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GROUND-WATER CONDITIONS IN ANGELINA
AND NACOGDOCHES COUNTIES, TEXAS

ABSTRACT

Angelina and Nacogdoches Counties are in the
rolling hills, piney woods portion of East Texas. The
population of Angelina County in 1967 was estimated at
about 47,000 and of Nacogdoches County, about
31,000. Major cities are Lufkin and Nacogdoches.

The geologic formations which constitute the
principal aquifers are the Carrizo Sand, Wilcox Group,
Yegua Formation, and Sparta Sand. Of these the Carrizo
is by far the most productive.

Each of the formations crops out in the area and
dips to the south. Recharge is received by the aquifers
from precipitation and streamflow on the outcrops.
Because the aquifers are full to overflowing, most of the
recharge is rejected in the outcrops as evapotranspiration
and seepage in the stream valleys. For each aquifer, the
principal factor controlling the amount of water which
can be obtained from wells is the ability of the aquifer
to transmit water from its recharge area to points of
withdrawal.

Fresh water exists in the Carrizo Sand over an area
extending from its outcrop in northeastern Nacogdoches
County to a line running generally from west to east
through the northern part of Lufkin. The maximum
depth of occurrence of fresh water in this formation is
about 1,600 feet. The Carrizo Sand has been extensively
developed by large well fields belonging to the cities of
Lufkin and Nacogdoches and Southland Paper Mills.
Total pumpage from Carrizo wells in 1968 is estimated
at 26.7 million gallons per day. Yields of individual wells
range from a few gallons per minute to nearly 1,500
galions per minute, depending on location and type of
construction. The pumpage from the large well fields has
drawn the static water levels in Carrizo wells down
nearly 500 feet near the center of pumping. The
estimated total supply available from Carrizo wells under
practical conditions, without causing the failure of some
of the present well fields and drying up portions of the
aquifer, is 32 million gallons per day. Thus, the
estimated supply available for additional development is
only about 5 million gallons per day. This estimate is
based on the assumption that there will be no inter-
ference as a result of increased pumping outside of
Angelina and Nacogdoches Counties.

Fresh water occurs in the Wilcox Group over an
area covering all of northern Nacogdoches County and
extending southward to a line running generally from
west to east between Lufkin and the Angelina River. The
maximum depth of occurrence of fresh water in the
Wilcox is about 1,700 feet. Much of the Wilcox water,
though fresh, is considerably more mineralized than the
water in the overlying Carrizo Sand. Pumpage from the
Wilcox Group was only 0.5 million gallons per day in
1968. The estimated potential yield of the Wilcox sands
to wells is 8 million gallons per day. The estimated
maximum vyield of an individual well ranges from zero to
500 gallons per minute, and the estimated maximum
yield of an individual well field ranges from zero to 5
million gallons per day, depending on location. The best
location for additional development is believed to be in
eastern Nacogdoches County.

Fresh water occurs in the Yegua Formation over
an area lying between the northern edge of its outcrop
north of Lufkin and a line passing generally from west to
east across Angelina County between Huntington and
Diboll. The maximum depth of occurrence of fresh
water in the Yegua is about 1,150 feet. The quality of
the fresh water in the Yegua varies considerably from
place to place in an unpredictable manner. Estimated
pumpage from the Yegua Formation in 1968 was 2.8
million gallons per day. Much of this pumpage was in the
vicinity of Diboll. The static water level in at least one
well at Diboll has declined nearly 300 feet as a result of
pumping. The estimated potential yield from wells in the
Yegua Formation is 7 million gallons per day. Depending
on location, the estimated maximum vyield of an
individual well ranges from zero to 500 gallons per
minute, and the estimated maximum vyield of an
individual well field ranges from zero to 3 million gallons
per day.

Fresh water occurs throughout the outcrop of the
Sparta Sand in southern Nacogdoches County and
northwestern Angelina County, and downdip in two
relatively small localities on the west and east sides of
the two-county area. The maximum depth of occurrence
of fresh water in the Sparta Sand is about 750 feet.
Estimated pumpage in 1968 from the Sparta Sand was



only 0.1 million gallons per day. The estimated potential
yield of this sand to wells is 7 million gallons per day.
Depending on location, the estimated maximum yield of
an individual well ranges from zero to 500 gallons per
minute, and estimated maximum vyield of an individual
well field ranges from zero to 4 million gallons per day.

No evidence has been found of any serious
contamination of ground water from oil-field brines.
There is some possibility of future encroachment of
brackish water in the Carrizo and Yegua Formations
toward the southernmost centers of pumping, but it

should be many years before any such encroachment
becomes a serious problem.

When maximum supplies of water are desired, or
developments are in areas of borderline quantity or
quality, test drilling programs and the use of pilot
production wells are recommended. A thorough con-
tinuing program of observation of pumpage, water levels,
and chemical quality is recommended for the Carrizo
and Yegua aquifers, with partial coverage for the Wilcox
and Sparta aquifers until they become more fully
developed.



GROUND-WATER CONDITIONS

IN ANGELINA

AND NACOGDOCHES COUNTIES, TEXAS

INTRODUCTION

Purpose

The purpose of this report is to describe the
occurrence, availability, and quality of the ground-water
resources of Angelina and Nacogdoches Counties. The
report is particularly concerned with sources of moder-
ate to large supplies of water suitable for public supply,
industrial, and irrigation uses. Data have also been
included, however, which will benefit persons desiring
smaller supplies for domestic and livestock use.

It is believed that the report will be helpful as a
guide in developing and obtaining the maximum benefits
from the available ground-water supplies. In addition,
the report is designed to provide information for use by
regulatory agencies in protecting the fresh ground water
from contamination.

Scope

This investigation has included, insofar as practi-
cable with available data, a complete evaluation of the
ground-water resources of each of the aquifers in the
two counties. The geology of the water-bearing forma-
tions has been studied, together with the quality of
water in each formation. A quantitative evaluation has
been made of the water available for development from
each principal aquiter.

The first phase of the investigation was to compile
and study all available reports and records on the
ground-water resources of the area. In addition to
obtaining reports by the U.S. Geological Survey, the
Texas Water Development Board, and others, this work
included compilation and analysis of voluminous un-
published records on water wells and oil tests, primarily
from the files of the Texas Water Development Board,
the U.S. Geological Survey, and this firm,

A new inventory was then made in the field to
locate and obtain additional data where necessary on all
wells which have been drilled for municipal, industrial,
and irrigation purposes, and representative wells used for
domestic and livestock supplies. Information on the
various wells was obtained from well owners, drillers,

and consultants. For each well a determination was
made of the formation supplying its water, as indicated
by available well records, the geologic map (Bureau of
Economic Geology, 1968), and nearby well logs. Depth
to water measurements were made in wells where this
was practicable, and water samples were taken from
numerous wells for chemical analyses. Pumping tests to
determine the hydraulic characteristics of the water-
bearing formations were made of nearly all wells for
which satisfactory tests could be obtained and which
had not previously been tested.

Additional electric logs of water wells and test
holes and oil tests were obtained to supplement the logs
already in the files of the Texas Water Development

Board and this firm. Every available log was obtained

except in areas where logs are closely spaced in oil fields.

Records of total pumpage were obtained from
major ground-water users as well as from the Texas
Water Development Board's files. Records of past water
levels in wells were obtained from the Texas Water
Development Board and U.S. Geological Survey files and
from well owners, drillers, and consultants.

All of the available information on the geology
and hydrology of the ground-water resources has been
analyzed, and the results have been tabulated and/or
plotted on maps, cross sections, and graphs and are
presented in this report.

The character, thickness, and depth of the water-
bearing formations are described, and estimates have
been made of the quantities of water which can be
developed from each of the principal water-bearing
formations, and the amounts of water which can be
obtained from individual wells and well fields.

The construction and operating characteristics of
existing wells are presented, and records are given to
illustrate the relationship between pumpage and water
levels. Rainfall, streamflow, natural recharge, and natural
discharge are described and discussed in the context of
their relationship to the available ground-water re-
sources.

The chemical quality of water in each formation is
discussed and presented by means of chemical analyses
of water from wells. In addition, interpretations of



electric logs have been made to present estimates of the
quality of water in each principal water-bearing forma-
tion in areas where chemical analyses of water from
wells are not available. A review has been made of
possible contamination problems, and the results of this
review are discussed.

Finally, recommendations have been made with
respect to a continuing observation program on pump-
age, water-level fluctuations, and quality of water and on
methods for further investigation, especially test drilling,
to determine optimum locations and yields of new wells
and well fields.

The detailed records on which this report is based
have been placed on file with the Texas Water Devel-
opment Board. These include especially the well sched-
ules on the individual wells and the drillers’ and electric
logs. Tables 7 and 8 give the most important information
on all of the wells, but the well schedules for some of
the wells give additional information which may be of
help in particular problems. All of the drillers’ and
electric logs are identified in Tables 7 and 8 and their
locations are shown on Figure 27, but because of space
limitations the only electric logs which are actually
presented in the report are those in the cross sections in
Figures 29, 30, 31, and 32, and the only drillers’ logs
presented in the report are the representative logs
included in Tables 9 and 10.

Location

The location of Angelina and Nacogdoches
Counties is shown on Figure 1. These counties are in the
rolling hills, piney woods of East Texas. The principal
streams are the Angelina River, which separates the two
counties, and the Neches River, which flows along the
southwestern side of Angelina County. Sam Rayburn
Reservoir on the Angelina River covers portions of
eastern Angelina County and southeastern Nacogdoches
County (Figure 27).

Population

According to the Texas Almanac, the population
of Angelina County in 1967 was about 47,000, and the
population in 1960 was 39,814. The major city is
Lufkin, with an estimated population in 1967 of about
20,300. The largest other towns and their estimated
populations in 1967 are Diboll, 3,300; Herty {a suburb
of Lufkin), 1,400; Huntington, 1,100; Keltys (a suburb
of Lufkin), 1,100; Zavalla, 900; and Pollok, 400.

The estimated population in 1967 of Nacogdoches
County, according to the Texas Almanac, was about
31,000, and the population in 1960 was 28,046. The
major city is Nacogdoches, with an estimated population
in 1967 of about 16,100. The largest other towns in

Figure 1.—Location of Angelina and Nacogdoches Counties

Nacogdoches County and their estimated populations in
1967 are Garrison, 1,000; Cushing, 600; Chireno, 500;
and Appleby, 300.

Climate

The annual precipitation at Nacogdoches from
1921 through 1968, inclusive, is shown on Figure 2.
Normal precipitation (1931-60) is about 48 inches per
year. Figure 2 also shows the average monthly precipita-
tion and the average monthly temperature at
Nacogdoches. Average annual temperature is about 66
degrees Fahrenheit.

The average precipitation at Lufkin is about the
same as at Nacogdoches, and the average temperature is
a fraction of a degree warmer.

Previous Investigations

The first reasonably complete study of ground-
water resources of this area was made by White, Sayre,
and Heuser during the period 1937-40. The results of
their investigation were published in 1941 as U.S.
Geological Survey Water-Supply Paper 849-A, entitled
"“Geology and Ground-Water Resources of the Lufkin
Area, Texas.” Just prior to that investigation, in 1936
and 1937, G. H. Cromack made a thorough inventory of
water wells and springs in Nacogdoches County. His
inventory was published as a mimeographed report by
the Texas Board of Water Engineers in 1937.

In 1941, the U.S. Geological Survey established an
office at Lufkin to make additional studies of ground
water in the area, with particular reference to the
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Figure 2.—Temperature and Precipitation at Nacogdoches

availability of water from the Carrizo Sand for industrial
purposes. During 1942 and 1943, quantitative studies
were made of both the Carrizo Sand and the Sparta
Sand. These studies were based in part on test holes
drilled by Southland Paper Mills and on pumping tests of
production wells belonging to Southland Paper Mills.

Since 1943, various consulting studies have been
made in the area, the more general ones being for
Southland Paper Mills and the city of Nacogdoches.
Also, a reconnaissance investigation of the principal
aquifers in the Neches River basin, which includes
Angelina and Nacogdoches Counties, was made by the
Texas Water Commission and reported on by Baker and
others (1963). In addition, Southland Paper Mills, the
U.S. Geological Survey, and the Texas Water Develop-
ment Board have rnaintained a program of observation
of water levels in wells. Nearly all of the observation
wells are screened in the Carrizo Sand.

A bibliography is included at the end of the text
of this report. This bibliography lists the principal
reports available on the geology and ground-water
resources of Angelina and Nacogdoches Counties and
adjoining counties.

Well-Numbering System

The well-numbering system (Figure 3) used in this
report is one adopted by the Texas Water Development
Board for use throughout the State and is based on
latitude and longitude. Under this system, each well is
assigned a seven-digit number and a two-letter county
designation prefix. Each 1-degree quadrangle in or
overlapping into the State is given a two-digit number
from 01 to 89. These are the first two digits of a well
number. Each 1-degree quadrangle is further divided into
sixty-four 7%-minute quadrangles which are each as-
signed a two-digit number from 01 to 64. These two
digits constitute the third and fourth digits of a well
number. Finally, each 7%-minute quadrangle is sub-
divided into nine 2%-minute quadrangles which are
numbered 1 to 9 (fifth digit). Within these 2%-minute
guadrangles, each well is assigned a two-digit number
beginning with 01 (the last two digits).

Angelina and Nacogdoches Counties are entirely
within 1-degree quadrangle number 37. The 7%-minute
quadrangles in these counties are shown on the well
location map, Figure 27. For reasons of space, the
2%-minute quadrangles are not gridded or numbered.
However, their notation occurs as the first digit of the
three-digit number beside each well location.

In this report, each seven-digit well number has a
two-letter prefix to identify the county in which the
well is located. The prefix for Angelina County is AD,
and for Nacogdoches County it is TX. For convenience
each complete well number is dashed as follows:
AD-37-44-801. In this number, the “AD"’ is the county
prefix; the 37" is the 1-degree quadrangle number; the
“44" is the 7%-minute quadrangle number; and the
801" is the 2%-minute quadrangle number (8) and the
well designation number (Ol). Well AD-37-44-801 is in
the town of Huntington in Angelina County.

This numbering system is different from that used
by White, Sayre, and Heuser (1941) and Cromack
(1937). Table 1 is a list of the wells and springs listed
both in this report and in those reports, and gives the
corresponding well numbers.
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Table l.--Well Numbers Used by Cromack (1937) or White et al (1941) and Corresponding Numbers Used in This Report

ANGELINA COUNTY

014 Number __ New Number 01d Numbsr _ New Number Old Number
3 AD-37-33-304 50 AD-37-43-101 80
b 37-33-306 52 37-k2-305 85
5 37-34-bo1 53 37-42-303 92
13 37-34-4o2 54 37-42-306 93
1k 37-34-506 56 37-34-901 9k
17 37-3k-602 57 37-3k-803 97
19 37-35-406 58 37-34-80k 100
20 37-35-Lo5 59 37-34-805 103
21 37-35-ko7 6k 37-42-101 106
39 37-35-T12 68 37-%2-Lko1 107
43 37-35-706 69 37-Lk2-504 108
L5 37-35-707 70 37-42-503 111
46 37-35-T11 ™ 37-42-703 114
b7 37-35-712 75 37-he-702 120
kg 37-35-713 7 37-42-505 125
NACOGDOCHES COUNTY
5 TX- 37-09-501 48 TX- 37-11-806 83
6 37-09-603 50 37-11-905 8l
7 37-09-602 51 37-11-902 85
9 37-09-902 52 37-11-903 86
12 37-17-202 54 37-11-805 87
14 37-18-103 55 37-11-ho2 88
15 37-10-702 56 37-11-502 89
16 37-10-701 57 37-11-501 90
17 37-10-4ok 60 37-12-502 93
18 37-10-402 61 37-11-904 9k
19 37-10-501 62 37-12-701 95
20 37-10-405 63 37-12-803 96
21 37-10-803 6h 37-12-702 97
23 37-10-802 66 37-12-802 98
24 37-18-205 67 37-20-201 101
25 37-18-203 68 37-20-301 108
26 37-18-304 69 37-12-906 110
27 37-10-904 70 37-12-501 111
31 37-10-60k T 37-12-602 113
33 37-10-502 72 37-12-601 113-A
34 37-10-301 73 37-12-301 11k
35 37-11-403 75 37-13-406 116
36 37-11-702 76 37-13-L03 118
37 37-11-703 T6-A 37-13-k4os5 120
39 37-11-70k 7 37-13-101 120-A
43 37-11-705 80 37-13- 70k 121
ks 37-19-201 81 37-13-802 122
L6 37-19-202 82 37-13-801 125

New Number
AD-37-43-ho2
37-43-302
37-4k4-903
37-4h-902
37-44-803
37-4h-702
37-4h-101
37-43-602
37-43-502
37-43-505
37-143-506
37-43-803
37-51-102
37-50-602
37-51-hok

TX-37-13- 701
37-21-101
37-21-201
37-21-202
37-21-203
37-21-504
37-21-ho2
37-21-4o1
37-21-503
37-21-803
37-21-902
37-29-301
37-21-802
37-21-702
37-20-903
37-20-60L
37-20-10k
37-20-102
37-19-302
37-19-601
37-20-402
37-19-905
37-20-705
37-27-305
37-27-306
37-27-302
37-27-301
37-19-802

014 Number New Number
126 AD-37-51-505
128 37-51-801
131 37-51-902
132 37-51-901
133 37-51-301
136 37-52-203
145 37-52-801
W7 37-61-101
150 37-61-203
152 37-53-402
153 37-53-102
158 37-45-803
159 37-53-602
161 37-53-903
127 TX- 37-19-902
128 37-19-903
131 37-19-303
132 37-19-502
134 37-19-50L
135 37-19-102
ko 37-19-801
L5 37-19-T0L
146 37-19-702
147 37-19-403
148 37-19-402
149 37-19-101
150 37-18-303
151 37-18-302
152 37-18-501
153 37-18-601
155 37-18-903
156 37-18-901
158 37-18-802
159 37-18-703
160 37-18-ho2
161 37-17-606
162 37-18-403
163 37-18-20k4
164 37-18-Lok
165 37-18-102
166 37-17-304
167 37-17-605



Table 1.--Well Numbers Used by Cromack (1937) or White et al (1941) and Corresponding Numbers Used in This Report--Continued

NACOGDOCHES COUNTY -- Continued

0ld Number New Number 01d Number MNew Number
68 TX-37-17-603 191 TX-37-26-902
69 37-17-303 19k 37-27-102
170 37-17-602 195 37-27-203
biral 37-17- 604 198 37-27-501
72 37-17-802 139 37-27-502
=713 37-17-903 203 37-27-307
o 37-17-90%4 206 37-27-308
5 37-17-905 207 37-27-309
178 37-25-301 219 37-27-602
179 37-25-601 226 37-28-305
8L 37-26-102 228 37-26-306
182 37-26-101 230 37-26-603
184 37-26-403 236 37-29-203
185 37-26-ko2 237 37-29-502
187 37-26-502 238 37-29-503

01d Number New Number 0ld Number New Number
241 TX- 37-29-602 275 TX- 37-36-206
a2 37-29-303 218 37-28-701
ohl 37-30-502 283 37-26-806
2k5 37-30-1402 285 37-26-805
2h6 37-30-T703 290 37-35-106
27 37-30-702 295 37-35-311
257 37-38-201 297 37-36-603
258 37-36-101 298 37-36-302
259 37-37-301 299 37-36-601
260 37-29-902 300 37-36-602
261 37-29-903 305 37-37-802
271 37-36-301 310 37-38-80L
272 37-28-903 311 37-38-701
273 37-28-302 312 37-38-702
27h 37-28- 30k 31k 37-46-40o2
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Figure 3.—Well-Numbering System

Grateful appreciation is also expressed to Mr.
Hubert Guyod, Logging Consultant, Houston, Texas, for
his assistance in estimating the quality of water in the
principal water-bearing formations from electric logs.

INVENTORY OF WATER WELLS

As part of this investigation, an inventory was
made of all existing municipal, industrial, and irrigation
water wells, representative domestic and livestock wells,
and major springs. In addition, records were obtained on
important test holes and, insofar as possible, on previous
large wells which have been abandoned and destroyed.
The locations of the wells and springs are given on

Figure 27 and information concerning each is listed in
Tables 7 and 8.

Insofar as possible, the records obtained by White,
Sayre, and Heuser and published in 1941 and those
obtained by Cromack and published in 1937 have been
preserved in this report. Only wells, test holes, and
springs which could definitely be located on the county
road maps prepared by the Texas Highway Department,
however, are listed in Tables 7 and 8 and shown on
Figure 27. Some could not be located because the maps
used in the earlier reports were partially inaccurate or
because the wells have long since been abandoned and
destroyed. Special care has been taken, though, to insure
that no data have been omitted from the report which



would significantly affect the description of the water-
bearing formations and the conclusions regarding them.
Where necessary, the records on the old wells have been
brought up to date.

Results of an inventory by the Texas Water
Commission between 1959 and 1961, which was made
as a part of the ‘‘Reconnaissance Investigation of the
Ground-Water Resources of the Neches River Basin’’
(Baker and others, 1963), were also used in this
inventory and, where necessary, brought up to date. In
addition to the use which was made of the existing
inventories, records were obtained from drillers’ reports
on file with the Texas Water Development Board, from
Southland Paper Mills, the cities of Lufkin and
Nacogdoches, well drillers, and consultants, and by field
contacts with owners.

Representative drillers’ logs of wells are presented
in Tables 9 and 10. Additional drillers’ logs are on file
with the Texas Water Development Board. The wells for
which the drillers’ logs are available are identified in
Tables 7 and 8.

ELECTRIC LOGS

One hundred and ninety-four electric logs of oil
tests, water wells, and test holes are identified in Tables
7 and 8 and are on file with the Texas Water
Development Board. In addition, about 14 electric logs
in surrounding counties were used in this study. The
electric logs are particularly important because of the
detailed information they give on the subsurface strati-
graphy of the formations and on the quality of water
where actual chemical analyses are not available. The
locations of the oil test logs were obtained from records
of the Texas Water Development Board, from ownership
maps, and from descriptions of locations on the logs.

GEOLOGY AS RELATED TO THE
OCCURRENCE OF GROUND WATER

General Stratigraphy and Structure

In Angelina and Nacodgoches Counties, the rocks
of importance in defining the occurrence of fresh ground
water consist of a thick sequence of sands and clays,
largely of Eocene age. Included are deposits of conti-
nental, deltaic, and shallow marine origin. The geologic
units referred to include, from oldest to youngest: the
Midway Group, Wilcox Group, Carrizo Sand, Reklaw
Formation, Queen City Sand, Weches Formation, Sparta
Sand, Cook Mountain Formation, Yegua Formation,
Caddell Formation, Wellborn Formation, and Manning
Formation, all of Eocene age; the Whitsett Formation of
Eocene or Oligocene age; the Catahoula Formation of
Miocene age; and terrace and floodplain deposits of
Pleistocene and Recent age. The Caddell, Wellborn,

Manning, and Whitsett Formations are collectively
termed the Jackson Group in this report. All of these
units yield some water to wells in either Angelina or
Nacogdoches Counties, or both, with the exception of
the Midway and Catahoula, in which no wells are known
to be completed.

Table 2 summarizes the thickness, composition,
and water-bearing properties of the formations. Figures
29, 30, 31, and 32 are cross sections showing the general
altitude, depth, thickness, extent, and electric log
character of all the geologic units, as well as the general
water quality in the Wilcox, Carrizo, Sparta, and Yegua
units.

Angelina and Nacogdoches Counties are about
equidistant between the center of the Sabine uplift to
the northeast, the axis of the East Texas embayment to
the west, and the central part of the Gulf Coastal Plain
proper to the south. In northeastern Nacogdoches
County, the outcrop patterns trend northwest-southeast,
with the dip being to the southwest. In southern
Angelina County, the outcrop patterns trend nearly
east-west, with the dip being to the south. The rate of
dip of the formations in northern Nacogdoches County
is typically about 50 feet per mile. The rate increases
southward, until in southern Angelina County the
formations dip at a rate of about 150 feet per mile. Due
to the dip, the depth to a formation increases south-
ward.

Several small faults have been mapped in
Nacogdoches and Angelina Counties. Two are shown on
Figure 28. In the report by White, Sayre, and Heuser
(1941) several others are reported. Of the faults known,
all appear to have only small displacement. Accordingly,
it is not believed that faulting within Angelina and
Nacogdoches Counties is particularly significant with
respect to the occurrence or areal movement of ground
water within the counties. As discussed later, however,
faulting in the Mount Enterprise zone in Rusk and
Cherokee Counties to the north and northwest of
Nacogdoches County has a substantial effect on draw-
down of water levels in wells in the Carrizo Sand, and
that which will be caused in wells in the Wilcox Group.

Figure 28 shows the surface extent of each of the
units cropping out in Angelina and Nacogdoches Coun-
ties. The map was prepared directly from the Geologic
Atlas of Texas, Palestine Sheet, prepared and published
in 1968 by the Bureau of Economic Geology, University
of Texas. The oldest unit that crops out in the area is the
Wilcox Group, exposed at the surface in northern and
northeastern Nacogdoches County, Southward, success-
ively younger rocks occur at the surface inasmuch as
the regional dip of the formations to the south is at a
greater rate than the general slope of the land surface to
the south,



Table 2.--Stratigraphic Units and Their Water-Bearing Properties in Angelina and Nacogdoches Counties

Approximate Approximate Approximate
Range in Thickness at  Thickness
Stratigraphic Unit Thickness Nacogdoches at Lufkin Composition General Water-Bearing Properties
(feet) (feet) (feet)
Alluviun 0-30 0 o] Sand, silt, and clay, with Locally yields small quantities
some gravel. of fresh water to widely scattered
shallow dug wells.
Catahou’a Formation 2/ 0 o Sand with some clay. Yields no water to wells.
Jackson Group -l-/ 0-1,000 0 Q Mostly clay and silt. Yields small quantities of fresh
to brackish water.
Yeguas Formation 0-1,050 0 150-400 Mostly thin-bedded sand, Yields small to moderate gquanti-
silt, and clay. ties of fresh to brackish water.
Cook Mountain 0-500 0 Lio Mostly clay. Yields small quantities of fresh
Formation to brackish water in outcrop area.
Sparta Send 0-290 0-T70 200 Interbedded sand and clay. Yields small to moderate quantities
of fresh water in and near outcrop
area.
Weches Formation 0-240 140 150 Mostly clay. Yields small quantities of fresh to
brackish water in outcrop area.
Queen City Sand 0-130 60 50 Interbedded sand and clay. Yields small quentities of fresh
Sands feather out to south water, mostly in outcrop area.
and east.
Reklaw Formation 0-290 200 250 Clay and silt, typically Yields small quantities of fresh
having a basal sand. to brackish water.
Carrizo Sand 0-170 90 120 Massive sand. Yields moderate to large quantities
of fresh water.
Wilcox Greoup 950-3, 300 2,500 ﬂ Interbedded sand, silt, Yields small to moderate quanti-
and clay. ties of fresh water.
Midway Group 2/ 2/ 2/ Mostly clay. Yields no water to wells .

1/ Includes Whitsett Formation of Eocene or Oligocene age and

2/ Not determined.
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Principal Water-Bearing Formations

The most important water-bearing units in
Angelina and Nacogdoches Counties from a present or
potential development standpoint are the Wilcox Group,
Carrizo Sand, Sparta Sand, and Yegua Formation. Of the
four the Carrizo is the most prolific aquifer.

Wilcox Group

The Wilcox Group underlies all of Angelina and
Nacogdoches Counties and is exposed at the surface in
parts of northern and northeastern Nacogdoches
County, as well as in adjoining areas in Rusk and Shelby
Counties. It consists mainly of thin beds of sand, silt,
and clay, with minor amounts of lignite. The sands are
typically gray, fine grained, and silty. The Wilcox
commonly shows a very broken pattern on electric logs
due to its generally thin-bedded character. Individual
beds within the Wilcox Group generally cannot be
correlated from well to well, due to lateral changes in
character and thickness. In some local areas, however,
predominately sandy zones within the Wilcox or pre-
dominately clayey zones do appear to correlate from
well to well.

Figure 33 shows the depth to the top of the
Wilcox Group, based on electric logs, as well as the
altitude of the top of the Wilcox. The thickness of the
Wilcox is about 900 to 1,000 feet in extreme north-
eastern Nacogdoches County. The Wilcox thickens both
to the west and to the south. In southwestern
Nacogdoches County the total thickness of the Wilcox is
more than 2,000 feet, while in southern Angelina
County the Wilcox exceeds 3,300 feet in thickness.

Not all of the Wilcox contains fresh water, and in
parts of the report area it contains only brackish or salt
water. Figure 29 illustrates the general distribution of
fresh, brackish, and salt water within the Wilcox Group
in a north-south direction across Nacogdoches and
Angelina Counties. The thickest fresh water sections or
zones within the Wilcox occur in the northern part of
Nacogdoches County. The thickest sections of brackish
water within the Wilcox Group occur in central and
southern Nacogdoches County. In about the southern
half of Angelina County, only salt water occurs in the
Wilcox Group.

Figure 34 shows the thicknesses of the Wilcox
Group containing fresh and brackish water. The thick-
nesses are based on interpretations of electric logs. Also
shown on Figure 34 are the net sand thicknesses
occurring within the fresh water and brackish water
zones of the Wilcox Group.

From the data given on Figures 33 and 34, the
elevation of the base of the fresh water zone within the
Wilcox can be determined. This is done by subtracting
the thickness of the Wilcox Group containing fresh

water from the elevation of the top of the Wilcox.
Similarly, by subtracting both the thickness of the
Wilcox containing fresh water and the thickness of the
underlying part of the Wilcox containing brackish water
from the elevation of the top of the Wilcox, the
elevation of the base of the brackish water in the Wilcox
can be determined.

Water wells tapping the Wilcox consist mostly of
shallow dug wells in the Wilcox outcrop area and
moderately deep drilled wells both in and just downdip
from the Wilcox outcrop, all of which are of small
capacity and are used mostly for domestic and livestock
purposes. A few wells of moderate capacity draw water
from the Wilcox at Garrison and at other localities in
northern Nacogdoches County. Also, a few Carrizo wells
include some screen in upper Wilcox sands immediately
underlying the Carrizo.

Carrizo Sand

The Carrizo Sand is the most important water-
bearing unit in Angelina and Nacogdoches Counties. It
supplies all the water used by the cities of Lufkin and
Nacogdoches and many smaller users, and most of the
water used by Southland Paper Mills.

The Carrizo directly overlies the Wilcox Group and
crops out immediately south of the Wilcox outcrop in a
band 1 to 8 miles wide trending northwest-southeast
across northeastern Nacogdoches County.

The Carrizo is usually reddish in color and
cross-bedded in surface exposures. The color is due to
iron oxide. In wells, the Carrizo is typically found to be
a white, massive, fine- to medium-grained quartz sand,
normally containing a few clay lenses. It is not usual for
a significant part of the formation to be clay; however,
in a few localities this occurs.

The Carrizo is rather uniform in composition and
also in its character on electric logs. It is normally
distinguished on electric logs from the overlying Reklaw
and the underlying Wilcox by markedly higher resis-
tivity. In localities where little or no resistivity differ-
ences exist between the Carrizo and either sands of the
Reklaw or Wilcox, and formation samples are not
available, picking the upper or lower contacts of the
Carrizo is arbitrary. This tends to be the case for the
Reklaw-Carrizo contact in parts of northern
Nacogdoches County, for the Carrizo-Wilcox contact at
scattered locations throughout the report area, and for
both the Reklaw-Carrizo contact and the Carrizo-Wilcox
contact in about the southern half of Angelina County.

Figure 35 shows the depth to the top of the
Carrizo Sand and the altitude of the top of the Carrizo.
Figure 36 shows the total thickness of the Carrizo Sand
as well as the net sand thickness within the formation.
The thickness of the Carrizo ranges from 20 to 170 feet,
from the data on Figure 36.
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Sparta Sand

The Sparta Sand underlies southern Nacogdoches
County and all of Angelina County. It is exposed at the
surface in a belt trending nearly east-west across the
central part of the report area. Its outcrop ranges in
width from about 2 to 15 miles. The Sparta Sand
consists mostly of very fine to fine-grained quartz sand,
clay, and silty clay. It has some lignitic beds. Typically,
about half of the formation is sand. In local areas,
individual sand zones within the Sparta can be correlated
from well to well; however, on an areal basis such is not
the case.

The depth to and altitude of the top of the Sparta
Sand are shown on Figure 37. Figure 38 shows the total
thickness of the Sparta Sand, as well as the net sand
thickness within the Sparta.

Present development within the Sparta consists of
numerous shallow small-capacity wells in its outcrop
area and a few moderately deep, drilled wells of small
capacity, mostly located in northwestern Angelina
County and in southeastern Nacogdoches County. in
1942 and 1943, several moderate capacity test wells
were drilled by Southland Paper Mills in southern
Nacogdoches County, but were not subsequently used
except for water-level observations.

Yegua Formation

The Yegua Formation occurs in Angelina County
and the southeastern tip of Nacogdoches County. It
crops out in a belt about 9 to 15 miles wide trending
east-west. The Yegua is composed mainly of thin
alternating beds of sand, silt, and clay. It exhibits a very
broken character on electric logs due to its typically very
thin-bedded nature. The upper part of the Yegua
generally contains more clay and silt and fewer and
thinner beds of sand than the lower part. Most of the
sand beds are composed of fine-grained quartz sand.
Some of the sand zones appear to correlate locally, but
none is directly correlated over large distances.

Figure 39 shows the depth to the top of the Yegua
Formation, as well as the altitude of the top of the
Yegua. The depth to the base of the Yegua Formation is
given on Figure 40. The total thickness of the Yegua
increases southward across its outcrop area. The thick-
ness is about 500 feet in the central part of the outcrop
area and about 900 to 1,000 feet along the southern
edge of the outcrop area. In that part of southern
Angelina County where the full thickness of the forma-
tion is present, the Yegua is believed to average about
1,000 feet in thickness.

Not all the Yegua Formation contains fresh water,
and in parts of the area the Yegua appears to contain
only brackish and salt water. Figures 29 and 30 portray
in cross-section form the general occurrence of fresh,

brackish, and salt water within the Yegua. The available
electric logs indicate that in parts of the report area
zones containing fresh water interfinger with zones
containing brackish water. The net sand thicknesses
occurring within the various quality zones, as estimated
from the available electric logs, are shown on Figure 40.
The total net sand thicknesses within the Yegua are
typically quite small, ranging from about 70 to 130 feet
for the entire formation.

Many small- to moderate-capacity wells, both
shallow and deep, have been constructed in the Yegua in
central and southern Angelina County.

Other Formations

Midway Group

The Midway Group occurs only in the subsurface
in this area, underlying the Wilcox Group throughout
Angelina and Nacogdoches Counties. The Midway con-
sists almost entirely of clay and silt and is considered
essentially impermeable. No water wells are known that
tap the Midway in the two counties.

Reklaw Formation

The Reklaw Formation overlies the Carrizo Sand.
The Reklaw reaches a known maximum thickness of 290
feet but typically is slightly over 200 feet in thickness on
well logs showing its full thickness.

From outcrops Stenzel (1938) divided the forma-
tion into two members, with the Marquez Shale being
the upper part and the Newby Sand being the lower
part. In Angelina and Nacogdoches Counties, the upper
part of the Reklaw is principally clay, with the lower 20
to 80 feet of the formation generally being a silty,
glauconitic, fine-grained quartz sand. Distinguishing the
sands of the lower part of the Reklaw from those of the
underlying Carrizo is not always easy. From drillers’ logs
it is frequently impossible to make the distinction, and
always the distinction can be more readily made from
formation samples than from electric logs. It is con-
sidered important to distinguish between the basal
Reklaw sands and the Carrizo sands inasmuch as the
Reklaw is probably much less permeable and is generally
believed to contain more mineralized water than the
underlying Carrizo in the area where the Carrizo water is
fresh.

Numerous shallow wells yielding small supplies
exist on the outcrop of the Reklaw Formation. South of
its outcrop area only a few wells tap the Reklaw
Formation. Of the wells that do, all draw water from the
basal sand and are of relatively small capacity.
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Queen City Sand

The Queen City Sand overlies the Reklaw Forma-
tion and consists mostly of alternating beds of very fine
to fine-grained quartz sand and clay. The Queen City
Sand crops out in an irregular belt extending across most
of Nacogdoches County.

At the surface the formation is thickest in western
Nacogdoches County and thins eastward. In western
Nacogdoches County, it attains a thickness of 100 to
possibly 130 feet and consists of approximately half
sand. In central and east-central Nacogdoches County,
the Queen City is about 50 feet thick and is about
one-third sand. Farther east it is even thinner and is
essentially all clay. No Queen City sands are recognizable
on electric logs southeast of a line trending northeast-
southwest through Lufkin. Where sands are not present,
it is not possible to distinguish the clays of the Queen
City from the clays of the overlying and underlying
formations. The changes in character and thickness of
the Queen City are illustrated on the geologic sections,
Figures 29, 31, and 32.

Numerous shallow wells yielding small supplies
exist on the outcrop of the Queen City. Only a few
wells, all of small capacity, tap the formation downdip
from its outcrop area.

Weches Formation

The Weches Formation overlies the Queen City
Sand and consists principally of clays and silts with some
fine-grained sands. In well logs where its full thickness is
present, it ranges in thickness from about 110 to 240
feet. In its outcrop area the Weches yields water to
shallow dug wells, but no wells are known to tap the
Weches downdip from its outcrop area.

Cook Mountain Formation

The Cook Mountain Formation overlies the Sparta
Sand and underlies the Yegua Formation. It crops out in
a band about 3 to 7 miles wide extending across the
central part of the report area. On well logs where its full
thickness is present, it ranges in thickness from about
380 to 500 feet, averaging slightly over 400 feet. It
consists mostly of clay, but contains a few thin beds of
sand, sandy clay, and marly clay. Some shallow wells
exist in the outcrop area of the Cook Mountain
Formation and yield small supplies of water. Only a few
wells tap the formation downdip from its outcrop area.

Jackson Group
As used in this report, the Jackson Group refers to

all of the rocks occurring above the Yegua Formation
and below the Catahoula Formation. Included are rocks

mapped on the surface as the Caddell, Wellborn,
Manning, and Whitsett Formations (Bureau of Economic
Geology, 1968). Individually, these formations are not
readily recognizable in the subsurface of Angelina
County from the few well logs available. For this reason,
and also because they are relatively unimportant from a
ground-water standpoint, they are herein lumped under
the name ““Jackson Group.”

The outcrop of the Jackson in southern Angelina
County occurs in a belt up to 14 miles in width trending
mostly east-west. The Jackson dips to the south at from
100 to 150 feet per mile. On logs the Jackson appears
principally as clay, with only occasional thin sand beds
consisting of fine- to medium-grained quartz sand.

The thickness of the Jackson Group is shown on
Figure 39, the map showing the depth to the top of the
Yegua Formation. On Figure 39 the depth to the top of
the Yegua Formation represents the thickness of the
Jackson Group at ali locations where data are available.
Near the middle of the Jackson outcrop belt the
thickness of the Jackson is approximately 500 feet. It is
estimated that where the full thickness of the Jackson
exists in southeastern Angelina County its thickness is
about 1,000 feet.

The Jackson furnishes water to a few shallow dug
wells and to a few moderately deep, drilled wells. The
general lack of sand in the Jackson, however, essentially
renders the formation valueless except as a source for
very small supplies.

Catahoula Formation

The Catahoula Formation consists mostly of sand
and is an important water-bearing unit in counties south
of Angelina County. The occurrence of the Catahoula
within Angelina County, however, is limited to a few
thin outcrops, mostly forming the tops of hills in
extreme southeastern Angelina County along the
Angelina-Jasper County line. No wells which tap the
Catahoula Formation are known to exist in Angelina
County.

Alluvium

Terrace and floodplain deposits occur along the
major stream valleys in Angelina and Nacogdoches
Counties. The deposits are quite restricted in extent and
consist of sand, silt, and clay, with some gravel. It is
believed that they attain a maximum thickness of
approximately 30 feet. A very few shallow dug wells at
widely scattered locations obtain water from the allu-
vium.
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RECHARGE, MOVEMENT, AND NATURAL
DISCHARGE OF GROUND WATER

The water-bearing formations in this area receive
recharge in their outcrops from precipitation and
streamflow. Most of this recharge is rejected because the
formations are full, and the water spills out of them into
the stream valleys crossing the outcrops, where it is
discharged by seepage or evapotranspiration. Sorme of
the recharge, however, moves down the dips of the
formations. Under natural conditions, prior to pumping,
a very small amount moves generally down the dip of a
formation for many miles, and along the way slowly
seeps upward through confining beds and finally is
discharged at the land surface through seeps and/or
evapotranspiration,

Pumping from a well changes the pattern of flow
nearby so that water moves into the well from all
directions. Figure 4 is a diagrammatic sketch showing
recharge from precipitation and streams and the position
of the piezometric surface, both prior to pumping and
during pumping. A gentle slope of the piezometric
surface down the dip of the formation is shown prior to
pumping, with a cone of depression sloping toward the
well from both updip and downdip during pumping. The
direction of movement is shown toward the well from
both directions during pumping.
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Figure 4.—Diagrammatic Sketch Showing Recharge and
Drawdown in Typical Artesian Sand

Any water which is pumped from wells must be
balanced by a reduction in natural discharge, an increase
in the amount of recharge which is not rejected, or
withdrawal of water from storage, or a combination of
these. Thus, to have a perennial supply which does not
continue to withdraw water from storage and eventually
dry up the formation, the pumpage must be balanced by

an equal amount of recharge diverted to the wells. The
two major quantitative factors which limit the amount
of ground water which can be obtained on a perennial
basis, therefore, are the recharge available for inter-
ception by pumping and the rate at which water can
flow from the recharge area to the wells.

Angelina and Nacogdoches Counties are in an area
of high precipitation, and the aquifers are principally
artesian and are comprised of sand. In situations of this
type, it is very rare to have a shortage of recharge.
Nearly always, the limiting factor in the amount of
water available is the transmissibility of the formation.
The transmissibility controls the amount of head loss, or
drawdown of piezometric surface, which will result from
pumping wells as they draw water from the recharge
area. Almost always there is a surplus of available
recharge and the formations continue to reject recharge
in their outcrop areas by returning it to the surface or
atmosphere through seepage or evapotranspiration in the
major valleys.

In these two counties, the water table in the
outcrop of every aquifer is above the base level of the
major streams crossing the outcrop, and its position
appears to be controlled by the elevations of the stream
valleys. The water table is highest in the divide areas,
sloping away from the divides toward the deeper valleys,
where most of the evapotranspiration and seepage takes
place. The water table also slopes in the direction of the
dip of the formation, so that some of the water entering
the outcrop can move into and through the artesian
portion of the aquifer, to be discharged downdip by
natural discharge or by wells.

The major streams in and adjacent to Angelina and
Nacogdoches Counties are shown on Figure 41. Also
given on this figure are summaries of availabie records of
streamflow. All of the streams vary widely in flow
between dry and wet periods. During very dry periods
there is little base flow in any of the streams. This means
that at these times only a very small part of the recharge
rejected from the water-bearing formations actually is
rejected as seepage into streams. Instead, by far the
greatest part of the rejected recharge at these times is
evapotranspiration where the water tables are shallow in
and near the stream valleys.

Also shown on Figure 41 is the average annual
runoff for the drainage basin above each gaging station.
These figures range from about 5 to 12 inches per year
out of a total precipitation of some 40 to 50 inches.
Thus, about 35 to 40 inches of the precipitation is (1)
consumed by evapotranspiration immediately after it
falls on the ground, (2) enters the outcrops of the
water-bearing formations and then is discharged back to
the surface and/or atmosphere in the stream valleys, or
(3) moves down the dip of the formations.

It is next to impossible, with any reasonable
amount of investigation, to measure the total available
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recharge directly because of the stratification of the
formations in their outcrops, the difficulty in obtaining
average values for infiltration rates, and the difficulty of
obtaining average values for evapotranspiration from the
water table. About the only way reliable measurements
of the total available recharge can be obtained in an area
of this kind is to actually overpump the formation and
then determine how much shortage occurs. When this is
done, the water table is lowered below the reach of
plants throughout the outcrop area, including the stream
valleys, and measurements are made of the continuing
rate of decline of water level with continued pumping.
In Angelina and Nacogdoches Counties, the water tables
are now much too high to consider any such analysis,
and it appears certain that, with the exception of the
Carrizo Sand, they can never be lowered to the point of
salvaging all rejected recharge under any practicable
arrangement of wells and well yields. In other words, the
abilities of the aquifers to transmit water from recharge
areas to wells is much more of a limiting factor than the
availability of recharge to the formations.

The same also is probably true with respect to the
Carrizo Sand, although not as certain. The Carrizo Sand
has the greatest transmissibility of any of the formations
in the area, and thus can transmit water more readily
from recharge areas to wells. The present amount of
pumpage from the Carrizo in Angelina and Nacogdoches
Counties which is considered to originate from the
Carrizo outcrop is about 24 million gallons per day, and
the estimated total availability of water from the Carrizo
alone in these counties {(not considering recharge as a
limiting factor) is about 29 million gallons per day. The
outcrop area available to supply this water is about 230
square miles; and for all of the water to come from the
outcrop on a sustained basis would require an annual
interception of recharge equivalent to about 2.6 inches
of water over the outcrop area. This is only about 7
percent of the 35 to 40 inches of precipitation which
does not run off; and it is considered likely that it is
available because of the loose sandy nature of the
Carrizo outcrop. The 2.6 inches is, however, higher than
the available recharge in a few other areas in the humid
part of the United States, as determined by actual
measurements.

At present the water table in the outcrop of the
Carrizo in places is as much as 50 feet above the stream
valleys cutting through the outcrop. Measurements of
water levels in wells near the outcrop indicate that the
water table in part of the outcrop is declining at a rate of
about 2 feet per year at present. This decline is necessary
to salvage some of the recharge now being rejected into
the stream valleys. Whether the decline will stop before
all possible recharge is salvaged and the water table drops
below the stream valleys is not known, although it is
believed that it probably will. It will be many years,
though, before the final outcome has been measured,
and if there is any continuing decline of water levels
after that it is sure to be at a very slow rate.

Because of these considerations, the availability of
recharge is not at this time considered to be a limiting
factor for any ground-water development in Angelina
and Nacogdoches Counties, including the Carrizo Sand
as well as the other formations.

WELL CONSTRUCTION
AND DISTRIBUTION

The types of water well construction and the
distribution of wells in Angelina and Nacogdoches
Counties may be determined from a study of Tables 7
and 8 and Figure 27. Except for the shallow dug wells,
all of the wells are cased and have screen or slotted pipe
opposite the sands from which they draw water. The
larger municipal and industrial wells are gravel packed as
illustrated by the drawing of the well belonging to the
city of Nacogdoches on Figure 5. Smaller wells are
usually not gravel packed. The largest wells belong to
Southland Paper Mills and have 20-inch surface casing
and 14-inch screen and liner. Small domestic welis may
be as little as 2 inches in diameter.
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Figure 5.—Construction of Production Well

In recent years a distinctly different pattern of
well use and source of supply has occurred in many of
the smaller communities and much of the rural area of
Angelina and Nacogdoches Counties. Rural water-supply
corporations stemming from a program of the U.S.
Department of Agriculture’s Farmers Home Administra-
tion have been formed. They distribute water over wide
areas. Twelve water-supply corporations, obtaining their
supplies from wells, exist in Nacogdoches County. There
are ten in Angelina County. Within the areas they serve,
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most of the private wells formerly supplying domestic
and livestock requirements have been abandoned. Where
these rural water systems exist, those users requiring
smaller supplies most readily change from private wells.
The users most likely to continue using private wells
typically include the ones needing the larger supplies,
such as dairies and broiler farms.

Fifty-four wells are listed in Tables 7 and 8 as
drawing exclusively from the Wilcox Group. Of these,
nine were constructed for municipal purposes and four
for industrial purposes. There are no irrigation wells in
the Wilcox. The deepest Wilcox well is an observation
well 1,261 feet in depth. The deepest well drilled for
water supply is 630 feet deep. The wells are reported to
yield up to 195 gallons per minute. Most of the Wilcox
wells are located in northeastern Nacogdoches County,
generally northeast of a line passing through Cushing and
Chireno.

One hundred and fifty-two wells are listed for the
Carrizo Sand. These include a few wells which also are
screened in sands of the Reklaw Formation which
immediately overlie the Carrizo or sands of the Wilcox
Group which immediately underlie the Carrizo. Of the
152 wells, 34 were constructed for municipal or other
public supplies, 23 were constructed for industrial
supplies, and 6 were constructed for irrigation purposes.
All but two of the municipal wells and eight of the
industrial wells were in use in 1968. Three of the six
irrigation wells have been abandoned, and very little use
is made of the others. The largest yielding wells in the
two counties are in the Carrizo Sand and belong to
Southland Paper Mills and the cities of Lufkin and
Nacogdoches. Yields of these wells range up to 1,350
gallons per minute. Carrizo wells are as deep as 1,410
feet, with most of the larger wells having depths ranging
from about 500 to 900 feet in Nacogdoches County and
from about 900 to 1,300 feet in Angelina County. Most
of the larger wells are located between Lufkin and
Nacogdoches, and most of the small-capacity wells are
north of State Highway 21, which traverses Nacogdoches
County in a northwest-southeast direction, passing
through Douglass, Nacogdoches, and Chireno.

There are 27 wells listed in Table 8 as drawing
from the Reklaw Formation. One was constructed for
industrial purposes and the remainder for domestic and
livestock purposes. There are no public supply or
irrigation wells in this formation. The wells are mostly
shallow, dug wells, but a few range up to 552 feet deep.
The greatest yield reported is 40 gallons per minute. The
wells are generally in the northern and central parts of
Nacogdoches County.

Thirty-nine wells are shown for the Queen City
Sand, including one well which produced from the
Queen City until it was deepened. Five are drilled wells,
as much as 523 feet in depth, and the rest are dug wells.
Most Queen City wells are domestic and livestock wells
located west, northwest, and north of Nacogdoches.

The formation which occurs above the Queen City
Sand, the Weches, is mostly clay. Shallow large-diameter
wells have been constructed in the Weches to obtain
water for domestic and livestock use. Of the 18 wells
listed for the Weches, most are located north and west of
Nacogdoches, although three are northwest of Chireno.

Sixty-seven wells are shown for the Sparta Sand,
mostly in southern Nacogdoches County and northern
Angelina County. These wells range in depth to about
500 feet and in yield to about 300 gallons per minute.
One well is used for public supply. The remainder were
either constructed as test wells or for domestic and
livestock purposes.

Wells in the Cook Mountain Formation are pres-
ently used solely for domestic and livestock purposes
and are mostly shallow. The total number of Cook
Mountain wells listed is 19, and the deepest well is 190
feet. The Cook Mountain wells are located in a narrow
east-west strip, generally on the outcrop, passing just
north of Lufkin. In some places, particularly east of
Lufkin, the wells in the Cook Mountain have very small
yields or brackish water, and homeowners have found it
desirable to use cisterns.

The Yegua Formation is one of the more wide-
spread formations in the area and supports many small
to moderate size wells. Tables 7 and 8 show 27
public-supply wells, 10 industrial wells, and one irriga-
tion well for the Yegua. Also listed are 64 domestic and
livestock wells and one test well, making a total of 103
wells shown for the Yegua. The Yegua wells range in
depth up to 920 feet and in yield to more than 500
gallons per minute. Except for four wells in the
southeast corner of Nacogdoches County, the Yegua
wells are all located in Angelina County, generally
between an east-west line just north of Lufkin and
another east-west line passing through Diboll and
Zavalla.

Eighteen wells are shown for the Jackson Group.
Three of the wells are for public supply and the rest are
used for domestic and livestock purposes. Water is
difficult to develop from the Jackson Group, and a fairly
large number of homeowners in the southern portion of
Angelina County, where the aquifer occurs, use cisterns.
The Jackson wells range in depth to 366 feet. The largest
reported yield, 15 gallons per minute, is for a public-
supply well.

CHEMICAL QUALITY OF
GROUND WATER

Available chemical analyses of water from wells
listed in Tables 7 and 8 are given in Tables 11 and 12.
Some of these analyses were made as part of this
investigation; some were made in connection with earlier
investigations; and some were provided by well owners
and others who had them made for special purposes. In
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addition to the analyses listed in Tables 11 and 12, the
dissolved-solids contents of water from various wells are
given for the different water-bearing formations in
Figures 42, 43, 44, and 45. For the sake of complete-
ness, some of the figures for dissolved solids in these
illustrations have been estimated from partial analyses.
These illustrations also show the dissolved solids for
some wells which were inventoried in previous investiga-
tions but which could not be located in this investiga-
tion, and therefore are not included in Tables 7, 8, 11,
and 12. For these wells, the approximate locations, as
determined from maps in the earlier reports, are given
along with the dissolved solids as reported by or
estimated from the analyses in those reports.

In addition to sampling and analyzing water from
selected wells and compiling all previous analyses, the
quality of the ground water has been studied by means
of electric logs made in water and oil wells and test
holes. The available electric logs are listed in Tables 7
and 8, and their locations are shown on Figure 27.
Where the logs are reasonably suitable for interpretation,
the quality of the water shown by them to occur in the
Wilcox Group, Carrizo Sand, Sparta Sand, and Yegua
Formation has been designated as ‘‘fresh,” “’brackish,”
or “‘salty.” The term “‘fresh’ as used here denotes water
of less than 1,000 parts per million dissolved solids. The
term “‘brackish’’ means water with 1,000 to 3,000 parts
per million dissolved solids, and the term “salty”
denotes water having more than 3,000 parts per million
dissolved solids. These interpretations were made with
the help of Mr. Hubert Guyod, Logging Consultant, of
Houston, Texas. Partly because of the basic limitations
of electric logs, and partly because the original logs were
made under a variety of conditions and with various
types of equipment and because much of the data
necessary for careful control of quality of water inter-
pretations is lacking, the interpretations are considered
to be approximations, generally having a possible range
of error up to about 30 percent. Where chemical
analyses of water are not available from wells and test

holes the interpretations of the electric logs have been .

used to define the fresh, brackish, and salty water. These
interpretations are given on Figures 34, 36, 38, 40, 42,
43, and 44.

Some fresh water can be obtained from every
formation in Angelina and Nacogdoches Counties. The
freshest water normally is obtained from very shallow
wells in and near the outcrops. Either in or downdip
from the outcrops, all the formations, however, also
contain more highly mineralized water. The water
normally becomes more highly mineralized with depth
and with distance downdip from the outcrop, or source
of recharge. At some distance downdip each formation
contains only salty water. The formations which contain
fresh water the greatest distances downdip are those
with the greatest transmissibilities and the best hydraulic
continuity. Those which contain brackish and salty
water in most places are those which are generally the

poorest producers of ground water and in which the
sands are the most disconnected, providing for the least
flushing action from recharge.

Wilcox Group

The Wilcox Group ranges in thickness from about
950 feet to more than 3,300 feet in Nacogdoches and
Angelina Counties. In the northern part of Nacogdoches
County, the sands in over 1,000 feet of the upper part of
the Wilcox Group contain fresh water, and the sands in
the underlying portion of the Wilcox contain brackish
water (Figures 33 and 34). Downdip to the south the
thickness of Wilcox containing feesh water becomes less,
and the thickness of that portion containing brackish
water becomes greater. South of a generally east-west
trending line passing between Lufkin and the Angelina
River, the electric logs indicate that no sands in the
Wilcox contain fresh water. Similarly, electric logs
indicate that south of a line trending approximately
east-west south of Huntington, all of the Wilcox contains
salty water,

Few Wilcox wells exist southwest of a line running
approximately from Cushing to Chireno, and most water
wells in the Wilcox penetrate only the upper sands,
although water samples have been taken from test holes
in deeper portions of the Wilcox in a few places.
Accordingly, most of the available analyses of water
from Wilcox wells show relatively fresh water (Figure
42). From the standpoint of obtaining the best quality
of water, however, the designation ‘‘fresh’” is partly
misleading with respect to most of the thicknesses
shown on Figure 34 as containing less than 1,000 parts
per million dissolved solids. Most of this water appears
to range from 500 to 1,000 parts per million dissolved
solids, with the largest part probably nearer 1,000 parts
per million. In contrast, the water which the city of
Nacogdoches obtains from the Carrizo sands is in the
order of 200 parts per million dissolved solids. Thus,
although fresh from the standpoint of maximum limits,
much of the water in that section of the Wilcox
designated as fresh is actually considerably more miner-
alized than the water from the Carrizo which most
people use in this area.

In a few places in the outcrop of the Wilcox, water
from dug wells is very highly mineralized. These are
anomalous situations, however, and do not represent the
quality of the water generally in the outcrop of the
Wilcox. It is believed that the water quality from these
wells is due to very local conditions which have no
significant bearing on the quality of water in the Wilcox
as a whole.

Normally, the hardness of the water in the deep
fresh water Wilcox wells is quite low, generally being less
than 20 parts per million. In shallower wells it may be
low or high, ranging in some wells to over 200 parts per
million.
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A few wells in the Wilcox show high iron contents,
the amounts ranging up to several parts per million. The
analyses for most wells, however, show low iron con-
tents. Generally the wells with the high iron contents are
nearer the outcrop, although some of the wells and test
holes downdip also show high iron contents.

The pattern of occurrence of iron in the water
from Wilcox wells, as well as from other water-bearing
formations in the area, is difficult to establish from
available data. This is because of the relative ease of
obtaining false samples with respect to iron. Very small
amounts of turbidity in water, such as from drilling mud
where the samples were taken from test holes, are
known to give false iron results, Also, most of the water
samples collected during this study were obtained from
small-diameter drilled wells from which it was only
possible to sample from pressure tanks. The same is
believed to be true for many of the previous analyses
available on smaller capacity wells in the area. For such
samples it is impossible to exclude the effects of
corrosion from water standing in steel well casings or
pressure tanks. In addition, samples of water from
pressure tanks or other storage tanks or from dug wells
may show iron contents too low because of prior
precipitation of the iron. For these reasons many of the
iron contents reported in Tables 11 and 12 are suspect
and are not considered strictly applicable to the natural
waters.

Carrizo Sand

The Carrizo Sand contains water of excellent
chemical quality throughout most of Nacogdoches
County and the northernmost 8 miles of Angelina
County. The formation tends to be a continuous,
massively bedded sand, and the quality of water is very
consistent from one place to the next, as well as from
top to bottom in the formation.

Figure 43 shows the dissolved-solids content of
water from wells and test holes in the Carrizo Sand. The
dissolved solids range from less than 100 parts per
million in the outcrop area to about 200 parts per
million in the city of Nacogdoches and to about 300
parts per million in the Southland Paper Mills Old Well
Field in Angelina County. Figure 43 shows two lines,
one indicating the approximate southern limit of water
containing less than 1,000 parts per million dissolved
solids and the other the approximate southern limit of
water containing less than 3,000 parts per million
dissolved solids. Beginning about 2 to 3 miles north of
the 1,000 parts per million line and going southward, the
water in the Carrizo becomes more than 500 parts per
million in dissolved solids. Thus, the zone of transition
from very fresh to brackish water is relatively narrow.
One of the city of Lufkin wells is in this zone of
transition. The next zone, within which the water
changes from about 1,000 parts per million to over
3,000 parts per million in dissolved solids, is about 6
miles in width.

The hardness of the fresh Carrizo water is low
everywhere south of Nacogdoches, generally being less
than 20 parts per million. North of Nacogdoches toward
the outcrop the hardness is somewhat spotty, ranging up
to 150 parts per million.

At Nacogdoches there is an iron problem in water
from the old city wells north of the center of the city. In
water from the newer wells south of the city, however,
the iron is low. It is also low in water from the
Southland Paper Mills wells, both in the Poe Field and in
the Old Field, and for the most part in water from the
city of Lufkin wells. In wells west, east, and north of
Nacogdoches, iron contents of water from most wells are
higher than the 0.3 part per million upper limit
recommended for domestic water supplies, the amounts
ranging up to several parts per million or more in some
wells. The city of Nacogdoches has an iron removal
system for the water from its northern wells, as do some
other users who have water high in iron content.

Sparta Sand

The Sparta Sand contains water which is quite
fresh in its outcrop. Downdip from its outcrop the
Sparta contains fresh water for several miles along both
the western and eastern edges of its area of occurrence in
these counties. In the middle part of the Angelina-
Nacogdoches County area where the Sparta exists,
however, the aquifer is highly mineralized essentially
everywhere downdip from its outcrop (Figures 37 and
44). The middle portion is approximately where the
Angelina River runs along the southern edge of the
outcrop, and it appears probable that this is a discharge
area for the Sparta Sand from both the north and the
south. In other words, it appears that in both the
western and eastern parts of the area water moves
downdip in the Sparta from the outcrop. From there it
probably moves laterally toward the center of Angelina
County and thence northward toward the Angelina
River where it is discharged. Along this stretch of the
river, on the northern side, most of the water in the
Sparta moves directly to the river valley and is dis-
charged. This pattern of movement would cause the
water to be fresh farther downdip along both the
western and eastern sides of the area and to be brackish
and salty in the central part of the area south of the
Angelina River.

In the area where the water in the Sparta changes
from fresh to salty, there is stratification of the water in
the aquifer, with part of the sand containing brackish
water, part fresh water, and part salty water. In some
places the fresh water is on top and in some places on
the bottom of the aquifer. This situation is shown by
symbols on Figure 44.

As in the Wilcox and Carrizo aquifers, the water
from the Sparta appears to contain varying amounts of
hardness and iron. The hardness of the fresh water, as
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shown by the analyses, ranges from 2 to 150 parts per
million, and the iron ranges from less than 0.02 to
several parts per million or more. Insofar as can be
determined from the records available, there does not
seem to be any relationship between depths of wells and
the hardness and iron.

Yegua Formation

Based on the available records, the Yegua contains
fresh water essentially at all depths between the north-
ern edge of its outcrop and about 2 or 3 miles north of
the southern edge of its outcrop (Figures 17, 21, 39, 40,
and 42). South of this line for about 1 to 4 miles some
of the water is fresh and some brackish. From there
southward, the records indicate no water containing less
than 1,000 parts per million dissolved solids, and some
of the water is salty. Farther south, essentially all of the
water in the Yegua becomes salty.

A number of shallow wells in the Yegua outcrop
area show water that is somewhat more mineralized than
1,000 parts per million dissolved solids and is classed in
the brackish category. These are, however, in a small
minority and are not reflected in the general quality of
the water downdip.

As shown by Figure 42, the quality of the water
within the fresh-water section ranges widely from place
to place and from one depth to another. In this section
the mineralization ranges from less than 100 parts per
million dissolved solids to the fresh-water limit of 1,000
parts per million. The causes are undoubtedly related to
lenticularity of the Yegua deposits and the degree of
flushing which has occurred. The pattern, however, has
not been worked out.

Hardness is generally low to moderate, but some
wells show hardness of fresh water ranging to over 300
parts per million. Likewise, iron content is generally low
to moderate, but water from some wells ranges up to
several parts per million.

Other Formations

Figure 45 shows dissolved-solids contents for
water from wells in the Reklaw Formation, Queen City
Sand, Weches Formation, Cook Mountain Formation,
Jackson Group, and alluvium. These formations are all
relatively weak producers of ground water.

Analyses are available for the Reklaw from wells
and test holes ranging in depth from a few feet to 767
feet. While most are for wells in the outcrop area,
analyses are available at six locations downdip. Some
wells in the outcrop area contain highly mineralized
water, but most of the wells in the outcrop produce
relatively fresh water. At the six locations downdip, at
depths ranging from 308 to 767 feet, the dissolved-solids

content for the lower part of the Reklaw ranges from
530 to 740 parts per million. The lower part of the
Reklaw, though not a high yielding aquifer, appears to
be hydraulically connected with the Carrizo Sand and,
therefore, contains relatively fresh water to considerable
depths. Generally, the water in the lower Reklaw is more
mineralized than that in the Carrizo. It appears that
wherever the Reklaw contains fresh water, the under-
lying Carrizo also contains as fresh or fresher water.

Analyses are available for Queen City wells ranging
in depth from a few feet to as much as 523 feet. The
dissolved-solids content of the water from these wells
ranges from very low to nearly 3,000 parts per million
for one well in northern Angelina County. The Queen
City is a weak aquifer in Angelina and Nacogdoches
Counties, and wherever it exists and contains fresh
water, the underlying Carrizo aiso exists and contains
fresh water. Thus, users desiring more than very small
supplies would normally make no effort to develop them
from the Queen City.

The Weches Fromation is essentially clay, and
nearly all the wells in it are dug in the outcrop. The
water from these wells is generally fresh, but in a few
places is quite highly mineralized.

The Cook Mountain Formation overlies the Sparta
Sand and supplies water to shallow dug wells and a few
relatively shallow drilled wells. The water in the shallow
Cook Mountain wells is generally fresh, although some
of it is highly mineralized. The formation is a very poor
aquifer.

In most of the southern part of Angelina County,
the Jackson Group contains the only sands from which
fresh ground-water supplies can be obtained. The few
sands in the Jackson are very thin and lenticular,
however, and it is difficult to develop a supply of more
than a few gallons per minute. Most wells in the Jackson
are relatively shallow, and the available analyses indicate
a range in quality of water from less than 100 to more
than 1,400 parts per million dissolved solids.

A few very shallow wells draw water from the thin
alluvium which exists in places along the streams in
Angelina and Nacogdoches Counties. This water is
generally quite fresh, but the supplies are very small.

Surface Water

Records of chemical quality of surface water are
available at a few places in Angelina and Nacogdoches
Counties. Most of these are for the Angelina River,
Attoyac Bayou, and Bayou La Nana near Nacogdoches,
but miscellaneous analyses are available for several other
streams. All of the available analyses show fresh water,
and most of the water is very fresh.
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TEMPERATURE OF GROUND WATER

The temperatures of water produced by three
springs and 35 wells of various depths in various
formations in Angelina and Nacogdoches Counties are
shown on Figure 6. The data are coded by formation.
Temperatures measured during the present study, as well
as temperatures reported by previous investigators, are
plotted against either well depth or, if known, the depth
to the middle of the interval screened in the well. Most
of the temperature information available is on wells
tapping the Carrizo Sand. Only a few measurements are
available for wells tapping the Carrizo Sand. Only a few
measurements are available for wells tapping other
formations, especially wells which are very deep. This is
due to both the scarcity of deeper wells in the other
formations and to reluctance in measuring and reporting
temperatures on small-capacity deep wells because they
tend to be falsely low due to cooling of the water on its
way to the surface.

From the data shown on Figure 6, the estimated
average temperature gradient in the area is about 2°F per
hundred feet of depth. The water temperature from a
depth of 200 feet averages about 70°F, from 700 feet
about 80°F, and from 1,200 feet about 90°F.

OIL AND GAS FIELDS

Locations

The first oil production in the State of Texas
began in 1866 in the Nacogdoches Field at a location
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called Qil Springs. The oil was from various zones within
the Sparta Sand and the Weches and Queen City
Formations at depths ranging from the surface to 400
feet. Today several of the original wells still flow a very
small amount of oil, and the oil springs that led to the
discovery of the field still flow minor amounts.

The total amount of oil and gas production in
Angelina and Nacogdoches Counties has been relatively
limited. Figure 7 shows the locations of all known oil
and gas fields, both present and past. Of those shown,
only the Trawick, Douglass, Douglass West, Morris
Coats, Garrison, and Garrison Northeast in Nacogdoches
County, and the Allentown in Angelina County are
producing at present. The other fields are either non-
producing or abandoned.

Surface Casing

An Act of the Texas Legislature in 1899 requires
that oil and gas wells be cased to prevent all water from
above from penetrating the oil and gas bearing rock.
Later Acts of 1919, 1931, 1932, and 1935 gave broad
powers to the Railroad Commission of Texas to prevent
oil and natural gas and water from escaping from the
strata in which they are found into other strata.

The Railroad Commission first handled the
determination of the amount of surface casing that
should be set in a well. Subsequently, the Texas Board
of Water Engineers and its successor the Texas Water
Commission, and in recent years the Texas Water
Development Board, have made recommendations con-
cerning the protection of water considered to be of
usable quality. The protection can be by means of
surface casing or one of several of the cementing
techniques available to the oil and gas industry. Pro-
tection of usable water means more than simply pro-
tection of fresh water. Water with dissolved-solids
concentrations up to at least 3,000 parts per million is
recommended for protection by the Water Development
Board. Water with higher mineral concentrations is
recommended for protection if it is being used for
beneficial purposes.

Some of the earliest requirements for surface
casing in Angelina and Nacogdoches Counties probably
were not adequate for protection of the ground-water
supplies. The recommendations made in recent years,
however, appear entirely adequate to protect ground
water of 3,000 parts per million dissolved solids or less.
At least by the middle 1950’s, the recommendations
were generally for protection down to the base of the
Wilcox in Nacogdoches County and most of the north-
ern half of Angelina County. In the southern half of
Angelina County, the recommendations were generally
to the base of the Yegua Formation. Beginning in the
early 1960's, an effort was begun to gather more
information so that better recommendations could be
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given. Recommendations are now given to a depth and
not a stratigraphic reference; and in some areas zones for
protection are given, together with depths for cement
plugs if the hole is abandoned.

Two fields in Angelina and Nacogdoches Counties
have depth of fresh water protection included in the
field rules set cut by the Railroad Commission of Texas.
For the Allentown Gas Field in Angelina County (which
is currently comprised of four producing gas wells), the
field rule states that the surface casing shall be set and
cemented at a depth not less than 1,500 feet below the
surface of the ground and that the amount of surface
casing to be set shall be adequate to protect all fresh
water sands. The 1,500-foot requirement is not deep
enough, however, and when asked, the Texas Water
Development Board has recommended protection to the
base of the Wilcox at about 3,300 feet in this area.

The other field rule outlining fresh-water pro-
tection is for the Trawick Field in Nacogdoches County.
Here surface casing is required to the base of the Wilcox
Group plus 100 feet, with an estimated range in depth of
1,600 to 2,100 feet, which appears to be entirely
adequate.

Plugging of Abandoned Test Holes and Wells

In recent years the plugging of abandoned test
holes and wells has been supervised by the Railroad
Commission of Texas, and so far as known, aill such
holes are adequately plugged. Undoubtedly, some of the
old tests and wells were not carefully plugged, but no
indication of contamination of ground-water supplies
from improper plugging was found during this stucly.

Disposal of Salt Water

Originally all water produced from oil and gas
welis was probably disposed of on the surface, either by
placing it into surface drainage or into pits. At present,
however, the Railroad Commission rules prohibit the use
of all types of surface disposal. This field investigation

has shown no evidence of surface disposal being used at
this time.

The amount of salt water which has been pro-
duced in the two counties is relatively small. In 1961, an
inventory was made of the salt water produced in the oil
and gas fields of Texas. The inventory listed the
following information on the fields in Angelina and
Nacogdoches Counties. The Allentown Field, Angelina
County, produced 327 barrels of salt water in 1961 and
all was disposed of in surface pits. The Kurth-Byars Field
produced 4,380 barrels of salt water that year and all
was disposed of in pits. In Nacogdoches County, the
Douglass Field produced 6,276 barrels of salt water,
with 5,028 barrels to pits and 1,248 barrels to an
injection well. The Trawick Field had a salt-water
production of 23,340 barrels in 1961, all disposed of by
injection. At present no pits are in use in the Allentown
Field; the Kurth-Byars Field is abandoned; and all salt
water produced in the Douglass and Trawick Fields is
disposed of by injection wells. The Morris Coats and
Douglass West Fields also are using injection well
systems for disposal. For the Garrison and Garrison
Northeast Fields, no indication of salt-water production
was found, and there were no salt-water pits in use.

Only minor amounts of surface contamination
were found in any of the oil and gas fields, and there are
no indications that the ground water in the vicinity of
any of these fields has been seriously contaminated.
None of the analyses of water from wells which have
been compiled indicates contamination from oil-field
brines.

PUMPAGE AND WATER
LEVELS IN WELLS

Pumpage
In 1968, ground-water pumpage in the area to-

talled an estimated 34,400 acre-feet and averaged 30.7
million gallons per day. The breakdown by use was:

Pumpage of Ground Water in 1968

ANGELINA COUNTY

NACODGOCHES COUNTY

MILLION MILLION
GALLONS ACRE-FEET GALLONS ACRE-FEET
USE PER DAY PER YEAR PER DAY PER YEAR
Public Supply 5.0 5,600 3.6 4,000
Industrial 15.6 17,500 3.6 4,000
Irrigation o] o] [¢] 0]
Rural domestic
and livestock 1.3 1,500 1.6 1,800
21.9 24,600 8.8 9,800
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The amounts of pumpage for public supply and
industrial use are principally from the annual pumpage
inventory conducted by the Texas Water Development
Board, supplemented with data from the major users.
Pumpage for irrigation use during 1968, as in prior years,
was essentially nonexistent except for a very small
amount, mostly for supplemental watering of cemeteries
and golf courses. The pumpage for rural domestic and
livestock purposes has been estimated based on condi-
tions observed during the present study.

A breakdown of the 1968 pumpage in each county
by formation is shown on Figure 8, and listed for the
major formations in Table 6. Of the slightly less than 9
million gallons per day of pumpage occurring in
Nacogdoches County, almost 8 million gallons per day is
from the Carrizo Sand. The remainder is about half from
the Wilcox Group, with the rest being from all the other
formations yielding water in Nacogdoches County. On
the average, nearly 22 million gallons per day is pumped
in Angelina County, of which nearly 19 million gallons
per day comes from the Carrizo with most of the
remaining 3 million gallons per day being produced from
the Yegua Formation.

The areal distribution of the major pumpage in the
area is shown on Figure 9. Included are all users
pumping an average daily amount of 50,000 gallons or
more. The largest single user in the area is Southland
Paper Mills, which obtains most of its water supply from
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Figure 8.—Pumpage of Ground Water in
Angelina and Nacogdoches Counties

two well fields in the Carrizo Sand. One field is in
northern Angelina County, and the other is in the
adjoining portion of southern Nacogdoches County. The
next largest users include the cities of Lufkin and
Nacogdoches. Both obtain their supplies entirely from
the Carrizo. Next to these Carrizo fields, the largest
concentration of pumpage is at Diboll, where the city of
Diboll and Southern Pine Lumber Company pump about
1.3 million gallons per day from the Yegua Formation.
Other users in the two-county area include the smaller
cities and towns, a few industries, and numerous
relatively new water-supply corporations furnishing
water to rural communities and areas.

Water Levels in Wells

Altitudes of water levels in representative wells in
1968 and 1969 are shown on Figure 46. Representative
water levels in wells are also listed in Tables 7 and 8.

As a result of pumping from Carrizo wells, the
piezometric surface for the Carrizo Sand, as represented
by water levels in wells, has been drawn down into an
area-wide cone of depression. Corresponding draw-
downs have developed in the piezometric surfaces for
those Reklaw sands and uppermost Wilcox sands which
are hydraulically connected to the Carrizo. Water levels
also have been drawn down in some Yegua wells as a
result of pumping from that formation. No large or
regional draw-downs are noticeable in wells in any of the
other formations.

Carrizo Sand

Periodic measurements have been made by the
U.S. Geological Survey, the Texas Water Development
Board, and Southland Paper Mills of water levels in some
Carrizo wells, beginning in the late 1930's. It was then
that the city of Lufkin began to draw its municipal
supply from the Carrizo Sand and Southland Paper Mills
started operating its Carrizo wells.

Since 1939, water levels in Carrizo wells have been
drawn down throughout the area as a result of the
increased pumping from the Carrizo. Drawdowns of
static levels have ranged to nearly 500 feet, depending
on proximity of the observation wells to the centers of
pumping. In general the declines are less going north-
ward from the Southland Paper Mills well fields toward
the outcrop. The declines have been least in the outcrop
area, where they have ranged from zero to about 20 or
25 feet. Static water levels now range from more than
200 feet below sea level in the center of the Southland
Paper Mills Old Well Field to more than 300 feet above
sea level in the outcrop area of the Carrizo. Figure 10
shows graphs of the pumpage from the Carrizo and of
water levels in observation wells in various localities.
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Yegua Formation

Pumpage from the Yegua Formation has resulted
in local cones of depression at Diboll and at Huntington.
Because of the lenticular nature of the sands in the
Yegua Formation and the lack of observation wells, it is
not known how far these cones of depression have
spread. The water level at Huntington is deeper than
appears reasonable for the pumpage at Huntington, and
there appears to be some possibility that part of the
decline there has been caused by the pumping at Diboll.
Data are not available, though, to permit an analysis of
the actual pumpage-water level relationships.

RESULTS OF PUMPING TESTS

Results of pumping tests to determine specific
capacities of wells and the transmissibility and storage
coefficients of the principal aquifers are given in Tables
3 and 4. Graphs of two examples of such tests are shown
on Figures 11 and 12.

A pumping test is essentially a process of mea-
suring the effect on the water level in one or more wells
caused by a given change in rate of pumping. The results
of the pumping test are used in determining how much
water can be pumped under given conditions on a
long-term basis.

Specific Capacities of Wells

The specific capacity of a well is a measure of the
amount of water that the well will produce with a given
amount of drawdown of water level within the well itself
in a relatively short period of time. Its units are gallons
per minute per foot of drawdown. The specific capacity
of a well is affected partly by the hydraulic character-
istics of the formation from which it obatins its water
supply and partly by the type of construction and
efficiency of construction of the well itself.

Specific capacities measured for the larger wells in
the Wilcox Group in this area range from 1.0 to 3.6
gallons per minute per foot of drawdown (Table 3). For
the Carrizo Sand they range from 4.4 to 23.2 gallons per
minute per foot of drawdown. For the Sparta Sand they
range from 0.5 to 7.5 gallons per minute per foot of
drawdown, and for the Yegua Formation they range
from 0.9 to 9.0 gallons per minute per foot of
drawdown.

Coefficients of Transmissibility,
Permeability, and Storage

Table 4 lists coefficients of transmissibility and
storage determined from pumping tests of wells in the
four principal aquifers in Angelina and Nacogdoches
Counties. The coefficient of transmissibility is a measure
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of the amount of water that will move through an
aquifer under a unit hydraulic gradient. It is expressed in
gallons per day per foot of width of the formation.
From the coefficient of transmissibility and the thick-
ness of sand at the pumped well, the field coefficient of
permeability may be determined. This is equal to the
transmissibility divided by the thickness of sand and is
expressed in gallons per day per square foot of cross-
sectional area through which the water moves.

The coefficient of storage, which is obtained from
a pumping test when one or more separate observation
wells are used, is a measure of how much water is given
up from storage when the piezometric surface is low-
ered. It is dimensionless and is equal to the number of
cubic feet of water which is released in each column of
the aquifer with a base of one square foot when the
piezometric surface is lowered one foot. In an uncon-
fined aquifer (under water-table conditions), the coeffi-
cient of storage is essentially equal to the effective
porosity of the water-bearing formation and may be as
large as 0.3. In a confined aquifer (under artesian
conditions), the coefficient of storage is very much
smaller (usually less than 0.001) and is controlled by the
compressibility of the aquifer, the compressibility of
water, the compressibility of clay bodies interbedded
with and adjacent to the aquifer, and leakage from
adjacent beds.

If a pumping test is made on a well which
completely penetrates the aquifer, the coefficient of
transmissibility computed from the test represents the
entire aquifer. If not, it usually represents only a portion
of the aquifer, and the transmissibility for the entire
aquifer must be estimated from the permeability of the
sand, as determined from the pumping test, and thick-
nesses of sand determined from logs of other wells which
completely penetrate the aquifer. None of the individual
pumping tests made in the Wilcox Group, Sparta Sand,
or Yegua Formation was on wells which completely
penetrated the aquifer, but most of the Carrizo tests
were on completely penetrating wells.

The permeability of the sand determined from
tests of wells in the Wilcox Group ranges from 20 to 100
gallons per day per square foot and averages about 45
gallons per day per square foot. Recorded permeabilities
for the Carrizo Sand range from 99 to 336 gallons per
day per square foot, and the transmissibility of the
Carrizo normally ranges from about 14,000 to 36,000
gallons per day per foot. Permeabilities reported for the
Sparta Sand range from 22 to 632 gallons per day per
square foot. Permeabilities of sands in the Yegua
Formation, as determined from the tests, range from 37
to 160 gallons per day per square foot and average about
95 gallons per day per square foot.

The areal distribution of the pumping tests and the
average coefficients recorded in the various localities are
shown on Figure 47.
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Figure 12.—Example of Interference Test

INTERFERENCE BETWEEN WELLS AND
LONG-TERM DRAWDOWNS OF
WATER LEVELS

Under natural conditions and prior to pumping
from wells, an aquifer is in a state of approximate
dynamic equilibrium. Over a climatic cycle, the natural
recharge is balanced by the natural discharge, and except
for temporary fluctuations the piezometric surface of
the aquifer, as represented by water levels in wells,
remains stable.

When a well is pumped, a cone of depression is
created in the piezometric surface around the well to
cause water to flow from the aquifer into the well. In
the Angelina-Nacogdoches County area, the cone of
depression continues to grow in all directions until it
reaches the outcrop area and causes additional water to
flow from the outcrop to the well essentially at the same
rate at which it is pumped. At first the water from the
outcrop is drawn from storage, and the water table in
the outcrop slowly declines. This causes rejected re-
charge to be salvaged, eventually in an amount equal to
the pumpage. At that time the piezometric surface again
becomes stabilized, and no further decline of water
levels in wells is caused by the pumping (Figure 4).

The depth and rate of growth of the cone of
depression in the piezometric surface is controlled by
the coefficient of transmissibility and the coefficient of
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storage of the aquifer. If these coefficients are known,
the Theis nonequilibrium formula may be used, with
time and distance as variables, to compute the cone of
depression at any time after pumping begins.

After equilibrium conditions are reached, the
extent and shape of the cone of depression in the
peizometric surface are controlled only by the coeffi-
cient of transmissibility and the geometry of the
boundaries of the aquifer, and the coefficient of storage
is no longer a factor. In other words, the coefficient of
storage assists in controlling the time at which equi-
librium conditions are reached, but does not control the
final amount of drawdown and the final shape of the
cone of depression,

In making calculations of drawdowns, the outcrop
(source of recharge) is considered as a line source, and a
fault which completely displaces a formation is con-
sidered as a line barrier. In the calculations, the effects
of both are handled mathematically by image wells, the
locations of which are determined by the positions of
the outcrop and/or barrier.

Cones of depression created by individual wells
overlap, and under artesian conditions they are additive.
This means that the effect of pumping two or more
separate wells may be determined by computing the
effect of each and adding them together.

Figure 13 is comprised of graphs made by means
of the Theis nonequilibrium formula, showing the
drawdown of water level (piezometric surface) at differ-
ent times after pumping begins, assuming a pumping rate
of . 5600 gallons per minute, a coefficient of trans-
missibility of 10,000 gallons per day per foot, a
coefficient of storage of 0.00005, and a distance to line
source (outcrop) of 15 miles. Graphs are presented of
the drawdown after pumping 1 day, after pumping 1
month, and after equilibrium conditions are reached.
The drawdowns shown here are proportional to the
pumping rate. If the pumping rate were 1,000 gallons
per minute instead of 500 gallons per minute, the
drawdown would be twice as much as shown by the
graph. At equilibrium the drawdown is inversely pro-
portional to the coefficient of transmissibility, and if the
coefficient of transmissibility were 20,000 gallons per
day per foot instead of 10,000 gallons per day per foot,
the drawdown would be one-half as much. This rela-
tionship also would apply for periods prior to equi-
librium if both the coefficient of transmissibility and the
coefficient of storage were changed by the same per-
centage from the coefficients used for the graphs.

The position of the line source determines the
drawdown at equilibrium, along with the transmissibility
coefficient and the pumping rate. If the line source were
closer to the pumped well than 15 miles as shown, the
drawdown at equilibrium would be less. If it were
farther, the drawdown at equilibrium would be greater.



Well No.

AD-37-42-201
AD-37-42-301
AD-37-42-302
AD-37-h2-602
AD-37-43-501
AD-37-43-503
AD-37-44-801
AD-37-Lk4- 802
AD-37-50-302
AD-37-50-303
AD- 37-50- 605
AD- 37-50- 606
AD-37-50-901
AD-37-51-201
AD-37-51-202

AD-37-51-504

TX-37-35-104
TX-37-35-204
TX-37-35-207
TX-37-35-308
TX-37-36-107

TX-37-09-502
TX-37-17-607
X-37-19-401
X-37-27-201
%-37-27-303
X-37-27- 3042/
TX- 37-27-50k
%-37-27-505%/
1%-37-27- 5062/
TX- 37-27-802
TX- 37- 30- 701
£D-37-34-50L
AD-37-34-505
TX-37-35-301
- 37-35-302
TX-37-35-3032/
AD-37-35- 401

Table 3.--Specific Capacities of Wells in Angelina and Nacogdoches Counties

Well Owner

YEGUA_FORMATION

Lancewood Water Supply Corp.

Owens-Illinois No. 4
Owens-Illinois No. 5

Hudson Water Supply Corp.

Angelina Weter Supply Corp.

Fuller Springs Water District No. 1

City of Huntington No. 7

Four Way Water Supply Corp.

Burke Water Supply Corp.
Burke Water Supply Corp.
Southern Pine Lumber Co.
City of Diboll No. 2

City of Diboll No. 1

Natural Gas Pipeline Co.
Natural Gas Pipeline Co.

Beulah Water Supply Corp.

Southland Paper Mills
Southland Paper Mills
Southland Paper Mills
Southland Paper Mills

Southland Paper M:lls

Secul Water Supply Corp.

No. 1
No. 2

No. b

of America No. 1

of America No. 2

SPARTA SAND

CARRIZO SAND

Douglass Water Supply Corp.

Lilly Grove Water Supply
City of Nacogdoches No.
City of Nacogdoches No.

City of Nacogdoches No.

City of Nacogdoches No.

Corp.

5
3
L
City of Nacogdoches No. 6
K¢
8

City of Nacogdoches No.

City of Nacogdoches No. 9

Chireno Water Supply Corp.

Central W. C. I. .

Lufkin State School No. 2

Southland Paper Mills
Southland Paper Mills
Southland Paper Mills

Southland Paper Mills

For footnotes see end of table.
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Pumping Effective Specific

Rate Time’ 1/ Capacity

(gpm) {hours) {gpm/ft)
38 0.9
206 1/2 5.1
119 1/2 5.6
200 1 2.3
201 2.3
90 1 1.6
200 1 2.3
180 1/2 1.5
157 2.6
95 1.3
225 1/2 3.6
310 1/2 1.7
400 1 9.0
150 1/2 1.2
116 1/2 2.1
60 1 2.8
200 2l 7.5
> 48 1.1
90 2k .5
300 2k 3.3
260 1 3.1
16 bk
80 7.2
150 6.5
790 2 9.5
565 2 8.8
530 2 12.3
810 2 7.5
705 2 8.1
152 2 9.0
805 2 15.1
62 2 .6
150 9.4
303 13.8
633 1 7.6
979 1 17.8
887 1 15.1
1,120 1 16.1



Table 3.--Specific Capacities of Wells in Angelina and Nacogdoches Counties--Continued

Pumping Effective Specific
Well No. Well Qwner Rate Time Capacit;
(gpm) (hours) (gpm/ £t
CARRIZO SAND (Continued)
AD- 37-35-k02 Southland Paper Mills 1,200 2l 13.0
AD- 37-35-403 Southland Paper Mills 1,200 ok 22.5
AD- 37-35-408 City of Lufkin No. 9 1,209 1/2 23.2
AD-37-35-502 Southlaend Paper Mills 1,100 1 22.4
AD-37-35-503 Southland Paper Mills 1,120 1 21.5
AD-27-35-504 Southland Paper Mills 1,110 1 20.5
AD-:7-35-505 Southland Paper Mills 1,130 1 19.7
AD-37-35-601 Southland Paper Mills 1,080 1 15.6
AD-37-35-602 Southland Paper Mills 1,200 24 17.0
TX- 37-35-603 Southland Paper Mills 608 1 20.3
AD- 27-35-605 Southland Paper Mills 1,200 2k 16.8
AD-37-35-701 City of Lufkin No. S 900 9.7
AD- 37-35-703 City of Lufkin No. 7 1,000 4 10.1
AD-37-35-705 City of Lufkin No. 3 996 k.2
AD-37-35-708 City of Lufkin No. 8 1,040 /2 by
AD-37-35-709 Redland Water Supply Corp. 130 1/2 6.2
TX- 37-36-102 Southland Paper Mills 920 1/2 7.6
AD-37-42-304 Woodlewn Water Supply Corp. 143 7.1
WILCOX GROUP

TX- 37-10-403 City of Cushing No. 2 104 1.0
T¥-37-11-901 Caro Water Supply Corp. 85 1 1.6
TX-37-13-L01 City of Garrison No. 1 110 1.0
TX-37-13-402 City of Garrison No. 2 100 1/2 1.0
TX- 37-13- 40k City of Garrison No. 3 195 /2 3.6
TX- 37-20-103 Appleby Water Supply Corp. 100 1/2 2.0

Y Weere no effective time is given, the exact time is unknown and may range from a few minutes to one day.
Well also screens part of Wilcox Group.
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Purped Well

Table 4.--Results of Pumping Tests in Angelina and Nacogdoches Counties

Observation Well

AD- 37-13-503
AD- 37-LL- 801
AD-37-50-303
AD-37-50-603
AD-37-50-605
AD- 37-50- 606
AD- 37-50-901
AD- 37-51-202

AD-37-51-504

TX-37- 35- 104
TX-37-35- 10k
TX- 37- 35- 20k
TX- 37- 35- 20k
TX- 37-35-207
TX- 37-35-207
TX- 37~ 35-308
TX-37-36-107
TX-37-36-107

TX- 37-27-201
TX-37-27-201
TX- 37-27-303
TX- 37-27- 3044/
% 37-27- 304
TX- 37-27- 504
X-37-27-505%/
X 37-27-506Y
TX-37-27-802
TX- 37-30-70L
AD- 37- 34-902
TX- 37- 35-302
TX- 37- 35- 302
TX- 37- 35- 302
TX- 37-35- 302
TX-37- 35-303%/
% 37-35-303

AD-37-35-401 and

TX- 37-35-105
TX- 37- 35-105

TX-37-35-205

TX-37-35-203

TX-37-36-108

TX-37-27-201

TX-37-35- 301
TX-37-35- 301
T%-37-35- 303/
%-37-35- 310/
TX-37-35-301
L/
T%- 37-35- 310

AD-37-35-504 and
AD-37-35-506

For fcctnotes see end of table.

Pumping
Rate

90
200

95
720
225
310
400
170

60

200
300
5
(]

300
125

125

768

755
910
980
655
705
752
805
70
1,230
1,400
1,400
1,400
1,400
1,400

1,400

Sand Field
Length Alignment  Thickness Coefficient of Coefficient Coefficient of
of of st Pumped Transmissibility of Permeabilityl/
Test Data Well (gpa/ft) Storage (gpa/£t2)
YEGUA FORMATION
2 hours Good 80 6,000 5
4 hours Good 100‘2/ 4,000 ko
1 hour Fair hog/ 3,000 T
2 hours Fair 1002/ 16,0003/ 160
1/2 hour Fair 7oy 2,600 37
1/2 hour Fair 60 8, 600 143
3 hours Fair 100 10,000 100
1 hour Good 306%/ 3,500 17
2 hours Good Lo L, 800 120
SPARTA SAND
1 day 922/ Lk, 700 .00038 186
6 days 927 58,100 000k 632
2 days 8 & 2,200 26
2 days 852/ L, 200 .00026 L9
1 day hsg 1,000 22
1 day hsy 1,000 22
3 days Fair 602/ 8,800 W7
6 dsys 352/ 11,000 314
6 asys 352/ 11,000 .00017 31
CARRIZO SAND
% hours Good 80 14,100 176
2 hours Good 8 15,200 190
2 hours Good 100 17,500 175
2 hours Good 90 19,700 219
14 hours Good 90 17, 800 00007 197
2 days Good 80 7,300 99
2 days Good 110 12,800 116
2 days Good 95 17,000 179
1 day Fair 135 38, 000 282
2 hours Fair 50 500
4 hours Fair 120 29,000 264
12 hours 120 33,100 .00016 276
3 days Good 120 35,600 .00013 296
12 hours Good 120 25,300 .00013 210
12 hours Good 120 23,200 .00013 193
12 hours Good 130 30, 400 . 0001k 234
12 hours Good 130 25,100 .00013 193
6 days 32,300
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Table 4. -<Results of Pumping Tests in Angelina and Nacogdoches Counties--Continued

Sand Field
Pumping Length Alignment Thickness Coefficient of Coefficient Coefficient of
Pumped Well Observation Well Rate of of at Pumped Transmissibility of Permeability J
(gpm) Test Data Well (gpd/ft) Storage (gpd/£t2)
CARRIZO SAND (Continued)
AD-37-35-4C1 and AD- 37-35-502 and 14 deys 31, 800
AD-37-35-503 end AD-37-35-506
AD-37-35-5Ck
AD-37-35-4C1 and AD-37-35-501 and 14 days 32,300
AD-37-35-5C3 and AD-37-35-601
AD-37-35-5Ch
AD-37-35-401 and AD-37-35-502 and 14 days 32,600
AD-37-35-523 and AD-37-35-601 14 days 32,600
AD-37-35-504
AD-37-35-402 1,200 2 days Good 100 26,200 262
AD-37-35-403 1,200 2 days Good 140 32,000 228
AD-37-35-522 2 days 130 33,400 256
AD-37-35-502 AD-37-35-503 5 deys 130 31,400 0.0001% 242
AD-37-35-502 AD- 37-35-506 5 days 130 32,200 00016 248
AD-37-35-502 AD-37-35-503 and 5 days 130 36,000 277
AD- 37-35-506
AD-37-35-503 2 days 130 32, 800 252
AD- 37- 35-503 AD- 37-35-502 2 days 130 34,100 00015 262
AD-37-35-503 AD- 37-35-50k 4 days 130 32,600 00014 250
AD- 37-35-503 AD-37-35-506 L days 130 33,500 0001k 258
AD- 37-35-503 AD-37-35-504 &nd L days 130 35,400 272
AD-37-35-506
AD- 37-35-504 3 days 130 31,200 2ko
AD- 37-35-504 AD- 37-35-503 3 days 130 30, 800 .00012 237
AD- 37-35-50k AD- 37- 35-506 3 cays 130 30, 600 .00012 235
AD-37-35-50L AD-37-35-503 and 3 days 130 31,500 2h2
AD-37-35-506
AD-37-35-505 1,200 2 days Good 80 22,200 278
AD-37-35-5C¢ AD- 37-35-602 1,200 2 days Good 8o 26,900 0001k 336
AD-37-35-6C2 1,200 2 days Good 100 28,000 280
AD-37-35-6C2 AD- 37-35-605 1,200 2 days Good 100 30,600 .00012 306
N
TX-37-35- 603-/ TX-37-35- 3101y 1,500 12 hours Good 180 36, 800 .00027 204
AD- 37-35- 605 1,200 2 days Good 100 28,000 280
AD- 37- 35- 703 1,000 4 hours Good 120 26,800 220
AD- 37- 36-403 5 2 hours Good 60 17, 800 297
WILCOX GROUP
TX-37-10-403 110 2 hours Good 55 1,100 20
TX-37-11-90L 85 2 hours Good 50 2,500 50
TX-37-13-402 123 2 hours Good 30 1,100 37
TX-37-13-402 TX-37-13-401 123 2 hours Good 30 1,100 .00068 37
TX-37-13-404 180 2 hours Good 5 2 5, 800 100
o
TX-37-20-103 100 1/2 hour Fair 2,400 30
y Besed on sand thickness, or length of screen if sand thickness not available.
y Length of screen.
3 Average of two or more tests.
L/ Well also screens part of the Wilcox Group.
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Figure 13.—Computed Drawdown of Water Levels Caused by Pumping

Drawdowns are shown on Figure 13 for distances
from the center of the pumped well ranging from 0.0001
mile to 30 miles. The distance of 0.0001 mile is
approximately one-half foot, representing the radius of a
well about 12 inches in diameter. The drawdown shown
at this distance is the theoretical drawdown in a 100
percent efficient well of that diameter.

For an aquifer such as the Carrizo Sand, which is
rather uniform in thickness and character, the average
coefficient of transmissibility determined from pumping
tests can be applied directly in determining the cone of
depression resulting from pumping a well. On the other
hand, for an aquifer such as the Yegua Formation, in
which the sands are lenticular and represent only a small
protion of the formation as a whole, the many bound-
aries to the sands created by their lenticular nature must
be taken into consideration in using the average coeffi-
cient of transmissibility with the nonequilibrium for-
mula to predict drawdowns of water levels. The coeffi-
cient of transmissibility as determined from a pumping
test normally represents only a short period of time
during which the cone of depression extends from the
well tested for no more than a few thousand feet. If the
cone of depression later grows through additional, more
confining boundaries, the effective coefficient of trans-
missibility then becomes smaller. The indications for the
Yegua are that this does occur, and on that basis it is
roughly estimated that the regional effective trans-
missibility of the Yegua is only about one-half that
which may be computed by taking the average coeffi-
cient of permeability determined from pumping tests
and multiplying it by the average thickness of sand in
the formation.
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Carrizo Sand

Because of the large changes in pumping which
have occurred in the Carrizo Sand and because a large
number of measurements have been made of water levels
in observation wells during the period of these changes,
it has been possible to measure the growth and extent of
the cone of depression which has occurred in the Carrizo
Sand over the past 30 years. Table 5 lists drawdowns
which occurred between various dates in a number of
Carrizo wells throughout the area. The table also lists
computed drawdowns for the same periods of time. The
assumptions on which the computations were made are
given in the table. No water-bearing formation is
perfectly uniform in character as required in the
assumptions for the computations, and the Carrizo is no
exception. It may be noted, however, that the computed
drawdowns are reasonably consistent with the measured
drawdowns and give faith in the use of similar com-
putations to compute future changes in water levels that
will result from additional changes in pumping from the
aquifer.

For the most part, the computations given in
Table 5 were made using a coefficient of transmissibility
of 22,900 galions per day per foot. The selection of this
coefficient of transmissibility was originally determined
by using a higher coefficient to compute drawdowns for
comparison with actual drawdowns and then adjusting
the coefficient downward so that the computed and
actual drawdowns would more closely match, on an
average, throughout the area. One of the reasons why
the effective coefficient of transmissibility for the
Carrizo is less than that determined from most of the



1
Table 5, --Actual and Computed Declines of Water Ievels in Carrizo Wells in Angelina and Nacogdoches Counties _/

Actuel Computed Actual Computed Actusl Computed Actun fouéiiputed
Decline Decline Decline Decline Decline Decline Decline Decline
Well Period (feet) (feet) Period (feet) (feet) Period (feet) (feet) (feet) (feet)
TX-37-17- 303 p 196 2u7 T2 70 68 266 315
TX-37-19-902 g;‘; 78 77 78 77
- 37-25- 301 e © 8 Lz 5T 6 2 51
% 37-27-3012/ lé: 22 o0h 223 20k 223
T%-37-27- 5042/ E_‘ gé 22 34 22 3h
X 37-27-5055 o 52 sl 52 51
TX-37-27- 5062/’ lﬁ: gg 162Y 160 1623/ 160
AD- 37-34-201 }[: ;‘? 6k 50 I gg 132 150 196 200
TX-37- 35-202 gt 200 209 (2] 56 69 256 218
TX-37-35-303 > ;‘g’ ad 210 ;:: g?{ 26 26 z 2; 9k T 3 310
L 37-35-310 e s 152 o TER 28 200
AD-37-35-401 12 gg 3523 387 g: 23 86 119 2: Zg s 100 5133 606
AD-37-35-502 2_' gg 0¥ 388 :;: g?{ 12 122 & 2'9? 60 86 5203 596
AD-37-35-503 A 357 393 e 8 13 ) 63 9 s06¥ 596
AD- 37-35-506 1,2{: gg 305 347 ;: ;,5{ 102 118 z Zg 69 101 W6 566
AD-37-35-601 & gg 3639 387 g: g?( m 127 z 2; 65 % 5393 616
T4 37-35- 603 124 2203 198 &2 a3 Pty 93 97 3@ s
TX- 37-36-202 12: ';; 146 ke ;: g?{ 34 38 g: Zg 69 6L 249 o1
Y- 37- 36-301 w3 ue 153 3 I 190 2ok
AD- 37-36-40% ?:g? 50 53 s 80 69 130 1
AD-37-36-501 :((: gg ko 46 g: z; T0 65 110 11

y Computed declines based on Theis nonequilibrium formula. Line source of infinite length assumed to exist along northern side of
Carrizo outcrop. T=22,900 gpd/ft and $=0.0001 unless otherwise noted.
g T of 18,000 gpd/ft and S of 0.00007 used for computing that part of decline caused by Nacogdoches wells.

_3/ Decline represents difference between initial static and subsequent pumping level.
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pumping tests is that the sand is thinner to the east and
less transmissive. Another reason is that the computa-
tions have been made in part based on a line source of
infinite length along the outcrop, whereas actually the
continuity of the outcrop is terminated to the north-
west, near the northwestern corner of Nacogdoches
County, by a series of faults. The termination of the
outcrop causes the acutal drawdown to be somewhat
greater than it would be if the line source were
continuous as assumed in the computations.

POSSIBLE BRACKISH
WATER ENCROACHMENT

Because the original slope of the piezometric
surface from the outcrop down the dip of an aquifer in
this area is very gentle and because the cone of
depression caused by heavy pumping extends over a
wide distance and is relatively deep, the cone of
depression may cause brackish water to move toward a
well field from downdip. Although under equilibrium
conditions all the flow lines to the area of pumping
originate in the outcrop, they do not all go straight to
the wells, because of the radial nature of the flow to the
wells. Instead, some of the flow lines pass by on each
side of the area of pumping and then turn and come
back to the wells from the downdip direction. Thus, if
the cone of depression has extended into the brackish
water portion of the aquifer to such an extent that the
slope of the piezometric surface is actually toward the
wells from within that portion of the aquifer, some of
these flow lines pass from the outcrop into the brackish
water and then turn and come toward the area of
pumping. This causes some of the brackish water to
move toward the wells. This situation, of course, is most
severe when the pumping is very heavy and is located
very close to the brackish water. Under such conditions,
brackish water may be brought into the wells in
sufficient quantity to substantially change the mineral-
ization of the water pumped from the wells.

There is no question that the cone of depression in
the piezometric surface of the Carrizo Sand is causing
some brackish water to move toward the Lufkin and
Southland Paper Mills well fields. Although no indi-
cation has yet been shown from chemical analyses that
the mineralization of the water is increasing in any of
the wells, it is possible that in time there will be a
noticeable increase. It should be expected that the first
increases will occur in those wells belonging to Lufkin
which are closest to brackish water,

The mineralization of the water from the wells
cannot change greatly, however, until the water between
the wells and the highly mineralized water is pumped
out. In the Lufkin area the amount of water in storage in
the Carrizo Sand in one square mile is probably on the
order of 12,000 to 25,000 acre-feet, which is equal to
pumpage for a year at a rate of about 11 to 22 million
gallons per day. Considering the fact that water moves

radially to the center of pumping from all directions, it
will take many years for water in the Carrizo to move to
the well fields from great distances. Thus, any change in
mineralization should be slow and occur over a long
period of time; and if periodic observations of quality of
water are made, there should be ample opportunity to
relocate wells or develop a supplemental supply if the
mineralization of the water becomes too great.

At present, pumpage from the Wilcox and Sparta
sands is so small that there is no likelihood of brackish
water moving into existing fresh-water wells unless the
wells are already right on the edge of the brackish water.
There is more likelihood that some of the existing Yegua
wells will eventually show an increase in mineralization.
This is especially true of the wells at Diboll, where the
large wells already produce water with more than 1,000
parts per million dissolved solids. Also, because of the
interbedded character of the fresh and brackish water
sands in the Yegua Formation, there may be some
movement of brackish water from a brackish-water sand
into an overlying or underlying fresh-water sand.

AVAILABILITY OF GROUND WATER

As stated earlier in this report, some fresh ground
water is available from every formation outcropping in
Angelina and Nacogdoches Counties except the
Catahoula Formation. Only four formations or groups of
formations, however, are capable of producing large
quantities. These are the Wilcox Group, Carrizo Sand,
Sparta Sand, and Yegua Formation. Of the remaining
formations, the Reklaw Formation and the Queen City
Sand are each slightly better than the Weches Forma-
tion, the Cook Mountain Formation, the Jackson Group,
or the alluvium, but all are weak producers and should
be considered only for small water supplies.

The basal Reklaw sands are hydraulically con-
nected to the Carrizo in many places and should not be
considered as a source of ground water separate from the
Carrizo. Wells of small to moderate yield might be
obtained in some places in the basal Reklaw, however, if
there were reasons to make such wells in this sand
instead of in the Carrizo. With the exception of this
formation, none of the ‘‘weak-producing’” formations
should be expected to yield more than 50 to 100 gallons
per minute to a well at any place, and even this is too
much to expect in most places from the Queen City and
Jackson, and certainly from the Weches and Cook
Mountain Formations and the alluvium.

From the standpoint of availability of a ground-
water supply, it should be pointed out that wherever the
Reklaw, Queen City, and Weches contain fresh water,
the sands of the Wilcox Group, Carrizo Sand, and/or
Sparta Sand also exist and provide a much better source
of fresh ground water. Similarly, nearly everywhere that
the Cook Mountain Formation contains fresh water, the
Sparta and/or Carrizo also contain fresh water.
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In the southern part of Angelina County, the
Jackson Group and the alluvium (where it exists) are the
only units which stand a chance of producing fresh
ground-water supplies, and many users have had diffi-
culty in developing even a domestic supply. In this area
the availability of ground water is very limited, and the
development of large supplies of ground water should
not be attempted.

The following sections of the report present
information on yields and the more favorable areas for
development from the Wilcox, Carrizo, Sparta, and
Yegua aquifers. Only water containing less than 1,000
parts per million dissolved solids is considered.

Yields of Individual Wells

In estimating yields of wells, it is necessary to
establish criteria with respect to well construction and
drawdown of water level. For the following discussion
on maximum individual well yields, it is assumed that
the screens in the wells will be at least 8 inches in
diameter and of sufficient diameter so that there will be
very little head loss due to turbulent flow in the wells. It
is further assumed that all the sands in the producing
sections will be screened and that the wells will be
constructed and developed in such a manner that they
are essentially 100 percent efficient. In other words, it is
assumed that there will be no extra drawdown in the
wells due to restriction of water movement through the
faces of the wells. Finally, it is assumed that the
drawdown in a well due to its own pumping is
approximately 100 feet in the first day of pumping,
provided this does not draw the pumping level below the
top of the producing section of the aquifer. In cases
where less than 100 feet of available drawdown exists to
the top of the producing section, some provision has
been made for partial dewatering of the formation, and
also the 1-day drawdowns have been reduced to less than
100 feet as necessary.

Wilcox Group

Figure 14 shows the estimated maximum yields of
individual wells producing fresh water from sands of the
Wilcox Group. In addition to the assumptions described
above, it is assumed with respect to the Wilcox wells that
no more than 400 feet of thickness of the Wilcox will be
included in the developed portion of any Wilcox well. In
other words, it is assumed that the distance between the
top of the top screen and the bottom of the bottom
screen will be no more than 400 feet. Within this
limitation, it is assumed that the well will be screened in
that portion of the Wilcox having the greatest amount of
sand which produces fresh water, provided there is at
least 100 feet of available drawdown to the top of the
producing section.

The principal reason for the relatively low esti-
mates of maximum well yields from the Wilcox, no
greater than 500 gallons per minute anywhere in the
area, is the low permeability of the Wilcox sands. In
making the estimates, an average permeability of 50
gallons per day per square foot is used.

Carrizo Sand

Estimated maximum yields of individual wells are
shown for the Carrizo Sand on Figure 15. They range
from zero to 1,500 gallons per minute. The data upon
which this map is based are more complete than for
other aquifers studied, and include well records, pump-
ing tests made in different parts of the area, and
thicknesses obtained from electric logs.

To obtain the largest yields will require gravel-
walled wells with screens of at least 10 inches in
diameter and preferably 12 or 14 inches. Generally the
estimated maximum yields increase from northeast (near
the outcrop) to the southwest. One small area just east
of Southland Paper Mills’ Old Well Field is shown with
an estimated maximum well yield of less than 500
gallons per minute. Test drilling in this area by South-
land Paper Mills showed a very thin section of Carrizo, in
the range of 20 to 60 feet.

Sparta Sand

Estimated maximum vyields of individual wells are
shown for the Sparta Sand on Figure 16, and range from
zero to 500 gallons per minute. The estimates assume an
approximate effective transmissibility range of 4,000 to
10,000 gallons per day per foot for the full thickness of
the Sparta. This appears reasonable in view of the wide
range in transmissibility and permeability determined
from the pumping tests made of Sparta wells. It
discounts the greatest transmissibility determined from
the pumping tests, 58,100 gallons per day per foot. That
test was made on shallow wells with semi-artesian
conditions, which could readily result in an apparent
transmissibility that is too high, and it does not appear
likely that the actual transmissibility of the Sparta Sand
can be anywhere near this large at more than isolated
sites.

Yegua Formation

Figure 17 shows estimated maximum yields of
individual wells for the Yegua Formation. These range
from zero to 500 gallons per minute. Generally they
become greater from north to south until the northern
edge of the zone within which the water begins to
change from fresh to brackish is reached. In that zone
the estimated yields then decrease to zero, inasmuch as
no water is considered in these estimates which contains
more than 1,000 parts per million dissolved solids.
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EXPLANATION
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For the Yegua Formation, as for the Wilcox, it is
assumed that no well will develop a section of the
aquifer with more than 400 feet between the top and
bottom of the screened section. Because the Yegua is
nearly 1,000 feet in total thickness near the southern
boundary of its outcrop, this limits the estimated
maximum individual well yield to less than the theo-
retical amount which could be obtained from the
formation as a whole.

In making estimates of transmissibility of sands in
the Yegua, an average permeability of 100 gallons per
day per square foot as determined from pumping tests is
used, together with thicknesses determined from electric
logs. Two exceptionally high yields reported for actual
wells are not considered. One is a reported 1,000 gallons
per minute for a well 110 feet deep at Lufkin,
abandoned many vyears ago and for which no actual
records of measurement are available. Another is a
reported yield of over 800 gallons per minute from a
well at Diboll, which produces water containing slightly
more than 1,000 parts per million dissolved solids. These
yields are considered to be anomalous exceptions, and it
is felt that they should not be considered in selecting
ranges of values which are most likely to be found.

Individual Well-Field Yields

Additional criteria are necessary with respect to
estimating maximum vyields of individual well fields.
First and most importantly, no allowance is made for
interference effects between one well field and another.
This means that these estimates of maximum vyield are,
for the most part, valid for only one well field in the
aquifer at the present time. Each well field will create
drawdown of the piezometric surface throughout much
of the aquifer, and this will have an effect on the
drawdown available for use by .each additional field
which may be installed. Futhermore, each additional
field that is installed will have an effect on the first field
which was developed, thus reducing the drawdown
available for it and its maximum potential yield. The
effects of interference between well fields are considered
in succeeding sections of this report, but for this section,
the purpose of which is to estimate the maximum
available yield of any one well field, it is not practicable
to consider such interference effects.

Next, in estimating the yield of a well field it has
been necessary to assume a maximum number of wells,
spacing between wells, and the desired yields of the
wells. For the estimates, therefore, it has been assumed
that no well field will contain more than 10 wells and
that the wells in a field will generally be spaced in a line
approximately one-half mile apart. Where practicable,
the yields of individual wells have been selected so that
about 100 feet of drawdown will be created in each well
during the first day from its own pumping.

It has also been necessary to assume limits for
allowable drawdown. Allowable drawdown, as used in
this report, refers to the distance between the piezo-
metric surface and either the top of the producing
section in the wells or some other level considered to be
a reasonable depth for pumping levels. The limits used
for each aquifer are given in the following sections of the
report.

Wilcox Group

Because the portion of the Wilcox Group contain-
ing fresh water sands is so thick in the northern part of
Nacogdoches County, more than one well may be made
at a single site, under the limitation imposed that no
more than 400 feet of section will be taken into any one
well. Therefore, in estimating the yield of the Wilcox
Group, the Wilcox sands have been divided into separate
sections. This has been done by first separating the sands
considered to be hydraulically connected to the Carrizo
Sand and then allocating the remainder of the fresh
water Wilcox sands to one or two other sections,
depending on the total remaining fresh-water thickness
of Wilcox. The sands within the upper 200 feet of the
Wilcox Group are assumed to be associated with the
Carrizo Sand and to have a piezometric surface equi-
valent to that of the Carrizo. The remaining Wilcox
sands are assumed to have a piezometric surface 250 feet
above sea level. The allowable drawdown is assumed to
be the distance between the piezometric surface and the
top of the Wilcox section developed by the wells. The
maximum drawdown allowed in the estimates is 500
feet. The recharge area for the upper portion of the
Wilcox is considered to be along the northern edge of
the Carrizo outcrop. For the remainder of the Wilcox,
however, the recharge area to the north and northeast is
partly shut off by the Mount Enterprise fault zone, and
it is necessary in making estimates to take this into
account by a system of image wells.

On the basis of these conditions and assumptions,
the estimated ranges in maximum individual well-field
yield are given on the map in Figure 18. For the
northern portion of the area, the range is from 1.5to 3
million gallons per day. In the eastern portion of
Nacogdoches County is a locality where it is estimated
that the maximum vyield of a well field may range
between 3 and 5 million gallons per day. For the
southern portion of the area where Wilcox sands contain
fresh water, the estimated maximum yield of a well field
in the Wilcox is less than 1.5 million gallons per day. The
estimate is lower in this locality because the fresh water
section of the Wilcox is much thinner, and because much
of that which exists is hydraulically connected to the
Carrizo Sand for which the piezometric surface has
already been drawn down a great deal, leaving less
allowable drawdown than would otherwise be the case.
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Carrizo Sand

The total yield of the Carrizo Sand is already
nearly fully developed by pumpage from existing wells.
By far the greatest portion of this pumpage comes from
the well fields belonging to the cities of Lufkin and
Nacogdoches and Southland Paper Mills. No large new
well field can be developed in the Carrizo Sand without
adversely and seriously affecting one or more of these
existing fields. Yet, in order to make an estimate of the
physical possibility of the yield from a new well field,
Figure 19 has been prepared. This map shows the
estimated maximum individual well-field yield which can
be developed from the Carrizo without regard for its
effects on the other fields. First, the map shows the
1968 average pumpage from each of the four principal
existing fields and the estimated maximum yield which
can be obtained from each of those fields without regard
to the effects on other fields. Second, the map shows
areas in which an additional new field might be placed
and the estimated maximum yield of such an individual
field without regard for its effect on any existing field or
on any other new field.

Because the Carrizo aquifer is so fully developed
already, a greater allowable drawdown is assumed in
these estimates than for other aquifers. For this aquifer,
which had an original piezometric surface slightly more
than 250 feet above sea level in the vicinity of the
Lufkin and Southland Paper Mills well fields, it is
assumed that the pumping levels in wells can be drawn
down to the top of the formation or to 400 feet below
sea level, whichever is shallower, except in the Southland
Paper Mills Poe Field. In that field, elevations of the tops
of the liners in the wells are about 310 feet below sea
level and the pumps cannot be lowered into the liners.
The tops of the liners are used as the limiting depths of
pumping levels. In the Nacogdoches Field all the wells
are constructed and/or the pumps sized in such a manner
that the pumps can be lowered to the top of the Carrizo
sand. In the Southland Paper Mills Old Field and the
Lufkin Field the tops of the liners are all at or below
400 feet below sea level.

The estimates of yield take into consideration the
range in transmissibilities which is considered to exist in
the Carrizo over the area. They also take into considera-
tion the actual pumpage-drawdown experience over the
past 30 years.

Sparta Sand

Figure 20 shows the estimated maximum indi-
vidual well-field yields for the Sparta Sand. As with the
other aquifers, these estimates are made for a single field
without regard for interference effects between fields.
The estimates range from less than 1 million gallons per
day to 4 million gallons per day. The estimates are based
on an allowable drawdown amounting to the distance
between the present piezometric surface and the top of
the Sparta Sand, up to a maximum of 500 feet.

The greatest well-field yields can be obtained in
the Sparta in the western and eastern portions of that
area underlain by fresh water-bearing Sparta sands. In
the northern and central portion of the area, essentially
comprised of the outcrop, the estimates are considerably
less, partly because the allowable drawdown is less and
partly because the saturated thickness of the formation
becomes less going northward in the outcrop. For a well
field made in the outcrop, it has been assumed that no
more than 3 square miles of recharge area is available to
any one field, with no more than 6 inches of salvageable
rejected recharge.

Yegua Formation

Figure 21 shows the estimated maximum indi-
vidual well-field yield for a new field in the Yegua
Formation. The estimated yield ranges from zero to 3
million gallons per day. The estimate is somewhat lower
in the southern portion of the area than it would be if
development of the Yegua had not already taken place
in the vicinity of Diboll.

The assumed deepest allowable pumping level is
the top of the producing section of the Yegua or 500
feet below the original piezometric surface, whichever is
shallower. As in the case of all of the other formations,
these estimates are made without considering the effects
of the new field on either the existing wells in the Yegua
or on any new field, and vice versa.

In making the estimates of well-field yield in the
Yegua, an allowance has been made for the effects of
boundaries on the individual sands in the Yegua, which
tend to reduce the effective regional transmissibility of
the Yegua to an amount below that computed from the
actual sand thickness times the average permeability
coefficient of 100 gallons per day per square foot as
determined from pumping tests. Because of these
boundaries, estimated maximum well-field yields are
generally about two-thirds to three-fourths of those that
might otherwise be calculated.

Total Availability of Ground Water
Within Angelina and Nacogdoches Counties

More important and more realistic than the pre-
ceding estimates of maximum yields of individual well
fields are estimates of total availability of water from
each of the principal aquifers within the two counties. A
summary of these estimates is given in Table 6. The
assumptions on which the estimates are based are listed
in the table.

Estimates of the total availability of water from
existing well fields and/or new well fields of moderate
size are made on the basis of locating the new fields at
reasonable distances apart in the most favorable areas
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Table 6.--Estimated Total Amount of Ground Water Available in Angelina and Nacogdoches Counties

3upply Aveilable under Supply Available with

Supply Available from

1968 Practical Conditions, Ideally Located Well Maximum Possible Num-
Aquifer Pumpage ‘out with No Increase Fields, with No In- ber of Wells, with Full
(million in Pumpage Outside crease in Pumpage Out- Development Outjde
gallons These Counties 1 side These Counties 2/ These Counties
per day) (million gallons per day) (million gallons per day) (million gallons per day)
Wilcox Group L/ 0.5 8 8 13
Carrizo Sand 5/ 26.7 1% 32 37 28
Sparta Sand .1 T 7 8
Yegia Formation 2.8 7 7 10

Y

ixcept for the Cerrizo 3and, the figures in this colwmn are the same as those in the adjacent column relating to ideally
Located well fields. For the Carrizo Sand the figure in this column is less because the present well fields ere not ideally
Located to obtain the greatest total amount of water aveilable from the aquifer throughout the two counties, and it is not
oractical to abandon the present fields and develop others in remote areac.

Tae figures in this column are based on the sum of the estimated maximum yields from well fields of smell to moderate size
spaced uniformly in sreas of greatest transnissibility and greatest allowable drewdown. The well fields in each aquifer in
Angelina and Nacogdoches Counties interfere with one another, tut the estimastes assume that pumpage from the respective forma-
sions in adjacent counties to the east and west will remair the same as at present, s¢ there will be no interference from these
oatside counties.

Tae figures in this column represent estimetes of the maximum smounts of water that will flow down the dips of the respective
Zormations from their outcrops into and in Angelina and Nacogdoches Counties, if the aquifers are also fully developed in
aijacent counties to the easst and west.

Tae figures listed here for the Wilcox Group do not include the amounts stated under footnote y as originating in the Wilcox.

A1 estimated 10% of the water shown here ss pumped and available from the Carrizo Sand originates in the Wilcox. DPart of it
i3 pumped from wells screening both aquifers and part flows into the Carrizo where the two are hydraulically interconnected.
1 addition, & very small portion of the waeter available from the Carrizo originates in the Reklaw Formation. The amount

i3 estimated to be much smeller then that contributed by the Wilcox.

Tais figure includes & small amount of pumpage directly from the Wilcox, drawn from wells screening sard in both the Wilcox and
<he Carrizo -- estimated at sbout 1 million gaellons per day.
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with respect to transmissibility of the aquifer and
allowable drawdown of water level. They also assume
that pumpage from these aquifers is not increased in
adjacent counties, as no new interference is allowed for
from those counties. To this extent the estimates are
perhaps unrealistic and too high, for some additional
development probably will occur in adjacent counties.

Except for the Carrizo Sand, the two columns on
total well-field yields in Table 6, one stated to be the
supply available under practical conditions and the other
stated to be the supply available with ideally located
well fields, show the same values. It is considered
practical at this time to locate well fields in an ideal
manner in each of the formations except the Carrizo. As
will be described subsequently in this report, however, it
is not considered practical to do this in the Carrizo Sand
because of the present fields which cannot be abandoned
without great economic loss to the owners.

The second method of estimating the available
supply is based on full development of each aquifer
throughout its extent, both inside and outside of these
counties. The figures given for the available supplies are
estimates of the maximum amounts of water that will
flow down the dips of the formations from their
outcrops to wells in Angelina and Nacogdoches Coun-
ties, under the provision that water cannot be pulled
into Angelina and Nacogdoches Counties from the sides
because of full development of these aquifers in those
adjacent counties to the east and west. The estimates are
based on the estimated effective transmissibilities of the
formations, the dips of the beds, and the widths of the
areas of occurrence of the aquifers in these counties.

Wilcox Group

The 1968 pumpage from the Wilcox Group is
estimated at 0.5 million gallons per day. The supply
available from well fields under both practical and ideal
conditions, with no increase in pumpage outside these
counties, is estimated at 8 million gallons per day. This
water would be taken from five well fields about seven
miles apart, located in areas to obtain the maximum
transmissibility and maximum allowable drawdown up
to 500 feet. The estimate of the maximum amount of
water that can flow from the outcrop to points of
withdrawal in Angelina and Nacogdoches Counties
without unwatering the aquifer is 13 million gallons per
day.

In estimating the amount of water available from
the Wilcox Group, the effects of the Mount Enterprise
fault zone are considered. Also, the amount of water
which can enter the Carrizo Sand from the Wilcox sands
is not included. It is estimated that about 10 percent of
the water which is now pumped or available from the
Carrizo originates in the Wilcox. Some of this water is
pumped from wells which screen both the Carrizo and
Wilcox, and some moves into the Carrizo from the

Wilcox in places where the two are in hydraulic
interconnection. Thus, in Table 6 about 3 million gallons
per day of water assigned to the Carrizo is believed to
actually originate in the Wilcox and is not included in
the figures given for the Wilcox Group. The reason for
assigning this water to the Carrizo and not to the Wilcox
is that the wells in the Carrizo are now making use of it,
and the Carrizo is likely to become fully developed
before the Wilcox. Therefore, it is considered more
realistic to include this water in the Carrizo estimates in
order to get a truer picture of the total amount of water
which can be pumped from Carrizo wells.

Carrizo Sand

The 1968 pumpage from the Carrizo, including
that obtained from combination Carrizo and Wilcox
wells, is estimated at 26.7 million gallons per day. Of
this, 25.3 million gallons per day was pumped from the
four well fields belonging to the cities of Lufkin and
Nacogdoches and Southland Paper Mills. Seven wells are
now in use in the city of Lufkin Field, nine in the city of
Nacogdoches Field, ten in the Southland Paper Mills Old
Field, and three in the Southland Paper Mills Poe Field.

The estimated allowable drawdowns below present
pumping levels are 200 feet for the Lufkin Field, 120
feet for the Southland Paper Mills Old Field, 70 feet for
the Southland Paper Mills Poe Field, and less than 50
feet for the Nacogdoches Field. When these allowable
drawdowns are used up by interference from one or
more of the existing fields or new fields, wells will begin
to fail and the total yields available from the fields will
be reduced. Then it will be necessary for the users to
reduce pumpage from the fields and to seek water
elsewhere. On the assumption that it is impractical to
pump so much water from the Carrizo Sand in Angelina
and Nacogdoches Counties as to create this situation,
estimates of the total availability of water under
practical conditions have been made on the basis that no
more than the above allowable drawdowns in the
existing fields will be used up by interference from new
fields or by increased pumping from any of the present
fields. On this basis it is estimated feasible to increase
the total pumpage from the Carrizo Sand by only about
5 million gallons per day, which results in an estimated
total supply of 32 million gallons per day available from
the Carrizo Sand.

If it were practical to abandon the Nacogdoches
Well Field entirely and to relocate parts of the other
fields, it is estimated that a total of 37 million gallons
per day might be obtained from well fields in the Carrizo
Sand, provided no additional development of the Carrizo
occurs in adjacent counties. This estimate is based on
having nine relatively uniformly spaced well fields
located about five miles north of the southern boundary
of that portion of the Carrizo containing fresh water,
and on a maximum drawdown of piezometric surface of
about 600 feet from its original position.
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The estimated amount of water which will flow
down the dip of the Carrizo Sand from the outcrop
without unwatering part of the formation is about 25
million gallons per day. Adding about 3 million gallons
per day for the water crossing into the Carrizo from the
Wilcox makes a total estimated availability of water
from the Carrizo produced in this manner of 28 million
gallons per day. The Carrizo Sand is unique among the
four aquifers considered in that this estimate is less than
the estimate of the amount of water which can be
developed from well fields. The primary reason for this
is that the locations of the Carrizo well fields are such
that they can draw a larger percentage of their water
from adjacent counties than can fields in the other
formations.

Sparta Sand

Present pumpage from the Sparta Sand is very low,
amounting to an estimated 0.1 million gallons per day.
The supply estimated to be available from well fields,
with no additional development outside these counties,
is 7 million gallons per day. Most of this water would be
available from one well field each in the localities on the
western and eastern sides of the area within which the
Sparta contains fresh water, where the allowable draw-
down is greatest. Only a small amount is considered
available in the outcrop area north of the Angelina
River. There would be essentially no interference be-
tween the well fields.

The estimated supply of water available from the
Sparta, based on flow down the dip of the beds and
assuming full development outside these counties, is 8
million gallons per day.

Yegua Formation

The 1968 pumpage from the Yegua Formation is
estimated at 2.8 million gallons per day. The estimated
supply of water available from well fields, assuming no
increase in pumpage from the Yegua outside these
counties, is 7 million gallons per day. This water is
assumed to come from five well fields spaced more or
less uniformly along the southern portion of that part of
the Yegua containing fresh water in Angelina County.
The relatively low yield of the Yegua can be roughly
checked by the experience at Diboll, where at least one
well has had a drawdown of static water level of nearly
300 feet as a result of pumping in that area of slightly
more than 1 million gallons per day.

The estimated amount of water which can flow
down the dip of the Yegua in Angelina and Nacogdoches
Counties, assuming total development of the Yegua
outside these counties, is 10 million gallons per day. In
making this estimate, an allowance has been made for
the effects of boundaries on the individual sands,
believed to lower the effective regional transmissibility

to about half that which may be computed based on the
average permeability of the sand determined from
pumping tests and the thickness of sand determined
from electric logs.

MOST FAVORABLE AREAS FOR
GROUND-WATER DEVELOPMENT

Wilcox Group

Figure 22 shows the areas which are considered to
be most favorable for development of ground water
from the Wilcox Group. Area 1 is the most favorable
area and Area 2 the next most favorable. In selecting
these areas, consideration has been given to individual
well yields, well-field yields, quality of water, and
interference with existing Carrizo wells. Much of the
difference between Area 1 and Area 2 is the quality of
water. Fresh water is available in both areas, but the
water is generally less mineralized in Area 1.

Carrizo Sand

As stated earlier in this report, it is not believed
that the Carrizo Sand should be developed much more in
Angelina and Nacogdoches Counties. If additional de-
velopment must be made, however, the areas believed to
be most favorable for such development are shown on
Figure 23. These areas have been selected from the
standpoint of available well and well-field yields, quality
of water, and the least interference with existing fields.
They have been kept several miles north of the brackish-
water line to minimize danger of brackish-water en-
croachment.

Sparta Sand

The areas considered to be more favorable for
development of the Sparta Sand are shown on Figure 24.
These are essentially the areas in which the water is fresh
downdip from the outcrop. The areas selected have been
kept north of the southern boundary of fresh water to
minimize the danger of brackish-water encroachment.

Yegua Formation

The area believed to be most favorable for
additional development in the Yegua Formation is
shown on Figure 25. This area was selected from the
standpoint of the best well yields, the best well-field
yields, the best quality of water, and to some extent, to
keep from interfering with the existing supply at Diboll
any more than necessary.
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TEST DRILLING

The estimates of well yields, well-field yields, total
availability of water, and quality of water which are
given in this report are believed to be the best which can
be made based on the available data. There is always a
possibility, however, that some differences from the
estimates will be found in actual practice. in the case of
the Carrizo, for example, the sand in several localities
has been found by drilling to be much thinner than
might have been expected (Figure 36).

In the construction of a large well in an area like
Angelina and Nacodgoches Counties, it is common
practice to first drill a pilot hole entirely through the
water-bearing formation to be developed. From the
information obtained from this hole, a decision is made
whether to complete the well. If so, the well is then
designed on the basis of that information. When the
greatest possible vyield is desired, or when the desired
yield or quality of water is near the estimated limits of
the ability of the aquifer to produce, it is desirable to
precede the construction of wells with one or more test
holes. These are small diameter holes which are drilled
solely for the purpose of obtaining information, and
then are abandoned. Several holes may be drilled in a
particular locality to determine the variations in ground-
water conditions which exist and to select the site or
sites which appear best for construction of large wells.

Normally the test drilling program is conducted to
obtain three types of information: (1) position and
thickness of the water-bearing sands, (2} representative
samples of each water-bearing sand, and (3) quality of
the water contained in the sands.

The positions and thicknesses of the sands are
obtained from drillers’ and electric logs, and samples of
sand are normally obtained as cuttings collected during
the drilling of the hole. Cores are not usually taken
because of the expense required to obtain representative
coverage. It is important, however, that the drill cuttings
be taken in a very careful manner so that they are as
representative of the water-bearing sands as possible.
This requires that the drilling mud entering the drill stem
be kept as free as possible of sand and that the hole be
cleaned of all drill cuttings prior to drilling the interval
from which the sample of sand is desired. Then during
the drilling of the interval to be sampled, a portion of
the drilling fluid should be diverted through a large
sampling box or other receptacle within which the sand,
carried by the mud, can be caught to obtain a
representative sample of the sand. After the bottom of
the interval to be sampled is reached, drilling should
stop, and circulation of the drilling fluid should be
continued and the sampling process continued until all
drill cuttings have returned to the surface. It is normal
practice to take drill cutting samples at intervals of
approximately 10 feet in all the water-bearing sands of
interest. Sieve analyses are made of the samples of sand
thus obtained in order to determine their range in grain

size. This information is used, together with other data
obtained, in estimating the yield of water which might
be obtained from a well at the site.

Quality of water information is obtained from a
test hole in two ways, one by actually taking samples of
the water and the other from the electric log made in the
hole. An electric log, which is made under controlled
conditions with proper standardized equipment, nor-
mally can be evaluated to determine the general degree
of mineralization of the water. it cannot, however, be
evaluated closely enough to determine the precise degree
of mineralization, nor is there any way to determine the
concentration of various mineral constituents in the
water. Therefore, when this information is desired, it
must be obtained by taking water samples.

A standard method for taking water samples from
a test hole is shown in Figure 26. In this method, the
original hole drilled is 6%-inches in diameter. When the
hole penetrates about 15 to 30 feet into a sand from
which a water sample is desired, drilling is stopped. The
position and shape of the hole at that time is indicated
by the drawing at the left side of Figure 26. Next, the
hole is reamed to a diameter of 9-7/8 inches down 10 a
point just above the zone selected for water sampling.
Then the original 6%-inch hole is washed out to its
original depth. The hole at that time is illustrated by the
center drawing. Then a string of pipe with packer and
screen is set in the hole, as shown at the right of this
figure. The pipe is usually 4 inches in diameter, and the
packer is a commercial rubber cone type, with typical
dimensions of 6 by 9 by 14 inches. Often a canvas “‘shirt
tail’’ is wrapped on the packer to assist in sealing. The
packer is set on the shoulder between the 6%-inch and
the 9-7/8-inch portion of the hole. Below the packer a
commercial 4-inch water well screen 10 to 20 feet long is
attached to the 4-inch pipe. After the packer is seated,
the temporary well thus constructed is pumped by
airlift. The well is usually pumped for several hours until
the water becomes clear. If pH, hydrogen sulfide, iron,
and manganese are not problems, final samples for
chemical analysis are taken at the end of this airlift
pumping period. Otherwise, after the water becomes
clear, the airline is removed from the 4-inch pipe and a
small diameter turbine or hi-lift pump is installed and
the temporary well is again pumped until the water
becomes clear, after which the final samples are taken.
In this case, the pH and hydrogen sulfide are determined
in the field at the time the sample is taken. The water
normally must be pumped until it is entirely clear,
because even a very small amount of mud left in the
water will affect the determination of iron and manga-
nese in the water and show falsely high contents of these
constituents.

At the end of the pumping, periodic measurements
are made of the recovery of the water level in this
temporary well, usually for about 2 hours. By study of
the rate of water-level recovery, reasonably reliable
estimates can usually be made of the static water level,
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Figure 26.—Procedure for Water Sampling From Test Hole

and sometimes valuable information can be obtained
concerning the transmissibility of the water-bearing sand
which is screened.

The casing and screen are then pulled from the
hole, and drilling of the 6%-inch hole is resumed until a
second water-bearing zone is encountered from which a
water sample is desired, at which time the entire
water-sampling process is repeated.

If a large well field is desired, the test-drilling
program may be followed by the construction of a pilot
production well. This is a well which is located and
designed on the basis of the results of the test-drilling
program and which is intended to serve as the first well
in the proposed well field if successful. After the pilot
production well is constructed, it is tested in a thorough
manner to determine the operating characteristics of the
well, the quality of the water, the coefficients of
transmissibility and storage, and any local boundaries of
the aquifer. From the tests, decisions are made as to
whether the well yield and water quality are satisfactory
for the proposed well field and what spacing will be
desirable for other wells. Any necessary changes in
design of the other wells also are made at this time.
Should the pilot production well prove unfavorable, a
decision can be made to abandon the project or change
its scope before additional wells are constructed.

Large wells in the Angelina-Nacogdoches area may
be constructed in a manner similar to well 8 belonging to
the city of Nacogdoches, as shown on Figure 5.
Diameters may be reduced to less than those shown for
less yield than that available from the Carrizo Sand in
which this we!! is made.

OBSERVATION PROGRAM

A reasonably thorough program of observation of
ground-water conditions in the Carrizo Sand has been
conducted during the past 30 years, primarily by
Southland Paper Mills with assistance from the U.S.
Geological Survey and the Texas Water Development
Board. Observations have been made of water levels in
wells, and records have been kept of the major pumpage
from the Carrizo. In addition, records have been kept of
chemical analyses of water from wells as these became
available. This program now should be expanded some-
what to measure water levels in a few wells outside the
interest of Southland Paper Mills and to take periodic
water samples for chemical analyses in areas where the
quality of water may change with continued pumping.
In addition, a periodic inventory should be made of all
important new wells which are drilled, and any new
electric logs which become available should be compiled.

At present there is essentially no observation
program underway with respect to the other water-
bearing formations in Angelina and Nacogdoches Coun-
ties. One is particularly needed for the Yegua Forma-
tion, in which the development is beginning to be large
in comparison to the potential yield of the formation
and for which an observation program similar to that for
the Carrizo would be valuable. In addition, periodic
measurements should be made of water levels in a few
wells in the Wilcox and Sparta sands, and a record
should be kept of major pumpage from those formation.
Occasional inventories should be made to obtain data on
new wells. With these records as a base, the observation
programs for the Wilcox and Sparta may be expanded as
needed to observe the effects of any new well fields.

The results of such observation programs will
make possible a continuing evaluation of the availability
of ground water throughout the two counties, and
provide for modifying estimates and/or conclusions as
new data show this to be desirable.

PRINCIPAL CONCLUSIONS
AND RECOMMENDATIONS

The principal water-bearing formations in Angelina
and Nacogdoches Counties are the Carrizo Sand, Wilcox
Group, Yegua Formation, and Sparta Sand, in that
order. Other geologic formations in these counties are
capable of producing only small quantities of fresh
water.

The area within which the Carrizo Sand contains
fresh water extends from its outcrop in the northeastern
part of Nacogdoches County to a line running generally
from west to east through the northern part of Lufkin.
The major supplies of ground water which have been
developed in Angelina and Nacogdoches Counties come
from the Carrizo. Pumpage in 1968 is estimated at 26.7
million gallons per day. The total supply available from
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the Carrizo under practical conditions is estimated at 32
million gallons per day, with no increase in pumpage
outside the two counties. Large wells in the formation
generaily have yields of 500 to 1,500 gallons per minute,
and the water is of very good chemical quality. Static
levels in existing wells range in depth to nearly 500 feet
in wells near the center of pumping.

The area within which sands of the Wilcox Group
contain fresh water extends from the northern edge of
Nacogdoches County to a line trending generally east-
west between Lufkin and the Angelina River. Pumpage
from wells in the Wilcox Group in 1968 is estimated at
0.5 million gallons per day, and the total supply
available under practical conditions is estimated at 8
miltion gallons per day. The estimated maximum vyield
of a single well ranges from zero to 500 gallons per
minute, and the estimated maximum vyield of an
individual well field ranges up to 5 million gallons per
day, depending on location. The greatest potential yield
appears to be in the eastern portion of Nacogdoches
County, some 10 to 15 miles east of the city of
Nacogdoches. The quality of the water is better in the
northeastern portion of Nacogdoches County than far-
ther south, where, although termed fresh, much of it is
considerably more mineralized than the water obtained
in that area from the overlying Carrizo Sand.

The Yegua Formation contains fresh water be-
tween the northern edge of its outcrop just north of
Lufkin and a line passing generally from west to east
across Angelina County between Huntington and Diboll.
The quality of water within this section of the Yegua,
although fresh, varies in an unpredictable manner,
ranging from less than 100 parts per million total
dissolved solids to the limit of fresh water, 1,000 parts
per million total dissolved solids. Estimated pumpage
from the Yegua in 1968 was 2.8 million gallons per day,
and the estimated supply available from the formation
under practical conditions is 7 million gallons per day.
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Estimated maximum individua! well yields range up to
500 gallons per minute, and the estimated maximum
individual well-field yield ranges up to 3 million gallons
per day, depending on location. The greatest yields
should be obtained near the southern edge of the area
containing fresh water. The most development in the
Yegua at present is at Diboll, where about 1.3 million
gallons per day is pumped.

Fresh water is found in the Sparta Sand through-
out its outcrop, which is principally in Nacogdoches
County, and in two relatively small localities downdip,
one in northwestern Angelina County and one in
southeastern Nacogdoches County. The estimated
pumpage from the Sparta Sand in 1968 was 0.1 million
gallons per day, and the estimated supply available from
wells under practical conditions is 7 million gallons per
day. Most of this supply is available in the two downdip
localities where fresh water exists. Estimated maximum
yield of individual wells in the Sparta in these localities
range up to 500 gallons per minute, and the estimated
maximum yield of an individual well field ranges up to 4
million gallons per day. The quality of the water is quite
fresh in the outcrop and through most of the two
downdip areas. 1t becomes more highly mineralized near
the southern boundaries of these two areas.

A test-drilling program would be desirable before a
large development is undertaken in any of the forma-
tions in an area where test holes and/or large wells have
not previously been installed or where the conditions
may be borderline from the standpoint of obtaining the
desired quantity or quality of water.

Continuing programs of observation of pumpage,
water levels in wells, and chemical quality of water
should be conducted for the Carrizo Sand and Yegua
Formation and should be initiated on a limited basis for
the Wilcox Group and Sparta Sand.
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Table 9.--Drillers' Logs of Representative Wells in Angelina County

THICKNESS

Well AD-37-3k-50b

Owner: Central W. C. I. D.
Driller: Texas Water Wells

Red clay 30
Blue shale 30
Fine sand 15
Blue shale 198
Rock 1
Send 10
Elue shale 106
Cend with hard streaks 5T
€rele and sand 28
fend 50
Shele Lo
Sand ST
Shale 63
Shale 31
Shale 46
Band €l
dard 10
3and 28
3andy shele 36
3hsle 10
Shale and rock 20
thale and rock 11
Roek 1
Shale and rock 19
Shele and rock 83
Send L6
Fock 2
Shale 10
Sand 156
Shale Ll
dard &

Well Ad-37-34-902

dwmer: City of Lufkin No. 10

Driller: Kety Drilling Co.

Clay 252
Tough blue shale 23
Sand 11
Soft shale 15
Sand, fine e

DEPTH

284
390
L7
L75
535
575

1,054
1,100
1,102
1,112
1,268
1,312

1,320

275
286
301

309

THICKNESS

(Well AD-37-34-902)

Continued

Shale, soft 6
Shale, tough 55
Rock L
Shale, tough 16
Sandy shale 13
Shale 5
Sand with shale strips kg
Shale, soft 26
Send with shale strips 29
Shale, soft 9
Sand with shale strips 77
Hard shale 20
Sand 6
Shale 23
Sand 8
Shale 58
Sand 5
Shele 76
Sand 30
Shale 26
Shale 196
Sand 207
Shale 15

Well AD-37-35-L405
Owner: Lufkin Chamber of Commerce

Driller: Layne Texas Co.

Soil and red sandy shale

White clay

Brown shale

Green shale, shells and boulders

Sandy shale, shells, pyrite and
glauconite

Light gray shale

Light gray sand

Gray shale

Sand, shale streaks

Sand

Shale

Sand and shale layers

Fine hard brown sandy shale

Green shals, shells

12

10

38

32

713
718
o4
8ol
850
1,046
1,253
1,263

12
22
Ls
78

127
17k
192
197
223
283
284
297
335
367



Table 9.--Drillers' Logs of Representative Wells in Angelina County--Continued

THICKNESS

(Well AD-37-35-405)

Continued

Hard rock

Green shale, shells
Hard rock

Green shale, shells
Sand

Sandy shale and shale streaks
Sticky brown shale
Hard rock

Sticky browa shale
Hard rock

Sticky browa shale
Herd lime rcck

Sticky browr shale
Brown shale

Green sandy shale

Sand

Sand, streeks of shale
Fine white sand

Sand, shale ztreaks
Coarse whisz sand

Coarse whisz send and 3-inch
stresks of shale at 880 feet

Shele

Coarse white sand

Sandy shale

Shale sand stresks

Very fine, hard-packed green sand
Herd shale

Hard shale sandy stresks

Sandy shale, sand streaks

Shale, sandy shale, sand streaks

Sandy sha..e

112
35
57
€3

10
13

20

89

3
20

3
€5
20
32
33
28
29
Ll

Well AD-37-35-710

Owner:
Driller:

Zity of Lufkin
Layne Texas Co.

Surface sand

Red clay

Shale

Fine green sand, shale
Soft blue shale, shells

Soft rock

24
10
23
65

DEPTH

368
370
371

518
575

629

666
708
721
37
e
89
799
€12

&32

26
36
59
124

125

.87-

(Well AD-37-35-710)
Continued

Soft brown shale and shells
Soft brown shale and shells
Rock

Soft shale

Rock

Shale, rock at 287 feet and
304 feet

Sticky shale, rock at 325 feet
Soft brown shale

Brown shale, thin sandy layers
Brown shale, rock at 435 feet
Sand layers, shale, some lignite
Brown shale

Pine sand

Soft shale

Fine sand

Brown shzle, thin layers of rock
Sand

Brown shale, shells, lignite
rock at 620 feet

Hard sticky shale

Rock

Soft shale, shells, lignite
Rock

Soft green shale and shells
Green sticky shale, shells

Soft green shale and shell, rock
at T0O feet

Rock

Hard sticky shale

Soft green shale

Rock

Soft shale

Sand

Soft brown shale

Soft shale, thin layers of sand
Hard rock

Soft shale, thin layers of rock
Soft shale

Hard brown shale

Herd sticky shale

Soft shale

THICKNESS

&0
20

1
10

2

14
57
i2

21

= onow

11

15

51

11

10

19

11

16

16
10
ko

L2

DEPTH

205
225
226
236
238

305
338
361
381
436
46k
183
492
506
563
575
596

622
627
629
633
635
oh6

T2
71k
25
T35
736
755
760
s
787
788
8ol
814
856
898
903



Table 9.--Drillers' Logs of Representative Wells in Angelina County--Continued

(Well AD-37-35-710)
Continued

Rock

Hard sticky shale, rock at 912 feet

Rock

Sticky shale

Hard rock

Soft blue shells and shale
Sticky shale and shells
Soft shale

Sand

Hard shale

Soft rock

Shale, thin layers of sand
Sand

Water sand

White water sand (static head,
43 feet)

Soft shale

THICKNESS

12

53

35

26
10

23

25

Well AD-37-33-711

Owner: City of Lufkin
Driller: Layne Texas Co.

Surface soil and sand
Cley and some lignite
Sand

Shale

Sandy shale

Sand

Shale, smell rocks
Sendy shale, few boulders
Soft rock

Sendy shale and boulders
Shale

Pack sand

Shale

Rock

Shale, rock at 459 feet
Shale

Sand and shale

Shale

Sand and shale

Soft shale

Sand, water

3

21

10

DEPTH

90k
912
913
925
926
979
986
1,021
1,026
1,029
1,030
1,056
1,066

1,089

1,184
1,188

10

25

57

95
113
121
158
283
285
361
L2
L1y
432
L3k
517
52l
5ks
555
567
575
596

(Well AD=37-35-7L1)
Continued .

Soft shale
Sand, water
Hard blue shale

Brown shasle, lignite, shells,
little show of gas

Rock

Black shale, shells, thin layers of

rock and lignite
Soft rock, shells, and shale
Sticky shale
Shale
Soft grey shale
Rock
Soft green shale, some shell
Tough hard shale

Hard shale, thin layers of sand,
thin rock

Hard shale
Hard send, rock at &94 feet

Hard shale, brokem with thin
layers of rock, shell

Hard brown shale and thin
layers of sand

Cored hard brown shale, *“hin
layers of sand

Hard brown shale, layers of sand
Hard shzle

Sof't brown shale, showing of gas
Hard shale, layers of rock

Hard rock

Hard sticky shale

Hard rock

Hard shale

Hard rock

Hard shale

Hard brown shale

Soft shale

Hard and sticky light-blue shale
Fine gray sand

Fine sand

Soft shale

Hard shale with thin layers of sand

Sticky dark-brown shale

THICKNESS

63
26

36

38

17

15

11

25

22

12

16

16

19
61
10

10

22

10

L2

15

10

DEPTH

601
66l
690

726

7

765
173
790
205
313
31k
325
850

872

889

905

921

926

931

950
1,011
1,021
1,023
1,033
1,034
1,040
1,041
1,046
1,068
1,078
1,120
1,126
1,130
1,145
1,163

1,173



Table 9.--Drillers' Logs of Representative Wells in Angelina County-~Continued

THICKNESS

(Well AD-37-35-711)
Continued

Pack sand (water) 70

Well AD-37-35-902

Owner: M & M Water Supply Corp.

Driller: Key Water Well Drilling

Surface clay 140
Sand 12
Shale 182
Sand Lk
Shale B2
Sandy shale 340
Shale 130
Muddy sand ho
Water sand 13C
Sandy shale 65

Well AD-37-36-902

Owner: fouthland Paper Mills

Driller: leyne Texas Co.

Sandy clay 23
Gray sand 13
Sandy clay 14
Rock 1
Shale 27
Rock 1
Shale 5
Rock 1
Shale 22
Sand shale &and shell 21
Sha le 17
Good gray sand 85
Send (thin shale layer) 43
Good gray sand 22
Shale 8
Good gray sand 8
Shale 37
Rock 3
Shale 6
Sandy shele,lignite, and shell 76
Shale, sendy shale and shell 70
Sandy sheale 16
Soft rock b

DEPTH

1243

140

33k
378
Léo

800

90
112
133
150
235
278
300
308
316
353
356
362
436
508
5ok

508

Shale

Hard rock

Shale

Hard rock

Chale

Hard rock

Shale and sandy shale
Sand

Chale

Sand

Shale

Sand

Broken seand

Good gray send
Shale and boulders
Shale and sand
Sand

Rock

Shale and sand layers
Rock

Sand

Rock

Shale and toulders
Shale

Sand

Shale and sandy shele
Rock

Sand

Rock

Sandy shele
Rock

Sandy shale
Sand

Sandy shale
Shale

Sand

Shale

Sand

THICKNESS

(Well AD-37-36-902)
Continued

35

10

20

13

17

12

54

24

21

20

31

11

36

17

13

1

12

15

18

22

DEPTH

925



Table 9.--Drillers' Logs of Representative Wells in Angelina County--Continued

THICINESS DEPTH THICKNESS DEPTH
(Well AD-37-36-902) (Well AD-37-42-101)
Continued Continued
Sandy shale 29 1,207 Gray-brown sticky shale, streaks of
glauconite, fossils k7 5L3
Rock 2 1,209
Sandy shale, streaks of sand 2L 56k
3hale and sandy shale 30 1,289
Sand, rock at S6L feet 11 575
Rock 1 1,290
Sandy shale 20 595
Shale and sandy shale 30 1,320
Brown sand 31 626
Rock 2 1,322
Rock 2 628
fhale and sandy shale 35 1,357
Sandy shale 6 634
thale 20 1,377
Sticky shale 15 649y
Well AD-37-42-101 Sand, stresks of lignite 19 668
Operator: Humtle Oil & Refining Co. Hard shale, shells 2 670
Fee: J. L. Bonner 1-A
Brown sand, streaks of lignite 53 723
Surface and sand 12 12
Hard sticky shale 15 736
Sand 8 20
Send k1 119
Sandy shale and gravel Lo €0
Sticky shale 20 799
Bandy chale 36 96
Brown sand 7 806
Shale with stresks of sand ol 120
Sticky shale 16 822
Hard grayish-brown shale with
fogzil frapgments 33 153 Sand 8 830
Rock (brown clay ironstone) 1 154 Sticky shale 15 845
Sandy shale, streaks of gray sand 6o 216 Green sand with glauconite 2 8l
Brown clsy ironestone 1 217 Herd shale 3 850
Sandy shale 16 233 Green sand marl 8 853
Frown clay ironstone 1 23k Soft shale with glauconite 10 868
Sandy shale with streaks of gray sand 22 256 Green sand marl 1 869
Fard shale 5 261 Soft shale with glauconite 32 901
Sandy shale, greenish with some Green sand with glauconite 8 909
glauconite and fossils 16 277
Brown shale K 916
Hard shals 19 296
Rock 1 917
Brown shale, few streaks of sand 18 31k
Green sand 2 919
Rock 1 315
Brown shale 11 930
Hard shgle 13 328
Sandy shale, oil-bearing L 934
Shale, greenish with some
glauconite and fossils 2 330 Sandy shale 5 939
Hard, dark sandy shale 1L 341 Dark gray shale 20 959
Hard shale 15 357 Shale and boulders 8 967
Sticky gray shale 37 39k Shale with glauconite, boulders 9 976
Rock 1 395 Sand 7 1,047
Sticky gray shale 5 i¥ele} Sandy shale 8 1,055
Gray shale 5 Los Gray sticky shale with streaks of
sandy shale 9 1,06k
Gray shale, boulders 1k 419
Gray sticky shale 31 1,095
Hard, sticky gray shsle 20 Lhg
Sand 3 1,098
Hard, sticky gray shele with fossils L7 496
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Table 9.--Drillers' Logs of Representative Wells in Angelina County--Continued

(Well AD-37-42-101)

THICKNESS

Continued

Sticky brown shale, some glauconite
Sand

Sticky shale

Rock

Green sand

Sticky shale

Rock

Shale, streaks of green sand and
fossils

Rock
Brown shale, streaks of glauconite

Bluish-gray shale with some lime,
fossils

Brown sticky shale with green sand
Sand
Sendy shale

Send, water

Well AD-37-42-306

Owner: City of Lufkin
Driller: Layne Texas Co.

Surface sand

Red clay

Gray sandy clay

Soft clay

Yellow sand

Thin layers oI rock and seand
Fine sand, layers of shale
Fine sand and lignite
Dark~brown soit shale

Soft shale and shell

Soft blue shale and shells

Hard blue shale, thin rock
rock at 324 feet

Soft blue shale
Hard blue shale
Hard blue shale and shells

Sticky blue saale and shells,
thin rozk at 380 feet

Soft shale, shells
Rock
Soft blue shale, shells

Hard blue shale and shells

i
73
32

21

10
34
15
20

24
37

DEPTH

1,141
1,12

1,20k

1,208
1,223
1,26k
1,272

1,305

31
62
65
85
92
159

2Le
276

299

309
343
358

385
389
391
415

Ls2

THICKNESS
(Well AD-37-L2-306)
Continued

Rock 1
Herd shale 8
Sand 2
Soft flakes and shells 52
Soft flakes, shale and shells,

rock at 533 feeu 29
Rock 2
Hard brown shale 19
Rock 1
Hard brown shsle, shells, rock

at 580 and 592 feet 29
Fine sand, some lignite 25
Soft brown shele, shells 23
Sand T
Soft brown shsle, shells 13
Sand 28
Shale &
Soft brown shale 22
Fine sand 2k
Dark-brown shale, soft shell, rock

at 830 znd 850 feet 107
Hard slicky green shale 15
Soft rock 2
Soft green shale, layers of shell 35
Hard green shale 9
Rock 1
Soft green shale 9
Hard rock A
Hard sticky green shale 23
Fine gray send 20
Hard flaky green shale 30
Hard rock 1
Scft shale 9
Rock 1
Soft shale 11
Rock 1
Soft brown shale 13

Fine gray water sand and hard brown
shale, thin layers of sand

Hard brown shale, rock at 1,085 feet 58

Green and brown sandy clay 3

Hard brown shale

-01-

9

DEPTH

Ls3
461
1463
515

i
546
565
566

595
620
643
650
663
691
699
722

46

853
868
870
905
91k
915
92k
925
9k8
968
998
999
1,008
1,009
1,020
1,021

1,039

1,047
1,105
1,108

1,117



Table 9.--Drillers' Logs of Representative Wells in Angelina County--Continued

THICKNESS LEPTH THICKNESS DEPTH
(Well AD-37-42-306) Well AD-37-hk-801
Continued

Owner: City of Huntington No. 7
Rock 1 1,118 Driller: layne Texas Co.
Hard shzle 2 1,120 Surface 0 0
Hard rock 2 1,122 Soil L 4
Eard shale 6 1,128 Sandy clay and gravel 16 20
kard rock 2 1,130 Gray clay Ly [N
tard chale 9 1,139 Gray shale and sand streaks 128 192
Fard rock 1 1,140 Sand streaks, sandy shale and shale 25 217
Erown shale & 1,148 Shale L7 264
Herd rock 1 1,1k9 Sand (cut good) o 293
Soft trown zhale [N 1,213 Shale and lignite 136 L4og
Herd sticky shale 11 1,22k Sand 15 ann
Goft shale € 1,230 Shale and lignite L6 490
Green send, water & 1,239 Sand 17 507
Soft Yrown shele 26 1,204 Sandy shale 18 525
Cand 73 1,337 3roken sand 18 543
Soft chale 10 1,347 Shale 25 566
3and 2l 1,371 3snd and shale stresks 22 59C
3snd, layer:s of shale 19 1,390 Sandy shale Ls €35
Sand 2c 1,L10 Send (cut good) 33 66t
3oft brown shale 39 1,khg Shale and sandy shale 232 900

Shale 157 1,057

Well AD-37-42-502

Shale 35 1,002
Jwner: Agriculture Hxp. Ota.
Driller: Fry< Drilling Co. Shale end sandy shale 35 1,127
Top soil, clay and blue shale 22 22 Sendy shels 13 1,140
Blue shale, some lignite 21 L3 Sand and faw shale breaks 56 1,196
CGreen shale 2% Ol Shale 21 1,217
Green tshale and brown shals 20 8l Send and shale breaks and lignite T3 1,290
Shale, rocky shale, ssnd 21 105 Sandy shale 62 1,352
thale, ;ood sznd 20 125 Hard shale, shele and lime 124 1,476
Shale and sand strips 21 hé Herd shale 10 1,550
Shale and send < ac 166 Rock 2 1,483
Ghale and sand strips 21 137 Shale and sandy chale 122 1,610
Shale 20 207 Hard shale 13 1,623
Chale and sand strips 21 22 Hurd shsle and boulders 1 1,637
Shale and thin send strips 20 2L Hard shale 53 1,690
Int. shale and sand strips 21 269 Sandy shule 16 1,706
Int. sand = 7;ood sand 20 289 Shale o 1,71k
Int. sand - good sand nL 310 Sandy shele 105 1,519
Int. sand 2 312 Sand and streaks of shale 37 1,056

Shale 7 1,463
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Table 9.--Drillers' Logs of Representative Wells in Angelina County--Continued

THICKNESS DEPTH THICKNESS DEPTH
Vell AD-37-50-302 (Well AD-37-53-901)
Continued
Ovmer: Burke Water Supply Corp. No. 1
Driller: Texee Water Wells Shale 20 an
Ground level L L Int. Sand and shale 21 105
Surface soil 6 10 Shale 21 126
Shale 53 63
Well AD-37-54-90L
Sendy shale 9 72
Owner: National Forest Service No. 1
Shale 33 105 Driller: Key Drilling Co.
Sand 5 110 Surface soil and clay 55 55
Send and shale 112 222 Sandy shale L5 100
Sand 28 250 Shale 105 205
Shale 23 273 Water sand 18 223
Sand 27 300 Shale 54T 770
Shele 21 321 Sand (salt water) 50 820
Send 19 3ko
Well AD-37-63-201
Sand snd shale 135 k75
Owner: National Forest Service No. 1
Shale 35 510 Driller: Frye Drilling Co.
Shale 22 532 Top soil, clay, red sandy gravel 2 22
Shale 38 570 Blue shale 21 43
Sand s} 578 Green shale, porous rock 10 62
Shale 12 590 Blue shale 17 T9
Sand 25 615 Soft green shale 21 100
Sand and shale 48 663 Soft yellow shale 20 120
Shale 62 725 Blue and yellow shale 21 141
Sandy shale 75 800 Yellow shale 20 161
Shale 18 818 Blue and green shale 21 182
Sand an 882 Blue medium shale b7 229
Shale 38 92¢ Good sand 4 233
Shale 10 2L3
Well AD-37-50- 901
Blue shale, medium hard 23 272
Owner: City of Diboll No. 1
Driller: layne Texas Co. Sand, fair 6 278
Shale and sard breaks 300 300 Shale 6 284
Sandy shale 25 325 Shale, with 6-feet and 3-feet
sand breaks 21 305
Shale and saré breaks 1ho L6s
Shale and sand breaks 20 325
Fine gray ssnd and shale treaks 15k €19
Sand with shale breaks 41 366
Shele 7 626

Well AD-37-53-901

Owner: U. S. Forestry Service
Driller: Frye Drilling Co.

Top soil, red sandy clay 22 22
Hard blue shale 21 43
Hard sandy shale 21 (28
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Table 10.--Drillers' Logs of Representative Wells in Nacogdoches County

THICKNESS

Well TX-37-09-502

Owner: Sacul Water Supply Corp.
Driller: Lenford Drilling Co.

Surface sands and clay 145
Massive water sand 145
Sandy shale 90
Gumbo with sand streaks 70
Heavy gumbo 150
Sandy shale 50
Fine tight water sand 52

Well TX-37-10-403

Owner: City of Cushing No. 2
Driller: Layne Texas Co.
Surface 0
Red clay 20
Brown shale and streaks of rock 139
Sand 15
Hard shele end sand streaks Bl
Sand 3k
Shale and sandy shale w2
Send 16
Shale, sandy shale and lignite 7O
Fine gray sand and stresks of sandy

shale and lignite 48
Shale 12
Shale and sandy shale and streaks of

sand and lignite 95
Shale and stresks of lignite 56
Fine sand 18
Shale and sandy shale 24
Fine sand and lignite 20

Sandy shale, sand streaks and lignite 31

Shale and lignite 55
Shale TL
Sand, cuts fair 58
Brown shale and lignite 41
Fine sand 10
Lignite and a few shale breaks 37
Send &nd shale breaks 31
Shele and lignite and send streaks 76
Sand, shale and lignite 9
Not logged 100

DEPTH

145

380
450
600
660

722

20
159
17k
238
272
31k
330

koo

460

555
621
€39
663
683
714
769
840

939
949
986
1,017
1,093
1,102

1,202

.04 -

THICKNESS

Well TX-37-10-901

Owner: Humble 0il & Refining Co.
Driller: Layne Texas Co.

Top soil L
Clay 8
Fine brown send 19
Fine white sand 19
Fine gray sand 11

Fine gray sand with streaks of clay 62

Coarse gray sand 9
Sandy clay 38
Clay T3
Sendy shale 20
Rock 1
Sandy shale and streaks of sand 39
Fine gray sand 12
Clay 15

Fine gray sand and streaks of clay 48

Sandy shale 12
Fine gray sand 62
Clay and streaks of sand 23
Rock 1
Clay 27

Well TX-37-11-802

Owner: Nacogdoches Industrial Foundation
Driller: Layne Texas Co.

Top soil 3
Red clay 17
Gray sandy shale 55
White sand 20
Shale 5
Sand 138
Blue shale 38
Shale and lignite 68
Fine sand 20
Shale, hard streaks and lignite L7
Shale and hard lignite 55
Sand, cuts good 27
Shale 19

Shale and streaks of sandy lignite 98

Shale and layers of sandy shale 43

DEPTH

12

31

50

61
123
132
170
243
263
26k
303
315
330
378
390
452
475
476
503

20
T
95

100

238

276

30

36k

111

466

493

512

610

653



Table 10.--Drillers' Logs of Representative Wells in Nacogdoches County--Continued

THICKNESS DEPTH THICKNESS DEPTH
(Well TX-37-11-802) Well TX-37-11-901
Continued

Owner: Caro Water Supply Corp.
Shale 36 689 Driller: Triangle Pump & Supply
Shale 6 695 Clay 12 12
Sandy shale and shele 50 745 Clay, red and yellow 8 20
Shale 12 757 Red sand [an 8l
Sand, cuts gocd 37 94 Sandy shale 21 105
Sandy shale 46 840 Fine white sand 4s 150
Shale 20 860 Gray and white sand 25 175
Sand, broken L7 907 Shale 35 210
Shale 35 gko Sandy shale ko 250
Sendy shale 10 952 Fine sand 20 270
Shale with hard layers L8 1,000 Sandy shale Lo 310
Shale end sand layers 26 1,026 Sand 20 330
Sand and streaks of sandy shale 37 1,063 Shale and sand 20 350
Shale and sandy shale 1k 1,077 Sand 10 360
Fine sand €6 1,143 Shale and sandy shale 30 390
Shale 5 1,148 Sand 12 Lo2
Sand 16 1,164 Shale and lignite streaks 18 k2o
Rock 3 1,167 Good white and gray sand 43 463
Shale 18 1,185 Shaly sand 37 500
Rock 2 1,187 Sand 10 510
Shele and rock lasyers 16 1,203 Shale 10 520
Send and layers of shale 30 1,233 Sand 10 530
Shale and rock layers 17 1,250 Sandy shale 22 552
Shale 6 1,256

Well TX-37-13-4ob

Sendy shale 20 1,276

Owner: City of Gerrison No. 3
Herd sandy shale 16 1,292 Driller: layne Texas Co.
Sendy shale 8 1,300 Sand 3 3
Herd shale and lignite 27 1,327 Clay, brown and white 21 2l
Sandy shale and lignite 15 1,342 Blue clay 139 163
Sand with shale layers 25 1,367 Clay and stresks of sendy clay 46 209
Shale and _ignite 30 1,397 Sand 17 226
Sandy shale 19 1,416 Clay 8 234
Rock 2 1,418 Sand 12 246
Sendy shale and shale 12 1,430 Rock 1 247
Hard shale 10 1,440 Sand 8 255
Sandy shale, sand end lignite 55 1,495 Rock 1 256
Sandy shale and lignite 11 1,506
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Table 10.--Drillers' Logs of Representative Wells in Nacogdoches County--Continued

THICKNESS DEPTH THICKNESS DEPTH
(Well TX-37-13-404) Well TX-37-18-101
Continued
Owner: Lilbert-Looneyville Water Supply Corp.
Driller: C. C. Innerarity
Sand Lo 296
Reddish clay 20 20
Rock 6 302
Dark hard clay and soft clay 30 50
Sandy clay T 309
Fine gray sand 20 T0
Rock 1 310
Herd dark clay 30 100
Sandy clay and sand T 317
Thin sand layers 30 130
Send 30 347
Hard blue clay 70 200
Sandy clay 9 356
Thin rock,small sand streaks 55 255
Well TX-37-17-607 Sand and clay streaks and soft rock 105 360
Owmer: Douglass Water Supply Corp. Rock, clay and sand 15 375
Driller: Layne Texas Co.
Sand 20 395
Surface [ 0
Blue clay 4o 435
Surface soil and send & 8
Sand 45 480
Fed sandy clay and iron ore 20 28
Sand and clay streaks 16 Lo6
White sand 1s 43
Blue shale 76 119 Well TX-37-19-401
Sandy shale and streaks of sand 35 154 Owner: Lilly Grove Water Supply Corp.
Driller: C. C. Innerarity
Rock 1 155
Reddish clay formetion and rock 20 20
Blue shale 6 161
Dark blue clay Lo 60
Rock L 162
Somewhat lighter clay with
Blue shale 9 171 black sand streaks 60 120
Rock 1 172 Blue clay with smell sand streaks 45 165
Brown sandy shale and streaks of sand 57 229 Blue clay with small soft rock 65 230
Dry sandy shale and sand 23 252 Blue clay with few small sand
streaks 130 360
Sandy shale 53 305
Sticky blue clay 38 398
Send and layers of shale 3L 336
Sand 20 418
Sandy shale 5 341 .
Blue clay 27 Lks
Send and streaks of shale 15 356
Sand 10 455
Send 13 369
Blue clay 35 490
Sendy shale 6 375
Sand and clay streaks 55 545
Sand and lignite 3k Log
Sand L5 590
Sendy clay T 416
Sand with streaks of shale 4o 456 Well TX-37-26-804
Sandy shale and streeks of sand 35 o1 Owner: Texas Foundries Club
Driller: Innerarity & Leubner
Shale 35 526
Red clay 8 8
Shale and stresks of send 23 sho
Surface sand 9 17
Sendy shale and stresks of sand &6 635
Blue clay 13 30
Shale and lignite 21 656
Sand 13 43
Shale, sandy shale and sand 39 695
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Table 10,--Drillers' Logs of Representative Wells in Nacogdoches County--Continued

THICKNESS DEPTH THICKNESS DEPTH
(Well TX-27-26-804) Well TX-37-28-901
Continued
Owner: Woden Water Supply Corp. No. 1
Clay 12 55 Driller: Key Water Wells
Seep send 35 9C Surface soil 18 18
Blue clay 29 119 Water sand 20 38
Tight sand 16 137 Sandy clay 80 118
Hard tight shale 202 340
Well TX-37-27-50k4
Sandy shele 20 360
Owner: C:isy of Nacogdoches No. 6
Driller: Texas Water Wells Weter sand 145 505
Ground level L L
Well TX-37-29-Lo2
Yellow clay 12 16
Owner: Melrose Water Supply Corp.
Sand 26 L2 Driller: Key Water Wells
Sendy shale 171 213 Surface soil 10 10
Lime and pyrite T 220 Surface sand and clay 70 80
Sandy shsle 60 280 White send 50 130
Sand 10 290 Blue shale 25 155
Shale L2 332 0il sand 13 168
Rock 1 333 Gray shale 32 200
Shale L 337 Sendy shale Lo 240
Rock 1 338 Blue shale 12 252
Shale 28 366 Sandy shale 28 280
Rock 1 367 Salt and pepper send Lo 320
Shale 50 b1t White send 40 360
Sand end shale 13 420 Shale 30 390
Sandy shale Lo 470
Well TX-37-29-603
Sand and stresks of shale 120 590
Owner: Attoyac Water Supply Corp.
Shale and lignite 85 675 Driller: Andrews & Foster
Shale Lo Lo
Well TX-37-27-802
Blue shale and rock breaks 30 T0
Owner: City of Nacogdoches No. 9
Driller: Leyne Texas Co. Brown shale 10 80
Surface o] 0 Sandy shale and rock 60 140
Sand 11 11 Sand 98 238
Red and grey clay L3 5k Shale 7 245
Clay and cendy clay 81 135 Sand 11 256
Black and brown shale 70 205 Shale 35 291
Brown shale streaks and sandy shale 62 267 Rock 1 292
Green sandy shale 31 298 Shale 10 302
Gray shale and lignite 197 495 Sand 12 31k
Sendy sha.e 25 520 Shale L6 360
Shele and sandy shale streaks 60 580 Sand 20 380
Carrizo sand 106 686 Shale 12 392
Brown shals 10 696 Sand 13 Los

-97-



Table 10.--Drillers' Logs of Representative Wells in Nacogdoches County--Continued

THICKNESS DEPTH THICKNESS DEPTH

(Well TX-37-29-603) Well TX-37-35-101

Continued

Owner: Southlend Paper Mills
Rock 9 L1k Driller: Layne Texas Co.
Sand L1 L55 Soil 1 1
Shale 5 L60 Sandy clay 15 16

Sand 89 105

Well TX-37-30-70L

Send and sandy shale 107 212
Owner: Chireno Water Supply Corp.
Driller: Layne Texas Co. Shale lignite and shell sk 266
Surface 0 [¢] Rock 3 269
Clay 25 25 Shale, sandy shale,lignite,shell 166 435
Shale 51 6 Rock 3 438
Rock 3 79 Shale 2 4ho
Shale and streaks of rock 11 90 Rock 1 441
Shale snd sandy shale ol 154 Shale 5 446
Rock 1 155 Rock N 450
Shale 132 287 Shale 11 161
Sand and streaks of shale 23 310 Rock 2 463
Sandy shale 9 319 Shale, sandy shale,lignize, shell 65 528
Sand (cut good) 37 356 Broken sand 50 578
Sendy shale 1 370 Sand 148 726
Sand (cut good) 21 391 Sandy shale 16 742
Sandy shale 6 397 Sand 22 764
Sand 8 Los Broken sand 16 780
Sandy shale and streaks of sand 26 431 Sand 45 825
Shele and sandy shale 124 555 Rock 3 808
Shale and streasks of sand 43 598 Shale 16 N
Sand and streaks of shale 17 615 Sandy shale 6 850
Rock 2 617 Sand (good) 12 862
Shale 32 649 Shale and sendy shele 15 &17
Sand 12 661 Rock 1 878
Shale 5k 715 Boulders 2 880
Sand and streaks of shale 10 725 Shale and sandy shale 13 893
Shale and streaks of sand 37 762 Sand 35 928
Lignite 6 768 Sandy shale snd shale 7 935
Chale 6 T4 Sand 48 983
Fine sand and streaks of shale 29 803 Rock 1 98l
Shale and lignite 1 817

Well TX-37-35-301

Sand and streaks of shale and lignite 26 843

Owner: Southland Peper Mills
Shele, streaks of rock aand lignite 30 873 Driller: Layne Texas Co.
Sand and sandy shale 12 885 Clay rocks L L
Shale 12 897 Sand 22 26

Clay 2 28
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Table 10.--Drillers' Logs of Representative Wells in Nacogdoches County--Continued

THICKNESS

(Well TX-37-35-301)

Continued
Send &
Hard shale 23
Sandy shale 23
Sand and sardy shale and lignite 50
White and bleck speck sand 62
Sandy shale 16
Sand and sarcy shale 20
Hard sandy ztale 150
Shale &and zardy shale 52
Shale and streaks of sandy shale €0

Hard shele ard streaks of sandy shale sk

Sendy shale, greenish 25
Shale 43
Not logged 49
Sandy bresks, sandy shale 12
Fine gray serd (cut good) 10
Sandy shale and sand 21
Hard shale, sand-lignite 21
Fine gray sand (cut fair) €95
Sand, breaks of shale 17
Sand and shale 29
Sand, sandy shale, lignite L6
Shale, streakxs of sandy shale 53

Well TX-37-36-201

Owner: Soathland Paper Mills

Driller: Layn= Texas Co.

Sand 2
Red sandy clay 11
Gray clay 7
Yellow clay aad sand 8
Yellow sand 39
Gray shsale 29
Gray sand 30
Gray shale T
Gray sand 11
Gray shale 5
Gray sand 12
Gray shale 3
Gray sand 12
Gray shale 14

DEPTH

THICKNESS

(Well TX-37-36-201)
Continued

Gray sand

Shale, sandy shale, shell
Shale and boulders

Gray shale

Rock

Shele, sandy shale and shell
Rock

Shale, lignite and shell
Rock

Shale

Boulders

Shale

Rock

Shele

Shale, lignite and shell
Rock

Rock

Shale

Rock

Shale

Rock

Shale

Rock

Shale

Rock (hard)

Shale

Sznd and shale

Sand

Shale

Sand

Shale

Sand

Rock

Shale and shell

Rock

Shale

Rock

Sand

Sandy shale

Sand

1k
51
21
Lo

e}

2

28

—

[}
(o)

18
39

DEPTH

204
255
276
318
320
348
349
382

410
413
Lig
420
438
L7
479
481
482
L8n
486
488
ko1
ho2
513
517
kT
563
600
604
612
617
T2k
725
736
137
Th5
L6
818
328

837



Table 10.-<Drillers' Logs of Representative Wells in Nacogdoches County--Continued

THICKNESS DEPTH THICKNESS DEPTH
(Well TX-37-36-201) (Well TX-37-L6-L401)
Continued Continued
3hale and sandy shale 12 849 Herd gray send, shale and gravel 30 50
Sand 21 870 Hard dark gray shale 25 15
Rock T 877 Lignite 5 80
Shale and sandy shale 8 885 Sandy shale, water sand, sulphur L6 126
Cand 11 896 Dark brown clay and gravel 9 135
Chale and sandy shale 18 91k Sandy shale 20 155
Feeck 1 915 Lignite and gravel 3 158
Shale 17 932 Rock, sandy shale and gravel 22 180
Send 13 945 Sandy shale end gravel 18 198
Sendy shale and shale 37 982 Lignite, clay and gravel 6 20k
Fock 1 983 Rock 2 206
Shale and sandy shale T 990 Water sand 2k 230
Rock 1 991
Shale, sandy shele and shell 95 1,086
Sandy shale and sand 20 1,106
Gray sand 1k 1,120
Rock 2 1,122
Gray send 1 1,136
3hale, sandy shale and shell 73 1,209
Rock 1 1,210
Saale 2 1,212
Rock 3 1,215
Sandy shale 5 1,220
Rock 1 1,021
Sandy shale 2 1,223
Rock 1 1,20k
Sandy shale 26 1,250
Rock 1 1,251
Sand 21 1,272
Shale 18 1,290
Sand 26 1,316
Shale 1c 1,326

Well TX-37-46-LOL

Owner : Shirley Creek Marina

Driller: R. E. Dixon

Surface sand 2 2
Hard red clay L [
Herd blue clay and gravel 10 16
Lignite 4 20
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