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CHAFTER |
INTRODUCTION

-

This volume constitutes the final report for the Rescue Subsystem portion
of the Coal Mine Rescue and Survival Systermn program conducted by the
Westinghouse Electric Corporation under contract to the United States Bureau
of Mines {Centract Number H0101262 dated June 17, 1970). The program
was directed by the Special Systems Department of the Westinghouse, Balti-
more, Maryland facility. '

The basic cbjectives of the CMRSS program were to develop and test hard-
ware to determine the efficacy of a variety of coal mine rescue and survival
concepts and techniques. These concepts were drawn [rom two major §oUrces;
the Request for Proposal fram the Bureau of Mines and the final report on the
Mine Rescue and Survival Study conducted by the National Academy of Eng-
ineering (NAE},

Both of these documents Tecommended that the overall Coal Mine Rescue and
Survival System comprise three subsystems: the Survival Subsystem, the Com-
munications Location Subsystern, and the Rescue Subsystem. These subsyatems
are covered by Volumes I, LI, and III, respectively, of this final report.

Each of the tnajor tasks, corresponding to the three subsystems, was Ccon-
ducted by a subcontract organization. The Rowan Drilling Company, Inc.,
of Houston, Texas, was selected to conduct the design, development, and test
on the Rescue Subsystem, :

Once trapped miners are located by the G ommunication/Location Subsystem
of the CMRSS or by other means, it is the purpose of the Rescue Subsystem
to complete a probe hole as scon as pos sible from the surface totheir location
through which their survival needs can be met until a resecne hole reaches
them in a minimum of additional time, The entire operation must be carried
out without creating additional hazards for the men trapped underground,

Two separate rotary type drilling rigs, along with their associated drilling
equipment, have been assembled to carry out the probe and the rescue drill-
ing o perations (see figure 1-1). Much of the equipment selected for ass embly
of the two drill rigs consists of standard items available from drilling eguip-
ment manufacturers; however, special requirements of the Rescue Subaystem,
such as safety of trapped miners and helicopter or airc raft trangport, made
extensive special detail design and fahrication of equipment cornponegnts
necessary. Drilling industry experience gained by the Rowan Drilling Comep-
any during several decades of drilling semzll diameter holes has been applied
to the design of equipment and drilling procedures for the probe rig uperation,
and the best current industry practice, developed only in recent years for the
drilling of large diameter holes, has been applied to the design of equipment
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and drilling procedures for use with the rescue rig, Thus
and the operating techniques which make up the Rescue Subsystem
current state of the art in the commercial qrilling industry,

the two drill rigs

repregent




i
-y

L RNy
PR e e v A A TN M

Iy

Rescue Rig (Foreground) and Froke

Figure 1-1.

Rig (Background)

3/4






b . CHAFTER 2
: DESIGN

The overall direction of system design efforts and the choice of alterna-
tives was dominated by the mandatory system performance characteristics and
the schedule requirements of the contract.

The Request for Praposal which led to the contract limited the period
of performance to ! year, This mandatory requirement made it necessary
to adapt existing designs and component hardware in configuring the two

- drilling systems. Once an adaptive (a5 opposed to an innovative) development
) approach was accepted, it became possible to complete the job within the 9-
month period propesed by Westinghouse and incorporated in the contract but
only with a highly compressed schedule which allowed only 5 months for the
design phase which extended from subcontract award to completion of func-
tional testing prior to the system demonstration, Consequently, equipment
choices were based prirmarily on mandatory system periormance parameters,
taking intc account the objectives of demonstrating the mine rescue potential
of the NAE concept, and delivering hardware which could be further optimized
for operational use by adding and modifying equipment without necessitating
wholesale replacement.

The mandatory performance requirements, which dictated the size of the
drill rigs and influenced characteristics affected by size, were the capability
of both rigs to drill to 2,500 feet, the minirmum hole sizes specified, and the
requirement for transportability by freighter aircraft and heavy lift helicopter.
n Other contractual performance goals influenced design and resulting perfor-

mance capability to the degree which was pos sible in view of the time con-
straint.




SECTION I
DESIGN CONSIDERATIONS

This section presents the special design considerations through which
final design criteria were established, Included herein are the Reacue Sub-
system performance geals and limitations and the results of the geological
predesign atudy of the Appalachian region considered the Primary area of
mine emergencies, -

HARDWARE CRITERIA AND PERFORMANGE GOALS

The National Academyof Engineering repert, "Mine Rescue and Survival"
established basic system specifications and operational capabilities for the
Rescue Subsystem, Initial criteria specified in that report underwent addj-
tional scrutiny by the Bureau of Mines and further definition through subse-
quent analysia of subsyatern requirements. As a result of these coordinated
efforts, final requirements and anticipated performance goals were set
forth in the Bureau of Mines contract with Westinghouse Electric Corporation,

The contract required a complete, self-sufficient drilling rig including
supporting equipment on skids for each of the probe and rescue drilling
cperations. Hole diameter specifications were set at a minimum of & inches
for the probe hole and 18 to 28 inches for the rescue hole, The Bureau of
Mines imposed a depth capability of 1,500 feet with the possibility of being
easily extended to 2,500 feet, This required gizing all machinery with a
suitable safety factor for the weight and power required to handle 2, 500-foot
drill strings on both rigs. Hole deviation was limited to 2 degrees per 500
feet to ensure the necessary drilling accuracy required to locate miners
trapped underground. _ .

Drilling penetration rates are of the utmost importance to the success of
mine rescue operations. Although the contract noted that varying geological
conditions may constrain drilling progress, drill penetration poals were
established for probe and rescue drilling operations. Probe hole penetration
goals were 100 feet per hour in 12, 000-psi compreasive strength rock and 20
feet per hour in 25,000-psi rock {atrong quartzite), For rescue drilling, the
Bureau of Mines desired rates of 17 feet per hour in 12,000-psi rock and 6
feet per hour in 25,000-psi rock.

The acquisition and maintenance of drilling rigs and trained skilled crews
‘are neither feasible nor econarnical for individual coal mine regions, There-
fore, drilling equipment and qualified rescue personnel must have a marked

degree of mebility te cover all possible mine emergency situations, To
achieve this mobility, the equipment should be transportable by truck, cargo
alrcraft, and helicopter. Cargo aircraft can speed deployment over long
distances and heavy lift helicopters can overcoma severe accesgsgibility
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problems in the vicinity of 2 mine emergency. An additional requirement
wag that the equipment must be quickly reassembled upon arrival at the
emergency site. Crews must be drawn from active drilling areas as quickly
as possible.

The contract specified supply of all auxiliary equipment necessary to
operate the drilling rigs and effect the rescue. Specific hardware require-
ments, however, were not rigidly established but emerged from available
technology, operational and terrain exigencies, and mobility conside rations,
These final hardwate criteria are discussed in Saction II of this chapter.
GEOLOGICAL AND OPERATIONAL SUMMARY -

To establish subsystem requirements and performance goals in terms of
final equiprnent design and drilling procedures, a predesign study was
conducted of operational and geological possibilities and constraints., The
study reviewed such problems as terrain, stratigraphy, formations, and
g roumd water production in the Appalachian area, Various drilling procedures
and equipment were also evaluated for potential use in probe and rescue
drilling. As a result of this atudy, conve rsion from specifications to final
design was facilitated and compliance with required performance enchanced.

Since a predominant portion of all unde rground bituminous coal mining in
the United States is in the northern Appalachian basin, this region was chosen
as the primary area of nperatiuns.l Nevertheleas, the Rescue Subsystem
must also have application to other coal mining regions with only limited
meodificaticn for geclogical differences.

A detailed account of Appalachian geology appears in U. 8. Geological
Survey Professional Paper 580, "Mine ral Resources of the Appalachian
Regicn." Most of the coal mined in this area is from bitumincus beds located
in sedimentary formations of Pennaylvanian age (approximately 250 million
years old} in the Appalachian Plateaus physiographic province. Some anthra-
cite coal is mined in the Valley and Ridge physiographic pravince cast of the
Plateaus. Anthracite production represents only 2 percent of the total coal
tonnage of the region. Therefore, the predesipgn study concentrated on the
Plateaus province where mine emergencies are expected to be more frequent.

The Plateaus province extends from southern Mew York acrosas western
Pennsylvania, scutheastern Ohic, West Virginia, ¢acstern Kentucky and
central Tennessee into northern Alabama. Figure 2-1 cutlines the extent of
the Plateaus province in the Appalachian region, Briefly, the landform is
described as a dissected plateau with steep slopes of up to 45-degree angu-
larity and relief of 500 to 1, 500 feet. Except for thick glacial deposits in
the northen portion, soils are gene rally thin, and the drainage pattern is
aither random or dendritic. Surface and near surface rock units are pre-
dominantly flat lying sandstone, siltstone, and shale.

I .
Bidders Conference - CMRSS - demonstration was to be made within 100
tpiles af Charleston, West Virginia.
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Figure 2-1. Extent of the Plateaus Province in the Appalachian Region
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Structurally, coal beds in the Plateaus province are nearly horizontal
in most places with local open folds and arches. Low - and high- angle faults
exist in scattered areas. Varying in thickness from only a few inches to
8 feet, these beds occur at irregular stratigraphic intervals in the Pennsyl-
vania age rock. Stratigraphy and the interval between coal seams are not
always uniform, but rock strata apparently conform to a general sequence.
Figure 2-2 depicts this general formation pattern and indicates that the
predominant rock types are the same as those on the surface: sandstone,
siltstone, and shale, '

During the predesipgn study, it became apparent that drilling operations
in the Appalachian Plateaus province must make provision for a number of
anticipated climatic conditions and geographic difficulties. The sedimentary
type formationa that exiat in the coal mining region determined the selection
of drill bits and collar, rig power, circulating media, and much of the .
ancillary equipment. Similarly, the steep slopes and altitudes of 3,000 ta
4, 800 feet presented additional predesign problems. To avoid unnecessary
delays during actual mine rescue operations, bulldozers were required in
the event that leveling operations prior to rig assembly became necessary.

In the Plateaus province average yearly rainfall of 35 inches and from
20 to 100 inches of annual snowfall posed transportation problems. Under
such conditions, the narrow and winding mountain roads that are prevalent
in this area might prohibit transportation by truck, In addition to the
narrowness of the roads, a number of low underpasses and limited bridge
capacities further hinder transpeortation by truck.

1 —Coal
P - —Underclay

8 —Fresh-water limeslone

7 =Clay shale. calcareous shale, mudslone

1 & —Sandy shale

4 —Massive shale

3 —Manne limestone
=—— 2 —Rool shale
1 —Coal

T1-1332-V A3

Figure 2-2. Typical Stratigraphy of the Flateaus Frovince
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Drilling systems must be able to operate at temperatures down to -20°F
in th: wintey,

Hydrology in the Plateaus province is favorable for the use of air as the
circulating medium, . Although generalization is difficult for such a large
area, ground water tends to concentrate in the valleys along the natural
topographic drainage pattern. Water found in the higher regions (where
mest of coal mining takes place) is usually transient water moving through
fracture systems or small armounts of water attributable to formation poTos-
ity. _

In the Appalachian Plateaus province, probe and rescue drilling operations
will, for the most part, encounter only stable sedimentary rock formations
with a minimum of sloughing and caving, Coupled with the fact that extensive
water production is unlikely, the lack of significant sloughing and caving
indicates only a limited need for casing reinforcement, Nevertheless,
cccasional washout of soft clay areas and coal and hard rock cave-in are
possibilities and cannot be enti rely discounted, These contingencies were
thus provided for in the equipment design capabilities,
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SECTION I1
DESIGN DMPLEMENTATION

This section describes the final design phase of the Rescue Subsystemn
portion of the CMRSSE program. Design selections and various alternatives
are explained in detail for all phases of the aystem. Subjects covered in the
following paragraphs include methods, circulation, downhole packages, and
basic rig design for the probe and rescue drilling aperations; ancillary
equipment; drilling layout; transportation; and fabrication and assembly.
PROBE AND RESCUE DRILLING

The CMRSS contract established hole diameters at a minimum of 6 inches
for the probe hole and a range of 18 to 28 inches for the rescue hole. In the
design implementation phase of the program, operational efficiency and
equipment availability were the major determining factors in the final selec-
tion of hole diametera, )

The choice of 8-3/4 inches, an oil drilling industry standard, for the
probe hole ensured immediate procurement of the downhole tool packape and
better system efficiency than smaller standard sizes. The quality and ex-
pected life of the large assortment of drill bits available inthe 8-3/4-inch range
are significantly better than the 6-1/4-inch drill bit standard. Also, with the
larger bit size, heavier drill collar weight per inch of bit diameter can be
obtained commercially, which is advantageous to penetration rate.

A diameter of 28-1/2 inches was chosen for the rescue hole size over
smaller alternatives because it offers better drill bit selection, increased
weight concentration near the bit, and more adequate casing capabilities. The
28-1/2-inch size enables the use of a commercially available big-hole bit with
replaceable cutters loaded by 24-inch outside diameter donut weights which
fit around a standard 12-inch outside diameter mandrel. This canfipguration
provides heavier loading per inch of bit diameter far drilling near the sur-
face and therefore higher initial penetration rates than can be obtained with a
standard drill collar. Also, the concentration of weight near the bottom of
the drill string enhances drilling accuracy. The wide selection of field-

. replaceable cutters available for this bit size are of advantage in achieving
the best combination of penetration rate and bit life over a wide range of
formation characteristics. Although standard tricone bits are availahle up
te 26 inches in diameter, they are produced in oaly a limited variety cf bit
facea, Furthermore, a 2h-inch tricons bit cannot accommodate 24-inch
domut weights, the smallest which are commercially available,

The larger size drill pipe required for the 28- 1/2-inch hole is advanta -
geous for reverse air vacuum circulation. Similarly, the 8-3/4-inch probe
hole also permits larger drill pipe than smaller holes, improving the

11




possibility of using reverse air circulation for pProbe drilling. In addition ta
mechanical efficiency, the larger probe and rescue holes are physically
better auvited to the objectives of probe and rescue drilling. The few added
inches facilitate passage of equipment, survival needs, and especially the

. rescue capsule,

DRILLING METHODS AND PROGEDURES

Rotary-type drilling has had the widest application of any method in the
drilling industry. In rotary drilling, a drill bit or cutter is attached at the
downhole end of a string of joined drill pipe sections extending to the surface
rig. Drilling is usuvally accomplished by retating the entire downhole as -
sembly causing the drill bit to roll across the bottom of the hole and cut into
the formation rock, The force on the cutting elementa is provided either by
the weight of the drill pipe and heavier sections of such pipe in the hole near
the driil bit called drill collars or by force applied at the surface such as
by transfer of the weight of the rig to the drill pipe column in various methods
called "pulldown. "' Weipht at the bottom of the hole, common in sil well
drilling and large hole retary drilling, tends to drill straighter holes because
of the pendulous nature of the force. Pulldowns often bend the drill string_
slightly at each jeint since the joint cannot be perfectly true and rigid and the
forces must be transmitted from the surface all the way to the cutter bit, This
can cause unacceptable deviations requiring detection and measurement ag
well as correction by techniques which are well established ag feasible but
quite time consuming. A suitable circulation method of air, water, or rnud
pumped through the drill pipe cleans the drill bit and lifts the formation
cuttings from the hole,

Crewmen attach a special hexaponal section of pipe called a kelly to the
drill pipe section nearest the surface. The kelly turns by means of sapecial
drive bushings housed within a circularly moving table and consequentiy
causes the rotation of the downhole assembly. Figure 2-3 illustrates the
Totary-type drilling assembly used in the rescue rig. The probe rig differs
only in the downhole tool assembly configuration.

Various other drilling methods were conzgidered, but all proved to be less
adaptable than rotary drilling to rescue drilling purposes. Churn drilling ia
a generally outdated method in which the formation rock is broken by raising
and lowering the drill bit in a churning. motion. This method was quickly
dismissed because of ingufficiant bhit life.

A'mmber of specialized drilling techniques have recently been developed.
These methods include high-pressure water jet drilling, laser heam drilling,
explosive or electric charge drilling, and thermal or flame jet drilling, All
of these techniques could have application in rescue drilling operations, but
many have had only limited field testing and some would be extremely
dangerous at the breakthrough point., Percussive techniques, such as air
hammers, have potential for special conditions including augmenting effec-
tive probe bil loading near the surface. Percussive techniques can be
combined with rotary drilling,

12
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Figure 2-3, Typical Rotary Type Drilling Assembly
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Thus, rotary drilling best exemplified compliance with stated specifica-
tions and performance goals. Owverall penetration rates are considered opti-
mum using rotary drilling, and equipment, both primary and ancillary, is
readily available in proven reliable designs. Furthermore, the safest circu-
lation rmediwm for rescue drilling, air, is easily adaptable to rotary drilling,
and pinpoint accuracies are possible,

A final advantape of rotary drilling was its flexibility: the capability to
incorporate other drilling techniques in the rescye proceedings without re -
starting the hole, Most of the othesr techniques would, on the othesr hand,
require major reworking and re planning to convert to ratary drilling if the
need arose during rescue operations. :
CIRCULATION SYSTEMS AND CASING PROGRAMS .

In rotary drilling, a circulation system is used to remove forration
cuttings from the bottorn of the hole.. The choice of the most effective me -
dium is contingent on a number of factors including hydrology, formation
types and fault systems, penetration ne cessities, and in rescue drilling, the
miner's safety {the possibility of flooding a large volume of liquid at the point
of breakthrough into the mine). '

The direction of the circulation medium is eithesr direct or indirect {re-
verse), In direct circulation, the medium flows through the drill pipe, across
the drill bit face, and returns via the annular portion between the pipe and
the hole to the surface. Indirect circulation simply reverses this direction
of flow. The medium flows down the hole and returns through the drill pipe.

Air or water forms the basis of all circulation media, However, air cir-
culation demonstrates significant advantages for probe and rescue drilling
operations. In relatively dry and stable formation areas similar to the
Appalachian region, ait circulation produces e¢xcellent penetration rates and
long bit life. Liquid or liquid-solid substances, on the other hand, do not
offer comparable penetration rates and bit life and require lengthy casing
operations. In areas where fracture systems tend to break down if a liguid
substance like drilling mud is used, drilling operations and penetration rates
are inhibited hecause casing must be set to prevemt excessive circulation
mediuom loss. Therefore, the CMRSS program anticipated the use of drilling
mud er other suitable liquid-solid mixtures only when excessive water pro-
duction or other factoers invalidated air circulation procedures,

AIR CIRCULATION

Air circulation studies included both direct and indirect circulation pro-
cesees, Among those methods studied were reverse air vacuumn ecirculation,
reverse low-pressure air circulation, and direct compressed air circulation
including air/mist ard air/foam variants. '

In reverse air vacuum cireculation, a vacuum is applied to the ingide of
the drill string at the rig level causing air flow up the drill pipe due to atmos-
pheric pressure existing at the hottom of the hole. Rotary-type positive dis-
placement blowers create the vacuum. The blowers selected for use in the
probe and rescue drilling operatiaons must maintain sufficient flow velocities

14



to lift the formation cuttings‘ifi':'bi'h"'the hole® Vatuum pressures of 16 inches

of mercury and flow velocities of 3, 000 feet per minute are sufficient for the

probe and rescue operations, .

Formation cuttings are removed from the airstream by 2 cyclone type
separator using a high-volume water spray to wash the cuttings into a steel
mud pit for disposal, Figure 2-4 is a diagram of the direction of flow,

e, blower operation, and cutting separation for the reverse air vacuum method.

Although the prime application of vacuum circulation is in dry formations,
rescue drilling will function succesafully with some water entry. If water

- entry is approximately 10 gallons per minute, the formation cuttings will
have low enough viscosity to prevent drill pipe clogging. If small amounts
of moisture cause the formation cuttings to cake and ledge in the drill pipe,

—- the addition of approximately 8 gallons of water per minute to the hole will
restore proper operation. Excessive water production praohibits vacuum
circulation and necessitates conversion to another method.

— Reverse air vacuum circulation fulfills the basic requirements in both
probe and rescue drilling. It minimizes hole erosion near the surface and
the liklihaod of cave-in resulting from unstable cutting deposits when drilling

- through higher level mine workings above the trapped miners. Alsao, reverse
vacuum circulation avoids the disposal of rock dust blown cut of the hole when
the direct method is used, A cencern expressed in the NAE report for need

to cover or close the probe hole while drilling the rescue hole is eliminated
when the cuttings are controlled as they are with the reverse air vacuum
technigue. '

- The primatry disadvantage of reverse air vacuum circulation concerns

probe drilling operation. The comparatively small-bore drill pipe more

easily clogs when a small amount of water is present. A teview cf the geom-
etry of the bearing surfaces necessary to provide the forces to the conical
cutters from the drill pipe and yet be small encugh to allow openings for cir-
culation medium passage to lift chips and as well cool the bearings shows the
difficuity in optimizing the cutter design far penetration for a given rock
material, In the case of the probe hole, the 8-3/4-inch diameter was ex-
pected to provide sufficient size for use of the vacuum system in many types
of strata. The solution to this problem would require lengthy expe rimentation

beyond the time constraints of the 9-month contractual pericd to determine a

workable combination of vacuum pressures, air flow velocities, and water

flooding techniques, Also, cleaning air tends to bypass the bottom, and air
velocities are more limited at bit choke points than with the direct air cir-
culation method. '

Reverse air vacuurn circulation was chosen as the primary method for
rescue drilling and an alternative for probe drilling. Inthe case of rescue
drilling, it is the only method that supplies air flow velocities sufficient to
lift formation cuttings. Direct air circulation 1s impractical in large hole
drilling because a prohibitively large air [low volume would be required to
produce velocities sufficient for cuttings removal, ‘

15
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Reverse low-pregsure air circulation injects large volumes of pressur-
ized air into the annulus to generate the flow velocity up the pipe necessary
to extract cuttings. This circulation system was discarded for Rescue Sub-
systern drilling because air pressure is difficult to maintain in areas where
fracture systems exist. .

Although rejected for rescue drilling, direct air circulation was chosen’
as the primary circulation system for probe operations. In this method,

a high-pressure compressor {up to 300 psi for this aperation) forces alr
down the drill pipe, cleaning the drill hit, and back up the drill pipe annuius.
This technique is the most widely used air circulation method in the drilling
industry for conventional size holes in relatively dry formation areas.

The flow rate of 1,200 ofm is necesgsary to provide adequate hale cleaning
when drilling the 8-3/4-inch probe hole using direct compressed air circu-
lation. Figure 2-5 depicts the operation of compres sed air circulation in
probe drilling. Direct air circulation can cause bottom hole pressures of
100 psi or more in deep holes when considerable formation water is present.
At shallower depths of a few hundred feet in dry formations, pressures will
still be in the 30- to 50-psi range. This characteristic must be takeninio ac-
count at mine breakthrough in cases where roaf fragments propelled by this
force could strike personnel. Circulation can be interrupted before break-
through or the vacuum method may be substituted.

To prevent dust and cuftings emission from the top of the hole, the uge of
direct compressed air circulation requires that a seal be applied around the
kelly to cause the air to flow cut away from the machinery area.

Also considered were air/mist and air/foam variants of the direct com-
pressed air method, With the air/mist method, a water base mixture, nor-
mally with a detergent additive, is injected into the compres sed air, usuwally
to keep wet formation cuttings from caking up in the hole. With the air/foam
method a special liquid is injected which mixes with the compressed air, pPro-
ducing a heavy foam similar in density and texture to aeroscl types of shaving
cream. The air/foam medium operates independently of air velocity and is
therefore the ‘only direct circulation medium that supplies the necessary lift-
ing capability for rescue operations. Both systems can withstand large
amounts of water production, Alsc, both systems generate undesirable
bottom hole pressures restricting their vse to those times when excassive
water production precludes the use of air.

MUD CIRCULATION SYSTEMS

The most widely used liguid -based circulating medium in the drilling in-
dustry is a substance called drilling nmad., Both direct and indirect circula-
tions are possible with this substance. OCutting lifting capability is often
improved by the mud viscosity resulting from the addition of bentonite gel
and other additives, and the hydrostatic head created by the mud aids in
holding back water, oil, or gas entry into the drilled hele.

Basically, direct and reverse circulation procedures for the use of drill-
ing mud are similar to the air systems previously discussed. The Rescue
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Subsystern provides the capdbilities of direct and reverse mud circulation
for the probe hole and reverse mud circulation for the rescue hole.” The air
compressor supplied for direct compresaed air circulation of the probe hole
is satisfactory for mud circulation requirements. For the reacue hole, how-
ever, a flexible, small-diameter tube for pumping compressed air must be
run inside the drill pipe to create adequate reverse airlift flow.

Both direct and indirect mud circulation systems require conversicn to
air circulation before breakthrough. Although mud circulation capabilities
apre available for use in probe and rescue operation, these systems will be
implemented only when all other alternatives have proven inadequate. The
direct circulation of drilling mud is outlined in figure 2-6.

CASING REQUIREMENTS

Casing requirernents for probe and rescue drilling are not expected te be
extensive, If drilling operations encounter light soil, soft forrnations, or
surface water during the first few feet of drilling, a minimum casing program
will be followed. This program involves the enlargement of the probe and
rescue holes to 17-1/2 and 37-1/2 inches respectively. These diameters
will be drilled as deep as required but probably will be to a depth of from

20 to 40 feet. -Then casing of 13-3/8 and 36 inches will be set to this depth.

If no further sloughing results, drilling will contimie to completion at dia-
meters of 85-3/4 and 28-1/2 inches.

It i=s unlikely that additional casing will be required. However, if exces-
sive ground water occurs, a comprehensive sequential casing plan ia possible
for implementation. This program is graphically presented for probe and,
rescue drilling operations in figures 2-7 and 2-8,

DOWNHOLE PACKAGE DESIGN

Drilling experience with small and large diameter holes indicated two dis-
tinet downhole tool packages for probe and rescue drilling. In order to
maintain sufficient air flow velocities and achieve good bit cleaning, the
downhole assemblies were designed using the largest practical bore sizes for
drill pipe and other downhole equipment.

The downhole tools required for the B-3/4-inch probe hole are conventional
and readily procured in considerable variety from stock. The rescue hole,
however, dictated the use of a big-hele-type drilling as sembly which has only
recently come into general use, The advantages of the big hole assemnbly are
that greater weight concentration can be applied to the drill bit and better
stabilization is possible than with smaller conventional azsgsemblies.

DRILL BIT SELECTION )

Specifie drill bits and cutters for the probe and rescue drilling systems
were selected on the basis of rig ratings, circulation metheds, and the range
of formation characteristics which may be encountered during probe and
rescue drilling ope rations. : :

Formation characteristics were evaluated by means of drillability tests
carried out by the Smith Teol Company during December on 23 core samples
from the Appalachian region. As a result of these tests, Smith type
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7 tungsten carbide insert bits and cutters were recommended for best average
penetration rates and bit lifetimes in drilling both holes. For softer forma-

itions, medium length, milled tooth bits and cuttera were recommended. Fig-

ure 2-9 shows an 8-3/4-inch tungsten carbide tricone bit, and figure 2-10
pictures a 28- 1/2-inch replaceable cutter bit body with milled tocth cutters.

In conjunction with the drillability tests, the Smith Tool Company also
caleulated rates of penetration and operating lifetimes of the recommended
bit and cutter types for each formation sample tested using bit loads and
rotating speeds ii}-tlié. primary operating ranges of the two drilling sysiems.
Table 2-1 gives the results of these performance calculations for probe hols
drilling usipg a Smith type 715 tungsten carbide bit. The calculations pre-
dicted average penetration rates of 21.1 and 25,7 feet per hour with bit load-
ings of 20,000 and 30, 000 pounds at a rotating speed of &0 revolutions per
mipute. This compares to an average penetration rate of 22,35 feet per
rotating hour observed during’ the demonstration in West Virginia when drill-
ing between 100 and 700 feet with an average bit loading of 20,000 pounds
and a rotating speed averaging 49 revolutions per minute.

Table 2-2 presents the regults of these calculations for rescue hole drill-

ing. For'a 28-1/2-inch bit with Smith type 7 cutters loaded to 60, 000 pounds,

an average penetration rate of &.6 feet per hour was predicted for a rotating
speed of 25 revolutions per minute, increasing to 8 feet per hour at 35 re-
volutions per minute, During the demonstration in West Virginia, an average

-1 332-PA -0

Figure 2-9. 'Probe Hole g-3/4-Inch Figure 2-10, Rescue Hole 28-1/2-
Tungsten Carbide Tricene Bit _Inch Milled Tooth Cutter Bit




rate of penetration of 7.9 feet per rotating hour was recorded between 78 and
721 feet with an average of 50, 000 pounds on the bit and 36 revolutions per
minute rotating speed.

. TABLE 2-1 .
CALCULATED PENETRATION RATES WITH AN 8-3/4-
INCH SMITH SPECIAL TYPE 7J5 BIT

. RATE OF PENETRATION (ft/hr)
Compressive
Sample Strength '
Number [ :ﬁ 20, 000 1b on - 30, 000 1b on
P Bit at 60 rpm Bit at 60 rpm
1 g, 000 23.5 28.5
2 10, 000 20.4 24,7
3 13, 000 18.7 22,7
4 12, 000 19,9 24,4
4a 13, 000 19.7 23.9
5 5, D00 31.5 38.3
b 20, 000 ' 15,1 18. 7
7 5, 000 33,1 40,2
g 6, 000 31,0 37. 3
9 8, 000 27.3 33.0
10 R, 000 25.9 31,5
11 11, 700 19.9 24,4
iz 15, 000 17.5 21. 6
13 12, 000 21,7 26,5
14 15, 000 18.4 22,7
15 15, 000 19.3 23.8
16 25, 000 12.7 15,7
17 12, 000 20.9 25,7
18 17, 000 15.7 19,3
19 15, 000 16,7 20.4
20 15, 000 16,6 20, ¢
21 10, 000 21,6 26.1
22 15, 000 _ 17.5 21. 6
23 10, 000 22.7 27.5
Avarape 21.1 25,7

Estimated Bit Lifer 55 Hours for Both Conditions
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€ wi TABLE 2-2
CALCULATED PENETRATION RATES FOR 28.1/2-INCH BIT

Bit Body: Smith flat bottom type with two serieg OT gage cutters and one
series 16 inch CT center cutters.

Cutter Types:

Milled Tooth: Smith Type 2
Tungsten Carbide Insert Teeth: Smith Type 7

RATE OF PENETRATION (ft/hr)
' Campresgive 60,000 1b on Bit £0, Q00 1b on Bit
Sample Strength t 25 0
Numbe .g a rpm at 30 rpm
' (pei) Type 7 | Type 2 | Type 7 | Type 2
Cutters Cutters Cutters Cuttera
1 2,000 7.4 2.8 8.9 3.4
2 10,000 6.4 2.3 7.6 2.8
3 13,000 5.9 1.8 7.0 2.1
4 12,000 6.3 2.1 7.5 2.5
da 13,000 b. ‘1.8 7.4 2.2
) 5,000 9.9 h.2 11.8 - 6.2
G 20,000 4,8 1.1 5.8 1.3
T 5,000 10.4 5.4 12.4 6.5
g 6,000 9.6 4.6 11,6 E.5
9 B, 000 8.5 3.5 10,2 4.2
10 B, 000 5.2 3.1 9.8 3.7
11 11,700 6.3 2.1 7.5 2.5
12 15, 000 £.5 1.4 6.0 1.7
13 12,000 6.9 2.2 -..B.2 2.7
12 15,000 5.8 1.5 7.0 1.8
15 15,000 6.1 1.5 7.3 1.9
14 25,000 4.0 0.7 4.8 0.8
17 12,000 6.6 2.1 - 7.9 2.5
18 17,000 5.0 1.3 6.0 1.4
19 15,000 5.2 1.3 6.3 1.6
20 15, Q00 5,2 1.3 6.3 1.&
21 10, 000 6.7 2.5 8.1 2.9
22 15,000 5.5 1.5 6.0 1.9
23 10,000 7.1 2.6 B.5 3.1
Average 6.6 8.0

Estimated Bit Life:

Type 7 Cutters - 143 hours at 25 rpm

119 hours at 30 rpm

Type 2 Cutters - 106 hours at 25 rpm
%8 houra at 30 rpm
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DRILL PIPE HANDLING AND SELECTION '

When the top end of the drive section of the kelly {the hexagonal portion) is
down to the top surface of the drive bushing in the rotary tahle, a new piece of
drill pipe must be added. This process is called 'making a comnection, "
Because of the impartance of minimizing drilling time-out far making con-
nections, the probe and rescue drilling systems employ a "double elevator"
method for this function. The double elevator method eliminates the need
for laying down the kelly in order te attach the new piece of drill pipe to the
bottom of the kelly., First the drill string is raised until the kelly is fully
up and the saver sub is clear of the drive bushing. The kelly and saver sub
assembly is disconnected from the rest of the drill string at the joint to the
uppermost drill pipe section with the drill gtring retained in the rotary table
with wedge -shaped slips which hold the full weight of the raised drill string
and tocol assembly. The new piece of drill pipe is then linked to the kelly
saver sub with a pair of elevators (see figure 2-11), The kelly with its
saver sub, the double elevators, and the new length of drill pipe are then all
hoisted into the air in the mast; and the lower end of the new pipe is joined
‘to the top of the drill string, When this connection is torqued, the drill
string is lowered until the new drill pipe upper threaded section is near the
top of the rotating table. At this point the drill string is again held by the
wadpging slips, the elevators are removed, the lower end of the kelly saver
sub torqued to the drill string, and the drill string lowered to allow the blocks
to be inserted in the rotating table to engage the lower end of the kelly drive
section. (In the case of the rescue rig the kelly drive section is already en-
gaged in a rolling bleck assembly which itself engapes lugs in the rotary
table when the kelly is down in a driving position. )

Drilling now proceeds until the upper section of the kelly is down close to
the rotary table at which time the cycle can be done again,

If drill bit cutters require changing or other difficulties necesggitate re-
moving the drilling tools from the hole, the drillers extract the string from
the hole and disconnect it in sections of two joints each, approximately
63 feet long, known as double stands. These stands of drill pipe are set
back in the drill rig finper board in the vertical positien.

As drilling progresses and single joints af drill pipe are required for
connections, the individual joints are pulled onto the rig floor directly from
special drill pipe bins located at ground level adjacent to the drilling rig..
Upon completion of the hole, the drill string is disconnected into single
sections and returned to the bins directly from the rig floor. Use of these
drill pipe bins facilitates drill pipe transportation and ¢xpedites its handling
at the drill site,

The drill pipe for probe operations iz a drilling industry standard with
outside and inside diameters of 5 and 4. 27 inches. This relatively large
slze pipe increases the capability for both direct and indirect air circulation,
I direct circulation, the use of 5-inch drill pipe decreases the annular area
of the hole thus increasing air velocity and lifting capability. Alsa, this
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larger size drill pipe lessens the liklihood of cuttinga clogging the pipe there-
fore enhancing the possibility of reverse circulation for the probe hole.

In order to attain the most advantageous air flow during reverse air cir-
culation, Reecue Subsystern design personnel selected the largest pipe
practical for rescue drilling. The eritical outside and inside diameters
are 8-5/8 and 7-1/2 inches.

Tocl joints used for connection are coarse~threaded shouldered rotary
tool joints. The tool joints for the 5-inch probe hole pipe have an outside
diameter of 6-3/8 inches and an inside diameter of 3-3/5 inches. For the
rescue hole jeints, the outside and inside dimensions are 11-1/4 and 9- 3/4-
inches respectively. The length of theae pipe sections averages 31-1/3 feet,
and probe and rescue pipe weights per foot are 19-1/2 and 51 pounds. Both
pipes chosen have tensile strengths in excess of all anticipated requirements,

For probe drilling operations, standard 7=inch, 30 -foot-long drill collars
give additional weight to the drill bit. Stabilizers were not gupplied for the
demonstration because the need for them was considered small, However,
if drilling deviation proved inordinately hiph, a stabilizer would be placed
approximately 60 feet above the bit to swing the bit back to vertical.

The primary component of the downhole rescue drilling assembly iz the
12-inch outside diameter by 7-1/2-inch inside diameter mandrel, The
mandrel, composed of three sections, forms the foundation on which the other
components are asgembled. The lower section is 10 feet long with a roller-
type stabilizer permanently installed at the end nearest the drill bit. This
lower end of the mandrel, shown in figure 2-12, has a 4-inch flange which
connects to a matching flange on top of the replaceable cutter bits., Two
additional sections of 20 and 30 feet extend the total length of the mandrel -
to 60 feet. _

Most of the weight in the drilling assembly is supplied by the 2] cast ateel
donut weights which fit around the mandrel. Each of these weiphts weighs
approximately 1, 200 pounds with a diameter of 24 inches and a length of 24
inches, The weiphts are cast in two interlocking pieces for easy placement
and rermnoval arcund the assembled mandrel shaft, :

To center the drilling assembly in the hole and enaure needed drilling
accuracy, two roller stabilizers are mounted on the assernbly in addition to
the one affixed to the lower end of the mandrel. These two additional stabi-
lizers have four replaceable rollers, Three heavy holddown clamps prevent
the stabilizers from rotating on the rmandrel,

When the 60-foot mandrel is fully assembled with the 21 donut weights,
three stabilizers, and three heiddown clamps, the total assembly weighs
63,700 pounds, This high weight concentration imunediately above the drill
bit provides a plumb bob effect which helps to keep the hole straight. The
upper portion of the drilling assembly for the rescue rig appears in figure
2-113, ;

Although not specifically part of the downhole tool assemblies, the kelly
and gwivel are integrally involved with its rotation. A é-inch nominal size
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Figure 2-12.: Lower Maﬂdrel Section

kelly was chosen for probe hole drilling, and the kelly for rescue hole
drilling has a diameter of 10 inches. Both kellys are 40 feet long and offer
:37 feet of working space for easy connection. Tension and torque ratinge
for the kelly selected meet all drilling operation requirements. :

The rotary table rotates the kelly by means of the special raller-type
drive bushings housed within the table. These roller bushings create less
frictional drag on the kelly than meore conventional drive bushings'.

The swivel connected to the top of the kelly permits rotation of the drill
string and provides a means of circulating fluid through the retary drill =
string. The swivels chosen for probe and reacue drilling are standard
except for the unusually large internal diameters. - Under etatic conditions,
the 4-inch probe swivel is rated at 150, 000 pounds and the 8-inch rescue
swivel i6 rated at 350,000 pounds. At 40 revolutions per minute, the rescue
awivel rating drops to 225, 000 pounds. For transportation p{:rposes, the 64-
foot-long rotaty hose supplied with the rescue swivel is divided into two

. 32-foot sections, )
-BASIC RIG DESIGN

The Wilson Super '"38" probe rig and Wllson Maogul ''42" rescue rig are
nearly identical in envelope dimensions, functional design, a nd component
arrangement. However, toc fulfill their special applications and goals, the
rigs underwent a number of important medificationa. .

A major design achievement was rig disassembly into component modules
of 18, 000 pounds or less for helicopter transportation.. In addition, dirnen-
sional restrictions and other mobility requirements were neceasary to
ensure transportation of the rigs by truck and cargo aircraft.
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Safety considerations %lio significantly influenced the design of rigs. A
particular area of design interest from thia standpoint involved the personnel
hoists of both the probe and rescue rigs.

Although distinctions do exiat between the probe and rescue rigs, funda-
mental similarities ensure the capability of either rig to perform both
drilling operations in the event of rig failure or transportation mishap.
Improvisation and imaginative adaptation will centainly be necessary in such
an event, hut the impartance of this capability cannot be overstated when
men's lives are at stake.

STRUCTURAL CAPARILITIES

The Rescue Subsystem drill rigs must have the capability of drilling the
8-3/4 and 28-~1/2-inch probe and rescue holes to a depth of 2, 500 feet.
Therefore, gelected components must exhibit sufficient structural weight |
capacities to maintain the downhole package at that depth.

The probe downbole assembly weighs 71,400 pounds, With the additional
weight of the block and hook and an overpull requirement of at least 40,000
pounds to lift dragging or stuck tools, the minimum advisable hookload
capacity approximates 115, 000 pounda, The Wilson Super ¥38" Trailer
Rig selected for probe drilling provides a hoisting capacity of 180, 000
pounds. This capacity complies with all requirements with an ample
margin of safety.

The Wilson Moegul '"42" Trailer Rig selected for rescue drilling has a
hook rating capacity of 300, 00 pounds. This selection offers sufficient-
lifting capacity for the 206, 000 pounds of downhole equipment and affords
an adequate overpull capacity.

REIG POWER

Two General Motors diesel power units supply the necessary power for
each rig. Series 6V-71 units power the probe rig, and series BV-71
units drive the rescue rig, Under emergency conditions, either series
could supply sufficient power for probe or rescue drilling.

The engines, equipped with Twin-Disc torque converters, drive the rigs
through a chain and sprocket compound. Four hoisting speeds are made
possible by the use of air clutches operating various chain and sprocket
combinations, The chain drives are fully enclosed and oil bath lubricated.

THesel fuel tanks integral with the engine bases are provided with
'sufficient capacities for the term of expected initial rescue operations prior
to logistic resupply.

RIG DRAWWORKS

The drawworks for both rigs is a single-drum type with brake rings at
each end of the drum, Channeled with LeBus-type grooving, the drums
spool 1-inch-diameter wirerope for the probe rig and 1-1/8-inch-diameter
wirerope for the rescue rig, .

The only major distinction in the drawworks for the two rigs is the in-
stallation of a 1 5-inch double-iype hydrotarder on the rescue drawwerks
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for lowering its heavier loads into the hole. The rigs have make-up and
breakout cathead shafts, and the rotary table moves by means of an air
clutch-controlled sprocket. "

RIG MASTS

The special mobility requirements of the Rescue Subsystem determined
the overall desipn of the probe and rescuye rig masts, These masta are a
special telescoping design, fabricated of high-strenpgth steel, with a re-
movable upper section. This removable upper section permits the lower
telescoped sections to remain within the transportation maximum length of
-39 feet required in many atates and by the C-130 cargo airplane. When
fully extended, the masts stand 102 feet ahove ground level providing
sufficlent working space to make mousehole-type connections. The mouse-
hole is a shallow slanting hole in which Pipe i3 placed during connections.
Although both rigs are similarly configured, the larger hook capacity of the
rescue rig results from the larger and heavier structural members and
provides the extra lifting capability needed for the rescue rig.

The masts are erected by a three-stage hydraulic eylinder and are ex-
tended upward to their full height by a long gingle-stape hydraulic lift. This
operation is pictorially demonstrated in figure 2-14. In the normal dperating
mode, the masts stand at an angle of 3-1/2 degrees from the vertical
and four 1/2-inch wireline guys, tied to dead men or other anchors, give
additional support to withstand severe wind loads which could affect the
stability particularly when the racking board is full of pipe, Qutriggers
provided on the trailer unit stabilize the trailer rig during the raising of the-
masts,

To string lines to the blocks, the probe rig crown block has four main
sheaves and the rescue rig has five. A racking board (finger board or
platiorrm) which automatically extends into the operating position as the mast
telescopes upward, provides adeguate space for racking 2, 500 feet of drill
Pipe in double stands {2 sections). Because of the additional weight of the

8-5/8-inch diameter drill pipe, the board for the rescue rig is somewhat
larger.

RIC TRAILERS

The trailers for both rigs are deep frame chassis type beam construction
with three-axle assemblies using 10 x 20-inch, 12-ply tires. A fifth wheel
is attached to a gooseneck section of special design and is removable for
airerait transportation. Four hydraulic Jacks operated by the rig hydraulic
pewer systern aid in leveling the entire drill rig; six screw type jacks main-
tain the level position during operation. Both trailers are degigned to
be moved into poszition over rough terrain by bulldozers and winches.
RIG SUBSTRUCTURES AND ROTARY TABLES

Drive pins join the probe rig substructure to the magt base; adjusting
pins, located at the end opposite the mast, support and level the Tig floor, A

17-1/2-inch rotary table is positioned on the substructure to line up with
the rig blocks. )
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Heavy-duty screw jacks, which facilitate leveling, support the rescue
rig substructure at its four corners. Although the Y-baae of the drill rig
holds the substructure in its proper position, the drill tig does not support
the load in the substructure. A 37-1/2-inch rotary table was selected for
the rescue rig to provide sufficient area to use the 34-1/2-inch hele opener
if necessary without removing the rotary table. : _

Both rotary tables turn by means of a fully enclosed oilbath chain drive
connected to the cathead shafts of the rig. Winga on the substructure pro-
vide working space around the rotary table,

HOISTING EQUIPMENT

Rated at a capacity of 150, 000 pounds, the traveling block for the probe
rig provides three 24-inch sheaves for l-inch-diameter wirerope. The
block for the rescue rig with a capacity of 300, 000 pounds has four 30-inch
sheaves grooved for 1-1/8-inch wirerope. The hooks provided with the
blocks have the same nominal capacities as the probe and rescue rigs,
The wireropes used for hoisting are 6 x 19 improved plow steel grade
with a wire core.

Links and elevators selected for the rigs are rated as high or higher
than the traveling block., Extra elevators and special short links make
connections possible without laying down the kelly and swivel, even when
mousehole connections are not possible. Figure 2-11 shows the elevators
and special short links, '

PERSONNE]L HOISTS
Personnel hoists for the Rescue Subsystem required special design te
meet safety requirements. Two hydraulic motors drive the hoist using a
screw=type pear drive, The hoist must be powered during both ascent and
descent; therefore, the hoist drum iz never out of gear and inadvertent
.spinning ia not possible. Raising or lowering of the line is automatically
stopped as 300n as hydraulic power to the motors is shut off. As an added
- safety precaution, the personnel hoists have a manual friction-type brake.
The wirerope selected for use with the personnel hoist is 1/2-inch

diameter, 18 x 7, improved plow steel fiber core, antispin wire rated at
' 19, 700-pound breaking strength. This wirerope operates over a special
Z4-inch-diarneter sheave provided in the crown bleck. The Reacue Sub-
system provides a wirerope length more than adequate for operating to a
depth of 2, 500 feet.
ANCILLARY EQUIFMENT

To gupport the basic drill rig at the drill site, the Reacue Subsystem

required various auxiliary itemns of drilling equipment. Most of the
auxiliary equipment needed for the subsystem supports the circulation
system. ~Much of this equipment, including water, air and fuel piping, was
permanently mounted on skids. The skids provide a secure foundation for
equipment items and facilitate loading and transportation. Quick-connect
hoses permit rapid comnection of the piping between skids during rig-up of
the equipment,
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STEEL MUD PIT T o

A plkid-mounted steel mud pit stores the fluids used for the reverse
vacuum air and indirect mud circulation systems. Shown in figure 2-15,
the mud pit includea an electric double-deck vibrating screen shale shaker
which removes the coarser formation cuttings from the circulating fluid.
The ahale shaker is installed on a special hinged mount which allows it to
be lowered into the mud pit for transportation. Suction piping and valves
are permanenily mounted in the pit skid for quick assembly of the rnud pit
at the mine emergency site.

VACUUM SEPARATOR SKID

The cycleone type separator and the vacuuwmn blower unit comprise the
.separator skid. The diesel powered blower units; air, water, and fuel
piping: and the water spray nozzle at the special separator inlet were all
integrated into a compatible systermn design.

S. & R. Tool Company prepared the detailed fabrication design for the
basic vacuum separator from design drawings and specifications supplied
by Rowan.

The preliminary depign specified the overall size and layout of the vesgsels
and the piping and indicated the desired method of raising the vacuum separa-
tor to the operating position with hydraulic cylinders. '

The separator skids for probe and rescue operations are nearly identical
"except that the rescue separator skid has a higher capacity rotary blower.
Both systems use Sutorbilt rotary blowers producing 22 inches of mercury
working vacuum. The rescue system has a series 3200 unit delivering
3,100 cfm. The probe system is equipped with a series 3000 unit which
aupplies 1, 800 cfm.

UTILITY SKID

The utility skid consolidates into one module several items of equipment
which would be awkward to transport individueally, Two Gorman-Rupp rmodel
14C=-2B, 4-inch, centrifugal, solids-handling pumps with asscciated valves
and manifold piping are installed at one end of the skid. According to the
circulation system in use, these pumps can perform several different
pumping assignments using a perrnanently installed manifold system,
General Motors model 2-71 diesel units supply the power for thege pumpsa.

Other units installed on the utility skid include the start up air compressor
and the electric generator unit. The model 325 Quincy air compressor,
powerad by an air-cooled diesel engine, connects te a 60-gallon vertical
air receiver. The unit supplies air for starting the diesel engines which
power the drill rigs, purmnps, and blowers. The engines are equipped with
air starters for better starting under the cold weather conditions expected
during winter. .

The electric generator unit and its powering engine are amall units
intended for emergency use only. Electric power requirements for the drill
rigs are supplied from large portable generators or from commercial
power lines, if available. The utility skid also containa an electric fuel
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pump, fuel filter, and a 1¥000-gallon diesel fuel storage tank which provides
ope rating fuel for a period of from 24 to 48 hours. This uxnitis alsc an
emergency provision, Fuel must normally be supplied for extended normal
operation by logistic supply trucks,

WATER STORAGE TANK _

A skid-mounted cylindrical water tank with a capacity of 270 barrels
supplies on-site water storage during driiling operationa. This tank guaran-
tees a minirnum supply of available water and reduces the number of tank
trucks necessary. '
HIGH-PRESSURE MUD PUMP

For probe drilling, a skid-mounted, high-pressure mud pump and a
diesel power unit provide the capability for mud and water circulation of
the 8-3/4-inch hole, Suction and discharge piping are installed at the
filtered end of the mud pit so that the pump will pick up mud with the leaat
amount ¢f formation cuttings.

DRILL PIPE STCRAGE BING
Drill pipe bins provided for the probe and rescue rigs ensure expeditious

loading and transportation of drill pipe, collars, and other drilling tools.

Using only a truck winch line, these bins load a full truckload of pipe or
other tools in only a few minutes, A remaovable door at the end of the bin
closest to the drill rig provides needed drill pipe accesaibility.
PROBE AND RESCUE RIG LAYOUT

The general overall layout of rig equipment for both rigs appears in
figure 2-16. The equipment, intentionally arranged close to the drill rig,
reduces the overall working area and shortens the time reguired for many
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Figure 2-16. Probe Rig Layout
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aoperations including pipe connections and drill bit changes. The rescue

rig requires a slightly more spacious working area to handle the larger
drill pipe and heavier tocls. As shown in the photograph, thie layout is
suitable for direct mud circulation or reverse air vacuum circulation.

The substitution of a high-pressure air compressor fér the vacuumn separa-
tor skid converts the circulation method to direct compressed air. A high- .
pressure compressor is required for the direct circulation to provide
sufficient air flow velocities to lift cuttings from the hole bottom.

The lacation of the pipe bins adjacent to the substructure facilitates drill
pipe loading and unleading and leaves more space on the driller's side for
handling of other tools. Since all piping connections between skids are
made by flexible hoses, some variation in the layout of figure 2-16 is
possible. This versatility allows the assembly of the drill rig on eites
which are not level, However, significant departures from the layout of
figure 2-16, which requires a level area, reduce operational efficiency,
TRANSPORTATION
' Terrain difficulties indigenous to most coal mining repions required
the most efficacious transportation design of the Resacue Subsystem.
Therefore, the system was designed for transportation by truck, Cargo
aircraft, and helicopter. '

Since drill rigs and associated equiprment are ordinarily transported by
truck, no significant deviations from existing design practices were neces-
sary to permit truck transportation. However, the skid module concept
hastens truck loading and unleading and reduces or eliminates the require-
ment for cranes and high capacity forklifts since only winch lines are
necessary, Miscellaneous small items of drilling equipment do require
gin-pole equipped trucks or crawler tractors for loading and unloading
purpuses

Helicopter transportation is limited by two factors, weight and distance,
Although the lifting capability of the Sikorsky S-64 Skycrane helicopter is
somewhat greater for short distances, a maximum load of 18, 000 pounds
was used in designing equipment packages for helicopter transportation.

. Since equiprment is suspended below the helicopter during transportation,
the size and shape of the packages were not a design problem.

For cargo aircraft transportation, size, not weight, became the princi-
pal design determinant. A weight limitation of 40, 000 pounds presented
few design problems; but length, width, and heipht restrictions of 39 feet,

7 feet 10 inches, and 8 feet 5 inches determined the size of the skid maodules.
All the skid modules were designed to be handled as gingle indivisible units.
However, the larger modules have varicus removable sections to remain
within the parametric restrictions of cargo aircraft transportation. Two

of these remevable units were the telescoping mast and the trailer EocoBe-
neck section. Disassemnbly at the warehouse and reassembly on site of the
probe and rescue drill rigs requires an additional 72 hours, 36 hours for
each operation.
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— FABRICATION AND ASSEMBLY .o
. Procurement _
The goal of Rescue Subsyastem procurement was to obtain the best equip-
_— ment in the required short time. During the first 2 montha of the contract,
major equipment purchase orders were completed. However, procurement
of materials and services for yard assemhbly of the rigs and asaociated
_— equiprent continued through December, 1970 untilthe rigs were ready for
shipment to Charleston, West Virginia.
After a thorough examination of potential suppliers to determine cost
— ) and equipment applicability to Regcue Subsystemn purposes, procurerment
was initiated. Although only equipment of the highest quality waa pur-
chased, major savings resulted from the procurement of atandard equip-
- ment, whenever possible, at the original manufacturer's discount price
rather than through a drilling supplier.
Mevertheless, the specialized performance requirementa of the Rescue
- Subsystem required the manufacture or fabrication of many items. These
iterns, constructed according to design apecifications and drawings, include

the vacuum separator unit, mud pit, water tank, and pipe lines.
o Special Itema

Far a variety of reaaons, cuns:derable welded fabrication of special
structural, piping, and eguiprnent items including some rescue rig skids
was performed by the drilling subcontractor. Some items had to be field-
designed and fabricated to ensure proper fitting. Furthermore, many items
could not be readily procured, and the preparation of specifications and
drawings from which these items could be fabricated was considered im-
practical, In addition to the limited time available for procurement, another
factor that led te field design was that more exacting supervision could be
given to design and fabrication at the subcontractor site.

Yard Assembly

The assembly of the rescue rig preceded that of the probe rig and both
rigs were virtually completed by December 11, 1970 when the preliminary
field start-up testing and demonsatration was conducted.

The stringent achedule for Rescue Subsystem drilling equipment delivery
and testing necessitated that the assembly of ancillary items begin prior to
drill rig delivery at'the Odessa yard of the Rowan Drilling Co. Much of the
rig equipment was not delivered until the first part of December, and the
last item, a standby generator set, arrived on December 28th, two days
o before the first truckload of equipment left the yard enroute to Charleston,

Weat Virginia.
Experienced drill crew memhe r2 assembled both the probe and rescue
_— ' rigs. Special craft services, perscnnel, and welders were oblained as
necesgary. Experienced drill rig mechanics performed final fitting checks
and peneral inspection of the engines and drilling equipment.
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CHAPTER 3
CPERATIONAL PROCEDURES AND DEMONSTRATION SUMMARY
SECTION 1
PROCEDURES

MOBILIZATION

The design of the Rescue Subsystem incorporates special featurea to per-
mit transportation of the equipment by ground and air. Ground transportation
involves the use of heavy-duty tractors to tow the probe and rescue rig
trailere and their associated equipment from the storage facility to the
emergency area. Prior to initiating the move from the atorage avea, pro-
gram perscnnel should request a state highway patrol escort.

At the emergency area, the equipment remains in a staging location until
drill site preparation is completed and the most expeditious route to the drill
aite ia selected. Then, the rigs and only that portion of the auxiliary equip-
ment which is required are moved from the staging area to the drilling lo-
cations. Equipment used in this operation includes heavy-duty and off-
highway-type trucks and apecially equipped rig-up and gin-pole type trucks
or caterpillar tractors for movement of the skid modules.

Deployment distances over 500 miles or emergency aites inaccessible to
surface transportation without extensive road building indicate the considera-
ticn of airlift. However, transportation by either cargo aircraft or heli-
copter requires additiconal procedural steps and attendant exira time. For
both operations, the Rescue Subsystem includes provisions for breaking
down the rigs into either five or seven~medule packages. If distance dic-
tates the uee of carge aircraft, the Rescue Subsystem is transferred to
trucks upon arrival at the airport.

RIG UP

If the drill rigs remain at the staging area to await cornpletion of drill
site preparation, the drill crew will prepare units for rapid rig up and per-
form such taske as install the catheads and fingefbna rda, hook up the tempo-
rary air lines, and test the engines, )

After transportation to the drill site area, rig up cornmences, The two
rigs ¢an be assembled simultanecusly if it ie possible to determine the loca-
tion of the rescue hole prior to probe hole drilling or if two probe holes are
required. 1If this is not the case, rescue rig up follows completion of the
probe hele. In the following discussion, simultanecus drilling is assumed.

The trucks back the rig trailers onto their respective hole locations. The
Y-base of both rigs must be 48 inches above ground level and 63 inches from
the center of the proposed hole. The next step is to move the utility sheds
into position as outlined in figure 3-1 or as appropriate to special sites.
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Figure 3-1. Equipment Layout for Probe and Rescue Rigs
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The crew members then rhake all the necessary air and water bage connec-
tions and start the compressor engine, _ .

Using the hydraulic leveling rama, workmen level the probe and rescue
rig trailers and swing the outriggers out to the operating position, The next
step is the extension of the leveling acrews, supported by the rmatting board,
to stabilize the rig laterally. Guy wire tie-down anchors are installed.

The respective hydraulic systems raise the probe and rescue mastsa to
the vertical position and telescope the upper portion of the maasat to ita fully
extended poaition, After hooking the guy wires to the anchors, the drill crew
poeitions the front steel substriicture on the previously installed matting
boards, The substructures and rotary table are then set into position using
a heavy.duty, rig-up, gin-pole truck or tractor. The probe subatructure is
pinned to the Y-bane of the rig and the rescue substructure is connected to |
its Y-base with turnbuckles, If the primary methed of circulation, direect
compressed air, is the selection for an actual emergency, Tig-up personnel
locate the compreasor unit adjacent te the drill rig and connect the high-
pressure piping from the units to the standpipe. They also install a low-
pressure rotary head under the rotary table to deflect return air and cuttings
away from the rig.

If reverse air vacuum circulation is used for either rig, the vacuurn sep-
arater skid is positioned next to the rig trailer., Crewmen connect air and
fuel lines to the blower engine and start the engine to power the hydraulic
system pump. The hydraulic system then raises the separator to the vertical
working position, and the drill crew connects the 8-inch ateel vacuum lines
from the separator tank to the vacuum blower unit and the 8~-inch water and
cuttings discharge line from the separator to the mud pit.

After, the pipe bins are-located in a convenient working position near the
catwalk, the crew assembles the kelly, swivel, and kelly drive bushing. OCne
end of the rotary hose i joined to the swivel gooseneck, and the other end
of the hose is connected to the vacuum separator, air compressor, mud pit
or mud pump, depending on the circulation syatem to be used,

Drilling operations then begin. The drill bit assembly is dropped a few
feet to begin the hole. This procedure, called spudding, <an only be used
for the first few feet because of the necessity for a straight hele, This same
requirement alse restricts the weight that initially can be applied to the bit
and the speed of rotaticon. -

When drill string connections are necessary, the drill crew uses the
double elevator procedure for picking up the drill pipe to prevent laying down
the kelly and swivel. Trips for bit changes or other reasons require stand-
ing back the drill pipe in doubles in the mast, After connections or other
operations are finished, drilling resuwmes.

As the bit nears target depth, the Rescue Director reduces the weight on
the bit and decreases the rotary speed. After probe breakthrough into the
mine, the probe hole is used to supply immediate life support and hard wire
communication. When the rescue hole reaches completion, a rescue capsule
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can be lowered into the mine, a miner enters the capsule, and the capsule
returne to the surface. This operation is repeated until all trapped miners
are freed. :

After reacue operatione are completed, rig down of the Rescue Subsystem
ie begun. Then the holes are ¢closed or cased and capped and general clean
up operations completed,
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SECTION II
DEMONSTRATION

This section briefly describes the preliminary drill rig tests performed at
Odessa, Texas and reccunts, in depth, the events of the Rescue Subsystem
formal test demonstration in West Virginia,

FPRELIMINARY TESTS '

The purpose of these tests was to acquaint U. S, Bureau of Mines and
Westinghouse Electric Corporation CMRSS program personnel with the equip-
ment Jlayout, transportation, support requirements, and general operating
procedures of the probe and rescue rigs,

On December 1&, 1870 at Odessa, Texas, the probe drill rig, initially
configured for transperting, was physically moved 2 short distance, set up
and configured for drilling, spudded in, and actually operated to drill a hole
to a depth of about 60 feet. The entire operation was accomplished in
1 hour and 55 minutes by a regular drill crew employing standard proce-:
dures. On this same day the reacue rig, which wase not moved but had been
previously set up in readiness for drilling, waa operated to drill from an
initial depth of 20 feet to a final depth of about 60 feet. Reverse alr vacuurmn
circulation was employed during both demonstrations. Neither the probe nor
the rescue drill bits showed appreciable wear, Egquipment problems were
confined to ¢logging at the probe rig gooseneck by moist clay cuttings, - A-
fitting was welded to the gooseneck to permit water flushing.

TEST DEMONSTRATION

As contractually required, an exhaustive dermonstration of the Rescue
Subsystermn portion of the Coal Mine Rescue and Survival Systermn was con-
ducted near Gary, West Virginia in the Plateaus province of the Appalachians.

Executed under simulated emergency conditions, the demonsatration gave
program personnel an opportunity to test the performance of the Rescue Sub-
gystemn in terms of mobility, rig assembly and layout, drilling progreas and
accuracy, and safety,

In early January, 1971 the probe and rescue rigs and all supporting eguip-
ment arrived at the warehouse Staging Facility in South Charleston, West
Virginia. Minor reassembly, required after shipment, was performed to
complete preparation of the equipment prior to the demonstration, The
exact date and location of the demonstration was not released in order to _
lend more realism Lo the operation. It was only stated that January 18, 1971 °
was the approximate date set for the demonstration, and the location was to
be within a 100-mile radius from Charleston, West Virginia.
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Westinghouse developed an cverall test and dernonstration plan that in.
cluded mobilization procedures and assignments of responaibilities. Three
drill crews of five men each were selected from the drilling subcontractor's
personnel, The plan specified commercial aircraft as the method of crew
transportation to the emergency site. All suppart functions necessary to

" maintain the crews and other personnel at the site were the re sponsibility of
Westinghouse. In addition, the prime contractor supplied such supporting
functions as trucking and road construction.

NOTIFICATION AND MOBILIZATION

Issuance of the simulated mine emergency alert came two days prior to
expectation, which provided a true test of emergency mobilization capabllities,
The alert was received at Rowan's Midland, Texas office at 12:10 PM central
gstandard time on Saturday, January 16, 1971. The location of the eImergency
was the United States Steel Corporation Mine, Number 14, near Gary, o
West Virginia. The Rowan project manager and deputy preject manager
tock the first available flight from Midland at 3:30 PM on the day of notifica-
tion. Arriving in Atlanta and finding no available flights to Charleston that
night, the two men flew to Roanoake and drove the remaining distance to the
mine through heavy snowfall arriving at 4:00 AM on Sunday, January 17,
1971, :

Prior to that time, the utility skid module had been dispatched from the

Staping Facility, and the remainder of the probe drilling equipment was

moved cut 45 more trucks became available.

Personnel from the Westinghouse Reacue Directer's office and mining
personnel reviewed the simulated emergency with Rowan's representatives.
The cooperation of the mining peraonnel in supplying information on local
cenditions was very useful in formulating the probe hole drilling plan.

Rowan project superintendent, two drillers, and six ¢crew members
arrived in Charleston shortly after 10:00 FM on Sunday, the 17th. Because of
bad weather and limited Sunday airline schedules, their trip from Midland
required 15 hours. At 12:30 PM on Sunday, the prebe rig trailer and two
trucklodds of auxiliary equipment arrived at the mine. The rig and other
equipment were unloaded at a staging area established on a bench flevelarea}
formed by earlier strip mnining operations above the mine. Truck tractors
aided by bulldozers moved the trailer mounted probe rig and skid-mounted
modules up the steep grades of the dirt mountain read. The equipment was
parked in a staging area near the expected probe hole site, and the trucks
-Teturned to Charleston for the remainder of the drilling equipmment,

On Monday morning, January-18, all rig engines were started and checked
out, and catheads removed for transportation were reinstalied on the rig,

The remainder of the drilling personnel, a driller and six crew members
arrived at the probe site at 8:00 PM Monday. The three drilling crews were
organized so that crew shift changes would cccur daily at 8:00 AM, 4:00 PM,
and 12:00 midnight, '
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SITE FREPARATION

The Westinghouse logistics support organization was primarily responsi=-
ble for the preparation of the drill site area, reeponding te requirementa
dictated by the driller.: The plan was for probe hole drilling to precede that
of the reacue hole. The initial surveyed location of the probe hole was about
30 feet below the outer edge of a atrip mine plateau whoae embankment dea-
cended for several hundred feet at an inclination in excesa of 45 degrees. In
the initial effort to prepare a site for the probe rig which would center the
table directly over the intended hole location, three buildozers were used to
lower the level of the part of the plateau adjacent to the hole location by
pushing dirt over the edge of the plateau, This was time consuming, and
ultimately proved io be impossible because of a reck ridge which was only
about 4 feet helow the level of the plateau, in some places. In order to ac-
celerate the start of epotting and rigging the probe drill, the decisions were
made to relocate the hole site to a peint which was on the plateau, very near
the edge and to suspend dozer operation before the site was completely level,
with final leveling of the rig to be accomplished by means of the hydraulic and
acrew jacks on the rig.

The rescue hole was subsequently located about 15 feet southwest of the
probe hole, and this aite required little additional preparaticn.

PROBE HOLE DRILLING '

- Since the probe hole operaticn preceded the rescue drilling operation, the
discussion of the rig up and drilling for the probe and the rescue holes will
be sepregated in order to present a more coherent chronological account of
the demonstration. )

RIG UP

The probe rig trailer arrived at the drilling site shortly before 7;30 AM
on Tuesday, January 19, 1971, By that time bulldezers had cleared and
ieveled an area of adequate size to accommodate the rig, and rig up
commenced immaediately,

The leveling of the rig trailer with the hydraulic and screw type jacks was
difficult, due to several problems related to the drill gite area, The area
proved to be rougher than desirable, Specific time-conauming operations
necessitated by the unevenness of the area and the closeness of the bench
edge included hand excavation te place matting boarde under the jacks and
placement and leveling of the mud pit, vacuum separator skid, and other
modules, '

As rig up continued on January 19, 1971, periodic hard snowfall and con-
tinual high winds retarded assembly cperations. With snow and ice on all the
equipment, normally minor rig-up tasks became increasingly difficult. The
alick surface of the work area required the use of bulldozers to aid truck
movementa, In addition to impeding the rig up, the severe weather caused
safety problems for the drill crews.

By 6:00 PM on Tueaday, the 19th, the rig up of the probe rig and equip-
ment was virtually completed. However, the drive ghaft and impeller of one
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of the 4-inch centrifugal water pumpa were frozen., By 10:00 PM the drill
crew had replaced the pump with an identical one from the rescue rig utility
skid. Several valves and lines in the circulating syatem had become frozen
during the pump exchange, The use of diesel-fueled smudge pota thawed those
fittings and probe drilling began on Wednesday, January 20, at 2:00 AM.
Figure 3-2 showe the probe rig on location at the demonstration site.
DRILLING

The probe hole was spudded {dropping the drill bit assembly a few feet)
with an 8-3/4-inch-diameter milled tooth type tricone bit. Reverse air
vacuum circulation was used for the upper portion of the hole. Abnni-mally
low rotating speeds necessitated by binding at the swivel caused by low
temperatures, low weight on the bit, and hard rock encoeuntered 4 feet from
the surfzce severely restricted initial penetration rates. *

The drill penetrated from 3 to 5 feet/hour when drilling to a depth of 30
feet in 6 rotating hours. The next 33 feet were drilled in 7 hours rotating
time with the addition of a 7-inch cutside diameter 2, 600-pound drill collar,

During this second phase of drilling, reverse air vacuum circulation was

-apparently auccessgful in cleaning the hole. The slow penetration rates were

not the result of inefficient hole ¢leaning but of limited weight on the bit.

Small amounts of water, however, were entering the hole and resulted in
periodic plugging of the gooseneck swivel, Tequiring manual cleaning, Drill-
ing progressed to a depth of 69 feet,’ where mechanical difficulties experienced

-with the rotary blower unit resulted in converaion to the direct compressed

air method, using a rented compresser.

Figure 3-2. Probe Rig on Demonstration Site
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While drilling with the ériéa{re'r‘se air techn:ic_[u::, the injection of water at the
gooseneck and down into the hole in limited amounts helped to prevent the
collection of formation cuttings inside the drill string. Subsequent experience
gained in drilling the rescue hole indicated that a higher water injection rate
might have facilitated probe drilling. Moreover, the small valve which re-
gulates the water flow to the geoseneck froze and shut off water injection.

The addition of salt to the water did not resolve thig problem. A solution
was still pending when the blower problem dictated a change of circulation
systems. . _

After conversion to the direct compressed air methed of circulation,
drilling of the probe hole resumed. The 10 drill collars were added ag each
30-foot section of hole was drilled. Penetration rates gradually increased
as each drill collar was added to the string, However, it wasonly ata depth
of 300 feet that the full drill collar weight of 25, 000 pounds could be con-
centrated on the drill bit.

On Thursday, January 21, the drilling had reached a depth of 327 feet; on
Friday, hole depth increased to 742 feet with an average penetration rate for
that day of 21 feet per rotating hour. Breakthrough at 778 feet occurred on
Saturday, January 23, at 3:00 AM, A summary of the drilling progrees and
penetration times appears in table 3-1. Figure 3-3 showa praphically the
variation of penetratioﬁ rate with hole depth, and figure 3-4 i8 a penetratin::-n-'
time profile for probe drilling.

The compressed air procedure worked satisfactorily for probe Tig drilling.
Using a compressor with 3 maximum rating at 100 pei, developed pressures
were 60 psi for the shallow portion of the hele (to 327 feet} and 100 psi for the
rernainder of the hole. As the drill bit approached the mine roof, rotation
was alternated with circulation to remove cuttings in order to aveid high air
pressure at breakthrough, .

Occasionally, formation water did restrict cuttings return, but the
guantities were not great enough to prevent dusting or to preclude the pos-
sibility of explosive coal dust in the hole when drilling through overlaying
coal seams,

At a depth of 741 feet, probe drilling reverted temporarily to the reverse
vacuum method, but this proved to be unsatisfactory after only 1 foot of
drilling, The extremely low peneiration rates at this time were caused by
the removal of the bit skirts for compressed air circulation. In reverse
vacuum air circulation these skirts produce the nozzle effect to supply the
necessary air flow velocity acrose the bottomn of the hole for effective
cleaning.

Drill rig personnel maintained telephone communications with underground
observers throughout the probe bit breakthrough. The driller watched the
rig's weight indicator and received good indication of the breakthrough be-
cause as the hit penetrated into the mine the weight supported by the drill
rip gradually increased indicating less and less support at the bottom.
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' TABLE 3-1 .
SUMMARY OF PROBE HOLE DRILLING PROGRESS AND
PENETRATION RATES

Drilling Footage Rotating Average Rotary Weight On

Interwval Drilled Time Drilling Speed . Bit

(£t} {rnin) Rate {ft/hr} (RPM) (ib)
30 0-30 360 5.0 30-50 2, 000
33 30.63 420 4,7 40-60 4, 000
9 63-69 210 1.7 40-60 7, 000
13 69-82 270 2.9 45-60 7,000
17 B2-99 55 18.5 45-65 ¥, 10, 00
0 99-129 132 13. 6 65 10, 0G0
29 129-158 118 14, 7 45 10, 000
29 158187 &8 25. 6 45-55 1, 000
30 187-217 39 46, 2 60 14, 000
30 217~247 106 17. 0 62 l&, 000
29 247-276 118 14, 7 50-60  |2D-22, 000
30 276-306 98 18. 4 47-50 22,000
30 306-336 44 40. 9 4550 22,000
o 336-367 62 29.0 45-50 22,000
30 367-403 118 15.13 45-50 24,000
3l 403-434 86 21. 6 45 22-247 000
31 434.465 3B 48, 9 45 22, 000
30 465-495 B0 22,5 45 22,000
2B 495-523 o8 17.1 45.65 24, 000
30 523-.553 12 32,1 45 24,000
30 £53-583 90 20. 0 45-50 22,000
3l 583-614 gs 21,1 45-50 22, 000
32 614-646 92 20,9 45-50 22,000
31 f46.677 74 25,1 45-50 22, 000
32 677-709 32 60. 0 45.50 22, 000
iz T05-741 40 48,0 55 22,000
- F41-741.-25 32 0.5 55 22, 000
3l T41-772 154 12,1 60 20, 000
TI2-777 68 4, 4 40-80 5.20, 000
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‘Figure 3-3. Probe Hole Penetration Rate Diagram
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Underground personnel took photographs of the drill bit at the point of
breakthrough in the mine roof., The drill string was pulled from the hole
and set back in the probe rig mast in doubles; the drill bit was removed and
examined, A sirmulated survival package consisting of such items as a
blanket, gmall tacls, a sound-powered hand set, and food and drinking con-
tainers was lowered through the hole into the mine.

The drill ecrew ran the drill pipe and collars back into the hole and con-
ducted two directional surveys with a gyroscopic directional tool inaide the
pipe. From the in-run survey, the calculated bottom hole displacement was
4,14 feet from the surface location in a North 36 27' West direction. The
displacement indicated by the out-Tun survey was 3. 73 feet at North 26° 48!
Wesgt. Hole inclination was less than 1/2 degree.

RESCUE HCOLE DRILLING

At 1:30 PM on Saturday, Jamuary 23, ¢rew members started to rig down
the probe unit. The rig was towed off the probe hole and rig up for the rescue
hole was begun at a location approximately 15 feet from the site of the probe
hole.

RIG UP

By 6;00 PM on the 23rd, most of the major equipment modulea were in
place, and drilling personnel began to connect water, fuel, and air lines,
“and all engines were started. Under conditions of extreme cold and high
winds, work continued throughout the night and into the morning of January
24, 1571,

‘The rescue rig tower was raised and secured by guy wires, The next
step was to position and level the 37-1/2 inch rotary table and to connect the
Totary chain drive. On Sunday merning, January 24, the rescue rig wasg
operational and picked up the 28-1/2-inch drilling tools.

DRILLING

At 11:00 AM on Sunday the 24th, the driller spudded the rescue hele using
two steel donut-type weighta, For starting the hole, due to the low sub-
structure, the regular kelly drive bushing was medified by upe of a apecial
kelly drive extengion provided specifically for this purpose. When the dril-
ler reached sufficient depth, the extension was removed and the regular
kelly drive bushings were employed.

Limited weight on the bit slowed drilling of the upper portion of the hole.
As depth increaged, steel donut weights were added to the drilling assembly,
which improved penetration rates, Formation water encountered early in
the drilling required the injection of water into the hole at the swivel
gooseneck in order to prevent formation cuttings from clogging the pipe,
gooseneck, or swivel.

One aipnificant problem wasa the c-::-ntl.nuc:us and I‘ﬂpld collection of fine
cuttings in the steel rud pit. Cuttings are normally pumped across a double-
deck vibrating screen called a shale shaker, This shaker is equipped with
a 12-mesh upper screen deck and a 40-mesh lower screen deck. The cutt-
ings partially plugged the 40-mesh screen deck causing excessive less of
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circulating water over the side of the pit, For this reason, the 40-mesh
gBcreen was removed. However, it then became cccasionally necessary to
stop drilling, empty the mud pit, and clean out the cuttings, .

The rescue rig hole reached a depth of 44 feet on the first day of drilling,
Daily drilling progress reports and penetration rates are shown in table 3.2,
The penetration curve appears on figure 3-5, and the penetration-tme pro-
file appears on fipure 3.6,

With the exception of repeated clogging of the mud pit, there were no
significant problems down to a depth of slightly more than 600 feet, reached
an Friday, 27 January, after a rotating time of 87-1/2 hours., At this depth,
drilling slowed because of excessive bit wear, The decision was made to
change the bit, but there was a considerable delay in pulling the drill string.
This difficulty was due to a large (about 100 pounds) wedge-shaped rock which
had fallen from the side of the hole and lodged on top of one of the atabilizers.
Inepection of the bit showed that the two center cutters had locked, probably
due to small rock fragments from the broken formations between 590 and 614
feet. After rotation was impaired, the cuttere dragged, shearing off-the
tungsten carbide cutter teath,

A replacement bit, also equipped with tungsten carbide gapge cutters,
drilled from 614 feet to breakthrough. This phase of drilling proceeded in
a2lmost the same manner as the upper portion of the hole. However, iniHally
drilling was quite rough, despite a gradual weight concentration on the bit,
This difficulty indicated that rock had fallen into the hole during the removal
of the string to change bits. . .

The averall drilling rate was slow, due in part to oceasional soft forma-
tions which caused plugging of the air circulation system, A weight of 50, 000
pounds was used on the drill bit until it drilled into the rnine at 778 feet on
Sunday, January 31, at 5:45 PM, The drill bit missed the center of the target
by only 2-1/2 feet. After a series of photographs of the 28-1/2 inch drill bit
extending from the mine roof were taken, the drill etring was pulled from the
hole and disconnected. By 8:00 AM on Monday, February 1, the drill pipe
disassembly had been completed,

Examination of the drill bit showed that cutter damage had again caused
the slow penetration rates. Moat of the tungsten carbide ineserts were either
migsing or broken. However, the milled tooth cutters were in comparatively
good condition. The second bit drilled for only 38 hours, ‘congiderably below
the estimated life of 88 to 100 hours. Analysis seemed to indicate that the
brittle inserts were broken by the loose, uneven rocks in the hole at the
start of the run or by broken carbide pieces remaining in the hole after the
removal of the first hit. Supporting this conclusion is the fact that the inserts
which had not broken off were not badly worn and the rugged milled tooth
center cutters did not fail. '

After the drill siring was withdrawn, a 24-inch-dizmeter capsule was
lewered into the hole to simulate recovery of the trapped migers. On Mon-
day, February 1, this capsule was connected to !/2-inch nonrotating wirerope
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TABLE 3-2 L
SUMMARY OF RESCUE HOLE DRILLING PROGRESS AND
PENETRATION RATES

Drilling Footage Rotating Average - Rotary Weight Cn
Interval Drilled Time Drilling Speed Bit
(ft) ' {min) Rate (ft/hr) (RPM) {1k}
D-4 4 189 1.3 5-10 2-4, 000
4.13 9 158 3, 4 al0 Z2-4, 000
13-28 " 15 166 5.4 5-10 2,4, 000
28=41 13 78 10, 0 5-10 2-4, 000
41-48 7 94 4,5 5.10 {10-20, 000
48-74 26 262 6, 0 5-10 [10-20, 000
T4-98 24 158 9,1 33 54,000
98-.129 31 168 11.1 33 54, 000
129-158 29 210 8.3 33 54, 000
158-191 "33 174 11. 4 33’ 64, DOO
191-222 31 160 11,4 36 50, 000
222-252 30 194 9.3 36 50, 0400
252283 31 216 " 8.6 " 36 50, 000
283-315 32 184 10. 4 36 50, 000
315.347 32 204 9, 4 36 50, 000
347-378 31 196 9,5 36 50,000
378-409 31 192 9,7 36 50, 000
409-440 31 154 9. 6 36 54, 000
440-470 30 192 g, 4 36 50, 000
470-502 32 242 7.9 36 50, 000
502-534 32 258 7.4 36 50, 000
534-545 31 224 B. 3 36 50, D00
565-596 31 282 b, b 36 50, 000
596-605 9 153 3. 4 36 50, 000
605.612 7 190 2.2 6 50, 000
612-626 14 214 3.9 36 50, 000
626-658 iz 418 4.6 - 36 50, 000
658-689 31 348 5.3 36 50, 000
689-721 32 276 7.0 36 50, 000
721-751 - 30 374 4.8 36 50, 000
751-778 27 526 T | 36 50, 000
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which was spooled on the rescue rigs personnel hoist. The capsule was then
lowered through the hole, get on the mine floor, and photographed. The
capsule did net drag or hang throughout the simulated recovery exercise,
which shows that the hole was very straight and smoath. When this exercise
was completed, dismantling of the drill rig was cormmunienced.

ANALYSIS OF PROBE AND RESCUE DRILLING

Probe and rescue hole drilling operations achieved their chjectives, suc-
cessfully revealing the capabilities and the limitaticns of the two drilling
systems under severe environmenfal conditions.

For the probe hole drilling with an average weight of 20, 000 pounde and an
average rotating speed of 50 rpm, the average peneiration rate was 22. 35
feet per rotating hour, In rescue drilling, the average penetration rate from
78 to 721 feet was 7. O feet per rotating hour with instantaneous rates ranging
from 2.2 to 11. 6 feet per hour, Both drilling performances compare favor-
ably with the rates predicted by Smith Tool Company, based upon laboratory
tests. Their predictions were 21.1 feet per rotating hour for probe drilling
and B feet per rotating hour for the reacue drilling,

Improvement is required in probe penetration rates for the beginning
portion of the hole, where weight concentrations are inadequate for good
penetration rates with conventional oilfield type rotary drilling equipment.
Several methods for achieving this were investigated during the predesign
phase of procurement, These techniques include the air hammer drill,
downhole hydraulic motors, and mechanical or hydraulie pulldown arrange-
ments. The air hammer drill offers the greatest opportunity for appreciably
improving penelration rates in the first 100 feet. This drill can be used with
gpecial solid-type bits as well aa the roller-cutter types specially designed
for percussive service. This tool has a record of succes sful drilling appli-
cation under similar conditions in the Appalachian region and is cempatibie
with direct compressed air circulation. The hydraulic downhole motor in
used primarily for dirzctional drilling, but its relatively high rotating speed
of 350 rpm partially offsets the adverse effects of low bit welght on initial
penetration rates. Pulldown devices effectively offset low bit weipht, but
frequently result in an off-verticle start to the hole which requires a time-
censuming correction to hit the target.

The big hole type assembly used for rescue drilling permitted more weight
concentraton on the bit during initial drilling. Therefore, penetration rates
in rock near the surface were comparatively better than for probe drilling.
The short drilling assembly and kelly drive extension provided for the reacue
rig operated successfully during the demonstration.

The severe weather experienced during probe and rescue drilling was the
most difficult operational problem. The subfreezing temperatures caused
extensive freezing problems, especially with the water circulation system,
and reguired considerable on-site improvisation, Winterization equipment
can be provided for the drill rig and would improve Rescue Subsystem
operation in extremely adverse weather,
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During rescue -:h-ill.ing,'ItL continuous injecl;i::x of water down the hole and
at the swivel gooseneck effectively prevented damp formation cuttings from
collecting in the drill string to the point of blocking circulation. Reatrictions
at the throat of the 28-1/2-inch bit bady may have contributed to the plugging
tendency. The water injection procedure was also necessary for the probe
rig when reverse circulation was used. Qccasionally very soft formation
strata also caused minor difficulty with plugging. This increased the vacuum
at times to the upper operating limit of the rotary blower. It was often
heceasary to reduce the weight on the bit to penetrate these scoft sections.

The Bagic similarities of the two rigs permit, with certain modificaticons,
the use of the rescue rig to drill the probe hole to the desired depth. The
probe rig alao has the capability to drill a 28-1/2-inch resacue hole to a
depth of approximately 800 feet, which is sufficient for most mine workings,
To obtain this potential, additional sets of prebe and rescue hole drill pipe
and downhale assemblies are required. If concurrent emergencies occurred,
two riga capable of probe hole drilling would be available. Also, two dual-
purpose rigs ensure that one would be operational at all times and would
enable the other rig to be uged for additional testing.

The good performance of both rigs in drilling comparatively etraight holes
indicates the desirability of drilling vertically from the surface ta the target
location whenever pogsible. Although the techniques of directional drilling
are well established in the drilling industry, additional tests for rescue-type
drilling are required. This procedure also adds time-consuming steps to
the operation, The instances in which vertical drilling would not be used
would be when the location of a drill site vertically above the target would
not be practicable due to adverse terrain or other environmental disadvant-
ages,
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- .CHAPTER 4
CONCLUSIONS AND RECOMMENDA TIONS

This chapter reports conclusiona and recormmunendations which are based
both on the development and test of the prototype Rescue Subsyatem as
described in the preceding paragraphs and on Westinghouse observations
and analysis of the project in the context of the total aystem praoblem and the
possibilities for extending subsystem capability.

CONCLUSIONS
General Operation

A8 was anticipated by the NAE and the Bureau of Mines, the development
and demonstration of the prototype Rescue Subsystem ap an integral part of
a CMRSS has surfaced several significant aspects which require additional
anzlysis, development, and test before the full potential of the basic NAE
concept could be utilized. These are discussed below,

National Academy of Engineering Concept

The basic NAE concept for probe and rescue drilling from the surface is
a technically feasible and operationally practieal means for reducing fatalitiea
among miners trapped underground, The probe hole concept complements -
and extends the time-limited survival capability provided by breathing de-
vices and refuges. The rescue hole concept complements through-the-mine
regcue technigques,

Preparing a position for the probe rigp vertically above an underground
target in the Appalachian area can consume a disproportionate amount of
the total elapsed time from notice of a disaster until a probe hole is com-
Pleted to the underground target. Directional drilling capability is not as
important for the rescue rig since rescue drill site preparation can proceed
simultaneously with directional probe drilling from an offset site.

Using standard rotary rig, tools and procedures, drilling the top part of
the probe hole without an acceptable deviation from the vertical also con-
sumes a disproportonate amount of time.

Additional procedural integration within the Rescue Subsystern, and also
among the Rescue Subystern and interfacing elements of the CMRSS, can
effect important savings in total operational elapged time,

The requirements for two separate rigs, and for both to be capable of
drilling to 2, 500 feet, resulted in the need for more, larger and heavier equip-
ment than would otherwise have been necessary for the operation,

The existence of two rigs, both built to the CMRSS depth criterion, and
both with reverse air circulation equipment, enables each to he equipped for
a dual probe and rescue capability,
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A Rescue Subsystem capability has been developed and can be enhanced by
selecting and adapting the best of the equipment and procedures currently
available to satisfy commercial demands. However, realization of the full
potential of the Rescue Subsystem concept as a part of an operational
CMRSS requires specialized systems analysis and innovative engineering,
fahrication, and testing aimed specifically at the mine emergency problem.
Such a program will not come about unless spensored by the Bureau of Mines,
Frototype Subsystem )

The prototype developrnent approach has served both its primary purpose
of evaluating the Rescue Subsystem concept and performance goala estab-
lished by the National Academy of Enginnering, and its secondary purpese
of providing an operational capability for actual disastera,

The 8-3/4-inch probe hole and 28-1/2-inch rescue hole sizes are larger
than the contract required. These larger aizes are considered generally
advantagecus for the probe and rescue migaions.

The two drill rigs and ancillary equipment have ample capability for drill-
ing probe and rescue holes to the 2, 500-foot depth required by the contract,

The two drill rigs have the design capability to run any casing etring that
is likely to be required to overcome adverse formation conditions,

All subsystem equipment is capable of being transported by surface
means (truck or rail) or by military air transport or heavy=-lift helicopter
airlift. However, the 18 to 36 hours required for disassembly, reassembly,
and transportation to apd from airports limite the utility of air transport
(i, e,, airplanes only for very long distances and helicopters only for sites
impossible of surface access).

The overall design of the two drill rigs provides the capability to employ
almost any circulating method currently in use in the drilling industry in-
cluding dry air, air/mist, air/foam, drilling mud, or water in either the
direl or reverse flow modes. This flexibility enablee the rigs to cope with
all geological and hydrological conditions.

Vacuum reverse air circulation is the method of greatest utility
for the Rescue Rig and may have limnited application for the
Probe Rig, . '

Direct compresaed air circulation is best for the probe rig in
most cases, ‘providing more positive hole cleaning apd fewer
operational problems, and confining site preparation and rig-up
to the basic rig trailer.

Optimizing vacuum drilling with both rigs will require experi-
mental testing with air flow rates and with water and other
additives.

When bits were weighted and rotated at their design values, average
penetration rates during the operational demonstration were virtually identi-
cal with the values projected by laboratory drillability tests. Rescue bit life
fell short of predictions due to breakage of tungsten carbide inserts. '

Instantaneous penetration rates far both rigs fall short of contractual
target values, Penstration rate of the probe rig was very poor near the
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surface due primarily to low weight available to the bit and secondarily to
low rotating speed, the first 100 feet taking 45 percent of the time reguired
to drill the 776 foot hole. The low rate of the probe ring penetration near
the surface is partly due to the fact that the rig as designed will not permit
normal rotating speeds until the hole is deep enough to stabilize the kelly.

Both rigs are capable of vertical dnllmg accuracies through herizontally
stratified formations which are well within the contractual target of 2 percent
pet 500-foot average deviation. Accurate drilling in formations which are
folded or which have markedly sloping interfaces may require a directional
drilling capability for ensuring directional drilling precision.

Both rigs are primarily designed for vertical drilling. The prohe rig
has a directional drilling capability if provided with commercially available
tools such as a downhole hydraulic motor and directional Eurveying equip- .
ment. Directionally drilling the rescue hole is of questionable practicability
but may be possible by enlarging a directionally.drilled amaller hole,

At the test demonstration a lack of full winterization of the prototype
equipment hampered cperating efficiency, safety and comfort.

Both drill rigs are of high quality and are structurally rugged and will prove
reliable, durable, and maintainable in operatiopal use, Maintainability has
been further enhanced by the careful design of interchangeability of com-
ponents and parts between the two rigs,

The two rigs are excellent building blocks for further improvements to
the Rescue Subsystem capability. Moat approaches to increasing performance
capability can be accornplished by additions or modifications to this basic
equipment. Little replacement or major rework will be necessary,

Each rig may be converted to serve a dual-rescue role with atraight-
forward modifications and additions*, The rescue hole capability of the
modified probe rig would be limited to about 80D feet,

RECOMMENDA TIONS
Near-Term Tasks

Winterize both rigs.

Maintain both rigs cperaticnally ready.

Keep a rig capable of probe drilling on constant alert at the Charles ton,
West Virginia Staging Facility to ensure immediate response to actual
‘emergencies,

Investigate a sufficiently large number of mines to determine the range
of access road and drill site location construction requirements.

*This conversion will be facilitated by two design features of the subsystermn
previded under this contract which exceed target specifications. These
are the full set of ancillary vacuum drilling equipment which has been
supplied with the probe rig and the fact that the rescue rig can alsa be
broken down into packages for air transport or helicopter airlift.
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Develop plans and make advance arrangements tc ensure that supporting
vehicles, equipment, personnel, and supplies are available for emergency
nge of the subsystern in all mining areas. '

Modify rigs and add available tools and equipment to reduce penetration
times for the probe hole by increasing penetration rates (particularly near
the surface}, reducing procedural time-outs, and providing directional drill-
ing capability to reduce site preparation times under difficult access candi-
tiong, Measures should include air hammer drilling equipment, additional
drill atring weighting equipment, downhcle hydraulic motore, air compreasors
of adequate capacity for extreme demands, and means for rapidly changing
circulation methods and for more efficient tool handling.

Modify the rescue rig so it can perform the probe mission.

Plan and carry out a field test program with the rescue rig to optimize
cperating techniques and procedures and gain experience with specialized.
equipment additions pertinent to both probe and rescue drilling.

Longer Range Tasksa

For planning the development of reacue subaystem capabilities beyond the
near=term tasks enumerated above, a planning project should be established
which would attack the problem on an integrated systems basia. Due con- -}
gideration should be given to the cenclusions of the CMERSS pregram and the
near-term tasks listed above. The project should coneider other projects
in the Bureau of Mines program and pertinent research and development
sponsored by others within the equipment and functienal framework ofthe
Rescue Subsystem, efforts concerning interfacing mine survival and
rescue capabilities wherever they are underway, and possibilities for
technical and procedural innovation, The objective of this project should be
to define a program which will minimize total elapsed time frem occurrence
of an emergency to probe hole contact and final rescue, Development and
study should include through-the-mine probe and rescue drilling and applica-
tions of smaller drilling technolegy,
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