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- GRI DISCLAIMER

LEGAL NOTICE. This report was prepared by the Geological Survey of Alabama as an account of
work sponsored by the Gas Research Institute (GRI). Neither GRI, members of GRI, nor any person
acting on behalf of either

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

b.  Assumes any liability with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.
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Geologic Evaluation of Critical Production Parameters for Coalbed Methane
Resources; Black Warrior Basin. , '

Bureau of Economic Geology, The University of Texas at Austin, GRI Contract No.
5087-214-1544. ' ' ‘

W. B. Ayers, Jr.; Project Manager, Geological Survey of Alébama, R. M. Mink.

August 1, 1987 - July 31, 1989

To develop a data base and understanding of structure, coal quality, sedimentology,
hydrology, and well productivity in order to determine the critical controls on the
occurrence and producibility of coalbed methane in Alabama and to characterize
the coalbed-methane reservoir. ‘ : :

Coalbed methane is a major potential source of domestic gas reserves. ‘Detailed
evaluation of the geologic, hydrologic, and production parameters affecting
coalbed-methane production in the Black Warrior basin of Alabama will lead to a
better understanding of factors critical to methane production. ’

Characterization of coalbed-methane occurrence and producibility in the Black
Warrior basin of Alabama indicates that geologic factors are the principal controls

on the occurrence and producibility of coalbed methane. Results of engineering

analysis indicate that application of completion and stimulation techniques may be

used to increase recovery once favorable well sites are chosen. Sedimentologic and

coal-quality parameters may be used to locate regions for coalbed-methane

development by characterizing the occurrence, rank, and grade of coal resources.

However, high-productivity trends within those regions are localized, and geologic

data suggest that productivity trends may be predictable on the basis of structural

and hydrologic parameters. Several highly productive trends occur along northeast-
oriented lineaments. These trends evidently are the surface expression of zones of

enhanced permeability which apparently are related to fractures. Productive trends

also are associated with areas of low reservoir pressure, and salinity maps indicate

that fresh water has migrated toward these areas from the southeast margin of the

basin. The available data indicate that structure and hydrology are critical

production parameters that may be used to identify favorable well sites within

regions containing significant, high-quality coal resources.

The study employed an interdisciplinary approach that utilized structural, coal-
quality, gas-composition, sedimentologic, hydrologic, engineering, and production
data to evaluate the geologic controls on the occurrence and producibility of
coalbed methane in the Black Warrior basin of Alabama. Structural analysis utilized

‘data from well logs, joints, cleats and lineaments to provide a regional structural and

tectonic framework and to relate structural geology to localized productivity trends.
Coal-quality and gas-composition data were evaluated to determine the controls on
the origin and occurrence of coalbed methane. Sedimentologic analysis was based
on data from geophysical well logs and was used to define a regional stratigraphic
and depositional framework for the study interval. Hydrologic analysis was based on
water-level, reservoir-pressure, and chemical data from wells and surface water and
was used to determine the hydrodynamics of the coalbed-methane reservoir.
Analysis of engineering and well productivity was based on completion and



stimulation data and included a statistical analysis of 11 key parameters to
determine the best measure of long-term productivity of coalbed-methane wells in
the Black Warrior basin. ‘
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INTRODUCTION
OBJECTIVES

An nntrlcate |.nterplay of geologlcal factors, lncludlng structure, coal quallty, sed:mentology, and :
‘- ,.,v;_»hydrology, determmes the occurrence and producxbuhty of coalbed methane To evaluate the: ,
N :relatlonshup between geology and coalbed methane a reglonal geologuc and hydrologlc frameworkf 3
"was defmed that udentlfxed the parts of the Black Warrlor basun of Alabama wrth sngmflcant coalbed-‘ : ,‘ :
i methane potentlal and the nature and dynamlcs of the coalbed methane reservonr

Thrs study employed an mterdlsclpllnary approach to charactenze the coalbed methane reservoir.- '

. Structural geology was analyzed to determine permeablllty trends and possnble migration pathways

‘Coal-quallty and methane-composntlon parameters were evaluated to determune the pattern of.

fmethane generatlon, mlgratnon and retentlon Sedlmentologrc analysts provuded a stratngraphlc and S

vdeposmonal framework for.the |dentnf|cat|on of areas havmg abundant coal resources. Hydrologlc

: analysns elucudated the hydrodynamlcs of the reservoir system and delmeated the relatlonshlp among

water chemlstry, reservoir- pressure and methane productlon AnalySIS of englneermg and"
’ productlon data was performed to define a short-term measure of the overall productmty of awell

~and to determlne the relatlonshlp between geologlc and engmeenng factors that affect the"

- .'pdeUCl.blllty of coalbed methane.

GENERAL BACKGROUND

Development of Alabama 3 coalbed methane mdustry began wnth thei |ssuance of the fll'St dnlllng

perrmts by the State Qil and Gas Board of Alabama in 1980. Slnce that time, coalbed methane has '
‘:5,‘developed into a vrable energy resource, and the Black Warruor basin now leads the- natuon m'./j el

o coalbed methane well completlon The Black Warnor basm is the only. coal basm m the eastern N

j:Umted States that contams abundant coalbed methane wells Hence thlS study is- partncularly

' _sngmf‘ cant because of the present interest in developmg the Appalachlan basm of West Vlrglnua,'

! Pennsylvama Ohro, and Kentucky (Kelafant and others 1987)

nfs 8



The establlshed coalbed methane flelds in Alabama are locatec

Warrior basm in Jefferson and Tuscaloosa C0untnes (ﬂg 1) Dn

consrderable expansxon may take place in commg years Ther

] in the eastern p‘art"of the B?Ia,ck, :
lmg is presently Iocahzed but.

<=fore the area chosen for thlS‘.'

mvestlgatlon IS the part of the Black Warrlor basnn of Alabama underlarn by the Pennsylvaman upper-

8 Pottsvrlle Formatlon whlch contams the pnnclpal coalbed methane 1

1986).

Cumulatlve productlon of coalbed methane in the Black Wamc

70 billion cubtc feet (Bcf) in only 8 years In 1981 coalbed methan
the methane produced :in Alabama and approxnmately 0. 04 p
production. In 1988, produ.ctlon from coalbed-methane operatlon

percent of the:'methane produced in the Black Warrior basin of

: percent of the state's total gas productlon

As of Apnl 31, 1989, 593 coalbed- methane wells were. producm

629 addmonal weHs were in vanous stages of drilling and testmg
: methane.wellsm the Black-warnor basin. Nrnety percent of the pro
is in B'r’oo}kwpo‘d ?a‘nbd Oak ,Grdve fields (fig. 1) where: there is a
between dnderground-m-ining and coalbed-degasiﬁcation% ef:f‘orts‘v
and others, 19189); exploration in areas .u'naffec,ted by‘undergroun

_ development.

REGIONAL GEOLOGIC SETT’IN

The Black Warnor toreland basm of northwestern Alabama and
rsouthernmost coal beanng basm of the Appalachran P|ateaus Coal.
the Iower Pennsylvaman Pottsvulle Formatlon whuch is the younge
,F‘Pott’sville of the Black Warrior basun crops‘ out. iny’ ‘m Alabama
Mississippi where the formati‘en isvoverlai‘n as"r‘nuch as v'6,0(;)0';‘te‘et p

‘the Mississippi Em.bayment. :

arget mterval (McFaII and others,’. :

'r basm of Alabama has exceeded‘
e represented only 0 1 percent of
ercent of the state S total gas"_

s totaled 20 Bcf or more than 28

Alabama andapprpxumately 1"

gin Alabama As of June 1, 1989 :
maklng a. total of 1, 222 coalbed-
ductlon in the Black Warrior basin |
mutually beneficial relationship
Epsman and cthers; 1988; Pashin

d mining is in the e.arly phases of

\

G
northern Mcss:ssappn (ﬁg 2) is the

resources are Iargely restncted to

st,PaIeoz'oiciunit‘ in the basin. The
_and is traceable westward into

f Cretaceous and Tertiary strata of
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Figure 1.--Index map of study area showing location of coalbed-methane fields.
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CEXPLANATION  © % |
/// PENNSYLVANIAN FORELAND-BAS!N STHATA

Figure 2.--R-_egional geol‘ogic setting of the,Blac'k

Tectonic Framework"
‘The Black Warfior basin is bounded on theféodtheast»by the
Appalachian’ orogen (f|g 2). In MISSISSIppI the Ouachlta orogen def

basin; however the Ouachltas are known only. from the subsurface

MESOZO!C AND CENOZOIC COASTAL-PLAIN STRATA

- ——n —

0. s0. . 100mi 4
0 5 100km

Warrior basin. .

Jalle’y a_nd Ridge pr‘d_vince‘_»of the
fines the southwest margin of the -

N this area (Thomas, 1985, 1988a,

b). The Nashwlle dome is north of‘the. Black Wavrnor basm, and.tt"_e :routcrqp limit of 'Pennsw‘yani‘én,v‘

sfrata i§ éommdniy considered the northér'n limit of ';‘H’e' baSih.

v The‘Bla‘ck Wafrior ’bas.in has been i}nterpreted td have",fdrm'ed fle
Alleghanian th,'rust«rlvoad‘s in the Appalachian and Ouac_hit’ia’ oroge
Hihes,, 1988); Therefbré,-applyihg ﬂ_exdral m‘odeis of forela'rii_d-basin‘

and B‘eaumoht, 1'984), the'Black Warrior"b‘_'asin. represents a flexural

2xurally in response to converging
ns (Beaumont and others, 1988;
formation (Jordan, 1981; Quinlan

moat that subsided in response to




the episodic emplacement of thrust loads. In contrast, the Nashville dome represents a peripheral
bulge, or interbasinal uplift, that narrowed during the emplacement of thrust'loads- and widened
toward the orogen during episodes of téctonic relaxation caused by a general cessation of thrusting
‘and by the erosion of those loads.

A major Mesozoic rifting event followed the Alleghanian orogeny and concomitant foreland-
basin formation; Pennsylvanian strata of the Black Warrior basin are overlain unconformably by
Cretaceous strata. Rifting resulted in southwest tilting of the Black Warrior basin related to rapid
subsidence of the Mississippi Embayment and the Gulf Coastal Plain. Extensional subsidence caused
the deep burial of the western part of the basin and the QOuachita orogen below the coastal plain,

thereby giving the basin its present configuration (Klitgord and others, 1983; Thomas, 1985, 1988b).

Stratigraphic and Sedimentologic Framework

The Pottsville Formation has been divided into two parts in Alabama (McCalley, 1900). The lower

part, or lower Pottsville, is dominated by quartzose sandstone and contains thin, discontinuous coal
beds that are mined-locally aﬁd have not been examined for their coalbed-methane potential. The
upper part, or upper Péttsville, contains numerous economic coal beds and the majority of Alabama's
coal resources (fig. 3). The major coal beds in the upper Pottsville are contained in stratigraphic
bundles called coal groups (McCalley, 1900); the coal-group concept has formed the basis of virtually
all stratigraphic subdivisions of the upper Pottsville (McCalley, 1900; Butts, 1910, 1926; Culbertson,
1964; Metzger, 1965).

Coal groups generally cap regressive, coarsening-upward sequences, or cycles (fig. 3). At the base
the cycles have as much as 350 feet of marine mudstone which typically coarsens upward into
sandstone. At the top of each cycle is the interbedded mudstone, sandstone, underclay and coal that
makes up a coal group. The cycles are easily traced in Alabama (McCalley, 1900; Bﬁtts, 1910, 1926),
and recent subsurface investigations indicate that most cycles can be traced throughout the Black

Warrior basin (Cleaves, 1981; Sestak, 1984; Hines, 1988).

nfe



' R UPPEF
SIPSEY . POTTSVILLE
e - STRATIGRAPHY
~ BROOKWOOD R ,
’ : T Coal Group
" UTLEY Sandstone .

o bistons

coBB

PRATT

GILLESPIE/CURRY

. Study
Interval

MARY LEE

BLACK CREEK <+—
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deposmonal cycles and study interval.

The Black Creek-Cobb interval is the principal coalbed-methane target in Alabama‘(McFal'I and

others, 1986) and is the focus of this study (fig. 3). In this study, the Biack Creek-Cobb. interval was

divided into five cycles which are, for the most-part, named aﬁTer the cabping{ coal groups. In
ascendiﬁg order, the cycles are named (1) the Black Creek,_ (2) the Méiy Lee, (3) the Gillespie/Curry, 4) .
the ﬁratt, and (5) the Cobbb.v The Gi.llespie)Curry éycle' i‘n‘vclvudes the |<>wér part of the; Pratt coal gfddp
(Gillespie and Curry beds of McCaHey,léOO).The Pratt coal group was su'bdiv"ided-'-t‘o reflect the
. genetic significénce 6f the cycles; subdivision of other cycles is possiblé_. The Gillespie/Curry cycle ivtself .
" may be treated as two cycles, because the coal béd's are trai:eable throu’ghéut the st‘udy area and are
ééparate_d bya thén int_erval of marine strata (McCalley, -190,0).' However, because the Curry cycle is
thin (generally less than 70 feet thi‘cbk)‘and is of limited significance ih coalbed‘-metﬁane exploration,

the two cycles were combined for this study.




Several workers have dlstrnguushed between Ilght colored quartzose sandstone and darker, lithic

sandstone in the Pottsvrlle (Ferm and others 1967 Hobday, 1974; Horne and others 1976; Cleaves N

and Broussard, 1980 Horsey, 1981). Quartzose sandstone is dominant in the lower Pottsvrlle but is

also present in some upper Pottsville cycles Because of hlgh porosrty and permeablllty, quartzose

sandstone forms potentral conventlonal petroleum reservorrs ln the literature, quartzose sandstone

is commonly referred to as quartzarenite, but the sandstone is better characterized petrographlcallyv

‘ as sublltharemte (Mack and others 1983; Raymond and others, 1988). Nearly all workers in Alabama

have interpreted the quartzose sandstone to have formed in beach-barrier environments.

Lithic sandstone is dominant in the upper Pottsville and is an integral part of the coal-bearing

intervals. The sandstone has a hi'gh proportion of argillaceous rock fragments and detrital matrix and

has been characteri‘z‘ed,-petrographically as lltharenite (Graham and others, 1976; Mack and others,
1983). Because of the argillaceous component, lithic sandstone has low porosity and permeability
(Rightmire and -others, l984) and apparently does not form conventional petroleum reservoirs.
Investigators have,traditionally interpreted the lithic sandstone to be deltaic un origin, but'Epsman
and others:(1988) mdlcated that alluvial deposrts also are present
Coal-bed geometry in the upper Pottsville is complex Whereas many beds may be traced for more

than 50 miles in outcrop (McCalley, 1900), other beds are drscontlnuous and split profusely (Horsey,

1981). Recently, Weisenfluh and Ferm (1984), Epsman and others (1988), and Pashin and others (1989) v

showed that splitting of coal beds may be related to synsedimentary fault movement. Additionally,
Epsman and others (1988) demonstrated the importance of autogenic sedimentary processes, such as

‘the development of crevasse-splay lobes, in determmrng the locatlon of some bed splits in Alabama.

Lnke the luthrc sandstone most coal in the Black Warnor basm has been attrlbuted to deltalc

. envrronments However ‘recent sedlmentolognc evidence rndlcates that many economic coal bedsin

“the Pottsvulle may have formed onan alluwal plarn (Epsman and others 1988).

The source of Pottsvulle sediment has been argued for many years Most workers have relred upon .

: 'petrographlc data (Graham and others, 1976; Mack and others, 1983) and paleocurrent data

(Metzger, 1965) and have opted for an Ouachita source to th‘e_sot‘Jthvvest or an’A’pp'alachian source to

L

niv 8
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the northeast. However, the Appalachians probably contributed some sediment from the southeast
i

during Pratt deposition (Sestak, 1984; Thomas, 1988a).
- STRUCTURAL GEOLOGY
|
INTRODUCTION
Compressional, extensional, and epeirogenic events have shapeLj the habitat of petroleum in the

Black Warrior basin. The basin has a diverse suite of tectonic struc}tures that includes folds, normal
\ ' '

faults, thrust faults, joints, and cleats. These structures may have a strong.influence on the occurrence
i

and producibility of coalbed methane.

Regio’nal structure of a basin controls burial depth which, %long with geothermal history,
determines how much methane may have bee}n generated during coalificatioﬁ. Regional structure
also affects the depth at which coal occurs and consequently how n}mch methane m-ay be retained in
coal following erosional unroofing of a sedimentary basin (JUntgen;\and Karweil, 1966). Additionally,
the distribution and openﬁess of fractures may play a major role in determining the pathways along

which coalbed methane may migrate. Therefore, the major objectives of this section are to synthesize
the available structural data to determine the structural controls on} the occurrence and producibility

of coalbed methane. o \

METHODS

i

A structure-contour map of the top of the Mary Lee cycle was dr’iawn using data frorﬁ density logs.
(fig. 4) to define the structural geometry of the coalbed-methaihe target interval in Alabama.
‘Numerous faults‘and folds_ are known from the Blac‘k Warrior basin that are> too subtle to'be shown at
the scale of a basin-wide structure-contour map. Therefore, an additional map showing the location
of folds and faults in the basin is presented; the map is based on (1)/reports and dockets on file at the
State Oil and Gas Board (2) maps that are on file at the Geological Survey of Alabama; and (3)

published reports (Ward and others 1984, 1989; Kidd, 1982; Epsrf1an,1'987; Raymond and others,

1988).
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Joint, cleat, and lineament orientation were mapped to analyze the fracture architecture of the
study area. Most of the joint and cleat data was compi’led;fromthe files of the -Geological Survey of
vAI‘abama'. Joint'and cleat-data are available only‘ from Pottsville loutcrops ahd‘uhderg‘round coa’l. .
'mines,vbe‘causefractures are scarcely exposed ih unconsolidated Cretaeeous and Ter‘tiary strata in t-he:
western partof the study area. To ‘characterize the spatial-variati‘on of fracture systems; the Pottsville
outcrop area was divided mto four quadrants Statlstlcal analysus of joint and cleat data utlllzed the - -

v methods for dlrectlonal data glven m Potter and Pettuohn (1977) |

A regional lineament map was made' using Landsat i |mages (scale 1:250,000). Li'neamen'ts on the
~ map include straight stream segments, topographic offsets, and tonal anoma?lies., To test the
relationship of Iineaments to geological features and’ productivity trends in Oak Grove field,
lineaments from‘ Landsat, Sidelooking Airbo‘rhe- Radar (SLAR), ort,hophotoqdads and aerial
photographs were determined. The lineaments were: then plotted on structural contour maps that

‘ also depict fracture patterns and the locations of hugh!y productive weIIs
REGIONAL ST»'RUCTURE'

Folds and Thrust Faults -

The structdrencontour map (fig. 5) indicates that Pennsylvanian/strata in the Blackbwarrior basin

of Alabam’a"dip toward the southwest at approximatelya70 feet per mile. Only a fevv‘v: major structures
are visible on the map because of the large contour interval of 300 feet. In the southeast part of the
_basin, the southwest dip is obscured by the. presence of some major northeast-trending'Appalachian :
strdct'ures |
Defmrtlon of the southeast margin of the Black Warrlor basin is tased on folds and thrust faults of

the Valley and Rldge province of the Appalachlans The basm is bounded on the southeast bylthe '

steeply dipping northwest hmb of the Blue Creek anticline and by the thrust»faulted northwest limb
. : |

of the Birmingham anticlinorium (figs. 5, 6). The Opossum Valley f‘ault, a major northeast-trending

thrust fault, cuts the northwest limb of the Birmingham anticlinorium and forms the northern part of

the southeast border of the Black Warrior. basin (Butts, 1910) (fi’g.‘ 6). Farther south, the thrust fault .
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' passes -into the BlueCreek .anticline, the axis of which has an approximate azimuth of 40’? in

"southeastern Jefferson and eastern Tuscaloosa Counties. Structural rellef of the antrchne locally,

i'exceeds 2, 000 feet (fig. 7) The Blue Creek synclme is located southeast of the Blue Creek antrclme e

and because the synclrne contams actively mrned upper Pottsvrlle strata, the structure is commonly

‘mcluded as the easternmost part of the Black Wamor basm

Along the southeastmargm of .the' Black Warrror basm the Pottsville locally dips as much as 70° to. -
the northwest Coal groups that are drllled for coalbed methane at a depth exceedmg 1 000 feet only 7

a few mlles to the northwest are exposed on the Blue Creek anticline. The Sequatchie antlclme is

located northwest of the basin margin, and the Blue Creek anticline and Birmingham anticlinorium

“are separated from the Sequatchie anticline by a broad, flat-bottomed structure called the Coalburg

~syncline (figs..5, 6). The Coalburg syncline contains numerous normal faults and mesoscale structures. -

For example, small-scale, northeast-striking thrust faults with atdisplacemen_t of approximately 1 foot

were- observed in underground mines within the syncline, and deformed coal banding is common

/(Epsman and others, 1988).-
The axis of the Sequatchie anticline (fig. 6) strikes approximately parallel to thevBirmingham

anticlinorium (35°-45°), plunges southwest, and verges toward the northwest. Northeast of the study

area, a major thrust fault forms the core of the anticline (Butts, 1926; Szabo and others, 1988). -

Displacement diminishes toward the southwest, and-in the study area, the anticline is a fairly simple

- open fold; the dip of both limbs typically is less than 10°.

The Pickens-Sumterv anticline occurs in the subsurface of southern Pickens County and northern

Sumter County (Thomas 1973) (frgs 5, 6) The Pottsvrlle is absent along the crest of the antrcllne

whrch has a maximum structural relref of 6,000 feet. Seismic data 1ndrcate that the antrclme is-a

thrust-ramp structure and that lateral displacement along the thrust fault is less than 1 mrle (William

'A. Thomas, personal communication, 1989).
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Figure 7.--Structural cross section of upper Pottsville strata in Brookwood field showing
~approximately horizontal isovols. Monoclinal fold axis from Epsman and others (1988).




Normal Faults

‘The Black Warrior basin is dominated by northwest trending, high-angle normal faults that

define a horst-and-graben system (fig. 6). Displacement of normal faults scarcely exceeds 200 feetin:

the‘eastern part of the vstudy ar.eay. Ndrfhwest of the Appalachian structures, structural contours
bdefine a fairly uni‘form southwest dip (fig. 5). In east Pickens County, however, several contours turn
sharpl&. toward the north, merking a hinge zone to the east of several major normal faults. The fauits
define a series of nerrow grabens in Lamar and Pickens Counties, and some faults have a throw
exceeding 1,000 ft. The southeast parts of the grabens are oriented northwest, but the faults turn
toward the west near the western border of the state.

Most normal faults in the eastern part of the basiﬁ have a sublinear trace. Some faults, however,
have an a_fcuate or sinuous trace, particularly the major faults in Lamar and Pickens Counties (figs. 5,
6). Diéplacement is typically greatesﬁ neer the central part ef a given fault trace and decreases toward
the terrﬁinj. Fault length and fault displacement increase tqward the southwest, and fault traces tend
to tufn west near Mississippi- Many faults in the Coalburg syncline have a more northerly strike than
in other areas, and most of vthe faults form a series of r’igﬁt-stepping horsts and grabens. Whereas
most:faults west of the Sequatchie anticline st‘rike northwest, only in westernmost Lamar and Pickens
Counties are any faults oriented due west. |

The structure map of the unconformable surface at the top of the Pottsville Formation (Kidd,
>1976) (fig. 8) indicates that the surface generally strikes uniformly northwest and that dip increases
toward the southwest. Structure contours parallel those on the Mary Lee structure map in the
. southwesternmost part of the study area, but the contours are generally oblique throughout the

“re’r‘nainder of the region (figs. S,~‘8). The map shows that upper Cretaceous strata in the western part

of the study area are not displaced by normal faults. Cross sections from Mississippi (Thomas, 1988a).

also demonstrate that normal faults in the Pottsville terminate at the unconformable surface.



16

(9461 PP Woij paljipow) co:.m::ou. 3]|1A51104 31 jO O} 3Y} 1B IeYINS |G WIOJUOIUN 34} JO dew JN0IUOD [eINdNIIS--'g aINBiy

T3A3T VIS NVaW NNiva
1334 00€ = TIVAHILNI HNOLNOD

1NIOd v1va

- NOLLYNVY1dX3

i
sialowoly 01 0

F——t—t—t—A
SOl Ot 0

HINTVM




17

J_oiﬁts

Two dominant jdint systems, systems A and B, are diScernibIé where the Pottsville crops out (fig.
| ; 9); e‘éth sy;tem thsisis of two déminént joint sets, sets | ande. Set’l j‘oints make up.the. master set of
each joint system; the joints are typically planar, vertically persisteht, and have a high consténcy ratio
(féble 1)..Set Il joints are fypically curved, Iess‘vérticélly persistent than set | joints, and commonly
terminate at intersections with set | joints. Joint sétsﬂ‘of each system generally are ovrth‘ogon‘al (Ward,
' 1977; Ward and others, 1984). Poor alignment of set Il joinfs is caused by curving jdiﬁt plénes, which
in places, are visible at outcrop scale. The peaks for set Il joints are poorly defined (fig. 9) and are in
places obscured by localized joint sets. Therefore, calculated vector means for set Il joints did not
reflect the orthogonal relationships observed inthe field and are notincluded in table 1.

Joint system A is largely restricted to the area southeast of the Sequatchie anticline (fig. 9) and is
densest in the vicinity of the axial trace. The dominant joint set (set |) of system A has a vector-mlean’
azimuth of 296° and a constancy ratio of 93 in each quadrant (table 1). These joints are
subperpendicular to the ;xial trace of the anticline and, as the tracé curves toward the south in west
Jefferson County,v joint orientation trends toward the west (Ward and others, 1984). Joint systerﬁ B
occurs west of the Sequatchie anticline. The dominant joint set (set |) of system B has a vector-mean
- azimuth of 48° in the northwest quadrant and 47°in ‘tHe southwest quadrant.

In Oak Grove field, joints of both sets in'system A are présent in equal abundance at a depth of
1,100 ft below the surface in the Qak Grove Mine. At the surface, however, northeast-oriented set |l
_joints are more abundant than in the mine (Epsman and others», 1988). In Brookwood field, northeast-
oriented joints constitute the dominant set at the surface but are scarce at a depth of 2,000 ft in the
Jim ‘Walter Resources No. 4 Mine. At surface exposures containing both no&hwest and northeast
joints, cross-cutting relationships are inconsistent. Some set Il joints in surface mines near the
‘souﬂ‘weast margin.of the study area are perpendicular to bedding in récks that dip as m’uch as 20°

" toward the northwest.
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Table 1.--Results of statistical analysis of joint and cleat orientation in the
Pottsville outcrop area

Number of Vector-mean Vector Constancy
readings azimuth magnitude ratio (%)
JOINTS
System A
NE quadrant  setl 203 ) 296 189 93
SE quadrant set! 153 - 296 © 142 93
System 8 .
NW quadrant setl 249 48 234 i 94
SWquadrant  setl 214 47 202 94
CLEATS
NE quadrant  facecleat 124 57 117 94
butt cleat 107 327 99 93
SE quadrant  facecleat 103 54 101 99
butt cleat 67 311 64 95
SWquadrant  facecleat 68 46 63 93
butt cleat 88 321 87 98 -
NW quadrant facecleat 120 55 17 98
butt cleat 95 320 91 96

'The maximum constancy ratio for.data restricted to a 90° range is 88.

In addition to the dominant joint systems in the Black Warrior basin, localized joint sets occur
along normal faults. The &iagnostic characteristic of normal-fault-related joints is that the joint
planes dip approximately 60°. Whereas most joints in systems A and B are oblique to normal faults,
fault-related joints generally parallel fault traces, and less commonly, are perpendicular to fault

traces.

Cleats
. Coal in the Black Warrior basin has a well-developed cleat system. The face cleat is perpendicular
to bedding, planar, laterally persistent, strongly aligned, and generally is evenly spaced. The butt
cleat is perpendicular to bedding and is more or less perpendicular to the face cleat. The butt-cleat
surface is typically irregular and commonly terminates at intersections with the face cleat.
Cleat fillings are fairly uncommon in the Pottsville outcrop area. Where present, cleat fillings are
patchy and occupy only a small proportion of the fracture system; they are generally developed on

the face cleat. Calcite is the most common form of cleat fill, aithough pyrite occurs at some localities.
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In surface exposures, reddish ferruginous stain and yellowish to wh:itish sulfate stain are common on
the face-cleat plane. Stained butt-cleat faces are scarce.

Face-cleat spacing varies regionally (McFall and others, 1986). ;Spacing is generally 0.2 inches-in
Jefferson County and 0.4 inches in Tuscaloosa County and southe%stern Walker County. The largest
regional face-cleat spacingis 0.6 to 0.75 inches in Fayette, Marion, arﬁd northwest Walker Counties.

Although two regional joint systems were distinguished, cléat orientation is fairly uniform
throughout the entire Pottsville outcrop area, and the constancy rétio varies from 93 to 99 (fig. 10;
table 1). The vector-mean azimuth of the face cleat varies from 46° tljo 57° among the quadrants and is
subparallel to the strike of the Valley and Ridge. The butt cleat is or#hogonal to the face cleat and has
a vector-mean azimuth ranging from 311° to 327°. |

A local fracture system is restricted to coal beds that crop out along the southeast margin of the
basin near the Blue Creek anticline. These fractures cut across and irj places obscure the regional cleat
system. Most of the fractures are perpendicular to the axial trace of the anticline, and a subordinate
set is parallel to the axial trace. The fractures attenuate rapidly to the northwest with increasing

distance from the Valﬂley and Ridge.

Lineaments

Lineaments pose an interpretive difficulty becausé they only rep;‘resent features that are visible on
the surface of the earth. Therefore, the geological significance of a given lineament is unknown
unless the associated geology is known in detail. The Landsat |ineanﬁent map (fig. 11) shows a variety
of northeast and northwest elements. Abundant northeast-trending lineaments occur along a trend
from Greene County to Oak Grove field in westernmost Jefferson County. Many of the most
productive coalbed-methane wells are located along this trend. Therefore, geological data were
compiled for parts of Oak Grove field where productivity trends coinéide with known lineaments.

In western Oak Grove field, faults, structure contours of the‘itop of the Mary Lee coal bed,

lineaments, and wells producing more than 300 Mcfd of methane!were plotted (fig. 12). Joint and
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Figure 12.--Structural configuration of the top of the Mary Lee coal bed and surface-fracture
orientation in a selected part of Oak Grove field, Jefferson County, Alabama (structure contours
from Epsman and others, 1988). ‘ ‘
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cleat data for Oak Grove field as a‘whole are also shown. The highly p‘rod’uctivieb wélls are located
directly on sohje major lineaments which caﬁ be related to structural f’Fatures in thé are_a; |

The closely spaced contours at the top of figure 12 depict the so_utherri terminus of thg
Sequatchie anticline. A narrow northeast-oriented syncline or graben is located in thé northeast part
of the map area, and the northwest margin of tHe structgre‘cvoinci jes with some Iifnea'ments. Field
check of the su‘rface 'expression of the lineament traces wasj hampered by §carce exposure; however,
dipping strata Were observed at or near-the lineament traces at three locations. Coél-bed geometry
and sandstone di‘stri‘bution in the Mary Lee cycle suggest ’that the méjor lineament trehd coincides
with a Paleozoic fault that is not apparent on the structure map (Epsman and others, 1988). Hence,
the lineaments appear to bethe surface expression of tectonic structures.
Reconnaissance of fracture systems and subsqrface mapping at the Gas Researchﬁ Institute's Rock

erformed to investigate the local

Creek site in Oak Grove field (Boyer and others, 1986) (fig. 13) was p

structure and to determine whether fracture orientation and densi
reached peak gas production. at 460 Mcfd. Several northeast-trendir
trace of the lineament near the P-2 well. Deterrination of fracture I

hampered because of scarce surface exposure, so it is difficult to det

ty vary near thei P-2 well, which
1g joints occur along the general
hatterns and fracture density was

ermine if the presence of several

northeast joints is a local anomaly.
| Structure contours.of the Pratt and Mary Lee coal beds show that, although thé Pratt is dipping.’
uniformly southeast on the east limb of the Sequatchie anticline, dip of the M‘ary‘ Lée indicates a
southwest-plunging anticline (fig. 13). The axial trace of the anticline is aligned with the SLAR
lineament which is located immediately southeast of the P-2 well. Because the stfucture has little
relief and is discernible only in the Mary Lee coalb bed, the anticline may be compactional rather than
layer-parallel compressional in origin. |
Two hypotheses may explain exceptional production from theP-2 well. One hypothesis is that an
abundance of northeast jointé along the Iinéament has increased permeability, ‘thus"facilitating'
methane productidn from the Mary Lee and Pratt coal groups. The other hypothesis is that

production may be related to preferential migration of methane toward the crest of the anticline,
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thus facilitating methane production from only the Mary Lee coal g

the anticline, but only the P-2 well, which is'closest.tg a lineam

ent,

roup. Several wells are located on -

has exceptiénal production.
[ L

Therefore, production of the P-2 well is probably due to increased pe}rmeability along the lineament. .

STRUCTURAL HISTORY

Alleghanian Orogeny

The principal Alleghanian structures in the eastern part of th

anticline, the Blue Creek anticline, and the Opossum Valley thrust

e basin include the Sequatchie

(fig. 6). Becausé the Sequatchie

anticline can be traced into a thrust fault, a decollement that ramped upward to form the Sequatchie

structure must be present beneath the flat-bottomed Coalburg syr

thrust féults and deformed coal beds within the syncline may be

rela;ted to the formation of the Appalachian orogen.
Synsedimentary movement of normal faults in Alabama duri

suggested (Weisenfluh, 1979; Weisenfluh and Ferm, 1984; Epsma

others, 1989), and new evidence based on sandstone distribution

later in this report. The structural cross section (fig. 7) shows thicken
side of a normal fault, thus providing further documentation of syns

predominance of horst-and-graben structure in'the Black Warrior bas

icline. Therefore, the small-scale
minor decolleménté and ramps
ng the Pennsylvanian has been:
n-and ‘others, 1588; Pashin and
and cycle thickness is presented
ng‘of cycles on tihe downthrown
edimentary fault movement. The

in of Alabama (fig. 6) indicates a

genesis related to extensional tectonics. In Mississippi, the faults clos:ely parallel the Ouachita orogen

and increase in displacement toward the orogenic front. Therefore,

interpreted. as a response to thrust loading in the Ouachita oroge

unclear whether initial development of normal faults was during

the faults have pre-Alleghanian precursors that were reactivated:

Structural relationships indicate that joint and cleat systems in

t

he extensional faulting has been
n.(Hines, 1988). However, it is

Ouachita orogenesis, or whether

the Black Wérrior basin have a

polyphase origin. Although cross-cutting relationships are inconsistent in many places, in the Jim

Walter No. 4. Mine, cross-cutting relationships indicate that, in that area, the coal cleat formed first,

followed by the northwest-oriented. set | joints, and then:by the

northeast-oriented set Il joints
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(Epsman and others, 1988). The coincidence of joint system A with the Coalburg syncline plu‘s the
orthogonal relationship between joint orientation and the axial trace of the Sequatchie anticline |
suggest that the joints formed during the Alleghanian orogeny or during post-Alleghanian
relaxation. Dipping joints that are perpendicular to bedding on some AlIéghanian folds indicates that
development of some northeast joints preceded folding.

Cross-cutting relationships, and the uniformity of cleat direction throughout the study area
suggest that cleats began to form before Alleghanian thrusting. The regional face-cleat orientaﬁon
in Alabama is unusual because the face cleat in the Appalachian basin is generally perpendicular to
Alleghanian fold axes (Nickelsen and Hough,1967; McCulloch and others, 1974). One interpretation is
that the regional cleat system forme‘d early in response to northeast-southwest layef—parallel
compression related to Ouachita orogenesis. The localized set of cross fractures on the Blue Creek
anticline apparently postdates the regional cleat system and probably is genetically related to the

formation of the Appalachian orogen (Murrie and others, 1976; Ward and others, 1984).

Mesozoic Rifting
Mesozoic rifting related to the opening of the Gulf of Mexico and subsidence of the Mississippi
Embayment is generally thought to be the principal cause of tilting and burial c;f the western part of
the Black Warrior basin (Klitgord and others, 1983; Thomas, 1985). Absence of Triassic and Jufassic
strata in the Black Warrior basin makes structural history during this time uncertain. Extensional
faulting may have continued during the Mesozoic, but normal faults have not displaced Upper
Cretaceous strata (figs. 5, 8). Thus, fault activity in the Black Warrior basin apparently ceased before

the Late Cretaceous.

Cenozoic Epeirogenesis
The Cenozoic history of the Black Warrior basin evidently has been dominated by regiovnal
erosion and the development of unloading joints. The orientation of unloading joints is controlled
either by a residual strain in the rocks from an earlier te;tonic event or by the orientation of the

maximum horizontal compressive stress axis in the contemporary stress field (Engelder, 1985).
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- Development of a northeast-oriented compressional stress field

may have caused formation of the western joint set. However, scarcit
‘underground mines (Epsman and others, 1988) suggests that man

structures that can be relyated to the modern compressional stress field

“Perhaps an Ouachnta stress fleld caused initial formation of the nort

'}e,lated to Oua'cf'\ite».orogenesis
y of northeast-oriented joints in
y_of the,joints iarer unioading ,

recognuzed by Engelder (1982) |

heast Jomt set and the similarly

oriented modern stress ﬁeld influenced the development of unloadmg jomts Dewatlon of the

dominant joint orientatlon at the surface in Broo.kwood.fxeld- from tf'we 'contemporary east-northeast

stress by as much as 30° may be explained by residual strain controllin

variation of the stress vector.

IMPLICATIONS FOR COALBED-METHANE EXPL‘OR_ATI
The contemporary tectonic stress field .may be a factor ivnﬂuen:ci
in the Black Warrior basin. Northeest-trendihg‘zones of eréwhanced

production map in several degasifi‘cation fields of the Black WarriOr

g frecture orientation or by local

ON AND PRODUCTION

ng coalbed-methane production

production occur on the peak-

‘basin (figs: 124143). A'Ithough the

fields are too new to justify. conclusive: mterpretatlons of the productnon data, the occurrence of

northeast trends suggests.that northeast-onented structures may control zones of enhanced'

permeability and "producti\nty in the basin. .

The modern maximum horizontal co‘m'p‘ressive étress»:at ':the Jim
Brookwood field is oriented east-northeast (Park and others, 1984)’. I
wiith the loca! rﬁaximum horizpntal ?:ompressive stress and are

conditions at the point of fracture. Induced fractures in Brookwood'

to east-west'(Epsman and others, 1988) in agreement with iPark anc

‘data are scarce in Oak Grove field, induced fracture azimuth is af

others, 1988).

A methane well drilled approximately 1 mile from thelpresent

Walter Resources No. 4 Mihe‘ in -
nduced fractures generally align
_t'herefore indicators of stress
held are onented east-northeast
d others' (1984) work Although )

:proximate|y 70;° (Lambert and

mine boundary produced more

than 900 Mcfd for a ti'me,v;o'ne[of the highest coalbed-methane ’pr'oduction rates recorded in the Black |

Warrior basin. This welbl has been referred to as the "glory hole" t

yecause of its anomalously high
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production. The glory hole evidently penetrated a fracture zone orﬁented at an azimuth of 82°, and
. ‘ \ :
gas production peaked after the advancing mine face intersected the fracture zone and caused rapid

dewatering (Epsman and others, 1988). The producing fracture zone was defined by lineaments
: 1

mapped from aerial photographya Alignment of the proddcing §fracture zone with the axis of

maximum horizontal compression as determined by Park and others (1984) suggests that
investigation of the relationship between current crustal stress and methane productivity on a site-

specific basis may have merit. !

Because stains and fillings are locally present on the face cleat, t‘be face cleat evidently conducted
fluid and was thus open at one time. Engineering tests at the Rock :Cre‘ek site revealed that j:he cone
of depression developed by dewatering of the Pratt coal bed is elojngate in the face-cleat direction,

-but other beds did not show a similar pattern (Boyer and others, 198$). Even so, the Rock Creek results
demonstrate that the face cleat can be an important avenue of ﬂuiid transmission in coal, and some

lineaments associated with high productivity are nearly parallel ";co the face cleat (figs. 12, 13).
However, the northeast face cleat is present at virtually all lociations (fig: 10), wher_easrrhigh-
productivity trends are localized (‘fig. 14). Therefore, enhanced m;thane production is apparently
related to locally increased permeability. The relationship .of prodL:xctive trends to structure in Oak
Grove field (figs. 12, 13) indicates that examination of lineament pat’éerns may be useful in identifying

zones of enhanced permeability. . |
In Oak Grove field, methane production is low in an:area cc:ntaining numerifous northwest-

trending faults, whereas production is exceptionally high along nodheast-striking structures (Pashin
' . ‘ :

and others, 1989). If highly productive trends are caused by northeasi—oriented fractures, why are the
[ i

abundant northwest fractures unproductive? One explanation is that the northeast-oriented

\
compressive-stress has closed fractures oriented perpendicular to tf“we stress vector and has opened

. . . ‘ _
fractures oriented parallel to the vector. Hence, permeability may be‘hagher along northeast-oriented
fracture zones than along northwest-oriented fracture zones. Additionally, faults cut coal beds, and

most wells in Oak Grove field have been completed in a single zone. }Fault discontinuities in coal beds

limit the areal extent of the available coalbed-methane réservoir.‘iTherefcre, the effect of fault-
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1
related reservoir discontinuity may be strongest in single-zone wells because only one coal bed or

group is targeted for fracture treatment.
COAL QUALITY AND GAS COMPOSITION -

INTRODUCTION

Understanding coal-quality parameters is of utmost importance in the exploration for cdalbed
- methane, because rank and grade determine how much methane may have been generated and
retained by coal. A significant amount of catagenetic methane is not generated until coal reaches
bituminous rank (Juntgen and Klein, 1975), and high ash content may have an adverse effect on
methane retention in coal (Close and Erwin, 1989). The effect of sulfur on thé occurrence and
producibility of coalbed methane is presently unknown, but high sulfur content may adversely affect
the quality of methane and production water. Analysis of gas composition may verify that the
methane was indeed derived from coal (Rice and others, 1989).

Few regional studies of rank and grade trends in the Black Warrior basjn have been made
(Semmes, 1920, 1929; Culbertson, 1964; Murrie and others, 1976; McFall and others, 1986), and a
general synthesis of all the available data is lacking. Gas-composition data obtained from
conventional and coalbed-methane reservoirs in the Black Warrior basin were used to determine the
origin of the gas. The principal objectives of this section are to present a regional framework of rank,
grade, and gas-composition parameters in the Black Warrior basin of Alabama and to relate these

parameters to the occurrence and producibility of coalbed methane.

METHODS
Maps of volatile matter (dry, ash-free), Btu content (moist, mineral-matter free), ash (dry), and
sulfur (dry, ash-free), were prepared for coal groups of the Black Creek-Cobb interval. A map of
vitrinite reflectance in the Mary Lee coal group was also prepared. Sample localities for chemical
analyses are from throughout the Pottsville outcrop area (figs. 15-19), and data for the Mary Lee and

Pratt coal groups are particularly abundant. Volatile-matter, Btu, ash, and sulfur values are available

nm »
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for nearly all data pornts Where analyses from more than one coal. bed in a coal group were ‘
available, the average value was plotted for each rank parameter Localltres of new vatnmte-
reflectance samples are mostly from the Pottsvvlle outcrop area:

For grade parameters more specifically ash and sulfur content only data from selected coal beds
in the Black Creek, Mary Lee, and Pratt coal groups were used. In the Black Creek group, data from |
the Black Cr'eek, Jefferson, and Murphy coal beds of McCalley (1900) were used, and ’in the 'Mary Lee

~ coal group, data from the Mary Lee and Blue Creek coal beds were used, although a separate map of
sulfur content in the New Castle coal bed was also prepared In the Pratt coal group, data were
mapped for the Pratt, American, and Nickel Plate coal beds. Although some anomalously_hlgh ash
and sulfur content values have been reported, no contours depictin‘g more than 18 percent ash or 6
~ percent sulfurwere drawn on the maps. |

Coal analyses used in this report were provided by coal-mining companies to the Geologlcal '
Survey of Alabama or were obtained from the Natlonal Coal Resource Data System (NCRDS) operated‘
by the U.S. Geologlcal Survey: The publlshed analyses of Fleldner and others (1925) Shotts (1956
1960), and Fanning. and Moore (1989) were used for. areas w-here other data are scarce. Localnty
information for many of those analyses is inadequate, but most of the analyses could be assigned to a
’ specific mine. | |

vThemethod by which coal is treated before‘analysis greatly influences analytical results. Some
investigators use heavy-liquid separation to divide coal into fractions ‘of differing density bef:ore
analysis; density of the cleaned coal typically ranges f_rom <1.50 to <1.65 g/cc. Many of the NCRDS
analyses were made usmg uncleaned coal. . |

Mean—maxlmum vitrinite reflectance was measured usmg standard procedures (Stach and others,
1982; ASTM standard D2798-8S).‘Vitrinite-reflectance measurements were made us‘mg channel and
column samplesof coal »from outcrops and _'mines and coal cuttings from oil and gas wells; some
measu‘rements were compiled from various published an.d .unpublished sources. Several

' -measurements come from’coalgroups other‘than.the Mary Lee; vitrinite reflectance at the level of

the Mary Lee was estimated from these data. In many places, the coal-group identification given by



- 38 '
fhe original authors was incorrect. Using geophysical well logs, the Lorrect stratigrap‘hic position was
determined. Additional vitrinite-reflectance data have been publnshed by Hildick (1982), Robertson
Research(U.S.) Inc. (1985), Hmes(1988), and Geochem Laboratorles(1986)

A vitrinite-reflectance profile was made in the area of high-r‘ank coal using-data from a core
drilled by Jim Walter Resources, Inc. Other vitrinite-reflectance profi;jes have been made by Robertson
Research (U. S.), Inc. (1985), Geochem Laboratories (1986), jand Hines (1988). Telle ahd others (1987)

| :
have published estimates of paleogeothermal gradientibased on vitrinite-reflectance profiles.

However, the profiles themselves have not been published. :

RESULTS |

Rank =

Coal rank in the Black Creek-Cobb interval ranges from low-volatile bituminous to high-volatile.C
\

bituminous; and-all coal groups-have a similar.rank pattern (figs. 20-58; table 2). The highest rank.coal

(lowest volatile-matter content) in the Black Warrior basin occurs along the. Tuscaloosa County-

Jefferson County border in the Coalburg syncline immediately nortﬁxwest of the Blue Creek anticline.
|

In the Black Creek, Mary Lee, and Pratt coal groups, the coal is of low-volatile bituminous rank (figs.

1

: . | . o .
20-22). However, in the Cobb coal group, the coal is only medium-volatile bituminous in rank (fig. 23).
Volatile-matter content increases sharply by approximately 6 percent to the southeast across the

the northwest limb of the Blue Creek anticline (figs. 6, 20-23). This trend is partlculariy conspicuous in

the Mary Lee coal group because data are particularly abundant (fig. 21). The trend also is visible in
the Pratt coal grodp but is less well defined owing to a paucity of cijiata (fig. 22). The structural cross

section shows that the isorank lines are subhorizontal and are oblique to bedding in the anticlinal

A |
limb (fig. 7). |

The northeast and southwest boundaries of an area with anomalously high rank in Tuscaloosa

and Jefferson Counties can be defined by two straight lines that ex1‘:end into Walker County (fig. 21).
|

. o ‘ | ‘ .
Between the two lines, Volatile-matter content is generally 3 to 8 percent lower and heat content is

approximately 400 Btu higher than in adjacent areas. The northeastern line extending from Jefferson
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Table 2.--Abbreviated rank classification of bituminous coal

Btulb Percentvolatile || ~ Approximate
Rank (m:\mf) matter percent vitrinite

(dmmf)? ‘ reflectance?
Low volatile 14-22 1 15-2.0
Medium volatile ‘ 22-31 l 10-1.7
High volatile A <14,000 >31 ! 06-12
Highvolatile 8 13,000- 14,000 >31 \ 0.5-0.8
High volatile C 11,000 - 13,000 >31 . 04-07

' From ASTM Standard D388-88.
2 From Damberger and others, 1984.

County to Walker County is aligned with the southwest margi‘n of the Bessemer cross-strike structural

? ‘ o
discontinuity (CSD) of Thomas and Bearce (1986) and may define an ‘extension of that discontinuity

into the Black Warrior basin. The southwestern line stretching from Tuscaloosa County to Walker

. ‘ . .
County, however, does not coincide with any known structural feature. This rank pattern is
|

discernible in all coal groups and is especially evidentin the Mary Lee a;nd Pratt groups (figs. 21, 22).

No chemical analyses are available for Pottsville coal below thick dretaceous overburden; theonly

available rank information is vitrinite reflectance (fig. 28). Most coal in the Mary Lee coal group is of

“high-volatile A bituminous rank. However, the lowest rank coal in the Black Warrior basin of Alabama

has an estimated high-volatile C bituminous rank and occurs in Flayette and northeast Pickens

| \
Counties. A single vitrinite-reflectance value indicates that mediuim-volatile bituminous coal is

present in northern Sumter County. ‘ ‘
|

Grade 1
As with rank, most coal groups show similar geographic pattern{ of ash and sulfur content. The
| ]

Black Creek group, however, has a unique grade pattern. A belt of Ibw-ash coal occurs in the Black

Creek coal group that is approximately 20 miles wide; ash content 1§ commonly less than 6 percent
(fig. 29). Ash content in the Mary Lee through Pratt coal groups ten<‘is to be leastin a belt 10 to 15

miles wide along the southeast margin of the study area (figs. 30-32). In this belt, the ash content of

. |
most coal groups is commonly less than 12 percent. j
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In the Black Creek coal group, a high-ash belt containing coal with ash content higher than 6
percent occupies most of Walker County anc; extends southwest into eastern Fayette and northern
Tuscaloosa Counties (fig. 29). In the Mary Lee through Cobb coal groups, a belt of high but variable
ash content approximately 15 miles wide occurs immediately northwest of the low-ash belt (figs. 30-
32). However, the high-ash belt is only approximately 5 miles wide in the Pratt coal group. Ash
content is locally more than 18 percent in the Mary Lee coal group and is more than 12 percent in the
Pratt and Cobb groups. THe belt widens toward the west, but mucﬁ of the data from the western part
of the belt are from NCRDS files and may thus represent the differences in coal treatment mentioned
earlier.

A third belt characterized by moderate ash content is located northwest of the high-ash belt (figs.
29-31). The Black Creek group generally has ash content less than 6 percent in outcrop, and some coal
with more than 12 percent ash is present in eastern Fayette and northern Tuscaloosa Counties. Ash
content in the Mary Lee coal group is generally 12 to 18 percent (fig. 30), and ash content in the Pratt
coal group (fig. 31) is quite variable. The moderate-ash belt is not identifiable in the Cobb coal group
(fig. 32).

The regional pattern of sulfur content can be divided into 3 belts that generally coincide with the
ash-content belts (figs. 33-37). Sulfur content is generally quite low in the low-ash belt, establishing
the area as a high-quality coal belt. The pattern of sulfur content in the Black Creek coal group differs
greatly from that of the Mary Lee through Cobb coal groups; Black Creek sulfur content is lowest
near its outcrop area in the northern and eastern parts of the study area (fig. 33). In the Mary Lee
group, sulfur content is typically less than 1 percent (fig. 34), and in the Pratt, and Cobb groups, sulfur
content is typically less than 2 percent (figs. 36, 37) in the high-quality belt.

The high-ash belt also contains coal with high sulfur content, establishing a low-quality coal belt.
sulfur content is consistently more than 2 percent in the Pratt coal group (fig. 36) but is variable in the
Mary Lee and Cobb coal groups (figs. 34, 37). However, data from the Black Creek group are scarce

(figs. 15, 33).

afe »
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The moderate-ash belt contains coal with variable sulfur content, establishing an intermediate-
quality coal belt. Sulfur content is generally less than 2 percent in the Mary Lee coal group (fig. 34)
and is ge‘nerally between 2 and 3 percent in the Pratt coal group (fig. 36). In the Cobb coal group, the
intermediate-quality belt cannot be distinguished from the low-quality belt (fig. 37).

Because the New Castle coal of the Mary Lee group is the only coal bed proximally overlain by
marine strata for which abundant data were available, sulfur content was mapped separately to test
the relationship of sulfur content to marine overburden (fig. 35). Although sulfur content is
commonly greater than in the other beds of the Mary Lee group, sulfur content is locally less than 3
percent in the high-quality belt. However, the low- and intermediate-quality belts are

indistinguishable, so the regional sulfur pattern for the New Castle is similar to that of the Cobb coal

group.

Gas Composition

Methane in the Black Warrior basin of Alabama may be divided into three groups on the basis of
isotopic variation (813Cy) and ethane (C;) content (fig. 38; table 3). Gas from Mississippian
conventional reservoirs, which are located in the deep subsurface of the western part of the study
area, is characterized by a narrow range of isotopic variation and has a considerable ethane
component. All of the Mississippian samples have §13Cy values between -47 and -50 parts per
thousand (ppt). Two samples have a C; content of more than 3.5 percent and define one group,
whereas the remaining four samples have C; values ranging from 0.3 percent to 2.5 percent and
define the other group. Distinction between the two groups of Mississippian gas does not represent a
compositional discontinuity and is intended only to reflect difference in origin.

Coalbed methane has a different signature from the conventional gas (fig. 38; table 3). Coalbed
methane is characterized by a wide range of §13Cy values, and C; values are less than 0.3 percent.
Whereas the gas from Brookwood field has §13C; values ranging between -41 and -46 ppt, the gas

from Oak Grove and Deerlick Creek fields have a wide range of §13C; values rahging from -44 to -54
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RESULTS OF METHANE ANALYSIS

‘ 8
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3.5 ‘,/ SOURCE . L : I
. . |
3] : O DEERLICK CREEK (coalbed methane)
o 2.5 I\ COMBINED [0 BROOKWOOD (coalbed methane)
o 4~ SOURCE A OAK GROVE (coalbed methane)
R s O MISSISSIPPIAN (conventional gas)
_ =1 HUMIC !
1] SOURCE |
5. [ }
o]

|

Figure 38.--Scattergram showing ethane content and isotopic variaﬂion of gasin the Black Warrior

basin of Alabama (unpublished data, courtesy of Dudley D. Rice, U.S. Geological Survey).

ppt. One data point from Oak Grove field has an anomalously high ;Cz content and has a §13C; value

similar to the-Mississippian gas.
DISCUSSION

Nature and Timing of Catagenesis

Gas-analysis data indicate that Mississippian gas and coalbed m@thane in the Bla;:k Warrior basin
of Alabama are derived from different sources-(fig. 38). The hi_gh CZ} content of the Mississippian gas
ir‘\di_ca‘tes a large contribution of gas from oil-prone, sapropelic kerogen, and somev Mi}ssissippian gasis
associated with oil (Rice and others, 1989). However, the Iow G, conrent of some sarﬁples indic.ates a
major contribution from gas-prone, humic kerogen in some Mississiﬁppian reservoirs.: Rice:and others
(1989) suggested that the conventional gas was derived fror‘ﬁ Missis;ippian shale uniics which cdﬁ;cain
asignificant amount of sapropelic material. }

The low C; content of the coalbed methane (fig. 38; table 3)§is indicative of a humic source.

Therefore, coal in the Pottsville is the probable source of coalbed methane in Alabama; this

hypothesis is supported by the rank data. However, the anomalous; C, content of one sample from

|
|
i
|
|
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Table 3.--Gas-analysis data'’

omber | Location ?;:pct‘) .'(SA;) (E/ﬁ) : (E/f,y 1 EEA‘:) r(‘;:)
104870 - | Deerlick Creek | -45.45 95.86 0.06 0.02 0.08
10472 -44.55 9991 | 02 1oL -
10873 o -47.33 99.95° o - - -
10474 - v | -a9.21 95.62 R R R
10477 ‘ 47.82 99.89 01 10 a3 -
10478 B 4742 | 9930 | 33 22 - -
10479 | Mississippian -47.10 9851 CER 31 02 001
10480 | 4719 9664 | 3.03 25 02 -
10481 -49.77 9734 2.28 29 02 0
10482 | 4925 |- 98.40 137 16 01 01
10486 -49.21 94.61 421 78 08 08
10887 | -49.17 90.14 4.01 74 07 08
10488 Brookwood -45.15 99.75 .02 - - -
10489 -44.67 99.72 10 - - -
10490 ' -42.20 99.83 08 09 - -
10491 ' 4186 | 9992 08 - - -
10492 4977 | 99.94 - - -
10493 ' -51.02 95.03 - - - .-
10494 Oak Grove -47.60 95.99 378 - -
10495 S -47.79. 99.94 01 - - -
10496 : -49.26 99.93 01 - - -
10497 | - -46.60 99.93 - - -
10498 ' -49.22 95.05 - - - -

! Data courtesy-of Dudléy D.Rice, U.S. Geological Survey.

Oak Grove field suggests. local migration of gas from a Mississippian source. If this is indeed thé case,
| _the‘n some coalbed-methane réservoirs in the upper Pottsville may reflect -a corﬁbination of
i ad;érbtioﬁ of migrated gas onto coal and the fracture-enhénced permeability thaf allowed migration
‘to occur. |

On a basin-wide scale, coal rank is difficult to relate to regional structural trends. Howéver, the
‘decrease in rank to the southeast across tﬁe northwest limb of the Blue Creék anticline in-the high¥

rank area can be related directly to’'structure. Because the isorank lines are subhorizontal and do not
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‘ ~ parallel bedding on the anticline (fig. 7), coalification evidently postdated or occurred during the late

stages of folding in the high-rank area.
Votnmte-reﬂectance data indicate that rank mcreases southwes1

in Sumter County (fig. 28). These data are from the deepest part

to medium-volatile bituminous

of'the Black Warrior basin in

Alabama and are from a thrust sheet (fig. 6). Although aisouthwest increase in burial depth may

explam the hlgh rank, structural compllcatlons in Sumter ‘County
interpreting the data solely in terms of burial depth..

Structural relief equivalent to the northwest limb of the Blue Cr
to explain the decrease in coal rank t_o the no‘rtheast and southwest 0

and Tuscaloosa Counties in terms of burial depth. Because rjo such s

require that caution be used in

eek anticline would be required

S

f the high-rank area of Jefferson

tructure exists (f@ig. 5), this trend

may have been caused by a local increase in the paleogeothermal gradienti, Perhaps high

paleogeothermal gradient was related to‘high,fracture density .in tt

e high-rank area (fig. 21). High

fracture density may have enabled upward movement of hot fluid. thFreby enhancmg the: catagenetlcv

process. However the driving mechanlsm for the flund is unclear Gra‘vrty and magnetlc data show no

evidence for anigneousintrusion that may evxplamvthe rank anomaly. ‘

‘The age of the principal catagenetic events in the Black Wa
estimated. Because the Blue Creek anticline apparently was present k
associated with the high-rank area of Tuscaloosa and Jefferson Cour

was attained after Alleghanian thrusting. However, definition of

apparently preceded thrusting. Because cleat does not begin tg

coalification was probably well under way throughout thev stud'y area

ngnitic plant ’debris have been reported from the Late Cre.taceo
unconformably on the bituminous-coal-bearing Pottsville Formatio
discontinuity indicates that coalification of the Pottsville had cease
Hence, catagenesls in the .Black Warrior basin evidently occurred i

orogeny and perhaps Early Mesozoic extensional tectonics.

rrior basin of Alabama can be
>vefore th:ve’ main therrnal episode
ties, maximum rank in this area
the regional cl;eat orientation
> form until ‘th{e lignite stage, -
by the Alleghaman orogeny
us Tuscaloosa Group whnch rests
n (Stephenson, 3926). This rank ‘
d before Tuscaloosaiv deposition.

n response to the Alleghanian
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Controlson ‘COal"Gra'de

Development of dlstmct belts of coal grade in the Pottsvnlle suggests that a perslstent geologucal BT

' feature controlled ash and sulfur. content ona reglonal scale However the ongln of thls relatlonshrp

‘ s unclear The hlgh sulfur content of the New Castle coal bed can be related to marine sedumentatron S

: An assoclatlon of hlgh -sulfur coal with marine overburden has long been known (erhams and Kelth :

, 1963), so mfnltratron of marine water into peat followrng marme transgressron may be the pr| ncnpal e

' source of sulfur in the New Castle.

IMPLICATIONS FOR COALBED-METHANE EXPLORATION AND PRODUCTION

Methane has‘been prOduced-from the Mary Lee coal group inareas .containing coal with 'less»than v |

>3? percent volatlle matter, which conncrdes with the approxlmate Iower llmlt of magor catagenetucv

methane generation (Juntgen and Klein, 1975) Hence, |n|t|al exploratlon efforts should concentrate
~.on areas contalnrng coal with a volatlle-matter content of less than 37 percent.

In southern Walker County, volatrle—matter content of the Mary Lee coal group is less than 34

percent (fig. 17). This area is now bemg explored for coalbed methane. The Black Creek coal group is

deeper than 1,000 ft in part of this area, so a srgnlfrcant amount of methane may be retalned inthe -

" ".coal. Another area of i‘nterestvfor_coalbed-methane development is in southern Tuscaloosa Cou-nty'
* where the Pottsville is overlain byCret"aceous deposlts. Little information is available about coal rank
in this area, bUt‘vitrinlte-reflectanCe'Idata"indicate that the rank of the Mary Lee coal group is high-

»volatile A bituminous and that the coal has a volatile-matter content of approximately 35 percent. A

o vrtrlmte—reflectance measurement of 0 86 from the Carrolls Creek field corresponds to a volatile-

matter content ‘of about 37 percent Wthh suggests marglnal coalbed methane potentlal Two
~ coalbed- methane wells completed in the Mary Lee coal group in Carrolls Creek fleld produced only 9
.» and 39 Mcfd of gas in initial tests. The medlum-volatlle bltummous rank of coal in Sumter County is
favorable for coalbed- -methane productron however, the coal occurs at a depth of more than 4, 000

feet.
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~ Coal grade may be an important consideration in the _eXpIoratior

volatile-matter content. Because ash content is inversely related to

and Erwin, 1989), high-ash resources may have reduced potential. 1

coincides with an area of high volatile-matter content, so resources ms

’ SE-DI_M’ENTOLOGIC’ANA;LYSIS .

'INTRODUCTION -

Several detailed subsurface syntheses of upper Pottsville sediment

have been made using well logs from conventional petroleum we

" Womack, 1983; Sestak, 1984;' Hines, 1988; Thomas, 1988a). Howev

" drilling for coalbed methane in Tuscaloosa and Jefferson Coun

of areas where coal has a hngh
methane content in coal (Close
The -Iow-quahty coal 'belt_ partly

3y be limited in this area.

ation in the Black Warrior basin -
Is (Cleaves, 1981 Thomavs and
er, the advent of wndespread -

ties has provided a wealth of

subsurface_'data' for the southeastern part of the basin where little data was préviiously available.

‘Although the distinction between quartzose and lithic sandstohe- has

been stressed inioutcrop studies

(Ferm and others, 1967; Horne and ‘athers, 1976)', investigators have not distinguished: the two

sandstone types in the subsurface. Furthermore, cyclicity has long

salient characteristics of Carboniferous coal measures (Udden, 1912; V

and Willard, 1989), but studies of the upper Pottsville in Alabama

regional genetic cycles.

This study represents an attempt to take new data into account 3

lithic sandstone in the subsurface. The primary objective of this inv

based stratlgraphm and sedimentologic framework to aid m the exp

been known to be one of the
Veller, 1930; Heckel, 1984; Klein

1ave not stressed recognition of

\nd to distinguish quartzose and

%stigation is to deve_lop a cycle- -

|orat|on for coalbed methane in

the Black Warrlor basin of Alabama Because of new data from coalbed methane weIIs and a new

approach to log interpretation, the depositional model presented here contrasts mayrkedly with that

of earlier investigators.
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METHODS

Density logs are available for wells in a large part of the Black Warrior basin of Alabama and"

provide the principal data base for regional investigation of the Black Creek-Cobb interval (fig. 4).
Four rock types were distinguished using density logs on the basis of variation in the gamma-ray,
density, and neutron-porosity signatures (fig. 39). The rock types are (1) coal, (2) mudstone, (3) lithic
(nonporous) sandstone, and (4) quartzose (porous) sandstone.

Coal is distinctive on well logs because of low density and low gamma count (fig. 39). Because
mudstone contains the highest proportion of clay and mica of any rock type in the Pottsville, it has a
moderate to high gamma-ray count. Lithic sandstone is characterized by a low gamma count, and the
density and neutron curves do not cross owing to a lack of porosity. Quartzose sandstone has an
extremely low gamma-ray count, apparently because of a lack of clay minerals, and the density and
neutron cﬁrves cross because the sandstone is porous; crossing of the curves is the distinguishing
feature. Whereas quartzose sandstone typically has a blocky log signature, lithic sandstone has a
variable signature.

Although the distinction between lithic and quartzose sandstone is based entirely on density-log
characteristics and therefore reflects porosity rather than composition, the terms lithic and quartzose
are used as facies terms that indicate quartz and clay content. Because of time constraints, samples
and cores were not examined to verify the petrographic implications of this'distinction, although
examination of drillers logs seems to verify the hypothesis. Stratigraphic evidence argues strongly for
recognition of lithic and quartzose sandstone on the basis of log characteristics because, as a rule,
quartzose (porous) sandstone occurs only in the stratigraphic intervals where it has been described in
outcrop by previous workers (Shadroui, 1986; Raymond and others, 1988). Furthermore, most
sandstone in the lower Pottsville, which is known to be dominated by quartzose sandstone in
Alabama, has the same log signature as what is interpreted as quartzose sandstone in this study.

To determine stratigraphic relationships in the Black Creek-Cobb interval, seven cross sections

were made using the top of the Pratt cycle as a datum (figs. 4, 40-46). Next, cycles were defined on the
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Figure 39.--Sample geophysical log depicting the relationship betwe.%en log signature and lithology. _
| .
i

J

basis of a thick mudstone unit at the base of each cycle.and the presence of a coal or séndstone bed at
!

the top of each cycle. The top of the Fayette sandstone of the lower Pottsville (Epsman, 1987) was
| ,

used to mark the base of the study interval. Finally, the following {subsurface maps were made (1)

cycle-isopach, (2) lithic-sandstone isolith, (3) quartzose-sandstone i“solith, and (4) coal abundance.

Additionally, an isopach map and.a coal-abundance map were mad]e for the combined Black Creek-

Cobb interval. “

Coal-isopach maps were not constructed because of inconsister‘“\cy of the density-log signature

with respect to coal thickness. Although geophysical logs in the diegasification fields afford some
degree of p'recision and may be used for isopach mapping on a.loca}I scale, conventional logs can be
deceptive because of fast logging speed. Comparison of core with de%wsity logs indicatés that beds less
" than 1 foot thick may mimic the signature of beds thicker than 4 feeit in conventionél wells (Thomas

and Womack, 1983). This problem also is apparent when correl’ati'ng} conventional wélls with neérby
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Figure 40.--Stratigraphic cross section A-A'.
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degasification wells. To avoid this problem, coal-abundance maps, or maps showing the number of
. ‘ . . . .
coal beds, provide an estimate of relative coal thickness and may be considered vicarious isopach

maps (Thomas and Womack, 1983; Sestak, 1984). 1

. '1
CROSS SECTIONS: STRATIGRAPHIC ARCEHITECTURE

The éross sections demonstrate the accuracy with which the 5 cy%cles of the Mary Lee-Cobb interval

can be traced in Alabama (figs. 4, 40-46). Cycles are traced ,mostaccuirately in east Tuscaloosa and west

. Jefferson Counties where simple coarsening-upward cycles culmina‘]te in coal groups. However, there |
is minor difficulty in defining the base of the Mary Lee cycle in Fay1ette and Lamar Counties because
quartzose sandstone is present near the base of the cy_clve.b Ar‘:\other problem | is presented by
intertonguing of sandstone with mudstone near the top of the Ma}y Lee cycle (fig.“41). Even 50, the

Mary Lee is definable as a cycle throughout the study area. “
Cycle thickness is fairly uniform along thesouthwest-nbrthe‘;aast cross sections (figs. 40-42),
although thickening toward the southwest is apparent in cross sectic%)n A-A' (fig. 40). lln contrast, all of
the cycles-thicken to the southeast in the remaining cross Sectibns (figs. 43-46). By définition,
|
mudstone predominates in the lower part of each cycle (figs. 40-346). Lithic sandstone is dispersed
throughout the upper part of most cycles, but is thickest between thie mudstone and the coal-bearing
intervals of the GiIlespie/Curry and Cobb cycles. Quartzose sandstonﬁe occurs in the Black Creek, Mary
Lee, and Cobb cycles. In the Black Creek cycle, thé sandstone is presént below the coal-bearing strata
in the northwest part of the study area (figs. 42, 44, 45), but in thé south and east, the sandstone is
traceable into the middle of the coal group (figs. 40, 41, 44). !q contrast, quartzose sandstone
generally underlies the coal-bearing part of the Mary Lee cycle%, although Iocaiized lenses are
dispersed ‘throughout the“entire section (figs. 40-46). In Lamar Cc;unty, the Cobb cycle contains a
localized quartzose sandstone body (fig. 44) that was not mapped se;;arately from Iitﬁic sandstone.
Coal is restricted to the upper part of the cycles, and continuitzy of the beds vaijies (figs. 40-46).

Cycles contain 0 to 20 coal beds at various localities. Some beds, like those in the Gillespie/Curry cycle,
. \ . .

are traceable throughout most of the basin in Alabama. Other beas, like. many in.the Black Creek
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cycle, are are dlfflcult to trace over Iarge areas. Each of ‘the: northwest southeast cross sections

demonstrates ageneral prohferatlon of coal beds where cycles thucken toward the southeast
SUBSURFACE MAPS: DEPOSITIONAL A‘RCHTTECTURE' -
Black Creek-Cobb In‘te}rva“l v
"‘Charactenstncs
The Black Creek Cobb isopach map lllustrates the overall geometry of the study interval (frg 47).
The mterval thickens from less than 1,200 feet in parts of Lamar and Fayette Counties toward the
south and southeast. Thickening is less pronounced north of the 1,500-foot contour in.‘Pickens and

Lamar Counties than in Tuscaloosa County. The thickest Black Creek-Cobb interval occurs in an

~ arcuate trend that is'oriented southwest in Tuscaloosa County where the interval is locally more than

2,300 feet thick. The trend curves toward the west in Greene County and curves toward the northwest

into Mississippi. In the southwesternrnost part of the studyarea, the Black Creek-Cobb interval is

‘ thicker than 2,400 feet.

‘Coal abundance increases dramatically toward southeast Tuscaloosa County where more than 40

coal beds occur; more than 30 coal beds occur locally in western Jefferson County (fig. 48). However,

fewer than 10 coal beds occur in much of the northern and western parts of the study area, and fewer -

- than'5 coal beds occur blocally in northwest Pickens and southwest Lamar Counties. However, in.the

northwest part of the study area, coal abundance is quite variable.

Interpretatlon

The Black Creek Cobb lsopach map (flg 47) establishes the tectonic confrguratnon of the Black
Warrior basnn durmg deposmon of the study rnterval The arcuate trend of thick sedlment south of
’the 1,800'-foot contour represents the pr_mcrpal area of tectomc subsudence.’The southwest-onented
' fpart of the trend in Tuscaloosa County apparentl'y is the resuTt of flexural subsidence related to
vAppalachia_n thrusting, whereas the northwest-oriented part of the trend m Sumter and southern

Pickens Counties apoarently is a distal expression of Ouachita thrusting.

afe 8
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The Black Creek-Cobb isop'ach map (fig. 47) verifies 'that:the structural configu.ration of the Black

Warrior basin was quite different during deposition of the study inte

contours (fig. 47) are strongly 6blique to the structure contours (f

contours are nearly perpendicular. Therefore, comparison of th

undefscores the importance of post-8lack Creek-Cobb tectonic
cdhfiguraﬁon of the Black Warrior basin. -

The coal-abundance map.indicates that soﬁtheastem Tu;scaj_l.cos_a
'provided ideal sites for peat accumulation (fig. 48). Thev-tre‘hd fowa

thickehing of the Black Creek-Cobb interval in the eastern part of

rapid subsidence played a role in the development of abund;é’nt coal.

southwest part of the study area indicates that subsidence was not tt

development of abundant coal.
Black Creek Cycle

Characteristics

The Black Creek cycle is at most placesthe thickest cycle in the stuc

contour defines a depocenter in southeast Tuscaloosa County. The cy

Sumter County, but the cycle is less than 500 feet thick along a trend

County into eastern Pickens County. In Lamar and Fayette Counties, tf

500 feet, but cycle thickness is quite variable.

Lithic-sandstone distribution in the Black Creek-Cobb interval is p

any cycle in the study interval (fig. 50). Net-sandstone thickness is ¢

south and ‘east Tuscaloosa County and Greene County. However,
Tuscaloosa County penetrate the base of the Black Creek cycle, so

scarce data. In Sumter County, lithic sandstone is less than 50 feet th

rval than‘af presént. The isopach
g. 5), and in m%any_ places the
e structure anci isopach maps
5 in d'eterminirjg the present:
and western ‘-Jefoers’on Counties -
rd abundant vcoai coihcides with
the study area, ;uggesting' that
' However, scarcifty of coal in the

e only factor that governed the

iy interval (fig. 49). The 700-foot
cle is more than 500 feet thick in
that extends north from Greene

e cycle is generally thinner than

érhaps the most%;omplicated of
jenerally more tli1ar‘1'v 100 feet in
few céalbed-me:thane wells ih -
the thickness tr‘e;nd‘i‘s based on

ick, and in southwest Lamar and

northwest Pickens Counties, the sandstone is absent. Throughout most of Lamar and Fayette

Counties, net lithic-sandstone thickness is highly variable.
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Quartzose sandstone occurs only in the yvestern part of the study area (fig. 51) which is not
presently devélp’ped for coalbed mefhane. A méjor sandstone beltb' extending northeast from Sumter
County to eastern Fayette‘ County is defined by the 50-foot contour. The sandstone belt appears to be
traceable into the Bremen Sandstone Member of Bu;(ts"(1'910) in outcrop§ in Walker County wﬁere the
sandstone is”ih the hiddle. of the coal group. At the northeast end of the sandstone belt, a distinctiye
" trend is defined by the 100-foot contour in east Fayette and northwest Tuscaloosa Cduntie‘s; The‘b‘elt
widens toward the southwest in Pickens Couvnty, and Iocaliz‘ed patches of quartzose sandstone thickér
. than 100 feet are present.

West of the séndstone belt in southwést and central Fayette County, quartzose sandstone
commonly is absent, and lithic sandstone tends to be thick in this area (figs. 50, 51). In Lamar Couhty,
net th,ickness qf quartzose sandsténe is locally more than 200 feet (fivg:., 51). The geome{ry of the
bodies is highly irregular, and the sandstone terminates abruptly along a northwest-southeast line in
western Lamar Cobunt‘y where lithic sandstone also is absent. All or most of the lower Pottsville
sandstone units also are absent southwest of this line (Ekngman, 1985), so definition of the Black Creék
-cycle‘is difficult. At those places where the Black Creek cycle can be defined south of the infe'n"ed-
~fault, the cyde is more than 400 feet thick (fig. 49).

Coal;abundance. trends in the Black Creek cy‘cl'e»are similar to those in the Black Creek-Cobb -
interval (figs. 48, Si)‘ More than 20 coal beds are present in southern Tuscaloosa County, acgountih’g
for nearlybhalf of the coabl beds in the Black Creek-Cobb interval (fig. 52). More than 10 beds oceur
throughout southeast Tuscaloosa County and in parts of Jefferson County, particularly where the
lithic sandstone is mére than 100 feet thick. Fewer-than 5 beds av;re generally present thrOUthut the
reméinder 6f sfudy area, alfhough several Iocalizéd areasb between the duartzose sa‘ndstone bodies in
Fayette and Pickens toﬁnties contain more than 5 beds. in southern Lamar ahd northwestern Pickens

Counties where sandstone is thin or absent, no coal beds are present in the Black Creek cycle.
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- Interpretation

Thlckenlng of the Black Creek cycle toward southeast Tuscaloosa County indicates that
Appalachian tectonics were the principal cause of subsidence in AIabama and that the area of rapid
subsidence was geographically restricted. Thinning in Greene and PiTckens Counties (fig. 49) suggests
' that,an uplift was present. The northwest part of the study"area had an irregular topography that is
indicated by the complex configuration of the isopach contours. However,, much of this irregularity
* can be related to sedimentary processes acting in this area. |

|

Thick lithic sandstone and abundant coal in south‘ern Tuslcaloosa County indicates the
development of a thick, terrestrial sediment package in the southeast part of the study area (figs. 50,
52). Correspondence of 10 or more coal beds with more than 100 feet of lithic sandstone along the
- border of Jefferson and Tuscaloosa Counties (figs. 50, 52)]suggestfs that autogenic sedimentation;
sucltas ‘development of channel and.crevasse-splay complexes, \j/vas a primary control on coal-
abundance. The decrease. in coal abundance and net Iithic-:sandstor:ite thickness:-toward the western
and northern parts of the study area is suggestive of distaldepositionlal environments.

The belt of quartzose sandstone extending from Fayette Count?y to Sumter County (fig. 51) has
been interpreted as the trunk of a fluvial-deltaic system that had a source in the Quachita orogen
(Thomas and Womack, 1983; Sestak, 1984). An alternati\}e interoretation is that the quartzose
sandstone belt represents a shore-zone complex. The 100-foot contdur in east Fayette and northwest
Tuscaloosa Counties has a plan-view outline similar to that of a barrifr-bar system. The curving of the
extremities of the complex is suggestive of spits, and the small Iobe; in northwest Tdscaloosa County
resembles a flood-tidal delta. Widening of the sandstone belt towalrd the southwest may-represent
shoreface and inner-shelf sand that was derived from the northeast‘by geostrophic flow. Absente of
quartzose sandstone where the cycle is thin in Gteene Coooty sugg?ests diversion off flow around an

l

uplift.
The barrier interpretation is supported by predominance of correlative coal beds southeast of the

sandstone belt (figs. 45, 46). Because the sandstone belt is locally more than 150 feet thick (fig. 51), it
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probably represents a series of stacked barriers. The few correlative coal beds that are located west of
the sandstone belt may represent peat formed during episodes of sea-level iowstand when the entire
barrier system was exposed as is presently the case in Georgia (Cohen, 1974).

The location, thickness, and irregular geometry of the quartzose-sandstone bodies northwest of
the main sandstone belt (fig. 51) are suggestive of an open-marine sand bank. Occurrence of
quartzose sandstone below the coal-bearing part of the cycle in Lamar County (figs. 4, 44-46)
indicates that this area was a persistent site .of shoaling during Black Creek deposition. However,
because quartzose sandstone is traceable into the middle of the coal-bearing part of the cycle in most
other areas (figs. 40, 41, 44), widespread shoaling may have been related to transgression.

Abrupt pinchout of quartzose sandstone in the densely faulted area of southwest Lamar County
may be structurally controlled, but the line of pinchout does not match well with any of‘the modern
faults in the area (figs. 5, 6, 51). However, sedimentary trends may be used to prediét ancient faults
that have been veiled by later tectonic events (Pashin and Ettensohn, 1987). Although evidence from
the Black Creek cycle alone is inconclusive, facies changes are common in the lower Pottsville
(Engman, 1985) and in other parts of the Black Creek-Cobb interval along the predicted fault trend.
The trend also is aligned with other faults which may have influenced Black Creek-Cobb deposition

(fig. 51).
Mary Lee Cycle

Characteristics

The Mary Lee cycle is more than 400 feet thick along a northeast line extending from Sumter
County to Tuscaloosa County (fig. 53). The 350-foot contour in‘dicates thickening of the Mary Lee
cyﬁcle in in west-central Tuscaloosa Counity; the contour parallels a fault in this area. The 250- and 300-
foot contours demonstrate that the thickening extends northward into south-central Fayette County
into the area where the Black Creek quartzose sandstone is thin or absent (figs. 51, 53) and show that

the area of thick Mary Lee sediment narrows toward the southwest. Throughout most of Fayette,

Lamar, and northern Pickens Counties, cycle thickness is approximately 200 feet.

nfa
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Net lithic-sandstone thickness is more than 100 feet in sbutheast‘Tuscaloosa 'County-and is less R

" than. 50 feet in the southwest part of the study area (flg 54) In west Tuscaloosa County, the 50- foot

contour defmes thick sandstone trends that counCIde partly wuth the thick Mary Lee section (figs 53,

' 54). In east Tuscaloosa County, the 50-foot contour defines a general, lobate form with numerous

sub-lobes. Net sandstone values are low and variabl'e throughout most of Lamar and“ Fayette

Countles However the sandstone thickens to more than 75 feet in eastern Fayette County and to

more than 100 feet i in westernmost Lamar County where sandstone and. coal are absent in the Black :

Creek cycle(figs. 51, 54).

Several quartzose sandstone bodies are present in the Mary Lee cycle of Lamar, Fayette, and

Pickens Counties (fig. 55). Cross sections show that the eastern margin of the body in central Fayette

- County is traceable into thic.k, l-ithic sandstone and'coal m the eastern part of the County (figs. 4, 41,

46). The isolated body in the Mary Lee of central Pickens County coincides with 100-foot-thick
sandstone in the Black Creek cycle, b.and‘ 50-foot-thick sandstone in the M'ary tee of eastern‘ Fayette
C0unty)also' coincides with thick Black Creek qUartz'ose sandstone (figs. 51, 55). In con-trast,’the area
dei’ined by the 50-foot contour in southwest Fayette County is locatedbe_tween the two Black Cr,eelc
quartzfosesandsto.ne bodies, and quartzose sandstone is present in the area lacking Black Creek
quartzose san'dstone and.containing thick Mary Lee lithic sandstone. | |

Coal-abundance trends in the Mary Lee cycle (fig 56) are similar to those in the Black Creek cycle

(fig 52) Ten beds are present in the Mary Lee cycle of southern Tuscaloosa County, and more than 4

beds occur throughout much of Tuscaloosa and western Jefferson Counties‘(fig. 56). Coal beds in
eastern Tuscaloosa County are traceable weIl beyond the lobate lithic-sandstone body and.are
‘mterspersed wnth that sandstone (figs 40 46) No coal lS present in Sumter County, nor does coal

occur in significant areas of Lamar and northern Pickens Counties where lithic sandstone and

quartzose sandstone are commonly'thick. However, 4 to 6 coal beds occur in eastern Fayette County.

The southeast part of the area lacks quartzose sa,ndston‘e_ in the Mary Lee cycle and contains thick
quartzose sandstone in the Black Creek'cycle.‘The northwest part of the ar'ea with 4 to 6 beds contains

thinvquartzose sandstone in both cycles.

nam
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~Interpretation

The regional thickness pattern of the Mary Lee cycle (fig. 51) indicates that the Black Créek '
depocenter had spread toward the west and had evolved inio a southwestwardly narrowing ’trou’gh
of subsidence. Thickening of thevcycle south of a féult in western fuscaloosa County indicates that
synsédimentéry faultihg may also have been a control on cycle thickness; however, data are scarce in

- this area. Differential combactign‘ and relict topography ‘e\./idently had a strong effect on the
configuration of the Mary Lee clastiﬁ wedge as iﬁdicated'by coincidence of thick Mary Lee sediment
with thin Black Creek quartzose _sandstone in SOuthérn Fayette County (figs. 5 1‘, 53).

The distribution of lithic sandstone and coal in squthern Tuscaloosa County is similar to that in the
Black Creek cycle (figs. 50, 54). Therefore, the relationship between coal abundance; and sandstone .
thickness appears to have remained. uhchanged d’e§pite the thange-in cycle thickness patterns.

However, lithic sandstone tends to be thicker than 50 feet in the area circumscribed by the 3§O-fqot
cycle-isopach contouf 'in we_sterﬁ Tuscéloosa’County (figs. 53, 54), indicating tﬁat thickening of the
cycleiin southwest Tuscaloosa C§unty didinfluence the deposition of lithic sandstone.

Bifdrcation of the thick sandstoﬁe body in western Tuscaloosa‘ County may represent deltaic ‘
distributaries, although data are too sparse to justify detailed ivnterpretation. In eastern Tuscaloosa
County, the general Iobafe form outlined by fhe 50-fo§t contouf also is suggestive of a 'delt'a. Because
coal beds are traceable well beyond the limits of the lobate sandstone body and areinterspersed with
that sandstone, a deltaic interpretation based on sandstone-body geométry alone is probably

" incorrect. Alternatively, the main. Iobaté body may represent a major fluvial system, and the
numerous sub-lobes may represent» crevasse-spléy and associated flood-basih deposits which have
been identified in nearby highwalls and cores (Epsman and ‘ofhers,‘ 1988). Comparison of the cycle-
‘isopach map and the lithic-sandstone isolith map (figs. 55, 56) indicates that the 'general lobate
geometry of the sandstone body is an artivfact of southward thickening caused by differential
subsidencé. Coal is most abundant between the two thick lithic sandstone bodies, so most peat beds

evidently accumulated in alluvial interfluves.
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Because quartzose sandstone typlcally underhes coal in the Mary Lee cycle (figs. 42 45, 46) the ,

sandstone is interpreted mainly as a regressive deposit. Nesting and stacking of quartzose sandstone

in the Mary Lee cycle wuth that in the Black Creek cycle (fngs 51, 55) ¢

iemonstratesthe |mportance of

relict topography in determlmng quartzose-sandstone dlstnbutlon Stacked sandstone bodies, such as

~ the sandstone patch in central Pickens County and the body defmed

Fayette County, are ostensnbly the result of shoahng on mherlt
o sandstone, like the elongate body defined: by the 50- foot contour
represent shoals formed by currents that were confined to topograph:

The Mary Lee quartzose sandstone in yyestern Isamarj‘County

structural control by the predicted fault Nevertheless, lithic sandston

by the 50 foot contour in eastern
ed topographlc hcghs Nested
in southern Fayet;te. County; may"‘
c|oyvs. |

lacks persuasive evidence for

e thickens by’ more than 75 feet

across the conjectured fault’ scarp (ﬁg 54), and cycle thnckness increases across the scarp as well (fug

53). .The sandstone in western Lamar County evidently represents

. frorn a .rnajordelta complex in Mississippi (Sestak, 1984), and,tra;eab

lithic sandstone and coal in eastern Fayette County verifies the hypot

that‘quartzose sandstone is derived from the removal of Iab_ile grains
Gillespie/Curry Cycle

Characteristics

The GiHespie/Curry cycleis thicker than 450 feet in southEa‘st Tusa

distal delta-front sands denved
ility of quartzose sandstone into
thesis of Mack and others (1983) ‘

by marine reworking.

aloosa County (fig. 57). The 300-
|

foot contour defines an extensive thick trend extending from Plckens County to southern Jefferson

County. North of the 300-foot contour, cycle thickness is varlable, an

200 feetin central Fayette County. .

d the cycle is Iocally thmner than

Lithic sandstone was the only sandstone type identified in the Gillespie/Curry cytle (fig. 58); net

sandstone thickness is greatest in southeast Tuscaloosa County

(figs.~57‘ 58). Throughout the

remaining area south of the 300—foot cycle-thickness contour, net sandstone thlckness is less than 75

feet. Several elongate and bifurcating trends are visible in sou

Jefferson Counties. A major élongate trend outlined by the 50-foot

theast Tuscaloosa and western

contour extends northwest from
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Tuscaloqsa County and bifurcates in north Pickens County (fig. 58). A curvilinear trend defined by the
75-foot contour in northeast Tuscaloosa County is-oriented northeast from the bifurcating trend ahd
turns toward the northwest near its termination.

As a rule, the Gillespie/Curry contains only 2 coal beds (fig. 59). Coal is absent at some places, but
as many as 4 beds are present |ocally. The coal beds are generally less than 1 foot thick (McCalley,
1900) but are areally extensive. The lower bed (Gillespie coal of McCalley, 1900) caps the thickest part
of the Gillespie/Curry cycle, and the upper bed (Curry coal of McCalley, 1900) caps a subcycle that is
generally less than 80 feet thick (figs. 40, 46). Otherwise, it is difficult to relate cbal distribution to

other sedimentary patterns in the Gillespie/Curry cycle.

Interpretation

The 300-foot contour ( fig. 57) defines the northwest margin of a trough of subsidence which had
the same general trend as that developed during Mary Lee deposition (fig. 53). Whereas the M;ry Lee
trough narrowed tovyard thé southwest, however, the Gillespie/Curry trough had a fairly 'uniform
width. Thus, tectonic events leading to Gillespie/Curry deposition include westward expansion of the
Biack Creek depocenter and the development of a uniform trough of subsidence.

The numerous elongate and bifurcating trends on the sandstone-isolith map (fig. 58), some of
which extend well beyond the trough of subsidence, suggest that deltaic environments
predominated during Gillespie/Curry deposition. The elongate, bifurcating trend in Pickens County
has the morphology of a trunk fluvial channel and two major distributaries; the overall geometry of
the trend is analogous to the modern bird-foot lobe of the Mississippi Delta (Gould, 1970). The
curvilinear trend in northeast Tuscaloosa County may represent a major distributary associated with
the development of another delta lobe which is outlined by the 50-foot contour.

The trunk channel shows minor evidence for structural control by a known fault at the Pickens-
Tuscaloosa County border (fig. 58). Much more convincing evidence of structural control by known
structures can be demonstrated with regard to the distributaries. A known fault apparently confined

the northern distributary; only the master fault of a modern-day graben (figs. 5, 6, 58) is shown. If
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both faults were shown, the distributary would lie directly in the graben. The southern distributary.

‘terminates at another master fault, which may have determined the site of mouth-bar development

 (fig. 58).

‘Because thick sandstone typically is below the stratigraphic level of the Gillespie coal bed, which is

recognizable throughout most of the study area (figs. 40-46), the sandstone isolith map largely .

depicts sandstone distribution bglow"the coal bed. Therefore, peat deposition evidently postdated
deltaic progradation. Perhaps deltaic progradation in the Gillespie/Curry cy‘clvé represents a basin-
filling episode that established ah extensive alluvial plain where widespread peat depdsition took
place. Although evidence for deltaic environments exists in the Mary Lee and GiIIéspie/Curry cycles, it

is difficult to relate coal occurrence to those environments.
Pratt Cycle

Characteristics

" The Pratt cycle generally varies in thickness from 150 to 250 feet throughout the northern part of
/ its distribution and thic'kens toward the south. The cycle attains a thickness of 500 feet in Sumter
County but is only slightly more than 350 feet thick in southern Tuscaloosa County (fig. 60). In
northern Pickens County, the 250-foot cycle-isopach contour reflects thickening along the
Gillespie/Curry trunk channel, aﬁd thé 200-foot cycle-isopach contouf locally pafallels faults (figs. 58,
60). |

Like the Gillespie/Curry cycle, the dnly sandstone type in the Pratt cycle i»s lithic sandstone (fig. 61).
Although the thickness pattern of the Pratt cycle differs from that of the Gillespie/Curry cycle, the
distribution of lithic sandstone is similar (ﬁgs. 58, 61). Net sandstone tﬁickness in the Pratt cycle is
more than 150 feet in southeast Tuscaloosa County, and numerous lobate and bifurcating trends are
visible in east Tuscaloosa and west Jefferson Counties (fig. 61). Net'sandstone thickness increasés
sharply across a fault in southern Tuscaloosa County, and a linear sandstone trend in Pickens County
apparently coincides with a similar trend in the Gillespie/Curry cycle. Cross-section A-A' (fig. 40) shows

that thick sandstone of the linear trend is within the coal-bearing interval. No evidence exists for

nfe 8
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‘bifurcation of the trend, but in northern Picl_cens County, thick Pratt sandstone is Iocated immediately'
north of that in the Gillespie/Curry cycle (figs. 58, 61). In Lamar and Fayette Counties, the sandstone is
generally less than 25'teet thick. | - ‘ |

Coal abundance in the Pratt cycle increases toward the southeast (fig. 62). Fewer than 4 coal beds
are present in Sumter and western Pickens Countles, and in parts of Lamar and Fayette Counties, less
than 2 beds are present. More than 8 coal beds are present in the Pratt cycle of southﬁwest Tuscaloosa
County, and the 6-bed contour- parallels a fault. Six to 8- coal beds are:—typtcalliy ip»res‘ent in east
Tuscaloosa and west Jefferson Counties, and 4 or more‘beds are present throughout most of the
study area (fig. 62). In the Pratt cycle, abunda‘nt coal coincides with net sandstone thict(ness exceeding
75 feet (figs. 61v, 62). As in the Mary Lee cycle, coal beds are traceable well beyond éthe limit of the

lobate sandstone bodies and are interspersed with that sandstone (figs. 40, 46).

, Interpretatlon '

The thrckness pattern of the Pratt cycle (fig. 61) demonstrates a turnabout in basin configuration:
'The trough of subsudence in southern Tuscaloosa County was. oriented more toward the east than'

during earller cycles, and thickening of the Pratt cycle toward the southwest suggestsi that subsidence

was much more rapld in Sumter County than in Tuscaloosa County
trends reﬂect the increasing lnﬂuence of the Ouachita orogen in co
Thickening of the Pratt cycle along the trend of the Gillespie/Curry

channel was slightly underfilled, so relict topography apparentl

thickness. Local parallelism of the 200-foot contour to the same faul

sandstone thickness suggests that synsedimentary fault moveme
thickness.

Sandstone-isolith patterns indicate that Pratt deposition

These, changes :n cycle-thickness
ntrolling subsidehce in Alabama.
trunk channel vindicates that the
y was a local control on cycle
ts that controlled Gillespie/Curry

nt also was a control on cycle.

included reactivation of the

‘Gillespie/Curry trunk‘channe‘lv as evidenced by the elongate geometry outlined by the 50-foot contour
(fig. 61). However, thick lithic sandstone north of the fault which controlled the position of the

Gillespie/Curry distributary suggests diversion of the channel to the north by differential compaction.
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Because the relationship between sandstone distribution and coal distribution is siméilar in the Mary
Lee and Pratt cycles, lobate and elongate sandstone trends in eastern Tuscaloosa and western
Jefferson Counties may be a product of differential subsidence. Therefore, recognmon of deltaic

deposits is difficult, and most of the trends on the sandstone-lsol»ith m‘ap probably represent, fluvial

systems on an alluvial plam

|

Although coal'is most abundant between the two ma;or lithic- sandstone trends in the Mary Lee

cycle (figs. 54, 56), abu’ndant coal -mthe Pratt cycle coincides with th ck lithic ,sandstoﬁne (flgs. 61, 62).

Coal is most abundant along the southeast part of the linear channel trend in southwest Tuscaloosa

County, so the channel apparently passed through an extensive wetland complex. Because sandstone

in the Pratt cycle of eastern: Tuscaloosa and western Jefferson Countles defmes a wider lobate
l

geometry than that in the Mary Lee cycle, the Pratt fluvial system evidently was less constrained along |

depositional strike. Therefore,. _coincibdence of abundant coal and thick sandstone in the l’ratt cycle of

eastern Tuscaloosa and western Jefferson Counties evidently 'rep’resents rapidly shifting fluvial

environments in a peat-rich, wetland setting.
- Cobb Cycle

Characteristics

The Cobb cycle is more than 450 feet thick at the Tuscaloosa depacenter and is more than 500 feet

thick in Sumter County (fig. 63). South of the 350-foot contour, contolurs are closely spaced and define

an arcuate trend of thick sediment similar to the one that is visible on the Black Creek Cobb isopach
l

map (fig. 47). North of the 350-foot contour, cycle thrckness is falrly mlform and typncally varies from
250 to 300 feet. |

In the Cobb cycle net sandstone thlckness exceeds 150 feet in southeast Tuscaloosa‘County and
exceeds 100 feet along a trend extendmg from southwest Tuscaloosa County to west Jefferson
County (fig. 64). Net sandstone thickness is Iess than 50 feet thick in west-central Tuscaloosa County

and along a northeast trend that extends from northern Pickens County to southern Fayette County.

However, sandstone is locally thicker than 100 feet in LamarCounty. ‘ "
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In Lamar County, a body of quartzose sandstone is-grossly delimited by the 100-foot contour, and
ihe 50-foot contour probably represents the overall geometry of the sandstone body (fig. 64). The
main éxis of the quartzose sandstone bddy is located on the northern margin of the fault predicted -
~on the basis of sandstone distribution in the Bléck Creek cycle; some linear trends outlined by the 100-
foot contour are oriented perpendicular to the postulated fault.

The Cobb ‘cycle generally contains only 1 or 2 coal beds (fig. 65). Four coal beds are .present in
west-central Tuscaloosa County. Coal is lacking in the cycle in western Lamar County where the
quartzose sandstone body is centered; Two coal beds are common in eastern Tuscaloosa County

where the lithic sandstone is more than 100 feet thick.

Interpretation

The arcuate trend of thick sediment defined by the 350-foot cycle-isopach contour (fig. 63)
indicates that subsidence in 'Alabémé occurred in response to a combination of Appalachian and
Ouachita tectonics. The eastern part of the thick sediment trend had again attained a northeast
;)rientation, suggesting-renewed thrust loading in the Appalachians, and the orientatian of western
part of the trend reflects continuation of the rapid subsidence that was evident during Pratt
deposition. The uniformity' of cycle thickness north of the 350-foot contour indicates that an
extensive platform area was developed in the 'northerrlw part of the study area. |

Thickening of sandstone southeast of the 100-foot contour in southeastern Tuscaloosa and
western Jefferson Counties (fig. 64) may be related to differential subsidence in that area and does
not provide conclusive evidence for any depositional system. However, most sandstone is present
below the coal-bearing part of the cycle (figs. 40-46), so both deltaic and alluvial environments may
be represenfced. Absence of thick sandstone where the cycle is thicker than 400 feet in Greene and
Sumter Counties is indicative of distal environments. Thickening of sandstone on the platform in the
northern part of the study area and the deposition of quartzose sandstone in southwest Lamar

County indicates the reestablishment of shoal-water conditions.
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The thick quartzose sandstone bddy defined by the 100-foot contour appears to be controlled by
the predicted fault in southwest Pickens County (fig. 64). The principal northwest sa-ndstone trend
parallels the fault, indicating shoaling at the top of the fault scarp. Perhaps the linear southwest
trends that are oriented perpendicular to the main sandstone body represent channels or mass-flow

bodies that traversed the fault scarp.

DEPOSITIONAL MODEL

The depositional model for the Black Creek-Cobb interval (fig. 66) was for‘mulated using
distinctive paleogeographic elements from the isopach and coal-abundance maps made for this
study. Therefore, the model is an idealized composite of the architectural elements found in different
cycles and is not a paleogeographic reconstruction. Ideally, a paleogeographic reconstruction depicts
elements that are present at the same time. Becau‘se this study was based on subsurface data,
interpretations from earlier outcrop studies were used to include in the model the nua‘nces of
sedimentary process that are not available from subsurface data.

Cross secti‘ons (figs. 40-46) demonstrate that cyclicity is the salient characteristic of the.Black
Creek-Cobb interval. This cyclicity can be related to relative sea-level variation. On the basis of isopach
and isolith patterns, four major factors combine with the magnitude and periodicity of relative sea-
level variation to control the geometry of each cycle package (1) subsidence, (2) synsedimentary fault
movement, (3) relict topography, and (4) differential compactioh.

Because mudstone is continuous at the base of each cycle, the entire study area was evidently
iandated by marine water at the start of deposition of each cycle. According to Klein (1974), the
'~ thickness of marine strata from the base of a cycle to the lowermost shoreline strata of that cycle
provides a minvimUm estimate of water depth. However, the model does not account for compactibn
and subsidence; Even so, some mudstone, such as that in the Black Creek and Gillespie/Curry cycles
may have been deposited in water more than 300 feet deep. Hence, the thick, continuous mudstone
units are interpreted to represent muddy, open-marine environﬁents, such ais shelf, slope, and

prodelta (fig. 66).
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Because coal groups are generally traceable throughout the study area, the sea had evidently
retreated beyond the limits of the study area by the end of deposition of each cycle. On the basis‘of
highwall and core descriptions (Epsman and others, 1988), regression culminated in the development
of an alluvial plain whic¢h included fluvial systems, lakes, and peat swamps (fig. 66). Thekefore, the
ﬁycles of the Black Creek-Cobb interval represent a series of marine-terrestrial environmental
-continua.

These continua present difficulty in interpreting subsurface maps. One difficulty is that
sandstone-isolith patterns represent a composite of several depositional systems. Another difficulty is
the overprint of subsidence on sandstone-isolith patterns. In the Black Creek-Cobb intgrval, the

gréatest problem is recognizing shore-zone deposits, particularly deltaic deposits which have been

documented in outcrop (Ferm and others, 1967; Horne and others, 1976; Benson, 1979). The

Gillespie/Curry is the only cycle in which subsurface deltaic deposits are easily recognized. Quartzose
sandstone, which is interpreted to represent beach-barrier and open-marine sand bodies (fig. 66),
provides the best criterion for recognizing shore-zone environments, particularly in the Black Creek
and Mary Lee cycles where quartzose sandstone can be traced laterally into IithiJ: sandstone and coal.
Tidal-flat deposits have been recognized in the Pottsville (Hobday, 197.4), and parts of the shoreline
were evidently affected by mesotidal conditions (Horne, 1979). Therefore, muddy shore-zone
environments, which include tidal flats and estuaries that are difficult to recognize in the subsurface,
were included in the model (fig. 66).

Using modern analogues as a guide, coal beds in the Black Creek-Cobb interval probably have a
diverse origin. Marginal-marine peét domes are known from tHe Klang-Langat delta of Malaysia
(Coleman and others, 1970), and similar bodies may be p‘resent in the Black Creek-Cobb interval (fig.
66). However, marginal-marine peat bodies tend to be geographically restricted and thin, and their
importance as precursors to economic coal bodies is controversial (McCabe, 1984, 1987; Jones and
Cameron, 1988); Thick, widespread peat deposits are known from alluvial plains in Indonesia
(Anderson, 1964, 1983; Anderson and Muller, 1975) and are considered the most viable analogues for

Carboniferous coal (McCabe, 1984, 1987). The geographically extensive, mineable coal beds of the

REL]
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Black Creek-Cobb interval, which are scarcely associated with ;rnarine strata (Epsman and others, 1988)
are interpreted to have,formed in such a setting. Low-as“h peat | s presently:-f'orming between
Pleistocene beach ridges in Georgia that are as much as 70 mlles 1nland (Cohen 1974), such peat may
be an analogue for coal beds associated with quartzose sandstone in the Black Creek and Mary Lee

cycles.

" Cycle-isopach maps indicate that the reglonal sub5|dence patternlvar:ed with time in.response to

tectonic activity in the Appalachian and Ouachita orogens. However net lithic- sandstone thickness in

l
each cycle is greatest in southeast Tuscaloosa County regardless df the cycle thickness pattern.

Therefore, regional sandstone dispersal was independent offsubsider-?\ce, and the persistence of thick
lithic sandstone in southeast Tuscaloosa County indicates the. presence of a major sand source to the
southeast of the study area |n the Appalachlan orogen (flg 66) Only‘ in the Mary Lee cycle of Lamar
- County, where lithic sandstone .has -been traced mto deltaic dieposlts ln, Mississippi (Sestak, 1984), is an
Ouachnta source for lithic sandstone in Alabama probable: » | |

The source of quartzose sandstone evidently is more varled than that of lithic sandstone Much of’
the quartzose sandstone may have the same source as lithic :sandstone, becausevquartzosesandstone
probably is a product of the removal of labile grains by mal'ine rewiorking (Mack and others, 1983).
Therefore, quartzose sandstone was prob‘ably'derived frorn both tihe Appalachian and Ouachita
orogens. However, southwest crossbed orientations have consiste.ntlgy been recorded‘from quartzose
sandstone in outcrop (Metzger, 1965; Shadroui, 1986), indlcating that southwest currents, such as
tides and longshore drift, moved the sand. Because quarttose sandstone with southwest-dipping |

crossbeds is widespread throughout the Appalachian region ;(H‘orne, 1979), some sand may have been

transported into the basin from the northeast.

IMPLICATIONS FOR COALBED-METHANE EXPLORATIPN AND PRODUCTION
-Coal is most abundant in southern Tuscaloosa and western Jefferson Counties where 20 to 40

beds occur (fig._ 48). Eastern Tuscaloosa and western Jefferson Counties have been drilled extensively
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for coalbed methane, whereas few Wells have been‘dr_illed in southern Tuscaloosa County where

- considerable coalbed- methane potential may exist:

Why are SO, many coal beds present in. southern Tuscaloosa and western Jefferson Counties? In ‘

short, coal abundance can be related to d.eposition-al environm-ent and subsidence. Three facts stand

~out with regard to coal abundance (1) coal abundance increases as net lithic-sandstone thickness'

,increases', (2) in Tuscaloosa and Jefferson Counties, coal abundance and net lithic-sandstone thickness

-~ increase greatly as cyclethickness increases, and (3) in Greene and Sumter Counties, coal abundance

and net lithic-sandstone thickness do not increase greatly as cycle thickness increases.

Restriction of the thickest lithic sandstone to‘ the southeast part of the study area reflects

proximity to a sediment source and dominance of fluvial sedimentation. Therefore high sediment

input in southern Tuscaloosa and western Jefferson Counties helped maintain terrestrial'
envaronments conducnve to peat accumulation Channel and ﬂood basm sedimentation also caused »
splitting’ and proliferation of coal beds in this area (Epsman and others 1988). The remammg parts of .
the study area wereffar from a'sedimen.t source and were dommated by marine sedimentation which -

is conducive to mudstone and quartzose sandstone deposition. Consequently, peat deposition only

occurred in these areas late in each cycle when most or all of the region was emergent.
The increase.in coal abundance and net Iithic-sandstone th‘ickness with cycle thickness indicates
that subsidence acted |n concert with fluvual sedimentation in the formation of abundant coal.

Splitting of coal across faults onto downthrown fault blocks has been documented by Welsenfluh and

Ferm (1984), Epsman and others (1988), and Pashin and others (1989), and southern Tuscaloosa and
western lefferson Counties are part of a major trough of subsidence. Whether or not this subsidence o

occurred along faults, different‘ial subsidence may result in the splitting of coal beds. However, in

Greene and Sumter Counties, where the Black Creek Cobb interval is locally thicker than 2, 400 feet
. subsndence was not near a sediment source, S0 enwronments conducive to peat deposition were

| seldom developed

Al N
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HYDROLOGIC AND HYDROCHEMICAL ANALYSIS

INT'RODUCTION !

Hydrology is of fundamental |mportance in coalbed- methane exploratlon and productlon
' because of the need to reduce reservoir preSSure and dnspose of produced water. Coalbed methane
"wells typlcally are drllled toa depth of 1 ,000 feet or more below the lJ\nd surface of the Black Warrior.
basin (Sexton and Hinkle, 1985). ‘Wells produce as much as 1,175 bar‘rels of water per day (bpd) (29-
gallons per mmute), and sallne water commonly is encountered H'ence drilling in areas of low
salmlty water is desrrable to avord envrronmental problems related to water disposal.-‘Additionally,, a
significant amount of w,ater must be r_emov‘ed ‘from the res‘eryorr to re_duce fluid pressure,' thereby
facilitating the desorption of methane from coal.. | | . |

'~ The primary objectrve of hydrologrc analysis was to rdentlfy hydro ogic controls on%the occurrence
and produclbrlnty of coalbed methane A secondary objective was to determine water-chemistry..
associations. W}ater-level, water-yield, water-presSure, and water-chemistry data were interpreted to
evaluate hydr,blogic conditions in coal beds and -'associated strata of the' B‘lack ‘Creek-Cobb interval. -

The data also were analyzed to determine the hydrodynamics of the coalbed-methane reservoir..

METHODS

Hydrologlc mformatlon used in the research was derlved from the fo'llowin’g' sources_ (1) water-
resource reports and file data of the Geological Survey of Alabama, the State Oil and Gas Board, the
u.s. Geologlcal Survey, and other agencles (2) water-analysis and ‘water-level i‘nlorm’atlon-
determmed for wells in 1987-88, (3) coal -mine operators, and (4) coalbed;methane3'operators; The
sources and types of avavlable mformatnon are shown in table 4
Water-analysrs and hydrologic data were analyzed and plotted using;‘statistical and ‘graphic
software packages The critical values for regressron coeffrcnents presented iin Rohlf and Sokal (1969)

were used to determine the statistical correlation of data and specific parameters at the 95 percent or
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' Table 4.--Types and sources of hydrol oglc infor-matilon'and water-analysis data

‘ Hydrologlcmformatlon S - 4 Wateranalyses

‘ Source - L . Recordsffiles - - - Hydrologlctests ' ’Partial, ‘Standard

| waterortestwell I re00e | 1w w0 | e

Oil and gas exploration well N 30 | - 30 | e
Coalbed degasitication well » a2 | 27 59 ' ‘7‘0
Surfa'ce‘runoff(unmined ar.ea), ' 32 v : - - | » 32
Surface runoff(mined area) - B e LI o : - - - 24

higher confidence level. Data plots that appear in this. chapte'r include pressure-depth plots, the

' trilinear "Piper" diagram (Piper,1944) and.the polygon-shaped "Stiff":diagram (Stiff, 1951). ‘

Water-Sample Analysis:
The source of the surface-water data used‘ in this report is Dyer (1982), andvnumerous wate’r-
resource reports provuded data on subsurface water chemlstry Hydrologlc mformatlon mcludes

water-level data and hydrolog|c well- test data to determlne well yield and water-transmlttlng ablllty

of strata. Thls lnformatlon is on flle at the Water Resources Division of the Geologlcal Survey of -

Alabama. The location of wells for which water-analysns data were used is shown in flgure 67.

Water samples were collected from 5_9 coalbed-degasnflcatron wells and 13 vwater.wells in

Tuscaloosa and JeffersOn Countiesin’ 1988. Standard analyses of the water samples Were made ln the

Geochemical Laboratory of the Geologlcal Survey of Alabama The procedures descnbed in Brown

and others (1970), Skougstad and others. (1979), and the U.S. Environmental Protectuon Agency (1979) :

were used to analyze the samples The tnlmear duagram (fig. 68) was used to plot chemical data and

- to determme water type and the U S. Geologucal Survey classn‘lcatlon of water sallmty (Swenson and

- ‘Baldwin, 1965) was used to classafy water accordmg to total-dlssolved-sollds (TDS) content, or degree

~ of mineralization. A subsurface salinity map was prepared by using the available water-analysis data -

~ and an interpretation of electric well-logs (Epsman ‘and others, 1983). "

The analyses of water samples include a determination of silica, calcium, magnesium, sodium,

potassium, sulfate, chloride, bicarbonate, carbonate, nitrate, selected trace-metal contents, and the

nf 8
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Flgure 68.--Hydrochemlcal classification of wate.r using the triblinear Piper diagram.
' ‘physlcal properties of water The pH of water samples was measured with an Orlon Model 407- A pH
“ meter with an assocnated speclflc-lon electrode Specific conductance was measured in mlcromhos per‘ :
‘centlme,ter_ with a model Mle Mark ‘IV portable_ meter or Cu_rtln Matheson Scientific Inc. dlgntal
cond‘uctivity meter that 'w'as calibrated using‘ stahdard solutions.v Temperature was determined i,n.the
field by using a thermometer calibrate_d in degree-centigrade"("’_C) vincrements between -10°C and 110
Y°C- For some samples, carbonate a‘ndl’bicarbonat‘econtents were determined' in the field by titratind _‘ “
_50 mulllhters (ml) of weII water wnth a standard sulfurlc acnd solutlon to end-point pH values of 8. 4 and
4.5. Trace-metal content of the samples was determlned usmg a Perkln Elmer 2380 atomnc adsorption E

' spectrophotometer.

Water-L-evel‘Measur-ement
» Water level was measured in 46 coalbed- methane wells in Tuscaloosa and Jefferson Countles in

1987 and’ 1988 The data were used for computing reservoir pressure and hydraullc head of coal- v
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"bearing intervals. bThe instrument used is a battery-operatedi Powers

:determmed to the nearest 0.1 ft. The potentlometrlc surface

Well Sounder. Water level was

‘map is based on Water-level

measurements for wells referenced to a datum the National' Geodetrc Vertrcal Datum of 1929 whtch '

commonly is known as mean sea Ievel (msl) The potentnometruc surface map “for the upper Pottsvrlle ,

, Formatron was prepared using water-leve_l data from more(than- 1

wells.

Vertical pressure gradient was determined by.usi'ng-wat‘ehleve

from wells. Hydraulic-head and reservoir-pressure data were used tc

“on the occurrence and producibility of coalbed methane. Pressure

evaluation of subsurface water-circulation patternsin areas of active

GEOLOGIC AND HYDROLOGIC FRAME

,000 water, test, and oal-and-gas

and construction information

depth plots were used in the -

oal degasification. |

WORK

The Pottsville Formation is overlain by unconsolidated siliciclastics in the western part of the study -

aree; The unconsolidated units include Quaternary terrace deposit

sand, clay, and’gravel.‘,The;basal Cretaceous sand "is.ca‘maijo‘,r aqu
interconnect_ed hydrolo‘gicallvaith the PottsVilIe"Formation.

 The Pottsville Formation is a fractured rock ‘sys‘te‘m‘ chlaracteri
» capacity for retention and storage of water; and normally lo\rv‘and er
1976). thhrc sandstone appears to possess lrmrted effectrve por
although quartzose sandstone in the western part of the study

permeablllty to be potential petroleum reservours (Epsman 1987)

s-and alluvium and‘ Cretaceous:

fer that appears to be locally:

zed by low tra'nsmissiv,ity, low
ratic‘WateryieId to wells (}Hinkle‘,‘
osity (Tucker and Ki.dd, 1 973),
area has’ encdugh .porosity and

Thesev low-permeabilityv rocks of

the Pottsville yield limited quantities of water to wells Although the permeabrhty of‘upper Pottsvulle.

coal is low it exceeds that ‘of other Irthologles and is hlghest alo
Institute, 1985). Therefore fractures play a srgnrflcant role |n ‘groun
| viable aqurfers (fig. 69). | |
| The mineralogy of strata bin the Pottsville ‘Formation evidently

' _bearing properties and water chemistry. Although Pottsvlllle,stra_ta

ng the-, face ‘cleat'(Gas'Research j

d-water flow, and coal beds are

has a'marke‘d effect on water- -

are composed mainly of quartz,

> determine hydrologic controls
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mica, and clay, other minerals of geochemical importance include pyéite (FeSy), siderite (FeC03), and
calcite (CaC03); these minerals commonly occur in bands or in fractures. The underclay and mudstone
assdciated with the coal-bearing intervals contain kaolinite and illite (Rheams énd others, 1987)
- which méy play an important role in ion-exchange processes. | | |
The occurrence and movement of water in the Pottsville, particularly in the degasification fields
- where pefmeability is low, is dependent on the typé, openness, extent, and density of fractures in the
rocks:. The occurrence and movement of ground ‘water also ‘is dependent on hydrologic conditions
such as the position of the water table and potentiometric surfacé relative to the land surface
(Harkins and others, 1980; Epsman and others, 1988) (fig. 69).: The pripcipal source of recharge to the
Pottsville Formation is considered to be rainfall, but some recharge by ;streams‘ is-possible (Harkins énd
others, 1980). In some coalbed-methane fields, mine dewatering may iaccelerate fresh«water recharge
(Epsman and others‘, 1988).

Hydrqlog‘ic studies indicate that ground-water recharge througﬁ rainfall infiltration is nearly 5
percent of the average annual precipitation in the study area,'whic‘hT is approximately 54 inches per
year (Harkins and others, 1980; Lineback and other;, 1974). A low rate of re‘charge is indicated by the
low median annual 7-day low flow of minor streams, which is 0.05 m?llion gallons per day per square
mile or less (Peirce, 1967). Additionally, the Pottsville has a limited abiility to‘transmit water to streams
during dry weather. Hinkle (1976) indicated that the upper 300 fejet of the Pottsville in Alabama
coﬁtains approximately 2.02 x 107 million gallons of water. The water typicall‘y has a low mineral
content and is of acceptable chemical quality for drinking. HoWéver, some water contains an
excessive amount of iron and - manganese and has a low pH.

Water movement in the upper Pottsville is multidirectional due to the complex ééometry of
fracture systems (fig. 69). Flow generally is toward topographically lo;/v areas where natural discharge
of water takes place (Harkins and others, 1980). Movement of deep Water may mimic this pattern to
some extent; however, where withdrawal of formation water ca;used by mine dewatering has
produﬁed low hydraulic head, vertical movement of water albng fractures is possible. This condition is

apparent in Oak Grove field (Epsman and others, 1988).
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POTENTIOM ETRIC SU RFACE
Water in the Pottsville Formation is unconflned m the shallow subsurface and is erther
semlconflned or confrned at depth Where an unconfmed umt is mvolved the potentlometrlc surface
is tradltronally referred to as the water table Because a potentlometrlc surface mapisa composnte of
water-level measurements, the map can also be used to determrne the downgradrent dlrectron of

subsurface water movement. The general row direction i is perpendrcular to the contours shown on

the potentlometrlc map. Pornt values used in preparlng a potentlometrrc surface map can be used to .

determ}ine the hydraulic gradient, or-change in hydraulic head, that occurs over a specified flow-path
. distance. | |

The direction of shallow ground-water movemvent is toward surface drainage features, which
include the Black Warrior River, MulberryFork, Slpsey Forvk,: and'Locust' FOrl'c (fig. 70). In areas vvhere
the Pottsville is overlain by C‘retaceous strata, the dominant direction of groundfvvater movemeht

generally is downgradient to. the southwest. The potentiometric surface ranges from more than 1,.000

feet above msl in the lnortheasternmost'upland' area to less than 200'fee,t"above msl at the Cretaceous

- overlap. Areas of lovv- fluid pressure associated with mine dewatering occur in Brookwood and Oak

Grove frelds High potentlometnc surface values that occur along the Cretaceous overlap may be'the

result of recharge from outllers of Cretaceous sand Hydrauhc gradlent values in the horuzontal-

~ direction, which were estimated from water-level data for water wells range from 0. 0001 in the

northeast upland areasto 0.14 along bluffs of the Black Warrior River.

WATER-TRANSMITTING CHARACTERISTICS d

Hydraulic conductivity and transmissivity values'were determined from hydrologic test data for 14

wells completed in the upper part of the Pottsvrlle Formatron (table 5). Hydraullc conductrvrty values ’

mdrcate that the water-transmlttmg abrlrty of Pottsville strata decreases as depth increases (fig. 71)
The hydraulic conductlvrty values below a depth of 150 feet typlcally are Iess than 0 1 feet per day
(ft/d), and the associated transmrssrvrty values, which were determlned by multiplying the saturated

~ thickness of rock in open well bores by hydraulic conductivity, also are very low (table 5). Storativity

nfm A
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values, where determmed generally are 0 001 or Iess mdlcatmg semu confmed to confmed

condltlons Water-transmnttmg values approxumate those cnted for coal bearlng zones in: other '

reglons(Fetter 1980 p 227)

: Table 5. --Hydrologlc test data for. wells

' ‘Hydraulic ., . Estimated B ‘Base, ‘
HEEEE: R ‘] conductivity transmissivity - T well depth _openzone
Wellino. | County .| (fd) C(rrd) | storativity (F) (ft, msl).
Mar-1 | Marion’ |00t | e2r | - | s20 68
™-5 | Tuscaloosa 320 w6 | 102 60 59
w7 | Tuscaloosa 068 464’ 104 150 -306
TW-8. | Tuscaloosa .}1,15’ 123 S04 - 150 -332
TW-10. | Tuscaloosa - 001 R 100 200 318
™w-12 Tuscaloosa 025 482 104 267 | 317
TW-13 " | Tuscaloosa 017 241 10-5 o 1‘66‘ - -415
TW-17 | Tuscaloosa | 048 234 104 170 432
TW-18 | Tuscaloosa o1s 218 103 226 -298
™W-25 | Tuscaloosa 1.28 a0 150 332
| Tw-26 | Tuscaloosa 164 174 - 124 271
TW-27 | Tuscaloosa o ot 107 268 -293
Tw-28 | Tuscaloosa 007 100 105 248 -360
' ‘T,W-30 Tuscaloosa 126 . v 1l0.1 ' 103 124 -285

Hydrologlc test data for wells in Cedar Cove, Brookwood and Oak Grove flelds also lndlcate that

permeability decreases with depth (McKee and others, 1986). The permeablIlty-versus-depth graph

- presented in McKee and others (1»986),shows that the rock permeabulrty in these fields is on the order

. .' of 100 milll‘darcies (md) (~0724 ft/d)'at a depth of 100 feet a:nd decreases to less than 10 md (»~0.024»f't/d)

‘at a depth of 1 000 feet or more Low permeablllty values of 0 06 to 54 md (~O 01 to 0. 13 fvd) were |

‘reported by Epsman and others (1988) for the Mary Lee coal group ata depth of more than 1 000 feet

in Oak Grove fleld As already mentloned ‘the' permeablllty of coal generally exceeds that of other

luthologues

nim s
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Figure 71.--Plot of hydraulic conductivity versus well depth, udper Pottsville Formation.

|
4

RESERVOIR PRESSURE

Water contained ;'in reservoir rocks occurs u‘nd.er pressure termed reservoir pressure, formation
pressure, or fluid pressure (Tucker and Kidd, 1973). Two types pf Eco_’nditi‘ohs‘ can exist in a v‘ya’ter—'«_
bearing unit (1) hydrostatic conditionsvas‘sociated with a sttem. in which there is no flow, and l2)
hydrodynamic conditions ih which there is flow. Hydrpdynamic conditions are typical for a hydrologic

unit such as the Pottsville Formation where water is rarely static.

Pressure-depth’quotients were determined from a\)ailable water-level and construction

mformatlon for wells to determme the current pressure regnmes in the coalbed-methane fields. To
determme pressure-depth quotient values bottom- hole pressure w%s calculated (ﬂUId column length .
times 0.433 psn/ft) and then divided by total well depth Pressure depth quotlents were determmed
for intervals more than 1 000 ft below the land surface. The i OOO-foot depth crlterlon was selected

because Dlamond and others (1976) have determined that the hlgh?st potentlal for coalbed methane

productlon oceurs beyond that depth.
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The upper Pottsvnlle can be classified as a low-pressure reservoir relatnve to the fresh water';
hydrostatlc gradient. (0 433 psr/ft) The pressure-depth data mdncate that reservoir. pressure IS ator Iess '
than hydrostatlc (flg 72) Quotlents Iess than 0. 32 psu/ft occur naturally and are also assoclated wrthv-‘
active dewatermg in coalbed methane fields (flg 73) Values hlgher than 0. 32 psr/ft at shallow depths_ i
~ appear to reflect topographlc d:fferences and natural hydrologlc condltlons The Iargest area of low‘,

‘.reservoar pressu-re:(-pressure-depth quotne-nt'less than 0.32 psn/ft),:rs approxumately»40 square_mixles and o .
jﬂlS centered near actlve mlne dewatermg operatlons in Brookwood fleld that have been under way
since the early 1970 . Pressure elevation plots (fng 74) show that the underpressured coalbed-

s methane fields have vertlcal pressure gradlents ranging from 0 55 psa/ft in Deerllck Creek field to 4.85 “

‘ psi/ftin Peterson fleld

The flow of water caused by differences in reservour pressure can. be charactenzed as lateral flow‘

that occurs due to a dnfference in pressure wrthln the same mterval and upward or downward flow

 that occurs as the result ofa vertlcal head dlfference Pressure in producmg mtervals ranges from 0 to

- 700 psi or more at about the'same level in Brookwood Cedar Cove, Deerllck Creek, Holt and Peterson

frelds and reflects potentlal for movement of water toward Iow pressure zones. This vanablllty of

‘pressure mdncatesconsnderable poten_tlal for flow in most coalbed-methane flelds (figs. 72,,74). In Oak

Gr0ve'ﬁeld, however, pressure-depth values are only'sligh‘tly less than hydrostatic, so less vertical flow o

is occurrmg there
Potentlal for lcmuted upward movement of water . m coalbed-methane fnelds is mdrcated by

pressure data ava,ilable for coal beds at the Rock Creek site (Gas Research lnstitute, 1989) and by drill-

© stem-test data for deep formations ata test well site in western Jefferson County (table 6). The data
indicate a pressure dn‘ferentlal in the subsurface that would be conduc:ve to the upward movement*
B of mineralized water along fractures (flg 69) At the western Jefferson site; a consnderable pressure -

- difference exists between shut-in mtervals of the. Mlsslssmpraanartselle -Sandstone and Bangor-

Limestone and the lower Pottsville Formation,freﬂe‘c‘ting potential for upward flow.

nem 8
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Table 6.--Drill-stem-test data for a deep test well (DD-02),
western Jefferson County, Alabama

[Well completed - March 1970; test conducted - February 1970;
total depth - 6,060 feet. Interval tested (ft, kb) - feet below kelly bushing.]

Interval tested Measured pressure Estimated
(ft, kb) Fluid Depth of pressure
Test recovery gage Initial Final gradient
no. Formation name From To (ft) (ft) (psi) (psi) Condition (psi/ft)

1 |Pottsville (lower) 2,810 {2,975 120 2,971 102 131 | flowing
376 296 shut-in 0.10

2 |BangorLimestone 3,343 | 3,551 245 3,547 161 193 flowing
880 880 shut-in 0.25

4 |Hartselle Sandstone |3,570 |3,724 140 3,720 791 1,511 flowing
1,492 1,520 shut-in 0.4

5 |Red Mountain 4300 |4.416 150 4,412 100 130 flowing
431 615 shut-in 0.14

Note: Drill stem tests were performed to determine productivity, reservoir pressure, and water salinity at different depths.
The results of test no. 3 are not shown because of their inconclusive nature (leak in drill stem). Pressure gradient was
determined for each test interval by using gage depth and final shut-in pressure. Fluid recovery was not adequate for
determination of water salinity. Information from files of the Water Resources Division of the Geological Survey of Alabama.

WATER YIELD OF WELLS

Water wells typically are completed in the near-surface part of the'.Pottsville at an average depth
of 150 feet. Water yield from these wells ranges from 17 to 7,650 barrels per déy (bpd) on the basis of
a 72-well data set (Epsman and others, 1988). In contrast, coalbed-methane wells are commonly
completed in unweathered rock at a depth exceeding 1,000 feet and have initial water-yield values
ranging from 17 bpd to 1,175 bpd on the basis of a 420-well data set (fig. 75); average yield is only
103 bpd. Initial production rates are based on the results of 24-hour tests given on form OGB-9, First
Productidn or Retest Report, for each well on file with the State Oil apd Gas Board.

The initial-test water yield of coalbed-methane wells approximates the peak water-production
rate according to data submitted to the State Qil and Gas Board. This is due in part to the decline in
Water yield with time that is associated with dewatering of coal beds. This aspect of water yield was
recognized by Ancell and others (1980) in a 20-year production projection for 17 coalbed-methane

wells in the Warrior basin and also is readily apparent in production-decline curves (Epsman and

niw
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others, 1988). Extremely low yield (0 to 56 bpd) may be attributed to low formation pressure in _areas
- of active dewatenng for coal mmmg and coal degasn‘lcatlon (Pashm and others, 1989).

The water yield of coalbed methane wells in the Black Warnor basm is typically | Iess than 250 bpd
~ More than 70 percent of the well-yield values are between 0 and 250 bpd. Values higher than 250 bpd

| happear to be asso_ciated with structural feature's, such as faults and other fractu res, where o
- permeability of the strata mayibe inc'reased.- Sixteen areas of high initial water production (>250bpd
per well) were identified during hydrolog‘ic evaluation;Although data are scarce, these areas partly
coincide with areas having peak gas product‘ion of more than 200‘Mcf‘d (fig. 76). Areas wrth high
water yield occur in the Brookwood, Deerlick Creek Cedar Cove, Holt, Peterson, and Oak Grove
Fields. In three of the identified areas in Brookwood and Cedar Cove frelds the water: yueld per well

exceeded 1,000 bpd.

: WATER CHEMISTRY
‘In the Black Warrlor basin of Alabama, water chemrstry is affected by the processes of ox:datlon
carbonatlon hydration, and ion exchange associated wuth the: weatherlng of rock and sonl
coalbed-methane fields, different water types may mix. These processes produce characterlstrc water
» species (fig. 77) Wlthm the zone of active water clrculatron pynte in the Pottsville Formation
apparently undergoes dissolution to form the soluble sulfate (5042 ) and ferrous (Fe2+) ions. Sulfate
appears to undergo reduction with depth to form hydrogen sulfide (H,S) which is noticeable in the
foul “rotten-egg" odor of some well-water samples. The ferrous ion apparently reaches equilibrium
wnth siderite (FeC03) occurnng in the subsurface. The chlorude and strontium content of the water
increases wnth depth and TDS content; silica content tends to decrease with regard to the same
factors. The sodium and/or calcium and magnesrum content tends to increase with depth.
Changes in the iron, blcarbonatef and sulfate content of water are probably caused by redox.
reactions and pH changes that occur in the subsurface and along the flow rpath"(fig. 77).'Similar
changes have been obserued in other water-bearing units (Lawrence‘ and others, 1976; Lang‘rnuir,

1969). Sulfate-reducing bacteria may also cause a depletion of sulfate and an increase in pH
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Figure 77.--Idealized evolution of water species, Black Warrior basin.

(Langmuir, 1969). Decker and others (1987) indicated that the source of bicarbonate (HCO3") in water
from the Pratt and Mary Lee coal groups at the Rock Creek site in Oak Grove field is the reaction of
S04” with or-ganié matter to form, in part, HCO3". However, another possible source of the HCO3™ is
dissolution of calcite that occurs in ‘fractures; according to the available data, calcite may
‘reprecipitate at depth. The source of the sodium and chloride in deep subsurface water may be either

connate water or ion exchange with rock constituents.

Linear-regression analysis of water-analysis data from coalbed-methane fields (table 7) was -

perfbrrned to determine which parameters correlate at a level of 95 percent or higher. Differences in
correlation§ of water analysis parameters for coal and siliciclastic strata are shown in figure 78. The
common associations for water in both types of strata include: (1) total well depth with initial water
yield; specific conductance, Water' temperature, sodium content, and chloride content; and (2)

specific conductance with calcium, magnesium, sodium, potassium, bicarbonate, carbonate, chloride,

mercury, strontium, and TDS content. There also is a statistical correlation of specific conductance -

with sulfate and fluoride content of water from sandstone and mudstone. Water pH correlates

positively with bicarbonate, carbonate, and iron content. Trace elements that correlate with the TDS



132

050'6 000°€Z 0cvL 0SZ's 00£'92 09L’t 00v'vL - - (v6d)sar
0s wz - ot 4} 0€ 0 (1143 - - (o) uz
[ - = S ot 0 - - - (vbd)ep
000°01 000°8t 0 00£°9 00095 0 000°LL - - (v6d) 55
o - - 0s 861 0 - - (bt a5
€1 oL 0 002 099 0 - - - (1/61) qd
z - - ovt 005 8 - - - (/6d) N
061 06t o€ ovi 0zs ol 09¢ - - (v6t) uw
09¢ - - ozt 00€’€ 0s2 - - - (1/6) 1
870 60 0 144 i o - e o _ (6 B |
Co0€'L “o00ty. | . o0z " 09s't " 000°se s 000't - - (6) 34
ot - - 8L 0z ot - - - (6d) ny
t 14 0 € L 0 - - - (v6d) 1>
L 4 0 z S 0 - - - (v6d) n)
t 9 0 1]} 9 i - - - (/61) p3
08 - - 00s°0L 000°L€E 00Z't - - - (1/6d) eg
6 I3 t 86 Siv i - + - (1/61) sy
0 - - [\]3 74} 0 - - - (/64) 1w
T - - 1 € 1 - - - {6t) 6y
(T4 vZ'9 0 ILE 9L'€T 0 oL - - (v6w) Eon
[ 4 9 0 SE 8L 0 0 - - (1/bw) 4
019°¢ 000'11 (134 08L'Z 000°L1 ovi 00Z°01 - - (V6w) 1>
99 1] 0 95 059 . 0 ’ 7 - - (16w) o5
0 0 0 14l s (i 0 - - (ubw) €0
099 00t't o1 069 002'L 9L ozt - - (v6w) EgIH
89 61 St 9€ 4! 60 1) - - (1/6w) %
06v'Z 00Z'9 0Ls 09t 002'9 0 ovv'E - - (1/6w) en
8y 00z vi 0s ozy 60 69 - - (vBw) by
ovi 0z9 ST 14 06€ 0 0sz - - (1/6w) e
96 14 TE 9 21 o z - - (vbw) Zois
re 8 s9 43 6 9 vL - - {snun) ud
vz «@ 2 vT. 14 0. £ - - (0 simesadway
00t°0L 00092 0sL'T 0v9'9 002’82 869't 005°0t - - (wdsoyw) 3>uedNPUOd dYdS
652 000°L st 10z 008 0 - - - (pdq) 1310 fein1ug
SELL 19z LE '8¢ 96€ L - - - (prsow) seb jennuy
¥86°C 9LL'E (1344 8v0'7 LYE'T . SZ9°L 990°Z - - () yidag
ueapy wnwixew wnwiumw ueaw E:E_:NE‘ wnwiuiin ueayy wnwixen wnwijuiy
G:,U\,OU Jepad avv poom3ooig AC 3331y 9anjg aINIsu0)

(sasAjeue J0 Jaquinu) pjalJ

spIaY) aueylaw-paqeod o} elep sishjeue-1a1eM--£ 3|qel



133

?

. ,
064t 08’y SbS - - - ov8's 00€E¢1 ost’t :\ma\S
o 09 0 - - - 0zz 09¢ oL (Ve u
s s 0 - - - s - - :\\e ei |
06€ 006°L 0 - - - 000°¢ 00041 0€S (750 ;|
ST 0L 1 - - - ov - - (1/61) 3.
9t 06 0 - - - (44 - - i64) ad _
1 4 0 - - - 4 - - 1/6d) 1N
08 088 < - - - 079 008°€ o€ (B ui
ovy 0£6 08t - - - oy - - \ (1/6) 11
z00 1o 0 - - - 0 - - (1/6d) b1
0z8's 00066 0z - - - 000°8€ 000°9vZ ot (v6) 34
0z ov ot - - - ot - - (v6d) ny
z v 0 - - - . - - (vb) 13
0 0 0 - - - 0 - - I (ybynd
¢ v 0 - - - o - - | sy py
09€°L 000°€ 007 - - - 0¢8 - - (1/61) eq
4} oy 1 - - - 0€ - - (16t sv
o€l 007 ot - - - 0 - - ; (v6d) v
L t 0 - - - t - - | (et by
3 sz 0 - - - 0€'T 09°¢ 0 [ obw fon
9E t €0 - - - €€ 0z 0 N (16w) 4
09 00T 114 - - 009’9 | 000°S1 0sZ (vbw) 13
Tt o€t 0 - - vy [ 1" 90 (/6w) Yos
u 65 0 - - v €l 0 (ubw) €03
£v9 001t o1 - - 0€9 / 0£6 0z (1B6w) EQdH
T v'T €0 - - - 9 ! %4 9t (Vbw) %
069 008t 01z - - - 0047 008°9 08y (/bw) e
re 8t €0 - - - 9 | ozt o (v6w) b
96 14 80 - - - ozy 0LE s9 (W6w) e>
s €L Ly Ll - - 89 n 43 (vbw) Zo1s
v’ 1'6 re 0¢ - - 9, v'8 89 (suun) nd
1z sz 9t ks , - - vz iz 02 (35) a1mesadway
065'C 008'¢ sz8 008'61 . - - 00£°€L 00£'8Z 0£6'L (wd/soywt) 3>ueNPUOd dY1adS
147 S09 0 ,aom ! - b .mm— (884 9 (pdq) Ja1em feniug
ove 6LL (&4 6l - - V(s e [3 (py>w) seb jeniuy
6911 z09'L £69 809'7 , - - 10v'Z €187 €012 (1)) yadag
ueaw wnwixew WRWIUIN ueay wnwixep wnwiuiw ueapw wnwixew wr
(St) 21049 YeO , ; (1)3oH (11) #9323 M1133g 1U3NINSUOD

(sasAjeue jo saqunu) p|aty

panunuUo)-tspja1y Buey1aw-pageod oy eiep siskjeue-1a1e -2 d|qel
/

|
\.

{




69’y - “ 616 \ | 060"t 98 ,_ - - - (6) sa1
- - - sz ) 3 o -/ - - - () uz
- - - S - - { - - . (vbdyen
- - I o5’ 0c v -/ - - - (v6) 15
- - - R 0 : - - N - - (/bd) ag
- - - 4 ,, [ 4 0 - - - (1/6d) a4
- - (AN oo - - - - (v6) 1N
- - - 06 " opt N - - - (bd) u
- - - ON—\,. - - - - - (v6d)
R - 0/ 0 0 - - - (1/6t) 64
oSty ST T ks T T Toeoost | oz T T T - e e A AT
- - - o) - - - - - (v6t) n3
- - 14 ‘_\V Y 0 - - - (v6d) 35
- - | 0 0 0 - - - © (v6d) ny
- - - | . e o - - - (6t 3
- - - 00¢ - - - - - (1/6t) eg
- - - z \ ] 0 - ¥ - - C (uby sy
- - - 0 - - - - - (V) v
. - - EXR - - : - - - (1/61) by
- - - ore vz £00 - - - (vBw) Eon
o - - %4 (3 90 - - - (vbw) 4
06€°t 95T 099 ot s 61 00€ZL 00v'8L 0€ST (vBw) 13
sl - - 67 €39 S0 - - - (v6w) Pos
0 - - s i 0 - - - (v6w) €03
98 - - £96 ool 088 - - - (v6w) €0oH
88 - - 60 v 90 0z 1z 8t ) (bw) 3
658'L - - 00t oty 09¢ - - - ! C(1/6w) en
vz - - o 4l S0 - - - ) (vbw) 6w
[e3 - - st 124 80 - - - {bw) ed
- : - - ot i 58 - - - (v6w) Zors
08 v'8 St 78 06 0¢ 99 0L v'9 (siun) ud
- - 0z iz 6t - - - ) amesadway
066'v 000°6 088'Z 0zs't £99't ozv'L 0Z€'92 08¢0 0029 {wrsoyuwi) asuednpuos 31jads
16% S - 13 ov 114 85 L 3 (pdq) Jarem 1
6 - - 54 0 i {14 t 8¢ (prpow) seb jer
ey 6827 706 Sts'L 8bS'L 9y’ (06 ZEL'E (44 (1)) Yag;
ueaiy . ixeyw wnwiuliy Uean wnwixew Wwnwiuiin ueain E:ENXNS— wnwinw ._,
{€) 1©0oppA (v)3a019 yuesed|d (v) uossanad - WU3INISU0Y

(sasAjeue JO saquinu) piatd

PanuIIuC)--spJal} BUBYIBUI-P3T |20 10§ B1ep m_;_mcm-._,wﬁm;:s w.nm 1




W

135

" 'sjeasaiur suoispnw-auolspues pue pag-{eo joy E.ﬂm&ﬂm,.a sisAjeue-1a1em Jo Lieyd co_a.w_ubuou--..,wn aunbly

S aswsa [@ _epb o[
. o .. (Br')uz. .moo

ee0ea®Co®e
eomeac®®Oio®

(Bwisal | v
—(bw)uz Ll
TVBWIeA | .
AWl IS
(1/Bw) es
— (6w} qd
oo (APW)IN
- (pw)un
(o)
(7/6w) BH
. (yBw) e
- (ow)n)d
(/Bw) 15
(/bw)0p |
(I/ow) pO
- {/ow) eg
(/Bw) sy
—PW IV
— (/bw) by
S . (/W) ‘'ON ,
.. T/Bw) 4
; T AW
—____ [ypw)'0S
s (1/bw) 00
(7/8w) 'OOH
(1/ow) W
—__ (ybu)eN |
- (Pw) BN
_ (1/bw) ep : e
—_Obwos o e
. (syun) Hd
(5) ‘dwa . S
— (wo/soywn’) ‘puo) 'dg m
—— (gdg)eremwil |
. (a40NW) se9 |
: - (Isw 199)) daQ
, (ieej] idaQ

oe
S

_2

X

3>

&

e} -
edoocels
Oleeol0®
elo/®o0e|

(/BN
s )un
(') @]
(/Bn)BH .
- (1/Bn’)ed
(/Bn' Mo
(B’ )10
(1/8n’)00
(18r')pO
. (Bn’)eq ,,_.Dmm
 (1Bn’) sV
(/Bn’) Iv
. (1/Bn’) By
(1/Bw) 'ON |
e
: 1Bw) 10
: (1Bw)*0s |
o s S SWAYAINL L S (sw)
O1LSVIOIONS NI ATNO IN30OH3d 56< ,._w>w._ NOILY13HHOOD - . : ﬁ\a_.s, nOOII

Jeedv s s

0

oo Oeeo0®

CeceseoRe

cloECeocee00e

ool

&«o/elo0le[CoCleiee®eeoo O
gle[=lClelCl0el A OOOOOOOOOOOO

OeeeedeeCe®
RREEEEEENCEL
Ceeeeceeceere

S

Oe@Oeas@®cio®e
[eeOslemCleeeloCee
00000 e0eC0le
JeOCCelO®Olce

%%b'opoeeo oo™

olo0

ocddoE®dddoony
ee00dooeelOe®
cecesececece
Cee/0@o0I0/e/00

See

CECORCEEEEERETSE
0=/0/0/0/GaC0elCe(=0Cl®

©

soCEe®O@Ce@O0™
alsaaC0eeCleasO0®®
SlolooIoICIICCICIOIOCIIO

C
0/0l0010

o0

=

lcojoeseCece®Cco®

EePedsedscs e s e ceel
o oo Oele/sCe0/@CeeeCl®eCoe

DeREEEes s eEE=s = elel
CeeeEeeee=l

[

|®

OO0

CECERCECERREE
CReRCeCeeeees
elodeldldooada
CeEEEeReEe
SeeerPreCeCricecee

e
OeED

g

NNOEREESCEEEEl

OREYEEESCEEE

-y
D
£
x

el . SWAH3INI
oz_mﬁm-éooz_>._zohzuomu¢,3wd>3zoE:mEmoo

R STVAHIINI OILSYTOIONIS ONV
~ ONIHV38-1VOO HLO8 NI INJOH3d 56> T3AT1NOILY1IHHOD
o 7 SIVAHIINI DILSYTIOIONIS ONV.

~ DNIHV3S“IVOO HL08 NI INIOU3d 56< 13AT1 NOLLY1IHHOO

CODOECESR R eE=

ece

(1Bw)eN |
o (vBw) B
: (1Bw)eg

(Bw) 018
(swun) Hd
(o) dwey

=

»..v 'Oi & ‘.Q

v ‘ . _ . ._ ,E%o__eﬂ.v .J.oo )

T - o 8 ) . On_.m Joyep\ ..-_c L
A NOLLYNV1dX3 . _ : . (a40W) seo i

. (1sw “jos}) tpdeq

(100)) yideqg . |

O]
Q
O
(0]
Q
Q
(0]
O
()

Q
®)
O
|
Q
Q.
Q
@)
©

- “el0eemOE®
RO CEEE



136

content of water from coal beds are silver, arsenic, baridm cadn
mercury,lrthnum manganese, nnckel lead selenlum, strontrum andz

Water salmlty tends to. mcrease markedly with depthin the Black

-~ by vertlcal trends in sodxum,‘ chloride, and TDS content,(flg. 79)..

nium, cobalt, chromium, iron, -
nc.
Warrior basin, as demonstrated

The estimated depth to water

con_tainlng'.t 0,000 milli‘grams per liter (mg/L) TDS on the basis of-geophysical_ logs and water.-quality'

data is shown in figure 80. In some cases, measured specific-conducta

samples were used to estimate TDS content. The map indicates tha

TDS occurs 500 to 2,506,feet _below.msl within the Black Wa'rrior bas

msl in the coalbed-meth'ane fields. The irregular pattern of the‘conto

of surface-water mfrltratlon mrxmg, and in some areas, the shallow

‘ faults In Oak Grove fneld the presence of sodlum blcarbonate water

nce or resistivity values of water
t .-water..contvai:n‘iln‘g ,;1‘0,0’00 malL -
n and 1,500 to 2,000 feet below
urs iis interpreted to be aneffect
occurrence of salline"water along

with low TDS content is related

to apparent northwest movement and downward mfultratlon of water. Thls phenomenon has been f

attributed 'partly,to dewater’ing‘since ‘1974 by under’groun‘d-rnining

(Epsman and others, 1988; Pashin and others, 1989).

Statistical'associati‘on between chemical parameters and initial g

y ‘operations in Qakv Grove field

s produc‘tionh_asbeen reported

for Brookwood field (Epsman and others, 1988). In that field, a positive correlation above the 95

percent confidence level was identified between initialbgas production and specific conductance, pH,

and calcium, sodium, strontium, and chloride content. In Oak "Grove

found between initial gas production and water yield.

v Trilinear (Piper) diagrarns were made to illustrate thei‘relatior

drllling depth (fig..81), subsurface stratigra‘phy (fig. 82), and Water sa

show the relatlve percentage of the major catlons (Ca; Mg, Na, K) ar

water; they can be used to show the chemlcal evolution of water as it

field, a positive correlation was

1ship between water type and
ini‘ty (fig. 83). Trilinear diagrams
d anions (504, €I, CO3, HCOY) in |

t moves along a flow path and to

show dlfferences in water chemlstry The diagrams reflect a transition from slrghtly mlnerallzed

sodlum- or calclum-blcarbonate water associated wnth Cretaceous 3

and and the upper Pottsvulle, to

moderately to highly mmerallzed sodrum blcarbonate-chlorlde type water in the Black Creek Cobb'

" interval; and.to moderately to highly mlneralrzed -sodnum-calcrum-m

agnesium- chlorlde type water in
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|
‘the deep Devoman and Mrssrssrpplan strata that occur more than 2, 500 feet below the land surface

‘ Typucally, the water becomes more mineralized and alkaline (pl-‘l > 8) with depth and the

concentratlon of some trace metals, including strontium and iron, mcreases
l

Water chemistry varies among the"coalbed~methane fields ’(tableE7) and can be illustrated using
stiff diagrams (fig. 84). Stiff diagrams are made by plotting catiorlt and anion concentration in

eguivalents per million relative to a vertical axis and com‘monly arej used to compare water from |
different locations. Surface water and shallow subsurface wa‘ter» typicfally are low in mineral content :
and are of the calcium-magnesium or sodlum bicarbonate type However runoff water from mines is
hlghly mmerallzed and has high sulfate content. Water associated \‘Nlth coal bearmg mtervals and
~with coal degasnflcatlon typrcally is mmerallzed and is of a sodlum brcarbonate or sodlum chloride

l

'type Downward and lateral movement of weakly mlneraluzed soduum-blcarbonate water within

permeable coal- beds may account for the dlfference in water type .|
The salinity. and isochlor maps of the. Mary Lee coal group (flgs l 85-88) indicate that northwest
Iateral and downward movement of weakly mineralized water has talken place at the. southeast edge
of the basnn (flg 69) Several fresh-water protrusnons extend northwe‘st from the Blue Creek anticline,
'suggestmg that the structure has played a major role in recharge andlthe development of head along
the southeast margin of the basm Comparison with the map showrng areas with low pressure-depth
quotient. (flg 73) indicates that flow is toward areas with low reservo‘lr pressure Most wells for which
~ production data are available occur along the northwest margins of l[the fresh-water protrusuons (fig.
88). The protrusions termina‘te sharply irnmediately northeast of thle Cretaceous‘ov‘erlap, reflecting-
the increased: depth of Pottsville strata and the abrlrty of Cretaceous strata to store and transmit
meteoric water (flgs 85-87). Fresh-water protrusions only correspond with a few underground mmes
- sothey apparently are natural rather than an artifact of,mlnej dewater‘lng. :
- Very saline water (TDS 10,000-35,000 mg/L) occurs in the‘Mbary l.ee coal group in the interior part.
‘of the Black Warrior basin (fig. 87). Several locations of high TDS] ‘content (500 mg/L) in shallow

subsurface water above the Mary Lee Coal group are shown on the s;alinity map; the water is sodium

chloride in type. The high mineral content apparently indicates a cofmbination of upward movement

I
|
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Figure 84.--Stiff diagrams for representative water, Black Warrior basin.

of mineralized water and restriction from recharge rglated to the northwest limb of the Blue Creek
anticline. Water movement along fault planes may be restricted due to the orientation of the modern
tectonic stress field, and termination of coal beds at fault pIanés probably inhibits lateral flow. Many.
areas Having saline water contain numerous northwest-striking, normal faults. The faults apparently

act as a barrier to lateral flow that helps define the fresh-water protrusions.

IMPLICATIONS FOR COALBED-METHANE EXPLORATION AND PRODUCTION
Pressure-depth quotients and water-level data indicate that most of the areas in which peak gas
production exceeds 200 Mcfd coincide with or border areas of low reservoir pressure. In the Black
Warrior basin, low reservoir pressure exists naturally and is in sorﬁe ‘places enhanced by localized

permeability conduits and by mine dewatering. Because the Black Warrior basin is regionally
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! ,

underpr-essured, methane may hat/e been desorbed from coal at one tihte; a considerable part of‘that

methane may have'migrated towa,rd areas of low reservoir pressure. | o | |
Are'as of enhanced permeability where reservoir pressure} can be oWered rapidly by dewatering

coal beds are |mportant for the development of coalbed-methane fields. Lowering of reservoir

pressure is conducive to’ methane desorptlon from coal. if reservoir pressure can be lowered by the
| ,
rapid removal of subsurface water, a Iarge amount of the desorbed methane may be recoverable.

Areas containing water with low T:DS content may be rel,ated'to r}heteoric recharge of th'e upper :
Pottsville along the southeastern edge of the basin. Therefore, the fréesh;water tongues in that area
‘may'be migrating’ along‘avenues of high permeability. Hence, identiﬁ‘cation of areas éontaining'low
‘ 'TDS water may be an |mportant consideration in recogmzmg open fracture systems whach may
provide the best driiling sites.

New areas favorable for c-oalbed-metha_ne drilling ha\re ‘been‘ }recognized so.uthwest of‘b_the
present coalbed-methane fields,- and"numerous wells have bee.n ’drilleé or at least perrnitted. Because.:
the upper Pottsville is overlain by Cretaceous sedrment which appare‘ntly actsas a smk for meteoric
water, low-TDS protrusions probably are not developed in the same way as in the coalbed methane
- fields. Therefore, potentral exists for productlon of water wnth TDS content well in excess of 3,000
mg/L, and drillers should perhaps economize their efforts to offset‘the added cost of producmg

coalbed methane from below Cretaceous cover.

ENGINEERING AND PRODUCTIV!TY ANALYSIS
| |
INTRODUCTION |

The ablhty to accurately estimate the productivity of coalbed met‘hane wells is a crutlcal factor in
identifying areas of high production potential. Once ,potentlal highly ‘productuve,areas;are identified, -
geologic factors may be eva'luate‘d to determine those factors that eontrol the production' potentiall
of the wells. However, a suitable measure of ‘coalbed—vmethane productivity has not been identified in

| the Black Warrior basin. Therefore, the principal objectives were to define well prodhctiyity and to
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determine__the importance of geologic and engi_n.eering factors in;determining» the producibility of -
: vcoalbed methane.
To defme productwnty, a statlstlcal evaluatlon of the avallable productuvrty parameters wasf :

performed to assess thelr relattve |mportance in’ generatmg rehable est|mates of Iong term

productron capabllltles for coalbed methane wells The prmclpal ob]ectlves of englneermg and |

’ productnvuty analysns were to summanze the engmeermg aspects of coalbed methane wells and to
. deflne a measure of productwnty for. such wells |n the Black Warr:or basun The engmeermg aspectsf i
- addressed in this sectlon mclude dlscussnon of well type completnon technlque and- stlmulatlon ‘

method.

METHODS

Englneerlng and productlon data were compcled and computed from the flles of the State Ol| and‘ B

Gas. Board of Alabama, only data from vertically drllled coal degasn‘lcatlon wells were evaluated

: Compl-etlon evaluatlon mclud'ed' a revuew of Form :QGB_-7, Well Record and, -Completlon or.
| Recompletion Report to' determine the method of completion such as open-hole 'perforated casving,

or slotted casing, that was used in each weII Stimulation evaluatlon included a review of Form 0GB- 6 |

: Report of Well Treatment, to determme the type of st:mulatlon used in'the wells, such as water—sand _

and foam-sand-watertechnnques. e

Productlvrty evaluatlon utlllzed |n|t|al productron data for gas and water obtalned from Form FiEl

OGB-9, First Productlon or Retest Report The mltnal gas-productlon rate is generally based on the 24
- hour test performed early in the life of each well. The peak gas-productron rate was obtained’ from‘

- the Board s monthly productlon-hlstory records for each well The hlghest monthly ‘gas volume was

identified, and that volume was dwrded by the number of days in the month to generate a danly rate

The same procedure was used to calculate the peak water-productnon rate _The time to reach’ the.;:

’ peak gas-productlon rate was taken as the number of months that had elapsed smce productlon was |

' f:rst reported to the Board. :
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Total productlon tlme is defmed as the total number of months that production was reported to -
the Board The average gas productlon rate was computed by dwndmg the cumulative gas production
by the totalprodu‘ctlon time; that number was then .drvlded, by 30 days per montlﬁ to obtain an

average dally rate. The decline time is defined as the number of months a yvell'p'roduces before the

productlon ceases to be highly variable and a steady productlon declme trend is establlshed ThIS‘ '

value was determined 'from aplot of the prodUctlon history and, for most wells was found to occur at ’
or shortly after the tlme of ‘peak gas product:on

Three other factors tested to determme their mfluence on the productivity of th‘ese Wells arecoal

thlckness, the elevatlon of the Mary Lee coal bed, and well spaclng Net coal thlckness and elevatlon
of the Mary Lee coal bed were determmed from expanded densnty logs Well spacmg lS the number of
acres assrgned to the. mdwndual well as determmed from the Board sr cords

These data were summarlzed and a computer database was: generated In: order to analyze
prod,uctlvrty, a variety of statistical procedures yvere »-vemployed. Type_s,. of sta,tlstlca.l;r analysis: vused,,}
includve sta‘tistical summaries, analysis:of variance (ANOVA), and m_ult ple l~i”ne:ar regres;sion.,‘ Results of
the s;tati‘stical analysis were then evaluated and interpretedl in order'to determ-in’e the significance -

»and, implications of the findings.
-ENGINEERING :

Prod uctlon
‘Drillers have employed three major methods of produclng coalbed methane (Sexton and Hmkle,

1985) The f|rst and most common type is the vertlcally dnlled weIl or borehole (flg 89) As of

December 31 1988 more than 390 vertical wells had produced nearly 33 Bcf (bllhon CUblC feet) of |
methane (f|g 90) The second method of productlon is from ‘gob” wells (fig. 91), whuch are vertucal

- wells dn,lled into the collapsed roof rock of undergroundcoal mines ther mrnlng. By t’h‘e end of 1988,
v1'04 gob vtyells»vhad produced'more than 34 Bcf‘of' methanel(flg. 90). ‘The third meth%o‘dv of coalbed—
_methane recovery ‘is by ~drillino horizontal boreholes. into the coal fa :e'inf the un’deroround mines. In

: ho»ri;‘zontal boreholes, th‘e produced methane is-collected' by an unclerground pi,pin.g system that is .
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Figure 89.--Schematic of a vertical well (not to scale).

connected to a vertical borehole which transmits the gas to the surface. As of December 31, 1988, 19
horizontal boreholes had produced a total of 3 Bcf of methane (fig. 90).
Although 76 percent of the wells in the degasiﬁcétion fields are vertical boreholes, 49 percent of

the cumulative production has come from gob wells (fig. 90). Horizontal wells account for only 4

percent of the cumulative production; only 19 boreholes were on line at the end of 1988. The average

cumulative production to date for a vertical well is 85 million cubic feet (MMcf) of methane, whereas

the average cumulative production to date for a horizontal well is 158 MMcf, nearly twice as much. In

contrast, the average cumulative production to date for a gob well is 327 MMcf, nearly 4 times as
much as a vertical well. However, gob and horizontal holes are restricted to areas of underground
mining in Brookwood and Oak Grove fields and cannot be drilled on.aregional basis.

Figure 92 depicts the cumulative production through December 1988 for each coalbed-methane

field. Table 8 depicts the producing method, the amount of production, and the number of wells for

ndm e
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B

'PRODUCING WELL TYPE
SR |
» 19 wells (4 %)
104 wells (20 %) . ‘
B VERTCAL
GOB

B HORIZONTAL

!
|

390 wells (76 %)

CUMULATIVE PRODUCTION

3Bcf (4%)

B VERTICAL
B cos

"B HORIZONTAL:

" 33 Bcf (47 %)

CUMULATIVE PRODUCTION
PER WELL (MMcf) |

158 MMcf (28 %) 85 MMcf (15%)

B VERTICAL
B cos
B HORZONTAL

EEEESY 507 MMCE (57 %)

|
. : |
Figure 90.--Methane production by well type.
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LY Mined coalbed

‘Figure 91.~-Schematic of a gob well.

each field. With the exception of Carrolls Creek field, all fiellvds have or will have vertical wells

producing coalbed methane. Because Brookwood and Oak Grove are the only fields with acti‘vev.

underground mines, production from gob and horizontal wells is restricted to those fields. Gob and
horizontal boreholes have limited distribution and cannot be evaluated in the same way as vertical
boreholes, which are present throughout the degasification area; only data from vertical boreholes

were used in the regional productivity analysis.

Completion |

Of the 417 vertical Wells evaluated for this study, 303 (73 percent) were completed open-hole.

Using this method, production casing is cemented into place immediately above the uppermost’»

coalbed that is to be produced. Wells completed with perforated casing or slotted .casing numbered o

106 (25 percent), and 8 wells ‘(2 percent) were completed with é combination slotted-casing and

nme 8
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CEDAR COVE - 2.9 Bcf (4.1%) -

DEERLICK CREEK - 2.9 Bef (4.1 %) PETERSON - 0.15 Bef (0.2%)

PLEASANT GROVE - 0.17 Bef (0.3 %)

OAK GROVE - 12.8 Bcf (18.3 %)

/

=N HOLT - 0.19 Bef (0.3 %)

CUMULATIVE PRODUCTION = 70.1 Bef

\

BROO

Figure 92.--Cumulative methane production by field.

KWOOD - 51.0 Bef (72.7 %)

Table 8:--Cumulative production (Mcf) by well type through December 1988

Vertical GOoB Horizonfal
Field Production Number Production Number Production Number
‘ (Mcf) (Mcf) (Mcf) .
Oak Grove 12,410,032 221 365,259 1 32,342 5
Brookwood 14,203,527 97 33,784,599 103 3,002,324 14
Pleasant Grove 171,19 4 - . -- -
Holt 191,132 5 - - - -
Cedar Cove 2,852,066 18 - - - -
Deerlick Creek 2,947,846 38 - - - -
Peterson 150,367 6 - - - -
Carrolls Creek 0 0 - - - -
Blue Creek 0 0 - - - -
Unnamed field 2,727 2 - - - -
Total 32,928,888 391 34,149,858 104 3,034,666 19




155

open-hole technique. Although most vertical wells in the degasification fields have been cohplete_d
open-hole (fig. 93), the most common completion procedure used by coalbed-met’hane operators at
present is with slotted caﬁing. The advantage§ of this method include better isolation of productive
strata and. elimination of problems associated' with wellbore caving. Most wells in-Brookwood and
Oak Grove employ a single-zone completion in the Mary Lee coal group, whereas most of the well§ in
the remaining fields are mUItipIe zone completions producing the coalbed-methane resources of the
entire Black Creek-Cobb interval. v

The preponderance of open-hole completions (fig. 93) reflects completion practice by bperators
in Brookwood and Oak Grove fields which contain most of the wells analyzed. In the remaining fields,
perforated casing predominates, although open-hole completions are common. In.all of the fields,

combination completions are few.

Stimulation

Stimulation technique yariés, but most wells evaluated were stimulated using water as the
injection fluid and sand as the propping agent. Wells were evaluated to determine the major-fluid
injected. The fluids used in well stimulation include water, foam, and gel; the fluids may be applied
alone or in combination. Some wells in Brookwood field were not stimulated. Although more of the
wells evaluated were stimulated with water and sand than with any other method (fig. 94); the
current stimulation practice employed by most op‘erators is the cross-linked gel-and-sand method.
One operator continues to use water and sand for well stimulation (personal communication).

Of the 413 wells evaluated, 196 wells (47 percent) were stimulated with water as the major fluid
(fig. 94). Foam, gel, and combination stimulations were used in fairly-equal proportions rangihg from
15 to 17 percent each. Deerlick Creek is the only field where the highest proportion of the wells have
been stimulated by a method other than the water-and-sand fracture; combination stimulations
comprise 81 percent of the stimulations in that field. All 17 wells that were not stimulated are located

in Brookwood field.
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ALL FIELDS

[0 OPEN HOLE - 303 wells (73 %)
B PERFORATED OR SLOTTED CASING - 106 wells (25 %)
Bl COMBINATION - 8 wells (2 %)

BROOKWOOD

0 OPEN HOLE - 89 wells (91 %)
B PERFORATED OR SLOTTED CASING - 3 wells 3 %)
Bl COMBINATION - 6 wells (6 %) ' :

OAK GROVE

1 OPEN HOLE - 191 wells (87 %)
Bl PERFORATED CASING - 28 wells (13 %)
2 COMBINATION - 1 well (0.5%)

DEERLICK CREEK
O OPENHOLE -1 well (3 %)

El PERFORATED CASING - 31 wells (97 %)
El COMBINATION - 0 wells (0 %)

CEDAR COVE

O OPEN HOLE -3 wells (17 %)
E PERFORATED CASING - 15 wells (83 %)
] COMBINATION - 0 wells (0 %)

REMAINING FIELDS

] OPEN HOLE - 19 wells (39 %)
E PERFORATED CASING - 29 wells (59 %)
Bl COMBINATION - 1 well (2 %)

Figure 93.--Completion methods by field.
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'ALL FIELDS

WATER - 196 wells (47 %)

FOAM - 69 wells (17%)
‘GEL - 65 wells (16 %)
COMBINATION - 63 wells (15 %)
NO STIMULATION - 17 wells (4 %)
NO RECORD - 3 wells (0.1 %)

Il

I

EONEEM

El WATER - 56 wells (57 %)

P FOAM - 0 wells (0 %)

GEL - 12 wells (12.%)
COMBINATION - 13 wells (13 %)
NO STIMULATION - 17 wells (17 %)
NO RECORD - 0 wells (0 %)

EONER

WATER - 99 wells (45 %)

FOAM - 64 wells (29:%)

GEL - 51 wells (23 %).
COMBINATION - 5 wells (2 %)
NO STIMULATION -0 wells (0 %)
NO RECORD - 1 well (0.4 %)

I 9 B N

B WATER - 5 waells (14 %)

FOAM - 0 wells (0%)

Bl GEL-2wells(5%) . .
COMBINATION - 30 wells (81 %)
[0 NO STIMULATION - 0 welis (0%)
B NO RECORD - 0 wells (0%)

CEDAR COVE

B WATER - 13 wells (72 %)

FOAM - 1 well (5 %)

B GEL - 0 wells (0%)
COMBINATION - 4 wells (22%)
[0 NO STIMULATION - 0 wells (0%)
I NORECORD - 0 wells (0%)

WATER - 23 wells (58 %)

FOAM - 4 wells (10 %)

GEL - 0 wells (0%)
COMBINATION - 11 wells (28 %)
NO STIMULATION - 0 wells (0%)
NO RECORD - 2 wells (5 %)

BEONBESM

Figuré 94.--Stimulation methods by field.



158

WELL PRODUCTIVITY
Eleven parameters were evaluated that may influence or be a measuré of coalbed-methane well
productivity (table 9). The primary purpose of the evaluation was to i‘;dentify the varia‘ble or.variables
that provide the most reliable estimate of well productivity. Anotheﬁ objective was to determine the
significance of each variable used in the analysis. A statistical summary of the available productivity
parameters is presented in table 10. The mean, median, and mode vaiues‘ provide measures of central
tendency for each variable. The dispersion of each parameter is measured by the standard deviation,

whereas the minimum and maximum values establish the range.

Table 9.--Productivity parameters evaluated in this study

1. Initial gas production rate 7. Total pr,oductiojn time

2. Initial water production rate ) 8. Timetoreach décline ;

3. Peak gas production rate’ 9.. Netcoal thickness

4. Time toreach peak-gas 10. Elevation of the Mary Lee coal bed
5. Peak-water production rate 11. Well spaciné

6.. Averagegas producﬁon rate ‘

Table 10.--Statistical summary of productivity parameters

Parameter o'\t;:er?\?aet'}grf\s Mean Median\ Mode | 32?:;;?\ Minimgm Maximum
Initial gas rate (Mcfd) 397 81 55 17 | 105 1 1,191
Initial water rate (bpd) 396 132 64 6 | 7 0 | 1176
Peak gas rate (Mcfd) 351 134 9% | 50 | 139 1 1,081
Peak gas time (months) 351 12 7 2 | 14 1: 86
Peak‘water rate (bpd) 349 167 71 13.) - 250 1 1,705
Aver‘age‘ gas rate (Mcfd) 348 72 52 56 | 73 1 572
Total production time (months) 386 35 28 1] 26 1 102
Decline time (months) 139 s 9 2 | 14 1 60
Net coal thickness (ft) 305 7 6.6 5 2.8 1.3 295
| Elevation (ft) 320 -1,047 -844 -1,489 {‘ 434 -2,075 -381
Well spacing (acres) 417 45 40 40 19 10. 80
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In.- order.to generate a mhltjple regression analysis, a dependent variable must be selectéd, The
most logical dependent variable appears to be the average gas-production rate, because average
production »represehts a long-term rﬁeasure of a giiven well's ability to produce. Using the remaining
10 parameters as the ihdependéht variablés, a backward, stepwise multiple regression was performed
. on the data set to determine the critical factors for estimating the productivity of such wells. The

results of t}hefegression analysis are presented in table 11. The parameters remaining in the
regression model upon completion of the stepwise removal of certain parameters included initial gas-
production rate, peak gas-production rate, time to reach peak gas production (peak gas time), total
production time, and elevation. These five variables accounted for 87 percent of the total .variance.
The calculated coefficient and the F value removed for each variable also is included in table 11. The
table also lists the partial correlation coefficient for each variable that was excluded or eliminated
from the model. The table further indicates the F ratio (under the he.adéng, F-enter) that a variable

would have if it were added back into the model in the next step of the regression analysis.

Table 11.--Regression analysis results for average gas production rate using available
productivity parameters

Muiltiple regression for average gas production rate
Variables included Coefficient | F-remove Variables exclﬁded Partia_l F-enter
correlation
1. Initial gas rate 0.08034 | - 6.31 2. Initial water rate 0.0352 0:15s
3. Peak gasrate 42699 270.85 5. Peak water rate 0152 03
4. Peak gastime 94532 19.76 8. Declinetime 0729 .63
7.. Total produc’tio‘n time -.36967 8.35 9. Netcoalthickness 1671 3.39
10. Elevation .05698 76.71 11. Well spacing 0744 .66

Comparison of F values for the five included variables suggests that the peak gas-production rate
accounts for a large part of the total variance that is attributed to or explained by the regression
model. A surprising result of the analysis is that net coal thickness, total production time, and well
~spacing account for only a small part of the total variance (table 11). A simple linear-regression

analysis was performed between average gas-production rate and peak gas-production rate to

nfk 8
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further evaluate the inb‘dbicavte“d relatvionship"qf thé two 'vér_ifables.. A
>d’a'ta (fig: 95) is defined by the followi‘ﬁg équation:‘

| AGR = 0.45 (PGR) + 10.5
o ,in.v’vhich‘ AGR repr’eséﬁts .thet-‘average gas-production rate (Mcf?d)ﬁar

production rate (Mcfd).

least-squares regression of the

i

'd PGR represents the peak gas

600+ -
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é .
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S 1004
o+ ‘ . o ) S . 1
0 2 4 e 8 - 10 : R 12
‘ © PEAK GAS-PRODUCTION RATE o

(100 Mctfd)

: -Figure 95.--Least-squares regression, pe‘ék- gas produ.c’tion. -

* Also shown in figure 95 are two pairs of dashed lines. T}\e inner

set of dashed lines indicates the

95 pejrée.ntconfidente interval fo_r'thé-meah' reép‘ohée,'»whereas the outer set represents: the

|

prediction limit for new observations. On the basis of the algorith

m derived by simple regression

analysis, 74 percent of the observed variance in average gas-production rate is accounted for using

~the peak gas-production rate as the only independent vériab!é. Using 5 i‘ndependén;t variables, %dnly

. 113 percent more (87 percent) t_:f the‘Variance was éccanfed'fbr. Hence, peak gas vpfrodu’ction is the

single most important factor in predicting the average production rate of a given coalbed-methane

i
b



161

- well. Similar analyses were conducted on subsets of the data base to determine if the same
relationships could be established for each individual coalbed-methane field. In all cases, peak gas-

= prqduction rate was identified as the principal parameter controlling the observed variance.
INTERPRETATIONS

Productivity
The results of statistical analysis clearly establish the peak gas-produbction rate as the most reliable
Qariable for estimating the long-term average gas rate for coalbed-methane wells in the Black
Warrior basin. Because the long-term average gas rate is a direct measure of each well's ability to
produce, it follows that the peak gas?production rate: would be the most accurate and appropriate
parameter to use in estimating long-term productivity.
Cqmulative relative-frequency values for peak gas production are included in figure 96.
Approximately 28 percent of the coalbed-methane Wells had peak: gas production equal to or less
‘ thén 50 Mcfd, 52 percent had a rate at or below 100 Mcfd, 70 percent had a rate at or below 150
Mcfd, and 79 percent had a rate at or below 200 Mcfd. Therefore, only 21 percent of the vertically
dfilled wells had a peak gas-production rate of more than 200 Mcfd. Considering these facts and
observing fhe frequency graph(fig. 96), the 200 Mcfd'peak rate appears to be a logical dividing point
between low- and high-productivity wells. Using the the 200 Mcfd value as a guide, a map depicting
“trends of low and high productivity was developed (fig. 14).
Engineering
Results in\cziiéate that completion practices have c‘hange‘d over the past few years. .Whereas single;
zone, open-hole completions were the standard completion method by most opera‘tors, the present
method'is to complete multiple-zone wells with perforated or slotted casiﬁg. Whereas stimulation
practice varied during the first 4 ors years, operators are currently stimulating most wells with a

cross-linked gel-and-sand fracture or sand-and-water fracture.

nfa 3
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Fi gure-96.--Cvumulative-rel'ation frequency,‘: peak gas producti_on.’

Tables 12 and 13 were prepared for the evaluatlon of completlon and stlmulatlon data. Table 12

shows the number of wells in each field, the completion method ‘the number that had a peak-
productlon rate of more than 200 Mcfd, and the number that_ had a peak-productlon rate of less than
' ~ 200 Mcfd. The percentage of wells completed by a vgiven method is Fasically the same whether the

production is more or less than 200 Mcfd (table 12; fl‘g. 97). On the basfis of comparison:of productivity

to completion method, completion method apparently is not a strong control on v"v’e‘ll productiyity if
productivity is defined as peak production |
The number of wells in each field, the type of stlmulatlon method employed and the number of

wells with peak productlon more and less than 200 Mcfd is Ilsted\ (table 13). As |s the case for

completlon method the percentage of weIIs producung more  and lessl than 200 Mcfd is essentlally the

'v same regardless of stimulation method (table 13, fig. 98) However only 5 percent of the wells
|

producmg more than 200 Mcfd were stlmulated wnth foam whereas 19 percent of the wells

producmg less than 200 Mcfd were completed by ‘that method Hence, stlmulatlon methods ‘are

l
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Table 12.--Comparison of completion methods used in wells producing
more and less than 200 Mcfd.

Wells with peak production Wells with peak production
> 200 Mcfd <200 Mcfd
Field
Open- Perfed. Open- Perfed.
hole casing Both hole casing Both
Brookwood 30 1 1 59 2 S
Oak Grove 26 - 1 165 28 --
Deerlick Creek - 4 -- 1 27 --
Cedar Cove - 11 - 3 4 -
Peterson - - _ 7 16 1
Holt - - - 3 2 -
Blue Creek - -- - - 9 .
Pleasant Grove - -- - 3 1 -
Carrolis Creek -- -- - 4 - -
Unnamed field - - - 2 1 f -
Total 56 16 2 247 90 6
Percent of wells 76 21 3
>200 Mcfd
Total-74
Percent of wells 72 26 2
<200 Mcfd
Total - 343

evidently not a controlling factor of well productivity if productivity is defined as peak production,

but completion with foam may not be as effective as other methods.

IMPLICATIONS FOR COALBED-METHANE EXPLORATION AND PRODUCTION

Results of productivity and engineering analysis indicate that a single variable, peak gas-
production rate, is highly correlated to the average gas-production rate. Knowledge of this
relationship allows the use of peak gas-production rate, a single-point value that generally occurs
within the first year of production, to estimate the production potential of a given well. By making
this implied extrapolation, peak gas production values can be plotted on maps to identify
productivity trends. The implication of these results is that the identified areas or trends of high
productivity can then be studied in detail to determine and evaluate the controlling geologic and

engineering factors affecting the productivity of a coalbed-methane well.
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Table 13.-7Corhparison of stimulation methods used in wells producing
: ‘ more and less than 200 Mc¢fd :

) Wells with peak production >200 Mcfd ’ l: Wells with peak production #200 Mcfd

Field Water | Foam Gel |Combo.| Ns' | Noe2 Water Foam Gel Combo.| NS' | No 62
Brookwood e 6 5 7 | - | a2 —ﬁ 6 | 8 | 10
Oak Grove 18 a | s - - 1 81 60 | 46 s | - -
Deerlick Creek 1 -1 -] 3 - -] a i 2| 2 | - -
Cedar Cove 9 - - 2 - - -4 1‘} - 2 - -
Peterson - - - - - - 18 J - 5 - 1
Holt - - - - - - 3] 11 - - -
Blue Creek - - - - - - - - - 2 - -
Pleasant Grove - - -- -- -- -- - 3\ - 1 - -
Carrolls Creek - - - - - - 2 --} | - - - -
Unnamed field - - - - - - - --3 - 2 . 1
Total { 42 4 11 10 7 1 1 54 65‘; 54 53 10 2.
Percent wells 56 s | 15 | 13 9 1 \
>200 Mcfd ‘ ' ‘ |
Total-75 ; )
Percentwells ' 46 19| 16 | 15 3 1
<200 Mcfd ‘
Total-338.

|
|
|
NS - Not stimulated. . |
2No 6 .- No Form:OGB-6 submitted. {

Our interpretation of the.available data is that the influence of er}jgineering factors.is not evident

‘ | |
when evaluating coalbed-methane productivity on a regional scale. Indeed, productivity trends in the
‘ 1 !
Black Warrior basin can be related directly to geologic factors, including permeability, fracture
| :
architecture, coal quality, depositional facies, and hydrodynamics. Therefore, geology should be the
‘ | o

primary consideration in selecting well sites, whereas engineering strategies may be used to enhance
|

methane recovery once the best well sites are chosen. ‘
U |
‘REGIONAL CHARACTERIZATION OF COALBED-MEP’HANE POTENTIAL
Essentially all parts of the study area have some coalbedjmethan% potential, bu‘t that potential is
variable. Therefore, geologic fagtors that affect coalbed-methane oc%urrence and producibility-were |

used to divide the Black Warrior basin of Alabama into 6 distinct éreas having different coalbed-

methane potential (fig. 99; table 14). The criteria used to define th:e areas include, coal rank, coal
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WELLS PRODUCING
>200 Mcfd

B orenHoLE
[C]  rerrorateD
B comsiNaTION

WELLS PRODUCING
Mcid

<200

B orenHoLE
[] perForaTED

Figuke 97.--Comparison of completion methods used in wells producing more and less than 200 Mcfd.

abundance, elevation of target coal groups, and water salinity. In order of increasing potential, the

Black Warrior basin of Alabama was divided into areas A through F.

Area A (fig. 99) comprises parfs of Tuscaloosa, WalAker, Cullman, Marion, Winston, Fayette, Lamar,
and Pickens Counties. At present, there is no coalbed-methane production in this area, although parts
of Deerlick Creek and Blue Creek fields are within the area limits. The Mary Lee coal group in Area A
has volatile-matter content ranging from 34 to 40 percent and vitrinite reflectance less than 0.8
percent (table 14), so little thermal methane generation evidently occurred in this area. Where data
are available, fewer than.10 coal beds are present in the Black Creek-Cobb interval. Water salinity is
low along the northeast rim of area A (<1,000 mg/L TDS), but thick Cretaceous overburden in the
westefn part of the area may signify high TDS content in water of the upper Pottsville. In the eastern

part of the area, target coal groups crop out, so thin overburden is a problem. However, the Mary Lee

nfm
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WELLS PRODUCING
> Mcid

B WATER

B Foam

Boe
COMBINATION
] NOT STIMULATED
. NORECORD |

WELLS PRODUCING
<200 Mcid

El WATER
FOAM
B ceL
COMBINATION -
[ NOT STIMULATED
I NORECORD |

Figure 98;—-.Comparison of stimulation methods used:in wells producin"g more and less than-200 Mcfd.
‘v \

cycle is at an elevation of -1,500 feet in the southern part of the areé. Overall, the coalbed-methane

potential of area A is questionable, particularly because coal rank is low.

Area B, in southern Walker and central Jefferson Counties, contjains the northeast part of bak
Grove field which has not been drilled (fig. 99). The Mary Lee coal group contains 28 to 37 percent
volatile matter, and 15 to 25 coal beds are present in the Black C}eek-Cobb interval ‘(table 14).
Therefore, coal abundance is favorable, but rank is variable. Hydrologgc evidence indicates that area B
has the potential to produce water with TDS values greater than 3,000 mg/L. Overburden is a
problem, because the Mary Lee, Pratt, and Cobb cycles croé o(;t in ?the northeast part of the area.
However, the Mary Lee cycle is present at an elevation of -300 feet |n the western part of the area.
Therefore, the coalbed-methane potential of area B is marginal but increase§ toward the west.

Area Cis in southwest Lamar, most of Pickens, west-central Tuscalioosa, and nonhérnmost Sumter

and Greene Counties (fig. 99). Carrolls Creek field, which has produced little methane to date, is the

only coalbed-methane field in this area. However, vitrinite reflectance is greater than 0.8 percent
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Figure 99.--Regional characterization of coalbed-methane potential, Black Warrior basin, Alabama.
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- Table 14.--Regional characterization of coalbed-methane potential

Coal rank of Mary Lee-cycle
(%) Coal abundancein Elevation of top of | Water salinity (TDS) Broven
Area Black Creek-Cobb Mary Lee cycle - | ofMarylee Coal production
Volatile Vitrinite interval (feet) ‘ group (mg/L)
matter reflectance ; ‘
A 341040 0.6t00.8 <10 beds 300t0-1,500 | 1,000t0 >3,000 - No
B 28t037 | 08t01.0 15 to 25 beds 300 t0 300 l >3,000 No
c Nodata | 0.8to1.2 <20 beds, -300t0-4,500 | ~ nodata, v No
locally <5 beds | probably >3,000
D 22to 34 08to14 15t030 beds -300t0-1,200 .. | >3,000 Yes.
E 19to 34 10to1.4 20 to 30 beds - -300to -1,800 ] <3,000, Yes
.. locally <1,000
F Nodata | 08t010 20 to 40 beds -2,400t0-3,000 | <3,000, Yes
' locally >10,000

throughout the area and is 1.2 percent in Sumter County (table 14). The target coial groups héve
adequate overburden, and the Mary Lee cycle is at an elevation of 4,500 feet. Fewer than 20 coal
beds are present in the study interval throughout most of thé area, ar21d fewer than 5 beds are localiy
present. Another caveat in qevelobing Area C is the possibility of High TDS water related to deep
burial of the Pottsville below Cretaceous cover. Hence, Area C hés marginal éoalbed-methane.
potential. |

Area D includes parts of Tuscaloosa, Jefferson, and Walker Couniies and contains large portiéns

i

of Brookwood, Oak Grove, and Blue Creek fields (fig. 99); this area has been the siie of extensive
development. Volatile-matter ranges from 22 to 34 percent (table ‘114), indicating that coal rank
ranges from high-volatile A bituminous to medium-volatile bitumino;Js. In area D, 15to 20 coal beds
are common, and the area locally contains more than 30 beds. Area D has proven productlon along its
southeast margin where TDS content is much less than 10,000 mg/L However, several parts of the
area contain formation water with TDS content greater than 10,000 mg/L The Mary Lee Cyde is.atan
elevation between -300 and -1>,200 feet, so overburden is not a major concern. On the basis of high-
rank coal and proven production, Area D has good coalbed-methane potential.

Area E is located in western Jefferson and eastern Tuscaloosa Counties and contains parts of Oak

Grove, Brookwood, and Cedar Cove fields (fig. 99); it contains abundant coalbed-methane wells. The
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area |s srmllar in many respects to area D, but area E contains low-volatule bituminous coal with less -

than 19 percent volatile matter (table 14); this is the highest rank coal known from the Black Warrlor
basin. The northwest margin of area E is defined by fresh-water tongues related to recharge along
- the Blue Creek anticline, so TDS content is-locally less’ than 1,000 mg/L. Area E has proven production

along its northwestern margm and has excellent coalbed-methane potentlal

Area Fisin the southern Tuscaloosa County area and mcludes part of Cedar Cove fleld and an

undrilled part of Deerlick Creek field (fig. 99). More than 20 coal beds occur in the area, and more-

than 40 coal beds occur locally (table 14). Vitrinite reflectance is higher than 0.8 percent, and area F

contains a proven high-productivity trend in Cedar Cove field. However, potential for producing

_high-TDS water (more than 10,000 mg/L) exists because: coal-bearing strata are overlain by thick
Cretaceous sediment, and the Mary Lee cycle is at an elevation as low as -3,000 feet. On the basis of
'geologic factors, areas D, E, and F offer the best coalbed-methane potential in the Black Warrior '_basin :

of Alabama. Areas D and E already have numerous producing coalbed-methane wells, so area F may

be the most promising-frontler area in Alabama. Results of this investigation indicate; however, that
abundant, high-rank coal is not enough to ensure economic methane production.
High-productivity trends are localized (fig. 14), and geologic data suggest that these trends are

predictable. Several highly productive trends occur along northeast-oriented lineaments. These

trends evidently are the surface expression of zones of enhanced permeability that apparently are

related to fractures. Productive trends also are associated with areas of low reservoir pressure, and
salinity maps indicate that fresh water has migrated toward these areas from the southeast margin of

the basin. The available data indicate that structure and hydrology are critical production parameters

that may be used to identify favorable well sites within regions containing abundant, high-quality’

coal resources.
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