


Resulte of tsst drilling by City of Gslvestecm,
Hovember 1941 to June 19482

By

B. A. Barnes
Introduction

Sines 1931 wbhen funds have permitted, the Texas Board of Water
ingineers, in cooperaticn with the United Stat-s Geclogical Survey, has
carried out s progrsa of ground-wmater studies im the Houston-GOalveston
arsas Texsa. The iork in Galveston County, until Decomber 1938, had beean
of a reconnaissance nature, carried on in connesetion with the more detaliled
Houston programe In December 1939 the City of Gelveston sppropriated
$2,500, which was matehed with an egual amount by the United States
Jeologleal Survey and the Texas Doard of vater Ingimeers for a ground-
weter mmunui of Galveston County snd surrounding areas. This was
followed by u second appropriation of $2,500 ia September 1940, which was
alsc matched.

An intensive progrem of field work was carrisd ocut from December

1935 until Auguet 193%. As a result of that imvestigeticn a test well
drilling progran wes recommended end carried through on funds sllotted
by the eity of Calveston. Test wells were put down as follows: No. 1
in the ilta lLome woll Tfleld; Fo. B, twu snd cne-half miles northwest of
Alta Lomm; No. 3 at Hitchooeok; No. 3a, offset well to He. 3 at Hitcheoek.
The resalts of the drilling, with conclusicns, asre givem in a report to
the oity of Calveston deted April 1, 1941, entitled “"Hesults of Test
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Prilling by City of Galveston and conclusions®™, by B. A. Barnes. The main

coneclusions in the repert heving to do with the development of a new water

well field are ses follows:

(1)

(2)

(s)

(4)

(s)

(6)

The clays underlying the main water-bearing sand are neither thick neor
eontinuous. |

&}W water has invaded the Alta Loma field and this invasion has been
materially expedited by over-pumping in the field itself. The wells
should nave been more widely speced and the individual wells should
have been more lightly pumped.

No more pumping should be done in the Alta Lome field or in clesely
8d jacent areas.

New wells should be located well to the outside of the present field.
Some locality to the northwest nsar test well 2, it is belleved,

would be suitable; the indications for obtasining a satisfactory
supply seem reascnably good alse toward the north and west of Alte Loma.
The new wells in no case should be pumped at more than s rate of one
million gallons & day each.

Before the location of sach of the new wells is definitely fixed a
ssall test hole should be drilled end an electrical log obtained.

Un that report as a basis a program of well explorsaticn and well

development in the eres north and ncrthwest of Alta Lome was formulated.

As worked ocut with R. W. Owens, Superintendent of the Jalveston ¥ater
Department, and Jeorge Seger, Jr. of Ford, Bacon and Davis, Comsulting
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Engineers for the City, the original plam for this prosrss contsmplated the
drilling of five test walls and ﬂn. production wells. Four of the test wells
were t¢ be drilled as a guide to the production wells at sites tentatively
selected for the latter and the fifth was to be drilled ss an explorstory well.
One of the production wells, it was deecided, should be put down at the location of

test woll num 2 (Galveston Uounty No. 688) of the previous drilling program.

The th of the other four was tc be determined b: the rosults of the test
drilling. The progrem was started on November 30, 1941 and finished about June 1,
1948, the writer serving in an advisory easpacity durins this pericd.

Factors influeneing the cholee of sites for test drilling

A fow of the fuotors influemcing the selection of sites for the developing
of & new well field in this area were as fellows: The new wall field should de
loested gblu‘t teo miles froa the Alta Loms fleld. The ehloride in the water
produced from cach new production well should be as low as possible. The
production wells should bde spaced approximately c¢me mile apars, m the yield
of sach well should not exesed ome milllon gallons o day. The purpose of the last
twe quelifications is to limit the depth of the cone of depression produced by
the combined pumpage from alli the wells. The danger of sslt weter invesion and
the puaping coste all should de ).us thas they would be with clossr spacing and

heavier pumping.

The reclogical conditions both ereslly snd in the immediste vicinity of sach
new produstion well sust be favorsble for development. Information had to be
obtained regariing the co-tinulty of the main t:tu‘-huﬂlg_ sand, the thickness
and psrmeability of the sand, the charscter and thiekness of the material sepsrste-
ing the main water<bearing sand from the salt water sands below and the strati-

graphie positicn end thiciness of the sands conteining salt water, and the position
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and concentration of emy sslt »ater emcountered in the msin water-beering send itself.

Some of the economic factors that had to dbe conmsidered included the availability
of existing rcads, cost of necessary new road construction, leagth and cost of pipe
lines and availability and cost of real «s'nte needed for producticn well sitees.

Twelve test wells were drilled during this progrem (1-4 to 12-18 1/ inclusive),
three of which were cased and screened at selected horizons for use as cbservatiom
wells and the remainder plugmed with cement and abandonsd. Test walls 1-4, 3-8,
4-7, and 5-8 wers drilled t¢ explere the conditions at sites tentatively selected
m_prumm wells which with the development of a wall et the location of test
woll £ constituted the originally proposed five production wells. Togt E-5 was
drilled to establish the coctinuity and thickness of the main sand snéd to determine
the gquality of water contained im the main sand some distencs updip from the new
well fisld. Upon the completion of test well 4=7 it was deeided to reject this
lecation sas unsuitable for well development and becsuse of this rejection the
enginvers for the city considered as uneccnomical the development of & well = %

?.d number 2, making two additional production well sites necessary.

rﬁmm tosting for these additional locations was tramsferred to the sast
of the Alte Loms-Uickinson road begause of the existence of country roads, near the
proposed sites and because of the high chloride found in tests -5 and 4-7. The
sdditicnal sites selected for testing were about 0.7 mile east of test wells 5-8

snd l-4, at the locations of 6«9 and 1l-14, respectively.

After test well 6-9 had determined the existence of favorable ground-water
eonditions at that location it was thought that information eocncerning the con-
tintuity and thieckneas of the main sand and the quslity of weter in the ssnd some
distance to the east and scuthesst was necessary. This was especially needed in

%&*M%&s. WMM__
ells are designa: -4y ote. % number in each of these combina-

tiens (1 for exemple) represents the nusber of the well in the Ford, Bacon and Duvis
- prograa and the seeond(4) represents its humber in the cumbined serles starting with
the © wells of the Tiret prosram.




the sast and southesst. It was for these reasons that test wells 7-10 snd =12
were drilled. Well B-ll wes drilled about two miles southeas! of well 2-5 teo
determine the southeast extension of the high chloride water that had been en-

gguntered in test well £-5.

In the latter part of the program, due tov an estimated incresse in the
J desand for water, both the city aad consulting engineers considered it sdvisable
; to n?m an sdditional or sixth preduction well. Because of the additional pipe
line required and the estimsted higher shloride of the water the location of
Mﬂlmﬁwlmqeutd&dlmdulnhhﬁuluu either to the north
or south of the U locations slready tentatively sslected. Test wells 10-13
and 12-15 were drilled ’ln an effort to find & more suitable locatio:n for the
sixth production well. Neither of these slites was found to be as favorable for
a production well as the site at test well 2, and therefore the sixth produetion

well was drilled at the lattear site.

Hesults of tests with comclusions
(Jee map for loecation of wells)

Well 1-4

Locetion - This well is located § mile south of Dickissen Dayou,
sbout 900 fee! esast of the Ulckinson-Alta Loms road, ani 4 =lles northwest
of the Alta Loms well field.




Main weter-bearing send - According to the sleetrical leg the main sand

in this well is 140 feet thick, and is located from sbout 632 to 772 feet

below the surface. The woll was cased and cemented. ‘ater samples pumped
through sereens at 721 to 751 and 760 to 770 feet below the surface contained
chlorides of 140 parts per million and 178 parts per million respectively. (BSee
table for cumplete snalyses.)

d8 - At 778 to 228 feet

below the surface, lmmediately below the main saend, there is approximately
56 feat of sendy clay and clay. Following this at sbout "28 to 983 feet

is & BS foot well developed sand. A water sample was obtained from thisg
sand through a sereen at 870 to 830 feet below the surface. The ehleride

ia thie semple was 770 parts per million. (‘ee table for complete analyses.)

The remainder of the material to the bottom of the test hole at 1,207
feot, conaists mainly of sandy clays, sands and olays and from the appesrance
of the electricsl log the water in the sands beccnes progressively saltier
with depth.

Comglusions - The ground-water sonditions emccuntored in this teat well
ware considered satisfactory for the develo meat of a vroduction well at
this loeality. The thickness of the sand is suffieient and the guality of
the water contained in tie sand is eonsidersd satisfactory and {n sdditicn
the 56 foet of material, separating the main sand from the udprlrh. sanda
containing brackish or salty water, was thought to be sufficiently thiox and
imperasable.
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Logstion - This test well was drilled 5 miles west of test well l-4,
sbout 74 miles morthwest of the Alta Loma well field and 23 miles north of

Algoa.

The first test well drilling program had indicated the possibility
of excessive thimning of the main water<bearing sand in the area to the north-
wast of test well mumber 2. Dus tO this pOSSIdIlity test well 5-5 was drilled
to determine the comtinuity of the main water-bearimg sand and the guality of
the water in the sand sevaral miles up-dip from both the ilta Loma fisld and
the proposed new fleld north of Alts Loma.

Haip waler-bearing sand -~ At this loestion the main sand ls well de-
veloped between sbout 626 and 718 feet bslow the surface. This thickness,

{sbout 92 feet) however, may not represent the full secticn of ‘he pand, as the
exact position of the top of the ssnd 1s somewhat obscure. The ssnd may extend
from sbout 598 to 717 feet below the surfsee, whioh would zive a thickness of
aprroximately 120 feet. A water sample dum by the drill-stem method from
709-714 feet below tho surfece, or within sbout four fest of the bottom of the
sand, showed 458 perts por million og chloride. (Zee table for complete snalysis.)

Sediments below main water-besping oapd - ¥ith the exception of s thin -
sand from about 760 to 777 feet practically =11 of the first 100 feet of sedi-

muqﬂ»hmmuhuﬂawtohdmam- The first sand of eny
. importasee is 2 40 foot sand detweer about 810 and 858 feet below the surface.
The remaining material to the total depth of 1,220 feet is predoaminantly sand and

sandy clays with interbedded oclays.




No weter seamples were obtained below the base of the maia sand dut
from the appesrance of tue electricel log the quality of the water in the
sands is believed to become progressively worse with depth.

Genslusions - The information obtained from this well indicated that
the main water-bearing sand, although rethar thin, does not pimnch-cut in this
direction. This conclusion is also substantisted by electricsl logs of ell
tests in the Hastings and League “ity 011 Fields to the northwest and northeast

of thie tost well.

The high chloride content of 458 perts per million &t the base of the ssnd
was very dissppointing as it previously haed been thought that the sand this
far up'-n; would eomtain water much lower in chleride. The sleetrical log
indicstes thet the vater in the top 20 feet of the sand may be slightly
better guality, but otherwiss it is believed thet there is little change through-
out the send.

Well Number 3-6

Location - This well is located 24 miles northwest of the Alta Loma
field, and 1§ miles south of test well l-4. This was the second of the origisal
tentatively selected well sites to be explored by test drilling.

Main wster-beering sspd - The thiokmess of the meln water-beering send
in this well is about 106 feet; with the top at about 676 feet and the dase at 708
feet below the surface. A drill-stem test water sample, obtained from a sandy
sacticn immediately below the base of tlﬁ main esnd, showed I75 parts per million
of eiloride. However, the sample was contaminated with drilling fluid which wes




lower in chloride. It is bellieved therefore that the actual chloride content
of the water in this seetion is eonsidersbly more thsn 370 parts per million.
After the well wes cased and cemsnted another sample of water was pusped from
the main sand through s sereen at 760 to 770 feet below the surface. The
chloride in this sample of mater was 580 parts per millicm.

d - With the exception of

several minor saniy clay sesbers the sediments below the main sand fro- 7682

to 908 feet appear from the electriecal log to be fairly demse clays. The first
sand of any importance ccours between sbout 905 and 1,007 feet below the
purfece. The remeinder of the materisl encountered to the total depth of

1,200 feot eonsiste chiefly of cendy clay apnd elay.

Cenclusions - The =ater-bearing sand at this location altacugh thinner
thas was hoped for was considered sufficient for produsticn well development.
The thickness of the section of clays end sandy clays separating the main water-
bearing send from the sands below containing highly mineralized wmater is 128
feet, which wae considered satisfactory.

The quality of water at the base cof the mein send (280 parts per millicm)
is high for municipal use but from the appesrance of the elesctrical log, the
quality of the water materially improves torard the top of the formaticme It
was believed, thorefore, the sand as a whole will yleld water containing con-
#ideradly less than the 280 part: per million of chloride.
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Yell Nusber 4-7

Locstion - This test woll was drilled 2 miles southwest of test well
1-4, § mile north of test well 2, and 5§ miles northwest of the Alte Loma
well flsld. This wag the third of the original tentatively selected production
well sites to be tested.

¥ain water-bearing sand - The thickness of the main sand st this lo-
ecation, 108 feet, is practically the same as in test well 3-6. The top

occurs at about 657 feet and the base at 760 feet balow the surface. A drill-
stem sample of water cbtained froa the sand between 732 and 749 feet contained
360 arte per million of echloride.

d - The main send is underlain

by & bod of clay only & feet thick (from 765 to 778 feet). Helow this is e
sand section BZ feet thick (772 to 0858 feet) whiech, from the appearance of the
electrical log, is believed to contain sster that is rether highly mineralized.
The remaindor of the material to the bottem at 1,190 feet is chiefly sandy clay,
sand and thin cleys.

Conglusicns - The thiciness of the main water-besring send (LO8 foet)
was congidered satialfsctory but the ebsence of &n adequate separsting olay
‘botween the mmin send and the send below, which apparently containe highly
minerelized water, was thought sufficisnt to¢ condemn this locetion as unsstie-
factory for produetion well development. The electrical log further i-dicates
that there is not sufficient improvements in the guality of the wster tovard the
top of the sand to greatly reducs the chloride of the average water from the

full sand section below that obtained in the drill-stem test.
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Fell Number 5-8

Loestion - This well is about 1 mile south of test well l-4 smnd 3
miles northwest of Alta Loma, at the fourth and last of the sites originally
selacted for test drilling for & production well.

Main wster-bearing ssad - The top of the mals sand ooours here et sbout
665 feet and the bottom st about 773 feet below the surface; a section about
108 feet thick. Twe thin beds of clay are present, one st about 70" and the
othar at about 750 feet. A water semple was cbtained by the drill stem methed
near the base of the sand, between 758 and 764 feet delow the surface. This
sanple centained 254 parte per million of ehleride.

nd - Immedistely belew the base

of the main sand is 10 feet of clay end then ebout 1Y Teet of send, indicated
by the eleotrical log to contain salt water, and balow this thin ssnd is about
3% feet of ¢lay. The highest sand of sny importance liss detwsen about 254 and
895 feet below the surface. The remalnder of the material sncountered in the
tost well to tho total depth of 1,208 feet cunsis od chiefly of sand interbedded

with sandy elay and some clay.

Elsotrical log interpretation indicstes that sech successively deeper

gand gon'sing paliler water.

Conelusions - The thickness of the =ailn ssn: in this teet well (108 feet)
is prodably sufficlent for pemmanent well development slthougk seccriing teo
the electrical log the basal 20 feet appoars to be less parmesble them the

remainder of the ual.r




Although a thin salt water sand ococurs sbout 10 feet below the base of
the maln sand 1t was believed that it is not thick encugh Lo warrant the
rejection of thls site as a permanent production well.

From interpretation of the electricsl log it appeared prubable thet the
full section of the main sand would yisld water slightly lowsr in chloride than
the 284 parts per million of ths drill stem sampie.

#eoll Number 6-9

Lecation - This well is 1 mile southesst of toet well l-4 and 3 miles
north of the Alts lome well fleld. This is the firet of the suppleméntary
tost wells made uecessary by the rejeetion of site of test well 4-7 for
production well development.

Main water-bsaring sands - The top of the main sand in this test well

was encountored at about 655 feet end the base at about 796 feet below the
surface; a tetal thicknese of about 1351 feet. A drille-stem sample of water
obtained from the sand between 762 end 769 feet containe! 154 rarts per
million of chloride. (See table for complete anslysis).

Sediments below the main sand - Immedistely below the main fresh water

sand is a cley about 35 feet thick from 786 to 321 feet below the surfsce.
This in turn is underlain by a salt »ater spand abo.t 70 Mthutunul.nh‘
minor clays. The remeinder of the sediments ‘o the bottom at 1,195 feet is
ehiafly zandy clay, with interbedded sends and clays.

Conclusiogs - Both the thickmess of the main fresh water sand and
the clay separating it from the salt water sande below appear to be favorable
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for the dovelopment of a produstion well at this site.

It appears from the electrical log that the water from the full sand
section will be so-ewhat lower in chloride than the 1354 parts per million
recorded in the drill-stem seample between 762 and 769 fest below the surface.

Woll Number 7-10

Location - Thia test well was drilled £ ciles eest-southesst of
number 1-4 and 8§ miles northeast of the Alta iLoma well field.

The dats obtained from the tosta made up %o this time indicated that
it wonld be desirabls to shift several units of ths well field adbout 0.7 mils
to the east of the Alts Loma-Dickinson rced. This well was the first of two
tests that were drilled to obtsin informatic. comeersing the comtimuity,
thickness and character of the mein weter-bearing ssnd. As wells to the esast
and seuthesst of this locaticn yiald weter bigk in dlondo. tais woll was also

drilladi to determine whothar such water iz present at tie site of well 7-10.

Ealn wster-bearing sand - At this point the main sand is only 84 feet
thick with the top at about 687 end the bass at 771 feet bdelow the surface. A
drill stem semple of water cbtained near the base of ths sand between 756 and
763 feot contained 174 parts per milliorn of chleride.

Zediments below tihe masin watgr-bearing ssnd - In this well there is sbout

16 feet of clay separsting the main fresh-water =snd from & broken sandy seetion
between 737 and B1l3 feet below ths surface. A water sample, collected from this
sandy section between 773 and 800 feet, contained 237 parts per aillicn of
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chloride, but the fluid recovered in cach of the three attempts =t a drill-stem
test was contaminmated with drilling fluid containing fresher water. It is
believed, therefors, that the actual chlorids gentent of the =ater in this
section le somewha! hlgher than 237 parts per million. The resainder of the
material encountered in the woll to the bottom at 1,199 feet, was chiefly sandy

eleys and nands.

Songlusions - This test well furnishes information in an ares where
vreviously no relisble dsta had been aveilable. Although the main ssnd seetion
is thin st this loecation, electrical logs ia League Uity oil fleld sbout 4
miles northwest and test well 9-12 about 3} miles scutheast indleate that thie

condition mev be locsl.

The wmater near the base of the maia sand in this well is exceptionally
lew in ehloride.

%all Number 8-11

Location - This test is 3} miles west of tost well 14 and 6] miles
northwest of the Alta Loma well fisld, snd was drilled to deteraine the east-
ward extent of the hish chlorids water encountersd in test well £-5.

Eain water-besring gand - The main ssad here bas a thicimess of sbout
B8 feot, fram 638 to sbout 721 feet below the surface. Two water ssmples were

collected from the send, ome by the drill-ste: method, betwsen 7:C and 717
feet, and the other by pumring after -m well had been ;mul anl cemented and
& screen set from 669 to 677 feet below the surface. The first sample
contained 420 and the other 200 parts per million of ehloride.

Sediments below the maln water-b-arisg sand - Aecording v the electrical
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sandy elay members. Immediately below this clay, from about 752 to Al2 feet,
is a well developed sand sscticn. The remainder of the msterial to the bottom
of tha well at 1,201 feet, with the exception of ome rather thick sand at about
870 to 897 feet, appears to be predominsntly sandy elay snd olay.

Conglusions - Fear the base of the sand at 706 to 717 foet the water
gontaine 480 parts per milliicn of chloride, oaly 38 perts less chloride than
was found in test well 2-5, at approximately the same relsiive position in the
gand. The chleride is 300 parts per million sbout 47 feet highar in the
sand at 669 to 677 feet, and according to the electrical log this rather rapid
improvement im the guality of the water continues to the top of the sand. Con-
ditions here as regards the gquality of the water therefore are believed to be
materially better than those conditions encountered in test well 2-5.

¥ell Number 9-18

Location - This test well was drilled 2§ miles north of Hitcheock and
3} miles east-northeast of the Alta Loma well field.

In test well J at Hitchcook water contalning 1,380 perts per =illion of

chloride was obtained in @ drill-stem test at 1,081 to 1,083 feet and in sdditien,

tie electrical log indlecates that the basal 50 to 70 feet of the sand contains
high ehloride water. At La¥arque the Gell. and H. railroad well (Calveston

Jounty Ne. 205), 914 feet deep, and screened from 873 to 214 feet ylelds water
havins 750 parts per millicn of chloride. ¥ell 9-12 was drilled to determine
wisther the high chloride water in the lower pert of the sand exteads into the

area north of Hitchecook, and went of Lalarque.

Hain pater-bearing sand - The main sand in this test ls about 152 feet
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thick, the top being sncountered at about 744 feet and the base at sbout 596
feet below the surface.

Two water samples were Obtained by the drill-atem method, one at H25 to
853 feet, and the other, mear the base of the send, at 877 to 588 feet below
the surface. The upper ssmple contained 158 and the lower one £905 parts per
million of chloride.

i -~ Below the base of the main

sand is a 16 foot clay which ia turn is underlainm by a six foot sand that,

agcording to tis alectric log, containe salt water. This clay in tum is I
followed by interbedded clay snd sandy clay te¢ the top of a 17 foot salt

water and at 959 feet. The remeining material 10 the hottom of the well at

1,802 feet is predoninantly sand interbedded with sandy clay amd clay. The
slectrical log indicates that ths water in the sands becomes progressively saltier

with depth.

_Conclusions - The thick sand secticn encountersd in this well is probsbly
not exceptional, as the general tendency of ths sand is to hecome thicker to
the south and scutheast. The chloride conteat of the water in the sand at this
location is enécuraging and seems to indicate that the unfaversble eonditions
which were encountersd in test well 3 at Eitcheock end salty water comparsble
to that yielded by the lLaiarque well do not extend this far north snd west.
The favorgble ground-water conditions eneountered in this test well indicste this

is an additional ares for consideration in say further well developmesnt.

Fell Number 10-13

Location -~ This test well was drilled 2§ miles scuth of number 1-4,
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and 1 miles northwest of the Altz Loms well fleld. (See map).

Frier to the drilling of this well tentative locations had been selected
for the drilling of 5 production wells. [ue to 2n estimsted inorsase in the
demandg for water it was thought edvisable, both by the eity and comsulting
engineers, t¢ drill an sdditional or 6tk ;roduction well. A considerable
saving in pipe line cost could de effected if a suiteble location for this
additionsl well could be found near the pipe line serving the other five wells.
It was for these ressons trat this test and test well 15-15 were drilied, one
to explore 'be srea to the south and the other the area to the north of the 8

locations already selectad.

Hain water-bearing sand - At this location the well developed section of
the main sand is adeut 92 feet thick, the top ocours at ebout 728 and the baze
at about S20 feet below the surface. A water semple cbtained by the drill-stem
method from the base of the sand between 812 and 225 feet contained 450 parts
per million of chloride.

b th - Fith the exception of several
minor sandy secticns the sixty fest of materisl imsedistely underlying the msin
sand appears to be a dense clay. Below this to the top of the first sand of any
importance, at 1,006 to 1,034 feet, the msterisl is mainly clay snd sandy clay.

With the exception of = sand at about 1,008 to 1,126 feet the materisl from 1,054
to the bottos at 1,197 feet is practically all sandy clay end clsy. No water
samples were ocllected below the main sand dut from the appearance of the eleetrical
log all the sands are believed tc contaln highly minsrslized water.

Copolusions - The send at this location is relatively thin snd the quality
of the water in the besal 28 feet of the sand (450 parts yer million of chloride)
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is very high. According te the ommcu_ log the quality of the water laproves
toward the top but there ls not a sufficient amcunt of this bettier quality

water to werrant preduction well development at this lecation.
Foll Nusber li-14

Loestion - This well is about { mile sest of teot well 1-4, and 4 miles
north of Alta Loms. The location was one of those tentatively chosen as a site
for a production well end ths test was drilled to determine its suitability.

¥ain water-besring sand - The main water-besring sand in this well, sceord-
ing to the eleetrical log extends from about 638 to zbout 807 fest balow the
surface, s total thickness of about 169 feet. A water sample obtalned from the ‘
base of the sand at 794 to 805 feet contelned 445 parts per millicn of ehlokide.

- The firat 65 feet of material

underlying the main sand consists of clay en’ sandy cley. Below this betwsen 262
and 886 feet is the first well developed salt wa'er send. From 586 t0 the bottum of
the well at 1,194 feet the psediments encountered were chiefly sand, sandy clay and
elaye.

Copglusions - Several conflioting fectors influsnced the selection of this
locaticon for a production woelle The thickmess of the main sand, thickness of
the material sepsrating the main sand from the salt water sands below it are
both faversble for well developmsat. The chloride cofitent of the water at the

bagse of the sand is high, but Interpretation of the eleectrical log indicates a
rather repid improvement in the guality of the water tovard the top of the ssnd

which would cause the quality of the sverage weter t¢ bde acceptable. It would

ot be advisable however t0 sereen the basal 32 fee! of sand. Moreover, addi-
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tional tentative well sites were limited by economy of pipe line, length of
secess rosds snd the svailsble property.

Well Number 12-15

Loesticn - This well ls located | mile mortheast of test well 14, §
mile scuth of Dickinson Bayou and 4§ miles north of the Alta Loms well field,
and was drilled st an alternste site for an sdditiemel or sixth preducticn well.

Nalp wotsr-besring sand - Although not very plainly isdicated in the
eleotrical log the top of the main sand is sssumed %0 be at about 632 feet, and

the base at about 783 feet below the surface, which indicates a thickness of
ebout 151 feet. [However, the top 25 feet from 632 to 657 does mot appear to be
as well developed as the remsining 1826 feet cof the sand. Two nq’hl of watar
were obteined in this well; ome from 732 %0 742 fest contained 5358 parts per
miliion of chloride eand one from 773 to 783 feet contained 460 parts per

million eof ehleride.

Gediments below the main water-bearing send - At this locstion therse is
practieslly no separating clay between the main send snd unlerlying ssnds
eontaining selt water. The eleetrical log indicates = § to 4 foot clay below
the base Of the main ssnd which im tura is underlain by sandy clays and sands
to a depth of about 867 feet. The remainder or’m material encountsred in
this test well to a totzl depth of 1,180 feet is mainly sandy clay snd sands

with o fow interbedded clays.

Sonclusions - Similar to the neardy test wells l-4 and ll-14. A thiek
sand seeticn wurn encountersd in this well. According to the elesctrical log the




basal 30 to U5 feet of the sand probably contuing water of about the same chloride
eontent at that obtaimed in the drill-stem test or edboust 460 parts per millionm.
Becsuse of this and the absence of an adequate separating clay between the main
sand and the underlying salt water sands the locatiocn was not comsidered satis-

factory for s production well.
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Summary

This test drilling program has disclosed ccaditions that were not herete-
fore tnown and confirmed much of the indicative duta that was chtained from the
first test drilling programe One of the most surprising conditions revesled by
this progrsa is the wide veristion of the quality of the water in the aain sand.
foue of the =more important feocts concerning the main sater-bearing sand and its
relation te the underlyinz material ere as follows:

The continuity of the mais water<besring sand iz one of its outstanding
cherecteristics. Although the thickness ranges between rather wide limits, the
sand is not known to pinch out suywhere in Galveston County. Thicknesses en-
countered during this test drilliag program ranged from 854 feet in well 7-10 to
169 feet in well ll-1l4. In the Tirst test drilling sand seetions of 140, 120
and over E50 fest wors found in test wells 1, £ an' 3, respectively. Zlectrical
logs of oil tssts ghow sections of sand as thick ss 218 fee! in the Hitchooek oil
field and 337 feet in the Greens Lake Cil fleld, seven miles scathesst and seven
miles south of the Alta Loma well field. Thick sand gections are also encountersd
in the Texas Uity ares. These thick sands at Hitchoook, Greens lake Cil field
and Texss City all indicate a general thickening down the dip at least in the south-
essstern part of Galveston County.

Permeability rigures are not yet avallable for the new well field, but the
specific capacities of the new woells compare favorsbly with those of the Alta Loma
field. The speeific ecapacities of the mew wells range from about 20 gallons per
minute per foot of drawdown, in well 9, to sbout Tl gallons per minute per foot of

drawdown in well 12.




Wide varistions were found in the amount of chloride in the water of the
main send, doth laterslly an' vertically. The shloride in woter sasples frea
nsar the base of the main sand ranged from 458 and 460 rarts per million in test
wells 2-5 and 12.15 to 154 parts per million in well 7-10. Although water of
high chloride was found in test well 2-85, which is updip frosm the other test
wells, it is not believed that this refutes the thesory of decreasiag chlorides
toward the cutorop, but rsther stresses the fect that grecter variation of
ehloride in locel areas ars found than was herstofore thought probsble.

Ia eight wells one sample of water was cbtained fres the main sand and ia
test wells l-4, 8-11, 9-12, and 12.15, two samples were obtained. In esch onse
where two samples wers ‘aken the water from near the base of the sand comtained
the higher chloride. Flectrical logs indicate that in all test wells thers exists
a vertiecsl gradient in the conesntration of chloride in _t.ho water ia the main sond.
In some ceses this differencs from the top to the bottom of the sand is satimated
to be smsll, while in other oases thé change is prodsbly several hundred parts per
million. The vertical gradieat of the chluride concemtration foumd in sll the test
wells 12 probably characteristic of the main sand in this locality slthough the
ehleride in the basal few feet is partislly contreolled by losal conditiona.

The maximum cnloride a' the base of the sand was not necessarily the de-
elding factor for selecting =ites for the 'roduction wells. The estimated rate
of ehange in chlorides and the total change from bottom to top and thickness of
the sand had to be conasldered in selecting sites.
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The exploratory drilling showed that tae clays underlying the main waler-
bearing send are neither thick mor continuous. The interval between the base of
the main sand and the tep of the first well developed sand contaiming salt water
renged from 3 or 4 feet in test well 12-15 %0 about 166 feet in test well 10-13.

In fact, further study may indicats that the basal Tew feet of the sand seetion in
some of the tost welle may not bslong t0 mein water-bearing sand but t¢ the lenti-
cular seetion below the maln sand in which the separating clays are eantirely absent.

All of the sediments below the main weter-bearing sead t¢ a depth of sbout 1,200
feot are lemticulsr in this area. Nowhsre in the arvea was (here encountered s thick

sand comparable to the main water-bsering sand and all of the sands belor the main
sand contain water high in oaloride. ilunnnldantumhebum

fros msar the base (870 to 580 feet) of the 5Y foot sand which lies between G208 and
883 feet beolow the surfece contsined 770 parts per million of ehloride. Information

congeraing the gquality of the water below the muain water-bearing sand wes obSained in

test wells 2 and 3 of the Tirst drilling programe In test well 2 samples of water
from 883 to 873 end 1,177 to 1,226 feet contained 1,080 and 1,860 parts per millien
of snloride, respectively. Ia test well 3 a water sample from 1,150 to 1,150 feet
contained 3,680 parte per million of ehloride. In all eases the electrical logs
indiceted tiat the water contained in the sands beler the base of the mein sand 1is
kighly minerslized.

The varisble thicknesses of sands an! comeentration .f chlorides encountéred
daring this program confiras the advisability of the explorstory drilling as a
eontrol measure in leeating production wells in this area. Juriag this program
thres undesirable production well sites were eliminated hy advance information
furnished by the test drilling, thereby saving the cost of production well develon-




ment at those locations.

The wider well spacing in the now field and the recomended maximum yield
of one million gallens per day per well are designed to limit the depth of the
eone of depression. The resulting higher wmater levels will reduce the pumping

cost end will retard salt water intrusion.

The low chloride found in ths water im t.2t welle 7-10 ead 9«12 indicetes
tiat possibilities exist for the development of sdditiozal ground water %0 the
esast and scutheast of the new well fisld. Additional testing in this ares would
be advisable if further development were contemple ed.
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DRILLTRS® LOOs OF TEST WILLS

CITY OF GALVESTUN YATERWORLS

Thickness oepth Thickness Depth
(foot) _ (feet) (foet) _ (feet)
Test Well 1-4 Zest Well l-4--Continued
Bell § 5 Cand 30 888
Red and ysllow clay 14 19 Clay - 892
Red clay Z1 50 Jand 10 08
Sandy clay Pe 74 Clay 84 986
3and £8 108 Sandy clay L} 995
Red eclay 45 150 Clay 9 1004
Sand 21 171 Sandy clay and clay 24 1028
Jandy elay 7 178 Clay 15 1043
Clay Sd g1e Sendy clay and clay 19 1062
fandy clay and shells 56 268 Sand 18 1080
Clay and shells 28 256 Hard clay 17 1097
Clay, sandy elay and Sandy elay 40 1137
shells - 90 336 Clay and shells 38 1178
Sand a 39 Clay and sandy clay El 1198
Cley and sexdy clay 18 412  Samd 14 1210
Blue clay 25 437 Clay 2 1212
Sand 17 454
Sandy olay 18 472 Test Nell B-5
Sandy eolay end sand 28 500
Blue clay eand layers Cley and sandy clay,
of shell s2 8B stiexy 56 56
Ulay and shelle 38 58% Clay and pandy clay
Sand and clay 19 604 sireaks . 19 7%
Clay and shells 31 650 Sand and sandy clay 14 89
Clay and sand 18 653 Clay and sandy clay
Cand 114 767 with sand atreaks 76 166
Clay and boulders s 770  Sand (fair) 13 178
Cley and thin sand Clay and sandy clay &0 258
layers 6 776 Clay, streaks of sand 33 271
Clay and sendy olay ] 788  Sand (poor) 7 278
Sandy clay 8 790 Shale, some shell 60 38
Clay, f'w shells and 40 378
lime wocks 20 810 end and shale B 534
Sandy olay 12 822 Sand and blue elay 54 48
Clay 14 836 Clay and ssady clay as 473
sand 18 a5 Sand (hard) 27 500
G 888

Clay

(Continued on next page)




DEILLARS' LOOS OF TEST WiLlS

CITY. OF GALVEST WA NRWORKS -- CONTINUZD

Thiskneas Depth

Clay and shells
Sand end shells
Sand
Jhale
Brokan sand, shale
and shell
_ Sand (good)
Clay
Sti shale
Sand (goed)
Sticky shale
Sand (broken)
(elay lense)
sand (eur good)
Sticky shale
Sticry shale and
layer of rock
Sticky shale, scme
shell

Broksn esnd and shale

Sand, few shals strecks
Layers of shale and gand
Sand, fine, soft streaks

shals

Sand, shale and shell

8. S52.85 8.-88

"M

SR E2.8

Shell and small streaks

shale
Sand with shell
Hard stale

fiard shale and shells
Shale, few thin sand

breaks

fiard shale and shell

Sand (cut goed)

Nard sand and shale,

some shell
Dr a

o SEE 3458

~3

Thickness Depth

(foet) _ (feet)
feat Fell 3-8

553 Clay A% B85
S7a Fine sand 40 125
7% Broken elsy with shall 685 1%0
608 Fioe send - 195

Broker shale, sand
625 strsaks e 203
717 Sticky shale - 18 218
780 Sand end shsle-breais 9 227
756 Tough shsle and shell 104 - 331
778 Broken shale snd sand 17 348
810 ‘andy shale 48 396
Shale (stieky) 17 413
817 Fine sand 15 4&8
851 Shale 19 447
892 Sand (good) 26 473
Sand (fair/ 28 501

300 Send, shell and shale -

breaks 7 508
o2 Sticky shale 53 561
228 Sandy shale € 567
951 Stieky shale 2 57C
54 Sand, shale 14 554
Sand (fine) 10 594
1006 Sandy stale is 806
1023 Sticky shale g 615
Sandy shale 42 664
10866 Sand 2 666
1071 Jand and shell 117 783
1078 Shale 3 786
1168 Jend 10 796
Shale, sticky 4 590
1178 Stieky shale 31 831
1180 Sandy layers shale 3 . B34
1210 Soft sticky shale 25 859
Tough stieky samle 28 887
1218 Stinky shale 19 306

(Continued on next page)
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DRILLERS* LOOS OF TEST WELLS

CITY OF GALVISTUN VATERTORKS -- CONTINUED

Clay

L

Thickness Depth Thickness Lejth
(fect) _ (foet) (faet)
Zest ¥ell 3-6--Continued Isgt fell 4-7--Continued
Sandy shale 18 921 Sand and clay laysrs 4
Fine sand 58 979 Sand 98
Sandy shale 69 1740 Clay 10
Sand 14 1082 Hard shale £0
Sandy and shale - I 1088 Sandy shale 45
Send 30 1118 Sandy clay 2
Jand and shale 32 1147 Gand i1
Hard sand 1 1148 Clay 1z
Sand 41 1189 Clay, sandy clay and
Boulder 1 1190 shell 17
"~ Bticky shale 12 120 Clay and shell 64
Drill stem tsst 781-794 fTeot. Clay, sandy clay and
t 7 ] . sha'l 46
Clay and shell 46
Zost Sell 4-7 Fine sand 51
Clay 7
Seil 4 Sandy shale 64
Red and yellow clay é Sand, shell and some
Sandy clay 10 shale 2 11
Sandy clay o Sandy clay g1
Gand 16 Glay 8
Sandy clay 27
Clay and sandy clay 1 Tsst ¥ell 6.8

“

10

20

2g

38

88

ao

18
Sandy clay and send i 109 Not reported 3%
Clay é 106 Clay, sticky 53
Sandy clay 24 130 Sendy clay 61
Clay 85 225 Sand 13
Sendy clay 30 258 Tough sticky shale 83
Clay and layers of shell 38 260 Sendy clsy 112
Clay and shell layers 8 318 Tough blue shale 38
Clay snd sasdy clay 23 338 sand 4
Clay 4 380 Shale and sandy shale 20
Sendy alay and elay =0 410 Send (good) 23
Sandy clay and sand &0 420 Hard stioky clay 68
Sand - 43 473 Hard sticky shale 2
Clay a4 587 Sand 6
Sand and sandy clay 10 587 Sticky shale 14
Clay and sandy clay 90 €57 Sand 13
Sendy clay 9 666 (Continued on next page)
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DRILLERS* LOGS OF TH3T WELLS
CITY OF QALVESTON WATERFURES =- CONTINUED

ﬁ" ickness Jepth T Thickness e th
fost) _ (fest) {fest)  (fest)
Zss. Sell 5-6--Continued Zsst iell 6-3--Continued
Sticky shale 20 599 Clay and shell 25 612
Sandy shale 8 607 Sandy clay 3 615
Send 5 612 send 11 626
“tiecy shale 16 623 Clay and shells 11 637
Jandy shale 27 6586 Clay end sandy clay 5 642
Stieky siale b} 658 Sandy clay & 648
Sand - ghale 18 673 Clay and sandy olay 18 666
Sand 21 764 Clay and sand layers 3 669
Stioky shale 3 767 Send i3 6ce
sand 2 769 Clay 2 564
Stiexy shals 3 778 Sand 108 792
Sticky shale 8 780 Clay 35 2e?
Shell and sand ? 787 Clay and sond lsyers € 333
Sticky shale . 794 Zand 7 B840
Soft sticky shele and Sapdy shale 20 560
laysrs of sbell 78 872 Sticky shale 6 286
Sandy shele 43 ) &) Sandy shale 32 398
Soft sticky shale e 1010 Stieky shale 46 vie
Jand 26 1036 Sendy shale 37 981
Soft shale 23 1059 Shale 4 1015
Seand, fine 47 1106 Sandy shale 35 1080
Shale, soft and sendy 69 1176 Fine sand and shell 67 1117
B 1177 £hale and shell 5 1122
Skale, soft and sandy [ 1183 Gand, shale and ghell 49 1171
Zand msd stioiy shele 18 1201 = Sedcky shale 18 1196
Sandy shale 6 1192
Test iell 6-9 Sticky shale L 1200
Bxill Stesm Test 762 to 768 feet.
Surface soil ) 3
Clay and gravel 5 8 Tost ¥ell 7-10
‘ed send 7 15
Cley and seandy cley 77 P2 Sugzface soll 3 8
Fine white sand 24 116 Clay \ 8 g
Sandy elay and shell 89 145 fandy clay 10 18
Clay and sendy clay 215 463 Clay snd shells 15 33
fandy clay 10 470 fed cley 33 71
Clay 30 800 Blue clay 11 a2
Olay, shell and sandy Send 19 101
elay is 518 Sand and sendy clay 18 116
Clay and shells 60 878 Clay and shelle 74 190
Candy elay ] 587 (Continued on next page)




BRILLERS' LOGS QOF TEST willS

CITY OF GALVESTON HWATERNCGRES -- CONTINUND

Thickness Jepth Thickness LJepth
(foet) (fest) {feet) _ (feot)
Zsst ¥ell 7-10 -~ ontimued E == Copt
Cloy snd sandy clay 6 216 Sandy elay 20 296
Sand and sandy clsey 10 226 Clay, and shell 54 360
Soft clay and shells 54 280 Sand 30 350
Clay and layers of Clay 24 “w0ée
sandy elay and ghell 290 570 Jand end sendy olay 11 415
Gand ) 579 Sand 8 463
Clay, s=pd laysrs 55 824 Hard clay 27 490
Clay 43 677 Sandy eclay and shell 15 508
Clay and sandy clay 11 638 Clay end layers of shell 20 588
Clay and sandy layers 2 £90 Stieky elay 36 560
Sand 82 e Clay .20 510
Clay g6 798 Sandy clay and sand 20 600
Clay and sandy clay 10 £08 Sand 4 504
Sand 5 a3 é 610
Clay and saudy clay 15 828 Clay and thin sand layers28 8738
Sandy elay and shell 14 B2 Sand ar 720
Clay 16 888 Clay 14 754
Sand and shell 10 269 Sandy clay 1 788
Clay £8 =96 Clay 12 747
Sandy clay and shell 14 210 Sandy olay G 768
Sandy shale 30 940 Sand 5 760
Shule 70 1010 Sandy clay L 767
Shale and sandy shale £0 1085 Seft clay & 773
Clay, semndy clay and Sandy clay 38 808
sand £5 1088 Shale 34 842
Sand, fine 56 1141 Sandy sktele B 850
Clay and shelle 4 1184 1 = s
[+
w. m .w and Shals 12
—shells 16 1200 Sandy shale 11 e
Shale 2 280
Test ¥ell 8-11 Sandy shale 17 987
Sandy clay snd shell 28 360
Clay 26 26 Fine sand 3 968
fed sand 4 <0 Sandy shale 11 979
Clay 7 7 Skale and shell 16 9086
sand v @ 42 Shale with sandy stresks 60 1060
Clay L 77 Sazdy shale and sand 30 1080
Sandy clay, shell end Sand, sandy shale and
sand 33 110 shall 40 1150
Clay, shels and shell 80 200 Sandy shale and shell 4 1164
Glx.m layers of Shale 16 1180
- 76 29  GSendy shaleand shell 20 Ja0
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DHILLERS' LOGE OF TIST Wills

CITY OF GALVISTIER VATERFVORAS =- CONTINUEZD

“Thickness Leyth Thickness Depth
(feet) (Lost] {fest) (feet)
Test Well 9-12 Test Hell 5-10--Continusd
Seil 4 4 Clay, sandy elay, end
Soft elay 8 a5 Ssndy olay 1: 1110
Not reparted :2 1:: Sandy elay and sand ﬂ 1150
cand Sandy elay and sand 1164
Ciay, shell and gravel 100 230
Cley 10 240 Tast ¥ell 10-13
Samdy clay 17 257
Sandy shale snd shell 28 z88 Kot reperted 20 20
Sule 2 318 fied and yollow clay s 29
@ sand 8 580 ied sand 9
Sandr shale 74 294 Blus ¢l %
e - 26 430 '{ @ 1+
Shal Fipe white send 28 113
Biue shale 23 483 Ssnd end clsy layers ] 181
Sand 63 518 Clay 15 138
Shale 6 822 Sand a 144
Send, hard 22 544 Sandy eley 5 150
Shale and shell 36 580 Cley 83 203
Clay end shells 68 6438 8“1:‘7 clay ? 210
Sandy eclay & 656 ¥ 57 247
Clsy end thin sesd T M
 Jayers s S5  Clay wita shell 22 a4
Cand Sandy shale and 26 350
Clay, sticky 49 748 fandy olay snd elsy 48 398
candy clay 10 755 Sand § 404
Sandy clay and send 4 762 Sudy eley 9 413
Cand 8 770 ?
Cand 126 8% w-u” L 3 §
Gtieky elay 10 $06 elay P P
Stioky shale 7 915 and sandy el 5
Cand 4 917 % sy ) g
Shale 12 eny _
Sama 1 a':.i 52 a6:
Sandy shale 5 933 Sandy 8 ses
hale 21 954 Cand, 11 579
Saniy shale & 260 gm 9 m
Sand 15 75 3
Sandy shele 5 80 Sandy cley i 2
Cl.y 9
Sendy clay 42 loz2 Sandy clay G 833
Cley snd gend layers 19 1041 end sandy clay 75 703
Sand 2 1080 . {eintinued on next page)
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DRILLENS® LoG8 OF ‘l'!&i: WELLS

TIRVURKS o~ CONTINUED

Thiciness Depth Thickness Depth
fost)  (feet)
Test Vell 10-13--Continued Tost Fell 1l-l4--Continued
Jand é 708 Clay and shells 34 210
Clay 1 710 Clay and shells 35 245
Sand 1 711 Soft sandy ecley 11 286
Clay ¢ 717 Clay and shell 34 290
Sandy elay ¢ 7283  Sendy elay se 348
Send anéd clay layers e 738 Clay amd sandy clay 23 371
Zand 59 791 Sand and shells 26 397
Clay end thin send Clay and shells 44 441
layers 9 800 Sand s 448
Sagd 21 a2l Clay and sendy clay 10 456
Clay 61 82 Sand g3 479
Sand 6 888 Clay 20 499
Clay 29 917 Sandy clay 15 514
Sandy clay 4 3 ) Clay 43 567
Clay, sticky 14 835 Sandy clay 17 574
Sandy elay a4 79 Clay (hard) 70 644
Stieky olay 20 1009 Sand 74 718
Fine sand 21 1030 Clay 1 719
Land 1 1081 Jand 86 308
Clay and sandy clay 44 1075 . Clay 1 806
Clay 21 1096 Send 1 207
Sandy elay ? 1103 Clay ? 818
Sand g4 1129 Clay and thin sand

Clay and sendy clay €1 1188 layers 4 880
2 1279 dJandy cley a ags
Clay 34 562
Test ¥ell 11-1¢ sandy oley 3 366
Gand 21 386
Seil 3 3 Clay 8 394
Gray olay © 7 Clay and sandy clay 24 @78
Brown olay 13 20 Sand 3 94
rned ssnd 18 . 28 Clay and sand layers 16 1000
Red eclay 15 30 Clay and sandy layers 18 101e
Stieky elay &0 70 Clay 5 | 1029
hed clay 1é 86 Sand, fine 14 1048
sand 20 116 Sendy clay and clay 23 1066
ited clay 44 160 sand 34 1100

“and 16 176 (Continued on next page)




DATLLE®S® LOOS OF TEST WILLS

CITY OF GALV'STON WATERIORKSe~ CONT INUED

" inickness Dspth

Ciay 13 1113
Sandy ¢lay 14 1129
Clay and sandy clay 40 1170
Clay and eandy clay $ 1178
Clay and shells 14 1189
and and sandy elay 14 1203
Slay 2 L1208
Zest Well 12-15

Boll 2 2
Yellow clay 10 12
Red olay j2 64
Fine send 33 "
Jandy cley 14 111
Jlay 37 148
‘and 4 152
Clay snd sand layers 8 180
Clay and sandy clay 13 178
Clay and shells -3 | 704
Clay, sandy clay and

shells 158 I66
Jand 33 389
Sandy clay 10 299
Clay 29 438
“andy elay 9 %47
Sand 1é 463
Clay and sandy clay &7 530
Sendy elay 3 533
Jand S 838
Clay and sendy clay 6 544
Zand - 348
Sandy olay 11 559
Clay 38 597

Clay and sand layers
Sand

Cley

Sand

Cley

Sand

Clay and shells
Jandy clay

sand

Clay

Sand snd sandy clay
Send

Send and sendy clay
Clay and sandy clay
Clay

Sandy clay

Cley and sandy clay
Clay and shale
Fine send and shell
and

Clay end shells
Clay end sapdy clay
Sand and sendy elay
Clay

Zlay and ssady elay

~ Thickness Jepth
{foot) _ (fost)
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Anelyses of weter from City of Celveston Weterworks t-st wells and five of t'e new production wells, 8/

(Res.lts ere In perts per millien exeept pH)

E.m .’
Vell sempling Date of Totel Silice Irem Cele Magmee Sodium end Cerben- Bieere Sule Chlo~ Fluor-= Ni- Totel
below ocolleso- dis~ (810p) (Pe) olum sium Potsssium ete bonate fate ride 1ide trete herdness pi

e -m tion :{;:: (ca) (ur) %:1:})1 (cog) (ueog) (S0g) (€1) (F) (mog) es cac0y .
I=7 721-781 TVeo, 12, G568 33 4t 18 6% 18 5.9 %0 ¢ 1@ . .
m—ln:c‘§1¢, @7 20 .18 14 4,9  ®%8 6,0 %2 T 1 .6 O (3 8.3
Fﬂm_s—:ﬁﬁ:&?:u ./ % 11 87 O o 0.8 710 .8 0 120 -
mﬁmwr——ur L %94 18 488 .5 0 @s &9
FTTWET‘I, 946 2 .06 25 0.8 m B T e 98 -
3-8 760-791 Dee, 27, 980 12 04 19 7.8 &1 18 510 0.4 318 .& © 0 -
F‘!W%‘B‘,—W'T——.W 87 %08 2 20 B S8 .6 0 108 B
rrnm-‘ﬁ': 2, 0622 18 a4 18 6.4 W7 0 B8 1,0 204 8 .2 1 T =
'FWW—.I;:’:%'!F,W 18 .07 18 &0 ~204 @ 347 6,8 14 L8 O & -
e R T8 RSB0 W I T ~
mwrg?m,—m‘—'ﬂr—:arrr 5.7 288 D 6 18 287 - ~ 0O [ -
mgfé, uﬁf 18 89 18 251 - 334 .7 %00 - 0 161 -
B=IT 708-717 Pen, 21, 1,024 6.4 .02 82 18 86¢ 20 51418 4 & 0 T80 -
semple u:.“:wﬂm from well 14 88 pumpin equipmehb wes not instelied, .
b/ Pe in selution - 0,09 =

Fe in pptd. - 1,1




Anslyses of water from Cit, of Gslveston Waterworks test wells snd five of the mew producti-n wells--continued y
(Results in perts per million except pi)

Tepth of
Vell sempling Date of Total &ilice Irom Cal- Me;ne- Sodium snd Cerbo~ Hloer- Sule Uhle= Fluor- ¥i= Totsl 1
below ceollee= die- (5i0p) (Fe) olum sium Potsssium aete bonete fete ride 1de trete herduess pH

surfeee tion selved (ce) Jug)  (Wa « ¥) (c05) (ucog) (304) (c1) (¥) 30,) ea Cacoy
it wolids cele, ) : ealeo

. 18, s EL ] A | G =

ler, TE, [ ¢ %8 18 5 L R T S v [ J—

T0-15 B12-0%6 ipr, 15, 1,008 10 .08 17 45 — S8 % 57O T R I W N R |

mﬂm‘ﬁm_ﬂ‘_':ﬂ Tl WE 0 W S W LW

MW%TTW R A F 7 7T X N ) 7 —

mrmrﬁ:—rmrr—trm () S RN T NN I R B SRS (. S
N f::' ﬂf,-‘ﬂIT 08 190 5.6 240 6 2 g 4 " v
s T | SN TR | NN YA - pmmam 7L NS B T S mam | I
we—= d. /Y S TR (% S T ® s ammes - mam - mame g - g
s Ty W, B MW LT I 6 W T I e T
s %“"r—w—u ¥ U ¥ T ] - - S T W 8.5

was From weil 14 o8 pumpin eguipment wos mot imstellsd,
Fe in sclutien - 0,09
Fe in "uo - 1,1
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