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GROUND-WATER RESOURCES OF THE HOUSTON DISTRICT
TEXAS

By W. N. Wnrre, N. A. Rosg, and W. F. Guyron

ABSTRACT

This report covers the current phase of an investigation of the supply of ground
water available for the Houston district and adjacent region, Fexas, 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 eollec-
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 wellsin
unexplored parts of the district. Considerable attention has been given to studies
of the location of areas or beds of sand that centain galt water. 7

The ground water occurs in beds of sand, sandstone, and gravel of Miocene,
Pliocene, and Pleistocene age. These formations erop out in belts that dip south-
eastward from their outcrop areas and are encountered by wells at progressively
greater depths toward the southeast. The beds throughout the section are
lithologieally similar, and there is litfle 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 eleetrical logs. Most of the
water occurs in zone 3, which ranges in thickness frem 800 to 1,200 feet.

Large quantities of ground water are pumped in three areas in the Houston
distriet, as follows: The Houston pumping area, which includes Houston and the
areas immediately adjacent; the Pasadena pumping ares, which includes the in-
dustrial section extending along the ship channel from the Houston city limits
eastward to Deer Park; and the Katy pumping area, an irregulsr-shaped area of
several hundred square miles, which is roughly eentered 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
Mareh 1, 1937, the pumpage was increased by about 40 pereent 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
galtons of this increase has o¢curred in the Pasadens dres. In the Katy riee-
growing area the pumpsge in 1935 was about 14 milfion gallons s day; in 1937 it
was about 30 million gallons a day; in 1939 about 40 million gallons 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 Pasadens in the spring of 1937 caused the water
levelsiin  wells in the Houston and Pasadena areas, whiek had not varied materially
for about 7 years, to decline at a rapid rate. Further increases in 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
magterially. The evidence points to the probability that in all parts of the Houston
district, except the Katy rice-growing area, the rainfall is recharging theé 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 pl. 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,

Tf 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 riceirrigation.
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 stratigraphieally
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 Fort Bend Counties.
(See pl. 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. e

HISTORY 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 fivé mimeo-
graphed reports, the first of which was released to the public in Octo-
ber 1932, and the last in March 1939. 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.! -

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 out 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 observatlon 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 in+

volving heavy withdrawals. of water should be located at distances of several
1iles from these depressions.

1 Water levels and artesian pressure in observation wells in the United Btates in the years 1935, 1937,
1938, 1939, 1940, and 1941, U. 8. Geol. 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 pls. 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
distri¢t, based on the water-level measurements, has been prepared.
(See pl. 10.) Data have been collected on pumipage 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 ecity-
owned wells to determine caefficients of permeability and storage.
By using average values obtained from these tests, computations
bave 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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..iAs part of the investigation, 13 deep test wells,have-been put down-
by the city of Houston in unexplored parts of the district west, north,
‘and southeast of Houston (see pls. 8 and 9) to obtain additipnal,data
concerning water-bearing sands and the quality of water they contain.
Selected drill cores and drill-stem sand samples from the test wells”
‘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

3

- 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 Harris 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 mearly 80 miles
inland—an average slope of about 2 feet to the mile. The area west
and northwest of the escarpment 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 Plelstocene 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 progres:
sively greater depths toward the southeast. In the section shown
the older formations dip about 35 feet to the mile and the younge?
formations about 20 feet to the mile. There is, therefore, considerablé
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 outerop 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 consistof zones that are predomina,nlii%lr-
clay alternating with zones that contain some clay butare 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, ? 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 outerop 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.

Zore 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 gener-
ally be distinguished easily from the overlying and underlying zones
of sand and therefore is an excellent key bed. It ranges in thickness

3 Qeologic map of Texas: U. 8. Geol. Survey, 1937. Deussen, Alexander, Geology and underground waters
of the southeastern part of the Texas coastal plain: U. 8. Geol. Survey Water-Supply Paper 335, pp. 72-84,
1914. White, W. N., Livingston, Penn, and Turner, 8. F., Ground-water resources of the Houston-Gal-
veston area, Tex.: U. 8. Geol. Survey Memorandum for the Press, Oct. 17, 1932, pp. 4-7. Doering, John,
Post-Fleming surface formations of coastal sontheast Texas and south Louisiana: Am. Assoc. Petréleum
Geologists Bull,, vol. 19, pp. 651-688, 1935. Metcalf, R. J., Deposition of Lissie and Beaumont formae
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—B’ the lower part of this zone
grades into the underlying beds and no contact can be drawn.

Zone 3 includes the most productlve water-bearing beds in the
Houston, Pasadena, and Katy pumping areas. It rangesin thickness
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 ahother 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. -

Zone 5 consists chiefly of thick beds of fine- to medium-grained sand
and thin beds and lenses of clay. Recent shells were fairly commeon 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,
Baytown, 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. -,

PUMPAGE

SOURCE AND QUANTITY OF WATER

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 Houslon, Pasadena, and Katy pumping
areas -

. [Million gallons a day 1]

1930 1935 1937 1939 1940
Houston Water Department (from city records) _____ . 2.8 24.5 ' 25,2 27.2 28.8
Houston independent public water supplies and in-

dustrialwells.___________ . . 14 14 16 16 17
Pasadena industrial wells... ... __._.____________ 10 10 29 291 - 33

Total in the Houston and Pasadena pumping | - . . .
________________________________________ 50 49 w 72 70
Katy pumpmg o 18 14 30 40 45
Motal o e 68 63 100 112 124

1 For convenience in compiliug, 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 ?umpmg
:areas comes from approximately 225 wells (see pls. 8 and 95, 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.

In 1930 the total combined withdrawals of ground water in the
Houston and Pasadena pumping areas averaged about 50,000,060
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 thisinerease, about 23,000,000 gallons was in the Pasadena
area.

KATY PUMPING AREA

The records of the American Rice Growers Cooperative Association
show that in the Katy area about 9,400 acres of rice was plaated in
1930, 8,000 acres in 1935, 13,750 acres in 1937, 16,370 acres_in 1938,
19,950 acres in 1939, and 24,200 acres in 1940. All this land was
irrigated with water pumped from weils. ‘ :
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" The wells are pymped during the rice-growing. season, which begins’
about the first of l{Iay and lasts ahout 130 days.. The pumps are not
operated contmuqus;y but only as water isneeded. Hence the number
of days of pumpmg varies from season to season, dependifig on’ the
rainfall, and averages about 100 days each year, during the period
May 1 to September 15. In order that direct comparisons may be
made of pumpage in this area with pumpage in the Houston and Pasa-
dena areas, the pumpage in the Katy area is calculated, in gallons a
day, as though it were continuous during the entire year. In 1930,
according to an inventory wade in connection with the cooperative
ground-water mvestlga.tmn the total pumpagein the Katy area, with
about 45 wells in operation, amounted to about 20,000 acre-feet, the
equivalent of a contingous 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 40 wells in operation, was about 14,000,000
gallons a dmy In 1937 it was about 30,000,000 gallons a: day, from
61 wells; in 1938, about 25,000,000 ga.llons a day, from 71 wells; in
1939, a.bout 40,000,000 gallons a day, from 78 wells; and in 1940,
abou'f 45,000, OOO gaﬂons a day, from 88 wells. (See pl. 8)
It is significant that the consumption in 1940 was more than. three
times that of 1935 and nearly twice that of 1938. *

DECLINE OF WATER LEVELS IN WELLS
GENERAL QONDITIONS

In tha 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 raise the water
15 to 30 feet above the surface. In 1931, however, the artesian head
in the greater part of the Houston and Pasadena areas, as shown by
water levels in unused wells, was between 50-and 80 feet below the
surface, or from ahout sea level to 30 ﬁeg&t below sea level (see figs.5-9),
the decline in head having averaged about 4 feet a year during the
perlod 1920 to 1930. As a result of a decrease in the rate of pumping
in these areas from 1931 to 1933, the mwum observed water levels
- in the olservation wells of the area shawed a nse, on the average, of
about 3% feet from the spring of 1931 to tige spring of 1933. As’the
rate of pumpmg gradually increased during-the period 1933 to 1936
the maximum levels gradually declined, the gyerage ‘deciine amount-
ing to a little more than 5 feet. :
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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 wells in the 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 at
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 north
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 Houston. The trend of water 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

PRIVATE 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 feel, in wells screened opposiie the heavily pumped s?;nds
- in Howston," Pasadena, and adjacent localities, 1937—40 ‘

' Vieinity of Pasadena
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1 Plus sign preceding a measurement indicates a rise in {he water level.
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The outstanding facts revealed by this table are:as 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 7.18 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 5.22feet 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 water levels, in feet, in wells screened opposite the Hghtly pumped sands in
Houston, Pasadena, cmd adjacent localities, 193740

' ; August
Spring measurements
Distance (miles) and Depth m;z:snl;ge-
Well direction from Hoot)
Pasadena e8!

1937-38 | 1938-39 | 1939-40 | 193740 | 1939-40

6.49 4.22 2.83 13.04 3.12

540 6.58 1.19 5.38 13.15 4.96
205 3.03 .40 2.06 5.49 2.42
404 | X3 P R
310 60 3.80 .43 6.02 2.80
850 |ocooo | 440 | 4.82
CAEEEN) 4.93 48| e

! Plys sign preceding g measurement indjeates rise in the water 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 WELLS

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

1939 1940
Plant g Dfecline
an rom
Flant Well | “No. Depth | Duration Depth | Duration | 1939 to
Date | water of . Date | ater of ; 1940
(feot) shutdown (lect) shutdown
Central 617 F-1 | Feb. 25| 93.30 { 30min_.__| ¥eb. 27 | 103.89 10. 59
Do 616 F-51{ Feb. 25 | 93.08 { 30min.___| Feb. 8 | 100.91 7.83
Do 618 ¥-10 | Feb. 25 | 83.22 | 3days..._| Feb. 8| 93.26 10. 04
Do. 624 F-11 | Jan. 16 | 860 | 45min____| Feb. 27| 93.0 7.0
Do. 625 | F-12 | Feb. 25 | 84.65 | 30min____[ Feb. 27 | 96.25 11. 60
Do. 688 C-16 | Jan. 16 | 97.83 | 30 min____| Feb. 27 | 102.33 4. 50
Do_ 689 | D-17 | Feb. 25 | 87.50 | 11days__._| Feb. 27 | 10103 : 13.53
East End. 895 1! Feb. 24 | 97.54 | 30min____| Feb. 27 | 105.82 | 30 min____ 8.28
Heights___ 1410 6| Feb. 24 | 78,49 | 25days..._.| Feb. 28 | /87.41 | 290 days._.. 8.92
0. 1412 7| Mar. 21 | 89.31 | 30 min__._ 28 3 7.65
Do . 1411 8 | Mar. 21 91.92 | 30 min____ 28 6.08
Magnolia Park_ 879 2 | Feb. 24 | 83.49 | 204 days.. 27 6.92
Northeast 744 1| Feb. 24 | 49.90 | 10 days.___ 2i 12.99
Do._ 1395 21 May 25| 92.88 | 30min____ 9.22
Scott Str 856 1| Feb. 24 | 102.51 | 904 days.. 27 14.03
Do_ 855 2| Feb. 24 | 94.87 | 30 min____ 27 3 13. 54
857 8| Feb. 25| 08.31 | 30min.__._| Feb. 27 | 116.97 ; 30min____ 18. 66
858 4| Feb. 25 | 93.46 | 30 min____|{ Feb. 27 | 107.66 | 30 min____ 14.20
767 5| Feb, 24| 97.36 | 30min____| Feb. 27 | 111.84 | 1day___._ 14.48
795 2 |2Dec.14 | 82.07 | 30min_._._| Feb. 28 | 87.23 | 35min____ 5.16
794 412Dec.14 | 79.04 | 30min._._| Feb. 28| 82.16 | 30min._.._ 3.12
793 51{2Dec.14 | 114.19 | 33min..__| Feb. 28 2.52

116.71 | 33 min....

! Length of time pump was idle before measurement was taken.
2 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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-fQ)llows: Central, 9.3 feet; East End, 8.3 feetj Heights, 7.6 feet;
Magnolia Park, 6.9 feet; Northeast, 11.1 feet; Scott Street, 15.8
feet; and.Sonth End, 3.6 feet. . NP

]
5

DECLINE IN THE KATY PUMPING AREA

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 ranged 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

March March March | March

Depth | 1931t0 | 1939 to Depth | 1931 to | 1989 to
Well No. of well | March Well No. of well | March | March

1940 1940 ’ 1940 1940

g

191D 0 P 00 s 00
R0 00 CD W & ~1 00

Feet Feet Feet
505 .

HRNNONPNNRE PWN N
NOPWONWD SN DEwWP

Ldstad st sl st od
Q0 ERBO O A Ny

1 Decline from 1933 to 1940,

FLUCTUATION IN SHALLOW WELLS ALONG THE
HEMPSTEAD AND CONROE 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 perched water, which oecurs
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 Hempstead
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 reporbs on
the district issued in mimeographed form.

In the Houston district water of good quaht.y 18 gzenerally 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 abeut
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 objectloﬂable were ocollected
from sands penetrated by wells at 2,100 feet in Houston; at about
1,000 feet near Webster, 25 miles southea.st of Houston; at about
1,000 feet at Baytown, 20 miles east of Houston; and at about 2,000
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feet, in test well 6, near Clodine. - In test wells § ang 9, near.South
Houston, water with low &hloride content was found to a depth of
nearly 1,400 feet; but the water at depths from 1,399.to 1,414, feet
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
willion, which is only slightly higher than the average of the Houston-
Pasadensa 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 Jow 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 teward
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 distanee southeast of
Houston. In localized areas near salt domes, such as Pierce Junetion,
Fairbanks, Eureka, and South Houston, highly mineralized water
with high chleride content is probably present at comparatively
shaltow 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 beep no significant change in the composition. of the ground
water in the formations frem which the Houston district obtaius s
~ supply. It is possible, however, that there has 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 ~

In the program of exploratory driling earried out by the city.of
Housten during the summer of 1939, 9 test wells were put dewn west
of Houston alomg the Houston-Clodine road, 2 about 15 miles north

~of the city limits, at Westfield, and 2 southeast of the city limits on



162 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

the South Houston-La Porte highway, about 3 miles east of the tdwn
of South Houston. (See pls. 8 and 9.) The 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 3%-inch (in-
- gide diameter) casing and setting screens opposite' selected beds of
sand. Periodic water-level observations are made in them, and the
quelity 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 Iimits 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 Rose, N. A., White, W. N., and Livingston, Penn: Exploratory water-well drilling in the Houston
distriet, Tex.: U. 8. Geol. Survey Water Supply Paper 889-D, pp. 304-314, 1944,
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T(l}]%,AN SMISSIBILITY AND STORAGE CAPALCITY OF THE
WATER-BEARING BEDS

The#motmt of water that can be withdrawn from the W%éﬂbe&r—
ing beds depends upon the amount of rainfall that percolates into
them in their outcrop areas, the capacity of the béds 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 thé 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 usua]ly from 50 to 200 times as much as is released by the com-
pression of the artesian aquifers.

e . 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.%

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

4 Rose, W.'N., White, N. A., and Livingston, Penn, op. cit., pp. 305.
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the city-owned 'observation wells. Each test eonsisted of pumping a
well a given length of time, then stopping the pump and observing
the rate:of 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: 3

_114.6Q o e*du _ 18778
="Pm J, P in which = Pmi

In this formula s is the drawdown, in feet, at any point in the vicinity
of a well pumped at a uniform rate; @ is the discharge of the well, in
gallons a minute; P is the coeﬂic.lent of perrneablhty of the matenal 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 ¢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
150, 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 obtamed by the applicason of
the Theis equation to the drawdown in 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 196, 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 pl.
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 ac¢ross this

§ Theis, C. V., The relation between the lowering of the plezometnb surface and the rate and duration
of discharge of a well using ground-water storage: Am. Geophys. Union Trans., pp. 519-524, 1936,
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contour as 10 feet to the mile, and- the averagei coefficient of trans-
miss1b1l1ty as 160,000 gallons a day (the average of the coeflicients-of
transmissibility as cemputed from Jacob’s permesbility 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
esticates 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 defined 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.®

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 in 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 ealculated from

data obtained from the shiort 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 in plate 10, the amount of water taken out

% Theis, C. V., The sigmﬁaance and nature of the cone of depression in ground-water bodies: Emn Geol,
vol, 33, No. 8, p. 804, Dec. 1938.
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of artesian storage in this area of 300 square miles during the 1-year
period was calculated to be about 3% million gallons a day, or sorfie-
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
coeflicients 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 coeflicient 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 coeflicients 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 infirite areal extent
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having a coefficient of transmissibility of 160,000.gallons a day and
a coefficient of storage of 0.002 if pumped at a constant .rate of
1 million gallons a day. . s el Ju

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.

A
/ . \

-

Draw-down,in feet
[$

IS

5

0 2 4 6 8 10 12
: Distance from pumped well, in miles

FIGURE 10 —Graph showing theoretical draw-down, according to the Theis formula, due to pumping &
well at a consta.nt rate of 1,000,000 gallons a day, the aquifer having a coefficient of trausmlss:bih&y of
160,000 ga}lons 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

Al
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‘pumped. - As sms40 be expected the increased pumpage in @37
-amusedw»a marked decline in water levels, an mcr«eased. hydraulic
grafligmt «an expension of the cone of depression, andyghqgremoval.
of wkter from artesian storage. Further increases in pumpage .in
1939 and - 1940 seaused further decline and depletion. Since 1937
the head in the artesian aquifers has declined over a wide area, per-
haps to the.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 has 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 79,000,000 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 of 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 inito 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 Clodine. 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——3
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ADDENDUM

June 1, 1943

Since the foregoing report was writtén 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 77,800,000 gallons, or 2,000,000 gallons a day less than it was
in 1940. This decrease in consumption was caused by unusually
heayy 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 ih 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. ’ :

g

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. Dayvis.

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. 4



175

GROUND-WATER RESOURCES, HOUSTON DISTRICT, TEXAS

“9[(8} JO PUA 78 §9J0UI00] 00
p

, “DOIIIID
U AL "108] FF JO WMOPMBID B .
YA ‘gnum 8 suo[fesd 058t sgexdLD
‘PIOLX "390] 00 ‘BUISBO DOJIOIY | I | 09 ‘W I | ZF6T ‘8¢ "UBL (€°FF (3T gL'st 6% | 06T |~ pIBYINOG BIT |~-7""" pIBNOS BT | Jo js0MyIIOT amz_ﬁ 6| 0%
SO jo
‘meadng | s'‘a MEQ T 0 - 8¢ 868 |*T7TT T o3I O0f |~-"-oNB{ 00 ‘SIJ | ISeMylIon mo%w% %48 | 68
*$501d A0 JO
. ‘a MD | e %9 27 R -------1e30H Smo SOMTJI0U SOTfux
JE— g D (3 . H SO | 1seMglIow Sefrur 3401 | 88
[9AS[-103BA JOJ pOSn [[0M 389, | N SUON |77 TopTToot 82l | 0 g 44 L) B R R (1 D op~-"" 98
*3UISBO O[LL a H'G [T ‘ez "uer (99T (97 ¥ 43 PIO |*" " 77T (4] et Op~TT T op~-T" ag
- *gs0xdLD
“J00] gg 03 9% WIOIJ WeeBdE | §°@ | DD |~~~ - Tttt 8 ag 8Z6T |~~~ """DUB[YOMS “H “H {~""""10[ABJT, "TAL ‘O | JO 4SeAylIou SOjUI 8¢ 3
BUBIOILY, | N BUON |"I™"" 7 optTT 20 | 0 o1 O P11 (] 3 ittt trintreiaiel It AQTOON P "M |~ Aopooq Uy | 8¢
*80] 903 100 68Z 0% 035
TWOIJ o9 “YoUu-F1 JO 199 - -8893d L0 JO |
8¢ PUB YouU-9 Jo 3097 881 *SmISeD | S | ¥ ‘A ‘D |TGH6T ‘€8 usr (¢°0F (g° ] 168 | 8Z6T [~ 0)) SBXO,-0TABY =~~~ uolmg T *Y | 4SeMAyIIou womuwu 5401 | 18
- - ' B *8801d £ JO
g MQ [T e i4 06 47411 S It 20ABOM "M |TTTTTTO[ISBD g CM | 1S9MTHIOU SONITE %OT | ST
. } *sgpad LD J0
N QUON |~ op~-"- L3¢ |07 4 AN < N ) i op~TT 180MYIOT_ SOfIUX Wﬁ 2
s'a MDD | L 087 [9°T 9. 19 0061 7"~ PUBHOMIS "H "H |~~~ op~TTTT :..-.-....m.mwwmk.mcv ..... (49
) “ 0 Jo
g MO |TE¥6T ‘eE uBL 8% 10°T 9 04 {0137 S i 499UT0g WIBIIE |~ op~TTT JseMytou SOt 41T | 11
. 'SJUCUISINSBOUI [JAS[-I0)BM ~ *8803dLD
Iop' pesn A[IewiiOf [[OA 180 | N C1e O A i A g 12 2507 S0 e IOUJBH 'V °f | JO jsemyjion %Euu gr| o1
..... *ssexd &) jo
— 8@ | MO Tt g F0eT | TE6L Tt sdiug — |~ TOSTIH “H ' | 1S0AUJIOU SOQIUE %421 | 6
. Jepuremier e0] (g 03 SNA | s | MDD ||| eee s ¥eT. | TE6I T PUBOME “H "H |~~~ uosmiqoy qog |TTTTTTTTTTT 0B M UY | 4
‘SJUOUIAINSBOUI [PAS[-10JBM. *ssp1d LD J0
I0] pesn A[10wiio} [OM 989 | N QUON |~TE6T ‘ST 48N (0% [g° ¢ V4 25150 i Tamd g " | 150AqII0U SO[W M | F
“YouI-g JO 399] T8 . *8801dLD O
pue youryz Jo 3093 (p ‘Suise) N SUON | ~"EE6T ‘9 "AON [9°09 |02 898 |72 111721 O I £8Y M "1, | 1S9AUIIOU SOTITE %461 | &
= L = = v} o} =}
g1 8| sEemEE F | € | 2 :
e 22 juomern @ FJISRE| B = g &
> 2 | -seeurjo specr SRy m.ma 2 a e. g
SIeTIeY -1 =2 o “gE28s| B g | B I3[TLCT UM0 - uopeoog °
2 — RS - & k= .
- =3 =P8 B [=] ~ =
o o Spe ) s
- ~ge g -
TPAS] I018 M\ M m R

['282-L15 *0d WO SOSATEUE JO SO[E} T} W] WAOYS OIE S[[OA OSOT} UWI0L] 198A J0 SOSATEUE [BO[TTO) ST, ISpUN poJe}s SLAIOY30 SSOTIR POTILIP 628 SOM [TV]
fpunop) s1npr ur spom fo'spaooayy
Sa9O00FT TIEM



176 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941-43

*§1807 TI0
Jmap Joj Jejem perddng sseIdA)
*399) 991 03 I€T WO} Mwwwom N QUON [T ggglounif | 23| O 9 9g1 ge6T |77 1§ ‘4e0MB H Y |TTTTTTTTT 7T opTTTTT Jo 3svoy3aéu sofI 34y, | 8%
{10 BuIp 10} 1018.m PONIAANG : . o) Suyuy , *g801dA )
*309] 9% 03 g0 WOL] WedIds N LG N I R I 9 95e eger |77t uosiyIed 1 | -0y ¥ [1Q O[qQUIn ua unaonﬁon mo.=E s | 19
s‘a 2 1o N I il o1 1 (441 N [CLECICENVEZ) SN O JCUGITIN A2 2 X O w..m.aw.o.-: 99
I . 3
g‘a@ |"®Q | 419 e 41 30 R 0P "L |7 230G *H | JO ISUSRIOT m%m% 8|8
) 'oQ s‘@ | M | e 42 18 2171 S e I USIFH (| -£D Jo you mwmmwﬂmoﬁ a¢
TeMsnd | gf@ | M [T essfeee ka4 T 1 S e A SIOWIIN "D "H | JO IS0M0RI0U ST 74/, | T¢
S0 | MD [T 4 0g L] S A 1op1es "0 *H | -AD Jo y3I0uW sofrux Y49 | 0§
*outur 3[8s Ao[¥20H j8 sesod
-ind Sujjooo o] lajgem sefid “ssoxd
~dng °91s8} INJINS SBY JOIB M pul D 2720 [ i I 9 80T [1i7 S A Aneg '@ g | op~TTT -£0) Jo 1sem seflux }8 | 6F
"auIuI J]8s AO[YO0H 38
9sn 9[)sewop JI0j Ie3BM se[[d *ssead
-dng "300J 013 03 0§ WIOI] TOAIOF a : She T I el il 9 [1}¢4 F4:0:] S Meuned "H [ |~""""01e1ss walrep | -£D Jo ﬁ&»wmmwwﬂ%m mew i 4
N QUON | 1961 ‘ec A8 [0°1¢ [0°T 4 €8 PAEh (1 S i opTTTTT JO 350 UIIOU SOfTUI 512 | L}
*ssead£D) jo
“199) £8 03 G WO WIIG | §°A | MO [T M Eo S 7] O op™--t| PAOIT "H D ﬁokﬁsﬁw S Em “mm 9
. .
50N ] M‘D |"TF6I ‘S A8 (0P8 |¢°T ¥ FeL Wer |~ Anpg @ g T TAOWYU() | JSBMUIIOT SO ¥4Q | 9F
SJIOUMQ CTPBT_ Ul 0Ol jo
S0108 (gF PpeIBILII] “Pe[ILI
"oyM - Inurm 8  SUO[[E
000°¢ Eobﬂ ‘qou-Qr  Jo
199 L9¢ pue ‘gou-81 30_109) R *sseadAp) Jo
68T ‘UIUI-0g JO 109] 28T ‘BulsE)D F 23 Q1173 7 € SN 7% Il It 7201 ‘€T ‘03| 08 561 |~ 70U ‘[eminyg-sie |~ Speom. \mwwwu.m isomyiion M.wwwmnn.m%ﬁ 144
Sused o[LY, | §°'A H'q _6e61 ‘€190 |g°18 9T 01 [+ e -S{_ Ie8eq Smory | JO jsemyllou SO[UI § | &F
‘yydep peinsee]y | §'d MO ["Ieroreuns ege (3°1 14 29 1201 S A Anog "H g [T USlL LM ....-....-me.umm%mﬁ,.... 44
*399] (9 0} (¢ WIOI] USIIF g‘a LC (N P it il i 4 09 11775 O TWOSTH G |*7TTOSMOYPIN *f Y | Isemyllou sefimx 348 | 1F
d 2 @ H U g |9 - g
8 @ SESBE = & S =
= 27 JusTEAII W.. mm 25 & B .m g =
4 3 -s80uI Jo 018( |SR - [Bg & =4 - ] m
SYIBUIOY 8 e, -2 B W m.w. 1 & m IO I0UAO To}BO0TT b
% B E8F%s| ®© e | 7
Y A g =5 g
{oA0] 018 M 3 m &

ponuryuo)—~Ajunc)) SIDL U3 81)2m J0 §pL0dY



GROUND-WATER RESOURCES, HOUSTON DISTRICT, TEXAS 177

“100] 90T 0% 0B WO USRIG
*To0qog upery serddng
199] S0I 0} 86 WIOY USOIOF

.

o
oQ

‘o
‘fea fng

*199) €9 03 2§ THOJJ UGG
“Tesm 3nqg

*399F G0z 03 ¢8I WOI} USSIY
*3097 G8T 03 €97 WOJ] UGSy

SINUIW ¥ SUO[[E!
3091 g6z 031 8T Ec.a TOAIOY

~dmep [{equo], serfddng
“990] (8% .0} 891 TUOI} UNIG

- K1owped [fo sejiddng
‘499) €62 01 197 WOI] TUoeIg

~dws) 1equo,L serd

-dng “pe[[MD ueyA 900} (0TI

JO UMOD-MEBID € 14 9INUIT

8 SUO|[BS 978 ‘PIOTA  "999] 868
01 0I8 Pu® g8, 01 9L I8 Udaldy

*§189} 10

3upip Joy Iojem perddng
399 G8T 01 651 WOI Uesdog

*§989) [10

Surnp so0f wem perpddng
"Je0F 8¢ 01 GBI WIOX wﬂﬂom

110 Suyyup 10} 1998M porpddng
‘J99] ¥8% 01 9% WIOJ] WeRRF

ST I~

g‘a

s‘a
s‘a
s‘a
puL‘a
g‘a
pur‘a
g'a

pur

puI‘a

a0
DY
g0
TD
H'O
H‘D
QUON
HD
‘DD
M0
16D

zd°0
3N
0L ‘H ‘L

518 ‘m ‘D
8N

i R A
SUON

SUON

UON

6T ‘25 W (L76 |6° ¥
........................... %52
llllllllllllll ! - ” .
....... - g
........................... 5
------Sop~-lowm 9T | ®
PO 22 I B8 (0T | 98
............... SN
........ op--TTILIE |02 09
--geer ‘5 S0V (891 (97 | 9¢
TT 8861 UOIBTN 98| 0 79 .
........................... 9¢
............... S R B
........................... 0
........................... g
........................... v
........................... 8
..... ee6T Ane | 095 | 0 (7401 B4er
........................... 0
..... gegrouns | #y| 0 | 9
........................... 0

£08

08¢
862

Z81

¥82

8861
6861
49681
Te61T
9161

L1681
8261
L161
£¢61

1861

€861
2861

8861

8861

8861

.......... uosiayjed rp

IR ‘eomBg ‘S 'V

.......... uosIejI8g I

*31q89 JO DUV 18 SOJ0UIO0F G0F

IPUBIQPPIH "'V
===~ £9UN0y) SHIBH

-dunang ‘W M
...... agqeny L L

*0D SUI'E
ed1d purpousig

-,-.B%m.wgmm
oupT odig SIqTRE

........ Sueq 198D

T Hequog, Jo A910
“UoL}

-giodion wWNA|

-0110J BPBIOWY

.nvdath
JO 3$BAYIIOU SOMITE 519
*sso3d A
Jogseeylion mo:E.m\nm eI
O
JO 15BAYLIOU SOTTI
*880.d. O
Jo 1sBOYIOU 50 8
gseadAp
JO 9S8OYIIOU SOTIUT 749
gseddL)
JO 1S8aqlI0OU SO[IUI Z
gsoadAp
JO 1SBOYLIOU SOIIUE 549
mmo.ah@
JO 158OUIIOT SOTIUE %L
‘ssaxd£0)
JO JSBOYIOU SOTIU Y4L
mmm.ah@
JO JSBOUIIOU SofitL Y8
‘sgeidAD
JO 31SR0UMOU SO[U ZI
*ssexd
~£0) JO yjIou septux ¥4¢
‘sserdLD)
JO 1S8BOYIIOU SO[ITI 548
*ssoxd LD
JO 188OY1I0U Se[I 8

........... Trequio, uf

‘ssexdap
JO 1SBeYIOU SO[(E Y46
*gsaId £,

10 JsBOYIOU mos.Hﬂwmw

*ssoxd £
JO S®OUIOU SO[[W 8

*ss01d A0
JO 1SBOYIIOT SO {2

.mmw.ah@
«cumaaﬁ.sﬂmoma\mh

*ssoxd £

JO JSBOURIOU SO V4L

88‘3383

®

9

69



178 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43:

*1 *'ON S IUMQ -
*uoI3BFAAr 00X 1o} pesn - . . C SR { VT R S U P
Abmibg. 100 g1, “Fue N | ouonf|TERLIESL\TIS 0T Y grag | gz | 1eer | DIeyINOg BIF DIBgInOg BAT 43837 Jo yasow sorra B4, | vel
peYjo[g  UPUI-T JO 199) $61 .
pue youl-¥z 1o 109 08 ‘3uisep
*UO1BSLIIL 901 X0] posn .
AQIOULIO “UOUL-846 JO 999J AL S I e
DU WUFE J0 109) 29 ‘SURED | N oUON |("TE61‘8Z ‘190 |£8% [¢°T 0182 68T | go61 |~ uosMBY "M T (& sme zer
N §'a | MO [T ¥ % | PI6T T Wouwdg ‘H L [T 8SNOH g ' | J0 ﬁ%ﬂ%ﬁﬁ.ﬁ.ﬂﬁ 181
o S | HD |TI€6I‘6°AON 03T |0°T 98 L PIO |77777TIIITIIIIIITITTIIUNTTIUONNMOS 9ASYY | JO 9S9A  Se[IUE 0T | 90T .
Madng | 8.d | H,O |TIE6I'ST'AON 28T 102 | 98 0e L l.--mm~@|ﬁmm~m§. ...:-:.:&wﬁmwk.ﬁ. 201
s‘al @ et % o le- 3% ggT | 161 D D o1
“4005 67 WO DOMSBIT | §°T | & 'O {|--Hera-aod g Hoe | 9 @ 201
’ . TR0 [FOL (P TY | oo | ar | gpay |-moemceeeemocmmemommees e *olquInE w .
wadng | N | enon (IR 2R B0 07} | W or | seet ooy 'd 0fl jo gsom o or}| 401
B R —
ol 5] 01 DuB qou- . N L
ume 6 ‘UOTI-F Jo 309) @waﬁmmmo 8‘A | DO [T [F3E |0°T zey gFl | 6361 |7 TTTIg‘p00MR Y W Y ourweg g ) | Jo 1504 Mm.%: m& 101
03 919 PUB 507 09 $21 18 SUG0IdE | MI | GT“DV |3E6T ‘8¢ "3d98 |2735 (0F 9 99g | ggeT |TTTTTTTTTTTTTT (57 Al op~TTT J0 jsom ﬁ_%azw;ﬁ 66
E—— g'@ (gm0 T i4 LeT | gel | WOSIM T VH |7 AMOH "M Y | 10 1504 w.wﬁnanmﬁ 86
[0AQ[-1098A, 10} DOST) [19M 33T, | N | OUON | “Zh6T 2L USL (674 &° | C AT | Teer \TTTTTTT I HHHHHNWHH SO ARniyen S AL ww
s‘a | HD 9 08 s ot 10
.m&» fng | N SUON (~ZF6I ‘ZE "UBL [0°6T [0°C 9 ge  |l068T |TTTTTTTTTTmTTmTmoTToes -IPPIN 'O “H | jseaylou sefjmr 40T | 96
. “30[ 99g .
" o¢8 omjeieduie], ‘Fuprdg
Jo Q%ﬁo PUB  SOATIOTHODO] soury
soiddng  “Tg6T W 9InWU U T L A
© SUOMB3 0g ‘MOP DPIIBWIISH | gy ‘d| SMOLL [T + | 8 00t | PIO |7 OB HMOSSIIY .mzwﬂwnmmoﬂ €6
MeASng | gf@ | H'YQ |TTIe6T Toune 8zz |9y 98 g8 N I TTT|oouosumM TN | 1SeAriIon Sofiid el | g6
*199FgeT 09I WO WRMG | §'q (WL T T ¥ %1 | 0%61 uosiglfed I SOAY "IN *D o _umwm 06
IRFGOT 01 g6 WO WAL | §@ | DD [T Rl il bty g 90T | OFBI |77 PBAISOIDPIIN . |7 OPNOH ‘M | JO 9SOMULIO SO[TUI £T | 68
= 4 w o g o g 4
8 o SESREel  § g g @
e g juemom | & mm m,sﬂ g 2| m
P 3 -s8ow Jo 01T |0 - B & & ~ g e
sIBUIOY g 3 -z B BSe g g g T Ioumo 03800 Y E
b E | E83%s| T e | % :
- |z Sz g
[oAS] 1018 M. 38 &

PONUIUO)—AUN0) SLLDET UL 8p9m fo 8PL02Y



179

'URCES, HOUSTON DISTRICT, TEXAS

GROUND-WATER RESQ

81 "ON 8, 10UM( °TF6T Ut o0l
Jupyedpuy 10} pesn  *10e]
Q) mofeq spues I8 9jrsoddo
DOIOIS ‘gour-¥40T Jo 100)
18T ‘UOULHE JO 989) Lp ‘3uise)

“IF61 U] OOLI JO 50198 (g
POJBSILIL  ‘0F6I Ul ejnyrm
® Suo[e3 (010l peIL pein
-SBOIAL *399) (g1 ‘SUISBO POYIOIS

e “I$61 Ul 9011 JO Se108
QL7 POJRSIIIT *909] AQT 0% GIT
put 16 03 99 Ux0d] PEIIO[S Surse))-

“TF6T UT 9011 JO,

g0108 (00 peJeSlaI 0F6I Ul

eJnuyuI € Suofes geg‘l ‘plotd

DOInseayy “399) (2 0} 08¢

pue ‘03z 03 0gg ‘861 03 L1
'9gT 0% $01 WIOJ] PeJJols 3uisep

- *TH6T U] 99 Jo s9108

00¢ Poje3rLl] “DO[ILID UegM
ejnur 8 Suolied 008z ‘POLX

‘0p61 Ul
00¢ Dejedpu]  Uyour-g Jo
900 8£Z PUB .GOUFZT JO 300]
002 ‘UOuFZ Jo 100) g6 ‘SuissD
¢ ‘ON 8, 10UMQ
*9011  Suye3Ir '10] pes()
*0F61 UI ojnuill B SUOB3
00g 3Nn0qE8 DOIA DeBUINSH
*Z *ON §,10uM(Q
*T1$61 UL 9L JO §0108 g1 PojBd
<l Cyour-gr Jo 1095 8g%
pue [Youl-gT JO 990) 131 ‘Suise)
1 *oN S,10un(
*0011 3Burje8iuly 10 pesn
Apouiog goul-gl Jo 390 9
pue yourz Jo 109) 0L ‘SUISE)
‘T "ON S,10UM() ‘6E61
up 9211 Jo sejoe (9T possad
“WIT 309 AZI 0} 69 wol}
USRI ‘YOUI-34I] JO 390] gL
pus YOuL-Fg Jo 300) 59 ‘Burssp
‘g "ON 8 J0uM(Q IFBL
Ul ©0[d Jo $0J08 (00g pejes
ST qoulgy Jo 3ee) L3l
puUB YOURFE JO 199) (8 ‘duise)
+°T "ON 8,10UMQ 0761
uj 9011 JO SO108 (O POJBIILIL

\

13

11y

g

uy

a1y

a1y

F&5s

11y

iy

s‘a

9‘a‘L

0¢ ‘d ‘L

08 ‘g ‘L

euON

oUON

08 ‘H ‘L

UON

P

“IP61 ‘8¢ BN

“"gHBI ‘g1 “uBf

“EHOT ‘13 “usf

“7ZF6I ‘g1 “uBp

"TGHT ‘15 “uef

TTg¥61 ‘15 "usf

0°6%

¥'ee

i
098
188
€09
1 9%

0°4¥

“"ZHeT ‘0G “uss
“IE6T ‘72 "X

“TF6T ‘eC L8]

01

0T

271
g

%015
0Ty

P91

9138

219481
2108
88195
0181
TI'81

Z1'98

S411 92

1'%
01 %3

01

¥

¥8¢
23

9%e

08

88¢
F0L2
6ge

¥e1

.81

02
8e1

vev -

61
IO

1861

9861

1861

6861

Lg61

49861

1861

1361

8G61
9861

0z61

~T-oug ‘[eAmMYg-8)eQ

~=Tou] ‘TIeamyg-esed
.......... PIBYINOR BAT
...... 00 suxo,j~euler]

......... youuog "H °f

TTTTTTTTIUOSMET M T

“=="""0)) SBXe,J-0UAB]

*9J(18] JO PUO I8 §030TJ00] 908

........ uBmeedy " | Ay83] jo qlIousenru %49 | 8%

............ [+ Rl A ¢ B I 4
L3831

....... 00g "M M | JO ISBOyIOu SO[IE § | 9%1
. “Lye3]

-~ Tuewesag i "D | JO 1SBeygIou Se[IuI 248 | VI
Ay 18080 - £y

pue s1e80y T g | JO 9swOYlIOU s 8 | FHI
“£983]

...... 810309y "7 g | JO JsveylIOU SOty 46 | £F1
Y s §

........ TBIdLY “f | JO ISBOYIIOU SO[IU 6 | TFI

...... PIBYINOG BIT [~AJe Jo ylrouse[iu 4L | THI

............ L ekt S N
L3863

...... dme] 18980 | JO 358OULIOU SO %4L | 621
; ~L£3ey

............ op~--""| Jo 9SBOYIIOU SeIT ¥4L | BET
“£983]

“TTuewmeely ‘i "M | Jo 9seeyliou sejmr L | LET

....... wBuIeal,] ‘f | £9%3] Jo qIIOUSOTINI 349 | 9eY

............ b2 U R R I3 §




180 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

‘TF6T [ 901X JO
20308 06 POJESLI  ‘pe[[lip
deyM eJNUIW B SUO[LE (000°C
‘PISLX. "399) 00g ‘BUISED POYIO[S

1 "ON
§,10UM () ‘06T Ul 9911 JO
§0108 QT§ POIBSLUIL
ToyM 9JnulI B SUOY[®
‘PISIA *399] 008 @3@.%&%5
$,10UMQ ‘0%61 H®I 9911 JO
89108 gy PeYBILL “DO[ILID
oM SJNUIUL ¥ SUO[[B3 00%C
‘PIOTX. *309] 98Z “BUISBO POJIOI]
‘1 "ON 5, 10UM(Q “0F61
Ul 80]1 JO $0I0¥ (8§ PelBSILIl
*0F61 UI @JNUTUIL 8 SUO{[8S 03F T
‘DIOIA pOINSOTy  *199] 9%
0} 9%¥ pue ‘6z¥ 0 18¢ ‘LT 01
%95 ‘I1g 03 8L1 ‘g¢T 03 89 Wol]
Pe3J0[8 ‘youl-gL JO 1001 897
pue your-g1 3o 309} mﬁ.ﬂwhuwﬂ%owwo
*TFET U 8011 JO S0108 09 moﬁm
-l 0F6T UI e3nuiW B sUo|,
-3 006‘T ‘DISLX 190} 60¢
03 0L PUE ‘Zey 09 268 ‘T3¢ 0%
81€ ‘261 03 8LT ‘03T 03 00T
WOJJ Po3Io[s ‘Youl-zT Jo 180]
$6¢ ‘gOUI$Z Jo J06] 07T ‘Suise)
“T$61 Ul 9011 JO
S0I08 (6 POIBSLLIY .%::w
upyM  eJnujm B SUO[[e
0041 ‘PIPLX  "SWISBO PeyIofs
10 306] 081 PUSB ‘UL JO 300]
012 ‘youy-0g 10 1090 OF1 ‘3urse)

*309] £9 ‘gadep pormnsseIy

uy

ur

3

724 BA

09 ‘T ‘T,
B@.o
M D

“"g¥6L ‘Ig "uBp

802 [4&<4

83102

“TH61 ‘68 190 80105

....... L) A | i 4 0 a9l

“gH6T ‘1 ‘UBL (3°8F (270 318

“"GF6T ‘91 "UB(

-0F61 ‘91 *Bny

¥1°08
14

208

ag9

y

¥ig

09¢
901

8861

8E61

6861

Lg61

¥e6T

~""ySnequesuoy °f "H

“7"ouj ‘reAInys-eied

---ysnequeSuoy *f ‘H

"7 Touy ‘[PAMYS-8Ied

...... 0)) SBXQJ,-0UL®T

-~ -ySnequesuo] °f "H
......... TUOSMBTT "M ‘I

nnnnnn uosieN ‘d ‘P

‘ysneq
-uesuoy ‘g ‘|

*gsneq
-ueBuoy I ‘W
~-101281,] —— SSTIAL
...... ToS[ON *d D

t *Lje
J0 18807 310U SOFWX Y411

'

Aye3] Jo yliou seffm %46

Ao
Jo 3S8eYLIOT SO Of

Aye J0 y3I0U SO 348

£y
10 JsPMYIIOU wwnawuwﬁ

A8 JO q130U SO[IU 3L
-~ A3% JO qa0U SO[[UI ¢
~"£183] JO Y3I0U SI[[0I §

891

281

991

a9t

$91
091

SxIewoy

¢ 10)8M JO 05

£ 31 JO PO

Juotuaan .%.
-$8OT JO 098 |

(3003) punoid

~-Insgem Jo YS9

9Ao0qe juiod S
(somoum) I2jowIBI(q

19A9] 1898\

(309p) ideq

pogduiod e

Teira

I0UMQ

uoLIBI0T

"ON TPM,

penunuo)—~Aune) SILDET U 87190 f0 8PL0IDY



181

GROUND-WATER RESOURCES, HOUSTON DISTRICT, TEXAS

.

. sepjddng

'z
“ON §,10UMQ THB] UT 80 JO
S0I08 00, DOJESLI] ‘DOIOI
190 007, UDOUI-GT JO 399F SAT
DB GOU-3471 J0 1005 021 ‘3isE)

‘g 'ON] 8, JOUMQ
*0P6T UL 90H Jo 80108 (9F
PO ‘0361 UI enuym ®
suored 620z ‘PIOIA poImsealy
*309] 619 03 769 pU® ‘SyY 03
8IF ‘828 03 SIE ‘787, 01 44T ‘858
01 207 ‘6T 03 LI ‘€91 0} ZH1
“OFT 03 00T W0} PaYJ0[s SUSED),
L ‘ON S, JOUAQ 0761 v
uj 90 JO SeI08 (9T Pe}BILLI
“TH61
uj 60l Jo $308 geT PejsSNII

11993 07 %3 POSEO
gI0UM0 ' oF0T OInjux
-mey, -SUjBq joy I0j JIEAM

‘I€61 Uy ejnuiumt
8 SUO[[B3 (¢ ‘Mop pPOIBUWISH
1 *ON S I0UMQ

*§0A13002000] s3f[ddng
“Tx0330q 09 389) ¢¢ WOI} 807
POIIHP Uoup-8 “999) g8 0} Anq

*399J 89T 0% LI TIOIJ UAOIdY
*SUO[}LAIOSqO

[PAO[-19)BA I0] DOST [[0M 359,
*888 I[4 OJNULL B UOI[BS T

noqs 1g61 U MOLg anMWa m_o
ul 6011 JO S3I0% O0F uSauEw
‘0BT Ul eInujmr B SUOE
089°C ‘PIOIL DOINSBOIN  “109]
gL mo[eq spuss [je ojsoddo
POJJOIS HOTI-FT JO 399 67E

pUB YOUI-ZZ JO 393) 091 ‘Sufse)

s‘a

g

L

g

HD
MD

09 ‘T ‘L
HD

oL gL

STWON ,ﬁ
08‘a’L
SUON

10

SMOTA
e .o*
QUON
9‘D ‘D
7L
)

1
QUON

SMOLT

SLHL

“T0Re1 ‘g 1dY

“TH6I BV
“TIP6T ‘ST 00

~%p61 ‘g1 TBg
“1861 ‘g1 T8I

~g¥eL ‘15 "uef
“1861 ‘B I8

“gH6T ‘15 "usf
“TZI6T ‘18 mef

--1g6t ‘g ady
78861 ‘01 AeIW
T1gel g rady
26T ‘18 e

--eeeeemgpoe-

" 1561 ‘61 00T
-T1861 5 1dV

“"gF6I ‘8¢ "Usf

01

1 ‘9481

8°01
‘%1g1's

8%

e

© N ©

718

49

(43

829

¥8%

1244
[1}4

088°z
o1t

oL
<ot

891

L1

I961
PO

861

9261

0861
PIO

6261

*01q8} jo PHe JB $03pUI00} G0F

pUST  Md7ASSDIY

’

"= ATOMOT ‘O "IN
........ IpRYRs “f

..... wIPnL g .BA

TTTTABM0T 0 EA

CITTTTpruIgog [eof
........ op-----

WIBOH SHOM J0H

---ySnsqueduory ‘f ‘H

Qg o |
..... euuMg "H 'd

......... g3ng ueg

sseadLn
JO 1S9MYLIOU SOTIUI %47

.32&@
_oammkaﬁo:%uﬁ\mm

................. op=----
Pt
30 1820 I0U SO[ITrL JAIT |

‘L%
10 JsERYyIOT m%sméw.

.ﬁaM v
Jo Js89T3I0U mo.mmﬂ Y401,
JO 1SBOYLIOU SO[IUL 54 1T.

.mmoEnU v
o 3seomnos sofut 541

.mmﬁamnw
JO }SOMYLIOT SO W4T
*ss0Id4A()
JO 1S9ATHI0U SO[TUX P41
ssexd4 )
30 4semyIIou SOffIx 841
'ss01d LD
Jo Jseeyuon efim |

' -gsends,

JO 380 TIOU SO[{UL P47

061
681

881

981

£
8L1
TiT

04T
691
9t
991
2] 8

091



182 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

.mmaaho

g9 HMD @2.&:& mﬁ ....... 9 99 $261 |7 UL 'H TS Y O LY H |0 amaoﬁzmwu&w [4¢4
zom N | evon (SRR ST B Jot | v Lo ppo {0 swomgnog soqm .y\.w ore
*BELLIT 901 I0] pOsnt A[UNOF | §‘A | M ‘D ‘O | TE¥6T ‘€g usl |76 0 V&9 F05v PlIO 77777 0D BMOG-ouLef |~°" " W¥ONT, g Y | JO jseeyinos moﬁ.EW@ 902
7 ON ~ZP61 ‘13 "usf {298 ||, . ot | mi |memmmm e m e e F N . ———-
zonsawumo | N | owon {|-ZISLUIEASL LT Yoy | g %o | pio > o N 908
TONSHMUMQ | N | ewon [rrmrmmromomsssfesmessfeooees 9 00 | IO Tt ourT d1 IR | JO JSTTINOS saTUL w@ 03
S:a | MO |TTe6I ‘6L ABIN 6 (91 9 i 8267 |TTTTTTTTTT 1ouue, “H H..@mw@@ m.:m‘ -_.m-.a.m_wwmﬁmm-m%ﬁ-w . 20z
A vl ISR S e I B ¥ % | wer T Alom07 359404 ST ssexdip, | 0
*990] 61T 09 «2»8@ waeom g‘a | @i | 9 611 | OF6T {7 15 “00mBg LV | ASIOf N B 4 | Jo 9svemInos sofimi 6 | 861
“POIIIp TSy M
onuim 8 suo[es gI ‘PRI ‘ssexd£)
“je0p 971 03 cmﬁomhm_womww%m S | %'w‘r 6861 ‘ez 30y | 28¥| O [34F ZET | 6g6T |TTTTTTTTTTTTTTTT L TTTUsepueg L T | JO IsBOWINOS sepmx X | Z61
“POIIHIP EEB oJnu B suop
-[88 90T ‘PPRIX "391 L0 09
I DL, e L0 g8 0 o2 st
PUE GOUIH JO 300] é_w%m%o DUI | 03“E ‘L |TOF6T T IBI (18 (20 | ¥'9 gee | op6r | 00 sexoJ-oude] [oUryedid o[qUNY | JO 1SeSTINOS Sof 549 | 961
wlg ssadAp po senddng | | | | | | f N I
999 (0SZ 01 ZFZ WO UARIdE E £ e T Riheiiniel il el 9 09z 9861 Wouueqg "H “f op op 96T
U3 $IdAD mou mc.mv% sm ‘sse1dL D
.uw\.w« 69T 03 €91 .Eo‘& ﬂmouom d G.O ........................... ¥ 6901 886T |*7TTTTTT T opTTTTT .--.bﬂﬂoo mwuaﬁm o am@odaﬂommmw.mmm% 8 .v,aﬂ
*399] g8 0% 6, WO} noouum. g‘a |mao || 3 o8 1171 3% Rt Axpg A d |" QDAL SNNSL | JO JSEIYINOS SI[IUX ¢ | S6T
ON
Mm.”w%%m WMMHWESMMW Ao 11089y ‘sserdAD
enuimr 8 SUO[BE 000°T ‘POIX d 0L |~ Fa 67L | 8861 | -0wod % SIISENOIN | WIIBH S[OM 10H | JO 9s8oYInos wﬁmm_wu wﬂ 261
N s‘a qQ T % 193 [174i) S Puusy "H |77 Moqey "H 'V | -£0 JO YIIOU so[tux g | 161
g g ] gl g5 B g g ’ g
g SRS 3 g &
oy § | |8 ECE 2 B | g 2
S{IBwoY m m.... x.wm W.m.w g m E Y ema 0UM0 wopIe00T e
- EelEcE £ ||
- @M..m B g
[0A0] I378 ¢ 3 m &

ponuryuo)—Apuno) stDE Ul §1jom fo §pLossy



183

, HOUSTON DISTRICT, TEXAS

GR’OUND-WATER RESOURCES

*food SupmTIIMS
“soyddng “399 g1¢ 01 29% WOy
UeI0g ‘goul-g Jo 1891 g6
pug your-g Jo 199) 9z¥ ‘Susep

Y *T'ON 8,10UM(Q

‘TF61 UT 91T (0f DOJESLUT
*DOILIP UG BINULLL BSTO[[ES
008'T ‘PIOIX “199] 987 01 ¥9%

DU® ‘07 0% £8T ‘FA1 03 9T ‘S%1
03 Z0T pUB ‘001 03 06 18 USRI
*3of 908
'Z.'ON 8,0UMQ ‘TPBT Ul 9O
uo 50108 (¢ POYRSILI] " DIILD
ueyM emupm 8 SUO[[83
0/68'T ‘PIIX ‘DO[BA-[OARIY)
“190] Z¥4 ou 929 DUB ‘60 03 OLF
6¥Z 01 $TT ‘CTT 01 6 98 PINIO[S
UISBYD "199] 685 07 6F% PUB 98]
01 9¥1 48 USROS "[OUL-48 JO
090] 865 pue ‘UOUI-845ZT JO 199)
29T ‘YPUL-§ JO 399] LT ‘SUIsED
30 998 "TF61 UI 901X JO
§9108 (0} DPOYEBLU] voE%
aois Inutus 8 suo[[ed 006‘
Eﬁ»ﬂ a@& ¥ei 03 ygL pue
‘812 01 699 ‘299 03 089 ‘809 01
08S ‘039 0} 9gg ‘o8¥ 01 ¢%
‘098 01 928 mcm 01 993 m«m 01
885 “1€¢ 03 TZZ ‘907 03 981 ‘601
01 8%T ‘O¥T 0% gET "611 0% 301
8 PeJ0[s {gOu-0T JO 1990F 86%
PUB gOUI-(g JO 199 231 ‘Bulse)
*301 998 '199) 919 07 929 WIOIL
UBIOY  ‘YOUL-g JO 199 (OF -
puUB goWI-I JO 299] 929 .mBmaO

‘2861
Ul 199] §87 07 $6 U103} pewodad(y

*100] §0Z 09 98T WOIJ TSI

¥
d |'EL
s‘a@a{ 40
ur 09‘a’L
.
up (8‘d‘L
uy 109‘a ‘L
g9 | 4D
g‘al D
s‘a |e¢pD
g‘a | MmO
N QUON
g‘a | 2O
S| HD
g‘a | HD

"9g6T ‘5 adv | 99¢| O
~-E56136 ‘uBL (08 (371
/

-0e61 ‘T "3des (985 v| O
“g¥61 ‘gt "wer g8 (0T
“I¥6I ‘e AR (9728 [T
" gHBT ‘2 'ueL 9'gg | 0
“gYBT ‘2T Uer |0°%8 |7°
1861 ‘%6 BN 979 18

848
‘UET Fe,

or ‘0z

801

81¢

982

999

9861

G861

2861

...... 00 SBX9,-0uLET

" Touf ‘[PAINYS-BHR(L

‘£0x
-BWOJ 2 IOISEBNON

eempemmem e mceme

TTTTTTT TuIuel d TWwoL

--=-9xe'T §,U0SPO(L
I ONIM Y

TTTuoyrueH '8 H

“weyde] P 107811

“Y " puvsy
H00¥-TOIBUTANG

“TIPRyUL0RIs pH
....... sysdog ‘H

........ Bisdaog, °g

“AOISIBH ‘] "SI
TTTruAuery wo,L

......... AOTOON 'T” uﬂ

“9[(18] JO PUS 38 SBIOUIVU] 008

9SNOYUMOQ UOISRO

O JSESYIOU S [T

9¥NOYIANOD WOISNOH
1S0MTMOT  SO[IWT 6

282
%%

‘ssoadip

Jo JseorjInos solrm %99 | 8C%

~g803d A0

JO 1589YINOS ST X¢ | 48

~$801dA D) JO 3880 SOn 9

.mmoahao
'JO 4S¥OYYNIOS SO[TT BF T
‘sse1dLp
10 18897INO0S SO Y471
'spoIdAD
10 1880} NIOS SOTITL 0T
mmo.aho
Jo 388OTINOS SofTW
S50
&0 J0 1889 se[fw %401
‘ssexd
1580 SO %48

.%O &Wm
“ssaadAQ Jo 4580 voﬂﬁ 8 | 612

««««« %¢ﬂ8§ TH

-£0) Jo 159 Som \@. AP



184 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

. “0¥61 ‘0% "NV (£°88 114 - w | oacr | gmar |eeeemeeee JRE DIV RN —-
199] 681 03 65T oy ueams | N QuoN A ~1881 22 “T8 W |6 92 v 01 ¥9 ) 681 | LTl UOSTIM *1 'H op awa - 992
-AN0{) U0ISHOH JO
eAaSng | 8°G | MD [TIFET9T 29 [8°01T (0T 09 | 20 b ettt oNelg ‘I °f | IseArliou momn_wgﬂﬁ 174
-mo) UOJSNOF JOo
a H'O [T 4 [17- J it et J[od 90f | seMy}I0U mom%ow? 474
~}mo) UOTOH JO
§'@ | B (TTTTTTTTTTTTTTTTTTTTTTTTT g 4 e OYUEAS "V | ISOATHOT S BEIT | 098
-Jmnoy UO0ISNOH o
8§ | MQ | ¥ E=c S R pcivs: i ;O zuspey "H ‘I | 1SeAyIou mommwn%_ﬁ 04
-0 UOJISNOH JO
8 | HO [T ¥ E= 7 I e IBABM 08 |77 POOM “H "M | Iseagirou %ﬁw:owm: 5%
g1 -3I00) WOISNOH JO .
g‘a | g'o TP 2 - 2 Rl Rt “aBaqOPITH m ‘g | Jsemuou moﬁonﬂ 935
! -an0() UOISHOF _o
GO N e T Nt N M g I R 13 > 0 - O UM M L | dSeamion S el | 78
pui‘a J U e At R 9 17T I 73 O Ak R op~- 0¥2
omﬁon
00 wWno| -3Inoy UOISNOH JO
puI‘@| BN |TTTTTTTTTTTTTTTTTTTrtTTYT 9 (1A I 7.2 O -099J UGB | 9S0MUII0U SOUW 3471 | 665
*POTILIP ueyA
ejnupw B suo[red gz ‘PlLX *QSTOY}AN0Y) WOJSNO
*300] 20 03 09¢ WO WSS | §'@ | 8L |TTTTTTTTTTTTTTTTo[hT 79 e0F | veer [T 00 §BRQ[,-QUAR'TT [~""TTTTTTITTTOMLCY | JO URI0U SoIm  Jg) | 887
*esNoY1anoH uosnoyg
.aoaﬁow%ago a HO |77 Mo . 4 6% 68T |~ QIBYSUIAG “f "N |77 1397104 "9 " ‘D] ﬁz.ﬁ.%uﬂv %L mmm
- QUON [~ " op--—--- - PO U -l B e Lt B LA by s ¢ Jhubiuied Anfebeiatntuiuheiuiiniutitiel + 1 ¢ Jniniind
unuo N N D 089 |¢ 01°q1 49861 i i EmORTO0 K0
“§1899 10 J0J 1038M porpddn, ouo N ‘01 eumyr |- 1 | o | eoo [zeegy |T-ccccmmmesemmmmemmmeos - 1BUAB ~SNOF JO Y}IOU SO[Iur £ | 983
3593 [I0 10] 193BAM DO[[AdNE N N |7686T ‘0T I (F6s [8°T 9 009 |26861 upep MBUABY Qmuoaﬁ:mo bt
1893 10 N OUON |™8861°‘6 "AON |20 (0°€ 9 F998'g |~ 1898 ‘AeX gV |TT SIOAOTAL "0 "H | JO [HOU  sofjum 254
§ | 8 ceflags B | £ | F g
= & juomorn  (REG SRE m S & o
4 2 -s8owI JO 18 |E®  |[Bg = & ol 8 4
SYIsTIOY 8 e =g B Wm.m. g mw.. .m I JoUMQ TUO0[3820] .
5 g | B8y ® & |7
- g o g m.
[eAS[ 018 M. Wm &

ponuuoN—AuUno) S1LIDE U3 8]jom fo 8pL09dY



185

GROUND-WATER RESOURCES, HOUSTON DISTRICT, TEXAS

S -59s0) o sepddng
*J00] £GE 0] QgE WO WROY

*§3893 10 soriddng
*J9e] (9% 01 0f7 UWIOQ USeng
"POIILID URYA
309] ¢ JO TMOpMBID TUA
QIIUITE B ST 001 ‘PRLX
*J00] L3¢ 0} G9¢ WOy UM

“DIILIP UAGA
NUIUI B SUO[[BS 0Z ‘POIX
‘309 Zge 03 19g WOY WIIIE

‘3997 9Q1 07 §FT WO FaOIDY

*L "ON TIOA J$9] 8, I8UM0
‘OINUIW 8 SUOTES ¢I SMOL]
*300F ZQ0°T 07 4€0°T WOJ] UIAIOF
V01 ‘'ON [[oA 50] S JOUMQ
‘399 gL 07 LSL UIOI] UoRI0g

"qour-¥ JO 390]
0% PUs qour-9 Jo 308] 0y ‘BuIs8)

*1893 110

.§HE§%§E
“F006 )8 USAIDE "100] Q1T
‘q3dep  pemseON 1S9} IO

* |

s‘a

s‘a

pur‘aq
s‘a
s‘a

s‘a

s‘a

ga
s‘a
s‘a
‘s‘a
g‘a

g'd

3N

N

HD
HO
QUON
£aL
“'DD
HD

SMOTT
SUON

——

MD
QUON

Py

QUON

MD
kuo
»®'a'o
DHD
HD

HIDD

TTUUIRT AR | 944 O ¥
TTTTORET Amp | 194 0 ¥
.......... 9861 | TPy O ¥
.......... 026T | 974 © 9
1861 ‘5 ABIN |28 | O 4
16T ‘63 ABIN | 20 | © 9
“0F61'6C 'AON { 19+ O 9
lllllllllllllllllllllllllll N‘W
........................... z
s
1361 ‘o7 - .
6861 T¢ 'Fny c.wmv 8 5ie
&«%s e 0T Y| o v
“1861 ‘68 ABIAL [0 v o
“0p61 ‘8¢ euny 6°0F | 0
"9g81 ‘e eunf |01z | 0 9
1616 ABIN {0 [0°T
TIg61‘T eumg |T°Z |01 £
........................... 9
...... g
...... 9
........................... s

998

068
991

670 ‘T

F00L ‘T
0191

¥
FLL

(4128
13

*31Q%3 JO DU 8 S9J0UIO0] 90

561 TopTT “ropTt
_ ‘0p 3
oF61 |~ g ‘Woosed “H °V | -IFQ Topreld Ho8L
~£ox *UOSIAIPG NS
9261 | om0 % SIMISBRNOIN [ 9401 03UBIQ
...... PRI H I “H
6661 |77 ousag "L T | ouoag "I 1
T86T [~ S03pOH d "W |""T"Se8POH "4 W
-£ox 00 ouyy odig
0%61 | ~em0g % SIVSBINOI | UBI[IOWV-UBJ
2861 |~ DUSISOIPDIIAL i |~ THOSTYOL 'V (L
11 £yso00d °f "M "W "M
) (2 e P op=~-
661 | =777 00 SUIII(T 0100 |"~"HOISNOF Jo £31D
D “TTTWEGRIO "0 I
IO :8...-*
20N WHED g~ AreopM H
TUWeH A "0 |7 WeH 'd "0
V71 3 A SO WO | UOSTBILA UL
“-uoSTLAL T H "INV 'O N
8261 |~"""""T ApIeE — |~ AnuTEg 0A%g
(118 el s188dg °( 'O
P 3 TTTEmeRIo 0 W

“esnoyg
4Imo) TOSNOH JO
1S8OTII0T SO M0T

“gsn0Y
-3IN0) TOISNOH
30 8BOUMION SOIUT 0T

-osnoy

-Jno) TOISNOH JO
1SURIIIOU  SO[IUWT 346

*9800Y

-Jmoy) UCRNOH JO
seeyiIon SO P46

850y

-Jmo) TOSNOH JC
1SUOUIIOU SOHL 40T

BNy
JOo 980M  SO[III W40

“S[qUINE
o 1sEeTINOS SO ¢
“D[qUIRE
J0 9SeMTIIOT SOfIU 9
D[
JO 1SeAMYIIOU SOfIU L

.......... PRTIsOM T
orquIn;

JO 15072008 SB[TUL 346,
“@IqUILY

j0 umekﬁuﬁﬁuﬁﬁmwm&

"01q
W JO 904 mo.mm 8
“WnE Jo 1594 RO 0T
QrquIn
Jo J8eM  sefix .cmﬁ
WL JO J80M SO[fHX 11
QIqum
«JO 1%0M SO 3401
*asTI0T]
-Jn0Q) TWOISNOF JO

ISOMTIOT SOfiI S4F1

'

)

182

982

988

88

%88
182

oy

1]
045

560113—44———4¢



, 1941-43

.

186 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES

*1°ON S Joum(Q ‘sBd
S90S Y14 JOIBM [[SOI] POMOT
S8y SI6T ©0oUIg °1991 G979
quoge 38 Surskd ur padopa
-op JBS] UWOUM ‘I6] [14Un
IojeM jIeS puU® 10 cmmawmm (o] sMorg |77 et usg | + 0 9 008 1 G S WOH "M "L |77 WIOH "ML |77 op===="
SI0UMO TPl O oum
8 SUO[[e3 03¢ ‘PPIX  '8¢61 Ul
ur "0)) SBXDJ-oUAB] A(Q 106
ObL 03 OLL PUB (g9 09 089 98 . ,
198 U008 pue DIY[BISUL .S.ME d ST‘E ‘L | 8861 ‘18 A8 1€v| 0 [869°3¢8 (V7720 P4t /:) 8 i R L 2 opTTTeT
0N S JOUMQ CDPO[IIP TOYM -
aurm ® Suo[es 00F ‘PPOLA 0D
"3095 LLE 03 LIE WOXf Usoly d QAL T TR6T 39S | 8Fv| O 901 L8 W61 | A1ddng ey SeXe, |T"7T7TT A i op~"TT
1 ON S JOUMO
“TH6T Uf 9jNUTUI B SUO[[B3 OF1
paduing  "1761 Ul ojnulm
B SUO[[ES (05 INOQB ‘MO[d ST'H ‘L
*300) OFT'T 03 980'T TIOI WSS | g smopg {~TTTTTTTTT 61| + | 0 | (17208 1R <) A “TTeIquMH JO A% |7 wwn%h%mﬁ
- ‘o
s‘a H'D |[6861°%138IA 62 |[§° 4 091 P21 S Apuy paag (770" Apuy paig | jo ﬁ@oﬁﬁomamwmmah e
"o H
*£1930m0)) PoOMesoy sdliddng pag [ e NN it Rl Il 14 081 P2) S R AyRag 9 W |7 IMNE L "M | J0 qInos sefiwr  ¥4Z
*199] O¥F 09 0g¥ TIOx
U000y “yourl-y jo 1997 (I ‘s[quny
pu® gour-9 jo a.amhﬂwmw %eﬂwwmo s‘@ | 1gD | 0%6T | 095 O 79 147 (141 S5 R ez ") "d |~ TTXMBIZe "D " | 3O JSOMYINOS ST 51¢
QJNUI B SUO[[ES (ST ‘PIOIX ‘o[quny
*199] 80¢‘T 03 892‘[ WOXf usLldE | g | TEV |77 1261 Sty) O 4 80g‘T | 1861 |"TTTTTTTTTT T 0P~ """ | "PreUuB@O "LV | JO UINOos .%%Ws Nw@
*199] 963 crwwmn wmﬁu mww«om s‘a (1@ (T e {4 962 | 6661 ™77 I8 “Y0MeT “F Y |77 SOUMOT, 'O *f | JO JS0AYINOS SONIL Iy
seiddug ‘POl UegMm ’
199] OF JO UMODMBID {Nm
ojnurm ® SUO[[B3 08T ‘PIOIA *£o1 s[qmuyg
'399) $Ig 0} ¥SI WIOIf UdLIdg d T L |[T0P61 233UV | OFv| O 79 712 | 0F61 | -otmod 7 SINSBINOI |~ TTAIUNOD SIUIBH | JO 9S0ATINOS m%% YL
“osnoY
‘100708 -3I000 UO0ISNOH
fopug P IojEM  sefddng d 54 3¢ I il it M 2 F0gz | 9861 - “=-£9unop) suIeH | jO 4S83Y3I0U SO %16
=3 = Jus g g =)
g m gESRESl g &
e = JHoTom Wm.m g B & ®
g S | -seemjo ete(y m.m B 3 = 8
SYIBWOY 2 o ...mm Mm:o... g g .m T IoumQ AR TOIYBI0T
E | E E¢gcsl B | ¢ | &
- < czg| B g
. [0AO] 1018 M Sl &
® &

162

963

$62

688

“ON TIOM. l ]

PONTIUO)—AJUNo)) SILDEL Ut 8]jom f0 $PL09Y



187

GROUND~WATER RESOURCES, HOUSTON DISTRICT, TEXAS

- “B0f 998
.»a&mmmoumc«Soaqwﬁom

999} 922 09 99 WOI] WOAIIG
*109] 957 03 L15 TOI} USROG

oq
*£q501D Jo A310) seyidd

*300) g 01 907 Woi] g’

“199] 05Z 03 DIE TOJJ USAIdY
‘sueprey) wijoudsy serddng
*999] LZZ 09 036 WOIJ UI8IDY

*999] 23 0% (7 WO} USAIOR
*399 81 0} 313 WO o8Iy

. *399] QL7 03 1.3 WOI] UISIOG
*999] 86 03 16
WOIY UISIIS  “YOUL-34T JO 199]
$L DUB GOUF-g JO 380] 75 ‘BUIsB)

*190 9LZ 03 OF% WOI} UG

81599

1o pus dwed e[quuny send
-dng ‘300§ gpL 03 gL wIol}
108 USRS puB pIjelojred
3use) CIOM [[0 POIISATION)
‘583 OUIOS M ‘o)nuIw B
STOITe3 g7 110q8 9861 I 014
‘999] FEI'T 03 FII'T  wWod]

996 UOAIS PUEB POJBIOLIO
3urss) C[[eM [I0 DPIWDATOD

“[Jo [10 POYIBATO()

' *30[ 908 °3899 TO
9388} InjMms

sB 19J8 M °S1897 [10 'Pojddng
% 'ON S J3UM(Q °sB3 om0s
YA I3)BM YSAI] DPIMOY S8y
€861 ooUIg  "199] 009 PUE 009
usamgoq Bupseo up padojea
-9p 9] UoUM ‘gel mpun

1978M J{8S pPUB IO POOTMPOIT

A& M A-

2]

Z oo

9" L

SMOLT

SMOTY

341°g
H1e
899
€%
12184

z'e

ni's

eeg
0lg

953

08g

81¢
174

86
863
0L
06

572

018

PE1‘T
F000 ‘T

801°G

:::::::::::: NNBL "D
.......... SUBAG "M °f

......... £3301d "9 "W

nnnnnnnn JSOM 2 TWI[MD

TUIe 90 A1 O udiey
"0 3ur
-ugey # [1Q dlquny

..... 00 10 waoaf

...... iPaod *H “f

*9[q8} JO PT9 18 S0J0TWI00] 998

00
oury °did HOH

“Tmmepe) AeMysSIH
“TTIRAdIeqO £ “f
*SYI0M.
1918 M £qs501D’
“TTpuspRy [H "L

...... uund 'd "H
TTeted M L ST
----wewdey)) png

*0D) BurmIcT
Lqsory wudpm

‘o) Juugoy
® [0 eiqunpy

* ysedmynios sommI Yot

“e[quny
JO 9SeeTIN0S SONUWI BT
‘O[quny-Jo
1S8OIN0S SO F4ET
o[quIng Jo
3s8YINos So[fUx S4ZT

............ £qsox) uy
‘e[quIng jo

JS8AMINOS ST 48T
“IqUuIng Jo

jseoqINOs SONITI B41T
‘S[qUInE JO

Is8OIN0S SO ATT
[quny jo

JseaTINOsS sopwl 5411
S[qUImE

JO 958eTINOS SOfII QT

' ‘e[qung Jo

1S80TIN0S SOTIWT 49T
oquny

Jo jseeqInos sofw 91
“J[quIng jo

_quny
JO 9SBOTINOS SI[IUT A1

.@Eﬁ
30 J589TI0T %__smxa.

: AquRE
Haowammmmﬁ\mm

.2&85@ v

JO 3SBOYINOS SOQUI B4,
éﬁaﬁﬂ

JO 1589YINOS SOITT Yh
olqmny

JO 1S89YIN0S SO[IUX 347




188 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

¢ 0N
SI0UMO “TFEI U1 90U JO S0108
98¢ DOJSBLLT  ‘199] 197 04
0zg pus ‘gIg 0% 83T ‘P11 09 LOT . i .huamw
%01 03 81 UI01) POJIOIS BuUISBD af 108°q ‘L PSR N P Y551 ‘ST 69¢ {0¥GT |~TTOUI ‘[eaunug-eipq (T 00D *A °d | JO 1s8ONRION ST H¥ | spe
N o] TF61 ‘85 ABIAL | 6°28 (0T 4 L6 PO |TTTTTTTTTTTT opTTTTTTT BINL g | Led Jo nﬁoﬂmﬂwau 9¥ve
SR S - e B R I 3 0T jogeT [Tt Weumeg gL T THIEI L, °L | JO JseeriyIon smﬁuw& iz
1997 0¥ 03 LT WO} TIBIIY s‘a |% .ﬁ. ‘r TIITTTTIWGT | 88 | O ¥ (17 S () S Hood sepreqy """ TOUOW “H "0 { JO ]SBOUIIOU So[IWI § } $7€
a M D |H6I‘Sc ABIN [T°28 670 ¥ 1) S A TTTTTHOSMRQOY Y T, Ayest U | g58
“gou-g Jo 199) _ _ *S9YSTLIY
9 DS YOUr-F JO J00) 0L ‘BWSED | §'@ M DO | e e £y @l PO It €950y ST |~ Ay o seesopm g | zhg
s‘a \n .n.n ‘T ["TP6I ‘OC A8 (099 |¢ ¥ 681 [OF6T |TTTTTTTTTmmTme mv ............ Bla "H bP £33 JO 1580 SOTIUI J4T | 198
309 THT 03 971 WOIJ UNIG | §‘q - S A R ¥ TPL 2861 | Jpuusg "H L |77 anedgol Y |"£3eY Jo 15%0 wwﬁa 4% | 078
*199J €01 03 §8 U101} 1ADIIFY N QUON |~ 777" op=-""" 8 "8G 0 € €01  |p86T |*°7°° 15 4300M8 B Y |TTTTTToTTT oﬁ .......................... 658
*399J Q1T 03 96 WOL] TIAI0G N HD (777" op~=""TIR6E 19° € L0 S e S ¢ i “£163] Jo 1589 mo.—nﬁ WM BEE
8 MO |TIF6I ‘9z A8 (€718 [0°F 9 172 (1 S Axsonpd 'L ..--uoaoﬁﬁo w 'V |"A3e3 Jo 9580 SO[I 349 | 288
*dureo pus wor3els
ouyy odrd seyddng “posop 0D *9lquny jo
Apowiof -wopoeq 38 weRNs | puf‘q | § @ YO [T o1 08¢ |ggor |~mTTTrTeeTemoomee SUUGOY IJEPUIS | VOO SO J40T | 952
B H
3995 g1 03 9TI WO WddIg | §°‘q HQ | e %41 °C ‘8 A S 1) A R (> Rl op= T aucanﬁo_uo—mwﬂﬁnﬁﬂ Wamo.n oge
H
1) 9T O3 T WOy wRBY | @ | @ | 1% | eor eger [TTTeTTs e 0p" | 4seORHON. sor Y0t | 768
H
WOUI O I WO WAng | g | mp [T UL T B - 7) S op===={ SN | 4S60uHOu ST Hor | ggs
*399 921 03 99T WOI¥ .Mmmﬂuuvm s‘a 7. % TR il e 541'e 9.1  jogéT 77T PUEIDIOY "H "L | PIBAOH °SaJN | JOo Isee SO z88
AIeniqe g Ul OJNUfUI § UO[[es ' dqumgg
% posoly IMNOIBO WBIE | N | OWON [“HEI'gIdOg (8T 9T | 9 |reTo|emmor|rroneeesmoomemesseessocieecceees weomyuQ | Jo 3w SW s | 168
. Trea sng | g‘a H ‘g | 1861 ‘08 190 |83 0 | 9¢ 9% Frdi) S aosdurgg wreg (" °C ‘uosdureg wieg | Jo 15e0  se[rx 91 | 628
§a@ |[epv [T T (4 F98 T€6T | TFTTTTTTTTTTTT L i Jjouueyg *f ;..---.‘-m%my%wmi- 44
*300) 0FZ 03 087 WO WOONIS | g | 31 ‘U ‘D | 1861 ‘6% 300 (LTI 0 (31 0¥z  [og6L |77 TT7C PuspRY "W L [TTTTTTTC J0BEL 'V L | 3588UINOS SO[IW Y4ET | 128
d w =l =] g g
g | § cEflmEsl F | § | 2 3
£ % | omm FESERR B | 2 | €
P 8 | -swom jo o38( |E m.w s g = 2 Z
S8BTy 3 Y x.m.m s22| 8§ g E o[ U800 UopeOT §
8| g ESEFe B | 2 | %
- | < Sgel 8 g
[PA9] 10J8 AL 3 m &

panuniuo)—~Awno) n.ﬁ.&em UL 8)79m fo 809



- 189

GROUND-WATER RESOURCES, HOUSTON DISTRICT, TEXAS

°Z ‘OM S, UM
‘IF6T I 9OLI “JOo Seide 90Z
PpojeaLL .oﬁﬁ Ul eInujm W
8 STOI[BA 0PI‘Y ‘PIOIA Eﬁﬁwz
| “THHT
U] SOH JO Se% g/z PajESLLY

' MOY PIJRWSH

-88F ‘89% 01 9FF ‘698 01 8FE ‘05

0108 (g .vaua%gﬁ Q%Mm" %

8 14 Iy -

OJUJUI ¥ SUO[[ES 078 ‘DISIA

POINSBIIN "YIUI-ZI Ju 1991 669

PUB YoUIHZ JO 190} (6 ‘BUISL)
*1 *ON 8,10

SUMQ CTFET TLe9H JO 89108 08

PojesII] “UOUI-GI JO 199) 86

DUB GoUI-EI JO 390] (p ‘3UISED)

*1 "oN s40TM 0
*T56T UT 901 JO S0108 g/, POT8BLLIY
‘% 'ON S 1UMQ ‘6861 v
U 90U Jo $0ME (g7 DoIBALU]
“TF61 Uf 901 JO
$0108 (G DOIBSILII ‘OF6T Ul
SJNUITI B SUO[[E3 (0L ‘PO DO
JBWSH  ‘qOUy-846 JO399) 0T
PUB QOUZ JO 100) 0g "mmwwo
~BB1I11 991 10] DOSTL A[IOTLIO]
1991 ZFF 01 Z0% Ec..uu Iy

0 | on
‘6961 T} enurwr ¥ uosd %§
ST "199] 08e'T
0% $9¢'T DUB ‘6dZ‘T 01 L€3'T
‘11Z'T 01 e6I‘T ‘820t 01 786
‘€98 01 $E8 ‘06. 03 €92 18 UG

“TFB1
Ul 90 JO SO0 (ZI POsd
-LIL  “}99] OgF O3 26§ PUS 081

03 89 I8 UG "WOU[-P{8 JO
09} 997 PUS [gOUI-S4T] JO 496)
9g1 ‘UDUI§Z JO 199 g9 ‘BUIse))
‘301 998 TPET Ul 90U JO 0108
098 DPIIBBLIY D[P USYM
9)NUTUT 8 STUOY[8S §00'Z ‘DISL
*399] 678 0} 60§ DUB ‘p6F 03}

03 808 ‘e6% 03 082 ‘P22 O3 91
‘406 03 61 ‘e81 03 GbT ‘20T 03
88 TI0Jf Pelo[s ‘uoul-Pg01 Jo
190] T9T DU (qoUl-JEEZT 3O 990f
198 {UOUI-0g JO 30) €1 ‘Buis8)
"I$FB1 UJ 801X JO $6108 QLT

pojedal  OpeI W SInUX
B STUO[[83 086 ‘PRI POINSBOIL

4

ay

uy

LV s

ur

g

x

ag

i

SLH ‘L 29610 ‘uBL
0z ‘E ‘L | gP61 ‘g1 usf
oot [ITBP6T°qT usf
ov i {| SR0T ST e
09“H L | 1861 ‘3T "X
Ay wor
onony {| ST oTe
DL |zee1'Ll "By
QUON |~ TN
SMold |"6g61‘g  "weL
98'H L |ZPGI ‘ST "us[
00 L |-
o5 mL |-

¥ 9

22

2192

28T
%431 58

43
1'%46°21

9896 GL
02

346 55

546

%
‘$ETT ‘FC

%01
‘%42 ‘08

(49

681

881

444

2091

0Ly

699

9061

6061

0761

2861

----------- SOUOL ° L, 'V

....... WIPI0IS D "H
B

*61q8} JO PUS 18 S3}0UI00} 008

........ odop utor

/

..... WHON “E "0
--3orpw0ss *D |

Surdojesed

0 W
¥ SUnuUB[d dWOY

T IOPA0E D E
........ %000 *A "

“ruosdwoq , ‘¥ 'Y

“THOIPAO0IS O "M

*£3e31
JO 198IYMIOU ST 341

-8y
30 3s80YI0T E:muw%

*Ky831

Jo jsweyIon! SOfIU; ¥,
. -AEy

JO 45BY}IOU SO P49
“£383]

JO 1890Y3I0U SOI 247

j0 ﬁaﬂﬁ%gmw%mm

*£983[ JO Y320U SOIIIL §

*-£48] J0 TR0U SO g

L3851
JO UHOU SOUI B4

.7 "£yest
30 Uomw SOfII 54Q

K983
JO 1S8OTJI0T SOIIW P4g

Ky

e

998

g8

34

%ge

09¢

TOMOI “H "D

JO 1SEQUHI0U SA[IW €

67



190 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

'F "ON §,10UM0
‘TF6T U 0OLI Jo S0108 (07
jooqe %s?: *399} £9¢ 01
61¢ DUB ‘20F, 01 888 *22€ 07 L08
‘965 03 692 ‘GPg 01 98% ‘Gez 01
$0G 18 U1y *399] F81 03 901
O} PIYIOIS ‘YIUL-8 JO 109) F8E
puB YoUI-ZT JO 399 98 ‘SulseD
I "ON S, I0UMQ “TF6I
up S9UDB (FZ POIBSLIT  (F6
Ul 9nuiul B Suo[(Bd Qgg‘l
‘PleIA PAIDSBOJN  ‘Youl-g Jo
399] $L1 PUB YOUI-QI JO_j98]
08T ‘UYPUIHZ JO 300] 0L ‘SUISBD
*801098 ‘I °ON
S, 10UMQ "¢€6T Ul 9011 JO SOIOR
92 DAJBSLIIT 1997 009 01 6ES
DU® ‘1% 03 80F ‘058 0% 663 ‘818
03 LLI ‘62T 0} I 9% Qmw.am
"GOUI-0F JO 190] 69 PUE ‘goul
-ZT JO 199] 9.1 (U2UI-9T JO j00]
B ‘youl-gl Jo 989] (g1 ‘Sure)
"399] 01T 03 01
WOI} UNRIIG ‘YOUI-¢ Jo 109
89 PUB YoUI-§ JO 109] Z§ ‘SUIsED
*0F6T UI 9911 JO §9108
06g PJBSLUT  ‘199) L0F 0}
118 DUR ‘goe 03 8I¢ ‘76z 03 961
‘6Z1 01 OTT 4B UDAIdg *[oul-0I
JO 309 11 PUR 4dULZT JO 109)
€91 ‘TOUI-GT JO 3997 0S1 ‘SIS
*Tory
-BS111] 9011 10} Pasn A[IOULIOT
*100] 50g PUR 291 JO
sqydep 03 Wo330q Ui PO[LIp
S[[OM [OUI-g 0M1 ¢109] G 03 Sn

Jy

Fess

I
A

——

"9g61 Arenuef

“ZH61 ‘02

19
“IEBT 'ZT “IBIN

62611 IR

061 AR

‘uef \z -z

‘qed (0°
¢

ZHI'ST UBL 8%

1861 2T I8N (2718

80152

o1
‘ZT'9T'8T

[ 4

) orer

2
8

0L¢

2

609

011

9eg

081

o
]
g

9861

9Z61

6261

6261

0861

“*-ou] ‘TeAINyS-8IPd

..... rexon, g "L

TTTTUOSWIOIN " H T

T UBHOIH "0 "M

quieT "D "H

HELPAN

*Ay83]
Jo “waoﬁnom ofilI %1

* 98
JO 158BIYINOS SO[[UL 3{¢

- £483] 10 1580 SO[ITE J4g

~~- 483 JO 9580 sofiu ¢

L9183 JO 3580 SA[I 4¢

1O 95BOYINO0S mo_:uzm\:

....... DR V12 o ¢

(24

99¢

g

s IeIoy

¢ 19J8M JO 0S()

JuetIoIn
-seewm Jo ojeCl

1 (309))

Jurod 3uran
-SRI MO[og

(399)) punois3

& 31 Jo POYIoN.

[0ARF J0Je M\

oA0qe qurod 3ur
~INSBOUI JO 1Y3I9H

(seyaur) xereursr(q

(300 gadeq

pejerduros eje(

T[Ea

JeumQ

UOLIBIOT

"ON TIoM.

penuryuo)—Aunoe) SLLUDE U sjjem o spLoosyy



191-

GROUND-WATER RESOURCES, HOUSTON DISTRICT, TEXAS

“IP6T T 091 JO §OI08 (8T PO
-+ =3BBSR “DOf[A-[oARlh) 399
90¢ 0} wm&. DUB ‘$1¢ 03 $6C ‘915
09 98T ‘84T 0% 091 ‘08 01 09 38
TORIIY “YOULH4TT JO 399] $E8
Ppue qour-gI Jo 199 921 mw_%.mo
~83LLIY 9011 0] POSTL A[IOULIOL
"gow-9 JO 399) ¢0g puUe ‘youl
-8 JO 139 Q01 ‘UOUI-g] JO_106)
00T ‘your-g1 Jo 389 (01 ‘Supsep
/ ‘0761 Ul
peuopueqy “6g61 Ul 20U JO
80108 (g P8I "youl-g Jo
1397 O£ PUB ‘youl-0f JO 989
981 UOULFE JO 199] g9 ‘BUISED
*TOTBSLLIT 9011 10] Pasn
Apouiog  yIUIZT JO 9997 g8
PUB [oul-jg JO 399] 00T ‘SUIsED

*SUISE AL,

761
ur 901 JO S2I9W gog ﬁoQWu_ﬁH
“IF61 UL 9011 JO S9108
09g Dje3LLI] "199) 831 MO[OQ
spues [je ousoddo pepols
‘QoUl-740T JO 309 L3I PUE
UOU-548T JO 399 g1 ‘Buise)
*Z "ON 8J9UM(Q
‘TF6I Ul 991 JO SAI0B (0%
PO83LLIT ‘(F61 UJ NUIUI B
SUO[TB3 0¢8] ‘PIOIA POIMSBINL
109} 001 A\0[3q spues j® 918
-0ddo ‘190] (32 ‘Sulseo peolg
*Z "ON 849UsQ
‘IP6T. Ul 9911 JO 83108 (8%
poredLa]  “0F61 Ul othuimr ®
_STO[[E3 (015 ‘PIPTA PRINSBIIA
‘309] 809 01 99 PUE ‘Zeg
03€19 ‘gg} 09017 ‘00F 09 88¢ 198
01 OF¢ ‘P6C 03 €17 ‘G861 0O
281 ‘LLT 03 ¢9T ‘6%T 03 06 WOI}
PoOIS QOUI-ET JO 993 9Ly
DPUE Your-g1 IO 300] g3 ‘3UISBD

Loy g

g‘a
s‘a
g'a
Fig)

a1

g

*91(BY JO PUe J8 Se30UL00] 00F

P61 Q1 ‘uef |0°3F 1|, . wr | aee | 1eRT |-~ =0r SEx0T-0ULWT |-mmr=m-n- aem gy emne
o' {| T 10T Mot prersr | e | el 00 sexoouse] op
]
ouon{| FETEL 80 1988 Yo | o'starsr] gos | oger [ uose "M T | swepaog g v
SUON |686T°01 T8I |9'88 [0°T 90L9C | 08¢ | 926I | " "WIPIBH PUB UOSMBT |~="""""" - op~TT
QUON |"ZF6I ‘12 mm g °0F 0 tagi 14 ¢8I (6151 S I “THIIPHO0IS "D "M
GYL 9T * 98 Vow | @ | g [|-mmemelreemmmm e e
QUON A 186121 “18IAL |9 cC vn 14 8 96 op A
QUON |ZH61‘0z WL {F'6d (0T 2 51 S il Rk op~TTTT
M'O |TTH61 ‘8T ABIN |F°0T 0 8 0g [17:1 95 Il T830H "H ‘M
785 10}l Euttl el R 4 8 P23 B i FLELUCT: IR = A il R 103d 1 'O
MO |THETSE LBIN (7729 [0°T g 7 S e e “J00D "A"d
09 ‘B L |~ T T 91y 002 L86T [T uBwRAI] ‘W "M | UBmesl ' "
~ k1
09‘D ‘L |"TF6T0T "2V | 99| O |%01'348T | Q.2 | 161 | ~oUL ‘[PAIMUS-BIRA |~7°""""qedd "M H
(R« A 78 R e 8102 099 | LEBT |77 00 SEX9-UABY =777 amedgoH 4
a‘L | we1'ge usL [0'6F |g° [ 3 809 | 6g6T |TTTTTTTTTTTTTT opTTTToT TosugoL "IN L

................. opT7T| gse
-£y

70 98BI 1I0U mo__nﬁkmv ¥se

Rt op~--- €88
. huw.M”.

Jo jseoylIon .wmwa 9 |.288

Jo jsBayII0T womaﬁmﬁ T%

| *Aj83]

JO 3SBOY3I0U o[ ¥(g | (8E
Ayesy

JO jsBOUIOU SO[IT L | 628
-£y8351

JO 1SBIHION SI[IW. 379 | §LE
*Aye3

JO JSeOTIOU SO[jU WY | A28
L1y

JO JsBOyIOU SO ¥ | 9LE
-Ayesy

IO Tuou se[I ¥4g | 9L

-8 JO 9883 SO[IUI %4¢ | $.L§

“A£183 JO 9580 SOUIW 347 | €18




192 CONTRIBUTIONS TO HYDROLOGY OF UNITED STATES, 1941—43

*95noY
-0y uwojsno

s‘a qo |TTtTTTT|T 4 251 S A II[IYOE eo0f |~ MY Q0L [ JO 980M mwmwﬂmsoaﬁ 60¥%
. , -3In00D noamzom
*Aiddns[euzg "1e8J1L0310s8D | §‘A fo TN it i R 4 17; 2861 |*7"TT Toxeqnig YL 77" IoyeqnIg YL | Jo jseM mwmﬁgnﬁ 80¥%
-}Inop) uojsno
s‘a ¢ 6861 ‘61 "qod (022 (9" ¥ 991 | 8861 |T°77TTTTTM[BM "M TH |TTTTTe5100D P Y | JO_ 380 SOIIUT  F46T | LOF
*1ooyog SYOIPPY seriddng d |s4'H'D |1e61‘ adeg |29T |g- g [-/1] S i I Ajumop ﬂm,_wm TP~ 90
a b2 oS T I I N e (1 S g unp Yeery Igog |TvooTooTommTo op---t 0¥
ga | mo [ W1 77 it R J10puesoag ‘O |* "~ Hopueyoeg "Q | 418 jo )s80 mowﬂ Y01 | 80F
ga | mo |t 12 g¢ || Z)[NUAS "SBYD | MODOSOTL "I " M. | JO IseeTIIou m&mwa W: 0P
*Ayey
s‘a |ugpo| 2 42 4] S i 99GSLID "H "M |TTTTe9qSHID H "M | JO ISBIYJoT se[i HgT | 10%
“IP61 U] 9911 JO $6108 (32, PoIB31I
-I] ‘OP6T UI 2Jnuia 8 suopjssd
009 ‘PIOIA pojemIISy "Uoul-9 .
Jojegg pus iyourggojee; | o f o b Ages
09T ‘gour-gI jo 9993 09 ‘Bursey | I DL T op™TTTT 595 [9°€ 9°9%%1 | 898 | 9z6l |7 soxg IPIYIS Ipruyog LTUeE | Jo 3883YIOW SOpTH 1T | 00
‘TH61
up $eddB 987 DAJESLLT ‘0F6L .
ejnurw 8 SUOI[83 00L'T ‘PISTA .
+109] 627, 09 69 PUB ‘79 01 $ET
‘86T 0} E8T “ZLT 01 90T ‘g¥1 03
6. 18 T00I0E  "GIUI-S4TT JO 990 e o
L1Z DUB OUI-¢ Jo J00] €9 ‘3uIs8) | I | 08°Q‘L |G¥6T‘GT ‘Wer |egg [0 (841108 08z | 9061 | T uosMBT "M T |TTTTTIeNBqIIE T °f | JO 15BOULIOT %mm %46 | 668
: “A38
s‘a MO T g 6 2015 opTTTTT “TTTmepeuIyosdy “H | JO jseeuiron mmﬁw 8 | 968
g'a MO | ¢ 0zT | 2161|7777 Z)[NYOF "SBYY ("7 SUOPIOL *( "y | JO 1SBOUNIOU SO ¥4 | S6¢
g g0 [ttt g 9 b4 051 B I 2PN Y L |77 Jooppeq — |“AJ83 JO 1580 so[Iw X8 | €68
TH6L
OT PO[IBISTT [fWpmM of6l | o | . R
HI 0Ol JO 0108 OGT Peysdriiy 8 MO |GEel 6T uer Jgtug | O |S4ITFE $56 | 8681 “0) Ie[mog-euLe] PIBM M °f |"A98 Jo 3580 sojiux %49 | 98¢
o w @ 9 o o g
8 m SER 9Fg F ] & 2
S | B | Juewem |3538°% B g z
4 2 |swwmpaeq S 5w & = 8 N ) Z
strewey e e “B2|2gs| 8 g | B oy TousQ TO[BI0] ;
g = EB =y ®© e | & ’
o g kil 0 3 e g
- ~ge 3 =
10401 078 M, 2 g <

PoNuUNUO)—AIuUno) SLLIDET UL S)om f0 SPL09Y



193

“38A 3upddip seprddng

“3091 901 0} pasep

‘3081 01 03 PoseD

109} 6L 03 pPeseD

POt

s'a
8'a

g'a

s'a

HD
HD
H'O

HO

SUON
a0
H'D
H'O

T'HD

6861 ‘81 "o
CH61 ‘8¢ ‘usf
6861 ‘9T "qod

68616 "qod

192

Z 1%

g 1L

e

B 113

89

Fo8
201
o
18
oot
001

j£48

08

FL

8861

(8I6T

9161

,,,,,,,,, 23[0gog 'S8UD
,,,,,,, SPIBADPH JuBif
......... 43303d 9 "IN

..... 00) s8x3,[-0ule
...... IOPOTUYOS " "M

....... nﬁaﬁmmmﬂ, ‘N1

TTTTTTUsAuseH O L

........ Axson0d °f "L

*[q¥} JO DTS 38 S0J0U300 805

........ %00 0 D
TTUUSPRRRYS VT

~Taf ‘958803188 L L

~="§paBMDPH FUBLI
“TTTSIOMOUS 'V H
‘g0
‘H OSHIBN SIN
“TruRungser ‘H Cd

*£xr0meD
1389d UO0ISNOH

e RS

' ‘esnoy
-1In0) UCISNOH JO
IseMylIoU  SONWE  Ef

‘agnoq

-3In00) uo0jsNO
JO 150M  SofW Wﬁ
*98noY

-3inoy uwojlsno
Jo 9seM  sopim mﬂ
asnoy

-jIno) uwolsno
Jo sem SO Wﬁ
98N0Y

-Jno) UOKNOH JO
9S0MYIIOU SO %Sl
*I|noY
uolsnoH
SO g01
*asnoy

uojsno
sofim<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>