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Table 7. Puapase ud raiahll ia til a laty rica- sro•i•s area 

1930 1935 1937 1939 1940 1941 19U 1943 1944 1945 1946 1947 1948 1-149 

lfaebar of ••ll• 45 40 61 78 88 9S 108 1 1 2  l i S  123 125 l U  ISO 157 

,lf .. bar of acre a i rri-
sated !} 9.000 8 000 1 3 , 750 19,950 24, 200 271350 30, U I l0r4l6 3 1 , 740 34,320 37,530 U,900 47.600 47,650 

\eoaat of eater 
paapad, ia acre-
hat !/ 20,200 15.700 33, 600 44,900 5o.•oo 2s.aoo 43.ooo 5a,ooo 64,000 56,000 67,000 84,00048,000 109 000 

�o1ut of water 
paaped per acre, 
io acre-feat 2 . 2  2 0 2 - 4  2 2 2. 1 0 - 9  1 . 4  1 . 9  2 . 0  1 . 6  1 . 8  1 . 9  2- 9 

\ainfal l , i n feet, 
Way throush 
Sept. � o . g  1 - 9  0 - 9  1 - 6  J . 4  2 . 6  1 . 9  2 - 0  1 . 8  2 - 2  2 . 5  l . S  0.7 

rote) aaouot of 
water applied to 
tba laod(irrisatioa 
and ra l11 f a l l )  
ia acre• h a t  
par acre 3 . 1  3 . 8  3 . 4  3 . 8  3 - 5  3 . 5  3 . 3  3 . 11  3 . 7  l - 1  4 . 3  3 . 4  3 . 6  

!I Recorda of tba Aearicaa Rica Gro•era Co-operati•• Aaaociatioa. 

!.1 Olle- acre foot eqaala 325,829 s•lloaa. 

:I 1930·45, •••r•s• o f  raialell at B�patead, Hoaatoa, Sealy aad Sa1arlaad. 

1946 a•ara1a ra&afall at Addicks• Aliel, Barkar, Baapataad, Rockley, Boaatoa, laty, Pattiaoa, Sataaaa, 
Sealy, aad Sasarl .. d 

1947·48. 

1949 

••ara1a of raiafall at Addicka, A l i e f ,  Barker, Cypraaa, Fairbaaka, Gaatoa, Beapatead, Hockley, 
Boaatoa, laty, Mortll Boaatoa, Sata .. a ,  Sealy, aad lasa rlaad. 

•••r•1• of t a i a f a l l  at Addicka, Alief, Cypraa a ,  Fairbaaka, Gaatoa, Heapa tead, Booatoa, laty, 
l'ort.la Boaat..,a, Sat••••· Sealy, aad Sasarlaad. 

According to the' I"ecords, the pumpage for Trriga�iofl, usually vanes inversely as the rainfall 
during the rice-growing season; the amount of �ater applied to the land fran the two soui"ces remain­
ing remarkably unifonn. The rainfall in 1947 was 'below nonnal throughout the Katy area, but the 
number of acre-feet pumped per acre was about the average recorded for 1 1  pre'f'ious years. 1he · rain­
fall during the irrigation s�son in 1948 was far below normal , only 0 . 7  foot as compared with w1 
average o f  about 2 . 0  feet for the 6-year period, 1940-45. nae pwnpa� during 1948 was 2.9 acre-feet. 
per acre, which was greater than it was in any previo�s year of record, and the total pumpage was hy 
far the largest The rainfall during the irrigation season in 1949 also was below ';lormal, and the 

pumpage was 2. 3 acre-feet per aci"e making the total PW!l>age for 1949 the second highest on record. 
Pumpage, in acre feet, is given in table 7 .  For coirparison with municipal and industrial pwnpage, 
withdrawals in the Katy area, e.xpl'essed as a daily nerage 1m100nted to 98, 000, 000 gallons a day in 
1949 as compared to 123,260,000 gallons a day in 19.(8, 74,990, 000 gallons a· day in 1947 , 58,000,()(IV 
gallons a day in 1946, 50, 000 ,00Q gallons a day in 1945, 45, 000 ,000 gallons a day in 1940 . and 
14,000,000 gallons a day in 1935. 

DECLINE Of ARTISIAM PRESSURES 

Tite Katy rice-growing area occupies a part of the outcrop of the sands that furnish water to 
�ouston Any material change of artesian pressures or water levels in the wells of the area, 
therefore, is especially significant. Periodic measUTements of depths to water were started in 
1931-32 in nine' selected wells, all of which were within a radius of 8 "Driles fran Katy. Lac.er 
the prograu was expanded as the irrigation developnent increased and spread to new territory, and 
during 1941-49, 35 observation wells were measured. 

2 . 3  

J , S  

3 . 6  
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During most of the period of record the measurements have been confined to late February 

or March, about 6 months after the close of the pumping season, and before the start of the 
next, thereby giving the artesian pressures and water levels the maximum possible opportunity 
to recover from the effect of local withdrawals. The average annual declines shown by tht 
early spring measurements reflect closely the areal declines. 

A summary of the fluctuations in the observation wells for the pe�od of record is given 
1n table 8 Fluctuations of the artesian pressure in well 223 in Waller County, 6X miles 
northwest of Katy, is shown graphically in figure 9. 

Yell 

40 
134 
1 3 6  
1 3 9  
140 
160 
182 
186 
352 
357 
362 
367 
370 
371 
3817 
3 8 1  
382 
384 
385 
399 
480 

Table a. Net. decline or rise c+> o f  arteeian preeanraa or water 1eTela, in feet, ia ••11• 
i n  Katy area (baaed on apria1 aeaeureaente) 

497 
274 
138 
1 3 4  
359 
499 
239 
628 
470 

500 
535 
625 
374 

so± 
95 

185 
505 
359 
326 
512 

1931 
to 

1933 

2 6 

2 . 0  
2 9 

2 5 

1933 
to 

1939 

6 , 1  
6 . 2  

3 8 
4 8 

3 . 0  

5 1 
2 7 

1939 
to 

1940 

3 8 
4 . 7  
4 0 
3 9 
3 . 5  
6 . 3  
2 s 
3 5 
1 7 
3 - 1  
2 s 
2 2 
1 . 3  

4 
1 s 
2 8 
2 8 
2 3 
1 . 8  

lHO 
to 

1945 

3 3 
3 8 
3 6 

+
3 2 
6 . 6  

+3. 9 
� . 3  

4 1 
12 7 

3 3 
2 . 1  

2 7 
. a  
. 2  

1 6 
8 

• 6 
2 7 

Harrie Connty 

1945 
to 

1946 

+t . 4  
• 4 
• 5 
• 1 
• • 

1 . 6  
. o  
. 8 
• 8 
. 6  
. 7 
• 8 

. 9  
+ . 9  
+1 . 2  

1 . 8  
1 . 8  

• 7 
. s 

2 2 

1946 
to 

1947 

o . o  
• 0 

+ . 1  
+ . s 
+ . ..  

. 7  

. 3  

. 0 
• 0 

+ . 6 
+ . 5  
+ . 2 

. 1  
+ . 6  
+ . 9  

5 
4 . 0  

. 6 
• 0 

2 . 0  

1947 
t o  

1948 

3 . 3  · 1 .  3 
1 . 7  
2 - �  
2 . 9  
3 . 8  
.. .  o 
3 .  s 
2 - 2  
3 . 0  
3 . ..  
2 . 9  

3 . 4  
2 . 4  
2 - 1  
3 . 7  
2 . 8  
1 . 8  
1 . 8  

l!t. ll' 

1948 
to 

1949 

3 . 7  
5 . 4  
5 . 5  
6 . 0  
4. 6 
3 - 9  
3 . }  

1 0 . 6  
6 1 
5 . 1  
5 . 7  

6 . 2  
6 . 2  

. 7  
6 . 4  
4 4 
6 . 9  

1931 
to 

1941 

20. 3 
} 7 . 0  

1 0 .  1 

1 7 . 1  
1 2 . 6  

8 - 0  

1946 
to 

1949 

9 . 0  

5 . 4  
7 . 8  
8 . 0  

1 0 . 4  
8 . 9  
7 4 
5 - 2  

1 0 . 0  
a . 8  

9 . 0  

7 . 4  
1 0 . 4  

7 . 5  
a . 8  
6 .  1 

lJ. 9 

19U 
to 

1949 

6 . 3  

6 . 6  
8 - 9  
9.0 
7 - 8  

5 . 4  
6 . 8  

1 2 . 1  
1 0 . 5  
1 1 - 8  
u. 7 

5 . 5  
2 . 6  
8 . 5  
9 . 5  
5 . 7  

} 9 . }  

1931 
to 

1949 

2 3 . 6  

t S . 6  

1 3 . 4  

Fort Bend Coonty ----
7
----

6
-

5
-

3�
------_-

1 
_____ 

3 
__ 

1 
_____ 

2
_._0 

_____ 2 .-0-----1-.-l--�+--. 1----�2-.-l�--�3�.�5----�6-.�8----�5�. 6�--�7�.�2--· � -
11 1 7 0� 2 3 2 . 3  6 2 + · 4  + . 1  2 . 0  2 . 0  

+
' ' 2  4 . 8  

1 s  1 1 2  1 a 3 6 2 2 5 5 � . 5  +,.a J . s  9 . 1  . 9  6 . 5  16. 3 
17 586 · '  + .3 2 . 7  4 - 3  6 . 7  7 . 7  

2 0  250 2 . 2  2 3 . 7  . 2  +2. 8  a . 6  
2 1  1 . 3  1 a 1 9 

+ 
. •  . o  . 1  3 . 2  4 . 3  5 . 6  7 . 5  7 - 4  

2 6  657 3 .a 1 . 0  2 . 2  1 . a  6 . a  1 o . a  9 . 1  
2 9  500 + . 7 
30 334 + .7 + . 6  1 . 1  3 . 1  3 . 6  1 . 7  
3 3  346 1 . 7  3 4 · 4  .4 1 . 2  2 . 1  4 . 3  6 - 3  

223 
225 
234·5 
239 
240 
242 
245 
246 
247 
252 

767 
643 ug± 
290 
555 
482 
926 
641 
246 

1 6 

2 3 

4 . 2 2 1 

6 6 3 . 5  

2 0 

5 . 4  

2 . 5  

5 . 1  
3 9 

Waller 

• 8 
. a  

1 . 0  
+t . 9 

. 4  
+t . l  

2 . 4  
• 4 
. o  

1 . 0  

County 

+ . 1  
+3.3 

• 6 
+•.Is 

1 .  1 
J . 3  
1 . 3  
�-2 

• 6 
2 - 0  

1 . 7  
1 . 6  

3 . 3  
4 . 3  

• 9 
s . a  
1 . 6  
1 . 3  
1 - 0  
4 . 0  
2 . 8  
2 - 6  

4 . 3  
4 . 3  
4 . 8  
5 • • 
1 . 9  
} .  s 
7 . 4  
s . s  
5 . 2  
4 - 3  

a a 
1 2 - 4  

6 . 7  
9 - 0  
3 . 1  
5 . 9  
8 . 9  
9 - 0  
8 - 8  
7 . 0  

1 3 · 0  

1 8  2 

2 0 . 6  
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Te101 Board ol Water En�i""" In cooperati011 with U. S. Geoloolcol Survey 011d tht Cltr of Houaton 
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FIGURE 9.- Decline of artesian pressure in the Katy rlce-growin g area, Texas. 
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_
The records show that in the nine observation wells in the general vicinity of Katy net 

decl1nes between 1931 and 1949 ranged from 13.0 feet to 24.6 feet and averaged 17.7 feet. 
About on�- third of this decline, 5. 5 feet, occurred between 1946 and 1949. Thirty-five 
observat�on wells, spaced at varying distances in the present enlarged area of pumping, 
showed an average decline of a. 0 feet between 1941 and 1949, of which 6. 5 feet occurred 
between 1946 and 1949, and 4. 1 feet between 1948 and 1949. The heavy decline between 
1948 and 1949 was due to the unusually heavy pumping in 1948. 

MAPS ILWSTRATING DECLINE OF ARTESIAN PRESSlRES IN WELLS FRa.t 1941 TO 1949 

Maps have been prepared annually since 1940 illustrating the alti tudes of water levels in 
wells based on spring measurements made in ��lls that penetrate the most heavi ly pumped sands 
of the Houston district. Many of these maps have been published in earlier reports .  Figures 
10 and 11 are maps drawn for the years 1941 and 1949. They show the position and areal extent 
of the cone of depression. That part of the area inside the -40 contour line bas been shaded 
for comparative purposes in order to illustrate the change in shape and size of the cone in 
the most intensively pumped parts of the district in Houston and along the Houston .ship Cllannel . 
The maps also show the approximate hydraulic gradient and the direction of movement of ground 
water which is approximately at right angles to the contours. Figure 12 il lustrates the declines 
in artesian pressures from 1941 to 1949. 

GE<l.OGY AND trs REUTI� TO THE OCCURRENCE OF' GROOND WATER 

'FltYSIQGRAPBY 

The Houston district, in the West Gulf Coastal Plain, is divided physiographically into 
two parts by the Hockley escarpment, a southeast-facing feature that crosses central Waller 
County, northwestern Harris County, and southern MontKomery County. Barton 11 presented 
evidence that the scarp is a flexure scarp marking a deep-seated fault buried to some extent 
by later alluvial deposits. The importance of the fault in connection with artesian aquifers 
lies in the possibi lities for the vertical rise of salt water along the fault plant into the 
upper fresh-water zones, or in the prevention of the movement of water down th� dip from the 
outcrop into the ground-water reservoir in the Houston area. However, evidence has not been 
found during this investigation that such a fault extends upward into the late Miocene or 

Pliocene formations. Southeast of the Hockley escarp:nent a smooth, nearly featureless prairie 
rises gently from sea level to an altitude of about 160 feet at the foot of the scarp which is 
80 miles inland. cnly the few broad shallow valleys of the present streams and remants of 
older �tream channels· break the monotony of this level depositional plain. West and north�est 
of the scarp a gently-rolling, stream-nissected plain has a southeastward slope of about 8 feet 
to the mile. 

DRAINAGE 

The Brazos River drains the extreme western part of· the Houston district, the San Jacinto 
River drains the northeastern part, and Spring Creek, Cypress Creek, Buffalo Bayou and its tri­
butaries, and Clear Creek drain the central and southern parts. The Braz.os is an antecedent 
stream. According to Oeussen 2:/ the Brazos antedates the deposit�on of the Tertiary pla1.n, 
having- been in existence on the Cretaceous plain when the shore line of the Q.Uf was far to the 

jj Barton, D. C. , Surface seolosy o f  coastal aoatbeaat Texaa: Bull. Aaer Aaaoc. Petrol. Geo l . , 
Yol. H .  no 10, pp. HG1 r l 3 2 0 .  1930-

l/ Deaaaea, Alexander, Geolosy and andersroond water of the aou�heastern part of the Texaa Coaatal 
Plaia: U S Geol. SurYey later-Supply Paper 33S. 1914. 
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north of its present pos1.tJ.on. In Tertiary time the Brazos extended its course as it contributed · towar? the· building up of the Tertiary plain. i}u-ing the late Tertiary and early (paternary· ages the r1.ver system· brou..&..t in hug t " t "  f 1 ' l  . &" e quan 1. 1.es o c ay, · s1. t, sand, and gravel from upstream sources· 

· and these· sediments· were spread th H di · · · 

' 

. over e ooston stnct and adJ acent terntory as the courses of the streams sh1.fted laterally over the nearly featureless· coastal prairie. · The stream channels were of such low gradient that they could not accomodate the· flood waters and the sluggish streams overf�owed, spread· broadly, and meandered widely over the plain depositing a part of the load as allunal fans which grew until· they·'eoalesced to form more or less continuous sheets of sediments. 
, · The San Jacinto River is a consequent ·stream, baring developed its course after the forma-

tio� of the Ter�.ary plain. It has grown toward· the interior by headwater erosion . · The develop­
ment of its drainage system began during (paternary time (presumably· late Pleistocene) and· sub­
sequently- extended· across the coastal prairies during Recent time. &ffalo· Bayou, with its· tri­
butaries, and Clear Creek which bounds Harris Com1ty on· the southeast developed during- Recent 
time. These younger· streams· begin· at· the interior margins of· the· coastal prairie and include a 
number of creeks and bayous· that· are· sluggish and contain· brackish water in· their lower reaches. 
Some of the· smaller streams carry water only during and after he811y rains. 

· Discharge ' measurements of most of· the streams in' the Houston district and adj�tcent territory 
· have· been .ade and publishe.d·.annually in Water-Supply Papers· by- the Surface Water· Branch, U. S. 
Geological Survey. 

GEOLOGY AND STRUCTURE 

The geologic formations from which the district obtains its water supply are as follows, 
· froa o�dest to youngest: sands in the Lagarto clay of Miocene (?) age, the G>liad sand of 

Pliocene age, the Willis sand of Pliocene (?) age, the Lissie formation, and sands in the 
Beaumont· clay of Pleistocene age (see table 9). The formations crop out in belts parallel to .11• 
the coast. as shown on the pologic map of Texas. (See fig. 13. ) The dip of the beds is toward 
the southeast at an angle steeper than the slope of the land surface, and the formations are 
beveled at their outcrop by, the land surface. Likewise, each formation is .encC?UDtered at pro­
gressively greater depths toward the southeast as shown in plate 1. The estimated dip of the 
older beds is 50-60 feet to tbe· mile and of the younger beds about 20 feet to the mile. The 
formations thicken coqsiderably down dip. The rate of dip is variable owing to several salt­
dome structures within or adjoining the district. Some of the salt domes, such as Pierce 
Junction and- Blue Ridge a few miles south of Houston, and !Barber's Hill about 20 miles east of · • 

Houston, are remarkable structural features consisting of upthrusts of large masses of salt 
piercing the younger formations· from a deep-seated source, the geologic position of which is 
unknown. Plate 2, which is a northeast .... southwest section approximately along the strike of the 
formations, shows the salt upthrusts that form the Blue Ridge and· Barber' s  Hill salt domes ar,d 
their relation to the nearby water�bearing strata. 

Toward· the interior successively older strata crop out, and· the formation· lowest in the 
geologic column has· the highest topographic: exposures. Such· a structure together with the 
arrangement of the rocks, whereby permeable sands are interbedded· with relatively impermeable 
clays and shales, · makes· � ideal condition for artesian water. Rain. falling on the out�rops 
is conducted by slow percolation into· the porous beds· and is· then· transmitted down· the d1p to 
great depths beneath the surface. 
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Table 9 .  Ovtliae o f  atrati&raphy o f  the Bovatou diatrict,  Tezaa 

Syat�• Seriea 

Receat 

i 
Plioceae ( ? )  

>-
a:; 
< 
-
... 
a:; 11:1 
... 

Plioceae 

Appro&iaata 
Foraatioa tbickAaaa Lithologie character 

Li .. i e  
faraat i o a  

W i  1 1  i a  
a a ad 

Goliad 
aaed 

(leet) 

0·30 

o-8oo 

0 · 1 .  600 

80·150 

0·250 

. 

Flu•iatile depoaita of brown, red 
or black aaady clay aad a i l t  of 
low o•erflow atreaa terracea, aad 
aaad aad gra•al bara of preaeat 
atreaa flood plaiaa. 

Calcareoua bluiah-sray, red, browe, 
yellow, aad purple clay coataia. 
ias liae aodalea. L••••• o f  lisbt­
&r•Y o r  bluiab-sray !iae-to 
•edia.-sraiaed aaad aad aaady clay. 
Losa, peat, aad plaata, aoae of 
whic� are •iaeraliaed, are co .. oa; 
aoae ahella ere £ouad i a • tba 
claya. �e•eral •ilea dowadip fro• 
the oetcrop 1'ery peraeable aaada 
occur which tbickea toward the 
coa•t. 

Alteraatiaa beda o f  fine t o  coarae 
sray aaad aad tbia laatila of fiae 
ara•el interbedded with aray,browa, 
b l e e ,  or red clayey aaad aad aaady 
clay. A few thia layera of li•e· 
ce•eatad aaadatoae aay occur ia 
tha clay. Clay predoaiaatea ia the 
upper part o f  t h e  foraatioa aad 
aaad ie the lower part. 

Reddiah ferr�siaoua fiae to 
coarae aaada, 1r•••lly in 
places, diaaeaiaated clay aad 
beatoaitic aaterial ia praaeat 
ia •aryias ••ovate aad acta •• 
a binder to aake the foraatioa 
ataad u p  ia expoaarea . Baaal 
30 to SO feet ia aoatly coarae 
quart& aaad peppered with' ar a • e l ,  
howeYer &raYel coaaooly occurs ia 
••all irrecalar lenaea. 

Chalky-white aod piek beatoaitic 
claya atreaked witb red aad pur• 
ple, aad sra1'elly beda aad leaaea 
o f  l iae-ceaented aaadetoaee. Saada 
are piakiab or wbithh-sray aad 
coataia •••Y black sraioa of cbert 
ai•ias a a a l t  aad pepper effect. 
Tha bade probably srade iato aad 
••Y be repreaeoted by baaal W i l l i •  
aaada b u t  caaaot b e  poaiti•aly 
aeparated fro• tbe Willie ia •e�l 

fater-baarias propartiea 

Not kaowa to yield water to w a l l a  
ia aaterial qoaat i t i a a .  feat wella 
drilled ia Sea Jaciato Ri•er flood 
pleia by City of Bovatoa yielded 
Yery aaall quaatitiea of water. 

Upper aaady beda yield aoppliea o !  
bard water '• doaeatic aad atock 
•ella i a  tile area aoatla, aoath· 
e a a t ,  aad eaat o £  Bouatoa. Baaal 
1 0 0  t o  200 feet o f  tile !or•atioa 
yialda lara• aappliaa o £  sood 
water !or aoaieipal aad iadaatrial 
•••• aloaa Booatoa Ship Chaaael 
aad ia Braaoa aad Gal•eatoa 
Coaati ... . The water beco•e• aelty 
aear the coaat. 

The thick aaada in thia foraatioa 
yield lara• auppliea of water to 
wella Cor rica irrisatioa i a  the 
oatcrop areea, aad t o  avoicipal 
and iadoatrial wella ia the 
BoUJtoa aad Sbip-Chaaael area and 
aoethward. fell• 100 feet dee p or 
leea saaerally yield Yery bard 
water, deeper wells yield aofter 
water. Tbe water becoaea braekiab 
dowadip ia aorth-ceatral Bra&oria 
aad Gal•eatoo Couatiea aod s a l t y  
aear t h e  Golf. 

Yielda abaAdaat aappliea o f  water 
o f  sood quality, aad tosatber w i t h  
t h e  Liaaie furoialtea aoat o f  the �ater to w a l l a  for •••icipal, 
iadoatr i a l ,  aad r i c e - i r r iaatioo 
oaea io the Bovatoa diatrict. 
Water aeaerally ia a o f t ,  eYen in 
s h a l l ow w e l l a .  South of nouatoa, 
ia aorthera Bra&oria and Gal•eston 
Counties, the water hecoaea &r eel• • .  
i a h ,  aed nearer the coaat i t  be­
coaea a a l t y .  

Saody b e d a  contribute l a r s e  auppliea 
of aoft water to aaltiple-acreeaed 
•ella of City o f  Bouatoa aed aaey 
indoatrial plaata. Water bacoaaa 
a a l t y  aoutb of Uouatoa Loward the 
coaat • 

l os• i n  tbe ijouatoa diatrict. 
__ ..__ ____ �-----'-----_.._ ____ _;_ ________ __._;_,.---------------·-· 
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Table 9. Outliao of etratisraphy of the Bouatoa diatrict, Texaa--Coatiaaed 

Seriea 

lllioceae 
au 

Mioceae 

( ?) La1arto 
clay 
ead 

oahi l l e  
aaadatoae 

(aadiHerea-
tieted) 

Atproxiaate 
t ickaeaa 

(feet) 

1,100-2. 000 

Litholosic character 

Calcareoaa dull-yellow aad 
1ray to �reea claya aad 1halea 
which are ia seaera1 aaaai•e 
aad toasb aad ha•e a aoapy 
hel.  Se•eraJ thica layer. 
o{ aediu•-to coaraa-sraiaed 
tray or broea aaad aad aaay 
thia layera of bard liae­
coaoatod aaada toae are preaaat 
ia the claya aad ahaloa. Loior 
part of aectioa iaclade• croaa• 
bedded lirbt-sray aaaai•e aanda 
and dirty-yellow or sray claya 
coataiaias reworked Cretecaoua 
foaai1a and •olcaaic aah. 

later-bearias propertiea 

Tho thick aaada s•aarally yield 
lerse qaaatitiea of ao!J eater to 
w a l l a  ia the Hooatoa ead Shit• 
Claaael iadaatriel areaa. T ia 
aaadatoeea aay yield eeter that 
ia rather hishly aiaeraliaed ia 
aoae ereea. Salty eater occare 
ia t� foraatioa ia the La Pert•• 
Bayabore area ia ao•thaaatera 
Barrie Couaty aad dowadip ia 
Bruoria ead Gaheatloa Coaatiea. 
Tba lower thick aaada yield 
larse qaaatitiea of eater rather 
hi1h ia bicarboaate to ao .. eelle 
ia Moatsoaery Cooaty, bat r••­
arally the water ia the iaae• 
diate Boaatoa area ia eoapara­
ti•ely LL�y aiaeraliaed aad 
coath ol BoDetoa i a  aalty. �------;---------�------�r---------------------+----------------------

Yioeeae Cetahoala 
aaadatoae 

700-1.200 Arsillaceoaa ••••i•e dark­
brown, blue, aad sray claya 
and a i l t a ,  tuffaceoua a i l t a ,  
aad aaada iaterbedded with 
aaadatoaes. Saadatoae beda 
are sray, broeaiah sray, aad 
bluiab sray aad are aediaa­
sraiaed aad croaa-bedded: 
they coaaiat o£ quarta sraiaa 
with opaliae ceaeat. Coa­
sloaera�e bed at baae ia •o•• 
placea. 

Teate ia aortb part of Boeatoa 
iadicate aaall aaooat of aalty 
eetar ia tlaia aaadatoaea. Elec­
trical lora iadicate thick �ada. 
of eaod coataiaias potable eater 
ia Moatsoaery Couaty and northe,a 
faller Couaty. Lower aeady bed• 
1eaerally yield fairly Jars• 
qaaatitiea o! hard but potable 
water to well• at Baate•ille.  
Electrical loa• of well• ia 
Walker aad llloetroaary Coaatiea 
aad aorthera Barrie aad faller 
Coeatiea iadicate the Cetehoula 
••Y yieJd aoae pofable water. 
l}owa dip et''Boaa�oa lle �eaa· 
are 2.800 to aore tbaa 3 , 000 
feet deep aad coataia lairhly 
aiaeraliaed watera. 

Sediments making up these strata were derived largely from the limestones and marls of the Cre­
taceous formations, and from sands, gravels, silts, and clays of the older Tertiary formations. Re· 
deposited Cretaceous fossils have been reported from the upper Miocene 11. The sediments were laid 
down during several cycles of continental depositiqn and are largely fluviatile, deltaic, and 
lagoonal. Several series of coalescing river--built f6lls develoP.ed as depositional plains to form 
the Goliad, Willis, Lissie, and Beaumont formatiops. Doering jJ presented evidence to indicate that 
the Goliad strata have been overlapped by the Willis in Montgomery County. Most of the sediments 
comprising the upper Miocene , Pliocene, and Pleistocene strata were transported and redeposited 
several times as the coastal plain was built up. Marine1nd lagoonal deposition together with wave 
and wind action were in progress along the coast. 

JV Sellarda, E. B. , Adkiaa, f. S. , aad Plu .. e r ,  F. B. , The geolo&Y of Texaa, Uai•. Texaa Bull.  3232. p t . 3 ,  
1932, p p .  736·7·9· 

� Doe�iaa, Joba, Poat-Fleaias •�face foraatioaa of coastal aoutheaat Texa• aad Looiaiaaa, Boll. Aaer. 
Anoc. Petrol. Gao l . ,  ,.ol. 1 9 ,  ao. S, (May 1935) PP• 651·688. 
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Owing to the mode of deposition, the formatJ.ons are similar in lithology and origin and do 
not have persistent individual characteri stics that can be traced downdip ; and efforts to classify 
the sediments by mechanical analyses and by lithology according to groups that coTTespond to recog­
nited formations in the outcrops have generally failed. White, Rose, and Guyton JV, however, were 
ahl� to recognize zones in the Houston district that are predominantly sand and tones that are pre­
dOITll.Dantly clay. These tones are retained in this report and have been extended in more detail over­
a larger area by means of correlation on electrical logs of oil tests and water wells. the sand 
zones consist of extremely irregular and lenticular beds o f  gravel, sand, silt, and clay. The clay 
zones are made up of mottled calcareous massive clays that contain numerous thin beds and lenses o f  
fine to �edium-grained sands InterfiDgering layers and lenses o f  massive clays grade ' laterally 
and vertJ.cally into the sand zones, and sands and gravels likewise grade into the clay zones. 

The thinner beds change character or pinch out within a few hundred feet. The lensing and inter­
grading within short distances is illustrated by plate 3, which is approximately a dip section 
extending a distance o f  10 6 miles from the Northeast well field of the City of Houston south 
and southeastward to the East End well field 

Although the beds of clay are in general poorly stratified and persist only short distances, 
a few of the zones of clay beds have been traced across the district· by means of electrical logs 
as shown in plates 1 and 2 A study of the electrical logs used in these sections· together With 

many other logs, however, suggests that even though the clay zones appear· to persist across the 
district, none o f  the individual beds of clay within the zones between the Legarto clay and the 
Beaumont clay extends very far I f  this condition exists, the clay zones are not extensive con­
fining units within the Goliad, Willis and lissie formations, which, therefore, may be considered 
a single aquifer This i� further suggested by the parallelism in fluctuations of artesian pres­
sures in several observatJ.on wells, some of which are screened in the shallower sands and· some 
1n the deeper sands. . 

Plate 1 is a cross section down the dip of the formations from northe111 Montgomery County 
to the vicinity of Alta Uoma, Galveston County, Texas, in which an attempt has been made to 
correlate the different zones with the surface outcrops of the formations; and also to cor­
relate a few of the deeper formations that do not crop out in the area covered by the cross 
section. The so-c;alled "Anahuac wedge" and the deeper rocks shown in the left-hand part of 

' 

the section are based upon paleontological info11"119tion supplied by various oi:l geologists. 
The correlations of the deeper beds have been shown on the section because they represent 
guides for making the shallower correlations and show the general thickening effect down dip 
that is characteristic of all the fonnetions. 

It is possible that some of the subsurface beds are not the equivalents of any outcropping 
beds. For example, the Goliad sand has not been mapped on the surface in Montgomery County, and 
evidence indicates that the strata have been overlapped by younger beds or •�dge out similar to 
the deeper "Anahuac wedge"' The so-called Alta Lom.a" sand o f  Pleistocene age also may wedgt: 
out in subsurface and not appear in outcrop 

Plate 2 is a cross section approximately perpendicular to the section sho�n by plate 1. 
It extends from the Blue Ridge salt dome in Fort Bend County across the southeastern part 
o f  Houston to the Barber's Hill salt dome in 01ambers Coun�. These domes are roughly 
cireufac and tile tops of· the salt nins�eJt are-about I:s miles across. The salt bas pierced 
many thousand feet of overlying sediments and reaches to within a few hundred feet of the 
surface. No evidence has been found t� inJicate that the salt domes are an important 
source of contamination o f  the fresh-water sands, and it is believed that they are effecti�ely 
sealed by impervious strata 

S/ WAite, W .  N ,  Roae, N A aAd GL,.Do. W. F Gr�ood-water reaovreea of tha Uovatoo diatriet, 
U. 3. Geol Saney later•Sappl,. Paper 88?-C, 1944. 
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The Lagarto clay and Oakville sandstone section probably includes zones 1 to 4 in plat� 

1 and 2. The Willis sand and Goliad (? )  sand, the Lissie formation, 111ul the Beaumont clay 
probably make up all or mos� of zones 5. 6, and 7 ��st of the water wells in the Ifouston 
district draw fran zones 3,  5, and 7. Down-dip fran Houston, in extreme southeastern Harris 
County and northern Galveston County the water in zones 3, 4, and 5 is too highly mineralized 
for public and most other uses. The shaded parts of the logs on plates 1 and 2 represent the 
part of the geologic section that contains potable water. It is interesting to note that in 
central �d northern Montgomery County the ha�e of the re�atively potable water sands appa­
rently l1es at depths of 2, 000 to 2 400 feet � the Catahbula sandstone or older formetions, 
that the water in each formation becomes salty downdip, and that southward fran the Harris­
Galveston County line the gradient on the base of the potable water becomes· very steep and 
the salty �ater lie5> at a depth of only about 800 feet in the "Al�a Lama" send at the sooth 
end of the section The "Alta Lana" sand is an important aqui!er along tbe Houston Ship 
Olannel near Deer Park, Baytown, and La Porte; and it also furnishes water ,to the Galveston 
and Texas City municipal wells and many industrial wells between the Houston Ship Channel 
and Galveston 

Plate 3 is a cross section from the Northeast well field to the East Eod well field in 
Houston. The opportunity to construct this more detailed section was afforded· by the recent 
drilling program of the City, which included electrical logging of the test hole drilled at 
the site for each production well The drilling and logging of test holes at· the sites for 
new industrial wells were also of valuable assistance The lensing and intergrading of 
beds in short distances, making correlation of beds difficult or impossible, is illustrated 
by the section Ne attempt has been made to g{ve formation names or zone numbers to the 
beds The shaded parts on the logs indicate places where drill-stem samples of water were 
taken, and the numbers indicate the chloride in parts per million 

SOU�CE A N D  MOVEMENT OF GR0UND WArER AND LOSSES FROM STORAGE 

All the water pumped from ��lls in the Houston district comes from precipitation that 
enters the outcrops of the water-bearing sands northwest, north, and northeast of Houston. 
A large part of the rainfall on these areas is carried away by the streams, but a substantial 
part of it  sinks into the soil, especially in sandy soil. lliring the late spring, sumner, 
and early fall most of the water that enters the soil is lost by evaporation and transpiration. 
During the cool non-growing season, however in large parts of these areas the watP.r sinks 
downward through the permeable soil until less permeable underlying beds are encountered which 
slow the dovmward movement and if the rainfall during-· this period is moderately· heavy, a tem­
porary shallow or perched water table is built up which frequently reaches nearly to the land 
surface Later in the year a part of the soil moisture is lost by evaporation and transpira­
tion, but a part of it percolates slowly downward to the permanent zone of saturation, the 
l!P�r surface of which is the true water table.· Thence the water moves laterally thro\lgh \.be 
water�bearing beds into the artesian reservoir. The unpulse which produces this movement and 
maintains pressure in the artesian reservoir is provided by gravity. The water at the out-1 
crop is unconfined and the water table is higher- than the water-bearing beds in the artesian 
area to the east and southeast which are confined between relatively impermeable silts and 
clays The water at the outcrop, therefore, provides a· hydraulic. head just as � standpipe 
or elevated tank provides a bead in a man-made water-supply system. If the man-made system 
is kept tightly closed the pressure per square inch at any point in the distribution system 
will be equal to the we1ght .of a water column having a cross-sectional area of one square 
inch and a height equivalent to the difference in altitude between that point and the 
surface of the reservoir or stand pipe If however a hydrant or faucet is opened and 
"A-"ater is permitted to escape the p··.!ssure at that point will be lowered and thereby a 
hydraulic gradient will be established toward it which will cause the water to flow. If 
many such outlets are opened the pressures may drop throughout the system and the flow 
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from those outlets on higher grounds may cease , even if the water in the stand pipe or elevated 
tank is maintained at a constant level. There is still as much water in the system as ever, out 
a part of the pressure head has been lost by. friction in the pipes which increases with the rate 
of movement of tbe water in them If the water level at the source is permitted to drop the 
rate of decline in pressure will be accelerated. 

' 

In the ground-water reservoirs of the Houston district water percolates through interstices 
� the sand and the frictional losses may be relatively high even though the rate of movement 
is very slow, perhaps only a few hundred feet a year. All ground�water reservoirs con�ining 
fresh water have n_atural outlets, otherwise there wo11ld have been no circulation previoUs to 
the drilling of wel ls. Same of the outlets to the artesian reservoirs in the GUlf Coastal 
Plain in Texas are believed to be along the continental shelf out in the Gulf at comparatively 
great distances from the outcrops. Other outlets probably are within the clays, silts, and sands 
that over lie the main artesian reservoir, through which natural d.ischarge may occur• by slow up­
ward percolation and diffusion Meinzer S pointed out that although sane rock strata are re� 
garded as entirely impermeable under natural hydraulic gradients, there is evidence that water 
may move , with extieme slowness, through strata that have been regarded as totally impermeable. 
The quantitativ.e iJnportance qf movement of water at right angles to the strata in the Texas Golf 
Coast probably bas· been underestimated. The permeability of the materials measured at right 
angles to the stratification is li�ely to be very small. However, the other two factors to be 
considered � hydraulic gradient and cross-sectional area - are known to be relatively very great 
in the artesian reservoirs of the Gulf Coastal Plain. 

Under natural conditions, before heavy withdrawals were made through wells, the underground 
movement toward the natural outlets was accompanied· by some loss in head, but the loss per mile 
of travel down dip was comparatively small and the pressure remained high in large parts of the 
artesian reservoirs In Houston. for example, the presspre in the early days of ground-water 
development was sufficient to raise the water 60 feet or more above the surface in wells ranging 
in depth from about 250 to 1, 000 feet. 

When wells are pu.t down in an artesian area and allowed to flow or are pumped, the natural 
rate of movement toward the well is increased This in turn increases the friction losses in 
the vicinity of the well and causes a cone o f  depression to form around it, which gradually 
spreads to adj acent areas If many wells are put down and pumped, the cones of depression 
merge and eventually may form regional depressions of considerable depth. figures 10, 11, and 
12 illustrate the large depressions thus created in the. Houston and Pasadena areas These 
depressions are a pressure manifestation. 1he decline in press11re may cause a substantial 
drop in static and pumping levels over a wide area, but the sands are not unwatered unless the 
pumping levels are lowered below the top Qf the beds from which the wells draw water. 

The artesian water-bearing beds in the, HoustQn district are full of water, although this 
does not meti.n that the beds contain as much water as before the start of withdrawal. The 
ground-water aquifers are elastic and thus differ from man-made systems which are comparatively 
rigid. The mica, silts and clays that are associated with the water�bearing sands, and to some 
extent the sands and the water itself expand as the pressure declines and are compressed as tbe 
pressure increashs. The ground water is, stored and moves in the minute interstices between 
these particles and when the particles expand in response to reduction of pressure caused by 
pumping, a cet'tau; anount of water is driven out of storage and is discharged by the wells. 
The amount of water that is lost from storage per unit area per foot of decline in head in 
the artesian area, howeYer, is small as compared with the loss accompanying � comparable 
declihe of the water table at the outcrop, where water actually drains out of the pores. The 

� Weinser 0 E ,  and ��here, Rydrolosy, Ne• York, McGraw - H i l l  Co . ,  l'''· 
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loss in an artesian reservoir can he computed i f  the average decline of pressures in an area 
is known and the average coefficient of storage can be determined approximately. Such com­
putations have been made using the map of water�level declines from 1941 to 1949, shown in 
figure 12 This required consideration of the. territory enclosed within the 30-foot contour 
and its estimated extension to the east and south comprising an area of about 740 square 
miles. From table 13 o� )'age 47 , after considering the full thickness of the sands and 
period of water-level decline, the figure 0 0015 was selected as the average coefficient 
of storage. The resu lts indicate that within the 740 square miles, the average decline of 
artesian pressure was 57 feet and approximately 1�� billion gallons of water was r�noved 
from storage during the period 1941-49. The withdrawal from storage was equivalent to about 
4 percent of the total pumpage � the H�uston and Pasadena areas dur� the 8-year period. 

II the . TiB.ter�bearing beds on the outcrop are unwatered, a large quantity of water' lli.U · 
be lost from storage as the water table declines, perhaps 20 percent of· the volume of 
material unwatered On this basis� if an average water-table decline of only 1 foot had 
occurred beneath 740 square miles of the outcrop during 1941-49, the volume of water removed 
from storage would have represented approximately 10- percent of the total pumpage £rom the 
Houston fmd Pasadena areas during the entire period or more than twice the computed loss from 
storage within the 740 square miles i� the artesian reservoir which had a decline-of 57 feet. 

Records of water-level fluctuations on the outcrop, discussed in detail in another section 
of this report, indicate that the sands are still full o£ water and little or no loss�from . 
storage has occurred on the outcrop. Rejected recharge in the form of springs sustain tHe 
low flow for Spring creek Stream- flow data collected since 1939 show that there still is 
currently rejected recharge 

FLUCTUATIONS OF TRE WATER TABLE IN OU�CBOP ARRAS 

Systematic observation of water-table fluctuations on the outcrops of the water-bearing 
sands that supRlY an artesian reservoir is an important part of a ground-water investigation. 
This was recognized early in the Houston investigation and periodic measuJ'ements in selected 
shallow outcrop wells were made in 1931-34 In 1938 it was found that the program followed 
in the earlier years was inadequate QQd since then more intensive studies have been made . 
Interpretation oj the results of these studies however has been exceptionally difficult. 
It has been found that observation wells that are too shallow, or have leaky casings, tend 
to regi,ster fluctuations in the pel'ched water table roth·�r than in the true water table, 
whereas wells about 75 feet deep, or even less mny be affected to some extent by changes 
in artesian pressure and fail to correctly register changes in the .. rue water table. Such 
is the case in flearly all the obs�\vation ��lls in the Katy rice-groW1Dg area, including. 
wells that are used for domestic purposes as �ell as for irrigation 

Records have been obtained for about 20 well� :hat a=e believed to give correct informa­
tion regarding changes in the true water table Most of these wells are in northern Harris 
County and southern Montgomery County and are comparatively remote fran heavy pwnping Four 
are in the rice-growing iu-ea near Hockley and Cypress anJ between Cypress anti �aLy. 

�ater-level measurements in nine representative water-table wells are ·iven in taole 
10, page 43 The hydrographs of three of these wells together with monthly precipi tation 
and accwnulated departures from normal precipitation at t.he U S 1\eather Bureau Station 
at Conroe from 1939 through 1949, are shown in :l!i.gure 14 on page 44 
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1he water levels in most of the water-table observation wells including those in the fore­
going table show a small net rise between. the start of the record in 1938-39 and comparable 
dates in 1948-49. Outstanding exceptions are the levels in two wells near Hockley, nos. 42 
and 45, which show a net decline of about 9 feet between spring measurements in 1941 and 
February 1950. These two wells in recent years have been affected by pumping from nearby rice 
wells. Another water-table well (no. 171 Harris COunty), in the rice-growing district below 
the "ockley escarpment near Cypress, shows a net decline of 12 feet between 1947 and 1950; 
hut the water table was higher in 1950 than it was in 1940. A fourth water-table well, (no. 
380, 55± feet deep ) ,  in the rice-growing area, about 7 miles south of Cypress, · showed a net 
decline of l. 7 feet' between March measurements in 1940 and 1948. This well caved following 
the 1948 measurement and is no longer avp.ilable for observation. 

The records indicate that since 1938 the· water table in shallow outcrop wells that are 
not influenced by nearby pumping from rice wells reflects closely the effects of precipita�ion 
on the outcrops. 1l1e rainfall at umroe from 1939 through 1949 shows an accunrulated departure 
of 17 2 inches above the average for the 28-yea� period of record. The precipitation in 1939 
was 7 2 inches below the longtim� average an- a the accumulated departure did not reach normal 
until December 1940. From that 'time thro�gh 1942 the aeparture rose to 22.8 inches above normal. 
The year 1943 was dry and the accumulated excess dropped to 18.0 inches. 1l1e precipitation was 
agairi heavy in 1944, 1945, and 1946, and the accumulated departure rose to SO. 2 inches above 
normal . The years 1947 and 1948 were dry and at the end of 1948 the accumulated departure had 
dropped to 14 8 inches above normal. A sim'ilar pattern of rise and fall of the water table is 
reflected by the water-level measurements in the observation wells. (See fig. 14 and table 10. ) 

A careful study of the records leads to the conclusion that in the rice-growing areas on 
the outcrop of the Li�sie. and Willis formations the water table has declined considerably in 
some localities and only slightly in others. The avai!able data are too meager, however, to 
warrant making any estimate of the amount of water lost from storage. For other parts of the 
outcrop of the sands that furnish the water supply for the Houston district and comprise by 
far the greater part of the outcrop, the data indicate no substantial lowering of the water 
table, but they are not adequate to enable a definite conclusion in this regard. 

Further indication that the sands in most of the outcrop are full of water lies in the 
fact that there is still rej ected recharge which sustains the low flow of Spring Creek. 1he 
discharge of Spring Creek, which crosses the outcrop of the Willis and Goliad sands and a part 
of the outcrop of the Lissie formation, has been measured on the outcrop of the Lissie near 
�ring, Tex , by the Surface Water Branch of the Geological Survey since April 6, 1939. lhe 
records of discharge reveal that there has been a continuous flow in the creek during the 
entire period of record; that the low-water flow below 200 second- feet correlates closely 
wi.t,h the fluctuations in the water levels in several wells in the outcrop area for the period 
from 1939 through 1949; that the discharge of the creek also correlates closely with the pre­
cipitation during the same period; and that rejected t�harge was measured at the gaging 
station throughout the dry periods of several months' duration in 1939, 1940, 1943, and 
1947-49 when little or no surface runoff took place. It cannot be stated whether the pump­
ing in the Houston area bas bad an appreciable effect on the amount of rejected recharge, owing 
to the fact that the minimum recorded flow of Spring Creek occurred in September 1940, during 
a period when the precipitation had reached its greatest accumula�ed departure below normal 
since the discharge measurements started in 1939. Since 1940 the precipitation bas been so 
excessive that the accumulated departure above normal reached 50.2 inches in November 1947. 
&charge to the water-bearing sands during the period of excessive precipitation undoubtedly 
bas inc-reased the rate of rejected recharge; on the other hand, the increased pumping in the 
Houston area may have tended to reduce the rate of rejectecLrecharge. In ·either or both 
cases, the records· show that there is still reje�ted recharge on-ihe outcrop where it is 
crossed by Spring Creek 
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CAPACITY OF THE SANDS TO 'ffiANS\IIT AND YIElD WA 1ER 

The amount of water that can be withdrawn perenni ally from an artesian ground-water 
reservoir depends large!�· upon the following properties or conditions of the water-bearing 
beds: (i) the capacity of the beds to serve as conduits from the outcrop or points of re­
charge to the places of withdrawal or discharge; (2) the amount of water available for 
recharge on the outcrop to replace the water that moves toward the areas of withdrawal 
or discharge; and (3) the amount of water obtained from storage in the reservoir as the 
artesian pressure declines. In· the Houston district a large amount of investigational 
v."Ork has been done since 1939 to ascerrlain these properties of the water-bearing sands. 

The capacity of the sands to serve as conduits from the outcrop to the places of 
wi thdrawal or discharge depends upon the transmissibility of the water-bearing beds, 
and the hydraulic gradient. The amount of water that is released from storage in the 
water-bearing beds as the artesian pressure declines depends on the coefficient of 
storage. 

Co!ll>utations of the pumping levels in the eight wells in the Southwest field were 
made in October 1949, using the coefficients of transll!issibi li ty and s tot age obtained 
from the pumping t�ts in November 1945 together with the average rate of pumping from 
each well from the start o f  operations as shown by records of the liouston Water Department. 

The computed pumping levels show a remarkably close agreemen t to the measured pumping levels 
in October 1949 as shown in the table that follows: 

Well 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Computed pumping levels in wells in the City of Houston Southwest well field, based 
oo average pumpage from each well for 1. .JlO days (47 months) in wells L 2, 3, 

4, 5, 6, and 557 days ( 18  months) in wells 7 and 8 

Co•poted po•piag leTel Weaeared pu•piag leTel 
belo• lead eurfeee, i a  belo• l e a d  eurfeea, ill Difference, io 

feet (October 1949) feet (October 1949) feet 

2 2 5 . 8  2 2 1 .  7 4 . 1  
238 . 0  2 2 7 . 0  u .  0 
254 . 1 238 0 1 6 . 1  
222.3 223 0 0 . 7  
2 2 0 . 8  224,0 3 . 2  
228 . 8  219 2 9 . 6 
2 1 6 . 8  2 3 9  2 2 2 . 4  
� 2 2 . 6  2 2 0  2 2 . 4  

. 

In the Southwest well field all the sands are screened between depths of -�� 550 and 
1..500 fee t, and , according to the electrical logs of the wells, the anount of sand' in the 
screened section is fairly unifonn from well to well 

()t the basis of present infonnation, and in view of the fact that most of the owU.cipal 
and industrial wells in the Houston-Pasadena-Ship Channel areas have multiple screens in 
different sand zones, there is no practicable way of detennining the amount of water with­
draWn from each zone. It is \>elieved, therefore, that the non-equilibrium foDIIUla can not 
be used generally with average coefficients to predict drawdowns over a wide area in the 
Houston district with a close degree of accuracy. However, the method has proved to be 
especially valuable for comparing the merits of different spacing of wells in a well 
field.' It proved to be remarkably accurate in predicting the future drawdov.ns in the 
South��st well field wbere good control was available. 



Tbe loll owiac table ,i ..... • au••ery o f  t b e  reeulta o f  toata fro• 1939 to 1949 to deteraine the coeffi-
cieota of traoa•i a a i b i l i t y  aad atorase in the Bouatoa diatrict. 

Table 1 3 .  Coafficiaata o £  traoa•iaaibility ead atoraae obteioed fro• pa•pios teata on City of Roaaton 

Well field Well Depth of aanda 
No. tea tad 

Ceetral C - 1 6  1 . 144 to 1 ,  5 1 7  
C-20 l .  015 to 1 , 940 
F-1 880 t o  1 . 488 

F-5 885 to 1 , 443 

f·lO 810 to 1 , 4 9 7  
f - 1 1  498 to 994 
F-12 1 , 180 to 2 . 0 2 0  

Heichta 5 401 to 1 , 860 
6 581 to l .  225 
1 561 t o  1 . 454 

9 610 to 1 .  710 
10 600 to 1 , 860 
1 2  900 t o  1 , 750 
1 3  190 t o  1 , 800 
u 950 t o  1 .  790 

&ut Eod 
-• 1 , 000 to t.j.lO 

5 1 . 470 to 2.$�0 � 

6 950 to 2 . ofs 

Nortbaaat 1 1 . 01 3  t o  1 , 872 
2 461 t o  1 , 279 
• 1 ,  030 t o  2 , 0 60 
6 1.020 to 1 ,  820 
7 1 ,  001 to 1 . 880 

Scott Street 2 1 .  326 to 1 , 502 

3 

• 1 . 037 t o  1 . 7 5 8  
s no to 949 

Sootltwaat 2 675 to 1, 478 
3 686 to I. 396 
• 692 t o  1 .  490 

s 653 to 1. 379 
s 
6 548 to 1 .  360 
7 uo to 1 , 43 1  
8 560 t o  l . U5 

walla, 1939·1949 

Coaf ficient 
of 

tra•u•iaai· 
b i1 ity 

60,000 
140,000 
1 1 7 , 000 
134, 000 
1 2 1 , 000 

8 7 , 000 
1 1 4 , 000 
104, 000 
1 2 2 , 000 
1 3 0 , 000 
1 2 1 . 000 
1 1 7 , 000 

54,000 
52,000 

82.000 
95,000 

105, 000 
1 3 4 . 000 

93, 000 
1 1 8 , 000 

6 6 , 000 
6 6 , 000 
87, 000 

1 1 3 , 000 
82. 000 

1 3 8 , 000 

57. 000 
9 5 .  000 , 

1 1 2 . 000 
1 0 5 , 000 
1 5 5 , 000 

120,000 
1 4 7 . 000 

7 2 . 000 
67, 000 

1 1 1 , 000 
5 5 , 000 
47.000 
u.ooo 

1 5 6 , 000 
1 3 9 , 000 
141.000 
152, 000 
1 4 5 . 000 
140, 000 
146, 000 
140. 000 
140.000 

Coef!icieat 
of 

atorase 

0 - 00072 
• 00038 

•OPOSl 
· 0\1031 

00089 
.00055 
.00048 

. 00055 

-00019 

• 0002 s 
• 00108 

0 00089 
.0012 

• 0012 
0 0011 
• 00095 
. oou 
. oou 
• 001 4 

Ch .. ification Re•erlu 
,Of re.u·lta 
of teatp 

Good Raco•ery well C-16. 
Poor RecoYery •ell C-20. 
fair RecoYery well f - } .  
Fei r Reco•ery n l l  F-lo. 
Fa i r  RecoYery well F-5. 
Pair RecoTery well F-5. 
Good Pa•ping well f - 1 0 .  
Good Pu•piog well F - 1 .  
Poor Po•piag well f-12. 
fair RecoTery wall F-10. 
Good ReeoYery we L1 F-1. 
Poor Reco•ery well f-10. 
Good RecoYery well F-11. 
Good Reco•ery well f-12. 

Good lfeco•ery we 11 s. 
Good Reco•ery w e l l  6. 
Fair RecoYery well 7 .  
Good Reco•ery well 8 .  
Fair RecoYery wall 9-
Poor RecoYery well 1 0 .  
Fair RecoYery we 1 1  J 2 .  
Good Reco•ery well 1 3 .  
Good RecoYery well 1 4 .  

Good RecoYery well •• 
Good RecoTery well s. 
Good RecoYery well 6. 

Good Reco•ery well 1 -
Fair Reco•ery well 2. 
Poo:' Reco•ery well •• 
Good RecoTery well 6. 
Good Reco•ery well 7 .  

Poor Reco•ery wall 2. 
Good Poapiag well � . 
Good Reco•ery well 3. 
Good Reco•ery well s. 
Good Reco•ery well "· 
fair RecoTery well s. 
Poor Reco•ery well 1 .  
fair RecoYery well 3 • 

-- --
Good Pn•piag w�J 1 1 
Good Po•ping we l l 1 .  
Good Reco•ery well 4. 
Good Puapiog well } . 
Good Pu•p i ag we 1 1  1 .  
Good Pu•pi ag we l l a  I and •• 
Good Pu•piog wolla I a ad 4 • 

Fair Pn•ping well e . 
fair Pu•ping well 7 • 

-!7 



48 

QUALITY OF mE GROOND WATER 

The value of a water supply for public and industrial uses and for irrigation is related 
directly to the character and quantity of dissolved mineral matter in the water. In select­
ing the sites for most industrial plants, for example, information relating to the chemical 
quality of the available water supplies is essential. 

A large number of analyses of water from wells in the Houston district made by the Geo­
logical Survey, the City· o{ Houston, and commercial laboratories are available in the files 
of the U. S. Geological &lrvey and .the Texas Board of Water Engineers. Many of these 
analyses were published in 1944 in U. S. Geological Survey �ater-Supply Paper 889-C. ( see 
Bibliography) .  The analyses show that in ·general most of the water pumped from wells in 
this district is of good quality and compares favorably with o.ther public, industrial, 
and irrigation supplies throughout the United States. 

In general , water of good quality can be obtained in the Houston district from all 
aquifers to relatively great depths. The shallow aqui fers as a rule contain calcium 
bicarbonate type waters that are hard, whereas the deep aquifers contain sodium bicar­
bonate type waters that are soft. Waters from these a�ifers contain only moderate 
amounts of mineral matter. An exception is the Willis sand which , in the outcrop, 
yiel� soft water of low min�ral content. Water of high mineral content has been en­
countered in many of the deeper water wells and in oil te.sts. The mi.Oeral content of 
the ground water generally increases with depth and, �erefore, determines the maximum 
depth to which wells will he drilled in the district. The higher mineralization of the 
water from the deeper sands is due largely to the increased amount of sodium chloride. 
The geologic structure basta definite influence upon the depths at which higher min­
eralization occurs. For example, on certain salt-dome structures, brackish or salty water 
has been encountered several hundred feet higher than in the adj acent territory. This 
fact is clearly hr,ougbt out by plate 2, in which salt domes occur at each end of the sec­
tion and cause a marked change in the quality of the ground water in their vicinity. Gl 
such subsurface structures as synclines, the fresh-water sands may extend to great depths. 

The chemical character 9f ground V(ater in supply wells, together with analyses o f  dri ll­
stem samples in exploration holes, hils been discussed in previous reports. Since the 1946 
progress report was published, several test wells have been drilled by the City of Houston 
apd analyses of the drill-stem samples obtained are tah.tlated in table 11·. Most of the 
drill-stem samples were contaminated by drilling rud, and, therefore, the analyses may.not 
represent the exact chemical constituents of the water in the aquifer. 

Perhaps the most interesting discovery made in recent years based upon detailed studies 
of electrical logs of oil tests and confirmed by test drilling was the fact that potable 
water exteuds to a depth greater than 2 , 500 feet in the East End well field A drill-stem 
sample from '!A�36-2, 570 feet in a test hole drilled at the site for production well 5 showed 
a chloride con'tent of 198 parts per million. Four production wells have now been drilled 
at East End to tap a part or all of the deep sand discovered by the test drilling�· 

Plate 3 shows the depths at which drill-stem samples of water were obtained ill seven 
test wells, four in the Northeast well field and three in the East End field. The nwnbers 
indicate the chloride content in parts per�oariion. 



Well - Well Date Depth of Depth of S i l i c a  
field teat bole aaapling (SiO) 

( fe e t )  (feet) 

Ce11tral C-19 194a 2 . 515 1 , 925- 1 . 970 " 
1 .  925-2, 515 -

C-20 1949 2 , 532 1. 865- 1 .  900 26 
2 , 184- 2 . 220 14 
2 . 498- 2, 532 a . o 

Eut End 3 1948 2 , 495 2. 010-2. 0.28 4 . 0  
2 . 0 4 3 - 2 . 0 8 5  lO 
2, 320-2.350 16 
2 . 469-2.495 10 

4 1H8 2 . 815 2 . 457-2,477 54 
5 1949 2 . 822 2 . 426-2, 455 1 1  

2 , 536-2,570 15 
2. 599-2.63a l3 

6 1949 2 . ao7 2 . 028- 2 , 076 20 
2.440-2. 480 20 

rteighta 9 1949 2 , 4 9 a  1 '  6aO- l .  720 48 
2 . 2 9 0- 2 , 320 30 

1 0  1949 2 , a48 955-1, 007 31 
2. 323-2, 380 71 
2 , 541-2.5a6 46 

r- 12 1 949 2. 523 1 , 7 4 5 - 1 . 7 5 8  3 2  
. 1 , 84 5 - 1 , 926 19 

2 . 2 6 0 - 2 . 3 1 3  10 
2,  475-2 , 522 10 

l 3 19�9 2 . 78 3  1.  810-l,  84a 18 
1. 962-2 . 024 44 
2 , 520-2,562 ts 

14 1949 2 , 543 1 .  7 6 1 - 1 . 8 2 7  10 
2 , 260-2.320 16 
2 . 475- 2 . 543 20 

15 1950 l. 291 1 . 2 4 5 - 1 . 2 9 1  26 
2 . 260-2,301 10 
2 . 7 Q 5 - 2 , 8 1 0  16 

No r tbeaat 4 J 949 2. 520 1 . 98 9 - 2 . 0 7 9  1 1 1  

f.-- 2 , 470-2. 520 10 
5 1949 2, 502 1 '  907-1.  95 7 80 

2 , 02 5-2 . 057 18 
2' 427-2' 502 9 8 

6 uu 2 , 815 1 . 892. - 1 . 9 3 5  1 8  
l .  979-2, 07 J I ll  
2.  512-2., 545 l 3  
2.. 7 6tF 2-, 802 � 

--- · 

7 1949. 2, SUl L, 862· L 934 16 
l .  945- l .  987 13 
2.,4.13- 2 . � 18 9.2 

Cal- Yagoe- Sodiua and 
ciua aiua potaaaiua 
(Ca) (Mg) (lh + K) 

3 . 2  3 . 5  256 
- - -

3 . 1  1 . 0  169 
1 4  1 . 7  •a a 

101 14 1 , 220 
2 . 2  1 . 2  232 
5. 5 2 . 0  275 
4 . 5  1 . 7  250 
7 . 1  . 9 2 1 5  
6 . 1  3 . 5  198 
6 . 3  1 . 7  227 
7 - 2  L a  293 

71 13 851 
3. s 1 . 7  247 
4 . 2  2 . 3  :las 
1 . 1  • 5 147 
2 . 4  . 7  304 
3 . 2  . 7 60 
9 . 1 9 . 0  1 7 9  
4 . 4  1 . 5  960 
1 . 6  . 7 140 
5 . 4  1 . 7  247 
2 - a  1 . 3  271 

3a 9 . 0  1 .  030 
6. 3 1 . 4  285 

12 • 7 435 
24 4 . 8  788 

6 . 2  1 . 5  1 7 1  
6 . 5  - 9  278 

27 16 1 , 250 
30 2 - 7  172 

2 . 8 . 8 282 
52 17 l .  390 

S - 8  1 .  1 209 
30 6 . 8  686 

4 . 6  . 8 161 
63 3. 9 353 

106 26 1 '  150• 
3 . 4  . 9 203 l4. 4 . 2  220 

u 6.3 776 

Bicar-
bona te (HC03) 

•I 
!I -

194 
bl 

1 1 2  
394 

b-
372 
38a 
281 
409 
446 
162 
430 
450 

96 
463 

61 
226 
2 1 0  
122 
246 
484 
464 
422 
JU 

329 
280 
547 
489 
.JU 

552 
384 
JU 

227 
!U 
!J 

132 
349 
224 
1 1 0  

Sul- Chlo-
fate ride (504) ( Cl ) 

65 201 
- 81 
61 103 
7 8  668 

3- 1� � . 020 
2a 110 
9a 2 2 5  
2JI 1 5 2  

9 . 5  106 
32 133 
1 0  1 1 2  

3 . 3  19a 
68 1. 320 

4 . 2  101 
4 . 2  146 

63 120 
7 . 3  191 

36 36 
39 148 
27 1. 340 
64 95 

9 . 1  235 
12 125 
12 1. 400 

4 . 3  205 
60 47a 
16 1 , 080 
1 5  98 

6 . 0  l O S  
1 - 4  1, 710 

32 58 
8 - 2  106 

21 2 , 010 
174 66 

7 . 2  992 
54 8 5  

1 1 2  76 
1 · 9  1 , 950 

1 1  98 
9a 170 

t . S  1 '  180 

Fluor- Ni- Boron Diuohed Total 
ide trete (8) a o l i d a  hard noaa 
( F )  (1'03) a a CaC0

3 

4 - 0  o.o 0 - 97 670 2 2  
- - - - 1 5  

2 - 0  . s • 96 466 1 2  
3 . 0  � - 2  2 . 4  1 .  320 42 

• 9 2 .  5 3 . 3  3 . 420 310 
1 - 2  . 0 - 601 10 
2 . 2  . 5 - 734 22 
2 . 4  . 5 - 641 1 8  
2 . 2  . o  - 57 a 21 
1 . 6  . a  1 . 1  612 30 
L a  • 0 61 5ao 22 
2 . 8  . o  1 . 3  744 26 
1 . 6  2 . �  2 . 4  2 , 420 230 
1 . 2  . o  . {) �  61a 16 
2 . 0  . 2  . 97 714 20 
3 . 6  . o  1 . 0  432 4 
3 . 6  . o  1 . 9  783 9 

. o  . o  . 62 200 11 
3 . 6  . 0 } . 4  5a8 60 
1 . 2  6 . 5  2 . 1  2 . 490 1 7  
3 . 6  . 0 1. 3 404 ' 7 
3 . 2  . o  1 . 3  6a5 2 0  
4 - 0  . s . as 686 12 
2 . 0  . o  1 . 6  2 , 730 132 
2 - 8  . 0 . 35 730 22 
3 . 6  . o  1 . 7  1 . 100 33 
2 . 4  . o  1 . 8  2 , 100 80 
2 . 8  . 0 . 3 9  464 2 2  
3 . 0  . o  . 98 684 20 
1 . 6  . 5 2 . 0  3 , 2 7 0  134 -

: 6  . o  . 3 1  494 86 
1 . 4  . o  . 67 112 10 
J . 6  . 5 1 . 5  3 • ..-i)O 200 

- . o  - 686 19 
- 1 . 8  . 1 ,  650 103 ---
- . o  - 499 1 5  

1 - 2  . o  . 55 1.060 173 
1 . 2  3 . 5  1 . 9  3 , 320 372 - -
2 - 0  . o . 30 508 12 
2 . 2  . o  . a g  682 52 
1 . 8  . o  2 . 4  2,060 86 

47:__ 
_ 

_:1:.;0:_ ___ 1_._0_30_ 292 11 l . t90 l . 8  . o  1 . 9 2 , 760;:.. ___ 1_58;;....__ 
3. 7 • 7 195 301 496 1 2  1 0  119 1 . 8  . o  . 59 
2..6 . 6  191 354 483 9 9-3 84 2 . 0  . o  . 32 

12. 2 . 6  457 2 7 8  1 . 190 40 1 0  560 : L 6  . o  2 . 0  
Sootbweat 8 1947 1 , 608 1, 410-1,450 I 5 ---2�o---�s-.-4----l-2�1---�3o_9 _____ �---�---�------�3�77s-----=12 2 1  39 1 ·  1 . 2  

1 . 3 1 2 - 1 . 6(18 1 5  1 2  s . 6  176 ':>u' 474 45 7 . 4  70 1 . 3  . 2  
(C03 ) when pr

-rnnt hu been recoaputed aa (11Co3) :-
(OK and (CO preae11t. Probably d r i l l i ns-aud contaaiaa�ioa. 

3 ) 
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The possibility of sal t-water encrQachment has been discussed in several previous reports. 

Since 1931, samples of water have been �llected periodically from 30 to � selected, widely spaced 
observation wells and analyzed primarily to determine i f  the chloride content has increased. Tnble 
12 gives the well nwnber, owner, screen setting, and the chloride content in parts per million for

. 
one 

sample each year from 33 of the wells. The locations of the wells are shown on figure IS. AccorJing 
to these analyses, the l atest of which were made in March 1950, and other miscellaneous analyses not 
given in this report, there has been no signi ficant change in the chloride of the ground water pwnpeJ. 
in the Houston district. The occurrence of fresh water in the deep sands at the East End fiel�o. &a� 
in the vicinities of South Houston, Pearland, and Almeda indicates that salt-water encroachment do11111 
the dip is not likely to invade wells in the heavily-pumped localities, at least for many years. How­
ever, since a hydraulic gradient now exists 1rom the Gil£ toward the pumped area slow �croaclwent 
may be taking place. In view of the tremendous importance of the quality of ground water in the 
Houston district, it seems advisable that periodic sampling from the present observation wells should 
be continued indefinitely, and other outpost observation wells should be installed to 1 test the deeper 
sands in southeastern Aittris County. 

Table 1 2 .  Chloride content, ia parta per aillioa, by yeara ia water aaaplea froa obaer•atioa w e l l a  io 
the Bouatoa diatrict 

Well 

54 
269 

602 
620 
635 

641 
656 
669 
728 
Tn'" 
736 
747 

788 
7 9 1  
892 
906 

1 1 03 

1107 
1124 
1130 

1 1 3 2  

1 1 3 7  

1 1 3 9  

1 140 

1205a 

1229 

1230 

1270 

1302 
1 3 5 9  
1367 

1 3 6 9  

Ul7• 

()lrae r 

Fort Bead U ' i l i t i e a  Co .  
City o f  Bouatoa teat 

well 7 
RiYer Oaka Countty Club 
Public Lnadriea 
Houatou Lisbtius & Power 

Co. (Gable Strut) 
Riee Hotel Laundry 
Terse Creoaotina Co. 
Wil!bors'• Laundry 
Barkhart Lauodry 
Gou,ld L .. adry 

Bouatoa P•ckius Cq. 
Southern Pacific Ry. 

Creoaote Plaut 
Shepherd Lauadriea 
Warwick Hotel 
Lone Star Ceaent Co 
C•�l� Villaa well 2 
Southern Pacific Ry. Co. 

StraAJ Stat10D 
Cicy o f  La Porte well 2 
Shell Oil Co w e l l  5 
Cba•piou Paper & Fibre 

Co. D-2 
Cha•pioa Paper & Fibre 

Co B-2 
Cha•pion Paper & Fibre 

Co, A-3 
Sinclair RefiaiaJ Co. 

•• �: 9 
Sinclair Re{in�DS Co. 

w e l l  8 
City of South Houaton 

w e l l  4 
City of Bouaton teat 

nll 8 
City ol Houston teat 

well 9 
Weat UniYeraity Place 

well 5 
C.i ty of Genoa 
G B. fbi teoab 
Suable Pipe Line Co. 

w e l l  2 
City o{ South Bouatoo 

w e l l  2. 
�ouatoa Lishtias & 

Power Co. Weat 
Junction well 2 

Screeo record 1 9 3 1  1936 1939 1940 1941 1942 1943 1945 1946 1947 1948 1949 1950 

1 ,  545- 1 .  606 

1 .  037-1, 052 
675- 864 

1. 310- 1. 377 

747- 873 
1. 3 1 7 - l .  456 

622- 666 
903- 936 

1 , 3 5 8- 1 , 402 
1 .  347·1. 391 

1, 537·1. 617 

739- 947 
1, 3 3 6 • 1 . 4 1 6  

408- 566 
7 6 7 · 1 , 380 
643- 905 

770 
425· 585 
648 · 1 . 316 

1 .  oo6- l .  .sa 

1 . 399- 1 , 835 

1 .  3 9 3 - 1 . 923 

889·1, 1 8 6  

1 .  3 5 8 - 1  697 

7 7 1  

1 . 661- 1 , 676 

1 .  399- l .  414 

1 .  205· 1 .  649 
655- 832 

563 

592- 659 

856- 9 1 6  

8 9 5 - 1 .  263 

57 

35 34 
40 44 

35 27 
33 

<JO 45 
55 54 

50 27 
60 57 

28 
45 60 
3 8  3 6  

1 3 0  127 

45 

83 7 7  
4 5  43 

59 

78 
37 
39 

27 

26 
28 
46 
52 

27 
53 
29 
35 
3 8  

120 
7 6  
72. 

40 

63 

36 

286 

208 

16 
44 

90 

46 

. .  

5 8  5 9  

3 6  2 8  
37 35 

26 2 5  
- I 
28 27 
30 29 
45 45 
51 so 

28 26 
so 49 
29 28 
36 34 
33 3 6  

128 127 
73 
66 

37 

62 

82 

41 

38 36 

11 74 
u 42 

92 93 

45 

5 8  

30 
3 6  

26 
sa 
28 
29 
45 
so 

74 

28 
48 
28 
43 
3 6  

1 2 8  
7 3  

40 

64 

81 

37 

42 

34 

42 

7 1  
4 1  
3 6  

26 
58 
2 8  
27 

(b 
'l9 

7 7  

3 0  
48 
30 
37 
37 

125 
7 8  

41 

94 

40 

3 5  
7 6  
45 

93 

43 

35 

3 9  

6 0  
26 

se-
47 

74 

30 

75 

40 

6 5  

87 

38 

42 

44 

93 

35 

70 

5 9  
30 

so 
48 

76 

32 

126 
75 

41 

70 

8 7  

42 

38 
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SUMMARY AND CONCLUSIONS 

The water for all public supplies nearly all the industrial supplies, and a large part 
of the irrigation supplies in the Houston district is drawn from wells JOOst of which range 
from 450 to 2, 000 feet in depth The phenomenal growth of Houston during the 20-year period 
1930-50 has been accompanied hy a corresponding increase in the quantity of water required 
for public and industrial supplies In 1949 the pumpage in the Houston and Pasadena areas 
alone averaged 150,000,000 gallons a day and was approximately three times as great as i t  
was in 1930 and twice as great as in 1941. 

As was to be expected, the increase in pwnping caused pi"onounced declines in artesian 
pressures the largest declines occurt"ing since 1941 In observation wells for which com­
parable measurements are available the average decline in pressures from 1940 to 1950 was 
90 feet ua the Pasadena area, 85 feet in eastet"D Houston 60 feet in north Houston, and 
53 feet in central and western Houston Materially greater declines occurred locally in 
the immediate vicinity of very heavily pumped wells or batteries of wells. 

The pwnpage from wells in the Katy rice-growing area in 1949 (109, 000 acre- feet or 
an average of 98, 000, 000 gal:Ions a day) was � times the pumpage in 1930 and more than 4 
times that in 1941.. Some declines in water level and artesian pressure resulted from the 
pumpage in the Katy area •. but the declines were relatively small and the pumping had 
little effect on the artesian reservoirs near Houston. 

Despite the drop in artesian head the evidence as a whole indicates that the ground­
water reservoir in the Houston district is not yet overdrawn. This conclusion is based on 

the following facts 
Analyses of water samples collected periodically for 19 years Iran a large number of 

pwnped wells widely spaced throughout the district show no significant changes of chloride 
content. in any of the wells, regardless of depth Recent geologic studies, based mostly 
oo electrical logs o f  water wells and oil tests show that the water-bearing bed; contain 
potable water several miles down the dip to the south and southeast of Houston, much 
farther than was formerly supposed. nterefore, there is no iDJnedi.ate danger of contamina­
tion o f  the present well fields by the in7asion of salt water from dov.n dip. Rowever, a 
hydraulic gradient exists from the southeast toward the pumped areas. and as a safeguard 
additional test wells should be put down between llouston and the Gulf to determine the 
location of tbe salt-water fresh-water interface and to ooserve the progress of any salt­
water encroachment that may be occurring There is some possibility that excessive pumping 
locally particularly from the deepest fresh-water beds might cause salt contamination 
from below but this possibility is belieYed to be remote. !he geologic studies, and 
recent exploratory drilling and research by the llous1.on Water Department, have shown · that 
some parts of. the He;uston area are underlain by water-bearing beds at greater depths than 
previously had been supposed possible This source of supply is p!:actically untouched and 
represents an additional reserve especially north and northeast of Houston. 

For several years prior to 1949 the pumpage in the Houston ancl Pasadena areas increased 
each year but the pumpage in 1949 was about the same as in 1948 ¥ the end of this 2-year 
period the rate of decline of the artesian pressures was less than in preceding years. The 
data indicate that i f  pwnpage continues at the 1949 rate approximate eCJil!Jihrium of the 
artesian pressure will be established before the principal sands in the Houston district' 
begin to he unwatered. 
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Observation wells in the outcrop of the aquifers, rem6te from pumping, have beeh 
measured for several years. The measurements show little or no net decline of the 
water table since 1938. This indicates that, during the period 1938-50, the water 
that moved from the outcrop into the artesian reservoir was replenished by precipi­
tation on the outcrop. Spring Creek and its tributaries drain a part of the outcrop. 
Records of the low flow of Spring Creek show that there was rej ected recharge on the 
outcrop in 1938 and there is still rejected recharge. 

' 
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�estions frequently are asked as to what are the absolute limits of safe pumping 
in the Houston and Pasadena areas. These limits cannot he defined; i t  now appears that 
one importa,nt factor is the pumping levels at which the principal water-bearing sands 
will begin· to be unwatered.• ll;l most of the district the pumping levels are still 
several hundred feet above those sahds. The ' "limit that should be sought is the prac­
tical limit; this is largely a matter of economics and requires' thorough cost account­
ing. On the one hand, the increases in the cost of pumping that resul t from higher 
lifts must he considered, including replacement of power and pumping equipment, and 
losses incurred in replaci�g .or abandoning wells in which the pumping levels are 
approaching the limits to which pwnps of the requi'red size can be lowered. 01 the 
other hand, consideration should be given to the cost of bringing in a supplemental 
supply of surface water from the San Jacinto or other nearby rivers, or ground water 
from ateas outside those of heavy withdrawal, either north or northeast of Houston. 
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Table 10. Fluctuation of water levels in the outcrops of the water-hearing sands in the Houston district, 1'exa! 
Depth to water in feet below measuring point .Y 

Harris County Mont�romerv County 
ll 11 171 95 194 1503!2/ 1504 2� 45 46 57!!.1 
•th . . } 70 66 30 29 42 29 29 30 35 48 
e 

1938 49-74 15.40 17.63 24.81 23.56 32.35 
11.30 15.16 25.14 23.70 32.19 
16 86 19.28 26 - 98 26.17 32.79 46.84 
1 7 . 41 21.71 27.30 25.53 32.73 46.39 

1939 48.52 15.56 18.86 24. 98 24.27 31.90 46.96 
44.56 14-53 18.15 24· 11 24.01 3'F.73 
44-51 17.37 17.70 25.85 24-56 33.01 46.84 . . 44.55 20.66 16.17 26.15 25.55 32.92 47.70 

t. 44.56 20.56 19.20 26.96 26.15 33.55 
44.61 20.30 26.44 20.10 27.80 25.80 33.38 

. 1940 44.88 19.61 26.77 20.05 27.54 25.40 32.44 
19.08 26.97 19.84 35.28 27 . 26 26.02 31.52 

e 45.53 18.65 27.23 20.40 35.10 26.82 26.76 26.10 33.64 
y 35-49 25.97 .. 18.78 27 . 54 35,52 25.64 27.02 26.40 33.96 

45.90 19.09 27.78 21.26 35.75 26.05 27.60 26.40 33.78 46.70 
46.50 18.29 27.32 20.82 35.85 25.18 26.50 24.15 32.62 46.50 

1941 45.70 17.18 25.42 17.65 35.69 22.62 23.75 25.30 32.68 45.78 
16.51 24.67 16.45 35.51 22.48 23 . 10 23.86 30.90 45.65 

44.85 35.15 21 . 96 
1 1 . 7 5  23.20 14.10 21 . 53 25 . 32 3 3 . 30 44.83 

44.25 10.78 35.10 20.65 
e 45.11 23.85 12.83 34.80 20.88 20.43 25 . 81 32.97 44.46 
y 4.5.41 9 . 80 22 11 34.98 20.90 19.50 26.38 33.45 44.12 

9.60 23.80 1 3 . 60 33.75 44.23 
t. 9.73 23.47 .14.03 34.65 23.24 23.03 25.20 33.05 44.32 

9 . 40 17.72 9.66 34.43 20.62 16.46 22.59 3 1 . 52 42.97 
45-20 9.49 12.79 1 1 . 1 8  33.91 20.81 1 8 . 2 1  23.10 32.97 42.75 

. 1942 44.30 9.41 18.96 1 1 . 1 1  33.75 21.52 19.56 22.78 33.37 42.37 
8.91 15. 48 10.90 33.35 21.85 16.76 23.60 32.82 41.40 

y 44-81 8 . 68 16.91 33.01 22.51 17.87 2 1 . 02 33.04 41.35 
32-97 22.64 

t. a .  98 18.75 15.94 32.83 22-92 18.40 21-23 32.25 41.02 
44.76 32.91 

. 1943 44.45 9.98 14-66 14.56 32.83 23.36 17.73 19.16 32.29 4hll 
44.65 15.55 12-25 32.37 23.19 19.31 20.43 31.96 41.83 
44·11 9.93 

e 44.60 9 . 80 18.76 15.54 31.97 23.64 21.35 23.46 32.12 41.83 
44.79 10. 17 18 91 15.13 32.01 22.99 2 2 . 1 3  22.63 32.35 41.96 

. 1944 44.62 1 1 . 17 7 . 40 31.53 23.43 22-34 22.87 31.53 42.82 
44.15 9.58 10.40 9.00 29.72 21.20 17.88 2 1 . 29 31.30 42.37 

y 17.26 13.50 29.64 21.80 21 . 05 22.98 31.73 42.78 
.t. 46.25 9.58 20.73 16.40 29.32 22.65 23.70 22.69 3 1 . 5 6  42.93 
.. 9 . 88 17.90 1 5 . 1 3  28.99 22.98 22.50 1 9 . 61 31.41 43.24 
. 1945 43.63 9 . 57 13.11 28.11 21.77 19.98 18.75 30 . 98 42.63 

43.91 9.19 13.54 9.96 27.57 21 . 08 18 . 88 18.93 31 . 16 41.86 
e 47.02 8.36 15.47 10.42 27.70 20.38 17 . 96 19.96 31.27 41.46 

•. 1946 43.94 9.05 1 1 . 80 8.26 29.88 22.86 23.40 17 . 11 30.52 42.06 
43.78 8.09 10.09 9 . 1 3  28.83 2 1 . 43 18.01 16.63 30.56 41.35 

y 43.56 7 - 45 10.37 7.16 28.06 20.24 17.21 15.75 30.65 41.32 
•t. 45.51 8.39 18 . 32 14.40 29.22 2 1 . 7 9  2 1 . 98 16.18 30.96 42.08 
.. 43.35 8.26 10.22 9.90 2 9 . 39 20.16 18.13 14.26 30.45 41.60 
,, 1947 43.43 8 - 02 6. 76 8 . 12 28.51 19.49 15.98 12.73 30.04 40.09 

42.68 8.10 9.68 9 39 28.61 20.52 18.21 12 . 50 29.96 40.39 
•e 7 . 7 7  13.41 11.61 29.32 21.74 18.74 13.24 29.92 40.24 
•t. 9 . 12 20.14 17.06 30.59 23.26 24.11 15.16 30.08 41.41 
. .  43.88 10.22 20.95 18.07 31.54 24.32 24.75 15 . 45 29.76 42.22 
J, 1948 43.63 10.87 17.11 14.66 3 1 . 8 1  24.45 24.05 15.05 29 . 66 42.24 
•e 43.67 10.92 18.44 15.79 32.17 24.46 25.02 22.71 30.14 42.98 
•t. 12.62 22.88 19.93 32.92 25.23 26.51 16.10 30.06 43.57 
.. 47.05 14.00 24.11 20.88 33.62 25.87 27 . 37 17.36 29.98 44.10 
'· 1949 44.46 13.62 24.56 21.40 34.02 26.14 27.42 16.82 29.88 44.22 
.e 48.67 13.41 20.91 19.68 34.73 24.50 24.62 16.98 30.23 43.91 
•t. 14.78 22.71 20.90 35.29 25.43 26.13 16.91 30.23 44.32 

14.94 14.46 15.70 35.28 24.78 21.29 1 5 . 93 29.76 43.91 
l. 1950 15.09 8 80 14.88 35.25 23.38 18.33 14.88 29.46 43.16 

Additional miscellaneous measurements are in files of the U. S. Geological Survey. 

See hydrographs, figure 1 4. 
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