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PARI I: OIL Al{D GA,S DPIORIIIION Al{D DEVEIOPMENI C,\IER\IIB{

ltris ovenrj-ery of oil and natural gas ocploration and developrent
processes descri-bes the sequence of events, equigrent Qrpes, and
environnental inpacts ccmronly associated witlt tlre search for and
ccnnercial developnent of oil and gas resen/es. OiI and gas production
currently occurs in five areas of ltbntana (see the accorpanlzing maP
entitled "Ibntana Oil and C,as Fie1ds, Pipelines and Refineries): the
Sueetgnass Arch-Beaa?arv llplift in lbrttrern l4cntana, the Big Sno4r Ilplift
in Central }bntana, the Big Horn Basin in Soutlr Central l6ntana, tlte
Pcxprder River Basil i-:: Southeastern lbntana, and the Williston Basin in
Ibrttreast lrtontana. ILre rpst significant recent discoveries harre occr:rred
in the Williston Basin. A sixtlr area, t}re Overthnrst Belt vttich nrns
rotrghly paralleI to the east slopes of ttre Continental Divide throughout
h,€stern lbntana, is considered to have the potential to yield sigu:ificant
oil and gas reseryes. D<ploration in this area is continuing.

Oil and gas exploration and dervelcrprent norrnally progresses through
the five phases shcram in Table l- if ccnnercial gr:antities are disccnrered.

Preliminarlz Exploration

Oil and gas orploration and develc6rnent has been occu:ring in lbntana
since tle late 1800s conrencing with initial drilling of several wells in
the Red Iodge area in 1889 near locations rarhere c:rrde oi1 was naturally
seeping frqn the grorxrd. Ttreories lilJcing the presence of oil and gas to
certain tlpes of rxrdergrorrnd geologic stmctures were first fornullated in
tlre nLid-1800s, but exploration techniques based on stratigraphic factors
were not applied in l4cntana rrntil the 1920s, and use of geologic
infornation was not a significant factor i-n o<ploration r.mtil the late
1940s, (Fanshqre, 1985). Figure l- shcnvs o<anples of Qpical geologic
stnrstures that nay contain oil or gas.

preliminary geological o<ploration involves ground and aerial su:nzeys
of a given area, along witJ: aerial photo and geologic interpretation.
Gravitatiornl and rnagrnetic suryeys IIBy b condusted to obtairt subsurface
geologic data. Scne geophysical ocploration can be done by air. SnaII
tnicks and jeeps with crelrs of several people can be used for grornd
strryeys. Off-road travel is U-kely at this stage of subsurface data
gathering (USDI 1981).

Seisnic sgryeys are the nost cqnnrn of tLre geophysical orploration
netkrods and seenr to give the rost reliable results (USDA 19791. Seisrdc
suryeys use artificially created shock waves to gather subsurface geologic
inforrnation. Each fornation reflects the shock wave back to a group of
vijrration detectors arrayed on the surface. Seisnic testing is usually
descri-bed by the nethods and eguipxrent used to generate the stpck wave,
vtrich nost ccnnrcnly include thr.urpers, vibrators and explosives. The

follcnring descriptions are taken frcm Joslirr (1981).
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Table 1. Phases of oiI and gas o<ploration, develolment and production.

I.   PRELIMINARY EXPLORAT工 ON
00PHYSICAL EXLORATION
Gravity and Lgnetics
Seismttc
Thmer un.ts
Vbrose■s
晦 ■OS■Ves
Subsllrface
証 faoe

II.  EXPLORANRY DRILLING
STRATIGRAPHttC TESTS
WILDCAT WELLS

II工. DIVIOP―
FIFTD D¨ 肥

TRANSЮ肥 肥 工銀  E臣弧河
=DO[聖
圧mJT

Roads
Pipelines

IV.  PRODUCT工ON

―
FACILITIES

ON―SITE PROCESSING
a. Natllral gas sweeten■ng plants
b. Cmde oil separators
DttSPOSAL OF PROD― WATER
S‐nDARY 

…呻 IARY RrOVERY
PIPELINS

V.
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A thurper unit consists of a large tnrck (usually nore tlan one is
used at a tfure) frcm vtrich a suspended 3-ton slab is repeatedly drcpped to
the grornd frcrn several feet high. Support vehicles for eqtripnent and
cre\^I are necessarfr. Vibroseis t1pica1ly involves three or four large
t:rucks, each wittt a platform rnnurted underneattr. lltre platforms alre
lqoered and tlte tmcks hydraulically raised abcnre to provide the necessarlz
weight. the entire unit viJorates when the nrrtors on the tmcks are
electronically triggered frcrn a recorder tnrck. Vibroseis sunreys have
the adrrantage of avoiding the disturbance that erplosion nethods inqrcse on
the land surface.

The subsurface o<plosion rethod may use a large tnrck rrrunted wittr
eqrdFrent for drilling a 2-5 inch dianeter t:rJe 25-200 ft deep, irrto which
5-50 trnunds of explosives are placed. !,Jhen detornted, the orplosion
generates the shock wave. Itte Board of Oil and C,as Consenration regnrlates
plugging and abandonrEnt of the resulting 'shot-ho1es". lbre recently
develcped techniqr-res wkrich produce acceptable data in scne areas rely on
surface detonatj-on on tlre grornd, on snc[tr or on various Qpes of
platforms, tlrus avoiding rost surface disturbance.

Ttre seisnic techniques require various tnrcks such as jug t:rrcks,
eguiprent Erucks, recording tmcks and personnel carriers. Shot hole
drilling a1so. rnay reguire water tnicks and sources for water. A tlpicat
seisnic operation may use 10-15 rrEn and 5-7 tmcks (USDI 1981) . The
seisnic sensors and energlg source are located along lines on a 1-2 rnile
grid. Vihile e<isting roads are used if possiJrle, a grrid netr,vork of tcr.r
standard tenporaqr roads is needed for this operation. aligrurent nay be
fairly critical, although spacing of ttre Unes can ssretjnes be npdified
up to 1/4 mile on a one-nr-ile grid without affectjng test results (USDI
1980). In other cases there can be little rnrdification of the road system
to acqunrpdate topography. Depending on topogiraphy, lines m.ry reguire
clearing of vegetation and loose rock to irrprove ac@ss for the trucks.
Each mile of line cleared to a width of 8-14 feet represents disturbance
of about eln acre of land (USDI 1981). It should also be noted that
seisrLic testing nay be repeated several ti:res before ocploratory drilling
starts.

!,lLren nrgged terraia prevents use of gro:nd vehicles, portable drills
rnay be baclpacked or flcr,m by helic.opter onto location. In such cases a
series of 25-fcr1' deep holes is drilled, loaded wittt explosives and
detonated sfuultaneously.

ErPloratory Drilling

If prelimirraqy orploration reveals favorable results, stratigrrapLr-Lc
testing involving orploratory drilling IIEy take place. E<ploratory
drilling does not begi.rr r:ntil a lease has been acquired frcrn the rninerals
c[rner, and agreenents reactred wit]r the land surface crJner (if different
thran ttre minerals cnnrer) . Drilling is accrcnplistred primarily b1z rotary
rigs vtrich are tnrck-npunted and fairly n$ile. Roads and trails to test



sites on lenzel, solid gror:nd are tenporarlr and rnay involve a minimal
anrn:nt of consbrrction, whrile drilling in hiI1y and npr:ntainous terrain
usr:a11y involves rrnre exEensive disturbance.

the oil ccnpany must drill a "wj-Idcat welln (i.e., a well drilled irr
unproven territory) in order to kncry if oil and gas is actually present
and if its guality and quantity are adeguate for profitable saIe. Ttre
depth of wildcat r,,ells and tlreir rig size depend on the geolory of an
area. In the Williston Basj-n and Overthnrst Belt areas, we1ls are
ccnnonly drilled to a depttr of 101000 feet or rrore. Drilling
crculd remain on this tlpe of site for six ronths, uihile in other areas
such as the nortLrern part of Irbntana, shallcrrer wells up to a feur thousand
feet are ccmrDn and nay be ccnpleted in a fernr days. Prior to drilIing, a
dril1 pad (welI site) frcrn 1-4 acres in size is cleared and leveled for
the dril1 rig and its associated equipnent and strustures. From
50,000-100,000 gallons of water a day nay be needed for rnixing drilling
rrud, cleaning equiFxrent, coolirg engi.:res, etc. A surface pipeline nny be
laid to a stream, pond, resenroir or a water lvrell, or tlre water may be
tmcked to the site (USDI L9B1). Grce dri[inq is started, it crcntjlues
24 ho"us a day until ccrrpletion.

Rock chips and cuttings are brought to ttre surface frcm the bottqn of
the drill hofe by a flqs of drilling rnrd or high-pressure air fIcx,v.
Sanples of the chips and euttilgs are collected, bagged, and identified as
to deptkt of their origin. Itre chips are then examiled to deterrnine ttre
formation and stmcture frcrn which threy originated. Ttris kind of
jnformation helps the geologist find a nrarker zone or forrnation to
correlate the previously obtained geologic and geophysical infornation
wittr actual stmctures.

Drilling is started by "spudding in" the well; that is, starting the
hole. the basic concept of rotaqg drilling involves rotati-ng a bit on the
bottcm of the hole wittt a dritl pipe through raitrich fluid is cj-rcrrlated to
rellpve cuttings. The initial drilling usually proceeds rapidly and
generally the strilg of surface casing is set before harder, deeper
forrnations are encountered. Ttre surface casing is a long length of steel
pipe which is cenented into tLre hole primarily to protect surface water
frcm mjxing, loss or contanLirlErtion. It is large enough to allo,v
s:Jcsequent lengt-hs of casing to be set as the well is deepened (see
Eigures 2 and 3). Also, surface casi-:ag prcnrides for attactnent of
blorvout preventers that are necessaq/ in case a zone containing
high-pressure gdsr water, or oi1 is encountered. Without blowout
protection, the contents of such zones could blcr,r all the drilling mud out
of the hole and flcr,r out of control. Storage pits lorovn as resewe pits
are often located at or near the well site for storage and burial of the
drilling mud.

Dr:ring or at the ccnpletion of drilling, the well is electronically
logged. Physical characteristics of tlre rock formations and associated
fluids are neasured with instrurents lcrrrered to the bottcrn of the weII.
Based on studlz of the well logs and drill stern test data, the geologist
decides wtrettrer the well has encountered sufficient quantities of oil or
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F.ig 2 Castng,cementtng procedure. (courtesy The Western Co. ol North
America)
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