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6.1 INTRODUCTION

Drilling and well construction (probably one of the most
expensive features of a geothermal direct use project) is often
the least understood.  This chapter provides the basics of
equipment and methods used for drilling and completion of
geothermal wells.  It provides data needed by architects,
engineers, and consultants to assist them in specification
writing, selection of contractors, and drilling and completion
inspection.

Most direct use geothermal wells can be drilled using
conventional water well technology and equipment.  Most of
the wells will produce water at temperatures less than boiling
and without artesian flow at the surface; however, some will
be hotter or will flow.  Blowout preventers and other
sophisticated safety equipment are not usually required;
however, this does not mean that there are not significant
safety considerations that should be addressed.  Many of the
wells have water above 140oF and this will scald.  Public and
drilling crew safety must be ensured.

The cementing portion may appear to be overly detailed
and long.  However, the author's view is that, all too often,
cementing is considered simply as a means of plugging up the
annulus between the casing and borehole wall.  Little attention
is paid to methods and materials, and a poor cement job is the
result.  This can result in lost production zones, cold water
leaking into production zones, geothermal water leaking into
freshwater zones, and reduced useful well life.  Also, in view
of the increasing awareness and concern about inter-zonal
migration and possible fresh water aquifer contamination,
proper cementing is of increasing importance.

A glossary of drilling terms is included at the end of this
chapter.  For some readers, it may be wise to read this section
first in order to fully understand the text.

6.2     DRILLING EQUIPMENT

Two basic types of drilling rigs are used for drilling
wells: cable tool (percussion) and rotary.  There is just one
basic cable tool rig, but there are several variations of rotary
rigs.  The following is a brief description of these rigs.

6.2.1 Cable Tool

This is not a drill in the common sense, because it is not
power rotated.  This drilling method uses a heavy bit that is
repeatedly lifted and dropped that crushes and breaks the
formation.  Figure 6.1 shows the basic elements of a cable tool
rig (Anderson & Lund, 1979).  With a cable tool rig, an
experienced driller can drill through any formation, including
large crevices and caverns that can cause problems with other
drilling methods.  This method's main disadvantage is that it
is slow.

Drilling is accomplished with a tight drill line, as shown
in Figure 6.1.  The pitman arm and spudder beam impart an
up-and-down motion to the cable and drill bit.  The length of
cable is adjusted so that on the down stroke the tools stretch
the line as the bit hits the bottom of the hole, striking with a
sharp blow and immediately retracting.  The twist, or lay, of
the cable imparts a slight turning motion to the tools so the bit
hits a new face with each stroke.  Left lay cable is used so that
the twisting action tightens the tools screwed connections on
each upstroke.  If the borehole is dry, water is added to form
a slurry that is bailed out.  Usually about 5 ft of well hole is
drilled between bailing.

In consolidated formations, no casing is required for
drilling.  If the formation caves, 5 to 10 ft of hole is drilled;
then casing with a drive shoe is driven to the bottom with
driving clamps attached to the tools.  With this casing in
place, another 5 to 10 ft is drilled, and the operation is
repeated again.  Because the bit must be lowered through the
casing, the diameter of the casing must be larger than the
diameter of the bit.  Driving the casing enlarges the hole and
eventually friction prevents further advancement of the casing.
Under these conditions, smaller casing is telescoped inside
and drilling continues with a smaller bit.

A method used to increase driving depth is to utilize an
oversized drive shoe, slightly opening the hole.  A bentonite
slurry, placed around the casing, helps hold unconsolidated
material in place and lubricates the casing.  The bentonite also
serves to seal leaks around the casing because of artesian
pressure or differences in pressure in different aquifers.
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