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DEPARTMZNT OF THZ INTERIOR
MEMORANDUM FOR THE PRESS

RELEAST™ FCR October 17, 1932,
GROUND-WATER RESOURCES OF THE HOUSTON-GALVESTON AREA, TEXAS,

.- e e ee -

Report prepared through cooperation between the Texas State Board
of Water Engineers and the United States Geological Survey.

By W, N. White, Penn Livingston, and S, F., Turner

The supply of underground water in an area in eastern Texas comprising Harris
County, in which Houston is located, and parts of adjoining counties is the sub-
ject of an invostigation started in December, 1930, as part of a survey of the
underground-watoer resources of Texas by the United States Geological Survey in
cooperation with the State Board of Water Enginecrs. The investigation is being
madc by ¥, N, White, Ponn Livingston, and S, F, Turner, under the dircoction of
0, E, Mcinzer, gcologist in charge of the division of ground water in thc Geologi-
cal Survey, Though thc study is continuing, it has progresscd sufficicntly to
warrant the rclecaso of somc of the facts that have beon dissclescd and some goneral
conclusions rcgarding tho availablc supply of water, Further conclusions will bo
rclcascd later, cspocially as to the rocharge in the outerop arcas and as to tho
water. supplics of thc Baytovm and Alta Loma districts and the ricc-growing arcas,

Location and topography

The area is a part of the Gulf Coastal Plain, which in this region extends
from Cklahoma to the Gulf of Mexico, It is a plain of low relief that lies not
fer above sea level, Low escarpments, probably representing ancient shore lines,
break the level of the plain, and in some localities the streams havc cut trench-
like courscs 30 to 50 feet deop, Thc Hockloy escarpment, which is thc most
prominent, can bo traced across the southern part of Montgomery County, tho north-
wostern part of Harris County, and tho central part of Waller County., From the
foot of tho cscarpment, about six miles southeast of Hockley, to tho Gulf, a
distancc of 80 miles, thoro is a fall of only about 165 feet. To the north and
west of thc escarpmont the lend rises more rapidly and thc country is somowhat
hilly, Thc arca is bounded on thc cast by tho Trinity River and on tho west by
the Brazos River and is crosscd by the San Jacinto Rivor, Spring Crock, and a fow
other porennial creeks, The smaller streams generally carry water only during end
immediately after heavy rains, The tides reach inland from the Gulf to Houston
through Gelveston Bay and the Houston ship chamnel,

Previous investigations

The ground-water conditions in this area wero briefly described in 1907 by
T. U. Tayler, in U, S, Geological Survey Water-Supply Paper 190, "Underground
water of the Coastal Plain of Texas," and more fully in 1914 by Alexander Deussen,
in Watcr-Supply Paper 335, "Geology and undorground waters of the southcastcrn
part of tho Tcxas Coastal Plain,"



Importance of ground water in thc area

The area is one of great industrial development, Houston, thc county seat
of Harris County and one of the largest citieos in the South, is a leading seaport
and manufacturing and railroad center., Tho city had a population of 292,000 in
1930, Galvceston, with a population of 53,000 in 1930, also renks high as a sea-
port, Therc arc about 12 producing oil ficlds and 11 oil refinerios in the arca.
Farming is also important, end tho chicf crops aro rico, cotton, sugar canc, and
garden truck,

Large quantitics of water arc roquired for public water supplics, oil rofin-
ing, icc manufacturing, cooling and other industrial usos, and the irrigation of
ricc, The industrial plants and a large part of the ricc-producing districts are
rcmote from adcquatc supplics of stroam wator suitable for thosc varied requiro-
ments, On the other hand, almost ovorywhero abundont supplics of woter of satis-
factory quality cen bc obtainod from wells, Without doubt tho availability of
wnter from this convenicnt sourcc has contributed in no small measurc to the rapid
industrial dovclopment ond concentration of populetion in the area,

Purposc of investigation and ficld oporations

The importance of the available supply of ground water in this area has be-
come increasingly apparent, As industry has developed ond the population has in-
creased, the demands for water heve grown aond have been met by larger and larger
withdrownls of ground water, In practically all parts of the area where the with-
drawals have boen heavy the head in flowing wells has declined ond the water
levels in non-flowing wells have fallon, In some localities thoe declinc in head
has amounted to 100 fect or more, and it has becomo a matter of publie concern
lest the deelinc continuo until it is no longer feasiblc to pump the wells or the
wclls becceme contaminated by salt water, The prosent investigation was undortakon
in recspenso to public rcequest, It covers various phascs of tho ground-water prob-
lom, such as tho quantity ond qual ity of the woter in diffeoront localitics at
diffcrent dcpths, its suitability for municipal, industrinl, and farm uscs and for
irrigation, and tho possibility of contamination of docp wells by salt water, Tho
chicf purposc of tho investigation is to obtein information to scrve as a basis
for cstimating the safo yield of thc underground rescrvoir in different parts of
the arca-~that is, the practicable ratc nt which wnter may bc withdravm perennially,

In any lecality thc avorage amount of water that can be safely vithdravm
from tho undorground roscrvoir cach yoar depeonds on tho averange annucl rechargo
te the reserveir in that locality, This is detormined by the cmount of vmter
that penetrates to the water table from rains and by scopage from thc streams on
the outereps of tho wnter-bearing formations, the eapacity of the formations to
transmit water from the outerops to tho wells, and the amount of this undcrflow
thoet con be withdrawn through wells, In praootice nll these quantities are diffi-
cult to determine,

If an underground reservoir is heavily pumped o study of the relations of
the woter levels in wells to the amount of pumpage is likely to give more reliable
information as to the safe yield than can be obtained by any other method., The
woter levels or artesion pressures in the wells that tep c heavily pumped roser-
voir will inovitably decline, The decline may be comparatively rapid for periods



of considcrablc longth whon thc rate of withdrawnl is constantly incrcasing, but
this is not in itsclf an indication of ovordevolopmont if the docline is net so
groat as to indicatc the approach of the time whon the roquirecd 1ifts will be
boyond thc cconomic limit, If the roto of pumping is kept constont and does not
cxcocd the ratc of rccoveorable rccharge, the deeline will procecd ot a diminishing
rato and will oventunlly stop, To dectermine the limit of drawdown undor o con-
stent rate of pumping rcquircs tho lapsc of sufficiont timo to permit the dovolop-
ment of a curve in which the water levels in a group of key wells are plotted
against time and which can with some cenfidence be projected into the future, 1In
most areas the problem is further complicated by fluctuations in the rate of pump-
ing, Tho area under discussion embraces several localities in which heavy with-
drawals of ground water have been made for years, and in. these localities an
effort is becing made to obtain accurate rocords of fluctuations in the rate of
pumping and fluctuations in the water levels in wells and to corrclate thc two,

The work that is in progress or has alroady boeon completed is as follows:
The dopths to the water lovols in about 90 sclected-wolls arc bocing measured
monthly, and automatic wator-stage rccorders aro being maintained on cight of
thosc wells; availablc data on pumpagc arc being collocted, special attontion being
given te scasonal changes on tho ratc of pumping; tho outerops of thc chief wator-
boaring formations arc being mappcd, and tho ponotration of rainfall on theso out-
crops is becing studiecd; deseriptive details rolating to 900 water wells and tho
logs of about 500 wvmter wells and oil test wells have been gathered and tabulated;
irrigated lands in tho Katy rico-growing district havo boon mappod; 20 samplos of
loosc sand aend finc gravel from woll cuttings and 46 samples of sand and of sand
and silt scleeted from 200 foct of drill corcs obtained from decop wells at Houston
have been tested in the hydrologic laboratory of tho Goological Survey, at -
Washington, to determinc thc pormcability of the wator-boaring sand and gravel--
that is, their capacity to transmit wator undor hoad; numorous samplcs of vwater
from weclls havo beon analyzed inthe wmtor-rosources laboratory of the Goological
Survoy; about 300 samples have boon analyzod by ficld mcthods; and copics of many
analyscs have been collected from local sources,

Rainfall

The climate of the area is humid, Heavy rains are of frequent occurrence,
and the precipitation is well distributed throughout the year, According to
records of tho United States Weather Bureau, the average annual rainfall at
Housten during 47 years was 47,05 inches; at Conroe, about 40 miles north of
Houston, during 14 ycars, 48,28 inches; at Hompstead, about 50 miles northwest of
Houston, during 30 yecars, 41,04 inches; at Liborty, about 40 miles northeast of
Housten, during 28 years, 49,74 inches; and at Galvcston during 61 yoars, 44,77
inches, In 1930 tho rainfall was metcrially below tho averago at all thosc
stations, In 1931 it was bolew tho average at Houston, Conroc, Liberty, and
Golvoston and a fraction of an inch abovo thc avorage at Hompstead, During the
poricd from January to May, 1932, thc rainfall wos materially belew the averago
at Houston, slightly bolow thc avorage at Conroc and Liberty, and slightly abovo
the average at Hempstead and Galveston., In the poriod from Jamary, 1930, to
May, 1932, tho accumulated doficicncy bolow tho average amounted to 26,36 inchos
at Houston, 9.37 incheos at Conroo, 4,39 inchos at Hompstoad, 9.38 inches at
Liberty, and 11,35 incheos at Galveston,



Gecology and its offcet on thec rccharge
and movoment of theo ground wator

Supplics of ground wator in this aroa that arc availablc at dopths to which
it is practicablc to drill wnter wells oeccur in beds of sand, sandstonc, and
gravel that creps out in the arca or immcdintcly to the north, The scdiments
range in ago from Miocenc (?) to Recont and have o total thickness of 2,500 to
4,000 foct, Thoy worc doposited for the most part under water during successivo
advances and rotroats of thc sca, The sand nnd gravcl wore dopositcd closc to the
shorc; the mud and clay worc laid down in dcopor water, As the sea moved inland
tho zonos of dcposition moved with it, and henec practically continuous deposits
of sand, partly ovcrlain by clay, rcach to the prescent outcrops from localitics
far scaward, As tho sca rotroatod the procoss wns rcoversed, and deposits of sand
werc spread over the e¢lay, During times when the land was above water tho beds
were subjected to reworking by the streams and were thereby materially modified,

The beds consist, therefore, of relatively impermeable clay, gumbo, and shale
interbedded with layers of permeable sand, In or close to the outerop areas of
the formations the beds arc in general dominantly sandy and the clays more or less
lenticular, but toward the Gulf the bods of clay thicken and persist over wide
arcas and tho sands tond to pinch out,

The beds dip generally to the south or southoast, which is also the general
dircction in which thc land slopes., However, thc dip is nearly overwhore stocper
than the surfacc slope, and tho beds arc beveled by the surface, Successivoly
youngor formations arc theroforce cncountorcd in crossing the arca from north to
south or from northwest to southeast., Each of tho formations has an outerop areca,
from which it cxtonds toward the south or southecast, below the younger formations,
to progrossively greator dopths bolow tho surfacec, Thus the Lagarto clay, which
crops out in thc northorn parts of Wallor and Montgomery Countieos, is oncountored
at a dopth of approximatcly 1,800 fcot at Houston,

The strcams in thoir gulfward coursos cross onc outcerop after ancther and
may losc a part of their watcr by sccpage into the pcrmeablc sands, oxcopt where
thcse sands arc scaled by donso deposits of clay or silt, The undorground resor-
voirs formcd by tho pormcablc sands arc chiofly rcplenished, howover, by the
penctration to the wator tablo of rain that falls on tho outerop arcas of these
sands,

In outcrop arcas of the water-bearing formations thc water gencerally is un-
confincd and there is a wator table, Down thc dip, however, whoro thc beds
disappear under cover, artosian conditions aro commonly present. Thc undorground
roscrveirs formed by tho permoable sands have boen filled almost campletely with
water received at their outcrops, As the sands arc intorboddod with reolatively
impcrmecablc clays and shalos, thc wator in thc sands is confincd under artesian
prcssurc, and in arcas whorc the clays aro widospread it rises in wells sunk into
the sands through the overlying clay or shalo, As the land slopos gontly from
the outecrops toward the Gulf the artosian water is in somo placos under sufficicnt
hcad to riso to the surfacc and produce flowing wolls,



Goologic formations and their water-bearing properties

A gonoranlized section of tho geologic formations thut crop cut in this arca
is given in tho following table:

Goneralized soction of the goologic formations
of the Houston-Galvoston arce

5]

Svstom : Serics Formation Thickness
: (feot)
Rocent Strcam and boach deposited sand, 0-25

gravecl, cley, and shells

Quaternary
i Ploistoconc Becaument clay 1,300
!
’ Lissie formation 600750
------- ? ?
Plioccno (?) | Roynosa formation 600-800
Tertiary ~
Pliocone Lagarte clay 1,000-1,400
Miocene (?)

Tho structurc of thc rocks and thc ordor in which they occur is showm in
Figurc 5, which givos a generalized cross scction from a point about 17 milcs
north of Conroo, thc county scat of Montgomory County, southvard through Houston
te Galveston, A map showing tho boundarics of tho outcrop arca will be published
in a latcr ond moro comploto roport,

Tho Lagarto clay is tho oldest formation cxposod in tho area. It appears in
the northeastorn and northern parts of the aroa, in Wallor, Montgomery, Grimes,
and San Jacinto Countios, The formntion consists chicfly of pink, grocn, and
brown calcarcous clay and shale but includes two porsistont bods of coarsc gray
sand, cnc about 60 foot and tho other about 100 foct thick, which occur rospoc-
tivcly at 500 to 600 fcot and 750 to 900 foct bolow tho top of the formation,

With the clay and shalc arc thin laycers of hard limo-ccmontod sandstonc and many
limc nodulos,

(9]



The thick sand members of the formation usually yield large quantities of
good water in Montgomery County, the southern part of Grimes County, and the )
northern part of Waller and Liberty Counties, Wells in these sends at low alti-
tudes in the valleys usually flow, The thin layers of lime-cemented sandstone
usually yield a moderate amount of fair water to shallow wells in the outerop area,
Shallow wolls in the clays of the formation are reported to yield only small sup-
plies ~f mincralized weter,

The Reynosa formation crops out in the area above the Hockley scarp in Waller,
Montgrmery, and San Jacinto Counties and the northern parts of Harris and Liborty
Counties, It consists of altcrnmating beds of gray send and gray, brown, bluc, or
varicgeted sandy clay, silt, and gumbo, Tho upper part of tho formation is chiefly
clay but contains o fow thin sand layors, Tho lower half of thc formation is main-
ly sand, and thc basal sand is the coarscst,

The sands in the Reynosa formation yield abundant supplies of water to
shallow wells in the outcrop area and to deep wells wherever they are within
economic reach of the drill, The City of Houston draws heavily upon the water
supply in these sands, The five deep wells recently completed by the City and
many of the deecper privately owned wells that arc used to obtain water for indus-
trial purposcs at Houston, Pasadcna, and Decpwatcr, the decper wells uscd for rice
irrigation in the Katy arca, tho decp wells at Sugarland, and thc railroad wclls
at Spring, Cyprcss, North Houston, and Tomball all draw from the formation, Tho
water from eithor deep or shallow weclls in the Reynosa formation is usually soft
and rclatively low in minceral content,

The Lissic formation crops out in the southern parts of Waller and Montgomecry
Countics and the northern parts of Fort Bend, Harris, and Liberty Counties in a
belt averaging about 20 miles wide extonding southward and southeastword from the
foot of the Hockley escarpment,

There is some differcnce of opinion among goologists as to the oxaet strati-
graphic position at which the contact should be drawn betwecn the Roynosa and the
overlying Lissie formations, 'For tho purposcs of this preliminary report tho line
of outerop of this contact is arbitrarily taken as tho basc of the Hockley escarp-
ment, In Figurc 5, the linc of thc Roynosa-Lissie contact is reprosonted as
coming to thc surfaco at the basc of this cscarpment, but the uncortainty as to
corrcct position of thc contact is indicatcd by question marks,

The Lissie formation is composed of beds of gray sand containing some fine
pebbles and beds of gray, brown, blue, or red sandy silt, clay, and gumbo. The
upper part of the formation is dominantly clay except in areas on or near the
outerop, where the beds are more sandy, The lower part of the formation is mainly
sand, Southeastward from Houston the sands have a tendency to pinch out or become
finer and the silts and clays increase in thickness,

The sands in this formation yield large supplies of water to comparatively
shallow wells in the Katy district that aro used for rice irrigation and to many
fairly deep industrial wells at Houston, Water from the deeper wells in tho
formation is good, That from the shallow wells is noarly always relatively hard
but otherwise is satisfactory for most uses,
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The outerop arca of the Boaumont clay occupics the southern parts of Harris,
Fort Bend, and Liberty Counties and nearly all of Brazoria, Galveston, and
Chambers Counties. The basal 200 feet of the formation consists largely of sand,
but the middle and upper parts arc largely clay, The basal sandy member furnishes
large quantitics of wator to wolls in the southern parts of Harris, Fort Bend, and
Liborty Countics and in Brazoria and Galveston Counties, The largest wells aro
at Houston, Baytown, Tcxas City, Alta Loma, and Galveston and in the industrial
arca along thc ship channcl cast of Houstonm,

Ground-watcr rccharge

In tho outcrop arca of the Reynosa formation fine sandy loam soils predomi-
natc, and in parts of tho area thc soils arc too sandy for cultivation, In north-
orn Harris County and in Montgomery County many of thc more sandy lands arc heavily
forestod, but in northwestorn Harris County and in Wollor County most of them
support a luxurient growth of grass and arc usod for grazing., Sandy loam soils
prcdominate also in tho outerop aren of the middlc and lowor parts of the Lissio
formation, but clay loams commonly occur on the outerop of thc uppor parts of that
formation, In general tho sandy lands on the outerop arcas of both formations
have fewer drainage channcls than the adjoining country and numcrous small drainage
basins with no outlet, Thosc surfacc fceaturcs indiecatc that the rain sinks moro
roadily into thc sandy soils thon into the clay or elay loam soils of adjoining
lands,

Studics of the penotration of rainfall on thesce outerop arcas arc in progross,
In four localitics pits have becen sunk and lysimcters installed in tunncls driven
laterally from them, Measurements of depths to water in about 70 shallow wells,
many of which were put down for purposes of observation, are made menthly, and
during the winter of 1931-32 and the spring and early part of the summer of 1932
the measurements were made weekly in 40 of the wells, The wells are spaced at
regular intervals in two lines across the outcrops--one along the highway between
Houston and Hempstecad and the other along the highway between Houston and Willis,
Automatic wator-stage recorders are maintained on six of thc wells,

It is found that for most of theo time on the greater part of thec outerop
arca of tho two formations thore is both a true water table and a pcrohed weter
tablo, Thc pormeablc sandy soils and sandy loam soils are underlain by silty
sand or sand mixed with some clay, which usually are somewhat less permeable than
thc soils theomselves, Tho soils roadily absorb the rain, and the wotor moves
dovmward in them at o comparatively rapid ratc, When it reaches the underlying
silty or claycy sands its movement becomes slower, and as a result those materials
beecome saturated, During the summer practically all the moisturc that penetratos
the soils is dissipatod by ovaporation or by transpiration of grasscs, shrubs,
ond trocs, During the latc fall, winter, and carly spring, however, thc cvapora-
tion and transpiration losses are comparativcly small, and a tcmporary perched
woter table is built up, This water tuble rises abruptly after each rain, but
at other times it slowly but continuously moves downward toward the true water
table, During the winter of 1931-32 there wns o substantial rise in the water
levels in all the observation wells on the outcrop areas, both those that pene-
trated to the true water table and those that penetrated only to perched water,
the average net rise amounting to about eight feet,



These figures indicate that the ground-water recharge on the outcrops of the
water-bearing formations is relatively heavy, In order to evaluate the results
in terms of water it is necessary to apply a factor generally known as the specific
yicld, This factor represents the interstitial space that is filled as the water
table rises, expressed os o percentage of the total volume of material saturated,
The observations are to be continucd during the coming winter,

Tho cxporiments with the lysimcters have becn only partly successful, but
they indicatc that water in tho perched zono moves downward in considcrablo
wuantitios to depths oxcceding ten foet bolow tho surface., At such depths the
watcr is bolow tho zonc of ovaporation and out of the reach of tho grass roots,
and if it is not intercoptecd by dcoply scatod troc roots it must move downward
to tho woter table, It is estimatod that the ponetration of onc inch of wator to
the truc water tablc over tho cntirc outerop areca of tho Reynosa and Lissic
formations in Harris, Wallcr, and Montgomery Countios would providc ground-water
recharge amounting to a quantity scveral times greater than the total quantity
withdravn from wells in both formations in Harris County, Thc stroams on tho
outerop arcas doubtless contributc somc rechargo to the truc water tablc, How-
over, scopage from the zonc of perchod ground water is ontcring the strcams ncarly
all the time, and this makos it difficult if not impossiblc to dotcrmine the truo
recharge from the stroams,

Pumpage

Discharge of ground water occurs in the area through the flow of springs,
evaporation from the soil and transpiration from plants on the outcrops of the
woter-bearing formations, movement down the dip of the beds to unknown outlets,
possibly located beneath the Gulf, and withdrawals from wells, Some of the
artificial discharge tokes place through flowing wells in widely scattered parts
of the area, but most of it is accomplished by pumping from wells in the Houston,
Baytowm, and Alta Lomn distriets and in the Katy rice-growing arca, A summary
of the pumpage in these areas is given below,

Houston district, - The Houston district, as the term is used in this report,
covers about 150 square miles and comprises the area within the ecity limits and
adjocent territory, including several incorporated and unincorporated towns and
the strip along the ship channel between Houston and Pasadena, The water supply
of this distriect is obtnined entirely from wells, The hoaviest demands for woter
are for domestic uso and for office buildings, most of which are supplied from
the city wells, According to the rccords of the City Water Department, the
average quantitics of wnter deliveored by the City between 1906 and 1931, in
millions of gallons a day, werc as follows: 1906 to 1910, $,3; 1911 to 1920,
7.03 1921 to 1925, 13,5; 1926, 16,9; 1927, 20,5; 1928, 21,9; 1929, 23,0; 1930,
25.8; 1931, 25,4,

The following tablc was eompiled from city records: r



Averago quontities of wator dolivered by the City of
Houston, 1928-1932, in millions of gallons a day

© le 1029 1930 1951 1932
a é
Jonuary 20,5 | 20,0 24,5 - 23,8 22,5
February ; 18,3 20,6 24,6 23.2 22,8
March 18,8 21,2 24,0 22,5 22.1
April 20,0 22,2 25,9 22,7 24,9
May 23.3 22,7 26,0 2?,3 25.1
June 24,0 22,7 27,9 28,4 26,8
July 25.5 -23;6 28,5 28,3 26,9
August 26,0 26,0 28,2 27,3
September 22,8 26,1 27.7 28.7
Octobor 22,5 25,8 26,0 27,4
Novembor 20,9 22,0 24,5 24,6
December 20,5 22.9 23,7 23,1
Average 21,9 23,0 25,8 25,4

It is estimated that altogether there are about 400 wells in the Houston
district, of which about 230 are in use and 170 have been abandoned. Industrial
requircments for watcer are supplied largely from privately owned wells, The
heaviest consumers arc oil refineries, ice plants, and laundries, but large
quantitics arc also used for cooling machinery for air conditioning office build-
ings and theaters, During 1931 the production of each well or group of wclls was
either measured or estimated, In May, 1932, the results of this survey were re-
vised and checked and all availablo information as to the volume of pumpage in
1930 as compared with that in 1931 was collcctod and studied, The figures that
were rcachod as thc average pumpago from all publiec and private wells in tho
distriet woro 52,000,000 gallons a doy in 1930 and 50,000,000 gallons a day in
1931, It was computed that thc aveorage daily pumpage amounted to about 56,000,000
gollons from May to October, 1930, about 47,000,000 gollons from November, 1930,
to April, 1931, and about 54,000,000 or 55,000,000 gallons from Moy to October,
1931, During thc samo poriods tho eity wntor systom made avorage daily deliverios
of 27,200,000, 23,300,000, and 27,400,000 gallons, rospcetively,
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A pronounced decline in the demands for water for industrial purposes began
about the first of January, 1932, and the industrial pumpage during the late
spring and summer mey have been 20 to 25 per cent less than it was during the
same period in 1931, There has, howover, been little reduction in the pumpage by
the city. Thus the total pumpage from public and private wells may have been ten
or 12 pcr cont bolow that of 1931,

Ricc-growing areas, - In rocent ycars rice has beon irrigated on a compara-
tively largc scale from wells in scoveral widely separated localities in the aroa,
In 1931, howcver, only five rico farms outsido of the Katy district were thus
supplicd, Throo of tho farms werc nocar Webstor and had an aggrogate irrigated
arca of 875 aores, Tho other two were ncar:: Bonnoy. The Katy riecc-irrigation
district ccnters around tho tovm of Katy, which is about 30 miles west of Houston.
The irrigation of rico in this district was begun in 1902, and by 1905 thc aroa
devoted to this crop amounted to about 400 acrcs, Thorc was a gradual increasc
in production botwccn 1906 and 1929, Tho aroa amounted to about 9,400 acres in
1930 and to cbout 8,300 acrcs in 1931, All thoso lands arc irrigatcd with water
pumpcd from wells,

The rccords of tho Houston Lighting & Power Company show thet thc avcerage
irrigation scason in tho Katy ricc district is about 100 days. During this time
thc pumps arc ncver allowod to stop unless a heavy rain occurs, and then they arc
stopped only for a few hours, It is estimated that during the seascn of 1931 an
average of 58,000,000 gallons a day was delivered to the rice fields, On this
basis the pumpage during the season amounted to about 18,000 acre-feet, or about
2.2 acre-feet per saore,

Baytown district, - According to information obtained from the Humbel 0il
Company, the average pumpage from the nine wells at Baytown amounted to about
11,000,000 gallons a day in 1931 and for several previous years, The wells
furnish water to the refinery, which is one of the largest on the Gulf coast,
and also to tho town of Goose Crecek,

Alta Loma district, - The wells that supply Galveston are at Alta Loma, and
it is rcportcd that on the average 4,000,000 to 5,000,000 gallons a day is pumped
from them, Thus far, only work of a roconnaissance charactcr has becen done in
this part of the area, but it is planncd to extcnd the investigation into this
arca during the coming fall and winter,

Fluctuations in artcsian prossuro

Houston district, - In the carly days of Houston flowing wells could be
obtaincd practically anywhore within the prescnt eity limits, and the artesian
heod in somc localitics was sufficiont to raisc the wator in wells from 15 to 30
fcet abovo the surfaco, The artosien head, as shown by water lovels in unused
wells, is now about 80 feoct below the surface in tho downtown part of Houston,
Betweon 1920 and 1931 the docline in artesian hoad avernged about four fect a
year, Tho fluctuntions in artosian hcad that arc now in progress, together with
thosc that have occurrcd during the last throc or four years, have particular
significance in connoction with the prblem of the safe yicld of the underground
roscrvoir, because they can be corrclated with figurcs on pumpage that arc
roasonably aeccurate, Tho curront program of woll moasurcments shows thc fluctua-
tions in artesian hoad that have takon placo during the last 18 months, and a -
survey has bocen made to obtain as much information as possible regarding the
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decline in head between 1928 and 1931, Figure 1 is a map of the Houston district
showing the positions above or below sea level to which water in artesian wells

in the district would rise in 1928, Figure 2 is a similar map showing the posi-
tion to which the water would rise in 1931, These maps are comparable with a
topographic map, but instoad of indicating the form of the land surfacc they indi-
cate the form of the weter lovels in wclls as if there werc an infinite number of
wolls, The water lovels in tho wells arc determined by tho artesian prossure, and
thc maps thoreforc arc artesian-pressure maps, The wells for which the water-lovel
data worc obtained are from 100 to 1,900 fcot doop, and tho decper wells penctrato
woter-bearing sands at mony differont horizons, It is the practice in construet-
ing many of tho wolls to placo scrcens opposite all tho most favorable sands,
Howover, morc than half of the water pumped in Houston comes from beds that lio
betwocn 700 and 1,300 foct below tho surface, and as a result in parts of tho areca
the static level is lower in tho dccp wolls than in moderately shallcw wclls,
Figurcs 1 and 2 arc compiled from lovels in wolls that are morc than 150 foct deop
but rcprescnt most nearly tho hecd in wells morc than 700 fect docp, Local differ-
onces in hoad have boon sot up in parts of the arca as a result of uncqual draft
by the pumps, and in compiling the maps it has been found necessary to neglect the
water levels in a few of the wells that were obviously erratic and not indicative
of the prevailing pressures, A dopression in tho artesian head has been created
by the withdrawals of watcr in the arcas of greatest pumping development, Figure
1 shows that in 1928 the prevailing artesian head had been depresscd below sea
lovel in an area of about 50 squarc miles oxtconding from Glemwood Ccmetery south-
castword to Pasadona, Figurc 2 shows that in 1931 tho area in vwhich thc prevail-
ing pressurcs had been dopressed below sea level had inereascd to about 150 squarc
milcs, Both maps indicatc that the pumping has lowerod the artesian hoad much
morc in the arca to the south and cast of Houston than it has in the area to the
north and wost,

In general in the heavily pumped aroa of Houston the water levels in all tho
weclls cxcept the shallow ones appear to rise and fall together, rcgardless of
their depths, The water levels in all the obscorvation wells in the district
rcspond to scasonal changes in the ratc of pumping, In somc of thom the coffcot is
obscurcd by fluctuations duc to short-timc changes in the ratc of pumping from thc
obscrvation wclls thcemselves or from nearby wells, but usually a scasonal trend is
unmistakable, Tho mean water lovel begins to doeline in April and continucs to
decline slowly until October or November, From Novembor to April there is a
corresponding risc in the wator levol, The average deeline betweon April and
October, 1931, in the 40 wolls in tho Houston district where monthly observations
werc mado amounted to 6,0 feet, The average rise betwoon Novembor, 1931, and
March, 1932, amountcd to 7,1 fcot., In most of the wolls tho water lovels werc os
high during Jonuary, 1932, as they wore during January, 1931, slightly higher in
May and Juno, 1932, than in May and Junc, 1931, and from one to two fcot higher in
August and ocarly Scptember, 1932, than during the corrcsponding period in 1931,

In three of the wolls the levels were slightly lower in 1932 than during corrcspond-
ing periods in 1931, Tho most significant fact brought out by the rccord is that
there was no docline in hoad during 1931, although tho pumpago in 1931 was only
slightly below that of 1930,
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The hydrograph in Figure 3 shows fluctuations of the water levels in four
widely spaced wells in the Houston district from January, 1931, to April or May,
1932, The location of the wells is shown on Figures 1 and 2, Well 1 is owned by
the River Oaks Country Club and was drilled about a quarter of a mile north of the
club house, It is ten inches in diameter and 1,038 feet deep and is used to
supply the club house and to water the grounds. There are no large wells within
12 miles frem this well, It is not used much during the winter, but during the
summer probably an average of 250,000 gallons a dey is pumped from it., The
water lovel in this well rose 1,5 foot botwecn Jamiary 19 and April 4, 1931, and
deelincd 5,2 fcot between April 4 and Soptember 10, It rosoc about ninc feet during
thc fall of 1931 and winter of 1931-32, On April 18, 1932, it stood 4,9 fcot
highcr than on April 7, 1931, and in August, 1932, it stood about 3% foot higher
than in August, 1931, The well was being pumped when the May and June measure-
ments were made, .

Well 2 is a 6-inch well of unknown depth belonging to the Texas Pipe Line
Company, at the tank farm on the Wallisville road, The well is no longer in use,
and very little water is pumped w thin a distance of 1%—mi1es from it, The water
level in this well on March 19, 1931, was 54,1 feet below the reference point
(top of air line), The lovel gradually deolined during the spring, summer, and
early fall, the total declinc amounting to about five foet, It rose stoadily
during the wintor of 1931-32 and spring of 1932, and on June 6, 1932, it stood at
53,82 foot, or about onec foot higher than on May 25, 1931. It stood two to Z% fect
highor in August and thc carly part of Soptembor, 1932, than during thc corrospond-
ing pecrind in 1931,

¥cll 3 is an abandoned 6-inch wcll of unknown dopth bolonging te tho City of
Houston at tho site of the old Lincoln swimming pool, on Sabine Streot, just south
of Buffalo Bayou, It is in a heavily pumpod area whorc there are pronounced daily
as wcll as soasonal fluctuations in tho rate of pumping, The water lcvel was 55,5
fcet below the reference point (1,5 foct above level of stroct) on Jamary 31,
1931, The watcr rosc slightly during thc spring and dcelined during theo summor,
On Scptomber 10 it was 4,5 fcct bolow the level recorded on January 31, It roso
about ninc fcct during the succceding six months and doclinod again during April
and May, 1932, Thc vator lovel was about 1-3/@ fcet higher on January 25, 1932,
than on January 30, 1931, but in May and Junc, 1932, it was about thc samo as for
the corrcsponding months in 1931,

Well 4 is a 6-inch well belonging to the City which was drilled to supply
water for Park Place but is no longer in use, The nearest heavy pumping is done
at the City east-end plant, which delivers about 1,000,000 gallons a day through-
out the year, This plant is about one mile northeast of the well, The water level
in this well was 58,5 feet below the reference point (1,6 feet above level of
ground) on January 8, 1931, It rose somewhat during the spring, declined during
the summer and fall, and rose again during the winter of 1931-32, On April 7,
1932, it was about three feet higher than on April 6, 1931, In August and
§ep§g§§er 1932, it was 13 to two feet higher than during the corresponding period
in .

Hourly moasurements made at well 3 on Jenuary 17, 18, and 25, 1932, end at
well 4 on January 26, 1932, showed that there is a fluctuation during thc day in
the water levels of these wolls amounting to about a tenth of a foot, These
changes apparently are due to fluctuations in barometric pressurc,

12



Rice-growing areas, - The hydrograph obtained with an automatic water-stage
recarder from Mr, Lemb's unused well one mile east of Katy is showm in Figure 4,
This well is practically in the center of the irrigated areas but is a mile from
the nearest well that was pumped for irrigation during the time the record was
obtained. The hydrograph shows that the water level gradually fell from May 1
to 19, 19231, and then dropped very rapidly until June 11, Unfortunately the
float struck an obstruction, and the reccord between that date and September 2 was
lost oxcept for a brief period in late July when a risc in the water level lifted
the float above the obstruction, The water rose gradually during the fall and
winter, and on March 24, 1932, it had reached a level slightly below the level of
the corresponding date in 1931, The record of fluctuations in the water level in
this well and in other observation wells in the Katy district is not very long,
and no attompt will be made at this time to draw any conclusion as to the trend of
water levels in the distriot, Obsorvations are still being made and should be
continued for several years, According to a statement by Mr, John Cope, one of
the lending rioc growers, the water level in tho district has declined about five
feot since 1903,

Baytovm district. - In thc district supplying water for the rofinery of the
Humblo 0il & Refining Company the static level has fallon at the average rate of
fivc foot a yoar sinco 1920, Tho drop in water lcvel during somc of the yoars was
as much as ten fect and during others as little as threoc fcot, It has beon
rcported that prior to 1915 wolls at La Portc, four miles south of Baytown, flowcd
20 foct above the surfacc, Soon aftor the Goosce Crock and Baytown dovclopment
began the wator level dropped suddenly, In 1931 thc depth to the water lovels in
weclls at La Porte was botweon 50 and 55 fect,

Alta Lomn district. - The wells at Alta Loma that furnish the wator supply
for the City of Galvoston whon drilled in 1893-94 would flow about 28 foet abovo
tho surfacc, In 1931 the stotic level was 33 foot beclow tho surfaco,

Movcement of ground wator

Most of the water withdrawn from the underground reservoirs in Harris County
is supplied by percolation from the outerop to the pumped districts, which usually
are many miles apart, In the greater part of the area the water is moving from
northwest to southeast, whiech is the direction of both the hydraulic gradient and
the slope of the land, A depression in the artesian head has been created by the
withdrawals of water in the areas of greatest pumping development, The location
and shape of the depression in the Houston distriet in 1928 and 1931 arc shown
in Figures 1 and 2, The water moves at right angles to the contours shown on
these maps, along the striko and up the dip of the water-bearing formations as
well as down the dip from the northwest, In the long run, however, the supply
from tho outerop must provide most of tho water withdrawn by the pumps, The
amount of the inflow of water to any part of the area depends on the pormeability
and thickncss of the water-bearing formations and on the hydrauliec gradient, The
cocfficicent of permeability can be exprossed as the number of gallons of water
thet will flow daily through o cross scetion of the water-bearing bed one foot
high and onc mile wide for cach foot of hoad per mile, Tho total flew across a
scgmont of the formation onc mile wido is obtainod by multiplying tho coofficiont
of pormeatility by tho thickness of the formation and this product by tho hydraulic
gradiont, Twenty samples of loosc sand from drill cuttings and 46 samplos of sand
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and of sand and silt selected from drill cores obtained from deep wells at
Houston have been tested in the hydrologic laboratory of the United States Geo-~
logical Survey, at Washington, to determine the permeability of the water-bearing
materials, The results show that the permeability varies considerably but averages
about 150,

In order to reach a tentative figure as to the amount of the annual replen-
ishment from the outcrop to the Houston distriet, it has been assumed that the
inflow passes through a vertical section of the sandstmme 50 miles long along the
20-foot contour shown on Figure 2, It is estimated that along this contour the
average thickness of the formation is 600 feet, the average coefficient of
permeability 150, and the average hydraulic gradient ten feet to the mile, On
this basis the estimated flow from the outerop to the pumped districts is
45,000,000 gallons e day,

Conclusions, with speciai reference to the safe pumping
yield in the Houston district

The water-bearing beds of sand tapped by the wells in the Houston district
have an extensive outcrop area, and there is evidence that the ground-water
recharge by penetration of the rain that falls on this area is heavy, The per-
meability of the sands is only moderately high, btut tho water-bearing beds have a
great total thicknoss and therefore a large aggregatc capacity to transmit water,

In 1931, with an averago daily pumpage only a few por cont less than that
during thc poak years 1929 and 1930, tho prevailing artcsian pressuros held their
owmn, During thec first eight months of 1932, with a decline in pumpagc which is
ostimated to have amounted to ton or 12 per cent, the prossures gencrally have
riscn, Apparontly, thercforc, a statc of ossential cquilibrium has been reached,
and there will bo no furthor doclino in head if tho avoragce daily pumpage docs not
oxcced 45,000,000 to 50,000,000 gallons, This conclusion is strengthoned by tho
fact that the rainfall has bocn below the average and tho risc in head can thus
not bec attributcd to cspeeially heavy rochargo.

With tho inecroascd domands which may bec oxpoctcd to accompany thc normal
growth »f thc City, thc artcsian hoad would doclino furthor if all watcr woro
pumpcd from cxisting pumping plants, but as this would tako place thc cono of
pressure depression would be expanded and deepened, and greater quantities of
water would thereby be brought into the district, Further material lowering in
head can be prevented and additional supplies can be obtained if in the future
the City locates its new wells at greater distances from the centers of the
existing eccnes of depression (shown in figs, 1 and 2), preferably toward the
west and southwest, The conclusion is reached, therefore, that the underground
reservoir is capable of supplying more water for the City of Houston than has
heretofore boon withdrawn from it,

(P. N, 66553)
14



N . -

’ ] 1
G, By S A
el s ~o

5

RsLIena

JIY7. R

SO TH
HOUSTCON

1 PR 2 3 4 & Mies
e _\/ [T i L 1 4 ]
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DEPARTMENT OF THE INTERIOR

Memorandum for The Press

RELFASE FOR DECPMPER 29, 1933,

GROUND-¥ATSR RESOURCES IN THE HOUSTON DISTRICT, TEXAS,

Report prepared through cooperation between the Texas State Board of Water
Engineers and the United States Geological Survey.

By W, N, White and Penn P, Livingston

An investigation of the underground-water supply available for Houston and
vicinity has been in progress during the last three years, as part of a survey of
the ground-water resources of Texas by the United States Geological Survey in
cooperation with the State Beard of Water Engineers, This investigation is under
the direction of 0, E, Meinzer, geologist in charge of the division of ground-
water in the Geological Survey., The most impertant results of the investigation
to August 1932 were set forth in a mimeographed memorandum which was released
October 17, 1932, and in large part was published in the daily newspapers of
Houston, In this memorandum it was shown that the water-bearing beds of sand
tapped by the wells in the Houston district have an extensive outcrop area, that
there is good evidence that the ground-water recharge by penetration of the rain
that falls on this area is heavy, that the sands have a large aggregate capacity
te tranemit water, and that a state of equilibrium in artesian pressures had been
reached in the Houston district, The conclusion was reached that the underground
reservoir was capable of supplying more water tc the city of Houston than had
theretofore been withdrawn from it, Since the memorandum was issued an estimate
has been made of the total pumpage in the district in 1932, and the program of
monthly measurements of depths to water in 43 selected wells in the district, which
was begun in December 1930, had been continued,

Pumpage

As explained in the memorandum of October 17, 1932, the Houston district
covers about 150 square miles and comprises the area within the city limits and
adjacent territory, including several incorporated towns and the strip along the
ship channel between Houston and Pasadena, The water supply of this district is
obtained entirely from wells, It is estimated that altogether there are about
400 wells in the district, of which about 230 are in use and 170 have been aban-
doned, The heaviest demands for water are for domestic use, o0il refining, ice
manufacture, laundry operation, and air conditioning office buildings and theaters,
About half the supply is furnished by the city from 30 wells at nine pumping sta-
tions in widely separated parts of the city. According to the records of the City
Vater Department the average quantities of water delivered by the city between 1906
and 1931, in millions of gallons a dey, were as follows: 1906-10, 9.,3; 1911-20, 7.0;
1921-25, 13,55 1926, 16,9; 1927, 20,5; 1928, 21,9; 1929, 23,0; 1930, 25.8; 1931,
25,4; 1932, 23.9.

The following table was compiled from city records:



Average quantities of water delivered by the city of
Houston, 1928-33, in millions of gallons a day

1928 1929 1930 1931 1932 1933
January 20.5 20,0 24,5 23.8 22,5 20,2
February 18.3 20.6 24,6 23,2 22.8 22,3
March 18.8 21,2 24,0 22,5 22,1 21.0
April 20.0 22,2 25,9 22.17 24,9 23,4
May 23,3 22,7 25.0 24,3 25,1 25,7
June 24,0 22,7 27.9 28.4 26,8 27.9
July 25.5 23.6 28.5 28,3 26,9 25.4
August 26,0 26,0 28.2 27.3 25,6 23,8
September 22.5 26,1 27,7 28,7 24,2 24,7
Octcber 22,5 25,8 26,0 27.4 23,4 23.5
November 20,9 22.0 24,5 24,6 21.8
December 20.5 22,9 23.7 23.1 20.9
Average 21,9 23.0 25.8 25,4 23,7

During 1931 the preduction of each privately owned well or group of
wells was either measured or estimated, and on the basis of data thus
obtained and all other available information as to fluctuations in indus-
trial use of water, the following estimates have been made of the pumpage
in 1930 and 1932:



Estimsted average quantities of water pumped from all wells in ]“9
the Houston distriet, 1930 to 1932, in millions of gallons a day

1930 1931 1932

January 45,8 45,2 42,6
February 46,2 45,0 43.6
March 45,9 44,4 43,4
April 50,2 46,3 47,5
May 51,7 49,1 49,2
June 55.3 54,1 51.6
July 56,1 53,9 51,5
August 54,8 52,9 49,9
September 55,2 54,6 48,5
October 62,1 51,3 45,9
Nevember 47.8 47.9 43.1
December 45.9 45.4 41.3
Average 50,7 49,2 46,5

The average quantities delivered by the city during the first 10 months
of 1933 were somewhat less than those for the corresponding peried in 1932,
No figures are available for private pumpage during this period in 1933, but
the general information available indicates that it may have been considerably
more than it was for the corresponding months in 1932,

Fluotuations in artesian pressure

At one time flowing wells could be obtained practically anywhere within
the present city limits, and the artesian head in some localities was sufficient
te raise the water in wells from 15 to 30 feet above the surface. The present
artesian head, as shown by water levels in unused wells, is 70 to 80 feet below
the surface in the downtown part of Houston., Between 1920 and 1931 the decline
in head, according tc the best infermation that can be obtained, averaged about
four feet a year, This decline in itself represents no particularly unfavorable
condition, for a certain amount of decline in water levels is an inherent and
unavoidable consequence of any ground-water develcpment, and progressive decline
is to be expected if the rate of withdrawal is continually increasing, as it was
in Housteon from 1920 to 1930, However, if the rate of withdrawal is kept con-
stant and does not exceed the rate of recoverable discharge, the decline should
proceed at a diminishing rate and should eventually stop.
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One of the chief purpcses of thi investigation was to obtain records of 20
fluctuations in artesian pressure that are now in progress, as shown by fluctuations
in the water levels in wells, and to correlate them with the pumpage., The well
measurement record, which now contains the results of mere than 1,000 measurements
obtained monthly from January 1931 to October 1933, has recently been released for
public inspection by filing ccpies in the office of the State Board of Water
Engineers at Austin and in the offices of the United States Geolngical Survey at
Washington and at 308 Federal Building, Houston,

The records show that in most of the wells the water levels either held their
own or were higher in 1933 than thoy were during corresponding months in 1931.
During the winter meny wells are idle or are not pumped heavily, and lccal
inequalities in artesian pressure produced by heavy pumping during the summer are
gradually smoothed out. Therefore, spring measurements of water levels in a group
of observation weclls are a morc accurate index of pressures that exist generally
in the underground reservoir than measurcments at any other time, In about three-
quarters of the Houston observation weclls the water levels were higher in the
spring of 1932 than they were in the spring of 1931, In all except three wells
the water levels were higher in the spring of 1933 than they were in the spring of
1932, and in all cxcept one well the water levels were higher in the spring of
1933 than they were in the spring of 1931, tho avcrage gain being about 5—5/4 feet,
In about half of the wells the water levels were lcwer in September and October
1933 than they were in the fall of 1932. This is beliceved te be due in part to a
shift in the centors of pumping operations by the city and in part to an increase
in pumpage by industrial plants, However, in all except six wells the water levels
were higher in the fall of 1933 than they were in the fall of 1931, The most
significant fact brought out by this record is that there was a rise in head during
1931 and 1932, although the pumpage in those years was not very much below that of
1930, These faots support the conclusion indicated in the memorandum of October
17, 1932, that the supply of underground water available for Houston is adequate,

Chemical character of the public water supply
The analyses in the following tablc were made in connection with the prepara-
tion of a report-on the industrial utility of public water supplies in the United
States, which will be published as a water-supply paper of the United States
Geolegical Survey,

Analyses of water from public supply of Houston, Texas, May 9, 1932

Analyses by E, W, Lohr, U, S, Geological Survey - Parts per million,
Central South End Magnolia “Test End East End

plant plant Park plant plant
plant
Silica (8102) e20seees s e 20 22 23 - -
Iron (Fe) P70 ¢ 900e 3300008720 ll7 039 016 - -
a/ a
Calcium (Co) eovevevsseeas 22 27 34 T45 ‘/z
Magnesium (Mg)--oo.oooooco 508 702 7.5 - -
Sodium (Na) o.evvvvenenes. 108 76 59 (
(1/ %
( 53 175
POt&SSiUXn (K) aooooo-'.ooo. 1.9 109 2.1

-4-
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Anslyses of water from public supply of Houston, Tex., May 9, 1932~Continued

Analyzed by E, W, Lohr, U, S, Geclogical Survey - Parts per million,
Central South End Magnolia West End East End
plant  plant Park plant plant
plant
Bicarbonate (HCOz)us..... 301 256 239 260 402
a/ 8/
Sulphate (SCg)eeevsses. s 7.8 14 16 T2 !
Chloride (Cl)..c.. .ua.. 48 32 26 50 38
Nitrate (NOz)e..sunessnse .0 .10 .20 .20 .0
b/ v/
Total dissolved solids,.. 362 303 281 314 397
% 174
Total hardness es CaCO3.. 79 97 116 182 4,5
(caleulated)

2/ By turbidity. B/ Calculated. 3/ Determined,

The analyses show some differences in composition between the waters from
different sources, For use in calculating State and national averages the
weighted average hardness of the water used in Hecuston was calculated to be 85
parts per million, The weighted average for 20 places in Texas which have 27,3
percent of the total population of the State was 135, 'The average for 670 places
in the United States which have 46,2 percent of the total population was 102,

The supply at Houston in 1932 was not far from the average for the United
States in mineral content,

The analyses made by the United States Geclcgical Survey do not show the

sanitary condition of a water, and any statements based on such anslyses are made
without reference to possible pollution of the wator,

P. N, 79241
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Absﬁract.

An investigation of the ground water, or underground water supply of Hous-
ton and the region surrounding it has boeon in progress for several yeers as
part of a survey of the ground-water rosources of Texas by the United States
Geological Survey in cooperation with the Stalo Board of Water Engineers. The
investigation has covered Harris, Galvestcn and Waller Counties and a part of
Montgomery, Fort Bend, Brazoria, Liberty and Grimes Counties. In the summer of
1933 the investigation was interrupted because of a reduction in the State
appropriation, periodic observations of watoer level fluotuations in certain key
wells, however, being continued--mostly by the Water Department of ilouston. In
the spring of 1936 the cooperative investigation was resumed following the
appropriation of $1500 by the City of Houston and the matching of this amount
with an approximately equal sum by the Goological Survey.

Results of the investigation wore set forth in mimcographed memoranda
which were reloased October 17, 1932, and Docomber 29, 1933. In thcse roports
the conclusion was reached that the availsble supply of ground water was ade-
quate and it was pointed out that furthor material lowering in the artesian hcad
which had alrcady amountcd to about 80 foct in parts of the Houston-Pasadona
area, could be prevented and additional supplies could be obtained if in the
future the city loceted its now wells at greater distmnces from the centors of
the cxisting conos of depression, prefcrubly toward the west and southwoest.

New industrial requirements for water in large quantitics have recently devel-
oped in the vicinity of Pasadenz, amounting, it is soid, to a totol of
20,000,000 tc 40,000,000 gallons a day, representing fron about 40 percent to
about 80 percent of the total average daily supply pumped from all the wells of
the Houston-Pasadena area up to thic tine. This proposed great increase in the
use of water cnd the possibility that it may be followed by other large iandus-
trial demands has altered to a degree tho aspects of the water supply situction.

The present roport is based on datn obtained frou observotions during 5 to
6 years. It comprises about 60 pages of manuscript nnd 138 pages of tables and
is illustrated by hydrogrephs of weter lovel fluctuations in wells and by a
hydrologic map covering Houston and sevoral thousand sguare miles of the adja-
cent region. (Copies of the recport witi all the toblos are on T'ile and avail-
ablc for public reference ot the offices of U. S. Goological Survey at tashing-
ton, Texas Board of Water Engincers ot Austin, and Cibty Water Devartment at
Houstone. 1
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About 1930 the total pumpage from all wells in the Houston-Pasadena area
reached the maximum obtained up to that time, slightly wnder wn average of
50,000,000 gallons a daye. As tho financial depression spread in 1931-32 the
rate of pumping both from city and privately ovmed wells gradually declined and
reached & minimum for the 1931-3G period in 1933, it the decline emounted to
only 10 or 12 percent of the pumpege in 1930-3l. Since 1233 there has been a
gradual increase in the pumping and the total in the latter half of 1935 and
the first half of 1936 was not greatly different from the total during corres-
ponding periods in 1930-31.

For reasons explained in the roport the artesian pressures in a group of
observation wells in the spring are a more accurate index of prossures that exist
gonorally in the underground reserveirs then thosc rccorded at any other timc.
The trends in artesian pressure in tho rogiom botwcen the svring of 1931 and the
spring of 1936 (indicated by the rccords of watcr level fluchuations in wells)
were as follows: In the Houston-Pasadena arce thorc was & loss in head amownt-
ing on the average to less than 2 feet. Horth and northwest of Houston there
are no deep wells that can be measured within several miles of the city limits,
but farther out in the vicinities of Spring, fumble and Fairbanks apparently
there was no material decline. ilest of louston in the Katy rice-grovming dis-
trict there was a decline of 2} to 3 fcet in several wells. Southwest of ilous-
ton at Bellairc the net decline amountod to about 25 feet. South and southoast
of Houston in the localities of South liouston, Genos, Friendsirood, Webster and
League City, therec was an average nct declinc of six or seven foet and farthoer
south in the localities of Dickinson, Texas City, La :larque, ond ditcheoclk, the

average net decline was still grcater.

The outstanding facts disclosed by the 5-year rccord of water level fluc-
tuations are as follows: In thc heavily pumped districts of thce Houston-Pasa-
dena area the artesian prossures declined, but the average decline was small;
down the dip to the southoast of Houston the average deelinc was relatively
large and the area in which thc artesian pressurcs arc depressed to or bolow sca
level was materially expanded.

The chemical analyscs and tests do not indicate that any important changes
occurred from 1931 to 1936 in the chemical characteor of the water in the Ious-
ton-Pasadena arca or in the territory botweon Housbon and the Gulf.

The following conclusions arc rcached:

Considerablc water is wasted in the Houston-Pasadona arca and the climina-
tion of this wastc and of prodigel usc of tho watcr would o far toward solv-
ing the water supply problems of the arca.

No large increase in pumping over the volume of water pumped in 1931 should
be made within the c¢ity limits or alony the ship channel between the city limits
and Baytown.

In developing additional supplies of ground water, it would be advisable to
go out from the city a sufficiont distance to avoid undue interception of water
that is moving toward the heavily pumped arcas at iiouston, Pasadena axnd Zaytovm,
and replenishing the supply in those areas.
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When additional pumping at the rate of 2C,000,000 gallons a day is started
at Pasadena, it appears probable that, loecally, the presecul conc of artesian
depression will be deepened to considerauly more than 100 fect below sca level.
This new cone of depressioun will expand to adjacent areas. The amorunt of lower-
ing in any given direction fromn the new wolls will decrease with distance from
them and as the area affeccted expands the rate’of expansion will decrease and
the progresc of the regional dravdown cun be wotcheds A pronounced drop in hoad
is to bo expected during the spring of 1937 in all wells in the vicinity of
Pasadena and probably also in thc wolls of southoastorn Jouston. Beforc the ond
of the swmer a matorial declinc in ariesian hoad mey occur in central and west
central Iouston & to 10 milcs froi: tho new project ond ncoessitate the lowering
of pumps in wolls in which the present minimun wetor lovel during pumping is
closc to the suction limit of the pumps. 'With an adequatc program of observa-
tions of water lovels in woells, however, it should be possiblc to anticipate pro-
nounced rcgional drawdown at thesc distances.

.

The possibility that a further larze decline in the artesian pressures may
result in the encroachment of water containing objectionable quantities of salt
from the direction of the Gulf is to be feured. Such encroachment, if it does
occur, fortunately is likely to be slow and the movement of tho salt water con
be watched.

The peoplo of Houston need have no irmediate serious apprchension regording
the effect of an incroase of 20,000,00C gallons in the pumpage at Pasadcna as
ample time will be availaeble in which to dovelop un additional water supply out-
side the Houston-Pasadena area. Plans voward that end, howover, should be made
at once. :

The effect of pumping an additional 40,000,000 gallons a day al Pusadena is
not discussed. If carricd out, the pumpage from that vieinity, it is belicved,
would bc greater than from almost any other arca of cqual size on ecoarth. It
would invite eventual disastor te tho ground-water supply of the entire Houston-
Pasadena areoa.

Important ground-water supplies are to be found in the territory west and
southwest of the city in Harris County and a part of Fort Bend and Wharton Coun-
ties, north of the city in ilarris and lontgomery Counties, and northeast of the
city in Harris, Montgomery and Liberty Counties. Detailed iuformation is given
in the report regarding the yield of the wells and quality of the ground water
in different parts of this territory, togutlher with information indicating some
of the advantages or disadventages to be expeccted in the dovelopment of additional
water supplies in the differont sections.

The present water level observation program in the city and surrounding
territory should be continued and materially expanded. Additional observation
wells should be added and sevoral of them equipped with continuous water stage
recorderse This is especially necessary in the neighborhood of the new develop-
ment. In certain critical arcas where the observations are likely to have espe-
cial significance, cxisting wnused wells, sot now available should e cleaned
out, deepencd if nocussary, and used for observation wolls, or now wells should
be put down for that purpose. The obscrvation progran should include freguent
sampling and determination of the chloride content in the water from numerous
carefully selocted wells. The pumping inventory should be continued.

June 10, 1937. A pronounced decline in water levels hes occurrod in the
observation wells of the Houston-Pasadesa arca since larch First, 1937, follow-
ing a large increase in the total pumpage. The average net decline for the year
ending MMay, 1937, was as follows: 30 fect + ncar Pasadena, 1l feet in Southeast
Houston, 7 feet in HNortheast and Contral fouston, 1 foot in Kortih Iiouston and 1
foot in Southwest Houston.
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INTRODUCTION

History of investigation, location and extent of area and previous reports

An investigation of the ground-water, or underground wabter, supply avail-
able for Houston and the region surrounding it hes been in progress for several
years, as part of a survey of the ground-water resources of Texas by the United
States Geological Survey in cooperation with the State Board of Water Engineors,
under the general direction of 0. E. cinzer, geologist in charge of the Divi-
sion of Ground Water in the Geological Survey. The investigetion has covered
Harris, Galveston and Waller Counties, u large part of ilontgomery, Fort Bend and
end Brazoria Counties, and a small part of Liberty and Grimes Counties. Resulis
of the investigation were set forth in mimcographed memoranda which were
released October 17, 1932, and December 29, 1933. In thc first memorandum it
was shown that the watcr-bearing beds of sand tapped by the wells in the Houston
district have an extensive outcrop areca, that thore is good evidence that the
ground-water rccharge by penctration of the rain that falls on this arcea is
heavy, that the sands have a large aggregate capacity to transmit water, and
that a state of essential equilibrium in artesian pressures had been reachod in
the Houston district.

The most significant fact brought out in the second memorandum is that there
was a rise in the artesian head from the spring of 1931 to the spring of 1933
as a result of a moderate decrease in the ruote of withdrawal from wells. In the
summer of 1933 the investigation was interrupted because of a reduction in the
State appropriation. In the spring of 1936 the swa of $1,500 was allotted by
the City of Houston for further investigation, and this sum was matched by an
equal sum by the U. S. Geological Survey. Between the summer of 1933 and +the
spring of 1936 monthly measurements of water levels in observation wells in the
city were made by the Water Department »f the City of liouston, and some measure-
ments were made on the observation wells outside of the city by the Geological
Survey in cooperation with the Board of Water Engineers.

In connection with earlier investigations, a study was made of the geo-
chemical relations of the ground waters of an arcea about 25 miles wide and 90
miles long extending from Galveston northwestward threough ilouston, including a
study of salt-water encroachment. A bricf report on this subject relating to
a part of the areca, entitled "A study of salt-water encroachment in the Gglves-
ton area, Texas," by Samuel F. Turner ead Ilargaret D. Foster, was published in
the Transactions of the American Geophysical Union of the ilational Rescarch
Council for 1934, part 2, pp. 432-435.

In Larch, 1936, field work was resumed in meking regular measurenents on
observation wells and in obtaining the rate of pumpage from the different pro-
ducing wells, and studies of the chemical character of the well waters were con-
tinued with the special purpose of determining whether or not any material
change had occurred in the character of the water during the preceeding three to
five years. Samples were obtained from about 50 deep wells that hiad been pro-
viously sampled and these wero tested for their contents of chloride, bicar-
bonate, and sulphate, and for their hardness. Samples werc also analyzed from
27 deep wells, in the city and in areas northeast, southeast, south and west of
the city, in Harris, Liberty, Montgomery and Fort Bend Counties, to supploment
analyses of waters from 30 doep wells mado in 1931 or 1932 or to give a compar-
ison with later analyses.

The field work in March and April, 1936, was done by T. W. Bridges, whosc
untimely death occurred on April 30. Most of the later ficld work was dene by
J. F. Heuser.
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Tables of well records, water level fluctuations in wells, drillers?! logs
and analyses of well waters. iydrological map of the region.

Copies of a manuscript report frorm which this mimeographed release is talen
are on file at the offices of the United Statos Geological Survey at Washington,
the Texas Doard of Water Engineers at Austin and the City Water Dopartment at
Houston. In the manuscript rcport are given the records of all the wclls investi-
gated in Harris, Galveston, Fort Bond, Brazoria, and Waller Countios, including
the results of field tests of the water for chloride, sulphate, and hardness
(table 1); the rccords of the water lovels in observation wells in Harris, Gal-
veston and Wallor Countics (table 2); the highost water lovels recorded in wmost
of the observation wells in Houston in the spring of oach yoar from 1931 to 1935
and the net risc or deecline to 1936 (tablo 3); average quantities of water pumped
by the City of Houston, 1928-36, in millions of gallons a day (tablc 4); total
quantities of water pumped by the City of Houston, 1930-36, at cach of the 9
pumping plants (table 4a); total quantitios of water pumved from Houston wells
not ownod by the City (tablec 5); analyses or partial analysos of woll wators in
Harris, Galveston, Fort Bond, Brazoria, Waller and Liberty Countiocs (tables 6,

7, 8, 9, 10, 10a, 10b and 10¢); and logs of sclocted decp wolls (table 11). Tho
fluctuations of the water levels in 21 of tho observation wells arc shown by
graphs.

The map that accompanics the manuscript report shows the location of most
of the wells in tho rogion studicd outside- of Hcuston, the wells being given a
number that corresponds to tho number assigned to them in the tablose On this
nap, wolls used for stock and domostic purposes and unused wells arc indicated
by a black cireclec, wells with pumping plants by a2 solid black dot, flowing wells
by a bluc circle, principal obscrvation wclls by a black half-arrowhoad, wells
for which wator analyscs or partial analyses arc available by a grcon arrowhead,
ond wells that worc tosted for chlorido, sulphate and hardness by a short grcon
linc. The approximete elevations above sea level to which the static water
levels in deep wells would rise in 1936 is indicated by dashed red lines. These
elevations are an index of the artesian pressures. The map, thercfore, is an
artesian pressure mep besidos a well map ond shows approximately tho amount and
direction of the hydraulic gradicnt. This in turn indicates the dircction of
the underflow. ‘

The tables and illustrations listed below accompany this mimoographed release.

Table l. Water level fluctuations in observution wells (part of table 2 of
manuseript report).

Table 2. Analyses of water from wolls (part of table € of manuscript report).

Hap 1. Map of Houston-Gelvoston arca and adjacent rogion, Tecxas, showing
location of observation wells, ctc.

ilap 2. Sketch map of Houston-Pasadena area, Texas, showing location of
selected record wells.

Graphs of water level fluctuations in 21 observation wolls.
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GEOLOGY AWD GROUID-WATER RECHARGE AiD HOVEIENT 2 ‘

Discussions of the geology of the region and the conditions that affect
ground-water recharge and movement are given in the report of Octover 17, 1952,5/
and will not be repeated in detail horcs The most ossential facts arc as fol-
lows: Supplies of ground water in this rcgion that arc availablc at dopths to
which it is practicablec to drill water wells'occur in pormcablo beds of sand
and finoc gravel belonging, in asconding order, to tho Lagarto clay, tho unit con-
sisting of thg Goliad (?) sand, Willis (?) sand and Lissic formation, and the
Becaumont clays The sands are interbedded with relatively impermeable clay gumbo
eand shale and the beds dip generally to the south and southeast.. Each-of the
formations except the Goliad has an outerop area from which it extends toward
the south or southeast bencath younger formations in genoral to progressively
groater depths below thc surface. Succossively younger formations arc therefore
oncountorecd in crossing the region from north to south or from northwest to
southeast.

The Lagarto ‘clay appears at the surfuce in the southern part of Grimes
County, the northwestern part of liontgomery County and northern part of San
Jacinto County, and is encountered at concideruble depth at Houston. The thick
sand members of the formation yicld large quantities of water, usually somewhat
hard but otherwise of good quality to doop wolls in the contral and southern
parts of Waller and Montgomory Counties ond in the northorn part of Harric and
Liberty Countios.

Tho Goliad sand docs not crop out in the Houston district, its nearest
appearance at the surface, lmowvn to the writers, being about 65 miles to the
west near Eagle Lake in Colorado County; apparently it has been completely over-
lapped by younger formations for {there is good evidence of its prescnce in sub-
surface in differont parts of the district.

The Willis sand, and the Lissie formation crop out in broad zones covering
the northern part. of Harris County, tho southorn part of San Jacinto County, tho
northwostern part of Liberty County, and most of Waller and liontjjomery Countios.
Sands in the Lissic formatlon, and in the Willis (?) and Geliad (?) yicld wator
to tho wolls of the Xaty rico-growing districts and to most of the deep wells
of thc Houston and Posadona arcase

The outcrop area of the Beaumont clay occupies the southern part of Harris
County, the southern and eastern parts of Liberty County, and nearly all of Fort
Bend, Brazoria, Galveston and Cheambers Counties. The basal 200 feet of the for-
mation consists largely of send, but the upper and middle parts are largely clay.
This member furnishes water to most of the large producing wells at Baytown,
Texas City and Alta Loma and to shallow wolls at Houston. The base of the for-
moation which crops out immediatecly to the north of Houston is more than 10CO
feet bolow tho surface at Galveston.

The underground rcservoirs formed by the poermeablc sands arc replenished by
rainfall on thc outorop arcas of the sands and in o large part of theso arcas
are filled to overflowing and spilling into the strcams. In the 1932 report, l/
it was concluded that the replenishment or recharge is comparatively heavy.

This conclusion has been confirmed by subsequent observations of vater level
fluctuations in shallow wells on the outcrops. However, in most of the rogion
the heavily pumped areas are remote from the outcrops of the sands that furnish
water to the wells and the available supply is largely detcrmined by the capa-
city of tho sands to transmit watcer from tho outcrops to the wells.

l/ Op. Oi.'to, Pe 4,
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The water moves slowly down dip and if not intercepted by wells eventually
escapes through natural outlets, perhaps located in the Gulf of llexico, or it
may escape by slow movement into overlying beds. Such outlets must exist. The
formations for the most part were deposited in tho sca and were thorcfore once
full of salt watcr. They now contain fresh watoer to rolatively groat depths,
far dovm the dip, indicating movcmont has teken placc, which would have been
impossible if thero worc no docp-sooted outlets.

The water-bearing sands are at higher elevations at their outcrop than they
are at any place down the dip. On this account, and because the sands are inter-
bedded with relatively impermeable clay, the water in them is under artesian
pressurc practically everywhere down the dip, even in arcas closc to tho outcrop.

Map showing artesian pressurcs in underground rcservoirs in 1936
and amount and dircction of hydraulic gradionts.

On the accompanying map of tho Houston-Galveston arca and adjacent rogion,
lincs arc drawn showiug tho position above or bolow sca level to which water in
wells 400 fcot to 1800 feot or morc in dcpth would risc in 1936. The lincs arc
comparablo with the contours on a topographic map, but instcad of indicating the
form of the land surfacc, thoy indicatc thc form of a surfacc reprcscnted by the
water levels in wells. In most of the moderately deep to deep wellc the water
level is determined by the artesian pressure and the map therefore is essontially
an artesian prossure map.

When wells were first put down in the region the artusian pressurcs practi-
cally everywhore wore higher in the docepeor wells than thoy wore in thc shallow
wellse In thce Houston, Pasadena, Baytovm, Texas City, end Alta Lomeo arcas this
has beon roverscd as the rosult of hcavy pumping from dcop wolls, and nowi tho
water level stands lower in the dcop wolls. North and west of Houston the deep
well pressures still are greater and the water levels in wells from 800 or 1000
feet to 1500 feet or more in depth in the Lagarto clay and lower part of the
Goliad (?) sand range from 25 to 40 feet higher than the water levels in wells
300 to 800 feet in depth in the upper part of the Goliad (?), the Willis (?)
sand and the Lissie formation. For convonicnee, the differonce, arbitrarily, has
been assumed to be 35 feot, and on the map the cecntours north and west of Houston
arc indicated as 50 to 85 fect, 100 to 135 fect, and 150 to 185 feet, the larger
number in each case representing the altitude of the vrater level in the deeper
wells. A%t Houston and in the vicinity of Pasadena the lines ropresent most
nearly the levels in wells 700 to 1300 fcct deep in the Lissic, Willis (?), and
Goliad (?) formations. South of Houston thc lincs at sca level and 20 feot
above sca levol arc based on wells 475 to 900 feet deep in the Lissie formation,
none of the wells studied in that area being of sufficient depth to penetrate to
the deeper sands. Around La Porte and Baytown the lines represent the levels in
wells from about 400 to about 1000 fect decp in the Lissie formetion and Beau-
mont clay.

In the carly days of well development the artesian head ceverywherc was
above sea level, even, perhaps, in areas well out in the Gulf, and the lines of
equal pressure probably were roughly parallel to the Coast, the 50 to 85 foot
line passing through the southern part of Houston. The prevailing pressures now
have been depressed below sea level in an arca of scveral hundred square miles
at Houston and cast and southcast of Houston, and, as mcntioned latcr in this
report, the aroa of dopression is still deeoponing and widening.
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Water confined underground is not unlike water confined in a system of
pipes; it will move in the direction of thc hydraulic gradieat. Tho gzradieats
here have directions roughly at right angles to the lines shown on the map and
the water everywhere is moving approxinately in those directiocas. Originally
the direction of movement throughout the region was from northwest to southeast
epproximately in the direction of the dip of the water-bearing formationa and
the first few wells put down at Houston intercepted water from only a small seg-
ment along the line of flow. Now, however, in some parts of the ilouston, Pusa-
dena and Baytown areas, the water is moving nalong the strike and up the dip of
the water~bearing formations as well as down the dip.

FLUCTUATIONS IN WATER LEVELS Il OBSERVATIOH WELLS
IN RELATION TCO PUMPAGE

Fluctuations of the artosian pressurcs and water levels ia wolls when cor-
related with changes in the rate of ground-water withdrawals through wells pro-
vide the most accurate information available regarding changes in underground
storage and the safe limits of ground-water use. The program of water-lovcl
measurements in wells undertaken in connection with tho investigation in the
Houston district and contiguous territory has been doscribed in the mimeographed
reports of October 17, 1932, and December 29, 1933. The rocord on many of the
wells was started in the winter of 1930-31, and now covers almost six yoars.

The measurements in the city wells and in o fow wolls in closely adjoining tor-
ritory havc been made monthly ever since the progranm was started. In most of
the surrounding area, however, the monthly measurements were discontinued in
the summer of 1933, and since then the measurements have been made at irregular
intervals. The measurements in some o the wells have been discontinued because
the wells have been sealed at the top or obstructed so thet it is no longer
possible to introduce a measuring tape.

Following is a discussion of the fluctuations in water levels in 63 obser-
vation wells of which 25 are located in llouston, 3 near Pasadenes, 8 ncar Baytown
(observations made by lHumble 0il ¢ Refining Co.), 1 at La Porte, 2 at South
Houston, 2 at or near Genoa, 1 at Webster, 2 near Friendswood, 3 at or near
Webster, 1 at La Marque, 3 noar Hitchcocly, 1 noar Alta Loma, 1 at Toxas City, 1
ncar Aldinc, 1 at Spring, 1 at [lumblc, 3 on the Houston-llempstcad road and 4 in
the rice-growing district ncar Katy. The wator lovel measurements in these
wells are given in the accompanying table and the fluctuations in 21 of the Hous-
ton and Pasadena wells are shown by the attached hydrographs.

The most consistent results can be obtained by comparing the meximun spring
water levels. During the winter many wells are idle or are not pumped heavily,
and local inequalities in artesian pressure produced by heavy pumping during the
summer are gradually smcothed out. Therefore spring measurementz of water levels
in a group of observation wells are a more accurate index of pressurcs that
exist generally in the underground reservoir thean measurements at any other time.
The discussion that follows is devoted chiefly to a comparison of the water levels
in the spring of 1936 with thosc in the spring of 1931l. Consideration is also
gziven to changes in the rate of pumping from the well itsell and from ncarby
wells that may have had an effect on the trond in pressures.
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Fluctuations in ilorthwestern Houston

Well 590. City of ilouston, Meights punping station, 4% miles northwest of
Post Office. Depth, 1,382 feet.

The water level recorded ir +this well on Felruuary 20, 1930, was 9.50 Teet
lower than the level recorded on January 23, 1031, and on the average the lovels
recorded in February, Liarch, April and “ay, 1236, were about 4 feet lover than
those recorded in the corresponding months in 1932 (graph 1).

The observetion well is an unused onc and has not bee in operation during
the last six years. It is about 100 fect from ono pumped well (iicizhts Wo. 3)
end 600 to 800 feet from the othor (llcights Yo. 5). The average quantitics of
water pumped at the station in million gallons a day from 1931 to 1236, iunclusive,
were approximately as follows: 1931, 2.9; 1932, 4.6; 1033, 4.1; 1954, 4.9; 1835,
5!1; 1936. 4.4,

Fluctuations in Conbtral and South-Contral iouston

Well 619. City of Iouston, Lincoln Pool, Sabinc Strcot, and 3uffalo Drive,
sbout 1 milo west of Post Office. Deptlh, 900 fcet (7).

The water levels in this well were botweon 2 and 3 foct lower in the carly
spring of 1936 than they werc in the carly spring of 1931 (gruph 6).

The well has not boen used during the obscrvation period of more than 5
years. So far as is known there are no pumped wells in its irmediate vieirnity,
but it is less than one-half mile from tho contral pumping plant of tho city,
whore the total pumpage in millions of gallons during 1930-1935 was as follows:
1930, 2653; 1931, 2789; 1932, 1734; 1533, 1692; 1934, 1782; 1935, 1570; 1336,
2369. + is on thc westorn border of down-town Houston, an arca in which thore
has been a material incrcase in pumpage during thie last two years.

Well 673. M. K. & T Reilway Compeny. At railroad yards on Horth HMain
Street, 1 milo north of Post Officc. Dcpth, 1,630 fect.

This well has not boon uscd during the last six yoars, the water in it
having become selty. The fluctuatiorn ir water levels disclosed by thoe record
arc crratic and probably do not rcflcet the truc fluctuation of the artesian
pressures in the frosh wator-bearing sands.

Well 672, Ilouston Gas and Fucl Compuy, Cormercc eand La Urunch Strocts,
one-half milo northeact of Post Office. Depth, 1,392 fook.

The water lovels in this well were 3 to 4 feet higher in the spring of 1936
than thcy wore in the spring of 1931. The well has not boon used duriang the
last six yoars. It is locatecd on thc wost bank of Buffalo Bayou and is subjoct
to flooding during high vatcer. The fluctuations of water levels in it, thero-
fore, may not rofloect the truc fluctuations in artosion pressurc in the vicinity.
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Well G680. Houston Electric Company, La Iranch Strcot, onc-half mile norti- .
east of Houston Post Office. Depth, 1,35C foot +.

This is on unused violl ncar Buflfale 3ayoue. Tho water level in it is very
sensitive to the effects of pumping in neishdoring wells and may be affected to
same extent by the stage of the bayou. The record of water level fluctuations
in the well, therefore, is believed to have little or no significance.

Well 790. Southern United Ice Company, Alameda and (leburne Streets, 2
miles south-southwest of Post Office. Depth, 606 foot.

The water levels recorded in this well were about the same in the spring
of 1936 as they werc in the spring of 1931 (graph 9. The well was pumped in
1931, the average reported daily delivery amounting to about 140,000 gallons.
The pumping plent was idle during 1932, 1933, and 1935, and was used for only a
few days in 1934. It was shut dovm ontirely in 1235, but was operated again a
part of the time in thc summer of 1936. The well ic located in a district in
which the total pumpage is not wvery hoavy. It is, however, only about 1 milec
northeast of the South End pumping vlant, and about lj miles northwest of the
Scott Streot plant, the two most heavily vumpcd of thc six plants now operatcd
by the City. The total pumpago from thesc tiro plants in million gallons from
1931 to 1936 was as follows: 1931, 3321; 1932, 36043 1933, 4091; 1934, 4493;
1935, 4553; 1936, 4377.

Well 853. Port City Ice Company, 2715 Fiellinoy Street, onc milec cast-
southoast of Houston Post Office. Depth, 65C foct.

The water level in this woll was ubout onc foot lowor in February, 1938,
then it was in Fobruary, 1931 (graph 7). Thc well has not been used during the
last six yearse. It is, however, about 1380 fcot from a well bclonging to the
same company, which is rcported to have been pumped at a ratc avcraging 5C,000
gallons a day in 1931, but has not been operated since 1933. The well is close
to the east border of down-tovm liouston, wherce therc has been a considerable
increase in pumpage during the last two years.

Well 738. Houston Packing Company, Havigation Boulcvard, 1% milos west of
Houston Post Office. Depth, 417 fcot.

The wator lecvels in this well werc about the samoc in the spring of 1936 as
they were in tho spring of 1931, ond the fluctuations during the intervening
period were comparatively small. The well has not been uscd during the last
six yearse. It is located ncar another wcll, belonging to thc Houston Packing
Company, that is pumped almost continuously, the roported average daily pumpage
in thousand gellons & day being as follows: 1931, 770; 1933 and 1934, 900; 1935
and 1936, 948. The water levcl in thc obaservation well {luctuates only slightly
with changes in the ratec of pumping.

Well 741. Ilouston Electric Company, at car barns on Navigation Boulevard,
2 miTes east of Post Office. Dopth, 540 feet.

This well has not been used during the last six years. The record shows that
the water level in it has declined persistently since the first measurement was
made on January 8, 1931, the total decline to September 26, 1936, amounting to
8.21 feet (graph 8). This record is unlike that obtained at any other well in
the Houston area. It is fairly clear that the well is shut off from the vater-
bearing sands that are tapped by the pumped wells in the vicinity, including
the pumped well at the car bars, as otherwise it would be subject not only to
seasonal rises and declines in wator level but also to daily fluctuations.
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Fluctuations in Western Houston

Well 598. Brooks ostate, ncar Eureka Junction, 47 mllos west-northwest of
Houston Post Office. This is an unused well locatced about 40 miles wost-north-
west of the Houston Post Office, at tho wostorn bordor of tho city near Eurcka
Junction.

The water surface in the well reached the highest observed level in the
spring of 1933 and was at about the sanie olevation in the spring of 1934 as it
was in the spring of 1931 (graph 2), when measurements were begun. The well is
an old one and its exact depth is not known but is reported to be several hun-

- dred feets It is remote from any heavily pumped wellse The last measurement was

made in June, 1934, when the well became obstructed.

Well 602. River Oaks Country Club, 4 miles west of Houston Post Office.
Depth, 1, 038 feet. The water levels recorded in this observation well were
about the seame in the spring of 1936 as they were in the spring of 1931 (graph
3), but lower than in 1932 end 1933.

The well is equipped with a 30 he pe. motor and turbine pump, and from 1931
to 1935 furnished all the water used for thoe club house, 70lf course and swim-
ning pool, amounting to an average of about 240,000 gallons a day from May to
October and about 20,000 gallons a day from NHovoember to April. During the sum-
mer of 1936 the supply for thc swimming pool, amounting to aboul 40,000 gallons
a day during the summer, was pumped from a new wcll about one-fourth mile dis-
tante Liost of the measurements were made on days vhen the pump was idle. None
was teken while it was running.

No other wells arec pumped in the vicinity, but the numicipal West End pump—
ing plant, tho only large plant in this part of the city, is locatod about l.
miles to the northeast. Tho totel yearly pumpage from the West End plant in
1931, 1932, 1933 and 1934, amountcd to 401, 389, 167, and 40 million gallons
respectively. In 1935 the plant was not used.

Woll 604. West End Ice Company, Heights Boulovard, about 20 niles west-
northwest of the Houston Post Office. Depth unkuovm, but reported to be around
400 fect.

The water level rocorded in this well was about 2% fect higher in April,
1936, than it was in April, 1931 (graph 4), but the averagc in tho spring of
1936 was lower than the average in tho springs of 1934 and 1935.

The well was pumped more or less regularaly during the summer of 1931 and
1932, the average reported daily pumpage omounting to 30,000 gallonse. The pump-
ing plant was shut down in the fall of 1932, and has not been operated since
except for about two months in the summer of 1934. The West End punping plant
of the City of Iouston is located about soven-eighths of a mile west of the well.
As stated in the paramraph above relating to the River Oaks well (No. 602), the
pumpage at the West Ind plant declined from a total of 401,000,000 gallons in
1931, to 40,000,000 gallons in 19¢34, and the plant was not opereted in 1935 and
1936. On the other hand, pumpage by industrial plants within a mile of the Ice
Company's well hias increased materially since 1935, the largest increase, about
80,000 gallons a day, being at the plent of the fidelity Products Company, located
about three-fourths of a mile to the southwest.
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Well 606. Ienie and Pillot, Washington and Brown Streets, 2 miles west-
northwest of Ilouston Post Office. Depth, 675 foet.

The record of water levels in this well show there was a net decline of
about 3% feet from the spring of 1931 to the spring of 1936 (graph 5). The
well is unused but is within a few hundred feet of another well belonging to
the ilenke and Pillot Company that is regularly pumped., the reported average
daily pumpage being 15,000 gallons in 1$36. It is less then onc-fourth mileo
from the plant of the Dickson Car Compeny, which in 1931 was supplied with water
from a well belonging to the company, but is now supplicd by the City. It lies
between the West End and Central pumping plants of the City, being about 1%
miles from the former and about 13 miles from the latter.

Fluctuations in Southwestern ilouston

Well 783. Iliouston Riding and Polo Club, Westheimor Road, 6 miles west of
Houston Post Office. Depth, 350 feot.

Measurements of water lovels in this well were started in July, 1932. The
record shows that although thc seasonal and yecarly fluctuations have becn rather
small, tho water levels in lfarch, April and ay, 1936, werc about 2y feet lower
than they werc in the corresponding months in 1933 (graph 13).

Tho woll is unused but is only about & feet from a iwrcll of about the samc
dopth that is pumped occasionally to provido drinking watcer for club mambers and
for horscs. It is remotc from any other pumped wecll.

Well 80l. South Sido Placc, West University and Virginia Avenucs, Sé'milos
southwest of Post Office. Dopth, 80C fect.

The water level observations in this well werc begun in January, 1931, and
stopped at the close of 1935, when the woll was sealed at the top so that it
could no longer be measured. The water level fluctuations during the period
were comparatively small. The recorded level in Jexwary, 1935, was about 1%
feet higher than that in January, 1931, and was about the same ir liovember and
December, 135, as it was in the corresponding nonths in 1931. The well is used
for public water supply in South Side Place, the reported average pumpage being
35,000 gallons a day from 1931 to 1935, and 55,000 gallons a day in 1936. It
is comparatively remotc from any other heavily mumped well.

Well 804. Wost University Place, & miles wost-southwest of tho Houston
Post Off'ice. Depth, 65C feot.

The water levels rocorded in this well avoraged 2 fect lowor in February,
March and April, 1936, than they worc in tho corresponding months in 1932
(graph 12). The well has no%t been uscd during the last six yearss It is located
ncar two othor wells that arc pumpod to supply watcr to West University Place,
the averapge combined yicld of which, in gellons a day, is reported to have bheen
as follows: 1931, 9C,000; 1933, 105,0C0; 1934 and 1935, 120,000; 1936, 140,000.
Ho record was obtained of the pumpage in 1932. There are no other heavily pumpod
wells in the vicinity. ‘
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Well 809. Gem Electric and Icc Company, Bellaire, 7 miles southwest of
Houston Post Office. Depth, 1,100 feet.

The water levels reported in this well were slightly lower in the spring of
1936 than they were in the spring of 193] (graph 11). The well has not been
used during the last six years. It is about 50 feet from a well 340 feet deep
that is used for public water supply of Belleire. The water level in the obser-
vation well shows no immediate effect from this pumping and is about the same
when the pump is operated as it is when it is not operated.

Fluctuations in extreme Southern Ilouston

Well 820. Institute Place, 5 miles south-southwest of Houston Post Office.
Depth, 310 foet.

The water levels recorded in this well show a small but rathor persistent
decline (graph 10). The well is located on the opon prairic south of the present
city developmente The ncarest heavily pumped wells are at thc South End plant
of the City about two miles to the north.

Fluctuations in Eastern and Southecastern Houston

Well 759. Port City Compress Company, foot of Buchanan Street, 44 miles
east of Post Office. Depth, 396 feet when drilled, deepened to 569 feet in Noven-
ber, 1932.

The water lovels recorded in this well averaged about 5 feet lower in 1936
than they did in 1931 (graph 19) beforc the well was deepened, and the loss in
head was due chiefly to the drop that occurred abruptly when the well was
deepened. An average of only a few thousand gallons a day are pumped and appar-
ently this draft has not changed materially during the last five years. No
other heavily pumped wolls arc located within two miles of the well. As explainod
elsewhere the water level in well 88l, 650 feot deop located about one mile to
the southwost, was highor in the spring of 1036 than it was in the spring of 1931.

Well 868. Hughes Tool Company, Hughes and lorth Capitol Streets, 3 miles
southeast of Post Office. Depth, 697 fect.

The water levels recorded in this well wero about 3 feet lower in the spring
of 1936 than they were in the spring of 1931. The well has been idle most of
the time during the 5} years covered by the record. Two otihier nearby wells,
owned by the Hughes Tool Company, supply water to tho Company's plant and to the
Gulf brewery, a few hundred feet distant. The wcll that supplies the browery
is only about 125 feet from the observation well emd is about 1,100 feet deecp.
It has been pumpod almost continuously since operations wero started at the
brewery (about January 1, 1934), at thc roportoed rate of abouwt 1,300,000 gallons
a day. The othor well, uscd to supply the tool plant, is about 300 fect from
the obscrvation well. Its roported production in gallouns a day is as follows:
1931, 750,000; 1932, small; 1933 to 1935, 480,000; 193€, 1,440,000. The total
reported pumpage at this plant in the spring of 1936 ‘thercfore was nearly 2,000,00C
gallons a day groater than it was in thc spring of 1931,
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Well 878. Houston Compress Company, Anderson Clayton Turning Basin, 42
"miles southeast of Post Office. Depth, 005 feet.

The water levels reccorded in this well were 2 to 3 feet higher in the spring
of 1936 than they were in the spring »: 1931. The well supplies water to the
cotton compress works and to ships, but .10 records arc availeble as to the amount
used from 1931 to 1936. In 1928, the wator supply was furnished by the City and
according to meter readings, averaged about 140,000 gallons a day. So far as is
known there has been no material change since 1331 in the pumpage from other
wells that are within a milc of this well.

Well 881. Torminal Compress Company, 92d Strect and Harrisburg Boulevard,
5% miles southeast of Post 0ffice. Depth, 65C feot.

The water lovels rocorded in this wcll in the spring of 1936 werc slightly
higher than thcy were in the spring of 1931 {graph 18). The well has not been
used during the last six years. So far as can be lcarmelthcrc has becn no mater-
ial change in the pumpage in this locality since 1931.

Well 886. Bonnett Oil Company (formorly Toxas Alkali Works), San Antonio
and Dowic Strects, 55 miles southoast of Post Office.

The water levels recorded in this well in Fobruary and iy, 1936, were
about 6 feet lower than they were in the corresponding months iu 1931 (graph
20). The pumpage fron the well is reported to huve averaged 10,000 gallons a
day in 1931, and 23,000 gallons o day in 193C and 1936. So far as knovm, there
has been no material change i the rate of pumning from other wells in this
locality since 1931.

Well 890. Texas Chemical Company, liagnolia Street, six miles southeast of
Post Office.

This well has becn in use most of tho time since the early part of 13531.
The water level fluctuatiou record thercfore is a rather poor once Thc water
level was about the same on liny 8, 1936, as it was on January 13 aud April G,
1931. The reported average yicld of the well, in gullons a day, is as follows:
1931, 300,000; 1932, 230,000; 1933 and 1934, 300,000; 1935 and 1936, 400,000.
The production of water from the well of the Deopwater 0il Refinery, less than
one-fourth milec from this well, is also said to be greator in 1936 thoan it was
in 1931, being reported as follows: 1981, 370,000; 1532, no record; 1933 and
1934, 400,000; 1935 and 1936, 420,000. Production from the well of the Sennett
0il Company, the only other pumped well within a mile, has also increased con-
siderably (see discussion of well 886 chove).

Well 898. City of Houston, Park Place, G% miles ecast-southeast of Post
Office.

This well was partly destroyed in the summer of 1935 end is no longer
measurable. The last record was obtained June 18, 1935. The water levels
recorded in January and April, 1935, were about a foot higher than those recorded
in the ocorresponding months in 1531.

9%
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Well 900. Golf Crest Country Club, Telephone Road, o: niles east-south-
east of Louston Post Office. 0il test well, denth, 2,560 feet, filled with mud
to a level within 360 feet of thc surface.

The water levels recorded irn tiils well in the spring of 1931 werc made while
an adjoining well that supplies the golf course was being pumped, and apparently
wore abnormelly low. Records obtained while the pump vras idle indicato that tho
water lovels wero about 2 feet lower in the spring of 1936 than thoy werc in the
spring of 1932.

Fluctuations near Pasadena

Well 1170. Houston Light and Powor Co., Doepwator plant, 3> miles east-
southoast of Houston Post Offico, 1 milc northeast of Pasadena. Dopth, 836 fcot

The observation well is one of thrcc closely-spaccd wells that supply water
to the power statione Tho wator level rccord is badly hroken becausc tho pump
usually was running whon it was visitod by the obscrvor. Thc fow measuroments
that werc made, however, indicatc that tho water lovel in tho carly part of 1936
was about as high as it was during tho corrospondiag poriod in 1931 (graph 15).
It is rcported that on the average about 74,000 gallons a day was pumpced at the
plant in 1935 and that this rato of pumping has not variocd matorially since
1931. The woll is less than a milc from the heavily nwaped weolls of the Sinclair
Refining Company. The rcported pumpagoe at the Sinclair plant from 1932 to 1935
in million gallons a day is as follows: 1932, 4.31; 1933 to 1935, 5.04; 1936
(first half), 5.1,

Well 1176. Toxas Company Oil Refinory, Galcna Park, 8% milcs oast-south-
oast of Houston Post Office, about 2 miles north-northwost of Pasadona. Decpth,
800 feot.

The water lovels rocorded in this woll in the spring oi 1936 worc about the
samc as those rocordcd in 1931 (graph 21). <“he well has not becn usced during
the last six yoars. It is locatced about one-half mile north of two wells that
supply watcr ‘o the o0il reofinory of the Texas Company. The reported average
quantitics pumped from the refinory wolls in gallons a day from 1932 to 1935
wero as follows: 1932, 34£,0C0; 1933, 352,000; 1934, 390,000; 1935, 407,000.

Wgll 1196. Talford Jonos, 13 miles southoast of ilouston Post Office and 3
milos oast of Pasadcna. Dopth, 550 foct.

Water lovol observetions in this well worc stortod in December, 1932. The
wator levols recoorded in the spring of 1936 wore about tiho samc as those rccorded
in the spring of 1933. The woll is practically unused, and therc is no kcuvy
pumpage noear ite At the refinery of the Sholl Petroleum Company, about 2% miles
to tho northeast, the use of the following average quantities of rfround water in
million gallons a day is reported: 1933, 2.55; 1934, 2.64; 1935, 3.52; 193G, 3.50.

Fluctuations at La Porte

Well 1105. (llarris County). A. A. Womack, La Porte, about 23 niles east-
southeast of liouston Post Cffice. Reported several hundred feet deep.
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Water level observations were started in this well in Decemver, 1952. The
levels recorded in the spring of 1936 averaged about 3% fce’s lower then those
recorded in the spring of 1933. The average spriag levels recordcd during the
four years are as follows: 1933, 53.0; 1934, 62.1; 1935, 53.54; 1936, 56.5.

According to report, this well formerly had a flow aad whon it was drilled,
about 40 years ago, thc artesian prossurce was sulficient to raise theo water 20
feet above the ground. The well is unused but is only a few hundred feet from
a well that furnishes the public water supply for La Portc, amounting to the
following average quontitios in gallons a day, according to the municipal records:
1931, 311,000; 1932, 304,000; 1933, 315,000; 1954, 374,000; 1935, 500,000.

The well is across the bay and about four miles from tho heavily pumped
wells of the ilumble 0il Refinery at Saybovm.

Fluctuations at BDaybtovm

Wells of Iumble 0il Refinery at Baytovm, 1051 to 1067 (ifarris County).
According to records kindly furnishod by tho Humblo 0il and Refining Company,
the water lovels in tho wells at the Baybown Refinory had deelincd in the spring
of 1929 on the avcrago to a depth of about 68 feet below sca level. The water
levels became higher cach spring during the succooding 3 yecars and rcached an
average of 46 fcot below sca level in the spring of 1932. They doclined to
about 56 fcot below soa leovel in the spring of 1933, rcsc to about 47 foot in
the spring of 1935, and doclined to about 68 foot in the oarly spring of. 1938
The water levels at the ond of the 7-ycar poriod, thercforc, worc in obout tho
some position as they worc at the stars.

During this period the average dailly pumpase from the refinery wells
reached a maximum of about 17 million gallons a day in 1929 and declined to o
ninimun of about 10,000,000 gallons in 1931. The averapge daily punmpage during
the fall, winter and spring ir 1935-38 wos about 13,800,000 gallons, which,
however, was about 2,900,000 gallons a day less than the average during the
corresponding period in 1928-29.

The water levels in the spring of 1936, thereforc, were corrclated with
considerably less pumpage than the levels i the spring of 1929.

Muctuntions ot South Touston

Well 1203. (iiarris County). iighway Department woll at South Houston,
about 11 :ailes southeast of Houston Post Office. Dcpth, €00 foete

Accoirding to the comparatively fowr records of water levels in this well tho
lovels in spring have bocome progressively lower sincce 1931, the nct deecline
from 1931 to 1936 omounting te about 5 feote The well is about 1,000 feet from
a well that furnishes the public supply for South fouston, a small community witi
a population of about 500.
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Well 1209. (Harris County). Firevork Co., South Houston, about 11 miles
southeast of Houston Post Office. Depth, 650 fect +

The record in this well was started in October, 1932. ihe water level in
the spring of 193C was about three feet lowsr than it was iu the spring of 1932.

Fluctuations at Genoa

Well 1302. (Harris County). City of Genoa, at Genoa, about 14 miles
southeast of Houston Post Office. Depth, 332 fect.

The spring neasurements of water levels in this well show a progressive
decline from 46.06 feet in 1931 to 53,91 feet in 1936 below the rcference point.
The well is not used but is near another well that supplies water to Cenoa, a
community with about 600 inhabitants. ifo hecavy pwaping is !mown within soveral
miles.

Well 1312. (Harris County)s T. C. Dunn. Depth, 885 feet. Unused rice
irrigation well 2% miles southwest of Genoa. The wator leval in this well was
about 6 feet lower in the spring of 1930 thau it was ir the spring of 1931.

rd

Fluctuations at iebster

Well 1360. Irs. Fain. One-fourth mile east of Webster and about 22 miles
southeast of Houston Post Office. Denth, 659 fuoet. Tho water levels in this
well show & progressive decline below the reforence point from 21,47 fcet in
April, 1931, to 38.70 fcet in Fobruary, 1936. A well ebout 2 niles northwest of
this well is pumped during the sumaer to irrigato rice.

Fluctuations at Friendswood

Well 1. (Galvoston County). Garrctson Estate, 8 miles west-northwest of
League Citys Decpth, 600 fcet. The wator level in this well was 1.35 foet lower
on February 28, 1936, than it was on llay ©, 1933. On January 1, 1937, thc levol
was at least 2 foot lower than it was on February 22, 1546, but its position was
not exactly deotormined, the tapc being stoppod by un obstruction bofore wetor
was reached.

Fluctuations ot Leagne City

Well 3. (Galveston County). Jrs. A. Voss, 5% miles west of League City.
Depth, 763 fect.

The water level in this well was uboub l% feet lovrer on January 1, 1937,
than it was on lay 9, 1933.
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Fluctuations at Dickinson

Well 112. (Galveston County). G. il. & E. Ry. Depth, 750 fect. HNot used.

The water level in this well was ebout 18 feet lower in the spring of 193€ than
it was in the spring of 1931. ) .

Well 113. (Galveston County). E. Yonotti. Depth, 504 feet. Pumped with
2 h.p. engine for domestic use and stock. The water level in this well was
about 4 feet lower in the spring of 1933 than it was in tho spring of 1933.

Well 115, (Galveston County). J. ¥, Palmer. Depth, 526 feect. The water
level in this well dropped nearly 9 feet in tho 3 years firom the spriag of 1933
to the spring of 1936.

Fluctuations at La larque

Well 206. (Galveston County). 4. J. Diron. Depth, 926 feet. The water
level in this woll was about 23 feet lower in tho spring of 1936 thaa it was in
the spring of 1931.

Fluctuations at Toxes City

Well 228. (Galveston County). ™"Depot" well. dNot uscd. Dcpth, 740 fect.

The water lovel in this well was about 7 feet bolow the surface in the
spring of 1932. On Jaauvary 28, 1937, il was morec than 27 feet belows (On the
lattor datc tho well was obstructed and the tapc could not be lowered below a
depth of 27.2 feet.) Tho lowcring of thc water lovel in this well and in well
206 above probably was due in lai'ge part to heavy pumping at Texas City emount-
ing in 1936 to an average of about 10,000,000 gallons a day. This is more than
twice the smount pumped in 1931 and 1932. llost of the water is used by oil
refineries.

Fluctuations at Hitcucock

Well 286. (Galveston County). A. Cook. Depth, 720 feet.

n

The water lovel in this well was about 3 feet lower in the spriag of 1936
than it was in the spring of 1933.

e Well 297. (Galveston County)e Chas. Schiro. Dopth, 720 feets Equipped
~ with 3 h.p. gas engine and punperd for domestioc use and stocke

The water level in this well was about 8&; feet lower in the spring of 1936
thean it was in tho spring of 1935.

1

Nell 300. (Galveston County). Chris Jonson. Dcpth, 500 feet. Not used.

The water level in this well was about 3 feet lower in the spring of 1936
than it was in the spring of 1933.

39
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Fluctuations at Alta Loma

Well 272, (Galveston County). City of Galvestou. Depth, GO9 feet. TUnused.

The water lovel in this well was about 37 feet lower in the spring of 1936
than it was in the spring of 1933.

Fluctuations north of Houston, (near Aldinc)

Well 264. (Harris County). Weary Farn, 3 miles north of Aldine and about
16 miles north of Houston Post Office. Depth, 1610 feet. The water levels
recorded in this well show a continuous decline from 3 feet below the top of the
casing in hay, 1931, to 21.22 feet below in liay, 1¢36. From liay to September,
1936, the level rose about one-fourth foot, the only rise indicated in five
yearse. Tho well is reported to have had a flow until 193C, tho wator coming
from sand about 900 feet bolow the surfaoce.

The well is located in a deprossion and is subject to flooding during
exceptionally hoavy rain. It is possible thet silt has ontored the casing at
such times and partly sealod the sands thorcby causing a docline in tho artesien
head. On tho other hand tho deocline may have beon duc to heavy pumping from the
deep sands at Houston and Pasadcna. Tho woll furnished vater for stock when it
flowed but has not beon uscd sinco the flow coasod.

Fluctuations at Humble

Well 28la. (Harris County). City of fumble. Depth, 1140 feet. Vhen this
well was put dowvmn in 1934 it had a flow of 40 gallons a minute at a height of
21 feet obove the ground. The well, snd another one near it, 740 feet in depth,
are heavily pumped for the public water supply of Humble. In Decembor, 1336, it
was flowing into a tank about 10 feet above the ground during periods when the
punp was idle.

S\

Fluctuations at Spring

‘Vell 93. (Harris Couaty). International and Great Northern R. R., at
Spring, g, about 22 miles north of Houston, Depth, 984 feet.

When measured in the summer of 1936, this well had a flow of about 35 gal-
longs a minute and the artesian prossure was sufficient to raise tho water about
25 feot above the ground. This is about the pressure rocorded in the well when
it was drilled, about 10 years ago.

Fluctuations northwost of Houston, along Houston-Hompstead Road

Well 206. (Harrls County). R. 3. Tucker. 20 miles northwost of Houston
Post Office and 63 miles southcast of Cypress. Depth, 450 feot.
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The record for this well shows that the changes in wator lovel during tho
last 5 years have been comparatively small.

Well 431. (i arris County). G. B. Wilkins, about 13 miles unorthwest of
Houston end 2 miles west of Mairbanits.

This is a flowing well. Its depth i unknovn but is said to bhe only a few
hundred fect. Ilowever the high ftemnerature of the water, 37° ., indicates thot
it may be 1500 feet or more in depth.

The dischargo of the well was estimated at about 75 gallons a minute in
1931, when it was visited in coanection with the ground water survey, and in
1936, when it was again visitod, tho discharge apparently was about the samc.
The well flows continuously and the water is unusod cxcept by stock.

Woll 205. (Harris County). Humble Pipe Line Co., near Satcuma, about 2
miles northwest of Houston Post Office and about Gﬁ'miles southeast of Cypress.
Depth, 700 feet.

The water levels recorded in this well in the spring of 193G were about the
same as those recorded in the springs of 1933 and 1934, but averaged about 3
feet lower than tliose recorded in the spring of 1931.

The well supplies the domestic needs und other moderate requiremonts at the
pipe line station at Satsuma. It is pumped only occasionully.

Fluctuations in Haty rico-growing district

Well 362. (Harris County). E. &. Stceldick, about 4 miles northeast of
Koty. Decpth, 500 foct.

This well is used for rice irrigation and is reported to have =~ yield of
about 1200 gallons a2 minute. The wvater lcvel was about 3 foet lower in the
spring of 1936 than it was in the spring of 1931.

Well 387. (Harris County). . C. jficlman. 33 niles east-northeast of
Katy. Depth, 535 fcet. Used for rice irrigation, and is reported to have a
yield of about 1100 gallons & minute. The water lovel was about 27 feet lowor
in April, 1936, than it was in ilay, 1231.

Well 270. (Herris County)e. J. il Johnson, about 3 miles sast of Xaty.
Depth, 625 _cetse Used for ifrigation and reported to yield about 1600 gallons
a minute. Taiier level was 25 feet lower in April, 1936, than it was in liarch,
1931.

Well 334. (Harris County). A. J. Jorden, 6 miles northeast of Katy.
Depth, 505 Z<:e%. Wcll does nct yield much water, and is unused. ‘ifatoer level
was about Ui: samc in tho spring of 1936 as it was in tho spring of 1931.

11
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Summary of results of water level observations in wells

The results of the water level fluctuation measurements in the region are
briefly summarized below.

In general the water levels in the ilouston observation wells stood higher
in the spring of 1932 than in the spring of 1931, and roached a meximun eleva-
tion for the 1931-36 period in the spring of 1933. Since 1933 there has been a
general decline in the maximum levels and in most wells the moaximwz in the spring
of 1936 was somewhat lower than the maximun in the spring of 1931, but on the
average the difference amounted to lesz than 2 feet.

East of Houston, in the vicinity of Pasadena, the water levels in two obser-
vation wells were about the same in the spring of 1936 as they werc in the
spring of 1931.

East of Pasadena, at La Porte, there was a decline of about 3% feet fron
the spring of 1933 to the spring of 1936. Across the Day from La Porte, at
Baytovmn, the water lovels showed practically no net decline from 1929 to 1936.

Mortheast, north and northwest of Houston there are no deep wells within
several miles of the city limits that can be measured. In this territory,
therefore, no information is available as to whether or not thore have been im-
portant changes in the artesian pressure. TFarther out in theso dircctions, 3
wells are flowing with no apparent decline in pressure, one at Ifumble, another
at Spring and the third neor Fairbanks. In onc well near Aldine (Ho. 264) which
had a flow until 1930, the water level has persistently declined but the decline
may have been duc to the ontrance of muddy storm watcr into the well. Northwest
of Houston on the louston-Hempstcad road ncar Satsuma thoe water lovel in a 700
foot well displayed a not declino of about 3 feot between 1931 ard 1936, duc,
perhaps, to the offects of pumping from wells for rice irrigation a few milcs to
the south.

Wost of Houston, in the Katy rice-growing district in scoveral wells, there
was a decline of 2% to 3 feet from 1931 to 1936.

Southwost of Louston, at Bellairce, thorc was a net decline of about 2% fcot
from 1931 to 1936.

, South and southeast of iouston, in tho localitics of South Ilouston, Gonoa,
Fricendswood, Wobstor and Leaguc City, therc was & nct docline during the 5 yoars,
amounting to 6 or 7 foeot in soverel woilse Still farther south, in the locali-
tics of Dickinson, Toxas City, La iarque and Hitchcock, a not dcelinc was
rocordod that was the largest in the region, rcaching o maxiinm of morc than 20
- fect. At Texas City and La ifarque tho declinc probebly was duc in large part to
the incrocased use of ground water by oil rofineries at Toxas City.

Of the 30 observation wcils at Foustor and Paseadona that have yioclded the
most satisfactory date, 5 arc unuscd and arc located a halil milo or morc from
any hoavily pumped wcll; 13 aro wuscd but aro only a short distance (in some
instencos less than 100 fcet) from a sell that is oumped a part of the timo; 2
are pumped rogularly during the sumner but arce ot usod voery nuch during the
winter and 10 aroc pumped morc or less rcgularly, tho most of thori, howevor, being
subjcotod to a hoavior draft in summer thon in wintor. NWonc of the wells was
measurod while tho woll itsclf was boing vpunped.
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The water level fluctuation record in most of the wells of the Houston-

Pasadena area must have been affected to a degree by pumping from the well
itself, if it was pumpel, or by »umpinsz from nearby wells, as well as by regional
changes in the artesian pressure. Then the records are studied, however, the
trend in the fluctuations is found to have & remarkable similarity. The seasonal
fluctuations vary in amplitude but the yearly trends are about the samc in most
of the wells and the net gains or losses during the 5 year poriod are nol greatly

~different. This can bc most clearly seen by reference to ‘the hydrogruphs. Tho

conclusion is reached that the records rcflect fairly well the changes in pres-
sure for the entire Houston-Pasadena arca.

The outstanding facts disclosed by the water level measbrements are as
follows: (1) The depression in the proveiling artesian head that oxisted in
the most heavily pumped districts of ilouston, Pasadena and Baytovm, prior to
1931, was deepenocd scarcely at all botween 1931 and 1936. (2) The dopression
in the prevailing artesian head thet existed in the rogion south and southeast
of Houston, prior to 1931, was materially dccpened and widcned betwoen 1931 and
1936.

(Sce attached maps for location of observation wclls.)

HOUSTON PULPAGE, 1930-36

According to the records of the City Water Dcpartment, tho average quanti-
ties of water delivercd by the City botwcon 1928 and 1936, in million gallons a
day wore as follows: 1928, 21.9; 1929, 23,0; 1930, 25.8; 1931, 25.4; 1932, 23.7;
1933, 23.5; 1934, 24.2; 1935, 24.4; 1936, 25.4.

A part of the rcsults of studics that werc made for the purposc of computing
the production of watcr from wells in the liouston and Pasadene arcas, other than
thosc belonging to the City from 1930 to 1938, are givon in teblc 5 of thc monu-
seript report. In making the inventory of this indcpondent pumpuage, the yield
of the wcll was measurcd if possible and the best available informotion was
obtained regarding the opcration of the pump over a poriod of yoars. Systenatic
pumping rccords, it was found, arc scldom lkepte ilany of the pumps orc clectrio-
ally operated, but ordinarily, the nump is on the same clcetric meter as other
machinery and no accurate information iz to be had 2s to how the locd is dis-
trivbuted. Often it is necoussary to depond entiroly upon the nomory of the pump
engincer or the plant manaoger for the puwaping rccord, and sormctimes when the
statoments of both are obtained they arc found to differ matcerially. It is
found that the goneral tendency of company officials, however, is to overesti-
mate the yield of the pump and the lbn"th of the pumping periocds. The figures
on total pumpage given in the preliziaary report of Octobver 17, 1932, arebollevcd
to be somewhat too high, largely as a result of this tendency,

The figures in the table havc boen rated from A to E according to their
probable accuracy, those designatcd "A" being the most accurate and those dosig-
nated "E" tho least accurate. All the figures cxcept those rated "A" and "3,
should be classed as estimates. Whilec tho data arc not as accurctc as could be
desired, they nevertholess appear to justify the followin;; conclusions: About
1930 the total punpage from all wells in the arow rcoached the moeximum obtained
up to that timce As the finaneial deprcsnion grow in 1931-33, the rate of pump-
ing both from city and privately owmed wells gradually declined and roached o
minimum in 1933, but the deeline amounted to only 10 or 12 porcont of the pumpage
in 1930-~31. Sincc 1933 there has beon a gradual incroasc in tho punping and the
total in the latter hali of 1935 and the first half of 1936 vas not sroatly dif-
forent from the total during correspending periods in 1930-31,
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The upward trend in water levels in the Ilouston-Pesadens area between 1930
and 1933 was due %o the reduced ratc of pumping in most of the producing wells,
and the declinc in water levels since 1933 was chiefly tho result of incrcased
pumping. It is significant that the incrcasc in pumping %o a ratc comparable
with that at the start of the investigation has beon accomplishod with compara-
tively little average net loss in artosian head.

CHENMICAL CHARACTER OF GRGUMD WATER; FLUCTUATION IN CHARACTER

The following records of analyses of water from wells in the IHousteon region
accompany the manuscript report:

Analyses of water from wells in Marris, Galveston, Waller and Forl Bend
Counties, Texas, 1931-35 (Table 6); partial analyses of water from wclls in the
Houston district, Texas, 1936 (Toble 7); partial analyses of water from selected
dcep wells in Houston, Texas, and in arcas southoast, south and west of the city,
1936 (Table 8); results of a serics of Wcsts of chloride in well water at Houston
(Table 9); results of a scrics of tosts of chloride in woll watoers of liouston
region (Table 9a); analyscs of water from wells in the Humble-Crosby district in
Harris County (Teble 10); analyses of water from wells aloag the Humble-New Caney

" road in liontgomery County and at Cleveland and Hightower in Liberty County (Table

10a); analyses of water from wells at Stilson, Dayton and Liberty in Liberty
County (Table 10b). The analyses given in tables 6 to 9a were made in the Water
Resources loboratory of the U. S. Geological Survey ab Washington by liargaret D.
Fosters Thosc in tables 10 to 1Ob were made for the Ciiy of liouston in the
laboratory of Rice Instituto by A. J. Hartsoolk.

Anolysos from representative wells in different narts of the region are
given in the table of analyses herewith.

These records show that ground water of good quality is to be found in a
large region surrounding Houston, as well as in liouston itself. In general, the
water is hardest in the outerop arecas of the watcer-bearing sands and becomes
progressively softer whilc the chloride in the wator tends to inercasc with
distance dovm the dipe For cxample: the water in tho middle and lower parts
of the Lagarto is of good quality in the northern paort of Harris and Liberty
Counties and in Montgomery County, but is salty in the vicinity of Houston;
the water in the Goliad (?) sand and Willis (?) sand is of exceplionally good
quality at Houston but is salty in the vieinily of Baytown.

The subject of the increasc in the chiloride content of the watecr with dis-
tance dovm the dip to the southcast of Touston ir discussed ot some length in
the paper by Turner and Foster menticned on wmoge 4 ontitlcd "Encroachment of
salt water in the Galveston arca, Texas". The information in that paper and
other data obtained in the course of the investigation tends to show that at no
great distance dovm the dip to the southeast of Houston the fresh water in the
deep sands from which the city water supvlies are largely obtained gives vay to
water that is Voo salty for muricipal or industrial usc.
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As explained in the Turner-iFoster paper, sanplos fro: 12 wells located in an
irrepular line fron ilouston southeastvard to Texas City are veing analyzed from
time to time to determine whether or not the wells show any evideunce of the cn-
croachment of salt water, the last analysis beings medo in the sumer of 1936.

The series of tests of water from about 30 wells in the region referred %o on
page 4 wero made for the same purpose. Comparison of tho most rocent analyses
of samplos from the 12 wolls in the Houston-Teias City lino with carlier analyses
and the results of the chloride %tests in 1836 with those medc in 1931 ond 1935
does not indicato any important change in the compesition of tho water. Howcvor,
as stated later in this report, it rust bo recognizod that a heavy increase in
the rate of pumpage in the eastern part of Houston or in tho vieinity of Pasadene,
wherc the artcsian head already hes been depressod to 20 foot or more below the
level of the soa may furthor lower the prossure to such an oxtent that water
containing objoctionable quantitics of salt cvoniually will bo drawn inbto the
areo. from down the dip.

PROBABLE EFFECT OF ADDILIOWAL IEAVY PUMPING
I TiE VICIJITY G PASADEIA

Industrial requircments have doveloped in recont nionths in the vicinity of
Pasadena which, it is said, will ncocssitate an additional weter supply of from
20,000,000 to 40,000,000 gallons a dey. liow wells lLiave beon put down waich, it
is said, have a combincd capucity of 20,000,000 gallons 2 daye. The pumping of
these wells is to be sterted this month (larch, 1937). ™What will be the effcet
of this groat incrcasec in the punping dra’™ on othor wells in the areca and on
the underground roscrvoir as o wholo ?

When additional pumping at the rate of 20,000,000 gallons o day is startod,
a deop conc of depression will quickly Lo deveoloped in the irmedicte vicinity
of the wells, 2ll of which are located withiin an arec of not more than 1 square
mile. In one areu of similar size in this region, ths incroase in the average
daily pumping from about 10,300,000 gallons a day to about 14,200,000 gallons o
day caused tho average static wuter level to decline from about 40 feet below
sea level in the swpring of 1932 to sbout 62 fcot below sot level in tlic spring
of 1936, or a not docline of about 5.5 foct for cach nillion gallons a day
incrcase. In thc Pastdena area the fresh water sands are matericlly thicker
than in tho aroa cited cnd, if tho neriwcability of the sands is about the sanmo,
the rate of declinc is lilkely to be materially less. Ifovertheloss, with an
ineroasc in pumpage of 20,000,000 gallons &« doy ot Pasvcdonz, it appears probable
that locally the presont conc of artesiw: denrossionr will bo deoponed to con-
siderably moroc than 100 foct below sca lovel. This now conc of deprossion will
expand to adjacent arcas. The anownt of lowering in any given dircctioca from
the new wolls will decrcasc with the distaned from thom, bul as the arca
affccteod expands tho ratc of oxpunsion will deecreasc and the progross of the
regional drawdown can bo watchod. A vronowrcod drop iu head is to bo oxpeoted
during the spring of 1937 in all wells in the vicinity of Pasadena aad probubly,
also, in the wellz of sdutheastern Ilouston. 3efore the end of the sunmer of 1937
a material decline in artesiar hoad ma; occur in contral and west central ilous-
torr 8 to 10 miles from the new nroject and necessiteote the lowering of pumps in
wells in which the wator level during mming is close to the suction 1linit of
the pumps. With proper observations, however, it slionld bec possible Ue antiei-
pate pronounced regionul drawdow: at these distancos.
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The possibility that a further large decline in the artesian pressures may
result in the encroachment of salt water is tec hg feared. Salty water occurs
below thie Houston-Pasadena area at depths of 3,000 %o 3,5C0 feet, but this
water is rather effectively confined by the thick clays of the Lagarto formation,
and is not likely to rise into the wells. 3But chloridos in objectionable guanti-
ties probably occur only a fow miles dovm dip in the deop horizons from which
the largest supplies in the Touston-Pasndena area are now being pumped, and this
water may move up the dip to this area. The recent oxtension of the cone of
depression down the dip to the southeast of Iouston adds to thec apprsiiension on
this score.

If, following over-pumping, salt wator does move into the locality of
greatest artesian dopression, its movement, fortunately, is likely to be slow,
and the movement can be watched. The contact, dovm the dip, betwecn the fresh
wator and salt water, in all probability, is wot abrupt, dbub is in the form of
a zonc of brackish water with a gradual gradation from fresh watoer to salt
water. lloreover, furthor pronounced docponing of the cone of depression at
first, is likely to inc.ease the movemcnt of water toward the depression from
localities up thc dip to thc northwest of Houston faster than from loocalities
dovm tho dip, to the southcast, due to tho fact that the water-bearing sands
arc more permeablc up the dip and the hydraulic gradiont is greater. The first
result, therefore, of & hoavy incrousec in punping may bc to dccrease the chlo-
ride content of the water, and increase its hardness. This has already occurred
in one of the most heavily pumped areas of this region. Ii salt water does
enter the localities of over numping, its spread to other parts of the area also
is likely to be slow, and the movement can be watched. The people of Houston
need have no immediate apprehension, as ample time will be available in which
to develop an additional water supply ouitside the !ouston-Pasadena area. Ploans
toward that end should, however, be made at once.

The effect of pumping an additional 40,000,000 gallons a day will not be
discusseds If carried out, the pumpage in this vicinity, it is believed, would
be greater than that from almost any other area of equal size on earthe. It
would invite oventual disaster to the wator supply of the ontire louston-Pasa-
dona arca.

POSSIBILITIES OF DEVELOPING ADDITICWAL SUPPLIES OF GROUND WATER
FOR TEE EOUSTON-PASADENA AREA TH LOCALITIES OUTSIDE THE AREA
(Sce map 1 end tables)

In the 1932 report the following stetement was made: "Further material
lowering in head can be prevented and additional supplies can be obtained if, in
the future, the city locates its new wells at greater distances from the exist-
ing cones of depression, preferably toward the west and southwest."

It is believed that the data now available from observations covering 3 to
6 years justify the following conclusions: ITo large increase in pumping over
the volume of water pumped in 1936 should be made within the city limits or
along the ship channel between the city limits and Raytown. Any large increase
in ground-water withdrawals in or near the existing deep depressions in arte-
sian prossure in down-town Houston end in the East Liouston-Pasadena district
would be especially undesirable. ew wclls involving heavy withdrawals of
ground water should be located at distances of sevoral miles from thesc depros-
sions.
















































































































































































































































































































































































































































































































































































































































































































































































































































