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PART I: OIL AND GAS EXPLORATION AND DEVELOPMENT OVERVIEW

This overview of o0il and natural gas exploration and development
processes describes the sequence of events, equipment types, and
environmental impacts commonly associated with the search for and
cammercial development of oil and gas reserves. Oil and gas production
currently occurs in five areas of Montana (see the accompanying map
entitled "Montana Oil and Gas Fields, Pipelines and Refineries): the
Sweetgrass Arch-Bearpaw Uplift in Northern Montana, the Big Snowy Uplift
in Central Montana, the Big Horn Basin in South Central Montana, the
Powder River Basin in Southeastern Montana, and the Williston Basin in
Northeast Montana. The most significant recent discoveries have occurred
in the Williston Basin. A sixth area, the Overthrust Belt which runs
roughly parallel to the east slopes of the Continental Divide throughout
western Montana, is considered to have the potential to yield significant
oil and gas reserves. Exploration in this area is continuing.

0il and gas exploration and development normally progresses through
the five phases shown in Table 1 if commercial quantities are discovered.

Preliminary Exploration

0il and gas exploration and development has been occurring in Montana
since the late 1800s commencing with initial drilling of several wells in
the Red Lodge area in 1889 near locations where crude oil was naturally
seeping from the ground. Theories linking the presence of oil and gas to
certain types of underground geologic structures were first formulated in
the mid-1800s, but exploration techniques based on stratigraphic factors
were not applied in Montana until the 1920s, and use of geologic
information was not a significant factor in exploration until the late
1940s, (Fanshowe, 1985). Figure 1 shows examples of typical geologic
structures that may contain oil or gas.

Preliminary geological exploration involves ground and aerial surveys
of a given area, along with aerial photo and geologic interpretation.
Gravitational and magnetic surveys may be conducted to obtain subsurface
geologic data. Some geophysical exploration can be done by air. Small
trucks and jeeps with crews of several people can be used for ground
surveys. Off-road travel is likely at this stage of subsurface data
gathering (USDI 1981).

Seismic surveys are the most common of the geophysical exploration
methods and seem to give the most reliable results (USDA 1979). Seismic
surveys use artificially created shock waves to gather subsurface geologic
information. Each formation reflects the shock wave back to a group of
vibration detectors arrayed on the surface. Seismic testing is usually
described by the methods and equipment used to generate the shock wave,
which most commonly include thumpers, vibrators and explosives. The
following descriptions are taken from Joslin (1981).



Table 1. Phases of oil and gas exploration, development and production.

I. PRELIMINARY EXPLORATION
GEOPHYSICAL EXPLORATION
Gravity and Magnetics
Seismic
Thumper units
Vibroseis
Explosives
Subsurface
Surface

II. EXPLORATORY DRILLING
STRATIGRAPHIC TESTS
WILDCAT WELLS

III. DEVELOPMENT
FIEID DEVELOPMENT
TRANSPORTATION DEVELOPMENT
Roads
Pipelines

IV. PRODUCTION

WELL FACILITIES

ON-SITE PROCESSING
a. Natural gas sweetening plants
b. Crude oil separators

DISPOSAL OF PRODUCED WATER

SECONDARY RECOVERY

TERTTARY RECOVERY

PIPELINES

V. ABANDONMENT
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Source: U.S. Department of the Interior, Plain Facts about Oil, 1963.



A thumper unit consists of a large truck (usually more than one is
used at a time) from which a suspended 3-ton slab is repeatedly dropped to
the ground from several feet high. Support vehicles for equipment and
crew are necessary. Vibroseis typically involves three or four large
trucks, each with a platform mounted underneath. The platforms are
lowered and the trucks hydraulically raised above to provide the necessary
weight. The entire unit vibrates when the motors on the trucks are
electronically triggered from a recorder truck. Vibroseis surveys have
the advantage of avoiding the disturbance that explosion methods impose on
the land surface.

The subsurface explosion method may use a large truck mounted with
equipment for drilling a 2-6 inch diameter hole 25-200 ft deep, into which
5-50 pounds of explosives are placed. When detonated, the explosion
generates the shock wave. The Board of Oil and Gas Conservation regulates
plugging and abandonment of the resulting "shot-holes". More recently
developed techniques which produce acceptable data in some areas rely on
surface detonation on the ground, on snow or on various types of
platforms, thus avoiding most surface disturbance.

The seismic techniques require various trucks such as jug trucks,
equipment trucks, recording trucks and personnel carriers. Shot hole
drilling also.may require water trucks and sources for water. A typical
seismic operation may use 10-15 men and 5-7 trucks (USDI 1981). The
seismic sensors and energy source are located along lines on a 1-2 mile
grid. Wwhile existing roads are used if possible, a grid network of low
standard temporary roads is needed for this operation. Alignment may be
fairly critical, although spacing of the lines can sometimes be modified
up to 1/4 mile on a one-mile grid without affecting test results (USDI
1980). 1In other cases there can be little modification of the road system
to accommodate topography. Depending on topography, lines may require
clearing of vegetation and loose rock to improve access for the trucks.
Each mile of line cleared to a width of 8-14 feet represents disturbance
of about an acre of land (USDI 1981). It should also be noted that
seismic testing may be repeated several times before exploratory drilling
starts.

When rugged terrain prevents use of ground vehicles, portable drills
may be backpacked or flown by helicopter onto location. In such cases a
series of 25-foot deep holes is drilled, loaded with explosives and
detonated simultaneously.

Exploratory Drilling

If preliminary exploration reveals favorable results, stratigraphic
testing involving exploratory drilling may take place. Exploratory
drilling does not begin until a lease has been acquired from the minerals
owner, and agreements reached with the land surface owner (if different
than the minerals owner). Drilling is accomplished primarily by rotary
rigs which are truck-mounted and fairly mobile. Roads and trails to test



sites on level, solid ground are temporary and may involve a minimal
amount of construction, while drilling in hilly and mountainous terrain
usually involves more extensive disturbance.

The oil company must drill a "wildcat well" (i.e., a well drilled in
unproven territory) in order to know if oil and gas is actually present
and if its quality and quantity are adequate for profitable sale. The
depth of wildcat wells and their rig size depend on the geology of an
area. In the Williston Basin and Overthrust Belt areas, wells are
camonly drilled to a depth of 10,000 feet or more. Drilling equipment
could remain on this type of site for six months, while in other areas
such as the northern part of Montana, shallower wells up to a few thousand
feet are common and may be completed in a few days. Prior to drilling, a
drill pad (well site) from 1-4 acres in size is cleared and leveled for
the drill rig and its associated equipment and structures. From
50,000-100,000 gallons of water a day may be needed for mixing drilling
mud, cleaning equipment, cooling engines, etc. A surface pipeline may be
laid to a stream, pond, reservoir or a water well, or the water may be
trucked to the site (USDI 1981). Once drilling is started, it continues
24 hours a day until completion.

Rock chips and cuttings are brought to the surface from the bottom of
the drill hole by a flow of drilling mud or high-pressure air flow.
Samples of the chips and cuttings are collected, bagged, and identified as
to depth of their origin. The chips are then examined to determine the
formation and structure from which they originated. This kind of
information helps the geologist find a marker zone or formation to
correlate the previously obtained geologic and geophysical information
with actual structures.

Drilling is started by "spudding in" the well; that is, starting the
hole. The basic concept of rotary drilling involves rotating a bit on the
bottom of the hole with a drill pipe through which fluid is circulated to
remove cuttings. The initial drilling usually proceeds rapidly and
generally the string of surface casing is set before harder, deeper
formations are encountered. The surface casing is a long length of steel
pipe which is cemented into the hole primarily to protect surface water

from mixing, loss or contamination. It is large enough to allow
subsequent lengths of casing to be set as the well is deepened (see
Figures 2 and 3). Also, surface casing provides for attachment of
blowout preventers that are necessary in case a zone containing
high-pressure gas, water, or oil 1is encountered. Without blowout

protection, the contents of such zones could blow all the drilling mud out
of the hole and flow out of control. Storage pits known as reserve pits
are often located at or near the well site for storage and burial of the
drilling mud.

During or at the completion of drilling, the well is electronically
logged. Physical characteristics of the rock formations and associated
fluids are measured with instruments lowered to the bottom of the well.
Based on study of the well logs and drill stem test data, the geologist
decides whether the well has encountered sufficient quantities of oil or
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Fig. 2 Casing cementing procedure. (courtesy The Western Co. of North
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FIGURE 3
WELL CUTAWAY VIEW
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Source: Primer of Oil & Gas Production,
American Petroleum Institute, 1978.
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