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EXECUTIVE SUMMARY
 

This report considers the conditions under which rural water supplies 
are
 
typically constructed and provides guidelines on the selection of drilling

rigs appropriate for these conditions. Drill of a size
rigs larger than
 
necessary for most rural applications have been employed in the past, and this
 
,as resulted in unnecessarily high costs and less flexibility in reaching

isolated locations. The need to find cost-effective means of providing rural
 
water supplies has resulted in increased emphasis on smaller, light-weight
 
drilling rigs.
 

The majority of rural water supply projects can be expected to rely on wells
 
equipped with handpumps or other pumps of relatively low capacity. Wells
 
yielding about 10 m /day, constructed with 4 to 6 inch PVC caing, and about
 
30 meters average depth will satisfy most village needs in developing
 
countries. Drill rigs will usually need both 
a rotary capability, to handle
 
soft overburden materials, and an air percussion capability, to penetrate hard
 
rock. Light-weight mobility is needed in drill rigs to traverse difficult
 
terrain.
 

The key selection criteria for drill rigs include the following:
 

* capable of drilling to 75 meters (250 feet)
 

* boreholes for 4 to 6 inch casing
 

* both rotary and air percussion capability
 

* light weight
 

0 low cost.
 

Success in rural water supply programs can be enhanced by proper selection of
 
cost-effective drilling equipment. These guidelines are addressed to project
 
designers and managers in drill rig selection and procurement. Examples of
 
specific drill rig models are 
given, along with accessory drilling equipment,

with a discussion of their relative merits. In addition 
to the technical
 
components of rural water development, emphasis must also be placed 
on
 
community organization and health education to assure full benefits of water 
supply to rural inhabitants.
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Chapter 1
 

INTRODUCTION
 

A changing emphasis in rural water well construction within developing

countries has occurred in the 
last two decades. Traditionally, wells have

been constructed by hand digging and the resulting well 
diameters were

necessarily large, usually greater 
than 1.5 meters. Modern hand-dug wells

have been concrete-lined and in many cases 
capped to reduce contamination.
 
In order to avoid the possibility of reduced water supplies during droughts in
 
relatively shallow hand-dug wells, more emphasis has been placed on drilled
 
wells which penetrate deep into aquifers. Both large-diameter capped wells
 
and small-diameter drilled wells require a pumping device, usually a handpump.

Problems associated with the operation and maintenance of handpumps, however,

has led to generally unsatisfactory results in many projects.
 

In more recent years, technical improvements in handpumps and institutional
 
improvements in operations and maintenance of systems have generated more
 
confidence in handpumps. Today's handpumps tend to bie mori robust to

withstand heavy community use and can be maintained at the local level. Some
 
handpumps can be manufactured locally, which relieves the problem of importing
 
spare parts. 
 With improved performance of handpumps the construction of wells
 
through drilling has become less problematic. Compared to hand-dug wells,

drilled wells are faster to construct and are more reliable because of

increased depths. These are important considri.ations to water development

planners which, along with the improved pumps, have led planners place
to 

major emphasis on drilled water wells.
 

The expected drop in 
cost of drilling new wells has not occurred, however.
 
One reason for this is that a significant portion of the construction cost
 
lies in the purchase price of drilling rigs. The delivered price of a fnlly

equipped medium-sized rotary drilling rig, such as those found in 
water

development projects surveyed 
in Africa, can reach $500,000 or more. In
 
addition, the larger drilling rigs with complex 
technical and mechanical
 
components often proved to be beyond the the
capabilities of operators,

mechanics, and logistic support staff to efficiently use and maintain them.
 
This resulted in low production and consequently high amortized costs per

well. Because of such high costs development specialists and some
 
manufacturers 
are putting more emphasis on smaller drilling rigs that are
 
better suited to 
the needs and conditions of rural water development. If the
 
water needs of rural inhabitants in developing countries are 
to be met, more
 
emphasis in the future will necessarily be placed on cost-effective water
 
drilling projects.
 

The purpose of this report is to describe typical conditions under which rural
 
water systems are constructed and to describe selected drilling rigs which are
 
appropriate 
 for those conditions. It is expected that international
 
development agencies, government water development agencies, and private

sector drilling contractors engaged in rural water 
supply projects will find

the information useful. The guidelines are addressed to project designers and
 
managers who are involved in drill rig selection and procurement.
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The information contained in this report represents the personal experience of
 
the authors, the cumulative experience of the WASH project, and personal

communication with other international agencies and organizations. Specific

reference is made to particular manufacturers of drilling rigs and related
 
equipment. These references are not meant 
to endorse particular products, nor
 
to cover all possible equipment, but rather to be used as examples. Further,
 
most of the products mentioned are of U.S. manufacture, but equipment of
 
non-U.S. origin may be equally suitable in many instances.
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Chapter 2
 

GENERAL CONSIDERATIONS IN DRILLING RURAL WELLS
 

The conditions under which rural water projects in developing countries are
 
carried out 
vary widely. They can, however, be generalized to consider

appropriateness of particular drilling rigs. 

the
 
Factors common to water supply


projects include the accessibility of proposed drilling sites, 
 aquifer

characteristics and yields, and well diameters and depths.
 

2.1 Accessibility
 

Most rural well-drilling projects are 
located long distances from urban
 
centers and are often in areas where access is difficult. Roads are often
 
poor or even nonexistent. Moving heavy equipment into such areas can be a
 
very difficult undertaking. Oversized drilling equipment is clearly not

effective under such conditions and represents a drain on limited 
resources.
 

The purpose of rural water projects is to provide clean and easily accessible
 
water to the village. It is important to place the well as close to the

village center as possible in order to minimize the distance that people must
 
travel to collect 
the water. Often, this means moving the rig to locations
 
which are some distance from existing roads or trails.
 

In remote locations, a great amount of accessory materials and equipment must
 
accompany the rig. Crews are often expected to stay in the field for weeks at
 
a time. Such items as fuel and water 
for the drilling operations, casing and
 
pumps 
for the well, and food and camping equipment for the crew must be
 
transported to the site.
 

2.2 Aquifer Characteristics
 

Water-bearing formations considerably
vary worldwide. For example, wells
 
drilled in the alluvial deposits of the Indus or Ganges basins call for

methods different from those 
 appropriate to the hard metamorphic and

crystalline rock areas of Africa. About 
90 percent of the village wells in

Uganda are begun in weathered basement material and completed 
in bedrock.
 
Conditions can also 
vary widely within a single small country. In El
 
Salvador, potential groundwater development varies from coastal plain

alluviums to a variety of crystalline rocks, metamorphic rocks, and rocks

composed of pyroclastic materials. 
In most countries drilling conditions will
 
necessitate a choice of 
drilling equipment that is capable of efficiently

installing wells in both unconsolidated sands and gravels as well as hard
 
bedrock.
 

Aquifers also vary considerably and are 
often low in yield. For village water
 
supply purposes, yields of as little as 10 m3 /day 
are sufficient to meet the

minimal needs of small villages of about 250 people. This yield is the
 
capacity of typical handpumps when used at depths of less than 30 meters.
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2.3 

In areas where yields are low, aquifers or water-bearing zones are often
 
difficult to locate. Repeated drilling attempts may be necessary at a
 
particular site. This is especially true when drilling in bedrock where wells
 
are located through fracture trace analysis or in other formations where
 
adequate geophysical techniques are not available. To keep total operational
 
expenses at a minimum, low-cost, very mobile drilling equipment is needed at
 
such sites.
 

Diameters of Wells and Pumps
 

The selection of an appropriate well diameter for any drilling program is
 
largely dependent upon the pump to be installed. Some rural well drilling
 
programs, in addition to drilling village wells to be equipped with handpumps,

include communities where larger wells are necessary to accommodate power­
driven pumps. However, the great majority of wells in a rural well program

will be equipped with handpumps. Handpumps are produced in a variety of
 
different designs. Most handpumps are designed to lift or 
force water through
 
a "drop pipe," commonly referred to as a "column pipe," to the ground surface.
 
Where the water is at a shallow depth, normally less than six meters below
 
ground, suction handpumps are capable of lifting water by vacuum created by an
 
above-ground piston in the pump body. Such pumps are normally attached to
 
small-diameter wells of 1-1/4 to 2 inch (31.75 to 51.8 mm) diameter or large­
diameter hand-dug wells. Small-diameter wells are commonly installed by
 
methods other than motorized drilling rig.
 

In wells with a water level depth greater than 20 feet, the pump piston, or
 
pump body of an alternate design, must be located below the water level. Such
 
pump bodies normally range from 2-1/2 to 3 inches (63.5 to 76.2 mm) in outside
 
diameter (OD) but some are smaller. Typically, development organizations have
 
designed village wells to be cased with 5 or 6 inch (127 to 152.4 mm) inside
 
diameter (TD) pipe sealed into bedrock with the drilling in rock completed

with 4 or 4-1/2 inch (101.6 to 114.3 mm) bits. Other organizations with
 
limited means, such as private voluntary organizations (PVOs), generally have
 
relied upon 4 inch (101.6 mm) ID casing and 3-1/2 inch 
(88.9 mm) drill bits
 
primarily due to the capital cost of equipment necessary to drill the larger
 
boreholes. Small powered pumps are normally of 3-1/2 or 3-5/8 inch (88.9 or
 
92.1 mm) diameter and require casing of at least 4 inch (101.6 mm) diameter.
 

Generally, the design diameter of wells is determined by the quantity of water
 
to be extracted, the necessary diameter being that which will permit setting a
 
pump to achieve this extraction rate. The potential upper limit for a 4 inch
 
(101.6 mm) 
well is about 300 to 350 gpm (19 to 22.1 l/s). The downhole
 
piston of a handpump dictates the 4 inch (101.6 mm) size where water levels do
 
not permit a handpump design that incorporates the piston in the pump chamber.
 
The lower limit of acceptability for handpumps is based on user demand. Pumps

which cainot achieve a pumping rate of at least 5 gpm (19 1/m) ar considered
 
unacceptable.
 

Borehole diameters must obviously be adequate to allow entrance of the well
 
casing and screens (unless the well is completed "open hole" in stable rock
 
formation). In addition, the size of the annular space (distance between the
 
well casing and borehole wall) needs to be considered. The National Water
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Well Association (NWWA) Standard for Deep Wells 4 
recommends a cement grout of
at 
least 1-1/2 inch (38.1 mm) thickness. If this recommendation were to
adopted all 4-inch (101.6 
be
 

mm) wells would be 7-1/2 inches (190.5 mm) 
in
diameter in overburden materials 
and extend at least 10 feet (3.05 m) deep
into bedrock for rock wells (another NWWA recommendation).
 

Many local methods of well installations employed in the developing countries
neglect any form of seal between the casing and the borehole wall. Thousands
of wells in Bangladesh were 
checked for fecal contamination between 1964 and
1974 under a USAID advisory assistance program and, invariably, problem wells
were those in which contaminated water had been 
introduced into 
the well by

the users.
 

In some formations a filter pack (gravel pack) is needed. 
 The geologic
conditions, availability of suitable filter 
pack materials, drilling method,
and type of screen determine whether 
a filter pack is required. The minimum
practical thickness for a filter pack is 3 inches (76 mm) thus, 7-1/2 inch
(190.5 mm) boreholes equipped with 4-1/2 inch (114.3 
mm) OD screen are
 
appropriate.
 

For purposes of this report, 
borehole diameters of 7-1/2 inch (190.5 mm)
overburden 
wells, 5-1/2 inch (139.7 mm) to seat casing into bedrock with
for
 

3-9/16 inch (90.5 mm) 
in the bedrock itself are recommended for wells intended
for handpump installations. 
 Casing and screen of 4-inch ID are 
recommended in
these wells. In later chapters, 10-inch (25.4 mm) in
boreholes overburden
aquifers are also discussed. 
 The larger diameter is necessary to accommodate
powered-pump installation of 
100 gpm (6.2 l/s) capacity, or more, when higher

yields are required for villages with greater water demand.
 

2.4 Well Depths
 

Within the developing world there is a vast 
range of geologic conditions in
which water may be found. Groundwater may occur, 
for example, in many parts

of Bangladesh, within inches of 
the surface, or as deep as many thousands of
feet in the Sierra Madre province of Mexico. 
In some locations throughout the
world, groundwater at a specific location may not be found at any depth.
Fortunately, in most areas of 
the world, groundwater is available in adequate
quantities for small rural 
village needs at depths less than 60 (200
meters
feet). The median pumping lift for rural water 
supply wells worldwide is 12
meters (40 feet) with 90 percent of pumping depths less 
than 30 meters (100

feet).
 

Even in areas underlain by rock, as
hard such crystalline granites or
gneisses, water often
is available in 
the weathered or fractured zone above
the bedrock in limited quantities at modest depths. 
 Appendix A provides some
selected worldwide examples of depths and water yields in hard rocks.
 

For the purposes of this report, 
a maximum depth of meters
75 (250 feet) is
recommended as an appropriate specification to which drilling rigs designed

for village water supply should be capable of reaching.
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3.1 

Chapter 3
 

DRILLING METHODS
 

Geologic conditions are usually the most important factor in determining the
 
type 	of drilling rig and method of drilling for a specific program. The
 
relative performance of various methods of drilling in different types of
 
formations have been rated by Driscoll 1 as shown in Table 1. While Table 1
 
lists several methods of drilling, three are most suitable for rural water
 
supply projects-- able tool, rotary, and reverse rotary. In the following

subsections, each method is briefly described and its advantages listed.
 

Cable Tool Drilling
 

Modern tools used in cable tool drilling are stronger and heavier than 
those
 
used a century ago, but the drilling rigs have changed little since internal
 
combustion engines replaced steam power in this century. Drilling is
 
accomplished by lifting and dropping a string of tools (bit, drill stem, jars

and swivel socket) suspended on a cable. Steel casing is driven down at
 
periodic intervals as the borehole is advanced. Bit cuttings are also
 
periodically removed from the borehole by a bailer.
 

When well production rate is not a critical factor, cable tool rigs have merit
 
in many instances. They offer versatility in operating in all types of
 
formations and their relatively low purchase price and operating are
costs 

attractive. Where soft geologic formations dominate, labor costs are low, and
 
skilled mechanics are in short supply, then cable tools should be considered.
 

The major advantages of the cable tool method of drilling in relationship to
 
other drilling methods are:
 

1. Lower initial equipment costs (although some very
 

light-weight rotary drills are comparable in price)
 

2. 	 Tow operating costs
 

3. 	 Ease of repair due to simple and rugged rig design
 

4. 	 Minimal or no water requirements for drilling
 

5. 	 Versatile to operate in all geologic conditions
 

6. 	 Less difficulty with loose cobbles or boulders than
 
most drilling methods
 

7. 	 Ability to drill, develop, and test pump with same
 
rig
 

8. 	 Easy access to sampling of water levels and water
 
quality.
 

-7­



Table 1. Relative Performance of Different Drilling Methods in Various Types of Geologic Formations 

Type of Formation 

Dune sand 
Loose sand and gravel 
Quicksand 
Loose boulders in alluvial 

fans or glacial drift 
Clay and siltFirm shale 

Cable 
Tool 

2 
2 
2 

3-2 
35 

Direct 
Rotary

(with fluids) 

5 
5 
5 

2-1 
55 

Direct 
Rotary

(with air) 

4 

E1P 

Direct Rotary Direct Rotary 

(Doin-the- (Drill-through
hole air casing

hammer) hammer) 

6 
6 
6 

5 
5 

U25
0 

Reverse 
Rotary

(with fluids) 

5* 
5 
5* 

2-15 

Re;erse 
Rotary

(Dual Wall) 

6 
6 
6 

455 

llydraulic
Percussion 

5 
5 
5 

I3 3 

Jetting 

5 
5 
5 

Driven 

3 
31 

Auger 

1 

1 

332 

Sticky shale 
Brittle shale 
Sandstone-poorly cemented 
Sandstone-well cemented 
Chert nodules 
Limestone 

chert nodulesLimestoneLimestone withwith small cracks 
or fractures 

Limestone, cavernous 

Dolomite 
Basalts, thin layers in 

sedimentary rocks 
Basalts-thick layers 
Basalts-highly fractured 

(lost circulation zones)Metamorphic rocks 
Granite 

3 
5 
3 
3 

5 
5 
5 
5 
5 

IaZ 5 

5 

3 

33 
3 

5 
5 
4 
3 

3 
5 
3 
3 

3-1 

5 

3 

3 

13 
3 

4 
5 

3, 
5 
5 
5 
2 

5 

5 

4 

34 
5 

0.5 
-Z 
Z 
j3 

6 
6 
6 
5 

6 

6 

5 

3 " 5 
5 

"2 
8 

0 

B
Z 

3 
5 
4 

3 
5 
3 

1 

5 

3 

3 

13 
3 

1 

5 
5 
5 
5 

3 
5 
3 
5. 
5 

5 

5 

4 

44 
4 

3 
3 
4 
3 

5 
5 
5 
5.,
1 

5 

5 

3 

13 
3 

E 
E-

E 

Z 

EU0/ 

zu 
0:. 

2 

0. cc 

*Assuming sufficient hydrostatic pressure is available to contain active sand (under high confining pressures) 

Rate of Penetration: 
I Impossible 
2 Difficult 
3 Slow 
4 Medium 
5 R, ; 4,' 
6 Very 

Reprinted by permission of the author: 
13 

Driscoll 



3.2 

The major disadvantages of the cable tool method are:
 

1. 	 Limited penetration rate (although for some formations
 
it is relatively rapid if wells are shallow)
 

2. 	 The need to drive casing requires heavy steel pipe

which adds to transport and handling problems and off­
sets, to a degree, other potential economies.
 

3. 	 Frequent drill-line failures
 

4. 	 Temporary casing required in unconsolidated materials.
 

Most references list 
limited depth capability as a disadvantage of the cable
tool 	method but, for rural drilling programs where depths do 
not exceed 200
feet, this would not be a problem. The significantly slower penetration rate,
however, is a disadvantage except possibly for small-scale programs with
time limits or production goals. In the experience of the 	
no
 

authors, the
penetration rates shown in Table 1 ace 
possibly overestimated, particularly

when drilling in very hard metamorphic and crystalline rocks or 
when welli

become rather deep. A theoretical production rate indicated by Larsson
suggests that 
cable tool drilling can construct 20-40 wells/year as compared
to 
150-175 wells/year by rotary/percussion drilling based 200-foot (60 m)
on 

deep wells and a 220-day working year. The actual production rate for either
method is usually much less in developing countries because of problems in
logistics, support services, 
and 	management. speed
Whenever is considered
important, and 
it should be wheiiever cost effectiveness is an issue, then

cable tool rigs are not generally recommended.
 

Rotary Drilling Methods
 

3.2.1 Conventional Rotary Drilling
 

Conventional rotary drilling is a method of boring a hole by using a rotating
bit to which a downward force is applied by a hollow drill stem or 
rods. The
hollow drill rods conveys a drilling fluid (in recent years air has also been
utilized) to the bit for moving the 
cuttings to the surface in the annular
 
space between the drill rods and the sides of the borehole.
 

Bentonite (a clay material) or polymers are added to drilling
the fluid
provide stability to the walls of the borehole 	
to
 

and 	 prevent them from

collapsing. 
 In some areas the natural clays in the formation provide
sufficient stability. Such drilling is referred 
to as open-hole drilling and
well completion is accomplished in unconsolidated aquifers by the insertion of
 
a casing to which a well screen is attached. Depending upon the formation in
which the well screen is set the formation miy be allowed to collapse around

the well screen. More commonly, the annular space between the borehole walls
 
and screen is filled with gravel (filter pack).
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The rotary method of drilling is relatively rapid and one or two shallow welln
 
per day can be installed, assuming the distance between wells is not great.

This method is also used, with differently designed drill bits, to drill
 
weathered bedrock wells where the overlying unconsolidated materials are found
 
to be poor aquifers.
 

Various PVOs have, in 
recent years, purchased and employed very light-weight

drilling rigs to complete wells in both unconsolidated overburden aquifers and
 
bedrock aquifers by conventional rotary methods. However, major rural water
 
supply programs funded by UNICEF and various international government agencies

have preferred down-the-hole hammer drilling when a major part of the program

involved wells completed in hard rozk aquifers.
 

3.2.2 Rotary Percussion Drilling
 

In rotary percussion drilling a down-the-hole hammer, activated by air from an
 
air compressor, is used. 
 This method was developed from the conventional
 
fluid rotary method, and drill rigs are capable of drilling by either means
 
if a fluid circulating pump and appropriate auxiliary equipment are available.
 

Larsson1 6 
lists the advantages of the rotary percussion method as follows:
 

1. 	 High penetration rate
 

2. 	 Excellent depth capability
 

3. 	 Good control of fluid flows
 

4. 	 CombiAation drilling (unconsolidated and consolidated
 
fcrmations)
 

5. 	 No special circulation monitor required unless special
 
additives are used
 

b. 	 Minimum damage to water-bearing zones
 

7. 	 Quick set-up time for rig
 

8. 	 Good samples recovered and effective identification of
 
water-bearing zones.
 

The major disadvantages listed are:
 

1. 	 Medium to high equipment cost
 

2. 	 Medium to high operating costs
 

3. 	 Medium transportation costs--heavy-duty, truck-mounted
 
rig plus compressor
 

4. 	 Need for experienced drilling personnel.
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The problem of heavy, truck-mounted rigs has been lessened in recent years. 
 A

number of manufacturers such as Deep Rock, Canterra, and the Swedish
 
manufactured WellDrill 
(now 	owned by Atlas Copco) are producing very light­
weight trailer-mounted rigs which 
can combine both conventional fluid rotary

and down-the-hole hammer capability. 
 Major manufacturers are also marketing

somewhat larger trailer-mounted rigs with similar 
 but somewhat greater

borehole diameter and depth capabilities. The drilling methods which

presently offer the most advantages for rural well drilling programs are

conventional rotary drilling in unconsolidated aquifers and down-the-hole
 
hammer drilling in bedrock aquifers 
with drilling rigs that can efficiently

drill by either method.
 

3.2.3 Reverse Rotary Drilling
 

Reverse rotary drilling is a method of well construction that is commonly used

for large-diameter, high production wells in unconsolidated aquifers which are

generally free of large cobbles and boulders. 
The well rig acts as a vertical

dredge with the drilling fluid, normally water without additives, and cuttings

being drawn up through the drill stem. It is an open-hole form of drilling

dependent on maintaining a liquid level in the open hole of 10 
feet (3 m) or
 
more above that which is naturally present. To accomplish this a reliable
 
source of water, to compensate that lost to the formation being drilled, is
needed. 
 The amount of makeup water needed can range from 20 to 500 gpm (1.26

to 31.5 l/s).
 

In past years, a 6-inch (183 mm) flanged drill stem was most often employed
with 	either a pump or air lift creating an 
up-stem velocity, according to

Driscoll', of at least 1.5 
ft/sec (0.76 m/sec). Such drill stems limited
 
borehole diameters to 18 inches (457 mm) 
or larger, so downhole return flow
 
could be kept under 1 ft/sec (0.305 m/sec) to prevent side hole erosion. In

the 1960s Bengali and Thai well drillers were utilizing standard 3- and 4-inch
 
(76 and 102 mm) threaded and coupled pipe for reverse rotary drill stems and

drilling 12-inch 
(305 mm) boreholes with locally fabricated rigs. Most new

drill stems are nov threaded and coupled to reduce the labor of making
 
connections.
 

Driscoll13 notes that an adaptation of 
reverse rotary drilling using top head

drive rigs and air for lifting cuttings is called an In-Verse system. 
Another

adaptation of reverse rotary drilling is a dual wall method. 
With 	this system

a special steel inner tube, connected with sleeves and 0-rings, is enclosed

within flush joint 
screwed pipe. Drill pipe diameters range from 3-1/2 to

9-5/8 inches (89 ;:o 244 mm) and 
drilling is done by either tri-cone or
 
down-the-hole hami.ar bits. 
 With this method drill cuttings travel up in the
 
inner tube and return flow is between the tube and the outer drill pipe.
 

Advantages of reverse rotary drilling are:
 

1. 	 It is a relatively inexpensive method of drilling

large diameter boreholes in soft unconsolidated
 
sediments.
 

2. 	 Relatively reliable samples of formation can be
 
obtained as cuttings do come
not in contact with the
 
sides of the borehole in their ascent.
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3. 	The drilling fluid is normally clear water, so
 

adequate well development is not difficult to achieve.
 

Disadvantages of reverse rotary drilling are the following:
 

1. 	 It cannot be used if the static water level is too
 
high (although in Pakistan a mound is built to raise
 
the rig).
 

2. 	 Relatively large amounts of makeup (supplemental)
 
water are necessary.
 

3. 	 Stiff clay, shale, or boulders present problems that
 
are impossible to handle.
 

4. 	 It is not normally suitable for drilling in
 
consolidated rock formations.
 

5. 	 Rapid penetration makes the depth from which sample is
 
obtained difficult to judge.
 

6. 	 Samples often do not contain fines because of being
 
washed in collection process.
 

The dual well reverse rotary method was introduced to water well projects in
 
recent years from the oil and mineral industry. The advantages of drilling

large-diameter wells in unconsolidated formations are offset by high costs and
 
weight. Augers are four to 
five times the cost and at least twice the weight

of conventional rotary drill 
stems. Thus, it is considered an unattractive
 
option for most rural well programs.
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Chapter 4
 

PERTINENT DRILLING RIG CONSIDERATIONS
 

4.1 General Considerations
 

4.1.1 Introduction
 

After considering the geologic conditions and appropriate drilling methods
 
described in the preceding chapters, the specific character of drilling
 
equipment and the inherent limitations involved must be examined. General
 
considerations include weight of the equipment and the related capacities of
 
trucks to move the equipment. Spare parts and maintenance are also important
 
considerations. More specific requirements relate to the actual drilling
 
under bedrock and overburden conditions. These subjects are discussed in the
 
following paragraphs.
 

4.1.2 Weight
 

As discussed in Chapter 3, most drilling coaiditions will require a drilling
 
rig that can combine the operations of conventional fluid rotary and
 
down-the-hole air hammer capability. Such rigs may be either trailer-mounted
 
or truck-mounted. The choice of the most suitable mount must consider total
 
weight and also weight distribution of the rig and its accessory equipment.
 
Weight is a factor both in negotiating difficult terrain where steep inclines
 
and bridges with limiting capacities are present, and in selecting trucks with
 
sufficient power to haul or pull the required equipment.
 

Selection of equipment is sometimes a complex problem requiring trade-offs
 
between alternatives. For example, some references suggest a probable maximum
 
torque requirement of 2,000 foot-pounds for down-the-hole hammers in hard rock
 
drilling. While this requirement is true, It fails to recognize the need to
 
drill through an unconsoli6ated layer to reach the bedrock in a majority of
 
instances. Also, rock drilling torque provides more uniform rotation and
 
generally better production. Torque and weight are, to a degree, interrelated
 
as power is required to generate torque and this power is responsible for
 
added weight. Mud pumps of adequate capacity also require power. These
 
factors can add 50 percent or more to the needed horsepower to be built into
 
the unit, and added horsepower translates into added weight.
 

Weight also enters into the matter of transporting equipment. If a
 
trailer-mounted rig cannot be pulled by a pick-up truck, it is probably more
 
efficient to mount it on a heavier truck. If, however, the weight of the
 
truck then exceeds the capacity of the bridges in the area, alternative routes
 
or sites must be considered.
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4.1.3 

While many 
development orgarnizations 
 rely upon a fleet of mini pick-ups
(normal towing capacity in the 2,000 to 3,500 pound [900 
to 1,600 kg) range)
these are 
not sufficient for 
most drilling operations. As 
a general
criterion, a maximum axle weight in a range of 5,000 to 6,000 pounds (2,300 to
2,700 kg) is required.
 

Truck Considerations
 

Within most operations, the combined weight of

exceeds 6,000 pounds (2,700 kg), 

truck and drilling equipment

and, except for the very light-weight rigs
with separate trailer-mounted 
 air compressors, 
 rules out truck-mounted
drilling rigs. 
 The adopted maximum single axle loading, with a 12 ,000-pound
(5,000 kg) rig trailer, is in excess of the rated trailer hauling capacity of
the four-wheel-drive Chevrolet V-20 (or equivalent GMC) with a trailer hauling
package or the four-wheel-drive GMC Jimmy V-15 which might 
be considered for
somewhat lighter equipment. 


built 168 H.P., 
However, the Ford F-250 HD with its Caterpillar­

420 cu.in. diesel, as compared to a General Motors 130 H.P.,
379 cu.in., and up to 14 ,000-pound (or greater) GWCR* would be 
a wiser choice
for towing weights in the iO,000-pound to 12,000-pound range.
 

In any event, the aim is to minimize the single axle load for towing truck and
trailer-mounted 
rig and standardize on two identical pickup body
provide full moving capability for 
trucks to
 

the drilling team 
and its equipment.
Specifications and manufacturer's description for this truck are reproduced in
Appendix B. 
Other truck models may be competitive price-wise and offer other
advantages when 
towing weights are 
less than 8,000 pounds 3,600 kg),
advantages of leaving drill rods on but

the rig would give preference to Ford even
with drill rigs in the 7 ,000-pound (3,200 kg) weight range.
 

4.1.4 Maintenance and Spare Parts
 

Rig manufacturers and well-managed drilling organizations would like 
to see a
general minor maintenance check after 50 hours o, operation and
after an overhaul
2,000 hours. In addition to the drilling crew handling
maintenance on a day-by-day basis, minor

it is desirable, but seldom 
followed, to
have a shop check after the completion of 
a program in one geographic area.
However, this might mean 3 weeks or longer before anyone, other than operating
personnel, checks 
the condition of the equipment. Manufacturers, recommen­dations vary, 
and, while circumstences may not
responsible field personnel need 

permit strict compliance,

to be instructed and repeatedly reminded that
daily and periodic field maintenance procedures 
 cannot be neglected.
Scheduled oil changes, lubrication, etc., 
are as important as filling the fuel


tank.
 

* GWCR is "gross weight combined rating." 
 This refers to combined

truck cargo and trailer weight. 
 While Ford only rates the F-250
HP diesel at 10,000 
pounds, it has substantially greater
capability than other options. 
 It is usable with up to 12,000­
pound trailers.
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The influence of standardization, repairs, maintenance and spare parts for
past UNICEF procurement was discussed in a World Water6 article. 
Most U.S.
drilling firms are not overly concerned about standardization of a drilling

rig. Replacement 
 parts are readily and quickly available through
shipment. Rig preference appears to be based 

air
 
on evidence, personal or
otherwise, of rig reliability and the ability to do the job for which it was
intended. These considerations have generally iead 
to the selection of
oversized equipment. This is not necessarily the case for very light-weight


drilling equipment such as that manufactured by Deep Rock or the rigs by
Swedish firm Deepwell which have had a market with PVOs for 
the
 

some years. Just
because a country may 
presently operate large equipment manufactured by
Ingersoll-Rand, Failing, or others, is no reason to select lighter-weight

equipment by these manufacturers for a 
rural well drilling program when
equipment by another manufacturer will do the more
job efficiently at lower
 
overall cost.
 

Supplies need to 
be ordered for drilling programs in developing countries well
in advance of actual need. Spare parts 
which are most frequently needed
should be ordered in 
volume on an annual basis, as several months are often
required for delivery. Savings by shipping via 
ocean freight are usually
quite significant. 
 While most spare parts for drill rigs will probably not be
available locally, it is important to be aware of 
those which are available
 
either locally or from regional distributors.
 

Overstocking of spare parts or materials should also be avoided, as 
warehouse
rentals add to project costs. 
 Proper inventory control, which provides
signals to project managers when important spares are in low supply, is
essential. 
 It will always be necessary to provide emergency spare parts for
unanticipated breakdowns, and 
a budget for air freight is therefore needed.
The key to cost-effective operation of drill rigs is to keep them in operation

and avoid long delays for repairs.
 

4.2 Specific Considerations
 

The discussion above has described 
a light-weight, trailer-mounted, well
drilling 
rig with both fluid rotary and down-the-hole hammer drilling
capability as being the best 
choice for most rural well programs. Trucks to
 move the equipment, tools, and supplies are also needed. 
 Before discussing
accessory items and comparing different manufacturers' equipment, certain
specifics of operation 
and operational limitations of the drilling and
 accessory equipment to examined.
need be The procedures and principles
discussed in the following subsections are directly related to 
the evaluation
and comparison of 
the standard features and optional equipment offered by

different manufacturers.
 

4.2.1 Procedures Applicable to Overburden Wells
 

Wells completed in permeable overburden aquifers may not need 
to be installed

with the equipment described herein. Shallow overburden wells may be more
efficiently installed local hand
by drilling methods or by utilizing cable
tool equipment. Such wells may need 
a gravel pack to surround a well screen.
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0 

Low-capacity wells, for handpump installation, are generally installed without
gravel packs in the Indus 
and Ganges alluvial deposits as well as elsewhere.

Generally, gravel packs are recommended 
in alluvial materials particularly

with higher capacity wells. For drilling of overburden wells the following

conditions and approach are anticipated:
 

Where wells are to be installed with fluid rotary

equipment the use of a drilling 
fluid made with

degradable polymers should be considered to simplify

well development.
 

* 
 Drilling with drag bits would normally be practiced.
 

0 	 Drag 'its in a variety of sizes up to 10 inches (25.4
mm) ild be provided to accommodate installaticn of 
surfa seals and/or gravel pack well construction 
where .eeded.
 

* 	 Well casings and well screens 
should be PVC materials
 
in a 4 inch (101.6 mm) ID size where the pump cylinder

is to be 
set in the well caslng, and a smaller size

where water table conditions allow for a pump with the
 
cylinder incorporated into the above-ground pump
 
housing.
 

* 
 Flush joint PVC casing and screen with cut threads for
 
screw-together joining is recommended. 
 Solvent cement
 
socket joints are also acceptable for shallow wells.
 

0 Local fabrication of PVC well is possible inscreens 

some countries. Generally, local extruded and
 
horizontally slotted 
 PVC is acceptable. Local
 
manufacture of continuously slotted ribbed pipe is
 
also possible for particular purposes as described in
 
Report on Broached Roboscreen (Sternberg and
 
Knight ). Drilling projects should, however, rely on
 
standard manufactured screens until local pipe cutting

facilities are fully operational.
 

4.2.2 Principles Applicable to Overburden Drilling
 

With the type of drilling equipment under discussion, drilling for the purpose

of completing a well in permeable overburden material 
is anticipated to be
done 	through use of a fluid flush method. 
 It is expected that both roller
bits 	and drag bits will be utilized in such operations. To be effective,

roller bits require considerably more weight to be applied to the bit, as
discussed in Subsection 4.2.4, 
than do drag bits. Drag bits are capable of
excellent penetration rates but require considerably more torque to operate

successfully.
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Adequate torque for drag bits 
is considered to be 200 foot pounds

(ft ib) per inch by bit diameter (27.75 kg-m). A greater torque

capability is probably desirable but 
excess torque should not be
major selection factor and equipment operation 	

a
 
can be successful
where the capability is less than quoted. On the basis of
figure quoted torque requirements would be as follows: 

the
 

* 	 1,500 ft lb (208 kg-m) for 7.5 inch (190.5 mm) drag
 
bits
 

* 	 2,000 ft lb (277 kg-m) for 10 inch (254 mm) drag bits
 

Rotation speed for drag bits 
is generally suggested to be between
100 and 200 rpm and somewhat higher for roller bits. 
 In practice
rotation normally does not exceed 100-110 rpm but rotation of roller

bits, operated in unconsolidated materials, might 
be turned at 150
rpm or even higher by some operators. Successful drillers are ones
who, through experience, possess the judgment maintain
to a proper

balance (combination) of rotation speed and weight on 
the bit. This
judgment depends 
on being thoroughly familiar with the 
equipment
being operated and paying careful 
 attention to its sounds,

vibrations, and general progress.
 

Fluid circulation pumps 
are rated according to the amount of fluid

they will deliver at a certain head (pressure). Pumps capable of
producing an up-hole velocity of 80 to 90 ft/min to
(40.6

cm/sec) should be adequate for drilling 	

45.7
 
unconsolidated formations
with drilling muds or polymers. A higher velocity might 
 be
desirable if drilling is in rock with a high specific gravity or
the rock particles to 

if
 
be flushed are large. This requirement might


be 20 percent less under good drilling conditions without
 
circulation losses.
 

To determine pump capacity the relationship between the size of the
borehole, 
the size of the drill pipe, and pump delivery must be
assessed so that 
 a workable combination is achieved. This

relationship is approximately expressed by the following formula:
 

V (D2-d2)
 

Where: 0 = pump discharge in gpm (gallons per minute)
 

V = up-hole velocity in ft/min (feet per minute)
 
D = borehole diameter in inches
 

d = drill pipe size (outside diameter) in inches
 
25 = a constant normally used for th.: 
units employed
 

(24.46 an actual figure)
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This relationship is illustrated by reference to the following table
where pump discharge values in gpm and Ips (liters per second) have
been calculated so that a 90 ft/min (457 mm/sec) up-hole velocity is
 
maintained.
 

Relationship (&) Pump Capacity, Borehole and Drill Pipe
 

Borehole Diameter in inches/mm
 

6.75 7.5/190.5 8.5/216 10/254
 

pump capacity in gpm/lps for 2-3/8 inch (60.3 mm) drill pipe
 

144/9.1 182/11.9 240/15.0 340/21.5 (b )
 

pump capacity in gpm/lps for 2-7/8 inch (73.0 mm) drill pipe
 

134/8.5 173/10.9 230/14.5 330/20.9 (b )
 

pump capacity in gpm/lps for 3--1/2 inch (88.9 mm) drill pipe
 

120/7.6 158/10.0 216/13.6 316/19.9 (b )
 

(a) With a constant up-hole velocity maintained at 90
 
ft/min (457 mm/sec)
 

(b) Pressure (friction) 
loss in drill pipe with standard
 
API '.ool joints is extremely high--need to check drill
 
pipe with lower friction
 

Inspection of the above table shows 
that a 240 gpm (15.1 lps) pump
would be 	necessary to drill a 8-1/2 inch 
(216 mm) 	borehole with a
2-3/8 inch (60.3 mm) 
drill pipe. However, the pressure loss in
pushing this amuunt of fluid through 100 feet (30.5 m) of drill pipe
would be approximately 90 psi (6 bar). To drill 8-1/2 inch

boreholes in unconsolidated material to depths greater than 50 feet
(15 m) will require larger drill stems 
to reduce friction loss

(pressure 	loss). ilowever, 
the use of large drill pipe and small
 pumps is not likely to 
be practical as well diameters are increased

above 8-1/2 inches. Neglecting pump discharge pressure, the problem
of calculating a theoretical drill pipe size for drilling a 12
(304 mm) borehole utilizing a 240 

inch
 
gpm pump would be solved as
 

follows:
 

d2 
 VD2
2 =	 - 25Q 
V 
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With units as described on page 17:
 

This would be an impractical 8.8 in. (223 mm) drill
 
pipe size for the problem stated
 

* 	 For a pump with a 340 gpm discharge, a 7 inch (177 mm)
 
drill size is required
 

* 	 However, for a 10 inch (254 mm) drill hole a 2-3/8
 
(60.3 mm) drill pipe could be used if depth and
 
resultant head loss was not to great. A 3-1/2 inch
 
drill pipe would leave insufficient room for cuttings
 
to pass in a 4 inch casing, a 4-1/2 inch (114.3 mm)
 
drill pipe would be appropriate but, if used, in
 
addition to unconsolidated drilling, with an air
 
percussion hammer for bedrock drilling would
 
necessitate use of 6 inch casing.
 

4.2.3 Procedures Applicable to Bedrock Wells
 

While different well drillers may employ different methods to advance a drill
 
hole through the overburden before drilling into a rock aquifer, the following
 
conditions and approach are anticipated as being appropriate for drilling with
 
the very light weight drill rigs (identified as those with less than 340 kg/m
 
torque). A similar approach would be recommended for drill rigs over 340 kg/m
 
torque anticipated to be used in programs requiring higher well yields except
 
that 6-inch (152.4 mm) casing and larger rock bits would be recommended.
 

* 	 A non-stable, potentially caving, permeable sand that
 
is dry would be drilled in like manner to a permeable
 
sand aquifer with a change to tricone bits to seat the
 
casing into bedrock.
 

* 	 If the bedrock is at a relatively shallow depth, the
 
drilling of dry or saturated stable non-caving
 
overburden material could be drilled with a 5.5 inch
 
(140 mm) bit on a down-the-hole hammer. The depth to
 
bedrock and type of overburden material will establish
 
the need to set casing prior to drilling of the
 
bedrock. Normally, prior to proceeding to drill in
 
the bedrock, grout would be tremied to the bottom of
 
the hole in an amount that would equal or slightly
 
exceed the volume of the space between the installed
 
casing and the borehole face opposite the rock section
 
drilled for seating the casing. Under some circum­
stances casing would be grouted to the surface, but
 
this would prevent cutting it off at depth and saving
 
some portion from unsuccessful drillings.
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0 	 A 4-inch (101.6 mm) PVC casing (open end) is
 
recommended. Various means of seating and sealing the
 
casing into the bedrock may be adopted. The use of a
 
grout pump to fill the space between the casing and
 
the borehole side wall with cement grout to ground
 
surface is a preferred method.
 

* 	 It is z::ggsted that casing comparable to SDR-17*
 
water well PVC casing, with a wall thickness of 0.265
 
inch (6.7 mm), or Schedule 40, with a wall thickness
 
of 0.237 (6.02 mm), be used.
 

0 	 Following setting of the well casing the drilling in 
bedrock is anticipated to be undertaken with a 3-9/16 
inch (90 mm) bit on a down-the-hole hammer. European 
hammer designs (British, Swedish, etc.), primarily 
those for drill holes less than 6 inch (152.4 mm) in 
diameter, are much more efficient than U.S. designs. 
Atlas Copco literature in Appendix C describes 
penetration rates, a 150 psi (10.5 bar) at 66 feet 
(20.1 m) per hour foL a 3-9/6 inch (90 mm) bit. Most,
 
if not all, U.S. models, in the same type of rock,
 
only achieve a penetration rate of approximately
 
two-thirds of this value.
 

0 	 Well completion should be accomplished by development 
and hydrofracturing procedures where appropriate. 
Personal communication with UNICEF personnel and 
others indicates a belief that air percussion drilling 
pressures of 220 psi (15.2 bar) and up have a greater 
tenjency to pack cuttings into water bearing fractures 
than does drilling at lower pressures. 

4.2.4 Principles Applicable to Rock Drilling
 

The basic need for rural village water supply wells installed in a rock
 
formation is to drill a hole capable of accepting a 3 inch (75 mm) O.D. pump
 
piston. In hard metamorphic and crystalline rock this dictates (see
 
discussion on dril]ing methods in section 3.3) employment of down-the-hole air
 
percussion drills with 3-9/16 inch (90 mm) bits. Operation of such can be
 
done through utilizing either 2-3/8 inch (60.3 mm) or 2-7/8 inch (73.0 mm)
 
drill pipe operated in a 4 inch casing while maintaining a minimum chip
 
clearance of drill pipe to wall of 5/16 inches (7.9 mm) as discussed in
 
Campbell and Lehr 11 . Adherence to this clearance would mean that 4-1/16 inch
 
(110 mm) bits should not be run with 3-1/2 inch (88.9 mm) drill pipe, but
 
larger bits could be used.
 

SDR - Standard Dimension Ratio
 

American Society for Testing Material nomenclature which sets
 
forth the material, dimensional, and quality requirements for
 
thermoplastic well casing. Other standards may be appropriate
 
for non-US casing.
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Air requirements are less if larger drill pipe is used, without
 
increasing bit size, since velocities are increased in the space
 
remaining to carry cuttings to the surface. Up-hole velocities of
 
2,000 fpm (610 m/min) are reported to be satisfactory but better
 
chip removal and penetration rates are expected at higher
 
velocities. With casing of 4 inch (301.6 mm) diameter extending
 
through the overburden, the volume of air required is calculated by
 
the 	following formula:
 

3.4 (D2 -d2 ) V or V (D2-d2)
 
4(144) 183
 

Where: Q = compressor capacity in cfm (cubic feet per minute)
 

V = 	up-hole velocity in fpm (feet per minute)
 

D = 	borehole diameter in inches
 

d = 	drill pipe size (outside diameter) in inches
 

183 	= a constant for the units employed
 

Utilizing the above formula the volume of air required to lift
 
cuttings through a 4 inch (101.6 mm) casing while drilling with
 
2-3/8 inch (60.3 mm) drill pipe would be:
 

Q 2,000 (16 - 5.6) = 114 cfm of 2,000 fpm
 
183
 

Compressor capacity Q, with 2--7/8 inch (73 mm) drill pipe, is equal
 
to 84.5 cfm at 2,000 fpm. At an up-hole velocity of 4,000 fpm
 
compressor capacity for various sizes of casing and drill pipe would
 
be as shown in the table below.
 

Drill Pipe Casing* Calculated efm Calculated cfm
 
(inches) (inches) at 2,000 fpm vel. at 4,000 fpm vel.
 

2-3/8 4 114 	 227
 
2-7/8 4 84.5 	 165
 
3-1/2 	 4 inadequate clearance for cuttings
 
2-3/8 5 212 	 424
 
2-7/8 5 182.5 	 365
 
3-1/2 5 139 	 279
 
2-3/8 6 332 	 664
 
2-7/8 6 302 	 604
 
3-1/2 6 260 	 520
 
4- 6 218 	 436
 
4-1/2 6 172 	 344
 

* 	 Casing size is indicated as nominal pipe size. Actual ID varies with 
different materials and specifications varies. 
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A selection based on the lowest air requirements is not necessarily
 
a wise one for either the selection of compressor size or drill stem
 
size. As nominal weight of the smaller stem is 6.65 lb/ft (9.9
 
kg/m) and the larger stem is 10.40 lb/ft (15.5 kg/m), the lifting
 
capability of a particular rig for anticipated drilling depths needs
 
to be checked. This is not normally a problem with either stem size
 
as lifting capacity of most of the lightest rigs is 6,000 pounds
 
(2,700 kg), or more.
 

Rig lifting capacity of small rigs would be a concern where very
 
deep wells were required or where steel casing was employed. It is
 
not a concern relative to setting the PVC casing mentioned in tL.
 
above paragraphs. To permit introduction of a grout pipe, a
 
6-3/4-in (171 mm) borehole in the rock surface is probably the
 
smallest diameter satisfactory for seating a 4 inch PVC casing. For
 
drilling with tricone bits in hard metamorphic or crystalline rock
 
the weight on the bit, according to some authorities to ichieve
 
reasonable ror penetration, should be greater than some 5,600
 
lb/in. (1,000 /cm) of bit diameter, or 37,800 pound (6,750 kg) for
 
this sized bit Such a weight cannot be developed in a shallow hole
 
and is beyond ae capability of light-weight r.gs to handle such a
 
weight in deeper boreholes. However, Driscoll1 3 notes that
 
generally, drillers start to hold back when the weight on the drill
 
stem starts to exceed 10,000 pounds (4,540 kg).
 

One rig lifting operation is the removal of a drill string from the
 
borehole. In this context 300 ft (91.4 m) of 2-7/8 inch drill stem
 
weighs 2,916 pounds (1,325 kg) or approximately 3,000 pounds (1,364
 
kg) with 3-9/16 inch (90 mm) bit and air percussion hammer. This 
lifting ability should be within the capabilities of most 
light-weight rigs. 

Rig "pull down" with down-the-hole hammer operation only needs to be
 
sufficient to keep the bit closed in the tool. A fifure of 2,000 to
 

.
4000 pounds (909 to 1,818 kg) is quoted by Campbell' 


Rotary drilling with fluid circulation and roller bits can and is
 
used for drilling consolidated rock formations. However, even soft
 
shale and limestone require that a weight be applied to the drill
 
bit of approximately 2,000 lb/in of diameter (357 kg/cm) to achieve
 
optimum penetration. A combination of drill collars and pull down
 
could be employed to meet these requirements but air percussion
 
drilling would appear preferable in any consolidated formation.
 

Rotation speeds in any formation being drilled are normally adjusted
 
by the driller according to the sound of the drilling and his view
 
of rig vibration and operation. With down-the-hole hammers, a
 
slower rotation is used in harder formations and recommended speeds
 
normally range from 10 to 30 rpm (Driscoll13 ). One operational
 
manual quotes a "rule of thumb" where the rotation speed in rpm is a
 
value of about one-half the feet-per-hour penetration rate.
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4,3 Summary of Drilling Rig Specifications
 

It is recommended that the following specifications be used in selecting a
 
drilling rig for a program of village water well construction.
 

4.3.1 Operational Specifications
 

Operation - capable of drilling fluid rotary (mud) and air
 
percussion (down-the-hole hammers).
 

D - rotary operations to depth of 200 feet (60 in), but
 
capale of air percussion to 250 ft (76 in).
 

Diameter of borehole - 8 inch (203 mm) in unconsolidated 
materials. A 3-9/16 inch (90 mm) bit is needed in rock 
drilled through 4 inch (101.6 mm) PVC casing. An option is 
to use a 4-1/2 inch (114 mm) bit through 5 inch (127 mm) or 
5-1/8 inch (130 mm) PVC casing.
 

4.3.2 Equipment Specifications
 

Rig mounting - single or dual axle trailer with loading on
 
a single axle not to exceed 6,000 pounds (2,955 kg).
 

Torque - 1,500 ft lb (207 kg-m) with 7-1/2 inch (190.5 mm)
 
rag its or 2,000 ft lb (277 kg-m) with 10 inch (254 mm)
 

drag bits are minimum amounts of torque.
 

Rotation - capable of operation as low as 10 rpm, or less,
 
for air percussion and in excess of 100 rpm for fluid
 
rotary drilling.
 

Stroke - capable of 10 ft (3 in), or more, for handling 10 
ft (3 in)drill stems. 

Pulldown - combined pulldown and pullback of at least 
12,000 pounds. 

Pullback - see above.
 

4.3.3 Basic Auxiliary Equipment
 

Mud pump - centrifugal pump with at least 340 gpm (21.5 
Ips) discharge at a head rating of 120 psi (8.2 bar). 

Water/foam injection pump - 4 gpm at 250 psi (0.27 lps at 
17 bar), minimum. 
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Air compressor - 350 cfm at 150 psi (165 lps at 10.5 bar),
 
minimim for both volume and pressure. Compressors

delivering lower values would be considered for very light­
weight drill rigs but programs based on the light-weight
 
rigs of 340 kg/m torque or more should haxe at least 340
 
cfm capacity at a pressure of at least 150 psi but not
 
greater than 190 psi.
 

Drill pipe - 2-7/8 inch flush joint drill pipe. Although 
-i/2 inch is commonly used with the very light-weight 

drill rigs, it should not be operated through 4 inch 
casing. Where 6 inch casing is to be employed for specific
projects, 4-1/2 inch aluminum drill pipe, or special
 
light-weight 4-1/2 inch steel weighing not 
over 140 pounds
 
(64 kgs) per 10 foot length, is believed to be a better
 
choice to provide greater capability without excessive
 
weight.
 

- 24 ­



5.1 

Chapter 5
 

ACCESSORY DRILLING EQUIPMENT
 

General Discussion
 

Details and descriptions presented 
earlier have identified some accessory
equipment in basic drilling selection. 
 Accessory equipment previously

discussed includes:
 

* mud pump
 
0 water/foam injection pump
 

* drill pipe
 

* pick-up truck (s)
 

Other accessory drilling and support equipment considered necessary, or useful
to improve efficiency, is described 
 and discussed in the following
subsections. 
 Before discussing specifics of specialized drilling equipment
accessories, however, 
 the overall drilling program operation must be
considered. In this regard, 
the size of the rural well drilling program that
is planned will determine the amount of equipment needed. The UNICEF
experience in Uganda has demonstrated that 
a program using four drilling crews
with four drilling rigs installing new wells is a cost-effective size of
operation. In actuality, additional rigs (cable tool type) were 
used by
UNICEF in an effort to rehabilitate previously drilled wells. 
 While some PVOs
successfully carry out 
operations with only a single drilling rig in-country,
it is generally expected that 
a program operating with multiple rigs is 
a more
efficient operation. 
 With multiple rigs, the quantities of spare parts in
stock, accessory equipment, and supplies can be planned on optimum
an basis

rather than a worst-case basis.
 

The discussion 
and listing of accessory equipment that follows focuses on
equipping the larger drilling rigs being considered. This includes 4-1/2 inch
(114.3 mm) drill pipe for drilling through 6 inch (152.4 mm) casing with 5-1/8
inch (130 mm) drill bits. In the 
interest of minimizing weight well
as as
ease and efficiency of operation, the drill pipe proposed is a 1/2 inch (12.7
mm) wall aluminum 
drill pipe with steel 2-7/8 inch API-IF tool joints
weighing 106 pounds 48 kg) per 10 foot section. Light-weight steel of similar
size weighing not over 
140 pounds 64.4 kg) would be an alternate choice at
about 55 percent of the cost of aluminum. The 6 inch (152.4 mm) casing should
 
be PVC for similar reasons.
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5.2 Accessories Related to Drilling
 

Accessory equipment directly related to drilling operations would include:
 

* 	 drag bits for overburden drilling
 

" 	 roller tricone bits for overburden drilling and
 
seating casing in bedrock
 

• 	 portable mud pits for overburden drilling*
 

" 	 fluid drilling additives for overburden drilling
 

" 	 down-the-hole air percussion hammers and bits for rock
 
drilling
 

* 	 containers for the transport and storage of water and
 
fuel
 

* 	 additives for use with air drilling
 

5.2.1 Accessory Equipment for Overburden Drilling
 

Three types of bits are employed for overburden drilling--roller tricone bits,
 
which are considered as general purpose bits; drag bits, which are less costly
 
and make good penetration under favorable conditions; and Zublin bits, which
 
are predominately used for burying cobbles into the sidewalls of the borehole.
 
Apparently, Zublin bits do not seem to have great acceptance and are not
 
generally employed in areas where they would be most useful.
 

Drilling overburden by fluid rotary methods necessitates the use of fluid
 
additives to prevent caving of the unconsolidated subsurface materials.
 
Degradable polymers are recommended. Prior to the introduction of polymers,
 
bentonite (termed "mud") was used, and is still used in some areas, but tended
 
in some cases to form mud cakes which were difficult to remove. Bentonite is
 
still useful for sealing casing into bedrock when drilling bedrock wells since
 
it eliminates a 24-hour wait for cement grout to set before continuing the
 
drilling.
 

Both bentonite and polymers need a mud pit to settle out cuttings from the
 
borehole during fluid rotary drilling. The reference literature indicates the
 
volumes for mud pits to be 1-1/2 times the volume of the drilled well but this
 
can be much less with prompt removal of cuttings. A 350-gallon prefabricated
 
metal mud pit is recommended (see Appendix D). A sand separation partition is
 
not essential but is recommended to insure that sand is not carried over,
 
causing difficulty with the drilling fluid consistency.
 

Basic accessory equipment for (1) overburden drilling related to providing a
 
borehole for installation of 6 inch PVC casing prior to completion of a
 
bedrock -,ell, or (2) a 4 to 10 inch well in an unconsolidated aquifer up to 10
 
inches in diameter is listed in Table 2.
 

* 	 See note in Table 2. 
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Table 2
 

Accessory Equipment for Overburden Drilling (6-inch well)
 

Drill String Items 	 Other Items
 

e drill pipe (incl. rock drilling e 350-gallon portable mud pit (1)*
 
list)
 

@ mud mixing device (1)
 
* 8-1/2 inch tricone bits (2)
 

e water tanks: 55-gallon drums (10)
 
e 8-3/4 inch drag bits (2)
 

e 10 gpm, 12 volt, water transfer pump
 
* 10 inch drag bits (2) to fill water drums, powered from
 

truck (1)
 
o 10 foot (800 ib) 6 inch drill
 

collars (3) * small piping for tremic grouting and
 
air lift well development
 

e sub and adapters
 
(incl. 	rock drilling list) e transfer pump for fuel transfer from
 

drums (1)
 

* Sand separator from drilling*
 
fluid (1)
 

* small toolz, shovels, wrenches, etc.
 

* Weldon air-driven diaphragm pump
 
with 4 inch suction hose for
 
grouting (1)
 

Four 5-1/2 inch drill collars weighting 2,720 pounds total would probably be a
 
better choice at $3,700 than the $3,600 cost for three 6-inch collars.
 
Likewise, 55-gallon steel drums (removable tops) at $33 each are much less
 
expensive and more flexible to use than a 500 gallon water trailer.
 

The total cost of the items identified is approximately $15,500, not including
 
drilling fluids, additives, or material for cement grouting or contingencies.
 

* 	 Mud pits may be hand dug if soil conditions are favorable. This
 
is a task that the local community may contribute.
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5.2.2 	 Accessory Equipment for Air Percussion Drilling
 

Air percussion drilling would use the same drill pipe, described above, as
 
employed 	with fluid rotary drilling in overburden formaticns. As noted in
 
earlier chapters, under certain conditions air percussion drilling might be
 
practiced in overburden drilling but such operations are not normally

recommended (see Table 3). Preference for low pressure air, 220 psi or less,
 
and selection of European design hammers for use with bits of under 6 inch
 
(152.4 wrn) size was discussed in previous chapters. Bits employed with air
 
percussion drilling are with buttons. Tools for
designed insert 	 reshaping

these buttons need to be provided to a well crew as reshaping of the buttons
 
will be 	necessary during the drilling operation. The reshaping tool is a
 
special grinder driven by an air motor and generally sold and serviced by the
 
air percussion bit supplier. The capital cost 
and weight of the hammer
 
assembly 	probably dictates that a single unit be taken to the job site with
 
three or 	more bits. It should be noted that two bits are exactly the same
 
diameter, and care needs to be exercised so that a slightly larger bit is not
 
used after one of slightly smaller size.
 

Table 3 	indicates the basic equipment and quantities to support a drilling
 
operation in the field for up to two years.
 

5.2.3 	 Basic Accessories for Overburden Drilling and Air Percussion Rock
 
Drilling with Casings Limited to 4-inch (101.6 mm) Diameter
 

Tables 4 and 5 list slightly different drilling accessory *.quipment from that
 
discussed in the previous two subsections if the drilling program is to be
 
limited to the installation of 4-inch (101.6 mm) diameter well casing.
 

5.3 	 Miscellaneous Equipment
 

5.3.1 	 Water Tanks
 

The previous subsection identified a need for water tanks and recommended 10
 
standard 55-gallon (208 liter) drums a,- the standard equipment. The drums
 
offer the least expensive means for providing water storage even though a
 
small (probably gasoline-powered) engine-driven pump would be necessary for
 
transfer. The drums also offer flexibility since half could be left at the
 
job site while the other half were being filled. An alternative would be a
 
500 gallon (1,892 liter) water trailer. Volume spccifications should be
 
stated as a minimum, since available tanks may be somewhat larger depending on
 
the supplier.
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Table 3
 

Accessory Equipment for Air Percussion Drilling
 
(6-inch well)
 

Drill String Items Other Items
 

o Down-the-hole hammers (Atlas Copco * air operated dia grinder (1) $500 ­
Cop-52) (2) $11,000 and accessories
 

o Button bits - 5-1/8 inch (3) $2,400 * Atlas Copco LSD 36 (1) $735 (button
 
bit grinder*
 

* 4-1/2 inch steel 0.25 inch wall
 
drill pipe * diamond pins for button reshaping
 
10 ft lengths (25) $8,500 (12) $1,320*
 

• Borroc pins for bit body shaping (5)
 
* Subs (2 ea. of 3 configurations, $650*
 
connecting hammers to drill pipe and
 
pipe to drill rig) (6) $6,000 * misc. small hose connections for
 

grinder (-) $200*
 
e drill pipe hoist hood (2) $870 to
 

drill pipe connector * Bentonite for grout seal, drilling
 
foam and foam additive**
 

* air list piping for development in
 
overburden list - swab or other * thread grease**
 
devices fabricated in-country
 

e casing clamps and misc. small tools
 

The total cost of the items identified above, without any contingency
 
allowance, totals $35,000.
 

Many drillers reject the need for or desirability of these
 
accessories.
 

•** See Table 6 for established quantities and costs.
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Table 4
 

Basic Accessory Equipment for Wells Completed

with Well Screens in Unconsolidated Formations
 

(4-inch well)
 

Assuming that all wells in unconsolidated formations will be completed without
gravel packing, the basic accessory equipment needed to install such wells and
 to 
provide a borehole for installation of 4 inch (102 mm) ID PVC casing prior
to completion of a bedrock well or 
shallow well in an unconsolidated aquifer

will consist of the following:
 

Drilling String Items 
 Other Items
 

9 Drill pipe is included in rock 
 * 240 gallon portable mud pit*
 
drilling list
 

* Water tanks - 55-gallon drums (2)
 
e 6-3/4 inch tricone bits (2)
 

9 Small piping for tremic grouting and
 
e 7 inch drag bits (2) 
 air lift well development
 

* 8 inch drag bits (2) 
 * Hoses and pumps for water transfer
 

e 10 foot (680 lb.) 
5-1/2 inch drill * Sand separator from drilling fluid*
 
collars (4)
 

9 Small tools, shovels, wrenches, etc.
 
e Grout pump, drill string sub and
 

adapters are included in rock 
 o Organic polymer to make drilling

drilling list 
 fluid is included in rock drilling
 

list
 
* Mud mixing device
 

The total cost of the items identified above would approximate $12,000, not
including 
drilling fluids, additives, material 
 for cement grouting, or
 
contingencies.
 

* See note in Table 2.
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Table 5
 

Basic Accessory Equipment for Wells Completed
 
in Bedrock by Air Percussion Drilling
 

(4-inch well)
 

The following list presents the basic equipment and quantities considered
 
appropriate to support drilling of 4-inch wells that are completed in bedrock
 
with 3-1/2 inch (90 mm) diameter.
 

Drilling String Items Other Items
 

9 Down-the hole hammers Atlas Copco e Fuel transfer pump for drum mounting
 
Cop-32, recommended quantity (2) (1)
 

* Button bits - 3-1/2 inch (90 mm) e Air operated die grinder and
 
quantity recommended (3) accessories (1)
 

* 2-7/8 inch drill pipe - 10 ft. e Atlas Copco LSD 36 button bit*
 
lengths (25) grinder (1)
 

e Sub (2 each of 3 configurations - e Diamond pins for button reshaping*
 
connecting hammers to drill pipe and (12)
 
pipe to drill rig) (6)
 

e Borroc pins for bit body shaping

* Drill pipe hoist plug (2) (5)*
 

* Air lift piping for development in e Misc. small hose connections for
 
overburden - swab or other devices grinder*
 
fabricated in-country
 

9 Bentonite organic polymers,
 
9 Weldon air driven diaphragm pump drilling foam and foam additive**
 

with 4 inch suction hose for
 
grouting (1) * Thread grease
 

* 10 gpm 12 volt water transfer pump * Casing clamps and misc. small tools.
 
to fill water storage drums; powered
 
from truck electricity (2)
 

The total cost of the items identified above, without any contingency 
allowance, is $30,000 

* Many drillers reject the need or desirability of such 
accessories. 

•* See Table 6 for estimated quantities and costs.
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Table 6
 

Drilling Fluids for One Lightweight Drill Rig
 

The following quantities are anticipated to be a minimum amount for up to two
 
years of operation. However, usage should be monitored so a depletion of one
 
or more items does not stop operations.
 

Quantity Description* Estimated
 
Costs
 

100 Bentonite-Quick Gel 50-lb. waterproof bags 	 $ 900
 

5 Polymer-EZ-Mud 5-gallon pails 	 500
 

40 	 Quick Seal-used for annular grouting/lost circulation 1,000
 
50-lb. waterproof bags
 

2 Drill foam-Quick foam-55 gallon drums 	 1,500
 

5 Topco, lead-based, drill rod thread grease-2 gallon pails 500
 

** Esso-Dextron 2-Hydraulic oil 	 385 

** Esso-Airox EP/l00-Rock drill oil 	 715 

Total Estimated Cost (Exclusive of Export
 
Packaging and Shipping) $5,500
 

Trade names are provided for ease of identification. If
 
different brand names are bid, full identification of the
 
product must accompany the bid.
 

** 	 Approximately 65 gallons--in drums, 5-gallon pails, or 
combination thereof. 

Suppliers
 

NL Baroid/NL Industries, Inc.
 
P.O. Box 1675
 
Houston, Texas 77251
 

Economy Mud Products Co.
 
P.O. Box 35422
 
Houston, Texas 77235
 

IMCO Services Division/Halliburton Co.
 
2400 West Loop South
 
P.O. Box 22605
 
Houston, Texas 77227
 

Also: American Colloid and others supply/manufacture comparable products.
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5.3.2 Hydrofracturing Equipment
 

Hydrofracturing has been employed in the oil industry for about 40 years but
 
only recently in the water well industry. The concept is to increase yields
 
of low-producing water wells in rock by the injection of water under high
 
pressure. Theoretically, a pressure of 200 psi (14.1 kg/cm 2 ) will overcome
 
the weight of overburden material in a 200 ft (61 m) deep hole. However, to
 
actually carry out hydrofracturing, pumps capable of producing 1,000 to 2,000
 
psi (70.5 to 141 bar) are employed to fotce open the bedrock fractures.
 
Driscoll1 3 states that 800 to 1,000 psi is generally sufficient to fracture
 
formations that are somewhat fractured, but if only a few cracks are present,
 
much higher pressures are necessary.
 

In the New England states (USA), the operation is undertaken by first lowering
 
an inflatable packer into the bedrock below the casing and then injecting
 
water at 1,000 psi (90.5 bar). One well driller, in the State of Maine (USA),
 
reports achieving 75 percent success in at least doubling production from
 
wells which previously yielded only 1 to 3 gpm (3.8 to 11.3 1pm) with a
 
hydrofracturing pump turning out 60 gpm (378 lps) at 1,200 psi (84.6 bar). In
 
most of these operations the pressure dropped to 500 to 600 psi (35 to 42.3
 
bar) and held at this level for 15 to 20 minutes. Apparently the duration was
 
a function of the volume of water available.
 

A Massachusetts (USA) driller reported similar results but suggested that
 
success was a function of the time that was spent in pressurizing. He
 
increased one well from 5 to 25 gpm (18.9 to 94.6 lpm) but had to repeat the
 
operation 4 times.
 

Kyle Equipment Company of Sterling, Massachusetts, manufactures a 1,000 psi
 
(70.5 bar) model and a second with double this pressure. Both models deliver
 
about 60 gpm (378 lps).
 

Atlas Copco produces a similar hydrofracturing unit which delivers 90 gpm (350
 
lpm) at 2,000 psi (140 bar). This unit was used by UNICEF crews in Uganda and
 
results almost identical to those achieved in New England were reported.
 
Further description of this equipment is provided in Appendix E.
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Chapter 6
 

COMPARISON OF SELECTED DRILLING RIGS
 

Tables 6 and 7 compare selected equipment which might be considered for rural
 
well drilling programs. The list of drilling units is not meant to be
 
exhaustive but rather exemplifies a process of comparison between the units.
 
All of the rigs are trailer-mounted.
 

Beginning with the basic premise that at least 1,600 ft lb torque i:z a
 
requirement to operate drag bits in overburden drilling, the Deep Rock rigs do
 
not meet this criterion. Other problems with this equipment have been
 
idertified by many in the field, but it has met with acceptance by several PVO
 
organizations in the past due to the low cost of previously offered models.
 
The Remaire model does include a deck-mounted air compressor operated by a
 
separate 112 HP engine, but deck space is so tight that mounting a centrifugal
 
mud pump is not possible and no provision is made for a high-speed auxiliary
 
winch. Such a winch is desirable for bailer cleaning, development procedures,
 
and testing capacity of completed wells.
 

The Canterra offering does meet a 1,600 ft lb torque minimum, but barely.
 
This unit also includes a deck-mounted air compressor in a model which exceeds
 
both minimum output and pressure requirements. Mud pump output is less than
 
desirable and it lacks an auxiliary winch. The manufacturer and model of
 
water pump and hammer oiler are omitted from the literature but could be
 
provided if requested by purchasers, according to verbal discussion with
 
Canterra. This unit includes many U.S. components but is fabricated in
 
Canada. A U.S. office is maintained but it has not fully explored whether it
 
could meet U.S. AID procurement requirements.
 

Problems of weight are present with both the Failing and Mobile equipment to
 
meet the criteria expressed in previous chapters.
 

Weight is a major consideration in selecting equipment for a rural well
 
drilling program. Sometimes there is no alternative to specifying a rig with
 
weight in excess of that needed for servicing most rural communities. For
 
example, Mobile B-80s were chosen for Bolivia where depth and other matters
 
dictated such equipment. Even the Canterra CT-211s, mounted on Ford F-700s,
 
have been described as bridge-cracking units and these units are lighter than
 
the Mobile B-80 unit.
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Table 7
 

Top-head Drive Drill Rigs with 7,500 ib, or less, operating weight
 

Deep Rock Canterra 	 Simco
Manufacturer 

1 -1el Designation Ramaire CT-371 2,800 HS (HT)
 

3,500/
Torque (ft. 1b3/kg-m) 1,333/184 	 1,620/220 


0-95 0-120
Rotetion (rpm) 0-140 


Pull-Down (ibs/kg) 5,700-2,872 6,000/2,700 6,500/
 

Pull-Back (lbs/kg) 8,500/3,850 6,000/2,700 6,500/
 

Main Power Unit (mfg) 
 MWM 	 Deutz** Deutz
 

BF6L913/ -

Diesel Model No./C.I.D. -


No. Cyl./H.P. 3/51 (38 kw) 6/165 (123 kw) /100
 

for 10 ft. rods 11.08 ft/3.38 m
Stroke for 10 ft. rods 


Drive Head Movement swing out 
 swing 	out
 

Yes
Powered Breakout Yes Yes 


Manzell electric pump
Hammer Oil Injection Yes 	 Yes 

for 0-2 quarts/l.r.
 

Water Injection Pump Boyles-"Bronco" Bean A0410c
 

4 at 250 psi 0-8 gp" @ 500 psi
Pump Capacity (gpm) 


Mud Pump Mfg. Weldon-diaphragm Mission-centrifugal Mission-centrifugal
 

Pump size lxl-L/2-in 3 x 4 x 13-in.
 

+340 at 120 psi
Pump Capacity (gpm) 240 at 60 psi 180 at 145 psi 


Air/Fluid Swivel Course 
 2-in. 1-1/2-in. 1-1/4-in.
 

Main Hoist Capacity (Ibs) 2,500 2,300 3,500
 

3/8 in/80 ft
Cable Diam (in.)/length 5/16-in/- 5/16-in/120 ft 


Aux. Hoist Capacity (lbs) 1,000 1,000
 

3/16-in./500 ft
Cable Diam (in)/length 3/16-in/250 ft 


Trailer Mounting
 

No. of Axles two (2) 
 two (2) two (2)
 

8x15 - 8 ply to match hauling 8-14.5/12 ply (F)
Tire Size 

truck rate
 

Option 3 hydraulic 24-in.
Hydraulic Leveling Option 


7,500 lbs.
Total Operating Weight (loss N/A N/A 

fuel, water, tools) without
 
compressor
 

Total 	Operating Wt. with
 
N/A
Deck-mounted Compressor 7,000 lbs 5,600 lbs 


Compressor mfg. Sulair* Rotocomp (Bauer) Sullivan
 

450 at 190 psi 375 cfm at 150 psi
Compressor rating 350 cfm at 175 psi 


Price See Appendix F See Appendix G See Appendix H
 

Estimated Cost for separate
 
N/A 	 $26,000
trailer-mounted compressor. N/A 


operated by separate 112 HP diesel engine.
 

** 	 Current (1988) Cantorra has replaced Deutz engine with Cummings 6 BT 5.9 liter with
 

after-cooling turbocharged at a 177 H.P. rating.
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Table 8
 

Top-head Drive Drill Rigs with operating weight over 7,500 lbs
 

Manufacturer 

Model Designation 


Torque (ft. lhs/kg-m) 


Rotation (rpm) 


Pull-Down (lbs/kg) 


Pull-Back (lbs/kg) 


Main Power Unit (mfg) 


Diesel Model No./C.I.D. 


No. Cyl./H.P. 


Stroke (ft/m) 


Drive Head Movement 


Powered Breakout 


Water Injection Pump 


Pump Capacity (gpm) 


Mud Pump Mfg. 


Pump size 


Pump Capacity (gpm) 


Air/Fluid Swivel Course 


Main Hoist Capacity :lbs) 


Cable Diam (in.)/length 


Aux. Hoist Capacity (ibs) 


Cable Diam (in)/length 


Trailer Mounting 


No. of Axles 


Tire Size 


Hydraulic Leveling 


Total Operating Weight (less 

fuel, water, tools) **
 

Price 


Failing 

F-5 


2,500/340 


0-125 


10,000/4,545 


10,000/4,545 


Cummings 


6 BT 5.9/359 


6/145 


operates w/ 15 ft rods 


retracts 


Yes 


Bean A0411C 


6.5 at 600 psi 


Mission 


3 x 4 x 13-in 


300 at 150 psi 


1.5-in (38.1 mm) 


5,000 


Option 


available 


option 


Goose-neck hitch 


two (2) 


LT 235/85R-16E** 


24-in. std. 


14,000 


See Appendix I 


Gus Pech Mobile 
Bantam B-80 

5,000/680 5,559/769 

0-110 0-716 

15,700/7,136 11,000/5,000 

11,780/5,355 14,700/6,682 

Cummings Cummings 

4 BT 3.9/238 6 BT 5.9/359 

4/100 6/145 

12/3.66 14/4.27 

18-in. cross slide 18-in. cross slide 

Yes Yes 

Bean A0411c Venturi 

6.5 at 600 psi 6.5 at 600 psi 

Mission Mission 

3 x 4 x 13-in 3 x 4 x 13-in. 

300 at 150 psi 300 at 150 psi 

2.0-in. (51 mm) 1.5-in. (38.1 mm) 

3,000 7,000 

3/8-in/350 ft 7/16 in/100 ft 

1,500 2,600 

1/4-in/100 ft 15/16-in/100 ft 

Goose-neck hitch Goose-neck hitch 

two (2) two (2) 

12:00 x 16 10 x 15 (F rated) 

24-in. std. 24-in. std. 

12,000 15,200 lbs. 

Sqe Appendix J See Appendix K 

In an attempt to 
keep weight to a minimum, it is anticipated that all trailer-mounted
 
rigs would utilize separate trailer-mounted aiL compressors rather than deck-mounted.
 
A 1987 quotation for a Sullivan 150 psi/375 cfm compressor was $26,000/trailer­
mounted. Trailer mounting for all 
three drill rigs would be 2-axle with goose-neck

hitch for Ford F350 or "Chassis Cab" trucks--except that the Gus Pech could be towed
 
with the Ford F250 HO described in the text.
 

Failing requires eight tires on a two-axle trailer as compared to four flotation tires

listed for Gus Pech and Mobile. The Failing tires offer the advantages of being

identical to tires installed on towing truck, generally available in LDCs, ond less
 
expensive than flotation tires.
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Rig 	 costs vary considerably depending the
upon added equipment and
accessories. For instance, 
a simple request for a diesel-powered trailer­mounted rig that would drill rock wells by air percussion methods to 250 feet,
complete and 
ready to operate except without tools or accessories, could be
met 	by a Simco 280 HS (.4T) machine with a 27.5 HP 
rig with 3,500 ft lb of
torque, capable of running only 5 foot drill rods 
and capable of penetrating
only a shallow depth of overburden above bedrock. 
 The 	price for such a
machine would be less than $27,000. However, a request for the same 
basic
requirement would reach $41,000 if the following were specified:
 

(1) 	the stroke shall provide for 10 foot rods;
 

(2) 
a Mission 3x4x13 inch mud pump is to be provided;
 

(3) the diesel engine and hydraulic system shall be fully

equal to the mud pump, the
run perform drilling, and
 
operate a 0-8 gpm, a 0410C Bean water injection pump;
 

(4) 	include a main winch of 3 ,500-pound capacity, 
an

auxiliary wing (1,000-pound capacity and line speed of
 
160 ft/min or more);
 

(5) 	a Manzell electric pump 0-2 quart/hr oiler for hammer
 
operation;
 

(6) 	a water swivel of at 
least 1-1/4 inch inside diameter;
 
and
 

(7) 	a powered break-out wrench for tool joints.
 

The 	Gus Pech offer is nearly $30,000 
more than the Simco. It is heavier,
slightly exceeding trailer-towing pick-up ratings but actually designed for
that purpose. 
 Its depth rating for drilling is more than twice the Simco
model and presents an attractive alternative and a best 
choice, of equipment
examined, where drilling must reach 300 feet or more.
 

Literature and figures
cost provided by other manufacturers listed in
comparison Tables and are
6 7 included in Appendices F through K.
Specifications and evaluation of actual tenders should be done by experienced
people. 
The WASH Project offers such a service 
to USAID missions.
 

Other equipment, 
both foreign and of U.S. manufacture not examined, may be
equally suitable for rural drilling programs. However, requests for proposals
should be carefully worded 
to insure that what is proposed by one manufacturer
is comparable to that of another and will 
serve the purpose for which it is
 
intended.
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Chapter 7
 

TRAINING
 

7.1 Formal Driller Training
 

A recent check of institutions that 
formerly provided education in water-well
 
technology revealed 
that all of the U.S. institutions have dropped this

curriculum. The National Water Well Association's catalog (April 1981) of
 
institutions is attached in Appendix L.
 

J. Sargent Reynolds Community College, Richmond, Virginia, has provided

special short-term, 10-week 
courses for USAID in recent years designed to

provide foreign well drillers with some basic concepts in both groundwater

hydrology and certain drilling techniques.
 

The Sir Sanford Fleming Program, in Ontario, Canada, is still offered. This
 
program was and is generally reccnized as the best preparation for a drilling
 
career that one can obtain in the time encompassed in the program.
 

7.2 In-Country Supervision and Training
 

While many 
 drilling programs are operating successfully in developing

countries using local 
drillers, many other countries lack an adequate supply

of trained drillers and rig mechanics. The maintenance of drill rigs is a

particularly significant problem. Examples abound of drill rigs which have
 
been scrapped after only a few years of 
 operation in many developing

countries. Improper or less than optimum operation standards led
have to
 
poorly constructed wells and equipment with short life spans.
 

Specialized training in rig repair will be needed in most drilling projects.
Drill rigs are sufficiently complex that considerable attention needs to be 
paid to assuring rig maintenance and repair by competent mechanics.
 
On-the-job training is appropriate in many drilling programs although project

objectives must be clear as to whether the project is production oriented,
training oriented, or a combination of the two.
 

Training services are generally accomplished more efficiently through a
 
service contract with an experienced firm in the drilling business. Contracts
 
to purchase drill 
rigs should contain provisions for factory representatives

to provide specified training during the start-up operations of the rig and
 
periodically thereafter. In many instances, operations and repair 
manuals
 
will need to be translated into local languages. Short-term training experts
 
may also be needed in hydrogeology for 
locating drilling sites, geophysical

instrumentation, uses of fluid 
additives, inventory and warehousing hammer
 
repair, bit sharpening, casing and screen fabrication, and a variety of other
 
specialti-s.
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Chapter 8
 

CONCLUSIONS
 

It is the premise o1 this report that developing countries should rely upon
 
smaller drill rigs for their rural water supply pr)grams than generally used
 
in the past. Light-weight drill rigs have recently been developed which meet
 
the technical requirements of most rural water supply programs. Significant
 
savings in the purchase price and operating expenses of the smaller drill rigs
 
can be expected. Such savings are critical in finding low-cost means to
 
provide water supplies to the large number of rural inhabitants who presently
 
lack clean and accessible water. This report has discussed considerations
 
which are important in drill rig selection. A checklist of these
 
considerations is provided in Table 8.
 

While this report focuses on technical considerations, these are by no means
 
the only factors in undertaking a rural water supply program. The
 
institucional, community, and human elements of rural water supply are of
 
central importance and must be considered.
 

The management of drilling operations typically includes a combination of
 
institutional arrangement.. In some cases relatively more responsibility is
 
given to non-governmental organizations (engineering firms, PVOs, etc.) while
 
in other instances the government agencies retain overall responsibility with
 
outside organizations acting as advisors. In recent years, government
 
agencies have successfully contracted with private companies for specific
 
phases of operations, particularly drilling operations; this has become common
 
in several countries. Whichever form of management is adopted, adequate
 
back-up for drilling operations must be assured. This includes such diverse
 
but critical items as community organization, hydrogeological siting, fuel
 
supplies, spare parts supplies, support vehicles, and many others. Unless
 
these components are assured in quantities and timing to match the potential
 
high production rates of modern drill rigs, there is little value in investing
 
in such rigs.
 

A particularly important example of how institutional and management
 
approaches affect drill rig production is found in the remuneration of
 
drilling crews. Crews of these rigs often work under arduous conditions in
 
remote locations and for extended periods of time. Crews on straight salaries
 
have been found in many instances not to have adapted to the potentially
 
increased production of fast drill rigs. Wage incentives based on production
 
have been found appropriate to enhance efficient operation of the drilling
 
program.
 

At the village level, it is necessary to involve the community in all phases
 
of the program, from design through construction, and finally the continued
 
operation and maintenance procedures. Successful programs usually require
 
primary responsibility for operation and maintenance to remain with the
 
village itself. The procedures and responsibilities for O&M should be
 
thoroughly worked out and understood by all parties before the drilling
 
operations begin. Procedures and considerations for community participation
 
in water and sanitation projects are available in other WASH reports.
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Table 9
 

Checklist of Considerations Influencing Drill Rig Selection
 

1. Site Considerations
 

* 	 Is terrain difficult (roads, bridges, etc.)?
 

* 	 Can site be found near village?
 

* 	 Are local resources limited?
 

- for rig (fuel, water)?
 

- for crew (food, housing)?
 

2. Well Characteristics
 

* 	 Is 6" or less diameter borehole adequate?
 

* 	 Is 75 meters maximum drilling depth sufficient, 30 meters average?
 

* Will 	handpump serve or must other pumps be considered?
 

* 	 Is the well designed to prevent surface contamination?
 

3. Aquifer Characteristics
 

* What 	is range of rock type (hard rock to unconsolidated materials)?
 

* 	 Is aquifer low yielding?
 

* 	 Is aquifer difficult to locate, requiring repeated attempts?
 

4. Drill Rig
 

* 	 Are rotary and air percussion capability required?
 

* 	 Can rig lift the weight of the maximum drilling chain?
 

* 	 Is torque adequate?
 

* 	 Is the flushing system adequate?
 

* 	 Is the weight of the rig a factor in negotiating terrain?
 

* 	 Are spare parts available?
 

* 	 Is repair service available?
 

5. Institutional, Community, and Human Services
 

* 	 Is the drill crew properly trained in rig operation and maintenance?
 

* Does 	the drill crew have requisite wage and benefits incentive?
 

* Has a program of pump O&M been established?
 

g Is community participation assured?
 

* 	 Has health education been established as a part of the overall water
 
supply programs?
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Finally, it should be noted that the ultimate objective of a rural water
 
supply program is to contribute to the improved health of the villagers. The
 
provision of water alone is seldom sufficient. Water supply programs should
 
also include a coordinated program of health and hygiene education.
 
Approaches to incorporating hygiene education with water supply projects are
 
also available in WASH reports. Through programs of providing water wells
 
via low-cost drilling operations and integrating hygiene education into the
 
process, improved health for rural inhabitants can be expected.
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Ground water in hard rocks
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Table 2.2.3. I Repoited yields ftm wells in hard rocks of Afhica (United Nations, 1973) 

1Anearje P,oince Yield plr WelI 
Couotry ,ainfall (nt0 or aiea Rock types we ll (i /h) deplh (i) Remarks 

Ango Ia 1000 Si It h tteI ao pl i c s 0 6 (ac,.e 
(atl ti Weathered Fracture yields up to 80 m /h
 

I .c ton Ited 
lanrites to 10at 

Bot swIfa 100-2r0 Gamites, gneisses lindere petlIon.ll aco,
I able
 
si hridsI 0 1, to 10 geological :ondi ti% 

Ce,,Iral 110-11.00 Gneis.es, s.hlsts Of '.00 dtr el Is pit d ns , l inq
ilM, can aid l-1,a tzi Ies 0 5 to 5 1-15 196,769 90 % -Cee lp-intcl ve in 
Ile..b I c tie w- the,-ed layr ,Ibo e the 

Benin /50-1253 Centall G,an,e qneisses, 

re idn aica iC t -ti 

f ttrofpia I000-2000 Sdano G ,r , qnIe ss Weatthered layers po...ly developed
.ii st,, .t I.4 lells I .... alatfrl orI es low 

ant wato, fI etn, of toor rpaI i t y 

Ghana I0-200 Acc A plaIns G., qn , (ItZ aind 

,o,otite cIh I (a1schist S-Il 
Upper ainl Gi an, t e 
rorrrthen eg ion 0 . 11 .. Depl, based on 80 wet s2
 

Isory Coast 1(00-2000 Westen Pyginn G.,a,,iIe 2 to 5 10l-1 

lialdIai 800-100 Biotite g,eiss 5 60 (aver 
Gneiss ,/rlrl' I tes 0 5 JO 

Graphi te rnei sses t, 45 
Gneiss basa r.nIple.)I.2- 1.6 25-40 Avg. I 8 m/h 
Weathered to- of 

qne i t 2-5 25-40 Ang, 3.5 ml/h 

ft,,aUIrbl ,,e 500 Gene , 0tthogner Is. /"thIlc" si,,:lce wealhered lty­
granite ami (10-25 m/h1,eported) 
parag tel I-8 

Zitababue 300-1200 Central area 

9udan 0-500 jSontl hern Granite, gneiss, 

Kordolan schist 0 5-6 Weathered layer 10 to 50 mnt ic 

Sort, Picarr ian C, r.i te grie i sses ' alheedaI I ye , 10 tIo 150 i Ithick
A1, Ica 1,0 15(00 (ras en t aiea a Irschists 0 5-10 tetectel by elect, I,, es s st citV 

sureys. Arout 50 t ,il the hoe­

holes i 1 he ry tainntap water il 
eatthreed Iayer 

Soa Iland 500-150 Central area Gra"ite greiss 2 to 8 20-30 Weathered layer 10 to 30 m thick, 

Toot 100]0 apanqt Gr n I tr -gre Iss J-175 0-8 Di awdown : 6- 1I 
,nije Schlrss 5-I 0-11 A, tesian in par 

((atnl--y an Gneiss, graI Ite 25- W0 0-20 
acd rlr-iites 

lganda 1000 Geie a I G, ,n i t e ineIss .2-2 30-100 

Uuper Volta boO-1b0 General Ganit gneiss

alld SChllst S 2-"2 , n/i repot ed m ,Iu 

liafe 15(10-2a0 0,ien,-Ple Weatlheed Zone (n 1-8 25-100 0.2 to 2 speCLificyield I/s/e
 
P ecamrbr, an basement 

ia,,Iema '1 -" 
a s- Conqo 1 -8 40- I0 

It ibla SOO-so0 Katgh-o-chna Jealrete dJrani C- - 5 35 Qr-a t elcs ae sl iglh hn.,d 
9riels , rIoa s t neirs (yild imp to II is/h 

1,, ail I Pass 
and pegnalltes 
Biot iIe sclist 1-2 
Otait I neirs I 2 

Cotie I Belt 5chIst 1-2 
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Table 2.2.3.2 Reported yields from wells in hard rocks of tie Western hemisphere. India and Korea 
(after United Nations, 1973). 

Ao'e-dge Irro ince , l r rl W.II 

tty ai nfaI I In,.io, ar, a 'lck yp" ,/ ,.1 ,-i ) pe- (1:,) Rvre',n.Ls 

300 ,,iOr., 3I. 4 Sr,'riic, q"r',Ss, 0 3-8 W te.,'- d Iaye, ranqos from 5 to 
tlst l th r ( ver I 2> -3 5 ' rcL. W t -r c- n ly Contal rl 

tliit " C 5-h2l0)Ir'l~ War''- 4<} errar, ir/ iS t 

; < n 1I ''- " ' 3 t ( IS-dr.,t, . . 
I 7 7tfi0,', ( tny ec n,v ,) If- 0 0 2 C W',i I n-- I , I', ,t 7115, ,h (1100-qn. - Il . , , I ,r ( 

h '­

t3 'I , 1ne, , I3 i 11-,', S 

' 2<+ 1' 'I s ,) 

n ;00, ' t,C 1i, ,Inor '0 pO v 11 

I(1 -I 100 r r r IrG 1 i I e 1 i aI I
C,,I' r 0-2-i3' 139 r c Is) 

WeI h':oth qra nr It,- 200,n 

Sci t (g--e. 9.091 Cave, e-rarqr. -q 0.6-17 (22 we Is) 
Well ,th range :30- 146 

Gneiss YIeldj5. 1a r.) b8 (a Yer ,wrqe: 0,5-21 (36 wells) 
r'Well etrrthi nge: l,-2135 

Uniled 5UO-1000 ItP edront.neI -.. i.onnt s anrd rc-, 3 t, 10 40-50 Weathered layer rar-qe, from 15 to
States 
 ter n Wost nn-onIsoteO with occasionally 30 m thick. Water genetally 

Stes L 0Vt'''r n 20 o C cont ains less than 500 mq/lI 

he. Enl .-nInji I 

t.nr rctrct 6rv .) h awe,.) B. sed or,21 eI Is'2.6 Ia-e 
sri-n 2.4 ' l(0 Ba sed c, 261 wells 

Schist II 44 Based on 63 wells
 

he. Jersey Biotit' 'In, cs 7.2 137 [iased on 29 weI Is 
G,ani ttu io, r le rldt, .1 4it3 Based on il we Is 

y I - eusIGr ani te 
and 'Ir e is 1.9 4,, , ised orr 162 wells 
Arpiri b litetS I. 

1 
,9 Base, d On 31 wells 

5,.J, I a ( ,iorite 
rqnrss 1. " Based" 71 on 331 VlI 3Ils 

1000-2100
1uglay outh Granite. tqnes.s 0.2 to (3 20-40ree Ia,- r phi cs l a • 5) so. car.: 0.l to 1.8 m3/h+/m. 

The pressing need for obtaining even a limited water supply (less than I gpn, or 0.2 itIl / h has promipled random 
drilling, augniented occasionally b, preliniuiiary geological evaliltiois. l)rilling has been conduCled in many areas 
underlain by haid locks. ,and(voluniillils data eisulting tromt such tiilling indicate a broad range in lie productivity of 
such rocks. It Blrazil. for examiple, iplroxiniatlly (0 per ctent of lie ctuntrv is undtirlin I,\ igneous and Inielhinorphic
rocks. Reboucas (1 78) relpOils (hat approximately 15.)000 wells have becnt drilled in flacltied crysialline rocks, of 
which 92 per ceiit wet considered siccessful. Mal' such wells have ')Cell in use for more tihan 30 years. The average
specific Capacity of Ile siccessful wells is 0.1 of diawdownonr'/it which is consislerl with previous invesligations
conducted ill other c0rtitries (see Figures 2.2.4.3 - 2.2.1.15). A (t ltedeph liritiltioi was suggesle(l ;Is a litaxirItuill 
econoittic drilling depth. I his principle is tollowc(l inr ultlly couliitris. 
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APPENDIX B
 

Support Vehicle for Drill Rig Crew
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SUPPORT VEHICLE FOR DRILL RIG CREW
 
FORD F250 HD
 

(Two vehicles per crew required)
 

FORD - 250 HD 4X4 with 

- regular cab, standard trim, 8-foot body box length and 
155-inch wheel base 

- 170 HP 6.9 liter V-8 diesel engine 

- automatic transmission (best for trailer towing) 

- trailer towing package (see attached literature for 
details) 

- skid plates
 

- LT 235/85 R-16E all-terrain tires (spare for every 
other truck) 

- auxiliary fuel tank
 

- 72 amp/hr battery 

- do not want automatic locking hubs as they just use 
more fuel. 

- do want locked rear and front axles to prevent 
spinning in problem soils 

- rear axle ratio 3.55
 

with GVWR of 15,000 lbs.
 
GCWR rating of 14,000 (or more) - Gross Combined
 
Trailer and Load Rating
 
Curb weight of approximately 4,350 lbs.
 

Anticipated "FAS" price of approximately $14,500
 
Contact Jack Lasher or Mr. Frankeroli: (313) 344-6285
 

Fleet and Gov't Sales/Ford Export P.O. Box 600
 
Wixom, MI 48096
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FORD F-SERIES 
PICKUP FOR 1987 TRAILER TOWING

PAYLOADS & DIMENSIONS NOONEOUTPULLSFORD 

Ford pickups have the largest rated trailer4x2 towing capacity inthe industry, bar none.
I oPad.Pickup Box Lenlh' Series No, Payload" GVWR ris Pickup GCWRs go as high as 14,000 pouncwith optional high-torque 6.9 liter diesel, anRegular Cob Pickups / the way up to 18,500 pounds with the big-c615'-f F.150 IFloreside 1,3001 j.*,800b P215/75R.15SL 7.5 liter gas V-816'--f.tS tede T150 1 1,325tb. 4,800 Ib P215175R-15SL61'.fi Flomide F.150 2 1715 th 5,250 b P215f75R-15SL + If you have an intermediate size trailer, the64A S.te IF-150 2 1,7401b 5,250ib P215/75R-15SL + F-250 4x2 (under 8,500-lb. GVWR) with 5.8-I Syeside F-150 1 1,315 L 4,9001b. P215i75R-15SL liter High Output V-8 and recommended trc8.f S Je F.150 2 _830 b 5,450 Lb. P215/75R.15SL+ towinq equipment is rated to handle GCVV8.f6Syeside F.150 3 2,585 h 6,250 b P235/75R.15X1+ to 13,00 pounds.8h Styleside F-250 1 2,485 1b. 6,4001b. LT215/85R.16C8.ft Seside F-250 2 3,725 7700b LT235/85R.16D + Both 4x2 and 4x4 pickups offer a complete8-kt StALes F-250HD IX 4,490lb.Duol Rear Wheel 8,6001b T235/85R-16E Trailer Towing/Camping Package that provicF-350 1 5,450b 00 T215/5R.16D(DR)Supercob Pickups all the basic ingredients for recreational or v

_--_'--_towing. Consult your Ford Dealer for all the6MA.f.Seside F-150 1 1,9801b 6,0501b. P235/75R.15XL details concerning specific equipment

.8. St6sde F-150 1 2.075lb. 
 6,2501b. P235/75R-15XL requirements andrestriions.8-h Sleslde F.250HD IX 4,135 lb 8,800 lb. LT?35/85R.16E

Crew Cab Pickups I_________
 

8.k StYesde F.350 1 4,1951b 9,200b. LT235/85R.16E8fi Syieside F.350 1 4,795 lb TRAILER/TOWING'Non" 11M" - os,, o o op@%f , 100 1b --------­gWWM, (W90 body .WWOqe LT215/85R.16D(DR) ,,---__AMPERPACKAGE4 1",Odopt Not CWAFor~u.wd D~fOfoChOM.Coto,,,q focfw,,Cobmlt o b This package includes: 
4x4 * Front and rear stabilizer bars*
 

Pickup Box Length' Series Pyoo Heavy duty front springs
N.No. Paload" GVWR rl'is o Heavy duty front and rear shock absorberRegular Cob Pickups 
6tY"-f Foreside F-150 1 2,200 lb. 

Quad front and heavy duty rear shock6,100 lb. P235/75R-15XL ad onand h e utar sh o63.f.Syeside F-150 1 2,2201b. 6101b. P235/75R-15XL absorbers on F-150 Regular Cab 4x4 mad8.hSyeside F.150 1 2,275 lb 6250b ,P23515R.15XL e 72 amp/hour maintenance-free battery w8-ft St*wele F-250 1 2,350 1b 6,600 b LT215/85R.16C 650 cold cranking amps (with 5.8L engine8t Syeside F.250HD 1 4,120b. 8.600lb. LT235/85R.16E8.h syeside F-350 1 4,320 o 9001b L1235/85R-16E * Bright low mount swingaway mirrors onSuperCab Pickups Custom trim Reqular Cab single rear whee8.fStyeside F-150 1 ,750 1b. 6,2501b. P235175R-1SXL Styleside models8.1' Syeside 1.250HD 1 3,6601b 8,800lb LT235/S5R.16E e 7-wire trailer towing wiring harness
 
Crew Cob Pickups
 

ItSyde F-350 1 3,825 lb 9,200 lb. LT235/85R.16E * Heavy-duty flasher

"Now-ol -Wo MNof p.W"'b,,,o,,.oo*,and.0,,EXTERIOR DIMENSIONS Super engine cooling* Engine oil cooler and electric fuel pump (wi 

the 75 liter 4V engine)
Box I 1W -o .Auxiliary*o transmission oil cooler withCobTo Series WB in.) ft.) Width in.! LH (in.l" CH (in.)- LH(in." CH (in." OALini automatic transmissions 

STYLESIDE PICKUPRegular F.150 116.8 706Y. 30.2 69.8 33.3 73.8 194.1 'Heavy duty rear springs replace the stabilizer bars onF.150 133 8 70 29.2 69.9 
a

32.8 73.2 210.2 F-250 HD 4x4 pickups with the 6.9 liter diesel inF-250 133 8 70 32.5 73.0 34.2 75.7 210.2 combination with Super Engine Cooling or airF-250HD 133 8 70 34.4 744 36.3 76.7 210.2 conditioning and F-350 with 133-in. wheelbase.F.350 DRtj 133 8 70 33.0 734 38.6 78.5 210.2 Some equipment shown on these pages may be optiorSSprCob F-150 1388 706. 31.4 72.1 - " - 216.1 See options list on pages 20-21.
F-150 155 8 70 313 71.9 33.2 740 232.2F-250HD 155 8 70 342 746 36 0 770 232.2Crow Cob F-350 1684 8 70 34.1 74.6 78.335.6 245.7
F-350 DR 168.4 8 70 32.9 74.1 ­ - 245.7 

FLARESIDE PICKUP
Reular IF-150 - 168 1 6Y.I 54 J 302 69.8 1 333 1 73.8 193.6 

,. s.,, d 6"m AMdW oci,I,,. v * , D.,or ,A iop 6g,4i i6 owqi A* 4,.5w ,W6wfMd 2.2- lotd ,ipw tt ,.hI, w n, dol .xJm4,fodirm , 
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FORD F-SERIES 
4x4 

-F.|SO 1-2S0 .250 HD 11.350 RegCob F.SO CrewCab 

Reg Cob Super(CobReg ReC SCb SRWCb I Sper.bI SRW 
Mai. GVWR (lb.1 6,250 6,250 6,600 8,600 8,BO 9,00 9,200 

AA,front
(mos. 
rating 3,550 3850 4,600 5000lb.) 3,550 3,850" S-0 

Axle,rear (max. 
rating lb.) 31 5,300 6 6,250 6 506,250 6.50 

Irohei, power Sid. Sid. Sid. Sid Sid Std Sid 
CVich (h draulicci:tvahion) Dio. 10" 10, 10" 1 11 1 

Electricol: battery Std. 5A. 54 54 54 54 54 54 
(amp.hr) Op. 72.• 72-,'. 72. 72 . 72 72 72 

lfernolor (amp.) 60 60 60 60 60 60 60 

Engne (displ.) Std. 4 9LEFI1-6 4.91Efl1-6 4.91EFl1.6 	 5.81HO 581 HO 58L HO 5ELHO 
V.8111 V.80: V.8n) V.8p" 

Opt 	 50 LEFIV.8 5.0LEFIV.8 501 EF;V.8 7.1 V.8 7.5,V.8 
5,81 H H 51 HO 5 8LHO 7.5LV-8 7.5LV-8 69LV. 69LV.B 
___-______ V._ V.8_Del D.,,,el
• '' -6.91. V.8 6.9L V-8 

D-ewel Dlesel 
Fueltank capacity (gal. 

SWB Std. 16.5 - .... 
LWB Std. 19.0 1380 190 19.0 380 190 2E0 

AuL tank capocity (aoI.0 - . _ 
S'E up1 19.0 - • ----

IWs Opt 19.0 - 19.0 19.0 -9 

Hubs- 6te.runnrng, I 
urrnuol loaking Sid. Sid Ski. Sid. " Sid. Sid Sid. 
Auto-locking Opt, O_ _ 

Shocabsorben 
Gos.prtsiurized,
 
front and rior Stj. Sid Std Std. Sid.
 

HD front Opt Opl Opl Sidand rear C.I OL1 Sd 
I
Sprit: Std. Call Corl Tapered leaf. Tapered leof. Topv;reao TDeed leaf. Topered leaf, 

Front Corstnt,rote Consle Contorroe Consantf ole Contontlraet 

2-staeleaf. unl, eraf, 2.-stoea'.2soc!e 2.sogeleaf.Rear Sid. 1 feaof, 2sfo 2.s1 2-sfoo e leaf. 
nbol_ loerole_no 'ale We re eorae 'vo'caie,,.o,_aIte von-,le ",onct roe 

Opt Heovy.duty front and auxilor rear srjnrd flomony models Seeyour Ford Deorer 
S Power Power Power Power Power Power Power. 
Tron rision Std. 4.spd monuol 4.spd. manuol 4.spd manual moulpdA.d manuol4.tpd manual 

4.spmanual 	 monual 

Opt 	 4-spd SeledShki SelecShrlt Sele:tShAmanual SelectShff SelecvShA SelecSltlh 
Ovnrdrire OVo outo auto Ouo auto o.1O 

Sele.SA AOD AOD 
auto 
AOD 

M elis; 5-h:le. 5,hOle, 8.hc'e 8 hole, 8.hole. 8-hoe, !,40

type/rim sioe Std. AS 6K (41 6Kldt 6K;A4[J(516J 6K (4) 6~4 

Tirel.tubless Sid. LT2!5'85R 173.,5 0T23515R LT 25ZP235,"75R P235175R L7235/85R 23,., 

15XL 15XL 16C 16E 16E 16E I6E
 

onorloble to Dnvood Dorckoae reuiremeS C i.stt rord Dealer' .raetOptI Tueiess trs are match 	 ou, :Ice-

NA 	 Cohlo, ..EFt- Eler Fuel HO.High Op, HD - Ha D,*y DIW CkK Rev, Wlveis 'l( . a 

POWERFUL ENGINES 	 DIESEL POWER,TOO! 

The 5.0 liter V-8, the most powerful small The 6.9 liter diesel V-8 isavailable in the F-250 
V-8 in a full-size pickup, also offers you the HD and F-350 Series pickups. With its 170 
advantages of multiple port ER plus the added horsepower rating (150-hp for high altitude 
performance that's ideal for trailer towing and areas), it is the biggest and most powerful diesel 
other applications that require the excellent engine offered ina full-size pickup. 
balance and power of aV-8 engine. 
The 5.8 liter High Output V-8 engine 
provides outstanding true-truck performance. It 
features a big free-breathing 4-barrel Holley 
carburetor and a special low back-pressure 
exhaust system. It's an excellent choice for 
handling trailers up to 9,200 pounds. 
The 7.5 liter gas V-8 isthe biggest engine 
available in a full-size pickup. Itgives you the 
optimum inbig V-8 performance for trailer 
towing, big campers and rugged commercial 
uses. 
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Down-the.hole drills Reg. code 
COP32-COP42.COP52•COP62 A. U '_ AMLTAB2 

COP DTH-115Principal data in SI and British units 
1986 - 04 

COP 32 COP 42 COP 52 COP 62 
SI British SI British SI British SI British 

Dimensions and weights 
Weight excl. bit ............ kg (Ib) 
Length excl. bit ............ mm (in) 
Piston diameter ............ mm (in) 
External diameter .......... mm (in) 
Stroke length ............. mm (in) 
Spanner width (back head) .... mm (in) 
Connection thread (back head) .mm (in) 

23 (51) 
925 (36.4) 
60 (2.4) 
77 (3.1) 
100 (3.9) 
50 (2.0) 
Rd 50-6 
Female 
alt. 
API 2 3/8" 
REG. Male 

35 (77) 
960 (37.8) 
76 (3.0) 
96 (3.8) 
100 (3.9) 
65 (2.6) 
API 2 3/8" 
REG. Male 
-

-

66 (145) 
1150 (45.3) 
92 (3.6) 
118 (4.6) 
100 (3.9) 
65 (2.6) 
API 2 3/8" 
REG. Male 
alt. 
API 3 1/2" 
REG. Male 

93 (205) 
1280 (50.4) 
112 (4.4) 
138 (5.4) 
105 (4.1) 
95 (3.7) 
API 3 1/2" 
REG. Male 
-

-

Air consumption 
at 6 bar (87 psi) ........ 
at 10.5 bar (150 psi) ..... 
at 18 bar (260 psi) ....... 

I/%(cfm) 
I/s (cfm) 
I/s (cfm) 

40 
77 
-

(85) 
(163) 
-

62 
115 
200 

(131) 
(244) 
(424) 

65 
130 
220 

(138) 
(275) 
(466) 

100 
200 
350 

(212) 
(424) 
(7421 

Air consumption with choke plug 
at different operating pressures: 

at 6 bar (87 psi) ........ I/s (cfm) 

at 10.5 bar (150 psi) ...... I/s (cfm) 

With 4 mm 
choke plug 
50 (106) 
- -

With 4 mm 
choke plug 
103 (218) 

With 5 mm 
choke plug 
71 (151) 
With 7mm 
choke plug 
102 (216) 

With 5 mm 
choke plug 
132 (280) 

With 7 mm 
choke plug 
105 (223) 
With 10 mm 
choke plug 
125 (265) 

With 7mm 
choke plug 
200 (424) 

With 7 mm 
choke plug 
140 (297) 
With 10 mm 
choke plug 
160 (339) 

With 7 mm 
choke plug 
260 (551) 

-

-

-

-

With 7 mm 
choke plug 
185 (392) 

With 10 rm 
choke plug 
255 (541) 

With 10 mm 
choke plug 
325 (689) 

at 18 bar (260psi)....... I/s/cfm 

With 4mm 
choke plug 
- -

With 5mm 
choke plug 
250 (530 

With 7mm 
choke plug 
350 (742) 

With 7 mm 
choke plug 
480 (1018) 

With 7 mm 
choke plug 
330 (700) 

With 10 mm 
choke plug 
420 (890) 

With 10 mm 
choke plug 
550 (1166) 

Standard drill bit dimensions mm 
Sandvik Coromant 

(in) 85 
90 
100 
-

(33/8) 
(39/16) 
(315/16) 

105 
110 
115 
125 

(41/8) 
(45/16) 
(41/2) 
(4 15/16) 

130 
140 
-
-

(51/8) 
(51/2) 

150 
155 
165 

(515/16) 
(6 1/8) 
(61/2) 

Working pressures ........ bar (psi) 6-12 (87-174) 6-25 (87-360) 6-25 (87-360) 6-25 (87-360) 

Ratings 
Impact rate at 6 bar (87 psi) . . . Hz (blows/min 21 (1300) 21 (1300) 18 (1080) 17 (1000) 

at 10.5 bar (150 psi)Hz (blows/min) 27 (1650) 27 (1650) 21 (1290) 21 (1300) 
at 18 bar (260 psi) Hz (blows/min) - 35 (2100) 28 (1700) 26 (1600) 
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Technical specifications 
OP 62COP 52COP4P 32 

6-25 bar6-25 bar6-25 bar6-12 barOperating pressure
Standard drill 85mm 33/8in 105mm 41/8in 130mm 	 518in 150mm 6 in .' 

51r2in 155mm 6118in 
bit dimensions 90mm 3112in 110mm 4sn6in 140mm 165mm 61/2in ,4m 1mm 41/2i i 	 ...m 5 in100mm 125 mmf "" ' " 

ODEX 165 .- ODEX 115. ODEX 140 '14m 5si
ODEX equipment ODEX 90
Casing tube 

194mm 75/8in140 mm 51r2 in 168 mm 65t8 in4112 inoutside diameter 114 mm 
.

Air consumption at . 
100 I/sec 

6 bar (87 psi) 40 I/sec 62 I/sec" 65 I/sec ­

130 Ilsec 200 I/sec 
10.5 bar (150 psi) 77 I/sec 115 I/sec 

220 I/sec 350 I/sec200 I/sec18 bar (260 psi)
Weight" 

23kg 501bt . 35kg 77 b" 66kg 1451b 93kg 2051b 
excl. drillbit 

Length	 1280 mm 50 in
36 in 960 mm 38 in 1150 mm 45 in925 mm 


RD50-6 Female API 2318" REG Male. .alt. API 3 112" REG Male [
 
excl. drill bit-

API 23/8" REG Male API 3112" REG Male 
alt API 2 318" REG MaleConnection thread 

1,000 blows/rmin1,080 blows/min
6 bar (87 psi) 1,300 blows/min 1,300 blows/min 

1,300 hows/min 1.290 blows/min
1,650 blows/min 1,650 blows/min10.5 bar (150 psi) 	 L 160.0 blows/min2,100 blows/mi.i 1,70C. ,ows/min

18 bar (260 s _ 

Atlas Copco experts are always available to match the new COP Downhole Drills to your 

equipment combination They take all factors into consideration type of bas to be used. 

drilling patterns, adjustment of rigs and compressors, as well as care and maintenance 

schedules. Factors that will help you attain max;mum drilling performance. 
For detailed information on Sandvik Coromant rock drilling tools and Atlas Copco 

compressors, drill rigs and rock drills, ask for our special brochures. 

High shift capacityLow air consumption 
Penetration taie 

Air consumption nImin COP....0..0./sec-	 mm/m 
32 0 11 mm dll 

High Output. The combina- 600 52 0 130 mm diill 
COP 62 0 165 mmditii60COPtion of well-matched impact 

500 	 62 500.20 
-COrate, large piston area and 

heaA piston, givesl cpact 2 45
400 	 / 4,the OPDownhole Drills r/- /i- COP 52hayipcpitn esra 	 12high output capacity over a 	 42 300 

-COPoperating pressure extend- 300 
8ing from 6 to 25 bar. Opti- 20	 200 urat so 	 -ps 

mum operating 
E]4

the DTH-drill is 15-20 bar 100 CC 20 i00 CO 00 

from both capacity and eco- I 	
0 o 

nomical point of view. 
5 10 15 20 25 

(73) (145) (218) (290) (363) 
5 10 15 20 

Operating pres,ure bal (psi) 
(73) (145) (218) 290) 

64 Optimum ODerating pressure at the DTH-i-dill Operaing pressure bai (psi) 
-



APPENDIX D
 

Mud Tank 

- 65 ­



MUD TANK WITH BAROID- MINI DESANDER
 

MklD 

FiI['1 1 RIGtAIIII 1 ,- [ 1 w N II NOTE
PRESSURE AT MUD MIXER -HOULD 

HAND HE I'M PI fINIFAIJM 
VAV AnOID- 2' HOLD 201TO 4, PSTI PRESSijISE 

MI o At DESANnER 
3 RUN DESANDER FIETWEEN RODS 

4 
UNTIL DESANDER UNDEPFLOW CLEANS

HIGH %0tI1% IIOPE AT UNnER 

rfLnW WH-EN CLEAN ItI 
A S4I4AY 

ECO0,4Fc 

, WHEEL'; CAN FIE ADDED AT nEAR or 

~I MINIMI IM 
Pit 1O Air) IIANDLING 

RIG PUMP SUCTION 

ICUT 011I lllII|)x ,-,,' 

MUD PIT 
APPROx S:IZE 4 TO S DRAIN 

4 it 8 ,, I 0FEP 

STRUCTURE MUST RE 
STRONG ENOUGH FOR 

DUMPING PROCEDIJRIE 

SUPPORT PiPE FOR/
STPORTH P SFOR/~STFIENCT,71- 8%IIFFNF',;.; 

IA I I ES ROTTOM 14ALF SOLID 
TOP HALF EXPANDEDMETAL , MESl! 

A 'N Baro,,d 
vjW tP.,, .lAY Il! I I1I I- I'NAI 

11'1111 I I IIIlf,11 NL BaroldrNL Indstirops. Inc 
PO Slt 1675 HCXl,;Ion. Tewa. 77251 



--

NL BAROID
 

SUCTION HOSE SUGGESTED DESIGN JET/HOPPER MUD MIXER 
TO QUIK-GEL SACK FOR PORTABLE RIGS 

-Ya" RUBBER HOSE 
3Y " NIPPLE MAKE HOPPER SMALL2"E T
2Z TEE REDUCER AND STEEP SIDEDR 
 C E 


1 
 2"---


'TO 12ALTERNATE SET-UP L N 

12"J_.___.]/2"TEE 2" NIPPLE8'TO 12' LONG 
L11 -TEE 

2'" ELL 
co 

16" TO 18" APPROX. 

HOSE FROM PUMP 
2" NIPPLESLIP FIT OVER JET 

6" OR 8" LONG
FOR SAFETY JET - '4"or %" - PLACE 

14" FROM SHOULDER 

OF 2" TEE 
NOTE: HANG MIXER THROUGH 

APPROX.-218" 2" ID. . WELDED IN PITNEAR PUMP SUCTION 

NOTE: TO MIX. GET ALL THE PRESSURE POSSIBLE 
ON JET - UNTIL YOU HEAR CRACKLING BaroidSOUND IN HOPPER/JET - THEN POUR I WliN QUIK GEL SLOWLY NL Baroid[NL Industries. Inc 

PO Box 1675. Houston. Texas 77251 
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____ AQUASPLIT HFU 140B (basic system)
The simple and effective means of opening up c-ogged water well drill holes 

A, p 

using a hydraulic expanding packer and water at high pressure. Drill hole
diameter up to 61/2 inches. 

HOSE DRUM


OHAND OPERATED WINCH ( ISLEGN 

OHIGH PRESSURE 
WATER PUMP 

HAND OPERATED
 
HYDRAULIC PUMP

WITH TANK 

PACKER WITH(70OPERATING VALVES METAL SKID FRAMEQ 9 RUBBER SEALS 

ACE E 105050 

Atlas Cpco Energy AS 
S- 105 23 STOCKHOLM Telex 14090 cooco S exda.,. fOSweden Tel .4608 743 80 00 'I miii­



1An IVECO, type 806 1.75 kW, 2 300 rev/min diesel engine.The enginehas automatic switch-off system for high water temperature and low oilpressure, and is equipped with tachometer and indicators for time,temperature and fuel. Fuel tank capacity 120 litres.
2 
 High pressure water pump delivering 350 I/min, maximum working pressure140 bar.
3 High pressure hose drum with three 45 metres high pressure hoses; one11/4 inch water hose, maximum working pressure 180 bar and twohydraulic hoses, maximum working pressure 700 bar. 

/4 inch 
4 A hand operated hydraulic pump for expansion of the hydraulic packer.Maximum working pressure 700 bar-The hydraulic tank contains 8 litres oforganic, non-toxic oil.

For effective control of the packer, there are one hydraulic oil valve with oilpressure gauge, and two water cut-off valves.6 
 A hand operated winch for easy handling of packer and accessories.

Maximum pulling capacity 1000 kg.
7 Double acting hydraulically expanding packer with rubber seals diameter
41/2 inch.Options up to 61/2 inch are available.8 The components are mounted on a metal skid frame measuring2400 mmx 2 500 mm. Approximate weight 900 kg. 

11 = 0.26US gals1 m = 3.28ft 	 1kg = 2.201b 
1kN = 100kp 	 1 bar = 14 .50psi

il/s = 2 .12cfmI Nm = 0.10 kpm = 0.737 lbf.ft 1 inch = 2 5.4 mm 

In accordance with our policyof Progressive product improvementspecificationsmay be changed withoutprior notice 



HYDRO- FRAC
 

Oilfield Well Development Technology 
now available to the Well Drilling Industry. 

* 	 high pressure, fresh water stimnulation of 
marginal yield drilled wells. 

" 	 complete, simplified, scaled down version 
of oilfield system. 

* 	 designed to be carried on a pick-up or 
light utility trailer. 

Contractors report successrate approaching 100%. 

It Works' 
It's Economical! 

It's available for immediate delivery at: 

KYLE EQUIPMENT COMPANY
 
14 Legate Hill Road 
Sterling, MA 01564 

1 -800-426-6377
 
In Mass: (617) 422-8448 
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RAMAIRE
 
Specifications
 

* Drill head torque - 16000 lb./in., 184 kg-m 0 Hydraulic system pressure -
O Drill head rotation - 0-140 rpm 2500 psi, 172 bar 
" Drill head travel speed - 0 Air compressor ­

1.2 ft./sec., 365 mm/sec - Rotary screw ­
* Pull down capacity - 5700 lb. max., 2582 kg 250 cfm, 118 I/s, 150 psi, 10 bar 17,y 
" Lifting capacity - 8500 lb., 3850 kg Optional - 350 cfm, 165 I/s, J4< psi, 10 bar

E Mud/Air rotary swivel - top feed, direct drive," Engine - 51 hp, 38 kW, three cylinder diesel double bearing, field replaceable packing

for- 90hydraulics four cylinder turbo-charged *0Dilse ­hp, 67 kW, Drill stem

diesel for compressor Standard (upset joint), 10 tt., 3m, 2W' 
* Optional 112 hp, 83 kW six cylinder turbo- Mayhew Jr. with breakout lugs

charged diesel Optional (flush joint), 10 ft., 3m, 3'2" with 
* Hydraulic pumps ­ 2/ea IF. (API)

- Hydrostatic 25 gpm, 95 Ipm 0 Auger attachments and accessories avail. - Piston pump 13.6 gpm, 51 Ipm 0 Optional high speed 0-950 rpm coring 
head 

* Optional mud pumps 

RAM IK 
All of the popular and proven components of our successful RAMAIRE, less the on-board
 
compressor. A variety of mud pumps and other options available.
 

RAM 6A 
Designed especially for the driller that wants to auger only. Solid core, hollow core, split
 
spoon, hydraulic cat head, much more.
 

The entire DeepRock Drilling Rig line is available as a skid mount, trailer mount or truck mount.
 
Call the factory direct on our toll-free watts line for a quote on the rig of your specifications.
 

'Our rowtntuing effort to irriptove Ilis eqwJlymen niny result in soeciica,0on changes withot notf, tcatio 

[Jeep, ck
 
MANUFACTURING COMPANY

2200 Arn Jerson'r finaj * OIeika Alabaan 36802 U S A 
CALL TOLL FREE 1-800-633.8774 

AI5l a - - :P U S A -1l 12051 749 3171 
1.,:. s 1 11 flOnO(K 

6 1986 DeepRock MIg Co 
26760,
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-- RAM 18
 
Specifications
 

head torque 7500f lb -inDrill (26 kg-m) 

"Drill head rotation - Dual Speed, Bi-Oirectional,
(HighDrill head travelspead.130 rpm ) (Low 16 rprn)1 2 ft/sec(366mm/sec) 

40 Pull down capacity ­5700 lb. maximum 

(680 kgp) Tr ie.ere d i h
w 1 0 b............. 


(680 kg)
0 Lifting capacity - 8.500 11) (3855 kg)
" Engines -18 hp (12.7 kW) two cylinder

gasoline stan~dard 21 hp (15,6 kW ) two cylinderdiesel optiona!l 


h"g 
• Hy rauich~ sla e 25 gp (9,6 1,m);
ump

Hyd aulic pumpf, - o a, 2 2 5m ,6)ii(h gp st 6g3 ,11 n)Tire
head*"Hydraulic system pressure -2500 psi (172 bar) 

" Hydraulic reservoir - 15 gal (68 1) 
• Hydraulic filter -10 micron, clogged filter warningindicator 


"Hydraulic oil - 150 SSU-95 VI (General purpose) 

40Mud pump - 2 in 
 (50 mam) suction, 1 V12in. (38 ram) 
outlet, 81/2 in (216 nmm impeller w/ 18 hp Engine(12,.7 kW ) at, 

head2400 rpri 20Ogimi 0) 130 ft epad (56 psi)55 mL,'hr ra)40 m 

head --
head2800 rpt . tru150 ql1pin 0, 200 ft70head (86 psi) 41i( rri/hr na 61g in 


3200 rpri • 75 gpin (a)230 ft 
 head (121 psi) 20 ml/hir na 85 m 
*Mud/air rotary swivelflea- - side feed, direct drive, 


double bearing, field replaceable packing. 


*Our continuing effort 

9 
1 

Drill stem-

Length ............................. 

W eight .. ..................
Tool JointDiam eter - Mayhew'Jr'................ 


1 

10 ft. (3 3 nn 
..... 50 lb. (23 kg .,.. . ..2 
, i (6 m m 

Material ........... Tool joints 
- 4 130 heat treated 
I................... M id-body - J-55

Chain -BL 634 leaf chain, 1 7 000 b (7700 kg)average tensile strength 
0 Trailer-
Tongue Weight ................... 
 150 lb, (68 kg)Towing Speed .............. 
 45 mnph (72 km/hr)
Trailer Construction - 4" x 2" x 3. 16" structural 

tubings,,ze. ....Drlltm p . . . . . . . . . . . . .
p P2 15 , 14Ball hich ............... I........... 2 in (50 mam)
 
Hitch actuated hydraulic brake 
• Dimensions.-
Length .......................W idth ......................... 163 in. (4140 mam )

8 1 .(2 5Height .......... m )
78 in. (198 1 mam) trave p2057tmo) 
.. ............. 
 198 in. (5029 ram) drilling position 
W eight . . . . . . . . . . .
 9 0 ls 1 0 gOptions.." 
-

.... 39 0Is.(80 gDown-the-holeOpin hammers 

-Mast extension w/winch 

Foa pyrumpath s 
Lights2x3 Mud pump w/31 hp diesel engine 

-Other options quoted to purchaser'sspecifications 
to improve this equipment may result in specification changes without notihication. 

MANUF AC TURING3COMPANY
2200s AndersofRoad eOrnhka. Alabama 3GB02 U A1986 rick80RNha Cn CALL TOLL FREEAlLa6 AL 1.8006338774d O 49 63l4haA cawhi , 70an0 .r(7U7S05 k 

1.1- 5113411 nrrrio(:K 

35,4607 
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nDEEPR ) :FO I=NC. MA I N C3OI CE 
2200 Anderson Road 
Opelika, AL 36802 
205-749-3377 
1-800-633-8774 

Mr. Ralph E. Preble Date: October 24. 1986 
TO Valid Until: Jaruary 24., 1987 

Salesman: R J Deane 
USA 

Our reference no. P8701-0 
Your reference no. Telecon 

COMPONENT QUANTITY PRICE EACH TOTAL PRICE 

RAMAIRE - 350/150 1 69995.00 69995.00 41 
R.A.M. 10 DRILL STEM 35 179.00 6265.00 
R.A.M. 10 AUTOMATIC BREAKOUT 1 1095.00 1095.00 aI15 
DRAG BIT- 4" 1 129.00 129.00 
DRAG BIT-b" 1 195.00 195.00 
DRAG BIT-8" 1 285.00 285.00 
ROLLER CONE-4" WITH SUB 1 495.00 495.00 
4" AIR DRILLING PKG-COMPLETE 1 6895.00 6895.00 
ONE YEAR SPARE PARTS KIT 1 5000.00 5000.00 
QUIK-GEL (50 LB BAG) 4 25.00 100.00 
EZ-MUD (5 GALLON CAN) 2 150.00 300.00 
QUIK-FOAM (5 GALLON CAN) 2 75.00 150.00 
ROCK DRILL OIL (5 GALLON CAN) 1 75.00 75.00 
KOPR-KOTE THREAD LUBE (1 LB) 1 9.50 9.50 
FOAM PUMP PACKAGE-COMPLETE 1 1525.00 1525.00 1 g 

F.O.B. Factory Price 92513.50 
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DEEP=> MC K, I MNCP - RA I NV I CE 
2200 Anderson Road 
Opelika, AL 36802 
205-749-3377
 
1-800-633-8774
 

Mr. Ralph E. Preble Date: October 24. 1986 
TO Valid Until: January 24, 1987 

6S Salesman: R J Deane 
USA 

Our reference no. P6701-A 

Your reference no. Telecon 

COMPONENT 


RAM 10 DIESEL BASIC 

51HP DIESEL PUMP 2X3 (1.875) 

R.A.M. 10 DRILL STEM 

R.A.M. 10 AUTOMATIC BREAKOUT 

DRAG BIT- 4" 

DRAG BIT-6" 

DRAG BIT-8" 

ROLLER CONE-4" WITH SUB 

ROLLER CONE-6" WITH SUB 

4" AIR DRILLING PKG-COMPLETE 

SPARE PARTS KIT, ONE YEAR 

QUIK-GEL (50 LB BAG) 

EZ-MUD (5 GALLON CAN) 

QUIK-FOAM (5 GALLON CAN) 

ROCK DRILL OIL (5 GALLON CAN) 

KOPR-KOTE THREAD LUBE (I LB) 

FOAM PUMP PACKAGE-COMPLETE 


QUANTITY 


1 

1 


35 

1 

2 

2 

2 

1 

1 

1 

1 

4 

2 

2 

1 

1 

1 


PRICE EACH TOTAL PRICE 

23995.00 23995.00 Z39s, 
9995.00 9995.00 1195 
179.00 6265.00 

1095.00 1095.00 Got 
129.00 258.00 
195.00 390.00 
285.00 570.00 
495.00 495.00 
895.00 895.00 

6895.00 6895.00 
5000.00 5000.00 

25.00 100.00 
150.00 300.00 
75.00 150.00 
75.00 75.00 
9.50 9.50 

1525.00 1525.00 0Z5" 

F.O.B. Factory Price 58012.50
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CANTERRA ENGINEERING LTD. 
7. 3610 29th STREET N.E.. CALGARY. ALBERTA. CANADA T1Y 5Z7 

TELEPHONE (403)291-0650 TELEX 03-821214 

January 7, 1987
 

Camp Dresser & McKee
 
1 Center Plaza
 
Boston, MA
 
02108
 

Attention: Mr. Ralph Preble
 

Dear Mr. Preble:
 

RE: WATER WELL DRILLS
 

Thank you for calling back, I'm not sure what happened to your last
 
letter, however this one should bring you up to date. As discusseo
 
our new CT371 could be well suited to your prospect in South America,
 
as it has the capacity to reach 200 to 300 foot holes, yet is small
 
enough to be towed by a small local truck 
(drill weight approximately

4000 Ibs). The CT371 is basically our CT300 rig (see attached) with
 
an integral air compressor. The CT371 also has a simplified anchor
 
system which allows the full ,000 lbs of downpull force to be used.
 
I'll outline a quotation below.
 

CT371 AIR DRILL PRICE QUOTATION
 

CT371 standard drilling rig complete with the following:
 

hydraulic rotary top drive 1620 ft/lbs torque
 

- 0-95 rpm infinitely variable 

- 6000 pounds pullback/pulldown
 

- hydraulically raised mast
 

- 2300 lb, mast mounted winch with 120 feet of 5/16 inch wire rope 
- stroke for 10 foot drill stem
 

- swing aside, locking top drive for running casing, sampling 
tools, setting pumps, etc. 

- power from Deutz diesel engine 

- 450 cfm x 190 psi rotary air screw compressor
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- integrated hydraulic control manifold, with all necessary controls, 
gauges, etc. 

- 4 GPM @ 250 psi foam injection pump, 20 gallon tank 
- pipe rack for i5 lengths of 10 foot 3 inch O.D. drill pipe
 
- four manual, 
screw type outriggers
 

- night light package
 
- all mounted on rugged steel 
tandem axle trailer
 

Price ... $56,550.00 U.S. Funds
 

Optional Accessories
 

- mission 1 x 1 1/2" centrifugal mud pump with mounting assembly,

delivery hose and belt to drill engine
 

Price ... $ 1,790.00
 

- mast assembly for running 20 foot casing
 

Price ... $ 600.00 

Note: If you 
can get by with less air, we also have a CT371-A which
has 300 cfm x 220 psi. With all other specifications as noted, the

price of this drill drops to $53,050.00 U.S. funds.
 

Now I'll outline a quotation for a higher performance truck drill.
This drill 
is light enough to be mounted on a single axle truck, yet

powerful enough 
to drill deep holes.
 

CT311 AIR DRILL PRICE QUOTATION
 

One (1) only Canterra model CT311 drill 
rig, truck mounted, complete

with the following:
 

- hydraulic rotary top drive, 
3000 ft/lb of torque (Note: torque

up to 4650 ft/lbs - 100 rpm is available at no increase in
 
pri ce)
 

- 0-150 rpm, infinitely variable top drive
 
- swing out top drive for handling casing or direct access for
 
winch line
 

- up to 10 3/4 inch casing capacity
 
- 20,000 pounds pull up and down force
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- rotary screw air compressor for 550 cfm up to 220 psi, 640 cfm
 
up to 160 psi
 

- 8000 pound drawworks on single line, or 16,000 pounds with
 
travelling block, 240 or 120 feet per minute
 

- 10 USGPM foam injection pump, 500 psi discharge 
- all hydraulic operation with manifolded valve arrangement 

and single hydraulic pump 
- operator's console with all necessary controls, gauges, etc. 
- long stroke to accomodate 20 foot drill pipe and casing
 

- night light package
 
- pipe rack for 24 lengths of 4 inch drill pipe, 20 foot long
 
- secure 
storage cabinets for tools, supplies, drilling accessories
 

and welding equipment
 

- 200 U.S. gallon capacity water tank
 
- four hydraulic outriggers mounted on frame, controlled from
 

console
 
- all power from truck engine through power take-off and transfer 

case 
- all mounted on G.M.C. Top Kick Series 7000 single axle truck,
 

250 HP Cat diesel engine
 

Price ... $133,850.00 U.S. Funds
 

* Price includes; - delivery to export port 

Options/Accessories
 

- Welder 

Hydraulically driven 200 amp DC welder/4.5 K.V.A. generator, 

cables included
 

Price ... $3,800.00
 

- Oiler 

Positive displacement air operated, pump type
 

Price ... $1,350.00
 

- Pipe Loader
 

Canterra's "Can-Load" system includes special winch, plug

and loading arm
 

Price ... $2,400.00
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- Pipe Spinner
 

Canterra's "Can-Spin" system includes a special breakout
 
wrench that spins the pipe after the joint is broke
 

Price ... $2,000.00 

- Mud Pump
 

3x4 centrifugal magnum pump, mechanical drive
 

Price ... $6,600.00
 

- Powered Top Drive Swing Out
 

Hydraulically operated, swing out top drive with lock in
 
or out position
 

Price ... $2,000.00
 

- Pulse Pump
 

For metering foam injection into water injection line
 

Price ... $ 570.00
 

- Pipe Elevator
 

A "Quick Plug" equipped to be remote release by top drive
 

Price ... $ 350.00
 

Canterra also offers 
a complete range of other accessories such
 
as; drill pipe, downhole hammers, bits, 
subs, fishing tools, stabilizers,
 
etc. Please let me 
know if you require a quote on any other specific

item.
 

The final drill I'll outline is our standard CT300. This drill could
 
be an advantage because the drill and compressor are separate.

Therefore they individually weigh less. For transport on small
 
ferries or similar problems, this could be important.
 

CT300 standard drilling rig complete with the following:
 
- hydraulic rotary top drive 1200 ft/lbs torque (1620 ft/lbs option)
 
- 0-125 rpm infinitely variable (0-95 with optional torque)
 

- 6000 pounds pullback/pulldown
 

- hydraulically raised mast
 

- stroke for 10 foot drill stem
 

- swing aside, locking top drive for running casing, sampling
 
tools, setting pumps, etc.
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- power from Lister 45 Hp diesel engine
 
- integrated hydraulic control 
manifold, with all necessary controls,
 

gauges, etc.
 
- pipe rack for 15 lengths of 10 foot 3 inch O.D. 
drill pipe
 
- four manual, screw type outriggers
 
- all mounted on rugged steel 
skid frame
 

Price ... $23,000.00 

Optional Accessories 

- 2300 pound, mast mounted winch with 120 feet of 5/16 inch wire 
rope, controlled from driller's console
 

Price ... $1,650.00
 

- Mission I x 1 1/2" centrifugal 
mud pump with mounting assembly,

delivery hose and belt to 
drill engine
 

Price ... $1,790.00
 

- mast assembly for running 20 
foot casing
 

Price ... $ 600.00
 

- high torque rotary head, up to 1620 ft/lbs of torque
 

Price ... $ 750.00
 

- tandem trailer with tie downs and running lights
 

Price ... $2,400.00
 

- self propelled hydraulic trailer, highway towable with all
 
connections
 

Price ... $4,600.00 

- water 

tank 
injection system, 4 gpm @ 250 psi and a 20 gallon storage 

Price ... $1,500.00 

- auxilliary rotary air compressors (as
220 cfm x 220 psi (Cummins diesel 

shown 
engine) 

on pamphlet) 
$23,700.00

275 cfm 
x 220 psi (Cummins diesel 
engine) $26,400.00
 
450 cfm 
x 190 psi (Deutz diesel engine) $35,600.00
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I hope the above answers some of the questions you had. It may also
 
be of interest to you that Canterra has exported equipment into (18)
 
overseas countries and we provide on-site set up and training anywhere

in the world. Thanks again for your cal I, I hope we can put some
 
equipment in South America for you.
 

Yours truly,
 

CANT RA E GIN ERING LTD.
 

H. oward) Jackson
 
,--Vice- resident Sales
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CT300 HEAT PUMP DRILL
 
The CT300 is norminally rated to 300 feet and can handle casing sizes up to 6 inch diameter. Specific
tions on air compressor, rotary torque, pullback or other components can be upgraded by special orde 

Specifications 
Weight - 2125 lb 
Length - 88 inches 
Width over Jacks - 59 inches 
Height on Jacks - 88 inches, mast down 
Engine - 45 HP Lister Diesel 
Rotary 
Optional Rotary 
Pullup/down Force 

-
-

-

14,400 in-lb (1200 ft-lb)/125 RPM 
19,400 in-lb (1620 ft-lb)/85 RPM 
6000 lb maximum 

Hydraulic Pump - Variable displacement load sensing 30 US GPM/3000 psi
Drill Controls - By integrated hydraulic control manifold 
Stroke -- For 10 foot pipe changes
Pipe Rack - 15 lengths of 10 foot by 3 inch diameter 
Levelling - Four screw jacks, hydraulic legs optional
Swing Out Head Top drive pivots sideways to run casing or tools on winch line
Swivel --

-

For mud, air or foam drilling 

OPTIONS 
Winch A - Line pull 2300 lb at 80 fpm with 120 feet of 5/16 wire rope.
Winch B - Line pull 1000 lb at 160 fpm with 200 feet of 1/4 wire rope.
Water Injection - Up to 4 GPM at 250 psi with 22 gallon water injection tank 
Mud Pump - Centrifugal type driven by drill engine with declutch 

US GPM/145 psi
Air Compressor 	 -

-140 

Separate package, oil flooded screw type 
- 275 cfm, 220 psi

Gasoline Engine - CT300G has 20 HP engine and separate mud pump
Development Air - Hydraulically driven from rig engine 60 CFM at 50 psi, 

- 30 cfni at 150 psi
Self Propelled Trailer- Road legal for towing by 3/4 ton truck 

- Powered by drill hydraulics for maneuvering in yards 
- Complete with sling gear and drill tiedowns 
- Width 72 inches 
- Weight 600 lb

Tandem Trailer - Similar to self propelled trailer except tandem axles 
Angle Drilling - Mast slides to contact ground

Mast Extension - For handling 20 foot lengths of casing

Capstan - For light hoisting and soil sampling
 

OTHER CANTERRA PRODUCTS:
 
Helicopter portable drills, people portable drills, off-road vehicles, water well drills, blasthole drills,

forestry management equipment, compressors (50 cfm to 1500 cfm), heliportable and wheeled power­
line construction equipment, and custom engineering services.
 

s 	 CANTERRA ENGINEERING LTD.
 
3610.29th Street N.E.,Calgary, Alberta, Canada iIY 5Z7 * Tolephone (403) 2910650 * 	Toll Free from U.S. 1.800.661.9190 * Telex 03.821214 
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SIMCO SOUTHERN IOWA MANUFACTURING CO.
 
D R I L L I N G P R O D U C T S D I V I S I1O N
 

BOX 448 a OSCEOLA, IOWA 50213
 

PHONE 342.2166 (AREA CODE - 5)
 

March 17, 1987
 

Mr. Ralph Preble
 
Camp, Dresser & McKee
 
1 Center Plaza
 
Boston, Mass. 02108
 

Dear Mr. Preble:
 

This letter and enclosed specifications are in response to our recent phone
 

conversation wherein we discussed 
a trailer mounted drill.
 

My understanding of your requirements is as follows:
 

1) Mud rotary drilling, 10" diameter hole, 120 to 140 feet.
 

2) Down the hole hammer drilling, 5-1/2" diameter hole, 200 to 250 feet.
 

3) Trailer - tandem axle, 13,000 lb. GVW trailer.
 

4) 3 x 4 Centrifugal mud pump.
 

5) Crown sheave height - adequate to handle 20 foot tool pulls or
 
casing lengths.
 

6) Drill rig stroke - for 10' rods.
 

7) Diesel engine on the rig.
 

8) Pull up of 12,000 lbs.
 

9) Rotary speed control to provide fine control at slow RPM (10 to 30
 
RPM for the hammer). 

10) Feed 
rate and bit pressure controls for DTHH and rotary drilling.
 

In response to your requirements I have enclosed a spec sheet on the SIMCO
 
5000 WS. The standard specs on the rig are very close to your requirements.
 
We would have to shorten the mast to provide an approximate 12' net stroke
 
for using 10 foot rods. Further we would have to trailer mount and not
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(2) 

exceed your weight restrictions.
 

Regarding weights, the base rig with a Cummins or 
Deutz diesel, and 12'
 
stroke mast would weigh approximately 8,000 lbs. The n.ud pump complete

with suction, discharge, frame, etc. approximately 750 lbs. Depending
 
on how many options are added to the rig it should be possible to meet
 
your weight restrictions on a tandem axle trailer.
 

Enclosed please find a spec sheet, descriptive flyer, and detailed price

sheet on the 5000 WS 
for your review and information. Because the base
 
rig price includes a fairly elaborate custom made truck bed we should be
 
able to trailer mount the modified rig for approximately the same price.
 

I would be happy to answer any questions you may have, and thank you for
 
the opportunity to submit 
information in response to your requirements.
 

Further, regarding the drill rod we discussed, see Item 11. on the quote

sheets. Also, regarding the down hole hammer application you will need
 
to consider water injection and an oil lubrication system for the hammer.
 
These items can be mounted on the rig or the air compressor. It would be
 
much easier to operate if they were mounted on the rig.
 

Please let me know if 
I can be of further assistance.
 

Sincerely,
 

Robert M. Hettinger
 
General Manager
 

RI/cls
 
enc.
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SIMCCTOP-HEAD
 

a 5000 	 S ROTARY
 

SIMCO 5000 WS SPECIFICATIONS 
Designed primarily for wacer well drilling, the quality bu'.lt SI1CO 5000 WS is sized
 

right for most domestic well requirements. This all hydraulic rig combines convenient tool
 
handling with easy operation and low maintenance. Standard features include a hydrostatic
 
top-head drive, a 23' stroke mast, 10,000 lbs. ho.sting winch, hydraulic breakout wrench
 
and a side feed water swivel. The -ill can be po.ered by a gas or diesel deck engine or
 
by a PTO drive. This enables mounting on a w", va:iety of single or candem axle crucks.
 
Optional air compressors, mud pumps r top head drives are available along with a wide
 
variety of accessories and cool handling features to satisfy your particular drilling needs.
 

The 5000 WS is raced co 400' (b"-12" dia. holes) using a centrifugal mud pump; to
 
900' (3-7/8"-6" dia. holes) using a duplen mud pump. C1pacity will vary according to
 
drilling conditions. I;arings are based on engineering specifications and calculations.
 

P 	 .SOURCE: ?T or Deck Enginai W1."CES: (Hydrostatic - pLanecar/ c7pe) 

Std. - Ford 351 CID CaS MAI: WIN4CH:
 
Cont. H.P. 125 H.P. 1 2500 RPM 3are drum pull 10.000 L.s.
 
Oper. RP. 2300 RPM Bare drum Line speed 120 ft./min.
 
Fuel Consump. 7.0 gala./hour Cable(max. spool cap.
 

250 ft.) 130' of Y"
 

Opt. - Deu:: F6L912 Safety hook 41 cons
 
Cant. H.P. 102 H.?. I :S00 RPM
 
Oper. RP4 2500 RPM1 SANO LINE "INClI: (hydraulic)
 
Fuel Consump.* 4.; sals./hour mean drum pull 2500 lb.
 

'lean drum spred 165 ft./min. 
Cu mLn, 63T5.9 Diesel Cable-(non-rocating type) 250' of 5/16" 
ntermittcant H.P. 152 A.?. 1 2500 RPM
 

Oper. RPM 2500 ?.PM
 
Fuel Consump.0 4.7 gals./hour
 

* 3/4 raced continuous Load 	 CIAT LAD: (hydrostatic) 

OP .U7DDRtV. (.ydrostatic - plan.etar7 tpe) 	 Hoisting Cap. 2000 lbs.RPM Range 
0-450 RPM 

Std. O.. Rope 80' of I" .anila Rope 
Torque Racinh 2500 fr. lbs. 5C)0 ft. lbs. 
Rotary IPM 0-200 RPM 0-110 RPM 
Pull Down/hold back/pull-up 

(Infinitely variable) 12.000 Iti. 
XAST: 

Race 	of Travel (Max. up 18 ft./min.
 
or down) 	 Overall length 33.0'
 

Net DrLlhead Travel 23.0'
 
Gross Load Racing 30,000 lbs.
 

Side Inlet swivel (water 2-1/2 In.
 
course)
 

ROD !OX:
 
NOTE: High Speed Coring Head Also Available
 

Dimension-,: For 20' Rods 18'i'L x 15'". x 19"H 

LTD: (hydroscacic dr-ve) For 15' Rods 134'L x 15"J x 19"H 

4 x 3 Mission !hagnum 100 CPM .i10 ?SI to Capacity of rod box depends on O.D. and length of rod 
Cencrif'Jgal 500 CPM 120 PSI Ex. 2-7/8- O.o. Rud x 20' -- 300' 

4'"O.. Rod x 2u' - 240'
 
3 x 6 Duple: 175 CFM 1 325 PSI
 
5' xa D ZO C7. 2 330 PSI
Duplex 


CF~AM CC?';C: (hydroscat~c drive) 

Type Rotary Screw
 
CF4 Delivery 230 CFM
 
?ressure 150 ?SI
 

OT'AERSIzES AVAtLMSE 

S 	 Manufactured in the USA by: 
Southern Iowa Manufacturing Company 

SIM=C SIMCO/DRILLING PRODUCTS DIVISION 
. 0F0oNS Ao.VAflA.L.r S, Box 448 Osceola, Iowa 50213 Ph: (515) 342.2166=C.. 


W6 Telex: 5106000702 "SIMCO OSCO" 
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bse Rig ith Ford 331 gas engine 7.1C0 lbs. 

Drill PLatter1 with hyd. jac-ks. 

rod box. 
Front lack 

tool boxes 4.81) ;be, 
:65 lbs. 

Air Compressor 
4x3 Mission CentrifugaL Mud Pump 

L,150 lbs. 
500 lb,. 

,YRAMIC FRESRE RE.IE: 
5x6 Duplex Mud Pump 
5%x8 Duplex Mud Pump 

2.650 lbs. 
5.085 lbs. 

Rydrostacic Rotary Head 
Hydroscatic Oraworkp 
Hydrostatic Mud Pump 

5000 psi 
2500 PSI 
5000 PSI 

Gross ri weights vary from 21.000 Lbs. on a single axle 
truck to 35.000 lbs. on a tandem axle truck depending on 
options and truck selected. 

Fixed Diaplacement C rcuits '8 CP4t­ 1800 Psi 
10 0P - 2200 PS! 

Rsccmrdd Truxck Requie~unca: 

HY'RAULIC FIZZO 1 2500 RPM: Minlmum Cab to Axle (C.A.) 

Vartab!e Volume Pistin Pumps
FLed Displscemenc Pumps LS. 

0-.0 GPM 
18 CPH 

for 15' Rod Box 
MinLmum Cab to Axle 

for 20' Rod Boxr 
(C.A.) 

102" 

160" 

(single axle) 

(single axle) 

Hydraulic Reservoir C.,picity 
Hydraulic Oil Cooler 

Sm. 10 G214 
60 S&L. 
45,000 BTU/hr. 

Minimum 
tnisu 

G.V.V. Single Axle Truck 
G.V.W. Tandem Axle Truck 

144 (tandem axle) 
26.000 ­ 27,500 lbs. 
42,000 - 44,000 lbs. 

- 3.86 Manufactured in the USA by:
 
Southern Iowa Manufacturing Company


SI- SIMCO/DRILLING PROCUCTS DIVISION 
, Box 448 Osceola, Iowa 50213 Ph:(515)342.2166 

Telex: 5106000702 "SIMCO OSCO" 
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C 2800 HS (HT) 

Designed primarily as a geotechnical auger drill the 2800 HS (HT) is rated to 50-60 feet
 
with 3 " I.D. hollow stem augers. This compact rig is ideally suited for monitoring

well construction using hollow stem augers.
 

With the addition of various options, this versatile rig can handle soil sampling, wet
 
or air rotary drilling applications, core drilling, down-the-hole hammer drilling and
 
limited angle hole drilling.
 

Standard features include high torque top head, hydraulic off-hole, mast extension (pull

10' tool sections with standard mast, 20' tool sections with long mast) and Feed Rate and
 
Bit Pressure Controls.
 

2800 HS (HT) Specifirations

ENGINE 

VG4D Wisconsin Air Cooled 

Continuous H.P. 

RPM @ Continuous H.P. 

Fuel Consumption - Full Load 

Fuel Tank Capacity 


TOP HEAD DRIVE 

Torque Rating 

Rotary 

Pull Down/Pull Up 

Rate of Travel - Infinitely 


Variable Up or Down 

MAST AND EXTENSION 


Standard - for 5' tools - Pull 10' 

Drill head travel - Net Stroke 

Overall Length w/Ext. Retracted 

Overall Length w/Ext. Raised 


29.6 

2400 

3.9 GPH 

15 gal.
 

3500 ft. lbe. 

0-120 RPM 

6500 lbs. 


0-66 ft./min. 


77" 

148" 

222" 


Long Vast - for 10' tools - Pull 20' 
Drill Head Travel - Net Stroke 130" 
Overall Length w/Ext. Retracted 195" 
Overall Length w/Exr. Raised 324" 

HYDRAULIC PRESSURE RELIEF
 
Rotary Head 

Pull Down 

8 GPM Circ,,it 

18 GPM Circuit 


HYDRAULIC FLOWS
 
Variable Volume Pump 

Auxiliary Pump
 

Main Segment 

Second Segment 


Hydraulic Oil Cooler 

WEIGHTS
 
Basic Unit 

For Options Add:
 
Cathead 

Slide Base 

Hoisting Winch 

Long Mast 


5000 PSI
 
0-1500 PSI
 

1800 PSI
 
1500 PSI
 

0-28 GPM
 

18 GPM
 
8 GPM
 

20,000 BTU/HR.
 

3140 lbs.
 

200 lbs.
 
185 lbs.
 
135 lbs.
 
150 lbs.
 

Extension (long mast) 225 lbs.
 
Moyno Pump 385 lbs.
 
Deutz Diesel Engine 166 lbs.
 

OPTIONS & ACCESSORIES
 
ENGINE 

Deutz F2L912 Diesel 

Continuous H.P. 27.5 

RPM at Continuous H.P. 2300 

Fuel Consumption 1.6 GPH 

Fuel Tank Capacity 5 gal. 


WINCHES (HYDRAULIC) 

Mast Mounting Histing Winch 

Capacity 3500 lbs. 

Bare Drum Line Speed 80 FPM 

Cable (max. capacity) 170' of 3/8" non-rotating 

Wire Line Hoisting Winch 

Capacity 1000 lbs. 

Bare Drum Line Speed 450 FPM 

Cable (Max. Capacity) 500' of 3/16" air craft 


cable
 
ROTARY DRILL HEADS 


High Sp- d - Coring Drill Head 
RPM Range 0-700 RPM 
Torque (Max.) 420 ft. lbs. 
Multiple RPM Drillhead w/2-speed gearbox 

Low 0-106 RPM 0-3600 ft. lbs.
 
High 0-550 RPM 0-700 ft. lbs.
 

CATHEAD (HYDROSTATIC)
 
Hoisting Capacity 2000 lbs.
 
RPM Range 0-335 RPM
 
Drum Diameter 7"
 
Drum Length 8"
 

Rope 50' of 1" Manila
 
PUMPS (FOR DRILLING FLUIDS OR GROUT)
 
Movno - Hydraulically Powered
 

2L4 0-7.5 GPM 0-120 PSI 
2L6 0-31 GPM 0-150 PSI 
3L6 0-31 GPM 0-215 PSI 

Bean - Hydraulically Powered
 
AC410C 0-8 GPM 0-500 PSI
 

Mission Centrifugal
 
1 x 2 25-125 GPM 100-65 PSI
 

SLIDE BASE (TRUCK MOLNTING ONLY)
 
Travel Length 16"
 
PTO DRIVE
 
Cousult Factory for details 

CManufactured in the USA by: 
Southern Iowa Manufacturing Company 

SPECIFICATIONS SUBJECT TO CHANGE 
WITHOUT PRIOR NOrICE. 

SIMCO/DRILLING PRODUCTS DIVISION 
Box 448 Osceola, Iowa 50213 Ph: (515) 342.2166 
Telex: 5106000702 "SIMCO OSCO" 
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d MODEL 3800TAH TRAILER 
DRILLING PLATFORM FOR MODEL 2800HS1 


,,l
 

- I
 

Manufactured in the U.S.A by 
6, co Southern Iowa Manufacturing Company 

SIMCO/DRILLING PRODUCTS DIVISION 
Box 448 Osceola, Iowa 50213 Phone: 515/342-2166 
Telex: 478-345 "SIMCO OSCO" 
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SPECIFICATIONS 
SIMCO MODEL 3800 TAH TRAILER 

The 3800 TAH is a compact, heavy duty, Tandem Axle Trailer, specifically designed to 
carry the 2800 HS drill. It iseasily towed by a ' Ton pick up truck. 

OVERALL WIDTH 90" 
LENGTH OF TRAILER BED 98" 
OVERALL LENGTH (INCLUDING TONGUE) 142" 
HEIGHT TO TOP OF FENDERS 33" 
GROSS CAPACITY @55 M.P.H. 11,000 lbs. 
TIRE SIZE 8:00 X 14.5 

(RECOMMENDED TIRE PRESSURE-100 P.S.I.) 12 Ply-LOAD RANGE F 
NET PAYLOAD RATING 8,775 lbs. 

STANDARD EQUIPMENT FEATURES: 
Three 24" Stroke Hydraulic Leveling Jacks, one 

at each rear corner, one tongue jack
 
One Tool Rack for 5' Drill Rod
 
One Auger Rack for 5' Auger

One 12" X 10" X 72" Lockable Tool Box
 
E!ectric Brakes
 
2-5/16" Ball Hitch
 
Lights-Stop, Tail and Turning
 

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT PRIOR NOTICE 

& Manufactured in the U.S.A. by 
SICo Southern Iowa Manufacturing Company

SSIMCO/DRILLING PRODUCTS DIVISION
 
Box 448 Osceola, Iowa 50213 Phone: 515/342-2166
 
Telex: 478-345 "SIMCO OSCO"
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GEORGE E.FAILING COMPANY
 

January 15, 1987 

Mr. Ralph Preble
 
Camp, Dresser & McKee
 
1 Central Plaza
 
Boston, MA 0210S
 

Dear 	Mr. Preble:
 

We are pleased to have the opportunity to Furnish you
 
with a price quotation on our Model F-5 trailer mounted
 
drilling uni.t. 

We hope that we have included in our proposal all of
 
the equipment that we discussed by phone the past
 
several days however, in the event we did overlook
 
something, or if you should need any additional orices
 
or specificat.ons please do not hesitate to call us. 

Very 	truly yours,
 

GEORGE E. FAILING (MPANY 

W. M. Ball
 
WMB/rb 
Encls. 
cc: 	 Mr. Montia Rice
 

C-File
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P. GEORGE E.FAILING COMPANY 
ENID, OKLAHOMA 73702, U.S.A. 

• 
 QUOTATION 

Ralph Preble 
 Ref: #0009-e7/BB

Camp, Dresser and McKee 
 BB/rb

1 Central Plaza 
 January 15, 19E7
 
Boston, MA 0210
 
(617)742-5151
 

FAILING MODEL F-5 TOP-DRIVE DRILL

SECTION I 
 TRAILER MOUNTED POWERED BY DECK ENGINE
 

CAPACITY: The FAILING F-5 is a hydraulically driven too-drive with the

capability of an actual drilling program to 
500' using 2-3/e" lightweight
 
drillpipe.
 

POWER UNIT: 
 The unit is powered by a Cummins Model 6BT5.9 6-cylinder diesel
 
engine, includes a 50-gallon fuel tank.
 

MAST: The mast is 21' 6" overall, constructed of square structural tubing
with channel guides for the top-head to travel in and is designed to handle
 
i0' drill pipe. 
 The mast is raised and lowered with two double acting hy­
draulic cylinders. The mast will accommodate 20' casing.
 

PULLDOWN: The pulldown and holdback is 
provided by a hydraulic motor

coupled to a planetary gear reduc-
 ,nbox with an extended shaft that the
pulldown sprockets attach directly 
-..
j. A static brake is mounted on the

reduction box to provide positive holding of the drill string load anywhere

the traveling head is stopped. 
This system will create an actual rating of,
10,000 lbs. 
of pulldown and hoisting capacity. (NOTE: Theoretical pulldown

and hoisting capacity rating is 15,000 lbs.).
 

BREAKOUT: Breakout is accomplished by means of a sleeve mechanism used in
conjunction with slips that grasp the drillpipe by lugs welded to the out­
side of the pipe. Drillpipe is added with the head tilted out while
positioned at the 
lower end of the mast. 
The pipe is both added and rernoved

by means of the top-head mechanism. Holder for supporting pipe.
 

SWIVEL: A top-loading water swivel is 
incorporated into the drill head
 
-.ith 2" water course through the swivel and drill head.
 

TOP-DRIVE: 
 The drill head is powered by a hydraulic motor coupled to a

speed reducing gear box which will generate an actual 2500 ft. 
lbs. of
torque and a maximum speed of 125 RPM. 
The rotary and aulldown are powered

by variable displacement pumps which give infinite controls 
on speed. All

cylinders are 
powered by a fixed disolacement pump. This triole pump

arrangement will assure full power to all functions at all times. 
 Includes
 
a 30-gallon oil reservoir.
 

SALES ANO SERVICE PROM THESE CONVENIENT POINTS
 
ST.MICHAELS, MO. CONYERS, GEORGIA ODEISSA. TEXASPLAINFIELD, INDIANA INCANADA:NEW ORLEANS, LA. CASPER, WYOMING EDMONTON. ALSERTABURNSVILLE., MINN. HOUSTON.TEXAS 
 GRANO JUNCTION,COLO. 
 CALGARY, ALBERTA 
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GEORGE E. FAILING COMPANY
 
p r ENID, OKLAHOMA 73702, U.S.A. QUOTATION 

Mission 3 x 4 including
Complete with drives and controls.
.NTRIFUGAL PUMP: 
 Flow line Mani­
-1/2" flow line standpipe, foot valve and valves 

and piping. 


Dlded for connecting an auxiliary air 
compressor.
 

17F406 WATER INJECTION SYSTEM: Incorporating a John Bean Model A0411C
 

- 5.5) (6GPM) pump hydraulically driven.
 

Including full length rod
 
RILL FRAME: Structural steel reinforced frame. 


ack mounted on the right hand side of 
the drill to accommodate 10' drillpipe.
 

Includes piping and controls, single line 
pull
 

YDRAULIC AUXILIARY DRUM: 
 Complete with adequate wire
 

ft. bed with steel decking, 7:50 
eck for one ton truck, 12 


,000 lbs. capacity with 0-100 FPM line soeed. 

ine. 

OUNTING. Unit mounted on 2-axle trailer, 14-15000 lb. capacity with goose­
x 16 tires, 

lectric brakes, reflectors and running 
lights.
 

$72,370.00
 
'OTAL SECTION I -----------------------


POINTSTHESE CONVENIENTSKRVICE FROMSALES AND 
IN CANADA:ODESSA,TEXAS
CONYERS. GEORGIAST. MICHAELS, MO. EDMONTON, ALBERTA

CASPER, WYOMINGNEW ORLEANS, LA.
P..AINFIELD, INDIANA CALGARY,ALBERTAGRAND JUNCTION, COLO.HOUSTON. TEXASBURNSVILLE, MINN. 
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p. GEORGE E.FAILING COMPANY
FENID, OKLAHOMA 73702, U.S.A. 

SECTION II 


1. 1 


2. 1 


3. 1 


4. 15 pcs 


5. 1 


6. 1 


7. 1 


6. 2 


9. 1 


10. 4 


11. 1 


12. 1 


TOTAL SECTION II­

• 


OPERATING EQUIPMENT
 

Sub, top-nead to 3-1/2" flush joint
 
drillpipe 


H10-J14-A, 2" x 14' swivel hose with
 
fittings 


H14-M25--D, Suction hose, 4" x 20' with
 
King combination couplings, strainer
 
and quick union 


4-1/2" OD aluminum drillpie, 10' long,
 
.500 wall with 2-7/8" (4-1/2" OD, 2-1/8"
 
ID) API IF steel tool joints with thread
 
protectors 


S-658-B bit sub, 2-7/8" API IF box to
 
3-1/2 API reg. box 


S-664-B bit sub, 2-7/C API _r7 box to
 
4-1/2 API reg. box 

S-675-B bit sub, 2-7/6 API IF box to
 

6-5/8" API reg. box 


48" aluminum wrenches 


H-175-B hoisting plug with 2-7/8 API
 
IF pin 


5-1/2" OD x 2-1/2" ID x 10' long drill
 
collars with API IF box to 3-1/2" API
 
IF pin 


S-632-D sub, 2-7/8 API IF box to
 
3-1/2 API IF pin 


S-665-B sub, 3-1/2 API IF box to
 
4-1/2 API reg. box 


QUOTATION 

235.00
 

255.00
 

521.99
 

495.00 7,425.00
 

119.16
 

324.00
 

431.F.2
 

179.20 359.60
 

472.74
 

926.00 3,704.00
 

203.57
 

228.64
 

14,2F0.52 

SALES AND SKRVICR FROM THISE CONVENIENT POINTS 
ST. MICHAELS, MD. CONYR, GEORGIA ODIS.A, TEXAS IN CANADA:PLAINFIELD, INDIANA NEW ORLEANB, LA. CASPER, WYOMING EDMONTON, ALBERTABURNVILLE, MINN. HOUSTON,TEXAS GRAND JUNCTION. COLO. CALGARY,ALBERTA
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GEORGE E.FAILING COMPANY 
ENID, OKLAHOMA 73702, U.S.A. 

QUOTATION 

)PTIONAL DRILL PIPE, STEEL AND DRILL COLLARS
 

10' long, .300
3-1/2" OD x 10' drill pipe, 


wall with 2-3/8 (3-3/8" OD x 1-3/4" ID) API IF
 
225.00
tool joints with thread protectors $ 


6" OD x 3" ID x 10' long drill collars with
3. 4 ea 

1,205.00$ 4,P20.00
4-1/2 F.H. Box to 4-1/2 API F.H. pin 


SALES$ANO SERVICE FROM THESE CONVENIENT POINTS_ 

IN CANADA:
ST. MICHAELS, MD. CONYERS, GEORGIA ODESSA,TEXAS T

EDMONTON, ALBER A 
PLAINFIELD, INDIANA NEW ORLEANS, LA. CASPER, WYOMING 

MINN. HOUSTON, TEXAS GRANOJUIOCTION, COLO. CALGARY,ALBERTA
BURNIVILLE. 
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PE GEORGE E.FAILING COMPANY
 
ENID, OKLAHOMA 73702, U.S.A. 

QUOTATION 

SUMMARY SHEET 

TOTAL SECTION I 
 DRILL UNIT 
 $72,370.00
 

TOTAL SECTION II 
 OPERATING EQUIPMENT 
 $14,220.52
 

TOTAL F.O.B. FACTORY, ENID, OKLAHOMA --------------------------- $86,650.52
 

FOR OVERSEAS SHIPMENTS -
ADD FOR EXPORT PROCESSING, PACKING AND
 

HANDLING ------------------- $ 1,299.76
 

DELIVERY: Approximately 75 
to 90 days after receipt of order, subject'to
 
conditions beyond our control.
 

Prices will be held 
firm for a period of 90 days 
from the date of this
 
quotation.
 

PAYMNENT TERMS: 
 Cash at delivery, unless prior arrangements are made with
 
our Credit Department.
 

GECRGE E. FAILING COMPANY Standard Warranty Policy is aoplicable, 
see copy

atzachned. 

SALES AND SERVICE FROM THESE CONVENIENT POINTSST. MICHAELS, MO. CONYERS, GEORGIA ODESSA, TEXASPLAINPIELD. INDIANA NEW ORLEANS, LA. IN CANADA:CASPER. WYOMINGBURNSVILLE. EDMONTON.MINN. HOUSTON, TEXAS ALBERTAGRAND JUNCTION, COLO. CALGARY.ALERTA 
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L 

.	 The Failing Model F.5 is a hydraulically driven 
top-drive drilling rig with the capability of drilling 
to a depth of 500 feA using 21/W' light weight
drill pipe. The i-,st is constcncted of square tubingwith channel gui.J:s for the top head to smoothly travel 

in and is designed to handle I0 ft. drill pipe with 2 
feet of overtravel in the upper end. Two double 
acting hydraulic cylinders make it possible to raise 
and lower the mast quickly and trouble free. This system 
will create 10,000 lbs. of pulldown and hoisting

Ric 	 capacity. The mud pump ik a 41/2 x !i duplex recipro­
cating pump suitable for heavy-duty .'ush service, 
optional mud pumps are available. The pump has a range 
of piston sizes from 3" to 4V2" to match the pumping 

J 
needs of many types of drilling. One of the many things 
that make this such a versitile machine is that it is 
a selfcontained unit. All of the components

~ 	 mounted to aframe that mar b mounted On 
are

awide 
variety of vehicles or trailers. The F-5 is a well 
developed piece of machinery capable of L. ring
the toughest of Jrilling conditions and do :t well 
time after time. 

__ _Mode! F-5 Specifications" 
Rated Capacity 	 500 ft. depth .................................... with 2118" lightweight drili pipe
 
Mast 	 18" 6" overall length
 

I0,000 lbs. hoisting c3pacity
 
Raised and lowered by two heavy duty double acting hydraulic cylinders.
 

Top Drive 	 02500 foot pounds intermittent torque with variable speed. 0.125 rpm.
Cri!l pipe isadded with drive at thc lower end of the mast. The swivel isatop loading type
with a I 1'/2water course. Ccntinuous operating chains arc I inch pitch. The top driie is 
powered b) "ifixed displacement hydraulic motor. 

Mud Pump 	 Failing L- 00-C 4'/2"x5" reciprocating type pump. bei( drive from engine P.T.O. 
Pipe Breakout 	 Sleeve mechanism mounted on the top head is used in co-Ijunction with slips that grasp

pipe by lugs welded to the outside of the drill pipe. 
Hydraulics 	 Tandem-variable-displaceniert.piston.type-pumps provide the hydrostatic power for the 

iop head rotary and the pulldowniholdback drive. These pumps are driven ff the front of 
the engine camshaft anG provided power for all the cylinder ircuits. 

Pulldown/Holdback 	 A fixed displacement hydraulic motor coupled to a planetary gear reduction and provides 
a feed rate from 0-100 feet per minute with apulldown or hoisting force from 0. 0,000
lbs. A spring-applied.hvdraulic-pressure-releasd-brake gives positive load holding 
an)where the traveling head is stopped. 

Power Uniit 	 Cummins model 6UT5.9, six cylinder diesel engine delivers power to all drives. 
Control Panel Located at drillers station, complete with all controls, guages for hydraulic circuitry. and 

instrumentation [or engine. 
Assembly Allows the top head to he retracted into the back of the mast gives an unobstructed 

acce., s to the center of the drilling hole by the auxiliary line. 
Auxiliary Drum 	 A hydraulically driven planetary winch delivers 0.5000 lbs. of single line pull at 0 100 feet
 

per minute.
 

,,George E.Failing Company(0 
2215 S Von Buren 0 Box 872 * Enid. Oklahorrra 73702 
Phone (405) 234-414 1 0 Cable EFCO * -ele 796524 

0 Enid. Oklahoma * Houston. Texas * Largo. Florida e Plainfield. Indiana * Casper. Wyoming a Conyers. Georgia 
0 Grants. New Mexico * Fresn . California 9 Grand Junction Colorado 9 St. Michaels. Mar1and
 

0 Od'.csa. Texas 0 New Orleans. Louriiana • Nnmsville. Minnesota
 
r,Surrey, England * Edmonton. Alberta * Calgary. Alberta
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Sinc 1879 

March 18, 1987
 

Camp Dresser & Mc Kee
 
1 Center Plaza
 
Boston, MA 02108
 

Attention: Ralph Preble
 

Dear Mr. Preble:
 

Enclosed, please find our quotation for a Gus Pech BANTAM trailer
 
mounted drill with export preparation, FAS Port of Houston.
 

If the services of a Gus Pech representative is not required in

Honduras, you may deduct $2,COO 
from the unit price, thus your

price FAS Port of Houston per unit is $71,813,00 USDLRS.
 

If you have any questions or wish additional information, do not
 
hesitate to call us.
 

Very truly yours,
 

GUS PECH MFG. CO., INC.
 

lo ennigs
 

LHH:kjb
 

enclosures
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San- 1879 

GUS PECH "BANTAM DRILL"
 

10" tube mast
 
12' stroke
 
Ball bearing top hep lide
 
3" hollow spindle h .static/double reduction gear
 

top head drive, ) stepless (60,000 in lbs. torque)
 
Tophead cross slic i8"
 
Cable, hydraulic ider operated pulldown/retract drill head system


(Pulldown w/anc 15,700 lbs./retract 11,780 lbs.)
 
Pulldown/holdback -eed control system

Split guide table with hydraulic rod clamp
 
Tool/battery box
 
Single station control console
 
Cummins Model 4BT3.9 diesel power unit, 100 HP, with 40 gallon fuel tank
 
2" full course water/air swivel system
 
Mission 3 x 4 x 13" impeller mud pump
 
Rotary pump assembly
 
Hydraulic powered water/foam injection pump
 
Hydraulic operated break out wrench
 
GP winch 3000# first layer, headache ball
 
300 ft. 3/8" non rotating cable, swivel hook
 
Tool box, above deck
 
Drill rod bushings, one set
 
Drill rod adaptor attachment
 
Standard drill rod rack
 
4 point hydraulic system
 
Hydraulic powered anchor system
 
Trailer: 2 axle, 15,000# rated
 
Export preparation
 

LIST PRICE ------------------ $84,733.00
 
LESS DISCOUNT ---------------- 10,910.00

NET PRICE FAS PORT HOUSTON ---------- $73,823.00 USDLRS
 
(Gus Pech not responsible for port/storage charges)
 

QUOTE TO: 	 CAMP DRESSER & MC KEE
 
1 Center Plaza, Boston, MA 02108
 
Att: Ralph Preble (617-742-5151)
 

TERMS AND DELIVERY: To be discussed
 
QUOTE DATE: March 18, 1987 QUOTE VALID: May 1, 1987
 

CAMPDRES.QUOTE
 

Gus Pech Mfg. Co., Ic. 1180 Lincol,, Street S.W. Le .$rs. low, 51031 ISA TeIlphonue 712.546-4145 Telex 703176 
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GUS PECH "BANTAM" ROTARY/AUGER DRIr.L
 
(TRAILER MOUNTED)
 

STROKE 
 12 FT.
 
" SPEED 
 0-110 STEPLESS 

TORQUE 60,000 INCH LBS. 
DEPTH 1,000 FT. 
PULLDOWN (with anchor) 15,700 LBS. C 
RETRACT 11,780 LBS. C 
MAST 40,000 LBS. 

N (VARIOUS SPEEDS AND TORQUES AVAILABLE)
 

FEATURES:
 
10" TUBE MAST
 
SPLIT GUIDE TABLE WITH HYDRAULIC ROD CLAMP AND REMOVABLE ROD SLIPS
 
TOP HEAD DRIVE: 3" HOLLOW SPINDLE HYDROSTATIC/DOUBLE REDUCTION GEAR
 
CROSSHEAD SLIDE
 
CABLE, HYDRAULIC CYLINDER OPERATED PULLDOWN/RETRACT DRILL HEAD SYSTEM
 
PULLDOWN/HOLDBACK FEED CONTROL SYSTEM
 
1000 LB. WINCH
 
2" FULL COURSE WATER SWIVEL
 
3 X 4 X 13 MUD PUMP
 
DRILL STEM RACK
 
40 GALLON DIESEL FUEL TANK
 
TWO TOOL BOXES
 
HYDRAULIC OPERATED BREAK OUT WRENCH
 
FOUR POINT HYDRAULIC OUTRIGGER SYSTEM
 
SINGLE STATION CONTROL CONSOLE
 
OPERATOR SAFETY SHUT DOWN SYSTEM
 

ENGINE:
 
CUMMINS DIESEL, 100 HP, WATER COOLED
 
4 STROKE CfCLE, TUBROCHARGED, DIRECT INJECTION IN-LINE, 4 CYLINDER
 
3.92 L. (239.3 CUBIC INCH)

INSTRUMENT PANEL WITH TAC/HR METER, OPERATOR STATION MOUNTED
 
AUTOMATIC ENGINE PROTECTION SHUT DOWN SYSTEM
 

TRAILER:
 
FRAMEWORK 6" X 2" X .250 WALL TUBING
 
2 AXLE, 15,000 LB. RATED, WITH ELECTRIC BRAKES ON ALL WHEELS
 
ALL-WHEEL BRAKE LOCKING SYSTEM FOR 
DRILLING
 
HEAVY DUTY BALL OR PINTLE HITCH
 
12:00 X 16.5 FLOATATION TIRES
 
IDENTIFICATION LIGHTS
 

OPTIONS:
 
CATHEAD
 
HYDRAULIC POWERED ANCHOR SYSTEM
 
VARIOUS WINCHES
 
VARIOUS MUD PUMPS
 
DRILL, LIGHTING SYSTEM
 
AUGER GUIDE BUSHINGS
 
CASING HAMMER ATTACHMENT
 
HIGH SPEED ROTATION HEAD ATTACHMENT FOR CORE DRILLING
 
U-JOINT HEAD ATTACHMENT FOR AUGER DRILLING
 
MAST SLIDE ATTACHMENT (INCREASES MAST WORK HEIGHT 3 1/2')

MAST ANGLE POSITION ATTACHMENT
 

TRUCK, TRACK, ATV, OR SKID MOUNTING
 
CUSTOMIZING OBTAINABLE
 

Guts Pecl,.% . 1 sir,,v.s.1..Cu.. Ic. I Li,,',li, . I.,Viso. I,,, 1(131 (. I 7I'llpI.wi,. 71, 15 /h.111. 7 ,, 71.1176 
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QUOTATION 

MOBILE DRILLING COMPANY, INC.	 NUMBER DATE 

Executive Offices & Plant 03/13/87 
3807 MADISON AVENUE 68805 87 

INDIANAPOLIS, INDIANA 46227
AREA CODE 317 787.6371 

THE AROVE NUMBR MUST APPFAN ON ALL 
ORDERS AND RELATEDCORRESPONDENCE 

QUOTATION IS GIVEN IN ANSWER TO WIE LTTER PHONE 	 DATEOF
 
REQUEST
 

* To: CAMP, DRESSER & MC KEE
 
* One Center Plaza
 
* Boston, MASS 02108
 

Attention: Ralph Preble
 

Delivery: Terms:l% cash discount f .0.8.
Shipment 90 days ARO 	 10% deposit w'order; Plant-Indianapolis 

ITEM QUANTITY I 	 DEscbulance prior to shipment I UNIT PRICE AMOUNT 

1
I 	 Mobile Drill Model 8-80, basic unit including
 
10-speed (27-716) rotation head, SLIDRAMATIC,
 
basic control panel for auger, 
core and rotary
 
drilling, work table for guide and breakout
 
accessories, basic unit for PTO installation,
 
14' stroke. 
 $ 37,930.00
 

2 1 	 Facto-y installation on carrier. NET 1,390.00
 

3 1 	 ADD for Cummins 359 CID diesel engine. 
 16,120.00
 

4 1 	 2600 lb. auxiliary hydraulic hoist with 100'
 
of 5/16" cable and hook. 
 1,700.00
 

5 1 	 7000 lb. main hoist with 100' of 7/16" cable and
 
swivel safety hook. 
 I 5,380.00 

6 1 	 Crown block assembly required for hoist optionsL 1,315.00
 

7 1 	 Splined floating spindle. 
 2,010.00
 

8 1 	 Air and water system with line oiler. 1,390.00
 

9 1 	 Foam flush system. 
 1,980.00
 

10 1 Air/water swivel, 2" NPT. 
 1,025.00
 

I1 1 	 2" standpipe. 
 285.00
 

CONTINUED ON PAGE 2 .........
 

We appreciate your valued inquiry. Respectfully submitted, 

Further information gladly furnished upon request. MOBILE DRILLING COMPANY, INC. 
This quotation valid for days from date of quotation. By 
All other conditions including delivery subject to factory acceptance. Title 
Form MD 812 
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INC.MOBILE DRILLING COMPANY, 
Executive Offices & Plant 	 NUMBER DATE 

3807 MADISON AVENUE 68805 03/13/8 
INDIANAPOLIS. INDIANA 46227 

AREA CODE 317 7876371 
THE ABOVE NUMBER MUST APPEAR ON 
ORDERS AND RELATED CORRESPONDE 

QUOTATION IS GIVEN IN ANSWER TO WIRE LETTER PHONE DATE OF 

I EQU EST 

* To: CAMP, DRESSER & MC KEE 

* Page 2..........
 

Delivery: Terms: F.O.B.
 

ITEM QUANTITY DESCRIPTION UNIT PRICE 	 AMOUNT 

12; 1 	 Hydraulic breakout wrench 
(mounted on right

side of mast). 


800.00
 

!3 1 	 Guide bushings (2-piece) 4-1/2" OD. 
 drill pipe. 	 140.00
 

141 1 	 Manual breakout wrench for bottom rod:
 
P/N 180323-02 For 4-1/2" O.D. drill 
pipe-­3-3/4" wrench flats. 


170.0
 

151 1 	 3-1/2" API reg. pin. 
 540.012
 

16 1 	 Pipe elevator for ODEX 165, 
size 4-1/2" x 10'
 
long. 


190.00
 

17. 1 	 Hydraulic oil 
cooler for water-cooled power

units. 


720.00
 

18 1 	 Mission 4x3 centrifugal pump with 
13" impelled
 
and mechanical seal, hydraulic motor driven
 
with flow regulator speed control, 
complete wit
 
pressure 
line to control panel, bypass valve an
 
pressure gauge, suction 
line 4" and 	discharge

port 3". 


9,500.00
 

19 1 	 P/N 64009-20 2" x 20' pressure hose. 
 280.00
 

20 1 	 P/N 64003-25 3" x 25' suction hose. 
 325.00
 

CONTINUED ON PAGE 3 
........
 

We appreciate your valued inquiry. 

Further information gladly furnished upon request. 

This quotation valid for days from date of quotation. 
All other conditions including delivery subject to factory acceptance. 

Respectfully submitted, 

MOBILE DRILLING 

By 

Title -

COMPANY, INC. 

Form MD 112 
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QUOTATION
NUMBER DATEMOBILE DRILLING COMPANY, INC. 

Executive Offices & Plant 
3807 MADISON AVENUE 68805 03/13/87 

INDIANAPOLIS, INDIANA 46227 

AREA CODE317 787.6371 THE ABOVE NUMBER MUST APPEAR ON ALL 
ORDERS AND BELATED COIIESPONDENCE 

QUOTATION IS GIVEN IN ANSWER TO 	 LETTER ATE O 
REQUEST 

* To: CAMP, DRESSER & MC KEE 

* Page 3.......
 

Delivery: 	 Terms: F.O.B. 

ITEM QUANTITY DESCRIPTION UNIT PRICE 	 AMOUNT 

21L I 	 P/N 3013-0048 3" foot valve/strainer. 71.25
 

22, 1 	 Trailer -- 18,000 lb. tandem axle with electric'
 
brakes, lights, auger rack, one double unit tool
 
box, safety chains, 10:00 x 15 load range F tires
 
(4), electric brake kit and breakaway safety switch,
 
tow car kit, two rear-mounted hydraulic Jacks
 
(24" stroke), and one front-mounted 24" stroke
 
hydraulic Jack. 
 17,510.00
 

TOTAL F.O.B. PLANT AMOUNT FOR ONE(I) UNIT ...... 100,771.25
 

LESS 10% QUANTITY DISCOUNT FOR FOUR OR MORE
 
UNITS........................................... 
 10 063.23
 

SUB TOTAL ......................................
 1 90,708.02
 

231 	 Add, for export packaging and shipment to East
 
Coast port, per unit. 
 1,750.00
 

24 	 Add, if required, for compliment of spare parts
 
to support field operation for minimum one year
 
per unit. 
 Approx. 7,500.00
 

We appreciate your valued inquiry. Respectfully submitted, 
Further information gladly furnished upon request. /"MOBILE DALING COMPANY, INC. 
This quotation valid for 30 days from date of quotation. By - --

All other conditions including delivery subject to factory acceptance. Title ray L. Steele, Sales Manager 
form MD 112 
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Mobile Drill B-80 - one compact drill rig

for all types of formations
 

The model B-80 is a hydraulically powered long stroke The basic B-80 unit is streamlined for simplicity ofcombination auger, air rotary and core drill, designed for operation, versatility, minimum of maintenance, and formultiple drilling functions and for solving modern drilling easy assembly on various drill carriers. Precise control ofproblems in: feed and retract force (hold back), rotation torque and an
* full-range soil sampling * water well drilling outstandingly wide rotary head speed range make the B-80suitable for handling the increasing range of special toolsq mineral exploration * construction drilling required in the various drilling operations. 

Down-the-hole drilling
 
B-80 is designed for down-the-hole drilling in medium 
 hard to very hard
formations. The wide range of combinations between the spindle speed and the
 
Coromant button bits guarantee a high penetrationfeed force iii addition to Atlas Copco OTH drills COPrate4 andand minimumCOP 6 andbit Sandvikwear in " I 

' I 

all types of formations Maximurn bit size recommnendjed is 2 16 min 1811,) 

a 

The ODEX drilling method
 
For down-the-hole drilling through overburden or 
through, fissured formations,

B-80 can employ the new ODEX-method This allows simultaneous casing of the
hole as the DTH drill advances, and withdrawal up through the casing upon
completion of the hole B-80 can easily handle ODEX 115 and 165 versions. Thisallows drilling to be continued below casings with 115 mm (4'/2")and 165 mm
 
(61/,")bits respectively
 
In conjunction with the ODEX drilling methods, the 8-80 is highly effective for
 
burden,water well drilling in hard to medium hard formations, even in consolidated over­as well as for other drillng operations such as anchoring, grouting, testing, 
etc
 

Auger drilling
 
The B-80's combination of 
a long feed stroke and high spindle torque puts augersdown fast for full range soil sampling operations and construction drilling in

overburden and semi consolidated materials.
 
B-80 handles continuous flight augers from 
 114 mm (41/2 ' ) to 356 mm(14")
diameters in sand, clay, slit gravel and similar materials. Thanks to a high feed
force, rotary tools up to 127 mm (5) in diameter can be used in soft and medium
 
hard formations
 

Core drilling 
Precision hydraulic control with ten spindle speeds, up to 716 rpm maximum, isideal for rock coring with conventional or wireline systems using air or water (flushing. Up to 146 mm (53/4")diameter coring tools can be used through average 
to hard formations. 

Capacity range 

Method 
 Hole size Hole depth Method Hole size Hole depth
in i ft. J_ mm I in m ft. 

0TH with COP 4 115 4 1/2 250 820 Auger 152 6 75 245DTH with COP 6 165 6 1/2 175 575 356 14 30 100
 
DTH with ODEX 115 152 
 6 75 245
DTH with ODEX 165 212 8 1/4 50 165 Hollow-stem auger 203 8 45 148 

Wireline NQ 200.300* 600.900*Rtocary 127 5 300 985 

Depending on ground conditions 
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0 .7 (28 in/s) 	 . . 5000 bH ydraulic pum p (do uble 	 Liftingm/s capacity ) at. . . .2270 kg 

sections), capacity ........... 1.57 and 21 and 30 	 ...... 2
 
2.27 1/s respectively 	 Imp. gal/ Pipe elevator 
at 	138 bar mitl resp. Drum diameter ........ .. 89 mm 3.5 in 

a 2000 psi Drum capacity (8 mm, 

Oil volumes 5/16" wire rope) ......... 46 mm 	 150 ft 
38 in/s Hydraulic system ......... 2651 58 Imp.gal Hoisting speed') ....... 0.96 m/s 


Hydraulic tank ........... 257 I 57 Imp.gal Liftin capacity ...... 1200 kg 2650 lb
 

Lubricating oil tank ....... 121 2.6 1mp.gal ') with empty drum
 

Air system 
working pre e .......... 18 bar 261 psi W eights 
air hose connection ....... 50 mm 2 in 
extra outlet connection . 25mm 1 in for PTO di .i 3000 kg 6600 lb 

with separate diesel engine 3640 kg 8000 lb 

Torque 

rpm upto 27 32 66 96 113 121 204 232 425 716 

Nm 8970 7625 3730 2550 2170 2030 1205 1060 580 340 

lb ft 6620 5620 2750 1880 1600 1500 890 780 425 250 

G _ 

P 

H 

(T' 

E 0,1
Dimensions in mm (in) 

A B C D E F G H- I K L M N 0 P 

7100 6600 17(30 865 940 280 965 2490 830 370 775 790 200 360 535 

(38) t98) (32.5) 1,45) 1305) (31) (8) (14) (21)
(279) (60)(37) 	 (11) 

PATENTS
 

Sldramatic Umted States US 3 515 228 SafeT Driver France 7 321 113 BREVETE S G D G 
Slidramatic France 7 002 126 BREVETES G D G. Safe.T.Driver United Stites 3 889 765 
SIdrumatic Germany 2006 724 D.P B Safe-T-Driver Canada 975.3 15 

Slidramatic Italy 888 098 Gimbal Coupling Germany 2 235 929 0 P 8 

Slidramatic Cana da 867 216 Gimbal Coupling Canada 951 130 
Slidramatic UntilI Kingdom 1 240 983 	 Gimbal Counting United States 3 794,127 

Lifeline United States 3.515 824 	 Patents pen(ing in other count res 

Lifeline Canada 897 226 

1,1 MOBILE DRILLING COMPANY, INC. 
3307 Madison Avenue. INDIANAPOLIS. INDIANA 46227 Sales and Service outside the United States through 
Phone 317) 787-6371 TELEX 27352 or 6876017(WUI) MOBILE DRILL INTERNATIONAL, INC. 
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A catalog of higher education available in the ground water industry.
 

Water Well Education
 
The schools list ed here all offer higher education programs 

In water well ttchnology. -iMIs catadog is based upon 

Inform atIon prolded by each InstItution and Is stubject to 

change. 

trollegeSchool: 	 Edmonds Corumu nv 


2000 6FIt h Avenue W,'st 

Lrynwood. WashIngton 98036 

1206) 771 -1500 

Programn title: 	 Earth and Rock Drillig 

Program 

coordinator: A Bitler
 

Program founded: 	 1979 

I istory of (rilling. 	elementary geology.Curriculum: 
arc welding. drilllIrig operatlOnS I.1.asc 
emergency ft rst aid. well design/ geol-
o*,. equipment design andiralrte 
nance. tydrologN for drillers, drilling' 
operations It. drilling records man 
age ment. oxyacetvlene for drillers, 
drilling operai hus Ill. stiiner prac 
tlcni. Internshis) I. II. Ill. Nuinbcr of 
special III -,er -l(eI'ti lrnig progranis 
are alsc aVailable throtighoIt tihe 
school vear 

Total course 
hours: 92 credit hotirs 

Classroom Before tnterrtiship-30% 

hours: )trlrp Interrship- 10% 


Field hours: 	 Bevfore Inteniship-70% 

I)r-ing Intcrilshlip-90% 


Number of 
qualters needed 
for graduation: 1 Ior rerlIfIcate." 7 for degree 

Equipment used Two cable tool rigs. one auger rig, one 
in course: top head drive unit, assorted settce 

e(liutpriient 

Course offered 
to new students: 	 .Loeli fall 

Average number of 
students in class: 12 

Number of 
graduates in 
history of course: First two graduates will be In June. 

Admission IS years of age and Intervew with 
requirements: director and progran coordinator 

School's l'rograii accredited by Washington 
accreditation: State Water Well Drillers tLssoclatloril, 

Degree Associate of Teihnlcal Arts Degree. or 
awarded: Certificate of 

S102 per quarterIn state tuitionCosts: 
Out of state S396 per quarter 

Books S 40 per quarter 
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School: 

Program title: 

Program
coordinator: 

Adjunct faculty: 

Program founded: 

Curriculum: 

Total course 
hours: 

Classroom 
hours: 

Field hours: 

Number of 
quarters needed 
for graduation: 

Equipment used 
in course: 

Course offered 

to new students: 
Average number of 
students in class: 

Number of 
graduates in 

history of course: 
dmision . 

requirements: 

School's 
accreditation: 

Lab fees $ 1()0 lxr quarter
 
Tools. equtIpnw;it S 110 per quarter
 
I.Id h ,, W c'.Ii,II , -I,, I II, IlII
 

J Sargeant Revrii(ls CorImnrntv 
College

P. Box 2081 

Rchiond. Vi trdia 	232.11 
(80 2CY1.32.42 

Ground Water l,source Prog,ram 

Dave Walz. Asssant Professor 

I. M. Townsend.T C I hler Jr 

1973 

corilat'tlri skills. ortenta 
tLion. chemi1st r, ii gromid water. tech. 
nical rmathennacs. ground water 
geology, map and aectal photo hiter 
pretatlon. water well desig i. philV'cs 
for grotnd water. principies o applied 
psycholok. driill t ihhiiques, fun­
danientals of wcLttrig, water well log 

ging. applied a( on ttrig, water s"s­
tells. neiianisms. water sYsteills 
contrels, Introhicttor to echnihal 
graphic represerltat tor. s*ectat lls 
and standards m r-t - olo*-.ords, 4x 
coordinated liriis -slvIiten ship. 

66 credit hoiurs 

50 actual hours 

17 actual hours 

4 

TAO Ingersoll Rarid. Srneal puimp 
hoist rig. complete grotund water test-
Irg labiratory. t'ourplet rtud testI rig
lax)rator , complete pumup test lab­

orator . 

Fall 

8 

26 (also II now in progress) 
I ligth school diploira or equlent, or 

18yearsof age: completed applicatIon:
 
$rlliiig
$5 applicationIee: ollcia] traniscripts:

health c'erttlcltate 

Southeni AssociatIon of(olleg's and 

Universities 

http:2CY1.32.42


School: 	 Staples Area Vocational Training 
Institute 

Staples. Nlnnesota 56-479 

(218) 894-2,130. extensions 670. 671 

Program title: Water Well Drilli g Technology 

Program 


coordinator: John Manrtell 
Program founded: 1973 
Ctrriculum: GeoloKy I. ground water and wells. 

tools. Mlnniesooa Peology, well drilling 
I. hydraulics, well codes. welding I, 
water systems 1.weldling II,well dril-
ling If.planninlIrrlga(ion. ater sys-
terns. cable tool fisliiug, advanriced

geology, water purification. better 
business. birth of a )usiiiess.. making 
ItIn y o u r o w n hl sitiess. C niorriu nlicll a ­
lion. Other short mills on-elet'trlc 
inotors.,dl(sel niecliani.s.alimotive 
mechanics. 


Total course 
hours: 2.1W total-1.050 per year 
Classroom 

hours: 2 horsi- per day 
-hours: 

Field hours: 4 hours per day 

Number of 

quarters needed 
for graduation: Io 9 month sessions 

Equipment used One 1976 Gardner icnkr 500 irudincourse: 
 arid air rig. orie 1975 T 650 (_ihicag(o 

Pietimatic air rollrx lop head drive. 
one 43 CNclone cable I()l rig. oll( 35 
(C'clone cable tool rig. two 20 tltic iIs

Erie cable(ooI rig-s. in -water tnicks, 
oc[po)ra~lewelder 

Course offerel Fall quarer-Augus 31 saris new 
to new students: qurarter. 

Average number of 
students inclass: 1416 

Number of 
graduates in 
history of course: 5-10 per year 
Admission Open dx)r. If space available. sludent 
reqdrements: may enroll. 
School's Minnesota Stale DeparinIerIi ofVoca 
accreditation: tllo1a EducatiIon 
Degree Ifatterldairce Is 95% or lx'licr aid 
awarded: course work has f'nri ailslactorlly 

completed a Diplorma of 1 W iller W e iih 
DrillI ng lech nolog, isaw' rred. ter­
flcaie to allothers. 

Costs: 	 Mlinnesota residents $2.13 per day
Approxinaeky q,130.00 per quarier
Out ofstate $5.33 pe'r day 
Approximately '320(X)per quarter
 

Ils rrclpr iItlaoi m 	 tlit " 1,111a r-lllt %.1 , 

School: Sir Sainford 1le.inirg (hge
 
). B1ox 8MX)0
 

LIndsay. Ontario K9V 5E,6
 
(705) 324 91 .4-1
 

Program title: Heotirces [)rllng Technician
 

Program
 
coordinator: Ron Morgan
 
Program founded. 1976
 
Curriculum: Year Onl-lutroducior 

, drilling, stir. 
vitwIng. blastlng. gecology. chenrisirv. 

(1111 ilaot is. fon.slrv. Ih)(- lp. 
niciit. cartography,. iul (ticial ics. 
welding. gcowtehilques. 

Y'ear "'\v0---Ehlonihln drillig geo. 
technical drilling.- well drlililng.
b a ti hle d r llig. a d x iin e d ilas lin,hi t 

gco.ydroloK., i nhograilllnnci arid 
pholo liilrpreiailhu. ciineering 
genihyh" ,a(ihvliced geoieIIi(niql s. 
Ind t rial cliglle -Ig. 'lll s
 

Total course
 

hours: 28 a week for 30 weeks III a vear
 
Classroom
 

25%
hours: 75% 
Field hours: 75%
 

Number of
 
quarters needed
 
for graduation: 4 winesiers (2yearsi
 

Fuipent used Calehh~l rig. (iar, rig. inbl1,1c
 
incourse: hoauowsgelllaller. i-llnnid drills.
 

Air Trac (collmprrs541r. 
Course offered 
to new students: Seplernber of eacli 'e;ir 
Average number of 

students in class: 35 
Number of 

graduates in 
history of course: 50 

Admission 
requirements: I Igh schlrool graduate or eitl\-aleil. 
School's 	 Rec() gnized bIby Waler WellOniarlo 
at'reditation: Association. Canadian Water Well 

-so<C'Ia IonI. 
Degree Resour-es Drilling rechilician 
awarded: i)iplorma 

Costs: $4410 a year (Caialanllari) 

A .,.,id ., viiui,,,,.- i. ti, .l i iihit 
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Degree Certlilcale of GrondlVatVrc eSOurce Costs: Tulitio ,350 
awarded: lrogmrai Books Ist S400 

Costs: VIrglila reside:it Ftill iime ,114.00 2nd S2(X) 

Out of-state 
Partlime $ 9.50" 
Full tine S380.O0) 
"art time S 38.(00 

School: Red Deer College 
lox 5005 
Red Deer, Alberta TIN 5115 
(103) 3,17-1788 

School: Kels Instillle 
[Box 1520 
Saskatoo~n. ,askatchewan 

106I) 6G(4-6456 

Program title: 

Program 
coordinat-or: 

Water Well Driller-Aberta 
tlcesthilp training 

Maui rice Iewis 

appren-

Program title: Water Sclences lechnology, with a Program founded: January 1979 
loulld Water lcchollov Option 

Program Curricuiun: 

coordinator: John Glles 

Program founded: I:i_)9 

Curriculua: clnllleIs olreport ir.tcl.pr cs 	 Ii 

telpe I-at Ieiat is.1 1Ill ttos. tcIl-cal flnatheinalh's, sli-XI,., 11heoll I andl), 

II. graphics. applied plhysics I .aid ILumpinig 
geolopLy, collpulters. ileteorologihal 
iin(flhllleiliat l.IlrM Iieisi lI'iniv!1tliits 
I anid II.Ii (al. piilt)iciples oli ilil-
agelnlelit~ll'i'ihis, plain [~i'lgdn. .chel-
ISv.h'drolov I \. ei-alill ani;ysis. 
hly(tr i-nitrhticl l-t uluienatl toill. -c-uw 
ailhtll skills, spring la . -ctent lih 
iw.pol)-Iwrtl i L !. tI I I ldl il .s Iiliil1 1led 

-lllp. water (Oiillrilsfv. stlics it. 
olerati(lolls tistlilcntttol.ilh -oilil(l 
W;teir gvol. i 'i(t ii ii i ioIlln 
staillltloil. 11iMriilljia ill, tro ilh. 
shoutilIlV)I. I tii dll - lle- wWat-luII ld 

+
tl'W lltf S\'<,l1115. t Ilit -"; 1 ,111 
ii2elint . 1. l r(1(1­dI hui lllu 'Idu( 
keepnlll,. water iwell toltl(II c'loll. 
il'n11Illvilkit ll. Wa;Il' wll miiila 
Ilal iceaild i Ihlll 'll.ilHiII. (oil 
l11(1titi tilli'i H 1I(.1i i Ip v. %W-;inieamfori 
ig-ultllti. i-lil(lt ,wli g.lls'i- sin ui'r 

Total course, 

hours: 	 2.1 (uX 


Class rorn 
hours: 751, 

Field hours: 251, 


Nutbeilxbr of 
quaiters needl 
for igaduation: . i yea-s 

E~luipnIIIt used 	 A widea ne IV oI so rveviiig. water 

illcourse: 	 testllig.iltow liit'asiiriiig iniitllg(tlo!1 
cal and liyvdroloiclal elll)illenlt. 

Course offered 
to flew StidelitS: 	 lFiIh 1i1 

Av .- er ofrage nill 
studenLs in cl.Lss: 27 

Number of 

graduates inaccreditation: 

history of course: 21a year. 170 111(1 iltgraill iali 


Admission 	 (hade 12. litltltmi mLIo
g algtI-a iiid 
requirenents: trill I'rllrence i Ilioq'w\'ho hae\( 

g.ide 12 ctietii istry ailI 1)li\slcs, 

Schoolbs 

accreditation: 	 Saskatchewan Coot illiillig diIl(1ll 

Degree Water Sclences Dlploina--Eingincer. 
awarded: lug FCI IIoloitV 
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Total course 


liours: 

Apprentieshilp: 
Classroom
 

hours : 


Field hours: 

Number of
 
quarters n edd
 

graduation: 

Equipncuit usse.. 


in course: 


Course offered 
to flew studelts: 

Average nuiber of 

students in class: 

Niimber (f 
graduates in 


history of course: 

Admission 

requiremen s: 


Sch oot.)l's 

Degree 


awarded: 


Costs: 


First l'eriod-lBasih tools and skills, 
gasoline and dlescle ngines. hydraulic 
and air op)erated cqulpnieiit. welding. 
safetv. geoloky, well constructlon and 
design. ('0111111oll drilling Sytemlls III 
use. other drilling syslems, electrical 
coil nect ions. driver training, wellm hls\'te s
 

SNsieis.
 

Sx-cond P'rhxI-Golop \. well hvdrau­
('I.e l ioi I1o, gronild water. dill­)l 


gllig l)tliill)l
SVivells. w'eill lg sstefls. 
well developillent, well mailntenailce. 
sliliial*v a.s)e'ts of Water well drilling. 
(ciltllicalaspects of ground water,well 
irilliig records, geologic ia ) Inter­
pl til n.
 

270 hours i 50 Ill.s(year. 120 second 
var)
 

3,(Wf(hoill-, 

9011 

IOA
 

loltll if 9 weeks of 	 forimial edlicaltoil. 

Mo1st haids olil eriei-tte isihrough 
co.qxwratl g ci-oitraclor. At school stu 
delits us, lariltlit's oi a ieavv-duliv 
elipmlenl shop ind weldlinig hop. 

Wa Ie1 s\csil'ls initessiies are tS, Ias 

aids
 

JaIllai (- 'aci\-iar. 

21) 

It have coimipleted alpnmrllitesll p 

progrill. 

lii- ;itl ll6 old. Silcicssfuilta rlis 

l oll i lt -1 ) i)litici 

MiI( eiiletr Illt(i.i ictsiinc.ltii act 
;UI)IvclIIlf-III\%'Ill]i co' r.
illfltlt .
 

Alteila At\ cli tl tlta an(
lEd Lii 
Maiiwer. Altorla Watr Wel .sso­
hl-atpo io. 

Alberia J tirvii \%-ill drilleri well 
cerllfhicate. 

No tultionI cosis to Stildellis. LiVingand Iravel allitwalit-es paid 1v (?anal~­
(ilan il aliw('r. Ifcit beinl1)aid by 

eniployer, Cail receive llllipll'ielt 
tollle.lltn
 

http:tollle.ll

