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ABSTRAOT

No important change_ in the tottl rate of withdrawal from well. in c.lvelton County took place from
1952 to 1957 The Bnuge ute was about 25 lDgd \lIIillion gdloll$ per day). Howeyer. the amount of .ater

pwnped for public aupply inere••ed from about 13 3 .gd in 1951 to about 15.3 mgd in 1951 and the '~unt

of .ater p~ed for irrigation incre.sed frOIll about 500,000 gpd in 1951 to an •• timBted 2 IlIgd in 1957.
During the "lIIe period tbe amount of .ater PUMPed for industrial 'apply decre'.ed (r~ 12 8 lIIgd to about
6 lIlgd.

Use in G-lveaton County of aurrace •• ter fr~ tbe Br.~o' River .1ao remained about the a.me era.
1952 to 1957-·about 70,000 'cre-feet per year. Induatrial uae of aurface water increaaed from 18 700
acre-feet in 1951 to 43,200 acre-feet 10 1951 Irrigational uae of aurface water for growing rice
de:lioed fr~ about 50,000 acre-feet 1n 1951 to about 22,500 acre-feat ~n 1957.

Wate~ le~ela in wella in GAl~eatOD County changed ~ery little or declined elowly.in,~be-pariod

1952·51 Water le~ela in .ella in the ~ic1nity of the city of GAl~aaton'a well field near Alta La.­
have decl~ncd ~ery alowly aince 1945, hut haye ahown more s.asonal fluctuation aince 1954 becaute of
5eaaoot1 pumping-rate chan~' Water le~ela in the Tex.s City .re. ch.nged ~ery little between 1952
and 1951 but the w.ter leyela in wells in the .~allo.er aands of the Beaumont clay in northern
Ga:~~staq County continued to decline at an ayerage rate of 2.5 to 3.5 feet per year from 1952 to 1957.

The land surf'ce continued to tubaide 1n the period 1952_51, altbough in the Texas City area,
where m.:lat of the aubaidence h.. Uken pl.ce, the rate of subsidence lesaened

The ~hemical qu.lity of the w.ter from wella ••••bout the a.~ in the peTiod 1952-51 as in 1951,
ex:ept in a few well. in the Alta Loma and Texaa City are.s. Moat Qf the wella in the city of
Gelyeston's ·old· well field near Alta Lama y1elded water of about the .ame chloride content in 1952-51
as ~D 1951, escept the .ater from well 2, which increaaed in chlor1de content at about the .ame rate aa
i~~G 19.6 to 1951 Howeyer, the chlor~de content of water from well 2 w.a let. io 1951 than that from
.elis 3 4, and 8, which .... bet..eer. 750 and 900 parts per million from 1952 to 1951. The chloride coo­
tent of water from well. in the city of GAlYeat~n'. ·ne.· well field near Alta Loaa changed ~ery little
fro. 1952 to 1951, although the chloride content of .ater !rOIl ..ell 10 incre..ed to about the ..me ..
that in "e-::'I 9 in 1951 In the Texas City area a few of the .ella in the upper "nds of the aeaWllOnt
:la/ 7ielded .ater that had a higher chloride content tban in 1951, bat the increaae .as amall and may
o~ .ay not be indicatiYe of future change•.
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INTRODUCTION •

This is one of a serIes of reports· on the ground-water resources of Gal~e.ton COunty prepar~

by the united States C~olog1c81 Survey in cooperation With the Texas Board of Water Engineers and
the city of Galveston. The report presents data on pumpage, changes in water levels, changes in
chemJcal quality. and related Lnformation compiled during the period 1952-57. Similar data and
tabulations of well records through 1951 ~ere prepared by Petitt and Winslow (1955). They
summari~ed the geology, geography, and climate of Galveston COunty; therefore, these topics will
not be discussed In thIS report. Well numbers used in this report are the same as those used by
PetItt and Winslow.

Galveston COunty 15 on the upper Gulf Coast of Texas, about 25 miles southeast of Houston
(fi~. 1). It has an area of 710 square miles, of which 430 square miles is land. It is bounded
on the west by Brazor1a County, on the north by Harris and Chambers Counties, and on the south­
east by the Gulf of MeX1CO (pi. U.

The field work and preparation of the report were under the administrative direction of
A. N. Sayre, chief of the Cround ~ater Branch, U. S. Geological Survey, and under the direct
superVIsion of R. W. Sundstrom, -district engineer in charge of ground·water investigations 1n
Texas.

PUMPAGE

In 1957 all water for domestic and public supplies in Galveston County was obtained from
wells. Before July 1948 all industrial water also was obtained from wells, but thereafter the
1ndustrial supplies in the Texas City area were supplemented with surface water to help counter­
act problems of salt water intrusion and subsidence of the land surface. Because of continued
1ndustr1al expanS10n, the use of surface water for lodustrial purposes has increased from 16.7
mgd 1n 1951 to 38.6 mgd 1n 1957 CraDle U.

Truck gardens. fruit orchards, and some rice rams were irrigated from flowing wells from
shortly before 1900 until abo~t 1930, when the flow stopped in moat wells owing to a decline in
artesian preasure. As the natural flow from a well became small, the yield commonly was in­
creased by pumping. Irrigat10n of truck gardens by wells equiPRed w1th pumps continued through
1957, but the amount of water used was comparatively small (estimated at 500,000 gpd) during
the period 1952·57. Some rice was irrigated with ground water in Gelveston County in many of
the years during the period 1900-57. In 1951 about 80 acres of rice was irrigated with ground
water near Friendswood and 1n the period 1954-57 a few hundred acres of rice was irrigated from
wells near ~ckinson. However, rice has been a major crop only since 1942, when surface water
from the Brazos ~ver was made 8Tailable in r.lveston County (table 1) .

. . .
I • d • • , • , .'. • i , • : • i , , • t • , • T 0 , . I

llilh~lI ,.l.i.>u A.> .... r.e~ A"r •• .c .. lt._feee Acrc_h.t.
Y... _· p." 4.y p." .,.... per y•• r p.... yt. ...

195. li. It,lOO 20,000 50,000 68,700

1952 "
, 2S,500 11,000 .n.500 .. 000

1953 21 • 30 900 16,000 40,000 10,900

US4 Jl 8 " 000 15,000 40,000 75.600

HH "
, n 000 11,000 21,500 70, SOD.

BH " • 41,100 10,000 25, DOll 68,100

195 I " • U,200 9,000 22,500 65,100

• See selected bibhography, p. 23
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rual Board of Water Et\9lneers in cooperation ..ill'!
fn. u. S. Geologicol Sur.,.y al"d tM city of Galveston Bulletin 5808

FIGURE I. - Mop of Texas showing location of Galveston County.
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Practically all the water ~i[hdra~n from wells in Galveston County comes from sands in the
Beaumont clay (Petitt and Winslow, 1955, p. 15-21). The principal aquifer is the basal sand
unit of the Beaumont ~18Y, locally kno~n as the Ail8 Lorna sand because of its occurrence. and
the development of water from it, in the vicInity of Ail8 Lorna. Sands In the upper part of the
Beaumont clay constitute a less productive aquifer, the sands being tbinner. less persistent,
and less permeable. Ilowe....er. they are an important source of water for public supply because
the water IS of better qualIty than that in the Alta Lorna sand.

A pumpage unventory co?erlnF the preceding calendar year has been made In Galveston County
each SprIng_ Pumpage data were obtalned f~ all industries, municipalities. and water districts
pumpin~ mo=e than 5.000 gallons of ~ater per day. Although s~ of the smaller industries and
munlclpalltle3 do not meter the water pumped from ~ells, nearly all the larger water systems are
metered. The rem",:..~de:- ,r,tas estImated £:"oc data supplied by the owners. Pumpa~ figures for
1rTl~tion from wei Is are based on the acreage irngated, the duty of "'ater per acre, snd the
to~ai rSlnfali dLrlng the ~~p~ng season.

The rate of withdraws: of gr-ound water in Calves ton County chan~ YeT)' little durin~ the
perIod 1951-57 (table 2). Ground-water WIthdrawals for public supplies have Increased from
13.3 mgd In 1951 to 15.3 ~~ In 1957. DurIng the same period withdrawalS for industrial
supphes decreased from 12 8 mgd in 1951 co 6 mgd in 1957. About 500,000 @'l>d was WIthdrawn for
IrrIgatIon supplies durlng the period 1951 53; in 1954 the withdrawal was about 2.~ ~~

In 1955 It was about 2.2 mgd. and In 1956 snd 1957 about 2 mgd. The rate of withdrawal Ior
lrrlgation (princIpally for rIce) IS more than twice as large durin~ the irrigation season than
the average rate for the year shown in table 2

•
Table 2 • W~thdJ:"...la of ground water in G&l~eston County, Te~ ,

in mll1"on gallon. per day 1951 51. .
1951 1952 1953 1954 1955 1956 1957

PubE.: supplies:
G8huton 10 7 107 10 5 11 3 11 4 12.2 11 3
Texas City 1 5 1 6 1 • 1 9 1 9 2 2 2 4
WsteJ:" dutJ:":":u 1 1 1 ./ 2 0 2.0 1 7 1 7 1 6

Subtotal 13 3 14 0 142 .5 2 15 0 16 , 15 3

IndustrIal supplic~:

Oil rehneJ:":"U .( 0 6 6 5 4 • 9 4 4 4 4 4.3
Q,cm.i:al plaDts 2 7 1 3 1 2 1 1 5 9 8
Mi'cellaneoua induatr:~R 3 1 3 0 3 5 3 , ! 3 1 7 9

S:lbtoul 12 8 10' 10 ~ 9 , , 2 .( 0 6.0

I=rigatiOll:

R1.:c . . .. .. 2 0 1 7 1.5 1.5
Other crop. 5 5 5 5 5 5 5

Subtotal 5 5 5 2 5 2.2 2 0 2.0

TOTAL~ 26' 25 4 24 8 273 23 4 25 ! 23.3
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ALTA LOMA SAND OF BEAUMONT CLAY

~~st of the ground water withdrawn in Galveston County comes from the Alta Loma sand of
the Beaumont ~lay. The Galveston municipal well field near Alta Loma and the industrial area
of Texas City are the centers of largest withdrawal from the Alta Loma in Galveston County.
In the Baytown-La Porte area and the southeastern part of the Pasadena area, both in Harris
County, ground water is withdrawn from the Alta Loma sand at a somewhat greater rate than in
Galveston County. (Areas outside the county are shown on fig. 6.)

Withdrawals by the city of Galveston in the Alta Lorna area have become fairly stable,
ranging between 10 and 12.2 mgd during the period 1943-57 (fig. 2). Pumpage from the Alta
Loma sand in the Texas City area reached 18 mgd in 1944, decreased slowly to about 14.5 mgd
in 1948, and decreased further to about 5.6 mgd in 1950 after surface water became available
in July 1948. from 1950 to 1957 the rate of withdrawal from the Alta l~ sand in the Texas
City area decreased slowly to about 3.6 mgd.

In the rest of Galveston County pumpage from the Alta Lorna sand reached a maximum of about
3.7 mgd in 1954, about 2 mgd being pumped for cooling purposes on Galveston Island. ~Dst of
the remainder was used for rice irrigation in northern Galveston County. Pumpage from the
Alta Lorna sand in the same areas in 1957 was less than 3 mgd, the decrease being attributed
chiefly to a reduction in use of water on Galveston Island.

UPPER PART OF BEAUMONT CLAY

~bre wells in Galveston County are screened in sands of the upper part of the Beaumont
clay than in the Alta Lorna sand, but most of them are domestic and stock wells of small
capacity. ~hst of the large wells tapping the upper part of the Beaumont are in the Texas
City area, where they supply water for municipal and industrial use. Water from the upper
part of the Beaumont 1S more desirable for boiler makeup, drinbng, and most other purposes
because the chemical quality is better than that of water from the Alta Lorna sand.

The rate of ground-water withdrawal from the upper part of the Beaumont clay in the
Texas City area increased greatly during the war years and more slowly thereafter, reaching
a peak of "about 7.3 mgd in 1951 (fig. 3). Since 1951 the rate has sho~n a net decline,
dropping to 4.7 mgd in 1957, the lowest rate since 1942. The pumpage for industry in the Texas
City area decreased from about 5.5 mgd in 1951 to about 2 mgd in 1957, while the pumpage for
public supply was increasing from about 1.8 mgd to about 2.7 mgd.

Ground-water withdrawals from the upper part of the Beaumont clay throughout the remainder
of Galveston County are principally from public-supply wells or irr1gation wells, the pumpage
ranging from about 1 to 2 mgd during the period 1950-57. The sum of all the withdrawals from
domestic, stock. oil-well supply wells, and other miscellaneous small weljs is probably less
than 1 mgd.

CHANGES IN WATER LEVELS IN WELLS

The water levels in many wells in Galveston County were sufficiently high during the 1900's
and earlier that the wells flowed naturally. The water level stood as high as 32 feet above the
land surface in a well in the Alta Lorna sand near Dickinson in 1900 (Petitt and Winslow, 1955,
p. 48). Similar water levels were reported in other wells about that time, not only in wells 1n
the Alta Lorna sand, but also in wells in the upper part of the Beaumont. The water levels in
both aquifers slowly declined and by 1930 were at or slightly below the land surface.
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The rate of decline increased during the 1930's, and by 1940 the water levels were 40 to 70
feet below the land surface. During the 1940's the rapidly increasing use of ground water
caused rapid declines in water levels, but because of differences in rates of pumping and 10

aquifer characteristics the declines in the two principal aquifers proceeded at different
rates.

ALTA LOMA SAND OF BEAUMONT CLAY

~ater levels (~~lls 0-14, E·79, L·63, L·68. and L-25. fig. 4) in and near the Galveston
municipal well fields near Alta I~ declined rapidly in response to increased pumping between
1940 and 1945. Durlog the period 1945-53, ground-water withdrawals were at a nearly constant
rate in and near the well fields and the water levels fluctuated somewhat but declined very
little. Water levels declined faster in the vicinity of the M new" field (....·ells E-84, E-78,
E-87, E-83, and E-81, pl. I) from 1954 to 1957 (wells D-14 and E-79, fig. 4) because of an
increase in withdrawal from wells in the field and from other wells north of the Mnew• field.
Water levels in the ·old w well field (wells L-60, L-64, L-65, L-66, L-67, L-61, L-62, L-68,
pl. 1) have been nearly stable during the period 1945-57 (....~ll L-68, fig. 4).

In the Texas City area water levels in wells screened in the Alta Lama sand declined
rapidly from 1940 to 1945 and then slowly until 1948 (wells f-34 and f·50, fig. 5). With the
introduction of surface water in July 1948 and the resultant decrease in ground-water use, the
water levels rose rapidly until 1950. from 1950 to 1957 the water levels changed very little.
Water levels in the Texas City area were about the same during the period from 1950 to 1957
as they were in 1942-43.

1n northern C~lveston County water levels in wells screened in the Alta Loma sand declined
steadily during tbe period 1940-57(wel1s A-7, 8·40, and B-lO, fig. 5, and well D-3, fig. 4).
The rate of decline of about 4 feet per year is less than the rate in the Pasadena and Baytown­
La Parte areas of HarriS County (fig. 6), where the decline of water levels 1n the Alta Lama sand
from 1940 to 1957 averaged more than 5 feet per year.

The hydrograph of well L-33 (fig. 5) shows the change in water level in a well in the Alta
Loma sand in southern Gaiveston County. Although there have been no appreciable ground-water
withdrawals in this part of the county, the water levels have declined, being affected by the
large withdrawals In the Alta Loma and Texas City areas.

The approximate altitude of water levels in wells screened In the Alta Loma sand in ~~y

1957 is shoMn in figure 6. A comparison with the map for ~~y 1952 (Petitt and ~inslow, 1955,
fig. 21, p. 62) shows that the water level in the center of the cone of depression in the ....~ll
field north of Alta Loma declined about 20 feet from ~~y 1952 to A~y 1957. During the same
period in Harris County, the ....·ater level dropped about 50 feet in the Pasadena area near Deer
Park and about 20 feet at Bayto....n.

Profiles of water levels in wells in the Alta Loma sand from a point north of Deer Park
In Harris County to a point south of Alta Lorna for the years 1941, 1948, 1952, and 1957 are
shown in A-A' in figure 7. Profiles from a point north....·est of Alta l.oma to Texas City for
the same years are also sho....n as B-81 in figure 7. The estimated original water level
(before 1890) is sho1ll'Il on both of the profiles.

Seasonal fluctuations of water level in tbe Alta Loma sand in the Galveston ·new· well
field increased in magnitude after 1953. Changes in water levels in a well screened in the
main sand body of the Alta Loma sand and in a well screened in the underlying sand are sho1lln
on figure 8 together WIth the average daily pumpage each month from 1947 to 1957 from the
city of Galveston's wells near Alta Lorna. City of Galveston well 14 (E-92) was drilled in
1942 and was screened between 661 and 775 feet below the land surface. However, the well was
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FIGURE 8. - Changes in water level in a well screened in the main sand body of the Alto Lorna sand and
in a well screened in the underlying sand near Alto Lorna, compared with overage doily

pumpage each month from the city of Galveston's wells.
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not equipped with a pump until 1957. City of Calveston test well 2 (£-93) was drilled nearby
in 1941 and screened between 850 and 870 feet below the land surface. According to the elec­
tric log of test well 2, the main sand body of the Alta Lorna sand \screened in well 14) is
separated from the underlying sand (screened 1n test weil 2) by 50 feet of clay between aoo
and 850 feet below the land surface. In discussing the area containing these wells, Barnes
(1943, p. 23) stated:

"The exploratory drilling showed that the clays underiying
the main water-bearing sand are neither tlnck nor continuous' U

In fact, further study may indicate that the basal few feet of
the sand section in some of the test wells may not belong to
the main water-bearing sand but to the lenticular section below
the maIn sand in which the separating clays are entirely absent.·'

The similarity in the hydrographs of the two wells (fig. 8) is evidence that the two sands ~re

hydraulically connected, as no large amount of water has been ~~thdra~TI from the deeper sand in
Galveston County. Test well 2 completed in the deeper sand yIelded water of poor chemical
quality, containing 990 ppm (parts per million) of chloride. The electrIcal logs of other wells
and test holes in the Alta Lorna area also indicate that the water in the sands underlying the
Alta Lorna sand contain water of much poorer qualIty than that in the Alta Lorna sand.

The increased seasonal fluctuation In water le~els in the Alta Lorna area since 1953 is due
In part to the seasonal withdrawals from rice-irngation welis north of the "new" well field and In
part to the somewhat greater seasonal range in rates of withdrawal from the city of Galveston's
well fields (fig. 8).

UPPER PART OF BEAUMONT CLAY

The net declines of water levels in wells screened opposite sands in the upper part of the
Beauroont clay in the Texas City area ranged from 60 to 80 feet in the period 1940-45 (wells F-43
and F-60, fig. 9) as the rate of ground-water withdrawal increased during ~orld "ar II. After
the war the rate of decline became much slower as industriai production was reduced. "nen
industrial water supplies were supplemented with surface water in 1948. water levels rose
noticeably, becoming relatively stable after 1951 Iflg. 9).

Water levels in wells screened in the upper part of the Beaumont in other areas of Galveston
County declined Ill. a slow but rather steady rate \average of 2.5 to 3.5 feet per year from 1940
to 1957> compared with those in the Texas City area from 1940 to 1945.

The water levels in wells in the upper part of the PeaUll'Ont have declined at a much greater
rate than the water levels in the Alta Lorna sand in r.relation to the amount of water withdrawn.
The beds of sand in the upper part of the [leaumont tnlOsmlt water mucn less readIly than does
the Alta Loma sand, the sands of the upper part of the Deaumont being thlnner. more lenticular,
and less permeable.

SUBSIDENCE OF THE LAND SURFACE

Subsidence of the land surface that is occurring in 0alveston County is related to the
decline of water levels in wells, the decline of water levels being an indication of lowered
artesian pressure in the water-bearing sands. The lowered pressure 1n the sands of the
Beaumont clay has reduced the water content in the overlying and underlying clays. As a
result the clay particles have been squeezed together. for~ng a more compact mass and
causing the land surface to subside (Petitt and Ilinslow, 1955, p. 68-72).

'.
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The extent of the subsidence in Calveston County has been determined by releveling of
previously established level lines in the county. U. S. Coast and C~odetic Survey's level
line number Ill, which passes through Texas Clty, was established in 1930 and was releveled
in part in 1951 and in its entirety 1n 1953-54. Supplementary level lines were established
in the Texas City area by private firms during the period 1940-45, and many of the lines
have been releveled semiannually since 1951. The releveling sho.....s that the land surface
subsided more than 4 feet in the Texas City area from 193~ to 1954. In other parts of Galves­
ton County the subsidence ranged from only a few tenths of a foot to as much as a foot. The
area of maximum subsidence coincides ..... i th the area of maximum water-level decl ine in the upper
sands of the Beaumont.

The reduced rate of withdrawal durIng the period 1952-53 (fig. 3) is reported- to have
been accompanied by a reduction in the rate of subSIdence of the land surface, and the
increased rate of withdrawal in 1954 by an increased rate of subsidence. The lower pumping
rates of 1955, 1956, and 1957 also resulted in a reduced rate of subsidence during those
years.

CHANGES IN CHEMICAL QUALITY OF GROUND WATER

ALTA LOMA SAND or BEAUMONT CLAY

The chemical quality of water from the Alta Lorna sand has deteriorated markedly in several
places in Galveston County, a prime example being the "old" well field of the city of Galveston
(fig. 10). The eight wells in the city of Calveston's'old' field at Alta Lorna .....ere drilled
between 1914 and 1935. During that period the pumping rate Increased very slowly from 3.3 mgd

'to 4.5 mgd, and the chloride content of the water increased very little. ~hen well 8 was
drilled in 1935, the center of pumping moved southeast from ~~ll 3 to well 4, and the chloride
content of the water from well 4 increased unlll it was about the same as that from well 3
(fig. 10). The chloride content of water from well 8 also increased rapidly, and since 1939 it
has become nearly equal to that from wells 3 and 4. P.owever, the chloride content of water
from well 5, which is between wells 4 and 8 (see inset map, fig. 10), was generally somewhat
lower than that from wells 3, 4, and 8, and since 1950 it has been appreciably lower. The
erratic fluctuations in chloride content of water from well 5 rray be due to the physical condi­
tion of the well, the amount of time and the rate at whIch the pump was operated prior to
sampling, or differences in bedding. The average chlorIde content of water from wells near the
northwest (updip) end of the "old" well field (wells I, 6, and 7) increased slowly until 1938,
when it increased rapidly, but not as rapidly as it dId in ",~lls 3, 4, 5, and 8. Well 2, un­
like the others, showed very little change until 1946, but after 1946 the chloride content
increased progressively from less than 250 ppm to nearly 600 ppm. The chloride content of
water from well 7 increased from less than 350 ppm In 1934 to between 550 and 600 ppm by 1946
and remained about the same from 1946 to 1955, when the well was last sampled. Water from
wells 1 and 6 changed the least and was of the beSt ouallty at the time the wells were aban­
doned.. Well I-A, which replaced well I. yIelded water containing 420 ppm of chloride when
tested for 24 hours on July 11, 1956.

The shape of the" chlorographs" for wells 3, 4 and 8 (fig. 10) suggests that the
chloride content of the water from these wells has reached a maXImum ranging between 750 and
900 ppm. However, in the Texas City area the water from wells screened through the full
thickness of the Alta Lorna sand has a chloride content of 1.000 to 1,200 ppm. Union carbide
and carbon Co. test weIll (F-50, pl. 1) yielded water from near the base of the Alta Lorna
sand containing 1,440 ppm of chloride in 1941. Oh Galveston Island. wells NM5a and NM9
yielded water containing about 3,400 ppm of chloride. fven though the Alta Lorna contains
water of poorer quality downdip from the "old" field, the quality of water produced from the
"old" field probably will not deteriorate much further, provided that the pattern of pumping
and rate of withdrawal in southern Galveston County are not materially changed.

- Personal communication, Mr. Kirby Miller, American Oil Co., Texas City, Tex.
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Low-chloride water occurs in the upper part of the Alta Loma sand in wells south and south­
east of Alta Loma, as evidenced by the analyses of water from wells L-25, L-33, and L-ll, where­
as electric logs of those and nearby wells indicate that the water in the deeper part of the
Alta Loma sand is of much poorer quality. Barnes (1943, p. 22) stated that in four test wells,
each of which was sampled in the upper and lower parts of the sand, the water nearer the bottom
had the higher chloride content. The electric logs of all the test wells indicate that the
concentration of chloride in the water becomes progressively greater with depth, forming a
·vertical gradient- in the main sand. He stated:

MIn some cases this difference from the top to the
bottom of the sand is estimated to be small, while in
other cases the change is probably several hundred parts
per million. The vertical gradient of the chloride con­
centration found in all the test wells is probably char­
acteristic of the main sand in this locality, although
the chloride in the basal few feet is partially controlled
by local conditions. ~

Petitt and Winslow (1955, p. 46) concluded that the salt water in the Alta Lorna sand occurs in the
form of a wedge in the l~~r part of the sand, the wedge thickening downdip. They stated also
that salt water apparently is encroaching both from do~ndip and from the underlying sand where
clay beds are not present.

The chemical quality of the water from the ·new· well field has changed very little by com­
parison with that of the water from the ·old· ~~ll field. The chloride content of water from
well 11, which is nearest the ·old· field. was the highest both in 1942 (245 ppm) and in 1957
(267 ppm). (See fig. 11.) ~ell 9 has yielded water very similar in chloride content to well
II during the period of simultaneous record. 1943-57. ~~ter from ~~ll 10 in the north~~stern

part of the -new· well field contained 149 ppm of chloride in 1942. but the chloride content
steadily increased until in 1957 it was about the same as that of water from well 9. ~~lls

12 and 13, which yielded water containing 134 and 170 ppm of chloride, respectively, in 1943
both yielded water containing about 210 ppm of chloride in 1946. From 1946 to 1957, wells
12 and 13 continued to yield water of about the same chemical quality, analyses of water from
both wells indicating between 205 and 222 PJnI of chloride. In November 1957 the chloride con­
tent of water from both wells was 215 ppm, which was the lowest in either field. The inset
map and the chlorographs in figure 11 show that in 1957 the chloride content of the water from
the three westernmost wells (9, 10, and 11) was higher than that of water from the two eastern­
most wells (12 and 13). It is interestin~ to note that in 1942 city of Galveston test well
4-7 (£-86, 1.2 miles west of well 9) yielded water from 738-749 feet containing 360 ppm of
chloride, whereas in the same year test well 7-10 (E-74, 1.S miles east of well 12) yielded
water from 756-763 feet containing 134 ppm of chloride.

UPPER PART OF BEAUMONT CLAY

Although the chemical quality of water from wells screened in the upper part of the
Beaumont clay varies somewhat from place to place, generally the quality of water from any
particular well sampled periodically has been relatively constant. Ihwever, analyses of
water from ~~Ils M-2, F-45, and f-41 (fig. 12, pl. 1) in the Texas City area, where the with­
drawals from the upper part of the Beaumont are largest, suggest an increasing trend in
chloride content since 1954. The changes in quality between 1952 and 1956 were small; ho~~ver,

they mayor may not be indicative of important changes in the future.

The increase in chloride content in some wells in the upper part of the Beaumont in the
Texas City area does not necessarily mean encroacl~nt of salt water updip from the southeast.
The higher chloride water may be from a local ~"urce, such as that illustrated by figure 13.
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Seyeral of the industrial wells that penetrate the Alta Lama sand also are screened in the upper
part of the Beaumont and have becane a source of contamination to the upper part. ~hen surface
water was introduced to the Texas City area in 1948, many of the industrial wells were no longer
used and the rate of ground-water withdrawals decreased. The artesian pressure head in the Alta
Lama sand increased so that the water levels in wells rose to within about 50 to 70 feet below
the land surface, whereas the water levels in the wells screened only in the upper part of the
Beaumont ranged from 110 to 140 feet below the land surface during the period 1945-57. The
difference in pressure head between the aquifers results in the flow of high-chloride water along
paths such as the one depicted in figure 13. The flow between sands in such a well might range
from only a few tens of gallons to 8S much as a few hundred gallons per minute, but it would be
continuous. Because of the quantity of water in the sands to be displaced and of the very slow
radial movement of the high-chloride water from the well through the sands, it might take years
before high-chloride water reached a pumped well 1,000 feet away. Furthermore, the pumped well
would be drawing water from all directions, so that the composite water would contain less
chloride than the contaminant. However, the chloride content would continue~ to increase as
long as the source remained. After the high-chloride water has affected the quality of water 1n
a well, it would take years of pumping before the quality would return to normal, even if the
source of contamination were removed.

Local contamination from other sources by natural means is possible because of the lenticular
character of the sands and clays that make up the upper part of the Beaumont clay. The sands of
the upper part of the Beaunont may not be everywhere separated from the Al to l...oma sand by a clay
layer. In such areas lI'ater lIIOUld lllOve upll'ard from the deeper Alta I...oma s8J'ld into the shallower
sand in the upper part of the Beaunont and then move laterally toward pumped wells. If the area
of hydraulic connection between the sands were reuote from the center of ground-water wi theiraQI,
the higher chloride water would take many years to reach the nearest well, the length of time
depending on the distanc~ and rate of movement.

CONCLUSIONS

~lmicipalities and water districts pumped lllOre water from wells in Galveston County than
did industries during the period 1952 to 1957. In 1957 about 65 percent of the water pumped was
for public supply, as compared with about 50 percent in 1951. The percentage pumped for public
supply will probably be even larger in the years after 1957. The total pumpage remained about
the same, however.

Water levels in wells in the Alta Loma and Texas Cdty areas either changed very little or
declined slowly from 1952 to 1957. In northern C~lveston County, water levels declined at an
average rate of 2.5 to 3.5 feet per year.

The chemical quality of the water from wells in the city of Galveston's ·old· well field
did not change appreciably from 1952 to 1957. The maximum chloride content of water from wells
3, 4, and 8 was between 750 and 900 ppm. The chloride content of water from wells in the ·new·
well field ranged from 215 to 267 ppm, although the chloride content in water from anyone well
was more or less constant from 1952 to 1957. The only well showing an increase was well 10, the
chloride increasing from 215 ppm in 1951 to 252 ppm in 1957, which was about the same as the
chloride content of the water from well 9 in 1957.

Even though the Alta Loma s8J'Id contains ,..ater of poorer quality downdip from the ·old· field,
the quality of water produced from the ~old· field probably will not deteriorate much further,
provided that the pattern of pumping and rate of withdrawal in southern Galveston County are not
materially changed.

The land surface continued to subside in the period 1952-57, although in the Texas City area,
where most of the subsidence has taken place, the rate of decline lessened.

Collection of data on water levels, pumpage, water quality, and land-surface subsidence
should be continued.

'.
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