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ABSTRACT

The Bureau of Economic Geology, The University of Texas at Austin, has developed a basin-
scale coalbed methane producibility and exploration model basedon a decade of Gas Research

- Institute—supported research performed in the San Juan, Sand Wash (Greater Green River), and

- Piceance Basins and on reconnaissance studies of several other producing and prospectlve coal

basins in the Unlted States: As part of a cooperatrve agreement between the Bureau of Econormc

Q

reology (BEG) and the U:S. Geologlcal'Surveyv (USGS), BEG is to 'prov1de'a,prehm1nary

ssessment of the coalbed methane potential of the east-central Texas Gulf Coast coal basins based

job)

o

-opn previously published literature and data. The objective of this report is to discuss the application

o

f the producibility model in defining coalbed methane exploration fairways in an east-central

Tlexas coal basin. The producibility model indicates that tectonic/structural setting, depositional

w

ystems and coal distribution, coal rank, gas content, permeability, and hydrodynamics are

ontrols critical to coalbed methane producibility. However, simply knowing a basin’s geologic

(@]

nd hydrologic characteristics will not Jead to a conclusion about coalbed methane producibility

)

because it is the interplay among geologic and hydrologic controls on production and their spatial
relation that governs producibility. High producibility requires that’ the geologic and hydrologic
controls be synergistically cOmbined. That synergism is evident in a comparison of the prolific

' ptroducing SanJuan Basin and marginally producing Sand Wash and Piceance Basins, where high
productivity-is govemed by (1) thick, laterally continuous coals of high thermal maturity; (2)

dequate permeablhty 3) basinward flow of ground water through coals of h1gh rank and gas

o

o

bntent orthogonally toward no-flow boundaries (regional structural hingelines, fault systems,
facies changes, permeability contrasts, and/or discharge areas)' “) generation of secondary
biogenic gases; and (5) conventional trapplng along those boundaries to provide add1t10na1 gas

beyond that generated durlng coahﬁcatlon Understandlng the dynamic interaction among these key -




[¢]

geologic and hydrologic controls will be critical for delineation of exploration fairways in east-

central Texas frontier basins and for targeting “sweet spots” along the Gulf Coast.

INTRODUCTION

Methane from coal beds is a potentially important source of natural gas, but to date successful

xploration and exploitation of coalbed methane resources have been limited along the Texas Gulf

@)

oast (fig. 1). Triggered by success in the low-rank coals of the Powder River Basin, Rocky
~ Mountain Foreland, exploration for coalbed methane has begun in low-rank, coal-rich areas of the
- Gulf-Coast. What has not been widely recognized about the Rocky Mountain Foreland experience

§ that although coalbed methane resources in some basins have been successfully exploited, other

e
7

basins with seemingly similar geologic and hydrologic attributes have proven to be disappointing
methane producers (Tyler and others, 1997).

The traditional view of production from coal reservoirs is inadequate to explain these contrasts

ey

n coalbed methane producibility among coal basins. In the traditional view, coal gases are

enerated in situ during coalification and are sorbed onto the coal’s large internal surface area.

09

orption is pressure dependent and is promoted by increasing pressure. Gas production is then

chieved by reducing reservoir pressure through depressuring (dewatering), thereby liberating the

L

ases from the coal surface for diffusion to the cleat system for subsequent flow to the wellbore.

aQ

The traditional view is oversimplified because it fails to recognize that in prolific producing coalbed

- methane basins, there is a need for migrated and trapped sources of gas beyond that generated

o

uring coalification to achieve high gas contents found in many basins. Importantly, migrated

onventionally-and hydrodynamically trapped gases, in situ—generated secondary biogenic gases,

(@)

nd solution gases are required to achieve these high gas contents or fully gas-saturated coals for

o

consequent high productivity (Scott and others, 1994a). To delineate the presence and origin of

these additional sources of gas requires an understanding of the interplay among tectonic and
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igure 1. Location of the east-central Texas coal basin evaluation and proposed exploration fairway.
tructural elements that affected early Tertiary coal sedimentation are modified from Ayers and
ewis (1985). Basin analysis and an integrated drilling program will provide relevant data
» Texas operators to define exploration fairways and currently underexploited gas resources
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ructural setting, depositional systems and coal distribution, coal rank, gas content, permeébility,
d hydrodynamics (fig. 2) (Kaiser and others, 1995).

Our understanding Qf the controlé on cdalbed mchane‘.producibility‘is based on
ymprehensive geologic and hydrologic 'studies of the San Juan, Sand Wash, and Piceance Basins
Tl -feconnaissance studies of several other producing,and prospective coal basins in the western
nited States and Alaska (fig. 3) (Tyler and others, 1991, 1994, 1995a, b, c, 1x996, 1997). The
an Juan Basin, in which cumulative production exceeds 1 Tef (28 Bm3), is the world’s most
olific co.albed methane basin.. Our basin-scalé model for.coalbed methane producibility has =
rolyed out of a comparison of the prolific San Juan and marginally producing Sand vWaéh and
ceance Basiné; The comparison is apt becaus‘e‘th'ese- basins share similar geologic and hydrologic
tributes.but in dissimilar combination (fig. 4) Prior to de\.felopment efforts, the Sand Wash and
ceance Basins Were'viewed as being vpotentially.vvéryvproduct’ive,.but subsequent drilling and
-oductivon éfforts showed them to. be poor to moderéte producers‘.‘ To date, Sand Wash Basih
vals have yielded large volumes of water and iitﬂe gas, and Piceance Bé_lsin coals, little water and
mited gas. Bélow, is a‘discﬁssion of the producibility model and key criteria for coalbed mefhane '

source evaluation. This is followed by a review of the geologic and hydrologic controls on

valbed methane producibility along the Gulf Coast.

COALBED METHANE PRODUCIBILITY MODEL

../Coalbed methane producibility is determined by the synergistic interplay among six critical
bntrols: tectonic/structural setting, depositional systems and coal distribution, coal rank, gas

bntent, permeability, and hydrodynamics (fig. 2). Unfortunately, coalbed methane exploration

strategies are often based only on the location of the greatest net coal thickhess and highest*éoal

af

u

nk| and explorationists largely ignore the interplay among hydrologic and geologic factors :
ffecting coalbed methane producibility, leading to widespread exploration failure. An

nderstanding of these controls in a frontier exploration play with limited production, combined
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Figure 2. Geologic and hydrologic controls critical to coalbed methane producibility. Synergistic
interplay among these controls and their spatial relations governs producibility.



Wind River Powder Ri - LS
Western ! owder Hiver Pennsyl thracite field
e 2 Tcf: 56 Bm? 30 Tof: 849 Brt® nsylvania anthracite fields

not quantified
24 Tcf; 679 Bm? i )

lllinois
21 Tcf; 549 Bm®  Northern Appalachian

61 Tcf; 1.73 Tm®

Greater
Green River
314 Tcf; 8.89 Tm?

Central
Appalachian
5 Tcf; 141 Bm?®

Valley coal fields
(not quantified)

Uinta

Richmond and
10 Tcf; 283 Bm?®

Deep River
3 Tcf; 84 Bm®

Piceance > o
>84 Tcf; >2.38 Tm
San Juan ‘
50 Tcf (Fruitland)
34 Mcf (Menefee)
Total 84 Tcf; 2.38 Tm3

Cahaba and Coosa
coal fields

3 Tcf; 84 Bm®

0 200

1 L
T T T

400 mi

L

660 km Raton 4 Tef; 113 Bm®

=t e 3
AELE ok oo Cherokee Black Warrior

0
® Coal basins discussed in this report Gulf Coast (not quantified) 20 Tcf: 566 Bm3

(not quantified) QAa1381(a)c

Figure 3. Coal basins and coalbed methane resources of the United States. Total coalbed methane is estimated to exceed 675 Tcf
(Scott and others, 1994a). Our understanding of the controls on coalbed methane producibility is based on comprehensive geologic and
hydrologic studies of the San Juan, Greater Green River (Sand Wash), and Piceance Basins and reconnaissance studies of Raton, Powder

River, Uinta, Wind River, and Western Washington coal basins in the western United States. Because of the low-rank coals, Texas has not
been included in the coalbed methane resource estimates.



SAN JUAN BASIN
Moderate permeability
Moderate—high water production
Moderate-high rank
Moderate—high gas content

COALBED
METHANE
PRODUCIBILITY
MODEL

SAND WASH BASIN PICEANCE BASIN
High permeability Generally low permeability
High water production Generally low water production
Low-moderate rank High rank
Low-moderate gas content High gas content
QAb8660C

igure 4. Ternary basin comparison for coalbed methane model development. In the San Juan and
nd| Wash Basins, permeability is moderate to high and ground-water flow is dynamic, whereas
e Piceance Basin is a low-permeability, hydrocarbon-overpressured basin having sluggish flow
static conditions.




wcond

with an understandmg of their 1nterplay, can lead to more accurate pred1ct1on of coalbed methane

produc1b1hty

Coal beds are both the source and reservoir for methane, indicating that their widespread

distribution within a basin is critical to establishing a significant coalbed methane resource. Coal

: - distribution is closely.tied to the tectonic, structural, and depositional settings because peat

~ adcumulation and preSerVation as coal require.a: delicatelybalanced subsidence rate that maintains

optimal,Water—table levels. Depositional systems deﬁnethe substrate upon which peat growth is

o injtiated and within which the .peatv;.swamps proliferate. Knowledge of -dep.ositional..frameWork

_enabl

. cqalb

~ofco

resou

and;l

~...ganet

matu

es prediction of coalbed thickness, geometry, and continuity-and, therefore, areas of potential

ed methane resources. Existing.Bureau of EconOmic Geology knowledge of the depositionalr B

~systems in Texas and available data for east-central Texas have enabled a more accurate prediction. .

albed thickness, geometry,t and,continuity and, therefore? areas of potential coal gas -

Irces. | |

Coals must also reach a threshold of thermal maturity (vitrinite reflectance values between 0.8
0 percent;,high-:volatileA,bituminous) before signiﬁcant volumes of thermogenic gases are

'atedt ;T.hen_amountr,and'.ty.pes. of coal gases: generated during coalification are a function of

bnrial history, geothermal gradient; maceral composition, and coal distribution within the thermally

;o gdsb
-+ basing

L. -s0rpt

e parts of :a.basin;Although higher rank coals generally have higher gas contents, gas content

s jnot determined by coal rank alone; gas content is not fixed but chang.es-v:whenf:equilibrium g

tions within the reservoir are:disrupted. Importantly, there is a need for additional sources of
eyon’d"that generated. initially during coaliﬁcation to-achieve high gas contents following .
al upl1ft and cool1ng In ﬁgure Sa and 5b SOI‘pthIl 1sotherms show the increase in methane

1on wrth 1ncreas1ng pressure. At hlgher temperatures (Tl) (dashed l1ne) coals store less gas .

' m_grdtron- occurs when gas generat1on exceeds coal-storage capa01ty Gas generation decreases 25

with

bas1na1 uplift and coohng (T2) (sohd hne) resulting in coal beds that are undersaturated wrth 4'

re spect to methane Secondary blogemc gas generatlon and migration of thermogemc and b1ogemc ‘ '

_gdses in meteorlc water can resaturate the coals w1th methane (fig. Sb) When coals are fully
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gure 5. Sorption isotherms showing relation between gas content, pressure, and temperature
rom Scott and others, 1994a). (a) At high temperatures, coals store less gas. (b) Upon uplift
cooling, gas generation slows and coals become undersaturated with respect to methane.
scondary biogenic gas and migrated thermogenic and biogenic gases can resaturate coals with
. (P1T1: Pressure and temperature during active gas generation; P2T2: Pressure and temperature
ter basinal uplift and cooling; Pc: Critical desorption pressure).




sd turated, the critical pressure at yvhich desorption occurs is high,"requ‘iring less depressuring
(dewaterln‘g) and recoyery of’more’rnethane (Scott and' others, 1994a). Coals with gas contents
bc'low the sorption isotherm are undersaturated yvith r'especti to methane (fig. 5b). Undersaturation
- indicates that reservoir pressure must be decreased until a critical desorption pressure (Pc) is
reached,: at which point gas production begi_ns. Gas contents:‘on the isotherm indicate that the coal

i

2]

saturated with respect to rnethane; gas production will begin with minimal decrease.in reservoir -
pressure.‘,:?.Oversaturatedacoals have: coalugas 1n the cleat system and will produce ‘gas irnniediately
upon perforation. . = o | - | | | -
- Gas content of;coals can therefore be: enha_nced;-j either"locall-y or regionally',fby generation of -
i secondary biogenic gases or by diffusion and l’ong-distance migration of gases to no-'flow : ':-
-:bg undarles such as permeabrlrty contrasts, structural hmgehnes or. faults for eventual . resorpt1on o
-and conventronal trappmg Areas: of enhanced gas content or saturat1on generally requ1re laterally 3
extensive, permeable coals to serve as condurts for gas rmgrat1on and dynamic ground—water ﬂow ,
to|promote rmgrat1on of gases Further ﬂush1ng of coal beds by meteoric water in areas of actlve
re “harge or convergent. ﬂow can decrease gas content as.can upl1ft and erosion, which lower the
g 4reservorr.‘pressure,-.allowmg ..methane.»to-desorb from .the coal surface. Importantly, secondary
-bipgenic gases have made a srgnrﬁcant contribution to produced gases in the San Juan and Powder
‘River Basins; most of the produced coal gases in the lower rank coals of the Powder River Basin
arg migrated and/orsecondary brogenrc,_and r‘norethan;3()0 Befof secondary'b1ogen1c- gas is
estimated to have been produced 1n the San J u'an Basin,(Scott and others, 1994a). In Texas, B
evialuation of the chemical and isotopic cornpv()sit'ion of ’produced gases will be an indicator of the
gas or1g1n and of its thermal and rmgratron histories. | | |
Penneablhty and- ground -water ﬂow are 1nt1mately related to coal distribution and depositional
‘and tectonrc/structural setting because bas1nward flow of ground water through coal beds requires -
recharge of laterally continuous permeable coals at the structurally deﬁned basin margins.
Permeab111ty in coal beds is also determmed by its fracture (cleat) system Wthh is in turn largely

~ controlled by the tectonic/structural regime. Cleats are the permeab111ty pathways for rmgrat1on of

10




ga_s and water to the producing well, and cleats mayl either enhance or retard thesuccess of the
coalbed rnethane ‘cornpletion. The coals, therefore, act rio only as conduits for gas nﬁgration but :
also are COmmonly ground—Water aquifers that rnay”haye perrneabilities orders of magnitude larger
than associated sandstones However permeablhty that is too high results in high water product1on
- and decreased gas saturatlon in many basms Consequently, high permeability may be as
dgtrimental to the economic productron.of :._coalb_ed gas as extremely low permeabrhty.

208 Irnportantly,'-z understanding the. dynar'nic interactiOn:arnong key geologic and hy.drologic

controls is the basis. for delineation. of exploration, fair_,ways':lin frontier:basins or sweet:spots in .

: basinsWith e'stablished:or limited producﬁon Extraordinary"produ'ctiron‘requiresdynaimjc- ground-

-~ in

W barriers, accompamed by generatlon of secondary brogemc gas and conventional trappmg of
rlgrated and solutlon gases along those bamers (Kalser and others 1994a) (frg 6). The. resultrng

terplay leads to'hlgh gas contents or even fully gas—saturated coals for consequent hrgh

productivity. In other words, the parts-of a fronti_er play or basin having the best potential for

ca albedr methane production: should be those -‘basinward.of‘:Where outcrop coals-are in good '

- hydraulic:communication with subsurface coals for consequent generation of secondary biogenic -~

int

gds, advective gathering and transport of therm‘Ogenic gas,rand subsequent basinward resorption -

and. conventional trapping, which promote- fully' gas-saturated coals and high production

Us1ng this coalbed methane producrblhty model and an understandlng of the synerglstrc

rerplay-among controls that can be used to defme exploratlon falrways exploratlon and

development can now proceed to the Texas Gulf Coast

' APPLICATION OF THE PRODUCIBILITY MODEL TO TEXAS

: In Texas Gulf Coast coal basins sirnply knowing.the.'basin’s geologic and hydrologic

' characterrstlcs w111 not lead to a conclus1on about coalbed methane producrbrhty because it 1s the

~in

erplay among geologlc and hydrologlc controls on productlon and their spatlal relatlon that

i

ater ﬂow through coals: of high thermal maturlty (rank) and hrgh gas content. orthogonally toward



- Fj

Sreto

- Ju
b
Q3
n
¢

-|Sandstone=
siltstone

prov1de -additional ‘gas beyond that generated durlng coalification.

12

*QAb1309c

gure 6. Conceptual model for hlgh coalbed gas produ01b111ty based on the prohflc producmg San
an Basin and marginally producing Sand Wash and Piceance Basins. High productivity is governed
/(1) thick, laterally continuous coals of high thermal maturity; (2)-adequate permeability;
) basinward flow of ground water through coals of high rank and gas.content orthogonally toward
-flow-boundaries (regional hingelines, fault systems; facies changes, and/or discharge areas);
) generation of secondary biogenic gases; and (5) conventional trapping along those boundarles
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pverns producibility (Kaiser and others, 1994a). High producibility in Texas requires that

ntrols be synergistically combined. Importantly, permeability, hydrodynamics, coal distribution
id rank, gas content, and tectonic and structural setting control the producibility of coal gases.

igh productivity requires that these geologic and hydrologic controls be synergistically combined.
hat synergism is evident in a comparison of the prolific San Juan Basin and marginally producing

ind Wash and Piceance Basins. In the San Juan Basin, ground water flows through high-rank,

high-gas-content coals orthogonally toward lower rank coals at a no-flow boundary or flow barrier

ong a structural hingeline. At this point in the basin;.flow turns upward and-coalbed wells:

pically produce >1,000 Mcf/d (>28 Mm3/d) and small volumes of water. A combination

- mijgrated, and solution gas is an important source of coal gas (fig. 6). In the Sand Wash Basin,

fl

th

bw is through low-rank, low-gas-content coals toward areas of higher thermal maturity. Lack of

seals and permeability contrasts limits the potential for conventional trapping of gas in the basin. In

e Piceance Basin, net coal is thickest in a north-south-trending belt, behind west-east-prograding

- shoreline sequences. Depositional setting and thrust faults cause coals along the Grand Hogback

re

i

w2

and in the subsurface to be in modest to poor reservoir and hydraulic communication. Meteoric

charge and flow basinward are thus restricted; permeability of coals and of sandstone in the basin

generally in the microdarcy range, indicating that meteoric recharge is limited to basin margins.

Mporeover, extraordinary coalbed methane production is precluded by the absence of dynamic

ground-water flow. The best potential for coalbed methane production in the Piceance Basin may

lig in-conventional traps basinward of where outcrop and subsurface coals are in good hydraulic

communication.

m

m

Understanding the reasons for these contrasts in producibility is applicable to Texas Gulf
ast coalbed methane exploration and development. By using the coalbed methane producibility
pdel, it is now possible to understand the geologic and hydrologic synergism needed for coalbed

cthane production. Understanding this synergism can lead to more accurate prediction of Texas

Gulf Coast coalbed methane fairways. As part of the report, this producibility model will be

13

nventional and hydrodynamic trap is postulated to exist-along the hingeline and implies that free, -



applied to the evaluation of coal gas resources of the deep-basin coal trends of the Wilcox Group,
east-central Texas. The coal gas producibility model will consider all geologic and hydrologic
ctliteria and data available. Coal gas producibility will be evaluated through six critical factors:
tectonic/structural settiﬁg, depositional systems and coal distribution, coal rank, gas content,
_.pe¢rmeability, and hydrodynamics. Productivity within:the east-central Texas coal:basin will be
governed by (1) thick, laterally-continuous coals; (2)-adequate permeability; (3) flow of ground

- water toward no-flow boundaries (regional hingelines, fault systems, facies changes, and/or
discharge areas); (4).generation of secondary biogenic gases;-and.(5) conventional Atrappi-ng‘. along -
- those ‘boundaries to provide additional gas beyond that generated iﬁasitu-during'-'coaliﬁcation; We

~ think the coal gas research has progressed to the point where basin analysis, thatis, understanding -
~the dynamic interaction among these key geologic and hydrologic factors, can be used to define

areas that may have coal gas producibility.

Statement of the Problem in Texas

Texas is ranked as one of highest (fifth) coal-producing states in the nation, but precious little
1S knoWn about its cdalbed methane potential. Coal production in Texas‘is entirely from surface
mines in lignite and subbituminous coal, but Texas also has a tremendous resource of deeper,
higherrank coal seams in both the Gulf Coast Basin and the EastefnlShelftof the Midland Basin.
The potential for coalbed methane production from these deeper coal seams:has yet to-be realized

.. anld has not been evaluated because, until recently, coalnsebams in Texas Were not considered
exploration targets because of the low ranks of the coal. However, coalbed methane is an important
...hydrocarbon resource base in the United States, With»recent estimates totaling 675 Tcf and,
importantly, accounting for at least 6 percent of the total U.S. gas production. Traditionally,
because of low coal ranks, coalbed methane has remained a largely underevaluated and
urderutilized resource in Texas. Operator interest in coalbed methane resource development in the

lower rank coals of Texas, however, has increased dramatically over the past few years. The
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interest has escalated because of 31gn1ﬁcant coalbed methane exploratlon and production successes
in the low rank coals of the Powder Rlver Bas1n Wyomlng, where total coal gas productlon from
the subbrtunnnous coals has 1ncreased to 150 MMcf per day in 1999 (from 1 000 wells) and is |

: pro;ected to increase to 300 MMcf per day in 2000 (Natural Gas Week June 14 1999)

- Wrthrn the Texas Gulf Coast coal basm there is a lack of publrcly avallable coalbed methane

, dlata onthe potent1al for exploratlon falrways 1nclud1ng l1mlted gas content gas and water: -

geochemrstry, and hydrodynannc evaluatrons of coal basrns T hese data could be obtarned and

o evaluated with:a: hrmted program of new data acqulsmon and frontier exploratron In1t1al research

b_

eveloplng a coalbed methane producrblhty model has been accomphshed The next: phase in the - o

evelopment of the coalbed methane resources in Texas is detalled basin: analysrs and reservoir:

=%

L c 1aracterlzatron 1nclud1ng drilling: and testmg of the sweets spots Drllhng and testrng of the
c aalbed methane sweet spots should be accomphshed wrth the cooperatlon of 1ndependent Texas -

gas operators who can prov1de addrtlonal approprlate data and 1nf0rmat10n for complete evaluatlon

T of the coalbed methane potentral of Texas

Benefrts to. the drrlhng, exploratlon and development program wrll be the profrtable recovery :

L0 g coalbed methane whrch should be encouraged foruse in Texas as an alternatlve source of

energy Usrng ava1lable technologres the operators can capture methane in coal bas1ns to use or
sellasan alternatlve energy source or to repressurlze mature oil flelds If. the State of Texas could

2 ovrde 1nformat10n about the beneﬁts of methane recovery by: undertaklng a cooperatlve drrlhng,

e exploratron and development program it will encourage companres to develop prOJects that capture

: the energy currently underexplorted in Texas However the prOJ ect must first develop mechanrsms_ )
~ tqattract other 1nvestors and to ralse the awareness of proﬁtable coalbed methane recovery
.-opportumtles in Texas by communlcatlng the Value of coalbed methane recovery to other partres
“and relevant government agen01es s0 as to create the momentum for development This report is. | vi ,
the 1n1t1a1 1nvestment ina sequence of events that w1ll lead to the drrlhng, exploratlon and

development of coalbed methane in Texas.




Research Objectives -

More recent insights intocoalbed methane exploration»and development indicate‘ that migrated. '

(@)

pnventionally trapped gases in srtu—generated secondary biogemc gases, and solution gases are.

. »required to achieve hrgh gas contents or fully gas ~saturated coals for consequent: high product1v1ty

: §>cott and others, 1994a) To delineate the presence and or1g1n of these: additional sources of gas in

/‘\

- ehst-central Texas will require a detalled geologic and hydrologic basm -analysis. and drilling

program that w1ll include an understanding of the 1nterplay among depos1tional systems and coal
distribution, coal. rank gas content, hydrodynamics ‘and tectonic: and structural: setting, through

~well site data gathering, drilling, and exploratlon The research obJ ectives of this program in east—

- -central Texas are to (@ evaluate geologic and hydrologlc controls on coalbed methane

produc1b111ty, (b) encourage and promote addltlonal exploration and development of coalbed

" methane, (¢) commumcate the value of coalbed’metha-ne recovery- SO as to-create amomentum for
fyture exploration and development and (d) digitize'maps‘of the vAyers' and Lewis (1985) study,

c )mpatlble with NCRDS for use in the coalbed methane resource assessment To completely
.eyaluate the coalbed methane potential of east—central Texas coal basin, 1t is proposed that in’ the
fyture an advanced reservoir characterization program (1) screen. data for potential production
falrways (2) cooperate w1th operators to test the quantity and attributes of gas 1n coal seams, and ,
(3) evaluate coal rank and the chemical and 1sotopic compositions: of gas produced in'these: basrns :
- 1Q 'fdeternunev gavs ;or,igin.- .This ..reg-ional- reservoir :characterrzation:veval-.u-ati.on»‘wrll;.provrde-. the g

1] dependent Texas operators vvith baseline.r informati_on, and it may stimulate deVelopment of a nevv

gas resource in Texas.

Status of Coalbed MethaneResearch in East-Central Texas.

Little emphasis has been placed on the lower rank coals of Texas because-the coals were
‘, th ought to be of such a lower rank thatthey would not be able to generate significant quantities of .

gas. With the successful dev_elopment program’ of the 'lOW-rank coals of the Powder River vBasin,
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where secondary blogemc and mrgrated gases play a Very 1mportant role in exploratlon thlS study '

Wlll focus on the WllCOX Group (Paleocene and Eocene) of the Texas Gulf Coast Numerous

dependent operators have 1nqu1red about the coalbed methane potentlal of these areas and the

potentlal for mlgrated and secondary blogenlc gases bemg a s1gn1f1cant resource in Texas They o

'have reported natural gas “klcks” When dr1lhng through coal seams -and have expressed 1nterest in

t

CD B

>t1ng the seams. Importantly, the produc1b1l1ty models 1ndrcate that thermogemc rmgrated

;:thermogemc and. secondary blogemc gas w1ll play amore 1mportant role in resource development

. than prev1ously expected in. Texas The Texas Gulf Coast coals may have the potent1al for -

L8

=

~development, grven ‘these newly developed exploratron models for coal gas producrbrhty

Importantly, along the Texas Gulf Coast Kalser (1974) and Ayers and Lew1s (1985) reported‘

extremely large: coal (l1gn1te) resource: estlmates in the. und1v1ded W1lcox Group of Central Texas to
a depth of 5,000 ft (1, 524 m) below sea level In those reports deep—basm coal resources are o
estimated at 37,216 nnlllon tons (33 762 metnc tons) in three mam strat1graph1c 1ntervals lower ‘

Calvert Bluff, upper Calvert Bluff and Hooper G1ven these resource est1mates can these 7

1at1graph1c 1ntervals-be con81dered major targetsnfor :coal gas resource. development"»Furthermore, :

. - Kaiser. and others. (1980) also calculated the l1gn1te resources for all 11gn1te bear1ng units in the

o

- Texas Gulf Coast Basin and demonstrated that the deep-basm hgmte resources are greatest in east—

entral Texas ‘where: approx1mately 44. percent of Wilcox deep-basm Tesources. and 30 percent of

'total deep basrn llgmte w1ll be found in Texas On the bas1s of these resource evaluat1ons the

~ Wilcox Group in east—central Texas was' s-chosen as the focus of thrs prOJect because it reportedly

C

g ,

ntains the largest quantlty of deep-basm (220 to 2,000 ft [61 to 610 m]) coal (l1gn1te) in Texas e -

g (Kaiser and others 1980 Ayers and LeW1s 1985) and potentlally could hold large coalbed

mcthane resources (f1g 1). Moreover operators who- have reported gas klcks in: these deeper

C

opl seams should also be made aware that the potentlal ex1sts to produce enough gas to hft oil

from productrve sandstones to the surface and then after separat1on to fire the heater treater and/or “

~ the pumping unit (Echols 1995)
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APPLICATION OF THE PRODUCIBILITY MODEL TO
THE EAST CENTRAL TEXAS COAL BASIN

- Introduction :

+ The WIICOX Group (flg 7) in.east-central’ Texas (Ayers and Lew1s 1985 pl 1 ) is the focus - -

ithis: study because (1)it contalns the- largest quantlty of deep basm (200 to 2 OOO ft [61 to 610
]-) coal.: resources in Texas .(Kalser.;and;-fothers-, al 98»0),4 (2) the region-is strategrcal.-ly located near-

v_.eral cities (fig. 1) that may._..use”thedeepv-basinu.coal:.asc'anz-‘energy:sourcef;;(3-)-f:the-fregion"has an

~existing gas-producing infrastructure, and (4) »ﬁeld’ tests of in situ gasifi(iationvhaye been conducted: !

-.on.deep.coal seams. of the Wilcox Group (Ayers and Lew1s 1985) In east-central Texas Ayers

- and Lewis: (1985) estrmated that the deep-basin hgmte resources in the WIICOX Group of cast-

C¢

ft

ntral Texas are 6,548 Il’llIIlOIl tons (5,940 million: metric tons) in seams greater than or equal to5

(1.5 m) th1ck between the depths of 200 and 2, OOO ft (61 and '610 m). Because of these

si gmﬁcant coal resources, coalbed methane explorauon should focus on three strat1graph1c o

o mtervals the lower Calvert Bluff, which contains 78 percent of the coal resources, and the- Hooper -

and upper Calvert Bluff, wh1ch possess 14 and 7 percent respectlvely, of the coal resources.

Thevtectonlc -and structural ;settmg,~._dep031t10nal-systems,;and coal distribution sections of this

. -eyaluation are based ‘primarily on the W'ork and text of Ayers and Lewis (1985) in easté'central
Texas Deposrtronally, Ayers and Lew1s ( 1985) stated that the early Tertlary WIICOX Group and the "
i Carrlzo Sand were depos1ted by fluv1a1 deltalc systems that prograded 1nto the Houston

X .Embayment from: two d1rect10ns Prlmary basin ﬁll was from the northwest by the Rockdale

n ,ﬂtlvral deltalc system wh1ch drained much of the Rocky Mountaln foreland reglon Secondary ﬁll ‘

sy

‘was from the north and northeast by a smaller fluvial system that was d1rected down the axis of the -

b51d1ng East Texas Basm (Ayers and Lewis, 1985) Moreover, the d1str1but10n of Wilcox coal

>

11 Ayers and Lewis (1985)' plates referred to in this report, can be found in digital format on the disks proyided.
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Figure 7. Composite type log for the Wilcox Group and Carrizo Sand in east-central Texas.
m Ayers and Lewis (1985).
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“sepms is facies controlled (Flsher and McGowen 1967 Kaiser, 1974 Kalser and others, 1978)
In|the 200 t0-2,000-ft (61- t0-610- -m) depth 1nterval for example Calvert Bluff (f1g 7) coal seams
in east—central Texas occupy a. ﬂoodplarn settrng between paleoﬂuvral channel complexes

: Therefore regional maps of the ercox sandstone depos1t10nal systems wrll a1d in establishing coal

di ,trrbutlon and-in planning coalbed:methane exploratron., Furthermore, hydrologrc-s 1nvest1gat10ns o

and resistiyity:«mapping by Payne (1968, 1 975);'Ayers_ and others .’(1984‘)4,;and Ayers and Lewis ',
(1 985)' -raswell as ground-water modeling by Fogg and others (1983b) and'DuttOn (1’999)

o8 demonstrate that the deposmonal framework elements serve as:preferred: avenues. for ground Water

- flgw. The Wilcox- Group: and the overlyrng Carrrzo Sand (frg 7)-are major freshwater aquifers

. (Dutton; 1999) Although explortable coal seams occur prrmarrly in low- sand (ﬂoodplarn) areas,

~oiiothes chances of intersecting. framework channel sands under greater fluid pressure increase with

~depth. If such a-sand complex. is breached during coalbed methane explorat1on the chancesfor.
~ su¢cess are diminished. Therefore reglonal delrneatlon of the tectonic and structural setting, coal

—_

stribution, deposmonal systems, and hydrodynarnlcs is of great 1mportance in establishing the

- coplbed methane potentral of east- central Texas and in hydrologlc evaluation of the movement of

=

g
-d

bund water and the hkehhood of encounterlng large aqulfers to: the detrlment of freld—scale

[¢’]

velopment of coalbed methane 1 resources.

‘Tectonic and Structural Setting o
- . East-Central Texas .

- The San Marcos Arch 1S southwest of the study area and the axis of the Houston Embayment

. an(d East Texas Bas1n crosses Houston and Anderson Countles on.the northeast (fig. 1). Because -

- thd study area is updrp of the Stuart C1ty shelf margln the Wilcox has not been affected by major ,
growth faults Reglonally, bas1nward d1p on the base of the Wllcox (Ayers and Lewis, 1985, ,
pl|2) increases southwestward along strrke from 45 to 55 ft/ml (9 to 10 m/km) i 1n Anderson o

Caunty to 214 ft/mi (41 m/km) in Bastrop and Fayette Counties, resulting in a narrowing of the
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eep-basin coal exploration fairway to the south (fig. 1). The rate of basinward thickening of the

Wilcox Group (Wilcox isopach map, Ayers and Lewis, 1985, pl. 3) also increases

wn

puthwestward, but less significantly, from 43 ft/mi (8 m/km) on the northeast to 58 ft/mi (11
n/km) on the southwest. |

- Examples of syndepositional and postdepositional faulting are seen in the Wilcox and Carrizo
sandstones. The Mexia Fault Zone (fig. 1, Ayers and Lewis, 1985, pl. 2) is a compound graben
system that is based in the wedge-out zone of the Louann Salt or in the lower part of the |
Smackover Formation; it was active from the Jurassic or Triassic through at .leést the Eocene
(Jackson, 1982). From Bastrop County, the Mexia Fault Zone extends northeastward to cross the
Wilcox outcrop in Robertson County. Syndepositional faulting is inferred from the increased
thickness of the Wilcox Group (Ayers and Lewis, 1985, pl. 3) and the Carrizo Sand (C. M. Jones,
personal communication with Ayers, 1983) in Lee County. Subtle control of fluvial-deltaic trends
of the Rockdale delta system by the Mexia Fault Zone is inferred (compare isopach trends with
sgnd-body trends on lithofacies maps [Ayers and Lewis, 1985, pls. 4 and 5]). Considerable
postdepositional faulting (in places as much as 600 to 800 ft [185 to 245 m] of vertical
displacement) Where the Mexia Fault Zone crosses the deep-basin fairway in Lee, Burleson,
Milam, and Robertson Counties offsets thick coal seams and may also affect basinward movement
of ground water in the Wilcox and Carrizo aquifers.

The Elkhart Graben (fig. 1 and Ayers and Lewis, 1985, pl. 2), which formed by: crustal
stretching and collapse over salt pillows, has a history of movement from the Cretaceous through
the Quaternary (Jackson, 1982). Because the graben is oriented normal to the Wilcox paleofluvial
system, movement along it did not affect Wilcox lithofacies trends. Carrizo Sand thicknesses,
~however, may have been influenced (C. M. Jones, personal communication, 1983). Furthermore,
postdepositional faulting may affect the movement of ground water through the Carrizo Sand and
offset coal seams in the Wilcox.

The origin and evolution of the East Texas Basin were summarized by Jackson (1981) and by

Seni and Kreitler (1981). An unpublished isopach map and sand-body trends mapped in earlier
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studies (Ayers and Lewrs 1985 Kaiser and others 1978) demonstrate that subsrdence coeval w1th
seflimentation 1nﬂuenced the thlckness of preserved sed1ments and the trends of Wilcox and .
-Carrizo ﬂuv1al systems These ﬂuv1al systems are d1rected toward the axis of the East Texas Basm
Within the basin, depos1t10nal trends were further mﬂuenced by salt‘ tectonics. W1lcox ﬂuvral _

o sy stems skirted active salt domes. and flowed through the assocrated perrpheral sinks, leavrng

o se diments that are commonly 8to 40 percent thrcker than those in unaffected areas (Sem and

Jackson, 1983.).

East-Central Texas Coal Basin StructuralEvaluation. : ;

Incorporating the work of Ayers and Lewis (1985) with our produ01b111ty model pornts toa

. po fential exploratron fairway south of the Mexia fault zone. The potentlal coalbed methane

L ex ploratron fairway is located where convent10na1 trappmg of (1) updip rmgrated thermogenlc gas,

(2 rmgrated secondary brogenrc gases, and (3) solut1on/free gas may occur.

Structurally, the east-central Gulf Coast Basin area occurs dowd1p from the major faulted

- graben that may act as both the permeabrhty barrler to ﬂuld ﬂow in the updrp (gas) and/or downdrpv
(water and secondary brogenrc gas). d1rect1on Depth to the main ercox coal bed producmg |
intervals is favorable (approx1mately 2, OOO to 6 500 ft; 610 to 1, 980 m). The ercox total
thickness of between 2 000 and 3,500 ft (610 and 1 067 m) of gross: sectron contalnmg multrple '
coal and sandstone reservoirs, 1salso favorable Mrgratron of gases: from existing WllCOX gas

o ..ﬁelds w1th1n the east—central Gulf Coast Basm 1is also a favorable contrlbutlon to coalbed methane

. - Tesource development The evaluat1on of gas mlgratrng in sandstones should also be mcluded in

-any gas resource evaluation ,of the area. Experience in the,Prceance Basm,v Rocky Mountam :
Fofeland has shown that in many instances dually cornpleting wells in both sandstone and coal can
- mdke the coalbed methane eXplorationfairway economic, even at depths ‘greater than 6,000 ft

(1,850 m).
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Natural fracture systems (coal cleat) and in situ stresses are unknown attributes in the east-

ntral Gulf Coast Basin area. Coal cleat acts as the pérmeability pathway for migration of both the

gas and the water to the wellbore, and coal cleat attributes need to be recorded to determine the

permeability of the reservoir in the drilling and exploration program. It is noted that the lignites at

‘Su

Pr

rface coal mines in the area are cleated.

- Depositional Systems and Coal Distribution
evious Regional Coal Depositional Studies

Earlier studies (Culbertson; 1940; Echols and Malkin, 1948; Fisher and McGowen, 1967,

Ayers and Lewis, 1985) show that the:Wilcox Group constitutes a thick wedge of fluvial-deltaic

- S¢
ce

d

(¢}

of

oSy

fiments that récords the earliest progradation into the Tertiary Gulf Coast Basin. Within the east-
ntral Texas study area, Echols and Malkin (1948) identified the Rockdale delta, which, as
monstrated by Fisher and McGowen (1967), is composed of many individual delta lobes. Updip
the Rockdale delta system, Fisher and McGowen (1967) described the Mount Pleasant fluvial

stem, which fed sediments to the Rockdale deltas. They. suggested that.coal seams associated

with the Mount Pleasant fluvial system are elongate and laterally adjacent to channel sands,

- whereas coal seams associated with the Wilcox deltaic facies are.tabular and either are of local

€X

de

tent, having formed in an interdistributary setting, or. are areally more extensive, having

veloped across abandoned deltas.

Depositional Systems

L

CO

[¢)

This section of the report is based on the regional lithofacies maps and text by Ayers and

wis (1985) for the Hooper, Simsboro, and Calvert Bluff Formations of the Wilcox Group and

for the Carrizo Sand of the Claiborne Group (figs. 1 and 7), where they assessed lithofacies

ntrol of coal distribution and ground-water movement. Ayers and Lewis (1985) mapped the
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raximum sand (the single thickest sand) and the net thickness and percentage of major sands

hose greater than 40 ft [12 m] thick) identified on geophysical well logs. Maximum- and major-

~

w

and maps delineate the depositional systems. Framework sands control the occurrence of coal

~~

Kaiser and others, 1978) and the movement of ground water (Payne, 1968, 1975; Ayers and

o

thers, 1984; Ayers and Lewis, 1985).

Hooper Formation

.. The Hooper Formation (fig. 7) is-an upward-coarsening-sequence that records a succession
from prodelta through distributary-channel fill, delta-plain mudstone, and coal. It documents initial

progradation of Wilcox fluvial-deltaic systems into the Houston' Embayment. The base of the

T

[ooper was placed at the bottom of the lowest Wilcox upward-coarsening sequence of regional
xtent; stratigraphically lower progradational sequences, locally present in Anderson and Freestone
(ounties, were excluded to make. the regional structural map (Ayers and Lewis, 1985, pl. 2).

On the major-sand isolith map (Ayers and Lewis, 1985, pl. 4), framework sands in the
shallow subsurface compose elongate, basinward-flaring belts parallel to the paleoslope. Ayers and

ewis (1985) interpreted a fluvial depositional setting for the proximal facies and a deltaic setting

-

for the distal facies. The junction of the alluvial and deltaic plains is closest to the outcrop at the

- southwest end of the region, and the fluvial-deltaic Systems terminate at an embayed marine area
(Garwood subembayment of Fisher and McGowen, 1967) in.Bastrop County. Fluvial-deltaic
--systems over the southwestern three-fourths of the map radiate from a locus to the northwest.

-Channel-fill sands of the eastern one-fourth originate‘to the north and northeast and are funneled

-
—_

‘through the East Texas Basin (see ‘“‘Simsboro Formation,” below).

Simsboro Formation

On geophysical well logs Ayers and Lewis (1985, pls. 6 through 9 [not digitally provided])

dpcumented that the Simsboro sand is recognizable by a blocky well log pattern and high formation
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sistivity. Basal contacts and, comrhonly,,upper“contacts are sharp. In the depositional axis near
ckdale (Ayers and Lewis, 1985, pl. 5), the Simsbo_fo Fofmatiori is composed of pfedominantly‘
edium- to coarse-grained sand (McGowen énd Garner, 1970; Bammel; 1979), which was
posited by a bed- to mixed-load fluvial system (McGowen and Garner, 1970) that fed Wilcox
Itas farther basinward (Fisher and McGowen,1967). Suggested sources for the sediments are .‘
> Ouachita Mountains (Kohls, 1967) and the Rocky Mountains (Bammel, 1979).‘T§v'0 fluvial
stems are delineated in-the study (fig. 8; Ayers »énd’fLewis; 1985, pls. 4, 5,var‘1‘(>1 10). P.rimary
vial input from.an inferred northwestern source entered fhe..-Wi’lcox"‘C.O'astal;'.'pl'ain' from a locus - :
st of ‘Waco and-fed:sediments te the Rockdale delté; system (described by F»isher-an‘ndGowen‘,
67); secondary fluvial input from tﬁe: north and northeast flowed through the East Texas Basin- ; :
d across:the Ang.elina .Flexure d aekson,w1982_.) to feed smaller deltas east of the Rockdale delta - -
stem. | |

The axis of primary input extends approximately 75 mi (120 km) from Leon County

-~ southwest to the Garwood subembayment (described by Fisher and McGowen, 1967) in Bastrop

~Caunty (fig. 8; Ay.ers and Lewis, 1985, pl. 5). Within.the depositional axis, mﬁltistory,

multiiatefalr.channel-fill sand.complexes compose the vSimeoro..(Ayers and Lewis, 1985, pl. 6 [not

~ digitally provided]). Few ﬂoodplain, depesits, are preserved, and coal seams, although present, are

R o (¢}

of economic value because they.' are thin, discontinuous, and interbedded with thick water-

bearing sands. Within the depositional axis, sand bodies are elongate parailel'.to the paleoslope in

)

~.:“~the:shallow:-subsurface, but some bifurcatibn‘ su‘ggesti_ye of an-upper-delta-plain setting aIOng" the

theast margin exists in Leon and Madison Counties (Ayers and Lewibs,' 1985, pl. 5). On the

- southwest margin of the study area in Bastrop and Fayette Counties, sand-body geometry clearly

Th
flu

.defines a delta that prograded into the Garwood subembayment (Ayers and Lewis, 1985, pls. 5

and 10). This delta complex marks the southwestern flank of the Rockdale fluvial-deltaic system. -

e multistory, multilateral sands, characteristic of the Simsboro in the axis of the Rockdale _

vial-deltaic system, break up southwestward into this marginal delta complex and form

25




9C

5N\
J N\,
S Y
¢
v
\‘/
\
\ T
A5
T i
| )
g / d
5 )
g .
& M,
x| \\_\
' 2
L)

/

| \

\L\,\-\' \/_/“’A_%‘I:L\’\N
g T <
/‘\/k\% 3 .\. \ &

TRAVIS COU
> s

e

|

/
EXPLANATION
« Control point
A Salt dome \ : s
Cm F —
\‘\- .(;

@ TENRAC/BEG drill site
100-300ft (30-9im)

O Water well, city of Bryan

(@ Lignite power plant, active; @ proposed
: V] <wottizom

@ In situ gasifier

—
QA1289c

mplified from Ayers and Lewis

[12 m] or thicker) for the Simsboro Formation, si
y fluvial system

plain from a locus west of Waco. Sources for the secondar

).

Figure 8. Isolith map of major sands (sands 40 ft
e coastal

(1985, pl. 5). The primary fluvial system entered th
were to the north and northeast (from Ayers and Lewis, 1985



cores INd

[n

R¢

[ gl

- sty

oV

ultrstory sands 1nterbedded wrth overbank mudstone and coal (Ayers and Lewrs 1985 pl 6
ot d1g1tally provrded]) » o
Slmrlarly, the Srmsboro breaks up into multrstory channel fill sand bodres northeast of’ the

)ckdale depos1t1onal axis, in northeastern Leon County (Ayers and Lew1s 1985 pl. 5). In

A irAmderson and Houston Countres multrstory channel flll sands of the secondary ﬂuvral system

atrgraphrcally equrvalent to the Srmsboro Formatron are nearly 1nd1st1ngurshable from the

erlying Calvert Bluff sands (Ayers and Lew1s 1985) and the trrpartrte subdivision of the Wilcox

o Grroup is difficult to recognrze Northeast of. the Trinity Rrver ithe: ercox thas prevrously been

1pped as an undivided unrt in the subsurface (Kalser 1978 Kaiser-and others, 1978) Drp—

. elongate major—sand belts of the secondary ﬂuv1al system n Anderson and Houston Countres are

_orfented northwest southeast ‘north- south and. northeast southwest (Ayers and Lewrs 1985 pl

M

N

These trends reflect the funnelrng effect of the actrvely subsrdrng East Texas Basm (fig. 1).

aJor-sand belts sklrt actrve salt domes in Anderson County as descrrbed by Sen1 and J ackson ‘

((1983), exit the East T exas Basm across the Angelrna Flexure (frg 1), and appear to termmate ina

~--series-of. small deltas in the northern Houston Embayment (Ayers and Lewis, 1985, pl 5) These -

.":.‘; : 'pO

stulated small deltas.are also apparent on:the: net major—sand map for the Hooper Formatron

(Alyers and Lewrs 1985 pl 4)

C

D

lvert BluﬂF ormation

~The Calvert Bluff Format1on is composed of 1nterbedded coal seams, mudstones and thm

. sandstones that encase mult1story sands 50 to 100 ft (15 to 30 m) th1ck (ﬁg 7 ) The lower contact |

Cise ommonly sharp on geophysrcal well logs with lower Calvert Bluff mudstones and th1ck coal

seams drrectly overlyrng massrve Srmsboro sands across the deposrtlonal axis of the Rockdale

fluvial- deltaic system In the shallow subsurface the Carrrzo Sand forms a sharp upper contact

Wi

th the Calvert Bluff The Sabmetown a th1n (generally less than 50 ft [15 m]) mudstone unit jllSt ‘

'b be] ow the Carrlzo Sand is 1ncluded in the Calvert Bluff Formatlon (Ayers and Lewrs 1985)
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Although t'he'Calvert Bluff demonstrates' persistence'Of se}diment-input axes (compare_ Ayers :
and Lewis, 1985, pls. 11 and 12, with_’Simsboro and»':vHooper maps,’pl's;' 4 and:S), the styleof
seflimentation changed abruptly from VSimsboro to Calvert Bluff deposition in the axial region’of
the Rockdale fluvial-deltaic system. No‘ longer were extensive Simsbor-‘o-t_ype _multi_lateral sand
 badies formed. *Instead Calvert‘ Bluff sand. bodies vvere'multistory and encased in abundant

~ nonframework facies. W1th this abrupt change in sedrmentary style, 51gn1ﬁcant reglons of the

- Calvert Bluff coastal: plam were sufﬁ01ently 1solated from coarse gramed ﬂuv1al sed1mentat10n to

-allow the accumulat1on of the. th1ck muds: and peats (coal) that are. characterlstlc of the: lowermost

o Calvert Bluff (see “Lower Calvert Bluff Coal™)..

- Sand-body geometry on the maJor-sand maps (Ayers and Lewis, 1985, pls 11 and 12) is -

... straight to: meanderlng in the. shallow subsurface However begmnmg approx1mately 10 to 15mi | :

C(16to 24.km) downdip of outcrop,Jaﬂ.dlstnbutlve pattern is common throughout much of the -

- d

—

- primary (Rockdale) ﬂuvial-—deltaic system. Lower alluvial"and upper to lower deltaic plain, '
regpectively, are the depositional 'settings inferred from these geometries‘(Kajser rl978)
Therefore the. effect of the change in sedlmentary style in- the Rockdale ﬂuv1al deltaic system is
. combined with an overall sh1ft in depositional sett1ng from dommantly alluvial pla1n with
subordinate deltaic plain in the Slmsboro durmg the maximum WllCOX regress1on (Ka1ser 1978) to
__aore deltaic settmg in the Calvert Bluff. The abrupt change in sed1mentary style across the entire
{ Rc ckdale fluvial-deltaic. system (Bastrop through Leon Count1es) suggests e1ther an extrabasmal

- control: that decreased the rate of sed1ment mput or an mcrease rate of basm subs1dence Ayers and
o Lewrs (1985) prefer the former 1nterpretat10n Although sand body geometry documents a ﬂuv1ally‘ .

' domlnated delta system with little evidence of destructlon sands th1n low—res1st1v1ty un1ts

(interpreted as marine shales) are locally present w1th1n the Calvert Bluff, and a landward shrft of

[¢]

positional fac1es is apparent from the l1thofac1es maps (Ayers and Lewis, 1985 pls 11 and 12) :
The Calvert Bluff termmates with a thin marine shale (Sabinetown), which represents a reglonal

~ trahsgression over much of the east-central Texas study area..
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: W1th1n the Rockdale ﬂuv1al delta1c system net thrckness of maJor sands 1ncreases basinward
more than 400 ft (120 m) in dlstnbutary-channel axes (Fayette through Leon Countles) (Ayers
d Lew1s 1985 pl 11) Values are. much lower (less than 300 ft [90 m]) in the secondary fluvial

stem of the East Texas Basin and Houston Embayment There is little or no ev1dence of regronal

i Varlatlon in the percentage of maJor sands for the Calvert Bluff Formatlon (Ayers and Lew1s

19
- Sii

- Cd

85 pl 12) Calvert Bluff sand- body trends in the East Texas Basin are snmlar to those of the

nsboro and Hooper

rrizo Sand .

On Cross sectlon B—B (Ayers and Lew1s 1985 pl 7 [not digitally. prov1ded]) a massive

< Carrrzo sand in the updrp reglon (well log GM 33) is in sharp (erosronal) contact w1th the muddy ‘

“ “upper Calvert Bluff (marme Sabmetown shale) (flg 7) Reportedly, in the shallow subsurface -

' Anderson and northern Leon Countles (C M. Jones personal commumcatlon w1th Ayers 1983) |

i at outcrop to the east in Lherokee County (Stenzel 1951 1953), the Sabmetown is absent and '

*  the Carrrzo isin erosronal contact w1th underlymg upper Calvert Bluff sands and shales Downd1p' "

(Ayers and Lewis, 1985 pl. 7, well log Q 59) Carr1zo ﬂuvral sands cap an upward coarsemng ,

L ,(prrogradatronal) sequence above the marme Sablnetown shale. In the Ayers and Lewis (1985)

-study the base of the Carrlzo Sand was placed at. the base of the; mass1ve sand (f1g 7) To follow

subsurface practrce and to facﬂltate correlatron the top: of the Carrlzo was placed at the: top of an

FREN ;’uP

ward- -fining sequence that 18 recognlzed as the- Newby Member (transgresswe marlne sand) of

~the: Reklaw Formatlon (Plummer 1932; Stenzel 1951 1953) Because Ayers and Lew1s (1985)

S o F: pped only ma]or sands (those greater than 40 ft [12 m] tthk) and max1mum sands (the smgle

* thigkest Carrizo .Sand-),; the Newby, is not reflected on,lrthofa01es ‘maps; it never constltutesv a major-

or

maXimum Sand

The Carrlzo composed of moderately well to well sorted f1ne to med1um sand (Todd and

Fo Ik, 1957) 1s a maJor aquifer in east—central Texas At outcrop it 1s a multlstory, multllateral
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ﬂuvral sequence depos1ted with the retreat of the Sabrnetown sea (Plummer 1932) \Payne (1975)
nated that Carrizo hthology is reglonally more umform than that of many other early Tert1ary
formations. Conventronal isopach and sandstone—percentage maps, therefore, farl to dellneate the

| rframework elements; howeve‘r, maps of thema’i(}imum sand and the net thickness of rnajor sands
- (A-yers and Lewis, 1985, pls 13 and 1'4)‘ do-so :andthey disclose several dif‘ferencesbetween

" Cdrrizo and antecedent WllCOX depos1t10nal systems. : : | |

' - In the Rockdale fluvial- deltarc system, the dep0s1t10nal axis had shlfted southward by Camzo

. time; net thickness:of. maJor sands 1s greatest on. the: south ﬂank of the system in Bastrop, Lee and. .

*... Fayette Countles and in the Garwood subembayment (Ayers and Lewrs 1985 pl 14) Maxrmum— '

- . sand trends (Ayers and Lewrs 1985 pl 13) in. southern Bastrop County 1ntersect the Yoakum

..Ch annel an upper Calvert Bluff: submarrne canyon that down cut and ﬁlled before Carrrzo
~de pos1t1on (Hoyt 1959; Vormelker 1979). On cross sectrons by Hoyt (1959), the Carrizo Sand
thickens rapldly into. the Yoakum Channel; lower Carrrzo log pattems are’ upward coarsening -

(pt ogradatronal) whereas upper Carrrzo patterns are blocky (aggradatronal) On the maxrmum—

~sand map (Ayers and Lewrs 1985, pl 13) an embayed area extends from Washrngton to Madrson' |
.C unty. In this reglon-edlp‘—orlentedsandsaof .the\sh.allow subsurface may .termrnate in strrke- o
~ oriented sand bodies (southeastern Lee. C‘ounty)- Simjlar but better developed sand—body trends
: farther basrnward are apparent on maps by Payne (1975) and suggest wave- dommated deltas
- The orlentatlon of fluvial sand- body trends in Leon County has changed from east-west in the
- Callvert Bluff (Ayers and Lew1s 1985 pl 12) to- southeast northwest in the Carrizo (Ayers and
i -Lewls, 1985, pls. 13 and 14). In fact, th1s re0r1entat1_on of ﬂuvral-systems is presaged on .the '
s lith map for Calvert Bluff major sands (Ayers "and'Lewis-" 1985 pl. 11), which shows complex |
' .tre__ nds in the region. This: change resulted erther from a tendency of the secondary ﬂuvral system of -
the East Texas Basin to aggrade the coastal plaln abandoned by the southward shlft of the Rockdale-‘ }
d' fluyial system 1nto the Garwood subembayment or from basmward rmgratron of the shorehne
- during Carrizo sedrmentatlon or from both Reduced thlcknesses of both the maximum and net

ma]or 'sands where dlp or1ented Carrizo Sand belts cross the Elkhart Graben (Ayers and Lew1s o
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1985, pls.‘ 13 and 14) suggest a subtle structural control on depos'ition, possibly increased

eservation of overbank sediments due to an increased rate of subsidence. C. M. Jones (personal

ymmunication, 1983) suggested that the Carrizo is thicker in the graben than over adjacent salt

llows.

epositional Mddel

~Wilcox and Carrizo lithofacies maps provide new insight for reconstruction-of the early
ertiary. paleogeography of the central United States: (figs. 9A-9E; Ayers and Lewis»,:'\ 1985). -
Jring the late Paleocene and early Eocene, the Gulf Coast:Basin ‘was filled by major delta systems

the Mississippi Embayment (Holly Springs delta system; Galloway, 1968), Houston

Embayment (lower Wilcox Rockdale del_ta system; Fiéher and McGowen, 1967), and Rio Grande

Embayment (upper Wilcox Rosita delta system; Edwards, 1981). Unlike modern Gulf Coast delta

stems, Paleogene systems of the western Gulf Coast (Rockdale and Rosita) were as large as, or

larger than, that of the Missiséippi Embayme»ntl (Holly Springs) (fig. 9A, Ayers and Lewis, 1985).
Both the direction of sediment input and its timing, coincident with the climax of Laramide orogeny

(Chapin and Cather, 1981; AYers,v 19'84), led Ayérs and Lewis (1985) to’ concludé that Sediments

for the former deltas were derived from Laramide uplifts to the northwest, as suggested by Winker

(1982). Ayers and Lewis (1985) suggested that a major-ﬂuvial:system €ff6nting?-the Rocky

buntains flowed southward,-colle‘ct,ed-l the spillover‘,fromLaramide..for.elandba.sins,t and deposited

- the.sediment on the Eocene Texas Gulf Coast (fig. 9A); The source of the Holly Springs delta

M

- system was to the north and east. Not until the Mioceﬁg: did epeirogenic uplift of the western

Urited States cause great volumes of sediments to be shed eastward and the northern Rocky

puntain fluvial system to be diverted northeast of the Ouachita Mountains and into the

Mississippi Embayment, thus increasing sediment ’input to the Mississippi Embayment at the
expense of the Texas Gulf Coast. Additionally, the Neogene uplift of the western United States

created an orographic rainfall effect that greatly reduced runoff on the east side of the Rockies and
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Figure 9. Postulated early Tertiary paleogeography: (A) Wilcox drainage basins and loci of avulsion
- of primary fluvial system; (B) Simsboro paleogeography—primary sediment input is north of the
San Marcos Arch; (C) lower Calvert Bluff time—the primary ﬂuvial system has switched south of .
thel San Marco Arch and peat swamps spread across the foundering Rockdale delta; (D) Sabinetown
transgression across the primary and secondary fluvial-deltaic systems in the Houston Embayment;
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and (E) Carrizo regression—primary system progrades into the Rio Grande Embayment and the
Garwood subembayment. Regional paleoslope is to the south. Simsboro and Sabinetown shorelines
depict maximum Wicox regression and transgression, respectively, in the Houston Embayment.
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repulted in further diminution of late Cenozoic deltaic processes on the western margin of the Gulf

Coast Basin (Ayers and Lewis, 1985).

The major fluvial systém that drained the Rockies is postﬁlated to have episodically avulsed at

]ocuS northwest of the Llano Uplift (fig. 9A, Ayers and Lewis, 1985) to feed either the Rockdale

- dellta system of the Houston Embayment or the Rosita delta system of the Rio Grande Embayment.

- The Hwang Ho (Yellow) River of China (Dunbar and Rodgers, 1957) is suggested as a modefn

- =anPlog. It avulses.at a.nodal p‘Oint,250,m'i (400 km) inland and supplies sediment to either the Gulf

- .of|Po Hai or the Yellow.S.ca,.ZOO‘,rhi (320 km) to,:thet south. Net-sand maps (Bebout-and others, .. -

C

-1982) reveal a lower Wilcox depocenter north of thé'San,Mavr(:OS Arch :andansupper Wilcox
depocenter south of the arch (figs.-10 and 11). Ayers and Lewis (1985) suggested that in early
‘Wllc‘oxjtime, fluvially dominated Rockdale deltas rapidly prograded basinward while marine

- processes dominated south of the San Marcos Arch (fig. 9B, Ayers and Lewis, 1985).

anversely, progradation of the upper Wilcox Rosita deltas south of the San Marcos Arch : |

cojncides with Calvert Bluff (including marine Sabinetown» shalé) deposition in the Rockdale delta

system (figs. 9C and 9D, Ayers and Lewis, 1985). Ayers and Lewis (1985) proposed that the

.- sharp change in style of sedimentation that marks. the transition from the Simsboro to the Calvert

ar

Blnff Formation resulted from avulsion of the primary fluvial system southward from the Houston |

Embayment into the Rio Grande Embayment.

Sediment input to the Rockdale delta system from the smaller regional drainage basin

- (fig. 9A, Ayers and Lewis, 1985) and, perhaps, brief episodic input from the primary' fluvial
system were sufficient to continue aggradation of the prdXimal coastal plain, but-at a much reduced
. rate. The reduced sediment input resulted in a multistory_ fluvial system that is indistinguishabie

- .from, and merges with, the secondary fluvial system of the Ez_isf Texas Basin. Confinement of

Simsboro multilateral sands by muds of the lower Calvert Bluff transformed the Simsboro into-an

tesian aquifer. Swamps deVeloped at loci of ground-water discharge and spréad across the

foyndering Rockdale deltaic plain (fig. 9C; Ayers and Lewis, 1985).
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Figure 10. Net sandstone isopach map of the lower part of the Wilcox Group. Modified from Bebout
and others (1982).
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Figure 11. Net sandstone 1sopach map of the upper part of the Wilcox Group Modified from Bebout
an 1 others (1982) : : : '
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Evidence from lithofacies maps (Ayers and Lewis, 1985 pls. 4, 5, and 11) suggests that the‘ -

Gprwood subembayment existed. throughout Wilcox time and was the srte of frequent submanne-

nyon development (Hoyt 1959 Chuber and Begeman 1982). Marlne mud of the Sabmetown |
ansgression in latest Wilcox time ﬁlled the Yoakumchannel and therefore postdates canyon :
tting (Hoyt 1959); either the canyon was cut -during a lowstand and was filled by the' |
ibinetown transgressron or it was cut durlng a hrghstand while the Rockdale ﬂuvral system was -
schargmg into the. Garwood subembayment and was subsequently filled w1th mud when - ‘
ulsion redirected inflow. | |

That the. Sabrnetown shale is correlatable' acrossv-'both«thev Rockdale *'and East Teias‘ fluvial -
stems implies. that the transgressron results not solely from delta abandonment as: 1s true for

cal transgressions, but also from eustatic rise of sea level or maJor climatic changes that L
creased the rate of sedlment 1nput (f1g 9D, Ayers and Lewis, 1985).

In east-central Texas, the Sablnetown transgressmn 'was termrnated by Carr1zo sedrmentatron
nich was terrmnated by Cartizo sed1mentat10n Wthh at outcrop is fluvial (aggradatlonal) and
wndip is deltaic (progradatron) (frg 9E Ayers and Lew1s 1985) Prrmary 1nﬂux in east- central g

xas was. (1) off the south ﬂank of the Rockdale fluvial- deltalc system onto the rap1dly

coIrnpactrng muds of the Yoakum channel and Garwood subembayment and (2) through the East

- Tg xas: :Basin into the Houston Embayment The postulated wave—dommated ﬂuv1al deltaic system

it prograded through the Garwood subembayment: represents the earlrest evrdence of srgmﬁcant f :

rtiary clastic sedrmentatron in the subembayment A shift of the maJor axis of the Rockdale

~fly V1al-deltarc» system to the southwest left the Carrlzo coastal pla1n to the north 1n-Leon' County

« foyndering and formmg a topograph1c low Ayers and Lewrs (1985) suggest that the East Texas .

- flyvial- system perlodrcally avulsed-into and aggraded that area, resultlng 1n a reorrentatron of

positional trends from ercox to Carrizo time (fig. 9E, Ayers and Lew1s, 1985).
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The regronal deposrtlonal settrngs of WllCOX coal seams were estabhshed 1n works by Fisher -
d McGowen ( 1967) McGowen (1968), Karser ( 1974 1978 1982) Kaiser and others (1978)

d. Ayers and: Lewrs ( 1985) The goals of the Ayers and Lew1s (1985) study were ( l) to refine the -

“«-previously: mapped deposrtlonal framework elements and. coal drstrrbutrons by usmg a larger data SES RS o

- ‘base and by mapping thrnner stratlgraphrc 1nterva1s and (2) to use - the. new coal maps to estlmate

“dgep-basin coal resources

1T

~.Coal seams occur: throughout the Wilcox - stratlgraphlc 1nterval but seams: are thlckest and

st numerous and have greatest lateral contmurty in three stratlgraphlc zones: (1) the upper

' “a muddy: 1nterva1 Just above the Srmsboro and (3) the upper Calvert Bluff just below the Carrrzo C |

~Sand (A_yers and Lewrs, 198_5). Thrck coal seams are alsoas_soc1ated with muddy intervals in the

- Si

Sa

w

msboro (Ayers'and Lewis’, 1985), which are sandwiChed between multistory, waterfbearing E

nds.

Hooper Coal Distribution and Resources

- The: geometry and abundance of Hooper coal seams change 1n response to.a: change 1n

- depositional settrng across a lrne that extends along 1nferred deposrtlonal strrke from eastern

- -Bastrop. through central Madlson County (Ayers and Lewrs 1985 pl 23) Th1s lrne is 1nterpreted ”

the average posmon of the: Junctron between the Hooper alluvral and deltalc plarns Upd1p of the -

“ling, thick (>5 ft [1 5 m]) coal seams form drscontlnuous pods (Ayers and Lewrs l985 pl 24),

L uan:l the. 1soplethvmap for all. seams (Ayers and Lew1s 1985, pl 23) shows that one to four seams

.0C

cur in d1p elongate trends that cornc1de with log sand 1nterchannel areas (ﬂoodplarns) on the

Hc oper hthofacres map (Ayers and Lewrs 1985 pl 4). Basinward of the line, regions of areally

€X

ens1ve coal seams are the rule; these tabular coal zones, whrch are composed of 1to3 thlck coal

seams (Ayers and Lewis, 1985, pl. 24) and 5 to 16 seams in all (Ayers and Lewis, 1985, pl. 23),
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colnc1de with h1gh values for net major sandstones and Wlth deltarc (d1str1but1ve) sand body

gcometrres (Ayers and Lewrs 1985, pl 4)

'~ The 2,000- ft (610 m) overburden lrne drawn on the top of the Hooper Formatron shows thet
)wnd1p boundary of €conomic coal mmmg deep-basm Hooper coal as. deﬁned in the1r study .
lyers and Lewrs 1985 p1~ 24)- The economlc coal occurs in small ﬂoodplarn :deposrts upd1p of L
e Junctlon between the alluvral and deltarc plalns and itis most abundant on the eastem end of

e reg1on in Anderson Freestone and Leon: Countles Assumrng as- ft (1.5- m) thrckness for all

thlrck coal seams. and l 750 tons (l 589 metrlc tons) of coal per acre-ft; 924 mrlhon tons (838

~ million metrrc tons) of coal were demonstrated between the. depths of 200 and 2 OOO ft (61 and

6]

Om)

Consrderably greater Hooper coal resources. (14 518 mrlhon tons [13 171 rmlhon metric.

e _torns]) are in the delta1c coal seams: that 11e basrnward of the 2,000-ft (610 m) overburden lrne

'(Ayers and Lewrs 1985 pl. 24) Because the pI‘O]CCth Junctron of the alluvial and deltarc pla1ns -

ap proaches the outcrop in Bastrop County, Kaiser (1978) suggested exploratron for tthk

- extensive Hooper coal seams in that reg1on However coal seams are th1nner and d1scont1nuous 1n :

. Bastrop and. Fayette Countres (Ayers and Lewrs 1985 pl 24) owing to p1nch -out. of the deltarc

atform at the margm of the Garwood subembayment (Ayers and Lewis, 1985 pl 4)
Unfavorable coalbed. methane aspects for the development of 1 upper: Hooper coal in the eastem

ojon are that (1) the overlymg Srmsboro is th1n or muddy throughout much of the area and (2)

o ground-water quahty of the host formatron is generally poorer than water qualrty in the Simsboro, -

Calvert Bluff and Carrizo, suggestlng l1mrted permeabrhty

. Chlvert Bluﬁ C'o_al Distribution and Resoztrc‘e's‘ '~

The Calvert Bluff Formatlon contams more coal seams’ (as many as 16) (Ayers and Lewrs

1985, pl 25) than other Wllcox formatrons To better dehneate the stratlgraphlc dlstrlbutron of the, :

~ coal seams, the thick (>900:ft[275 _m]) ,Calvert Bluff Fo_rmatron was ,d1v1ded 1nto three 1ntervals '
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and the coal seams were mapped for each. Because Ayers and Lewis (1985) could not identify
‘regional stratigraphic markers in the Calvert Bluff, the mapped intervals represent infor’mal-

st ratigraphic slices. The lower Calvert Bluff coﬁéists ofa 300-‘ft (91-m) slice immediately above
the Simsboro Formation, the upper Calvert Bluff extends 200 ft (61 m) below the Carrizo Sand, "

and the middle Calvert Bluff compfises the strata between the two.

- Lower Calvert Bluff Coal

- As is true for Hooper_coal seafhs, lower Calvert Bluff coal seams are associated with ﬂ'ﬁvial- o
- deltaic systems'.,AlluVial coal seams. in the shallow subsurface have dip-elongate geometries (Ayers
and Lewis, 1985, pls. 26 and 27) and correspond to low to ihtermediate Calvert Bluff sand values
, \(Ayérs' and Lewis, 1985, pis. 11 and 12).-Coal seams lie in intcrchannél (ﬂoddplain) areaé and are -
B bqgunded by dip-oriented, multistory channel-fill sands. Deltaic coal seams, deeper in the basin, |
- have tabular geometries and coincide with high sand values and bifurcating (distributary) sand-
bady geometries. . _ ~ -
- The number of thick cbal seams (A‘yers and Lewis, 1985, ‘pl. 27) correlatés with the high btotal
numbers of seams (Ayers and Lewis, 1985, pl. 26). Lower Calvert Bluff coal seamé are moéf ‘
abundant in, and thick coal seamé are élniost réstricted'to, thé area between eastern Bastrop and
- eaptern Leon Counﬁe‘s (Ayers and Lewis, 1985, pls. 26 and 27.);;cv0incidentfWith'.maximum’
~development of the Simsboro. This region cleaﬂy conforms to.the-outline:of the-Rockdale fluvial-
. deltaic system (fig. 2; Ayers and Lewié, 1985, pl. 5). In Bastrop‘and Fayette Counties, coal seams

~ (Alyers and Lewis, 1985, pl. 26) are lost as the fluvial-deltaic platform (Ayers and Lewis, 1985,
. pl412) pinches out into the Garwood subembaymént..Td the northeast in Leon County, the thick

- copl seams (Ayers and Lewis, 1985, pl. 27) terminate and the total number of coal seams (Ayers
and Lewis, 1985, pl. 26) draﬁlatically decfeaseé ét the ma_rgiﬁ of the Rbckdale ﬂuvial-deltaic
system; only one or two coal vseamsk are associated with the secondary fluvial system (described in

~se¢tion on “Calvert Bluff Formation”) in Anderson and Hoilston Counties. Within the Rockdale
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fluvial-deltaic system, the number of thick coal seams increases basinward to more than four, and
the total number of seams increases to as many as seven seams (Ayers and Lewis, 1985, pls. 26
and 27). | |
Lower Calvert Bluff coal seams are thickest and most abundant ina muddy 1nterval
: immedrately overlymg, or in places stratigraphically equrvalent to, the multistory, multrlateral
channel-fill sands of the Simsboro Formation (Ayers and Lewis, 1985). As described in the earlrer,"
sgctions, coal-bearing: mudstones of the lower Calvert Bluff Formation eap the Simsboro
Formation and punctuate a major change in the style.of sedimentation. Ayers and Lewis (1985)
-suggested that this change is the result of diversion«ofsthe’:primary"ﬂuvialﬁ-system,from the Houston:
Embayment to the Rio Grande Embayment (ﬁg 9C; Ayers and Lewis, 1985) The abandoned
+~Rockdale: ﬂuv1al deltarc complex prov1ded both aplatform of: accumulatron for: lower Calvert Bluff
peat (llgnlte) and a perennial source of water necessary to ensure persrstence of the peat swamps.
- 'When coarse clastic sed1mentat10n on theRockdale ﬂuv1al—delta1c system ended, the sediments
deposited were mostlydelta—plainr rnuds,v‘Which formed a confining layer (aquitard) over the

permeable channel fill sands of the Simsboro Formation. Thus confined, the sands of the Rockdale

- flyvial-deltaic complex formed aregional fresh-water aqurfer having a high, stable water table Peat

swamps (lignite) developed at loci of regional ground-water discharge and spread across the
abandoned delta complex. | |
Because the entire Calvert Bluff Formation is coal,bearlng, a:Simsboro-overburden (depth to

- base of Calvert Bluff) map was made byAyers and Lewis (1985) to delineate’thecoal‘—mining
- ‘exploration fairway for coal (Ayers and Lewis, 1985, pl. 28). The 2,000-ft(6l0-m) line from the
- overburden map marks the basinward boundary of potentially recoverable deep-basin coal in the
o -lower Calvert Bluff (Ayers and Lewis, 1985, pl. 27). Landward of this line, thick interehannel
coal seams (Ayers and Lewis, 1985, pl. 27) project updip to known near-surface deposits. Thick
seams are most abundant between eastern Bastrop and western Leon Counties.‘There are 5,103

million tons (4,629 million metric tons) of deep-basin resources between 200 and 2,000 ft (61 and
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10 m) three times more coal (16, 150 mllhon tons [14 651 nnlhon metric tons]) lies w1th1n the

N - study area bas1nward of the 2 000 ft (610-m) l1ne O |

Favorable coalbed methane aspects for the development of lower Calvert Bluff coal seams are

“ that (1) deep coal seams are basrnward extens1ons of those seams currently mmed at the surface

() generally, they are thicker and more contmuous than other ercox coal seams in the same depth,

bt range and (3) they are often: separated from the underlyrng Srmsboro aqurfer by alow- permeabrlrty 2
. ~mudstone.-However, the thickness of the mudstone substratum is dlfflcult to predict, and srte- L

- specificstudies would. berequlred to assess hydrologrcgproblems éattendantvw1th-~coalbed:rnethane' :

~ exploration.

. Middle Calvert Bluff Coal

- Geometries and depositional vsetting's of rrn,ddle Calvert Bluff coal seams are similar to those -

of] the lower Calvert Bluff. Discontinuous ‘ pod—shaped and dip-elongate floodplain coal seams in
the shallow subsurface grve way basrnward to tabular deltalc coal seams, and the total number of .

cdal seams 1ncreases basinward to more than seven (Ayers and Lew1s 1985 pl 29) However

*rjddle Calvert Bluff coal seams differ markedly from lower Calvert bluff coal seams in several

w

ays First, it can be seen from regronal cross sections (Ayers and Lewis, 1985 pls 6 and 22)

-and from the comparlson of coal ‘maps (Ayers and Lewis;: 1985, pls 27:and 29) that mlddle :

¢ ..Calvert Bluff ‘coal-seams,arereglonally- less abundantg*andsmor:.e-.::dls.contlnuous:—;-;Second; coal seams

the

-aspociated with the secondary fluvial system in Houston C0unty» are comparably more abundant in

e middle. Calvert Bluff than in the lower Calvert Bluff Fmally, and of most 1mportance the thrck :

«....coal:seams common to.the lower Calvert Bluff are. practrcally nonexlstent in the mrddle Calvert
i Blluff. For this reason, Ayers and Lew1s (1985) did not map. separately:the thick coal seams in this |

stratigraphic sequence, and they are considered poor candidates for coalbed methane resource

- development.
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Upper Calve‘rthluﬁ‘ Coal

Of the Wilcox coal-bearing intervals, the upper Calvert Bluff contaihs the least numerous and

ost discontinuous coal seams; they are most abundant east of the Brazos River, and, unlike other

= intervals, coal seams of the Rockdale fluvial-deltaic system are more abundant closer to outcrop
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\yers and Lewis, 1985, pl. 30).»Ayers and »Le'Wis (1985) attribute the paucity of deeper coal -
ams td-progressive:.landward shiffof depositional facies. assbci‘ated with the:Sabinetown marine
1n-sgression. In Freestoﬁe and northern-Anderson Counties the pod-shaped geometry and the
stribution-of. cQal:seamS' relativ’e.vtothe Calveft’ Bluff framework rélemehts :-’:(A'yiers and-Lewis, - .
85; pl. 12) of the secondary fluvial system affirm a..ﬂoodplain dépOSitional setting. Thick coal .
ams (élso shown on Ayers ahd Lewis, 1985, pl. 30) are restricted to the,sec()ndary fluvial B
stem of the East Texas Basin. Tabular coal seams in southeastern Aﬁderson and hoﬂhwestern |
buston Counties coincide with high sand values. Thevse coal seams are attributéd to'peat swamps.
At deVeloped during the destruction of small delfas of the secondary fluvial systelﬁ. Marine shales

the Sabinetown unit overlie the abandoned deltas.

| - Thick Upper Calvert Bluff coal seams contain 479 million tons (434 million metric tons) of

al between 200 and 2,000 ft (61 and 610 m).:;’vl“herevair‘e,no thick upper Cal\}ert Bluff cozﬂ seams

basinward of the 2,000-ft (610-m) line. The location of thick upper Calvert Blliff coal seams in

loy-sand (floodplain) areas of northern Anderson Coﬁnty rriakészt»herricarldidatesf~f0r';4in situ

- gagification (Ayers and Lewis, 1985). However, attention must be;given:to-possible hydrologic

- CO

mplications resulting from the proximity of the Carrizo aquifer, which overlies the coal seams.

“THe upper Calvert Bluff coal seams are considered secondary coalbed methane targefs.

- Potential for East-Central Gulf COast Basin Coalbed Methane Resource Development

In summarizing our depositional systems and coal distribution evaluation and incorporating

our producibility model, the east-central Gulf Coast Basin area is located in a suitable fairway for

albed methane resource development on the basis of its coal thickneSs, depth (2,000 to 6,500 ft;
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6[10 to 1,980 m), and total reservoir interval thickness (2,000 to 3,500 ft; 610‘ to 1,067 m). The
east-central Gulf Coast Basin’s maximum coal thickness of approximately 30 ft (9.1 m) and
cumulative éoal thickness of as much as‘ 100 ft (34 m) is fdvbrable for coalbed methahe ‘r'esource
development. The prime target for coalbed methane resource development is the lower Calvert

- Blluff coals. However, the continuity of the individual coal seams has not been adequately
aaldréssed; Additional:reservoir characterization must be undertaken to fully evaluate the continuity
. of coal seams in the east-central Gulf Coast Basin area. Our experience in the Rocky Mountain

. .Foreland-suggests.that the coals would be‘more,.continuous'fthan‘ z«p-rev.-iously.,.mﬂapped:{:Howéyer,. the .
- sgope of thjs,evaluation' does not permit us-to Undertake.-this.detailed*:evaluaﬁon.-

[ Stratigraphic .trapé,..inc'ludingwfacies variation and analysis and coal seam COntinuify mapping,
~including updip pinch-outs:and rclief above and below:sandstone bodies, must be part.of the
--advanced reservoir characterization program. T hlS may:result in the delineation of additional
conventional tyPe trapS; It is emphasized Vthat the reservoir éontinuity of the sandstones should also -
bg faken into account when evaluating the coalbed methane resources because these sandstones
cquld also hold a significant-amount of migrated gas. Importantly, the exploration program should

i include dually completed wells.in both sandstone and coal. Updip-migration of thermogenic: gaées \

. and the trapping of methane in stratigraphic traps must be considered in the exploration program. If

~the coals become thinner in an updip direction and pinch-out, then this area could become an area

“of potentially higher gas contents, as recorded in the:San Juan-and-Uinta Basins.

. Coal Rank and Gas Generation in East-Central Texas

|. -Coal mining researchers have.documented that shallow Tertiary coals from Texas are
traditionally defined as lignite, implying that vitrinite reflectance values in east-central Texas are

- typically lbess than 0.38 'p;crcentf However,ksome deeper “lignites” have vitrinite reflectance {/alues
of| greater than 0.38 percent, making them actuélly coals of subbituminous rank (vitrinite

reflectance between 0.38 and 0.49 percent). From these numerous studies and publications on the -
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ermal maturation level and chemical properties of Texas lignites ‘(.Tewalt, 1986, and

[ukhopadhyay, 1989, and references therein) bit is now estimated that the coal rank in the Wilcox

Format1on in the East-Central Texas area is generally between llgnlte and subb1turmnous although
higher rank coals are probably present in the downd1p extent of the WllCOX Group V1tr1n1te |

“refflectance Values for Wilcox coal samples close 'to outcrop, rangrng from 0.30 to 0.42 percent, are '

pported by: proxrmate analyses of the coal samples However, the threshold of thermogemc gas.

neration'in coal beds lies between 0.80 and 1. percent 1nd1cat1ng that the shallow coalsi in the.

- Moreover, Wilcox: coals at depth for example in Colorado Dewrtt and:Lzavaca: Countres between :

OOO and. 14 000 ft (2, 743 and 4, 267 m), have probably reached the thermal maturity level o

o e¥ plorat1on of mrgrated thermogenrc gases.

to

- Regional geopressure and temperature trends in the W1lcox (figs. 12 and 13) 1nd1cate that the

p of geopressure located south of the study area is approxrmately 13,000 ft (3,962 m) deep -

(B ebout and others, . 1982). Active gas .generation, and hydrocarbon overpressure are thought to

. .odeur at.',approxi‘mvatelyf200f’F,‘ in-';lowfpenneability sediments. The.ZOOQE temperature contour in the o

- Wiilcox is located approximately 30 mi (48 km) south of th_e-Mexia Fault Zone, suggesting that

- Wiilcox:coals:in this area:may.be generating thermogenic gases.’ Hydrocarbon overpressure has

aprobably. not derleloped in the shallow coal bec'ls:-.because.of‘.. relatiVely high:apermeability'of the

U "_:‘th‘

diments. However; the proximity-of .geopressure and temperatures at or above 200°F suggeSt's E

2 pos-sibility; of»updip.migration of thermogenic gasesto the Mekia Fault 'Zone, The geometry of -

. gdopressure suggests-that thermogenic gases are less likely to migrate updip in the eastern portion

- offthe 'stu’dy area.

su

The ash content of coal beds determines the amount of gases that can be sorbed onto the coal .

rface. Ash content in east-central Wilcox coals is highly Variable,‘ ranging from 7.7 to 36.4

pefrcent, with averages between 18 and 19 percent (Tewalt, 1986; Mukhopadhyay, 1989). Ash

cofntent appears to be relatively higher in deep-basin lignite compared ‘with surface lignite.
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qu1red to: generate thermogenrc methane (Mukhopadhyay, 1989) -and thus the. potentral existsfor
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Figure 13. Upper Wilcox Group temperature isotherms. Active gas generation is thought to occur
at|200°F. Modified from Bebout and others (1982).
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[oreover ash content in East Texas hgnrtes is lower (average 11.4 percent) than in East—Central
exas lrgnrtes Sulfur content in east-central Wllcox coals ranges from 1.07 percent in the Hooper

hrmation to 1. 72 percent in the Upper Calvert Bluff and averages 1.43 percent in Lower Calvert

c'u'-nf»a?

luff coals.

P )tential"for Coalbed Methane Re'source,Development .

-+ On-the basis of the limited amount of data "available,v--itéis;.speculate‘dJthat-.the;vcoal,ggases'in'the .

: eastecentral’ Texas coal basin prob'ab'ly-'rere'sent, -migrated*thﬂmo genicf.,and.&secondary- -biogenic

o gyses. The location of the study area is favorable for updlp mrgratron of gases that may be sorbed

;. onto-the coal surface. Secondary brogemc gases may be more common farther east; although more
detailed study and data are requ1red to determine regronal hydrodynarmcs and partrcularly the |

geology and seahng propertres in the Mexra Fault Zone.

: Gas Content of ‘Wilcox Coals in»East—Central Te)ras

. Coal gas content.data are not.publicly available for the east-central Texas area. Importantly,
~gds content is one of the more critical controls on evaluating coalbed methane potential because

~+-..cqalbed methaneproduction is uneconomic if«,insufﬁcient.*amounts_ltcf,:_ gas.are sorbed -onto the coal

“..-of the data colleCted‘-;Analytical gas.content data cOlleCted':‘can‘be 'affectedby an'alytical'method,'

~.sample type, and gas-composition used during the exp'eriments and it is caut'ione‘dthat the correct.

~sampling methods must be applied. Assumrng that the gas content data measured are reasonably

; .,:,:,-accurate there are. many geologrc and hydrolog1c factors that affect the drstrrbutron of coalbed gas
in|the subsurface and these factors can be drvrded 1nto three categorres (1) gas generatron (2) coal
propertles and 3) reservorr condrtlons Each of these factors must be taken into consrderatlon
when evaluatmg gas content data Further gas content is not ﬁxed but changes When equrhbrrum B

- cd ndltrons in the reserv01r change Therefore the lateral and vertlcal drstrrbutlon of gas contents s
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u ;ually highly variable and will be difficult to predict, and it is recommended that a detailed

stratigraphic and hydrologic evaluation be undertaken with the acquisition of gas content data.

Pptential for Coalbed Methane Resource 'Developmen‘t :

Before any- farrway delrneatlon can be resolved gas content data must-be- collected in the

oo ostudy: area. The presence of: hrgh gas content Values in such low-rank coals would suggest updip -

igration of thermogemc gases or; possrbly, rmgratron and/or insitu: generatlon of secondary

ogenic: methane Sorptlon 1sotherms can.then-be used to.determine whether:the coals are

. ;undersaturated,; saturated, or oversaturated wrth respect to methane.

be¢

: Perme_ﬂability'ofthe Wilcox Group, East-Central Te)tas o

Previous research in bituminous coals in the Western United States- has indicated that coal

ds are ‘often orders of magnitude morelpermeable than the surrounding sediment and therefore,

can ‘be major aqurfers in the basrn In coal beds in east—central Texas, fractures (cleats) are the

rrmeability- pathways for the ﬂow of fluid.and- hydrocarbons (water and gas) to the wellbore

.Permeabrhty in coal beds i 1s restrlcted to face and butt cleats (fractures) because the organrc coal

+.th
s be
o)
re

Ps

atrix:is: 1mpermeable Face cleats are more contrnuous and therefore usually more permeable
an the ~assoc1ated»butt cleats, and their occurrence«:and‘orrentat-ron‘mustsbe >evaluatedr “’Moreover
e current. drrectron of in situ stresses relatlve to face cleat orrentatron may also: affect permeabrlrty,
cause: permeabrlrty can be reduced when in situ stresses are perpendrcular to fact cleat |
ientation. » | | |

v W1th the: acqursrtron of. cleat and in s1tu data understandmg coal permeabrhty in‘east- central
>xas will be crrtlcal for deterrmnmg the ultrmate recovery of coalbed methane from the coal

servolr (fig. 14). A permeabllrty of approxrmately 1md represents a recovery efﬁc1ency of less .

thlan 20 percent whereas recovery factors approachrng 100 percent are not achreved unless

rmeabrllty values are hundreds of mrlhdarcys However exceptlonally hrgh permeabrhty may be
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- Figure 14. Relationship between permeability and recovery efficiency in coal beds. Based on data
presented by M. Zuber, Holditch and Associates, Baton Rouge, Louisiana.
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detrrmental to coalbed methane recovery as low permeablhty, because of excessrve water
oductlon

Permeabrhty calculated from two Wilcox coal beds located at depths of 400 to 690 ft (122 to .

210 m) in.the Sabine Uphft to the east of the current study area, ranges between 22 and 99 . md

(Fogg, 1986 Kaiser and others 1986) These Values are an order of magmtude lower than

are

T

permeablhtles in low rank coals in the Powder River Basin (1 OOO md). These permeabrhty ranges

> within the permeabrhty Values a53001ated w1th hlgher coalbed methane produc1b111ty in the San

.. decrease with i 1ncreasmg burial depth and the permeablhty of coal: beds in east- central Texas at -

depth remams uncertain. -

Average permeabrlrty 1n ercox sandstones ranges from 0 4 to 4.2 md suggestmg that the

sandstones may be an order of magmtude less permeable than the coal beds The hydrauhc

-CO

co

nduct1v1t1es of 1nterconnected channel ﬁll sands (framework facres) are srgmﬁcantly greater than o |

nductivities of 1nterchannel areas (nonframework fa01es) (Fogg and others, 1983a)..

o ‘Addrtronally, permeabrhtles of channel fill sandstones may 1ncrease w1th sand-unit thlckness

(P

ayne, 1968, 1975) Permeablhty Values for well connected ﬂuv1a1 sandstone channels range

from 0.4 to 3 .7 md, whereas permeablhty in less well connected sandstone ranges from 0. 004 to

0.4 md Because permeablhty decreases away from channel sandstones toward: channel margms ‘

pe

an

d ﬂoodplam sedrments (1ncludmg coal beds depos1ted ad] acent to- ﬂuv1al channels) the

- assocmted coals: may not be in hydrauhc cont1nu1ty w1th adJ acent sandstones Addrtlonal

rmeabllrty data need to be acquired before any. pre_d_lctlons of the coalbed methane-potentral can s

be|evaluated.

: Hydrogeology of the 'Wilcox Group,» East-Central- T exas

Hydrogeology is one of the more 1mportant factors affectmg coalbed methane produc1b111ty :

d includes both ground water flow from the outcrop basmward and upd1p mlgratlon of ﬂulds |

51
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Figure 15. Range of permeabilities in highly productive coal beds. This graph shows the relationship
among permeability, cleat frequency, and cleat aperture based on a cubic law equation that is normally
-applied to fractured carbonate reservoirs. Although permeability within coal beds ranges from less
- than 0.001 to more than 1,000 plus md, permeability in coal beds from the San Juan and Black
- Warrior Basins generally ranges from approximately 0.5 to 100 md. Modified from Scott (1999).
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(water and hydrocarbons')' Understanding the geometry of hydrodynamics is critical in delineating
area of upward ﬂow potential and, therefore, areas of potentially t better coalbed methane |
produ01b111ty Potentiometric surface geochemical, and ground-water res1st1v1ty maps of the rnajor‘ ,
units were used to evaluate regional ﬂOWdlI‘CCthI]S from the outcrop and possible subsurface
recharge in the Camzo Sandstone in the Leon and Freestone Counties.

Tthk interconnected Wilcox sands are more permeable than th1nner sands and muds of the
- suirrounding interchannel areas (nonframework:fames), 1nd~1cat1ng that channel-fill sands serve as |
- canduits for ground—water tﬂow;(‘P,ayne,_'_1968,‘51"9:7;5.;;5Fog:g, and-others, 1 9-8'3b.;:,Ayers;stand"aothers, -
+1984). Therefore, the stratigraphic.framework facies tend to ‘have higher resistivities than the
adjacent, nonframework facies in the shallow tsubsurface (Payne, 1968;;1‘975); | |

-1 These. observatiens; together-with the basinward‘-distribution'of fresh-Waterzlobes coincident
~with channel-sand axes, indicate that the framework facies strongly control ,ground—Water ﬂew.
Resistivity malis (Aye-rs and Lewis, 1985, pls. 18 and 19) ,delineate recharge areas and elucidate

: ground-water flowpaths, thus serving as additidnal-’:tools for understanding the hydrodynamics of
- the area. Note, however, that formation resistivity may be af_fected by:factors other than salinity ef
.- the formation water (for example, elay‘ content of the sand or presence of hydrocarbons). Salinity -
deeper in the basin ranges from 60,000 to 119,000 ppm in Colorado County (Bebout and others, ‘
1982). | | |

~ The tbasinward limit of meteoric rechargeiyvas, placed at20 ohm-m?*m (Ayers and Lewis,
1985; Kaiser and-others , 1986) on the resistivity"df the maXimum‘sands;: Wilcox coals appear to
‘thin northward toward the recharge area, suggesting that meteoric recharge may be focused in
fluvial sandstone rather than-in coals. The serrated distribution of higher resistivity values (that is,
-relatively fresh water) in .the-Slmsboro, Calvert Bluff, and Carrizo Formations, indicates that

sa ndstone geometry controls the downdip migration and extent of fresh meteoric water. Resistivity
maps by Ayers and Lewis (1985, pls. 18 and 19) of the Calvert Bluff and Carrizo Formations
indicate that the Mexia Fault Zone at least partially 1nh1b1ts the basinward migration of fresh water

in|Bastrop County.
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The basinward limits of meteoric recharge for the Carrizo, Calvert Bluff, and Simsboro

ndstones generally correspond to a zone located south of the Mexia Fault Zone, roughly

paL‘alleling a line between Giddings and Bryan. However, récharge in the Carrizo Sandstone in

adison, Houston, and Trinity Counties extends much farther into the basin than recharge for the
lvert Bluff and Simsboro. Meteoric recharge in Lee and Brazos Counties may be partially
hibited by the presence of geopressure and/or higher temperatures (figs. 12 and 13) located
uthward of the study area. This area of overpressure is much closer to the outcrop belt compared
th-the distribution of overpressure farther east. Meteoric recharge immediately-north of the Mexia
ult Zone in eastern Milam County (Kaiser and others, 1986) is directed away from the basin,
Jicating that piracy of recharge may partially limit the amount of meteoric water entering the coal-
aring units. Another area of ground-water piracy occurs in eastern Falls County.

Updip migration of thermogenic gases to Wilcox coal beds is favored in this area because of
e distribution of regional geopressure and high temperatures (more than 200°F) and recharge
racy. Additionally, at least some thicker coals in the basin pinch out toward the outcrop,
goesting that (1) the coals may be separated laterally from aquifer sandstones by lower
rmeability mudstones and, therefore, may not be in hydraulic communication with the sands,
d (2) coals thinning toward the outcrop may have a lower probability of being recharged by
ound water. A more detailed structural-and stratigraphic evaluation is required to assess the
aling properties of the Mexia Fault Zone and the ways the faults may affect the downward and
ward migration and trapping of fluids.-Although updip migration is favored, at least some
charge probably does occur in thicker coal beds located near the outcrop, and an east-central
xas exploration and development program could invoke a combination of migrated thermogenic

ses and secondary biogenic gases.
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CONCLUSIONS

‘The objective of this cooperatrve agreement between the Bureau of Econormc Geology

(BEG) The Unlversrty of Texas at Austrn and the U S. Geologlcal Survey (USGS) is to provrde

.+ -a preliminary assessment of the coalbed methane potentlal- of the. east-central Texas\'Gulf Coast coal o

- detailed evaluation of the area W;asﬂ'n:ot performed an(llareaS‘of higher coalbed methane potential

vvere not delineated. -'The 'followmg discussion summarizes the positive—r'and‘negfative‘fattributes'of e

the area on-the basis of a BEG coalbed methane produc1b111ty model A more detarled evaluatron T

- that includes advanced reservoir. characterlzatlon and engrneerlng modelmg, and that 1ncorporates =

-key. geologic: and englneerlng attributes, is recommended to. fully assess the economic V1ab111ty of: SR

the project (Appendlx A). | | | B

The east-central- Texas coal bas1n occurs dowdlp from a maJ or faulted graben (Mexra Fault
R/ pne) that potentially may act as the permeablhty barrrer to flu1d flow in the updlp (gas). and/or

E d wnd1p (water and secondary brogemc gas) d1rectlon The east-central Texas coal basin lies updip

of. the Stuart C1ty shelf margln suggestlng that the ercox Group, the prrme target for coalbed

methane resource development was not srgmﬁcantly affected by major growth faults although

Sy ndepos1t10nal and postdepos1t10nal faulting are recogmzed in the WllCOX Group and Carr1zo

Sands The Wilcox is, however, more steeply d1pp1ng 1in Lee Fayette and Bastrop Countles than,

. in countres located to the northeast: Subtle structural control of ﬂuv1al deltarc trends is 1nferred

. from 1sopach maps sandstone geometry, and consrderable postdeposmonal faultmg, wrth more .

| “than. 800 ft (244 m) of vert1ca1 displacement occurmg 1n Lee, Burleson, Mllam and Robertson
Cauntres This fault system may. have 1mportant 1mpl1catrons for bas1nward movement of ground |

water and updip trapping of fluids 1nc1ud1ng rmgratedthermogemc gases.

- "Most of the coal resource data were obtamed from the Ayers and Lewis (1985) Deep Basm ngmte Resource study, :
nd the digital maps provided for the coalbed methane assessment are compatlble wrth NCRDS.

o
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Depth to the main Wilcox coal-bed producing intervals is faVorable, ranging from
approximately. 2,000 to 6,500 ft (610 to 1,980 m). The Wilcox total thickness of between 2?000
and 3,500 ft (610 to 1,067 m) of gross séctiOn;. containing multiple coal and séhdstone reservoirs,
is|also favorable; Moreover, migration of gases from existing Wilcox gas fields close to the east-
~central Gulf Coast Basin isvan'ad‘ditional favorabie attribuﬁe.,.Therefore, gas migrating in sandstone
raservoirs should also be included in the coal gas resource assessfnent. Natural bfracture systems
(goal cleat) and in situ stresses are unknown attributes in the east-central Gulf Coast Basin area.

~ Copal cleat acts as the.permeability. pathway forinﬁgration».of both the gas:and the water to the
~wellbore, and coal cleat attributes. and in situ stresscsazneedto.\be- evaluated-prior to determining the‘-
»pJ"rmeability 6f the reservoif in the exploration,program. D |

.|« Depositionally,.coal seams occur vthroughou.t the Wilcox stratigraphic interval but-are thickest,
- most numerous, and-have the greatest lateral cdntinuity‘in three stratigraphic zones: (1) the upper .

- Hooper Formation, immediatély below the Simsboro sand, (2) the lower Calvert Bluff Formation,

=

imediately above the Simsboro sand, and (3) the upper Calvert Bluff, immediately below the
- Carrizo Sand. Net coal maps have not been published, althbugh maps showing the number of

13

- “thick” lighite (more than 5 ft [2 m] thick) published by Ayers and Lewis (1985) can be used to

-~
—

 estimate a minimum net coal thickness. Regionally, net coal thickness trends in the Hooper, lower
~ Calvert Bluff, middle Calvert Bluff, and upper Calvert Bluff appear to thin northwest toward the "

| .outcfop belt. Although coals are present at outcrop; thicker coals:may be present downdip. Net

- ....coal thickness is generally greatest in sand—poof areats,%al'though some maximum net coal thickness

- trends correspond to.fluvial axes. Coal seams associated with the Mount Pleasant fluvial system

- are elongate adjacent to channel sands. Coals associated with Wilcox deltaic facies are tabular and
-.may be restricted locally if formed in an‘i;r.lterdistributary setting or are regionally extensivé’ ifb
developed across abandoned deltas. If on.ly the thick (>5 ft [2 m]) coal seams are cohsidered, the
lower Calvert Bluff coals exceed 40 ft (12 m) in some parts of the area and are }the prjme tafget for
cq albéd methane resource developmént. Net coal thickness for the entire'cﬁal—béafing interval can

exceed 100 ft (35 m) in the study area. Stratigraphic traps, including facies variation and analysis,
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' and'coal seam continuity mappfng, are recomrhended‘ as p'art'of an advanced reServolr
charactenzatlon pro gram
Coal rank in the ercox Format1on generally ranges between l1gn1te and subb1tu1mnous

although h1gher rank coals may be present downdrp Vrtrmrte reﬂectance values for. Wﬂcox coal

G ,“samples at the outcrop range from 0. 30 to 0. 42 percent at a depth of 2 OOO ft (610 m) The

threshold of’ thermogemc gas generat1on in. coal beds 11es between 0 80 and 1 percent 1nd1cat1ng
- that the coals in the study area have not reached the. thermal matur1ty level requrred to generate
the ermogenrc gases W11cox coals in Colorado Dew1tt and Lavaca Count1es at depths rangrng

b ,tween 9 000 and: 14 000 ft (2 743 and 4,267 m) have probably reached the thermal: maturrty

. level requ1red to generate thermogemc methane and the potential for mlgrated and thermogenrc gas Taanh g

et .a.,b’,comes more viable. Ash: content 1n east-central W1lcox coal beds 1s h1ghly varrable ranging from

7. 7 to 364 percent and averagmg 18 3 percent -Ash content appears to be relatlvely hlgher in

d ,ep—basm lignites compared w1th surface hgmtes Sulfur content in east- central Wilcox coals o
“ranges from 1. 07 percent in the Hooper Formatron to 1.72 percent in the Upper Calvert Bluff and :
- ayerages. 143 percent in Lower Calvert Bluff coals ' | |

| . To date gas content values are not publrcly avallable 1in-the study area. If lrmrted gas content o
‘ :dflta were avarlable access to these data can be mvaluable because critical 1nformatron regardmg

- flpid rmgrat1on -and the economic: v1ab111ty of the pI'OJCCt could be evaluated However h1gh gas

~.content values in such low- rank coals would be encouragmg and would suggest upd1p mlgratlon of

oth ermogemc gases or; possrbly, mlgrat1on and/or in 31tu generatlon of secondary blogemc

g methane Sorptlon 1sotherms are also not avallable makmg it 1mposs1ble to evaluate whether the :
coals are undersaturated saturated or oversaturated with respect to methane

- Previous hydrolog1c research 1in b1tummous coals in the Western Un1ted States has 1nd1cated

A’ thiat coal beds are often orders of magmtude more permeable than the surroundmg sedrment ‘

P,rmeablhty calculated from two Wllcox coal beds at depths of 400 to 690 ft (122 to: 210 m) in the | .

Sabine Uphft ranges between 22 and 99 md wh1ch is an order of magmtude lower than |

‘permeabilities in low-rank coals in the Powder Rlver -B-asm; Although these values are
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. encouraging, permeability will decrease With increasing burial depth, and the permeability of coal

depth remains uncertain. The average permeability in Wilcox sandstones ranges betweeri 0.4 and
2 md. Permeability values for well-connected fluvial sandstone channels range between 0.4 and

7 md, whereas permeability in less well connected sandstone ranges between 0.004 and 0.4 md.

o P:rmeability~dec~reases'away;fromnchannelssandstonés toward channel margins and floodplain

S¢

diments including coal beds deposited adj'acen‘t to fluvial channels.

Hydrodynamically, the regional migration of fluids in the Wilcox Group represents a balance

-among downward migration of meteoric water, resulting in the possible generation of secondary

ogenic gases and updip migration of thermogen;ic; vga,ses.»-in-gher::gas.contentstin':thesé lower rank

- coals located south of the Mexia Fault Zone would represent either updip migration of thermogenic

+v.gases-or:the generat‘iono.f:secondary biogenic gases. The distribution of regional overpresslire

C(

W

W

M
C
1

trends and formation temperatures for the middle Wilcox suggest that updip migration of fluids

puld be favored in this area. However, coal gases located in the eastern part of the east-central

' Texas Gulf Coast coals probably have a larger.sécc)ndary biogenic component, although updip

- miigration of thermogenic gases is possible as well. There is.not-enough information to determine

hether the coal beds are hydraulically:connectéd with the sandstone aquifers. Coal beds in the

-Sabine Uplift area can either remain isolated from the aquifer system or be hydraulically connected

ith the sandstones.
Wilcox coals appear to thin northward toward the recharge area, suggesting that meteoric
charge may be focused in fluvial'sandstone rather than in coals. The distribution of higher |

sistivity values (that is, rerl‘atively fresh water) in the Simsboro, Calvert Bluff, and Carrizo

‘Formations suggests that sandstone geometry controls the downdip migration and extent of fresh - -

eteoric water. Resistivity maps.of the Calvert Bluff and Carrizo Formations indicate that the
lexia Fault Zone at least partially inhibits the basinward migration of fresh water in Bastrop
ounty. Potentiometric surface maps of the outcrop area suggest that recharge is directed away

om the basin immediately north of the study area. A more detailed structural and stratigraphic |
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evalnation is required to assess the sealing properties of the Mexia Fault Zone and the ways the
faults may affect the dovrnward and upWard_migration and ,trapping of fluids.

| In summary, the east-central Texas Gulf Coast Basin area is located in a suitable fairway for
coalbed methane resource development on the basis of coal thickness, depth, and total reservoir
: ;ir terval thickness. The east-central"Texas'c_oal-basin.maximum coal thickness of 30-ft (9 m) and
cumulative coal thickness of as much as 100 ft (35 m) are favorable for coalbed methane resource
«d evelopment.‘HoweV'er the continuity of the individual coal searns has not been adeq'uately
studied. Evaluatlon of stratlgraphlc traps, Jincluding facres Var1atlon and:analysis; and coal seam

c )ntlnulty rnappmg, above and below sandstone partmgs ‘must:be part: of the: advanced Ieservoir

g 1ses,».»and,conventronal ‘trappm g of methane m..structural -and stratigraphic traps must be

- considered and evaluated in the advanced exploration program.
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Nonmetric unit

feet (ft)

inches (inch)

miles (mi)

feet/mile (ft/mi)

square miles (mi?)

cubic feet (cf)

short tons

pounds per square inch (psi)

psi/ft

CONVERSION CHART

Conversion factor

X 0.3048
X 2.540

X 1.609

X 0.1894
X 2.589

X 0.02832
X 0.9072
X 6.895

X 22.62

69

Metric unit

meters (m)

centimeters (cm)
kilometers (km)
meters/kilometer (m/km)
square kilometers (km2)
cubic meters (m3)
metric tons (t)
kilopascals (kPa)

kilopascals per meter (kPa/m)



APPENDIX A. RECOMMENDED EXPLORATION, DRILLING, AND DEVELOPMENT
PROGRAM FOR EAST-CENTRAL TEXAS COAL BASINS

‘ 'Geologic. and Hydrologic Basin Arialysisv and‘ReserVOir Characterizatioh, ,

- Asaresult of this evaluation we recommend that in collaboration with a Texas operator we :
ﬂincorporate detailed basin analys1s by describing the: geologic and hydrologic controls on coalbed -

methane producibility.in the selected areas and then apply ttheproducibility model in ,deﬁnmg

[¢]

kploration fairways. The drilling program will proVide us with test data including geophysical | _' '
- logs, seismic surveys, coal rank, coalr‘gas composition, isotopic gas content, and water anal-yses,
-~ drill-stem tests and/or pressure data, and other data that may be available for complete coalbed

methane basin analys1s ‘These data will be 1ncorporated into the regional basin analys1s framework

o0

nd interpreted in the context of the coalbed methane producibility model to accurately define the
cpalbed methane potential of the area. The integration»‘ of regional coaléoccurrenee, structure,

. fracture-attribute, potentiometric—.surface,~: pressure-gradient, hydrochemical, coal-rank, gas-
composition, and production maps will help identify additional exploration fairways throughout

‘ Texas. If the coalbed _rllethane exploration ahd'deVelopment ;prograrn.does not take into account the
variability of all these controlling parameters, then‘the :frisk;eXiSt_s.”that.thesexplorationi&could 08
 cbndemn a resource that exists but was not cor‘rectly: assessed because of a poorly chosen test basih

nd site,’ or (2) achieve some. success, but not the full potential because an interpreted model for

£,

- the small area. d1d not fit the larger basm scale setting.

o

Depos1tiona1 models . will facilitate prediction of coal deposits where data’ are sparse Some .

@)

perators have related coal permeability to depositional settmg, thus, better knowledge of

o

* depositional setting may allow more informed estimates of permeability. Data on coal-bed

ontinuity would help to select continuous coal beds for completion and consequent higher

(@]

potential cumulative production. Aside from the importance of sandstone distribution to coal
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~.th

oc¢urrence, sandstone distribution relative to fracture orientation and density, pressure regime,

particularly pressure transitions, coal rank, and gas-dryness index would be of benefit to operators

targeting tight gas sandstones

a

S

[¢)

j=]

An understanding of reg1onal ground-water circulation patterns should lead to more efﬁ01ent

- ex ploratiOn,and_development. From them, no-flow boundaries (permeability contrasts) can be

- inferred for consequent delineation of additional,fairways favorable forhydrocarbon ace'umulation'

d trapping. Furthermore, the extent of meteoric circulation can be used to assess the relative

importance of basin-centered gas. Chemical composition of produced waters will be-used to assess . -

~passible environmental impact of their disposal andvto-;::help"ﬂ.design-:disposal:vvells tominimize:

aling and plugging of host-rock permeability.‘
+-Finally, coal-rank data combined with net-coal thickness will allow estimates of the.amount of

srmogenic gas generated and thus available for resorption and conventional trapping in various

: parts of the basin. The compositional variability and isotopic composition of :coaligases can be used

determine coal gas origins and possible migration directions. The distribution of wet gas

camponents, liquid hydrocarbons, and waxes is a function of permeability' and hydrodynamics as

11 as rank and maceral content. Out of a better understanding of the nature and extent of bacterial

agtivity in coal beds may come strategies for bacterial removal of wax from production strings and

B mlicrobial enhancement of coalbed methane recovery Scott ( 1995).

o

«b
al
th

C

We think that a-detailed basin analys1s 1ncorporat1ng the coalbed methane producibility: model

- can confirm ornegate fairways and sweet spots in Texas basins that potentially have hrgher

alysis mvestlgatrons of the geology, hydrology, and geochermstry of the east-central Texas

clalbed methane product1v1ty Test drilling w1ll conﬁrm productlvrty In summary our basin

asins will:serve to-select falrways in these basms for further exploration and' development Above 7
1, the focus remains on dehneatmg interrelated geologic and hydrologic controls that determine

e economic feasibility of coalbed methane production. Successful application of advanced
pmpletion technologies and optimal site selection within a basin are hrghly dependent on these

pntrols.
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Drilling and Testing of Coabed Methane Producibility Fairway

Through targeting and drilling site-specific sweet spots in east-central Texas coal basin, in
collaboration with Texas operators, the coalbed methane potential may be realized. Data
accumulated and generated from the test sites will confirm or negate areas and zones of
extraordinary or limited coalbed methane potential. Extraordinary coalbed methane production will
require dynamic ground-water flow through coals of high thermal maturity (rank) and high gas
content orthogonally toward flow barriers accompanied by generation of secondary biogenic gas
and conventional trapping of migrated and solution gases along those barriers. The resulting
interplay will lead to high gas contents or even fully gas-saturated coals for consequent high
productivity. When flow barriers (regional hingelines, fault systems, facies changes and/or
discharge areas) are orthogonal to flow, the gas-gathering area is large and efficiently swept of gas
for trapping along them. In east-central Texas, conventional trapping in areas of upward vertical
flow potential will play a much more important role in coalbed methane production than may have
been previously recognized. There is subsequent to basin uplift and cooling a need for additional
sources of gas beyond that initially sorbed on the coal surface to achieve high production. Those
additional sources of gas are migrated conventionally trapped, secondary biogenic, and solution
gases. In other words, the parts of the basins with the best potential for drilling and development
should be those basinward of where outcrop and subsurface coals are in good hydraulic
communication for consequent generation of secondary biogenic gas, advective gathering and
transport of gas, and subsequent basinward resorption and conventional trapping, which promote
fully gas-saturated coals and high production. Importantly, the Wilcox Eocene sandstones are
known as important hydrocarbon producers along the Gulf Coast. Migrated thermogenic gases
may play a more significant role in coalbed methane resource development than previously
expected.

However, coalbed methane producibility maybe limited, for example, in areas or zones of

low permeability associated with hydrocarbon overpressure and mineral-filled or annealed cleats. A
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illing, exploration, and development program will illuminate such areas of limited coalbed
ethane potential. Moreover, permeability will also be reduced where maximum horizontal
mpressive stresses are perpendicular to face cleat orientations. Coalbed methane producibility

ay also be inhibited in areas of exceptionally high permeability associated with meteoric recharge.

Therefore, coalbed methane wells located near the outcrop belt, near water-saturated sandstones, or

along major fault systems favorably oriented to accept recharge may have excessive water

oduction. The presence of a dynamic ground-water flow system, ‘either present-day or

paleohydrologic regimes, :is critical : to-.exceptionally: high: coalbed. methane productionwhen.

nligration and conventional trapping of thermogenic gases have occurred in these basins. In these

enarios, where there is limited potential for coalbed methane production, it might be feasible to

mingle methane produced from coal seams with gas from conventional gas ' sands.

Co-production of coalbed methane along with conventional natural gas from the same borehole

uld offer a more cost-effective approach to recovering both sources of gas. Importantly, the

illing and testing program and application of the producibility model will provide the operators

with a rationale for future exploration drilling and development strategies.
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