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ABSTRACT
INTRODUCTION

This paper discusses the rationale for selection
of a well site where geologic and reservoir condi - This paper ahowa how to select the proper geo-
tions are favorable for a horizontal well to increaae graphic area in the Devonian shale of the Appalachian
gas recovery efficiency over that of vertical wells. Basin where geologic and reservoir conditions ●re
In this effort, an area of favorable geology waa favorable for s horizontal well to increase gas
selected and a multi-site reservoir evaluation study recovery efficiency two- to three-fold over conven-
waa conducted to determine an appropriate location tional vertical wells. Particular importance is
for a long horizontal wellbore in the Devonian shale placed on well placement for improved gas recovery
in southwestern West Virginia. Within a candidate efficiency from fractured shale formations, Under-
reservoir, existing wells and their suspected direc- stsnding the orientation of naturally occurring
tional properties were analyzed to develop the best fracturea in the Devonian shale is foremost in
candidates for location of the horizontal well. importance.1 Prior knowledge described both induced
Reservoir data from over 38 wells in the area were and natural fracture direction over the entire
used to establiah areaa of high flow capacity. A Appalachian Basin2. This knowledge led to the
3-dimensional gaa flow simulator capable of modeling partitioning of areas of established production for
both fracture and matrix porosity and permeability West Virginia3, Kentucky4, and Ohios. Data on
and desorption were used to investigate both the natural fracture orientation, horizontal stress,
adjacent well interference and production performance reservoir properties, mechanical fabric, and
of a 2,000-foot horizontal wellbore. Final well permeability anisotropy influenced the partitions.
location selection was based on minimum interference, Within these partitioned groups, knowledge of
high expected recovery efficiency, and reasonable reservoir properties was acquired to guide the
acceas in rugged terrain. selection of the well site and to design the

horizontal well.
Once site selection was completed, a well-

planned drilling approach was developed based on a Design aapects were based on th? experience from
complete review of horizontal well drilling tech- the high-angle directional well that was recently
nology with particular emphaaia on methods to direc- completed in the Grand Canyon. Here, directional
tionally drill on air or air/mist to intersect the drilling waa used to install a Water Line Projects.
inherent fracture system (based on regional mapping In this project, a conventional-build wellbore waa
trends), horizontal coring for natural fracture installed to 71° using air/mist drilling fluids,
spacing, and multiple hydraulic fracturing horizontal downhole mud motors, and wireline steering tools.
boreholes through cemented casing. The lessons
learned in this effort are that horizontal wells can GEOGRAPHICARSA SELBCTION -- THB GEOSCIENCE APPROACH
be achieved in naturally fractured formations, but
good reservoir studies are required to increaae the A large volume of published data was reviewed to
probability of success in achieving noteworthy determine the usefulneaa of the data for site ●elec-
production, tion analysia. Specific groupa of data were col-

lected, screened againat the criteria developed, and
analysed for the purpose of generating data for rank-
ing of the prospect areaa. The general technical
approach ia illustrated in the flow diagram of
Figure 1.
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From the literature reviewed, key data aourcea Detailed completion records were obtained from
were identified and both geologic and engineering the West Virginia Geologic ●nd Economic Survey in
data were collected for screening and analysia. order to evaluate ● number of proposed horizontal

well locationa inside the existing field. Production
The chief sources of geor;bemical data in the records from these 3S closely spaced wells were

Devonian shale were publics tiona by the U.S. Geologi- obtained from 1980 to date. One operator provided
cd Survey and Hound Laborator;.es. Primary sources predicted production data for 17 of the 3S wells.
for geologic data were State and Federal Geological Long-term production records from 18 wells outside
suNeys , Cliffs Hineraln and West Virginia Uni- the study area inside Wayne County were obtained and
versity, Ohio State University, and the University decline curves developed to represent the Wayne
~f Kentucky. Sources of en~ineering data came from County area. A computer code waa developed to
[nduatry, Gaa Research Institute (GRI), and U.S. DOE/ predict and back calculate production history for
!IETC, BDM, and other consultants. the 17 wells having recent production data. Such

data were required in order to history match as many
During recent years, researchers for the Depart- wella as possible within the Wilaondale pool.

nent of Energy’s Eastern Gaa Shales Resources devel - Reaervoir evaluation was initiated using complete
oped a geoscience approach for partitioning sections production history and current rock pressure from
Df the basin which had similar properties, Tbeae 25 wells in the pool. Figures .4 and 5 are contour
included gaa content, thickness, structural com- maps of current rock pressure and iso-cumulative
plexity, fracture spacing, cumulative production, and production for the study area. The oldest well was
reservoir properties. These partitioned areas’ of
Uest Virginia, Kentucky, ●nd Ohio were screened for

put on production in 1940, and 23 of the 25 wells had
been producing since at leaat 1966. The remaining

inclusion in the group to undergo additional exaieina- two wells were drilled ●nd foam- fraced Ih 1980. All
tion and ●nalysis for ranking and final selection. the other wells were shot open hole with nitro-
rhe initial screening criteria were (1) productive glycerin.
intervala below 1,500 feet ●re required to ●void
horizontal hydraulic fractures ●nd (2) vertical well History matching of production from 2S of the
depth waa limited to 4,000 feet due to coat con- 38 wells waa used to characterize the study ●rea for
aiderations. Areas not meeting this criteria were full-field simulation. Hatching parameters were
eliminated during final ranking. fracture permeability (Kf) ●nd formaticn height (h).

Detailed reservoir and history ●atched data ●re
Within the partitioned ● reaa selected from shown in Tablea 3 ●nd 4. Figure 6 is ● contour of

initial screening, detailed geolo8ic ●nd reservoir Kfh for the study ● rea. Once ●ll the history mstch-
data were collected. This consisted of initial rock ing was ccmpleted, an actual well-location map was
pressure, net radioactive shale thickness, ●nd obtained, ●nd ● computer simulation Srid was set up
●vera8e depth ●a shown in Table 1. Each ●rea was over a 1.3 x 1.48 IsL2 area which contained seven
initially ranked baaed solely on projected production active vertical shale wells ●nd five horizontal wells
from a vertical well which waa hydraulically frac- as ahowm in Figure 7. The grid-area vertical wells
tured with a 150-foot long hydraulic fracture. These were representative of the 38 well pattern in terms
data were then normalized with an average figure for of having high-, medium-, ●nd low-rank producers.
thickness and initial rock pressure to yield a Five candidate sites were identified as likely sur-
normalized ranking which should be related to the face locations. Further on-site evaluation of the
development of fracture permeability, Table 2 sum- proposed horizontal well locations ●laminated Well
marizea the final ranking process. No. 5 based on being too close to an ola abandoned

well not previously part of the original well set,
Using the screening criteria for depth, four Well Location No. 4 waa ●laminated because of being

partitioned areaa were eliminated, which then too close to ● lease boundary,
required a final ranking of the normalized and
screened data for the remaining 12 areas. The Three full-field simulations of actual produc-
result of that ranking is presented in Figure 2.
west Virginia

tion history from the seven vertical wells and ●ach
partition Area 1, consisting of

Cabell, Wayne,
of the individual horizontal wells were conducted.

and Lincoln count iea waa the Each well was turned on individually in the simulator
8eographic area identified for conducting more while continuing to produce the entire pirid for
detailed studies for specific site selection, 20 yeara into the future. Both cumulative production

and well interference production were evalusted for
SELSCTING THR WSLL SITE -- RESERVOIR SIMULATION each horizontal well location.
STUDIES

Results indicated
that well Location No. 3 waa adversely ●ffected by
interference from other wells and wss eliminated

The Cabell, Wayne, and Lincoln County area of from further consideration. The remaining two
Weat Virginia was ranked the higheut relative to locations were ●valuated based on having the leaat
having a auapected fracture permeability in the amount of interference ●nd the higheat improvement
Devonian shale, Shale gas development in this area ratio between a horizontal well ●nd vertical well
Waa inveati8ated with operators to gain an oppor- placed in the most favorable position ●long the
tunity to perform a detailed reservoir simulation horizontal wellbore grid. Table 5 sunsnarizea these
study where a great deal of well control could be results indicating the selection of 8ite No. 2 for
●valuated. Several areaa were considered leading to the actual wellbore location.
a detailed study of 38 closely opaced wells drilled
in the Wilsondale Devonian shale gas pool, Wayne
County, West Virginia, Figure 3 ahowa the location
of the study ● rea,
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)ESIGNING THE WSLL PLAN FOR SUCCESS . Cement 630 feet of 16-inch conductor casing

Initial investigation
(fresh water protection string).

of how much horizontal
iole length waa required for economical predicted . Drill 2,000 feet of 14 3/4-inch hole to a point
performance was achieved by a simplified individual just below the Big Injun sand,
tell simulated flow performance modeling effort. A
?ariety of horizontal hole lengths rsnging from 500 ● Set and cement to surface 2,000 feet of
m 3,OOO feet were investigated along with the addi- 11 3/4-inch casing.
Lion of one to three 150 to 600-foot hydraulic
fracture winga induced perpendicular to the well- ● Kick well off at 2,080 feet using a bent sub
>ore. Results ahown in Figure 6 indicate for a gss and downhole motor with a 10 5/8-inch drill bit
]rice of $3.50 /Ucf, a 2,000-foot wellbore with three and using an electromagnetic MWDunit for direc-
150-foot hydraulic fracture wings was required. tional control.

The design of wellbore azimuth is critical to ● Build angle at a constant rate of 4,25°/100 feet
maximizing recovery from naturally fractured Devonian until an inclination of 85° or ❑ore is reached
shale. The target interval in the Devonian shale ia at the top of the Lower Huron shale.
the thickest Huron section in the sequence. Rose
iiagrama of structural trenda on the Huron, m under- ● Run conventional wireline logs to maximum
lying Onondaga section, and shallower Berea were pre- obtainable depth.
pared over the adjacent Chapmanvil le quadrangle based
m availability of stratigraphic tops from well logs. ● Set 4,080 feet of 8 5/8-inch caaing, cementing
[n addition, U-2 lineament interpretation over the the lower 500 and upper 150 feet in place.
iilaondale quadrangle and oriented core fracturea
information from a nearby Lincoln County Devonian ● Drill out with a 7 7/8-inch bit for 100 feet,
6hale well were reviewed. Figure 7 sumnarizea the then rig up and take 90 feet of 3 l/2-inch
Orientation rosette’s from this information. Major oriented core.
trend orientation on the target Huron waa N 57°E.
A N 52”E orientation was observed on the underlying . Depending upon surveys while coring, run an
formation. The dominant U-2 lineament orientations angle building ●asembly with ● conventional bit
were in the range of N 42-60”E. The principal and the electromagnetic NWD unit ●nd increase
natural fracture orientation waa N 52°E. Careful angle to 90° and atteapt to drill a total nf
review of this information in combination with lease 2,000 feet horizontally (85° to 90°) to
boundary consideration resulted in the S 37”E 6,080 feet meaaured depth.
orientation which ia perpendicular to dominant
site-specific fracture orientation Of N 52°E. . Inspect the wellbore with ● TV caaera ●ttached

to the drill pipe or coiled tubing.
The problem of finding reliable mud motors and

directional control equipment that could withstand ● Log the horizontal section of the wellbore with
the severe vibration of air acrosa downhole equip- a Samma, temperature, and dual induction tool
ment was recognized aa a major design consideration. conveyed by drill pipe.
Low-speed/high-torque motors were required to
increase motor life during hole cleaning while the ● Set 6,080 feet of 4 l/2-inch casing and inflate
drill string weight was off bottom. Flux.gate type external packers to isolate eight or more zones
probes were selected based on previous experience. for testing; ported collara will be used to

eliminate the need for perforating the
A 4.25° per 100-feet build angle from kickoff intervals.

to 90° was selected baaed on the need to diagnoae the
2,000 feet of hole length by selective coring and ● Open the ported collars and test the zonea
well logging to obtain a more complete understanding isolated separately.
of natural-fracture spacing in Devonian shale. In
addition, a convent ional angle building wellbore A conceptual design schematic of the horizontal
reduced risk of project failure by minimizing the well ia ahown in Figure 10. Accordingly, this desi8n
number of plugbacks. was executed successfully in the Devonian shale in

Weat Virginia.
Recognizing

The horizontal well is currently
that caaing waa to be installed being evaluated before stimulation. The

along the horizontal wellbore, adequate wellbore/ target interval waa the lower 50 foot in the Huron
casing size tolerance were selected to reduce the section which is recognized aa having the most verti-
riok of casing installations in both the angle cal gaa showa in nearby wells.
building and horizontal sections. Numerous externa 1
casing packers and port collara were to be installed SUNMARY
in the caaing string to isolate, test, stimulate, and
flow multiple stimulated aectiona of the horizontal
borehole,

Geographic site selection is critical to suc-
cessful exploitation of fractured shale via horizon-
tal wellbores.

Accordingly, the drilling plan followed to
achieve the horizontal well is described below: Prior knowledge of natural fracture network

within a regional geologic framework ●nhances the
. Drill 630 feet of 17 l/2-inch hole. opportunity to cross and connect these permeable

paths to the wellbore.
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Full-field reservoir simulation is required to
~uantif y our understanding of the complicated
interaction between hydraul it/natural fractures for
productivity improvement over vertical wells.

Off-the-shelf technology in the area of down-
~ole motors and directional control need to be
:arefully reviewed when used in an air or air mist
irilling environment.

Well-to-well interference must be evsluated when
?lacing a horizontal well inside an area of
established production.

Average cumulative production normalized by
Lhickness and rock pressure represents a practical

*pproach to high-grading geologic areas for fracture
?ermcability.
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Table 1
Raw Data for Ranking

Table 2
Normalizing of Data for Ranking
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Table 5
Site Comparison

Site 1 Site 2.—

MMCF MMCF

1,117 Horizontal Weil 688
282 Vertical Well 88
171 Interference 29

..— ——— ——— .—. ——— .—— .
4;1 Improvement Ratio 7:1
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