallons as compared with
23,000,000 in 1953, and 25,000,000 in 1952.

As a result of the decrease in pumping in the Houston-Pasadena area in 1954,
large recoveries of vater levels have been observed in many veIls throughout the
area. The largest recoveries were noted in some of the veIls of the city of
Houston, where a maximum recovery of 31 feet vas recorded in one well between
spring measurements in 1954 and 1955.

Water levels in veIls in the Katy area continued to decline at a slow rate.
Declines in 57 observation wells averaged 4.9 feet during the 2-year period
1953-55.

Water levels in wells in the Baytown-La Porte area continued to decline at
slow rates.

A quality-of-water observation program designed to detect salt-water
encroachment into the heavily pumped sands has been in effect for many years.
During this program substantial changes in quality have been observed in two test
wells south of Pasadena. The chloride content of the water in one well increased
by 28 parts per million between 1948 and 1955, and in another well it increased
by 165 parts per million from 1950 to 1955.
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As a result of the lowering of artesian pressures in the Houston district, a
general subsidence of the land surface has taken place. For every 100 feet of
decline 1n artesian pressure since 1943 about 1 foot of land-surface subsidence
has occurred. Recent relevellng indicates that the land surface in the Vicinity
of the ship channel has subsided more than 2 feet since 1943.
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INTRODUCTION

Location

The Houston dis~ric~J as used in this report, comprises an area of about
1,800 square miles and includes Harris County west of the San Jacinto River and
adjoining parts of For~ Bend, Waller, and Montgomery Counties (fig. 1). The
district can be subdivided on the basis of ground-water withdrawals into three
main areas (fig. 2) as follows:

(1) The Katy ares, composed of irrigated rice lands,
occupying much of northern and western Harris
County, northern Fort Bend County, and south
eastern Waller County.

(2) The Houston ares, consisting of the city of Houston
and the closely adjoining territory.

(3) The Pasadena ares, which includes the Ship Channel
subarea, a heavily industrialized zone extending
east from Houston along the Houston Ship Channel
to the vicinity of Deer Park.
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Data for the Baytown-La Porte area, which is not part of the Houston district
but which is in that portion of Harris County east of the San Jacinto River and
southeast of the Pasadena area, also are published in this report. Most of the
ground ..ster used in the Be.ytowm-la Porte area is obtained from \lells screened in
the "Alta Loma" sand (Rose, 1943) vbieh is the principel aquifer in Galveston
County.

Purpose Bnd Scope of Report

This is one of a series of reports* presenting information regarding the
ground-water resources of the Houston district obtained by the United States
Geological Survey in cooperation with the Te~~s Board of Water Engineers and the
city of Houston. The report presents data on pumpage, changes in artesian pressure,
Bnd related information compiled during the period 1953-55.

The geology, geography, and climate of the Houston district have been
described in previous reports. The geology of the district was summarized by
Lang and Winslow (1950), and the water resources of the Houston-Galveston region
were discussed by Goines, Winslow, and Barnes (1951).

The fieldwork and preparation of this report were under the aaninistrative
direction of A. N. Sayre, Chief of the Ground Water Branch, U. S. Geological Survey,
and under the direct supervision of R. W. Sunds~rom, District Engineer in charge
of ground-water investigations in Texas.

PUMPAGE

Houston District

A pumpage inventory has been made in the Houston district each spring
covering the preceding calendar year. Pumpage data were obtained from all
industries, municipalities, and water districts pumping more than 5,000 gallons
of water per day. Although many of the smaller industries and municipalities do
not meter the water pumped from wells, nearly all the larger water systems are
metered, so that more than 80 percent of he water pumped in the Houston-Pasadena
area is recorded by meters. It is necessary ~o estimate the remainder, which is
less than 20 percent Pumpage figures for the Ka~y area were based on the acreage
irrigated, the duty of water per acre, the total rainfall during the pumping
season, and the total amount of power con~umed by irrigation pumps each season.

* See bibliography.
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The total pumpage in the Houston district in 1953 averaged 306,000,000
gallons per day (gpd), and in 1954 averaged 338,000,000 gpd, compared with
308,000,000 gpd in 1952. Figure 3 shows the average daily pumpage from 1930 to
1954, inclusive, and shows the continued upward trend of rates of withdrawal of
ground vater in the Houston district.

K5ty area

The KBty area, as used in ~his report, is the rice-irrigation area in
northern and ,estern Harris County, eastern Waller County, and northern Fort Bend
County (fig. 2). The number of acres of rice irrigated by ground water in the
Katy area increased from approximately 55,000 in 1952 and Se,OOO in 1953 to
approximately 61,000 in 1954. About 225 wells ranging in dep~~ from 200 feet to
1,e500 feet were in use in 1954. The a.verage pumpage in the Ka'ty R-rea was about
120,000,000 gpd in 1953 and 160,000,000 gpd in 1954, as compared with 128,000,000
gpd in 1952. Figure 3 shows the average daily pumpage for 'the peri~i 1930-54.
Daily withdrawals during the 5-month pumping season (about 400,OOO,OOl. .::pd) are
more than twice as high as the average daily pumpage given a.bove, which is averaged
for the whole year.

Houston-Pasadena area

The completion of Lake Houston Dam on the San Jacinto River early in 1954
made larger amounts of river water available 'to the industries along the ship
channel during the last half of the year. As a result of the completion of the
dam and treatment plant, surface water was supplied to the Houston municipal
mains in May 1954 for the first time since 1904. .. Ie year 1954 was the first
since 1941 during which less water was pumped from wells in the Houston-Pasadena
area than during the preceding year. By the end of 1954 the treatment plant was
supplyiog more than 16,000,000 gpd of wter from I.e.ke Houston. The average use by
the Houston Water Department in 1954 ....as 8,800,000 gpd of treated surface water
and 72,500,000 gpd of ground W'ater. This canpares vith 77,300,000 gpd of ground
water in 1953 and 73,700,000 gpd in 1952.

Ground-water withdrawals from the industrial W'ells in the Pasadena area
averaged 75,000,000 gpd in 1954, as compared W'ith 80,000,000 gpd in 1953 and
75,000,000 grJd in 1952. During the latter part of 1954, because of increased use
of surface water, the rate was appreciably less than the figure quoted above,
W'hich is the average for the full year. The average daily pumpage in the Hou~ton

Pasadena area is shown in figure 4.
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Most of the ground-water ~ithdrawal in the Pasadena area takes place in the
Ship Channel subarea (fig. 2) where many industrial plants are located on both
banks of the Houston Ship Channel. Table 1 shows that more than 80 percent of the
ground-water pumpage in the Pasadena area is concentrated in the comparatively
small Ship Channel subarea. This is also where the greatest lowering of artesian
pressure has taken place (fig. 14).

Table 1.- Estimated average daily pumpage in the Pasadena area
in million gallons per day.

Pasadena area

Ship Channel subarea

1952

83

73

1953

87

1954

The average daily pumpage of ground water during the years 1952, 1953, and
1954, by different classes of users in the Houston and Pasadena areas, is shown in
table 2. The chemical plants have replaced the oil refineries as leading industrial
users of ground Yater because one of the oil refineries has reduced its use of
ground water as increased surface-water supplies became available. The paper mill
also has reduced its consumption of ground water, by increasin~ its use of river
water from Lake Houston. Other industries are constructing pir-elines and other
facilities for the use of river water, so that the pR~page of ground water in the
Pasadena area should be less, or certainly no greater, in the immediate future.

Table 2.- Estimated average ground-water pumpage for public,
industrial, and miscellaneous supplies in the Houston
Pasadena area, in million gallons per day, 1952-54.

1952 1953 1954

Public supplies
Houston Water Department 73.7 77-3 72.5
Suburban 12.9 13·0 15.8

Industrial supplies
Chemical plants 18.2 21.0 25.7
Oil refineries 24.1 27.0 22.7
Power plants 10.1 12.0 13·5
Paper mill 22.0 19.0 13·0
Steel mills 6.0 6.1 5.5
Tool companies 1.9 1.7 1.6
Ice plants 1.9 1.5 1.5
Railroads and allied plants 1.7 1.6 1.3
Food manufacturers and processors 1.5 .9 1.1
Cement plants .7 .7 .8
Meat-packing plants .6 .5 .5

Miscellaneous supplies
Office buildings, hotels, laundries,

country clubs, and other plants that
use more than 5,000 gallons per day 4.8 4.3 3. 4

TarAL 180.1 186.6 178.9
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Electric-po~er generating plants have becoree the ~hird largest industrial
user of ground ~ter in ~he Houston-Pasade~a area. GrOtir.d-water withdrawals by
other classes of industrial users remained about the same or decreased slightly
in the period 1952-54.

In 1954, the Houston Water Department obtained about 95 percent of its
ground water from 45 wells 1n 7 well fields within and adjacent to the city.
Figures 5 and 6 show the average daily pumpage from each well field and the
hydrograph of 8 representative well in each field. The reductions in pumping
rates in most fields and in the Houston-Pasadena area have permitted a recovery of
artesiaD pressure in each well field for the first time in many years. Both the
South End and Southwest well fields vere p~ped at higher rates in 1954 than in
1953, but each had two nev veIls in 1954 ~bicb distributed the pumpage over a
larger aree.

In addition to the wells in the seven fields, smaller wells were operated by
the Water Department in several areas annexed to the city since 1949. Several
one-well plants were constructed during 1954 and 1955, at the folloving locations:
Afton Village, Airport, Linkwood, Meyerland, and South Park (fig. 11).

Baytown-La Porte Area

The average daily pumpage in the Baytown-La Porte area during the period
1920-54, and hydrographs of representative wells, are sho'JD graphically in :figure 7.
Ground-water withdrawals averaged about 23,000,000 gpd in 1953 and 22,000,000 gpd
in 1954. The withdra~al in 1952 was about 25,000,000 gpd. The decreases in total
pumpage were due to conservation practices at the various plants and to an increased
use of surface water by the largest user of ground water in the area. Table 3 shows
the average amount of ground water withdrawn by the different types of users.

Table 3.- Estimated average pumpage in the Baytown-La
1952-54, in million gallons per day.

1952 1953

Porte area,

1954
Industries 20.1 17.8

Public supply

Rice irrigation

TarAL

2.0

24.8

3.0

2.0

22.8

15.2

4.1

21.8
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CHANGES IN ARTESIAN PRESSURE

Houston District

The water-bearing formations in the Houston district may be thought of as
one hydraulically connected unit. The sand zones, which transmit water R30Y times
more rapidly than the clay zones, tend to be continuous in a lateral direction but
are interrupted in the vertical direction by more or less continuous beds of clay.
Prior to 1910, when ground-water withdrawals were small, the artesian pressure
increased with depth, because the outcrop areas of the deeper sand horizons are
farther inland and at a higher elevation than are those of the shallower sands.
As the distance from the outcrop area increased, the artesian pressure (uith respect
to sea-level datum) in a given sand zone decreased, because this water lost head in
percolating slowly down the dip, as well as upward through the clay zones into a
zone of lower pressure above. Heavy withdrawals from deep sand horizons have
changed the pressure gradients so that, locally at least, water is percolating from
shallow zones to deeper zones. This vertical percolation of water accounts for
only a small percentage of the water being withdrawn from the heavily pumped areas.
Most of the water entering the wells moves laterally toward the wells through the
permeable sand zones from areas several miles distant.

The withdrawal of Yater from a well lowers the artesian pressure in the
immediate area, establishing a new hydraUlic gradient within the aquifer. The
gradient is controlled by the physical characteristics of the aquifer and the rate
of withdrawal of water. Because at anyone place the physical characteristics of
the aquifer are constant, the hydraulic gradient is proportional to the rate of
withdrawal. In the Houston-Pasadena area, the rate of withdrawal from wells
increased each year from 1941 through 1953, so that the artesian pressure declined
and the gradient became steeper. When the amount of water withdrawn from an aquifer
decreases, the gradient becomes smaller and water levels rise. The increased use
of surface water in 1954 and the resulting decrease in ground-water withdrawal in
the Houston and Pasadena areas caused a marked recovery of water levels in some
parts of the areas by March 1955. The largest increases in artesian pressure
(rises in water levels) were noted in the city of Houston's well fields. Figure 8
outlines the areas where artesian pressures in the most heavily pumped sands
increased from the spring of 1954 to the spring of 1955. Table 4 (p. 28) shows
static (nonpumping) levels in city of Houston municipal wells for several years
and the changes in artesian pressure for various intervals. From the table it can
be seen that the recovery of artesian pressure in the Northeast well field averaged
more than 20 feet from ~~rch 1954 to March 1955-

Figure 9 shows a comparison of the yearly change in average daily pumping
rate in the Houston-Pasadena area with the yearly change in water level in Harris
Coun~y well 1170, which is near the point of lowest artesian pressure. Figure 10
is a hydrograph of Harris County well 1170 for the period 1931 to 1955. By
inspecting figure 4 and figure 10, it can be seen that ground-water withdrawals
and water levels were fairly constant from 1930 through 1936. The large increase
in withdrawal in 1937 resulted in a correspondingly large decrease in artesian
pressure. Except for 1939 and 1941, the pumpage increased each year from 1937
through 1953, although the rate of increase slackened at the end of World War II
in 1945 and during the slight business recession in 1949.
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From a study of the records of pumpage and water levels, it 1s apparent
that there is no "deficiency" of ground water in the Houston district, only a
"deficiency" of artesian pressure in the areas ....here withdrawals of ground 'Water
have been concentrated. It would require a tremendous lowering of the artesian
pressure to dewater the sands, but other unwanted effects may accompany further
lowering of artesian pressure. These effects are discussed later in this report.

Artesian pressures caD be maintained at the maximum possible levels by
properly spacing wells and well fields. Excellent examples of proper and improper
spacing are seen in the Houston district. In the Pasadena ares, the wells are
closely spaced and high pumping rates p~ve caused excessive levering of artesian
pressures. In the Houston area, where the principal user is the city of Hous~on,

the well fields are dispersed throughout the city and the individual wells vithin
the fiel?~ are widely spaced. As a result, the declines in artesian pressures
have been much less than in the Pasadena area, even though more vater is pumped in
the Houston area. In the Katy area, the irrigation wells are spread over a still
larger area, and even though nearly as much vater is pumped as in the Houston and
Pasadena areas combined, declines in artesian pressures have been relatively small.

The largest part of the ground water pumped in the Houston-Pasadena area is
from wells screened in sands 500 to 1,800 feet below the surface, although many
smaller wells are screened shallower than 500 feet and some wells are screened as
deep as 2,550 feet below the surface. Nearly all the larger wells are screened
opposite more than one sand, and most are screened opposite several sands. In the
larger wells the screens are surrounded by a gravel envelope, which provides a
connection between all sands below the surface casing.

Water levels in more than 300 observation veIls are measured at various
intervals in ~he Houston district (:igs. 2 and 11). As many of the wells are of
the multiple-screen, gravel-pack type, and as ar~esian pressures differ with depth,
it is very difficult to construct a piezometric map for any particular sand or
group of sands. Figures 12, 13, and 14 show the approximate altitude of water
levels in wells in the Houston district in January 1941, Marcb 1951, and March 1955,
respectively. As is pointed out in the figures, the levels upon which the contours
are based are from wells screened in the most heavily pumped sands.

Katy area

Figure 15 shows hydrographs, for the period 1931-55, of two wells in the r1ce
irrigation area (Harris County well 186, and Waller County well F-25). Although
the wa~er-level trend is downward, it 1s at a very slow ra~e compared to the
declines experienced in the Houston-Pasadena area during the same period, because
the pumping is spread over a larger area. Declines of water level in 57 observation
wells in the area between the spring measurements of 1953 and 1955 ranged from 0.1
to 10.2 feet and averaged 4.9 feet. In one well the water level rose 0.8 foot.

•
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FIGURE 15.¥Chonges In ortesOn pressure in the KQty area.
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Pasadena area

In the Pasadena area most of the ground water is obtained from wells screened
more than 600 feet below the surface. Water levels in these deeper wells were
generally several feet lower in the summer of 1953 than in the summer of 1952.
However, because of changes 1n rates of ground-wa~er withdrawal in 1954, the water
levels in these wells were higher or only a little lower in the summer of 1954
than in the summer of 1953. By March of 1955 water levels in some wells were
higher than in either 1953 or 1954. Figures 10, 16, 17, and 18 show examples of
water-level fluctuations in representative wells in the Pasadena area.

In the area from eastern Pasadena to Deer Park, several of the large-capacity
wells are about 500 feet deep. These wells Bre screened in the "Alta Loma" aond,
which is the principal aquifer in Galveston County and in the Baytown-La Porve area
of Harris County. The hydrograph of the shallow well shown in figure 17 is repre
sentative of wells screened in this sand. Both the wells represented in figure 17
are quickly affected by increases and decreases in nearby ground-water withdrawals,
as is shown by the substantial recovery of water levels during the early summer of
1952, when several oil refineries were shut down. The water levels declined as
pumping was resumed in July.

Houston area

The largest user of ground water in the Houston area is the Houston Water
Department. Several industries in the eastern part of the area also use large
quantities of ground water from their own wells, and some industrial, suburban
public-supply, and other users withdraw water from wells in many parts of the
Houston area. Water levels in the city wells recovered more than those in other
wells during late 1954 and early 1955 because of the decreases in ground-water
pumping that the city scheduled in order to utilize as much surface water as
possible (table 4). Nearly all wells in the Houston area had higher water levels
in March 1955 than in March 1954, except those on the south and west sides of the
area (fig. 8).

In eastern Houston, artesian pressures in 9 observation wells declined an
average of 1.4 feet from the spring of 1953 to the spring of 1954. From the spring
of 1954 to that of 1955, the pressures in the same wells rose an average of 3.1
feet, so that the average change in artesian pressure was a rise of 1.7 feet between
the spring of 1953 and the spring of 1955. This cOJ.lpares with an average decline
of 25.8 feet in the same wells from the spring of 1951 to the spring of 1953.
Figure 19 shows hydrographs for three industrial wells in eastern Houston.

Hydrographs showing water-level changes in wells in northern Houston and in
central and western Houston are shown in figures 20 and 21, respectively.
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FIGURE 17.-Componson of chonges In orteslOl"l pressure In 0 shallow cn:t 0 deep well In the eostern port of
the Posodeno area 00 the Ship Channel.
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Bullet" 5602

FIGURE 18. Componson of Changes In arteslon pressure In Iwo Single screened deeP wells In the southern
porI of the Pasadena areo.
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Baytown-La Porte Area

Fluctuations of water levels in wells in the Baytown-La Porte area in
response to changes in pumping rates are shown graphically in figure 7.

The water levels recovered in 1929-32, 1940-41, and 1945-46 because of
decreases in the rate of withdrawal, and declined during periods of increased
withdrawals. Decreases in the pumping rate during 1953 and 1954 in the Ilaytovn-
La Porte area are not reflected as increases of artesian pressure because the rate
of vlthdrswal from the "Alta Loman sand in the adjacent Pasadena area was increased
during the period 1950-54. The net decline of water levels in wells in the "Alta
Loma" sand in both the Baytown-La Porte area snd the Pasadena area has been much
less than the decline of water levels in wells in the deeper sands in a comparable
period.

CHANGES IN ClIDIICAL QUALITY

The heavily pumped sands in the Houston-Pasadena area contain salt water a
few miles down the dip, or southeast of the area of large ground--w:~ter withdrawals
(Winslow and Doyel, 1954b). Because the water in ~he sands moves from areas of
higher head to areas of lower head (down the hydraulic gradient), salt water must
be moving from the soutbeast toward the Houston-Pasadena area. The individual
sands vary in their ability to transmit water an~ the hydraulic gradient is different
in each sand; therefore, the rates of movemen~ of the salt water in the sands are
different. Because of their physical characteristics, some sands were not flushed
of salt water as far down the dip as were other sands~ The necessary data to
locate accurately the contact zone or "interface" between the fresh and the salt
water in each of the many sands are not available. The "interface" in some sands
may be closer to the Houston-Pasadena area than is suspected, although present
information places the nearest salty ground water 5 or 6 miles from the areas of
heavy pumping, or about 80 years away at the current apparent rate of movement
through the sands.

Approximately 70 wells have been sampled periodically in the Houston district
to detect any incursion of salt water. Except for two wells, partial chemical
analyses of water samples have failed to indicate any significant changes in the
quality of the water. Water from city of Houston test wells 8 and 9 (Harris County
wells 1229 and 1230) has changed considerably since 1948 (fig. 22). The chloride
content of water from well 1229, which is screened between 1,661 and 1,676 feet
and is about 3~ miles south of the Pasadena city hall, increased 28 parts per
million (ppm) from March 1948 to March 1955. The chloride content of water from
well 1230, at the same location and screened between 1,399 and 1,414 feet, increased
by 165 ppm from March 1950 to March 1955.
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FIGURE 22.-Graph showing chloride content and total aikalinity of water

from Harris County wells 1229 and 1230.
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In many areas in southeastern Harris County no wells are screened at the
proper depth to detect changes in the quality of water. Test wells should be
located at strategic points in these areas and screened at the proper depths so
that the fresh water-salt water "interface" can be mapped and the rate of move
ment of the salt water down the hydraulic gradient in the different sands can be
observed. Winslow and Doyel concluded that such wells are particularly needed
in the area between La Porte and Deer Park, where the fresh water-salt water
"interface" is probably closest to the areas of large ground-water withdrawal.

SUBSIDENCE OF THE lAND SURFACE

Declines in artesian pressures resulting from heavy pumping have caused a
general subsidence of tte land surface throughout a large part of the Houston
district. Precise releveling of certain bench marks by the U. S. Coast and
Geodetic Survey in 1942-43 and in 1950-51 indicated a regional settling or sub
sidence of the land surface which was proportional to the decline of artesian
pressure during that period. A subsidence of about 1 foot for each 100 feet of
decline of artesian pressure was noted (Winslow and Doyel, 1954a).

More extensive leveling done during the 1953-54 field season shows that about
2 feet of land-surface subsidence took place in part of the Pasadena area near the
ship channel between the 1942-43 reIeveling and the 1953-54 releveling. Contours
through points of equal subsidence based on the observed elevations of 1953-54
(unadjusted) show a shallow depression in the land surface which coincides in
location with the depression in the artesian-pressure surface.

The principal cause of the subsidence is believed to be a compaction of the
clay beds associated with the water sands. As the head is lowered in the sands
by concentrated ground-water withdrawal, part of the water contained in the clays
overlying and underlying the sands drains into the sands. The weight of the over
lying sands and clays, which are poorly consolidated, causes the clays to become
more compact when the artesian head, which supports a part of the weight, is
reduced. Winslow and Doyel (1954a) estimated that one-sixth of the water pumped
from wells between 1943 and 1951 was derived from the clays. Figure 23 shows a
striking comparison between the hydrograph of a well near downtown Houston and
the "subsidograph" of a bench mark about 6,000 feet from the well.

In the Houston district the subsidence to date has been relatively uniform,
so far as each small locality is concerned, so that its effect on manmade structures
has been measurable only with precise instruments. However, in the Texas City area
of Galveston County, where large quantities of water have been pooped from
shallower sands, the differential settling in places has disturbed buried pipelines,
reversed the flow of sewers, and warped some large structures.

Releveling by the U. S. Coast and Geodetic Survey every 5 years has been
planned for the Houston district. Further study of the relation of subsidence to
artesian pressure is necessary in order to determine: Which clay beds are being
compacted; how much time lag occurs in adjustment of the pressure in the clay to
that in the sand; how much additional subsidence can be expected if artesian
pressures remain at present levels; and how much subsidence will occur if the
artesian pressures are lowered further.
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