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Executive Summary

Two bnlion400 million barrels of mobile on is estimated ro
remain in Kansas reservoirs (DOE. 1990).  On the average a
third of the originalroil-in-place is extracted from on fields.
Much of the remaining two-thirds of the oil has been either
bypassed because of heterogeneity  in  the reservoir or is
immobile due to microscopic surface tension forees.  Tech-
niques such as horizontal drilling offer the opporfuhity to
contact mobile oil that was no( available to verical wells due
to the nature of the heterogeneity.

Horizontal wells have been used in a variety of sittiations in
the past decade.  These situations include intercepting frac-
tures  in  reservoirs.  extending  contact  with  thin  or  tight
reservoirs,  alleviating  water or gas coming,  drilling drain
holesintoheavyoilreservoirs.anddevelopingmoreefficient
deliverysystemsofsteanandmiscibleenhancedoil-recovery
Q30R) processes into the reservoir.

The production rates of horizontal wells are often two to five
timesthatofverticalwells.Occasionally,previousdryholes
have been tuned into producers.   mgher productivity and
increased contact with bypassed oil in the reservoir are main
objectives of horizontal wells.

Horizontal  drilling  is  a  proven  technology  that  is  being
rapidly extended to new applications.  The risks and costs of
drillinghorizontalwellshavedecreasedastheexperiencehas
increased and technology improved.

Fourtypesofhorizontalwellsareinuse:long,medium,short,
and ultra-short radius.   Drilling and completion practices
associatedwiththesetypesofwellsareimprovingsteadilyas
major research efforts by industry continue.

Planning is critical to drilling a successful horizontal well. A
firmunderstandingofthegeologyofthereservoirisessential
for proper design and implementation.   Literally, a three-
dimensional perspective of the reservoir is required.  Many
variables. such as whether the reservoir is fractured and the
nature of the heterogeneity and anisotropy of the reservoir.
will determine how the well will be designed. drilled and
completed.  Other options may be more feasible and should
be considel.ed before the investment and risk are committed
to  the  horizontal  well.    The  limits  of the  application  of
horizontaldrillingaredefinedbythegeologyandeconomics.
The geology is stressed in this report.

Several reservoirs in Kansas are likely targets for horizontal
drilling, including fractured carbonate and karstic reservoirs
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in  the  Mississippian and  Afouclde Group.   Thin-bedded,
lenticular sandstone reservoirs of the ivfiddle Pennsylvanian
CherokeeGroupinsoutheaseemKansasthatexhibitcomplex
lalateral heterogeneity also are prospects for horizontal drill-
ing. This is particularly mie for these reservoirs that contain
hhavier oil or problems with `rater encroachmenl  Ifsser
tarangetsmayincludefracturedandkarsticUpperOrdovician
Viola and Hunton limestones. In addition, the thickermddle
and Upper Pennsylvanian vuggy and possibly fractured cy-
cfro carbonate reservoirs of the Marmaton Group and Lan-
sing-Kansas City Groups may serve as drilling targets.  It is
possible that natural gas reservoirs Of the Upper Cretaceous
Niobrara Chalk in northwest Kansas will reapond favorably
tohorizontalwells,althoughpressuresmaybeinsufficientat
the shallow depths at which this reservoir is found.  hdiddle
PennsylvanianCherokeeGroupcoalsmayalsobetangetsfor
ultra-shortradiusdrainholestomoreefficientlyextractcoal-
bed methane.

Regardlessoftheleservoir,localgeologicconditiousshould
be carefully examined and an economic analysis should be
donetodeterminethefeasibilityofapplyingthisteehrology.

Background

Generation of Interest

Positive results arose ftom recent horizontal drilling in the
Austin Chalk in Texas and the Bakken Shale in North Dakota.
Due  to  lowered  costs  and  success.  horizontal  drilling  is
extending to other targets in the United States; for example,
the Winnipegosis formation in the Williston basin. Ter(iary
stra(a in the Monroe gas field in Louisiana. Tertiary sand-
stones and heavy oil in the Ken River field in Califchia,
Cretaceous-age Fruitland Coal in the Sam Juan basin of New
Mexico, the Permian Wolfcamp cyclic carbonates in west
Texas, the Niagaran reef in Michigan. the Sadlerochit Fbr-
mationinprudhceBay,andTertiarystra[ainpointpedemales
field. offshore California (Morids. 1990). The application of
this technology has yet to be proven in other areas.

Oil and gas productivity and cumulative hydrocarbon pro-
ductioncanbenotablyhigherinhorizontalwells,ifsitiiatious
in the reservoir pemit the horizontal well to contact more of
the reservoir.   The net result may be fewer wells and cost
savings needed in field development accompanied by accel-
eratedpayout.ThereintroduetionOfthistechnologyistimely
and should be seriously considered for oil and gas extraction
as anticipated costs decrease.



Brief Historv

Horizontal  drilling  technology  developed  in  the  1920.s,
peaked during the  1950's, and has been revitalized in the
1980's. The advantage of this approach was realized as early
as  1929 when R. E. Lee drilled two 5-  14-inch diameter
hhorizontal  drain  holes,  24  feet in  length.  into  the Lower
PermianSanAndresLimestoneatadepthof3.000feetinthe
BigLckeoilfieldinwestTexas.Thewellsweredrilledusing
adownholeairmotorwithflexibledrillpipeandawhipstock.
Oilproduetionwasincreasedfrom2BOPDto60BOPDafter
weds were acidized.  Reservoir development in the Lower
Permian-age Sam Andres Linestone is stratigraphically and
diagenetically controlled.  Reservoirs are slacked in combi-
nation structLiral-stratigraphic traps.

R. E. Iree again was in the forefront of horizontal drilling
technologywheninl939heusedaflexfoleshaftanduniversal
socketjointaccompanyingaflexibledrillpipetocompletete
horizontal wells in fractLired Annona Chalk at Pine Island

Table 1. Early horizontal weds chronology (from DOE. 1990)

field. Louisiana. and again in west Texas in the Sac Andres
Limestoneinslaughtertheveuandfield.Ploduetionincreases
realized in these fractured chalk wells of Stanolind (Amoco)
were from 13 BOPD to 120 BOPD.

The American develapments were paralleled by those in the
SovietUnionwheremanyhorizontalwellsweredrilledinthe
late 1930's ITable  1).   Notable development and field ap-
plicationsofhorizontaldrillingcontinuedthroughthel940's
and 1950's, par(icularly by the international ed industry in
order to solve specific production problems associated with
standard  verical  weu  completions.      In  the  1940's,  the
Eastman Corporation developed methods for precisely con-
trolleddirectionalwellboresthatwereusedontheGulfcoast
and in California. Eastman used this technology to precisely
lceate and steer wells that were drilled in the Gladys field
south of Wichita a.. Richardson. personal com..1991).

John Zublin developed a fluid-operated turbine motor and
flexible driu pipe in 1941.  This approach was used to drill

R-oar Contact
Year                    Company                             Fldd                                                                  No. or wells                Deptlt (ft)                    Lengtll (ft)

Yarega. USSR
Mcconnesville. OH
Franklin Heavy field.
Venango County. PA
Midway Sunset fld, CA
Round Mtn field. CA
Midway Sunset fld. CA
LA Pas field,
Venezuela
Los lingeles

USSR
China
Macovo, USSR
Tisdale. WY
Cold Lake. Alberta
Fort MCMunay, Alberta
Wells under MacKenzie
River, Alberta. Canada
Lacq field
Southwest France
Roapo Mare,
Offshore Italy
Castera I-ou
South FTance
Empire Abo UniL NM
Southeast frouglas.
Garfield County. OK
Cold Lake. Alberta.
Canada
Fazenda Belam Field
MCMullcn County, TX
Glassock, County, TX
PTudhce Bay, AK
Pnidhoe Bav. AK

Leo Rarmey et al.

1942?
1946
1952
1952                  Venezuelan

1980-84
1982-84

Oil Concessions
I.ong Beach
Oil Development

Conou
Esso. Canadr
Texaco
Esso. Canada

Elf-Aquitaine
&nap
Elf-Aquitaine
&IFP
Elf-Aquitinc
&m
ARCO
ARCO

Esso. Canada

Petrobras
Sohio
Sohio
Sohio
Sohio

many
6
4
4
2                            1.loo
9                              1,650
1                                 1,2cO
?                              10,OcO

8                      3jco
to 4.8cO

1,un
3.600
7,2cO

1,558
415

1,603

2.195
4,loo
4.5cO

9,500

1 .OcO max
1.OcO

1,OcO

6cO
70
56
50

50.loo?

50

3cO
1,600

1,8cO
1,7cO max

1.OcO

1,OcO

1.860

330
1,214
1,988

1,3cO

6.2cO                        3 cO4cO
6,500                      3 cO400

3,3cO
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1.558

1,000
10,3cO

8,989
9.000



horizontalwellsinahcavyoil-bcaringsandstonereservoirin
KemCounty,California.In1948Zeblindevelopedaflexible
pipe that could be used with conventional rcok bit.   The
borehole  went from  vertical  to  horizontal  over a 60-foot
turning depth and was extended horizontally to an additional
50 feet at relatively shallow depths (1,800 to 2.OcO feet). On
production was increased from 1 BOPD to 25 BOPD.

This heavy oil reservoir has several unfavorable characteris-
tics that limit its ability to produce:  1) shallow depth and
consequentlylowreservoirenergyandgravitydrainage,and
2) early coning of water into the verical borehole due to the
highviscosityandlowglavityoil.Thehorizontaldrainholes
took advantage of the  gravity  drainage and extended  the
exposure to the reservoir to minimize the effect of water
coming.

Fourteen horizontal drain holes were drilled from a 230-foot-
deep shaft in  1943  and  1944 in the Black field in Miami
County, Kansas. in an attempt to economically extract re-
mainingmedium-gravitymobileoilfromanabandonedlease
(Abemathy and Jewett. 1946). The endeavor was unsuccess-
ful.

During  the  1950's  technoloacal  developments  improved
horizontal drilling. including nonmagnetic drill pipe pemit-
ting compass orientation of holes and flexible slotted liners
that kept horizontal sections of hole from collapsing.  How-
ever, the use of shallow drain-hole drilling declined signifi-
cantlybythemid-1960's,withthedevelopmentsinhydraulic
fracturing.introducedintheHugotonfieldinwesternKansas
in 1947.

The decade of the eighties led to a resurgence in horizontal
drimng.  Between 1980 to 1984. only one or two horizontal
wells were drilled worldwide.  In contrast. horizontal wells
drilled in search of oil and gas increased from to 32 in 1985
to over 500 in 1990.  Horizontal well pemits increased from
eight per month in 1989 to 80 per month in 1990.  However.
thetypesofapplicationstodatehavebeenratherlimited.The
Austin Chalk play in south Texas and Bakken play in the
Wiuiston basin accounted for 85% of the U.S. and 68% of
worldwide horizontal well activity in 1989.

Examples of production improvemen ts obtained by horizon-
tat wells throughout the world are included in Table 2.  De-
cisionstodrillhorizontallyaredrivenbypotentialbenefitsof
higherrecoveryofreservesofmobileoilduetomoreefficient
drainage, less drawdown, greater per well flow rates. low
sand production (unconsolidated formations), possibly less
drilling and completion costs due to fewer wells drilled to
develop the reservoir, and lower logistical costs (tang and
Jett,  1990).   Fewer wells  may be cost effective  or make
development  possible  in  areas  that  are  environmentally
sensitive,  including  protection  of  significant  freshwater
aquifers.  The tradeoff is higher cosvwell and greater risk in
having  mechanical  problems  including  losing  the  well.
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HIIorizontalwellsarebecominganintegraltooloftheindustry
and must be considered a viable alternative to vertical wells
in many fuaire development programs.

Theculrentrapidincreaseinhorizontaldrillinghasbeenthe
resul(  of  recent  technological  improvements  in  drilling,
evaluation, and completion, coupled with reevaluation and
bet)etferawarenessofgeologivalconditionssuitedforapplication
of this technology ITable_3_).  New bottom hole drilling as-
semblies®]IA)havemadepossiblemorepreciseandaccurate
horizomal holes (Egures 1 through 4).  Measurement while
drilling(MWD)haspemittedmonitoringofdrillingprogress
with  respect to  the  geological  conditions by transmitting
information to the surface through pulses sent through the
drilling mud.  Improved and more varied completion prac-
tices  and  integraeed reservoir engineering and geological
analysis have resulted in tailored. focused drilling and de-
wiopment programs utilizing horizontal wells.   It is now
possible  to  core  short-  and  medium-radius  weus  (Baton.
1990).  Schemes for test design and intexpretatious are being
developed (Daviau et al., 1988).

Imerestinhorizontaldrillinghasbeenintenseworldwideand
has led to what is believed to be the largest jointly funded
drillingresearchprQjectinthehistoryoftheindustry(Petzet,
1990).  For example. 95 oil and service companies from 18
counties are participating in the Drilling Engineering As-
sociation44, a project to research literature and to develop
computer programs related to drilling. completion. produc-
tion, reservoir engineering, and technology transfer.

Thecurrentthrustintechnologicaldevelopmentinhorizontal
drilling includes improvemen( Of completion and reservoir
description, more versatile completious. reduction of per-
meabinty  damage,  improved  stimLilation  techniques,  and
low<ost hole stability control (Long and Jett, 1990).

Horizontaldrillingusuallyresultsinelongatedrainageareas,
so  that  nomal  well  spacing  and  location  rules  may  be
inapplicable or inappropriate.  As the technology is applied,
exceptional locations and spacing will be requested of the
appropriate regulatory body. For Kansas, reconsideration of
pooling,  unitization,  spacing  and  spacing  unit  shape  and
dimensionsmayberequiredforeffeetiveuseofthehorizontal
drillingtechnology.Horizontaldrillinginestablishedvertical
hole areas might be regarded as an enhanced oil recovery
method, and thus might be eligible for favored tax treaunent.
Various  states  have  experimented  with  both  rules  (North
Dakota) and tax change ideas (Colorado).

Type of Horizontal Wells

Four basic types of horizontal wells are now in use:
1.     Long radius of 1000 to 3000 feet
2.     Medium radius of 300 to 700 feet
3.     Shortradiusof20 to40 feet
4.     Ultra-shortradiusof 1 to 2 feel



Table 2.  Examples of prochichon improvements obtained by horizontal wells throughout the world (Giamesini, 1989).

Horlzmtal lengtli                                                  ProdtictlorL lm provement
Lontlon                                   Operator                                      app llcadon                                                                        (sollrce)

Michigan

Utah

-ark

UK North
Sea, Cyus

Wiuiston
basirL USA

Prudhce

Trendwell
Oil Corp.

Skyline
Oil Co.

MAERSK

BP

Mcridan

Standerd
Bay, Alaska                           Alaska

Production Co.

Offshore
Holland
Helder

I,aly.
Rospo Mare

Java Sea
hdonesia

Unocal

Eif-
Italiana

Arco

Esso
Resources   ,
Canada

251 ft tointersec[
Niagaran reef

Two laterals,
22o ft nd 476 ft
into verticany
fractured fomatious

1.5cO to 2jco-ft
chck fomatious

1.850-ft
marginal field
development

2'OcO to
3J00-ft
fractured shale

Up to 1,000
to  1.6cO ft to
alley iate coning
proble-

134 to 413 in
allev iate coming

problems

1,600 to 2.OcO ft
fractured. cavernous
fomatious

1,000 to 2.5cO ft
to produce thin

Up to 4,013 ft
heavy oil, with
w ater injection

Turned dry hole into 613.3
BOPD and 607.4 Mcfd producer.
Oil & Gas Journal, 619186

Nonprodrcer made more than
85 Mbo in 2 yTs after horizontaLl
recompletion.  Six of seven
noaproducing wells at the field
became significant producers.
Westerr.OilWorld,2186

hitial production was 2 to 4 times
as much as nearby vertical wells.
VardeBanJcloffshoreNewsletter,8188

hitial production tests showed
6,OcO bopd. "Significantly greater
than expected from aconvenhonal well"
Drilling Contractor. Oct-Now. 1988

Horizontal wells produced 258 to 275
BOPD and 110 Mcf to 300 Mcf of gas
compared to about 609 BOPD and 35
Mcf of gas for nearby offset wells.
Oil & Gas lrrvestor,12188

Early productivity index for
horizontal welts averaged 3.5 times
conventional wens.
The TechinaL Review.
Schlumberger, Vol.1., Tan.1988.
hitial production of 9.000 to 10,000
BOPD for horizontal wells compared
to 3.000 to 4,000 B0PD.
SPE 15372. Willchson, Smith,
Stags. Walters

Reduced water cu( and gross fluid
production and achieved slower
reservoir pressure decline.
Offshore Engineer, \\|gr8

Production rates. 7 to 10 times
verdcal wells.
Oil & Gas Jourrwl. 2r2!9|&8
SPE 14338, L.H. Reiss,  1985

Pl of nine horizontal wells
averaged 5.4 times greater than three
vertical wells in the same field.
Offshore.2J88

Horizontal drilling increased field
production from 3,OcO BOPD to
28,300 BOPD.  the horizontal
well her initial production of 1.250
BOPD. and stabilized at 800 B0PD.
Petrolelur.Engineer[rdernatioral,_9y|8}Z_
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Table 3.  Improvements in horizontal drilling during the last
decade (Mahony, 1988: Lung and Jen. 1990).

1 .  I)ownhole tools now pemit deviation and azimuth measure-
ments whfle drflhig

2.  Downhole motors are now steerable md have exeended Eves
3.  mlling fluids can be tailored to meet most hole cleaning or

formation stabilization requirements
4. Bending stresses and buckling forces that act on drill pipe in

horizontal holes carl now be precalculated and designed
5.  Evacuahon of c`irfugs from horizontal holes is now achieved
thlgh aHprxpriate armilar velocities and new drilling
additives

6.  Horizontal holes are now rouinely logged. cased. pofbra8ed
nd sclectivcly trcrd

7.  A variety of techniques to isolate zones have been utlized
suecssfuny

8.  Equipmen( and methods are available to rmi liners and
achieve zone isolatiorl

9.  Horizontal wells have been successfully cemented
10.  Multiple-zone. high-pressure. and high-rate frac jobs have

been suoccssful on horizontal wcus
1 1 .  It is now pos8iblc to open and close suding slee`res and

rechcve blmking thugs horizontally

TheradiusOfcurvafureisequaltothehorizontaldistanceand
the  depth  requrired  ro  n]m  the  borehole  from  verical  to
horizontal.  The build rate is the angle Of deviation from the
verticalperunitdistancedrilled.Forthesetypesof`irells.the
bbeildratevariesfrom6degrees/100feetfulong-radiusholes
to 3 degreesfroot for the short-radius hole (Table 4).

Thereisnosingleoptimumwaytodrillahorizontalwell.The
choice  of build  rate  and  drilling  system  depends  on  the
ccompany  objectives.  the driller's capability,  the geologic
cconditionsencoumeredwhiledrilling,thenatureanddepthof
the target reservoir, and the size of the lease.  The decisions
on which choices are optimum are not yet clearcu( as new
completion  techniques  conthue  to  be  developed.  as  the
effectiveness  of  horizontal  drilling  in  field  management
continuestobeevaluaeed.andastheversatilityofthevarious
options for drilling continues to be tested.

hag-radius Wells
Irong-radius  holes  represent  the  oldest  Of  the  horizontal
drilling techniques.  The wells can be drilled using conven-
tionalrotarydrillingtools,drillstring,andtechniquesormay
usenewsteerablemo(orsystemsinallrangesofstandardoil-
field sizes.  The older conventional approach was to insert a
whipstock into the hole to foree the bit to deviate from its
previous course.

Tbdaythelong-radiusholeisaccomplishedbytwoapproaches.
One uses a specially designed bottom hole assembly @HA)
to achieve the build rate of 2nd degrees/100 feet during the
turn (Figure 1) Q=ritz et al..1991). The second approach uses
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Table 4.  Parafneters for various types of horizontal wells
(Mchony. 1988).

Fcaalr.             Short                      Medlum                  Ions

Radius of           30'45'                     300 -500'              1,2cO.-3,OcO'
curaftye

ftypical held     i9io.i26o/ioo'  18.8o.1 ijo/ico'  4.8o.3.8o/ico'

Feet drilled ro    47.-71.                     471'-785'              1.885.4,712'
horizmtal

Feet of horizon.
hole                     75 '-125 '                  500'-2.000'          i.000' 4,000'

ruing
assenblies

-g
opcrndons

Surcying

-onal
control

I.ogging

Use in
crfug wcus

Whipstock. ar-     Convendonal     Near conven-
ticulal tools,     roatary               tioml
lmucklejoints       lnverteddrill      Rotary, MWD
Compressive         string MWD.      & motor
serv ice                   motor assem-

bues

Very specialized  convcndonal     Near<orrven-
S inglc-shot/          MWD                  tional MWD

multi-shot

hitial aim only.   Sleenble             Sleerable
off whipsqack

None                     MWD                 MWD

Yes                         Yes                      No( likely

Cased horizon.  No                          Yes                      Yes

fi fi.,

Ino'to

I I

I                      -S'abi»z,r     7Mo'o,-

IB,rl'Sub-

ITyplc.IMoloiAnal-Bu`ld

Conllcu..(I on              a a I. ryASS,mbly\/I.aIu.

lT
I-3000.-I

Figure 1.  I.ong-radius horizontal hole (from COE,1990).



adownholemudmotortofumonlythedrillbit.Thebuildrate
canbeincreasedto6-7degrees/100feetwitharadiusof600
to  2,OcO  feet.    Commonly  a  measurement-whilerdrilling
device (MWD) is inserted in the drill string just above the
motor.  The MWD records information such as the naniral
gammaradiationandresistivityoftherocksbeingpenetrated.
and the chentation of the bit, transmitting this information
back to the surfuce to assist the driller in detemining the
location of the bit.

Irong-radius holes are logged easily with standard wireline
tcolsandcanbecompletedselectivelywithstandardtubulars
and casing (Karlsson and Bitto.  1989).  The wellbore may
also be adapted  to reciprocating  rod pumping  Ohahony,
1988).   In steerable motor systems. long-radius wells can
probablyreachgreaterhorizontaldistancesthanthemedium-
radius  method.   Long-radius  weds  are  generally  used  in
conjunction with extended reach drilling such as offshore
drillingplatformsorpadstoreachatargetfarremovedfrom
the  surface  location.    Reaching  out  under  lakes.  rivers,
townsites. or unfavorable terrain are other applications of
these holes.

Appncation of long-radius weds in Kansas is very umioed
duetothemininum1.430-footradiusorhorizontaldepanue
needed before it becomes horizontal. Small leases under 160
acreswouldbetoolimitedtoutilizelong-radiusholesCEah|£
5).

Table 5.  Acoommodafron of horizontal wells by lease size
(Henderson and Bulge, 1990).

Lease slue    Short           lntonedlate           Medltim        Long
(Acres)  50ut Radlng     150.ft Rrdlus     409-n Radlu31,430-ft Radltis

20
Min.                     163                    5 3               N/A
Max.                     230                   130                 187

40
Min.                     550                  450                191
Man.                    775                  675                269

80
Min.                  1,097                  997                73 7
Max.                 1 j46               1,446            1.040

160

Min.                    1.870                 1.770              1.511

Max.                  2.637                2,537             2.131

Minimum = Perpendicular to the square lease
Maximum = Diagonal to the square lease
AIL square leases are based on 360-foot hard line
from Henderson and Burge, 1990
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Medum-radius Wells

The medium-radius wells are the most popular Of the hori-
anital options.  These weus have been demonstrated to be
practical and represent a proven drilling system (Henderson
and Burge. 1990).  The medium-radius wells have a tuning
radius of 300 to 700 feet (8-20 degrees/100 feet). The wells
aredrilledwithconventionalrotaryequipmentexceptforthe
bobottomholeassembly@HA).TheBRAtypicallyconsistsof
a bit,  a  stabilizer eqiipped  for  slow  speed.  high  torque
doownhole rnoeor, an orienting bent sub. a nonmagnetic drill
ccollar,andMWDequipment.Compressiveservicedrillpipe
and power swivels or top drives are also used Ofahony,
1988).   In the horizontal portion of the well. an angle-hold
assembly is used that generally consists of a bit. high-speed.
Iowlorque, steerable downhole motor equipped with a bot-
tom-holeorconicalstabilizer.anonmagneticdrillcollar,and
an MWD tool.  The drill pipe is slowly rotated by means of
a power swivel or top drive.   The technology is more so-
phisticaeed  than  the  long radius  and accordingly  is  more
expensive ffigue 2).

Therearetwoapproachescurendyusedtodrillthemeditim-
radiuswell.Oneutilizesthebenthousingmororwithasmall
preset angle within the motor section which can be rotated
from the surface.  This permits the correction Of the azimuth
of the well path during drilling.  The other type is a position-
ally stable motor which cannot be rotated for azimLith cor-
rection.   However. the tuning radius Of the latter is very
predictchle.

Special heavyrduty flexible drill pipe is used to accomplish
the relatively tight tuning and horizontal positions Of the

Figure 2.  Medium-radius horizontal hole (from lroE, 1990).



well ban. MWD equipment is used in gLiidance. The tuning
positionrequirestheexactknowledgeofthetargetformation
depth.   Options  include drilling separate segments of the
turning radius unut the target depth is reached.

The medium-radius horizontal wells offer more options than
the long-radius holes due ro the much shower tuning radius.
Theshorterradiusmeanslessholebelowthedoglegcreating
less torque and drag.   Hole sizes range from 45 inches to
1225 inches aienderson and Burge. 1990). The laoerals can
exceed 5.OcO feet 0. Daniels, personal com., 1991) and can
be selectively completed. The hole can also be togged using
conventional equipment.  Moreover, most types of artificial
lifts can be used in the medium-radius wells.

Themedium-radiusholeispar(icularlywellsuitedtoKansas.
It can be used to re€mer and re-drill an existing hole no
longer on production, saving the time and cost of drilling a
new hole.  A window is milled at the proper location above
the tangct zone in the casing of the existing hole.   Then a
whipstockispositionedtoinitiatedeparturefromtheoldwell
bore.  The deviated hole is then drilled to completion.

The medium radius permits the hole to be drilled on small
leasesITable_5).Whileleasesizewasalimithgfactorforthe
longmdius hole, the medium-radius hole can be drilled on
even a small area such as that offered by a 20-acre lease
common to eastern Kansas.

The prominent position Of the medium-radius hole in  the
industry is due in part to its practical applications to smaller
reservoirs and leases.   The development focus today is on
improved operational efficiency and reduced costs (COE,
1990). Slotted liners can be cemented in place to accomplish
zone  isolation  and strength.    Steerable  motors  are  under
development that are shod enough or articulated to follow
sharp-hole curvature permitting simultaneous conection of
hole angle and azimuth. This added flexibility decreases the
risk in making a successful completion.

Short-radius Wells
The short-radius holes, also called drain holes, were tlie first
to be attempted by using specialized tools such as universal
joints.articulaeeddrillcollars,andstabilizers(Mahony,1988).
However, tools today are more sophisticated and more reli-
able. The timing radius varies from 20 to 40 feet.  This tight
t`rmisaccomplishedwithtwomethods.Thesimplermethod
is the use of sLirface rotation of the bit with a special articu-
lateddrillpipeinthecurvedandhorizontalponionofthehole
(Figure 3).   With surface rotation there is little directional
control  once  the  bit  is  advanced beyond  the  drill  guide.
Rotating friction and torque problems in the curved guide
limit the horizontal hole length (DOE, 1990).

Theothermethodtodrillshort-radiuswellsisthroughtheuse
of new ardculated motors and steering tools.  These permi(
real-timecotLrsecorrectionandextendthehole-lengthrange.
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However, MWD tools are no( yet available for short-radius
weds and thus the curved and horizontal portioTis can not be
drilled as far horizontally as by the medium- and long-radius
mmethods.Typicalhorizontaldistancesofthelateralforthee
sshor(-radius hole are up to 3cO feel but 750 feet has been
obtained. Horizontal holes are presently resthcted to 4 34 to
6 inches in diameter.  Weus are completed without casing or
with slotted liners.   Drain  holes can be placed in several
day(hs in a vertical borehole POE. 1990).  Existing eased
wellscanbereentendandcompletedasshort-radiLishorizontal
weds using portable wotlrover rigs (Henderson and Bunge.
1990).

The geometry of shod-radius holes makes them ideal for
small  leases  and  shallow  reservoir applications.    Critical
cuitrolled hole sections during the turn are reduced, limithg
time during which problems are likely to occur.   Also thee
shortradiusmakesthisthemostpreciseapproachtotargeting
the reservoir. This would be especially inportant in Kansas'
thin reservoirs.  For exanple, a gas cap could be drilled and
ccemeneed before lateral drilling is begun.

Verical hole segments are closer to the pay section in shon-
radiuswells,facilitatingtheuseofpumpingtoliftoilfromthee
wed.  A langer portion Of the curve and horizontal hole will
alsoremaininasinglezonewithashonmdiushole,potentially
exposing more of the pay section.

Ultra-show Radius Drain Holes
The ultra-shor( radius drain holes are a praprietary system
that utilizes a water jet to  drill horizontal drain  holes. or
ndrad+dials,upto200feetwithanimingradiusofonly1to2feet
(Figure4).Averticalwellisdrilledintothepayzone.andthee

Figure 3.  Short-radius horizontal hole (from COE. 1990).
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Figure 4. Ultra-short-radius horizontal hole (from COE, 1990).

hole is under-reamed within the reservoir to a diameter of
alound2feelThesmall-scaledrillsringwithahydranlicjet
nozzle is lowered by a wire cable. The waterjetting from the
nozzle pevides the drilling mechanism.  The system's own
internal hydraulic pressure pushes the drill sting through a
guide to advance it horizontally through the formation.  The
resulthgholediameterrangesfromllcto4inchesdepending
on the hardness of the rock. Horizontal drain holes have been
drilled out to 200 fect Q;htz et al.. 1991). Several drain holes
can be drilled from  the same under-reamed pocket e.g.,
formingspokesradiatingfromthevericalhole(DOE,1990).

A potential applications limitation of the ultra-shor( radios
drain hole is the possible reaction of water-sensitive con-
stituents in a fomation with the pressurized water. Reaction
of the water with mobile or expandable clays encountered
duringdrillingmaydecreasepermeabilityneartheborehole.
Water reactivity also occurs in verical holes.  Employment
of chemicals such as potassium or sodium chloride. water
lossadditives,dieselfuelorlcasecrudehaveoftenbeenused
toreduceorelininateformationdamageinvericalwellsand
is appropriate for some of these horizontal wells.

Feasibility and Use of Horizontal Wells

The desirability of horizontal wells over vertical wells de-
pends on well perfomance comparisons and economic con-
siderations.  Well performance improvements must be bat-
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ancedagainsttheadditionalcostsofdrillingahorizontalwell
and  any  risk  inherent  in  its  completion  and  stimulation.
Horizomal wells require careful engineering and the appri-
cation of apprppriate technologies Gconomides. 1990).

The appncatious of horizontal driuing are varied and yet are
quitespecific.Thelistofapplicationswiuglowashorizontal
wed  performance  within  reservoirs  is  better  understood.
EBB,horizontalwellscanovercomereservoiranisotropyand
reservoir heterogeneity.   An example of the  former is  to
intersectopenfractLires,particularlythosewhereonlyoneset
(single orientation) of fractures  is Troeed.   In  this  froctine
system, conventional hacture stimulation would only fonn
edditionalparallelfractures.Ahorizontalwellmayencounter
undrained compartments of the reservoir cocurring between
normalverticalweuspacing.Secondly.horizontalwellshave
been used to reduce a variety of common drilling problems
suchasnamformationdamage.p[essuredrawdown.coning.
and production of loose sand from fonnations that contain
moveable fines.   Thirdly. when properly oriented. a hori-
zontal boiehole permits a controlled multi-frac operation to
produceanarificialhactiirezoneinanotherwiseunhactured
reservoir.  EQ±±g±. horizontal weds can be used in situations
where stress bariers in the seals above and/or below the
reservoir  are  insufficient  to  contain  an  artificial  vertical
hacnire.   Eiflb,  the  horizontal  well  provides  information
about  the lateral  heterogeneity  of the reservoir.   §i=|b,  a
secondary recovery method is in place on the first day of
production a=ritz. 1989).

Inordertodesignhorizontalwellstodevelopaheterogeneous
reservoir, it is necessary to know the dimensions, the direc-
tion, and  the occunence of the  anomaly.   The effects of
heterogeneities on a vertical well may be very different from
those in a horizontal well.   Depending on the type of het-
erogeneity,thehorizontalwellmayormayno[beparticularly
suitable (de Montigny and Combe. 1988).  One must under-
stand the three-dimensional framework of the reservoir to
address this need.

Cleanup of formation damage in a horizontal well can be
expensive and difricult or simply may not be possible in a
horizontal well.   Reservoirs particularly susceptible to for-
nation damage may seriously limi( or preclude the use of
horizontaldrilling.Inaddition,oncewaterorgasbreakthrough
occurs in a horizontal well, few if any remedial options are
available (Stagg.1§91).



Fractured Reservoir
in contact with the net`rock Of fractures. Hbrizontal weds can

lt is common that fractues are subvertical below shallow     result in high productivity gain as these vertical fractines are
depths. I[follows that the bestway of intersecting the greatest     intersecoed. However, when fractures are closer together, the
number of froctures is by drilling a horizontal well.  When     productivity gains of horizontal weds become lower a7igure
fractlires are spaced at wide intervals, verical wens are rarely     5).

aa
vertical well profile

fractured
rosorvoir

gamma ray         permeability + 200 in ± 200 in ± 200 in +

Figure 5.  (a) Horizontal well intersecting vertical fractures; (b) horizontal well interseeting multiple, thin reservoirs.
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The ratio of the productivity  indices of a horizontal  to a
verticalwellhasbeendefinedasfollows(Gigeretal.,1984),

ln (rndv)

+ (hrty) ln (h# 7trw)

where:
Jh = horizontal well productivity. bbl/dayfosi
Jv = verical well productivity, bbl/day/psi
rev = effective vertical drainage radius, ft
reh = effective horizomal drainage radius, ft
Itv = wellbore radius, ft
iH: length of hdrntal well
h = thickness of reservoir.

The steady state flow rate in the horizontal well, qh, is pre-
dicted using an equation developed by Joshi (1988):

qh=
0.cO708 kh hAptun)•iffi+ (8 hrty) 1n (P hfav)

a = Ire [Oj + (025 + (2rehthf)°5]°j
P = th)
ro = oil viscosity, centipoise
kh. horizontal permeatfty
kv. vertical pcrmechility.

The smaller the beta term (horizontal-eo+vertical permeabil-
ityanisotropy).thelargerestimatedflowratefromahorizon-
tal  well.    Thus  horizontal  wells  are  comparatively  more
aatmtive for verticallv fractured reservoirs and |hinn£I for-
mations.   Another relationship shown with the Lise Of this
eqequationisthatanunhacttnedhorizontalwellcanrarely,if
ever, exceed economically the performance of a fractured
vertical  well in reservoirs that are obvious candidates for
hydranlicfractLiringGconomides,1990).Fracturestimulation
w/as one Of the main reasons  that horizontal  drilling  was
seldom used in the period from the 1950's through the late
1970's.   However, fracture stimulation introduces the risk
that the induced froctures may plunge into an  underlying
arquiifer and thus lead to rapid water breakthrough.

Fincture analysis is important in assessing the impact and
ddesign of horizontal wells.  The analysis of natural fractures
isbasedontheprinciplethatfrocturesarealwaysperpendicular
totheleastprincipalstress.Indeeperwells,theleastprincipal
stress is in a horizontal plane.  Induced and natLiral fractures
are in a vertical plane. The magnitude and orientation Of the
least principal stress can be detemined through: (a) direct
measuremen( of micro fracturing and least principal stress
whiledrilling.a)theuseoflong-spacedsoniclogtoestimate
stressmagnitude,and(c)strainrelaxationstudies(Solimane[
al.,  1990).

Lavered and Tttin-bedded Reservoir

Thickness, permeability anisotropy, or stratification of the
reservoirlimittheporentialsuccessofhorizontalwells.Thin
beds(lessthan50feet)andlowhorizontal-to-verdcalperme-
ability anisotropy (Beta= 0£h/fry)) are better suited for hori-
contal  drilling  (Economides,  1990).    The  trajectory  of a
horizontal  well  can  possibly  be  contolled  to  encoLinter
differentstratifiedlayers,iftheirlocationiswellunderstood.
For example, a laterally compartmentalized sandstone or
carbonaegrainstonewithpermeablecompartmentsseparaled
byimpermeableunitsallofwhichareconfinedtoapar(icular
smigraphic interval would be a good target for horizontal
drilling.   The  horizontal  drain  hole  could  pass  from  one
compartment to another. The reservoir may be confined to a
channel-forin feature.  With adequae control. the horizontal
wen could be placed along the axis Of this channel deposit
Vertical wens ma][ have inadequately drained the compart-
nmts.

The horizontal heterogeneity could initially be revealed by
comparison Of volumechc calculations Of the reservoir `i/ith
actiial field and well performance. e.g., decline curve analy-
sis, transient testing to detect and estinate the distance to
flow barriers;  or tracer tests to determine interconnection
between injection and producing wells.

Gas/Oil and Oil/W'ater Contacts

lf a thin oil reservoir is associated with a gas cap or bottom
aquifer.  the  situation  becomes  even  mac  favorable  for
horizontal drilling.   This involves what is called a critical
flow Tare. Over and above this rate an unwaneed fluid. either
gas or water. appears in production.  The physical phenom-
enon associated with the increase in gas or water production
is called coming.  The forces of gravity tend to maintain the
unwonted fluid in place, while the viscosity forces tend to
cause water to rise or gas ro descend towards the perforated
interval  as  the  well  is  produced  and  fomation  pressure
around the wellbore is relieved.   Above the critical rate of
flow, those factors are no longer in equilibrium and break-
through occurs.

Horizontal wells offer a solution by increasing the section of
the reservoir exposed to the wellbore.  The horizontal well
permits fluid withdrawal over a larger volume of the reser-
voir.  The nature of the flow path is vertical radial flow and
horizontal pseudoradial or parallel flow compared to simply
radialflowwithinaverticalwell(Daviauetal..1988)QIig]]q2
®. The horizontal well can be placed at a maximum distance
from  the gas/oil  or oil/\Arater contact and productivity can
likely be improved.

Controlling  the  vertical  position  of the  horizontal  well  is
mandatory.   Basically it is an economics and a regulatorry
problem.  In the atsence of a gas cap or aquifer. the accuracy
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Figure 6.  Flow paths to horizontal and vchcal wells (from Giarmeshi. 1989).

is about +/- 10 feet.  Exischg tools can accomplish this at a
reasonable cost (Gust, 1989).  If there is a fluid contact, the
accuracy will depend on the thickness of the oil column.  If
thechcolumnislessthan40feetasitwouldbeinmostofthe
smallerKansasfields,thentheaccuracymustbewi(him+/-3
feel  lt is expensive to maintain this accuracy and may be a
limiting factor for some potential applications.

Depletedreservoirsinalargefieldthatoriginallyhada40+-
footrthickoilcolumnwillnolongerhavesuchanoilcolumn.
Obviously, economics and lmowing details of the reservoir
gcometryandcompositionandpresentfluidconditionsofthe
reservoir are inperative toward proper design and prudent
evaluation

MWDtoolsinlong-andmedium-radiuswellscanbeusedto
follow a geological marker when there is structure or strati-
graphic complexity that must be followed. This can assist in
targeing  the reservoir.   It is  therefore  necessary  to  have
nearby wireline log control with which to conelate.

Low-nermeabilitv Reservoir

A low-permeability reservoir with  insufficient production
may be helped by drilling a horizontal well to increase the

in

length of exposure to the formation.  Also resistance ro flow
isnearlyalwaysnegligibleinahorizontalwell(deMontigny
and Combo.  1988).   PToduction improvement provided by
horizontal wells is higher for gas than for oil. With lowerrate
of flow per opened foot of formation, turbulence, which is
typicalofgasproduction.ispracticallynilinhorizontalwells
(Giannesini, 1989).

Holes also have been drilled with air (foam) extending the
pessibleapplicationstosensitivetightgas-bearingfor"itions.
The extraction Of coal-bed methane is a possible application
of horizontal drilling under certain conditions.

Water Drive or Water ln iect].on

Ineitheranactivewaterdriveorawaterinjectionprogramin
an oil field. a water/oil interface sweeps the reservoir and
displaces the oil towards producing wells. The on producing
rate may slow dorm considerat)ly if rapid breakthrough of
water  occurs  in  the  producing  weus.    As  the  water  cut
increases. the oil flow rate decreases.   As a consequence,
cumulative recovery flatters out in time.  The well may be
shut-in  with a low recovery  if the oil flow rate no longer
covers the operating costs (de Montigny and Combe.1988).
Waterbreakthroughoccursfasterasthewater-to-oilmobility
ratio increases.



A horizontal well can improve productivity by making the
pressine  sink  less intense.   The  greater dispersion  of the
withdrawal results  in  a pressure  sink which  is  no  longer
concentrated at a single poinL hence the deformation of the
oivwater contact is smaller and sweep volume is therefore
increased.

Hbrizontal  weds  are particularly  amenable  to  improving
recoveryfromheavyoilleservoirs(deMontignyandcombe.
1988).Waterismuchmoremobilethantheheavyoilinthese
reservoirs(veryhighwater-tcroilmobhityratio).Thuswater
cut increases very quicldy after breakthrough.  The water-
free phase can last much longer in a horizontal well drilleed
into a heavyoil reservoir. Chances are that the vertical wells
would have done a poor job of removing the heavy oil by
either primary or secondary recovery, leaving a significant
oapportunity for hchzontal drilling. These exhausted vertical
weusmaylcaveagravitydralnagesitLiationthatisdescribed
fiuther below.

Inlowpermeabilityreservoirs,pressuredropinthereservoir
limitstheoilandwaeerproducingpctentialOfverticalwells.
ThehorizontalwellincreasestheOflplus`raterproductivity.
Thisenablesthedurationoftwo-phase(oivwater)production
to be considerably extended as large quantities of oil are
recovered.

Gravitv I)rainane

Horizontal drain  holes  can  be  placed low  in  a pressure-
depleted reservoir to assist in extracting remaining oil.  This
shouldbemuehmoreeffectiveinrecoveringoilcomparedto
vertieal wells.  A novel operation run by Three Star Drilling
and Producing in Illinois utilizes 33 horizontal drain holes
extending upward from 3cO to 2.000 feet into a Pennsylva-
nian  sandstone reservoir from  an  excavation  room.   Ap-
proximatelyonebanelofoilperdayistappedfromeach100
feet of horizontal hole.  The cnide is 38° gravity oil oration,
1990).

Another project operated by Kaycee Oil Company in Wyo-
mfning has two workrooms and 40 horizontal wells totaling
70,OcO feet of hole.  The wens have produced between 100
and 250 BOPD using air, water, and polymers to drive oil to
the drain holes.   A shallow reservoir with at least 75.000
barrels  recoverable  per  acre  is  required  ro  make  such  a
pprogram work oration, 1990).

Enhanced Recovery

Horizontal wells also have good potential in enhanced oil
recovery a]OR) procedures.  For instance, steam injection
rates  can  be  increased  in  horizontal  wells  and  a  greater
amount of oil can be heated directly.

Table 6.  Present applications of horizontal drilling for various
types of horizontal wells (tal>le 2. COE,1990).

Horlz"i tal Well Teelmofogy
U'fro.
SIIort      SIIort       Medlum        long     Advanced

Applications       Radlu   Radlu     Radius          Radius  concepts

GAS DEVELOPMENT
N&amlly FractLired             X
Lew Pcmcability
Lew Energy
Extnded-reach
Th Fomations
Multryle Strata

(Sandsroods)
OIL DEVELOPMENT

Naturally               X
Fractured

Waterconing      X
Low Pemeability
Gas coning          X
Thermal                X

Recovery
lrow Energy         X
Reservoirs

Inegular Fomatious
Extended-reach
Thin Fomndous
EORMobility      X
Contol

cyrllER AppHCAHONs
Gas Storage
Oil Storage
Solution Mining   X
Residenti al            X

Utilities

X
X

X
X

River Crossings
•h-Mine Gasrofl Production

X
XX

X
X
X

X

Environznen(al     X            X             X               X               X
Mitigation

froor injectivity of polymers is mainly due to high velocities
of injection near the wellbore.  These higher velocities may
aalso caLise polymer molecules to break up.  Horizontal wells
should  reduce  this  risk  in  creating  polymer  instability.
Horizontal wells can result in parallel flow in contrast to the
radial flow Of vertical welts.  This can spread the chemical
over a longer distance into the reservoir @ruckert,  1989).
Properly positioned. the horizontal well can help to establish
a miscible slug.

Devehoment DrilliTlg

In  general,  one  would  anticipate  fewer  horizontal  wells
would  be  needed  to  develop  a  field  than  vertical  wells.
Moreover,productionratescouldbeacceleratedabovethose
of vertical wells.  In order for this to be true, the horizontal
wellsneedtobestrategicallyplacedinthereservoirandsioed
byconsideratiousofthethree-dimensionalalchitectureofthe
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reservoir.   Better knowledge of the fluid flow behavior in
hhorizontalwellsandmethodsoftheircompletionwillreduce
the risk in such futtire endeavors.

Present appHcations of horizontal drilling are listed for each
type of horizontal well in Table 6.  A survey of horizontal
wens in 1990 by the Oil and Gas Journal indicates that the
dominant type of reservoir heterogeneity identified in res-
ervoirs to be tested was fractures (54%).  The main reservoir
lithology of these wens is shale (40%), fouo`Ared by chalk
(14%), sandstone (11 %). Iinestone (9%), karstic limestone
¢%), and unconsolidated sand 0%) (Moritis, 1990).

Drilling A Horizontal Well

The selection of a candidate reservoir is nco presently done
with any hard-and-fast niles.   Much depends on what the
individual operator is trying to accomplish.  In general, it is
believed horizontal drilling will be used chiefly for produe-
lion enhancement - to recover the most hydrocarbon at the
smallest cost Q4ahony, 1988).  Parameters that are consid-
ered include: depth. pay thickness, reservoir drive meeha-
nism, porosity. absolute permeability. formation pressure,
character of reservoir roclL original fluid sanirations. oil and
gascharacteristics,reser`roirtemperat`ne,vericalrestrictions
in the reservoir,  location of lease lines, required spacing,
production history, hydrocarbons originally in place, hydro-
carbons  remaining,  casing  and  hole  sizes,  anticipated
compledonandproductiontechniques,economics.andmarket
Orfahony, 1988).

Drillingplansinclirdechoosinganentrypointintothereservoir
andaminimumlengthofholetobedrilledinsidethereservoir
at a given angle.  The entry point is called the target and the
section  inside the I'eservoir is the drain hole.   The driller
developsadesignatedtrajectorytoreachthetarget.Thisplan
is  typically  prepared by  a  team  of experts  including  the
reservoir and production personnel.   The phases of actual
drillingofthewellaretheverticaldrilling;deviateddrilling,
if any;theapproachphase(whenthebuildangleisdonetothe
target);andthehorizontaldrillingphase.Theapproachphase
is the most critical because the exact location of the target is
hover precisely lmown (Eigilre_ 7).

The driller is like a pilot landing an airplane on a runway
whose altitude is not known.   If the runway is lower than
expected (he driller will "fly over" it, if it is higher the driller
will "crash" into iL   The driller adjusts the trajectory to a
target that is, step by step, revealing its position.  The driller
uses the MWD  tool  to read the  material  surrounding  the
borehole, mush like the pilot sees around the plane.   The
MWDtoolprimarilymakesuseofthenaturalgammarayand
resistivity to identify gcological mackers to help the driller
determine the vertical distance between the bit and the target
as  the  drilling  proceeds  (Giannesini.  1989).    If  the  well
"crashes," it is now possible to kick out higher in the existing

hole  and  begin  the  build  angle  more  sharply.    Also  the
steerable motor can turn the lateral upwards to re-enter the
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Figure 7.  Trajectory and teminology of horizontal wen (from
Giannesini.1989).  KOputickroff point.

reservoir, if this distance is small.  Sleerable motors can also
direct the bit downward to  intercept the formation.  if the
"flyover" is shallow.

Masthorizontalwellsarelandedthisway.However,thickness
between the last marker and the target may not be reliable.
The solution may be to first penetrate the reservoir at some
high  angle  to  locate  the  target  depth.    Then  the  well  is
sidetracked to the proper elevation.

MWDcoolselectionhasbeengrowingoverthelastfewyears
and offers a substantial first look at the smta encountered
during drilling.   The tools presently availalle include the
gamma ray, oriented gamma ray, resistivity, temperature,
neutron. density. annulus and drill pipe pressure, hole size
indicator,andinclinationanddirection.Theholesizerequired
runs from 4 3/4 to 9  1C inches a=ritz et al.. 1991).

Economics of Dt.i]ling a Horizontal Well

The costs are difricult to estimate because they depend on so
many factors.   The average horizontal well in the United
Sta(es drilled in  1990 cost $1.2 million or sO75thorizontal
foot. Austin Chalk wells with a typical 3 ,un-fco( horizontal
drain hole averaged $360/ horizontal foot (Moore, 1991).  In
general. the latest figures suggest that horizontal wells will
cost 1.4 to 3 times more than the verical, the longer the drain
hole. the more expensive the well will be (Brown, 1991).

Seven key parameters that affect the economic success of a
horizontal  well  were  pointed  out by  S.  Lacy  (in  Brown.
1991):

I) fracture intensi(y and direction.
2) pay thickness with a lower limit of 10 feet without a gas

cap or bottom water or 20 feet otherwise,
3) well spacing. producible reserves per horizontal well

needtobelargeenoughtooffsethighercostsofdrilling,



4) vertical permeability is necessary to erLsure good com-
munication between parallel zones for proper drainage
to the horizontal well.

5) avoid formation damage since it is not easy to eliminate
in the horizontal well.

a condLict post-drilling cleanup of borehole.
7) have effective geological control where the horizontal

well is drilled.
Joshi (in Browti, 1991) suggests that it is desirable to drill
along a low quality trend in a reservoir where there had been
problems with drming.

Case Suty Summaries

The following are summaries of three applications of hori-
zontal drilling. the wellLpublicized Austin Chalk Of south-
central Texas. the Bakken Shale of the Williston basin. and
the Roso Mare oil field in Italy.  The examples illustrate the
results  of drilling  horizontal  wells  in  naturally  froctured
chalk. brittle shale. and a karstic limestone.

Case Studv: Austin Chatl[. a Natural[v Frach]red Reser-ri
A very publicized success s8ory for horizontal drilling is the
naturally fracttned and. in part. cavernous Austin Chalk of
south<entral  Texas  (IIolifield  and  Rehm,  1989).    Some
4.OcOnewandredrilledhorizontalwedsareanticipaeedtobe
drilled in the Ausin Chalk betweeri 1989 and 1995. Despite
large flow rates of over 5.OcO BOPD  in  horizontal  \rells
completed in chalk, three-fourths Of the wells have IP's of
under 500 with a third of these under loo B0PD.  Twelve
percent have flowed initially over 1,OcO BOPD Qrang and
Jett. 1990).

The Austin Chalk produces along a trend that is about  10
miles wide extending from the TexasTkexico border to just
northofHouston,Texas.Oilproductionrangesindepthfrom
greater than 7,coo feet (oil with water), 7,000-9,000 feet (all
oil), and deeper than 9,000 feet (oil and gas).  At least part of
the oil is thought to be self-sourced Q=ritz et al.,1991).

TheGiddingsfieldisover60mileslong.encornpassingfour
counties.HorizontaldrainholesinGiddingsfieldrangefrom
300 to 1 ,250 feet.  These were drilled from existing depleted
wells in the Giddings  field.   Those horizontal wells have
generally paid out in three to 24 months. The maximum hole
length  of  1.200  feet is detennined by  cost and return on
investment.    Fractues  seldom  lie  finher  apart  than  this
distance.

The thickness of the Ausin Chalk varies from 100 feet to 800
feet thick.  Oil production has been almost exclusively from
naniral fractures and faulting. Operators have used local and
regional  geological  models  to  identify  fracture  systems.
Many  of the  fractures  correlate  to  teusional,  high-angle,
down-to-the-coast faults. Seismic profiles have been used to

confim  faulting and presence Of fault blocks.   Fractured
chalk is also linked to sites Of rapidly changing dip. Fracture
systemsextendingseveralmilesareassociaeedwithvugsand
larger cavities (small cavems) (Holifield and Rehm, 1989).

Hbrizomal mediummdius drain holes are drilled from old
wells using a BIIA of a special directional 4 1¢-inch poly-
crystallinediamondbit,downholemotor,stabilizer,wireline
steering tool assembly, and 2 7re-inch slimhole (slick) drill
pipe.attachedtoregulardrillpipe.Thelanerrunsthroughthe
vertical section of the hole.   A biopol]mer mud. low bit-
weights, and hydraulics for high-speed bit rotation are used.
The build race ranges from  10 to 30 degrees/100 feel   A
modifieddoublerdnm.truck-mountedwockoverunitisused
to drill the horizontal hole.  Biopolymer muds have resolved
sofne of the problems in fination damage and cleaning of
the  hole associated  with  horizontal  weds  (Seheult  et al.,
1990).

In the Giddings field both pressured and depleted fractine
systemsareencounteredd`ringhorizontaldrilling.Pressured
fracture systems are isolated from depleted zones with an
inflatableexoernalcementpackerrunaspartOfaliner.Drain
holes are completed through 2 7/8-inch liners slotted or pro-
perforated over the interval having the best mud log shows.
Weds  are  completed  natural  or  with  frocture  stimulation
(high pump rates, large fluid volumes. and small amounts of
sand). Well costs average $350.OcO. Ultimate recovery from
thesewellsaveragesl25,Ocobanelsofoilequivalent(BOE).
Initialproductionrateusuallyexceeds150BOEPD.Decline
rates are initially 40 to 50%. typical of fractured reservoirs.
After  this  initial  rapid  decline,  production  rates  become
hyperbolic in shape depending on the contribution of fluid
from the matrix pores.  Payout comes in less than two years
for the average horizomal well.

Reserves in the Austh Chalk in the Pearsall field in south
Texas have shown substantial increases.   Since  1936 two
thousand conventional verical wells have produced an av-
erage of 30,OcO banels of oil per well. New horizontal wells
havealreadyrecoveredinexcessof100,OcObanelsperwell.
A  few  have  also produced  in  excess  of 300,OcO  banels.
Production tests of the horizontal weus have been as high as
6,400 BOPD (Moritis,  1990), while conventional  vertical
weus in the same field produced between five and 15 BOPD
(Stayton and Peach, 1990).

Bakken Shale in Wi]li.ston Basin

Meridian  Oil  and  a number  of smaller  independents  are
revolutionizing the economic recovery of oil from the natLi-
rally fractured Bakken Shale found at a depth of 10,OcO feet
in the Williston basin of North Dakota.  The Bakken Shale is
lowerMississippianorupperDevonianageandisequivalent
to  Exshaw.  PiloL  Woodford,  Chattanooga,  Antrium,  and
New  Albany  shales  in  other  locations  in  North  America
(Fischer and Rygh,  1989).   Over 25 horizontal wells have
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been completed at average rates of 250 BOPD compared to
onlyafewBOPDfromearlierproducedverticalwells(DOE.
1990).  Productivity has been inproved from two- ro five-
fold in the horizontal wells.

The Bakken formation is divided into an upper organic-rich
black shale, a middle tight siltstoneAimestone. and a lower
organic-rich black shale.   The combined thickness ranges
from 145 feet to a fcather{dge in the Williston basin.  The
shales are hard and fissile.  The productive section ranges in
thickness from a few feet up to 10 feet.

The Bakken Shale is currently productive along or adjacent
to the Nesson anticline.  Vertical holes generally have low
potentials in this area Oess than  100 BOPD).   Porosity is
below 5% and permeability is seldom greater than 0.2 md.
Large vertical froctures occur often and greatly increase the
permeability.  A fractured reservoir is considered necessary
for production.  Tectonic fracture systems are important to
creating economically viable reservoir rock including those
associated with regional lineaments relaoed to reaonal tec-
tonic elements expressed in the basement (Gerhard et al.,
1982)andthoseassociatedwithfoldingoverlocalbasemen(
struK3tures.

An overpressure of 0.6 psi/ft is often associated with  the
Bakken.  rmcrofractures are locally common and are essen-

Figure 8.  Skctch of li)wer Cretaceous karsted. fractured
reservoir in Rospo Mat.e oil field in Adriatic Sea (from
mssert et al.. 1988).
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tial  for  production  after  wells  are  fracture  stimulated.
OverpressuringandmicrofractLiresaeassociatedwithactive
pepetroleum  generation  from  the  shales  aisher and Rygh,
1989).

The horizontal wells are medium radius with length Of the
drain  hole around 2jco  feet.    A  sample  comparison  of
vertical and horizomal wells prepared by Meridian indicates
de following:

venical well                    horizontal well
inirfupreducin     120B0PD,96MCF      480B0PD,384MCF
reserves                 184 loo,148 MMCF  364 MBO, 291 MMCF
pryout                                      1.9 years                                1.0 year

Rosi)o Mare Oil Field. Ita]v

The Rospo Mare oil field in the offshore Adriatic contains a
4400rfoot-thick lrower CretaceoLis  karstic  catbonaee reser-
voir.  The xpper 230 feet consists of widened vertical frac-
tures while the lower layer. 160 feet thick, consists of vugs
and partially filled horizontal caves.   An oil^iraeer contact
exists in the lo`ver interval connected to an active aquifer.
keliefontheuppersurfaceisontheorderOflcofeetGgipE
8).Porosityofthekarsticvoidsis1.8%withver(icalfroctines
Of the upper zone spaced some 300 feet apart. The ch is very
lowgravityatll.90.Thefieldcoverssome45,OcOacreswith
COIP Of over one billion baneis.

Vertical weds have been nearly ineffective in recovering oil
from the vertical fractures. vugs, and caves that chancterize
the upper porion of the reservoir.  Six horizontal wells with
2.000-footdrainholesareprodueing19,OcOBOPDcompared
to3,OcOBOPDfromthreever[icalordeviatedwells@usserrt
et al.. 1988).

Horizontal wens intersect the vertical froctures.  tile ratio of
the horizontal to verdcal permeability is obviously very high
in the upper oil-filled zone. making horizontal wells par-
ticularly attractive in apite of the significant thickness of the
reservoir.

Flatrock Fieid. Osage Countv. Ok]alioma

A medium-radius horizontal well was drilled during 1990 in
the  Middle  Pennsylvanian  Bartlesville  Sandstone  in  the
Flatrockfield.Osagecounty.Oklahoma,byRougeotoiland
Gas Corporation. The Flatrock field was discovered in 1904
and was fully developed by 1924 with over 1,OcO develop~
ment wells.  Wed spacing is under 10 acres.  The field has

produced in excess of 30 million barrels.  Millions of banels
of mobile oil are still estimated to be in the ground, but have
no( been prnducible in economic quantities with currently
availableverticaloil-welldrillingandcompletiontechnology.
Problems encountered in this reservoir include wa(er coming
and thin. low permeable reservoir.  Horizontal drilling pro-
vided the additional opportLinity to allow for economic pro-
duction.TheDOEunderurotethedrillingcostsofahorizon-



Fig`ne 9.  (a) Index map showing lcoation of Flatrock field: Q>) vertical cross sechon of completed horizontal well in Bartlesville
Smdstone in Flatrock field Qougeot and Lauterbach, 1991 ).

tat nell in an effort to determine the feasibility Of obtaining
economic oil recovery.

The oil-bearing zone in the Bartlesville Sandstone is located
atshallowdepths(~l.400ft),haslowpermeability,isthin(10
ft), and is undedain by a thick aquifer comprising the lower
10to30feetofthesandstonebelowtheoivwatercontact.The
dqusitional system is classed as a fluvial-dominated delta.

The horizontal portion Of the well was to be 1,000 feet long
a( a vertical depth of 1400 feet. The target is loo feet by 200
feet wide.  A 1 i050-foot horizontal well was drilled at a cost
Of$150j32(Figine.9).Theproductionstabilizedat6BOPD
and 0.84  BWPD,  some 200rd00%  greater than  a  typical
unstimLilated vertical weu.   Although this pilot well is un-
economic,itwasrecommendedtha(funherinvestigationsof
horizontal well-bore clean-uptstimulation and effects of se-
lecting weubore  direction  in  non-hactured  reservoirs are
needed in order ro develop the full potential for horizontal
drillinginthemidcontinenlDetailsaredescribedinRougeot
and -(1991).
Black Field. Mini Countv. Kansas

Hchzontal drain holes were drilled in 1943 and 1944 in an
aaempttoeconomicallyextractremainingmobileoilfroman
atandonedleaseindeBlackfieldlocatedinSWsec.9,T.19
S.,R.24E.,inMiamicounty.Kansas(abou[4milesnor(hof
Lacygne) (Abemathy and Jewett,  1946).   The site is near
where oil was first discovered in Kansas as oil seeps along
Wea Creek near Paola, Kansas. in 1860.

The fourteen drain holes were drilled from a 7 foot x 7 foot
shaft at a depth of 230 feel  The objective horizon was the
mainpayzone.the"Wayside"or`1h/alterJohnson"sandstone

intheNowatashaleFdrmationoftheDesmoinesianMarmaton
Group.  The shale averaged 25 to 30 feet thick and occurs at
a depth of around 210 feel below  the surface.   The field
originallydiscoveredin1927hedproducedontheaverageof
6cO banels per acre.

A portable drilling machine was used to drill the shaft after
initial vertical holes were sho( with nitroglycerine. The shaft
was cribbed and later cemented in an effort to hold back
water.   The  water apparently  later became a problem  in
maintaining a successful operation.   The drain holes were
drilled with a core-drilling Tnachine with diameters of 3 3/4,
3 7/8. and 4 1/4 inches. The maxinum horizontal drain-hole
length was 700 feet and the minimum drain-hole length was
350 feet.  Total footage of the drain holes amounted to over
70cOfeet.Eachholewascasedforthefuslt40feetwith3or
3 lre inch pipe. This pipe was cemented into the hole.  The
drain holes were connected to a small tank to catch the oil
whichactedlikeasumpforapumpthatbroughttheoiltothe
sLirface. Each drain hole was equipped with a valve. Thomas
reponed the oil was 29° to 31° gravity and that the project
would flow 25 to 50 BOPD (Abemathy and JewetL 1946).

A later report indicated that the operation was not successful
with li(tie or no commercial oil produced.   No reason was
given why the venture was not a success (JewetL 1954).

Mwhlheim Field. Trem Countv. Kansas

Phillips Petroleum Company drilled a horizontal well in the
Muhlheim field in an attempt to increase production from the
basal MarTnaton.     An ArbLickle producing well, the #A4
Muhlheim  (NE  SW  SW  see.  14,  T.   13  S.,  R.  21  W.)  in
Febmary 1985 for 37 B0PD and no water from the AIbuckle
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Group.   The Marmaton Group interval including the basal
conglomenee was cored in this well. The Marmaton directly
overlies  the  AIbuckle  Group.    The  basal  portion  of  the
Minaton is a conglomeratic linestone and is thought to be
transitional to the basal Pennsylvanian conglomerate.  Ac-
cording  to  the  Independent  scou(  card.  the  28-foot  core
contained abundant brecciated and conglomeratic chert and
linestone clasts with many fractures including verical ones
and mugs.  Meet Of the porosity had abundan( on staining.

Phillips  drilled  an  offsetting dry  hole  in  1986,  the #A-5
MMuhlheimQIWSESWsec.14.T.13S.,R.21W.).Nocores
or DST.s were nm.  In 1988 this well was re¢ntered and a
179-foo( horizontal borehole  was  cut at the  level  Of the
Mamaton within the froctured conglomeratic interval.  The
vertical-eo-horizontal  distance  was  only  29  feet,  a  short-
radius hole, even though the well had been planned to have a
440Oroothorizontaldrainhole.Thewellwascompletedasan
oil well for 67 BOPD and water.

The "A" Muhlhein lease presently has four producing wells
with combined off production of 19 BOPD.  Cumulative oil
production of the lease as of June 1990 is 112P30 barrels.
Production  is  commingled  between  the  LansingLKansas
City, Marnraton. and the Arbuckle.

Application of Horizontal Drilling to Kansas
Reservoirs

Kansas contains reservoirs that should receive further con-
sideration as targets for horizontal drilling.  The following
discussion is onganized according to the characteristics of
these  reservoirs  that  make  them  attractive  to  horizontal
drilling.  Further information on the reservoirs can be found
in  the  Kansas  Geological  SLirvey's  Subsurface  Geology
Se;rfues 9, Stratigraphic arid SpahaL Distribulon Of Oil and
G" Prodilclion in Kausus. by Newell et al.. published in
1987, and studies as listed in the Bfolfogrqpdy qf Kansas
Gce/ogy,  by  Sorensen  ct  al.,  Kansas  Geological  SLirvey
Bullctin221.Alsothefivevolumesoffieldstudiespublished
bytheKansasGeologicalsocietyprovideusefulbackground
material.   A general introduction  to petroleum activity in
KansascanbefoundinBaarsetal.(1989).Thereservoirsare
identified on the following stratigraphic chart ffigure 10).

I.  Connect.ng Vertical Fractures/Fi.esures

In general, medium- and short-radius horizontal wells would
beappropriatefordevelopingverticallyfracturedreservoirs.
I+ease size may have to be modified to accommodate the
horizontal  well.   The  length  of the drain  holes  will  vary
according  to  the  targeted  reservoir  and  the  nature  of its
distribution and fluid properties.   The previous discussion
should be helpful in beginning a screen of the reservoir and
the evaluation of the feasibility of drilling a horizontal well.
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A. Ninbrara Chalk. The Upper Cretaceous Niobrara Chalk
isashallow,low-pressure.Iowpermeabiritygasreservoirin
nnoth`irestemKansas.ThemostproductiveintervalinKansas
is  the  Smoky  IIill  Member.    The  Smoky  IIill  Member
averages solne 60 feet in thiclmess. rorusity is aroLind 40%,
chamteristicofthechalkattheseshallowdepthsorockridge
and Scholle,  1978).   Matrix permeability is very low.  The
chalk is bridle and fractures easily.  Small folds and domes
and faults have led to local reservoir development and gas
accumulation at depths berveen 9cO and 1,2cO fat Crown
e( al., 1982).  This tat(er point is key.  The structure must be
studied  locally  to  discern  orientation  Of  the  folding  and
fuLlting.   The horizontal well would be directed so that it
would intersect a number of the dominant fracture systems.

Theproperdesofthechalkareessentiallythesameasthatof
the Austin Chalk in south Texas.  They are agecquivalent.
but have undergone different stnictural development.  How-
ever, the substantial down-€o-the-basin faults that have pro-
dueed a distinctive froctine pattern in Texas are lacking in
Kansas. The faulting in Kansas is much more subtle and less
well defined.  Local studies and subsequent drilling of the
NiobraraChalkhaveyieldedgasproductioninnorthwestem
Kansas(Beene,1990).The foam-fracturestimulatedvertical
wens have typically produced several hundred MCF per day
and less.  It is possible that horizomal wells could improve
thisflowratebycontactingmoreofthenaniralfractures.On
the other hand, the low pressures suggest that the flow rates
would nct be substantial for a horizontal well and would
adversely affect its economic viability.

8.   M           DDian  Limestones.   The Mississippian lime-
stones are, in part. fractiired although these reservoirs are
noted for significant depositional and diagenetic porosity.
Possible targets for horizontal drilling may exist in the later
porosity  development  in  addition  to  fractured reservoirs.
Linear belts of some Of the thicker lobes of porous conde
grainstone reservoirs  in  the  SI  Louis  Limestone  may  be
possfole targets for horizontal drilling in southwestern Kan-
sas qu]gure 11).

OilprodLictionhasbeensignificantfromthesILeuisinterval.
Cores ffom the St. Louis Limestone ffom Damme field in
Finneycountyindicatecomplexintemallithofaciescomprise
the  upper  potion  of  the  SI  Irouis  including  open  shelf,
mobile grain shoal. tidal inlet and lagoon. intertidal mud flat.
and marine sand belt (IIandford. 1988).  The best porosity
development from the Damme field is found in the marine
sand belt fhoies of the B-zone of the SI Louis Limestone.
This oolitic marine sand belt in Damme field is an elongatete
and lenticular graiustone body 10 miles long, 2 miles wide,
and up to 18 feet thick (Figure 12).  This unit is similar in
dimensions, shape, and composition to modem marine sand
belts described by Ball (1967) in the Bahamas (IIandford,
1988).Horizontalwellswithinthesepodsmaybewarranted,
if barriers to fluid flow are indicated due to reservoir het-
erogeneity.
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Figure 10.  Stratigraphic column for Kansas identifying targets (asterisks) for horizontal drilling.

Other prospective sites for considering horizontal drilling
include the porous quartzose carbonate grainstones of the
Chester limestones in southwestern Kansas and porous do-
lomite zones of the Warsaw Linestone along the Pennsyl-
vaniansubcropalongthewestemflankoftheCentralKansas
uplift,e.g..BindleyfieldinHodgemancountyQ2banksetal.,
1977).  Karstic weathering profiles recognized at the top of
the  Mississippian  interval  suggest  additional  targets  for
horizontal drilling.   The karsting apparently resulted from
prolonged  weathering   associated  with  the  regional
unconformi[y found at the top of the Mississippian (Nodine-
Zieller.1981).

Dolomitic, vuggy, and highly fractured chert is found at and
nearthepennsylvaniansubcrapoftheosagianMississippian
in south<entral Kansas, e.g. , Rhodes field in Barber County
(Thomas. 1982).  The dolomitic cherty facies of the Missis-
sippian is actually quite extensive. covering a large interval
of the Mississippian strata and region of extreme southern
Kansas and northern Oklahoma.  This chert-rich interval is
commonly refened to as the "Cowley facies."  The cher(y
interval typically consists of dark silly dolostone and dark
dolomitic cherts. This cherty interval ranges up to nearly 500
feetthickinsouthwes(KansasandrangesfromKinderhcokian
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Figuc 11.  Mississiprian fields and their trends in the Hugoton
emhayment (from Handfond. 1988).

Figure 12.  rtypical log signature (gamma ray. neutron) and
isopach map of porous St. I+ouis B-zone at Damme field.
Isopach is of the oolitic mchne sand belt facies (from
Hndford, 1988)
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to carly Meramecian  in  age.   The Cowley  facies  is  very
difficult ro correlate intemally and with generally widely
conelable Mississippian smta to the north.

TheporosityisofsecondaryoriSnintheweatheredchertof
theCowleyfacies.Ffacturingalsoisdevelopedrelatedtothe
tittle defomation Of the chert-rich facies (Thomas, 1982).
The higher pemeability along froctures apparently led to
perc++acolationofundersaniratedwaerthatledtoextensive
dissolution.Ptecursorevaporilesmayalsohavebeenpresent
that were subsequently leached during subaerial exposure
crearfug breccias and secondary porosity such as that found
in the large Spiveynlrabs field qomasson et al., 1989).

Sm]ct`ml defomation appears to be important in effective
porosity development in the cherry interval (Thomas. 1982).
TheRhoedesfieldinBarbercoLinty.Kansas,issitiiatedonan
anticlinal structure and may reflect increased fracturing as-
sociated with deformation of this structure (Thomas. 1982).
Fields that have experienced poor primary and secondary
recoveryfromthesechertyreservoirsmaypresentadditional
favorable considerations for horizontal drilling if estimates
of oil reserves are sufficient.  An attempt could be made to
closs¢ut the fracnire systems that may be untapped by the
vertical wells.  Altematively. the fractures may be depleted
andtheattemptwouldbetocontacttheless-frocturedmatrix
areas.    A  smictural  analysis  of the  local  area  would  be
reqcquiredtodiscemtheorientationofthefracturesystems.
The hacture spacing would be an important component in
order to determine the length of the drain hole.

C.  Arl]uekle Groui].  The Cambrolchdovician Arbuckle
GrouphasbeenaproiificoilreservoirinKansas.Ptoduetion
is primarily found on the Central Kansas uplift and over the
southern Nemaha uplift   Ncarly half of the original oil in
place in Kansas is associated with the Albuckle Group.  The
reservoir is noted for its strong water-drive.   The southern
po|}ordonoftheCentralKansasupliftalsocontainsgasrdrive
reservoirs Orewell et al.. 1987).

The unit is stratigraphically complex with many potential
opportunities for horizontal compartmentalization Of marix
pemcability. In addition. the dolomitic Arbuckle Group has
been severely affected by karstifiication and hacturing on
these aplifts (Walters,194®. Several periods of deformation
have fractured, faulted, and generally modified the original
sstratigraphy in the Arbuckle Group over these uplifts.   Or-
thhogonal sets Of cavernous porosity in  the ArbLickle in EI
Dorado field on the Nemaha uplift apparently fctlow pre-
existing fracture systems (Ramondetta.  1990).  These solu-
tion-enhanced fracture trends are thought to be responsible
for observed trends of highly productive wells.

In EI Dorado field, previous severe water coming in old wells
due to high rates of production led to their premature aban-
donment.    Once  abandoned.  the  water  coming  subsided,
allowing oil and water to re-equilibrate.   New wells have



encountered  some  of this  remaining  recquilibrated,  by-
passed oil Qamondetta. 1990).

In other areas Of EI Dorado field and other lange fields on the
CentralKansasuplift.stratificationexertsconriderablecontrol
on reservoir development.   The nature of the stratigraphy
dependsontheamountofsectionremovedbyerosionandthe
extent of its preservation due ro later karstification.  Thick-
ness of the Arbuckle varies significantly across structures.
Open-holecompletionsandpoorcementjchsinthestratified
resreservoirsoftheArbucldeGrmpoftenresultedinwaoer
produetionandthustofalsecondemnationofareaswithinthe
field.  Moreover. ore casing programs such as uncemeneed
telescoping production strings may have led to early water
breakthrough and premature abandonment  ln contrast. the
manyoldwellbcnesmayhavebroughtoil-bearingzonesinto
communicationwiththosewatehbearingintervals(MBryan,
personal com..  1991).   Use of modem drilling, evalLiation.
andcompletiontechniquescreatesapportunitiesforredrilling
in these old fields as has been the case with EI Dorado field
Onondetta, 1990).

Horizontal  drilling  may  be appropriate  for  the  Albuckle
Group.Drainholescouldfollowtheoilzoneinthefractured/
karsted interval above the oil^hrater contact  More oil could
potentially  be  withdrawn  from  a horizontal  well  without
coming  water  into  the  wells,  iie.,  without  increasing  the
critical flow rate.   If the zone is isolated from  water en-
croachmenLgravitydrainagemaybeenhancedbyhorizontal
drilling.    Any  consideration  for  horizontal  drilling  must
consider  the  local  orientation  of  fractLires.  fissures.  and
karstic development.  Stratification should also be appraised
as a possible control on horizontal matrix-porosity develop-
rmL

Although the opportunity exists for identifying new, previ-
ously  untapped reservoir  companments  in  the  Albuckle,
many areas are heavily drilled and are near depletion with
little  remaining  oil  column.    This  state  Of development
severelylimitsthepotentialsize,shape,andlocationOfthese
untappedareasandthereservespotentiallyextractedthroLigh
a horizontal well. Careful economic evalLiation is inperative
inadditiontogoodinterpretationofgeologicandengineering
data from which inferences are made about such character-
istics as matrix porosity.  fractures and  fissures, and flow
barriers.  Horizontal drilling may be feasible if the reserves
aregrea[enoughandtherisksareminimum.Therecognition
of prematurely plugged weus  due to rapid production  or
mechanical  problems  may  themselves  create  significant
opportunities for redrilling within heavily drilled areas ire-
spective of the use of horizontal well technology.

D.   Viola  Limestone.   Fields producing  from  the Upper
Chdovician Viola Limestone are widespread over the central
and northeastern part of the state Of Kansas Orewell et al.,
1987).  Oil accumulation is associated with structural traps
where production is situaeed in the upper Viola Limestone.

Horizomal  stratification  of porosity  development  cocurs.
The porosity varies, including intergranular, vuggy, moldic,
and froctiire (Caldwell and Bceken, 1985; SI Clair, 1985).
Subaerial weathering on the top of the Viola has compart-
mentalizedtheviolareservoirinEIDoradofieldo`amondetla.
1990).

The Zenith  field in  Stafford  County, producing  from  the
Viola Limestone, Maquokcta Dolomite, and Misener sand-
stone and limestone exhibioed extremely poor waterflnd
performance. Less than 2% of the estimated originalroil-in-
placehasbeenproducedduringwaterfloodingthatgoesback
some24yearsoJewelletal..1990).Partofthispoorrecovery
appears to be related to frocturing that is suspected in the
Viola Linestone and perhaps communication between res-
ervoirs that occurred behind the production casing of bcne-
holes.   Fractures may have allowed the injected water to
bypassoilthatremainedinthelowerpemeabilityportionsof
the  reservoirs  and  could  have  permitted  communication
between carbonate and sandstone reservoirs (Kansas Geo-
logical Survey and Tertiary Oil Reeovery Project,  1991).
This communication may have cocurred where these reser-
voirs were no( separated by shale.

mllingofhorizontalinjectionwellstoserveaswaterinjectors
in Zenith field may help to create a better waterflood sweep
utilizing  a  fractLire  system.    However.  the  presence  and
orientation of fractures first needs to be confinned.   Addi-
tionaltestingisneededtomakethisassessment,e.g.,hansient
testing or wellbore strain analysis.

Thefirstvericalderivativestructure(dip)andsecondvertical
derivative (rate  of dip change)  structure  maps. and  trend
surface residual structure maps may be useful in discerning
the location and orientation of fracture systems. Whether the
orientation of drilling would be designed perpendicular or
paralleltothesesystemscouldbetestedbeforeactiralinitiation
of the program through the use of mass balance studies and
runningreservoirsinulatormodels.Thesepredictionscould
minimize the potential for costy mistakes (K.  D. Newell.
personal communication, 1990).

Low permeability and low reservoir pressure can limit pro-
duction from vertical holes. Irateral drain holes may assist in
morerapidwithdrawaloffluidinshallow,lowpressurewells
by increasing the drainage area of wells completed in these
reservoirs.   Secondary and enhanced recovery may also be
assisted through the use of horizontal wells for injection and
production.

The Middle Pennsylvanian Cherokee Group sandstones in
eastern Kansas have conthbuted a substantial amount of oil
and gas production.  Most of these major reservoirs are now
nearing depletion, having undergone primary and secondary
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oil recovery operations since the turn of the century.  Many
ofthereservoirsarepressure-depleeedbyoverproductionof
oil wells or selective depletion of gas caps or solution gas
within the oil leservoir.   Shallow depths and the depleoed
reservoir state have left very little remaining energy to help
remove the oil from the reservoir.  W'here there is a water
aquifer, problems with water coning occur such as in the
Flatrock field example discussed earlier.

There is a considerable variation in size of fields. the thick-
ness of the reservoirs. and the gravity of the oil.   I.ower
gravity oil reservoirs  may  be par(icularly  wed  suited  for
horizontal drilling due to limi(ed contact of existing vertical
holes in the reservoir and inability of the heavy off to readily
flow to the vertical wells.  Moreover, the very low oilfurater
mobility ratio of this heavy oil linits the success of con-
ventional secondary recovery efforts.

The heterogeneity of these sandstone reservoirs has been
demonstrated  repeatedly.    Sedinentary  structures  in  the
sandstone reservoirs (IIulse,  1979). cross<utting channels
Qtoflleart.  1985). and development of secondary porosity
Orenner.1989)producesignificantmulti-scalestratigraphic
compartmentalization and anisotropic flow.   This has un-
doubtedly led to bypassed mobile oil in many of these fields.
In general, the sandstones are spatially complex and led to
poor ranal drainage.

ThepresenceofTra[uralfracturescanalsobeimportan(inthe
Cherokeesandstonereservoirs.Theirpresenceiscommonly
detested as anisotropic reservoir performance.  An example
is from the large Burbank field in Osage and Kay counties,
Oklahoma (Hagen, 1985).  Natural fractures in the reservoir
were indicated by the early water bypassing into producing
wells lcx;ated east and west of a waterflood unit in the field.
Surface joints  are  strongly  oriented  North  70  East   The
supposition of a fracture system in the sandstone reservoir at
3,OcO feel paralleling the surface joints. led to chanSng the
waterflood to a north-south line drive. This led to a reduction
in bypassed water and a successful waterflood.   Fractures
need  to  be  considered  in  proper design  of improved  oil
recovery methods in these fields, including horizontal drill-
ing.

Properly oriented horizontal wells can potentially improve
recoveryofoilfromthesepenusylvaniansandstonereservoirs.
utra-short-,short-,andmedium-radiusdrainholesshouldbe
considered in order to increase the effective contact of the
boreholes in these strata.  Drain holes could follow channels
or could be  designed  to  intersect with  multiple channels
especially  those developed below  the standard  horizontal
well spacing. Waterflooding, steam or miscible gas injection
may  be  improved  by  direeting  fluid  down  the  axis  of a
lenticularsandstoneorinjeetingintomultiplesandstoneunits
simultaneously.    This  could  help  to  improve  the  sweep
efficiency.   The presence and orientation of fractures also
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need to be  fac¢ored into  the evaluation  and  design  for a
horizontal well into these sandstones.

8.  Coal.bed methane.  Coal beds are unconventional res-
eervoirs. but with the tax incentives, these are now proving ro
becommercial.TheviabilityofcoalLbedmcthaneisbecoming
more fimly established in eastern Kansas.  Some 200 wells
arescheduledtobeprodueingbytheendofl990(Stoeckinger,
1990).However,horizontaldrillingaddsanotherelementof
risk in this endeavor and must be closely scn]tinized.

Coal beds that have been identified to contain natural gas in
Kansas are thinrf feet thick and less.  The Weir-Pittsburg
coal  in  southeastern, Kansas  is  porous  and  gassy  due  to
fracturing  (Stoeckinger.  1990).    The  Weir  is  one  of the
gassiest coal seams in the country at 65 ro 220 cubic feet/ton
(Anonymous, 1990).

Production occurs after the water is pumped off.   A small
fracture stinulation Of the coal bed is required. but larger
ones may be wamnted.  The shallow depth of burial of thee
coal (<1,OcO feet) suggests that the induced fractures would
produce horizontal fractLires.  Horizontal fractures would be
greatly effective in connecting existing hactures pemitting
the gas to drain to the vertical well.

If the induced fractures are horizontal, horizontal wells may
not be warranted.  If horizontal wells were considered. drailn
holesfrommultipleultra-short-radiusdrainholescooldhelp
to increase the effective area of the borehole.

A. Middle and tJni]er PeTLTLswlvanian  Carbonates.   The
Upper  Pennsylvanian  Lansing-Kansas  City  and  Middle
PermsylvanianMamatonandcherokeecarbonatereservoirs
in central and western Kansas typically are thin and often
sstacked in larger fields.  There is a significant stratigraphic
componenttothesereservoirsthroughoutKansas.Individual
ccarbonateunitsareoftenisolatedbyshales.Fracturesmaybe
locally inportant.

Skeletal grainstone, colite. and fractured. vuggy carbonates
comprise  the  porosity  types.    The  more  continuous  and
significant reservoirs contain primary and secondary poros-
ityinpackstonesandgrainstonesthatarelocatedintheupper
poperhousofsepantecarbonateunits.Thesecondaryporosity
may locally be very erratic and unpredictable.   Horizontal
weus may follow the generally porous interval and contact
new unswept por(ions of the unit within an established field.
Horizontal wells may also assist in improving sweep effi-
ciency in fields where waterflood performance of these thin,
vuggy reservoirs was not good.

The economics of completing a horizontal well(s) in these
thin calbonate reservoirs is a particularly critical issue.  Re-



maining reserves need to be sufficiently high to make them a
favorable target.  In general, old structunl fields with water
coning or water fingering problems ®oor sweep efficiency)
duringwaterfuoodingmaybeconsideredpotentialtargetsfor
horizontal wells (Shirley, 1990).

8.  Leliticular Sandsto"
sit)I)ianl. MorT.ow ITrar]i
(Middle Pennsvlvanianl

Chester.Momw,andAtokasandstonesofsouthwestemand
western Kansas were deposited as a southward-thickening
siliciclastic  and carbonate wedge  consisting of marine to
fluvial deposition.  The Upper Morrow consists of marine
shale cut by transgressive valley fill sequences (Wheeler et
al.. 1990). The valleys are shallow and nam>w ranging from
50 to 80 feet deep and 0.5 to 2 miles wide (Krystinik and
Blakeney,1990).  Reservoir units consist of estuarine sand-
stones. fluvial point bar deposits, and tidal-influenced point
bar deposits fflling nanow valleys Qrigure 13).

The continuity of these reservoirs in some of these valley fin
depositscanbequitehigh,e.g.,SorenroandESorentofields
in eastern Colorado with continguous pressure communica-
tion through the reservoir (Krystinik and Blakeney, 1990).
The resulting recovery by verical weus is adequate and
horizontaldrillingisnotwarranted.However,otherdqusits
areelongateandcompartmentalizedofferingopportunityfor
horizontalwellstocontactmultiplecompartmentsthatwould
likely be left untapped with verdcal weus.   The Stateline
trend (Colorado+Kansas) has marked heterogeneity due to
depositional variability.  Valley deposits are superimposed
on one another. multiple  incisions of channeis  isolate or
connectreservoirunits.andreservoirunitsvarymarkedlyin
grain  size  a3lakeney  et  al..  1990).    Grain  size  strongly
influences reservoir productivity (Krystinik and Blakeney,
1990).  Horizontal drilling may be warranted to tap reservoir
units that contact presently isolated smaller reservoir com-
partmentsthatarebelowthepresenthorizontalwellspacing.

Figure 13.  Es"arine depositional model for MOTrow valley-fill sequences (from Wheeler et al., 1990).
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Summary

This paper is an introduction to uses of horizontal drilling.
Thegoalistoprovideenoughofanunderstandingsothatthe
reader can give more sedous consideration for the applica-
tion of horizontal driuing to their situation.   The potential
applications in  Kansas appear to be numerous, but there
remains a considerable gap between recognizing the poten-
tial  application  of  horizontal  drilling  and  establishing  a
geologic.enanechng.andeconomicallysuecessfulendeavor.
The reader will need to carefully investigate the technology
that is culTently available and what applieations have been
successfulcoupledwithacarefulevaluntionoftheirspecific
project.Theindustryisonthesteepsideofthelearningcurve
andsuccessfuapplicationsinKansashaveyettoberealized.
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