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HOUSTON DISTRICT, TEXAS

By
Walter N, White
July 1, 1938

Prepared in cooperation between the Texas Board of Water Engineers and the
Geological Survey of the U, S, Department of the Interior,

Introduction

An investigation of the supply of underground water, or ground water,
available for Houston and the region surrounding it has been in progross
for sevcral years, as part of a survey of the ground-water resources of
Texas by tho Texas Board of Water Engineors in cooporation with the Geolo-
gical Survoy of the U, S, Dopartment of the Intorior,

Tho investigation has coverod Harris, Galvoston and Waller Countices,
a large part of Montgomory, Fort Bond and Bragzoria Countics, and a small
part of Liborty and Grimos Countios, This is tho fourth of a scrios of
progress rcports, tho othor thrce being dated October 17, 1932, Decombor
29, 1933, and March 1, 1937, This roport is devotcd principally to a
discussion of tho doclino in wator lovels in wells which has oocourrecd in
tho Houston-Pasadcna arca sinoco Moreh 1, 1937,

Fluctuations in artosian.prossuro.
Doclino of wontor lovels in wells sinco March 1, 1937,

Prior to 1937 thc artesian prossures in tho Houston-Pasadona aroa had
roached a stago of comparativo oquilibrium, or displayed a very small
annual declino, About March 1, 1937 a paper pulp mill was started ncar
Pasadona which roquired an average supply of woll wator amounting to about
19,000,000 gollons o doy, This ropresonted an incroasc of almost 40 per
ccnt ovor the avorage daily draft by all the wclls of tho Houston-Pasadeona
arco in 1935 and 1936, Following this suddon hoavy inerocasc in pumping a
prrnounccd docline in artosian pressuros and loworing of wator lovels in
wclls was to bc oxpeotod not only in tho vieinity of Pasadcno but ovon in
locelitios many miles from tho now wolls, Tho following is copicd from pago
24 of tho progross rcport of March 1, 1937, which was sutmittod to tho ecity
authoritics ocarly in Morech, 1937:

Whon additional pumping at thc rate of 20,000,000 gallons a
dey is startod, a dcop eonc of doprossion will quickly be devolopod
in thc immedinto vieinity of tho wclls, all of which aro located
within an aron of about ono squarc milo, In ono arca of similar
sizo in this rogion, thc incroosc in tho avorago doily pumping
from about 10,300,000 gallons a day to about 14,200,000 gellons o
doy. causod tho average static water lovol in tho aron to doclino
from about 46 foct below sea lovol in the spring of 1932 to about
68 foot below sea lovol in tho spring of 1936, or a not doelinc
of about 5,6 foct for ench million gallons o day inoroasc, In
thc Pasadonn distriot tho frosh wator sands arc materially thicker
than in tho aroa roferrcd to and, if tho pormoability of the sands
is about thc samo, the ratc nf doclino is likoly to bc matorially
loss, Novcrtholoss, with an inereaseo in pumping cf 20,000,000
gallons o day at Pasodona, it appoers probablo that looally tho
prosont ocne of artosian decprossion will bas doopenod te considor-
ably morc than 100 foot belew sea lovol, This now cono of do-
prcssion will oxpend to adjacont arcas, Tho amount of leowering in



]

~3

ha

{ 2
eny given dircetion from the now wells will doorcaso with the
distance frrm them, but as the arca affocted oxpands tho rato
of decline will decrease and the progress of the regional
drawdown ocan be watched, A pronounced drop in head is to be
expected during the spring of 1937 in all wells in the vieinity
of Pasadena and probably, also, in the'wells of southeastern
Houston, Before the end of the summer of 1937 a material de-
cline in artesian head may ocour in central and wost central
Houston eight to ten miles from the new project and necessitate
the lowerlng of pumps in wells in which the water lcvel during
pumping is close to the suction limit of the pumps. With
proper observation, however, it should bc possible to antici-
pato pronouncod regional drawdown at thoso distancos,

The decline in artesian pressures in the area have occurred about as
was expected when the report was written, The approximate emount of this
decline to May 1938, as recorded in 24 observation wells in the Houston-
Galveston area, is given in the table on thc next page; the depth of the
wolls and thoir distanco in an air lino from thc new development is also
shown, Tho accompanying blueprints show grephically the fluctuations that
oceurrod from 1931 to March, 1937,

The rocords of a few measurements of depths to water in five of the
City wells before and after the increase in pumping near Pasadena are
given below,

Central Well F-11

July 15, 1936, 87,0 feet 10 minutes after pump was shut down

Nov, 19, 1937, 72,0 " 30 " " n " " "
Jan, 8, 1938, 72,0 *“ i0 " n " " n "
Apr, 22, 1938, 77.87 " 1 hour " “ oon u "

Contral Well F-12

Sept,11, 1935, 65,0 feet 1 day after pump was shut down

July 22, 1936, 79.0 " 5 mlnutes 1 " 11} n
Jan, 26, 1938, 53,7 * 2 n " " ] ] "
Jan, 26, 1938, 66,0 " 10 " nonow o ow n

Heights Well No, 5

Apr, 9, 1938, 68,0 feot 10 minutes after pump was shut down

Hoights Woll No, 6

Oct, 7, 1936, 79,2 foot 1 minute aftor pump was shut dovm
Apr, 14, 1938, 78,95 " 16 hours " " " oom "

South End Woll No, 6

July 24, 1936, 97,0 feet 20 minutes after pump was shut down
Apr, 14, 1938, 95,98 " 1 hour " u o n ) n

The following information rolates to a fow privately owvmed industrial
wolls that arc not includod in tho list of obsorvation wells in the tablo,
According to recport of Mr, G, L, Hoss, Rosidont Engincor for the Sinclair
Rofining Company, woll 6 at thc rofinory near Pasadona showed o docline in
lovol of about 25 foct betwcon Fobruary 1937 and Fobruary 1938, According
to rccords obtaincd through L, H, Kondall, Chiof Enginoor, the watcr lovels
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Decline of water levels in Houston wells
January and February 1937 to March 1, 1938
“Distance from Decline Rise from Net decline Decline or
Well Depth Pasadena paper Jan. - Mar. Oct. 1937 to Jan. - Mar. 1937 rise May
(feet) . pulp mill to 0ct.1937 Mar. 1938 to Mar. 1, 1938 1937 to
(miles) (feet) : May 1938
1170 838 5/8 NW 43 . 8 35 -
1176 800 £ §§ NNW 44 9 35 £ 4.9
890 1,284 ; 29 6 23 -
88l - 650 £ 4 WNW 20 5 15 - 7.4
886 540 4 W 9 4 5 - -
878 905 4% NW 257 2 ? - =10.2
759 396 43 19 2 17 - 9.3
876 ? 55 W -- - 6 1/ - 3.6
757 676 6 NW 14 1.5 13 - 9.4
868 697 g% WNW 6 5 12/ £ 1.0 e
751 540 5 Nw 14 1 13 - 7.4
738 417 72 NW 3 0 3 - 2.5
853 650 8§ WNW 11 7 4 - 2.6
680 1,350 # 9 N 18 4 14 # 2.0
662 834 ~ 92 NW 14 0.5 14 - 8.7
790 606 9= W 3 4 ol - 7.7
619 900 10 NW 8 5 3 - 5.1
656 665 10+ NW - - 11 —
606 575 11 Nw 8 3 5 - 6.5
604 - 1t N 7 6 1 - 0.1
590 - 13 - - - -
602 1,038 13 W 10 - - -
804 650 £ i2 W 7 14 - -
809 1,100 # 15 7 7 1 6 --
898 900 7 6 -¢.0

1/ June 1937 to March 1, 1938
g_/ Net decline in nearby well 1,200 to 1,300 feet deep reparted ab-ut 30 feet in two years ending in fall of 1937.

This doubtless is partly due to large increase in local pumpage.
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in wells at the Shell refinery four or five miles east of Pasadena had a
net decline from March, 1937 to March, 1938, ranging in different wells
from 11 teo 18 feet, A well 1,200 to 1,300 feet deep, at the Hughes Tool
Comnany about six miles northwest of Pasadena, according to Mr, Goddard,
Superintending Engineer, has had a decline in head of about 30 feot during
the past two years, This well is within a few hundred feot of obscrvation
well No, 868, which is 697 feet deop and had a net decline of only about
five fect during tho last two years, The decper well is one of two heavily
pumped, closoly spacod wolls that suppliod an averago of about 1,500,000
gallons a day in 1936 and 1937, or about 1,000,000 gallons & day morc than
was pumped from them in 1935,

Most of tho wells which werc used in the rcgular observation program
end which arc listod in the tablc range from about 600 to about 900 fcot
in dopthk, Two of thom, Nos, 680 ond 890, are about 1,300 fect decp and
two, Nes, 602 and 809, arc about 1,100 fcot dcep, This observation-wecll
sct-up is obviously not wholly satisfactory for rocnrding fluctuations in
artcsion pressuros in all the vmter-bearing horizons, In this arca tho
shallow sands from about 200 to about 400 feet are fairly well shut off
from the sands at 600 to 1,100 feet and the latter in turn are shut off
from the sands at 1,300 to 1,700 feet, The isolation apparently is not
complete, but is sufficient to cause a lag varying from weeks to years in
the transmission of declines in artesian pressure from one horigzon to
annther, This has boon known for several years and urgent recommendations
have bcen made that additionnl wells, which now are tightly closed and
inaccessible,should be oponcd up for moasurcment -- ospeeially wclls that
tap tho deepor sands, This, howover, has not yet beon dono,

The ottached map shows the location of tho rogular observotion wolls,
tho depth of the wolls, all city pumping stations, and thc pumping stntions
of thc Champion Papor and Fibor Company,

A study of all the reocords given above loads to the conclusion that
tho dcelinc in hoad, although sorious, still has not roachcd mejor pro-
portions at any considorable distanco from tho peper pulp mill, It is
noted that the groatest dcelinc scoms to bo townrd the northwost, almost
dircetly up the dip, Thc deelino in downtown Houston botwoen March 1937
and March 1938 ranged from throc foot in well 619 to 14 foct in woll 680,
Tho rccords of wnter lovols in tho eity wells at the Central, Hoights,
and South End stations arc difficult to intorprot boeausc of the varying
longths of time tho pumps worc shut down beforo the moasurcmonts wero
tokon, Apparontly, wolls Contral F-11, Hoights No, 6 and South End No, 6
have sufforced loss in artcsian hecad sinoo 1936, but the declinc has not
beon very large, Soveral of the rogular obsorvation wolls showod o sub-
stential rise during tho wintor and tho wnter lovels in throc of them wore
higher in May 1938 than they were in May 1937, However, the rececords
indicate clearly that the new pumping at Pasadena has caused a substantial
lowering. A further decline in watcr levels is to be expectod in the
coming year and should be carefully watched,

Pumpage: present and proposed

The ostimated daily pumpage in tho Houston area and adjaccnt rcgioms
in 1937 is given bolow:
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Estimated average daily pumpage in 1937
in Houston district and adjacent region
(Houston-Pasadena-Texas City-Galveston-Katy areas)

Million gallons
Houston Water Department 25,2 (City records)

Champion Paper and Fiber Co, 19,0
(starting March 1)

Miscellaneous Pumpage Houston-
Pasadena and area elong ship-
channel Pasadens to La Porte 26,0

Total 702

Baytowm 13,5 (Humble 0il &
Refining Co, records)

Texas City, Alta Loma

and Galveston City supply 15,0
Misccllancous pumpags

Houston to Galveston 5,0
Katy Rice aroa 16,0

Grand Total 1197

As indicated by the table, tho total pumpage in the Houston-Pasadona-Ship
Channcl area is estimated as about 70,000,000 gallons a day and thc grand
total for the region as about 120,000,000 gallons a day, With the oxception
of tho droft by the wolls of the papor pulp mill, the pumping in tho Houston-
Pasadona-Ship Chonnel oroa in 1937 probably was not much groeater than that
in 193¢, the incrcaso porhaps being of tho order of 2,000,000 to 4,000,000
gellons a day, Sinco 1930 many now industrics have been established in the
arca oand Houston has had o substantial incroaso in population, Howover,
most industrios usoc o comparativoly small amount of wotoer and thoe inercase
in nopulation apparontly has not boon followod by o comparable inercase in
tho publie domands for wotor,

Undor normal conditions of growth in population and industry tho
evailablc supply of ground wonter within comparatively casy rocch of Houston
should supply thc nccds of tho Houston-Pascdonc-Ship Channcl distriet for
mony yoars, Howovor, it appoars that plans arc to bo made immodiatoly look-
ing townrd a supply for tho arca averaging around 170,000,000 gallons a day
or almost two and onc-half timcs thc proscnt pumpage., This quentity, plus
tho amount now pumpod in tho Baytown, Golveston, Toxas City, cnd Katy arcas
would make a grand total of 220,000,000 gallons a day,

Conclusions

So. far as is known, withdrawals of ground water in quantities approxi-
mating 200,000,000 gallons a day have not been attempted anywhere in the
world under conditions of ground-water occurronce comparable to those which
exist in thc Houston rogion, About 150,000,000 rallons a day is pumped from
weclls for the public supply of the City of Berlin in Gormany and en approxi-
matcly cqual amount is pumpod from wolls on Long Island by tho City of New
York and by other communiti¢s and industrial ostablishmonts, However, both
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in the Berlin ares and on Long Island the water is obtained from gravels
and sand in glacial deposits which are subjeot to heavy replenishments by
local rainfall, The water~bearing sands of the Houston region are buried
bencath impermeable clays and probably are replenished only at their out-
orops, lncated mostly in areas many miles from the well fields, In the
casc of the doeper wells at Houston the areas of intake may be 50 miles or
more distant, Under theso conditions the available supply is largely, if
not ontiroly, detormined by the capacity of tho sands to transmit water
from tho outcrops to thc wolls, Thc carrying capacity of tho sands varies
directly with tho hydraulic gradiont and this is incroasod whon dcpressions
in artosian prossure aro eroated by hoavy pumping, - Howevor, in this rogion
possibilities of such incroosc arc limitod by tho fact that if theo woll
ficlds arc pumpod too hard and thc artosian prossuros loworcd too far bolow
son. level, salt water will be dravn into the fresh water-bearing sands from
areas down dip in the direction of the Gulf,

Under these circumstances it is probable that the ground-water
reserveirs would not sustain the additional draft unless, indeed, wolls
are put down far out along the striko of the watcr-bearing sands, and
ground woter piped rolatively great distancos to the Houston creo (sec mimeo-
grophod roport of March 1, 1937, pps, 28 to 30), If additional supplies aro
dovolopod from surface sourcos, it seoms almost cortain that tho ground-wator
rosourccs of the Houston-Pasadono croa will still ncod to bo fully utilizod,

Roccommondations

The nced of closoly watching tho ground-wotor situation ot Houston is
as groat now as it over was -- porhaps groator, A progrom commensurcto
with tho importanco of tho problom would inelude tho following:

Inventorics of industrial pumpage in tho Houston-Pasadcna-Ship Channel
arco would bc continuod and mado more aceuratec than it has herotoforc boen
pessible to makc thom with tho limited funds availablo, Morc obscrvation
wclls would bo added to tho presont list -- ospeeially decp wells -~ ond
obsorvations would be mado monthly throughout the torritory as well os within
thc Houston-Pasadona arca itsclf, Somc of the obscrvation wolls irould bo
cquipped with automatie wator stage rccordors, Samples of water would bo
froquently collecotod and analyzed from scleotod docp wells throughout Harris
County, Tho ground-wntor studies would bo oxtondod to adjacont arcas in
Libortg, Fort Bond and Brazoria Countios, which thus far havo not boon fully
coverod,
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