


KESULTS OF TEST DRILLING BY CITY OF GALVESTON
AKND C'NCLUBIUNS

April 1, 1541

Since 1931 when avallable funds have permitted, the Texas Board of later
inginears, in ecoperation with the U. 5. Geologlcel Jurvey, has carried outa
systematic program of ground-water studies in the Houston-Gslveston areas,
Texas. The work im Gelveston County, until the latter part of 1988, had been
more or less of a reeconnaissance nature, carried on in connecti n with the more
detailed llouston program. In 1038 the City of Celveston appropristed (2,500,
matohed with an eogual amount by the U, &, Geolegleal Survey snd the Texas Board
of wmter Engineers, for a ground-water investi ation of Ualveston County and
surrounding areas. This program was started in December 1588 with continuous
fleld work until August 1939. Records of about B00 wells in Galveston County
and 100 wells in Brasoria County were obtained during the lnvestl atien,
Transmissibility and permeability fisures were eobtained from tests conducted
at the Cit; well field at Alta Loma, Time~pumpsge tests were rum on all the
present oliy wells to determine the posaibility of leskmge. From information
obtained during the field cperstiocns maps showing the plezometrie surface

and the ohloride content of the water were constructed.

From a study of the data there appesred to be a considersble amount of
conflieting information especially r-prdlng'th more shallow sands and clays
in the Alts lLoma well fleld. Also, the faot that the shloride econtent of the
water from most of the Galveston City wells at Alta Loms was increasing at an
elerming rete, a test woll program was recommended to obtain sccurate infore
mation as to the charaoter and thieiness of the sands and cleys, and the quality
of the water in selected horiscns in this ares. To this end, the City of

Uslveston appropriated a total amount of §9,000 in September 1540,
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As originally pleaned, the main objectives of the program were as follows;
(1) In the Alta Loma well field, to determine the depth, quality of water, head
and the possibility of developing an suxillary supply in the sands above the
bassl Jesumont sand, the present sourcs.
(2) Northwest of Alta loma, to determine the same information as that in the
well field end in addition the depth, thickness and quality of water in the
main water-bearing sand, the occurrence, thickness and quality of water in the
sands underlying the main sands and the thickness of the intermedlate clays.
(3) Boutheast of Alta Loma, to determine the depth, thlokness, quality of water
and the poasibility of developing additional supplies of water in the sands
that lie above the main water horison in areas sdjecent to the present city
water main., Three test wells drilled to spproximately 600 feet and located
along the pipe line southeast of Alta Loma were deemsd suf'ficient to seoure

this information,

After the eomplotion of the third test well (At Hitchoook, four miles
southeast of Alts loma) %o a depth of 641 fect, imsemuch 8z no shellow sands
of any velue to the oity had been emcountsred, it was decided in a conference
with Nr. ¥. N. White, Sendor Hydraulic Emgineer, U. 5. Geclogieal survey,

Mr, B, W, Owens, Superintendent of the Galveston Water Department, Messrs.

N. &, Rose and W. F. Guyton of the Geologieal Survey aend the writer, that

the program should be altered somewhat in order to secure the maximum infor-
mationspossible with the available funds. Due %o the faet that all three test

holes falled to show the presence of sands above the main horizom that would be

sultable for munieipal development, it was decided the most pertinent informatiom

to be obtained was that concerning the depth, thickness, end quality of water
eontained in the main water-bearing sands, and information as %o the position

of sands in the next underlying forma:ions, the character of the water therein,
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and the artesian head, The thiockness and stratigraphic position of the clays

separating the main sands from those below was deemed to be of special importance.

To sooure this informatiom it wes decided to drill number three to approxi-
metoly 1200 feet and to despen number one to a depth sufficlent to determine
the position and thickness of the ilmmediately underlying sands and clays.

Test 7oll Humber Une
Locations= This well is in the present City well field at Alta Loma, about

860 feet south of well 2 and 150 fect north of well 7.

Sediments sbove the main water-besring sands;- The material eomprisicng the

upper 600 feet at this location is a series of fine sands, claye, and sandy
clays (see disgram). With the exception of the sand that cocours from 100 to

125 feet below the surface all of the sands appear to be quite thin and of low

permeabilivy.

Drill-stem tost;- Semples of sand and water were obtained by a drill-stem

test of the ssotion between 280 and 560 feet below the surface. From a macro-
Soopiec examination, this sand appears to be finer but otherwise similar %o the
main sands. The water is of fair quality, comtaining sbout 268 parts per
million chloride (see table Z for complete amalysis).

Main water-bearing sands;~ The electric logrof this test well shows *hat
the main sand horizon has & thickness of about 175 feet including some olay.
The first 30 feet of this horizon from 700 to 730 feet probably contains a
considerable smount of eclay and the seotion from 840 to 866 may be nearly all
elay. The remainder or about 140 feet is believed to be practically all sand,
The eleotriec log shows a rapidly deoressing resistivity in the sands from a
depth of about 800 to 840 feet. This may be caused by either a chsnge in the
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Tes: Well Number 1 (Continued) 4
by & combinstion of both. The present eity well number Z, about 360 feet to
the north, is sereened in this szone from 740 to 836 feet and hag yielded water
of about 200 parts per million chloride since completion im 1914, Also, well
number 7, sbout 150 feet to the south, ylelded water of sbout 320 parts per
million chloride in 1882, but at the present time the water from it contains
about 480 parts per million chleoride. This would seem to indicate that the
water in the lower part of the mein water-bearing sand was originally of
moderstely low ehloride content. A screen was set in this teat well from 860
to 870 feet and the well was pumped. The water, it was found, contains 708

parts of ehloride per milliom,

Sediments below the main weter-besring sands.-lsmediately underlyin; the

main sand sone there is epproximately 168 fest of clay, sandy clays, snd sands,
The first 65 feet of this scns contains very little ssad. Ihe next well
developed sand cocurs from about 1040 to 1065 fest below the surfece. No
drill-stex sample of this was obtained but from the appesarsnce of the elestric
log the water in those sands is becoming progressively saltler with depth,

Test Well Number Two
Location:= This well is located 1.3 miles northesst of Arcadis, Texas

along the Dickinson road, The well was drilled to a total depth eof 1221 feet.

Sediments above the main water-besring sands;~ As in test well number ome,
the =sterial above the top of the mein sand is made up of thin sand members

interbedded with clays and sandy clays (see diagram). Wwith the exception of
shallow sand from 86 to 116 feet below the surface, none of the sand members of
this zone appenr to be sufficiently thieck or continuous to justify the opinien

that they would yield much water. None of them were deemed sufficiently
important to warrant a drill-stem test.




Test Well No. 2 (Continued)

¥ain water-boaring sands:- The main water-bearing sand in this test well
is about 120 feet thick and ccours from aiout 680 %o about 800 feet Lelow the

surfece., Apparently the net thickness of sand in the basal zone in this well
is sbout 20 feet loss than in the same horiszom in test well number 1 in the
Alta Loma well fleld, From the appearsnce of the electrie log it is belleved
thet bLoth the character of the ssnd mnd the water in the sand varies but little
throughout the full thickness. As in the case of test well number 1, a olay

lense ccecurs near the base of the sand betwean 778 and 782 fest.

Drill-stem testi;~ Semples of sand and water were cbtained below the clay

lensea from the section between 782 and 800 feet., 2 sample of water from this

sand eontained 288 parts (er million of chloride (ses table 2 for complete

Permeability:~ Although there has not been sufficient time for more com-
plete and securate tests, the comparative permesbilitiss of the semples of sand
obtained at eeveral horizons are siven in table 1, ss well as the permeability
of the sand obtained by a driil-stem test of the seetion between 782 and 800
feet below the surfase, It is probable that the figures in table 1 do not
represent the true permeabdility of the sands in place, but they may serve as

a bagie for rough comparisen,

Sediments bolow the main water-bearing sand;- Immediatel . underlying the

main sand zone is about 50 fest of clay, the lower third of which is somewhat

sandy. This clay in turn is underlain by about 40 feet of oﬂl (850 to 8RO
feet) which differs meterially in chersster from the main water<bearing sand,

It does not have the greenish tint whioh the main sand has, is somewhat finmer,




Test Toll ¥o. 2 (Continued)

and does mot comtain mica commonly found in the msin sand. A water sample
obtained from pumping this well with & soreem set at 850 to 870 feet contdned
1030 parts per million shloride. From 890 feet to the bottom of the test well
at 1221 feot is & series of thin sands, sandy clays, and cleys, mone of which is
very thieck, with the exception of one sand between 1175 and 1202 feet. A
sample of weater from this sand contained 1860 parts per million chloride (see
table 2 for complete anslyses). This well was cesed and screened from 8850

to 60 feet.

Test Well Number Three
locationg~Test well nusber 3, with a total depth of 1181 feet, is
located sbout 0.2 mile west of illitchoook along Ghe north side of the Sante

Fe hailway right-of-way.

Cediments above the main water-bearing sands;- The top portiocn of this

test well down to about G650 feet is simlilar to the same seotion in both the
other test wells (eoe disgram), ith the exception of & fairly thick sand from
60 to 120 feet Lelow the surface, all the sends cocour in thin beds separated

by elays and sandy clays. Wo drill-stem tests were takem in this section.

Main water-besring sands:~The elestric log of this test well shows that

the main sandy zone 1s about 3456 feet thick with the top at 680 feet and the
bottom at 1026 feet below the surface. The top 30 feet from 680 to 710 feet
is a well developed sand; the next 70 feet, from 710 to 780 feet, is largely
elay and sandy clay; the remaining 2485 feet from 780 vo 1028 feet is nearly
all sand. The electriec log shows a more or less persistent decline in ﬁn.

resistivity frox 930 to 1025 feet. This, as in well 1, could be csused either




| Test Well No. § (Continued)
by & change in the sharsster of the sand itself or of the water in the sand or
by & combination of the two. In the lowermost part.of the zone the salinity of
the weter undoubbedly ccused & part of the lowering iz resistivity, the water
from 1001 to 1085 fest cantaining m‘; parta per millien of ciloride (see next

paragraph).,

Quality of water; drill-stem toste:= Water from nearby wells thet drew
from cnly the extreme upper part of this sand some, at about 680 foet, comtains

about 100 perts per million of ehloride., A sample of water obtuined by
pumping en offset well (3-i) soroened betweea 930 snd 940 feet comtalned 175
parts per million chleride. A drillestem sample of the water ({rom the sand
between 1001 and 1025 fect in the test well itself contained 1380 parts per
million. Thus it is epparent that there is & repid ineresse in the chloride
gontent of the water at this locstion bhetween the depthe of 940 and 1000 feet.

(fee table 2 for complete analysis of water samples.)

Peracsbility:- Table 1 gives the comparstive permsabil.ties of ssnd samples

obtained at different horiscns in the main water-besring sone.

Sediments below the main water-besring sands;-Underlying the mein sends,
from 1025 to 1130 feet, 1s = serics of clays, saddy clays and thin sands.

NHext, from 11850 to 1155 feet is & sandy seotion. A drill-stem sample of the
water from this sandy seotion contained 3820 parts per million of chloride.
(See table 2 for complete smalysis.) The last 26 feet, to the bottom at
1181 feet, is clay.




Teat Vell Number 3-A
mmn.-m- tost well is located abogt T0 feet sast of test well

nunber 3.

Sediments above the mein water-beering sands;-ibove the top of the main

send gons the oceurrence of the sande and eclays correlates very olosely with

the same ssotion in number 5 test well,

Nain water-besring sands:- The upper 100 feet in this well is prectically

fdenticsl with the eorrespending scne in number § test well; however, the
gection from 780 to 820 fest is a clay in this well wheress in test wmell number
3 it is a well-developed sand, There iz practically me difference shown on
the eleotric log between this and number 3 well between 820 and the bottom

ef the well at 240 feet.

Guality of wateri-A sample of water obtained from the section sereened
et a depth of 930 %o 940 feet conteined 176 parts por milliom of ehloride.

Cummary
The test drilling program has diselosed information thet was not heretofore
known and has made fairly slear the reasons for the imvasion of saline water
inte the Alta ioma wells, IThe ocutstanding feacts which have been brought out
by the drilling wre as follows:

The sands above the main water-bearing beds in the Alte Loms well field
and adjecent areas are thin bedded and more er less lenticalar, that is, they
tend to pineh out laterally; these beds osn not be expeoted to yleld much water,
This is a disappointment. It was hoped that they might provide & supplemeniary
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water suprly of comsidersble magnitude and thus prelong the life of the Alta
Lomge well fleld %o some extent.

The main water-bearing sands tend to thicken towerd the scutheast (see

disgrem)., They have & net total thickness of sbout 120 feet in test well 2 gboud

2] miles northwest of the old Alta lowma pugping plamt; sbout 140 feet in
test well 1 and well 7 near the cold plant; ebout 200 feet in well B and 260
foet or sc et Hitcheook.

According to sleetriecsl logs of oil tests, the sands persist in arcas st
considerable distances to the north, northwest, west, and scuthwest of Alta
Loma, in the Lesgue City oil field, end in leoslities neer Alvin and in

the territory adjegent to the Presorie County lime south of irecadias,

The test drilling had exploded the theory that the main wmater-bsaring
sands in this eresa are underlain by thiok persisteant beds of olays. The clays
are there but they are not very thick mor persistent and Shey are underlain
by or interbedded with sands whioh contain selty water. The individusl beds
of clay immedistely below the fresh water-besring seands vary in thickness
from place to place and in all probability pineh out sltogether in pleces
within or ologsely adjecent to the ilta Loma well field, thereby permitting the
upward movement of salty watar to the fresh water-bearing beds and its subse-
quent movement laterslly toward the wells. That such interconnsotions do exist
is proven Ly the faet that the artesian head in the salt water sands is the
eame as that in the fresh water sands., This was demonutrated in both
test well 1 and ¢ast well 2, MNoreover, salt witer sstually has invaded the
lovsr part of the fresh water-besering beds in test well 1 at Alta Lowa and
test well 3 at Hitchecook.
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vhile the fresh water-bearing beds thicken toward the southeast the
thickening seems to be in the upper part of the zone where the sands are
interbedded with clays and the sands themselves do not scem to be as permeable
as they are in the main water-bearing some below. For example, five samples
of sand obtained from well 2 at different depths from 680 to B00 feet had an
average coefficlent of permeability of sbout 280 whereas & samples from well 3
obtained botween 678 and 900 feet had an average of omnly about 140, Noreover,
8 samples of sends from the lower part of the sandy sone in well 3, 920 to 960
feet, had an average permeabdlity of about 320. The lowermost part of the
sandy some in test 5, however, from 1001 to 1023 feet, which contains salty
water (1380 parts per million) has & permeability of only 8§, sccording to a
test of & drill-stem sample.

It is olear from the above that the thickness of the sands in this area
iz not the only faotor that centrols the yleld of a well. The permeabilisy
of the sands, in other words thelir capacity to transmit water, isequslly
important,

Conclusions

The invasion of saline waters into the Alta Loms well field sconer or
later was inevitable. Before pumping was started the artesian pressures in
the fresh water-bearing sands and the sands comtaining salty water, it is
believed, weres approximately equal. As pumping progressed in the Alte Lome
field and later at Texas City, Dickinson, League City, in the oil fields,
and at Saytown in Harris County, the artesien pressures declined until now
they are sbout 80 feet lower than they were at the start. As the pressures
declined the difference in head between the salt weter and fresh water
hﬁ!ou inoreased until it wes great enough to cause the salty water to
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penetrate the barriers of the clay or sandy clay separating the two horisons
and merge with the fresh water. The saline invesion has Leen materially
expedited by over-pumping in the Alta loma field itself, The wells should

have been more widely spaced and the individual wells should have been

more lightly pumped,

The evidence all tends to show that no more pumping should be dose in
the Alta loma field or in closely adjacent arcas. New wells should be located
well to the outside of the present field. GSome locality to the northwest
near test well 2, it is believed, would be suitable. The indications for
obtaining good wells seem reascaably good alsc toward the north end west of
ilta Loma, The new wells in no case should be pumped at more than an aversge
rate of one million gallons s day apiece. BHefore the location of the new
wells is definitely determined, & small test hole should be put down end an

eleetrical log run in it.

If 2 well is to be put down in territory closely adjscent to the ilta
Loma field to mest the present emergency, some locslity due north of test 1
or along the Alvin highway %o the northwest would be as desirable as any.
The well should be located not less then 6000 feet from City well no. 2
and preferably should be at a distance of 2 miles from it, The well should be
pumped at & rate not to exoeed one million gallons & day in order to delay
& further rise of chloride in wells 2, 7, &, 4, 5, and 6, which might become
serious within a nhth'ﬂy short time.

Finally it is recommended thet immediate consideration should be given
to the necessity of obtaining an additional supply from surfsee water sources.




TABLF 1

Relative Fermesbility of Samples Collected from Galveston Test Wells

e to8t Hell Nuaber 3
Depth of Sample :/uttln;; m:} stem semples :/utttu;/ Dr;}l. stem -;71--
680 - 700 367 - 376 %5 201
700 - 720 322 an
720 - 740 161 176
70 - 750 08 265
760 - 780 127 97
780 - 800 293 a7 204 95
800 - 820
#20 - 840 187 113
BL0 - 260 71 11
860 - 880 177 1M
380 - 900 176 9%
900 - 920 129 185
920 - 940 345 415
90 - 960 287 369
1001 -1023 :g i,// 2: _;;

a/Determinations by fose b/Determinations by Yeador g£/2-15 stems sbove bottom d/Last 2 drill stems ol sand.




TABLE 2

Analyses of water from Calveston City Test Wells

"~ Depth Date of (::.hl Cal- Magne- um and Bloar- ‘ul- Ohlo- Ki-  Pluer- Total
Well Owner of collection dissolved clum eium Potassium bonate phate ride trate ide hardness
well solids (Ca) (Mg (Na + X) (#eo5) (80,) (C1) (K03) (F)  as CacO,
(re.) (eale.) (eale, ) (cale,)"
1 Test Well #1  282- Dee. 12, 1940 939 20 1 320 s31 24, 258 1.2 - 107
¥ 5 rs%‘ %g..hr Ti, 1961 1,508 23 10 549 358 & 795 - - 97
T‘ﬁ-‘yw.n 72 %‘Ju. hy 1961 758 & 7 FLT8 30 5 28 .0 - N
2 a‘% ﬂ- Jan. 17, 1941 1,655 29 17 592 296 26 1790 - - — 128
2 ﬁg %}le.—m 16 712 319 TS - - 158
2 ii'f ’:P}T do. 2,017 % 18 728 B 1L..0% - 9 183
T_aff“' 1,:;21 Jen. 22, 1941 2,770 &5 a9 296 26 1,40 - - 199
—A— e e
3 r.!w.u?ﬁf%i‘ Feb. 11, 1941 2,628 . - 969 %6 201,58 - = 152
3 cg{ %:%% do. - - - - o -« 30 - - ~
3 ‘5‘5 iﬁ'ﬁ% do. 6,54k 109 55 2,322 306 20 3,70 - - 178
“3-A h%( Ve ll ob. 28, 1941 600 i3 3.8 212 298 2 175 = - %)
8/ Drill stem sample

Sample obtained after 10} hours continuous pumping.
Sample from last 8 drill stem Jjoints.

Sample obtained after 5} hours continuous pumping.
Sample from last drill stem.

Sample obtained after 16} hours continuous pumping.

Rlelale




