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GROUND-WATER RESOURCES OF THE HOUSTON DISTRICT
TEXAS

By W. N. WHITE, N. A. ROSE, and W. F. Gtrttofcr

ABSTRACT

This report covers the current phase of an investigation of the supply of ground 
water available for the Houston district and adjacent region, Texas, that has been 
in progress during the past 10 years. The field operations included routine inven­ 
tories of pumpage, measurements of water levels in observation wells and collec­ 
tion of other hydrologic data*, pumping tests on 21 eity-owned wells to determine 
coefficients of permeability and storage, and the drilling of 13 deep test wells kt 
unexplored parts of the district. Considerable attention has been given to studies 
of the location of areas or beds of sand that contain gait water.

The ground water occurs in beds of sand, sandstone, and gravel of Miocene, 
Pliocene, and Pleistocene age. These formations crop out in belts that dip south­ 
eastward from their outcrop areas and are encountered by welte at progressively 
greater depths toward the southeast. The beds throughout the section are 
lithologieally similar, and there is little agreement among geologists as to their 
correlation. In this investigation, however, the sediments' penetrated by the wells 
are separated into six zones, chiefly on the basis of electrical logs. Most of the 
water occurs in zone 3, which ranges in thickness from 800 to 1,200 feet.

Large quantities of ground water are pumped ia three areas in the Houston 
district, as follows: The Houston pumping area, which includes Houston and the 
areas immediately adjacent; the Pasadena pumping area, which inclades the in­ 
dustrial section extending along the ship channel from the Houston city limits 
eastward to Deer Park; and the Katy pumping area, an irregular-shaped area of 
several hundred square miles, which is roughly centered around the town of Katy, 
30 miles west of Houston. In 1930 the total combined withdrawal of ground water 
in the Houston and Pasadena pumping areas averaged about 50 million gallons a 
day. It declined somewhat during 1932 and 1933 and then gradually increased, 
until in 1935 the total pumpage was about the same as it was in 1930. About 
March 1, 1937, the pumpage was increased by about 40 percent when new wells 
near Pasadena were put into operation. During 1940 it is estimated that the total 
pumpage in the Houston and Pasadena areas averaged about 79 million gallons 
a day, an increase of about 65 percent over the pumpage in 1935. About 25 million 
gallons of this increase has occurred in the Pa&adens Area. In the Katy rice- 
growing area the pumpage m 1935 was about 14 mfflaoa gallons a day; is 1937 it 
was about 30 million gallons a day; in 1939 about 40 million gaBons a day; and 
in 1940 about 45 million gallons a day. In 1940 the estimated total pumpage from 
the Houston, Pasadena, and Katy pumping areas was about 124 million gallons 
a day, or twice as much as it was in 1935.

The increase in pumping at Pasadena iti the spring of 193? caused the Crater 
leveto in Wells in the Houston and Pasadena ssreas, which had toot varied materially 
for about 7 years, to decMne at a rapid rate. Further increases ia the pumping
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both at Houston and Pasadena in 1939 and 1940 has caused further substantial 
decline. The water levels in wells in the Katy rice-growing area also declined 
materially. The evidence points to the probability that in all parts of the Houston 
district, except the Katy rice-growing area, the rainfall is recharging the aquifers 
at a rate greater than that at which the water is transmitted down the dip. In 
the Katy area the recharge is insufficient to balance the joint discharge by trans­ 
mission down the dip and withdrawal from rice-irrigating wells. The average 
coefficient of transmissibflity was. calculated as 160,000 gallons a day. On the 
basis of these estimates the inflow In February 1940 across the artesian contour 
10 feet below sea level (see pi. 10) was computed as 72 million gallons a day. The 
amount of water taken out of artesian storage in the 300-square mile area within 
the  10 contour during the period February 1939 to February 1940 was calculated 
as about 3}£ million gallons a day, or somewhat less than 5 percent of the pumpage. 
A quantity of water was also drawn from artesian storage outside the  10 foot 
where considerable declines in the artesian head have taken place, but the avail­ 
able data are not sufficient to permit estimates of the amount. The decline in water 
levels in the Katy area involves unwatering by lowering of the water table, as 
well as removal of water yielded by compression. Hence, although the water 
levels in the Katy wells have declined less than in the Houston and Pasadena areas, 
the decline represents more water taken from storage.

The test wells put down in the course of the exploratory well-drilling program 
show that there is an average of 600 feet of water-bearing sands between the sur­ 
face and a depth of 1,500 feet along the line of test wells from the western city 
limits of Houston to Clodine and that a supply of water suitable for domestic and 
industrial uses exists north of Houston in deep sands that are practically untouched 
by existing water wells.

If the present rate of pumping in the Houston and Pasadena areas is continued, 
the artesian head will continue to decline for several years, although at a dim­ 
inishing rate. If it is desired to maintain the water levels at or near the 
present altitudes, the present rate of pumping should be reduced and a supple­ 
mentary supply of water should be developed. Wells west of Houston in the direc­ 
tion of Clodine are now less promising as a'source of additional supplies for 
the city of Houston because of the large increase in pumpage for rice irrigation. 
Additional test drilling may show that a supplementary supply of ground water 
may be obtained in the area north of Houston from sands that lie stratigraphically 
deeper than the heavily pumped sands of the Houston and Pasadena areas.

INTRODUCTION

LOCATION OF THE AREA

The Houston district, as the term is used in this report, comprises 
an area between the Trinity and Brazos Rivers in Harris County, 
Tex., and parts of Montgomery, Waller, and Port Bend Counties. 
(See pi. 8.) In this district there are three areas in which large quan­ 
tities of ground water are pumped. The Houston pumping area, 
which includes Houston and the areas immediately adjacent, except 
those to the east; the Pasadena pumping area, which includes the 
industrial section that extends along the ship channel from the 
Houston city limits eastward to Deer Park; and the Katy pumping 
area, which is an irregular-shaped area of several hundred square miles 
in which water is pumped from wells for the irrigation of rice in Harris, 
Waller, and Fort Bend Counties, roughly centered around the town
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*
of Katy, 30 miles west of Houston. The present report does not 
cover the pumping areas in the vicinities of Baytown, Goose Creek, 
Alta Loma, and Texas City.

BISTORY OF INVESTIGATION AND PREVIOUS REPORTS

An investigation of the supply of ground water available for the 
Houston district has been in progress since December 1930, when 
available funds have permitted, as part of a survey of the ground- 
water resources of Texas by the United States Geological Survey in 
cooperation with the Texas State Board of Water Engineers. This 
investigation is under the general direction of O. E. Meinzer, geologist 
in charge of the division of ground water in the Geological Survey. 
The results of this investigation have been summarized in five mimeo­ 
graphed reports, the first of which was released to the public in Octo­ 
ber 1932, and the last in March 1*939. These reports, with illustrations 
and records of several thousand wells, were bound together and released 
by the State Board of Water Engineers in 1939 under the title "Ground- 
water resources of the Houston-Galveston area and adjacent region, 
Texas." All periodic water-level measurements made before De­ 
cember 31, 1941, have been published by the Geological Survey.1

In the first report it was shown that the beds of sand that yield 
water to wells in the Houston district have an extensive outcrop area, 
that there is good evidence that the recharge to the water-bearing 
formations 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 under the conditions of pumping which existed at that time 
the artesian pressures in the Houston district were in a state of essen­ 
tial equilibrium. It was suggested, however, that new supply-wells 
drilled by the city of Houston should be located at a considerable 
distance from any of the existing centers of pumpage.

The most significant fact brought put in the second report, released 
December 29, 1933, was 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 de­ 
crease in the rate of withdrawal from wells.

In the third report, released March 1, 1937, the total pumpage and 
results of measurements of water levels in observation wells in the 
region were discussed in detail and the following conclusion was 
reached:

No large increase in pumping over the volume of water pumped in 1936 should 
be made within the city limits 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 artesian pressure in downtown Houston and in the 
east Houston-Pasadena district would be especially undesirable. New wells inr 
volraig heavy withdrawals, of water should be located at distances of several 
miles from these depressions.

i Water levels and artesian pressure in observation wells in the United States in the years 1935, 1937, 
1938,1939,1940, and 1941, U. S. Qeol. Survey Water-Supply Papers 777, 840, 845, 886, 909, and 939.
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The fourth and fifth reports, dated, respectively, July 1, 1938, and 
March 1, 1939, were devoted mostly to discussions of pumpage and 
of the decline in water levels that resulted from an increase of about 
40 percent in the aggregate annual pumpage of the Houston and 
Pasadena areas about March 1, 1937, due to the development of a 
new industrial water supply at Pasadena.

The current phase of the investigation was begun in the fall of 
1938, when $5,000 was allocated by the City of Houston for the in­ 
vestigation and was matched by Federal funds. Another allocation 
of $5,000 was made in the spring of 1940 and was also matched by 
Federal funds. The report that follows is chiefly a discussion of 
results of the investigations made in 1939 and 1940. The authors 
are indebted to A. N. Sayre, of the Geological Survey, for his assistance 
in the compilation and critical review of the report.

FIELD OPERATIONS

The field operations carried on in the Houston district from 1930 
to 1938 have been described in previous reports. Since November 
1938 periodic water-level measurements have been made in about 185 
observation wells throughout the Houston district at intervals ranging 
from 1 to 3 months (See pis. 8 and 9.) About 30 of the wells are in 
the outcrop area along the Houston-Hempstead. and Houston-con- 
roe highways; 40.are in the Katy pumping area; and 115, including 
24 Houston municipal wells, are in the Houston and Pasadena pump­ 
ing areas. Automatic water-stage recorders are being maintained on 
7 of these wells. A map showing the approximate altitude of water 
levels in wells drawing from the most heavily pumped sands of the 
district, based on the water-level measurements, has been prepared. 
(See pi. 10.) Data have been collected on pumpage from wells 
throughout the district. Samples of water have been taken from 
selected wells about twice a year and analyzed. Records of approxi­ 
mately 300 wells and electrical logs of about 200 oil tests have been 
collected. These logs, together with other information, have been 
used in the preparation of geologic sections.

Twenty-one pumping tests have been made on Houston city- 
owned wells to determine coefficients of permeability and storage. 
By using average values obtained from these tests, computations 
have been made of theoretical water-level fluctuations that would 
result from various assumed pumping conditions. Forty-six shallow 
test wells, in groups of two to six wells each, have been put down 
since June 1940, at various places on the outcrop area and are being 
measured regularly in connection with studies of the recharge. Five 
of these groups of wells are along the Hempstead road, three in the 
Katy rice-growing area, two near Tomball, and two on the Conroe 
road.
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,, ; AB part of the investigation, 13 deep test weUpjhibtjP'feeett put down 
by the city of Houston in unexplored parts of the district west, 
'and southeast of Houston {see pis. 8 and 9) to obtain addi&Jgjt 
concerning water-bearing sands and the quality of water they c^a 
Selected drill cores and drill-stem sand samples from the test wellsT 
"have Been tested for permeability, porosity, and mechanical composi­ 
tion; and water obtained from the drill-stem tests has been analyzed. 

Considerable attention has been given to studies of the location of 
areas or beds of sand that contain salt water.

GEOLOGY

The Houston district lies within the West Gulf Coastal Plain. The 
Hockley escarpment, about 6 miles southeast of Hockley, is the most 
prominent of a series of southeast-facing escarpments. It extends 
in a southwesterly direction across southern Montgomery County, 
northwestern Hams County, and central Waller County and 
divides the Coastal Plain in this district into two parts. The 
area south of the escarpment is a smooth, nearly featureless plain 
that rises from sea level on the Gulf of Mexico to an altitude of about 
165 feet near the -foot of the escarpment, which is nearly 80 miles 
inland   an average slope of about 2 feet to the mile. The area west 
and northwest of the escarpnient rises at an average rate of about 8 
feet to the mile, and its surface is gently rolling. The district is 
bounded on the east by the Trinity River and on the west by the 
Brazos River. It is crossed by the San Jacinto River, Spring Creek, 
and a few other perennial streams. 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.

Formations of Miocene, Pliocene, and Pleistocene age underlie the 
Houston district. They consist of beds of relatively impervious clay, 
shale, and gumbo interbedded with beds of permeable sand, sand­ 
stone, and gravel that yield large quantities of water. As shown by 
sec. A-A', plate 11, the formations dip southeastward, so that succes­ 
sively younger formations crop out from the northwest to the south­ 
east. Likewise, the formations are encountered by wells at progress 
sively greater depths toward the southeast. In tite section shows 
the ol4er formations dip about 35 feet to the mile and the younges? 
formations about 20 feet to the mile. There is, therefore, considerable 
thickening of the formations down the dip. In the area southeast 
of Houston the dips of all of the formations become considerably less. 
In or near the outcrop area sand predominates, and the clays gener* 
ally are lenticular; but toward the Gulf the beds of sand become 
thinner, and the clay beds thicken and persist over large areas.
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These formations were deposited during several cycles of marine 
and continental deposition and consist of zones that are predominantly- 
day alternating with zones that contain some clay but are predominant­ 
ly sand. Because the sediments come from the same areas the beds 
in one zone are lithologically similar to those of adjacent zones. Thus 
far no fauna or flora of diagnostic value has been found in these sedi­ 
ments in the Houston district. Hence, if the section is to be subdi­ 
vided it must be with the aid of other criteria, such as the electrical 
logs, the drillers' logs, the dip of the beds, and other less easily dis­ 
cernible characteristics. Although the geology of the area has been 
studied by several men and the outcrop areas of the formations have 
been mapped, 2 there is little agreement as to the correlation of forma­ 
tions down the dip. There has not been sufficient opportunity for 
the study of these formations during the present phase of the investi­ 
gation to permit their correlation from the outcrop to the wells. 
However, it has been found possible to separate the sediments pene­ 
trated by the wells into six zones. The separation of these zones is 
based chiefly on electrical logs of oil tests and water wells. Correla­ 
tion of the zones was made along two lines, shown in plate 11. Line 
A A' extends approximately in the direction of the regional dip 
from a point 4 miles northwest of Hempstead, in Waller County, 
southeastward through Houston to a point 3 miles southeast of Pasa­ 
dena. Line B B' extends from the town of Clodine, on the Fort 
Bend Harris county line, eastward through Houston to a point about 
10 miles east of the city limits. A brief description of the zones in 
the order of the deposition of the sediments is given below.

Zone 1 ranges from 150 to 400 feet in thickness and consists domi- 
nantly of beds of sand, although it contains some relatively thick 
beds and lenses of clay. At the outcrop the sand is generally cross- 
bedded, lenticular, and slightly cemented. In the northern part of 
the district the beds of sand in this zone yield water to shallow wells. 
In Houston the beds in the upper part of the zone yield potable water 
to several of the deep wells, but the beds in the lower part contain 
water with too much chloride for most uses. In the section along 
line B B' this zone has been recognized only in wells east of the city.

Zone 2 is a thick bed of clay that is persistent over a wide area, 
although in most places it contains thin lenses of sand. It can ge,ner- 
ally be distinguished easily from the overlying and underlying zones 
of sand and therefore is an excellent key bed. It ranges in thickness

a Geologic map of Texas: U.S. Geol. Survey, 1937. Deussen, Alexander, Geology and underground waters 
of the southeastern part of the Texas coastal plain: U. S. Geol. Survey Water-Supply Paper 336, pp. 72-84, 
1914. White, W. N., Livingston, Penn, and Turner, S. F., Ground-water resources of the Houston-Gal- 
veston area, Tex.: U. S. Geol. Survey Memorandum for the Press, Oct. 17,1932, pp. 4-7. Doeriag, John, 
Post-Fleming surface formations of coastal southeast Texas and south Louisiana: Am. Assoc. Peferdleam 
Geologists Bull., vol. 19, pp. 651-688, 1935. Metcalf, B. J., Deposition of Lissie and Beaumont forma­ 
tions of Gulf coast of Texas: Am. Assoc. Petroleum Geologists Bull., vol. 24, pp. 693-700,1940.
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from 150 to 225 feet. In section B Br the lower, part of this zone 
grades into the underlying beds,and no contact can be drawn.

Zone 3 includes the most productive water-bearing ]beds in the 
Houston, Pasadena, and Katy pumping areas. It ranges in tnickness 
from 800 to 1,200 feet and is made up chiefly of fine to coarse-grained 
sand but contains varying amounts of interbedded clayey sand, 
sandy clay, clay, silt, and gravel. These interbedded layers and 
lenses grade into one another laterally or vertically in short distances, 
and the thinner beds in many places change character entirely or pinch 
out within a few hundred feet; but some beds of clay and sandy clay 
as much as 250 feet thick may be traced for a considerable^distance.

Zone 4 is a series of clay and sandy-clay beds that contain numerous 
thin lenses and beds of sand. It has an average thickness of about 
100 feet. A few logs show a predominance of sand in this zone, but 
it is unimportant as a source of ground water. i

Zone 5 consists chiefly of thick beds of fine- to medium-grained sand 
and thin beds and lenses of clay. Recent shells were fairly common in 
drill cuttings obtained from this zone. It ranges in thickness from 50 
to 150 feet and is the principal water-bearing zone in Alta Loma, 
Bay town, and Texas City. Shallow domestic and industrial wells in 
the Houston and Pasadena pumping areas also draw water from it.

Zone 6 consists predominantly of calcareous clay containing nu­ 
merous lime concretions and thin lenses and stringers of sand and sandy 
clay. The beds of sand supply water to shallow domestic wells at
Houston. ,

PTJMPAGE

SOUBCE AND QUANTITY OF WATEB

The water supplies of the Houston district are obtained almost 
entirely from wells. The estimated average quantities of water, in 
millions of gallons a day, pumped in the Houston, Pasadena, and 
Katy pumping areas in 1930, 1935, 1937, 1939, and 1940 are given in, 
the following table:

Estimated average daily pumpage in the Houston, Pasadena, and Katy pumping
areas

' [Million gallons a day ll

Houston Water Department (from city records) __ 
Houston independent public water supplies and inj

Total in the Houston and Pteadena pumping

Total            .  

1930

, 25.8 

14
10

60
18

68

1935

24.5 

14
10

49
14

63

1937

25.2 

16
29

TO
30

100

1939

27.2 

16
29

72
40

112

1940

28.8 

17
33

79
45

124

1 For convenience in compiling, all figures are given as daily averages throughout the year.
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HOUSTON AND PASADENA PUMPING AREAS

Nearly all the water supply of the Houston and Pasadena pumping 
.areas conies from approximately 225 wells (see pis. 8 and 9J, for which 
pumpage records covering several years are available. Of these wells, 
24 are operated by the Houston Water Department and 22 by subur­ 
ban communities. Industrial requirements for water are supplied in 
large part from privately owned wells. The heaviest industrial con­ 
sumers are oil refineries, breweries, ice plants, railroads, laundries, 
and a large paper mill.

ID 1930 the total combined withdrawals of ground water in the 
Houston and Pasadena pumping areas averaged about 50,000,000 
gallons a day. In 1931-33, as the financial depression grew, the rate 
 of pumping both from city and privately owned wells gradually 
declined, reaching a minimum in 1933, but the decline amounted to 
only 10 or 12 percent of the total pumpage in 1930. During the next 
three years the rate of withdrawal of ground water gradually increased, 
and in 1936 the total pumpage was approximately the same as it was 
in 1930. About March 1, 1937, a battery of new wells (Nos. 1129 to 
1133, 1135 to 1137, and 1142) was brought into operation by an indus­ 
trial organization near Pasadena and pumped during the remainder 
of that year at an average rate of about 19,000,000 gallons a day. 
This represented an increase of about 40 percent over the average 
daily pumpage in the Houston and Pasadena pumping areas in 1936. 
In 1938 the average rate of withdrawal from the new wells at Pasadena 
was about 16,000,000 gallons a day, about 16 percent less than the 
average in 1937, and the total pumpage in the Houston and Pasadena 
areas was somewhat less than in 1937. In 1939 the total pumpage in 
these areas was slightly -more than in 1937. In the late fall of 1939 
and spring and summer of 1940, the demands by industries of Pasadena 
and by patrons of the Houston City Water Department increased 
materially, and the pumpage for the entire year 1940 is estimated at 
about 79,000,000 gallons a day. This represents an increase of about 
30,000,000 gallons a day, approximately 60 percent, over the pumpage 
in 1935. Of this increase, about 23,000,000 gallons was in the Pasadena 
area.

KATY PUMPING ABBA

The records of the American Rice Growers Cooperative Association 
show that in the Katy area about 9,400 acres of rice was plaated m. 
1930, 8,000 acres in 1935, 13,750 acres in 1$37, 16,370 acres in lf$8, 
19,950 acres hi 1939, and 24,200 acres in 1340. Ml this land was 
irrigated with water pumped from weft's.
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The wells arg pumped during the rice-growing, season, which begins 
about the first o| l^ay and lasts about 130 days. Tfee nuraps are not 
operated contmucpaly but only as water is needed. Hence the number 
of days of pumping varies from season to season, depending on tile- 
rainfall, and avejftgfs about 100 days each year, during the period 
May 1 to Septem^lf 15. In order that direct comparisons may be 
made of pumpage inj this area with pumpage in the Houston and Pasa­ 
dena areas, the pumjaage in the Katy area is calculated^ in gallons a 
day, as though it were continuous during the entire year, in 1930r 
according to an inventory scade in connection with the cooperative 
gro,und-water investigation, the total pumpage in the Katy area, with 
about 45 wells in operation, amounted to about 2QrOOfr acre-feet, the 
equivalent of a continuous draft of about 18,000,000 gallons a day. 
The estimates of pumpage since 1930 are based on records of the Rice- 
Growers Association and the Houston Lighting & Power Co., on the 
results of measurements of discharge of water from the individual 
wells, and on records of the rainfall at Houston. The pumpage in, 
1935, with approximately 404 wells in operation, was about 14,000,000' 
gallons a day. In 1937 it was about 30,000,000 gallons a; day, from 
61 wells; in 1938, about 25,000,000 gallons a day, from 71 1 wells; in 
1939, about 40,000,000 gallons a day, from 78 wells; and in 1940, 
about 45,000,000 gallons u day, from 88 wells. (See pi. 81)

It is significant that the consumption in 1940 WftsLniore than- three- 
times that of 1935 and nearly twice that of 1938.

DECLINE OF WATW LEVELS IN WELL® 

GENERAL CONDITIONS

In tlia early days of Houston flowing wells could be obtained by 
drilling practically anywhere within the Houston district. The 
artesian pressure in some localities was sufficient to rafise the water 
15 to 30 feet above the surface. Ill 1931, however,,the artesian head 
in the greater part of the Houston, aiid Pasadena areas, as shown by 
water levels in unused wells, was Between 50 and 80 feet below the 
surface, or from about sea level to 30 feft below sea level (see figs.SH?), 
the decline in head having averaged about 4 feet a year during the- 
period 1920 to i930. As a result of a decrease hi the rate of pumping 
in these areas from 1931 to 1933, the m,^|imum observed water levels 
in the observation wells of the area shawfcl a rise, on the average, of 
about 3% feet from the spring of 1931 t^* ^|f spring of 1933. As the 
rate of pumping gradually increased during|he period 1933 to 193!> 
the maximum levels gradually declined, th& ^erage decline amount­ 
ing to a little more ̂ than, 5 feet.
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5C 

55-

60

65-V
70

V
WELL 1170 (DEEPWATER PLANT, HOUSTON LIGHTING 

AND POWER CO.)

Depth, 836ft Screen, 612-672 7S2-WI ft.

580 

S 

I 

g

I9BT I 1932. I ^833 I  1934

110

,100

WELL 1229 (CITY OF HOUSTON 
1105 - TEST WELL NO. 8)

Depth, 1680ft Screen, l6Q-l676ft

1939

WELL 1230 (CITY OF HOUSTON 
TEST WELL NO. 9)

FIGTJBE 6. Fluctuations of water levels in wells in the Pasadena area.
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WELL 759, PORT CITY COMPRESS CO 

Depth, 569ft. Screw. 544-S66 ft.

FIGURE &. Fluctuations ol water levels in wells in eastern Houston.;
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WELL 809, GEM ELECTRIC AND ICE CO. 
j95[_ Oipm.UOOiO.

032 .1934 1935 I 1936

WELL 490, (CITY OF HOUSTON 
TEST WELL NO. 5)

T$R,IN >EET

^

-

-'^\--

-

_isest . .

WELL 205. HUMBLE PIPE LINE CO. 

Depth, 625ft Sounded 615 ft. April 1940

-"X_

. - iSsk^ , -mC; - , SS4

         .

. 1935

-***^'* x

1936- 1937

^

, MH8.

k-
030-

-

-

"V

-

- B4O

. fluctuations of water levels In wells west of Houston.

580113 44-
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WELL 656, TEXAS CREOSOTING CO. 
7«_ Depth, 666ft. Screen 622-666ft.

WELL 264, H. WEARY FARM 
depth, 1130 ft Screened at 9501 ft.

FIGURE 9. Fluctuations of water levels in wells north-of Houston*
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When additional pumping at the rate of 19,000,000 gallons a day 
was started at Pasadena about March 1, 1937, the levels began to 
'decline almost immediately in observation wells near Pasadena. By 
October 1, 1937, the water levels near Pasadena had dropped about 
45 feet in two of the observation wells (see fig. 5, Well 1170) and 35 
feet in another. In more distant wells the water levels declined less 
rapidly, the magnitude of the decline in most wells and the lag in its 
transmission depending on the distance from the center of pumping 
at Pasadena. In some wejls in t^e central and western parts of 
Houston and elsewhere several months elapsed before the decline 
resulting from this new pumpage was noticeable. From the later 
part of 1937 to the corresponding period in 1938 the water levels in 
the observation wells near Pasadena remained constant or rose slightly 
This was due to a decrease in local pumping. In observation wells afc 
Houston and west and north of the city, however, the decline con­ 
tinued during 1938 and in some wells was greater than in 1937. 
During 1939 and 1940 the rate of pumping at Pasadena again in­ 
creased, and the water levels there declined rapidly and persistently. 
In the wells in eastern and northern Houston and in the area ^iorth 
of Houston the decline in 1939 was greater than in 1938, and the rate 
of decline increased in 1940. In central and western Houston and the 
area west of the city the average decline in 1939 was about the same as 
in 1938, but the rate of decline increased in 1940. A part of the 
increase in the rate of decline in Houston in 1940 was due to increased 
pumpage from the municipal wells and a few privately owned indus­ 
trial wells .in Houstoai. TJ^e trend of wg,ter levels in different parts 
of the Houston district from 1931 to the fall of 1940 is shown in the 
hydrographs of selected observation wells in figures 5 to 9. For a 
large part of the district the approximate altitudes of water levels in 

'wells that draw from the most heavily pumped sands are shown by 
contours in plate 10.

DECLINE IN HOUSTON, PASADENA, AND ADJACENT LOCALITIES,
1937 TO 1940

PKIVATE WELLS THAT DRAW FROM THE HEAVILY PUMPED SANDS

The decline of water levels from 1937 to 1940 in privately owned 
observation wells that have screens opposite the more heavily pumped 
sands in Houston, Pasadena and adjacent localities, based on the 
highest observed levels from January to May, together with the 
decline from August 1939 to August 1940, is shown in the table follow­ 
ing. The wells are described in the well tables and are shown on 
plates 8 and 9.
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Decline of water levels, in feet, in wells screened opposite the heavily pumped sands 
in Houston,'' Pasadena, and adjacent localities, 1937-40 J *

' Vicinity of Pasadena

W4ll

1182         
1187        -;
1231       
1176-..---- __ ...
1170         
1161         
1150 _ .--  --...
883         
1229         .
1230.       
890,        
1302         .
933         

Distance (In miles) and 
direction from Pasa­ 

dena

HW  ........... ....
1W         
1 W. .......... .-   -2'NW

2W  .....    ..
2H W         _   
2HNW      .......
3H W    ........  .
4S
48-     ............
4XW-... ..... ... .....
6MS    .... .... .....
7N-.     ...........

Deptb
(feet)

685 
800± 
800± 

1,134 
836 

1,228 
680 
841 

1.680
1,419
1,284 

832 
850

Spring measurements

M37-38

28.99 
31 
25

22.12 
18

1938-39

1 +0. 13 
+1/47 

2.90 
+0.5 

3.5

4.5

1939-40

18.93 
19.34 

+1.48 
19.5 

- 10

11.24

4.79

1937-40

30.41 
50.0 
38.5 
37

38.61
27.5

August 
measure­ 

ments 
1939-40

15.10- 
15.37 
14.64 
4.91 

13.0 
18.35 
11.51 
13.08 
23.77 
13.70

6.65 
7.38

Eastern Houston

881     -      
878 ~       -
913           
759-         
876           
757          
751  -     
748

5W   ..    ..... ....
5W-         --.-
6HW_... ... .... ... ...
SJ^NW   .     .
6HW      . ..  
6HNW   ...      
7NW .... .......
7HNW   ......   

650
905
900±
569

676
540
721

15.90
24.64

16.49

13.2
12.56

6.00
4.54
6.38
5.99
i vr
6.57
6.62

8.92
8.63
7.17
9.83
9 GK

9.91
9.88

30.82
37.81

32,31

29.7
29.06

8.08

8.54
8.41

8.1
9.16
Q Vt

Central and western Houston

Northern Houston

662         

656  ------
KOK

10NW   ............
10 NW ...............
11HNW    _    
12J4NW... .... -   -

834 
740 
665 
950

12.20

10.79

7.21

6.13

15.65

10.11 
9.27

35.06

27.03
4.85 
7.18

680          
790.          

788          
623 .        . 
620.-.        
7S7

779----       
7sn
606          
609          
602           

9HNW         
10HW         - 
10HNW     - -----
11 W          
11 NW     -  --.
11HW   ... .... ... -
12W. .... ... . .......
12 W     -----   -
12 W...... ... -.  
12 NW  .............
12 NW...    .........
13HW... .... ........ .

1,280
606
625

1,416
900±

1,379
70G±
584
732
575
825

1,038

13.20
 fcl.12

2.18

4.56

7.69

+2.57
10.29
8.71

'7.67

5.83

3.88
6.18
7.51
3.90
5.97
2.52
4.63
4.82
4.57
7.57
7.09
6.23;

14.51
1& 35
18.40

19.80

ft. 7ft

11.44
5.27

10.83

3.57
5.94
3.08

7.72
7.54
8.46
9.71

Locality west of Houston

804          
783          
809--.....     
QJ.fi

473-       -  
AQQ

472   :.   - ...
490.          
489        

14J4W  ... _--.    -.
15HW   ... ... ... ...
r»w  _----.-,-- -
16 W _-_     .    
18HW           
19HW... .......    
20 W ...          
23HW   ......     .
25HW    ... ...   

650±
350±

1, 100±
827
416
787
365

1,272
472

 6.33
2.67
6.37

6.15
5.17
3.88

__-__!_-_

5.09
4.34
6. &1
5.07
3.94
3.72
3.68

17.44
12.18
16i86

4.75
8.55
7.13
3.93

3.72
3.52
4 36

Locality north of Houston

650         
649          
302         
256 __'_        
264          
225 -    -   --
268-..    .   
221...... _ . _ -

14 NW--..-.-.    .
16 NW-.-.-    .....
18N-           
21' NW .. . - ...  
21 NW         
23HNW..        
24}^N ..... ......  
24^NW-..    .... ...

468
367

1..000  18»
900±
616
815
208

2.70
11.78

v

- 2.57
2.47

5.84
4.84
2. 68

- 8:- 14-..
2.92-
2.54

2.63

8. 41
- if. 17

5.13
4.44-

3,75
2:89
5.22
2.29
4.86

1 Plus sign preceding a measurement indicates a rise in the water level.
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The outstanding facts revealed by this table ate>,g$ 'follows: 
In 6 observation wells near Pasadena for which comparable records 

are available the decline in water levels from 1937 to 1940 ranged from 
27.5 to 50.0 feet and averaged 37.0 feet. The decline from August
1939 to August 1940 in 12 wells ranged from 4.91 to 23.77 feet and 
averaged 13.1 feet. (See fig. 5.)

In 5 observation wells in eastern Houston the decline from 1937 to
1940 ranged from 29.06 to 37.81 feet and averaged 32.0 feet. The 
decline from August 1939 to August 1940 in 7 wells ranged from 4.85 
to 9.53 feet and averaged 8.1 feet. (See fig. 6.)

In 2 wells in northern "Houston the decline was 27.03 and 35.06 feet 
from 1937 to 1940 and in 2 it was 4.85 and 7Tl8 feet from August 1939 
to August 1940. (See fig. 9, well 656.)

Observations in 5 wells in central and western Houston showed a 
decline from 1937 to 1940 ranging from 14.51 to 19.80 feet and averag­ 
ing 17.5 feet and in 10 wells a decline from August 1939 to August 1940 
ranging from 3'. 08 to 11.44 feet and averaging 7.4 feet. (For hydro- 
graphs of wells in central Houston see fig. 7.)

West of Houston the decline in 3 wells from 1937 to 1940 ranged 
from 12.18 to 17.44 feet and averaged 15.5 feet, and the decline in 
7 wells in 1939 and 1940 ranged from 3.52 to 8.55 feet, and averaged 
5.1 feet. (See fig. 8, wells 809, 489, and 490.)

North of Houston the decline in 2 wells from 1937 to 1940 was 8.41 
and 17.17 feet, and the decline in 7 wells in'1939 and 1940 ranged from 
2.29 to 5.221eet and averaged 4.1 feet. (See fig. 9, wells 264 and 256.)

WELLS THAT DRAW FROM THE LIGHTLY PUMPED SANDS

Records showing the decline of water levels in observation wells that 
in general are considerably shallower than the wells listed in the 
preceding table and draw water from the more lightly pumped sands 
are given in the table that follows.

Decline in wetter levels, in feet, in wells screened opposite the lighih/ pumped sands in 
Houston, Pasadena, and adjacent localities, 1937-40

Well

1209.  ... ...... .
886....-.-,.....
738.-.-... .-...
778... ............ 
820.  ...     -..
608       
604        

Distance (mites) and 
direction from 

Pasadena

4^  S        ......
5W
SJ^N'W    ........ .
UMi W
H& NW         
12NW  ._    ___.
12JiNW   ....   ...

Depth 
(ieet)

660+ 
540 
205 
404 
310   
350 
340

Spring measurements

1937-38

6.49 
6.58 
3.03

1 .60

.57

1938-39

4.22 
1.19 
.40

3.89

*+1.02

1939-40

2.33 
5.38 
2.06 
£.78
2.43 
4.40 
4.93

1937-40

13.04 
13.15 
5.49

6.92

4.48

August 
measure­ 

ments

1939-40

3.12
4.96 
2.42

2.30
4.82

i Plus sign preceding a measurement indicates rise fen the waier levels.

The decline in 5 of these wells from 1937 to 1940 ranged from 4.48 to 
13.15 feet and averaged 8.6 feet, and the decline between August 1939 
and August 1940 in 5 wells ranged from 2.42 to 4.82 feet and averaged
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3.6 feet. This decline is less than the decline in the deeper wells-but 
has almost exactly the same trend. This indicates that, although clay 
beds of considerable thickness separate the shallow and deep water­ 
bearing zones, a connection exists between them that permits some 
flow of water from one to the other.

HOUSTON MUNICIPAL WBULS

In the next succeeding table the differences are shown between 
water-level measurements made in the Houston municipal wells during 
the winter and spring of 1939 and measurements made during the 
corresponding period in 1940. With each measurement is given the 
length of time the pump on the well was idle before the measurement 
was made.

Decline of water levels in Houston municipal wells, 1939-40

Plant

Do.. .......
Do.........
Do.-..  .
Do.........
Do.........
Do... ......

East End .......

Do.........
Do_. .......

Magnolia Park.
Northeast _ ....

Do.........
Scott Street-­ 

Do-. .......
Do...   
Do..... ....
Do... ......

South End. .... 
Do.....
Do..... ....

Well

617
616
618
624
625
688
689
895

1410
1412

879 
744

1395
856 
855
857
858
767
795 
794
793

Plant
No.

F-l
F-5

F-10
F-ll
F-12
C-16
D-17

1
6
7
8
2 
1
2
1 
2
3
4
5
2 
4
5

Date

Feb. 25
Feb. 25
Feb. 25
Jan. 16
Feb. 25
Jan. 16
Feb. 25
Feb.' 24
Feb. 24
Mar. 21

Feb. 24 
Feb. 24
May 25
Feb. 24 
Feb. 24
Feb. 25
Feb. 25
Feb. 24

2 Dec. 14 
2 Dec. 14
2 Dec. 14

1939

Depth 
to 

water 
(feet)

93.30
93.08
83.22
8&0
84.65
97.83
87.50
97.54
78.49
89.31
91.92
83.49 
49.90
92.88

102. 51 
94.87
98.31
93.46
97.36
82.07 
79.04

114. 19

Duration 
of 

shutdown  

30min..._
30min..__

30min ....
30min____

30min_ ...

30min. ...
30min. ...
20+ days.. 
10 days....
30min.-._
90+ days 

30 min... _

30min_.__
30min____ 
SOmin. ..
33min_...

Date

Feb. 27
Feb. 8
Feb. 8
Feb. 27
Feb. 27
Feb. 27
Feb. 27
Feb. 27
Feb. 28
Feb. 28
Feb. 28
Feb. 27 
Feb. 2?
May 9
Feb. 27 
Feb. 27
Feb. 27
Feb. 27
Feb. 27
Feb. 28 
Feb. 28
Feb. 28

1940

Depth 
to 

water 
(feet)

103. 89
100. 91
93.26
93.0
96.25

102. 33
101.03
105. 8"2
87.41

' 96. 96
98.0
90.41 
62.89

102.1
116.54 
112. 41
116. 97
107. 66
111.84
87.23 
82.16

116. 71

Duration 
of 

shutdown J

30min_ ...

30min._._
30min.___
30min____
120 min...
SOmin....
29 days. ...
30 min....

21 days .... 
60 days _.__
30min.-_.
90+ days.. 
30min.___
30 min... .
30 min....

35 min. ... 
3Qmin.-  
33 min--  

from 
1939 to 

1940

10.59
7.83

10.04
7.0

11.60
4.50

13.53
8.28
8.92
7.65
6.08
6.92 

12.99
9.22

14.03 
17.54
18.66
14.20
14.48
5.16 
3,12
2,52

i Length of time pump was idle before measurement was taken. 
« Dec. 14,1938.

Most of the water-level measurements in the foregoing table do 
not reflect the true static levels, because the wells were not allowed 
to remain unpumped long enough to permit the water levels to 
become static before the measurements were made and because no 
control was exercised over the rate or time of pumping of other wells 
in the fields. Hence the water levels measured in the same well at 
two different times are not strictly comparable. However, if the 
measurements of all the wells at a plant are considered, the individual 
discrepancies tend to be equalized and the average of, the individual 
declines gives the approximate magnitude of the decline at that 
plant. The average decline at each plant from 1939 to 1940 was as
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fojlows: Gentral, 9.3 feet; East End, 8.3 feefcj Beights> 7.6 feet;
Magnolia Park, ,6.9 feet; Northeast, 11.1 feet; Scott Steeet, 15.8
feet; ancLSouth End,,, 3 .6 feet. , , K» ^,

DECLINE IN THE KATY PUMPING

The irrigation wells in the Katy area range in depth from about 
150 feet to about 900 feet. Nearly all of them are gravel-walled and 
so screened as to draw from all the water-bearing beds penetrated^ 
including those near the surface, in which the water is unconfined 
and there is a water table. According to a statement by Mr. John 
Cope, a rice grower in the area, the average decline in water levels 
between 1903 and 1931, was about 5 feet. -As shown in the follow­ 
ing table, the decline in 14 observation wells between March 1931 
and March 1940 rangefl from 4.5 to 14.0 feet and. averaged 8.6 feet. 
Between March 1939 and March 1940 the decline in 31 wells ranged 
from 1.5 to 4.7 feet and averaged 2.6 feet. (See fig. 8, well 205.)

Decline of water levels in wells in the Katy /pumping area

Well No.

Harris County: 
134...............
136        4-
139. ___ ........
140..... _ .......
146...............
182 ..... __ ...
183...............
186...............
205......  ......
206- ____ .....
352     ... ...
357... __ . _ ....
362     ___ .
367..... ___ ....
370.... ___ .....
381. ___ . ___ .
382..        

Depth 
of well

Feet -274
138
134
359
250
239
284
628
615
450±

500
535
625
95+

185

March 
1931 to 
March 

1940

Feet

14.0
» 10. 2

7.2
9.3

11.2
7.6

7.5
10.9

^..   .

March 
1939 to 
March 

1940

Feet 
3.8
4.7
4.0
3.9
4.0
2.8
2 2
2.5
3.6*
3.5
1.7
3.1
2.5
2.2
1.5
2.8

Well No.

384.... _j. ........
385....  . _ ....
399        
400_.  -  _ ..

223
235
247  .      

7... __   .. _ ..
11...   _ .....
15  .      
19         
20         
21 _ .... _ ... ...
26        
33         

Depth
of well

Feet 
505
359
326
268

767

ftii

337

172
545
250

657
346

March 
1931 to 
March 

1940

Feet 
17.8
15.1

8.5
12.3

5.2
14.7

7.6
7.5

14.6
4.5

March 
1939 to 
March 

1940

Feet. 
2.8
2.3
1.8
1.9

2.0
3.5
2.0

2.0
2.3
2.2
2.0
2.3
2.0
2.0
1.7

i Decline from 1933 to 1940.

FLUCTUATION IN SHALLOW WELLS ALONG THE 
HEMPS TEAD AND CONBOE HIGHWAYS

Measurements of depths to water in about 70 shallow wells along 
the Hempstead and Conroe highways were made periodically during 
1931 and 1932, and in about 30 of these wells measurements have been 
made at intervals since 1932. The water levels in 9 wells are affected 
directly by changes in the levels of the perqhed water, which occurs 
nearly everywhere in the outcrop area. They decline markedly dur­ 
ing dry periods and rise quickly during and immediately after heavy 
rains, especially in winter. On the other hand, in the wells that tap
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only the ground water below the true water table, the water levels 
fluctuate less with the rainfall but are likely to be considerably 
affected by heavy pumping of wells in the outcrop area;

No decline of the water table since 1931 has been found.in 10 water- 
table wells along the Conroe highway, or in 2 wells near Houston and 
2 wells northwest of Hockley along the Hempstead highway. There 
has been a decline, however, in 7 wells along the Hempstead highway, 
near the northern part of the Katy pumping area. Practically all of 
this decline has occurred during the past 2 years. The water levels 
dropped considerably during the summer of 1939 and failed to rise as 
much during the winter of 1939-40 as during the winter of 1938-39. 
They declined considerably during the summer of 1940 and at the time 
this report was prepared had not risen to the level reached at the 
corresponding time in the winter of 1939-40. The decline ranged 
from 1 to 5 feet, with an average of about 2}£ feet, and is apparently 
caused by pumpage from new rice-irrigation wells near the Hempsfcead 
highway and by increased pumpage from wells already in use in other 
parts of the rice-growing area.

CHEMICAL CHARACTER OF THE GROUND WATER

The character and quantity of dissolved mineral matter in a water 
supply largely determine the value of the supply for public and 
industrial uses and for irrigation. A large number of analyses of 
water from wells in the Houston district made by the Geological Survey, 
the city of Houston, and commercial laboratories show that most of 
the water pumped from wells in this area is of good quality and com­ 
pares favorably with other public, industrial, and irrigation supplies 
in the United States. (See tables of analyses, pp. 277-288.) Many of 
these analyses have already been presented in the earlier reports on 
the district issued in mimeographed form.

In the Houston district water of good quality is generally .found in 
all aquifers to relatively great depths, but water of objectionably high 
mineral content has been encountered in many of the deepest wells 
and oil tests. The higher mineral content of these deeper waters is 
due largely to increased amounts of sodium chloride. Samples of 
water with moderate mineral content and low chloride content have 
been collected from sands penetrated by wells at depths -of about 
2,000 feet in Houston; about 1,900 feet in Pasadena; 1,850 feet in 
test well 8 put down by the city of Houston 12 miles southeast of 
Houston, near South Houston; and about 1,700 feet in test well 6 
put down by the city of Houston near Clodine. However, samples of 
water having sufficient chloride to be objectionable were collected 
from sands penetrated by wells at 2,100 feet in Houston,; at about 
1,000 feet near Webster, 25 miles southeast ©f Houston; at about 
1,000 feet at Baytown, 20 miles east of Houston; and at about 2,000
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in test welj 6, near Clodine. In test wells S!; an$ 9, nearJSouth 
Houston, water with low Chloride content was found to a cbpth of 
nearly 1,400 feet; but> the water at depths from 1,399 to t̂ ,4^ f^et 
contained 208 parts per million of chloride; that from 1,506 to, 1,526 
feet contained 645 parts per million of chloride; and that from 1,666 
to 1,706 feet contained 268 parts per million of chloride. At 1,832 
to 1,850 feet in well 8, however, the chloride was only 82 parts per 
million, which is only slightly higher than the average of the Houston- 
Pasadena area. The electrical logs of oil tests that have been studied 
indicate that highly mineralized water occurs below 2,100 feet near 
Pasadena; 1,500 feet about 18 miles southeast of Houston; 1,800 
feet about 11 miles south of Houston; 2,000 feet near South Houston; 
2,200 feet near Aldine, 12 miles north of Houston; and 2,500 feet 
near Westfield, 20 miles north of Houston. These data show that 
water of .low chloride content is likely to be found in the beds of sand 
from the surface to depths as great as 2,100 feet in Houston and to 
even greater depths in the area north of Houston, but that, toward 
the south and southeast the depth at which water of low chloride 
content can be found becomes progressively less. They also tend to 
show that the deeper sands, which supply fresh water in Houston, 
contain water that is too highly mineralized for public and industrial 
uses and irrigation a comparatively short distance southeast of 
Houston. In localized areas near salt domes, such as Pierce Junction, 
Fairbanks, Eureka, and South Houston, highly mineralized water 
with high chloride content is probably present at comparatively 
shallow depths. It is believed, however, that there is little likelihood 
of this highly mineralized water spreading into adjacent areas in 
which there is fresh water.

The possibility of salt-water encroachment has been discussed in 
previous reports. Since 1931 samples taken at regular intervals from 
selected widely spaced wells in the district have been analyzed to 
determine whether there has been any increase in chloride content. 
According to these analyses, including the latest, made in May 1940, 
there has been no significant change in the composition of the ground 
water in the formations from which the Houston district obtains its 
supply. It is possible, however, that there ha& been some encroach­ 
ment of salt water in areas to the south or east of the Houston and 
Pasadena pumping areas, where there are as yet no wells drawing 
from the sands in which the encroachment may be occurring.

RESULTS OF EXPLORATORY WELL DRILLING ___-. mm
In the program of exploratory drilling earned out by the city, of 

Houston during the summer of 1939, 9 test weffis were put down west 
of Houston along the Houston-Clodine road, 2 about 15 miles north 
of the city limits, at Westfield, and 2 southeast of the city limits on
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the South Houston-La Porte highway, about 3 miles east of the tb*wn 
of South Houston. (See pis. 8 and 9.) 'fhe main objects of the drill­ 
ing program were as follows: (1) West of Houston, to determine the 
thickness and character of the water-bearing sands, the chemical 
character of the water in them, and the artesian pressure in the sands 
to a maximum depth of 2,000 feet. (2) North of Houston, to deter­ 
mine the artesian pressure; to obtain observation wells, both in the 
sands at moderate depths, which are believed to correlate with the 
heavly pumped sands at Houston, and in the deep sands, which are 
undeveloped or very lightly drawn upon in Houston; and to determine 
the quality of the water. (3) Southeast of Houston, to determine 
the artesian pressure in sands containing fresh water and the position 
and thickness of sands containing salty or brackish water; and by 
using the test wells as observation wells, to endeavor to obtain ad­ 
vance information on the possible encroachment of salt water-from the 
direction of the Gulf of Mexico.

The test wells were put down with a rotary drill. They were 5^ 
inches in diameter and ranged in depth from 360 to 2,000 feet. The 
combined drilling footage of all the wells amounted to 16,646 feet, 
and the average depth of the wells to 1,280 feet. All wells were 
electrically logged as soon as possible after the drilling was completed. 
Samples of cuttings were taken from the drilling mud after each 20 
feet of drilling, and in 6 of the wells cores of the sand were obtained 
in selected beds. In 8 of the wells samples of sand and water were 
obtained by the drill-stem method; altogether, 15 such samples were 
collected. Selected sand samples were analyzed and tested for 
permeability and porosity in a field laboratory. Six of the test holes 
were finished as observation wells by casing them with 3K-inch (in­ 
side diameter) casing and setting screens opposite selected beds of 
sand. Periodic water-level observations are made in them, and the 
quality of the water is tested from time to time.

The test wells show that there is an average of 600 feet of water­ 
bearing sands between the surface and a depth of 1,500 feet along 
the line of wells stretching from the western city limits of Houston 
to Clodine. A supply of water exists north of Houston in deep sands 
that are practically untouched by existing wells. The water con­ 
tained in these sands at Westfield and Spring is well suited for do­ 
mestic and industrial uses. The occurrence of fresh water in the 
deep sands in the vicinity of South Houston tends to show that salt­ 
water encroachment from down dip through the sands tapped by 
wells in the heavily pumped area may not be very serious so far as 
the immediate future is concerned, but more information is needed 
before a definite conclusion can be reached. Further details regard­ 
ing the results of the test drilling are given in another report.3

s Eose, N. A., White, W. N., and Livingston, Penn: Exptoratory water-well drilling in the Houston 
district, Tex.: U. 8. Geol. Survey Water Supply Paper 889-D, pp. 304-314,1944.
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TRANSMISSIBILITY AND STORAGE CAJPAjQITY OP THE 
WATER-BEARING BEDS

The'fflrno>fait of water that can be withdrawn from the 
ing beds depends upon the amount of rainfall that percolates into 
them in their outcrop areas, the capacity of the be"ds to transmit the 
water to the pumped areas, and the amount of water that is with­ 
drawn from storage in the beds when the head declines. In all parts 
of the Houston district except the Katy area the water levels in the 
outcrops of the water-bearing sands are high enough so that some of 
the ground water is discharged by springs and seeps. It is evident 
therefore that the" rainfall recharges the aquifers at a rate greater 
than the water is 'transmitted down the dip. In the Katy area the 
water levels have declined below th6 levels of the stream channels, 
and none of the recharge returns to the surface as springs or seeps 
except possibly during or immediately after periods of heavy 
rainfall.

The rate at which water is transmitted depends on the thickness 
and permeability of the sands and the hydraulic gradient. The 
amount of water that is released from storage in an artesian aquifer 
depends on the elasticity of the water and the compressibility of the 
sands and their associated confining clays; in a nonartesian aquifer 
it depends on the effective porosity, or specific yield, of the aquifer. 
With comparable decline in head, the amount of water released from 
storage by the lowering of the water table in the nonartesian aquifers 
is usually from 50 to 200 times as much as is released by the com­ 
pression of the artesian aquifers.

  . TRANSMISSIBILITY

The coefficient of permeability of a given water-bearing material, 
as the term is used by the Geological Survey, is the rate of flow of 
water, in gallons a day, through a cross-sectional area of 1 square 
foot, under a hydraulic gradient of 100 percent, at a temperature of 
60° Fahrenheit. The coefficient of transmissibility of a given aquifer 
is the product of the thickness of the aquifer, in feet, multiplied by 
the average coefficient of permeability, corrected for the prevailing 
temperature of the water.

The average thickness of the beds of sand which furnish most of 
the supply for Houston and Pasadena has been estimated from 
drillers' logs and electrical logs as about 600 feet.

The coefficient of permeability of samples obtained from drill- 
stem tests during the exploratory test- well drilling ranged from 40 
to 800 and averaged about 275.4

In the fall of 1939 C. E. Jacob, of the Geological Survey, conducted 
16 pumping tests at the Houston municipal well fields and 5 tests on

* Bose, W. N., White, N. A,,, and Livingston, Perm, op. cit., pp. 305.
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the city-owned'?ob®ersEation wells. Each test consisted of pumping-- a 
well a given length of time, then stopping the pump and observing 
tho mt&'.&i the recovery of the water level within the well. In many 
wells it was also possible to observe the interference in the recovery 
produced by stopping and starting pumps on nearby wells screened 
in the same sands. Jacob analyzed the results of these tests by means 
of the following formula developed by Theis: 5

114.6Q f co e ~vdu . , . ,s=  -^   - I     , in which u 
Pm J« u p . Pmt

In this formula s is the drawdown, in feet, at any point in the vicinity 
of a well pumped at a uniform rate; Q is the discharge of the well, in 
gallons a minute; P is the coefficient of permeability of the material in 
the aquifer; m is the thickness of the aquifer, in feet; r is the distance 
from the pumped well to the point of observation, in feet; S is the co­ 
efficient of storage; and t is the time the well has been pumped, in days. 
The average coefficient of permeability of the sand in the aquifers at 
the Central, Heights, and Scott Street plants was calculated to be 
approximately 300. At the Northeast plant the permeability was 
computed as 240. In the observation wells put down by the city near 
Westfield, South Houston, and Alief the coefficients were found to be 
ISO, 325, and 500, respectively. With an average coefficient of 
permeability of 300, as computed from these tests, and an average 
thickness of water-bearing beds of 600 feet, the coefficient of trans- 
missibility, corrected for temperature, is computed to be 180,000 
gallons a day.

Values for the coefficient of transmissibility of all the heavily 
pumped water-bearing beds have been obtained by the application of 
the Theis equation to the drawdown hi 8 selected wells over a period 
of 2 years, created by the increase in pumpage of 19,000,000 gallons 
a day at Pasadena in 1937. They range from 112,000 to 106,000 
gallons a day and average 140,000 gallons a day.

The hydraulic gradient in the artesian beds in February 1940 was 
determined from the map showing altitude of water levels. (See pi. 
10.) Water moves through the water-bearing beds in the direction 
of the hydraulic gradient, at right angles to the contours. The rate 
of inflow into the heavily pumped area was calculated in accordance 
with Darcy's law, which states that the rate of flow of water through 
a given cross-sectional area of sand is directly proportional to the 
hydraulic gradient and the permeability. The contour 10 feet below. 
sea level was chosen as the line along which the rate of inflow could 
be most readily and accurately determined. The length of this line 
was estimated as 45 miles, the average hydraulic gradient across this

« Theis, C. V., The relation between the lowering of the piezomeirife snrface and the rate and duration 
0f discharge of a well using ground-water storage: Am. Geophys. Union Trams., pp. 319-521, 1936.



GROUND-WATER RE^&KCES, HOUSTON BISTSICT, TEXAS 165

cofijtour-as'10 feet to the mile, and the averages ̂ coefficient of trans- 
missibility as 160^,000 gallons a day (the average of the coefficients'*)! 
transmitsibility as computed from Jacob's permeability results^ the 
2-year -drawdown curves, and laboratory tests of samples of sand ob­ 
tained during the test drilling by the city). On'the basis of these 
estimates the inflow in February 1940 across the  10 contour was 
computed as 72,000,000 gallons a day.  

STORAGE CAPACITY

The amount of water that is released from storage when the head 
in an artesian aquifer declines has been called the coefficient of storage. 
It has been denned as"the amount of water, in cubic feet, that will be 
released from storage in each vertical column of the aquifer having a 
base 1 foot square when the artesian head is lowered 1 foot.6

Using the Theis formula, Jacob obtained values for the coefficient 
of storage in 16 interference pumping tests. In 14 of the tests the 
values ranged from 0.000165 to 0.00108 and averaged about 0.0005 for 
thicknesses of sand from 157 to 400 feet. The other two tests were 
made on sets of wells that are screened chiefly opposite different beds 
of sand and therefore are not included in the average. The" average 
thickness of the sands that were screened in the 14 tests was about 
300 feet, or only about half the total thickness of the aquifers. As the 
coefficient of storage is considered approximately proportional to the 
thickness of the aquifer, a coefficient of 0.0005 for a thickness of 300 
feet is equivalent to 0.001 for a thickness of 600 feet, the approximate 
combined thickness of the heavily pumped sands in the Houston and 
Pasadena areas.

Values for the coefficient of storage obtained by the application of 
the Theis equation to the 2-year drawdowns in 8 wells, mentioned on 
page 164, range from 0.0019 to 0.0054 and average 0.0033 for all the 
heavily pumped water-bearing beds. It should be noted that hi these 
wells the head was lowered for the first time and the decline took place 
over a period of 2 years. Therefore, the average coefficient of storage 
calculated from these data should be larger than that calculated from 
data obtained from the short tests made in the thoroughly developed 
Houston well fields, where the head has fluctuated many times through 
the range recorded in the tests.

Assuming that the average coefficient of storage lies between the 
values obtained from the pumping tests and those obtained from the 
2-year drawdowns and is about 0.002, and assuming, also, that the 
average decline during a period of 1 year from February 1939 to Feb­ 
ruary 1940 was 10 feet over an area of about 300 square miles-within 
the  10 contour shown hi plate 10, the amount of water taken out

  Theis, O. V., The signi§caace and nature of the cone of depression in ground-water bodies: Beop. Qeol. 
vol. 33, No. 8, p. 894, Dec. 1938.



166 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941-43

of artesian storage Lot this area of 300 square miles during the 1-year 
period was calculated to be about Z% million gallons a day, or sonie- 
what less than 5 percent of the pumpage.

A large quantity of water was also drawn from artesian storage 
outside of the  10 contour, where considerable declines have taken 
place. The available data are not sufficient, however, to permit esti­ 
mates of the amount.

The decline in water levels in the Katy area involves unwatering 
by the lowering of the water table as well as by removal of water yielded 
by compression. Hence, although the water levels in the wells have 
declined less than in the Houston and Pasadena areas, the decline 
represents more water taken from storage. The data indicate that a 
large part of the water that has been pumped has come from natural 
storage, but these data are insufficient to permit estimates of the 
amount.

VALUE OF THE COMPUTED COEFFICIENTS

The tests that have been made give a wide range in the computed 
coefficients of permeability and storage, partly because of differences- 
in the character and thickness of the different beds and of the same 
bed from place to place, and partly because of the imperfect conditions 
under which the tests were made and the inadequacy of the informa­ 
tion as to the beds tapped by the pumped wells and the observation, 
wells. The range in computed coefficients of storage is caused largely 
by the differences in the length of time covered by the different tests. 
In an area such as the Houston district, where the clays and sands are 
closely interbedded and lenticular and where sedimentation occurred 
under varied conditions, it is practically impossible to obtain the 
average coefficient of permeability or the average coefficient of storage 
for the many aquifers drawn upon or for all parts of any one aquifer. 
Therefore, average values for the coefficients of permeability and 
storage as computed from the data available should be accepted as not 
more than approximately in the correct order of magnitude.

USE OF COEFFICIENTS IN COMPUTING- FUTURE DECLINE 
OF WATER TABLE

If the extent of the water-bearing beds and the coefficients of trans- 
missibility and storage are known, estimates can be made of the future 
decline of the water level that will result from increases in the rate of 
pumping. Although the available data are insufficient to permit a 
comprehensive analysis, the curves shown in figure 10, which have 
been computed according to the Theis formula, afford a simple 
approach to the problem. They show the drawdown that would 
occur at various distances from a pumped well after pumping 1,3, and 
10 years if the well taps an artesian aquifer of infinite areal extent
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having a coefficient of transmissibility of 160,000 iga^ons a day and 
a coefficient of storage of 0.002 if pumped at a constant .rate of 
1 million gallons a day, « * ^oyi a^x 

The curves show .that the decline in head in the aquifers near a 
pumping development begins immediately after pumping is started 
and is relatively large, the rate being rapid at first but gradually 
decreasing with time; whereas, the decline at a considerable distance 
from the development is smaller and does not begin for some time 
after pumping has been started.

r
o

468 
Distance from pumped well, in miles

IO 12

FIGURE 10. Graph showing theoretical draw-down, according to the Theis formula, due to pumping a 
well at a constant rate of 1,000,000 gallons a day, the aquifer having a coefficient of transmissiWlity el", 
160,000 gallons a day and a coefficient of storage of 0.002.

SUMMARY

The aggregate annual pumpage in the Houston and Pasadena areas 
was nearly constant from 1930 to 1936, but it increased about 60 
percent from 1937 to 1940. In the Katy area the annual pumpage 
decreased slightly from 1930 to 1935 but increased about 200 percent 
between 1936 and 1940. The total annual pumpage in the Houston 
district nearly doubled in the 5-year period.

From 1930 to 1937 the water levels in the Houston and Pasadena
areas remained practically constant, indicating that essential equilib-

. rium in water levels had been reached for the amount of water
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pumped. ~ As oUas^dbo be expected, the increased pumpage
marked decline in water levels, an yapreasedt ^ydraulic 

t,Hfm expansion of the cone of depression,
of ^ifcter from artesian storage. Further increases in pua^page ,in 
1939 and 1040 caused further decline and depletion. Since 1937 
the head in the artesian aquifers has declined over- a wide area, per­ 
haps to ifcjbe -outcrop area. A part of the water that is pumped is 
taken from artesian storage in the .pumping areas, but most of it is 
being drawn- into these areas through the aquifers. The water that 
is drawn into these areas is replenished in large part by recharge on 
the outcrop area, but a substantial part of it is also drawn from stor­ 
age in the artesian aquifers outside of the pumping areas.. The 
evidence obtained to date indicates that the pumping has not yet 
drawn water from storage in the outcrop area.

In the Katy area, the decline in^water levels Jias been less than in 
the Houston and Pasadena areas, but it represents in part an unwater- 
ing of the beds, and hence a larger proportion of water derived from 
storage. If the present rate of pumping in the Katy area is continued 
the local ground-water reservoir will be seriously depleted.

If pumping in the Houston and Pasadena areas is continued at the 
present rate of 70,000,000 gallons a day the artesian head will con­ 
tinue to decline for some years, although at a diminishing rate. If 
the rate of pumping is substantially decreased, the water levels will 
rise, but they will probably not return to the altitudes at which they 
stood when a similar pumping rate was maintained at an earlier time. 
Any increase over the present rate of pumping will cause further 
decline in water levels, withdrawal of additional water from artesian 
storage, further steepening of the hydraulic gradient, and increased 
flow of ground water into the pumping areas. The question as to 
further increase in the rate of pumping is partly a question of the 
maximum depth from which water can be economically pumped, but 
it also involves the further depletion of the storage in the ground- 
water reservoir, the possibility of withdrawing water at a more rapid 
rate than it can be replaced from rainfall in the outcrop areas, and 
the possibility of increasing the danger of encroachment of salt water. 
If it is desired to maintain the water levels at or near their present 
altitudes the present rate of pumping should be reduced and a supple­ 
mentary supply of water developed.

Analyses x>f water samples taken periodically since 1931 from 
selected wells in the area have not given any evidence thus far of 
intrusion of salt water from down dip or from underlying salt-water 
sands into the sands that yield the fresh water. However, intrusion 
of salt water may be occurring beyond the limits of observation wells. 
Further lowering of the head in the beds that contain fresh water 
will increase the possibility of intrusion.
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Previous reports have indicated that additional supplies for the 
city of Houston could be obtained from wells west of Houston in the 
direction of Glodine. The prospect of obtaining an additional supply 
from, this area is now less good because of the large increase in pump- 
age in the nearby Katy area, with the resulting large withdrawal of 
water from storage. Although the information at hand indicates 
that a supplementary supply of ground water may be obtained in the 
area north of Houston, including the Aldine-Westfield locality, from 
sands that lie stratigraphically deeper than the heavily pumped sands 
of the Houston and Pasadena areas, the information is insufficient 
to allow estimates to be made of the quantity and quality of the 
water. Additional test drilling would serve to show the character 
and extent of these sands and the quality of the water in them.

560113 44
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ADDENDUM

June 1, 1943

Since the foregoing report was written the periodic measurements of 
water levels in observation wells have been continued and records of 
pumpage have been collected and compiled for 1941 and 1942.

In the Houston and Pasadena areas, although the number of ground-" 
water developments was increased, the average daily pumpage in 1941 
was only 77,^00,000 gallons, or 2,000,000 gallons a day less than it was 
in 1940. This decrease in consumption was caused by unusually 
heavy rainfall and frequency of showers during the summer, which 
reduced the requirements for watering lawns and gardens and for 
industrial cooling. In 1942 the average daily pumpage in the two 
areas was 85,000,000 gallons, or 7,000,000 gallons a day more than 
it was in 1941. This increase occurred partly as a result of an increase 
in the number of ground-water developments by war industries and 
municipalities and partly because the rainfall was less than it was 
in 1941.

The general decline of water levels in the Houston and Pasadena 
areas which began in 1937 continued during 1941, but at a decreasing 
rate. The average decline in the observation wells of these areas 
between the springs of 1941 and 1942 was 2.5 feet, as compared with 
5.3 feet for the preceding year. In 1942 the large increase in the rate 
of pumping caused an acceleration in the decline of the water levels 
throughout the areas. The average decline in the observation wells 
between the springs of 1942 and 1943 was 6.9 feet, nearly three times 
that of the corresponding period in 1941-42 and about one and one- 
third times that in 1940-41*

In the Katy rice-irrigation area about 27,350 acres of rice was 
planted in 1941 and was irrigated with water pumped from 95 wells, 
as compared with 24,200 acres and 88 wells in 1940. The pumpage 
was the equivalent of about 23,000,000 gallons a day throughout the 
year or about one-half the pumpage during 1940. This decrease in 
pumpage was due to abnormally heavy rainfall. During 1942 about 
30,400 acres of rice was planted and 105 wells were pumped. The 
pumpage was the equivalent of about 38,000,000 gallons a day through­ 
out the year. Although the total pumpage was about 65 percent

173
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more than that of 1941, the amount of water pumped per acre was still 
below .normal, the rainfall during the growing season again being 
above the average although less than it was in 1941.

As a result of the relatively small pumpage in 1941 the gradual 
decline of water levels in the Katy area that had persisted since 1931 
gave place to a general rise of the water levels between the springs of 
1941 and 1942, the average rise of the water levels in 44 wells amount­ 
ing to 2.1 feet. This rise continued between the springs of 1942 and 
1943 but amounted to an average in 39 wells of only 0.1 foot. This 
stabilization of water levels was caused by the increase in 1942 in 
the quantity of water pumped to an amount between the small 
pumpage of 1941 and the large pumpage of 1940.

The periodic analyses in 1941, 1942, and 1943 of water samples from 
60 selected observation wells in the Houston District, like those of 
former years, show no change in the chemical character of the ground 
water.

TABLES OF WELL RECORDS, WELL LOGS, AND WATER
ANALYSES

The tables following contain a description of 1,018 wells (pp. 175 to 
263), of which 935 are in Harris County and 83 in adjoining areas in 
Fort Bend and Waller Counties. The information includes the loca­ 
tion and depth of the well, the name of the owner, the length and size 
of the casing, the position of the screen, the depth to the water level 
on given dates, the method of lift, and the use of the water. The 
results of chemical analyses of water from 240 wells (pp. 277-283) are 
given, together with the results of a series of partial analyses of water 
from 49 quality-of-water observation wells (pp. 284-287). These 
observation wells have been sampled and the water tested periodically 
since 1931 to determine whether the chloride in the water has increased. 
The tables also contain chemical analyses of 21 samples of water ob­ 
tained from test wells (p. 288) during the program of exploratory 
drilling carried out by the city of Houston in 1939. Drillers' logs of 
47 wells are included. Approximately 400 of the well records were 
obtained during the period 1931 to 1933 by Penn Livingston and 
S. F. Turner. The remaining records were obtained and about 250 
of the earlier records were brought up to date during the period 1939 
to 1942 by N. A. Rose, W. F. Guyton, C. R. Follett, and L. G. Davis.

Plates 8 and 9 show the location of all the wells tabulated, each well 
being given a number on the map corresponding to the number as­ 
signed to it in the tables.
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DRILLERS' LOGS

Drillers' logs of wells in Harris County 

Well 31, R. L. Burton, 10% miles northwest of Cypress

Soil..............................
Clay.            

Clay........  ..................

Clay.. ...........................
Sand. ............................

2 
16 
29 

2 
10 

1 
22 

7 
48 

1

2 
18 
47 
49 
59 
60 
82 
89 

137 
13S

Sand. ____________ , .... .

Clay....... ......................

Clay....... ......................

4 
23 
20 

4 
32 
20 
55

142 
165 
185 
189 
221 
241 
296 
297 
297

Well 93, Missouri Pacific Lines, in Spring

Clay.   ........ ...............
Sand .        -  
Clay.....  .....................
Sand    .        
Clay..  ....... - ..    

Clay....... .... ..................
Bock __ . __       ... .......
Clay.......  . ....... ........
Boulders and fine-grained sand ...

Rock             
Gumbo _ . ......................

82 
41 
41 
60 
83 
48 
38 

2 
11 
8 

32 
41 
21 
41 

2 
18

82 
123 
164 
224 
307 
355 
393 
395 
406 
414 
446 
487 
508 
549 
551 
569

Rock............ ____ ..........

Rock.............................
Sand... _______ ... ..........

Clay....   .....................
Rock... ____ . ___ . _____ .

''SSral **''*""

, Total depth _ . ............

2 
18 

2 
18 
22 

1«3 
39 

3 
4 

22 
41 
40 
41 
86

571 
589 
591 
609 
631 
794 
833 

, 836

90S 
843 
884 

0,070 
1,070

Well 155, E. B. Longenbaogh, 7% miles northwest of Katy

Soil....  ...      ...   ... ...

Soft clay.. .......................

Clay-  ...... ..... . ..   
Sand.

,4 
48 
16 
30 

2 
30 

3 
31 
34 
49 

7 
25

4 
52 
68 
88 

100 
130 
133 
164 
198 
247 
254 
279

 'SSbd.ii'i     .    J '   .....
Sand... __ __ . ____ . .....

Sand with layers of shale,, .-,,.,-

Clay.  .          
Total depth __   ____ ...

6 
1 

«1 
2 

12y«:
3 

28 
55 

2

285 
 286 

,337 
339 
851 
426 
490 
457 
512 
514 
514

Well 225, Burlington.Rock Island Railroads, 11% mfl«e soathftast of Cypress

Surface, soil, day, layers 'of roekv

Clay-            .

' ico*'
120 
22 

2 
16 
30 
65 
15

 " 106
220 
242 
244 
260 
290 
355 
370

Gsfjrtw-4.4^- * '  "
Rock.. ____ ... _ .,. . ......

Rock. _____ . ___ .........

Sand an4 gravel  ________ 
Total d#p(h

4 MB**r
tr

4 
53 
41

f 4W 
4* 
5frl 
5)8 
522 
575 
616 
616

Well 226, Frazer and Lapham, 6 mil«B«ast of Cypress

Sand. -.            
Clay...............      ..... .

Clay.    ... ...... ..... ..... -

Sana ^
C^,y. ............................

Clay. ............................

Clay.   .......         -
B^nii anrj limestone ,
Limestone and clay. _ , __ .......

104
15
13
8
8

12
9

16
20
US '

7
7

20
37
24
24
30

104 119
132
140
148
160
169
185
205* SRF1,'

-f   gjij
238
245
265
302
326
350
380

Sand ___ , ____ , ........... .
Sandy itajr,   ...... ..............
RftrirlctnriA an* fllftT

Clay-     .  ,-,   ,         

,Sand: i .   .Lwsboi!:;"..:.:....,:......,. 
Sand _ , ... ,   . ,      

' Clay.-...,.'.,   ,...,.-,.., .
Swl mid jMJj^fters .
Clay. _ _ . _______ ..
Sand-,..,,-,^.^,   . ..    --.;.- 
Clay.. _   __ , __ .  

Total depth _ , ____ . ...

§5'
*>,
15
%
ft
15
10
13
£
8̂7m.T;
A«»
«;

445
485
m
508
525
540
5$
56^

  60S
V-   088

gsg
650
71$
734
734
7$
740
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Drillers' logs of wetts in Harris
Well 227, E. S. Hamilton, &A miles son tbeaat of Cypress

Clay .,  ............... ......
White sand... ____ .. _ ......
Clay   __ j ____ .. .....
White day..... ____ . _ .... ...
Clay.,      _____.   

Clay

Clay  
Sand and gravel . . .
Clay-        ,:.  ...._
Sand and gravel .
day.... ..    .    . 
Clay

Thick­ 
ness 
(feet)

17
17
23
18
3

35
v>.
31

3
11
37
55

3
5

20

Depth 
(feet)

17
34
67
75
78

113
1i<!

176
179
190
227
282
285
290
310

 

Layers of day and sand _____

Clay . - - _ _ '
Sand . .. .. _ . ...........
Clay.... _    ....   ..-
Sand.... __ ..     .     . .....

Total depth.

Thick­ 
ness 
(%*}

13
11

I 45
19
10
27
23
12

, 18
1 5

18
1 16

16
O91i B

Depth 
(tee&

323
384
379
*WM2

408
435
4S8
470
488
493
511
527
543
566
565

Well 301, J.H.Powell, 43/4 mites southeast of Humble

Soil . . .

Shale           
Otimhn

Gumbo and shale .....

25 
75 

110 
20 

110 
30 
12 
36 
25 
37 
97 
5 

20 
93 
10 
10 
10 
40 
10 
70

25 
100 
210 
230 
340 
370 
382 
418 
443 
480 
577 
582 
602 
695 
705 
715 
725 
765 
775 
845

Sand... _____ ...l       .

Blue gumbo . _ . ...

45 
22 
6

, OT 1 W 
10 
45 
10 
27 
10 
21 
17 
15 
10 
30 
10 
10 
50 
28

S90 
912 
918 
985 
995 

1,005 
. l,t)50

1,060 
1,087 
1,097 
1,118 
1,135 
1,150 
1,160 
1,190, 
1,200 
1,210

2U08

Well 326, Golf Pipe Line Co., 14 miles soutbeast of Humble

Soil            .,. 

Sand .

1 
153 

15 
77 
6 

37

1 
154 
169 
246 
252 
289

Sand. t . _ . _ .... __ . _ .......

Sand.. _ . ......................

Sand

14 
30 
45 

116 
39

303 
333 
378 
494, 
533 
533

Well 350, W. C. Stockdick, 534 mites northeast of Katy

Cky.                 

Gravel ..

Clay    r      ....... ... ..

Clay

26
5

57
14
43
38
10
14
9
8
6

65
13
32

26
31
88

102

183
193
207
210
224
230
295

,308
tin

Clay ....

Shale     ,_    _ _  

Clay .. .. .

Clay .... ...

Clay    .,  .,    
Sandy clay. . . . .
Saad..  ... ....      ;    ...

9
 rf
'30
,47
22
20
8

13
20
40
29
19
42

348
369
399
446
AAft

488
4QA

*&
629
66d

, 698

659
659

56^113 44-
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Drillers' logs of wells in Harris County Continued
Well 333, A. E. Thompson, 5% nrites north of Katy

Clay....               ._

Soft clay... ... ...       .......

Thick­ 
ness 
(feet)

18
20
37
63
35
A(\

41
3

35
00

9*

15
3

12
43
60

3
64
22

2
10
38
15
4

10
5

Depth 
(feet)

18
38
75

128
163
203
244
247
282
QfU

306
331
346
OJQ

361
4fU

454
457
521
543
615
617
627
665
680
684
694
699

Brown shale ________ .. ....

Clay............ ...... ...........

Clay.......  ... .. .  .
Ssfad           -
Clay.......  .....         

Rock ________________

White sand .   -  ...  .

Thick- 
ness 
(feet)

37
9
7

16
5

30
31
12
27

20
22
4
3
1

10
28
4
8
4

67
14
36
27
22
18

344

Depth 
(feet)

736
745
752
768
773
803
834
846
873
970
990

1,012
1,016
1,019
1,020
1,030
1,058
1,062
1,070
1,074
1,141
1,155
1,191
1,218
1,240
1,258
1,602
1,602

Well 370. J. M. Johnson No. 1,3*/4 miles east of K»ty

Clay... ......  .  .... ......
Sand.    ...             .
Clay.....  .........       

Soft clay. __ ..... ________

Soft clay... . . ---.. __ .. .......
Hard sand and gravel. ______
Soft clay ____ .. ____ . ......

3 
20 
10 
61 
37 
40 
56 
34 
10 
25 
33 
13 
10

3 
23 
33 
94 

131 
171 
227 
261 
271 
296 
329 
342 
352

Clay.            -

16 
- 3 

7 
2 

23 
17 
27 
61 
26 
80 
4 
7

368 
371 
378 
380 
403 
420 
447 
508 
534 
614 
618 
625 
625

Well 480, John Pillot, 19% miles west of Houston

Silt and clay.. _________ ...
White sand-...  _        
Clay.       .  .   _

Clay..   ......................
Sand. _________ . ____ .
Clay-    ............. .......
Sand    ..    .  .......

Sand and gravel ..................

22 
11 
74 
24 

7 
4 

IT 
77 
28 
39

22 
33 

107 
131 
138 
142 
159 
23ft 
264 
303

dsf., ...........................

Ctay.. ...........................

Clay....    .-   __ -

Clay......          

Total depth ................

-47 
14 
43 

9- 
19 
8 

10 
8 

34

357 
'381 

424 
  439 

452 
'460 
470 
478 
512 
512

Well 553, River Oaks Country Clab No. 2, Houston

Soit-
Ke&clay..., ___________
WWte sand. __ . ________
WMte sand with layers of sand _

Beaclay. ________ ___
Sand.... ............... _ ... __
Ol»v " >
Sand-   ...   .__    
Clay   ̂ ....   ......... ......
Sand.     ____ . ____ .
Clay.............. ...............
Sand... . ...

Sand.... ............ ___ . ......
Clay-   ..... .. .... ..... .......
Sand..... ........................
Olay.   ........ . ..  .....

2
12
36
40
70
51
35
10
28
33
12
26
11
6

20
35
OO
*4

2
14
m
»

160
211
246
256
284

' 317
329
355
366
372
392
427
450

. 454

ClaK.. .............. ........ .....
Sand   *  -       

Clay..   .... . ..... .... ... .....

Glay...._ ... ....... ..... ... ... ... .

Clay .-

Sand-.     __          

Total depth __ 1 _____

12
5

46
51
26
13
14

4
«r
25
13
5

35
40
33
63
40

466
471
517
BSS
594
607
egi
8̂70
695
708
713
748
788
821
884
924
924
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' logs of wells in Harris County Continued
Well 589, City of Houston, Heights 5

Soil......     . ....... ...........
jDlay.         ...       ..
Sand. ...  _   _   -, .
Clay--.        _ ...

Clay.-.--      _

Clay... ...    ... __ .....
Sand _               
Clay .             

Clay.- .  .....   _ ......

Clay            ... _ ...
Sand.           .

Sand-.   . -

Sand           

Sand.             

Sand--...   - - - ..

shale

Thick­ 
ness 
(feet)

8
18
22
60
30
29
20
41
15
10
23
18
31
22
30

5
20

20
18
25
65
14
47
21
33
38
29
12
10
4fi
21
35
36
76
14

4

Depth 
(feet)

8
26

 4$
117
147
176
196
237
252
262
285
303
334
356
388
391
411
433
AS3
471
4Qfi
561
575
622
643
676
714
743
755

805
826
861
897
973
987

991

Sand..               -

Sand.. __ .--. __ . _ . ___  
Gumbo

Sand and shale __ _ ...-. . ....
Sand-    .       ... ... ....

Hard shale and sand _

Rock _ _ - ......................

Total depth drilled ... ...

TBldk- 
ness 
(feet)

35
27
57
15
51

5
38
22
76
8
5

15
70
22
11

5
40
14
55
16
18
17
22
26
12
18
36
53
33
8

22
2
2
4
1

ia
225

Depth 
Cteet)

1,026
1,053
1,110
1,125
1,176
1,181
1,219
1,241
1,317
4,325
1,330
1,345
1,415
1,437
1,448
1,453
1,493
1,507
1,562
1,578
1,586
1,613
1,635
1,661
1,673
1,491
1,727
1,780
1,813
1,821
1,843
1,845
1,847
1,851
1,852
1,805
2,090
2,090

Well 6lb, Standard Riee Co. Inc., Houston

Clay              
Sand-....  .....................

Shale            
Sand.    .............. ...... ..
Clay and boulders .. __ ____

20
10

. 30
15
83
12
90
20
15
10
3
4

88
20
60
12

20
30
60
75

158
170
260
280
295
305
308

400
420
48ft
492

Sand.. _ . __ ......... ___ ..

Total depth _____   _

8
25
15
27
18
92
10
5

40
5

19
4

78
2

IS

SOO
525
540
667
5S5
677
687
692
732
737
758
760
838
840
853
853

Well 641, Rice Hotel Laundry, Houston

Soil ............ .........    
Clay...... ;.        .........

Tough clay
Sand. __ . _ , .   .. __ . .....

Twjgh,$(«5r-, i ., , . . , . ,

Rock.... __ .......... _ ........

Sand- ___________ . __

Sand....,.....   ..............
youghday  .. ..................

7
18

25
64
15
31
63
10
<ia

4fl
67

8
3
2

12
32
16
9

31

25
175
200
264
279
310
373
383
All!

455.
522'543

551
554
556
568
600

625
656

Sand- ______________ -

Sand and shale layers __ __ ...

Tongh sticky shftjfl

Total depth __ _____ -.

25
53
65
38
45
88
14
42
12
8-

4437-

55
74
40
29
73
11
41
52

681
^
799
88T
882
970
984

1,086
1,038
1,040
1,090
"1127
1,182
1,25ft
1,296
1,325
1,398
1.409
1,450
1,502
1,502
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Drillers' logs of wells in Harris County Continued
Well 728, Burkhart Laundry, Houston

ShalA

Gumbo _._.......-._... ...

Thick­ 
ness 
(feet)

147
12
23
21
51
51
17
57

1
10
12
20
4

44
30
19
21
12
44
42
34
28
64

Depth
(feet)

147
159
182
203
254
305
322
379
380
390
402
422
426
470
500
519
540
652
596
638
672
700
764

Rock.   .  .   ..;.. 

Gumbo and .shale ..... __ ...... .....

Rick
Sand and boulders ................
Gumbo __ ...

Sand ___ .......

Total depth drilled..  ....

 Bifck- 
aess 

<ft»l>

21
24
48

6
6

50
13
56
28
53
28

5
141
51
5

14
5

13
39
44

"*

Depth 
(feet)

7<M
817

855
Sfil
Ofyj

917
930
Qftft

1,014
1,057
1,095
1,100
1 241
1 OQO

1 9Q7

1,311
1,316
1,329
1,368
1 d19

1,412

Well 744, City of Houston, Northeast 1

CJU Q 1A

Sand

Sand __ - ____________

JTar<1 giimmy sand , ,

Hard sand ___ ... _______

Gummy sand ... . ., ..... . .......

5
107

18
15
42

105
3

17
90
14
36
10
3
3
3

70
96

2
29
22
34
48
32
12
40
43
10
12

104
15
60
12
8
8

34
10
40
8

33
16

5
112
130
145
187
292
295
312
402
416
453
462
AftR

4ftft
471
541
637
639
668
690
724

. 772
fifet

816
856
899
QAQ

921
1,025
1,040
1,100
1,112
1,120
1,128
1,162
1,172
1,212
1,220
1,253.
1,268

Gumbo and boulders __ . .......

Gumbo, boulders, and hard sand.

Sand, shale, and boulders _  ...
Sand....  .  . _ ........
Boulders and rock.. ____ . ....

Hock.......  ............. ......
Sand.. __ ..... _____ . __ .

Hock.-.-..-.. _ .. ___   . .....

Sand... __ -... ________ .

Sand . ____ . _ . ______

Pink shale.. ......................
Shale... ..........................

Sand. _______________

Total depth drilled _ ... ...

36

11
39
2

20
7

49
39
62
15
10
57
53

2
2

2
.9
31
12
ft

£
23
H

. 3
10

5
40
'29

52
40
26
3

12
4

I OTA

1,312
1,320
1,331
1,370
1 O7O

1,392
1,399
1 44a
1,487
1 649
1 564
1,574
1,631
1,634
1.686
1,688
1 7Qft
1 7Q*>

I QfH

1.832
t KdA

1,850
1,878
1 SOQ

1,910
1 913
ljt23
1.931
1 Q3A

1,976
1 984
O AfO

A fiat!

12,105
2,131
2,134
2,146
2,160
2,150



Drillers' logs of weU$ in Harris County Coating 

Well 788, Shephord jfundries. Houston

1

N

Surface soil and day _______
Surface sand ______ ........
Clay.............................

Clay..... ..........!....,....
Shale and sand _____ .........
Sand. __________ . ........
Shale. __ ......... ___ ......'..
Sand ___ . .....................
Shale.............................
Coarse-grained sand ..............
Gumbo ________ _ : __
Sand and boulders ................
Gumbo ____________ ...
White rock and sand _____ ,.
Hard sandy shale _______ -..
Gumbo ______ . ...
Hard sandy shale _______ ...
Sand and gravel _________
Gumbo ___________ ..
Hard gummy sand ...............
Hard sand and white roc* ........
Sandy shale. _____ J .........
Sand and boulders ................
Sand, water. .....................
Gumbo and boulders .............
Gumbo _______ ....

Thick- 
ness 
(feet)

20
4

21
16

145
20
20
11
21
SI
42
27
9

10
20
8

35
20
29
53
22
19
7

37
40
43
22

Depth 
(feet)

20
24

. 45
60

205
226
9Ali
256
277
328
370
397
406
416
436
444
47t)

, 499
528
581
603
622
629
666
706
740
771

Sand __ , ________    ....

Sand and boulders ___ ..    .

Hard rock.. _______ ..    .
Gumbo ______________

Gumbo ______________

Sand--..........  .............

Sand. ___ . ....................

Thick­ 
ness 
(feet)

5
22
22
44

1  .,'^r
. 66

10
73

1
4

30
115
61
-12
12
12
40

3
12
4
7
6

21

Depth 
(feet)

77ft
' 798

820
864
925
930
932
988

1,003
1,076
1,077
1,081.
1,111
1,226
1,287
1,299
1,311
1,323
1,863

, 1,366
1.378
1,382
1,389
1,395
1,416
1,416

Well 793, City of Houston, South End 5

Surface ___ . ....................

Clay... _ . __ .................

Sand. _ i. __ . ..................
Clay............................
Sand .............................
Sandy day .......................
Sand. ______________ '.
Clay.............................
Sand ________ .'-..... __ ...
Clay, some sand and gravel .......
Sandy shale __________
Gumbo ...........................
Sand _______________
Gumbo and shale _____ . ......
Sand. ______________
Sandy shale. .....................
Sand ___ . _______ . ....
Sandy shales....,;. __ . ___ ...
Sand. __________ , .......
Sandy shale. .....................
Sandiv-.  ..... _ . __ .........
Gumbo. ..........................
Sand, with hard streaks ..........
Gummy shale...-. ...............
Sand with streaks of shale ........

Sand and shale _ ...... ............

Sand with streaks of shale ........ 
Shale........... .... ... . ..
Hard sand with streaks of shale .. 
Shale  . n».. ............. _ ...
Sand with streaks of abate., ___

6
6

20
22

1
11

267
70
38
21
41
11
39
12
2
4

11
16
73
26
14
52
10
23
4

46
12
30

29 
11
14 
11
19
5

29

6
12
32
54
56
66

333
403
441
462
503
514
553
565
567
671
582
598
671
697
711
768
773
796
800
846
858
888

952

977
Ofift

1,007 
1,012
1,041

Shale  ..............      .  

fto.nri

Sand..  .- .      -   -
Bock and gumbo.. .1 ............. 
Sandy shale.  __ ...............
Gumbo __   ... ...............
Sandy shale.   -          

Sand-- _ .   __   - ...........
' Total depth drffled     

17
4

30
10
26
38
21
79
13

1
12
36
69
3
1

OQ

19
KB

35
7

15
38
tuL

, 14

18
6
2

278 
4

45 
13
&£t

13

1,058
1,062
1,092
1,102
1,128
1,106
1,1*7
1,266
1 279
1,280
1,292
1,828
1,897
1,400
1,401
1 424
l|443
1,561
1 536

' 1,543
1,558
1,596
1,690
1 7ft4
1,710
1,728
1,734
1,736
2,014 
2,018
A, UOUF

2,076
£t. AUo
2,121

_ Jitt iJil

Weft 815, Greenwood Sanitarium, 5 miles southwest of Houston

Sand...    ..... __ .. ____ ...
Clay . __ . ....

Joint day _
Gumbo _ . _ . .
Shale.... __ . ______ ......

 M

8
108
20
19

19
77
21

24
32

140
160
179
291
310
387
4na

Pftf»tfift|l{t

149
49
86
22
66
21
78
13

567
6W
692
714
780
801
879

-892
892
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Drillers' logs of wells in Harris County Continued
Well 841, Houston Country Clrib No. 2, Houston

Rotary _____________ ..
Sott.. .......... ....
White clay.. .....................

Red shale. ..... _ . ___ .......

Tough shale _-..   .............
Sand. __ . __ ...

Sand.--_-_. _ . ___ .... __ .
Tough shale ___________
Sand... _ .. __ .... .
Shale................ .. .
Sand. _ ..... _ . _ . __ ... ...
Gumbo _____________ .
Shale... ........ ....
Sand... _ . ___ ... ....
Soft shale.... ... _ ............. .

Thick­ 
ness 

(feet)

4
4

12
55
25
20
62
28
21
9

28
10

106
42
53
13
16
12
12
22

Depth 
(feet)

4

20
75

100
120
TSW

210
231
240
268
278
384
426
47Q

492
508
520
532
554

Shale    ........ ..............

Eand    .......................

Shale

Soft shale  . _ .. .. .. _ ...

Total depth __ . ..........

Thick­ 
ness 

<feet)

10
3
2
8
7

48
10
22
18
15
20
11
16
24

9
53
17
17
44

Depth 
(feet)

564
567
569
577
584
632
642
664
682
697
717
728
744
768
777
830
847
855
899
899

Well 850, Reed Roller Bit Co. No. 2, Houston

Clay..  _  ...   ______. ..

Sand and boulders ____ . ......

Sand. ___________ . ......

Sand.         . 

12
18
95
40
95
22
49
34
20
25
42
*>A

12
30
125
165
260
282
331
365
385
410
452
iff).

Shale          

33
8
6
36
50
70
17
43
47
8
47

515
523
529
565

. 615
685
702
745
792
800
847
847

Well 860, Henke & Pillot, Houston

Clay...    ..................

Clay-:.-  .   .............

Clay..-......   ...............
Sand _______ . ______ ...
Clay-.          ........

6 
10 
20 
5 

198 
25 
72 
46 
47 

2 
27 
55 
36

6 
16 
36 
41 

239 
264 
336 
382 
429 
431 
458 
513

Shale _______________ ...

2 
46 
13 
33 
15 
68 
6 

33 
30 
44 
64 
5

551 
597 
610 
643 
658 
726 
732 
765 
795 
839 
903 
908 
908

Well 898, Consolidated Chemical Co. No. 2, Houston

Soil.....      .-  -   .
Clay... ..    ....... ..........

Sand..

Tough clay ____________ .

Clay  .     .....     .
Sand. _____________ . ...

Clay and bouldra®. ________ -

2 
10 
8 

151 
27 
90 
19 
62 
10 
45

63 
22 
18 
17  6 
10 
1*4 
40 
16 
24 
10 
26

2 
12
20 

171 
198 
288 
387

379 
424

521' 

539 
556 
562 
572 
586 
626 
642 
666 
676 
702

Sand.-.. . _________ __ -

Shale..    , .      -

Shale-.              ... .

Sand.- ___________ - _ --

Total depth dt&fed.  .... -

81 
21 
11 32' 
33 
18

34
15. 
17 
4 
1 

19
r

52 
23 
23 
27 
45 
22 
39 
4

807 
828 
839 
871 
904 
922 
952 
986 

'1,001 
' 1,018 

1,022 
1,023 
1,042 
1,049 
1,101 
1,124 
1,147 
1,174 
1,219 
1,241 

,1,280 
1,284 
1,284



RESOURCES, HOUSTON 

in

271

'

Clear
Shale-..        ; 
Sand
Gumbo ______________
Sand...   --     
Gumbo
Sand ____ .... _ . _______ .

Sand ..   ..      .
Gumbo _____________
Sand...              ......

Sand.       ............ _ T ...

Sand.. .     ____ -

Thick­ 
ness 

(feet)

159
63
43
89
37
72
44
10
26
74
51

134
55
7Q
71
18
73

Depth 
(feet)

ISO
222
265
354
391
463
507
517
543
air
668

/802
857
936

1,007
1,025
1,098

'

Sand...   .           

Shale _ __ ____

Total depth drilled. . _ ...

Thick­ 
ness 
(feet)

22
44
13
25
23
5
5

33
95
63
42
33
23
54
5

81

Depth 
(feet)

1 J30
1,164
1.J77
1,5502
1,225,
1,230
1,235
1,268
1,368
1,426
L4fift
1,501
1,534
1,578
1,583
1 664
1..6M

Well 906, Garden Villas Subdivision No. 2, 7% mflea southeast of Houston
V

SoU-. .......    .    ...
Clay.....           .   

  Sandy clay __________ , ....
Clay........  ... ...............
Stand .         __ ..
Clay.-.. _______ .... __ ..

Clay.. ____ . __ ..... __ .....

Clay

Sand-..-.. __ .... _ -.., ___
Qumbo with layers of sand __ ...

Sand           

Saad..       _    .

3 
39 
5 
3 

18 
17 
45 
59 
10 '§6 

15 
64 
5 

44
ia
32 
79 

8 
59 
8

3 
42 
,47 
50 
68 
85 

130 
189 
199 
255 
270 
334 
339 
383 
.393 
425 
504 
512 
571 
579

filfitr

Sand.  ...              
Clay             

Clay...   ... ..... ...     ... .
j3and-            
Clay.  .           

Clay.-             '

33 
28 
10 
5 

20 
SI- 
20 
5 

12 
& 

28 
29 
45 
* 

23 
2 5' 
3

612 
640
«sa,
,655
6757m
,746 
751 
.719 
768 
7% 
325 
870

898 
900 
"965 
BOS 
988

Well 1140, Sinclair Refining Co. No. 8, »/* miles southeast of Houston

Sg£l... ...........................
Clay---  -           .....
Sand. _____ ..-.-.- _ -   ._
Clay
%pd
Glay--.-*               
Sand          
Clay

Clay
Baad.. ............... ... .........
Clay
Sand. __ . _ . ____ ..........
Glay...   .... ........... ......
Sand..   _ ...... -. .   
Clay
Sand...   .  .... ......

Sand.. __ .-..----. ____ ...
Qumbo             
Swad

4 
16 
6 

138 
15 
73 
12 
8 

78 
43 
25 
30 
35 
39 
30 
66 
45 
79 

102 
26 

109

4 
20 
26 

164 
179 
252 
264 
272 
350 
393 
-418 
4& 
483 
522 
£52 
618 
663 
742 
844 
870 
979

Sand     .... , .... ... ... ...

Total depth drilled-, __ .

10 
13 
6 

48 
27 
34 
20 48' 

36 
133 

1 
54 

1 
20 
55 
17 

1 
37 35' 

130

.98$ 
I,flfl2 
1,008 
1,.05«i,m
Mtf 
1,337 
1,185 
1,221 
1,354 
1,355 
1,409 
1,410 
1,430 
1,485 
1,502 
1,503 
1,540 
1,575i;?(®
1,705
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Dritter.s' logs of wetts in Harris County Continued 

Wen 1172, The Texas Co. NO. 5,8% mites southeast of Houston

 

Olav
Sand. __ . ___ . _ . _____ .
Clay
<^nmbo ,,
Sand..  ____ . __ . __ ...

Gumbo and boulders _______

Sand.            

Sand... ___ ... . ___    ...'.

Sand _______________

Sand. _______________

Thick- 
ness 
(feet)

267
5

10
28
6

61
21
73
22
21
21
69
63

103
22
52
10
10
24
5

Depth 
(feet)

267
272
282
310
316
377
398
471
493
514
535
604
667
770
792
844
854
864
888
893

Gflmlx) .

Sand _______________

Sand. ____________

Sand. ____________ . ....
Gurabo. ....... ......... ....   ....
Banff. _______________
Ojimbo _,, u ...,.._

Sand _______________

Thick- 
ness 
(feet)

10
43
24
15
19
42
2

61
7

18
2

18
73
23
60

4
59

3

Depth 
(feet)

903
946
970
985

1,004
1,046
1,048
1,109
1,116
1,134
1,136
1,154
1,227
1,250
1,310
1,314
1,373
1,376
1,376

Well 1199. Shell Oil Co. Inc. No. 3,14 mites east of Houston

Clay           
WMte sand...     .... ... .....

Clay

Sticky shale ___________

Hard sand - ...

80 
45 

, 52 
59 
18 
81 

155 
30 
10

80 
125 
177 
236 
254 
335 
490 
520 
530

Gumbo-
Sand with 
Hard sand 
Shale and

Shale and 
Sand, wat 

Tofe

1     - .... ..... . .
hard shell

32 
28 
39 
36 
48 
28 

119

562 
590 
629 
665 
713 
741 
860 
860

Well 1269, City of West University Place No. 4, Houston

Soil      ........ ..........
eiay...    ....................
Eed sand ____ . ______ . ...
CJay.  ..... ......... .........

Finfl-pmMrred sand fwid clay
Red clay.. ___ . ________
Sand.      ___ .........
Blue and red day ________
Sand... ..........................
Clay _ . ____ . ________

Clay and sand streaks ______
Sand...   ___ . ____ . ......
Shale _____ . .................
Sand _ . ____ .. ...............
Hard shale .......................
Sand.... ............... __ .....
Shale and sand ...................
Shale  ____ .... _ . __ . _ .
Sand _______________
Hard shale. ____ , ..............
Hard sand ____________
Shale  ..........................
Sand............,....!...........
Shale. ____ ..: ______ ..

Hard sand ........................

4 
8 

10 
5 

10 
13 
11 
43 
24 
18 
14 

127 
11 
28 
15 
20 
34 
8 

43 
20 
23 
17 
10 
19 
11 24' 
12 

,19 
8 

17 
20

4 
12 
22 
27 
37 
50 
61 

104 
128 
146 
160 
287 
298 
326 
341 
361 
395 
403 
446 
466 
489 
506 
516 
535 
546 
570 
682 
601

646

Clay and 
Sand and 
Clay. __

Sticky sh«

Clay.....
Sand .....
Shale....,
Bock .....
Sand and 
Hard shall

Hard shall 
Sand .....
Shale-
Sand __
Shale and 
Sand. ....
Shale. ,
Sand ....,
Clay......
Bock. .
Sand.....
Cteywiti

Hard shal 
Tflfc

sand streaks ............
clay breaks"

Je    ... .... ........

-

shale

B1 -
il depth drilled. ., .....

5 
74 
11 
31 
4 

26 
35 
8 
9 

, 20 
26 

1 
12 
34 
29 
17 
28 

9 
37 
26 
40 
15 
23 
31 

1 
« 
9 

16 
41

651 
725 736" 
767 
771 
797 
832 
840 
849 
869 
895 
896 
908 
942 
978 
981 

1.012 
1,026 
1,065 
1,088 
1,128 
1,143 
1,167 
1,196 
LI98 

v 1,304 
1,313 
1,326 
1,270 
1,270.



RESOTTJ5GES, HOUSTON

ps 0/ w«J& *n' ti&rri* 

Well 1284, Harris County No. 4, 7% mites southwest of Houston

,

Surface soil ______ . ___ , _
Tight caHaBe. ____ . ____ ..
White MJattl......................
Red sand-.I ___________
Boulders.. ____ ___ _ .
Bed shale... _______ ___
Fine-grained sand ................
Gumbo. ..........................
Sand ______ . _____ ...
Sandy shale ......................
Hard shale.. ________  »  ....
Sand.......!.....................
Hard shale .......................
Sand __ 1 _________ . _ f
Gumbe ___________ . ...

Thick­ 
ness 
(feet)

14
11
17
7
5

73
19
28
14
28

. 7
6

60
5

50
100

Depth 
(feet) '

14
25
42
49
54

127
146

.174
188
216
228
228
288
293
343
443

Gambo __ . __ __ _
Sand ___________ 1 ____
Shaln
Sand... ... _._ _:_._.!......_

Tbiofe- 
ness 
(feet)

  ,-J8 (
7
8

, 27
21
2

. 19
68

. 65
15
30
34
26
10

Beptb 
ISeV

4**
1 ^65

'»BF
Sw
521
523
543
610
«W
899
730

770

780

Well 1300, U. 8. War Department No. 1,15 miles southeast of Houston

SoD.......... r ....................
Broken day ___________
Sand.. _____________ ..
Clay.............................
Sand and gravel ..................
Sandy clay; _ i.-. .................
Hard clay." ......................
Otajr.. T ._...-_........_..._.._._.
Sand  .... ..._..___.__._ ___._
Clay... ._.,.,.-...__.,  .__._.

3
21
14
16
26
20
12

148
16
43

3
24
38
Rd.

80
100
112
260
276

. 319

Clay.............................

Clay....... _ ........ __ .......
Sandy clay
Clay.......  ...... .............

15
10
19
27
26
10

150
7

344
363
390
419
426me
593
588

Well 1366, GaKeston-Houston Electric Co., 22% mites southeast of Houston

Clay... 1..........J.............
Sand _ .
Clay _ ,  __..  ..............
Sand    _ .... _________
Clay.............................
Sand. ___ .: _ j _
Clay.............................
Gumbo . .

Gumbo . -

24
12
14

^64
14

116
67

125
16
44

24
36
50

104
118
234
301
426
410
486

Sand .........................

Sand....    _          

16
32
51
24
44
82
8

45

602
534
585
609
653
735
743
78ft
788

Well 1374, Harris County Fresh Water District No. 5,9 miles east of Houston

Black surface sofl .................
White clay '
White sand . ___ - ___ . .....
Clay..............................
White sand-J ___ . __ .........
Clay .................,........
Sand _ ..

Hard layers of sand and clay.   
Sand ... . ' .
Clay  .......... ................

2 
9 
9 
2 

17 
17 
14 
42 

, 49 
20 
45 

111 
18 
32 
21 

5 
17 
4

2
ii
20 
22 
39 
56 
70 

112 
161 
181 
226 
337 
355 
387 
408 
413 
430 
434

1

Sand.  _   .... -J   - ........

Fine-grained sand   ,        
Tough sticky shale. .1 .............

Tough sticky shale.. .............

Tough sticky shale..       

Tough sticky shate-.   , ......... 
SandL. _______ L  . .   ....
Shate  . _.,-...  L~. .........
Sand   . -- - .--.....
Hard shale.      L ............
Tough shale _ .L. _ ........

Total depth.-f.  ... ... ...

30 
7 

28 
18 
56 
10 
11 
38 
10 
22- 
15 
24 

4 
4 
6 

24 
8

464 
471 
500 
518 
574 
£84 8M> 
633 
643 
665 
680 
704 
708 
712- 
718 
742 
750 
750
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Drillers' logs of watts in Harris County Continued 

Wdl UatJEtetttheni Pacific Co., Bmwtoa

Surface day ......................
Sandy day __ . __ __ ............
Clay-   ..-_    ..   .._.
Sandy day ____________
Clay.............................
Clay with layers of sand _____

Sand with layers of day ..........
Clay_-.-.._.._.r__..JL   ....
Sand    -. ...................
Clay _ ..........................
Clay and sand __________
Clay _ ..... _ . _ . ___ . _ ..
Sand _______________
Clay.............................
Clay and sand _____ * .........

Thidc- 
ness 
(feet)

15
10
31
43
66
39
25
3D
18
15
37
24
22
39
68
23

Depth 
(feet)

J5
26
66
99

164
203
228
258
276
291
328
352
374
413
471

.494

Sand and day ....................

Clay

Clay and sand __ , ...............

fliimhn
Total depth ________

ThidE- 
ness 
(feet)

25
10
68
10
25
15
36

5
32
31
24
32
8

106
8

Depth 
(feet)

519
529
687
587
622
637

, 673
678
710
741
765
797
805
911
919
919

Well'1402, Missouri Pacific Lines, Houston

Sand.. ____ . .................
Yellow day ____________
Brown sand ____________
Bed day. ........................
Packsand.. ......................
Clay and red shale ________

Tough day .......................

Gumbo ______________

Gumbo ...........................

Rode ___ -. ___________

12
10
79
15
46
45
35
13
15
45
60

10
15

1
23

120

12
22

101
116
162
207
242
256
270
315
366
373
383<*oa
399
422
542

33
10,

  10
33
58
32
33
11
53
20
8
1

32
72
35
17

57,
58i
59,
62!
68
71!
751
76:
81i
83J
841
84<
87(
94!
98!

1«K
ieo<

Well 1414, Harris County Water Control and Improvement District No. 3, 5 miles northwest of Houston

Clay _ ... _ ....................

Red Sand... __ .................

Clay.. .-.___.._ _._.  .__
Sand and day

3
8

15
27
51
32
99
48
13
21
34
72
60

. 3
11
26
53

104
196
236
283
296
317
351
423
483

Clay.-      -  

Clay.......... .       .,
Band                   J

Clay_ .      -.i.-,-

Clay           
Sand.              ...   -

Total depth drilled^..  

53
47
19
29
18
16
11
88<» 
21
81
34

536
683
602
631
649
665
676
764
789

;810
891
025
925

Drillers' logs of wetts in Fort Bend County
Well 1, Pecan Acres, Inc., 10% miles southwest of Katy

Ctay          ,  

Clay
Bode ___ ......................

Bode  ..........................

43
10
47
12

1
&
1

43
53

100
 112
113
117
118

Gtogr  -,,-           .

31'
13
68

2

121
122
135
263
206
205



Dr$fer«' ;%s oj 
W«UK, C.

 BESOUBCES, SDtFBTON 

-tn Port

;

Surface -
Clay.  :.        . 
Sand _ . _________ . __ ..
Clay-. .....  ................
Sand  

Bock. _   __ ................
Clay.  .         ..

Rock               _ 

Clay....,   . .       

Thick­ 
ness 
(feet)

3 42
65' 5

60
25
3

14
55
10
33
16
8

Depth 
(feet)

3
45

110
115
175
200
203

*rt|7-

272
282
315
331
339

Sand . . .   __ _  
Clay..               ...

Sand..... _   .... .      ... .
Clay-.    ....          ...

Clay             

Clay-- n               
Total depth drilled     

Thick- 
ness 
(feet)

70 :
10

1
18
2
8

92
2

18
10 65
18

Depth 
(feet)

«9
419
m
438
440
448
940
S42
560
870
685
653
653

Well 18, Sam Pool-man, 5% mjles southwest of Katy

Yellow clay. ___________
Sand and gravel _________
Gumbo ______ , .............

Rock. _______________
Gumbo _______ . ...........
Boulders and gumbo. ............
Rock.. ______ . .............
Sand _ . ____ .................
Rock......... ____ ........ _ .

132
10

1
47

4
3

15
3
4

35
61
10
12
6

25

132
142
143
190
194

212
215
219
254
315
325
337
SU1

368

Rock...    ....    .... ........

.Book                 

Rock.  .         

5
12
8
7

25
185
35
10
2

10
4

12
30
10

373
385
393
400
425
610
645
,655
657
667
§71
683
,718
728
723

Well 35, C. Pfllot, 101/4 miles southeast of Katy

Olay-                _
Fine-grained sand. ...............
Clay .... _ ....................
Sand.. __________ . ___ .
Clay...   ._   ..    _
Sand __ . ___ . ________ .
Clay.. .............        ...
Sand .............................
Clay...............  ...........
Sand _ . _____ . ___ . ......
Clay....,.......-.......... ...

22
6

107
80
26
14
17
74
9

16
11

22
28

135
215
241
255
272
346
355
371
382

Oiay . _ »   ...

Clay

Clay
Sand..      _ .....     

Clay  .  .... ...... ,. .....

30
10
4 5

27
9

14
4

12
3

*12
422
436
431
4S8
*87
i481
485
497
500
T5TO

Well 64, Balke Electric Co., 21 miles southeast of Katy

(May    ................. _ .....
Sand. ___ .............. _ . ...
Clay.  .    .   .   
Sand ____________ . .....

Clay...... .......................

15
9

14
12
12
98

15
24
38
50
62

160

Shale             
Clay-  ...... .. ....-...-.. 
Sand _______________
Otey    ....... .... ...   ... ...
Sand.            ...

20
25
7

48
37

180
205
212
260
297
297

Drillers' logs of wetts in Waller County 

Well 120, Prairie View State College No. 2, in Prairie View

Surface soil _ ; __________

Clay.............. . ...............
Soft rock...., _________ ...
Packsand .........................
Clay....................  ......

20
60

220
1

30
23

1

20
80

300
301
331
354
355

Clay       .... *..... ... .....
Rock (?)  .   .       
Sand...... .......................
Clay     .... ....... ..... .....

90
38
50
17
21

-

445
483
533
550
571
571



CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1041-43

Drillers' logs of welts in Waller County Continued 

Well 225, L. E. Morrison, 5% miles northwest of Katy

Sandy soil ____________ .
Clay..............................
Sand.................... __ .....
Clay..... _____ . __ .. __ ...
Coarse-grained sand _______
Clay _______________ .
Sand and gravel _________
Gumbo ______________
Hock      ..   _    
Tiugli giimbp

Kocfc.............................
Clay..............................
Rock.............................
Clay..... . . .._............._
Corase-grained sand _______
Tough gumbo ....................
Sand ___________ y. ......
Tough gumbo __________
Fine-grained sand... ______

Thick­ 
ness 
(feet)

2
15
10
27
25
10
12
35

3
21
11

1
20
2

10
10
76

15
18

Depth 
(feet)

2
17
27
54
79
89

101
136
139
160
171

192
194
204
214
200
298
313
331

-

Rock.......... ...................

Shale-..               
TfHigh giiTtibn ^
SancL.r ______________

Bock _______________

TMefc- 
ness 
(feet>

1
17
8
1

27
60
6

12
24
12
8

10
10
48
30
15

1
22

Depth 
(feet)

332
349
357
358

< 385
445
451
463
487
499
S07
517
527
575
605
620
621
643
643

Well 250, Boy Turner, 13% miles northwest of Katy

Sofl and clay .....................
Quicksand and dry gravel.., __
Ctoy.. ...........................

Clay..............................
Sand. _ . _ .. ____ ..........
Clay  ... ........................

Sandy shale ......................
Sand _______________
Clay. ...........................

Shale...... .......................
Sandy ale ......................
Clay.... .........................
Sand .............................
( lay...  _______ . __ ..
ftndy shale ......................

Shale..... ........................
Sand.............  .............
Shale. _____________ ...
Hard sand ........................
Gumbo.. _____________

10
35
5

?4
101
31

9
12
7
6
6

14
8

15
12
20
15
29
11
22
12
16
12

10
45
50
fid

, 185
216
225
237
244
250
256
270

293
395
325
340
369
380
402
414
430
442

Shale             -

Clay.........  ........... ..... .

Clay...  ......... ..............

Clay...... ... ....... ......._-.....

Shale  ........ ... ..    .

Clay

Fine-grained sand _______ .

Shale            

8
12
11
11
14

. 17
11
60
30
43
23
29
21
16
18
28
21
12
18
3
8

450
462
473
484
498
515
526
576
606
649
672
701
722
738
756
784
805
817
835
838
846
846

WeU 251, J. Y. Cardiff, 5»/i miles northwest of Saty

Clay..,.        .............

Clay...  ...... ....... ...... _ .
Sand _______________

Rock                ...
Clay...               
Sand and reck ....................
Hock.  .......... ...............

Fine-grained sand ................
Clay.....   .....................
Sand _______________ .

45
65

5
60
25

3
14
55
10
33
16

70

45
110
115
175
200
203
217
272
282
315
331
339
409

Clay..............................

Clay...     ... ..... ... ..... ..

10
1

18
2
8

92
2

18
10
«5
18

419
420
438
440

. 448
540
542
560
570
635
653
653
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CONTRIBUTIONS TO HYDBOLOGT OF UNITED STATES,

,   Partial analysesldf water, from observation weUsin Harris County
{Unless otherwise'noted, analyses were made by Margaret D. Foster, E. W. Lohr. or W. W.-Hastlngs 

Geological Survey. Results are in parts per million. Well numbers correspond to numbers in table 
of well records]

Well 
No.

!

688
i

602

610

620

622

635

656

662

667

669

677

681

£83 

684

m

Owner

'. i ' '  

Oriental Textile Mills. ..... _ .

River Oaks Country Club ......

 Standard Rice Co., Inc. .

PublicJLanndries. ....

Horlock Ice Co....... .

Houston Lighting & Power Co. .

Texas Creosoting Co .

South Texas Cotton Oil Co .....

HoustonlLighting & Power Co..

Southern Pacific Co _____ ..

Houston Ice & Cold Storage Co..

.....do...,..-.'...,..,............

first National Ban|c Building. . .

Depth
(feet)

800

887

853

1,379

360

887

666

834

(tfV)

958

873

861

825 

720

363

Date, of col­ 
lection

f Mar. 20, 1931 »
Jan. 14, 1939.. 
Aug. 5, 1939..
iVI.il j &\.j 1*7*U-

Feb. 18, 1941 . 
Tan. 28; 1942... 
Jan. 19, 1931 ».
Jan. 20, 1939.. 
July 25, 1939..

Feb. 18, 1941. 
Jan. 2S, 1942- 
Jan. 25, 1931 L
Jan. 14, 1939.. 
July 24, 1939..
May 21, 1940. 
Feb. IS, 1941. 
Jan. 31, 1942.. 
May 2,1927-.

Jan. 31, 1939- 
Aug. 5, 1939..
May 21, 1940. 
Feb. 17, 1941 . 
Jan. 31, 1942.. 
Jan. 31, J939.. 
Aug. 5f 1939.. 
May 21,1940.
Feb. 17, 1941 . 
Jan. 31, 1942.. 
July 24, 1939_. 
May 23, 1940. 
Feb. 20, 1941 . 
Jan. 30, 1942- 
Jan. 9, 1931 1 .
Feb. 6,1939.. 
July 25, 1939-

Feb. 20, 1941 . 
Jan. 28, 1942- 
Jan. 14, 1931 1-
Jan. 14, 1939- 
July 25, 1939-
J.Vla.jr A*TJ j.*rxVJ.
Feb. 20, 1941. 
Jan. 28, 1942.. 
Jan. 31, 1939.. 
Aug. 5, 1939.. 
May 21, 1940.
TToVi 1 ft 1 *M1

Jan. 30, 1942-

Jan. 31, 1939.. 
Aug. 5, 1939..
ivxay j5ij j.a*tu_
Feb. 20, 1941. 
Jan. 30, 1942..

Feb. 2,1939.- 
July 24, 1939 . 
Feb. 3, 1931 1 .
Feb. 2, 1939  
Aug. 9, 1939- »

Feb,18,'l94l" 
Jan. 31, 1942.. 
Jan. 31, 1939.. 
Aug. 6, 1939_: 
May 23, 1940. 
Jan. 31,1939.. 
Aug. 5, 1939-
IVXUgr &tj JiO*KJ~

Feb. 18, 1941.. 
Feb. 4, 193U .
Feb. 2, 1939-. 
Aug. 5i 1039_ 
May. 28*19*0.
IftiTt - 1 ft JOil
Jan. 30, 1943..

Bicar­ 
bonate 
(HCOj)

247 
244

227 
248

244
234
244 
224 
242

236 
240

231 
232

297
293 
290
290 
294 
286 
277 
266 
264
254 
276 
235 
226 
220 
228

222 
208

214 
220

222 
222
225 

. 198 
228 
244 
227

222

246 
237
245 
250 
246

219 
235

T 229 
218211
206 
229 
266 
212 
200

21§

">'( 

*

Sulfate 
(S0<)

30
12 
12
10 
17 
17 
20
14 
15
20 
17 
18 
10
18 
15

17 
15

2
2 
2
5 
2 
3 

20 
17 
20
10 
13 
17 
30 
13 
13 
30
10 
12

8 
15 
30
10 
16

5 
10 
12 
10 
6

10
8
5
8 
5
5 
4 
7 

25
15 
17 
15
10 
13

14 
17 
12 
17 
15 
22 
18.
15 
13 
10

' ,10
^.,JW.. ,.:,ie
- - 15

.- 17-

Chloride 
(Cl) .

30
26 
27

. *'
28 
27 
35
37, 
30

28 
30 
30
25 

  33

34 
26 
40
42
38 
39
37 
35 
36 
34 
34 
37
41 
33 
24 
26 
25 
26 
35
26
28

27 
28 
40
37 
36

37 
32 
69 
67
68
W
71 
35
28 
29

29 
29 
30
27 
27 
30
28 
27 
26
26 
26 
49? 
29 
28 
33 
33

' ' 45
38 

_ 38: 
3fr 
37
36

Total 
hardness 

as CaCO»

110
99 

106
102 
88 
70 

150
150 
135

117 
160 
140
120 
135 
100
132 
133
65

57 
58
65 
63 
58 

168 
'176 
166
158 
172 
126 
124 
130 
136 
150
129 
129

123 
138 
150
150 
141

132 
150 
189 
195

208 
90
81 
81

88 
88 

120
126 
126 
120
102 
104

GO

98 
119 
189 
ISO 
111 
144 
120
1QO

112 
190
153 
162 
134

= 173

Seelfootnotes>fc end of table.



Partial anedy&e^of wafer from"obs^fvdMon wells in Horns- County Ctoirtioiued'

Well 
No.

700

710

715

728

731

732

747

788

791

870

883{

892

006

 flOO

1051 
i L

Owner

Bfee fiotel. ______ .. - -

Burkhart Laundry. ______

Missouri Pacific Lines _ . __ ..

Gonld Wet WasoILaundry. __

Shepherd Laundries.-.-..i.. __

Warwick HoteJ _____ . ___

Carnegie-Illinois SteellCorpora- 
tfoa.

Garden Villas Subdivision..-  ,

Humble Oil AfRefining^Co _ ..

Depth
(feet)

1 WEW5

888

1,402

1,390

1,391

(VfO

1,416

576

700

i 841.

1 9ft$

90S

orvi-u

562

Date of col­ 
lection

Feb. 4, 1931 ».
\Feb.6, 1939  
Mar, 9, 1927 8. 
Feb. 18, 1931 »
Feb. 2, 1939  
Aug. 5, 1939- 
February

19311. 
Feb. 2, 1939...
Aug. 5, 1939- 
May 21, 1940. 
Feb. 17, 1941- 
July 1931 i 
Feb. 2, 1939.. 
Aug. 5, 1939. .
May 23, 1940. 
Feb. 20, 1941.

Jan. 28, 1931 ».
Feb. 6, 1939.. 
Aug. 9, 1939-
May 27, 1940. 
Feb. 20, 1941- 
Jan. 30,1942.. 
Mar. 9, 1927*.
Jan. 27,193H.
Feb. 2,1939.. 
Aug. 5, 1939.. 
May 27, 1940- 
Feb. 20, 19411. 
Jan. 30, 1942- 
Jan. 12, 1931-
Feb. 6, 1939  
Aug. 5, 1939. .
May 24, 1940. 
Feb. 20, 1941- 
Jan. 30, 1942- 
July  , 1930-
Feb. 2, 1939.. 
Aug. 5, 1939-
May 21, 1940. 
Feb. 17, 1941. 
Jan. 31, 1941- 
Jan. 31, 1939- 
Aug.T5, 1939- 
A/lay 24 1940
Feb. 17,' 1941- 
Jan.29,1942- 
Jan. 16, 1931 L
Feb. 2, 1939. - 
Aug 5, 1939-_
May 24, 1940. 
Feb. 19, 1941..
Jan. 30, 1942 . 
Mar. 27, 1931 1
Jan. 19, 1939- 
Aug. S, 1939.. 
May 6, 1940- 
Feb. 20, 1941. 
Jan. 30 1941- 
Feb. 4, 1929'. 
Jan. 21, 1931 L
Feb. 6, 1939  
Aug. 5, 1939-
May 22, 1940. 
Feb. 19, 1941. 
Jan.29, 1942., 
Jtirie 7, 1929'. 
Jan. 19, 1939.. 
Aug. 8,1939- 
May 24, 1940. 
Feb. 18, 1941-
Jan. 29, 1942- 
Jtfa. 19f 1939- 
May 24, 1940.
F6b. 19, 1941- 
Jan. 27, 1942- 

1 October 19311. 
{Feb. 1,1939. - 
Uog. 9, 1939..

Bicar­ 
bonate 

(HCOj)

335? 
M),

222 
232

228
224 
212 
222

315 
313
312 
318 
320

323 
334
328 
342 
334 
373

329 
328 
326 
371 
346

234 
228
224 
234 
228

298 
302
294 
310 
292 
258 
260

261 
256

257 
262
229

266

235 
230 
225 
214 
232 
354

251
252

. 246 
248 
250 

' 256 
261 
252 
256

252 
308 
316
332 
306 
260 
326 
362

      \

Sulfate 
(SO*):

10
2 

21 
10
20 
15 
10

12
17 
14 
13 
10

1 
1
1 
1

1
1

. 1 
1 
2 
8.6

1 
1 
1 
1
2
5

16 
. 10 '

17 
15 
17

1 
1
1 
1
2 
8 

12 
20
18 
18 

5
16 
12
7

18

20
20
8 

17 
13 
18 
18 

. 12 
30
12 
10
.9 
9 

10 
16 
16 
15 
8 

20
20--- 3 
5
4 
3

^.-..w^-.j. 
6 
1

Chloride XOD-

40
59 
31 
30
24 
28 
30

37
28 
26 
30 
40
35

, 46
45 
45
45
50
51
52
48 
49 
47 
50 
55
51 
52 
51 
50 
50 
30
27 

1 27
28. 
26 
% 
60
52 
53
50 
49
48 
29 
31
9O

28 
28 
35
28 
28
28 
27
26 
30
26 
23 
26 
24 
24 
53 
45
35
4A

36 
34 
34
38 
32as
33
Oft

36 
32 
34
32 
32 

, , 50 
46 
40

Total 
hardness .' 

sa CaCO*

.150
j 46
118 .

:130
,117 
129
15K

129
120 
130 
120 
30
26 

' 30
28. 
32 40  
OA

36 
40'40 
44 
44 
63

.. .36:
30 
33 
34 
40

  44 
120
102 
102
.81 
1Q5 

« 90 
70
62 

[ 60
60 70- 

. 62
: 145

165

177! 
174

; 190: 141
147-
114

130 
90
75 
82 
78 
74 
92 SI- 
35
32
HA

39 
40 
44

- 8§ 
' 8? 

46 
81 

. 58
58 

111
: 134

-144 
115

**** « »-.SJ - '27 
38

See footnotes at end of table.



286 CONTRIBUTIONS TO HYDSOLOGFT OF UNITED STATES, 1941-43 

Partial analyses of water from observation wells in Harris County Continued

Well 
No.

1063

1057

JO®

-1103

1104

1107

1140

1161

1155

1162

1168 

1172

1187

1201

1208

1302

Owner

Humble Ofl & Refining Co.   

.... .do..........   ... .-.  .

__ do..., __ ....

Sinclair Refining Co ............

Gulf Oil Corporation ............

Rinrfair 'Refining Co , , , , .

Houston Lighting & Power Co..

City of Pasadena..; ____ . ....

City of Genoa __ . _______

Depth 
(feet)

974

515

542

770

570

585

1,701

773

752

1,223

826 

1,376

834

1 284

668

832

Date of col­ 
lection

October 19311,
Feb. 1, 1939-.. 
Aug. 9, 1939.. 
May 24, 1940. 
Feb. 20, 1941- 
October 19311 _
Feb. 1,1939..
Aug. 9, 1939.. 
Feb. 20, 1941_.

Feb. 1, 1939___
May 24, 1940- 
Apr. 2, 1931 1.
Oct. 6, 1931 *__
Jan. 18, 1939.. 
Aug. 5, 1939-
May 24, 1940. 
Feb. 20, 1941.. 
Jan 29, 1942. . 
Apr. 2, 1931 1.
Jan. 18, 1939-
Aug. 5,1939-. 
May 24, 1940. 
Jan. 18, 1939- 
Aug. 5, 1939..
Feb. 10, 1941.. 
Jan. 29, 1942.. 
Jan. 18, 1939.. 
Aug. 5, 1939. .
May 24, 1940. 
Feb. 19, 1941- 
Sept.19, 1930 4 
Mar. 27, 1931 »
Jan. 1«| 1839- 
Aug. 5, 1939-
May 24, 1940. 
Feb. 19, 1941.

Mar. 27,1931"
Jan 19, 1«39 
Aug. 5, 1939
ivX&y Art, IWrU
Feb. 19,1941 
Jan. 29,1942 
Apr. 1, 1931
Jan. 18,1939

' Aug. 5, 1939 
May 24, 1940 
Mar. 1,19226 
Jan. 18,1939 
Aug. 5, 1939 
 May 21, 1940 
Feb. 19,1941 
Jan. 19,1939 
Aug. 5, 1939 

{May 24,1940
Feb. 19,1941 
Jan. 29,1942 
1931». .......
Jan. 18,1939

' Aug. 6, 1939 
May 21,1940 
'Feb. 17,1939 
Aug. 5, 1939
M«y 27, 1940 
Feb. 19, 1941 
Aug. 8,1939

. TiVh 10 HM1

Jan. 27.1942 
Apr. 3, 1931
Mar. 30, 1935 
Apr. 3, 1939 

(Aug. 8,1939
May 20, 1940 
Feb. 19,1941 

'Jan. 27,1942

Bicar­ 
bonate 
(HCOs)

39ft

399 
396 
384 
388 
300
400
412 
392
 >AA

383
388

570
507 
520
562 
571 
580

370
Ol £,

360 
406 
396
t±&d

398 
393 
391

392
228

as*
232
236 
233
242

368 
264

264 
269

246
252 
262 
229 
234 
234 
236 
236 284' 
271 
260
270
276

524?
244 
248 
601 868-
576 
514 
366
"W1Q

296

388 
388 
412
388 
382., 
384

Sulfate
(S04)

3 
1 
6 
3

5

5

2
4
5

6 
2
1 
1 
2 
5
2
1
4
1 
1
2 
2 
1
1

2 
16
15
W- 
15
IS 
17 
17
15

2
18

20 
21 
10
17
15 
10 
14 
16 
17 
15 
16 
17 
12 
12
13 
12 
15
12
12 
18 

1 
2
5 
2 
8 
2
2 
5

3.1 
1 
1
2 
1 
2

Chloride 
(Cl)

140
90 
84 
84 
80 
62
55
57 
44 
99

' 117
119 
130
133
112 
120
128 
127 
128 
85
67
Do
65 
76
75
73 
73 
36 
38
DO

36 
31 
30
39 
29
29 

  29 
28
30
36
27
fit

25
25 
45
31
oo 
34 
35 
31 
31

31 
32
sa
m
32 
35
36
o» 
36 

100 
98
§8 
80
45 
43
42
85
75 
76
77
77 
74 
74

Total 
hardness 
as CaCOa

32 
32 
33 
32

22
00

42

28
-40 
35
25
22 
26
26 
32 
32
40
24 
30
28 
24 
30 
44
38 

9 
15 
15
21
77 
85
70 
76
78 
86 
96

120
«r

117

110
75 
60
78
46
58 
72 
74 
S2 
82 
84 

100 
64 
82
64
70
50
66
Ou
74 
16 
22
*cl
27 
27
33
34
SO
43 
30 
42
44
46 
46

See footnotes at end of table.



287

Partial analyses of water from observation wetts in Harris County Cofftiaued

Well 
No.

/ 1359

1367

1369

Owner

G. H. Whitcomb. ______ .

City of Souto Houston. ____

Depth 
(feet)

563

660

916

Date fif col- 
lection

Sept, 30,19321
Feb. 3, 1939 
Aug. 8,1989
May 24, JWO 
Feb. 18,1941 
Jan. 27,1942 
Feb. 3,1939 
Aug. 8,1839 
May 24, 1940
Feb. 18,1941 
Jan. 27,1942 
Jan. 19,1939 
Aug. 8,1939
Feb. 19,1941 
Jan. 27,1942

Bicar­ 
bonate 

^HCOa)

306 
2M
304 
308 
304 
363 
341 
326
332 
330 
336 
337
339 
338

SuHate 
(SO*)

5
1 
2
1 
1 
2 
1 
1 
5
1 
2 

10 
7
8 

10

jDbiorufo 
(CD

45
44 
44
frx
43 
43 
90 
94 
92
93 
93 
46 
46
*0«* 

Total 
hardness 

as CaCO»

50
51
45
54 
56 
61 
34 
42 
42
44 
46 
10 
16
AtL

28

»Field test by Samuel F. Turner.
* Analysis by Curtis Laboratories. 
' Analysis by Houston Laboratories.
* Analysis by C. S. Wilson.
< Analysis by Pennsylvania Power & Light Go.
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MAP OF HARRIS COUNTY AND ADJOINING PARTS OF FORT BEND AND WALLER COUNTIES, TEXAS, SHOWING LOCATION OF WATER WELLS.
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HOUSTON MUNICIPAL WELL FIELD

MAP OF HOUSTON, TEXAS, AND VICINITY, SHOWING LOCATION OF WATER WELLS.
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MAP SHOWING APPROXIMATE ALTITUDE OF WATER LEVEL IN WELLS IN THE HOUSTON DISTRICT, FEBRUARY 1940.


