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GRESS REPORT ON THE GROUND-WATER RESOURCES OF THE HOUSTON DISTRICT, TEXAS

By
Joa.W. Lang -

‘Degenber 1946
“INTRODUCTION
Location of the area and history of sround-water studies

The Houston district, as the term is used in. this report, comprises Harris
Gounty west of the San Jacinto River and adjoining parts of Montgomery, Waller,
and Fort Bend Counties (see fig. 1)« In this district large quantities of ground
water are pumped from three areas as follows: The Houston pumping area, which
includes the City of Houston and the adjoining territory, except that to the east;
the Pasadena pumping zrea, 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, an irregularly-~shaped area of several hundred square miles
in the western part of Harris County, northern part of Fort Bend County and south-

sastern part of Waller County in which water is pumped from wells for the irriga-
tion of rice. ‘ : _

Beginning in December 1930 the Geological Survey, U. 8. Department of the
Interior, in cooperation with the Texas State Board of Water Engineers, has
carried on a program of ground-water studies in the Houston district when avail-
able funds have permitted. These studies have been under the direction of W. N.
White, district engineer, and under the general supsrvigion of 0. E. Meinzer,
geologist in charge of the Division of Ground Water in the Geologlcal Survey.
Since the fall of 1938, when the current phase of the studies was begun, the work
has been carried on in cooperation with the City of Houston. '

Fiesld operations since December 1944

. Fleld operations in the Houston district since the last progress report was
‘issued in November 1944 are briefly described bslow: ‘

Records of the volume of water pumped from wells throughout the district
‘were collected for 1944, 1945 and 1946.

Measurements of water lev2ls in 241 observation wells (see maps, figs. 1 and
2 Wwere made at intervals ranging from one month to six months. Ninsty-two of
the wells, including 26 belonging te¢ the Houston municival system, are in the
Houston and Pasadena~Ship Channel areas, 41 in the Katy rice-growing area, 12 in
the areas south and west or Houston, and 96 in areas north and northwest of
Houston,-including the outerop area of the water-bearine sands.

Maps wers prepafed for 1945 and 1946, based on'January~ measurements, showing

fthe aprroximate altitude of water levels in wells that draw from the heavily-pumped
sands of the district.

. Samples of water from about 30 selected observation wells were collected each
¥ear and analyzed. ~ _ ,
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pumping tests were made in November 1945 on six wells constructed by the
7‘y of Housbon in its new Southwest well field, to determine coefficients of

rage and transmissibility of the sands from which the wells draw water. By
ing average values for the coefficients obtained from the tests, computaticns
re made of the future pumping levels to be expected under various assumed
ynditions of pumping. '

From December 1944 to September 1945 the field operaticns were directed by
. A, Rose,who was then with the Geological Survey, but he has gince resigned to

into private practice at Houston. Since September 1945 the work has been
under the direction of ths writer. :

Previous reports

Fifteen reports and technical papers have been published, giving the results
of investigations in the Houston district by the Geological Survey in cooperation
with the State Board of Water Engineers and the City of Houston, as follows:

 Water-supply papers

Ground~water resources of the Houston distriét, Texas, by W. N. White;
N. A. Rose, and W. F. Guyton: U. S. Geol. Survey Water-Supply Paper 889~C, 1944,

Exploratory water-well drilling in the Houston district, Texas, by N. A. Rose,
W. N+ White, and Penn Livingston: U. S. Geol. Survey Water-Supply Paper 889-D,
1944 .

Mimeographed progress reports

. Ground-~water resources of the Houston-Galveston area, Texas, U. S. Department
of the Interior, 1932.

Progress reports on the ground-water resources of the Houston digtrict, Texas,
State Board of Water Enginesrs, 1937, 1939, 1940, 1942, and 1944,

- Special reports and technical papers

Coefficients.of storage and transmigsibility obtained from pumping tests in
the Houston district, Texas, by C. E. Jacob: Trans. Amer. Geophys. Union,
De 744756, 1941.

. Anplicaticn of coefficients of transmissibility and storage to regional
*oblems in the Houston district, Texas, by W. F. Guyton: Trans. Amer. Geophys.
nion, pp. 756-770, 1941.

’Ground water and relation of geology to its occurrence in Houston district,

by N. A. Rose: Bull. Amer, Assoc. Petrol. Geol., vol. 27, No. 8, pp.1081-
Aug. 1943, ,

‘Pump settings and pumping levels in Houston distriet, Texas, by N. A. Rose
+ Stuartt U. S. Geol. Survey and Texas State Board of Water Engineers
Tephed),. May 1943.
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Special reports and technical papers -- Continued

- Relation of phenomenal rise of water levels to a defeetive,gas»well in
Harris County, Texas, by N. A. Rose and W. He Alexander, Jr.: Bull. Amer.
‘Aggoc. Petrols Gsol., vol. 29, No.3, pp. 253-279, Mar. 1945.

Quantitative studies of soms artesian aquifers in Texas, by W. F. Guyton and
N. A. Roge: Econ. Geol., vol. 40, No. 3, pp. 193-226, May 1945.

Results of pumping tast at new Southwest plant, Houston, Texas, by J. W.
Lang and R. W. Sundstroms U: S. Geol. Survey and Texas State Board of Water
EngineergﬁE(typewritten), Febe 1946,

In addition, the results of water-level measursmsrnts in observation wells of
the Houston district from 1931 to 1943 have been published in Water-Supply Papers
777, 840, 886, 909, 939, 947, and 989 of the U. S. Geological Survey.

RECENT DEVELOPMENT OF GROUND WATER

From December 1944 to June 1946, 49 new wells of large capaclty were drilled
in the Houston district, of which 14 were drilled for industrial use, 80 for rice
irrigation, and 15 for the public supply of districts and municipalities. Of
the 14 industrial wells 10, including four replacements, were drilled to supply
existing industrial plants and four were drilled to suoply two new plants. Of
the 20 new irrigation wells 17, including four replacements, were drilled in the
Katy district and the cther three were drilled in widely~separated areas gouthwest,
soytheast, and northwest of Houston. Of the 15 wells developed for public suvply
seven were drilled for the City of Houston and eight f.r water districts and small
munieipalities in the suburban areas around Houston and Pasadena. Six of the
city wells were drilled and devaloped in the Southwest well field and one at the
Central plants One well (no. 1) at the Southwest field was put into regular

operation in July 1945. The other six were put into operation in the winter or -
early spring of 1946. :

-

In developing the six new wells at the Southwest field, an exploratory hols
Tirst was sunk at each well site and an electrical log was made for each to check
the driller's log and serve asg a guide for completing the well. These holes,
ldentified as numbers 1 to 6, inclusive, were sunk to depths of 2,474, 1,505,
1,502, 1,500, 1,397, and 2,515 feet, respectively. Samples of water from the
- deeper sands in test holes 1 and 6 were ccllacted and analyzed. The produsticn
- wells were then drilled to depths ranging from 1,380 to 1,520 feet. Finally the
wells were cased and screened. An average of about 400 feet of sands was screened
in ?ach well, all below a depth of 550 feet. Each well is equipped with a pump-
@Gslgned to produce 2,100 gallons a minute, which is believed by the city enginsers
%0 be the most economical rate of operaticn.  Pumping tosts have shown, however,
that the wells are capable Of yielding congiderably more than that amount.

. ,A similar procedure was followed in constructing the new well at the Central
lant.‘ An exploratory hole was sunk to a depth of 2,495 feet, and the production
Was completed at 2,025 feet. The well vields about 2,300 gallcns a minute.

In connection with its program of new development the City has awarded g

; ct for the drilling of two additionsl wells at the Sdéuthwest well field,

ding the present line of wells westward. An exploratory hole will be drilled
enth of about 2,500 feet at the site of proposed well No. 8, about &,000

est of well 6 at the west end of the present line, and samples of water

aZhCOliiCtEd frem the deeper sands for analysis. Electricel logs will be made
Wil well.
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" Prior to 1940 most of the irrigation wells of the Katy area were within

10 or .12 miles of Katy. " In recent years, however, the boundaries of the dig-
trict heve expanded materially, reaching north and northwest beyond the chston—‘
Hempstead highway, for example. One of the new irrigation wells, ahout 10

miles northwest of Katy, was drilled to a depth of 2,350 feet., The owner reports

that all the sands penetrated by the well are screened and that it has a yield
of 3,200 gallons a minute. : :

VOLUME AND DISTRIBUTION OF PUMPAGE IN HOUSTON, PASADENA,_AND KATY AREAS

Records of the pumpage from all the wells in the Houston, Pasadena,and
Katy areas that yield more than 5,000 gallons = day h=ve been compiled for
the years 1930, 1935, 1937, and 1939 to 194% inclugive.

In 1946 practically all the ground water used in the Houston and Pagadens
areas was pumped from about 300 wells. Aecuprate production figures were obtalned
from-meded records forp 72 wells,; which ecntributed about 65 percent of.the supply,
Less aecurate but fairly good figures for 85 of the wells were obtained from
discharge ratings and the lsngth of time the pumps were operated. These wells
contributed about 20 percent of the supply. Records for the remaining welle- -
were poor and the pumpage had to bs estimated. : ’ ’

‘In the Katy area the estimates of pumpags from ths irrigation wells since
‘1930 have been besed on the numbsr of acres irrigated from =ach well, on the
amount of current used by the eleetrically~operated wells, and on the results
of measubements of discharge of water from about 30 representative wells..

The estimated éverage quantitie
withdrawn by wells in the Houston, P
1935, 1937, and 1939 to 1946,

s of water, in million; of gallons a day,
asadena, and Katy pumping areas in 1930,
inelusive, ar> given in the following table:
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Estimated average daily withdrawal of grbund water in the Houston,

Pasadena, and Katy areas
(million gallons a day) a/

e oo 1980 1935 1937 1939 1940 1941 1942 1943 1944 1945 1946
fouston Water Department ‘ T ,
~ (from City records) 25.8 24.5 25.2 2742 28.8 27.2 30.5 35.2 39.5%/ 43.2 51.3d/

Houston independent
public water supplies :
and industrial wells 14 14 16 16 17 16 18 20 21 21 214/

Pasadena industrial wells 10 10 29 29 33 34 36 39 4avh/ 48 4vd/

' Total for the Houston. : — -
" and Pasadena areas 50 49 70 72 79 77 85 94 108k’ 112 119d/

:Katy irrigation we;ls 18 ’ 14 ;30\“40 45 23 38 52 559/ 503/ 582/

Total for the district 68 63 100 112 124 100 123 146 1631/ 182 177

. 8/ The rice wells are pumpsd only during $he season that begins about May 1
and lasts approximately 130 days, and the pumpage in the Houston and Pasadena
-aroag, although continuous, is much heavier in the summer than it is during the
remainder of thz year. Therefors, for convenience in compilation and in order
that comparisons may be made the total withdrawals in all three areas are given
as daily averages for ths entire year. '

b/ Figures in 1944 progress report as corredted.

¢/ For the Katy area the figures are based on a pumpage in 1944 of 1.9 acre-
feet per acre for 31,740 acres and on the current used by 58 electrically operated
wells; in 1945 a pumpage of 1.6 acre-feet per acre for 34,324 acres and the currsnt
used by 68 electrically operated we'!lsy and in 1946 an estimated pumpage of 1:8
acre~feet per acre for 37,530 acres. ; o

g/ Figures for 1946 are based on records of pumpage through November and eéstiw
mates for Decembers The Houston City pumpage in 1946 inecluded 1,024 acre-~feet sold
at the Southwest plant to irrigats rice. _ ’

HOUSTON AND PASADENA PUMPING AREAS
Pumpage -

As shown by the above tablz the estimated average withdrawal of ground water
in the Houston and Pasadena areas reached 119,000,000 gallons a day in 1946, as
Comnared with 112,000,000 gallons in 1945, 108,000,000 gallons in 1944, 94,000,000
2allons in 1943, 85,000,000 gallong in 1942, and 77,000,000 gallong in 1941. 1In
the spring and summer of 1945 the rate of withdrawal was higher than it was during
the corresponding seasons in 1944 but in the fall and early winter the pumpage
declined considerably owing to a curtailment of activity in several large plants
broducing war goods, and to industrial disturbances. Starting with the spring of
1946, however,; industrial activity was again accelerated, industrial and munigipal

demands for water increaged, and the total withdrawals for the year were higher
than ever before. ' '
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Pumpage by the city, which is included in the above fi~ures, averaged 51,300,000
gallons a day through Nov-mber 1946 as compared with 43,200,000 gallons in 1945, '
39,500,000 gallons in 1944, 35,200,000 gallons in 1943, 30,500,000 gallons in 1942,
and 27,200,000 gallons in 1941. The daily average during August amounted to
66,241,000 gallons of which 9,087,000 gallons a day was sold by the city for the
jrrigation of rice. This surpassed the average for any previous month on reccrd.

In 1946 the Water Department of the City of Houston operated 26 wells in
geven well fields widely spaced over the city (see fig. 2, p. 36 ). The average
daily pumpage from the wells of each well field in 1935 and from 19238 to 1946
inclusive, is given in the follow1ng table:

Average dally pumpage by Water Department of the City of Houston

Well Field 1935 1938 .0 1939 1940 1941 1942 1943 1944 1945 19468/

Thousands of gallons a day

Central 5,122 5,977 5,780 5,997 5,380 6,320 8,408 9,367 8,642 7,437
Heighté 5,150 4,218 5,142 5,242 5,220 5,460 5,743 6,408 7,925 8,925
Scott Street 7,822 4,998 5,658 7,587 7,600 7,620 8,350 7,657 5,777 6,466
South End 4,651 5,817 6,600 6,143 5,550 6,330 6,019 7,862 9,809 6,725
Bast End - 1,451 1,417 1,517 1,360 1,600 1,724 2,789 3,220 3,678
North East 510 2,380 2,417 2,221 2,170 3,110 4,789 5,413 6,244 5,221
Megnolia Park 1,164 128 221 49 210 - 114 - - -

Southwest - - - - - - - - 1,570 12,88

TOTAL = 24,362 24,969 27,200 28,800 27,200 30,500 35,147 39,495 43,187 51,515

g/ Through Novembsr. The pumpage at Southwest includes 1,024 acre-feet sold
to a private individual for the irrigation of rice.

The Magnelia Park well field was discontinued after 1943. The average daily
bumpage at the new Scuthwest plant in 1945 was low bescauge the plant was not com-
pleted until late in the summer, only one well was in operation from July 1 to
October 16, the plant was shut down for repairs from October 16 to November 20,
and only two wells wers pumped during the remainder of the ysar.

The estimated total average daily withdrawal of ground water for public water
Supply and industrial use in the Houston and Pasadens areas during 1945 is given
in the following table. The table is subdivided to show separately the pumpage
¥ the Houstcn Water Department, by independent public water-supply agencies, and
the different classes of industries that use the most water.
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Estimated average daily pumpage for public and industrial
supply in the Houston and Pasadena areas in 1945

Number ¢f Number of. Daily pumpage
. plants wells (millicn egallons a day)
Housten Water Department 7 26 43.2
" Paper -mill | . 1 . 8 | 18.1
0il refineries 1/ 9 24 | 17.8
Independent public water , | 7
supplies : 42 64 4.7
Ice plants | 18 26 4.4
Railroads and allied plants 12 16 | 2.3
. Tool and armamént plants 5 8 2.7
Syntﬂetic rubber plants 2/ | 2l '3 ' 3.4
Office buildings, hbtels '
and theatres 24 26 1.7
Ship yards b 5 1.2
 Steel mill ' 1 7 ' 4.9
Power plants 3 : 5 2. l
Country clubs 6 9 1.0
Meat packing plents 4 7 N 1.1
Laundries S _ 12 12 _ | 0.8
Miscellanecus industrisl
plants using more than
5,000 gallens a day 46 52 34
Tetal ‘ | 194 v 298 112.8

l/ Three refineries used a total average of about 3.5 million gallons a
day of surface water, which wasg supmllad from the San Jacinto River.

2/ One synthetic rubber plant used between 5 and 10 millicn gallons a day
of surface water, which wzs sup-lied from the San Jacinto River,




Decline of water levels in wells in Houston and Pasadena areas

With the increase in pumving in the Houston and Pasadena areas from
77,000,000 gallens a day in 1941 to 112,000,000 in 1945 (see p» 5 ) the
general decline of water levels in the wells, which began in 1937, continued
at an aocelerated rate during 1942, 1943, 1944, and the first eight months
of 1945. During the fall of 1945 and the winter of 1945-46, however, follow-
ing some curtailment in the operation of several of the industrial plants, a
marked reduction in the average rate of decline occurred in the Pasadena and
eastern Houston areas and a pronounced rise occurred in several wells (see
hydrographs, figs. 3, 4, and 5, pp. 37, 3@ and 39).

In the observation wells that are screened opposite the heavily-pumped
sands at Houston and Pasadena and in the area west of Houston the average
decline from the spring of 1942 to the spring cf 1945 was 27.5 feet, The
largest average decline, amounting to 39 feet in 22 observation wells,
occurred in the eastern Houston and Pasadena - Ship Channel areas, where
the increase in pumping was the heaviest. As a result of the decrease in
pumping in the fall and wintser of 1945~46, mentionsed above, 10 of the wells
had only a small net decline and 12 of them had a pronounced riss between
spring measurements in 1945 and 1946, the mean for the 21 wells showing a
rise of 2.0 feet. The net average decline for the 21 wells in this area,
tharefore, amounted to 37 feect between 1942 and 1946. In the northern,
central, and western parts of Houston, and in the locality west of the
City, there was an average dscline of 7.5 feet between spring measure-
ments in 1945 and 1946, as compared to an average decline of 5.5 feet
during the corresponding pericd in 1944-45. In the locality north of
Houston the water level had an average decline of 5.2 feet between 1945 and
1946, as compared with 4.2 feet between 1944 and 1945. Therefore, although
thers was some recovery during 1945-46 in the deeper parts of the cone of
depression centering around Pasadena, the water levels in the surrounding
areas along the periphery of ths cone continued to drop and the cone con~
tinued to expand (see maps, figs..9, 10,and 11, pp. 43, 44 nd 45).

With renewal of pumving activity in 1946 resulting in an all time
record breaking averasge pumpage of 119,000,000 gallons a day, the decline
in water levels has been resumed at an accelerated rats, and ths spring

The decline‘bf water levels from 1931 tc¢ the spring of 1946 in
Observation wells screened opposite the heavily pumped sands in Houston,
Pasadena and the adjacent localities is shown in ths tabls that ‘follows:
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Decline of water levels in wells sereened opposite the heavily-pumped sands in the
Houston, Pasadena and adjacent localities, in feet, 1931-1946,
(based cn spring me=sursmsnts) (For locaticn of wells, see figs. 1 and 2)

; - o Y. | ; Vig%ggtz(Qf Pagadena
Distance|Depth| o ~ o e e
from | of |19811 1937 | 1940 | 1041 | 1942 | 1945 | 1044 T 145 1940 1957’ 1931 4
Pasadena|well | to t0 0 to to to to to to to to %
| (miles)| (£.) 11057 | 1940 | 1941 1942 | 3943 | 1944 | 1045 | 1048 1946) 1946 | 1946747
T K. | 685] - - (26491 2.8113,8] 21.8 | 26.5 | +15:5]67.8] - = ST T 204,
1% nw 836| ~ 5L.0 | 6.5 | 4.516.0 14.0 |26.0 |+ 9.0/45.0|108, 5 110.8
B W o 11,228| ~ | 38,5 18.9 [+0.3 | {aig 16.2 | 24.3 | + 5.5]63.2111.5 | . —5
2% W 680 ~ - | 18.04 2.7 12.9! 20.3 | 22.4 | + 7.9|64.4]100.2 =
2k W0 | va0| - | - - - -1 - |07+ v - - dZ .
3L w 84l) -~ | 11.2)12.4 | 3.812.1] 20.7 | 22.6 | +10.4]61.1| - | .
4 N 753 | - N - - - -~ lew| o - - XX
4 5 |1,680| - ~ |14.6| 2.0|'5.3| 6.3[15.4]| 8.7|52.40 - Aoz
4 s |1,419| - -~ |18.0} 6.3| 7.2] 9.8|16.7| 3.8l53.0| . | . /3.7
5%-E 1,329 ~ - - 8.0 12.01 7.0/19.2 0¢4] = - ~- .
5§ b} - 5091 - - - 19.0 3.0 75 8.0+ 9.2 « -
6 N 619| - - - - 8.0} 7.0{14.5| 2.4 - S
e%-s, 8321 - 1 27.3| 7.5] 4.0| 6.7|12.2 |11.9| 4.8 |a6.6| - 78,8 4.8
7i N 850 - | - 7.4} B.2) 3.4] 9.5(13.3| 4.6 {41.4] - - %
7 B 90| ~ - 2.9 110.4 | 11.0| 5.6 | 6.2|+0.6 [35.6] -~ | 9.2 o5
75 SW 11,9004 ~ | 3.1| - - - - - - 37,3 51.
9 SB 526 - - - N - - 6.9 0.3 |28.5] - .35
9 SE 530 - - - - - - 4.8{ 0.7 |av.a| - L
9 NE | 434 - - - - - - 4.41+0.2 | - « , 5ff
9% 8 |1,348] - - - - - - 9.8} 4.8 | « - - 74
;1@% NE 312| - - - - - - 3.6 2.0 |14.2] - Lé.
1127 sE 570 | - - - 3.4115.4) 27| 50} 10| = | .~ | 54.520
134 sE 659 - 6:8| 1.9 - - - 7.5] 2.5 13L.6] ~ | 55245
14 E 450f ~ .| 0.8] 2.2]11.9] - - 4.7 0.0 |28.7] = - 2.5
, v _ Bagtern Houston e . . .
LW 6201 7.51 80.81 7.8 4.0 18.0] 207 [ 17,6 [FI5 1[50 T 7503 "80.0 /7.0
W 905110.4 | 7.7 | 8.7 | 3.0|12.7| 16.0 | 16.8 | + 1L.8|5%.5 7646 | 87.0 /64
52 W 8761 ~ | 18.61 8.0 5.9110.0! 14.0 | 13.7 | + 1.9 46.1| 64.0| 15
'% NW 569/14.81 32.3 | 5.8 | 4.7 9.6| 13.7 | 15.3 |+ 0.9|46.5 70.1| 84.9/5 &
LW -1 7.3 1.7| 1.6] - - - |+ 7.9/a8.8] - - 154
s W - 1.81115.21 5.8) 3.5|18.6| 15.4 | 12.0 |+ 4.4 44,9] 61l.4] 69,5157
S5 W 676112201 29.7 | 4,2 3.0 15.6{ 15.0 | 10.3| 1.9 44.9| 68.8| 80.8/4
; 9401 8.7 1 29.11 6.2 | 2.9 |11.1| 9.8 [10.6| 3.1|45.6] 65.4 74,1124
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‘Decline of water levels in wells gcreened opposite the heavily-pumped gands in the
Houston, Pasadena and adjacent localities, in feet, 1931-1946, (baged on spring
meagsurements) (Fur location of wells gee flgs: 1 and 2) ~- Cuntinued
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Summary of decline of water levels in wells in Houston and Pasadena arcas

A Summary of the more significent figures con the dscline of water levels in
wells that are sereened opposite the heavily-pumped sands in ths Houston and
Pasadena areas, with specidl reference to the decline from 1942 to 1946, 1is
given belows The figures are based on measurements made in the spring of each
years

Vicinity of Pasadena. - In 14 obgervation wells within a radius of 8 miles
from Pasadena the decline in water levels between spring meagurements in 1942 and
1945 ranged from 18.5 to 61.9 fest and sveraged 39 feet (see table on page 9 ).
The average decline by y-ars was as follows: 1942-43, 9.5 feet; 1943-44, 12.1 feet
1944-45, 17.4 feet.  Between 1945 and 1946 seven of the observation wells that are
nearest the center ¢f heavy pumping showed rises that ranged from 0.6 foot to 12.5
foet and averaged 7.9 feet; and the remaining seven showed declines that ranved
from O.4 foot to 8.7 feet and averaged 3.6 feet. The average change in the 14

comparable records are available (nos. 1150, 1161, and 1170), the decline in water
levels between 1937 and 1946 was 100.2, 111.5 and 108.8 feet. These wells are
located in the most intensively pumped part of the industrial area. In four
widely spaced wells within a radius of 8 miles from Passdena only one of which
{nes 1170) is near ths center of heavy pumpage, the decline between 1931 and 1946
ranged from 51.5 t0 100.2 feet and averaged 70.4 feet. In cne well (no« 1104),

12 miles southsast of Pagadena the decline was 54.5 fset and in ancther (no. 1360)
135 miles southesst of Pasadena the decline was 55.2 feet between 1931 and 1936.
The hydrographs in figure 3 show tha fluctuation of water lavels in well 1170, in
the despest part of the cone of depressicn,and in well 1230, about five miles
socutheast of theé center cf that sseticn (see fig. 1).

Eastern Houston. - In eight observation wells in eastern Houston the declines
in water levels between 1942 and 1945 ranged from 31.4 tc 51.3 feet and averaged
39.1 feet, of which 12.0 feet ocecurred betwsen 1942 and 1943, 14.2 feet between
1943 and 1944, and 12.9 feet between 1944 and 1945. Betweén 1945 and 1946 five
the wells showed rises ranging from 0.9 foot tc 12.1 feet and averaging 4.8 °
fest, and three wells shcwed small declines averaging 3.3 feet. The average

_ Change during the year was a rise ¢f 1.8 feet, In sev-n of these wells the
leclines between 1937 and 1946 ranged frc: 6l.4 to 76.6 feet and averaged 68,4
feet., The hydrcgraphs of watsr levels in three of the wells are shown in figure
4, page 38 . ‘

; Northern Houston. - In five wells in northern Houston the declines between
1940 and 1946 ranged from 16.7 tc 54.0 feet and averaged 31.3 feet.» In seven

ells the declines between 1944 and 1945 ranged from 2.5 to 8.7 feet and averaged
4.9 feot, and between 1945 and 1946 ranged from 2.6 tc 18.7 feet and averaged 8.9
eet. One well had a total decline of 60.5 feet between 1937 and 1946. In threeo
ells the declines between 1931 and 1946 were 31.9, 54.9, and 65.9 feet. The
record of one of the wells, No. 656, is shown graphically in figure 5, page 9

Central and western Heouston. - In eight wells in ¢esntral and western Housten
or which reccrds are available sach spring, the declines in water level between
942 and 1946 ranged from 2048 to 41.0 feet and averaged 30.1 feet. The average
ecline by years was as follows: 1942-43, 9.0 feet; 1943-44, 10.5 fest; 194445,
+6 I'set; 1945-46, 3.0 feet. In four wells the declines from 1937 to 1946 ranged
rom 39.6 t¢ 52.7 feet and averaged 46.2 feet. In seven wells the declines from
931 to 1946 ranged from 31.9.to 60.0 feet and averaged 46.1 feet. The decline

. One representative ocbservation well, No. 619, is shown graphically in figure
y DPage 39 . ‘ ' '

wells from 1945 to 1946 was a rise of 2.7 feet. In three of the 14 wells for which

i}
H

’




Locality west of Houston. =~ In six wells in the area west of Houston the
declines between 194% and 1946 ranged from 8.7 to 19.6 feet and averaged 15.2
feet. The decline by years was a follows: 1942-43, 1.7 feet; 1943-44, 3.7 feet;
194445, 3.3 feet; 1945-46, 6.5 feet. Another well (no. 809) near the new South-
west well field showed a decline of 45.5 feet between 1943 and 1946, of which
23.4 feet occurred in 1945-46. The sharp decline in this well during 1945-46 was
mostly due to pumving in the Southwest field, which was gtarted late in 1945. The
well had & net decline of 4648 feet between 1937 and 1945, The record is shown
~ graphically in figure 5, page 39 .

; Locality north of Houston. - In 10 wells north of Houston the nst decline .
between 1942 and 1946 averaged 12.5 feet. In several of these wells the water
levels rose abnormally between snring measurements in 1942 and 1944, following
the invasion of gas into the water-bearing sands from a leaky gas well near
‘Bammel. In the same wells a corresponding decline ocecurred after the gas leak
“was repaired, as shown by a comvarison of 1944 and 1946 measurements. The
~abnormal rise and fall is illustrated by the hydrographs for wells 285 and 268 in
figure 13, page 47. The subject is discussed on pages 28 t6 30 in the progress
report for 1944 and on page 22 of this report. '

Wells screened opposite the lightly-pumped sandg. - In the Observation wells
that are sereened oppcsite the comparatively shallow, lightly~pumped sands the
decline in water levels continued during 1942-45, but at a considerably slower
rate than the decline in wells in the deeper, more heavily-pumped sands. In five
ropresentative wells the declines between spring measurements in 1942 and 1946
ranged from 2.7 t0 17.4 fest and averaged 11.8 feet. The decline by years
occurred as follows: 1942-43, 1.8 foet 194344, 3.9 feet; 1944-45, 3.8 feet;
1945-46, 2.3 feet. In thres other wells for which comparable measurements are
‘available the declines from 1931 to 1946 were 21.7, 29.9, and 3l.1 feote

Decline of water levels in wells screened opposits the lightly~-pumped
sands in the Houston, Pasadena, and adajcent localltias, in feet, 1931-~1946
Distance ' '
Well  from ‘ Spring measursments
Pasadena Depth  19%9- 1940~ 194l 1942« 1943~  1944— 1945~ 1940~ 1031~
(miles) (feet) 1940 1941 1942 1043 1944 1945 1946 1948 1946

1154 2 nNw 720 - 3.7 2.8 2.6 6.0 6.6 - - - S——
1234 4:%3 316 - - - - 4.3 16,1 8.3 - ~ - 13.7
1209 - 44 S 650+ 2.3 4.3 2.8 . 2.3 4.7 0,0 +4.3 9.8 - 3.9
934 7 N 135 - 18.1 3.3 3.6 3.2 2.9 3.6 34.7 - — ]
909 8 8w 900t = 1.5 1.4 0.4 4.0 0.8, 3.6 11.7 29.9---"2-/
778 113 W 404 3.8 1.1 3.7 2.5 5.0(?) 20.0 +10.5 12.8 - /0.7
608 12 NW 350 4.4 4.1 4.0 1.8 4.0 8.4 2.8 25.1 31,1 4.8
604 123 Nw 340 4.9 2.2 5.5 0.7 4.0 7.0 B.7 25.1 21.7 3.3
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Houston municipal wells. - In the table on page 14 the decline in "statie"
water levels in the Houston municipal wells is shown for the periods 1942 to
1946 and 1939 to 1946. The measuremsnts do not, as a whole, reflect the true
static .levels, because most of the wells did not remain unpumped long enough

4o permit the levels to recover fully before the measurements were made, and
because no control was exercised over the rate or time of pumping of other
woells in the fields. The watsr levels measured in the same well at two differert
times therefore are not strictly comparable.  However, the average of the indi-
vidual declinss at each plant gives the approximate magnitude ©f the decline

.at that plant, because individual discerepancies tend t0 be equalized if all the
measurements are combined. The measuremsnts in the Magnolia Park well represent
gtatic conditions more closely than those in any of the others because of the
long periods of shut-down before the measuremsnts were made.

The average declins in water level at each of the Houston Munieipal well
fields from 1939 to 1946 was as follows: Central, 47.7 feets Heights, 9.7 feet;
Northeast, 56+1 feet; Magnclia Park (ebandcned in 1944), 59.5 feet; Bast End,
79.1 faet; Scott Street, 53.5 fest; and South End, 31.8 feet.
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Maps illustrating the altitudes of water lsvels in wells

B

The approximate altitudes of water levels in wells in the Houston district
nat draw from the more heavily~pumped sands, based on measurements made each
goar in January, are shown in figures 6 to 11, for 1941 to 1946, inclusivei

‘hese maps give an areal picturs of the spread and deepening of the depressions

n water levels produced by the increase in pumping from 1941 to 1945. They also
lustrate the approximate hyvdraulic gradient and the direction of movement of

¢ ground water, whieh is approximately at right angles to the contourss In
rder that the spread of the main depression can bs followed easily from year
b‘year the area in which ths water levels in January wers more than 40 feet

yjelow Sea level have been crosshatched« Of particular intersst are the maps for
941 and 1942, following two years, 1940 and 1941 in which the volume of with-—
irawals for the Houston and Pasadena areas did not changs materially. These maps
ow very little spread and deepening of the depression between 1941 and 1942,

e maps for 1943, 1944, and 1945 show a considerable expansion and deepening
uring each succeeding year, caused by the large incremses in the rate of punpings
e map for January 1946 is of interest because it shows that, although the total
ea in which the water levels were more than 40 feet below sea level midsned
nsiderably during the year, the depression around Pasadena was not guite ag

6p as 1t was in January 1945, This was the result of the curtailment of pumpage

many of the industrial plants around Pasadena in the fall and winter of
45464

e e

KATY RICE-GROWING AREA
Pumpage

In the Katy rice-growing area it is estimated that 37,530 acres was irrigated

1946, as compared with 34,230 acres in 1945; 31,740 acres in 19444 24,200 acros
194035 13,750 acres in 1937; and 8,000 acres in 1935,

The following tabls shows the number of we
iony the number of acres irrigated; the total amount of water pumped, in
e-feet; and the amount of water in acre-feet, including rainfall, applied to
land per acre per season in 1930, 1935, and 1937 to 1946, inelusive.

1ls that were used for rice irri-

The records show that the pumpage in- acre-feet per acrs usually varieg
ersely with the rainfall during the rice growing season, the total amount of

' (pumped water plus rainfall) applied to the irrigated land during the
ason ‘in most of the years of the period being remarksbly uniform. In ‘
46, - although the rainfall during the growing season was the second highest
Tecord, the storm water caused considerable damage t¢ irrigation levees with a
Sequent loss of water from the rice fields, and it was necsssary to pump about
‘Many acre feet per acre on the average as had been pumped during several
6ceding years. The total pumpage in the area in 1946 is sstimated as about

00 -aoresfect. Expressed as a daily average for the entire year the total
page amounted to 58,000,000 gallens a day in 1946, as compared with 50,000,000
~L0ns a day in 1945, 55,000,000 gallons a day in 1944, 45,000,000 gallons a2 day
1940, 20,000,000 gallons a day in 1937, and 14,000,000 gallons a dsy in 1935,
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Decline of water levels in the Katy area

As shown by spring measurements the water levels in observation wells

of the Katy district deelined slowly but persistently from 1931 to 1941. The
moximum decline was 20.3 feet, the minimum 5.1 feet, and the average 11.3
feet in the 12 wells for which comparative records are available. This was
at the average rate of about 1+1 feet a years Between the spring of 1941 and
‘the spring of 1942 the water levels in-44 observation wells showed an average
rise of 2.1 feet, owing to the small demands for irrigation in 1941 and the
unusually large amount of recharge from the heavy rains of November 1940 %o
October 31, 1941. In 1942-43 little net change occurred, some wells showing
a slight decline and othéers a glight rise. From the spring of 1943 to the
spring of 1946 an average decline of 3.5 feet was recorded, of which 1.6 feet
occurred in 1943-44, 1.4 feet in 1944-45, and 0.5 foot in 1945-46. For the
15-year pericd from 1931 to 1946 the 11 wells for which comparative measurew
ments are available showed an average decline of 13.6 feet. ‘

The following table gives the annual net ¢hanges in water levels in obser-
vation wells in the Katy area (see fig. 1, p. 35 ) between 1931 and 1946..
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FLUCTUATION OF WATER LEVELS IN SHALLOW WELLS IN THE OUTCROP AREA
OF THY WATER-BEARING SANDS

From 1941 tc the summer of 1946 the water levels in tho water-table wells
in the outcrop area of the weter~bearing ss=nds, north and northwest of Houston,
wer> from 5 to 10 feet higher than they were in 1938-40 (see fig. 12, well 29,

ps 46 , and the table on pp. 87 and 28), and in the few wells for which com=-
parable measurements are available the water levels were as high or higher than
they were in 1981-34. In localities affected by pumpage from nearby rice irri-
saticn wells a decline of 5 to 15 feet occurrad each pumping season (see fig.12,
well 35, pe 46 ) which, however, wag recovered during the winter. The water
levels have, in general, continued to rise during the spring and early summer . of
1946, partly as a result of the above-average rainfall during this pericd, which-
“has ¢ontributed metmrially tc the recharge ¢f the sends, and partly tc the delay
“in the start of heavy pumping for rice irrigaticn as & result of the rains. ,
‘This indicates that during the pericd ¢f record more water hag been contributed
to storage in the outcrop area (the ultimate source of the ground-water supply
“of the Houston district) than has moved dcéwn the dip toward the pumped areas. A
‘properticnally large part of the recharge occurred during the abnormally wet
year November 1940 to October 1941, and during pericds of above-average rain~
~fall in 1945 and the spring of 1946.

o0Q
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Fluctuation of waterflevelé in wells in the outcrop arsa of the
- water-bearing sands of the Houston district

Hockley area  TWestfield - Tom Ball - Conros area |
Harris County | Harris County | Montgomery County
J-1] sea’] 71| 95 | 108 | 16081 1504 | 20 | 45 | 46 | 57

566 30 | 29] 41] 29| 29| B0 | B85 | 48

_Depth to water in feet below measurino point, b/

- | 23.03 |15.40 - 17:63 | = - 24,811 23.561 32.35 | =
= 119:35 |11.30 -~ | 15416 S 25.14| 23.70] 32.19 -
& 27.09 16.86 - 19.28 - - 26.98| 26.17| 32.79 [ 46.84
- 27,27 | 17.41 - 21.71 | - - 27.30 | 25453 32.73 | 46459
W 19391 - 27438 | 15.56 ~ | 18486 - - 24,98 24.27 | B1.90 | 46.96
: - 27.34 |14.53 - 18:15 | = - 24¢11| 2440L| BL.73 | =
~ [ 86.07 17,37 | = 17.70 - - 25485 24.56| 33.01 | 4684
- 26.65 | 20+66 ~ | 16+17 - - 26,15 25.55| 32.92 | 47.70
-~ 1 27.48 [ 20.56 - 119.20 - s 26.96| 26.15| 3355 |  ~
- 27.32 120430 | 26444 | 20410 - - 27.80| £25.80| 33.38 -
1940| = 27.72 |19.61 | 26.77 | 20,05 - - 37.54| 25.40| 32.44 | -

26+90 | 26489 |19.08 | 26.97 | 19.84 | 35.28| =~ 27.26| 26.02] B1+52 -
27.05 | 87.28 | 1R.65 | 27,28 | 80,40 | 85.10| 26.82 | 26.76| 26.10| 33.64 -
27131 - = - ~ 135.49] 25.97 - - - -
27.68 | 87.20 118.78 | 87.54| ~ | 35.52| 25.64 | 27.02| 26.40| 33.96 | -
27.10 | 87.51 119.09 | 27.78| 21.26 | 35.75| 26.05 | 27.60| 26.40| 33.78 | 46.70
5 26,75 26.43 | 18.39 | 27.32 | 20.82 | 35.85| 25.18 | 26.50| 24.15| 32.68 | 46.50
+ 1941125.18 | 85.21 117.18 | 25.42 | 17.65 | 35.69| 22.62 | 83.75| 25.30| 32.68 | 45.87
‘ 24.82 | 22.72 1 16.51 | 24.67 | 16.45 | 35.51| 22.48 | 23.10| 23.86| 30.90 | 45.65

£4.78 - S = - - 356,15 21.96 - - - -
- 19.80 111.75 | 23.20 | 14.10 - - 21.53| 25.32| 33.30 | 44.83
25.11 | 17.84 110.78 - - 35.16| 20.65 - - C - -
24.73 - - R3.85 1 12.83 | 34.80| 20.88 | 20.43| 25.81| 32.97 | 44.48
24447 1 15.79 2.80 | 22.71 - 34.981 20,90 | 19.50| 26.38| 33.45 | 44.12
24.30 | 19.90 ! 9.60 | 23.80 | 1%.60 = “« 1 .- - 33.75 | 44.23

24463 | 22,01 i 9.73 1 23.47 | 1403 | 34.65| 23.24 | 83.03| 25.20| 33.05 | 44.32
£3.87 [ 15.70 | 9.40 | 17.72| 9.66 | 34.4%3| 20.62 | 16.46 22.59| 31.52 | 42.97
234731 16.47 | 9.49 | 12.79] 11.18 | 33.91| 20.81 | 18.21] 253.10] 32.97 | 42.75
+ 1942124.00 | 16.57 9.41 | 18.96 | 11.11 | 33.75| 21.52 | 19.56| 82.78| 33.37 | 42,37
83.71 1 14.68 | 8.91 | 15.48] 10.90 | 33.35| 21.85 | 16.76| 23.60]| 32.82 | 41.40

23.30 | 18.07 | 8.68 | 16.91 - 33.01| 22.51 117.87] 21.08] 33.04 | 41.35
23.10 | 20.80 - - - 32.97 | 22,64 - - - -

. 22.98 | 2031 | 8.98 {18.75] 15.94 | 32.83| 22.92 | 18.40]| 21.23| 32.25 | 41.02
23:44 | 83.73 - - - 32.91 - - ~ - -

1943 [23+45 | 14,15 | 9.98 | 14.66 | 14.56 | 32.83| 23.36 | 17.73 19.161 32.29 [ 41.11
- 14.90 - 15.85] 12.25 | 32437 23.19 [ 19.31] 20.43| 31.96 | 41.853
22.88 | 16.60 | 9.93 - - - - - - - -

2304 | 18.70 : 9.80 [ 18.76 | 15.54 | 31.97| 23.64 | 21.35] 23.46| 32.12 | 41.8%
£8+74 | 25.75 | 10.17 | 18.91 | 15.13 | 32.01! 22,99 | 22.153| 22.63| 32.35 41. 96

,Wﬁll 35 is in a locality affected by pumpage from nearby rice 1rri9at10n wells
~during the summer months. See hydrograph, figure 12,

:Additlonal measur-ments, not shown in this table, ars in files of the Geological
Survey -office in Houston. ' '
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Fluctuaticn of water levels in wslls in the outcrep area of the
water~bearing sands of the Houston district -~ Continued

; Hock]ey area o Wnstfleld - Tom Ball -~ Conron area L
\ Harris Gounty L Harrls Ceunty fi';; o Mont ompr;‘Coun‘“‘
i 7L |95 103 W: 1508 1504 ?9 ‘

135 168 130 129 lap | o9 29

: _....Depth to water, in feet, below messurine point o/
28476 1820 11.17] = 7,40 | 31.53] 25,43 | 82,34 22.87] 51.53] 42.82
22.55| 16.05| 9.58| 10.40| 9.00| 29.72| 21.20| 17.881 21.29] 31.20| 42.37

- - 17.26 | 13.50 | 29.64{ 21.80 | 21.05| 22.98] 31.73 | 42.78
23,35 32.92 | 20473 | 16:40 | 29.32| 22.65 | 23.70 | 22.69| 31.56| 42.93
R4.04| 28.36| 9.88] 17.90 | 15.13 | 28,99 22.98 | 282.50 | 19.61| 31.41 | 4%.24
| '22:35| 18465 < 13.17 - 28e1l! 21.77 | 19.98| 18.75| 30498 | 42.653
21,761 17.43| 9.19| 13.53 | 9.96 | 27,57| 21.08 | 18.88 | 18.93 31.16 | 41.86
28.08| 20+33| 8.36| 15,47 | 1042 | 27.70| 20.38 | 17.96 | 19,96 31.27 | 41.46
| 82477 | 14.78 51 11.80 | 8426 | 29.88| 22.86 | 23.40 | 17.11] 30452 | 42,06
21.93| 15,05 10.09 | 9.13 | 28.83| 21.43 | 18.01 | 16+63| 30.56 | 41.55

Well 35 1s in a locality affectad by'pumpape from nearby riece irrigation~well
during the summer months. See hydrographs, figure 12.

Additional measurements, not shown in this table, are in files of the GeolOglcal
Survey office in Houston.
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WATER LEVELS IN THE BAMMEL GAS FIELD AREA

' An abnormal rise in water levels began in December 1942 and continued for
‘geveral months in the Bammel gas fleld and the surrcunding territory to the
porthwest of Houston (see fig. 1, pe 35 )}s The rise was caused by the escape

of large quantities of ¢as into the water-bearing sands. It has been discussed
‘y Rose and Alexander in the Houston progress report for 1344~;/, and in a paper
printed by the American Agsociation of Petroleum Geologists 2/, ‘

In an area roughly about 25 miles long and 10 miles wide the water levels
in most of the observatiin wells showsad a sharp uprard trend, and many wells in
and near the gas fileld began to flow gnd continued flowing for several months
(see fig. 13, p. 47). Most of the wells in and near the gas fiold ceased to
flow in Aoril 1944. In wells lsss than 400 feet deep the water levels declined
steadily from April to the latter part of July 1944 ,rose slowly from July to
Qetober 1944, and then declined until January 1946. In the deeper wells the
levels rose steadily from December 1942 to September 20, 1944, except in a short
period in the fall of 1943. The greatest total rise was 61l feet in well 268 at
Westfield (see fig. 13, p. 47). TFrom September 1944 to Tanuary 1946 the water
levels deelined steadily. Measurements made in January and May 1946 indicate
that most of the water levels in the Bammel area have returned to, or are
avproaching, the normal stage.

CHEMICAL CHARACTZR OF THE GROUND WATER

Since l931‘samples of water collected periodically from 20 to 60 selected
widely~-spaced wells have been analyzed to determine whether there has been any
¢hange in the chemical character of the water, particularly any increase in

loride. According tc these analyses, the latest of which wers made in January
and February 1946, there has been no significant change in the composition of the
ground water pumped in the Houston district.

In general, the mineral contant of the ground water increases with depth in
this distriet, and it therefors determines the maximum depth to which wells are
drilled. The higher mineralization of the water from the deep sands is due -
largely to increased amounts of sodium chloride. The analyses of samples of
water from wells and drill-stem tests in exploration holes show that water of low
chloride content can be obtained at depths of about 1,900 to about 2,000 feet at
Houston, about 1,900 feet at Pasadena, 1,850 fset in test well 8 near South
Houston, 1,600 feet at the Shell 0il Company refinsry near Deer Park, £,000 feet

test well 2 on the Heuston-Clodine road, and about 1,700 feet in test well 6
at Clodine, 20 miles west of Houston. Howsvar, samplas of water with sufficient
chloride to be objectionable for public use heave been obtainad from sands at
about 2,100 feet at Houston, 2,000 feet at Clodine, about 1,000 f=et at Baytown
and about 1,000 feet at Webater. '

; ;/-Rose, N. A., and Alexander, W. H., Jr., Progress report cn the ground—
later resources cf the Houston district, U. S. Geol. Survey and Texas State Board
of Water Engineers, (mimeographed release), pp. 28-30, November 1944.

2/ Rose, N. A., and Alexander, W. H., Jr., Relaticn of phencomenal riss of
later levels tc a defective gas well, Harris County, Texas: Bull., Amer. Assoc.
trol. Geel., vol. 29, No. 3, March 1945, ’
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During 1943, 1944, and 1945, in an effort te obtain more information cone-
gorning the depth t0 which water of good quality occurs at Houston, eight sam-
ples of water were cbtained from six test holes by the drill-stem method at
depths ranging from about 1,900 to about 2,300 feet. These test holes were
drilled in -connection with the development of eight new city wells at the East
fnd, Northeast, South End, Southwest and Central well fields. The well field,
he number of the well, the depth from which the semple was taken, and the con-
snts of chloride, bicarbonate, sulfate, and totel hardness as €aClz in the
ater, in parts per million, ars given in the following table:

Partial analyses of water taken by drill-stem sampling in City of Houston test
s _wells, in parts per million

, , . — ———
ell field Well No. Date Depth of sampling Chloride bonats Sulfate Hardness
_ (1) (HCOm) (S04) as CaCly

fast End. 2 1943 1,915 to 1,965 - 89 486 4 16
st End 2 1943 1,995 to 2,050 104 392 2 20
Northeast 3 1944 2,025 to 2,050 100 376 5 25

South End Vi 1944 1,892 to 1,930 87 380 4 40

Southwest 1 1945 2,080 to 2,099 1,011 17 8 146
Scuthwest 6 1945 1,925 to 1,940 206 314 13 27

Central C-18 1945 1,970 to 1,990 60 306 48 46

South Bnd 7 1944 2,515t02,050  gee g7 2 48T
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RESULTS OF PUMPING TESTS AT NEW SOUTHWEST PLANT, HOUSTON, TEXAS

By Joe W. Lang and R. W. Sundstrom

In 1945 six wells were brought into production by the City of Houston in its
w-Southwest well field. The wells range in depth from 1,380 to 1,520 feet and
out 400 feet of water sand is screened in each, all below a depth of about 550
sot» The wells are in a locality where withdrawals of ground water from thege
de has been relatively light. Although they were drilled and developed during

first half of 1945, only one well (No. 1) was placed in operation, being
nected with the City maing on July l. The remaining wells were idle until the
amping tests in November. Well 1 was shut down about October 20, For these
casons, an exceptionally good opportunity was offsred late in November 1945 for
mping tests by the Theis ‘mothod. Such tests were made by the writers during the
iod November 20-28, inclusive.

: The main purpose of thatests was to determine the cosfficients of storage
nd transmissibility of the sands from which the wells draw watsr. These
fficients can be used for computing future pumping levels in the well fleld
¢h in turn serve as a guide for planning fubure well installations.

History of the tests

The six new wells are situated southwest of the city in a line along the north
e of the Houston-Clodine road and are numbered consecutively from east to west,
inning with well 1 on the east. The position of the wells and distances between
m, which range from 1,560 to 2,703 feet, are shown in figure 14.

The static water levels in the wells were measured each day for © days pre-
ing the tests. The tests were started November 20, 1945, at 10:35 a.m. TFirst,
1 1 was started and pumped continuously for 192 hours, while frequent measure-—
ts of the water lsvels wers made in all the wells to determine the drawdowns
duced by the pumping. At the end of 72 hours well 4 was turned on and pumped

* 72 hours, while water-livel observations were continued in the other wells and
_drawdowns produced by pumping the two wells were determined. At the end of 144
rs well 4 was shut down, while pumping was continued in well 1, and the result-
» recovery in water levels in all the wells was observed for 48 hours. :

The measurements of depth to water were made by means of a steel tape in all
ept the pumped wells. In the pumped wells the water levels were measured by
ns of a pressure gage on an air line and were checked occasionally with tape
isurements. The amount of water discharged from the pumped wells was measured
the gtorage reservoirs at the Southwest pumping station.
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Analysis of ‘data obtained from the pumping tests ‘ "

The Theis 3/non-squilibrium formula was used for computing coefficlents of
snamigsibility and storage from the results of the tests. These coefficients
s & measure of the ability of the aquifer t¢ transmit and to store water and,
combination with data on the length of time of pumping, distance from the -
ped well, and rate of pumping, are the factors that determine the amount and
o of drawdown of the water levels caussd by pumping from wells. Differences
tield conditions from-those assumed in the computations, the most important
gymption being that the aquifer is of infinite extent, affect the results, but
effect of these differences is not great in aquifers as extensive as thoge

 the Houston districte

The eoefficient of transmissibility may be expressed as the number of gallons
water that will move in one day through a vertical strip of the aquifer one foct
e and the full height of the aquifer under unit hydraulic gradient (ons foot
foot)s '

~The coefficient of storage, expressed as a decimal fraction, is the volume

' water, measured in cubic feet, released from storage in each ecolumn of the
uifer having a base area of one square foot and a height equal to the thickness
the aquifer, when the artesian head is lowered one fcot.

T P

The non-equilibrium formula is: i
| -1

du

——
[
=

s = 114.6 Q
as

which s is the drawdown in fset at any point in the vicinity of a well pumped

a uniform rate, Q is the discharge ¢f the well in gallons a minute, T is the
ficisnt of dransmissibility of the aquifer in gallons a day, r is ths distance
the pumped well tc the point of observaticon in feet, 8 ig the coefficient of
age of the aquifer, and t is the time the well has been pumped in days.

~ Wenzel 4/discusses the application of the non~equilibrium formula as follows:

37 Theis, C: Vi, The relaticn between the lecwering ¢of the piszemetric surface
; he rate and duration of discharge of a well using ground-water storage: Am.
bhys. Unicn Trans. 1935, pp. 519-524.

4/ Wenzel, L. K.,tMethods for determining permeability of water-bearing
orialst Us. S. Gecl. Survey Water-Supply Paper 887, pp. 88-89, 1942,
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"The formula may be used in twc ways. If the ccefficient of transmissibility
and the ccefficient of storage are known, the drswdown can be computed for any

ime and any peint on the ccne of depressicn. If the drawdcwns are known, the
officients of transmissibility and stcrage can be computed. If the drawdown is
nown T and S can be computed either from the drawdown curve of cne well or fram

ne drawdowns that are observed at any one time in a lins of wells == that ig, from
ne form of the cone of depressions

"As the ccefficient of transmissibility appears ch both gides of the equation,
he formula cannct . be gelwed directly for T and S, However, T and S may be ccn-
eniently determined by the fcllowing graphical methcd suggested by Theis. The
n<equilibrium formula msy be written

8 ”’llé:ﬁw@W(u)
T

n which W (u) may be read as 'well functicn ¢f u' and the other terms as pre-
{ously defined.

weu) = 0.577216-log Juu — uf ¢ B -t
2e21 3+3! 4447

u = 1.87 rgg .
Tt :

"When T and S are t¢ be debermined from observaticns ¢n the drawdcwn in cne

1ell, the leg of the drawdcwn is plotted against the leg ¢f the reciprocal of the

ime since pumping began (s against 1)+ When T and S ars t°o be determined frem

t

he drawdowns in a line of wells, the log of the drawdown is plotted against the

g of r®. If the fcrmation was entirely homegenecus and the water was discharged
t .

nstantanecusly with the fall in pressure, all pcints sc¢ plotted, for all times and

11l wells, wculd fall ¢n a smeoth curve. The curve so determined is a segment Of

he type curve produced by pletting the log of the value ¢f the integral, W(u),

1gainst the log of the quantity us If, therefore, (1) the type curve is plotted

logarithmic paper and (2) the c¢bserved drawdcwn values are plotted ¢n trans-

‘ent paper against 1 for cne cbservaticn well of r2 for a line ¢f cbservaticn

} T T

iells to a logarithmic scale the same as that used for pletting the type curve,

) the obgserved curve can be fitted tu the type curve in cnly cne place. Then

) frém this fit the value of W(u) and the correspending valus ¢f u may be deter-

ned frim the type curve for any selected point ¢n the ¢bserved curve, which (%)

¥ be used in conjuncticn with the cbserved values for that point t¢ determine

and S, ‘

"The ccefficient ¢f transmissibility is then computed by the formula

T & 114.6Q W)
s

"Phe ccefficient c¢f storage is ccmputed by the fcrmula

- uTt
8 = Togv.2
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In acecrdance with the furegoing discussicn, ccmputétiens were made fcr

g and gﬁ foer wells 2, 3, %4, and 5 during the pumping ¢f well 1, and for wells

5 and 6 during the pumping ¢f wells 1 and-4. These cumputations were plotted

on logarithmie paper and matehed with the typs curve, and values fer the co=

pricients cf transmissibility (T) and storage (S) were determined fer wells 2,

5, &, 5, and 6. Finally the coefficient of transmissibility fcr well 4 was deter-

mined by the reccvery method, using the formula g o 264Q 1og. % . in which b |
: "y 10 %v? T ois

plotted against s (t is the time since pumping started, t' the time since pumping

stopped, and s the residual drawdown)- The results are given in the table belcw!

Coefficients of transmissibility and sterage computed from pumping tests in
the Scuthwest well field, Hcuston, Texas, November 20 tc 28, 1948

Ceefficient -f Ccefficient cof
transmissibility stcrage Remarks
T, gpd/ft S ,
N - o Pumped continucusly through-

cut test.

156,000 . 00089 T and S c¢btained during pump-
ing of well 1.

139,000 - .0012 Do

152,000 0012 Do.

145,000 .0011 | De.

140,000 00095 T and S obtained during pump~
ing of wells 1 and 4.

146,000 »0012 Do :

141,000 — ' From recovery of well 4.

verage 145,000 ' | .001"

As shown by the above table, the ccefficlents ¢f transmissibility in the
ndividual wells range from 189,000 tc 156,000 gpd/psr £t and average 145,000
pd/ver ft. The ccefficients of sturage determined from the pumping tests range
rom 0.00089 te 0.0012 and average abcut 0.001. In the computaticns ¢f future
rawdown given on pages 29 to 22 the figures 140,000 and 0.001 were used fcr
he ccefficients c¢f transmigsibility and stcrege, respactively.

The specific capacity ¢f a well is the discharge drawdown ratic (generally
Xpregsed ag the number ¢f gallons a minute a well will yield for each foct cf
rawdcwn). The specific capacities ¢f wells 1 and 4, 35.1 and 35.6 gpm pesr ft
sgpectively, were obtained by dividing the average yield ¢f the wells by the
rawdown at the end ¢f the 72-hour periods of pumping. The specific capacities
f the cther wells, except that for well 6 were wbtained during pumping tests
anging in length from 24 tc 48 hours each in April, May, and June 1945, that
or well 6 was egtimated frem a short preliminary test. The following table
ives the average rate of pumping and the drawdown in water level in each well
Uring the testsg, the lengths of the tests in hours and the dates on which they
Sre run and, finally, the specific capacity, ccmputed or estimated from the
8sults of the tests.
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Specific capacities of wells in the Scuthwest well fisld, Heuston, Texas,
1945; cemputed or estimated from results of pumping tests

Pumping  Rete f Drawdown ) "' Specific
1 level pumping cf water Duration Date of capacity Remarks
(feet below (gpm) level = cof test test  (gpm per
pump bage) (feet) L/ (heurs)  (1945)  'fect)
Iv4 2,600 . 74 78 Nev. 20 35. 1.
204 3,080 109 48  Apr. 23 28,2 Test by Layne-
: Texas Cc+
215 3,040 120 24 May 5 25.2 Do
167 2,660 75 72 Ncv. 23 35.6
182 3,490 90 48 June 15 38.8 Test by Layne-
Texas Co.
129 1,470 43 6(?)Feb. 23 34.2 Estimated frem

preliminary test by
Layne~Texa§ Co.

1/ In ccmputing the drawdown fcr each well the static water level as of
svembar 20, 1945 was used.

Ccomputed future pumping levels

As previcusly stated, six wells thus far hsve been drilled in the Scuth-
a8t well field and scrsened in sands at depths between about 550 and 1,500 feete
eintract has been let by the City for the installaticn of twe additicnal wells
n the autumn or winter of 1946, to penetrate the same sands. These two wells
L1l be situated along the present line extended toward the west -— well 7 at a
stance of about 2,200 feet from well 6 and well 8 about 2,950 feet from well 7.

According to Mr. G. L. Fugate, chief designing engineer in the City Water
partment, it is proposed to pump an average of about 15,000,000 gallons a day
om the eight wells, representing an average of 1,300 gallons a minute per well.

In computing the drawdowns in the vumped wells themselves, it was assumed

at in actual practice the pumps will be operated at or near their full capacity

* 8,100 gallons & minute and that the averagse rate of 1,300 =zallons a minute will
 maintained by intermittent pumping. The figures on drawdowns in the pumped wells
lown in the tables, therefore, were obtained by dividing 2,100 by the gpecific
pacity of each well. The following tables give the comouted drawdown in sach

Ll, at the end of 1 year and at the end of 5 years, that would be produced by

§ own pumping plus the drawdown in the well producsed by pumping the other gseven i
lls at an average rate of 1,300 gallons a minute each, or a total of nearly
4,000,000 gallons a day. Ths figures on drawdown in wells 7 and 8 caused by their
N pumping are based on estimated specifiec capacitities of 30 (gpm) per foot.




@puted future drawdown and pumping level in 8 wells (6 completed and 2 proposed){
“the end of 1 yesar, that will be produced by pumping an average of 15 million
i1ons a day from the 8 wells at the Southwest plant, Houston, Texas ‘

Cosfficisnt of transmissibility, T = 140,000 epd/ft
Coafficient of storage, S = 0.001

d of l_year»(each well pumping an ayerage of 1,300 gpm continuously)

Well 1  Well 2 Well 3 Well 4 Well & Well 6 Well 7 Well 8
Drawdown (in feet) caused by pumping other wells

- 8.2 7.1 6.5 5,8 5.2 4.8 4.4
842 - 9,1 7.7 646 5.7 5,2 4.7
7.1 9.1 - 9473 7.3 6.2 5.6 5.0
6¢5 7.7 943 - 8.3 6:8 640 5.3
5.8 6.6 - 7.3 . 8.3 - 8.1 6.9 5e9
5.2 5.7 6.2 6.8 . 8.1 - 8.6 6.8
4.8 5.3 5.6 6.0 6.9 846 - 7.9
4.4 4.7 . 5.0 5.3 5.9 6.8 7.9 -
1 drawdown
d by other
42.0 47.3 49.8 49.9 48.9 47 .4 45,0 40.0
own ocauged
nped well , .
£ a/ 64.9 80.0 89.6 6441 59.6  76.3 76.3 76.3
c water
1945
below
| 100.5 94.9 94.1 92.0 91.6 86,3 84,08/ 83,00/

207,4  222.2 233.3 206.0 200.1 2L0.0 205.3 199.3

ed‘on pumpage of 2,100 gallons a minute per well, and estimated specific
acities of 30 gpm/ft for wells 6, 7, and 8.




gmputed future drawdown and pumping level in 8 wells (6 completed and 2 propoged),
t the end of 5 years, that will be produced by pumping an average of 15 million
allons a day from the 8 wells at the Southwest plant, Houston, Texas

Coefficient of transmissibility, T = 140,000 gpd/ft
Coefficient of storage, S = 0,001

d of B years (each well pumplnv an averago of 1,300 gpm contlnuouslv)
1 causing

Well 1 WellAB Well 3  Well 4 Wsll 5  Well 6  Well
(Drawdown_ (in feet) caused by pumping other wells

9.9 8.9 8.2 7+5 6.9 6.5
10.8 9.4 - 8.3 7.4 7.0

| 9.1 7.9 73

8 5 - 7.8

8.6

84,02/ 83,00/

236.0 2472 220.0 214.2 2825.6 . 221.2 215.0

ased on pumpage of 2 100 gallons a minuts per wall, and estimated specific
apacities of 30 gpm/ft for wells 6, 7, and 8.

'stimatedr
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For convenlence in making further computations, the following table has been
reds This table gives, in feet, the computed drawdowns that would be produced
ch well by pumping continuously 100 gallons a minute from the well itself Qr

g any other well in the fisld. -

gomputed deeline, in feet, for each 100 gallons a minute pumped continuously
each of wells 1, 2, 3, 4, 5, 6, 7 and 8, for periods of 1 month, 3 months,

ths, 1 year, 2 years and 5 years. (Assuming well losses to vary directly with
args) » '

~ Computed decline,in fset,for each 100 2pm pumped continuously from well 1
Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 Well 7 Well 8
3.04 0.428  0.345 0.295 0.242 0,197 0.169  0.139
513 0.518 0.437 0.384 . 0.330 0.284 0.255 0.223
3419 0.576 0.492 0.442 0.387 0.341 0.311 0.279
3.81 0.633 0.549 0.502 0.444 0.398 0.368 0.335
3.29 0.692 0. 806 0.5565 0.503 0.454 0.424 « 0,391
3438 0.764 0.681 0630 0.577 0.529 0.503 0.466

Computed decline,in feet,for each 100 gpm pumped continuously from Wweil 2
Well 1 Well 2 Well 3  Well 4 Well 5 Wall 6 Well 7  Well 8
0428 3.77 0.495  0.390 0.302 0.240 0.203 . 0.165
0.518 3.86 0.584 0.479 0392 0.328 0,290 0.251
04576 3.91 0.642 0.537 0.449 0.385 0347 0.307
04633 3,97 0.699 0.593 0.504 - 0.442 0.404 0.364
0.692 4.02 0.756 04+ 642 0.563 0.503 0.460 0.420

oS

s

o

e

_0.784 _ 4.10 0.851 _ 0.726 __0.638  0.574 0,585  0.495

T,

-,

'5omputéd decline,in feet,for each 100 gpm pumped continuously from well 3
Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 Well 7 Well 8
0.345 0.495  4.25 0.512 0.362 0.277 “0.231  0.1860
0,437 0.584 4., 34 0.602 0.452" 0.366 0319 - 0.873
0.492 0.642 4.40 0.659 0.508 0.423 0.376 0.329

- 0.549 0.699 4.46 0.716 0.565 0.480 0433 0.386
0.606 0.756 4.50 0.773 0.628 0.537 0.490 0.445%
0.681 0.831 4,59 0.853 0.698 Q.612 0.565 0.517

Computed decline,in fest,for sach 100 gpm pumped continuously from.mo*ifz
Well 1 Well 8 Well 3 Well 4 Well 5 Well 6 Well 7  Well

0+295 0.390 0.512 3,00 0. 445 0.320 0.262 0. BHE
0.384 0,479 0.602 3.09 0.527 0.410 0.351 0.295
0.442  0.537 0.659 3.15 0.593 0.4867 0,408 0.352
0.503 0.593 0+716 3.20 0.649 0.524 0.465 0,409
0.555 0,642 0.773 3.25 . 0.706 0.581 0.522 0.466
0.630 0.726 0.853 5.34 0.781  0.656 0.597 0.541
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Computed declihe,in feet,for each 100 gpm pumped continuously from well 5
Well 1  Well 2 Well 3 Well 4 Wall 5. Wall 8 Well 7 Well 8

n o 0.242 0.302 0.362  0.445 2.80 0.422 0.325  0.249
onths  0.330 0.392 0.452 0.527 2.89  0.512  0.414 0,338
onths 0387 0.449 0.508 0.593 2.95 0.569 0.472 0.395

0.444  0.504 - .0.565 0.649 3.00 0.626 0.529  0.452

8 . 0,503 0.563 0.628 0.706  3.05 -  0.683 0.585  0.508

6873 0.577 - 0.638 0.698 0.781 3.14 0.758 0:660  0.583

Computed'deciine,inffaet;fbr each 100 gpm pdmped continuously from well 6
Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 Well 7 Well 8

nth 0.197 0.240  0.277 0.320 0.422 3. 61 0.459 0.317
onths  0.284 0.328 0.366 0.410 0,512 3,70 0.545 0,406
ionths  0:341 0. 385 0.423 0,467 0,569 3,76 0.603 0. 464
é 0.398 0.442 0.480 0.584 0.626 3,82 0.660 0.521
Bars 0.454 0.503 0.537 0.581 0.683 3.86 0.717 0.577

0:529  0.594 _ 0.612 _ 0.656__ 0.758 _3.95 __ 0.792 _ 0.652

Computed decline,in feet,for each 100 gpm pumped continuously from weli 7
Well 1 Well 2 Wall 3 Well 4  Well 5 Well 6 Well 7 Well,B

nth 0+169 0.203 N0.231 0.262  C.325 0.459  3.61 0.408
onths  0+255 0.290 0.319 0.351 0.414 0.545 370 0.497
onths  0+311  0.347 0.376 0.408 0.472 0.603 3.76 0,555

0.368 0+404 - 0.433 0.465 0.529 04660 3482 0.612
0+424 0.460 0.490 0.522 0.585 0.717 3.86 0,669
D503 ~0.535 0565 0.897 6. 660 0.792 3.95 C.744

Computed decline,in feet,for each 100 gpm pumpsed continuously from well 8
Well l Well 2 Well 3 Well 4 Well 5  Well 6  Well 7 Well 8
> 0.139 0.165 0.186 0.208 04249 0.317 Ne408 3.61
onths 0.283 0.251 0.273 0.295 0.338 0.406 0.497 370
onthg 0.279 ©.307 0.329 0.352 0.395 0.464 0.555 3476
06335 0364 0.386 0+409 0.452 0.521 0.612 3.82
0391 0420 0.442 0.466 0.508 0.577 0.669 3.86
- 0.466 0.495 0.517 D541 0.583 0.652 0.744 3.95

In computing the future drawdowns no account was taken of the current downward
nd of the water levels throughout the Houstin-Pasadena area, which is due to o
ge increase in the regional pumpage in recent years. From recent water-level
surements 1t is roughly estimated that the amount of dscline at the Southwest

nt due tc this general increase, plus the effect of seascnal increase in the

nal pumpage, may be of the magnitude of 6 or 8 foet between November 1945 and
tember 1946, The regional decline due to past pumpage doubtless will continue
more than a year, but if there is nc further increase in the regional pumpage
rate of decline shculd gradually lessen until equilibrium is reached.

Alsc, the effect of recharge on the outerop of the water-bearing sands was not

én into accounts This recharge should,in time, reduce the rats of drawdown shcwn
the computaticnss However, the outcrOps are at a congiderable distance from the

thwest plant, prcbably about 30 miles on the average, and the effect in1l to 5

rs would be relatively small.
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SUMMARY

The totel pumpage from wells in the Houston end Pasedene sreas in 1946 was

highest on record, smounting to an averege of about 119,000,000 gallons & day,

pumpage in 1945 wes the second highest, with an averege of 112,000,000 gellons
and in 1944 wes third highest, with an sverage of 108,000,000 gallons a

The delly average for 1943 was 94,000,000 gallons end for 1942 was 85,000,000

1ions, During the period 1930 to 1936 inclusive, it was neerly constent at

out 50,000,000 gallons & day, ’

Pumpege by the City of Houston, included in the above figures, aversged
,800,000 gellons & day through November, 1946 as compared with 43,200,000 gellon:
day in 1945, 39,500,000 gellons in 1944, 35,200,000 gallons in 1943 50 500,000
l1lons in 1942 and 27 200,000 gallnns in 1941,

As wes to be expected, the lerge increese in the rate of ground~water with-
ewels in the Houston end Pasedena arems from 1941 to 1945 (see teble, p,5°)

used the general decline of water levels, which begen in 1937, to proceed at an
celerated rete during 1942, 1943, 1944, and the first 8 months of 1945, In the
servetion wells that are screened opposite the heevily-pumped sends et Houston

d Pesedens end in the aree west of Houston, the everege decline from the spring
1942 to the apring of 1945 wes 27,5 feet; the lergest everage decline, emount-
g to 39,0 feet in 21 observation wells, occurred in the eastern Houston end
sadena—Shlp Chennel aress, During the eutumn of 1945 end the winter of 1945-46,
e pumping in the industrial erees wes curteiled to some extent, As & result of
is reduction 10 of the observation wells in the eestern Hnuston end Pesadensa

eas had only a smell net decline end 12 showed & pronounced rise in weter levels
setween spring meesurements in 1945 end 1946 (see hydrogrephs, figs, 3, 4, end §,
37%-39) . In the northern, central, end western perts of Houston the dscline from
45 to 1946 wes greater then it was from 1944 to 1945, This decline, it is
¢lieved was due in pert to the spread of the comes of depression produced ot
esedena end elsewhere by heavy pumping during 1943 and 1944 end the first 8 month:
1945, With renewed pumping ectivity sterting in the spring of 1946 end resulte
1g in en 8ll time record of withdrewsls the weter levels which had shown rises

1 decreased declines in proceodlng months egein sterted downwerd, It 1s expected
shet the levels in the spring of 1947 will show & substential decline below those
recorded in the spring of 1946,

1 In the Katy area it is estimeted thet 37,530 ecrcs of rioce wes irrigeted in
946 es compered with 34,230 acres in 1945, 31,740 ecres in 1944, 24,200 scres in
940, 13,750 ecres in 1957 end 8,000 ecres in 1955 The records show that the
umpege 1n eere-foet per acre usuelly veries inverscly with the rainfall during
he growing seeson, the total smount of weter(pumped water plus reinfall) appiled
30 the irrigated: 1and during the sesmson-in;mast of the years of the period being
‘emerkebly uniform (see teble, p.16 Yo In 1946, however, although the reinfell
uring the growing sseson was’ the second hlghest on reccrd, the storm water ceused
onsiderable demege to irrigetion levees with a conscquent loss of weter from the
loe fields. Therefore it wes necessery to pump on the eversge ebout as much
teter per sore.as the average pumped during. severel preceeding yeers, Expressed

s a daily average for the entire year, the totel pumpege emounted to about
8,000,000 gellons & day in 1946 as compered with 50,000,000 gellons inl94% end
5,000,000 gellons in 1944,

The water levels in the observation wells of the Katy area showed an savereage
ocline of 3,5 feet from the spring of 1943 to the spring of 1946, of which 1,6
set ocourred in 1943-44, 1,4 feet in 1944-48, end 0,5 fept in 1945 46, During
he 15-year period frem 1931 to 1946, the 11 wells for which comparetive measure-
ents are avallable showed en everege decline of 13,6 feet,
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The outcrop areas of the water-bearing sands that supply the wells of Hcuston

id Pasadena include the Katy pumping district. Except in this district the water

ols in water-table observation wells in the ocuterops north and northwest of

ston were from 5 tc 10 feet higher during the pericd from 1941 to the sutumn of
46 than they were in 1938-40, and in the few wells for which comparable measure—
nts are available they were as high or higher than they were in 1931-34. This
dicates that recharge to the sands in a large part of the outercp has been
pater than the amount of water transmitted down the dip toward the heavily-
umped areas. A large propertion of the recharge was contributed during the
normally wet year November 1940 to October 1941 and during paricds of above
erage rainfdll in 1945, and during the abnormally wet year 1946.

In the Bammel gas field and the surrounding territory tc the northwest of
uston, an abnormal rise in water levels began in December 1942 and ccntinued for
veral menths. This rise was caused by the escape ¢f large quantities of natural

as frem a leaky gas well inte the water-bearing sands. Many water wells in and
ar the gas field began tc flow and continued tc flow for several months. The
satest total rise reccrded between December 1942 and September 1944 was 6l fest
well 268 at Westfield. Sinece September 1944 the water levels have declined
eadily, and measurements made since January 1946 indicate that in most cf the
1ls of the area the water 1»vels have returned tc, cr are approaching, the
rmal stage.

The pericdic analyses ¢f water samples frem selected cbservaticn wells, the
atest of which were made in January'and February of 1946, show nc significsng
hange in the chemical compesiticn of the grouad water c¢f the Hcuston district.

In ccnnection with the ccoperative investigation a series cf pumping tests
ere made in November 1945 on the six wells at the new Scuthwest well field of the
ity of Heuston. Analyses of the results ¢f the tests by the Theis ncn~equilibrium
ethod gave values fcr transmissibility of the water-bearing sands ranging from
39,000 tc¢ 156,000 and averaging 145,000 gpd/ft, and ccefficients of stcrage
anging frcm 0.00089 t¢ 0.0012 and averaeing 0.0010. Using these figures, and a
igure of 15,000,000 gallons a dey from eight wells as ths assumed average rate ¢f
umping, future pumping levels in the eilght walls were cemputed for pericds of 1
ear and 5 years. The declin= in each ¢f the eight wells for each 100 gallons
‘minute pumped per well was alsc ccaputed for pericds ranging from 1 menth to 5
ears., : '

It is ccneluded that the ground-water reservceir of the Houston district has
ade a most satisfactcry sh.wing during the recent pericd cf heavy demand. Thus
ar, ncthing can be sesn in the reccrd tv shew that the economic pumping yield has
een exceeded; nevertheless, practical cinsideratiivns print to the desirability of
ermanently reducing the present draft in the most heavily pumped areas. With the

¢line in water levzls in these areas and adjacent territory the cuogt of pumping
s advanced, the pumping levels have fallen belcw the tep of the pump bowls in

M2 wells and are nsar that level in cthers. This necessitates lengthening cf

2 pump column and,in scme wells, costly replacement ¢f pump and power equipment.
wells whose. diameter is reduced a short distance below the present pump setting
may be impessible t¢ lewer the pump, and the wells may have t¢ be abandcned.

With the recent additicn of the Scuthwest well field in a locality cumpara-
Lively remote froem cther aress of heavy pumping, and with improved pipe line
8cilities, the City Water Department avpears to be in an sxcellent positien fer
iseting public requirements during the ccming year.
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WELL 619~-CITY OF HOUSTON
LINCOLN POOL
DEPTH 900 FEET
SOUNDED 625' 5-28-40
Elevation of Measuring Point 45Feet

WELL 656-TEXAS CREQSOTING CO.
DEPTH 666 FEET
- Screen 622-666Feet
Elevation of Measuring Point 64 Feet
! | : —
: t : . 1
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