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GRI DISCLAIMER

LEGAL NOTICE. This report was prepared by the Bureau of Economic Geology,
The University of Texas at Austin, as an account of work sponsored by the
Gas Research Institute (GRI). Neither GRI, members of GRI, nor any person
acting on behalf of either:

a. Makes any warranty or representation, express or implied,
with respect to the accuracy, completeness, or usefulness of
the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in
this report may not infringe privately owned rights; or

b. Assumes any liability with respect to the use of, or for
damages resulting from the use of, any information, appara-
tus, method, or process disclosed in this report.
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The primary objective achieved in this project was to
identify sites for test wells that will be capable of
long-term production of methane-bearing water from the
shallow geopressured and deep hydropressured zones.

The process of test-well site selection involved sev-
eral steps, each contributing to the basic knowledge of
shallow geopressured and deep hydropressured aquifers.

First, zones within the geopressured and deep hydro-
pressured section of the Texas Gulf Coast Tertiary were
defined on the basis of pressure gradients and tempera-
tures. These zones are as follows: (1) the A Zone,

or deep hydropressured zone below depths of 4,500 ft,
in which the fluid pressure gradient is 0.465 psi/ft;.
(2) the B Zone, in which pressure gradients are greater
than 0.465 psi/ft but less than 0.7 psi/ft; (3) the

C Zone, in which pressure gradients are greater than
0.7 psi/ft and fluid temperatures are less than 300° F;
and (4) the D Zone, in which pressure gradients equal
or surpass 0.7 psi/ft and temperatures equal or surpass
300° F.

Next, sandstone corridors, corresponding to the trends
of the Wilcox Group and Frio Formation, were identified
for each of these zones. Five fairways, or areas of
greatest net-sandstone thickness, were located within
the corridors. Areas most prospective for testing en-
trained methane resources in the shallow geopressured
and deep hydropressured zones were identified in each
fairway. Finally, test sites were selected in four of
the prospect areas, the Blessing Prospect in Matagorda
County, the Nueces Bay and Corpus Channel Prospects in
San Patricio and Nueces Counties, and the Sarita
Prospect in Kleberg County.
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Recommendations

Description of
Work Completed

Knowledge gained from these geologic studies and from
subsequent testing will be significant in (1) the eval-
uation of the technical and economic feasibility of
producing solution gas from the shallow geopressured
and deep hydropressured zones and (2) comparison of
these zones with deeper, hotter geopressured zones
(studied previously in projects funded by the Depart-
ment of Energy) as sources of entrained methane.

The Blessing Prospect in the Matagorda Fairway is rec-
ommnended for testing entrained methane resources in the
shallow geopressured C Zone at a depth of approximately
11,000 ft. The Nueces Bay and Corpus Channel Prospects
in the Corpus Christi Fairway and the Sarita Shallow
Prospect in the Kenedy Fairway are recommended for
testing the shallowest geopressured zone (B Zone) and
the deep hydropressured zone (A Zone). Depths of test-
ing would be approximately 8,000 to 9,000 ft in the
Nueces Bay Prospect, 7,000 to 8,500 ft in the Corpus
Channel Prospect, and 8,500 to 9,500 ft in the Sarita
Shallow Prospect.

Boundaries of zones within the geopressured and deep
hydropressured Tertiary section were defined using a
combination of shale resistivity-versus-depth plots,
bottom-hole shut-in pressure piots, and mud-weight data
from well log headers. These zones were then plotted on
a series of regional cross sections of the Texas Gulf
Coast. Sandstone distribution was surveyed and Wilcox
and Frio sandstone corridors mapped for each zone. Re-
gional net-sandstone maps were constructed to outline
fairways. Five fairways were selected for detailed
study on the basis of net sandstone, area of sandstone
distribution, average bed thickness, permeability, and
coincidence with fairways of other zones. Correlation
of major sandstone units on preliminary fairway cross
sections and other cross sections constructed for pre-
vious studies allowed selection of prospect areas with-
in each fairway. Each prospect area was studied in de-
tail by performing well log correlations, constructing
structural and stratigraphic cross sections, net-sand-
stone and structure maps, and temperature, pressure,
and salinity profiles, and examining porosity and per-
meability relationships of sandstones. The suitabil-
ity of each prospect area for location of a test-well
site was judged on the basis of the cross sections,
maps, and reservoir data. Test sites were selected in
four of the prospects.
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GRI Comment The research completed by the Bureau of Economic Geol-
ogy was designed to identify favorable test-well sites
for the production of geopressured methane along the
United States Gulf Coast. 1In identifying four poten-
tial test-well sites, this project complements efforts
by the U.S. Department of Energy (DOE) aimed specifi-
cally at identifying deep (brine temperatures greater
than 300° F) geopressured test-well prospects. GRI has
provided DOE with the results and data from this proj-
ect for future test-well efforts. The prospects that
do not meet DOE's test-site criteria will remain under
consideration for future GRI well-test programs.

ix%






GEOLOGIC STUDIES OF GEOPRESSURED
AND HYDROPRESSURED ZONES IN TEXAS:
TEST-WELL SITE SELECTION

Contents

Research summary « « « o o o « o o o o o o o o' o« o o vii

INEFOAUCETON « = » + » = & & s ® % » s & & & & & =» 1
Background and objectives of the project . . . . . . . . 1
The geological model « .+ « « « ¢ « o v « o o o o 2
Project description and results . . . . . . . . . . . 4
Rationale for study and projected benefits to ratepayers . . . 5

Met hOdO] Ogy ° . ° ° ° Kl ° ° . ° ° . ° ° . ° ° ° ° 6

Work plan & = & 5 % % % % * % % & & % ® = » 6
Definition of pressure zones . .« .« « « ¢« « « « + o 9
Parameters used in prospect evaluation . . . . . . S 10

Net sandstone . « « « ¢« ¢ ¢ o o« o o o s o 10

Continuity of sandstones . . . . .« .+ .+ .+ .+ .+ . . 11

Volume of reservoir sandstones . . . . . . . . . . 11
Heat flow and formation temperature . . . . . . . . 12
Formation pressure . . . . . .« .« . .+ .+ . . . . 19

SAlAMItY « » s x ® & &« @ 8 @ @ ® & B W % 28
Methane solubility . « « « « « +« « « « « « .+ 32

Porosity and permeability . . « « « « « « o+ o+ 33
Parameter plots « « « « ¢ ¢ « ¢ o o o o & o 36

Technical problems encountered . . . .« « =« =« « o o = 37
Regional distribution of sandstones . . .« . « « « « « « = 39

Shallow geopressured and deep hydropressured fa1rways, prospect areas,
and test-well sites . . = . & & » # A @ & 42

X1



Matagorda Fairway « « « « o« o « ¢ ¢ o e 4 e e e 53

Blessing Prospect Area « « « « o o o o o o e 61
SEructure » « « % ¥ & & ¥ s & & = 9w s » 61
Sandstone distribution and characteristics . . . . 63
Formation fluid pressures and temperatures . . . . 76

Formation water salinity . . . . . .+ .+ « .+ . 80
Porosity s« » « 2 ¢«  » s s = s 5= = & 4% 82
Blessing test-well site . . . . .+ « .+ . . . 82
GeologY « » w s » » & ® 8 $ & W o® & 82
Formation parameters . . . . . . . .« . . 85

01d Ocean Prospect Area . . « .« =« + « &« +« +« « o« 92
Structure s s s+ « & » = ® % & & &« w & 92
Sandstone distribution and characteristics . . . . 924
Formation parameters . . . . . . . . . . . 98
Potential for testing . . . . . . . . .. . . 103
Corpus Christi Fairway . . « ¢ ¢« ¢ ¢ o o « « « « o 107
Nueces Bay Prospect Area . . . « « « « « .+ .« .« . 120
Structiure « « » s » » » = » % s s & » & 1&&
Sandstone distribution and characteristics . . . . 124
Formation fluid pressures and temperatures . . . . 128
Formation water salinity . . . . . . . . . .« 135
Porosity and permeability . . . . . . . . . . 135
Nueces Bay test-well site . . . . . . . . . . 140
Corpus Channel Prospect Area . .« « « .« o . .« o o 142
Strickure « « « « & + » « » & s = s » =« 142
Sandstone distribution and characteristics . . . . 146

Formation fluid pressures and temperatures . . . . 159



Formation water salinity .
Porosity and permeability .
Corpus Channel test-well site
Kenedy Fairway .
Sarita Prospect Area . . . . . .

StPUCtUre & <« « » © % @+ & @&

Sandstone distribution and characteristics

Sarita shallow prospect area and test-well site

Geology . « ¢ « o o o

Formation fluid pressures and temperatures

Formation water salinity .
Porosity and permeability
Methane solubility . . .
Sarita deep prospect area . . . .
Geology
Formation parameters .
Candelaria Prospect Area . . . . e

Structure « « s © « = @

Sandstone distribution and characteristics

Formation parameters
Potential for testing
Fault block A
Fault block B « « & « «
Cameron Fairway and Tordilla Prospect Area

Structlire « « o s « = o » o @

Sandstone distribution and characteristics .

Formation parameters . . .

Xiii

164
164
164
169
173
178
178
186
186
189
199

203

207
207
207
207
208
210
210
226
226
230
230
231
2317
237
239



Potential for testing .

Montgomery Fairway and Lake Creek Prospect Area .
SEPUCEUYR: « « » % & % = % ® « % & & % %
Sandstone distribution and characteristics . . . .
Formation parameters . . . . . . . . . .

Potential for testing . . . . . « « . .+ .+ .

Conclusions and recommendations « « « « o o « o o &

Acknowledgments . . .« + .+ + ¢ « ¢ ¢ « o«

References « « ¢ o ¢ o ¢ o o o o o o o o o o

Rlos8ary. » » & » « ® % ® ¥ % & & & % & % » =

Appendix A: Metric conversion factors . . . . . . .

Appendix B: Explanation of symbols . . . . . . . . .

Appendix C: Well names and locations . . . « « « .+ «

ILLUSTRATIONS
FIGURES

Cenozoic stratigraphic section, Texas Gulf Coast . . .

Depositional and structural styles of Tertiary formations,
Texas QUIT Coast s« « » =« ¢ = » & &« = % & %

Work schedule T

Definition of geopressured and deep hydropressured zones
Dogleg geothermal gradients based on well log temperatures
corrected to equilibrium values for 22 wells,

Lavaca County, Texas e B ® & W ® & = & @

Bottom-hole shut-in pressures versus depth for 57 wells,
Lavaca County, Texas .« = . ® b 8 % & & @

Dogleg geothermal gradients based on well log temperatures
corrected to equilibrium values for 210 wells,
Matagorda County, Texas . .

Xiv

241
241
242
251
252
256
258
260
261
267
274
275
277

14

15

0



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.
21.
22.
23.
24.
25+
26.
27.

Change in montmorillonite and illite content of shales as a
function of depth, General Crude - Department of Energy No. 1
Pleasant Bayou, Brazoria County, Texas .

Resistivity versus depth for hydropressured and geopressured
shales, Blessing Prospect Area, Matagorda County, Texas .

Shale resistivity versus depth, bottom-hole shut-in pressures,
and pressure gradients for perforated sandstones in 31 wells,
Matagorda County, Texas « +« « « o« +« o o o o

Curve for converting ratio of normal and observed values of
shale resistivity to pressure gradient, Blessing Prospect Area,
Matagorda County, Texas 5 ® % & § & ue w8 8 & §
Shale resistivity, mud weight, isotherms, pressure zones, and
computed bottom-hole pressures versus depth, Texaco No. 16
Thomas, Blessing Prospect Area, Matagorda County, Texas . .

Plot of bottom-hole shut-in pressure versus depth, showing
average thickness of the B Zone in Matagorda County, Texas . .

Generalized salinity trends, Texas Gulf Coast . . . .

Salinity (computed from SP logs) versus depth for 34 wells,
Blessing Prospect Area, Matagorda County, Texas o s

Salinity profile, Coastal States No. 1 Wylie,
Matagorda County, Texas § & i s & & @ w & @& @

Salinity, pressure, temperature, and methane solubility
profiles, General Crude - Department of Energy No. 2 Pleasant
Bayou, Brazoria County, Texas . . « .« « + « « « «
Lines of regional cross sections constructed for the DOE
entrained methane assessment and used for regional

sandstone mapping . « .+ ¢ ¢ ¢ ¢ e e e e e

Depth to the B-C Zone boundary . . . « « « « =« =+ =&
Sandstone corridors of the A Zone . .« .« .« .« .« .
Sandstone corridors of the B Zone . . « « =« « o o
Sandstone corridors of the C Zone .

Sandstone corridors of the D Zone « « « « « =« « «+ o«
Downdip part of regional cross section 20-20"' . .

Net sandstone of the A Zone . .« « =« « « o « o«

Net sandstone of the B Zone .. « « o o o o o o

Net sandstone of the C Zone .« o « =« « « o o o

XV

18

22

23

24

25

27
29

30

31

34

40
a1
43
44
45
46
17
48
19
50



28.
29.

30.

31.

32.
33.
34.
35,

36.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

48.

49.

50.

Net sandstone of the D Zone . . « .+ .+ « v o v o « .

Five fairways prospective for testing shallow geopressured and
and deep hydropressured zones . . . . . -

Locations of the prospect areas, major growth faults, and salt
domes at the top of the Frio Formation, Matagorda Fairway . .

Well Tocations, lines of section, and prospect areas, Matagorda
Fa 1. rwa‘y o ° ° L] ° L] ° o L] L] L] ° ° ° o o o °

Well Tocations and lines of section, Blessing Prospect Area
Well Tocations and lines of section, 01d Ocean Prospect Area
Type well log, Blessing Prospect Area and Matagorda Fairway

Foraminiferal zones, Miocene and 0ligocene
of the Texas Gulf Coast . .« =« ¢« ¢« « ¢ o o o « o

Structure on the B5 correlation marker, ;
Blessing Prospect Area s 8 & 5 8 & & ¥ B @ ¥ @

Structural dip section A-A', Blessing Prospect Area . .
Structural dip section B-B', Blessing Prospect Area

Structural dip section C-C', Blessing Prospect Area . . .
Structural dip section D-D', Blessing Prospect Area . .
Stratigraphic dip section B-B', Blessing ProSpect Area
Stratigraphic strike section S-S', Blessing Prospect Area

Net sandstone, B2 to B3 interval, Blessing Prospect Area .
Net sandstone, B3 to B4 interval, Blessing Prospect Area . .
Net sandstone, B4 to B5 interval, Blessing Prospect Area

Net sandstone, B5 to B6 interval, Blessing Prospect Area

Parameter plots for wells along strike section S-Sa, Blessing
Prospect Area, Matagorda County, Texas F ®m 8 B ®m = ®

Parameter plots for wells along strike section Sa-Sb, Blessing
Prospect Area, Matagorda County, Texas « & ® O w ®

Parameter plots for wells along dip section B-B', Blessing
Prospect Area, Matagorda County, Texas . . . .

Parameter plots for wells along dip section C-C', Blessing
Prospect Area, Matagorda County, Texas s & ® @

XVi

51

52

54

55
56
57
58

89

62
64
65
66
67
69
70
71
72
74
75

17

78

Fi)

81



1.

62

53

54.

55

63.

64.

65.

66.

67.

68.

69.

Formation parameters versus depth for Texaco No. 16 Thomas,
Blessing Prospect Area, Matagorda County, Texas . . . .« o 87

Comparison of porosity data from sidewall cores, resistivity
log, and sonic log, Texaco No. 16 Thomas, Blessing
Prospect Area, Matagorda County, Texas . . . . .+ « =« 88

Sidewall-core air permeability versus depth, Texaco No. 16
Thomas, Blessing Prospect Area, Matagorda County, Texas . . . 89

Sidewall-core air permeability versus porosity, Texaco No. 16
Thomas, Blessing Prospect Area, Matagorda County, Texas . . . 90

Structure on the 05 correlation marker,
Old Ocean Prospect Area .« « « « & s s &« o o« 2 &« 93

Structural dip section Z-Z', 01d Ocean Prospect Area « o 95
Net sandstone, 03 to 04 interval, 01d Oceah Prospect Area . . 96
Net sandstone, 04 to 05 interval, 01d Ocean Prospect Area . . 97
Net sandstone, 05 to 06 interval, 01d Ocean Prospect Area . . 99
Stratigraphic dip section Z-Z', 01d Ocean Prospect Area . .« 100
Stratigraphic strike section Y-Y', 01d Ocean Prospect Area . 101

Parameter plots for dip section Z-Z', 01d Ocean Prospect Area,
Brazoria and Matagorda Counties, Texas . « « + « « =« 102

Salinity versus depth for five wells, 01d Ocean Prospect Area,
Brazoria and Matagorda Counties, Texas . . . . . . . . 104

Parameter plots for wells on the eastern part of strike section
Y-Y', 01d Ocean Prospect Area, Brazoria County, Texas . . . 105

Comparison of salinity profiles obtained with mud fi]trate
resistivities from the well log header and from the "curve" method,
Abercrombie No. 16 B.R.L.D., 01d Ocean Prospect Area, Brazoria
County, Texas « « « o o o . . « = » .« 106

Corpus Christi Fairway, Nueces Bay and Corpus Channel
Prospect Areas, and proposed test-well sites. . . . . . . 108

Well locations and lines of cross section, Corpus Christi
Fa‘irway L] Ll Ll Ll ° L] ° ° ° Ll o ° o ° . ° ° ° ° 110

Structural dip section A-A' through the Corpus Christi
Falrway « « » « » = # & 3 ® % = » = & % % #» # 11

Structural dip section B-B' through the Corpus Christi
Fairway . « o = . . « ® s &« « 112

Xvii



70.

711.

72.

73.

74.

75.

6.

77.

78.

79.

80.

8l.

82.

83.

84.

85.

86.

Structural dip section C-C' through the Corpus Christi
Fairway . 5 . $ ®

Structural dip section D-D' through the Corpus Christi
Fairway . . . . . ® v ®

Structural dip section E-E' through the Corpus Christi
Fairway « « « « « o . .

Structural dip section F-F' through the Corpus Christi
Fairway » « ¢« « o« « 4 R R .

Stratigraphic strike section X-X' through the Corpus Christi
FalrwWay « +» « s % & % % o % % ® & .4 .

Stratigraphic strike section Y-Y' through the Corpus Christi
Falrway = o s &« & %« « + = = & = ‘. e

Stratigraphic strike section Z-Z' through the Corpus Christi
FalrWay « « o » & o 5 2 % ® = & % = ®»

Well Tlocations and lines of cross section, Nueces Bay Prospect

Area ° . . ° . . . ° . . ° ° ° ° ° . ° . .

Structure on the top (CC9) of the reservoir interval in the
Nueces Bay Prospect Area . . .« . .« « + .+ .

Net sandstone in the reservoir interval between markers CC9 and

CC10, Nueces Bay Prospect Area . . =« « ¢« o « o o

Stratigraphic dip section C''-C''' through the reservoir interval

between markers CC9 and CC10 in the Nueces Bay Prospect Area

Stratigraphic strike section X''-X'"'"' through the interval
between markers CC9 and CC10 in the Nueces Bay Prospect Area

Bottom-hole shut-in pressure versus depth for producing wells,

Nueces Bay Prospect Area, Nueces and San Patricio Counties,
Texa s ° ° ° . o Ll ° ° o ° ° L] L] ° L] o L]

Plot of equilibrium temperature versus depth, showing geothermal

gradients in the Nueces Bay Prospect Area, Nueces and
San Patricio Counties, Texas . .+ . .

Parameter plots for wells along strike section X''-Xa,
Nueces Bay Prospect Area, Nueces County, Texas . .« « =«

Parameter plots for wells along strike section Xa-Xb,
Nueces Bay Prospect Area, Nueces County, Texas .

Parameter plots for wells along strike section Xb-X''",
Nueces Bay Prospect Area, Nueces County, Texas « .« « .+ &

Xviii

o

°

113

114

115

116

117

118

119

121

123

125

126

127

129

130

132

133

134



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Parameter plots for wells along dip section C''-C''',
Nueces Bay Prospect Area, Nueces County, Texas .

Salinity versus depth for sandstones in Nueces, Aransas, and
San Patricio Counties, Texas . . . t

Whole-core porosity versus depth for four wells, Nueces Bay
Prospect Area « « o s @« & s & % % 5 s s s & » »

Air permeability versus porosity in whole cores from nine wells,
Nueces County, Texas « « « & o & & ‘. »

Whole-core porosity versus depth for nine wells in Corpus
Channel and Nueces Bay Prospect Areas . . . . . .

Parameter profiles for Mobil No. 8-A Donigan, type well for
Nueces Bay Prospect Area, Nueces County, Texas . . . . .

Well Tocations and lines of cross section, Corpus Channel
Prospect Area « +« « « « o s & & s s s s & ®

Correlation of stratigraphic markers used in this study with
some markers and key productive sandstones named in the
petroleum industry . . . « .+ .+ .+ .+ . .

Net sandstone in the reservoir interval (CC2 to CC5), Corpus
Channel Prospect Area . « « ¢« « « « « o o o o

Structure on the top of the Frio (CCl) in the Corpus Channel
Prospect Ared » +« « « 5 « » @« % = & % % o % &

Structure on the CC4 marker in the Corpus Channel Prospect
Area . ° . Ll . . . . L] L] . L . . . ° L Ll L] .

Stratigraphic strike section Y''-Y''' through the reservoir
interval (CC2 to CC5) in the Corpus Channel Prospect Area

Net sandstone in unit CC-A, the uppermost stratigraphic unit in
the Corpus Channel reservoir interval . . . . . . v

Net sandstone in unit CC-B, the second stratigraphic unit in
the Corpus Channel reservoir interval . . . . « #° @

Net sandstone in unit CC-C, the third stratigraphic unit in
the Corpus Channel reservoir interval . . . . s @

Net sandstone in unit CC-D, the fourth and deepest
stratigraphic unit in the Corpus Channel reservoir interval

Stratigraphic dip section D''-D''' through the reservoir
interval (CC2 to CC5) in the Corpus Channel Prospect Area

Stratigraphic dip section E''-E''' through the reservoir
int_rval (CC2 to CC5) in the Corpus Channel Prospect Area

X1X

136

137

138

139

141

143

144

145

147

148

149

150

153

154

155

156

157

158



105.

106.

107.

108.

109.

110.

111.

112.
113.

114.
115.
116.
117.
118.
119.

120.

121.

122.

123.

Bottom-hole shut-in pressures from drill-stem tests for
production wells in the Corpus Channel Prospect Area,
Nueces and San Patricio Counties, Texas . . .

Geothermal gradients based on well log temperatures
corrected to equilibrium values for 49 wells, Corpus Channel
Prospect Area, Nueces and San Patricio Counties, Texas

Parameter plots for wells along strike section Y''-Y''', Corpus
Channel Prospect Area, Nueces County, Texas « . . . . .

Parameter plots for wells along dip section E''~E''', Corpus
Channel Prospect Area, Nueces County, Texas . . . . .

Parameter plots for wells along dip section D''-D''', Corpus
Channel Prospect Area, Nueces County, Texas « . . .« .« .« .

Whole-core porosity versus depth for five wells, Corpus Channel
Progspect Ared « =« &+ « &« & % » @« & % % % #» ® % =

Parameter profiles for Hamon No. 3 State Tract 8, type well in
Corpus Channel Prospect Area, Nueces County, Texas .« . =«

Location of prospect areas, Kenedy Fairway . . . . .

Location of wells and Tines of cross section, Sarita Prospect
Area L] . . . Ll Ll . Ll . . L] . L] Ll L ° .

Structural dip section F-F', Sarita Prospect Area .
Structural dip section G-G', Sarita Prospect Area .
Structural dip section H-H', Sarita Prospect Area . . .
Structural dip section I-I', Sarita Prospect Area .
Stratigraphic strike section 3-3', Sarita Prospect Area . .

Structure on top of the S5 marker, Sarita Prospect Area, Kenedy
Fa .i rway ° o o ° ° ° ° ° ° ° ° ° L] ° o o ° . .

Net sandstone between correlation markers S1 and S2, Sarita
Prospect Area . % .

Net sandstone between correlation markers S2 and S3, Sarita
Prospect Area . s W @ @

Net sandstone between correlation markers S3 and S4, Sarita
Prospect Area « .« « « s o o o e .

Net sandstone between correlation markers S4 and S5, Sarita
Prospect Area . g ® o @

Net sandstone between correlation markers S5 and S6, Sarita
Prospect Area « « =« « o ¢ o o« o o o P

XX

160

161

162

163

165

166

168
170

172
173
174
175
176
177

179

181

183

184

185

187



125. Structure, well control, lines of section, and Tocation of the
Sarita test-well site . . « + « « + . . . . . . . 188

126. Stratigraphic strike section 4-4', Sarita Prospect Area . . . 190

127. Stratigraphic dip section J-J' and proposed location of test
well, Sarita Prospect Area « « « ¢« + ¢ o« o o « o 191

128. Geothermal gradients based on well log temperatures corrected
to equilibrium values for 54 wells, Sarita Shallow Prospect
Area, Kleberg and Kenedy Counties, Texas . . . . . . . . 192

129. Bottom-hole shut-in pressures from drill-stem tests for
production wells in Sarita Shallow Prospect Area, Kenedy and
Kleberg Counties, Texas « « « &« « o o o« o « o« o« « 193

130. Parameter plots showing well profiles of shale resistivity,
geopressure gradients, equilibrium temperature, and calculated
reservoir porosity along strike section 3-3A, Sarita Shallow
Prospect Area, Kleberg County, Texas . . .« . « . . . . 195

131. Parameter plots showing well profiles of shale resistivity,
geopressure gradients, equilibrium temperatures, and
calculated reservoir porosity along strike section 3A-3',
Sarita Shallow Prospect Area, Kleberg County, Texas . . . . 196

132. Parameter plots for wells along dip section I-I', Sarita
Shallow Prospect Area, Kleberg County, Texas . . . . . . 197

133. Parameter plots for wells along dip section J-J', Sarita
Shallow Prospect Area, Kleberg County, Texas . . . « . . 198

134. Salinity (computed from SP logs) versus depth for 48 wells,
Sarita Shallow Prospect Area, Kenedy and Kleberg Counties,
Texas o ; Ll . Ll . Ll . Ll . o o . ° L] Ll ° ° ) . 200

135. Parameter plots showing well profiles of formation water
salinity and methane solubility (using well log header values
of Rpf) along strike section 3-3A, Sarita Shallow Prospect
Area, Kleberg County, Texas .+ « « « « + o« & « w» enl

136. Parameter plots showing well profiles of formation water
salinity and methane solubility (using well log header values
of Ryf) along strike section 3A-3', Sarita Shallow Prospect
Area, Kleberg County, Texas « « =« « « o o« o o « o« o 202

137. Porosity versus depth for 15 wells, Sarita Shallow Prospect
Area, Kleberg County, Texas . « « « « « « « « « o« o 204

138. Porosity versus air permeability from whole-core data, Sarita
Shallow Prospect Area, Kleberg County, Texas . . . . . . 205

139. Whole-core air permeability versus depth, Sarita Shallow
Prospect Area, Kleberg County, Texas . . =« =« o o o o 206

XX



140.

141.

142.
143.
144.
145.
146.
147.
148.

149.

150.

151.

152.

153.

154.

155.

156.

157.
158.
159.
160.
161.

Parameter plots for part of dip section G-G', Sarita Deep
Prospect Area, Kenedy County, Texas. E a

Location of wells and lines of cross section, Candelaria
Prospect Area « « ¢ ¢ ¢« o o o o o o s o o o a

Structural dip section A-A', Candelaria Prospect Area
Structural dip section B-B', Candelaria Prospect Area
Structural dip section C-C', Candelaria Prospect Area .
Structural dip section D-D', Candelaria Prospect Area . .
Stratigraphic strike section 1-1', Candelaria Prospect Area

Stratigraphic strike section 2-2', Candelaria Prospect Area

Structure on top of the Cn6 marker, Candelaria Prospect Area,

Kenedy Fairway. « « o « o o o o o o o o o o

Net sandstone between correlation markers Cnl and Cn2,
Candelaria Prospect Area . . « « « o « o o o o«

Net sandstone between correlation markers Cn2 and Cn3,
Candelaria Prospect Area . =« =+« « &« « « &« o« o« o

Net sandstone between correlation markers Cn3 and Cn4,
Candelaria Prospect Area . . . . .

Net sandstone between correlation markers Cn4 and Cn5,
Candelaria Prospect Area . . . .« . . .

Net sandstone between correlation markers Cn5 énd Cnb,
Candelaria Prospect Area . . . .

Bottom-hole shut-in pressures from drill-stem tests for
production wells in Kenedy County, Texas . .

Plot of equilibrium temperature versus depth, showing
geothermal gradients in the Candelaria Prospect Area,
Kenedy County, Texas . .« « =« § @ @ .

Salinity versus depth for 23 wells, Candelaria Prospect Area,

Kenedy County, Texas . v ® @ w & & @& @ @
Well Tocations and Tines of cross section, Cameron Fairway .
Structural dip section A-A', Tordilla Prospect Area . .
Stratigraphic strike section B-B', Tordilla Prospect Area
Structure on the To5 marker, Tordilla Prospect Area

Type log, Humble No. 12 Kleberg, Tordilla Prospect Area .

xXi1

209

211
212
213
214
215
216
217

218

220

221

222

224

225

227

228

229
233
234
235
236
238



162.

163.

164,

165.
166.
167.
168.

169.
170.
171,

172.

173,

174.

Bottom-hole shut-in pressure versus depth for production wells
in the Tordilla Prospect Area, Kenedy and Willacy Counties,
Texas s @ ® m e w4 @ @8 B W s & @ i @

Plot of equilibrium temperature versus depth, showing
geothermal gradients in the Tordilla Prospect Area, Kenedy and
Willacy Counties, TeXas + =« ¢ o o o o o o o o

Lake Creek and Copeland Creek Prospect Areas,
Montgomery Fairway « .« ¢« ¢ ¢ ¢ o o o o o ¢ o o o

Well locations and lines of cross section, Montgomery Fairway .
Stratigraphic strike section A-A', Montgomery Fairway . . .
Structural dip section C-C', Montgomery Fairway . . . . .

Structure on top of the Tower Wilcox (M5), Lake Creek Prospect
and adjacent areas .« .« ¢ ¢ ¢ e o e o 6 o o o o

Structural dip section E-E', Lake Creek Prospect Area . .
Stratigraphic strike section F-F', Lake Creek Prospect Area .
Geothermal gradients based on well log temperatures corrected
to equilibrium values for 32 wells, Lake Creek Prospect Area,
Montgomery County, Texas . « =« « o &« o o o o o o
Bottom-hole shut-in pressures from drill-stem tests for
production wells in Lake Creek Prospect Area,

Montgomery County, Texas .« « « « « o« o« o o o o &

Parametéé plots for wells along strike section F-F', Lake Creek
Prospect Area, Montgomery County, Texas . . « « . . .

Salinity (computed from SP 1ogs) versus depth for 10 wells,
Lake Creek Prospect Area, Montgomery County, Texas. . . . .

TABLES

Wells in Matagorda County, Texas, for which bottom-hole
shut-in pressure data were available from drill-stem tests .

Reservoir parameters of selected sandstones in the prospect
areas ° o L ° ° ° ° ° ° ° o L] ° ° ° ° ° . L]

xxiii

240

243

244
245
246
247

248
249
250

253

254

255

257

20

91






INTRODUCTION
Background and Objectives of the Project

In previous studies conducted by the Bureau of Economic Geology for
the U.S. Department of Energy (DOE), well sites were selected to test the
geopressured-geothermal energy resources of the Frio Formation (Bebout,
1977) and Wilcox Group (Bebout and others, 1979) of the Texas Gulf Coast
(fig. 1). These DOE studies concentrated on deep sandstones where fluid
temperatures are at least 300° F. These studies initially focused on the
thermal energy, but because of increases in prices of natural gas, the em-
phaéis has now shifted to methane entrained in the water.

The great volume of the geopressured zone of the Gulf Coast suggests a
potentially large resource of methane entrained in geopressured waters.
The 1imits of our knowledge of this resource, however, are illustrated by
the wide range of estimates of entrained methane in place in Gulf Coast
reservoirs. Published estimates range from 5,700 quads (Dorfman, 1977) to
100,000 quads (Brown, 1976). A DOE-sponsored study was conducted by the
Bureau of Economic Geology to investigate geopressured water reservoirs
without the temperature constraints of 300° F and assess the total en-
trained methane resource in place in the Texas Gulf Coast (Gregory and
others, 1980). From this investigation, the volume of methane entrained in
sandstone reservoirs deeper than -8,000 ft was estimated to be 690 quads
(Gregory and others, 1980). Even though this estimate is lower than any
previous estimate, it still represents a significant resource.

The present study, funded by the Gas Research Institute, was designed
to identify favorable sites for test wells that will be capable of long-

term production of methane-bearing water from the shallow geopressured
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Figure 1. Cenozoic stratigraphic section, Texas Gulf Coast.

zone. Sites were selected to provide a range of test results from res-
ervoirs of markedly different pressure, temperature, salinity, and sand-
stone characteristics. In addition, some of these sites will provide an
opportunity to test a reservoir in the deep hydropressured zone. Technical
terms used in this report are defined in the glossary. Appendix A provides

metric conversions, and appendix B explains symbols.
The Geological Model

The search for and evaluation of geopressured reservoirs is facili-
tated by an understanding of the general depositional and structural styles
of the Gulf Coast Tertiary basin and the relation of those styles to the
development of geopressure. During the Tertiary Period, large quantities
of sand and mud were transporied across a broad fiuvial piain and deposited
of which thicken

along the margins of the Gulf Mexico as a number of wedges

and dip gulfward (fig. 2). The overall trend of the Tertiary was one of
gulfward progradation, so that the depocenter of each wedge was shifted

basinward of the previous wedge. Large growth-fault systems formed along
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Figure 2. Depositional and structural styles of Tertiary formations, Texas
Gulf Coast.

the downdip part of each wedge within the area of maximum deposition. These
faults resulted from Toading of large quantities of sand and mud on thick,
low-density shale along the shelf margin of the previous wedge. Movement
of growth faults allowed the accumulation of abnormally thick sections of
sand and mud on the downthrown sides of the faults and also caused isola-
tion of porous sandstones downdip. Because of this isolation, fluids with-
in the sandstone reservoirs were trapped and became overpressured (geopres-
sured) with further loading and burial (Bruce, 1973).

At Teast eight sandstone-shale wedges are recognized along the Texas

Gulf Coast (Hardin, 1961), but they vary considerably in sandstone content

(9200 m)



and distribution, and in the degree to which they were affected by growth
faulting. Wedges identified as the Wiicox Group and the Vicksburg and
Frio Formations contain the greatest number of sandstone units that are

potential geopressured reservoirs for the Texas Gulf Coast region.

Project Description and Results

The process of selecting shallow geopressured and deep hydropressured
test sites within the study area was carried out in four general steps.
First, geopressured and deep hydropressured sandstone corridors were iden-
tified. A corridor is a linear belt roughly parallel to the Texas Gulf
coastline in which Tertiary sandstones occur with the specified pressure
and/or temperature conditions of a given geopressured or deep hydropres-
sured zone. Recognized corridors correspond to the Wilcox and Frio/
Vicksburg sandstone trends. Secondly, five areas of greatest net-sandstone
thickness were outlined as geopressured fairways within the corridors. The
average size of these fairways is roughly equal to one or two Texas coun-
ties. Thirdly, prospect areas, encompassing either single fault blocks or
several adjacent fault blocks, were selected within each fairway for de-
tailed geologic and engineering studies. Finally, four test-well sites
were selected on the basis of net sandstone, structure, sandstone continu-
ity, reservoir sandstone size, temperature, pressure, salinity, porosity,
and permeability trends within the prospect areas. Three of the four sites
were also found to be favorable for tests of the deep hydropressured zone.
In addition, three cther areas were studied, but no test sites were sclect-
ed becauce cartain data critical in prospect evaluation and site selection

were not available (see Conclusions and Recommendations).

The site selection task involved standard methods of assessing the

geologic and engineering parameters of prospective areas. Principal



geologic methods included (1) correlating electric logs (primarily resis-
tivity and spontaneous potential [SP] logs) for tracing marker beds, deter-
mining lithologic changes and sandstone continuity, and locating faults;
(2) measuring and mapping net sandstone for intervals of interest; (3) map-
ping structure at significant subsurface horizons; and (4) relating reser-
voir parameters to geologic units and establishing trends within intervals
of interest in the prospect areas. Engineering methods included calcula-
tion or application of data in determining temperature, pressure, salinity,
porosity, permeability, and for a few selected wells, methane solubility in

prospective areas.
Rationale for Study and Projected Benefits to Ratepayers

As conventional natural gas resources are depleted and the price of
gas and other hydrocarbons continues to climb, the methane entrained in
subsurface waters becomes more attractive as an unconventional energy re-
source. Although parameters governing the amount of methane in solution
and the entrained methane resources in~p1éce in a given area have often
been estimated, too few actual tests (most of which were in the deep geo-
pressured zone) have been made, and too few data have been gathered for a
reasonable study of the feasibility of producing this resource. Many of
the questions concerning the resource, its magnitude, and producibility can
be answered only by drilling wells and testing the resource.

During the geopressured-geothermal studies funded by DOE, researchers
became concerned that thefe was not adequate permeability in geopressured
reservoirs to sustain high flow rates. Permeability and porosity increase
significantly in zones shallower than that believed prospective for geo-
thermal development (with fluid temperatures greater than 300° F). In

addition to having better reservoir quality, shallower geopressured zones



will be less expensive to drill than deeper zones. On the other hand,
pressures and temperatures are lower in the shallow geopressured zone, and
therefore, methane solubility generally is less than at greater depths.
The magnitudes of these advantages and disadvantages of producing methane-
bearing water from the shallow geopressured zone are some of the important
unknowns that need to be determined.

Although this study did not investigate the economic questions nor the
technical problems of completing wells and producing the entrained methane,
it accomplished the essential first step of locating sites favorable for
tests. For natural gas producers and transporters, such as the GRI rate-
payers, benefits of testing the potentially large resource should be ob-
vious. Well-planned testing should show either that the resource is eco-
nomically and technically feasible to produce now or in the near future, or

that development of the resource is premature.
METHODOL OGY
Work Plan

Tasks involved in reaching the objectives of this project are broadly
outlined in the work schedule (fig. 3). Task 1, performed throughout the
study, was to keep GRI informed about the progress of the project, as well
as related DOE-funded studies, in order to facilitate interaction between
DOE and GRI research efforts.

Task 2 consisted of analyses of the organic content and character of
cutting samples from the General Crude 011 (GCO) and DOE No. 1 Pleasant
Bayou well, Brazoria County, Texas. This work, funded through the initial
contract with GRI, was subcontracted to GeoChem Laboratories, Incorporated,

and Geo-Strat, Incorporated, and will not be discussed in this report. Re-

sults of the organic analyses are reported in "Hydrocarbon Source Facies
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Work schedule.

Task 11 - Report writing




Analysis, Department of Energy and General Crude 0il Company Pleasant Bayou
Nos. 1 and 2 Wells, Brazoria County, Texas" by GeoChem Laboratories, Incor-
porated (1979), and "Visual Kerogen and Vitrinite Reflectance Analyses of
the Pleasant Bayou No. 1 Well, Brazoria County, Texas" by Geo-Strat, Incor-
porated (1979). Information concerning these reports may be obtained from
GRI.

Task 3 was the review of data collected for previous Texas Gulf Coast
studies, particularly the geopressured-geothermal studies funded by DOE.

Task 4, the identification of prospects, involved several steps.
First, boundaries of zones withjn the geopressured and deep hydropressured
Tertiary section were defined. Broad sandstone corridors corresponding to
the Frfo/Vicksburg and Wilcox trends were outlined for each of the zones.
Fairways, which are areas of maximum net sandstone, were identified within
each corridor on the basis of regional net-sandstone maps. Finally, pros-
pect areas composed of single fault blocks or several adjacent fault blocks
were selected for detailed study within the fairways.

Tasks 5, 6, and 7 were engineering studies determining pressure, sa-
linity, and porosity profiles of wells in the prospect areas. Also, perme-
ability data were gathered, although whole-core analyses were scarce with-
in most of the prospect areas. Thus, the additional task of investigating
porosity/permeability relationships was undertaken.

Task 8 consisted of detailed geologic studies of the prospect areas,
including correlations of well logs and construction of structural and
stratigrapiic cross sections. task 9, construction of nct-sandstone maps,

performed Tor intervals of interest in the prime prospect areas. Task
10, test-well site selection, involved the assemblage and analysis of all
the geologic cross sections, structure maps, sandstone maps, and temper-

ature, pressure, salinity, porosity, and perm2ability data to recognize
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Figure 4. Definition of geopressured and deep hydropressured zones.

trends of the various parameters within the prime prospect areas and choose
sites favorable for producing and testing methane-bearing waters from the

shallow geopressured zone.

Definition of Pressure Zones

To provide an operational base for this study, four zones were defined
within the Gulf Coast Tertiary section according to pressure gradients and
temperatures (fig. 4). The A Zone is the deep hydropressured zone below a
depth of 4,500 ft in which the pressure gradient is hydrostatic (0.465
psi/ft). The B Zone is a relatively thin zone of transition from hydro-
static pressure gradients (0.465 psi/ft) to abnormally high pressure gradi-
ents of about 0.7 psi/ft. The C Zone has fluid pressure gradients greater
than 0.7 psi/ft and fluid temperatures less than 300° F. In the D Zone,
fluid pressure gradients are greater than 0.7 psi/ft and fluid temperatures
are greater than 300° F. This study concentrates on the A, B, and C Zones;
the D Zone has been the subject of previous studies funded by DOE.

Total thickness of each zone varies considerably over the Gulf Coast

area. For example, in some areas, 300° F temperatures occur several



thousand feet deeper than the shallowest occurrences of the 0.7 psi/ft
pressure gradient, resulting in a thick C Zone. In other areas, 300° F
temperatures occur at approximately the same depths as 0.7 psi/ft pressure
gradients; thus, the C Zone in these areas is either very thin or absent.
Depths to the tops of the zones also vary. The top of the B Zone, for
example, occurs at depths ranging from approximately 5,000 to 12,000 ft in
the study area. For this reason, the upper boundary of the A Zone was set
at a depth of 4,500 ft to ensure that all of the B Zone would be included
in the study. Consequently, the A Zone is thin in the area where the top

of the B Zone 1is shallowest.

Parameters Used in Prospect Evaluation
Net Sandstone

Marker beds, most commonly Tow-resistivity shales that are laterally
very continuous, were selected for correlation within each prospect area.
Few of these correlation markers can be traced beyond the specific prospect
area in which they were selected. Thus, most of the prospects have unique
sets of correlation markers.

The correlation markers permitted division of thick sandy sections in
the shallow geopressured and deep hydropressured zones into smaller inter-
vals for detailed study. For intervals of prime interest, net sandstone
was measured from electric logs and mapped. In some areas, intervals con-

sist of a series of genetically related sandstones and shales. In other
areas, however, many intervals arc composed of sandstones and shales of
more than ona depositional system. Therefore, the net-sandstone maps of
those intervals should not be used for genetic interpretation. The maps

are useful to show sandstone distribution and areas of maximum sandstone

thickness where test-well sites may be located.



Continuity of Sandstones

Vertical continuity of sandstones can be observed on individual elec-
tric logs. Lateral continuity, on which reservoir capacity of individual
sandstone bodies partially depends, can be adequately determined only with
dense well control. Sandstone boundaries resulting from faults, deposi-
tional pinch-outs, or erosional truncations must be identified in order to
determine the areal extent of reservoir sandstones. Because the density of
wells varied from area to area, the degree of certainty of reservoir sand-
stone continuity varied considerably. In general, however, gross charac-
teristics of sandstones, including lateral continuity, could be judged well
enough for comparison of sandstones to help select prospective intervals
and test-well sites.

It should be emphasized that sandstone continuity is not equivalent to
reservoir continuity. One important factor controlling reservoir continu-
ity but not sandstone continuity is diagenesis. Well-cemented sandstones
serving as effective reservoir boundaries cannot be detected in an electric
log study alone. Detailed study of cores, unavailable for this project, is

essential for identifying the cemented zones.

Volume of Reservoir Sandstones

Size of individual reservoirs cannot be determined with the data
available in this study nor can the size of individual sandstone bodies be
precisely calculated. However, net volume of reservoir sandstones in a
given interval can be estimated by multiplying the area of the prospective
fault block by the average net sandstone calculated for the interval within

the block.
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Heat Flow and Formation Temperature

Heat from deep within the earth moves outward to the surface where it
is lost as radiant energy into the atmosphere or ocean. The flow of heat,
Q, varies in different areas but is essentially constant for a specific

Tocality in a basin (Hunt, 1979). The equation for the flow of heat is

o - )

where kp is the coefficient of thermal conductivity of the material, A is
the cross-sectional area of the material measured perpendicular to the flow
of heat, and AT is the temperature change across the material of thickness
Z. When the flow of heat encounters an insulating material with an
abnormally Tow value of kp, the temperature rises at the face of the
material until AT is large enough to restore Q to a constant equilibrium
value. Hence, to achieve equal flow rates through heat insulators (low
values of kp) and heat conductors (higher values of kp) occurring in
series, a higher temperature gradient is required across the insulator.
Lewis and Rose (1970) developed the concept that geopressured zones
are heat insulators with low values of kp; hence, abnormally high geo-
thermal gradients are expected to exist across them. The low values of
kp in geopressured zones are caused by the higher water content of sedi-
ments in these zones. For example, the ki value for water is 0.363
Btu/hr ft °F which is about one-third of the ky values for the rock
matrices of shale and sandstone. This means that an increase in porosity
will reduce the thermal conductivity and increase the geoihermal gradient
of most sediments. In sandstone/shale sequences, shaises have lower thermal
conductivity than sandstones. The value of kp for slate is about 1.138

Btu/hr ft °F; presumably dry shale has about the same value of kp as

12



slate. Sandstone has a kp value of 1.330 Btu/hr ft °F. Therefore, an
increase in the sandstone/shale ratio increases the thermal conductivity
and decreases the geothermal gradient. The criteria discussed above help
explain the "doglegs" observed in geothermal gradients of many geopressured
sediments in the Gulf Coast area. The presence of high porosity and Tow
sandstone/shale ratios in geopressured zones causes the geothermal gradient
to be higher than in more normally pressured zones located above or below
the geopressured zone (Hunt, 1979).

In most areas of the Gulf Coast, the average geothermal gradient is
relatively Tow in the hydropressured zone (a heat conductor), increases
substantially through the geopressured zone (a heat insulator), then de-
clines in the underlying zone (a heat éonductor), which presumably has more
normal pressures as predicted by the model of Lewis and Rose (1970). It is
not always easy to document the existence of normally pressured formations
in this deep underlying zone that forms the third portion of the geothermal
gradient dogleg. An example with incomplete documentation exists in Lavaca
County (fig. 5), where the gradient is 1.44° F/100 ft in the hydropressured
zone, increases to 3.5° F/100 ft in the geopressured intervé] at depths
from 10,000 to 13,000 ft, then declines to 1.28° F/100 ft below the depth
of 13,000 ft. Bottom-hole shut-in pressures plotted for depths below
13,000 ft in Lavaca County (fig. 6) indicate that 70 percent of the forma-
tions that were tested had Tow or subnormal pressure gradients. The re-
maining 30 percent of the formations had pressure gradients of 0.75 psi/ft
or more. Three sandstones located at average depths of 11,781, 12,892, and
13,279 ft were tested in the Magnolia No. 1 Simpson Heirs well. The two
shallower sandstones had normal and subnormal pressure gradients (fig. 6),

whereas the third and deepest sandstone had a pressure gradient of

13
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corrected to equilibrium values for 22 wells, Lavaca County, Texas.
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0.74 psi/ft. A1l of these sandstones are relatively deep and illustrate
the variability of formation pressures in a depth zone where consistently
high pressures might be predicted from the general trend of data in the
area. Deep zones containing some sandstone units with low pressures
(fig. 6) may act as heat conductors and cause the reduced geothermal gra-
dient observed below the depth of 13,000 ft in Lavaca County (fig. 5).

Dogleg geothermal gradients are also observed in Matagorda County
(fig. 7), where the 01d Ocean and Blessing Prospect Areas are located. The
first bend in the dogleg provides an estimate of the top of geopressure.

In this case, the reduced geothermal gradient in the third and deepest part
of the dogleg occurs in the D Zone at depths below 14,000 ft. in most
areas of the Gulf Coast, the deep part of the dogleg occurs below the

300° F isotherm and, therefore, is outside the primary range of interest

in this study.

The preceding discussion shows that the geothermal gradient is useful
for locating the top of geopressure in an area with adequate well control.
The top of geopressure in Lavaca County, for example, can be located from
the temperature versus depth plot (fig. 5) with equal or greater confidence
than from the bottom-hole shut-in pressure versus depth plot (fig. 6).
However, this relationship is not always true in other areas.

Formation temperature has an important influence on diagenetic pro-
cesses in shales and sandstones. Montmorillonite converts to illite at an
increased rate in the approximate critical range of subsurface temperatures
from 200° to 220° F (Burst, 1969). Freed (1980} vound that the increasca
rate of conversion of montmoriilonite to iiiite also secems to be asscciated
with the top of geopressure in the No. 1 Pleasant Bayou well, Brazoria

County, Texas (fig. 8).
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Formation temperatures in this report are corrected to equilibrium

values by the following equation of Kehle (1971):

Tg = TL - 8.819 x 10-12p3 - 2,143 x 10-8D2 + 4.375 x 10-3D - 1.018 (2)
where Tg = equilibrium temperature (°F)
Ty = temperature recorded on well Tog header (°F)

D = depth (ft).

Temperature gradient is the slope of the Teast squares linear fit of equi-
librium temperature data as a function of depth. The gradients are ex-

pressed in °F/100 ft and °C/100 m.

Formation Pressure

Formation fluid pressures can be derived from shale resistivity or
acoustic travel time data using the method of Hottmann and Johnson (1965).
Data from induction logs and from drill-stem tests (DST) for 31 selected
wells in Matagorda County (table 1) are used to illustrate the shale re-
sistivity method. Shale resistivity values (Rgp) from amplified short
normal resistivity curves of induction Togs are plotted as a function of
depth for both hydropressured and geopressured zones (fig. 9). The normal
compaction curve was drawn by a least-squares-regression method. Al1 Rgp
data fall near this curve when shales are normally pressured or slightly
geopressured; Rgp data falling to the left of this curve are lower than
normal, indicating that pressure gradients are significantly greater than
normal and may approach 1 psi/ft in highly geopressured zones.

Wells with bottom-hole shut-in pressure (BHSIP) from DST (table 1)
were plotted on a shale resistivity versus depth plot (fig. 10), using the
Rgh value of shales nearest the sandstone formations that were perforated

for DST. Measured values of bottom-hole shut-in pressure and pressure
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Table 1.

Weils in Matagorda County, Texas, for which boftom-hole shut=-in

pressure data were availabls from drill-stem tests.
Well Depih FPG BHSIP
No. Tobin Grid Operator Well Name (f+) (psi/ft) (psi)
1 9S-31E-8 Coastal States No. 2 Cornelius 9,096 0.47 - 4,317
3 QS"SZE_Q, Monsanto No. 1 Mehrens 10,754 0.74 8,075
3 10S-30E-6 C&K Petroleum No. 1 Potthast 10,509 0.56 5,849
6 10S~-30E-6 Tenneco No. 1-A Gresham 10,538 0.71 7,499
9 10S~30E~6 Tenneco No. 4 Trull 10,678 0.48 5,136
15 10S-30E~-8 Texkan No. 1 Neuszer 9,821 0.48 4,670
13 10S-30E-8 Tenneco No. 1 Davis 12,105 0.70 8,477
a - 10,919 0.69 7,563
24 10S-30E-7 Texkan No. 1 Slone
b 10,668 0.71 7,609
26 10S-31E-1 Texkan No. 1 Cunningham 9,756 0.60 5,879
a 9,117 0.46 4,625
27b 10S-31E~-5 Superior No. 1 Nelson 9,379 0.49 4,220
= 9,512 0.42 3,995
28 10S=31E-1 Texkan No. 1 McKissick 11,505 0.72 8,249
a 11,330 0.76 8,720
29 10S~32E-2 Humb le No. 1 Pierce Estate
b 11,434 0.76 8,654
30 10S-32E-2 Humb le No. 1-C Lewis 10,248 0.69 7,022
33 10S-31E-1 Texkan No. 1 Peterson 10,663 0.74 7,848
a 10,089 0.58 5,892
34 10S-31E-1 Apache No. 1 Murphy
b 10,044 0.63 6,365
35 95-32E-9 Monsanto No. 1 Moers 9,981 0.50 5,032
18 9S-31E-7 Monsanto No. 1 Fay 10,125 0,50 5,107
1 9S5-32E-1 Cosden Petroleum No. 1 Cornelius Unit 2 12,340 0.81 9,99%
2 11S~34E~-3 Ethy | Corporation No. 1 Baer Ranch 15,700 0,82 12,923
4 10S-34E-9 Falcon Seaboard No. A=3 Baer Ranch 14,460 0.89 12,850
5 10S=-34E-9 Falcon Seaboard No. A-4 Ber Ranch 13,440 0.84 11,225
14 105-31E~6 Balco Pets Corpe Noo 1 Jeh 10,010 By 71 7,115
3 11S-34E-3 Falcon Seaboard No. A=5 Baer Ranch 14,710 0.78 11,414
5 108-31E-¢ Gardner-Love No. 1 HNG, ¢t al. 14,000 0 10,65
7 10S-32E~9 Halbouty No. 1 Kubela 9,635 0.78 7,517
10 10S~32E-5 Royal Resources No, 1-A Pierce Estate 11,330 0.78 8,786
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Table 1 (cont,)

Well Depth FPG BHSIP

No. Tobin Grid Operator Well Name (f1) (psi/ft) (psi)

13 10S-32E-4 Royal Resources No, 1 Steele 11,130 0.75 8,355

11S-30E-2 Sinclair No, 1 Salsbury 10,055 0,78 7,883

a 10,800 0.75 8,104
10S-30E-7 Socony Mobi | No. 1 G- Harrison

b 10,550 0.76 8,029

10S-33E-1 Magnol ia No. 6 Cornelius 11,120 0,67 7,401

gradients from DST are also shown at the average depth of the perforated
sandstone intervals. These wells have pressure gradients ranging from 0.42
to 0.89 psi/ft. Many of the perforated sandstones are considered to be
geopressured by the conventional definition (pressure gradients exceed
0.465 psi/ft) applicable in the Gulf Coast area. Shale resistivities are
lower than normal and fall to the left of the normal compaction curve.
Figure 10 shows how the resistivity ratio between the normal values
(Rsh(n)) on the normal compaction curve and the observed values
(Rsh(ob)) from resistivity logs for the 31 wells are used to establish
the best relationship for converting resistivity ratio to pressure gradient
(fige 11). The shale resistivities of these 31 wells are believed to be
representative of shales in the depth interval 2,000 to 16,000 ft in
Matagorda County. Hence, for most wells in Matagorda County, the shale
resistivity ratio curve (fig. 11) can be used to calculate pressure profile
data; an example of a computed geopressure profile (fig. 12) is shown at
four depths below 9,900 ft in the Texaco No. 16 Thomas.

Ideaily, the top (0.465 psi/ft) and bottom (about 0.7 psi/ft) of the B
Zone should be determined for each well from pressure data that are avail-

able for that well. Normally, the bottom of the B Zone (about 0.7 psi/ft)
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can be determined by an interpretive process after considering some or all
of the following typés of information: (1) depth at which shale resistiv-
ity (fig. 12) or shale transit time departs from the normal compaction
trend for the area, (2) pressures and pressure gradients determined from a
shale resistivity ratio plot (fig. 11) or from shale transit time differ-
ence plots (Gregory and Backus, 1980), (3) mud weights from well log header
information, and (4) pressures from drill-stem tests of perforated sand-
stone intervals.

The top of the B Zone is less easily determined from commonly avail-

able information than is its base. For many wells, some logs either were
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not run or were not available from the operator for proprietary reasons.
Shale resistivity data in many areas of the Gulf Coast are not easily
interpreted to locate a pressure gradient of 0.465 psi/ft. Mud weights
from well log headers are also unreliable for this purpose. Hence, it was
necessary in this study to determine the top of the B Zone from average
curves determined for county or prospect area plots of BHSIP and temper-
ature. In Matagorda County, plots of BHSIP versus depth (fig. 13) and
equilibrium temperature versus depth (fig. 7) are about equally effective
for locating the depth where pressure gradients begin to exceed 0.465
psi/ft. Average thickness of the B Zone indicated by the BHSIP versus
depth plot is 1,250 ft. The upper boundary of the B Zone on geologic cross
sections and formation parameter plots for wells in Matagorda County is
located by subtracting 1,250 ft from the depth of the base of the B Zone
(about 0.7 psi/ft gradient) as determined by some or all of the four types
of information listed above. Hence, for any given county or prospect
area, the B Zone defined by the above methods has a constant thickness but
variable depth. For example, the bottom of the B Zone in the Texaco No. 16
Thomas well (fig. 12) is located at a depth of 10,050 ft and the top of the
B Zone is located 1,250 ft higher in the section at a depth of 8,800 ft.
The disadvantage of using an average curve to determine the top of the

B Zone is that it tends to mask local variations in the top of geopressure
shown by individual wells. For example, tops of geopressure in many wells
in Matagorda County (fig. 7), as well as in other areas, actually lie

1,000 ft or more above or below the average, as indicated by the BHSIP data
(fig. 13). However, a beiter method for determining the top of geopressur:

from available data was not found.
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The paucity of sonic logs for wells in Matagorda County precluded use
of the shale transit time method for determining subsurface pressures.
This method, however, has been useful in certain areas of the Gulf Coast,
such as Brazoria County (Gregory and Backus, 1980), where numerous sonic

logs were available.

Salinity

Salinity of formation waters is controlled by complex interrelations
among local and regional geology, presence of faults, salt domes, uncon-
formities, compaction, geopressured zones, clay diagenesis, temperature,
fluid migration, rock stress, and pressure depletion history (Fertl and
Timko, 1970; Burst, 1969; Fowler, 1970; Hedberg, 1967; Overton and Timko,
1969; Runnells, 1969; Von Engelhardt and Gaida, 1964; and Magara, 1968).
Although much has been written about salinity, the subject remains poorly
understood. This is unfortunate because geothermal exploration methods are
clearly dependent on a knowledge and understanding of salinity.

Salinities vary widely as a function of depth for different areas of
the Gulf Coast. Although there are variations, four general salinity
trends (fig. 14) are recognized in many areas, as exemplified by the dis-
tribution of data for the Blessing Prospect Area in Matagorda County (fig.
15). Salinity increases with depth in shallow sandstones to a zone of
reasonably constant average values. The zcne of relatively constant salin-
ity extends down to about the top of geopressure. In the geopressured
zone, there is a trend of decreasing salinity down to a zone in which
salinity becomes.erratic and essentiaily unpredictabie. [zt or these
trends can be recognized in the salinity profile of the Coastal States No.
1 Wylie well, Matagorda County, Texas (fig. 16). In this study, the salin-
ity of formation water was derived from water resistivity (Ry) obtained

from the spontaneous potential (SP) log, using mud filtrate resistivity
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(Rmf) values from well log headers and following the algorithm of Bateman
and Konen (1977).

Recent comparisons between salinities determined from the SP log and
those measured on samples of reservoir water show large discrepancies in

deep geopressured zones where mud weights exceed 14 Tb/gal. Typically,

calculated salinities are too lTow (Ry is too high), often by a factor of
2 or more. An example is the primary production interval (depths of 14,644 _
to 14,704 ft) in the GCO-DOE geothermal test well, No..2 Pleasant Bayou,
Brazoria County, Texas. In that well, the salinity of a water sample

measured by Kharaka and others (1980) was 132,000 ppm NaCl compared with
36,000 ppm NaCl calculated from the SP log using the Ryf value listed in
the well log header. The measured and calculated salinities differ by a

factor of 3.7, which is an extreme discrepancy.
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Several potential sources of error exist for salinities determined
from the SP Tog. Recent work by Dunlap and Dorfman (in press) suggests
that a major source of error lies in the use of an incorrect value of Ryf
when high-density lignosulfonate muds are used (Ryf is too large).
Lignosulfonate muds have been in use for over 15 years; thus, the scope of
the problem is large. Also, the method of determining Ry from mud re-
sistivity using Schlumberger (1978) chart, Gen 7, should not be applied to
lignosulfonate muds, as clearly stated on the chart. The chart was based
on the work of Overton (1958), which took place before the widespread use
of Tignosulfonate muds began. The present method of correcting Ryf from
surface to downhole temperature, using resistivity versus temperature vari-
ations for NaCl solutions, may not be applicable to modern muds and mud
filtrates, thus introducing further errors into salinity determinations. An
improved technique developed by Dunlap and Dorfman (in press) reduces the
standard deviation between Tog-derived salinities and measured salinities
from 69,000 ppm (conventional method) to 21,000 ppm. The effect, if any,
that these problems may have on generalized salinity trends determined for

the Gulf Coast area (fig. 14) cannot be predicted at this time.

Methane Solubility

Methane solubility in formation water is a function of pressure,
temperature, and salinity. An increase in pressure or temperature causes
an increase in solubility. An increase in salinity reduces solubility.
Pressure and temperature are more predictable than salinity, which varies
greatly thvoughout the Gulf Coast area. Because of this variability and
the difficulty of determining salinities accurately by indirect methods
such as the well log analyses discussed earlier, salinity values generally
are the least reliable of the three parameters that control methane

sofubility.
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For tnis report, methane solubilities were computed by the following

empirical equation of Blount and others (1979):

10ge(CHg) = 3.6003 = 1.1176x10-3T10ggP (3)
+ 0.10002Y - 0.01634T
- 1.6574%x10~9T2 - 0.2828x10-3TY

- 0.01124Y1logeP + 2.1262x10-5YT1oggP,

where (CHg) = methane solubility, SCF/B
T = temperature, K

P = pressure, psi

o
=
Q.
<
I

NaCl concentration, weight percent.

Methane solubilities compufed from equation (3) are considekab]y higher
than those determined from the algorithm of Haas (1978). An example of
this is the solubility profile for the GCO-DOE No. 2 Pleasant Bayou,
Brazoria County, Texas, comparing solubility data derived from the Haas and
Blount methods (fig. 17). Formation pressures, temperatures, and average
salinities are also shown for the well. The average difference between the
Haas and Blount solubility profiles in this well is about 6.7 SCF/B. The
Blount solubility values are higher than the Haas values by 20 to 60 per-
cent, depending indirectly on depth, because solubility values decrease as
depth decreases. A new equation proposed by Price and otheré (in press)
gives Tower values of methane solubility, but was not available in time to

be used in this work.

Porosity and Permeability
Porosity and permeability values from whole-core analyses are pre-

ferred in this work, but whole-core data are rarely available; therefore
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porosity (¢) is determined by other methods, such as calculation from
sonic Tog parameters using the time average equation (Wyilie and others,

1956). The equation is

. At]o - Atﬂ
o = > ' (4)
Atf - Atm
where At1og = transit time from log (usec/ft),
At = transit time of matrix material (usec/ft), and
At¢ = transit time of fluid (usec/ft).

The matrix transit time (Aty) in sandstones varies from 55.5 to 51.3
psec/ft. Fluid transit time (Atf) varies from 203.6 to 179.3 usec/ft for
fresh water and brine (200,000 ppm NaCl), respectively. Equation (4) is
satisfactory for predicting porosities of sandstones that are well
consolidated but overestimates porosities of undercompacted and poorly
consolidated sandstones. An empirical correction factor (Cp) is used to

obtain a corrected porosity (¢.) in these undercompacted sandstones.

¢ = ‘ (5)
Atf - Atm Cp

The value of Cp can be obtained by measuring the deviation from the re-
lationship between true porosity and porosity computed from equation (4).
The true porosity can be obtained from core analysis data or from cross
plots of a suite of porosity logs (Schlumberger, 1974).

Few wells in the areas of interest have been cored or have porosity

logs. Normally, induction and SP logs are available and porosity can be
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computed from the formation factor (F) and cementation factor (m) using one
of several empirical expressions. Values for parameter m depend on rock
type and vary from 2.2 for highly cemented quartzite to 1.3 for unconsoli- :

dated sand. The general relationship (Archie, 1942) is expressed as

Fo=¢ (6)

1.8 for sandstone

where m

b

Formation factor is defined as a ratio of resistivities that can be ob-

fractional porosity.

tained from induction and SP well logs. It is assumed that Ry equals ‘ @
Rt, and

F = Ro/Rw (7) (

where Ry = Ry = resistivity of rock that is 100 percent saturated
with formation water of resistivity (Ry), deter-
mined from the deep induction log (ohm-meters)

resistivity of formation water at given tempera-

O
=
i

ture and salinity, determined from the SP log
(ohm-meters).
Other well log methods can be used for determining porosity, although
the Archie relationship was found to be the most useful in this study be-

cause only induction and SP logs were available for the majority of wells.

D

Parameteyr Plots
Parameter plots consist of a series of selected formation parameters
plotted as a function of depth for welis along dip and strike cross

sections in the prospect areas (sce later sections on specific prospect
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areas). The plotted parameters in this report are formation temperature,
formation water salinity, shale resistivity, and reservoir porosity. Tem-
perature and salinity were plotted because they directly affect the amount
of in-place methane dissolved in formation water. Shale resistivity was
plotted because it is empirically related to Tormation fluid pressure which
also directly affects the solubility of methane in water. Porosity was
plotted because it determines the volume of water contained in a reservoir.

Isothermal Tines were drawn for 200°, 250°, and 500° F where wells
were deep enough to encounter these temperatures. Isopiestic gradient
lines, determined from pressures derived by methods discussed earlier in
this report, are shown for pressure gradients of 0.465 (top of geopressure)
and 0.7 psi/ft, which define the top and base of the B Zone. The depth
intervals occupied by the deep hydropressured zone, A, and the two shallow
geopressured zones, B and C, are indicated on all plots. Also, the top of
the Frio Formation or the top of the Wilcox Group is shown on the shale

resistivity and porosity profiles of each parameter plot.
Technical Problems Encountered

One major problem encountered during the study was the lack of suf-
ficient permeability data to determine trends within the prospect areas.
Requests for the necessary whole-core analyses were sent to all companies
that cored the sandstones of interest in the prospect areas. However, an-
alyses were obtained for only a few wells in some of the prospects; none
were received for other areas.

Porosity/permeability relationships were established from whole-core
data in a few limited areas such as the Sarita Field in the Sarita Prospect

Area, Kenedy County. Some whole-core data were also available for several

wells in the Corpus Christi Fairway. Porosity/permeability relationships

37



in the type well for the Blessing Prospect Area, Matagorda County, were
established from sidewall-core data, which normally tend to show values
greater than whole-core permeability values.

To offset the lack of core analyses, other methods of establishing
porosity/permeability relationships were investigated. Porosities were de-
rived from sonic logs and converted to permeabilities using the relation
established from core data. This method works well where sonic logs are
available in areas near wells that have core data. Unfortunately, there
are large areas where coverage by sonic logs is inadequate. In these
areas, a method for transforming resistivity to pseudo-velocity was inves-
tigated. The pseudo-velocity was then converted to porosity and hence to
permeability using core data to establish the porosity/permeability rela-
tion in the area. However, it was again necessary to have some core data.
Clearly, the lack of core analyses was a serious limitation in permeability
determination.

Another technical problem encountered in the study involved the deter-
mination of salinity. Methods of deriving salinities from the SP log were
in a development and re-evaluation stage during the period of this investi-
gation. As stated earlier, salinity of formation waters was derived from
water resistivity obtained from the SP Tog, using the value of mud filtrate
resistivity Tisted in the well log heading. Recent research (Dunlap and
Dorfman, in press) shows that these log-derived salinities are likely to be
too Tow for deep, hot wells in the Texas and Louisiana Gulf Coast in which
lignosulfonate muds were used. Dunicp and Dorfman have develioped an im-
proved technique which reduces the standard deviation firom 69,000 ppm to
21,000 ppm when comparing Tog-derived salinities with measured salinities.

Results of this new work were not received in time to be used in this
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report. Dunlap and Dorfman's technique has been.applied only to the Texaco
No. 16 Thomas weil (for further discussion, see section on Blessing test-
well site). In the remainder of this report, the underestimation of
salinity will cause an overestimation of methane dissolved in formation

waters in wells where lignosuifonate muds were used.

REGIONAL DISTRIBUTION OF SANDSTONES

The first step toward selection of test sites was to determine the
regional distribution of sandstone within the geopressured and hydropres-
sured zones in the Texas Gulf Coast region. This step involved mapping the
Wilcox and Frio/Vicksburg sandstone corridors within the A, B, C, and D
Zones. The corridors were determined by a survey of the regional cross
sections (fig. 18) constructed by Gregory and others (1980) for an assess-
ment of entrained methane in the Texas Gulf Coast. For this initial esti-
mation of sandstone distribution, depths to the B-C boundary (0.7 psi/ft
pressure gradient) were derived from a composite map (fig. 19) of several
geopressure maps produced for earlier studies. On the basis of a few plots
of bottom-hole shut-in pressure versus depth, average thickness of the B
Zone was estimated to be approximately 1,000 ft. This value was subtracted
from the depth determined for the B-C boundary to determine the depth of
the A-B boundary in the wells of the cross-sectional grid. However, subse-
quent study and construction of numerous plots of bottom-hole shut-in pres-
sure from completion card data for the Texas Gulf Coast showed that B Zone
thickness was generally several hundred feet greater than that originally
estimated. Nevertheless, similar map trends in the B Zone corridors would
emerge for either estimate of the zone thickness. For corridor delineation

and subsequent phases of this study, the depths at which 300° F
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temperatures occur, or the C-D Boundary, were interpolated or extrapolated
from temperatures derived from well Tog headers and corrected to equilib-
rium values (Kehle, 1971).

The corridor maps indicate the general trends of the primary sandstone
units within the various pressure zones. The maps for all four zones
(figs. 20 through 23) show two main trends--thé Wilcox Group and the Frio
and Vicksburg Formations.

SHALLOW GEOPRESSURED AND DEEP HYDROPRESSURED FAIRWAYS,
PROSPECT AREAS, AND TEST-WELL SITES

To define fairways within the broad corridors, the pressure zones were
located on the well logs used on the regional cross sections such as
20-20' (fig. 24), and net sandstone was determined for each zone over the
Texas Gulf Coast region. Compared to the methods used for corridor delin-
eations, determination of A-B and B-C Zone boundaries was much more refined
with the use of numerous pressure, resistivity, and temperature data, as
described in the section on methodology.

After the four zones were defined on the regional cross sections, net
sandstone was determiﬁed for the zones on each well Tog and net-sandstone
maps were constructed (figs. 25 through 28). The areas of greatest net
sandstone were designated as potentia] fairways. Thirteen potential fair-
ways were outlined in both the B and C Zones, the zones of primary inter-
est. On the basis of the net sandstone, areal distribution, average bed
thickness, permeability, and coincidence with fTairways of other zones,
these fairways were ranked according to favorability for potential test
sites. The five prospective Tairways are Montgomery, llatagorda, Corpus

Christi, Kenedy, and Cameron (fig. 29). The Frio Formation is the primary
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stratigraphic unit of interest in all these fairways except Montgomery,
where the Wilcox Group contains most of the prospective sandstones.
Correlation of major sandstone units within the fairways and exami-
nation of (1) the regional cross sections, (2) detailed cross sections con-
structed for previous studies, and (3) preliminary cross sections through
the Tairways aided in defining prospective areas. One or two prospect
areas in each fairway were selected for detailed study on the basis of net

sandstone and average bed thickness in the zones of primary interest.
Matagorda Fairway

The Matagorda Fairway covers approximately 2,000 miZ, including all
of Matagorda County north of Matagorda Bay and parts of southwestern
Brazoria, southeastern Wharton, and southern Fort Bend Counties (figs. 29
and 30). Electric logs from 320 welis fairly evenly distributed throughout
this fairway were used to identify the most prospective areas (fig. 31;
appendix C). On the basis of the lateral and vertical dimensions of B and C
Zone sandstones, the Blessing and 01d Ocean areas were selected as most
prospective for the production of large quantities of methane-bearing
water. An additional 130 electric Togs from wells within these areas were
obtained for detailed study (figs. 32 and 33).

In the Matagorda Fairway the subsurface Tertiary section occurring be-
tween 4,500 ft below sea level and the lower limits of well control (about
-15,000 ft) consists of several sandstone/shale formations. The interval
from -4,500 ft to the top of the Frio Formation sandstones at -5,000 to
-8,500 ft includes the Miocene Fleming and Anahuac Formations (fig. 34).
These formations occur within the A Zone throughout the fairway. The Frio
Formation of Oligocene age includes all prospective sandstones in the

Matagorda Fairway. Within the fairway, the Frio was divided into three
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SERIES GROUP/FORMATION FORAMINIFERAL ZONE
Miocene Anahuac Discorbis nomada
Heterostegina texana
Harginulina vaginata
Cibicides hazzardi
) Nonion struma
Frio
Nodosaria blanpiedi
O0Tigocene Textularia mississippiensis
Anomalina bilateralis
Vicksburg Textularia warreni
Figure 35. Foraminiferal zones, Miocene and Oligocene of the Texas Gulf

Coast (from Bebout and others, 1975a).

parts by the correlation of distinctive shale resistivity patterns

(fig. 34).

The uppermost third of the Frio consists of 1,000 to 2,000 ft of sand-

stone and shale occurring within the A Zone.

This interval includes many

of the well-known gas- and oil-producing sandstones of the Frio trend.

However, the total volume of A Zone sandstones in the Matagorda Fairway is

far less than in other fairways described in this report.

Frio was named "Upper Frio" by the Houston Geological Society study group

(1959) and is defined as the interval between the Heterostegina-Marginulina

and Nodosaria blanpiedi foraminiferal zones (fig. 35).

sils were not used for stratigraphic correlations in this study.

This part of the

Detailed

electric Tog correlations were used exclusively.

89

However, index fos-



The middle third of the Frio Formation is 500 to 3,000 ft thick and
includes B and C Zone sandstones that are locally prospective for methane-
bearing water. This interval is not precisely correlative to any pre-
viously defined stratigraphic subdivision of the Frio. It includes parts

of the Textularia mississippiensis and Anomalina bilateralis foraminiferal

zones (fig. 35).

The Towest third of the Frio in the Matagorda Fairway is 500 to 3,000
ft thick. In this interval, C Zone sandstones are variable in thickness
and lateral continuity, and are best developed in the Blessing and 01d
Ocean Prospect Areas.

D Zone sandstones occur below -14,000 ft along the southern (gulfward)
edge of the fairway. These were studied by Bebout and others (1978b) as
part of the DOE-funded assessment of the deep geopressured zones of the
Texas Gulf Coast. These deep D Zone sandstones were rejected as geothermal
test reservoirs because of their Timited lateral and vertical extent.

The Frio is underlain by the Vicksburg Formation (Oligocene) which is
a thick (greater than 4,000 ft) marine shale in this area. The base of
the Frio descends from around -7,500 ft in the northern part of Matagorda
Fairway to below the 1imits of well control (deeper than -15,000 ft) in the
southern part. Regional dip, down-to-the-basin faulting, and downdip
thickening all contribute to this significant depth increase.

Faulting contemporaneous with sedimentation has affected the distribu-
tion and characteristics of geopressured Frio sandstones in the Matagorda
Fairway. A series of major growth faults trend northeast-southwest across
the fairway (fig. 30). These large faults, with down-to-the-basin, ver-
tical displacements of up to several thousands of feet, typically cut the
entire Frio section. Sandstone/shale sections on the downthrown sides of

growth faults generally thicken updip toward the faults. As faulting and



sedimentation continued, older sediments were progressively displaced down-
ward. This vertical displacement is greatest immediately adjacent to the
growth faults, decreasing rapidly away from them downdip. The result is
the characteristic "rollover", or reversal of the regional gulfward dip.
Douwndip Trom large growth Fauits, Frio sandstones and shales typically show
tis dip reversal to the north in the Matagerda area.

In the Matagorda area large growth faults affected the deposition of
progressively younger, shallower intervals gulfward. This phenomenon is
related to the sequence of deposition as the ancient shoreline prograded
seaward. The geopressured Frio sandstones tend to be most affected (ex-
panded and trapped) in a relatively narrow band (about 15 mi) of growth
fault blocks that parallel both the ancient and present shorelines. It is
in this elongate trend where the Blessing and 01d Ocean Prospect Areas are
located (fig. 30). Numerous small, randomly oriented faults (not shown on
fig. 30) segment the area and reduce sandstone continuity. Salt domes in
the Matagorda area have caused local arching and thinning of sediments and

were avoided in the search for geopressured prospects (fig. 30).

Blessing Prospect Area

The Blessing Prospect Area, located in weStern Matagorda County
(fig. 30), is 19 mi long (east-west), 9 mi wide (north-south), and covers
approximately 170 miZ. Detailed electric log correlations were used to
establish six markers (Bl to B6) that divide the section of interest (below
-4 ,500 ft) into seven intervals for individual study and mapping (fig. 34).
Structural and stratigraphic cross sections were constructed along the
lines shown in figure 32.

Structure

Faulting in the Blessing Prospect Area is complex. Figure 36 is a

structure map of the area contoured on the B5 correlation marker. The
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0.7 psi/ft geopressure gradient (top of C Zone) occurs near this marker
throughout the Blessing area. The map shows several large growth Taults
trending approximately northeast-southwest. Vertical displacements across
these down-to-the-basin faults range {rom 1,000 ft to more than 3,000 ft.
Substantial thickening of szciion and dip reversal occur on the downthrown
sides of tinese growth faults. This is well displayed on structural cross
sections A-A' and B-B' (figs. 37 and 38). A large number of smaller faults
with displacements ranging from several tens to a few hundreds of feet seg-
ment the geopressured interval and greatly reduce potential reservoir vol-
umes. These smaller faults tend to die out upward so that in the hydro-
pressured interval (A Zone) the density of faulting is Tower. Structural
cross sections C-C' and D-D' show good examples of the vertical extent of
faults (figs. 39 and 40). The smaller faults may have up- or down-to-the-
basin displacements. Some appear to have formed to relieve stresses pro-
duced by the major growth faulting. Others may have been generated by
deep-seated movements of salt or shale.

In the eastern and central parts of the Blessing Prospect Area, high-
density faulting resulted in a series of small fault blocks. Structural
cross section D-D' shows these blocks and the thick sandstones that occur
in some of them (fig. 40). Unfortunately, these sandstones do not have
adequate Tateral continuities to be considered as prospective. In the
western part of the Blessing area, density of faulting is lower, and
sandstone continuities are greater.

Sandstone distribution and characteristics

The shallowest interval studied, between -4,500 ft and the Bl corre-
lation marker at about -6,000 ft, contains the Fleming (Miocene) sand-

stones. in this hydropressured interval, only the largest growth faults

interrupt sandstone continuity. Several of these sandstones are over 50 ft

63



UNION PRODUCTION

g 3 B0 > LY
S2 oS g 935 3 o
1
888 239 33 e 208 z54
Q3¢ x < L Qs EN X G THx©
53¢ G319 gl G ouw SLo XSD
w= E®Q #9 F®OF =N wxd

®

©
O,
@
— ®

—
- @
| b vy

—

-

o e
: i
|

EXPLANATION
=P (0.465 psi/ft (10.5 kpa/m)
=> 0.7 psi/ft (15.8 kpa/m)
4 200°F (93°C)
< 250°F (121°C)

0 | 2

0 |
Vertical exaggeration: 5X

Figure 37. Structural dip section A-A', Blessing Prospect Area.

64

M Ft
1364 14500

1500
5000

6000

2000

7000

8000

9000

10,000

F11,000

12,000

13,000

40004



Bl
l

g~

[
w
s =
wt
P o D <
<
@ § = =
= ) W i
Z g X i o
w Sy k & 0 =
By §7 gy . ST Fso
X oxN Zx o= ]
T oz o i suw oeu
= LG ES 285 S/
gon xen e 3xm >Q®
orw L~ = W0 ﬁ\m
z%Q -#Q 5% 0 =L Wl o
36 37 (4«
G @ & ©)
I 2
3
=
4

<
EXPLANATION
=> 0465 psi/ft (10.5 kPa/m)
=> 0.7psi/ft (15.8 kPa/m)
4 200°F (93°C)
< 250°F (121°C) o ! 2 3 Km
0 i 2 Mi

Vertical exaggeration: 5X

Figure 38. Structural dip section

65

N\\

TD:15,000'

B-B', Blessing Prospect Area.

Ft

1500+

2000+

3000

3500

5000

-6000

I-7000

8000

9000

10,000

11,000

H12,000

113,000

4000-




99

*6E 24nbL 4

*eady 102dsoud bursse|g €,9-) uoL303S dLp |PJUNFONUIS

1021113

ox3

:u0y101366

we

0ald
Ny o0
852
s v om
g % McDERMOTT
o= # | Brown
Q:L::S‘; 6 9S-3IE-8
62gz2 MAGNOLIA
& g E #/ Plerce
S x5 9s-3IE-8
8@ xg
ENP =
-
3
MAGNOLIA
#/ Liveoak
9S-31E-8

COASTAL STATES
#2 Cornelius
9S-3IE-8

COASTAL STATES
#/ Wylie
®) 10s-30€-2

® BROWN
# / Danay
] 10S-31E-2

RUTHERFORD
#/ Trull
10S-3IE-2

<5 SUPERIOR

1 # / Nelson
N

105-31E-5

TIES S-S

HALBOUTY
# /! McDonald Unit #2
10S-31E-5

MOSBACHER

#/ Vigus
10S-3IE-5

A

DA
@ #/ Fletcher

10S-3IE-S

F00S!

00SP b9t
4




Fi

9-31€-S0I
volop 13 41108 | #
JIgWNH

9-3I€-S0I m
witgbno7 [ \ ™

S31V.1S VISV0oD

I-3Jtg-50!
.aE.u:\.\n\: .MU @
3T78WNH

1-31€-S0I
YIISSIHIW | # @
NVAX3L

5-S® . 1-1s31L

1-31€-S0!
186U1)131)9H [t @
NAS

6-32¢-56
535775 @
OLNVSNOW

6-32¢€-S6
SUSIYIW |4 @
OLNVSNOW

6-32€-S6
vowoq | # \..;U
HNOSNHOP

V- 32€-66
o)
OIHOS

F5000
6000

7000

I-8000

19000

[-10,000

12,000

13,000

I364-" 4500

1500

T
Q
]
~

2500+

30004

BSOOJ

LXPLANATION

= 0465 ps:/ft (IG5 kPa/m)

200° F (93°C,
Q 250°F (121°%,

> 07 psi/ft (158 kPa/m)
<4

M

4000-

Vertical exaggeration: 5X

Structural dip section D-D', Blessing Prospect Area.

Figure 40.

67



thick and are continuous throughout fairly large areas (40 mi2) within
the Blessing Prospect Area. However, their pressures and temperatures are
too lTow for them to be prospective for solution gas.

The Bl to B2 correlation interval includes most of the Anahuac Forma-
tion; the interval is entirely shale in the Blessing area. The B2 marker
is indicated by a distinctive shale resistivity pattern in the lower part
of the Anahuac Formation that is easily correlated across most of Matagorda
Fairway. This marker was used as the datum for the stratigraphic cross
sections (figs. 41 and 42).

The B2 to B3 correlation interval includes the upper third of the Frio
Formation and covers the interval from approximately -7,000 ft down to
-8,000 or -9,000 ft. This section is also hydropressured (A Zone), but its
lower part is near the geopressured zone. Net-sandstone values for this
interval generally decrease downdip from more than 500 ft to less than 100
ft. This decrease is irregular along strike, as shown by the net-sandstone
contours (fig. 43). Individual sandstones are typically less than 50 ft
thick and average less than 20 ft thick. There is little or no structural
control over the location of areas of thickest net sandstone in the B2 to
B3 interval.

The B3 to B4 interval averages 1,000 ft thick and occurs in the 8,000~
to 10,000-ft depth range. The top of the B Zone typically occurs within
this interval and temperatures generally exceed 200° F. Net-sandstone
values for the B3 to B4 interval exceed 800 ft in one place near the west-
ern boundary of ithe area but decrease rapidiy away from this Tocation
(fig. 44). Net-sandstone values of 400 ft or greater occur in other isc
lated areas. Locations of net-sandstone maxima in this interval appear to
be influenced by structure. Generally higher values occur along the down-

thrown sides of large growth faults than occur along the upthrown sides.
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Figure 41. Stratigraphic dip section B-B', Blessing Prospect Area.
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Stratigraphic strike section S-S', Blessing Prospect Area.
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EXPLANATION

Net Sandstone -B21t0B3 interval

< 200 1 (<6Im)
200-400 ft (61-122m)

400-600ft (122-183m) :

7 Fault at B2 horizon

JACKSON CO

Contour Interval 1 100 ft (30m)

_10S-3IE

Net sandstone, B2 to B3 interval, Blessing Prospect Area.

Figure 43.
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EXPLANATION

Net Sandstone -B31084 interval
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Net sandstone, B3 to B4 interval, Blessing Prospect Area.

Figure 44.
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Individual B3 to B4 sandstones are similar in size and character to those
in the overlying interval. Most are 50 ft thick or less but tend to thick-
en (up to 100 ft) updip against the growth faults. Structural cross sec-
tion C-C' (fig. 39) shows thickening of B3 to B4 sandstones against the
nortnernmost tTault. Structural cross section B-B' (¥ig. 38) shows pro-
gressive downdip expansion of the B3 to B4 interval across o growth
faults (compare wells No. 30, 38 and 37).

The B4 to B5 interval averages 1,000 ft thick, ranging from 200 to
1,500 ft thick. This Targe range in thickness is due to the greater fault-
related expansions occurring in the lower intervals (B4 to B6). The B5
correlation marker is the structural datum for the Blessing Prospect Area
structure map (fig. 36). This horizon dips significantly into the down-
thrown sides of large growth faults. Individual sandstones in the B4 to B5
interval are similar in thickness to those in the overlying B3 to B4 inter-
val, but thickening on the downthrown sides of growth faults is even more
pronounced. Sandstone thickening and interval expansion influenced the B4
to B5 net-sandstone patterns (fig. 45). Net-sandstone maxima occur in
strike-aligned trends parallel to and downdip from the growth faults.

The B5 to B6 interval includes the deepest Frio sandstones. The B6
correlation marker is probably at or near the base of the Frio Formation.
No significant sandstones occur below B6 in this area. The B5 to B6
interval varies greatly in thickness, ranging from 500 ft to 2,500 ft thick
in wells penetrating the B6 horizon. Depths to the top of this interval
are shown on the structure map (fig. 36). The B5 to B6 net-sandstone map
(fig. 46) shows continued structural influence on localization of net-
sandstone maxima. Areas with greater than 400 ft of sandstone parallel the
large growth faults on their downthrown sides. Net-sandstone contour pat-

terns are similar to those of the B4 to B5 interval.
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Figure 45.

Net sandstone, B4 to B5 interval, Blessing Prospect Area.
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EXPLANATION
Net Sandstone-BStoB6 interval
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Figure 46.

Net sandstone, B5 to B6 interval, Blessing Prospect Area.
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Individual sandstones in the B5 to B6 interval are generally the
thickest of any in the Blessing area, as shown by electric log patterns.
Several of these C Zone sandstones cause pronounced SP deflections to be
sustained for 100 to 200 ft vertically. These prospective sandstones occur
at depths ranging from 10,500 to 12,500 ft and have temperatures of 250° F
or greater. However, their lateral continuity is interrupted by the numer-
ous large and small faults that segment this interval. Because these few
thick sandstones constitute most of the total sandstone in the B5 to B6
interval, their lateral thickness changes are expressed by the net-
sandstone map for this interval (fig. 46). Electric log patterns for B5 to
B6 sandstones are best developed on cross section D-D' (fig. 40, wells 21
and 11), and their lateral changes are shown by strike section S-S'

(fig. 42).

Formation fluid pressures and temperatures

Bottom-hole shut-in pressures (BHSIP) measured by drill-stem tests
(DST) of reservoirs producing oil and gas in Matagorda County (fig. 13)
show that the top of geopressure (0.465 psi/ft) occurs at an average depth
of 9,650 ft. A change in geothermal gradient at the same depth (fig. 7)
tends to confirm the average top of geopressure determined from BHSIP data
as discussed earlier in the section con methodology. Parameter plots for
strike and dip sections (fig. 36) show that the B Zone becomes shallower
northeastward along strike sections S-Sa and Sa-Sb (figs. 47 and 48) and
downdip along section B-B' (fig. 49). The top of the B Zone is deepest
(10,800 i) at well No. 8 on section S-5a (fig. 47) and veaciies its shal-
Towest point (8,800 ft) at well No. 21 (10S-31E-1) on section Sa-Sb

(fig. 48) and at well No. 48 (10S-31E-4) on dip section B-B' (fig. 49).
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The top of the B Zone on dip section C-C' (fig. 50) is deepest (-9,600 ft)
at updip wells No. 1 and No. 20, and is shallowest (-9,200 ft) at downdip
wells No. 27 and No. 25. The thickness of the B Zone in each well is
1,250 ft.

EquiTlibrium temperatures at the top and base of the B Zone along
strike section S-Sa-Sb (figs. 47 and 48) range from 200° to 232° F and 230°
to 265° F, respectively. The average temperature difference across the B
Zone is 31° F. Tenneco No. 4 Trull, well No. 9 on section S-Sa (fig. 47),
shows the highest temperature (265° F) at the base of the B Zone; the
temperature difference across the zone is 43° F.

On dip section B-B' (fig. 49) equilibrium temperatures range from 202°
to 212° F (average 210° F) at the top of the B Zone and from 215° to 233° F
(average 231° F) at the base. Average temperatures show a fairly even dis-
tribution across the section in the B Zone.

Section C-C' (fig. 50) shows that temperatures range from 190° to
213° F (average 207° F) at the top and from 212° to 243° F (average
231° F) at the base. The average difference in temperature across the
B Zone is 24° F. Superior No. 1 Nelson (well No. 27) shows the highest
temperatures, from 210° to 242° F across the B Zone, on section C-C'.

Formation water salinity

Salinity profiles for wells in the Blessing Prospect Area vary con-
siderably in detail but generally follow recognized trends for the Gulf
Coast area (fig. 14). Highest sa]ihities occur in the A Zone. These com-
moniy excecd 100,000 ppm NaCl and generally reach peak vaiues at depths

between 5,000 and 6,000 ¥t. The B Zone along strike sections S-Sa and

Sa-Sb (figs. 47 and 48) has an average salinity of 29,000 ppm NaCl at both
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the top and base, indicating little or no change in salinity with depth in
a given well. Across the prospect area, however, large changes in salinity
do occur laterally within the B Zone, as indicated by values that vary from
10,000 to 49,000 ppm NaCl at the top and from 14,000 to 46,000 ppm NaCl at
the base. Low to moderate salinities are observed in the C Zone. Salini-
ties determined for dip sections B-B' and C-C' (figs. 49 and 50) do not
differ markedly from those found on the strike sections.

Porosity

Porosity profiles for wells in the Blessing Prospect Area show local
variations within an overall trend of porosity decreasing with depth. These
variations are associated with compaction and diagenetic processes that re-
duce primary porosity and increase secondary porosity of reservoir sand-
stones. On strike sections S-Sa and Sa-Sb (figs. 47 and 48), porosity
ranges from 6 to 25 percent (average 17 percent) along the top of the B
Zone and from 12 to 27 percent (average 19 percent) along the base of the
B Zone. Through the B Zone, the average decrease in porosity with depth is
2 percent.

On dip section B-B' (fig. 49) porosity along the top of the B Zone
ranges from 18 to 20 percent and averages 19 percent. The range along the
base is 15 to 27 percent and the average is 21 percent.

Porosity on dip section C-C' (fig. 50) ranges from 18 to 23 percent
and averages 20 percent along the top of the B Zone. Along the base of the
B Zone porosity ranges from 16 to 26 percent and averages 21 percent.

Blessing test-weil site

Geology. -- In the Blessing Prospect Area, the lairgest unsegmenied
fault block contains the thickest accumulation of B and C Zone sandstones.

Delineated as the prospective fault block, this area has been selected as
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suitable for a test-well site (fig. 36). Located in the southwestern part
of the Blessing area, the prospective fault block covers at least 25 mi2
at the B5 horizon. It is bounded to the north and south by large growth

faults (1,500 ¥t of vertical displacement at the B5 horizon); to the west

by a smaller growth fault (1,000 ft of vertical displacement); and to the
east by several intersecting antithetic faults (vertical dispiacements Tess
than 300 ft). A proposed test-well site is located 0.5 mi north of the
type well, Texaco No. 16 Thomas, along the 1ine of cross section B-B'

(fig. 36). On the stratigraphic version of section B-B', this proposed
site is shown between wells 37 and 40 (fig. 41).

The prospective fault block includes all or parts of Blessing, Pott-
hast, Trull, Slone, and Pheasant 0il and gas fields. In the northern half
of the block, gas and oil are produced from A and B Zone sandstones at
depths ranging from 8,000 to 9,500 ft. In the southern half of the block,
gas production is concentrated in C Zone sandstones at depths of 11,000 ft
or greater.

Structural control of sandstone characteristics influenced selection
of the Blessing test-well site. Long-term activation of the northern
bounding growth fault resulted in expanded intervals and thickened sand-
stones between the B3 and B6 correlation markers along the downthrown side
of this fault. Al1 Frio B and C Zone sandstones in this area are within
the B3 to B6 interval. Almost immediately updip from the southern bounding
growth fault, expansion of the interval begins and increases northward un-
til it reaches a maximum at the northern fault. Structural and strati-
graphic sections B-B' clearly show this expansion (figs. 38 and 41). Net-
sandstone maps for the intervals B3 to B4, B4 to B5, and B5 to B6 show an

average of 1,000 ft of sandstone in the B and C Zones in the northern half
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of the prospective fault block, compared with an average of 500 ft of
sandstone in these zones in the southern half of the block (figs. 44, 45,
and 46).

Reversal of the regional southward dip to a northward dip is shown on
structural cross section B-B' (fig. 38). The northward expansion of each
successively lower interval results in progressively steeper northward dips
on horizons B4, B5, and B6. Another important aspect of this structural
configuration is the progressive deepening of the intervals as one moves
northward from the southern bounding growth fault. The contours on the B5
structural datum show almost 2,000‘ft of descent from south to north in the
prospective fault block (fig. 36).

The net effect of this structural configuration is a southward shift
of the structural high at progressively deeper correlation markers. At the
B2 and B3 horizons, the shallowest point in the prospective fault block is
along the northern margin. Structural section B-B' shows the southward
shift of the high until, at the B6 horizon, it is immediately updip from
the southern bounding growth fault (fig. 38).

The Blessing test-well site is located in the northern part of the
prospective fault block, off the structural high of the B6 horizon. Few
wells penetrate the entire Frio Formation in this area. The type log from
the Texaco No. 16 Thomas well exhibits characteristic log patterns for the
prospective sandstones in this part of the block (fig. 34). In the two in-
tervals, between the B3 and B5 markers (mostly B Zone), individual sand-
stones range from 10 to 40 Tt thick in the Texacc No. 16 Thomas well and
from 40 to 100 ft thick in several wells about 1 mi to the north. These
sandstones are separated from each other by 30- to 100-ft-thick shales. In
the B5 to B6 interval (C Zone), one sandstone consistently exceeds 100 ft

thick and typically shows pronounced SP deflection. Several other
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sandstones in this interval average 40 to 60 ft thick. A number of sand-
stones Tess than 20 ft thick are also present. Shales in the B5 to B6
interval range from less than 10 ft to more than 100 ft thick. At least
1.000 ft of net sandstone occurs between the B3 and B6 markers across the
northern part of the prospective fault biock.

Formation parameters. -- Pressure gradients derived from shalie resis-

tivity relations (fig. 12) exceed 0.85 psi/ft at depths below 13,000 ft in
the type well, Texaco No. 16 Thomas. The B Zone is Tocated in the depth
interval from 8,800 to 10,050 ft and the base of the C Zone is at a depth
of 14,300 ft. Equilibrium temperatures across the B Zone range from 212°
to 232° F; salinities within the B Zone range from 18,000 to 69,200 ppm
NaCl, and methane solubility ranges from 26 to 29 standard cubic feet per
barrel (SCF/B) when Dunlap and Dorfman "curve" values of Ryf are used in
the calculations (fig. 51). The deepest sandstones show poor SP develop-
ment, and, thus, salinities were estimated from trends in the area (fig. 51).

Porosity data for the Texaco No. 16 Thomas well were derived from
(1) sidewall-core measurements, (2) the resistivity (induction) log, and
(3) the sonic log (fig. 52). All of these methods give data that cluster
in the depth range from 7,000 to 11,300 ft and that provide a reasonable
average relationship between porosity and depth. Porosity determined from
transit times from the sonic log requires no compaction correction. Aver-
age caiculated porosities at the top and base of the B Zone are 19 and
23 percent, respectively.

Most of the permeabilities from sidewall-core measurements range from
8 to 195 md in the depth interval of 7,000 to 10,000 ft (fig. 53). From
depths of 10,000 to 12,000 ft, most permeability data cluster in the range

from 5 to 60 md. The limited amount of permeability data at an average

depth of 14,500 ft shows that permeabilities are less than 11 md.
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The Teast-squares-regression curve for the plot of sidewall-core per-

meability versus porosity (fig. 54) shows a relation of the form

K = aebd (8)
where K = permeability, md

¢ = porosity, fractional

a = 0.21

b = 0.22

e = base of the system of natural logarithms.

The correlation coefficient for the relation is 0.78. Permeability values
are greater than 100 md when the porosity exceeds 25 percent and are less
than 10 md when the average porosity is less than 18 percent.

Reservoirs with good strike and dip continuity occur in the depth in-
tervals of 10,790 to 10,890 ft and of 11,160 to 11,230 ft (table 2). These
sandstones, which are recommended for testing, occur in the C Zone and
pressure gradients average 0.765 psi/ft. In the upper reservoir, fluid
temperature is 241° F, salinity is calculated to be 97,000 ppm NaCl, and
methane solubility is 23.0 SCF/B. In the lower reservoir, témperature is
248° F, calculated salinity is 85,000 ppm NaCl, and methane solubility is
25.6 SCF/B. Sidewall-core measurements indicate that porosities average
18 percent in the upper sandstone and 21 percent in the Tower one and that
permeabilities average 23 md in the upper sandstone and 26 md in the lower
unit. However, the in situ resarvoiv permeability may be considerably less

than 25 md. The area of the fault block in which these sandstone units

occur is about 25 miZ.
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Table 2. Reservoir parameters of selected sandstones in the prospect areas.

Fau I+
Sandstone Permea- Pressure Salinity block
Depth thickness Porosity* bility* Te gradient (10™3 CHy area
Prospect (f1) (f+) (%) (md) °F) (psi/ft) ppm) (SCF/B) (mi?) Zona Type Vel |
Blessing 10,790 100 18(SWC) 23(SWC) 241 0.76 97 23.0 25 C Taxzaco No. 16 Thomas
11,160 70 21(SWC) 26 (SWC) 248 0.77 85 25.6 25 & 105-31E-4, Matagorda Co.
O0ld Ocean 10,700 200 6 (calc.) no 227 . 0.65 170 19.0 35 B fbercrombie No. 16 BRLD
11,570 140 13 (calce) core 238 0.66 72 29.0 35 B 85-35E-9
12,180 80 14 (calcs) data 247 0.75 70 32,5 35 c Brazoria Cos
Nueces 8,360 50 16 (calc.) no 200 0.46 87 19.0 120 A Mobil Noe. 8-A Donigan
Bay 9,450 50 16 (calcs) core 215 0.46 31 25,0 120 A 185-21E-9
10,335 85 8 (calc,) data 230 0,66 60 28,0 120 3 Nueces Coe.
Corpus 7,265 85 185 0.46 126 15.5 120 A Hamon Noe 3 Ste Tro 8
Channel 7,580 60 11-20 (calcs) ¢ 189 0.46 131 15.6 120 A 185~22E-1
7,970 100 22,7t 331t 195 0.55 101 17.7 120 B Nueces Co.
Sarita 8,910 45 25 100-200 200 0,46 80 19.9 17 A/3  irkansas Fuel No. 1 Hubert
(shal low) 8,975 S0 25 750 204 0.46 78 20.3 17 A/8  225-19E-4, Kleberg Co.
Sarita 11,205 50 26t 30-60t 254 0.86 123 27.8 2 c Humble No. B-9 East
(deep) 11,300 70 21 (calc.) 257 0,86 120 28.6 2 C 235-19E-2
11,590 95 19 (calc.) 263 0.87 126 28,9 2 c Kenedy Co.
12,365 45 15 (calce) 280 0.88 . 143 29,6 2 C
12,560 110 14 (calce) 285 0.85 148 29.4 2 g
13,310 80 14 (calcs) 303 0.87 147 32,7 2 D
13,690 160 14 (calc.) 310 0.87 120 38,0 2 D
Tordil la 10,725 100 9 (calc.) no 261 0.56 138 22,2 27 B ‘Humble No. 12 Kleberg
11,410 130 10 (calc.) core 279 0.85 146 27.8 27 & z 17E-2
12,340 >120 8 (calce) data 294 0.77 70 39,4 27 C Wiilacy Co.
Lake 11,248 65 12-14 <7.7 267 0.60 76 29.9 58 B Superior
Creek 11,676 70 10-14 <15,0 276 0,63 88 30.6 58 B Nos 3 Sos Txe Deve Coe.
11,800 155 11-14 <21.0 279 0.65 52 36.3 58 B ZN=36E-3
13,588 80 12-15 1-5 313 0.78 172 29.5 58 D Moni gomery Co.
* Values from whole-core analyses unless indicated - SWC = sidewal |-core analysis

calculated

t Data from wells in vicinity of type well calce



01d Ocean Prospect Area

The 01d Ocean Prospect Area is in the eastern part of the Matagorda
Fairway (fig. 30). The area is 12 mi long from east to west, 9 mi wide,
and covers approximately 108 mi2. Electric logs from 80 wells were
correlated, and two cross sections were constructed for this prospect area
(fig. 33). Eight correlation markers (01 to 08) divide the section below
-4,500 ft into nine study intervals. However, a lack of deep well control
prevented mapping of sandstones in the B and C Zone below the 06 marker.

Most of this prospect area is within the 01d Ocean oil and gas field,
which has been producing since 1934. Production has been mostly from the A
and shallow B Zones between the depths of 8,500 ft and 11,500 ft. Although
significant amounts of sandstone occur below -11,500 ft, few wells in this
area were drilled below this level.

Structure

According to Gardner (1952), the 01d Ocean Field overlies a deep-
seated salt dome, which gives rise to a domal structure in the prospective
fault block (fig. 55). However, Frio sandstones have not been significantly
uplifted or thinned by salt movement. As shown by the structure map of the
01d Ocean area (fig. 55), the shallowest part of the structure is 10,000 ft
below sea level at the 05 marker.

The density of faulting is lower in the 01d Ocean area than it is in
the Blessing area. A series of branching growth faults form the northern
boundary of the area. These faults enclose several wedge-shaped blocks
that trend northcast-southwest (fig. 55). The Tow temperature and pressure
conditions, and limited areal extents of these blocks make them nonprospec-
tive for the production of methane-bearing waters. The southern boundary

of the 01d Ocean area is also a series of faults enclosing small, wedge-

shaped blocks.
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The prospective fault block, the largest block in the 01d Ocean area,
covers 35 miZ at the 05 horizon. The structural configuration at deeper
intervals in the northern part of the block is not clear because of the
lack of deep well control (see wells 7 and 26 on Z-Z', fig. 56); therefore,
the intervals below the 06 correlation marker could not be mapped.

Sandstone distribution and characteristics

The 01 to 02 interval includes the Miocene Fleming sandstones. These
A Zone sandstones occur between -5,000 to -7,000 ft and are continuous
throughout most of the 01d Ocean area. Net-sandstone values range from 500
to over 1,000 ft for the 01 to 02 interval, and individual sandstones are
20 to 150 ft thick.

The 02 to 03 interval consists of the upper half of the Anahuac Shale,
which is 1,500 to 2,000 ft thick in this area (fig. 56). The 03 marker is
a distinctive shale resistivity pattern in the Anahuac. It is the strati-
graphic datum for the 01d Ocean Prospect Area and is correlative with the
B2 marker in the Blessing Prospect Area.

The top of the Frio sandstones occurs within the 03 to 04 interval at
depths ranging from 8,000 to 9,000 ft. These uppermost Frio sandstones are
thin, averaging less than 20 ft thick, and are separated by abundant, thick
shales (fig. 56). Net sandstone for this A Zone interval is less than
200 ft in the prospective fault block (fig. 57).

The 04 to 05 interval averages 600 ft thick, but its net sandstone is
no greater than 200 ft and is typically much less (fig. 58). Individual
sancstoines in this A Zone interval are less than 30 i thicke

In the 05 to 06 interval, the sandstones are thicker and more numercus
than in the overlying Frio intervals (fig. 56). This deep A Zone interval
averages 600 to 800 ft thick but expands considerably (up to 2,000 ft) in

the northern part of the prospective fault block. Individual sandstones
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are 20 to 100 ft thick. Net-sandstone values for this interval exceed
300 ft in some areas in the northern and western parts of the prospective
fault block (fig. 59).

For the intervals below the 06 correlation marker, well data are
sparse. The 06 horizon ranges in depth from 10,700 ft in the south to at
least 12,700 ft in the north. In several wells in the southern part of the
area along the line of section Z-Z' (fig. 60), high percentages of sand-
stone occur in the 06 to 08 interval in the B Zone. Sandstones in the
C zone occur below the 08 marker at depths of 12,000 ft and greater. Indi-
vidual sandstones are up to 100 ft thick but cannot be traced updip because
these intervals plunge steeply to the north below the total depths of any
wells north of the Abercrombie No. 16 B.R.L.D. well (fig. 60). Thus, net-
sandstone maps for these intervals could not be made.

Formation parameters

Available data in the 01d Ocean Prospect Area are too sparse to estab-
lish pressure and thermal gradients. Hence, the average depths and thick-
nesses of the A, B, and C Zones assumed for the prospect area were those
determined from BHSIP data (fig. 13) and geothermal gradients (fig. 7) for
Matagorda County and are the same as those data used for the Blessing Pros-
pect Area that were previously discussed.

Temperatures in the A Zone are less than 250° F. B Zone temperatures
along strike section Y-Y' (fig. 61) are also less than 250° F, as shown by
the one well (No. 5) for which temperature data are available for the zone.

The four wells in the updip (left) part ov dip section Z-Z' (figs. 55
and 62) are hydropressured and therefore do not penetrate the B Zone. The
four wells that form the downdip part of section Z-Z' penetrate the B Zone
at an average depth of 11,450 ft. Temperatures at the top and base of the

B Zone average 250° and 279° F, respectively.
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A plot of salinity versus depth for 5 wells in the prospect area
(fig. 63) shows that numerous sandstone units in the A and ! Zones contain
brine with salinities that exceed 100,000 ppm Nall. Salinity data in the
B Zone are relatively scarce but average about 46,000 npm NaCl.

Wnole-core data are not available for the area, bui porosities cal-
culated from induction and SP Togs at the top and base of the B Zone aver-
age 15 and 11 percent, respectively, along Y-Y' (fig. 64) and 7-7'

(fig. 62).

Potential for testing

The Abercrombie No. 16 B.R.L.D. well {No. 37) is the type well for the
01d Ocean Prospect Area (figs. 61 and 60). In the B and C Zones, about
700 ft of sandstone occur in a 1,200-ft interval below the depth of 11,300
ft in this well. Individual sandstones range from 10 to 100 ft thick and
are separated by shales ranging from 5 to 30 ft thick. The minimum areal
extent of these sandstones is about 15 miz, but they possibly extend over
an area as great as 35 miZ.

Temperatures were not listed in the induction wel! log header for the
type well, but average values from 4 surrounding wells range from 227° to
247° F in the 06 to 08 interval, the potential reservoir section.

No core data are available in the prospect area, but porosities deter-
mined from induction and SP logs range from 6 to 14 percent in the B Zone
and generally decrease with depth. Salinities derived from "curve" Ryt
values are higher, as expected, than those from log header values of Rpf
(fig. 65). Salinities from the "curve” method for three of the most pros-
pective reservoir sandstones at depths of 10,500, 11,500, and 12,130 ft
range from 70,000 to 170,000 ppm NaCl, and methane solubilities are esti-

mated to range from 19 to 32 SCF/B (table 2).
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No test site was selected within the 01d Ocean Prospect Area because
of the Tack of reliable reservoir quality data, particulariy permeability
data from whole-core analyses. However, the 01d Ocean Prospect is consid-
ered a potential test area that should be further evaluated if reservoir-

quality data become available.
Corpus Christi Fairway

The Corpus Christi Fairway is located primarily in eastern Nueces and
San Patricio Counties and extends into Aransas County along the Texas Gulf
Coast (fig. 66). The fairway is approximately 30 mi wide in a northwest-
southeast (dip) direction and extends 35 mi in a southwest-northeast
(strike) direction, covering an area of 1,050 mi2. In this area, reser-
voir sandstones of the deep hydropressured and shallow geopressured zones
are primarily in the Oligoéene Frio Formation. The top of the Frio Forma-
tion ranges in depth from approximately 5,000 ft in updip areas to the west
to 8,000 ft in downdip areas to the east. Across the fairway from west to
east, the Frio Formation thickens from about 3,000 ft to at least 8,000 ft.
The top of the Frio is defined as the top of a sandstone-rich sequence
overlain by the widespread, thick Anahuac Shale (Holcomb, 1964). In the
fairway area, the uppermost sandstones in the Frio Formation as defined in

this study occur in the Marginulina and Heterostegina zones, which some

geologists do not include in the Frio (fig. 35).

Faults divide the fairway area into five major strike-aligned struc-
tural blocks (fig. 66). Major faults and smaller subsidiary faults are
permeability barriers which 1imit the lateral extent of any prospective
reservoir. The major blocks generally range from 3 to 10 mi in width and
extend along strike for tens of miles. Vertical displacement along the

faults is most commonly 100 to 500 ft at the top of the Frio but increases
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with depth to 2,000 ft or more. These faults are the major features used
to subdivide the fairway into prospect areas. Of the five recognized fault
blocks, three were studied in detail and parts of two are here designated
as prospect areas, the Nueces Bay and Corpus Channel Prospect Areas

(fig. 66).

The geology of the Corpus Christi Fairway was analyzed by detailed
correlation of approximately 600 electric logs (fig. 67; appendix C), both
within and between fault blocks. To cover the entire fairway, six
structural dip and three stratigraphic strike sections were constructed
(figs. 67 through 76). In addition, detailed stfatigraphic sections were
made for the reservoir intervals of interest in each prospect area. Mark-
ers CC1 to CCll were used on both regional and local sections, and each
could be recognized in at least two fault blocks. Additional markers de-
lTineating units CC-A to CC-D were used only locally in the Corpus Channel
Prospect Area. Previous studies of the Frio Formation in this area have
agreed on a coastal environment of deposition but disagreed as to whether
this occurred in the setting of a barrier coastline (Boyd and Dyer, 1964)
or delta (Martin, 1969). This study and that of Galloway and others (in
press) suggest that deposition occurred on barrier bars and strandplains
adjacent to major deltaic depocenters located along strike from the study
area.

The correlations allow some important generalizations to be made about

the fairway. (1) Within a fault block, sandstones are continuous along

strike but tend to grade into shales downdip, reflecting the depositional
environment of the sediments. In addition, stratigraphic units thicken up-
dip toward the bounding fault, indicating a greater subsidence rate in that
area. This structural control of thickness of deposits indicates that the

faults were active during sedimentation and are therefore growth faults.
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