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D EVE L OP M EN T o F G ROUN D \, ATE R

I N THE H 0 U S TON DI S T RIC T ,

ABSTRACT

T E X A S 1 9 6 1 - 6 5

Tota l wi t hd rawals of ground water in the Houston dist r ic t increa s ed from
abo ut 311 mgd (mil lion gallons per day) i n 1960 to a bout 42 1 mgd in 1965. La rge
increases i n pumpage occurred in the Katy , Ho us ton , and Pasadena areas . Pumpage
i nc r eas ed only s ligh t ly in t he Baytown- La Porte and Tex as City a reas a nd
rema ined almos t cons tant in the Al ta Lorna area.

Wa te r - levels s ignifican t ly dec l i ned throu ghout mo s t of the Houst on dis­
t r ic t . The area o f maximum decline s til l i s centered i n th e Pasadena area ,
where r at e o f dec l i ne i s abo u t 9 .5 fee t per yea r .

Chemical quality of ground wate r ha s cha nged most i n the c ity of
Galves ton 's "old" wel l field a t Al ta Lorna . Chlor ide conten t is increa sing
s teadi ly in wate r from the most sou t heas te r ly well i n t he fie ld . The few
i nc reases noted i n other areas i n the dis t r ic t are smal l .

Subs idence of land s ur f ac e con t inues as water levels de cline. As mu ch as
5 fee t of s ubsidence has occur red in the Pasade na a rea in the per iod 1943-64.
Rate o f subs i de nce i n the Pasadena a rea has been abo u t 0. 2 foo t pe r yea r for
t he pe r iod 1954-64 .



D EVE LOP MEN T o F G R 0 U N D W ATE R

I N TH E H 0 U S TON DIS T RIC T ,

I NTRODUCTION

T E X A S I 9 6 I - 6 5

Col lec tion of da ta needed to define t he ground -water r e s ources i n a nd
a round Hous t on was begun by U.S . Geologica l Survey on a mo re or less co n t i nui ng
basis abou t 1929. Data co l lec tion i n t he Hous ton distr i ct is part o f a pr og ram
of t he Geolog ica l Survey 's Water Resources Division to inve s t i gat e and evalua te
the nat i on' s water re s ourc e s . The present program o f co l l e c t i on and dissemi­
na tion of da ta i s a coope r a t i ve e f f o r t by U.S . Geological Survey , Texas Wa ter
Developmen t Board , and the c i t ies o f Houston and Galveston .

Many r eport s have been publ i s hed on the geo logy a nd ground-wate r r esources
of the Hous t on d is t r ic t. Pe rhaps t he most signif ican t of t he s e a r e t he r eport s
by Lang , Winslow, and Whi te (1 950); Pet i t t a nd Winslow (1955 , 1957) ; and Woo d
and Gabrysch (1965) . The se sources were us ed ex tensively in prepara t ion of
this r ep ort.

The Houston d i st rict, as des cribed i n t hi s r e port, i ncludes a l l of Harris
a nd Galves ton Coun ties and pa r ts of Chambe r s , Liberty , Montgome ry , Wa l le r , For t
Bend , and Br a zo ria Counties (F igure 1). Previous r epor t s desc ribed the same
a reas , but t he boundary of t he Hous ton district was mor e r estrictive because
ground -wa te r co ndi tions in Galveston Coun ty were reported separa tely . Galveston
Coun ty is now included in t he Houston dist ric t be ca us e of the r elated ef fec t s
of ex tensive ground-wa te r dev elopmen t i n southeaste rn Harris County .

The pur pose of t h i s r e por t i s to s umma r ize the geology and hyd rology of
t he Hou s t on distri ct, t o upda te records of pumpa ge and wate r -l ev el c ha nges , and
t o presen t the mos t r e cent da ta on subsidence of l a nd surface . The summary of
ge ne ra l geo logy and hydrol ogy i s taken f rom previous r e por t s. No at temp t has
been made t o revis e t he pr eviou s int erpr etations, but re cent report s on g round
water in Orange Count y (Wess elman , 1965) a nd in J asper a nd Newton Coun ties
(Wess elman, 1967) and s t udies und er way i n Aus t i n and Waller, Sa n Jac i n to , and
Liberty Coun t ies indicate that a r evi s ed interp r etation o f cer ta i n aspec ts o f
the ground -wa te r geology of t he Hous ton dis t ric t may be r equ ired.

The au tho r wishes to expr ess hi s a ppr ec ia t i on t o t he well drillers , i ndus­
tria l plan t of f ic ials, munic ipal of fi cia ls , a nd many wel l owners who co n t r ibu t ed
da ta used i n this r eport. The cooperation and assis tance of D. E. Van Buskirk ,
ch ief enginee r of the city of Houston , grea t ly facilitat ed coll ection of da ta
and preparat ion of this repo r t .

- 2 -
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GENERAL GEOLOGY AND HYDROLOGY

Aquifer System

The geo l ogy and hydrology of t he Hous ton distr i ct have been described in
detai l by various au t hors . Wood an d Gabrysch (1965 , p . 7) describe d t he gener a l
geology ba s ed on previous studies as fo llows :

The fo rmations from which the Hous ton dist rict ob tains its
water sup ply are composed of s ed i ment s derived from older
Ter tiary and Cretaceous forma tions and consist of sand ,
gravel, s il t , and clay. The f ormat i ons were bui l t up by
r i vers as coalescing fans on and near the continen t and as
mar ine and lagoonal deposits along t he coast .

The wa ter -bearing forma tions i n t he Houston district a re
as fol lows , f rom oldes t t o younges t : The Catahoula Sand­
ston e of Miocene(?) age, t he Oakville Sands tone of Miocene
age , the Lagarto Clay of Miocene(?) age, t he Goliad Sand
of Pliocene age , t he Wi l l i s Sand of Pliocene(?) age , t he
Li s sie Forma tion and Beaumont Clay of Pleis tocene age , and
the a l luvi um of Recent age . . .. The fo rma tions c rop ou t in
belts r ou ghly parallel t o the coas t , t he ol des t fo rma tion
farthest i n land a nd each younge r f ormation c ropping out
s uccess ively neare r t he co as t . . .. The es timated d ip of the
ol de r beds i s fr om 50 t o 60 f eet per mile and of the
you nger bed s 15 t o 20 f eet per mile. Al l the f ormation s
thicken downd ip so t hat the ol der fo rma t ions dip mor e
s t eep ly than the younge r ones . Localized struc t ures, s uch
a s f ault s and sal t domes, caus e r eversals of di p or t hi ck­
eni ng or t hinning of beds . The fau l ts may have several
hundred feet of displacement in the older Tert i a r y fo rma­
tions, bu t the d isplacemen t t ends t o decrease toward the
sur face so that fau l ting genera l ly is not apparent at the
s urface , and t he f resh-wa ter-bearing beds general ly are
not d isplaced enough t o dis rupt hydraulic connections .

The fa ul ts referred to above are deep-seated. Many small faul ts 'are i n
evidence i n t he Houston district , but t hey are l i ke l y shallow a nd may be a
result of s ubsidence caused by ground-water extraction .

Because of t he ir origin a nd method of depos i tion , the sand and clay beds
underlying t he Houston district a re not pe rsis ten t in li thology or thic kness .
The sand and clay beds grade into each other bo th l ate r a l l y and vertically
within sho rt dis tances; consequently, differentiat ion of geologic forma t ions on
dril lers ' and electr ical logs is almost imposs ible . However , White and o thers
(1944 , p . 146-147) and Lang and o thers (1950 , p . 37) divided the aq uife r system
into 7 zones based on the predominance of sand or clay . Zon e 2 is a c lay zo ne
t hat underlies the heavily-pumped par t of the aquife r system in the Houston
dis t ric t . It co n tains some of the mos t co n tinuous beds in the a rea but is
probably not a completely confining l ayer .

- 4 -



The Al ta Lorna Sand of Rose (1943b), t he majo r a quifer o f Ga l ves t on Coun t y
and southern Harr i s Count y , is an exc ept i on in t ha t it can be t rac ed i n th e
s ubsurface for great distan c es. The Alt a Lorna Sand is mass ive and abou t twice
as permea bl e a s the underlying sands . It has be en desc r ibed as a basal s a nd of
the Beaumont Clay, bu t r e cent work by Wesselman (19 65) indicates that t he Alta
Lorna Sa nd is ol de r than the Beaumont a nd i s equ iva len t t o at l eas t pa r t of the
Chi co t a quife r as named i n Lou i s i ana .

I n a study of the gr ound- wate r r esourc es of J asper and Newton Count i e s in
the eas ter n part of the Gul f Coas t r egion, Wes se l ma n (1967) ob s e rved a mar ke d
difference in hydraulic properties (e s pecially hydra ulic head) be tween sands
abov e and below a c lay zone in the t wo-count y a r ea . Wesse lma n named t he c lay
zone the Burkeville aqu i c l ude . Based on s t udies i n t he Ho uston di s tr i ct, the
Jasper-Newton study, a n a na log model s t udy of the ground -wa te r s ys tem of eas t e r n
Texas and west ern Louisiana, and investigations present ly underway, s t ra t i ­
graph ic zo ne 2 of th e Houston d is t r ic t is probably equivalen t t o the Burkev i l le
!lquic lude .

The heav i l y pumped layer , as defined by Wood and Gabrysch (1965 ) , i s the
t h ick sequence of interfingering sand and c lay between t he land sur fa ce and
zo ne 2 in pa rt of the Houston di st rict, between the top screens in t he l a rge
ci ty of Houston water-produc tion wel ls and zo ne 2 i n par t o f the dis t r ic t , and
between the ba s e of t he Alta Lorna Sand an d zo ne 2. The heavily pumped l ay e r o f
the Hou st on dist r i c t is probably eq uiva len t t o t he Eva ngeline aqu ifer a s named
in Louis i ana .

Sourc e of Water

App roxima t ely 45 inch es of precipita tion fal lon t he Hous ton di str ic t
a nnua l ly . About 11 inch es run off into s treams; most of t he remaining 34 inch es
e i t her evapo rates or is t r ans pi r ed by plan t s. A smal l amount pe rcola tes down­
ward t o t he water t abl e a nd then toward the a reas of ground -water wit hd r awal.

Rate of recharge to the aquifers i n the Houston dis trict is not kno wn, bu t
i t probably is l e s s than pumpage , which is equi va len t to a bout 3 inches of
precipi t at i on over the entire district .

The sands
s ient storage .
from t he areas

underlying the Houston district con ta i n water t hat is i n tran­
The water moves ve ry s l owly , on the or de r of 1 f oot per day,

o f r echarge to the areas of dis charge.

The water in most o f the aquif er i s under art e sian pressure even t hou gh
the large withdrawals o f wate r have lowered the pr essure hea d t o a grea t ex ten t .
The re i s no evid en c e that the sands thems elves are being dewate red . Host of the
water pumped probab l y comes from sto rage , ei t he r art esian o r co mpac t i on . A
small par t of th e water re leased fr om s torage is due t o expans ion o f the water ,
but more i s due t o e las t ic compress ion of th e aquifer skeleton as t he pres s ure
is r e l ea s ed .

DEVELOPHENT OF GROUND WATER IN THE HOUSTON DI STRI CT

For discussion, the Houston dis tr i ct has be en divided in to areas on the basi s
of t he co ncentra tion o f pumpage and t ype of wat er us e (Figur e s 2,3 ,4 ,5, and 6) .

- 5 -



Areas of majo r gr ound-wa ter development ou tlined in t h i s r eport are as fo l lows:
Houston, Pasadena, Katy , Baytown- La Porte, Texa s Ci t y , and Alta Lorna .

Recor ds of pumpage of ground wat er in s ome c i t i es i n t he Houston dis t r ict
da te back t o t he l ate 19th ce n t ur y . Wood and Gabrysch (1965 , p . 20) pr esen ted
da t a in graphic form on pumpa ge of ground wat er f rom 1890 t o 1960 . Only t he
data on pumpage s ince 1960 are presented in t hi s r eport. Tabl es 1, 2 , and 3
show the amounts of ground wat e r pumped i n each of the area s wi thi n the d i strict
during the pe riod 1960- 65 .

Bef ore the begi nn i ng of heavy wi thdrawals of ground wate r in the Hous t on
dis t ric t , wa t e r pres s ure i n the sands was genera lly much grea ter t han it is
now, and water would flow f r om many of the wells . Since de ve l opmen t of large
supplies of ground water, wate r l eve l s have been l ower ed cons iderab ly . The
amount of l ower ing is desc ribed by ar ea .

Tabl e l.--Aver age pumpage of ground water i n ar ea s principa l l y i n
Harris County , i n mil l ion ga l lons pe r day .

Area Us e 1960 196 1 1962 1963 1964 1965

Houston Public Supply
City of Hous ton 78 . 1 83 .1 96 . 3 105 .2 109 . 4 11 5 . 7
Subu rban 10 .7 9 .8 10 .6 12 . 4 12 .9 13 . 6

I ndustrial 9. 1 8 .1 8 .4 7.8 8.2 8 . 1
Irrigation . 5 . 6 1. 0 1.0 1. 3 1. 2

Subto ta l 98 . 4 101 . 6 116. 3 126 . 4 131. 8 138 . 6

Pa sadena Public Supply 8 .6 8 . 8 10 .0 11.0 10 . 7 11 . 5
Industrial 70.0 75.1 73 .1 72.9 79.2 82 . 4
I rr i gation * * * . 1 . 1 . 1- -- - - - - - - - - -
Sub total 78 .6 83 . 9 83 .1 84.0 90 .0 94 .0

Katy Public Supp ly 1. 6 1. 6 1.7 1.9 1. 6 2 .5
I ndus trial 5 .8 5.8 9 . 4 9 .8 10 .6 10. 0
I r r i ga t ion

Rice 80 89 141 136 128 126
Ot he r . 4 . 4 .5 . 7 . 6 . 6

Sub total 88 97 153 148 141 139

Baytown-La Por te Public Supply 4 .6 4 .9 5.6 6 .3 7 . 4 8 .7
I ndus t rial 18 . 2 18 . 9 18 . 2 19 . 8 18 .6 16 . 7
I rriga tion . 1 . 1 . 2 . 2 .2 . 1

Sub t o ta l 22.9 23 .9 24 .0 26 .3 26 .2 25 .5

TOTAL 288 306 376 385 389 397

*Less than 50 ,000 gpd .
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Table 2 . - - Ave rage pumpage o f ground water i n Ga l ves t on County , in
mil l ion ga l lons pe r day .

Area Use 1960 1961 1962 1963 1964 196 5

T ex as City Public Supply 3 .7 3 .9 4 .4 4 .5 4 . 5 4 . 7
Industri a l 6 .1 5. 1 5 .2 5 .4 6 .2 ~-- -- -- - -
Subtota l 9 .8 9 .0 9 .6 9 .9 10 . 7 10 .6

Alta Lorna Public Supply 11. 9 10 .7 10 .9 1l. 5 1l . 5 11. 3

Mi s cel laneous
Ga l ves t on County Public Supp ly 1. 4 1. 5 1. 5 1. 6 1. 8 1. 9-- -- -- -- - - - --

TOTAL 23 . 1 21. 2 22 .0 23 .0 24 . 0 23 .8

Table 3 .--Average pumpage of gr ound wate r in the Houston d i Rt r i c t ,
i n mill i on ga l lons per da y .

Use 1960 1961 1962 1963 1964 1965

Public Supply 121 124 141 154 160 170

Industrial 109 113 114 116 123 123

Irrigation 81 90 143 138 130 128-- -- - - - - -- --

TOTAL 311 327 398 408 413 421

Reco rds of wat er l evels and wate r - leve l dec lines i n a l arge part o f the
Houst on dis t r i c t are based on meas ureme nts in wells t ha t have mu l tip le s c reens .
The s creened sands are likely t o co nt a i n wat e r und er di ffe rent pres sure heads ,
so t he measured wate r l eve l i s a composi te of pressure heads of wate r i n a l l
sands scr eened . Because no observa t ion we ll in t he Houston dis t r ic t co mple te l y
pen etrat es and s c r ee ns t he aq uifer re fe r red t o as the heavi ly pumped laye r ,
water-level mea s uremen t s in a par ticu l ar well represen t t he hyd rau l ic head in
onl y t hat pa r t t ha t i s screened . The maps of al t itudes of water levels in t he
heav i l y-pumped l aye r are r egi ona l app roximations and may not be co r rect a t a nv
particular l ocat i on or par t i cu l ar dep th .

Wa t e r - l evel measurement s i n wel ls tapp ing t he Al ta Lorna Sand are much more
repre s entative of the t rue pre s sur e wi t hi n t he aqui fe r . Hos t wells produc i ng
water f rom t he Alta Lorna have only one o r two screens hecause t he f ormat i on i s
massive and co nt a i ns l it tle c l ay . I t i s l i kely that t here is ve ry goo d ver t i cal
hydraulic permeab i l i t y within t he formation .

- 12 -



Maps s howing t he altitudes of wa t er levels i n both the heavi l y- pumpe d laye r
and the Alta Loma Sand are given in Figures 3, 4 , 5 , and 6 . Figur e s 3 and 5
show the alti tudes of water levels in the ea rly pa r t of 1957, and Figures 4 and
6 show altitudes in the early part of 1966 . Both sets of ma ps a re pr esen ted so
that r egional water-l evel patterns ca n be compa red aft er the lates t 9 yea r s of
pumping.

Houston Area

The Houston a rea i s in t he cen t ral and south-central parts of Harr is County
(Figure 2) and co nsis ts of mos t of the c i ty of Houston and closely adjoin i ng
terri t ory . The Houston a rea , as designated in this report, is s l i ght ly l a r ger
than in prev ious r ep orts. Because of the growth o f the c i ty of Hous ton , a smal l
part of t he a rea t o the nor th a nd northwest has be en included in the Hous ton
area .

Pumpage

Pumpage i n the Houston a rea i s principally for municipal use, bu t minor
amount s of ground water a re furnish ed to small industries. The ci t y of Houston
i s the l argest single user o f ground water i n the district . Pumping by t he
c i t y da t e s ba ck t o 1887 when the c i t y purchased a privat e wate r -supply company .
The demand for water then was on ly abou t 1 or 2 mgd (million gallons pe r day ) .
The demand ha s grown s tead i ly to ab out 142 .3 mgd in 1965 . Sinc e 1954 , however ,
part of the demand has be en met by wat er f urnished f rom Lake Hous t on . I n 1954 ,
pumpa ge from the gro und was 72.5 mgd and pumpage from Lake Hous t on for munic i pa l
s uppl y wa s 0 . 9 mgd . Avera ge pumpage f r om Lake Houston for municipal us e has
r emained a l mos t cons tan t betwe en ab out 24 and 25 mgd sinc e 19 59. The inc rease
in demand s has been met by increasing draft from the ground . Even in 1960,
more wat er wa s be i ng pumped f rom the gr ound than just before the i ntroduct ion
of Lake Houston water. Pumpage from the ground in the Houston area in 1965 was
138 . 6 mgd (Table 1); 115. 7 mgd was fo r the c i ty of Houston .

Decl i ne of Wa te r Levels

A compa r i son of Fi gures 3 a nd 4 show s t hat t he grea tes t decline of water
l evels (as muc h as 70 feet ) du ring the past 9 years in t he Hou ston area was in
t he easter n pa r t . Much o f t he dec l ine t here is caused by pumpa ge in the he avily
industrial ized Pasaden a area to the eas t . The lowest water l evel, 290 f ee t
below sea l evel, is i n t he eastern pa r t of the area . Localized co nes of de pres­
s ion occur at most wells but are mo re pronounc ed a t groups o f wells where l arge
quantit i e s of ground wate r a re pumped .

The history of wa t er-level dec l i ne in the Houston area i s demonstrated by
t he hydrographs of well s 602 and 619 (Figure 7). The hydrogra phs indicate a
rate of decline of a bou t 7 fee t per ye a r fo r the per i od befo re 1954 . After
1954, the year of the introduction of water from Lak e Houston, pumping o f ground
water was decreased and the c i t y of Houston cu t ba ck pumping in the east and
northeast parts of the a rea . This caus ed a reduction in the r at e of wate r -level
decline during t he period 1954-59. However, growth of water usa ge soon ove r ­
shadowed the supply from the l ake and the rat e of water-l ev el decline in the
Hous t on area has been abo u t 5 f eet per year in recent ye ars.
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Pasadena Area

The Pasadena a r ea lies to t he eas t of t he Houston a rea a nd wes t o f t he Sa n
Jacinto River (Figure 2). It includes a heavi ly i ndu s t ri a l i zed zo ne a long t he
Ho uston Ship Channel. Large ground -water ext rac tion s be gan in t he Pasad ena a rea
af ter 1937.

Pumpage

The principal use of wat er in the Pasadena area is indust rial . Of abo u t
154 mgd (sur f a ce a nd ground water) pumped in 1965 for all uses in t he a rea , 142
mgd was fo r indus tr i al us e.

Before 1942 , all wate r used i n t he area was pump ed from the gro und . Sur ­
f ace water from Lake She l do n and the San Jac into River was bro ught i n to t he a rea
in 194 2, but the amoun t of surface wate r used was l e s s t ha n 20 mgd until La ke
Houston wa s co mple t ed . In 195 4 . 83 mgd of ground wa t e r a nd 33 mgd o f s urface
water was us e d in the a rea . I n 1965, 94 mgd of ground wat e r and 59 .6 mgd o f
surfa ce wat er wa s us ed . In 1965 , t he r ate of gro und -wa t e r pumpi ng was 7 mgd
more than be f ore th e introduction of water f rom Lake Hou s t on .

Decline of Wate r Levels

The Pasad en a area i s t he area of mos t heavily co ncent ra ted ground- wate r
withdrawals in the dist ric t. Because of t hi s , t he a rea ha s the l owest wate r
levels and the grea t e s t r ate of water- level decline . Fi gu r e 4 s hows that the
wa te r leve l in the heavily-pumped l ayer ea r l y i n 1966 was mo r e than 330 f ee t
be low s ea l eve l in the cen te r of the cone of depress ion . A composi te hydrogra ph
of water l ev els in wells 1170 a nd C-66 nea r t he ship ch anne l (Figu re 8) indi­
ca t e s a r at e of decline of abo ut 14 feet pe r ye a r f rom 1937 to 1953. The hydro­
graph a l s o shows very clearly t he rise in water l evel s as a r esult of t he in tro­
du ction of Lake Houston wate r i n 1954 . As soon as the supp ly from La ke Hous ton
was exceeded by demand, more ground water was pumped than befo re and the hyd r o­
gr a ph indicates a rec ent r ate of water - lev e l decl ine of a lmos t 9 f eet per yea r .

Figure 9 s hows hyd rographs of wate r l eve l s i n wells 1229 and 1230, whic h
a re s creen ed in t wo differen t sand s in the hea vil y- pumped l a ye r . The cen t e r of
conc en t ra ted wi t hdrawals in the Pa s ad ena a rea is several miles from thes e wel ls
and the effect of cha nges in dai ly pumping i s dampened by t h i s distance.
Seasonal patt e rns of pumping, however , a re r eflec t ed in the wat er l evel s i n t he
two wells .

The water l eve l in the de ep e r sand i s hi gher t ha n i n th e s ha l l owe r sand ,
but this relation between the wat er l ev el s i s no rmal in the heavily-pumpe d l a ve r
even thou gh pumpage ha s l owered th e wat e r levels mo r o t h.m 300 fed from the
or i g i na l s ta t ic l ev el (wa t er l evel be f ore pumpage bega n ) . Ra t e o f dec l i ne i n
t he sou t he r n pa r t of the Pas ad en a a rea , a s indicated hy thes e hvdrographs , was
abo ut 13 fee t per yea r be f or e 19 54. Si nce 1961, the r ate n f decli ne ha s been
abo u t 9 .5 fe et per yea r .

Pumpi ng f rom the Al ta Lorna Sa nd has a l so caused large wate r - leve l de c l ines
in the Pa s ad ena a rea . Figure 4 s hows wate r l evels t o be as l ow a s 270 fee t
below sea l ev el in 1966. Fi gure 10 s hows hydrogra phs of t wo wells compl e ted i n
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t he Al ta Lorna Sa nd . The hyd rogra ph s s how a n ave rage r ate of wat er-l evel decline
of abou t 6- 1/2 fee t pe r yea r in recent yea r s . The hydr og r a phs do no t show a ny
effec t on water l ev e ls r esu lt i ng f rom s up pl y f rom La ke HO\ls t on .

Katy Area

The Katy a rea i s composed of mu ch of the no r t he r n and western parts of
Harris County , s ou the astern Wa l le r Coun ty , and nort hern Fo rt Bend Coun ty
(Figure 2) . The a rea , which i s principa lly ag ricul tu ra l , is t he l a r gest in the
d is t r ic t .

P\lmpage

Al l wate r used in t he Kat y a rea i s pumped f rom the ground , and mo re than
95 percent of the wate r i s us ed f or the irrigation of rice . Pumping fo r ric e
i r ri gation be gan in the a rea in the 1890 ' s; it increa s ed grad ua lly un t Ll ab out
1935 a nd then r apidly until 1954, whe n it was ahout 160 mgd . Ac r e~ge limi­
t at i on s i mposed by the U.S . Depa r tmen t of Agricu l t ure in 1955 c aus ed a dec line
in the a c reage of rice planted f rom 1955 until about 1960 . Si nc e 1960, the
a c r ea ge planted has r emaine d fa i r ly cons t an t . Fluc t ua tions in wate r usage now
mos t ly r eflect c l i matic condit ions , but recently it has become common pra ctice
t o apply irrigation water af te r t he f i rs t cu t ting of t he rice t o at t empt t o ge t
a second c rop. Hore water is us e d by thi s pract i ce. Tota l acreage pl a nt ed
each yea r within the Katy a rea fo r t he pe r iod 1960- 65 based on r e cords o f t he
U.S . Dep a rtment of Agr icu l t ure was as fo llows :

Year Acreage

1960 52 , 153

1961 39,299

1962 45 ,453

196 3 45 ,754

1964 46 ,206

1965 46. 227

Dur ing the 196 5 i r r i ga tion s ea son , 330 wel l-yield and power - consumpti on
t est s were run on 96 wells in t he Katy a rea . Tot a l pumpage from t he 96 wells
wa s det ermin ed and , wi th f igures fo r acreage pl anted , th e avera ge ~mo u n t o f
wat er applied was computed t o be 3 .0 5 <1c re - fec t per acre. Thi s amou nt was
mu l t ip l ied by the ent i re ac reage i rri gat ed t o oba tin tot a l us a ge for th e a rea .
Using rec ord s of prec ip itation, the irri gated ac rea ge , and th e re su l t s o f the
~ ~s t s , es t imates o f pumpage fo r t he yea r s 196 0 th rough 1966 were ma de .

Pumping for irrigat ion occurs during a per i od of about 150 da vs , but for
co mpa r i son , t he annua l pumpage was divided by 365 day s t o ob ta i n a n average
daily r at e on a l2-month basis . Pumpa ge est i mates fo r the yea rs 1960-6 , a re
pa r t of Tab le 1 .
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Decl ine of Wa ter Levels

Although t he pumpage of ground wate r in t he Kat y area i s grea te r t han pump­
age i n any othe r a r ea i n t he Houston d is t r i c t , t he ra t e of wa ter- leve l decline
has been less t han t hat in any o the r a r ea . The re are at least two principal
reasons for t he lesser r at e of wate r -level decline :

1 . The combina tion of hydraulic propert i e s of the a qu i fe r in the Kat y a rea
is mo re favo rab le fo r gro und -water wi thd rawal than elsewhere in the d is t r ic t .
The coe ff ic ien t of s to rage , even t hough s ti l l i n the a r tesian r a nge, is greater
tha n in t he ot he r areas. Therefore , l arger amounts of wa ter ca n be wi thd r awn
wi t h l es s er dec l i ne of pres sur e . The pe r meabi l i ty of t he sand s in t he a rea i s
a l so grea te r than t he perm eability of sand s of the hea vily-pumped l aye r i n t he
o t he r a reas . The permeabilit y in t he Katy a rea . i s no t , however , grea t er than
that of t he Al ta Loma Sand but the transmissibilit y is great er . Thus, becaus e
of t he greater capac i ty to tran smit water , t he decl Lues a re l ess .

2 . Pumping in t he Katy area i s not as concentrat ed as in ot he r a reas o f
the district . Each well can f urnish enough water fo r t he irrigation of la r ge
plo ts of l and, therefore t he wells a r e generally spa c ed so that t he y c ause only
minor interf erence.

Figure 11 illus trates the dec l i ne of water l eve l s i n t he Katy area . The
hydrographs of t he wate r l evels i nd i ca te a nearly steady de cline of abou t 1. 5
fee t pe r year.

Bayt own- La Port e Area

The Baytown- La Por te a rea ex tends f rom t he eastern edge of the Pasadena
a rea eas t war d t o the Cha mbe rs Coun ty line and s outhwa r d to the Ga lves t on Coun ty
l i ne (Figure 2) . It co ntains the ci ties of Baytown and La Porte . Recently , the
National Aeronaut ics and Space Administ ra t ion established t he Nanned Spacecraft
Cen ter i n the sou the r n part of t he area .

Pumpage

Ground -wa ter pumpage i n t he Baytown -La Por te area is about 65 pe rcen t
i ndus t r i a l and 34 percent municipal. Large-scale wi t hdr awals of gr ound water
fo r indu strial use began abou t 1919 . Pumpage ave r a ge d ab out 5 mgd in 1919 bu t
ave r aged 25. 5 mgd in 1965 (Table 1) . Practica lly a ll withd r awa l s i n th e area
a re from the Al t a Loma Sa nd .

Decl i ne of Wa te r Levels

Very li ttle data on wate r l eve l s a nd water-level decl i ne s i n t he heav il y­
pumped layer of the Houston distric t are availabl e in t he Bayto"~-La Por te area
because practically all development of ground wat er is from the Al ta Loma Sand .
Water-level decline in the heavily-pumped layer is due to pumping t o t he wes t
of Bay town . Figure 5 s hows t ha t the Ba yt own- La Porte area i s on t he eas t and
southeast side of the co ne of depression in t he Al ta l oma Sand . Figure 12, a
hydrograph of wate r levels i n well 1117 , shows t ha t the r at e of wat er-l evel
de c line i n t he Al ta Loma Sand has been abou t 5 f eet per yea r .
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Tex as City Are a

The Texas Ci ty a r ea i s in t he sou theas t e rn pa r t of Galveston Coun ty
(Figure 2) . I t i nc l udes the c i ties of Texas Ci ty and La Na rq ue a nd ad joining
a rea . The economy of t he a rea i s industria l . The aquife rs i n the a rea are the
Al ta Lorna Sand a nd t he s an ds a bove t he Alt a Lorna .

Pumpage

Pumpage in the Texa s Ci ty a rea was ab ou t 2 mgd in 1930. I t increased to
about 11 mgd i n 1940, a nd t o abo u t 24 mgd in 1944 and 1945. In 1948, surface
wa t e r from the Brazos Rive r was br-ought in to the a r e.i , and t he us e o f ground
wate r de c r eased . Gr ound-wa t e r pumpa ge ave r cged ab ou t 10 mgd f rom 19 50 t o 1965 .
During 1944 and 1945 , about 70 pe rcent o f the ground wat e r was extrac t ed from
t he Al ta Lorna Sand. Since then , 50 percent or mo re of the wate r was ext r ac t ed
f rom t he sands abovp the Al t a Lorna . In 1965 , 60 pe r cent of t he 10. 6 mgd of
wate r pumped in t he a r ea carne fr om the uppe r sands .

Decline of Water Levels

Wa ter l eve l s ill wells co mp leted i n the Alta Lorna Sa nd in the Texas City
a r ea declined r apidly be tween 1940 and 1945 as s hown by the hydrograph of wat er
l evels in well F-50 (Figur e 13) . The declines were l es s rapid be tween 1945 and
1948 , a nd wat er l evel s r ecovered between 194 8 and 1951. Recove r y was due t o
decrea s ed ground-water pumpage r esulting f r om the us e of s ur f ace water from t he
Brazos River . Between 1951 a nd 1958, wat er l ev els r emained fairly cons t a nt bu t
since 1958 wat er l eve l s have decl i ned a t the r ate of about 2 feet pe r yea r .

Hydrographs of wate r l eve l s in wel l F-42 (Figure 13) i n Texas Ci ty and
N- 15 , southwes t of Texa s City , show ahout t he same pa t te r n of decline as do es
t he hydrograph of well F- 50. Both we l ls F-4 2 a nd N-15 are compl e t ed in s a nds
above. the Al t a Lorna .

Al ta Lorna Area

The Alta Lorna area i s in t he west-cen tral par t o f Ga l ves ton Coun t y abo u t
18 mil es northwest of t he c it y of Galves ton (Fdgur e 2) . The t own o f Al t a Lorna
a nd t he c i ty o f Galves ton well fi eld s a re in this a r ea .

Pumpage

The c i ty o f Ca l.ves t on hegan pumpi ng wate r f r om a well f ie ld a t Al t a Lorna
as ea r ly as 1894 . Pumpage in t he a rea inc reased slowl y f r om aho ut 2 mgd i n
1896 t o ab out 5 mgd in 1937. Be tween 1937 r nd 1944 , pumpnge i ncreas e,' t o abou t
13 mgd. It r emained a t abo u t 13 mgd un t i l 194 9 . then dec reased t o ab out 11 mgd
in 1950 . Pumpage ha s fl uc t ua ted be t ween 10.6 a nd 12 . 9 mgd sin ce t hat time ; in
1965, it was abo ut 11 . 3 mgd .

The c i ty o f Galves ton has be en th e on l y major devt:'lope r of g ro und wat er i n
the Alta Lorna a rea . Before 1964 , t he t own of Al t a Lorna pu rc hased wa t e r f rom
t he c i ty of Galves t on, bu t i n 1964 Al ta Lorna dr i l led n we l l for it s s upp l y .
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Al l ma j or wel ls i n the are a are compl e t ed exclusively i n the Alta Lorna Sa nd
excep t the wel l owned by the t own of Al ta Lorna, whi ch i s comple ted in bo t h th~

Al t a Lorna Sand a nd i n sands ab ove .

Decl i ne of Water Level s

The increas e i n pump3ge f r om 5 t o 13 mgd betwe en 1937 and 1944 ca us e d wa te r
l eve ls t o de cl ine r a pi d l y unt i l abo ut 194 8. Figure 14 , the hyd rograph o f the
wat er level i n wel l E-9 3 , shows a n ave r a ge r a t e of decl i ne be twe en 1943 a nd 1948
of abou t 8 .5 f eet pe r yea r . Si nce 1948 , t he r ate of de c l ine has va ried i n
acco r dance wi th pumping pa tt e rns in t he a rea; f rom 1961 t o 1966 , t he r ate was
abo u t 2 fee t pe r ye a r . Figure 6 s hows t hat t he wat p," l eve l in the Al ta Lorna
Sand is ab out 130 f ee t below sea l evel i n t he deepes t pa rt of t he co ne o f
dep res s ion i n t he Al ta Lorna a r ea .

CHEM ICAL QUALITY OF GROUND WATER

In gene r a l , ground wate r of good che mica l quali t y ca n
o f t he Hous ton dis t r ic t . Sands cont a i n i ng f r e sh water a re
dep ths i n the Houst on a r ea than e l sewhe re in the district .
t est holes indicate t hat practically no fr esh water occur s
a l ong the coa s t .

be oh ta ined in mo s t
present a t greate r

Ele c t r i ca l l ogs and
in s ubsur fac e s and s

In reference to the ge nera l qualit y o f ground wate r i n the d i strict, Lang ,
Winslow, and Whit e (195 0 , p. 48) s t a te . . . "The shallow a qui f e r s as a rule con t a i n
ca l c i um bicarbonat e type waters that a re hard, whe reas the deep a qui f e r s con t ain
so di um bicarbonat e t yp e wa ters that are soft. Wat e r s f rom thes e aqu i f e r s co n­
t ain only mod erat e amounts of min eral matter ." Severa l re ports have present ed
maps of the app r oximate bas e of f resh wa t e r in the d is tr i c t . The l ate st map o f
the base of fr esh t o s l igh t l y sal ine wa t e r prep ared by U. S . Geolog ica l Survey
a ppea r s a s Plate 5 in the r eport by Wood, Gab rysch , and Ma r v i n (1963 ) . Ana l yses
of wat e r from many wel ls in the dis t r i c t a re presen t ed in t he r ep ort by I,hi te ,
Rose , a nd Guyt on (1944) and Petitt and Wi ns l ow (19 55) . The r ead e r i s r e f erred
t o t he s e a nd more r ec en t publication s fo r more specifi c i n f or ma t i on on qua l i ty
o f wat e r .

The fresh water-salt wate r i nt e r f a c e i n t he sands of the h"avily-pumpe d
l a yer l ies a l ong a l i ne a pp rox i mate ly pa ral le l t o the coas t l i ne in t he sout he rn
pa r t of Har r i s Cou nt y . In the Al ta Lorna Sand , the i n terface is probably a long
a l ine betwe en Al ta Lorna a nd Tex as Ci ty . The lower pa r t of t he Al t a Lorna Sand
a t Te xas Ci ty a nd a t Alta Lorna con t ains mo re h ighly mi ne ra l ized wate r than do es
t he upper pa r t . The r e a re not enough moni to r i ng po i n ts i n ei the r the Al t a Lorna
Sa nd o r t he heavily-pump ed l a yer t o de te rmi ne t he exac t l ocati on of the in te r ­
face s o r t he rate o f updip movement of the sa line water t oward th e cen te rs o f
the cones o f depress i on .

Fi gur e 1 5 s hows t he ch l or i de con t en t and t o t a l a lknl init y of wat er in t W0
single-sc reen wells in Pasadena sou thpa ~t of Hous ton (Fi gu r e 2) . Wel l 1229 i s
sc reened f rom 1 ,661 t o l, b76 f eet , and wel l 1230 is s c r eened f r om 1, 399 to
1, 414 f ee t. Chloride co nten t i n wat e r from bo th we ll ~ ha s i ncre as ed dllr ing t he
pe riod o f re co rd; however , the increa s e i n t ile shallower wel l lIas been g rea te r .
Wa te r fr om well 1229 , the deepe r wel l , had a ch lo ride c onten t of a bou t 285 ppm
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(parts per million) when dr illed in 1939 , and wa t e r from well 1230 had a
chl or i de co nt en t of about 208 ppm. In 196 5, wat er from the de eper wel l had
about 345 ppm of chloride wh i le water from the s ha l lower well had about 365 ppm.

Total alkalinit y in water fr om well 1229 has increas ed from about 640 ppm
t o about 675 ppm, whil e a lka l i n i t y in water from wel l 1230 has increased from
ab out 465 ppm to about 580 ppm since 1939. From 1960 t o 1965, howeve r , there
was practically no inc r ea s e i n t otal a lkal in i ty in wate r from e i the r well .

Figure 16 shows t he i nc r ea s e i n chlor ide in water f rom t he c ity o f
Gal ves t on 's "old" well fie ld at Al ta Lorna . The se graphs show t hat the che mica l
quality o f wate r f rom t he Al ta Lorna Sand has de ter iora ted considerab ly since
1934 . The ch lor i de co n tent i n wate r f rom c i ty wel l 8 (L-68) , t he mos t south­
eas te r l y well, has co n t i nued t o increa s e s tead i ly . Wide f l uc t ua t ions in
chl or i de c on ten t o f the water can be accoun ted f or pr inc ipa l ly by changes in
pumpage patterns . The fl uctuation s a r e a lso r elate d t o l ocations of the indi­
vidual wells in r e s pect t o presence of absence of a discontinuous c lay bed
sepa ra t i ng t he main body of the Al ta Lorna Sand f rom an underly ing sand contain­
ing wat er that i s mo re sa l i ne .

Figure 17 s hows that chlor ide co nten t of wate r f rom wells in the " new" well
field north of Alta Lorna has r emained ne arly co ns tan t s ince abou t 1945, with the
maj or exc ep t ion of water from well 10 (E-78). Increa sed mineralization at well
10 can be explained by it s l ocation in r espect t o the co ne of dep ress ion at the
"new" fi eld . Wood (1 958b, p . 18) indicate d that the chlor i de co nten t of water
in the Al ta Lorna Sand be comes progr es sively higher west of the wel l f ie l d .
This is substantiated by the higher co ncen t ra t ion of chloride in water fr om
well 14 (E- 92) on the west s i de of the field. Wel l 10 (E-78) i s on the north­
west sid e of the cone of depres sion caused by pumping at Al ta Lorna; therefore,
the mor e h i ghly mine r alized water movi ng t oward the cone of de pres sion f rom the
northwest would r ea ch well 10 before r eaching any ot he r wel ls .

Figure 18 s hows the cha nge s in chlor i de co n ten t of wate r fr om wel ls in the
Alta Lorna Sand a nd from sands ab ove the Alta Lorna a t Tex as Ci ty . The decrease
in chlor i de concen t r a t i on from about 1,080 ppm in 1953 t o 970 ppm in 19 66 in
water from well M- 37 i s probably du e t o the decrease in pumping fr om the sand
in the a rea . There ha s been no signi fi cant increa s e in chlor ide concen t ra t ion
in water f rom sands above the Alta Lorna a t Texas Ci ty , as ind icated by Figure
18 (well M-36) .

Because sal t - water encroachment is an ever-present t hrea t t o g round- wa ter
s upplies in coas ta l a reas , care s hould be exercised in deve loping wel l fie lds .
Fortunately, the movement o f water in s ands is slow. Wit h proper moni tor i ng
points, it would be possible to determine l ocation of the interf ac e of f r esh
wat er and s a l t water an d t o e s t i ma te ra te of movemen t o f the sal t wate r . Ade­
quate moni t oring points a re not ava i lab le , howe ver, and much needs t o be done
on the problem of sa lt- wate r enc roachment i n t he Hou s t on district .

SUBSI DENCE OF LAND SURFACE

Subs i denc e of l and surface has occurred i n mos t of the Houston district.
Loc a l ly , s ubs i dence may be due in pa r t t o t he ex traction of oi l and ga s ; region­
a l ly , however, the principal cause o f s ubs i dence i s lowe r i ng of the pres s ur e
head by ground-water pumping.
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Hydraulic or ar tes ian pr essure i n the ground-w,'ter sys tpm pa r t ia l ly sup­
ports the weight of the ove r bur de n . With r educ tion in pres sure , an add i t iona l
l oad is t r an s f errred t o t he skele t on o f the aquif er. The l ower i ng o f pres sure
in the sands cr ea tes a pressure di ff eren ce be t ween the sands a nd c l ays , f orcing
wa t er to move f rom th e c lays t o t he sands . The entire prncess t end s to compac t
the s atura ted mat erial, wi th most o f the compa ction taking place i n the c l a ys .

Figure 19 shows the extent of s ubs i de nce in the Houston district during
the period 19 43- 64 based on r elev eling by the U. S . Coast and Geode t ic Surve y .
The l ocation s of areas of maximum s ubs i dence , t he Texas Ci t y a rea , the Pasadena
area, and the Baytown-La Port e a rea a re a lso the a reas of maj or water-leve l
de c l i ne . Relation between amoun t of s ub s idence a nd wat er- l evel decline r a nges
f rom les s than 0 . 5 foo t s ubs i dence per 100 fee t of wate r - leve l decline in the
Katy a rea t o abo u t 1 . 3 fee t pe r 100 f eet in the Pa saden a a rea . The di fferen ce
can probably be a t t r i bu ted to var ia t ions i n the amount of c lay pres ent in the
zone a f f ec ted by pressur e de c l i ne , as the Katy a rea i s und erlain by a gr ea t e r
pe rcen tage of sand.

Bet ween 194 3 a nd 1964 , the max i mum s ubs i dence , base d on U.S . Coas t and
Geodet ic Surv ey r e l eveling data, ha s been in the Pas aden a a rea , wh ere as much
as 5 f eet occur red just north of the Houston Ship Cha nne l . Leve l i ng by priva t e
industr ies indicate that the subsidenc e at Texas Ci ty has been greater than
that shown on Figure 19, possibly about 8 f e e t .

Max i mum rat e of subsidence has be en abo u t 0 . 2 fo ot pe r yea r f or each of
two periods of r eleveling, 1954-59 and 19 59-64 . Even thou gh there have be en
f l uc t ua t i ons in the r a t e o f water-level dec l i ne , the s ubs i dence r ates a ppa rent ly
have not been affec ted . There seems t o be a s ubs tant i a l lag i n the time be tween
water-level decline and subsiden c e . It i s likely t hat co mpa c t ion and s ubs i denc e
wi l l cont i nue for some time aft er any stabilization of water l e v e l s.

SUMMARY

Withdrawal of gr ound wa te r in t he Houston dis tr i c t i ncrea s ed f rom abou t
311 mgd in 1960 t o abou t 421 mgd in 1965. In the Texas Ci ty a rea of Gal ves t on
Count y and the Baytown- La Por te a rea of Harr is Coun ty, ground-wa t er wi t hd rawa ls
incr eas ed only slightly . Large increa s e s i n the pumping r a t e we re noted in
t he Hou ston, Pasadena , a nd Katy a reas during the 1960-65 pe riod. Popu la t i on
growt h in the Houston a rea and increas ed us e by industry i n the Pasad ena a rea
accoun ted f or most of the increa s e i n ground-wa te r pump i ng . Subno r mal r ainfall
and doubl e c ro ppi ng of r i c e accounted f or a l arge increas e i n ground-wa ter us e
i.n the Katy a rea .

Water l evel s cont i nue t o decline throu ghout the d is tr i ct .
(:ec line has occur red in the Pasad en a a rea ; the smal les t de c Jine
Lorna a rea whe re pumpin g i s nearly s tau il ized .

The l argest
i s in t he Al t a

Sal t-wa ter enc r oa c hmcn t has c aus e d s ignif i cant c ha ng e s in c he mica l quality
i n the c it y of Ga l veston ' s "old " well fie ld a t Alta Lorna ; l e s s er changes were
noted in Harr i s County . Signi f i ca nt changes a l s o may be occurring in t he
qual it y of wat e r i n the southe ast e r n pa r t of Har ris Coun t y , hu t mon i t o r i ng
poin t s are no t ava i l able fo r ve ri fi cation .
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Subs idence is co n t i nuing throughout most of the Houston district . The
grea tes t amount of s ubsidence (abo u t 5 fee t) , ba s ed on U. S. Coa st and Geo de t ic
Survey relevel i ng data , has occur red i n the Pas adena area where the l and sur­
face subsided a t t he r a t e of about 0.2 foo t per year during t he 1954-64 peri od .
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