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GROUND-WATER RESOURCES OF THE HOUSTON-GALVESTON AREA, TEXAS.

Report prepared through cooperation between the Texas State Board
of Water Engineers and the United States Geological Survey.

By W. N. White, Perm Livingston, and S. F. Turner

The supply of underground water in an area in eastern Texas comprising Harris
County, in which Houston is located, and parts of adjoining counties is the sub
ject of an investigation started in December, 1930, as part of a survey of the
underground-water resources of Texas by the United States Geological Survey in
cooperation with the State Board of Tfator Engineers. The investigation is boing
made by Vf. N. White, Perm Livingston, and S, F. Turner, under tho diroction of
0. E. Moinzor, geologist in charge of the division of ground water in the Geologi
cal Survey. Though the study is continuing, it has progressed sufficiently to
warrant the rclcaso of somo of the facts that have beon disclosed and somo goneral
conclusions regarding tho available supply of water. Further conclusions will bo
rolcascd later, especially as to the rochargo in the outcrop areas and as to tho
water-supplies of tho Baytown and Alta Loma districts and the rice-growing areas.

Location and topography

The area is a part of the Gulf Coastal Plain, which in this region extends
from Oklahoma to the Gulf of Mexico. It is a plain of low relief that lies not
far above sea level. Low escarpments, probably representing ancient shore lines,
break the level of tho plain, and in some localities the streams have cut trench
like courses 30 to 50 feet deep. The Hockloy escarpment, which is the most
prominent, can bo traced across the southern part of Montgomery County, tho north-
wostcrn part of Harris County, and tho central part of Waller County. From the
foot of tho escarpment, about six miles southeast of Hockley, to tho Gulf, a
distance of 80 miles, there is a fall of only about 165 feet. To the north and
west of the escarpment the land rises more rapidly and the country is somewhat
hilly. The aroa is bounded on the cast by tho Trinity River and on tho west by
tho Brazos Rivor and is crossed by tho San Jacinto Rivor, Spring Crock, and a fow
other porennial creeks. The smaller streams generally carry water only during and
immediately after heavy rains. The tides reach inland from the Gulf to Houston
through Galveston Bay and the Houston ship channel*

Previous investigations

The ground-water conditions in this area wero briefly described in 1907 by
T. U. Tayl-r, in U. S. Geological Survey Water-Supply Paper 190, "Underground
water of the Coastal Plain of Texas," and more fully in 1914 by Alexander Deussen,
in Water-Supply Paper 335, "Geology and underground waters of tho southeastern
part of tho Texas Coastal Plain."
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Importance of ground water in the area

The area is one of great industrial development. Houston, the county seat
of Harris County and one of the largest cities in the South, is a leading seaport
and manufacturing and railroad center. Tho city had a population of 292,000 in
1930. Galveston, with a population of 53,000 in 1930, also ranks high as a sea
port. There arc about 12 producing oil fields and 11 oil refineries in the area.
Farming is also important, and tho chief crops aro rice, cotton, sugar cane, and
garden truck.

Large quantities of water arc required for public water supplies, oil refin
ing, ice manufacturing, cooling and other industrial usos, and the irrigation of
rice. Tho industrial plants and a large part of the rice-producing districts are
remote from adequate supplios of stroam water suitable for those varied require
ments. On the othor hand, almost ovorywhero abundant supplios of water of satis
factory quality can be obtainod from wells. Without doubt tho availability of
water from this convenient source has contributed in no small measure to the rapid
industrial development and concentration of population in the area.

Purposo of investigation and field operations

The importance of the available supply of ground water in this area has be
come increasingly apparent. As industry has developed and the population has in
creased, the demands for water have grown and have been met by larger and larger
withdrawals of ground water. In practically al 1 parts of the area where the with
drawals have boen heavy tho head in flowing wells has declined and the water
levels in non-flowing wells havo fallon. In somo localities the decline in head
has amounted to 100 foot or more, and it has becomo a matter of public concern
lest the decline continue until it is no longer feasible to pump the vfells or the
wells become contaminated by salt water. Tho present investigation was undortakon
in rospenso to public request. It covers various phases of tho ground-water prob
lem, such as tho quantity and quality of tho water in differont localities at
different depths, its suitability for municipal, industrial, and farm uses and for
irrigation, and tho possibility of contamination of doop wells by salt water. Tho
chief purpose of tho investigation is to obtain information to serve as a basis
for estimating the safo yield of the underground reservoir in different parts of
the area—that is, tho practicable rato at v/hich water may be withdrawn perennially.

In any locality the average amount of water that can be safely vdthdravm
from the underground rosorvoir each yoar depends on tho average annual rcchargo
tc the reservoir in that locality. This is determined by the amount of v/atcr
that penctratos to the water tablo from rains and by soopago from the streams on
tho outcrops of tho water-bearing formations, the capacity of tho formations to
transmit water from the outcrops to tho wells, and the amount of this underflow
that can be withdrawn through wells. In praotice all these quantities are diffi
cult to determine.

If an underground reservoir is heavily pumped a study of the relations of
the water levels in wells to the amount of pumpage is likely to give more reliable
information as to the safe yield than can be obtained by any other method. The
water levels or artesian pressures in the wells that tap a heavily pumped reser
voir will inovitably decline. The decline may be comparatively rapid for periods



of considerable longth when tho rate of •withdrawal is constantly increasing, but
this is not in itself an indication of ovordevolopmont if the docline is net so
great as to indicato the approach of tho time when the required lifts will be
boyond the economic limit. If tho rate of pumping is kept constant and does not
exceed the rate of recoverable recharge, the docline will proceed at a diminishing
rato and will ovcntually stop. To determine tho limit of drawdown undor a con
stant rate of pumping requires tho lapso of sufficiont time to permit tho develop
ment of a curve in which the water levels in a group of key wells are plotted
against time and which can with some ccttfidence be projected into the future. In
most areas the problem is further complicated by fluctuations in the rate of pump
ing, Tho area under discussion embraces several localities in which heavy with
drawals of ground water have been made for years, and in. these localities an
effort is being made to obtain accurate records of fluctuations in the rate of
pumping and fluctuations in the water levels in wells and to correlate tho two,

Tho work that is in progress or has alroady boon completed is as follows:
The depths to tho water lovols in about 90 solectodwolls are being measured
monthly, and automatic wator-stago recorders aro being maintained on eight of
those wellsj available data on pumpage are being collocted, special attention being
given to seasonal changes on tho rate of pumping; tho outcrops of the chief wator-
boaring formations aro being mapped, and tho ponotration of rainfall on theso out
crops is being studied; descriptive details rolating to 900 water wells and tho
logs of about 500 water wells and oil test wells have been gathered and tabulated;
irrigated lands in tho Katy rico-growing district havo boon mappod; 20 samplos of
loose sand and fine gravel from woll cuttings and 46 samplos of sand and of sand
and silt scloctod from 200 foot of drill cores obtainod from doop wells at Houston
havo been tested in the hydrologic laboratory of the Geological Survey, at
Washington, to dotormino the permeability of tho wator-boaring sand and gravel—
that is, their capacity to transmit water under hoad; numorous samples of wator
from wells havo boon analyzed inthfc *mtcr-rosourccs laboratory of the Goological
Survey; about 300 samples have boon analyzed by field methods; and copies of many
analyses have been collected from local sources.

Rainfall

The climate of the area is humid. Heavy rains are of frequent occurrence,
and the precipitation is well distributed throughout the year. According to
records of tho United States Weather Bureau, the average annual rainfall at
Houston during 47 years was 47,05 inches; at Conroe, about 40 miles north of
Houston, during 14 years, 48,28 inches; at Hempstead,, about 50 miles northwest of
Houston, during 30 yoars, 41,04 inches; at Liberty, about 40 miles northeast of
Houston, during 28 years, 49.74 inches; and at Galveston during 61 years, 44,77
inches. In 1930 tho rainfall was materially below tho averago at all those
stations. In 1931 it was below the average at Houston, Conroe, Liberty, and
Galveston and a fraction of an inch abovo the avorage at Hompstead. During tho
poriod from January to May, 1932,. the rainfall was materially below the average
at Houston, slightly bolow the avorage at Conroe and Liberty, and slightly abovo
tho average at Hempstead and Galveston. In tho poriod from January, 1930, to
May, 1932, tho accumulated deficiency bolow tho average amounted to 26.36 inchos
at Houston, 9.37 inchos at Conroo, 4.39 inchos at Hempstead, 9.38 inches at
Liberty, and 11.35 inches at Galveston.



Geology and its effoct on tho recharge
and movomont of tho ground wator

Supplios of ground wator in this aroa that arc available at dopths to which
it is practicable to drill wator wells occur in beds of sand, sandstone, and
gravel that crops out in the area or immediately to tho north. Tho sediments
range in ago from Miocene (?) to Rccont and have a total thickness of 2,500 to
4,000 feet. They were dopositcd for tho most part under water during successive
advances and retreats of tho sea. The sand nnd gravel wore dopositcd close to the
shore; tho mud and clay wore laid down in deeper wator. As the sea moved inland
tho zones of deposition moved with it, and hence practically continuous deposits
of sand, partly overlain by clay, reach to tho present outcrops from localities
far seaward. As tho sea rctroatod tho process was rovorsod, and deposits of sand
were spread over the clay. During times when tho land was above wator tho beds
were subjected to reworking by the streams and were thereby materially modified.

The beds consist, therefore, of relatively impermeable clay, gumbo, and shale
interbodded with layers of permeable sand. In or close to the outcrop areas of
the formations the beds aro in general dominantly sandy and the clays more or less
lenticular, but toward tho Gulf the bods of clay thicken and persist over wide
areas and tho sands tend to pinch out,

Tho bods dip generally to the south or southeast, which is also the general
direction in which tho land slopes. However, the dip is nearly evorwhoro stoopor
than the surface slope, and tho beds aro beveled by tho surface. Successively
younger formations aro therefore oncountorcd in crossing tho area from north to
south or from northwest to southeast. Each of tho formations lias an outcrop aroa,
from which it extends toward tho south or southoast, below tho younger formations,
to progressively greator dopths bolow tho surface. Thus tho Lagarto clay, which
crops out in tho northorn parts of Waller and Montgomery Counties, is encountered
at a depth of approximately 1,800 foot at Houston,

Tho streams in their gulfward coursos cross ono outcrop after another and
may lose a part of thoir water by socpago into the pcrmoablc sands, except whore
these sands arc sealed by dense deposits of clay or silt. The underground reser
voirs formed by tho pormoablc sands arc chiofly replenished, however, by the
penetration to tho wator tablo of rain that falls on tho outcrop areas of these
sands,

In outcrop areas of tho water-bearing formations the water generally is un-
confinod and there is a wator table, Down the dip, however, whoro the beds
disappear under cover, artosian conditions aro commonly present. Tho underground
reservoirs formed by the pcrmoablc sands have been filled almost completely with
water received at their outcrops. As the sands arc intorboddod with relatively
impermeable clays and shales, the water in the sands is confined under artesian
pressure, and in areas where tho clays aro widespread it risos in wells sunk into
the sands through the ovorlying clay or shalo. As tho land slopos gently from
the outcrops toward tho Gulf tho artosian water is in somo placos under sufficient
head to riso to tho surface and produce flowing wolls.



Geologic formations and their water-bearing properties

A generalized section of tho geologic formations that crop out in this area
is given in tho following table:

Generalized section of the goologic formations
of tho Houston-Galvoston aroa

5

System Series

• 1

Formation

r —

Thickness

(foot)

Rocent Stream and beach deposited sand,
gravel, clay, and shells

0-25

Quaternary
Ploistocone

Plioceno (?)

Pliocone

Miocene (?)

Beaumont clay 1,300

Lissie formation

? ?

600-750

Tertiary

Roynosa formation 600-800

Lagartc clay 1,000-1,400

Tho structure of the rocks and the ordor in which they occur is shown in
Figure 5, which givos a generalized cross section from a point about 17 miles
north of Conroo, the county soat of Montgomory County, southward through Houston
to Galveston. A map shovring tho boundaries of tho outcrop area Y/ill be publishod
in a later and moro comploto roport.

Tho Lagarto clay is tho oldest formation exposed in tho aroa. It appears in
the northeastern and northern parts of tho aroa, in Wallor, Montgomory, Grimes,
and San Jacinto Countios. Tho formation consists chiefly of pink, green, and
brown calcareous clay and shalo but includes two porsistont bods of coarse gray
sand, one about 60 foot and tho other about 100 foot thick, which occur respec
tively at 500 to 600 feet and 750 to 900 foot bolow tho top of the formation.
With the clay and shale aro thin layers of hard limo-ccmontod sandstone and many
lime nodulos.
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The thick sand members of the formation usually yield large quantities of
good water in Montgomery County, the southern part of Grimes County, and the
northern part of Waller and Liberty Counties, Vfells in these sands at low alti
tudes in the valleys usually flow. The thin layers of lime-cemented sandstone
usually yield a moderate amount of fair water to shallow wells in the outcrop area.
Shallow wolls in the clays of the formation are reported to yield only small sup
plies of mineralized water.

The Reynosa formation crops out in the area above the Hockley scarp in Waller,
Montgomery, and San Jacinto Counties and tho northern parts of Harris and Liborty
Counties, It consists of alternating beds of gray sand and gray, brown, blue, or
variegated sandy clay, silt, and gumbo, Tho upper part of tho formation is chiefly
clay but contains a few thin sand layors, Tho lower half of the formation is main
ly sand, and the basal sand is the coarsest.

The sands in the Reynosa formation yield abundant supplies of water to
shallow wells in the outcrop area and to deep wells wherever they are within
economic reach of the drill. The City of Houston draws heavily upon the water
supply in these sands. The five deep wells recently completed by the City and
many of the deeper privately owned wells that are used to obtain wator for indus
trial purposes at Houston, Pasadena, and Deepwater, the deeper wells used for rice
irrigation in the Katy aroa, the deep wells at Sugarland, and the railroad wolls
at Spring, Cypress, North Houston, and Tomball all draw from the formation. The
wator from eithor deep or shallow wells in the Reynosa formation is usually soft
and relatively low in mineral content.

The Lissio formation crops out in the southern parts of Waller and Montgomery
Counties and tho northern parts of Fort Bend, Harris, and Liberty Counties in a
bolt averaging about 20 miles wide extending southward and southeastward from the
foot of tho Hockley escarpment.

There is some difference of opinion among geologists as to tho exact strati-
graphic position at which tho contact should bo drawn between the Reynosa and the
overlying Lissie formations. For tho purposes of this preliminary report tho line
of outcrop of this contact is arbitrarily taken as tho baso of the Hockley escarp
ment. In Figure 5, tho lino of tho Roynosa-Lissie contact is represented as
coming to tho surfaco at the base of this oscarpmont, but tho uncertainty as to
correct position of the contact is indicated by question marks,

The Lissie formation is composed of beds of gray sand containing some fine
pebbles and beds of gray, brown, blue, or red sandy silt, clay, and gumbo. The
upper part of the formation is dominantly clay except in areas on or near the
outcrop, where the beds are more sandy. The lower part of the formation is mainly
sand. Southeastward from Houston the sands have a tendency to pinch out or beoome
finer and the silts and clays increase in thickness.

The sands in this formation yield large supplies of water to comparatively
shallow wells in the Katy district that aro used for rice irrigation and to many
fairly deep industrial wells at Houston, Water from the deeper wells in tho
formation is good. That from the shallow wells is nearly always relatively hard
but otherwise is satisfactory for most uses.
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The outcrop area of the Boaumont clay occupies tho southern parts of Harris,
Fort Bend, and Liberty Counties and nearly all of Brazoria, Galveston, and
Chambers Counties. The basal 200 feet of the formation consists largely of sand,
but the middle and upper parts aro largely clay. The basal sandy member furnishes
large quantities of wator to wells in the southern parts of Harris, Fort Bond, and
Liberty Counties and in Brazoria and Galveston Counties. The largest wolls aro
at Houston, Baytown, Texas City, Alta Loma, and Galvoston and in the industrial
area along the ship channol east of Houston.

Ground-wator recharge

In tho outcrop aroa of the Reynosa formation fine sandy loam soils predomi
nate, and in parts of the area the soils aro too sandy for cultivation. In north
ern Harris County and in Montgomery County many of the more sandy lands arc heavily
forostod, but in northwestern Harris County and in Wallor County most of them
support a luxuriant growth of grass and are used for grazing, Sandy loam soils
predominate also in tho outcrop area of the middle and lowor parts of the Lissio
formation, but clay loams commonly occur on the outcrop of the upper parts of that
formation. In general tho sandy lands on tho outcrop aroas of both formations
havo fewer drainage channels than the adjoining country and numerous small drainage
basins with no outlet. Those surface features indicate that the rain sinks moro

readily into the sandy soils than into tho clay or clay loam soils of adjoining
lands,

Studies of tho penetration of rainfall on these outcrop aroas arc in progress.
In four localities pits have boon sunk and lysimotors installed in tunnels driven
laterally from them. Measurements of depths to water in about 70 shallow wells,
many of whioh were put down for purposes of observation, are made monthly, and
during the winter of 1931-32 and the spring and early part of the summer of 1932
the measurements were made weekly in 40 of the wells. The wells are spaced at
regular intervals in two lines across the outcrops—one along the highway between
Houston and Hompstead and the other along the highway between Houston and Willis,
Automatic water-stage recorders are maintained on six of tho wells.

It is found that for most of the time on the greater part of tho outcrop
area of tho two formations there is both a true water table and a perched water
tablo. The pormeable sandy soils and sandy loam soils are underlain by silty
sand or sand mixed with some clay, which usually are somewhat less permeable than
the soils themselves, Tho soils readily absorb tho rain, and the wator moves
downward in them at a comparatively rapid rate. When it roaches the underlying
silty or clayey sands its movement becomes slower, and as a result those materials
becomo saturated. During the summer practically all the moisture that penetratos
tho soils is dissipated by evaporation or by transpiration of grasses, shrubs,
and trees. During the late fall, winter, and early spring, however, the evapora
tion and transpiration losses are comparatively small, and a temporary perched
water table is built up. This water table rises abruptly after each rain, but
at other times it slowly but continuously moves downward toward the true water
table. During the winter of 1931-32 there was a substantial rise in the water
levels in all the observation wells on the outcrop areas, both those that pene
trated to the true water table and those that penetrated only to perched water,
the average net rise amounting to about eight feet.
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These figures indicate that the ground-water recharge on the outcrops of the
water-bearing formations is relatively heavy. In order to evaluate the results^
in terms of water it is necessary to apply a factor generally known as the specific
yield. This factor represents the interstitial space that is filled as the water
table rises, expressed as a percentage of the total volume of material saturated.
The observations are to be continued during the coming winter.

Tho experiments with tho lysimctcrs havo been only partly successful, but
they indicate that water in tho perched zone moves downward in considerable
wuantitios to depths exceeding ten feet below tho surface. At such depths the
water is bolow tho zone of evaporation and out of the roach of tho grass roots,
and if it is not intercepted by deoply soatod tree roots it must move downward
to tho WTvtcr table. It is estimated that tho penetration of one inch of wator to
the true wator table over tho cntiro outcrop area of tho Reynosa and Lissie
formations in Harris, Waller, and Montgomery Countios would provide ground-water
recharge amounting to a quantity several timos groater than the total quantity
withdrawn from wells in both formations in Harris County, The streams on tho
outcrop aroas doubtless contribute somo rochargo to tho true water table. How-
over, seepage from tho zone of pcrchod ground wator is ontcring tho streams nearly
all the timo, and this makes it difficult if not impossible to dotermino tho true
recharge from tho streams.

Pumpage

Discharge of ground water occurs in the area through the flow of springs,
evaporation from the soil and transpiration from plants on the outcrops of the
water-bearing formations, movement down the dip of the beds to unknown outlets,
possibly located beneath the Gulf, and withdrawals from wells. Some of the
artificial discharge takes place through flowing wells in widely scattered parts
of the area, but most of it is accomplished by pumping from wells in the Houston,
Baytown, and Alta Loma districts and in the Katy rice-growing area, A summary
of the pumpage in these areas is given below,

Houston distriot. - The Houston district, as the term is used in this report,
covers about 150 square miles and comprises the area within the city limits and
adjacent territory, including several incorporated and unincorporated towns and
the strip along the ship channel between Houston and Pasadena, The water supply
of this distriot is obtained entirely from wells. The heaviest demands for water
are for domestic use and for office buildings, most of which are supplied from
the city wells. According to the records of the City Water Department, the
average quantities of water delivered by the City between 1906 and 1931, in
millions of gallons a day, wero as follows: 1906 to 1910, 9,3; 1911 to 1920,
7.0; 1921 to 1925, 13.5; 1926, 16,9; 1927, 20.5; 1928, 21.9; 1929, 23.0; 1930,
25.8; 1931, 25.4.

Tho following table v/as compiled from city reoords: '\



Average quantities of wator delivered by the City of
Houston, 1928-1932, in millions of gallons a day

9

1928 1929 1930 1931 1932

January

I" • I

20.5

r

20.0 24.5 23,8 22,5

February- 18.3 20,6 24.6 23.2 22.8

March 18.8 21.2 24.0 22.5 22.1

April 20.0 22.2 25,9 22.7 24.9

May 23.3 22,7 25.0 24.3 25.1

June 24.0 22,7 27.9 28.4 26.8

July 25.5 23,6 28.5 28.3 26.9

August 26,0 26,0 28.2 27,3

September 22.8 .26,1 27.7 28.7

October 22.5 ^25.8 26,0 27.4

November 20.9 22,0 .24.5 24.6

December 20.5 22.9 23.7 23,1

Average 21.9 23,0 25,8 25,4

It is estimated that altogether there are about 400 wells in the Houston
district, of which about 230 are in use and 170 have been abandoned. Industrial
requirements for wator are supplied largely from privately owned wells. The
heaviest consumers are oil refineries, ice plants, and laundries, but large
quantities are also used for cooling machinery for air conditioning office build
ings and theaters. During 1931 the production of each well or group of wolls was
either measured or estimated. In May, 1932, the results of this survey were re
vised and chocked and all availablo information as to the volume of pumpago in
1930 as compared with that in 1931 was oolloctod and studiod. The figures that
were rcachod as the average pumpago from all public and private wells in tho
district woro 52,000,000 gallons a day in 1930 and 50,000,000 gallons a day in
1931. It was computed that tho average daily pumpago amounted to about 56,000,000
gallons from May to October, 1930, about 47,000,000 gallons from November, 1930,
to April, 1931, and about 54,000,000 or 55,000,000 gallons from May to October,
1931. During tho samo periods tho city water system made avorage daily deliveries
of 27,200,000, 23,300,000, and 27,400,000 gallons, respectively.
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A pronounced decline in the demands for water for industrial purposes began
about the first of January, 1932, and the industrial pumpage during the late
spring and summer may have been 20 to 25 per cent less than it was during the
same period in 1931. There has, however, been little reduction in the pumpage by
the city. Thus the total pumpage from public and private wells may have been ten
or 12 per cent bolow that of 1931.

Rico-growing areas. - In recent years rice has been irrigated on a compara
tively lTTrgcTcalb from wells in several widely separated localities in tho aroa.
In 1931, however, only five rico farms outsido of tho Katy district were thus
supplied. Throo of tho farms were near Yfobstor and had an aggrogatc irrigatod
aroa of 875 acres. Tho other two wero near Bonnoy. Tho Katy rioc-irrigation
district centers around tho town of Katy, which is about 30 milos west of Houston.
The irrigation of rico in this district was begun in 1902, and by 1905 tho aroa
devoted to this crop amounted to about 400 acres. Thorc was a gradual increase
in production between 1906 and 1929. Tho aroa amounted to about 9,400 acres in
1930 and to about 8,300 acres in 1931. All thoso lands aro irrigated with water
pumped from \tc11s.

The records of the Houston Lighting & Power Company show that the average
irrigation season in tho Katy rice district is about 100 days. During this time
the pumps arc never allowod to stop unless a heavy rain occurs, and then they arc
stopped only for a few hours. It is estimated that during the season of 1931 an
average of 58,000,000 gallons a day was delivered to the rice fields. On this
basis the pumpage during the season amounted to about 18,000 acre-feet, or about
2.2 acre-feet per aore.

Baytown distriot. - According to information obtained from the Humbel Oil
Company, the average pumpage from the nine wells at Baytown amounted to about
11,000,000 gallons a day in 1931 and for several previous years. The wells
furnish water to the refinery, which is one of the largest on the Gulf coast,
and also to tho town of Goose Creek.

Alta Loma distriot. - The wells that supply Galveston are at Alta Loma, and
it is reported that on tho average 4,000,000 to 5,000,000 gallons a day is pumped
from them. Thus far, only work of a reconnaissance oharaotcr has been done in
this part of the aroa, but it is planned to extend the investigation into this
area during tho coming fall and winter.

Fluctuations in artesian prossuro

Houston district, - In tho early days of Houston flowing wells could bo
obtained practically anywhere within the present city limits, and tho artosian
head in some localities was sufficient to raise the wator in wells from 15 to 30
feet abovo tho surfaco, Tho artesian head, as shown by avator lovols in unused
wells, is now about 80 foot below the surfaco in tho downtown part of Houston.
Between 1920 and 1931 the docline in artosian hoad averaged about four feet a
year, Tho fluctuations in artosian head that aro now in progress, togcthor with
those that have occurred during the last throe or four years, havo particular
significance in connoction with the prblem of the safe yield of the underground
reservoir, because they can bo corrolatod with figures on pumpago that aro
reasonably accurate, Tho current program of well moasurcments shows the fluctua
tions in artosian hoad that havo taken placo during the last 18 months, and a -
survey has boon made to obtain as much information as possible regarding the
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decline in head between 1928 and 1931. Figure 1 is a map of the Houston district
showing the positions above or belo\v sea level to which water in artesian wells
in the district would rise in 1928. Figure 2 is a similar map showing the posi
tion to which the water would rise in 1931. These maps are comparable with a
topographic map, but instead of indicating the form of the land surface they indi
cate the form of the water lovels in wells as if there were an infinite number of
wells. Tho wator lovels in tho wolls aro determined by tho artesian pressure, and
the maps thoreforo aro artesian-pressure maps. The wells for which tho water-level
data wore obtained are from 100 to 1,900 feet deep, and tho deeper wells ponetrato
water-bearing sands at many different horizons. It is the practice in construct
ing many of tho wolls to place screens opposite all tho most favorable sands.
Howovcr, moro than half of tho water pumped in Houston comes from bods that lie
between 700 and 1,300 foot bolow tho surface, and as a result in parts of tho area
tho static level is lower in tho deep wolls than in moderately shallow wcll§.
Figures 1 and 2 aro compilod from lovels in wolls that aro more than 150 feet deep
but represent most nearly tho hoad in wells moro than 700 feot doop. Local differ
ences in hoad have boon sot up in parts of the area as a result of unoqual draft
by the pumps, and in compiling the maps it has been found necessary to neglect the
water levels in a few of the wells that were obviously erratic and not indicative
of the prevailing pressures, A depression in tho artesian head has been created
by the withdrawals of water in the areas of greatest pumping development. Figure
1 shows that in 1928 the prevailing artesian head had been depressed below sea
level in an area of about 50 square miles extending from Glenwood Cemetery south
eastward to Pasadona, Figure 2 shows that in 1931 tho area in -which the prevail
ing prcssuros had beon depressed bolow sea level had increased to about 150 square
miles. Both maps indicate that the pumping has lowerod tho artesian hoad much
more in tho aroa to the south and oast of Houston than it has in the area to the
north and wost.

In general in tho heavily pumped aroa of Houston the water levels in all tho
wolls except the shallow ones appear to riso and fall together, regardless of
thoir dopths, Tho wator lovols in all tho observation wells in the district
respond to seasonal changes in tho rate of pumping. In somo of them the effoot is
obscured by fluctuations due to short-time changes in the rate of pumping from the
observation wells themselvos or from nearby wells, but usually a seasonal trend is
unmistakablo, Tho mean wator lovol begins to dooline in April and continues to
decline slowly until October or November, From Novembor to April there is a
corresponding riso in the wator level. The average docline betweon April and
October, 1931, in the 40 wolls in tho Houston district whore monthly observations
were mado amounted to 6,0 feet. The average rise between Novembor, 1931, and
March, 1932, amountod to 7,1 feot. In most of the wolls tho water lovols woro as
high during January, 1932, as they wore during January, 1931, slightly higher in
May and Juno, 1932, than in May and June, 1931, and from ono to two foot higher in
August and early September, 1932, than during tho corresponding period in 1931.
In three of the wolls tho lovels Y/ero slightly lower in 1932 than during correspond
ing periods in 1931. Tho most significant fact brought out by the record is that
there was no decline in hoad during 1931, although the pumpago in 1931 was only
slightly bolow that of 1930.
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The hydrograph in Figure 3 shows fluctuations of the water levels in four
widely spaced wells in the Houston district from January, 1931, to April or May,
1932. The location of the wells is shown on Figures 1 and 2, Well 1 is owned by
the River Oaks Country Club and was drilled about a quarter of a mile north of the
club house. It is ten inches in diameter and 1,038 feet deep and is used to
supply the club house and to water the grounds. There are no large wells within
li miles from this well. It is not used much during the winter, but during the
summer probably an average of 250,000 gallons a day is pumped from it. The
water level in this well rose 1,5 foot between January 19 and April 4, 1931, and
declined 5,2 feot between April 4 and Soptembcr 10. It roso about nine feet during
the fall of 1931 and winter of 1931-32. On April 18, 1932, it stood 4.9 feet
higher than on April 7, 1931, and in August, 1932, it stood about 3^ foot higher
than in August, 1931. The well was being pumped when the May and June measure
ments were made.

Well 2 is a 6-inch well of unknown depth belonging to the Texas Pipe Line
Company, at the tank farm on the Wallisville road. The well is no longer in use,
and very little water is pumped wi thin a distance of lj miles from it. The water
level in this well on March 19, 1931, was 54,1 feet below the reference point
(top of air line). The level gradually deolinod during the spring, summer, and
early fall, the total decline amounting to about five feet. It rose stoadily
during the winter of 1931-32 and spring of 1932, and on June 6, 1932, it stood at
53,82 foot, or about one foot higher than on May 25, 1931. It stood two to 2§- feot
higher in August and tho early part of September, 1932, than during the correspond
ing period in 1931.

Well 3 is an abandoned 6-inoh well of unknown depth belonging to tho City of
Houston at tho site of the old Lincoln swimming pool, on Sabine Street, just south
of Buffalo Bayou, It is in a heavily pumped area whore there are pronounced daily
as well as seasonal fluctuations in tho rate of pumping. The wator level was 55.5
feet below the reference point (1,5 foot above level of stroct) on January 31,
1931. Tho water rose slightly during the spring and declined during tho summor.
On Septombcr 10 it was 4,5 feet bolow the level recorded on January 31. It roso
about nine feet during the succeeding six months and doclinod again during April
and May, 1932. The wator level was about 1-3/4 foot higher on January 25, 1932,
than on January 30, 1931, but in May and June, 1932, it was about the samo as for
the corresponding months in 1931.

Well 4 is a 6-inch well belonging to the City which was drilled to supply
water for Park Place but is no longer in use. The nearest heavy pumping is done
at the City east-end plant, which delivers about 1,000,000 gallons a day through
out the year. This plant is about one mile northeast of the well. The water level
in this well was 58.5 feet below the reference point (1,6 feet above level of
ground) on January 8, 1931. It rose somewhat during the spring, declined during
the summer and fall, and rose again during the winter of 1931-32. On April 7,
1932, it was about three feet higher than on April 6, 1931. In August and
September 1932, it was 1-g- to two feet higher than during the corresponding period
in 1931.

Hourly measurements made at well 3 on January 17, 18, and 25, 1932, and at
well 4 on January 26, 1932, showed that there is a fluctuation during tho day in
the wator levels of these wolls amounting to about a tenth of a foot. These
changes apparently are due to fluctuations in barometric pressure,
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Rice-growing areas. - The hydrograph obtained with an automatic water-stage
recorder from"Mr"." Lamb's unused well one mile east of Katy is shown in Figure 4.
This well is practically in the center of the irrigated areas but is a mile from
the nearest well that was pumped for irrigation during the time the record was
obtained. The hydrograph shows that the water level gradually fell from May 1
to 19, 1931, and then dropped very rapidly until June 11.. Unfortunately the
float struck an obstruction, and the record between that date and September 2 was
lost except for a brief period in late July when a rise in the water level lifted
the float'above the obstruction. The water rose gradually during the fall and
winter, and on March 24, 1932, it had reached a level slightly below the level of
the corresponding date in 1931, The record of fluctuations in the water level in
this well and in other observation wolls in the Katy district is not very long,
and no attempt will be made at this time to draw any conclusion as to the trend of
water levels in the distriot. Observations are still being made and should be
continued for several years. According to a statement by Mr, John Cope, one of
the leading rice growers, tho water level in tho district has declined about five
feot sinco 1903.

Baytown district. - In the district supplying water for the rofinery of the
Humble* 6il"~&' Refining Company the static level has fallen at the average rate of
five foot a year sinco 1920. Tho drop in water level during somo of the yoars was
as much as ten feet and during others as little as three foot. It has beon
reported that prior to 1915 wolls at La Porte, four miles south of Baytown, flowod
20 foot abovo tho surface. Soon aftor the Gooso Crook and Baytown development
began tho wator level dropped suddenly. In 1931 the depth to tho water levels in
wolls at La Porto was botweon 50 and 55 feet.

Alta Loma district. - The wolls at Alta Loma that furnish the water supply
for the City of Galvoston when drilled in 1893-94 would flow about 28 foot abovo
tho surface. In 1931 the static level was 33 foot below tho surfaco.

Movement of ground wator

Most of the water withdrawn from the underground reservoirs in Harris County
is supplied by percolation from the outcrop to the pumped districts, which usually
are many miles apart. In the greater part of the area the water is moving from
northwest to southeast, which is the direction of both the hydraulic gradient and
the slope of the land. A depression in the artesian head has been created by the
withdrawals of water in the areas of greatest pumping development. The location
and shape of the depression in the Houston district in 1928 and 1931 are shown
in Figures 1 and 2. The water moves at right angles to the contours shown on
these maps, along the striko and up the dip of the water-bearing formations as
well as down the dip from the northwest. In the long run, however, the supply
from the outcrop must provide most of tho water vdthdrawn by the pumps. The
amount of tho inflow of water to any part of tho area depends on the permeability
and thickness of the water-bearing formations and on tho hydraulic gradient. The
coefficient of permeability can be expressed as the number of gallons of wator
that will flow daily through a cross section of tho water-bearing bed one foot
high and one mile wide for each foot of hoad per mile. The total flow across a
segment of tho formation one mile wide is obtained by multiplying tho coefficient
of permeability by tho thickness of tho formation and this product by tho hydraulic
gradient, Twenty samples of looso sand from drill cuttings and 46 samplos of sand
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and of sand and silt selected from drill cores obtained from deep wells at
Houston have been tested in the hydrologic laboratory of the United States Geo
logical Survey, at Washington, to determine the permeability of the water-bearing
materials. The results show that the permeability varies considerably but averages
about 150,

In order to reach a tentative figure as to the amount of the annual replen
ishment from the outcrop to the Houston district, it has been assumed that the
inflow passes through a vertical section of the sandsfcne- 50 miles long along tho
20-foot contour shown on Figure 2. It is estimated that along this contour the
average thickness of the formation is 600 feet, the average coefficient of
permeability 150, and the average hydraulic gradient ten feet to the mile. On
this basis the estimated flow from the outcrop to the pumped districts is
45,000,000 gallons a day.

Conclusions, with special reference to the safe pumping
yield in the Houston district

The water-bearing beds of sand tapped by the wells in the Houston distriot
have an extensive outcrop area, and there is evidence that the ground-water
recharge by penetration of the rain that falls on this area is heavy. Tho per
meability of the sands i3 only moderately high, but tho water-bearing beds have a
great total thickness and therefore a large aggregate capacity to transmit water.

In 1931, with an average daily pumpage only a few por cent less than that
during the poak years 1929 and 1930, tho prevailing artesian pressures held thoir
own. During the first eight months of 1932, with a deoline in pumpage which is
estimated to havo amounted to ton or 12 per cent, tho pressures generally have
risen. Apparently, therefore, a state of ossential equilibrium has boon reached,
and there will bo no furthor decline in head if tho avorage daily pumpage doos not
oxceod 45,000,000 to 50,000,000 gallons. This conclusion is strengthened by tho
fact that the rainfall has been below the average and tho riso in head can thus
not bo attributed to especially heavy rochargo.

With tho inoroasod domands which may bo oxpoctcd to accompany the normal
growth of tho City, the artosian hoad would doclino furthor if all water woro
pumped from existing pumping plants, but as this would tako place tho cono of
pressure depression would be expanded and deepened, and greater quantities of
water would thereby be brought into the district. Further material lowering in
head can be prevented and additional supplies can be obtained if in the future
the City locates its new wells at greater distances from the centers of the
existing cones of depression (shown in figs, 1 and 2), preferably toward the
west and southwest. The conclusion is reached, therefore, that the underground
reservoir is capable of supplying more water for the City of Houston than has
heretofore boon withdrawn from it,

(P. N. 66553)
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FIG. 1. -MAP OF THE HOUSTON DISTRICT SHOWING THE ARTESIAN HEAD IN 1928,
IN FEET ABOVE OR BELOW SEA LEVEL, AND FOUR' OBSERVATION WELLS
MENTIONED IN THE TEXT.
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FIG. 2. -MAP OF THE HOUSTON DISTRICT SHOWING THE ARTESIAN HEAD IN

1931, IN FEET ABOVE OR BELOW SEA LEVEL, AND THE FOUR OBSERVATION
WELLS SHOWN IN FIGURE 1.
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FIG. 3.-GRAPHS-SHOWING FLUCTUATIONS OF WATER LEVELS IN THE FOUR OBSERVATION

WELLS WHOSE LOCATIONS ARE GIVEN IN FIGURES 1 AND 2
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FIG. 4.- GRAPH SHOWING FLUCTUATIONS OF THE WATER IEVEL AS
RECORDED BY AN AUTOMATIC WATER-STAGE RECORDER ON AN
UNUSED WELL 1 MILE EAST OF KATY
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FIG. 5.- GENERALIZED GEOLOGIC SECTION ACROSS MONTGOMERY HARRIS
AND GALVESTON COUNTIES, FROM A POINT 17 MILES NORTH OF CONROE
SOUTHWARD THROUGH HOUSTON TO GALVESTON
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DEPARTMENT OF THE INTERIOR

Memorandum for The Press

RELEASE FOR DECEMBER 29, 1933.

GROUNDWATER RESOURCES IN THE HOUSTON DISTRICT, TEXAS.

Report prepared through cooperation between the Texas State Board of Water
Engineers and the United States Geological Survey.

By W. N. White and Penn P. Livingston

An investigation of the underground-water supply available for Houston and
vicinity has been in progress during the last three years, as part of a survey of
the ground-water resources of Texas by the United States Geological Survey in
cooperation with the State Board of Water Engineers. This investigation is under
the direction of 0. E. Meinzer, geologist in charge of the division of ground
water in the Geological Survey. The most important results of the investigation
to August 1932 were set forth in a mimeographed memorandum which was released
October 17, 1932, and in large part was published in the daily newspapers of
Houston. In this memorandum it was shown that the water-bearing beds of sand
tapped by the wells in the Houston district have an extensive outcrop area, that
there is good evidence that the ground-water recharge by penetration of the rain
that falls on this area is heavy, that the sands have a large aggregate capacity
to transmit water, and that a state of equilibrium in artesian pressures had been •
reached in the Houston district. The conclusion was reached that the underground
reservoir was capable of supplying more water to the city of Houston than had
theretofore been withdrawn from it. Since the memorandum was issued an estimate

has been made of the total pumpage in the district in 1932, and the program of
monthly measurements of depths to water in 43 selected wells in the district, which
was begun in December 1930, had been continued.

Pumpage

As explained in the memorandum of October 17, 1932, the Houston district
covers about 150 square miles and comprises the aroa wi.thin the city limits and
adjacent territory, including several incorporated towns and the strip along the
ship channel between Houston and Pasadena. The water supply of this district is
obtained entirely from wells. It is estimated that altogether there are about
400 wells in the district, of which about 230 are in use and 170 have been aban

doned. The heaviest demands for water are for domestic use, oil refining, ice
manufacture, laundry operation, and air conditioning office buildings and theaters.
About half the supply is furnished by the city from 30 wells at nine pumping sta
tions in widely separated parts of the city. According to the records of the City
Water Department the average quantities of water delivered by the city between 1906
and 1931, in millions of gallons a day, were as follows: 1906-10, 9.3; 1911-20, 7.0;
1921-25, 13.5; 1926, 16.9; 1927, 20.5; 1928, 21.9; 1929, 23.0; 1930, 25.8; 1931,
25.4; 1932, 23.9.

The following table was compiled from city records:



Average quantities of water delivered by the city of
Houston, 1928-33, in millions of gallons a day

1928 1929 1930 1931 1932 1933

January 20.5 20.0 24.5 23.8 22.5 20.2

February 18.3 20.6 24.6 23.2 22.8 22.3

March 18.8 21.2 24.0 22.5 22.1 21.0

April 20.0 22.2 25.9 22.7 24.9 23.4

May 23.3 22.7 25.0 24.3 25.1 25.7

June 24.0 22.7 27.9 28.4 26.8 27.9

July 25.5 23.6 28.5 28.3 26.9 25.4

August 26.0 26.0 28.2 27.3 25.6 23.8

September 22.5 26.1 27.7 28.7 24.2 24.7

October 22.5 25.8 26.0 27.4 23.4 23.5

November 20.9 22.0 24.5 24.6 21.8

December 20.5 22.9 23.7 23.1 20.9

Average 21.9 23.0 25.8 25.4 23.7

During 1931 the production of each privately owned well or group of
wells was either measured or estimated, and on the basis of data thus
obtained and all other available information as to fluctuations in indus

trial use of water, the following estimates have been made of the pumpage
in 1930 and 1932:

-2-
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Estimated average quantities of water pumped from all wells in J_9
the Houston district, 1930 to 1932, in millions of gallons a day

1930 1931 1932

January 45.8 45.2 42.6

February 46.2 45.0 43.6

March 45.9 44.4 43.4

April 50.2 46.3 47.5

May 51.7 49.1 49.2

June 55.3 54.1 51.6

July 56.1 53.9 51.5

August 54.8 52.9 49,9

September 55.2 54.6 48.5

October 52.1 51.3 45.9

November 47.8 47.9 43.1

December 45.9 45.4 41.3

Average 50.7 49.2 46.5

The average quantities delivered by the city during the first 10 months
of 1933 were somewhat less than those for the corresponding period in 1932.
No figures are available for private pumpage during this period in 1933, but
the general information available indicates that it may have been considerably
more than it was for the corresponding months in 1932.

Fluctuations in artesian pressure

At one time flowing wells could be obtained practically anywhere within
the present city limits, and the artesian head in some localities was sufficient
to raise the water in wells from 15 to 30 feet above the surface. The present
artesian head, as shown by water levels in unused wells, is 70 to 80 feet below
the surface in the downtown part of Houston. Between 1920 and 1931 the decline
in head, according to the best information that can be obtained, averaged about
four feet a year. This decline in itself represents no particularly unfavorable
condition, for a certain amount of decline in water levels is an inherent and
unavoidable consequence of any ground-water development, and progressive decline
is to be expected if the rate of withdrawal is continually increasing, as it was
in Houston from 1920 to 1930. However, if the rate of withdrawal is kept con
stant and does not exceed the rate of recoverable discharge, the decline should
proceed at a diminishing rate and should eventually stop.
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One of the chief purposes of tho investigation was to obtain records of

fluctuations in artesian pressure that are now in progress, as shown by fluctuations
in the water levels in wells, and to correlate them with the pumpage. The well
measurement record, which now contains the results of more than 1,000 measurements
obtained monthly from January 1931 to October 1933, has recently been released for
public inspection by filing copies in the office of the State Board of Water
Engineers at Austin and in the offices of the United States Geological Survey at
Washington and at 308 Federal Building, Houston.

The records show that in most of the wells the water levels either held their
own or were higher in 1933 than they were during corresponding months in 1931.
During the winter many wells are idle or are not pumped heavily, and local
inequalities in artesian pressure produced by heavy pumping during the summer are
gradually smoothed out. Therefore, spring measurements of water levels in a group
of observation wells are a more accurate index of pressures that exist generally
in the underground reservoir than measurements at any other time. In about three-
quarters of the Houston observation wolls the water levels were higher in the
spring of 1932 than they were in the spring of 1931. In all except three wells
the water levels were higher in the spring of 1933 than they were in the spring of
1932, and in all except one well the water levels were higher in -the spring of
1933 than they were in the spring of 1931, the avorage gain being about 3-3/4 feet.
In about half of the wells the water levels were lower in September and October
1933 than they were in the fall of 1932. This is believed to be due in part to a
shift in tho centers of pumping operations by the city and in part to an increase
in pumpage by industrial plants. However, in all except six wells the water levels
were higher in the fall of 1933 than they were in the fall of 1931. The most
significant fact brought out by this record is that there was a rise in head during
1931 and 1932, although the pumpage in those years was not very much below that of
1930. These facts support the conclusion indicated in the memorandum of October
17, 1932, that the supply of underground water available for Houston is adequate.

Chemical character of the public water supply

The analyses in the following table were made in connection with the prepara
tion of a report on the industrial utility of public water supplies in the United
States, which will be published as a water-supply paper of the United States
Geological Survey,

Analyses of water from public supply of Houston, Texas, May 9, 1932

Analyses by E, W, Lohr, U. S. Geologioal Survey - Parts per million,

Central South End Magnolia "Test End East End

plant plant Park

plant

plant plant

Silica (Si02) 20 22

Iron (Fe) ., .17 .39

Calcium (Ca) 22 27

Magnesium (Mg) 5.8 7.2

Sodium (Na) 108 76

Potassium (K) ............ 1.9 1.9
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23 - -

.16

34

a/
45 2

7.5 - -

59

2.1

(
(b/ '
( 53 175



Analyses of water from public supply of Houston, Tex., May 9, 1932-Continued

Parts per million.Analyzed by E. W. Lohr, U. S. Geological Survey
Central South End Magnolia Yfest End East End
plant plant Park plant plant

plant ^

Bicarbonate (HCO3)

Sulphate (SO4) ,...

Chloride (Cl).,..

Nitrate (NO3).,. ,

Total dissolved solids.

Total hardness as CaC03
(calculated)

301 256

7.8 14

48 32

.0

362 303

79 97

.10

239

16

26

281

116

.20

260

a/
~12

50

b/
314

l/
182

.20

402

a/
"1

38

.0

397

1/
4.5

a/ By turbidity. b/ Calculated, c/ Determined.

The analyses show some differences in composition between the waters from
different sources. For use in calculating State and national averages the
v/eighted average hardness of the water used in Houston was calculated to be 85
parts per million. The weighted average for 20 places in Texas which have 27.3
percent of the total population of the State was 135, The average for 670 places
in the United States which have 46.2 percent of the totpl population was 102.

The supply at Houston in 1932 was not far from the average for the United
States in mineral content.

The analyses made by the United States Geological Survey do not show the
sanitary condition of a water, and any statements based on such analyses are made
without reference to possible pollution of the water.

P. N. 79241
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An investigation of the ground wator, or underground water supply of Hous
ton and the region surrounding it has boon in progress for several years as
part of a survey of tho ground-water resources of Texas by the United States
Geological Survey in cooperation with the State Board of Water Engineers. The
investigation has covered Harris, Galveston and Waller Counties and a part of
Montgomery, Fort Bend, Brazoria, Liberty and Grimes Counties. In the summer of
1933 the investigation was interrupted because of a reduction in the State
appropriation, periodic observations of water level fluctuations in certain key
wells, however, being continued—mostly by the Water Department of Houston. In
the spring of 1936 the cooperative investigation was resumed following the
appropriation of $1500 by the City of Houston and the matching of this amount
with an approximately equal sum by the Geological Survey.

Results of the investigation wore set forth in mimeographed memoranda
which were released October 17, 1952, and Docomber 29, 1933. In those reports
the conclusion was reached that the available supply of ground water was ade
quate and it was pointed out that furthor material lowering in the artesian hoad
which had already amounted to about 80 foot in parts of the Houston-Pasadena
area, could be prevented and additional supplies could be obtained if in the
future the city located its now wells at greater distances from the centers of
the existing conos of depression, preferably toward the west and southwest.
New industrial requirements for wator in largo quantities have recently devel
oped in the vicinity of Pasadena, amounting, it is said, to a totr*.l of
20,000,000 tc 40,000,000 gallons a day, representing from about 40 percent to
about 80 percent of the total average daily supply pumped from all the wells of
the Houston-Pasadena area up to this tine. This proposed great increase in the
use of water and the possibility that it may be followed by other large indus
trial demands has altered to a degree the aspects of tho water supply situation.

The present report is based on data obtained froiu observations during 5 to
6 years. It comprises about 60 pages of manuscript and 133 pages of tables and
is illustrated by hydrographs of water level fluctuations in wells and by a
hydrologic map covering Houston and several thousand square miles of the adja
cent region. (Copies of the report with ell the to.blos are on file and avail
able for public reference at tho offices of U. S. Geological Survey at Washing
ton, Texas Board of Water Engineers at Austin, and City Wator Department at
Houston.
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About 1930 the total pumpage from all wells in the Houston-Pasadena area
reached the maximum obtained up to that time, slightly under an average of
50,000,000 gallons a day. As tho financial depression spread in 1931-32 tho
rate of pumping both from city and privately ovmed wells gradually declined and
reached a minimum for the 1931-36 period in 1933, biit the decline amounted to
only 10 or 12 percent of the pumpage in 1930-31. Since 1933 there has been a
gradual increase in the purging and the total in the latter half of 1935 and
the first half of 1936 was not greatly different from tho total during corres
ponding periods in 1930-31.

For reasons explained in the roport the artosian pressures in a group of
observation wells in the spring are a more accurate index of pressures that exist
generally in the underground reservoirs than those recorded at any other time.
The trends in artesian pressure in tho region between the spring of 1931 and the
spring of 1936 (indicated by the records of wator level fluctuations in wells)
were as follows: In the Houston-Pasadena aroa thorc was a loss in head amount

ing on the average to less than 2 feet. North and northwest of Houston there
are no deep wells that can be measured within several miles of the city limits,
but farther out in the vicinities of Spring, Humble and Fairbanks apparently
there was no material decline. West of Houston in the Katy rice-grovming dis
trict there was a decline of 2-J- to 3 feet in several wells. Southwest of Hous
ton at Bellaire the net decline amounted to about 2>t feet. South and southeast

of Houston in the localities of South Houston, Genoa, Friendswood, Webster and
League City, there was an average net decline of six or seven feet and farther
south in the localities of Dickinson, Texas City, La ilarque, and Hitchcock, the
average net decline was still greater.

The outstanding facts disclosed by the 5-year record of water level fluc
tuations are as follows: In the heavily pumped districts of the Houston-Pasa
dena area the artesian pressures declined, but the average decline was small;
down the dip to the southeast of Houston tho average decline was relatively
large and the area in which the artesian pressures aro depressed to or bolow sea
level was materially expanded.

The chemical analyses and tests do not indicate that any important changes
occurred from 1931 to 1936 in the chemical character of the water in the Hous

ton-Pasadena area or in the territory botwoon Houston and the Gulf.

The following conclusions aro reached:

Considerable water is wasted in the Houston-Pasadena aroa and the elimina

tion of this wasto and of prodigal use of tho water would go far toward solv
ing the water supply problems of the aroa.

No large increase in pumping over the volume of water pumped in 1931 should
be made within the city limits or along the ship channel between the city limits
and Baytown.

In developing additional supplies of ground water, it would be advisable to
go out from the city a sufficient distance to avoid undue interception, of water
that is moving toward the heavily pumped aroas at Houston, Pasadena and Hay-town,
and replenishing the supply in those areas.
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When additional pumping at the rate of 20,000,000 gallons a day is started
at Pasadena, it appears probable that, locally, the present cone of artesian
depression will be deepened to considerably more than 100 feet bolow sea level.
This new cone of depression will expand to adjacent areas. The amount of lower
ing in any given direction from the new v/olls will decrease with distance from
them and as the area affected expands the rate'of expansion will decrease and
the progress of the regional drawdown can be watched. A pronounced drop in hoad
is to bo expected during tho spring of 1937 in all wells in tho vicinity of
Pasadena and probably also in the wells of southeastern Houston. Before tho ond
of tho summer a material declino in artesian hoad may occur in central and west
central Houston G to 10 miles froi-i the new project and nooossitate the lov/ering
of pumps in wolls in which tho present minimum water lovol during }:>umping is
close to the suction limit of tho pumps. With an adequate program of observa
tions of water lovels in wolls, however, it should be possible to anticipate pro
nounced regional drawdown at these distances.

The possibility that a further lar^e decline in the artesian pressures may
result in the encroachment of water containing objectionable quantities of salt
from the direction of the Gulf is to be feared. Such encroachment, if it does

occur, fortunately is likely to be slow and the movement of tho salt water can
be watched.

Tho people of Houston need havo no immediate serious apprehension regarding
the effect of an increase of 20,000,000 gallons in tho pumpago at Pasadena as
ample time will be available in which to develop an additional water supply out
side the Houston-Pasadena area. Plans toward that end, however, should be made
at once.

Tho effect of pumping an additional 40,000,000 gallons a day at Pasadena is
not discussed. If carried out, the pumpage from that vicinity, it is believed,
would be greater than from almost any other area of equal size on earth. It
would invite eventual disaster to tho ground-wator supply of tho entire Houston-
Pasadena area.

Important ground-water supplies are to be found in tho territory west and
southwest of the city in Harris County and a part of Fort Bend and Wharton Coun
ties, north of the city in Harris and Montgomery Counties, and northeast of the
city in Harris, Montgomery and Liberty Counties. Detailed information is given
in the report regarding the yield of the wells and quality of the ground water
in different parts of this territory, together with information indicating some
of the'advantages or disadvantages to be expected in the development of additional
water supplies in tho different sections.

The present water level observation program in the city and surrounding
territory should be continued and materially expanded. Additional observation
wells should be added and several of them equipped with continuous water stage
recorders. This is especially necessary in the neighborhood of tho new develop
ment. In certain critical areas where the observations are likely to havo espe
cial significance, oxisting unused wells, -not now available should be cleaned
out, deepened if necessary, and used for observation wells, or new wells should
be put down for that purpose. The observation program should include frequent
sampling and determination of the chloride content in the water from numerous
carefully selocted wells. The pumping inventory should bo continued.

June 10, 1937. A pronounced decline in v/ater levels has occurred in the
observation wells of the Houston-Pasadena area since liarch First, 1937, follow
ing a large increase in the total pumpage. The average net decline for the year
ending May, 1937, was as follows: 30 feet f near Pasadena, 11 feet in Southeast
Houston, 7 feet in Northeast and Central Houston, 1 foot in North Houston and 1
foot in Southwest Houston.
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INTRODUCTION

History of investigation, location and extent of area and previous reports

An investigation of the ground-water, or underground water, supply avail
able for Houston and the region surrounding it has been in progress for several
years, as part of a survey of the ground-water resources of Texas by the United
States Geological Survey in cooperation with the State Board of Water Engineers,
under the general direction of 0. E. Meinzer, geologist in charge of the Divi
sion of Ground Water in the Geological Survey. The investigation has covered
Harris, Galveston and Vfaller Counties, a large part of Montgomery, Fort Bend and
and Brazoria Counties, and a small part of Liberty and Grimes Counties. Results
of the investigation were set forth in mimeographed memoranda which were
released October 17, 1932, and December 29, 1933. In the first memorandum it
was shown that the water-bearing beds of sand tapped by the wells in the Houston
district have an extensive outcrop area, that thore is good evidenoe that the
ground-water rechargo by penotration of the rain that falls on this area is
heavy, that the sands have a large aggregate capacity to transmit water, and
that a state of essential equilibrium in artesian pressures had beon reached in
the Houston district.

Tho most significant fact brought out in the second memorandum is that there
was a rise in the artesian head from the spring of 1931 to the spring of 1933
as a result of a moderate decrease in the rate of withdrawal from wells. In the

summer of 1933 the investigation was interrupted because of a reduction in the
State appropriation. In the spring of 1956 the sum of $1,500 was allotted by
the City of Houston for further investigation, and this sum v/-as matched by an
equal sum by the U. S. Geological Survey. Between the summer of 1933 and the
spring of 1936 monthly measurements of water levels in observation wells in the
city were made by the Water Department of the City of Houston, and some measure
ments were made on the observation wells outside of tho city by the Geological
Survey in cooperation with the Board of Water Engineers.

In connection with earlier investigations, a study was made of the geo-
chemical relations of the ground waters of an area about 25 miles wide and 90
miles long extending from Galveston northwestward through Houston, including a
study of salt-water encroachment. A brief report on this subject relating to
a part of the area, entitled "A study of salt-water encroachment in the Galves
ton area, Texas," by Samuel F. Turner and Margaret D. Foster, was published in
the Transactions of the American Geophysical Union of the National Research
Council for 1934, part 2, pp. 432-435.

In March, 1936, field work was resumed in making regular measurements on
observation wells and in obtaining the rate of pumpage from the different pro
ducing wells, and studies of the chemical character of the well waters were con
tinued with the special purpose of determining whether or not any material
change had occurred in the character of the water during the proceeding three to
five years. Samples were obtained from about 50 deep wells that had been pre
viously sampled and these were tested for their contents of chloride, bicar
bonate, and sulphate, and for their hardness. Samples were also analyzed from
27 deep wells, in the city and in areas northeast, southeast, south and west of
the city, in Harris, Liberty, Montgomery and Fort Bend Counties, to supplement
analyses of waters from 30 deep wells mado in 1931 or 1932 or to give a compar
ison with later analyses.

The field v/ork in March and April, 193S, was done by T. W. Bridges, whoso
untimely death occurred on April 30. Most of the later field work was done by
J. F. Heuser.
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Tables of well records, water level fluctuations in wells, drillers1 logs
and analyses of well waters. Hydr©logical map of the region.

Copies of a manuscript report from which this mimeographed release is taken
are on file at the offices of the United Statos Geological Survey at Washington,
the Texas Board of Water Engineers at Austin and the City Water Department at
Houston. In the manuscript report are given the records of all the wells investi
gated in Harris, Galveston, Fort Bond, Brazoria, and Waller Counties, including
the results of field tests of the water for chloride, sulphate, and hardness
(table 1); the records of the wator lovols in observation wells in Karris, Gal
veston and Waller Counties (table 2); tho highest ivater lovols recorded in most
of the observation wolls in Houston in the spring of oach yoar from 1931 to 1935
and tho not riso or doclino to 1936 (tablo 3); average quantities of water pumped
by the City of Houston, 1928-36, in millions of gallons a day (tablo 4); total
quantities of water pumped by the City of Houston, 1930-36, at each of tho 9
pumping plants (tablo 4a); total quantities of water pumped from Houston wolls
not ownod by the City (tablo 5); analyses or partial analyses of woll waters in
Harris, Galveston, Fort Bend, Brazoria, Waller and Liberty Counties (tables 6,
7, 8, 9, 10, 10a, 10b and 10c)j and logs of seloctod deep wolls (tablo 11). Tho
fluctuations of tho water levels in 21 of tho observation wolls arc shown by
graphs.

The map that accompanies the manuscript report shows tho location of most
of the wolls in tho region studied outside- of Houston, the wells being given a
number that corresponds to tho number assigned to them in the tables. On this
map, wolls used for stock and domostic purposes and unused wells aro indicated
by a black circle, wolls with pumping plants by a solid black dot, flowing v/clls
by a blue circle, principal observation wells by a black half-arrowhead, wells
for which water analyses or partial analyses aro available by a green arrowhead,
and wolls that wore tosted for chloride, sulphate and hardness by a short green
line. The approximate elevations above sea level to which the static ivater
levels in deep wells would rise in 1936 is indicated by dashed red lines. These
elevations are an index of the artosian pressures. The map, therefore, is an
artesian pressure map besides a well map and shows approximately tho amount and
direction of the hydraulic gradient. This in turn indicates tho direction of
the underflow.

The tables and illustrations listed below accompany this mimeographed release.

Table 1. Water level fluctuations in observation wells (part of table 2 of
manuscript report).

Table 2. Analyses of water from wolls (part of table G of manuscript report).

Map 1. Map of Houston-Galvoston aroa and adjacent region, Texas, showing
location of observation wells, etc.

Map 2. Sketch map of Houston-Pasadona area, Texas, showing location of
selected record wells.

Graphs of water level fluctuations in 21 observation wolls.



GEOLOGY AND GROUND-WATER RECHARGE Ai-ID MOVEMENT ^

Discussions of the geology of the region and the conditions that affect
ground-water recharge and movement are given in the report of October 17, 1932,1/
and will not be repeated in detail hero. The most essential facts are as fol
lows: Supplies of ground water in this region that aro available at dopths to
which it is practicable to drill water wells'occur in pormcablo bods of sand
and fino gravel belonging, in asconding order, to tho Lagarto clay, tho unit con
sisting of th(? Goliad (?) sand, Willis (?) sand and Lissie formation, and the
Beaumont clay. The sands are interbeddcd v/ith relatively impermeable clay gumbo
and shale and the beds dip generally to the south and southeast.- Each of the
formations except the Goliad has an outcrop area from which it extends toward
the south or southeast benoath younger formations in general to progressively
greater depths below tho surface. Successively younger formations aro therefore
oncountorcd in crossing the region from north to south or from northwest to
southeast.

The Lagarto 'clay appears at the surface in the southern part of Grimes
County, the northwestern part of Montgomery County and northern part of San
Jacinto County, and is encountered at considerable depth at Houston. The thick
sand members of tho formation yield large quantities of water, usually somewhat
hard but otherwiso of good quality to deop wolls in the central and southern
parts of Wallor and Montgomery Counties and in tho northern part of Harris and
Liberty Countios.

Tho Goliad sand does not crop out in the Houston district, its nearest
appearance at the surface, known to the writers, being about 65 miles to the
west near Eagle Lake in Colorado County; apparently it has been completely over
lapped by younger formations for there is good evidence of its presence in sub
surface in different parts of the district.

Tho Willis sand, and the Lissie formation crop out in broad zones covering
the northern part.of Harris County, tho southorn part of San Jacinto County, the
northwestern part of Liberty County, and most of Wallor and Montgomery Countios.
Sands in the Lissie formation, and in tho Willis (?) and Goliad (?) yield wator
to tho wolls of the Katy rice-growing districts and to most of tho deep wells
of the Houston and Pasadona aroas.

The outcrop area of the Beaumont clay occupies the southern part of Harris
County, the southern and eastern parts of Liberty County, and nearly all of Fort
Bend, Brazoria, Galveston and Chambers Counties. The basal 200 foet of the for

mation consists largely of sand, but the upper and middle parts are largely clay.
This member furnishes water to most of the large producing wells at Baytown,
Texas City and Alta Loma and to shallow wolls at Houston. Tho base of the for
mation which crops out immediately to tho north of Houston is more than 10C0
feet bolow tho surface at Galveston.

The underground reservoirs formed by tho permeable sands arc replenished by
rainfall on the outorop aroas of the sands and in a large part of these areas
are filled to overflowing and spilling into the streams. In the 1932 report, l/
it was concluded that the replenishment or recharge is comparatively heavy. ~~
This conclusion has been confirmed by subsequent observations of water level
fluctuations in shallow wells on the outcrops. However, in most of the region
the heavily pumped areas are remote from the outcrops of the sands that furnish
water to the wells and the available supply is largely determined by the capa
city of tho sands to transmit water from the outcrops to the wolls.

l/ Op. cit., p. 4.
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The water moves slowly down dip and if not intercepted by wells eventually
escapes through natural outlets, perhaps located in the Gulf of Mexico, or it
may escape by slow movement into overlying beds. Such outlets must exist. The
formations for the most part were deposited in tho sea and were thoreforo once
full of salt water. They now contain fresh wator to relatively groat dopths,
far down the dip, indicating movemont has taken place, which would havo been
impossible if thoro wore no docp-soatod outlets.

The water-bearing sands are at higher elevations at their outcrop than they
are at any place down the dip. On this account, and because the sands are inter-
bedded with relatively impermeable clay, the water in them is under artesian
pressure practically everywhere down tho dip, even in areas close to tho outcrop.

Map showing artosian pressures in underground reservoirs in 1936
and amount and direction of hydraulic gradionts.

On the accompanying map of tho Houston-Galveston area and adjacent region,
linos aro drawn showing tho position abovo or bolow sea levol to which water in
wells 400 foot to 1800 foot or moro in depth would riso in 1936. Tho lines arc
comparablo with the contours on a topographic map, but instead of indicating the
form of the land surface, they indicate the form of a surface represented by the
water levels in wells. In most of the moderately deep to deep wells the water
level is determined by the artesian pressure and the map therefore is essentially
an artesian pressure map.

When wells were first put down in the region tho artesian pressures practi
cally everywhere wore higher in tho deeper wolls than thoy wore in tho shallow
wells. In the Houston, Pasadena, Baytown, Texas City, and Alta Loma areas this
has beon rovorscd as tho result of heavy pumping from deep v/olls, and now the
wator levol stands lower in the dcop wolls. North and west of Houston the deep
well pressures still are greater and the water levels in wells from 800 or 1000
feet to 1500 feet or more in depth in the Lagarto clay and lower part of the
Goliad (?) sand range from 25 to 40 feet higher than the water levels in wells
300 to 800 feet in depth in the upper part of the Goliad (?), the Willis (?)
sand and the Lissie formation. For convenience, the difference, arbitrarily, has
been assumed to bo 35 feot, and on the map the contours north and west of Houston
aro indicated as 50 to 85 feet, 100 to 135 feot, and 150 to 185 feet, the larger
number in each case representing the altitude of the water level in the deeper
wells. At Houston and in the vicinity of Pasadena the lines represent most
nearly the levels in wells 700 to 1300 feet deep in the Lissio, Willis (?), and
Goliad (?) formations. South of Houston tho linos at soa levol and 20 feot
above soa levol are based on wells 475 to 900 feet deep in the Lissie formation,
none of the wells studied in that area being of sufficient depth to penetrate to
the deeper sands. Around La Porte and Baytown the lines represent tho levels in
wells from about 400 to about 1000 feot deep in the Lissie formation and Boau-
mont clay.

In tho early days of well development tho artosian head everywhere was
above soa level, even, perhaps, in areas well out in the Gulf, and the lines of
equal pressure probably were roughly parallel to the Coast, the 50 to 85 foot
line passing through the southern part of Houston. Tho prevailing pressures now
have beon depressed below sea level in an aroa of several hundred square miles
at Houston and oast and southeast of Houston, and, as mentioned later in this
report, tho aroa of depression is still dcoponing and widening.
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Water confined underground is not unlike water confined in a system of
pipes; it will move in the direction of the hydraulic gradient. Tho gradients
here have directions roughly at right angles to the lines shown on the map and
the water everywhere is moving approximately in those directions. Originally
the direction of movement throughout the region was from northwest to southeast
approximately in the direction of the dip of the water-bearing formations and
the first few wells put down at Houston intercepted water from only a small seg
ment along the line of flow. Now, however, in some parts of the Houston, Pasa
dena and Baytown areas, tho water is moving along tho strike and up the dip of
the wator-bearing formations as well as down the dip.

FLUCTUATIONS IN WATER LEVELS HI OBSERVATION WELLS

IN RELATION TO PUMPAGE

Fluctuations of the artosian pressures and water levels in wolls when cor
related with changes in the rate of ground-water withdrawals through wells pro
vide tho most accurate information available regarding changes in underground
storage and the safe limits of ground-water use. The program of water-level
measurements in wells undertaken in connection with tho investigation in tho
Houston district and contiguous territory has been described in the mimeographed
reports of October 17, 1932, and December 29, 1933. The record on many of tho
wells was started in the winter of 1930-31, and now covers almost six years.
The measurements in the city wells and in a few wolls in closely adjoining tor-
ritory have been made monthly ever since the program was started. In most of
the surrounding area, however, the monthly measurements were discontinued in
the summer of 1933, and since then the measurements have been made at irregular
intervals. The measurements in some of the wells have been discontinued because

the wells have been sealed at the top or obstructed so that it is no longer
possible to introduce a measuring tape.

Following is a discussion of the fluctuations in water levels in 63 obser
vation wells of which 25 are located in Houston, 3 near Pasadena, 8 near Baytown
(observations made by Humble Oil L Refining Co.), 1 at La Porte, 2 at South
Houston, 2 at or near Genoa, 1 at Webster, 2 near Friendswood, 3 at or near

Webster, 1 at La Marque, 3 noar Hitchcock, 1 near Alta Loma, 1 at Texas City, 1
near Aldine, 1 at Spring, 1 at Humble, 3 on the Houston-Hempstead road and 4 in
the rice-growing district noar Katy. The water level measurements in these
wells are given in the accompanying table and the fluctuations in 21 of the Hous
ton and Pasadena wells are shown by the attached hydrographs.

The most consistent results can be obtained by comparing the maximum spring
water levels. During the winter many wells are idle or are not pumped heavily,
and local inequalities in artesian pressure produced by heavy pumping during the
summer are gradually smoothed out. Therefore spring measurements of water levels
in a group of observation wolls are a more accurate index of pressures that
exist generally in the underground reservoir than measurements at any other time.
The discussion that follows is devoted chiefly to a comparison of the water levels
in the spring of 1936 with those in the spring of 1931. Consideration is also
given to changes in the rate of pumping from tho well itself and from noarby
wells that may have had an effect on the trond in pressures.



o 30

Fluctuations in Uorthwestern Houston

Well 590. City of Houston, Heights pumping station, 4^ miles northwest of
Post OfficeT^ Depth, 1,362 feet.

The water level recorded ir this well on February 20, 193G, v/as 9.55 feet
lower than the level recorded on January 23, 1031, and on the average the lovels
recorded in February, March, April and ::ay, 1936, were about 4 feet lower than
those recorded in the corresponding months in 1932 (graph 1).

The observation well is an unused one and has not bee in operation during
the last six years. It is about 100 feot from ono pumped v/ell (Heights No. 3)
and 600 to 800 feet from the othor (Heights Vo. o). The average quantities of
water pumped at the station in million gallons a day from 1931 to 1336, inclusive,
were approximately as follows: 1931, 2.9; 1932, 4.6; 1933, 4.1; 1934, 4.9; 1935,
5.1; 1936, 4.4.

Fluctuations 5jq Central and South-Central Houston

Well 619. City of Houston, Lincoln Pool, Sabine Street, and Buffalo Drive,
about 1 laiTcTwest of Post Office. Depth, 900 feet (?).

The wator levels in this well T/ere botweon 2 and 3 feet lower in the early
spring of 1936 than they were in the early spring of 1931 (graph 6).

Tho well has not boon usod during the observation poriod of more than 5
years. So far as is known there aro no pumped wells in its immediate vicinity,
but it is loss than one-half milo from tho central pumping plant of tho city,
where tho total pumpage in millions of gallons during 1930-D935 was as follows:
1930, 2653; 1931, 2789; 1932, 1784; 1933, 1692; 1934, 1782; 1935, 1870; 1336,
2369. It is on the western border of down-tovvTi Houston, an area in which there
has been a material increase in pumpago during the last two years.

WeLI 673. H. K. & T. Railway Company. At railroad yards on North Main
Street, 1 milo north of Post Office. Depth, 1,63C feet.

This well has not boon used during tho last six years, the water in it
having bocome salty. The fluctuation in wator levels disclosed by tho record
aro erratic and probably do not reflect the true fluctuation of the artesian
pressures in the fresh wator-boaring sands.

Well 679. Houston Gas and Fuel Company, Commerce and La. Uranch Streets,
one-half mile northeast of Post Office. Depth, 1,392 feet.

The wator lovols in this well were 3 to 4 feet higher in the spring of 1936
than they wore in the spring of 1931. The well has not boon usod during tho
last six yoars. It is located on the west bank of Buffalo Bayou and is subject
to flooding during high v.rator. Tho fluctuations of water levels in it, there
fore, may not refloot the true fluctuations in artosian pressure in tho vicinity.



10

31
Well 680. Houston Electric Company, La branch Street, one-half mile north

east of Houston Post Office. Depth, 1,350 feet +.

This is an unused woll near Buffalo Bayou. Tho water level in it is very
sensitive to the effects of pumping in neighboring wells and may be affected to
some extent by the stage of the bayou. The record of water level fluctuations
in the well, therefore, is believed to have little or no significance.

Well 790. Southern United Ice Company, Alameda and Cleburne Streets, 2
miles south-southwest of Post Office. Depth, 600 foot.

The wator levels recorded in this well were about the same in tho spring
of 1936 as they were in the spring of 1931 (graph 9). The well was pumped in
1931, the average reported daily delivery amounting to about 140,000 gallons.
The pumping plant was idle during 1032, 1933, and 1935, and was used for only a
few days in 1934. It was shut down entirely in 1935, but was operated again a
part of the time in the summer of 1936. The well is located in a district in
which the total pumpage is not very hoavy. It is, however, only about 1 mile
northeast of the South End pumping plant, and about lvr miles northwest of tho
Scott Street plant, the two most heavily pumped of the six plants now operated
by the City. The total pumpago from these two plants in million gallons from
1931 to 1936 was as follows: 1931, 3321; 1932, 3654; 1935, 4031; 1934, 4493;
1935, 4553; 1936, 4377.

Well 853. Port City Ice Company, 2715 JIcHinr:oy Street, one milo east-
southoast of Houston Post Office. Depth, 650 feet.

The wator level in this well vias about one foot lower in February, 1936,
than it was in February, 1931 (graph 7), The well has not been used during tho
last six years. It is, however, about 180 foot from a well belonging to the
same company, which is reported to have been pumped at a rate averaging 50,000
gallons a day in 1931, but has not been operated since 1933. Tho well is close
to the east border of down-town Houston, whore there has beon a considerable
increase in pumpago during the last two years.

Well 738. Houston Packing Company, Navigation Boulevard, lj- miles west of
Houston Post Office. Depth, 417 foot.

The wator lovols in this well were about the same in the spring of 1936 as
they were in tho spring of 1931, ojid tho fluctuations during the intervening
period were comparatively small. The well has not been used during tho last
six years. It is located near another well, belonging to the Houston Packing
Company, that is pumped almost continuously, tho reported average daily pumpage
in thousand gallons a day being as follows: 1951,770.; 1933 and 1934, 900; 1935
and 1936, 948. The water level in the observation well fluctuates only slightly
with changes in the rate of pumping.

Well 741. Houston Electric Company, at car barns on Navigation Boulevard,
1^ miles east of Post Office. Depth, 540 feet.

This well has not been used during the last six years. The record shows that
the water level in it has declined persistently sinoe the first measurement was
made on January 8, 1931, the total decline to September 26, 1936, amounting to
8.21 feet (graph 8). This record is unlike that obtained at any other well in
the Houston area. It is fairly clear that tho well is shut off from the water
bearing sands that are tapped by the pumped wolls in the vicinity, including
the pumped well at the car bars, as otherwise it would be subject not only to
seasonal rises and declines in water level but also to daily fluctuations.
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Fluctuations in Western Houston

Well 598. Brooks estate, near Eureka Junction, 4-J- miles west-northwest of
Houston Post Office. This is an unused well located about 4-|- miles west-north
west of the Houston Post Office, at tho western border of tho city near Eureka
Junction.

Tho water surface in tho well reached the highest observed level in the
spring of 1933 and was at about the sane elevation in the spring of 1934 as it
was in the spring of 1931 (graph 2), when measurements were begun. The well is
an old one and its exact depth is not known but is reported to be several hun
dred feet. It is remote from any heavily pumped wells. The last measurement was
made in June, 1934, when the woll became obstructed.

Well 602. River Oaks Country Club, 4 miles west of Houston Post Office.
Depth, 1,038 feet. The water levels recorded in this observation well were
about the same in the spring of 1936 as they were in the spring of 1931 (graph
3), but lower than in 1932 and 1933.

The well is equipped with a 30 h. p. motor and turbine pump, and from 1931
to 1935 furnished all the wator used for tho club house, golf course and swim
ming pool, amounting to an average of about 240,000 gallons a day from May to
October and about 20,000 gallons a day from November to April. During the sum
mer of 1936 the supply for tho swimming pool, amounting to about 40,000 gallons
a day during the summer, was pumped from a new well about one-fourth mile dis
tant. Most of the measurements were made on days when the pump was idle. None
was taken while it was running.

No other wells are pumped in the vicinity, but the municipal West End pump
ing plant, tho only largo plant in this part of the city, is locatod about lw
miles to the northeast. The total yearly pumpage from the West End plant in
1931, 1932, 1933 and 1934, amounted to 401, 389, 167, and 40 million gallons
respectively. In 1935 the plant was not used.

Woll 604. West End Ice Company, Heights Boulovard, about 2vt miles west-
northwest of the Houston Post Office. Depth unknown, but reported to be around
400 feet.

The water level recordod in this woll was about 2yj feet higher in April,
1936, than it was in April, 1931 (graph 4), but the average in the spring of
1936 was lower than the average in tho springs of 1934 and 1935.

The well was pumped more or less regularaly during the summer of 1931 and
1932, the average reported daily pumpage amounting to 30,000 gallons. The pump
ing plant was shut down in the fall of 1932, and has not been operated since
except for about two months in the summer of 1934. The West End pumping plant
of the City of Houston is located about seven-eighths of a mile west of the well.
As stated in the paragraph above relating to the Rivor Oaks well (No. 602), the
pumpage at the West End plant declined from a total of 401,000,000 gallons in
1931, to 40,000,000 gallons in 1934, and the plant was not operated in 1935 and
1936. On the other hand, pumpage by industrial plants within a mile of the Ice
Company's well has increased materially since 1935, the largest increase, about
80,000 gallons a day, being at the plant of the fidelity products Company, located
about three-fourths of a mile to the southwest.
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Well 606. Henke and Pillot, Washington and Brown Streets, 2 miles west-
northwest" o"f~Houston Post Office. Depth, 575 feet.

The record of water levels in this well show there was a net decline of
about 3j- feet from the spring of 1931 to the spring of 1336 (graph 5). The
well is unused but is within a few hundred feet of another well belonging to
the Ilenko and Pillot Company that is regularly pumped, the reported average
daily pumpage being 15,000 gallons in 1936. It is less than ono-fourth milo
from the plant of the Dickson Car Company, which in 1931 was supplied with water
from a well belonging to the company, but is now supplied by the City. It lies
between the West End and Central pumping plants of the City, being about 1-g
miles from the former and about 1-h- miles from the latter.

Fluctuations in Southwestern Houston

33

Well 783. Houston Riding and Polo Club, Westheimor Road, 6 miles wost of
Houston Post Office. Depth, 350 feet.

Measurements of water lovels in this well were started in July, 1932. The
record shows that although the seasonal and yearly fluctuations have been rather
small, tho water levels in March, April and Hay, 1936, were about 2^: feet lower
than they were in the corresponding months in 1933 (graph 13).

The woll is unused but is only about 8 feet from a woll of about the same
dopth that is pumped occasionally to provido drinking water for club members and
for horses. It is remote from any other pumped well.

Well 801. South Sido Place, Wost University and Virginia Avenues, 5-J-miles
southwest of Post Office. Depth, 500 feet.

The water level observations in this well were begun in January, 1931, and
stopped at the close of 1935, when the woll was sealed at the top so that it
could no longer be measured. The water level fluctuations during the period
were comparatively small. The recorded level in January, 1935, was about ij
feet higher than that in January, 1931, and was about tho same in November and
December, 1335, as it was in the corresponding months in 1931. The well is used
for public water supply in South Side Place, the reported average pumpage being
35,000 gallons a day from 1931 to 1935, and 55,000 gallons a day in 1936. It
is comparatively remote from any other heavily pumped well.

Well 804. West University Place, &j miles wost-southwest of tho Houston
Post Office. Depth, 650 feot.

The wator levels rocordod in this well avoraged 2 feet lower in February,
March and April, 1936, than they wore in the corresponding months in 1932
(graph 12). Tho well has not been used during the last six years. It is located
near two othor wolls that aro pumped to supply water to Wost University Place,
the average combined yield of which, in gallons a day, is reported to have been
as follows: 1931, 90,000; 1933, 105,000; 1934 and 1935, 12o',000; 1936, 140,000.
No record was obtained of the pumpage in 1932. There are no other heavily pumped
wells in the vicinity.
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Well 809. Gem Electric and Ice Company, Bellaire, 7 miles southwest of
Houston Post Office. Depth, 1,100 feet.

The water levels reported in this well were slightly lower in the spring of
1936 than they were in the spring of 1931 (graph 11). The well has not been
used during the last six years. It is about 50 feot from a well 340 feet deep
that is used for public water supply of Bellaire. Tho water level in the obser
vation well shows no immediate effect from this pumping and is about the same
when the pump is operated as it is when it is not operated.

Fluctuations in extreme Southern Houston

Well 820• Institute Place, 5yj miles south-southwest of Houston Post Office.
Depth, 3l0 feet.

Tho water levels recorded in this well show a small but rather persistent
decline (graph 10). The well is located on the open prairie south of the present
city development. The noarest heavily pumped wells are at the South End plant
of the City about two miles to the north.

Fluctuations in Eastern and Southeastern Houston

Well 759. Port City Compress Company, foot of Buchanan Street, 4£ miles
east of Post Office. Depth, 396 feet when drillod, deepened to 569 feet in Novem
ber, 1932.

The water levels recorded in this well averaged about 5 feet lower in 1936
than they did in 1931 (graph 19) before the well v/as deepened, and the loss in
head v/as due chiefly to the drop that occurred abruptly when the well was
deepened. An avorage of only a few thousand gallons a day are pumped and appar
ently this draft has not changed materially during the last five years. No
other heavily pumped wolls aro located within tv/o miles of the well. As explained
elsewhere the water levol in well 881, 650 feet deep located about one mile to
the southwest, was highor in the spring of 1336 than it was in the spring of 1931.

Well 868. Hughes Tool Company, Hughes and North Capitol Streets, 3 miles
southeast of Post Office. Depth, 697 feet.

The water levels recorded in this well were about 3 feet lower in the spring
of 1936 than they wore in the spring of 1331. The well has been idle most of
the time during the 5^- years covered by the record. Two other nearby wells,
owned by the Hughes Tool Company, supply water to the Company's plant and to the
Gulf brewery, a few hundred feet distant. The well that supplios the brewery
is only about 125 feet from the observation well and is about 1,100 feet deep.
It has been pumped almost continuously since operations wero started at tho
brewery (about January 1, 1934), at the roportod rate of about 1,300,000 gallons
a day. The other well, used to supply the tool plant, is about 300 feet from
the observation well. Its reported production in gallons a day is as follows:
1931, 750,000; 1932, small; 1933 to 1935, 480,000; 1936, 1,440,000. The total
reported pumpago at this plant in the spring of 1936 therefore v/as nearly 2,000,000
gallons a day greater than it was in the spring of 1931.
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Well 878. Houston Compress Company, Anderson Clayton Turning Basin, 4.r
miles southeast of Post Office. Depth, 905 feet.

The water levels recorded in this well were 2 to 3 feet higher in the spring
of 1936 than they v/ere in the spring of 1931. Tho well supplies water to the
cotton compress v/orks and to ships, but no records are available as to the amount
used from 1931 to 1936. In 1928, the v/ater supply v/as furnished by the City and
according to meter readings, averaged about 140,000 gallons a day. So far as is
known there has been no material change since 1331 in the pumpage from other
wells that are within a mile of this well.

Well 881. Terminal Compress Company, 82d Street and Harrisburg Boulevard,
5^- miles southeast of Post Office. Depth, 650 feot.

The water lovels reoorded in this well in the spring of 1936 were slightly
higher than they were in the spring of 1931 (graph 18). The well has not been
used during the last six years. So far as can be lcarnedthcrc has been no mater
ial change in tho pumpage in this locality since 1931.

Well 886. Bennett Oil Company (formerly Texas Alkali Works), San Antonio
and Bowie Streets, 5g- miles southeast of Post Office.

The water levels recorded in this v/ell in Fobruary and Hay, 1936, were
about 6 feet lov/er than they were in the corresponding months in 1931 (graph
20). The pumpage from the well is reported to have averaged 10,000 gallons a
day in 1931, and 23,000 gallons a day in 1935 and 1956. So far as known, there
has been no material change in the rate of pumping from other wells in this
locality since 1931.

Well 890. Texas Chemical Company, Magnolia Street, six miles southeast of
Post Office. "

This well ha3 been in use most of the time since tho early part of 1331.
Tho wator level fluctuation record therefore is a rather poor one. Tho v/ater
level was about the same on Hay 8, 1936, as it was on January 13 and April 6,
1931. The reported average yield of the well, in gallons a day, is as follows:
1931, 300,000; 1932, 230,000; 1933 and 1934, 300,000; 1935 and 1936, 400,000.
Tho production of water from the v/ell of the Doopwater Oil Pvefinery, less than
one-fourth milo from this well, is also said to be greater in 1936 than it was
in 1931, being reported as follows: 1931, 570,000; 1932, no record; 1933 and
1934, 400,000; 1935 and 1936, 420,000. Production from the well of the Bennett
Oil Company, the only other pumped well within a mile, has also increased con
siderably (see discussion of well 886 above).

Well 898. City of Houston, Park Place, 6?± miles oast-southeast of Post
Office.

This well v/as partly destroyed in the summer of 1935 and is no longer
measurable. The last record v/as obtained June 18, 1935. The water levels
recorded in January and April, 1935, were about a foot higher than those recorded
in the corresponding months in 1931.
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Well 900. Golf Crest Country Club, Telephone Road, &?j miles east-south
east of Houston Post Office. Oil test v/ell, depth, 2,560 feet, filled with mud
to a level within 360 feet of the surface.

The water levels recorded in this v/ell in the spring of 1931 v/ere made while
an adjoining v/ell that supplies the golf course v/as being pumped, and apparently
were abnormally low. Records obtained while tho pump was idle indicato that tho
water levels v/oro about 2 feot lower in tho spring of 1936 than thoy were in the
spring of 1932.

Fluctuations near Pasadena

Well 1170. Houston Light and Pov/or Co., Doepv/ator plant, 0-|- miles east-
southoast of Houston Post Office, 1 mile northeast of Pasadena. Dopth, 836 feot.

The observation v/oll is one of three closely-spaced v/ells that supply v/ater
to the power station. Tho wator level record is badly brokon because tho pump
usually was running whon it was visitod by the observer. The few measurements
that v/ero made, iiowover, indicate that tho water levol in tho early part of 1936
was about as high as it was during tho corresponding poriod in 1931 (graph 15).
It is reported that on the average about 75,000 gallons a day was pumped at tho
plant in 1935 and that this rato of pumping has not variod materially since
1931. The woll is less than a milo from the heavily pumped wolls of the Sinclair
Refining Company. Tho reported pumpago at tho Sinclair plant from 1932 to 1935
in million gallons a day is as follows: 1932, 4.3.1; 1933 to 1935, 5.04; 1936
(first half), 5.1.

Well 1176. Texas Company Oil Refinery, Galena Park, 8J- miles oast-south-
oast of Houston Post Office, about 2 miles north-northwest of Pasadona. Depth,
800 feot.

Tho water lovols recorded in this woll in tho spring of 1936 wore about tho
same as those recorded in 1931 (graph 21). Tho woll has not been usod during
tho last six years. It is looated about one-half mile north of two wells that
supply water to the oil rofinory of the Texas Company. The reported avorage
quantities pumpod from the rofinory wolls la gallons a day from 1932 to 1935
v/ero as follows: 1932, 345,000; 1933, 352,000; 1934, 390,000; 1935, 407,000.

Woll 1196. Talford Jonos, 13 miles southoast of Houston Post Office and 3
milos oast of Pasadena. Dopth, 550 foot.

Wator levol observations in this v/oll were started in December, 1932. The
v/ater lovols rcoordod in tho spring of 1936 wore about tho same as those recorded
in the spring of 1935. The v/oll is practically unused, and there is no heavy
pumpage noar it. At tho refinery of tho Shell Petroleum Company, about Zh miles
to tho northeast, the use of the following average quantities of ground v/ater in
million gallons a day is reported: 1933, 2.55; 1934, 2.64; 1935, 3.52; 1936, 3.50.

Fluctuations at La Porte

Well 1105. (Harris County). A. A. Woiaack, La Porte, about 23 miles east-
southeast of Houston Post Office. Reported several hundred feet deep.
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Water level observations v/ere started in this well in December, 1952. The

levels recorded in the spring of 1936 averaged about 3JV feet lower than those
recorded in the spring of 1933. The average spring levels recorded during the
four years are as follows: 1933, 53.0; 1934, 52.1; 1935, 53.54; 1936, 56.5.

According to report, this v/ell formerly had a flow and when it v/as drilled,
about 40 years ago, the artesian pressure was sufficient to raise the v/ater 20
feet above tho ground. The v/ell is unused but is only a few hundred feet from
a well that furnishes the public water supply for La Porte, amounting to the
following average quantities in gallons a day, according to tho municipal records
1931, 311,000; 1932, 304,000; 1933, 310,000; 1954, 374,000; 1935, 500,000.

The woll is across the bay and about four miles from tho heavily pumped
wells of the Humble Oil Refinery at Baytown.

Fluctuations at Baytown

Wells of Humble Oil Refinery at Baytown, 1051 to 1067 (Harris County).
According to records kindly furnishod by tho Humble Oil and Refining Company,
the water lovels in tho wells at the Baytown Rofinory had declined in tho spring
of 1929 on the average to a depth of about 68 feet below sea level. The v/ater
levels became higher each spring during the succeeding 3 years and reached an
average of 46 feet below sea level in tho spring of 1932. They doclinod to
about 56 foot bolow soa level in the spring of 1933, roso to about 47 feet in
the spring of 1935, and doclined to about 68 foot in tho early spring of.1936.
The v/ater levels at tho ond of the 7-year period, therefore, wore in about the
somo position as they wore at the start.

During this period the average daily pumpage from the refinery wells
reached a maximum of about 17 million gallons a day in 1929 and doclined to a
minimum of about 10,000,000 gallons in 1931. Tho average daily pumpago during
the fall, winter and spring in 1935-36 was about 13,800,000 gallons, which,
however, v/as about 2,900,000 gallons a day less than the average during the
corresponding period in 1928-29.

The water levels in the spring of 1936, thoreforo, were correlated with
considerably less pumpage than the lovels in tho spring of 1929.

Fluctuations at South Houston

Well 1205. (Harris County). Highway Department v/ell at South Houston,
about 11 miles southeast of Houston Post Office. Depth, 600 feet.

Accoiding to the comparatively fow records of v/ater lovels in this well tho
lovels in spring have become progressively lov/er since 1931, the net decline
from 1931 to 1936 amounting to about 5 feot. The well is about 1,000 feet from
a v/oll that furnishes the public supply for South Houston, a small community with
a population of about 500.
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Well 1209. (Harris County). Firework Co., South Houston, about 11 miles
southeast of Houston Post Office. Depth, 650 feet +.

The record in this well v/as started in October, 1932. The v/ater level in

the spring of 1936 was about three feet lower than it was in the spring of 1932.

Fluctuations at Genoa

Well 1302. (Harris County). City of Genoa, at Genoa, about 14 miles
southeast of Houston Post Office. Depth, 832 feet.

The spring measurements of water levels in this v/ell show a progressive
decline from 48.06 feet in 1951 to 53.91 feet in 1936 belov/ the reference point.
The well is not used but is near another v/ell that supplies v/ater to Genoa, a
community with about 600 inhabitants. No heavy pumping is known within several
miles.

- Weil 1312. (Harris County). T. C Dunn. Depth, 885 feet. Unused rice
irrigation well 2g- miles southwest of Genoa. T3ie water level in this well war
about 6 feet lov/er in the spring of 193G than it was in the spring of 1931.

Fluctuations at v/ebster

Well 1360. Mrs. Fain. One-fourth mile east of Webster and about 22 miles

southeast of Houston Post Office. Depth, 659 feet. Tho water levels in this
well show a progressive decline below the reference point from 31.47 feet in
April, 1931, to 38.70 feet in February, 1936. A woll about 2 miles northwest of
this well is pumped during the summer to irrigate rice.

Fluctuations at Friendswood

Well 1. (Galvoston County). Garretson Estate, 8 miles west-northwest of
League City. Depth, 600 feet. The wator level in this v/ell was 4.36 feet lower
on February 28, 1936, than it was on Hay 9, 1933. On January 1, 1937, tho levol
v/as at least 2 foot lower than it v/as on February £8, 1936, but its position v/as
not exactly determined, tho tape bcinjj stopped by an obstruction before wator
was reached.

Fluctuations at League City

Well 3. (Galveston County). Jrs. A. Yoss, K7 miles west of League City.
Depth, 763~feet.

The water level in this well was about lh feet lov/er on January 1, 1937,
than it v/as on Llay 9, 1933.
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Fluctuations at Dickinson

Well 112. (Galveston County). G. fl. & K. Ry. Depth, 750 feet. Not used.
The water level in this well was about 18 feet lower in the spring of 1936 than
it was in the spring of 1931.

Well 113. (Galveston County). E. Konotti. Depth, 504 feet. Pumped with
2 h.p. engine for domestic use and stock. The v/ater level in this v/ell was
about 4?r feet lower in the spring of 1933 than it was in tho spring of 1933.

Well 115. (Galveston County). J. W. Palmer. Depth, 526 feet. The water
level in~this well dropped nearly 9 feet in tho 3 years from the spring of 1933
to the spring of 1936.

Fluctuations at La Marque

Well 206. (Galveston County). A. J. Biron. Dopth, 926 feet. The water
level in this woll was about 23 feet lower in tho spring of 1936 than it v/as in
the spring of 1931.

Fluctuations at Toxas City

Well 223. (Galveston County). "Depot" v/ell. tlot usod. Depth, 740 feet.

Tho water lovel in this well was about 7 feet bolow tho surfaco in the

spring of 1932. On January 28, 1937, it v/as more than 27 feet belov/. (On the
latter date tho woll was obstructed and the tape could not be lowered below a
depth of 27.2 feet.) Tho lowering of the water levol in this v/ell and in woll
206 above probably was due in large part to heavy pumping at Texas City amount
ing in 1936 to an average of about 10,000,000 gallons a day. This is more than
tvri.ee the amount pumped in 1931 and 1932. 2Jost of the water is used by oil
refineries.

Fluctuations at Hitchcock

Well 286. (Galveston County). A. Cook. Depth, 720 feet.

The water lovel in this well was about 8 feet lower in the spring of 1936
than it was in the spring of 1933.

Well 297. (Galveston County). Chas. Schiro. Dopth, 720 feet. Equipped
with 3 h.p. gas engine and pumped for domestic use and stock.

The water levol in this v/ell was about Ovj feet lov/er in the spring of 1936
than it was in tho spring of 1935.

Well 300. (Galveston County). Chris Jonson. Dopth, 500 feet. Not used.

Tho wator lovel in this well was about 3 feot lower in tho spring of 1936
than it v/as in the spring of 1933.

**•>!»



i9 40

Fluctuations at Alta Loma

Well 272. (Galveston County). City of Galveston. Depth, G09 feet. Unused.

The water level in this v/ell v/as about 5£ feet lower in the spring of 1936
than it was in the spring of 1933.

Fluctuations north of Houston, (noar Aldine)

Well 264. (Harris County). Weary Farm, 3 miles north of Aldine and about
16 miles north of Houston Post Office. Depth, 1610 feet. The water levels
recorded in this well shov/ a continuous deoline from 3 feet below tho top of the
casing in May, 1931, to 21.22 feet below in May, 1936. From May to September,
1936, the level rose about one-fourth foot, the only rise indicated in five
years. Tho well is reported to have had a flow until 1930, tho wator coming
from sand about 900 feet bolow tho surfaoo.

The well is located in a depression and is subject to flooding during
exceptionally heavy rain. It is possible that silt has entered the casing at
such times and partly sealod the sands thereby causing a decline in tho artesian
head. On tho other hand tho docline may have beon duo to heavy pumping from the
deep sands at Houston and Pasadena. Tho woll furnished v/ater for stock when it
flowed but has not boon used sinco the flow coascd.

Fluctuations at Humble

Well 281a. (Harris County). City of Humble. Depth, 1140 feet. When this
well was put down in 1934 it had a flow of 40 gallons a minute at a height of
21 feet above the ground. The well, and another one near it, 740 feet in depth,
are heavily pumped for the public v/ater supply of Humble. In December, 1936, it
v/as flowing into a tank about 10 feet above the ground during periods when the
pump was idle.

^

Fluctuations at Spring

Well 93. (Harris County). International and Great Northern R. R., at
Spring, about 22 miles north of Houston, Depth, 984 feet.

When measured in tho summer of 1936, this v/oll had a flow of about 35 gal-
longs a minute and the artesian prossuro was sufficient to raise tho v/ater about
25 feot above the ground. This is about tho pressure rocorded in the v/ell when
it was drilled, about 10 years ago.

Fluctuations northwost of Houston, along Houston-Hempstead Road

Well 206. (Harris County). R. 3. Tucker. 20 miles northwost of Houston
Post Office and 6^- miles southeast of Cypress. Dopth, 450 feot.
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Tho record for this well shows that the changes in wator lovel during tho
last 5 years havo been comparatively small•

Well 431. (Harris County). G. E. Wilkins, about 13 miles northwest of
Houston and 2 miles v/est of Fairbanks.

This is a flov/ing well. Its depth is unknown but is said to be only a few
hundred feet. However the high temperature of the water, 87° F., indicates that
it may be 1500 feet Or more in depth.

The discharge of the v/ell v/as estimated at about 75 gallons a minute in
1931, when it v/as visited in connection with tho ground water survey, and in
1936, when it v/as again visitod, tho discharge apparently v/as about tho some.
The v/ell flows continuously and the v/ator is unusod except by stock.

Well 205. (Harris County). Humble Pipe Line Co., near Satsuma, about 20
miles northwest of Houston Post Office and about O^- miles southeast of Cypress.
Depth, 700 feet.

The v/ater levels recorded in this well in the spring of 1936 were about the
same as those recorded in the springs of 1933 and 1934, but averaged about 3
feet lov/er than those recorded in the spring of 1931.

Tho well supplies the domestic needs and other modorate requirements at the
pipe line station at Satsuma. It is pumped only occasionally.

Fluctuations in ICaty rico-growing district

Well 362. (Harris County). E. G. Stockdick, about 4 miles northeast of
Katy. Depth, 500 feet.

This well is used for rice irrigation and is reported to have v. yield of
about 1200 gallons a minute. The v/ator level was about 3 feet lov/er in tho
spring of 1936 than it was in the spring of 1931.

Well 367. (Harris County). W. C. Jlickman. 3-4-miles east-northeast of
Katy. Depth, 535 feet. Used for rice irrigation, and is reported to have a
yield of about 1100 gallons a minute. The water lovel v/as about 2-rV feet lower
in April, 1936, than it was in Hay, 1931.

Well 370. (Harris County). J. II. Johnson, about 3 miles east of Katy.
Depth, 625 Jcet. Used for irrigation and reported to yield about 1600 gallons
a minute. "ra ;er level v/as 2v feet lower in April, 193G, than it was in March,
1931.

Well 534. (Harris County). A. J. Jordan, 6 miles northeast of Katy.
Depth, 505 .--jet. Well does net yield much water, and is unused. Wator level
was about t;' : same in tho spring of 1936 as it was in the spring of 1931.



21

Summary of results of water level observations in wells

The results of the water level fluctuation measurements in the region are
briefly summarized below.

In general the water levels in the Houston observation v^ells stood higher
in the spring of 1932 than in the spring of 1931, and roached a maximum eleva
tion for the 1931-36 period in the spring of 1933. Since 1933 there has been a
general decline in the maximum levels and in most wolls the maximum in the spring
of 1936 was somewhat lower than the maximum in the spring of 1931, but on the
average the difference amounted to less than 2 feet.

East of Houston, in the vicinity of Pasadena, tho water levels in two obser
vation wells were about the same in the spring of 1936 as they v/ere in the
spring of 1931.

East of Pasadena, at La Porte, there was a decline of about 3£- feot from
the spring of 1933 to the spring of 1936. Across the Bay from La Porte, at
Baytown, the water lovels shov/ed practically no net decline from 1929 to 1936.

Northeast, north and northv/est of Houston there are no deep wells within
several miles of the city limits that can be measured. In this territory,
therefore, no information is available as to whether or not thore have been im

portant changes in the artesian pressure. Farther out in theso directions, 3
wells are flov/ing with.no apparent deoline in pressure, one at Humble, another
at Spring and tho third near Fairbanks. In one well near Aldine (No. 264) which
had a flow until 1930, the wator level has persistently declined but the decline
may have been duo to the entrance of muddy storm water into tho well. Northv/est
of Houston on the Houston-Hempstead road noar Satsuma tho water lovel in a 700
foot well displayed a not declino of about 3 feet between 1931 and 1936, due,
perhaps, to tho effects of pumping from wolls for rice irrigation a few miles to
the south.

West of Houston, in the Katy rice-growing district in several wells, there
was a decline of 2g- to 3 feet from 1931 to 1936.

Southwest of Houston, at Bcllairo, thore was a net declino of about 2>j foot
from 1931 to 1936.

South and southeast of Houston, in the localities of South Houston, Genoa,

Friendswood, Wobstor and League City, there v/as a net docline during the 5 yoars,
amounting to 6 or 7 foot in several wells. Still farther south, in the locali
ties of Dickinson, Toxas City, La Marque and Hitchcock, a not declino was
rocordod that was the largest in tho region, reaching a maximum of more than 20
feet. At Toxas City and La Marque tho docline probably v/as due in large part to
the increased use of ground water by oil refineries at Toxas City.

Of the 30 observation v/ells at Houston and Pasadena that havo yielded the
most satisfactory data, 5 aro unusod and aro locatod a half milo or more from
any hoavily pumpod well; 13 aro unusod but aro only a short distance (in some
instancos loss than 100 foot) from a v/oll that is pumped a part of the time; 2
are pumpod regularly during tho summer but aro not used vory much during tho
winter and 10 aro pumpod more or less regularly, tho most of then, Iiowover, being
subjootod to a hoavior draft in summer than in winter. Nono of tho wolls was
moasurod whilo tho v/oll itself was being pumped.

42
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The water level fluctuation record in most of the v/ells of the Houston-

Pasadena area must have been affected to a degree by pumping from the well
itself, if it was pumped, or by pumping from nearby wells, as v/ell as by regional
changes in the artesian pressure. When the records are studied, however, the
trend in tho fluctuations is found to have a remarkable similarity. The seasonal
fluctuations vary in amplitude but the yearly trends are about the same in most
of the wells and the net gains or losses during the 5 year period are not greatly
different. This can bo most clearly seen by reference to the hydrographs. The
conclusion is reached that the records reflect fairly v/oll the changes in pres
sure for the entire Houston-Pasadena area.

The outstanding facts disclosed by the v/ater level measurements are as
follows: (l) The depression in tho prevailing artesian head that oxistod in
tho most heavily pumped districts of Houston, Pasadena and Baytown, prior to
1931, was deepened scarcely at all between 1931 and 1936. (2) Tho depression
in tho prevailing artesian hoad that existed in the region south and southeast
of Houston, prior to 1931, was materially deepened and widened between 1931 and
1936.

(See attached maps for location of observation wolls.)

HOUSTON PUMPAGE, 1930-36

Aocording to the records of tho City V/ater Department, tho average quanti
ties of water delivered by the City between 1928 and 1936, in million gallons a
day wore as follov/s: 1928, 21.9; 1929, 23.0; 1930, 25.8; 1931, 25.4; 1932, 23.7;
1933, 23.5; 1934, 24.2; 1935, 24.4; 1936, 25.4.

A part of tho results of studies that v/erc made for tho purpose of computing
the production of v/ater from wells in tho Houston and Pasadena areas, other than
those belonging to the City from 1930 to 1936, are given in to.ble 5 of the manu
script report. In making tho inventory of this independent pumpago, tho yield
of the well v/as measured if possible and the best available information was
obtained regarding the operation of tho pump over a poriod of yoars. Systematic
pumping records, it was found, aro seldom kept. Many of the pumps are electric
ally operated, but ordinarily, the pump is on tho some electric meter as other
machinery and no accurate information is to bo had as to how tho load is dis
tributed. Often it is necessary to depend entiroly ujjoii the memory of the pump
engineer or the plant manager for the pumping record, and sometimes when tho
statoments of both are obtained they aro found to differ materially. It is
found that the general tendency of company officials, however, is to overesti
mate the yield of the pump and the length of tho pumping periods. The figures
on total pumpage given in the preliminary report of October 17, 1932, are believed
to be somewhat too high, largely as a result of this tendency.

The figures in the table have been rated from A to E according to their
probable accuracy, those designated "A" being the most accurate and those desig
nated "E" tho least accurate. All tho figures except those rated "A" and "3",
should be classed as estimates. Y/hilo the data aro not as accurate as could be

desired, they nevertheless appear to justify tho following conclusions: About
1930 the total pumpage from all v/ells in the aroa reached the maximum obtalaod
up to that time. As the financial depression grow in 1931-33, the rate of pump
ing both from city and privately owned wells gradually declined and roached a
minimum in 1933, but tho decline amounted to only 10 or 12 porcont of the pumpage
in 1930-31. Sinco 1933 thore has boon a gradual increase in tho pumping and the
total in the latter half of 1935 and the first half of 1956 v/as not greatly dif
ferent from the total during corresponding periods in 1930-31.
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The upward trend in v/ater levels in the Houston-Pasadena area between 1930
and 1933 v/as due to the reduced rate of pumping in most of the producing wells,
and the decline in v/ater levels sinco 1933 was chiefly tho result of increased
pumping. It is significant that the increase in pumping to a rate comparable
with that at the start of the investigation has been accomplished with compara
tively little average net loss in artesian head.

CHEMICAL CHARACTER OF GROUND WATER; FLUCTUATION IN CHARACTER

The following records of analyses of water from wells in the Houston region
accompany the manuscript report:

Analyses of v/ater from wells in Harris, Galveston, Waller and Fort Bend
Counties, Texas, 1931-35 (Table 6); partial analyses of v/ater from wells in the
Houston district, Texas, 1936 (Table 7); partial analyses of v/ater from selected
deep wells in Houston, Texas, and in areas southeast, south and wost of the city,
1936 (Tablo 8); results of a series of tests of chloride in well v/ater at Houston
(Tabic 9); results of a series of tests of chloride in v/oll wators of Houston
region (Table 9a); analyses of water from v/ells in tho Humble-Crosby district in
Harris County (Table 10); analyses of water from wells along the Humble-New Caney
road in Montgomery County and at Cleveland and Hightov/er in Liberty County (Table
10a); analyses of water from v/ells at Stilson, Dayton and Liberty in Liberty
County (Table 10b). The analyses given in tables 6 to 9a v/ere made in the Water
Resources laboratory of the U. S. Geological Survey at Washington by Margaret D.
Foster. Those in tables 10 to 10b wore made for tho City of Houston in the
laboratory of Rice Instituto by A. J. Hartsook.

Analysos from representative v/ells in different parts of the region are
given in the table of analyses herewith.

These records show that ground water of good quality is to be found in a
large region surrounding Houston, as well as in Houston itself. In general, the
wator is hardest in tho outcrop areas of tho water-bearing sands and becomes
progressively softer while the chloride in the v/ator tends to increase with
distance down the dip. For example: the v/ater in tho middle and lov/er parts
of the Lagarto is of good quality in the northern part of Harris and Liberty
Counties and in Montgomery County, but is salty in the vicinity of Houston;
the v/ater in the Goliad (?) sand and Willis (?) sand is of exceptionally good
quality at Houston but is salty in the vicinity of Baytown.

The subject of the increase in the chloride content of the water with dis
tance down the dip to the southeast of Hour-ton in discussed at somo length in
the paper by Tumor and Foster mentioned on page 4 entitled "Encroachment of
salt water in tho Galveston area, Texas". The information in that paper and
other data obtained in the course of the investigation tends to shov; that at no
great distance down the dip to the southeast of Houston the fresh v/ater in the
deep sands from which the city water supplies are largely obtainod givos way to
v/ater that is too salty for municipal or industrial use.
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As explained in the Turner-Foster paper, samples fror: 12 wells located in an
irregular line from Houston southeastward to Texas City are being analyzed from
time to time to determine whether or not the wells show any evidence of the en
croachment of salt water, the last analysis being made in the summer of 1936.
The series of tests of v/ater from about 30 v/ells in the region referred to on
page 4 v/ero mado for the same purpose. Comparison of tho most recent analyses
of samplos from the 12 wolls in the IIousto!i-Tc::as City lino with earlier analyses
and the results of the chloride tests in 1936 with those made in 1931 and 1935

does not indicate any important change in tho composition of tho water. However,
as stated later in this report, it must bo rocognizod that a heavy increase in
the rato of pumpage in the eastern part of Houston or in the vicinity of Pasadena,
where the artesian head already has been depressed to 20 foot or more below tho
level of the sea may furthor lov/er the pressure to such an oxtent that wator
containing objectionable quantities of salt eventually v/ill bo drawn into the
area from down tho dip.

PROBABLE EFFECT OF ADDITIONAL HEAVY PUMPING

III THE VICINITY OF PASADENA

Industrial requirements have developed in recent months in the vicinity of
Pasadena which, it is said, will nooossitate an additional water supply of from
20,000,000 to 40,000,000 gallons a day. New wolls have beon put down which, it
is said, have a combined capacity of 20,000,000 gallons a day. The pumping of
theso wells is to be started this month (March, 1937). What will bo the effect
of this groat increase in tho pumping dra.?t on other wells in the aroa and on
the underground reservoir as a whole ?

When additional pumping at tho rate of 20,000,000 gallons a day is startod,
a deep cono of depression v/ill quickly bo developed in the inanediate vicinity
of the wells, all of which are located within an area of not more than 1 square
mile. In one area of similar size in this region, the increase in the average
daily pumping from about 10,300,000 gallons a day to about 14,200,000 gallons a
day caused tho average static water level to decline from about 40 feet below
sea level in tho spring of 1932 to about 68 feet belov/ soa levol in the spring
of 1936, or a not docline of about 5.3 foot for each million gallons a day
increase. In tho Pasadena area the fresh wator sands are materially thicker
than in tho aroa cited and, if tho permeability of the sands is about the same,
the rate of declino is likely to be materially less. Nevertheless, with an
incroasc in pumpage of 20,000,000 gallons a day at Pasadena, it appears probablo
that locally the presont cone of artesian depression v/ill bo deepened to con
siderably moro than 100 feet below sea levol. This now cone of depression will
expand to adjacent aroas. The amount of lowering in any given direction from
the new wells v/ill decrease v/ith the distance from thorn, but as the area

affected expands tho rate of expansion will decrease and the progress of the
regional drawdown can bo watched. A pronounced drop in head is to be oxpootcd
during the spring of 1937 in all wells in the vicinity of Pasadena and probably,
also, in the wells of southeastern Houston. Before the end of the summer of 1937
a material decline in artesian head may occur in central and west central Hous
ton 8 to 10 miles from the new project and necessitate the lowering of pumps in
wells in which the wator levol durlig pumping is close to tho suction limit of
the pumps. With proper observations, however, it should be possible to antici
pate pronounced regional drawdown at these distances.
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The possibility that a further large decline in the artesian pressures may
result in the encroachment of salt v/ater is to bq feared. Salty water occurs
below the Houston-Pasadena area at depths of 3,000 to 5,500 feet, but this
water is rather effectively confined by the thick clays of the Lagarto forraation,
and is not likely to rise into the wells. But chlorides in objectionable quanti
ties probably occur only a few miles down dip in tho deep horizons from which
the largest supplies in the Houston-Pasadena area are now being pumped, and this
water may move up the dip to this area. The recent extension of the cone of
depression down the dip to the southeast of Houston adds to the apprehension on
this score.

If, following over-pumping, salt wator does move into the locality of
greatest artesian depression, its movement, fortunately, is likely to be slow,
and the movement can be watched. Tho contact, down the dip, between the fresh
water and salt v/ator, in all probability, is not abrupt, but is in the form of
a zone of brackish water with a gradual gradation from fresh v/ater to salt
wator. Moreover, furthor pronounced dooponing of tho cone of depression at
first, is likely to increase tho movement of water toward the depression from
localities up the dip to the northv/est of Houston faster than from localities
down tho dip, to tho southeast, due to tho fact that the v/ater-bearing sands
are more permeable up the dip and the hydraulic gradient is greater. Tho first
result, therefore, of a heavy increase in pumping may be to docrease the chlo
ride content of the water, and increase its hardness. This has already occurred
in one of the most heavily pumped areas of this region. If salt v/ater does
enter the localities of over pumping, its spread to otlier parts of the area also
is likely to be slow, and the movement can be watched. The people of Houston
need have no immediate apprehension, as ample time v/ill be available in which
to develop an additional water supply outside tho Houston-Pasadena area. Plans
toward that end should, however, be made at once.

The effect of pumping an additional 40,000,000 gallons a day will not be
discussed. If carried out, the pumpago in this vicinity, it is believed, would
be greater than that from almost any other area of equal size on earth. It
would invite eventual disaster to the v/ator supply of the entire Houston-Pasa
dena aroa.

POSSIBILITIES OF DEVELOPING ADDITIONAL SUPPLIES OF GROUND WATER

FOR THE HOUSTON-PASADENA AREA IN LOCALITIES OUTSIDE THE AREA

(See map 1 and tables)

In the 1932 report the following statement was made: "Further material
lowering in head can be prevented and additional supplies can be obtained if, in
the future, the city locates its new wells at greater distanoes from the exist
ing cones of depression, preferably tov/ard the v/est and southwest."

It is believed that the data now available from observations covering 5 to
6 years justify the following conclusions: No large increase in pumping over
the volume of v/ater pumped in 1936 should bo made within the city Halts or
along the ship channel between the city limits and Baytown. Any large increase
in ground-water withdrawals in or near the existing deep depressions in arte
sian pressure in down-town Houston and in the East Houston-Pasadena district
would be especially undesirable. No\v wells involving heavy withdrawals of
ground water should be located at distances of several miles from theso depres
sions.
































































































































































































































































































































































































































































































































































