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ABSTRACT 

A concept of mine development using a single entry bored 
with a tunnel driving machine was designed and completed. The 
effort was undertaken in hopes that the single entry could be 
rapidly advanced through the strata along the coal seam and in­
crease access to coal reserves at a much faster rate than present 
mining systems. 

The concept used was proven tunneling technology and it 
was not unreasonable to expect advance rates of 100 feet per 
day. The hardness of material to be mined was less than normally 
encountered in tunneling. 

The project was completed and an 18-foot diameter 
tunnel -was driven about 6,0~0 feet through the ultra-gassy 
Pittsburgh coal bed. 

The achieved rate of advance fell short of the antici­
pated rate. The delays to boring were many and varied, most re­
sulting from the complex nature of the project and original design 
or use of most components. Boring started on January 14, 1976 and 
was completed on August 25, 1979; 617 days were available for 
boring. 

The project proved that a single entry could safely be 
mined through a gassy coal bed. The system incorporated seam 
degasification techniques, a unique system of rail haulage using 
battery-powered rail locomotives, a conveyor system to continuously 
discharge materials as the machine bored ahead, a concrete permanent 
divider to make the equivalent of two openings in the tunnel as 
it advanced and a shotcreting system that allowed a concrete liner 
to be applied. The system was in compliance with existing state 
and Fede~al mining laws as interpreted to apply to the unique 
tunneling project. 
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EXECUTIVE SUMMARY 

Project Summary 
One of the most pressing problems in bringing a new 

~n~ng property to design capacity is mine development. 
Thousands of feet of multiple main entries are necessary 
before panel development and bleeder connections are mined. 
Especially in a gassy mine, the necessary development work 
;s time consuming and delays achievement of full capacity 
with full utilization of plant and equipment. In fact, 
some operations never achieve a comfortable ratio between 
entry development sections and pillar mining sections. 

Main entry development is expensive and slow 
due to the additional constructio~ that is necessary, 
such as mainline track, several rows of ventilation stoppings, 
overcasts and graded floor or roof taken to maintain track 
grade or height. 

Main entry maintenance after development is 
completed is a continual problem that increases wi~~ the 
age of the entries. Roof ·conditions causing the need for 
additional support and falls of roof are the usual result 
of increased age. Entry restrictions caused by such falls 
or bottom heaving which limit the mine ventilating capacity 
is not an uncommon condition in multiple access entries. 

Longwall mining now offers .advantages over con­
ventional or continuous mining machinery to the extent ~~at 
coal reserves are mined by the lonqwall method where possible. 
Sectional development often is a production bottleneck 
because multi-ent-~ requirements due to federal regulations 
retard panel advance, and lonqwa11 machinery can finish a 
panel before another is made ready. 

The delay in mine expansion caused by mine develop­
ment was never more vivid than at the Federal No. 2 mine. 
This mine was started in 1968 in the Pittsburgh coal bed, and 
it was just beginning to take shape when the requirements 
of the 1969 Federal Coal Mine Health and Safety Act came 
into effect. The new regulations and the uncertainties of 
the time caused additional problems in mine layout and 
development. · 

As a result of its Federal No. 2 experiences, 
Eastern Associated Coal Corp. was very conscious of a need 
for more rapid mine development techniques. The cr. s. 
9ureau of Mines also was well aware of such needs, and they 
lnderstood that mine development would limit rapid expansion 
~f national coal production. 

The tunnel project was an attempt to transfer 
unnel driving technology to the coal mining industry 
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to provide a rapid, low maintenance method of entry develop­
ment. The success of tunneling in hard rock is well known, 
and the round tunnel is one of the most stable openings 
that can be made underground. It was felt that an eight-
to ten-foot diameter tunnel would make ideal lonqwall retreat 
entries. 

Several system modifications had to be made in order 
for the normal tunnel system to comply with existing state 
and federal laws. The first requirement faced was the need 
for a permissible machine4 Only one such machine had ever 
been approved by the o. S. Bureau of Mines as permissible. 
This machine bored a 17-foot diameter hole. It was found 
to be available for the project. The owner of the machine 
was subcontracted to supervise the project. 

The logical mine location was where mining would 
not be done for several years. Future mining in the selected 
area would dictate the need for a shaft about 6,000 feet 
from existing mine entries. The shaft was sunk through 778 
feet of overburden to the coal bed and the tunnel was projected 
to that shaft. This distance of about 6,000 feet was con­
sidered a fair place to test the tunnel system. 

The system problems caused by regulations were many 
and varied. The final design came after many conferences 
with representatives of MSRA, then MESA, the w. Va. Department 
of Mines, the O.M.W.A., the o.s.B.M. and various consulting 
engineers. 

The requirement that ~NO separate and distinct 
passageways must be available was a major design problem. 
The solution was pre-formed concrete slabs installed hori­
zontall;t in the tunnel to form two separate openings. The 
concrete slabs had sufficient structural strength and 
fire rating to be acceptable for that duty. Doors with 
ladders were installed at necessary intervals to provide 
escape routes. A temporary steel divider was used between 
the end of the concrete portion and the tunneling machine. 
This divider was attached to the machine and moved as the 
machine advanced. Overlap between the concrete and steel 
divider provided the flexible air seal. 

The requirement for a fresh air intake escapeway 
precluded the use of a conveyer belt or trolley haulage in 
the intake. The conveyor belt also could not be placed 
in the main tunnel return as the haulage system. This led 
to the design of a rail-mounted battery-powered haulage 
system. 

The question concerning the location in the tunnel 
at which permissible equipment requirements begin caused 
difficulty. There was no set location determined, however 
MESA's position that all electric devices inby the permanent 
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divider would be permissible was accepted. The conveyor 
belt on the upper and return side of the movable temporary 
steel partition terminated just outby that point. 

The power distribution system caused considerable 
design problems and delay. The tunnel machine was powered 
by 480 volts; however, this voltage was too low for ~~e 
transmitted distance, so a high voltage (7,200) transformer 
was necessary. None was approved permissible, nor was 
there any design criteria or approval procedure for such a 
device. EACC eventually was able to obtain an experimental 
permit to use a 7,200 volt explosion-proof transformer 
designed for and tested in an explosive atmosphere. 

The roof support requirements were met by installing 
two roof bolters 12 feet outby the cutters. Roofbolting was 

done concurrently with boring. A canopy was installed on the 
machine. 

The ventilation requirements were set with regard 
to the methane liberation expected. The temporary divider 
was installed and machine construction modified to allow the 
air current to sweep the face. Oust control procedures 
required water sprays on the machine head. 

A shotcrete tunnel liner about 3 inches thick 
was applied as the tunnel was advanced. This liner was 
intended to eliminate weathering of the strata adjacent to the 
coal bed and reduce methane emissions into the tunnel outby 
the face. 

A degasification system was employed to drill holes 
at an angle on each side of the tunnel to a distance of 
several hundred feet ahead of the tunnel. Gas from these holes 
was collected in a pipeline laid in the return on top the 
concrete partition·. The pipeline termi-nated at the borehole 
into the mine and the gas collected was exhausted to the 
atmosphere on the surface. 

The total system was composed of equipment, concepts 

and procedures new to coal ~n~g. In summary, the following 
units trailed the modified tunnel machine -- all were moun ted 
on track: a degasification drill unit for dril!ing horizontal 

holes in the coal bed; a shotcrete machine which included 
hose, a pump unit and batch (mixing) car complete with conveyors 

to move sand, cement and aggregate to the mixing car; a 
~california~ switch arrangement which consists of two parallel 

tracks accessed via a ramp carried about 3 feet above the main 
track by a carriage device. The conveyor belt system installed 

on the temporary divider discharged material to either track 
through a chute arrangement. The primary and secondary belts 
overlapped, allowing up to 250 feet of advance before the 
california switch arrangement was moved up. 
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Various problems with the system components limited 

the rate of advance of the tunnel~ Down time on any component 

usually caused delays to the tunnel boring machine. Probably 

the overriding conclusion was that too many things had to work 

all the time. 

The problems from natural conditions did not 

mat~rially affect the success of the project. High methane 

liberation caused some problems at various times, and an 

extremely gassy area was encountered 125 feet from the shaftc 

The gas liberation was so high that face concentrations could 

not be kept below 1.0% within 8 inches of the coal or roof 

surfaces. The configuration and size of the machine made 

prompt dilution of this methane difficult, although the 
return air as it left the machine never contained more than 

0.6% methane. This high methane content was eventually 

captured in drill holes and piped to the surface up the 
shaft, and at a location in the main return outby all 
machinery. Also, an unsuccessful effort was made to seal 
off the gas flows with resin injection. This last methane 

delay lasted about two months. 

Roof problems were of no major consequence; 
falls of bolted roof did not occur. However, some rib 

sloughing near the machine and a rib roll occurred once 

near the california switch causing the concrete partition to 

sag on that side. 

The tunnel project was a unique method of driving 

a single entry in a coal mine. Other methods ·of single­

entry advance that have been tried in this country have 

nothing in common with this project, nor can this tunnel project 

be compared with conventional tunneling. 

Conclusions 

It was concluded that single-entry m~kng with 
tunnel boring machines is technically feasible and it can be 

done while complying with coal mine health and safety laws 

and regulations. 

Lessons learned from this project can be used to 

design more suitable system components that would increase 

the reliability of the system -- but the economic comparison 

at this time favors the more conventional methods of mine 

development. 

Another mine where methane liberation is less of a 

problem would eliminate the need for degasification and reduce 

the critical problems of methane liberation. The use of shot­

creting could be changed considerably at such a location. It 

could be eliminated altogether or done at periodic intervals 

out.by the "face" area. The tunneling could be reduced to boring, 

roof bolting, installing partitions and materials handling. 
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l. OBJECTIVES ANO HISTORY 

Excavating development entries with a Tunnel Boring 
Machine (TEM) was an idea initiated by Eastern Associated Coal 
Corp. (EACC). An unsolicited proposal was submitted to the 
O. s. Bureau of Mines (USBM) by EACC in 1971 for the demon­
stration. Its purpose was to determine the economics and 
technical capabilities of a TEM system when applied to coal 
mine development. The TBM system is not a rapid production 
method and this project should not be viewed as an attempt to 
use it as such; it should be viewed as an alternate means of 
opening new mining areas for production. This type of rapid 
development should result in a greater number of mining units 
being placed in operation in existing mines as well as future 
mines. 

A preliminary study of the economic and technical 
feasibility of using a TEM system for coal development was 
conducted under a USBM contract by Cobbs Engineering, Tulsa, 
Oklahoma, in the latter part of 1973. A search to find a 
machine for the demonstration led to McGuire Corporation of 
Ft. Smith, Arkansas, which was operating the only permissible 
machine in existen~e. 

McGuire had driven three slopes with the machine for 
new coal mines, one for the Wabash Mine in Southern Illinois, 
and two for the Dilworth Mine in Greene County, Pennsylvania. 
In June of 1974, a cost-sharing contract between EACC and the 
USBM was signed to demonstrate "The Practical and Economic 
Possibilities and Application of Rapid Excavation Tunnel 
Machine and Techniques to Coal Mine Entry Development••. McGuire 
Corporation was engaged as a subcontractor to EACC to operate 
their machine for the demonstration. 

up to this time the methods of entry development 
have utilized the conventional or continuous miner for 
forming entries and pillars. Though these systems are coal 
producing ones, their rates of advance.under currently applicable 
regulations and constraints are very slow. The number and 
location of working sections which may be placed in operation 
at one time is limited by the rate at which access is gained to 
virgin coal. The concept of using the TEM for driving develop­
ment headings, mains and sub-mains, would permit the outlining 
of large tracts of coal within the mining property early in 
the life of the mine. This would not only allow flexibility 
as to the number of sections working at any time but, also 
in the selection of which coal areas are to be mined to 
insure good product control. In gaseous mines, this procedure 
would aid in the degasification of the coal prior to mining. 

The TBM system was designed around a modified 
Calweld Boring Machine built by Calweld Manufacturing Company, 
a division of Smith International, Inc., Santa Fe Springs, 
California. The machine had been approved originally by the 



USBM and later by the Mining Enforcement and Safety Administration 
(MESA) as being electrically permissible. Since the demonstration 

would be taking place in an operating coal mine, the system 
would come under the jurisdiction of both Chapter !, Title 30, 
of the Code of Federal Regulations (30 CFR) as interpreted and 
administered by District 3, MESA, and the Mining Laws of West 
Virginia enforced under the direction of the State Department of 
Mines. Because of its permissibility, the Calweld machine was 
selected as the nucleus of the system to speed the project to the 
demonstration phase. Though modifications to the machine would 
be necessary, time would be saved by averting the extensive 
testing and approval procedure that a new machine would require. 

Modifications to the machine were made to meet three 
goals: the first, to comp~y with the requisites of State and 
Federal standards; second, to make the tunneling system compatible 
with the mine operation; and third, to incorporate as many new 
and advanced health and safety concepts as was practical. It 
had been decided that as few experimental permits as possible 
would be sought, thus placing the emphasis on a system which 
could operate under existing coal mine standards. 

Modifications were necessary to meet such standards as 
dust and methane control. The original Calweld machine controlled 
dust by sealing it in the face with a solid bulkhead located 
just behind the rotating head. Due to the hazards created by 
the presence of methane, sealing the coal face for dust control 
was not possible. The solid bulkhead was replaced with an 
expanded metal screen and the head was fitted with water spray 
nozzles for suppressing dust, similar to those used on continuous 
miners. The expanded metal screen allowed the ventilating air 
to sweep the methane, liberated by boring, from the face and 
dilute it to a safe concentration. By Federal guidelines, mining 
must cease if the methane content exceeds one percentum by 
volume and electrical power must be removed from the TBM proper. 
To quickly detect these methane levels, the machine was equipped 
with an automatic methane sensing system as required by Federal 
standards. 

To make the Calweld borer compatible with the Federal 
No. 2 mine system, the machine had to be altered to enlarge the 
cutting diameter from 17 feet to 18 feet. This required that 
the cutter head be completely rebuilt and that the hydraulic 
frame jacks be extended. Two factors affected the choice of the 
18 foot diameter tunnel; ventilation requirements and track 
haulage clearances. The history of methane liberation in the 
area where the TBM would be placed indicated that large volumes 
of air would be necessary for boring. To keep ventilating pressures 
to a minimum the cross sectional area of the tunnel would have to 
be relatively large. A complicating factor was the haulage system 
in Federal No. 2 Mine. Ten-ton mine cars are used as a primary 
means of transport to a centrally located skip hoist. It was 
necessary to use these same 10-ton mine cars in the tunnel 
to make the TBM system compatible with mine haulage. A track-
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mounted California switch would solve the problem of switching 
in the single entry and could serve as a loading dock where mine 
cars could be filled. However, restrictions in the open cross­
sectional area of the tunnel caused by the mine cars placed side­
by-side on the switch demanded an even larger tunnel size as did 
the clearance between cars and tunnel walls. The 17-foot bore 
of the original size Calweld machine would not allow adequate 
room for the movement of men and ventilating air past the cars. 
The addition of 27.5 square feet of cross-sectional area provided 
the space necessary for these purposes. 

Changes to the original machine were also made in 
several areas for improved health and safety. When used to bore 
slopes, the Calweld borer had no roof bolting machine included 
as an integral part of the system. Bolting and other support 
activities had been accomplished using jack leg pneumatic drills 
on a platform between the primary and secondary units. Temporary 
support forward of this platform, in the form of a hydraulically 
activated metal shield set against the top 120 degrees of 
the tunnel, protected the TBM operator. The type of ground 
expected to be encountered prompted the addition of two rotary 
percussion roof drills to the primary unit; These were placed 
as close to the face as practical, one on each side of the 
machine. The drill on the right side occupied the area 
formerly reserved for the operator's station. A passive support 
canopy was placed over these areas to protect the drill operators 
from spalling rock. The TBM operator's station was moved to 
the forward right side of the secondary unit ~o place him in 
an area which allowed great.I!J; ... ~reedom and control of the machine. 
All of the working areas were· lighted to a level in excess of 
0.06 foot lamberts lumens to provide a safer working environment. 
These examples of machine modifications demonstrated the primary 
thrust of the TBM project; the adaptation of an excavation method, 
proven in civil works worldwide, to a new environment with its 
associated hazards and limitations. 

Modifications were completed at McGuire's Fort Smith, 
Arkansas, shop in March of 1975. The machine was then disasse.'Tlbled 
and shipped to the mine. Concurrently witq the machine modifica­
tion phase, the underground site to be used for the assembly of the 
machine was being constructed by EACC. The chamber, later termed 
stall, was 25 feet high, 20 feet wide, 50 feet long and was 
equipped with a 10-ton bridge crane. The first pieces of the 
machine were transported underground on June 2, 1975. The machine 
was transported in units small enough to be moved through the mine's 
main haulage entries. The basic machine and power unit were 
assembled by the end of 1975. The support equipment and the 
California switch trailing the TBM required a full 750-foot 
section of completed tunnel for installation. Boring of this 
initial 750-foot section with the modified system began January 14, 
1976. Boring with the entire system was not started until January 19, 
1977. . 
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The length of the development period reflected the 
numerous problems which had to be dealt with in order to make 
the entire system legally workable. Obtaining an experimental 
permit for the 7,200-volt face transformer was probably the 
longest delay and most difficult of these problems. The project 
was transferred to the newly created Department of Energy in 
October of 1977 and was completed under its direction. 
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2. GEOLOGIC REPORT 

A prerequisite to any tunneling endeavor is a complete 
and detailed geological study of its proposed path. Such a study 
yields valuable information which enables the engineer to prepare 
against hazards likely to be encountered through the course of 
the tunneling project. Success or failure could hinge on knowing 
what to expect and being prepared to handle conditions. 

The tunneling project planned at Federal *2 mine 
(Pittsburgh coal seam) in western Monongalia County, West Virginia, 
(N3937.5 - WSOlS.O) was fortunate to be boring through horizontal 
sedimentary layers of proven regularity. Conditions likely to be 
found are well defined because of the extensive mining operati~ns 
taking place in the immediate area. The following description is 
based on information gathered from these mining operations as 
well as materials published by the West Virginia Geological Survey. 

Eastern Coal's Federal #2 mine is located in the northern 
coal fields of West Virginia in Clay and Battelle Districts of 
Monongalia County (see Geologic Maps). This area is on the 
Appalachian Plateau and features low relief and general northeast­
southwest trending of its geological structures. These structures 
consist of gently rolling anticlines and synclines. As shown in 
Figure l, the Belle Vernon Anticline and the Whitely Syncline 
come together and die out within the mining property near the 
location of the tunnel stall where boring was planned to begin. 
The Waynesburg syncline runs in a general north-northeast - south­
southwest direction along· the western edge of the mining property. 
This succession of very gentle folds, in which the beds of rock are 
so nearly horizontal that they appear level, make this area ideal 
for horizontal boring operations. This is well da~onstrated by the 
core drilling data obtained at 1,000' intervals taken along the 
tunnel path. It shows a ten foot rise in seam elevations for the 
6,000' distance with small rolls in between. The over burden 
thickness ranges from 650' to 1,300'. This relief was formed by 
the erosion of the plateau. 

Figure 2 shows a columnar section of the overlying strata. 
Most of the surface strata down to an elevation of approximately 
750' is composed of the Dunkard Group of the Permian system (refer 
,to Geologic Maps). This group is made up primarily of sandstones 
and sandy shales which are extremely variable. The sandstone may 
change to a shale within a horizontal distance of only a few yards. 
Included in this group are thin layers of impure limestones and 
:alcareous shales with at least a few thin layers of coal with 
tssociated fireclay and red and green shales. The most important 
;ediment in the Ounkard Group however, is sand. 

Underlying the Dunkard Group is the Monongahela Group 
hich is part of the Pennsylvanian System. Its thickness is fairly 
!gular ranging from 350' to 400', with a dominance of limestone 
1d shales. There are also sandstones and several coal beds. The 
lal beds are much thicker and purer than those found in the Dunkard 
·oup. The Pittsburgh coal marks the bottom of the Monongahela 
oup. It is in this coal bed that the boring was planned to take 
ace. 
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Conditions in association with the Pittsburgh cyclothem 
were well known in the general area of the proposed tunnel site 
because of the mines completely surrounding it: Blacksville tl 
(Consol) to the North; Osage and Arkwright (Consol) to the East; 
Federal *l (Eastern Coal) to the South; and of course Federal *2's 
present mining operations west of the tunnel stall. The seam 
thickness averages 8' in the area of the proposed tunnel as shown 
by core drillings. This is consistent with'averages found in 
these mines. The immediate roof rock is an interstratified coal, 
bone, and shale just over 7' thick in the tunnel area. As present­
ly mined, this roof material must be protected from air and 
moisture by leaving 6 to 8 inches of roof coal in place (referred 
to as head coal) (see Figure 3a) . This procedure prevents air 
slaking, a process which occurs progressively upward as the surface 
shale absorbs moisture, loses its strength and falls. The air 
slaking process is rapid in this area because of the thin layers 
of coal intermixed with the shale. An advantage of the tunneling 
operation is the inherent protection against this problem as 
a result of the circular opening. Figure 3b shows that the 
immediate roof is removed a~ost to the well consolidated layers 
of sandstone and shale above, resin bolted, then sealed against 
moisture by the shotcrete tunnel lining. The interstratified 
immediate roof was expected to actually prove an advantage to 
boring because of the ease with which it might be broken. 

There were other problems brought about by strata charac­
teristics. The coal seam is sometimes interrupted with clay veins 
which cut across the regular bedding. These anomalies cause 
hazardous roof conditions, generally resulting in falls before 
support can be applied. Underlying the coal is a fireclay which 
has high strength if left undisturbed in situ, but which is also 
subject to a loss of strength after exposure. It is very common 
for the bottom to crack and heave up to 18 inches within a few 
months after mining. 

In the north-south mining direction (N 10° E) air slaking 
and heaving are much more severe than in the main development direc­
tion, (S 80° E). This anisotropy of the strata in the horizontal 
plane is related to the prevalent joint or cleat system present in 
the coal bed. The systematic (dominant) joint set is referred to 
as face cleats while the truncated joint, i.e., joints which are 
approx~ately normal to and which extend between but do not cross 
the face cleats, are called butt cleats (Nickelsen and Haugh, 1967). 
Cleat syst·ems are thought to be formed by some tectonic stresses 
evidenced in the structure since the face cleats are nearly always 
perpendicular to the axial trends of the local folds (McCullock, 
et.al., 1975). At Federal t2 mine the face cleats strike N77° w 
·and the butt cleats strike N 17° E, 4° from perpendicular (see 
Figure 4). This is consistent in theory with northeast-southwest 
trending of the local structures. The mine layout was planned 
according to the cleat directions with the main development 
headings nearly parallel to the face cleat, to take advantage of 
the natural fractures in the coal. 
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The directional roof and floor effects (air slaking 
and heaving) are therefore related to the cleat system, but are 
probably not a result of these fractures; more likely, they are 
another reaction to the residual tectonic stresses which produced 
the cleats and the anticlines and synclines in the area. '!he 
tunnel path was prcjected to take advantage of this residual 
tectonic stress pattern by paralleling the primary stress direction. 
This alignment is believed to reduce horizontal pressures on the 
walls of the tunnel due to tectonics. 

The cleat system was also important in relation tothe 
direction of the degasification drilling. Research conducted by 
the Pittsburgh Mining Research Group·has demonstrated that 
horizontal degasification holes which parallel the butt cleats 
are the most productive. The permeability of the coal is 2.5 
to 10 times as great along the face cleat direction (McCullock, 
et. al., 1975), therefore, holes which intersect the face cleats 
will effect methane liberation from a larger area. This directional 
permeability is consistent with the distinguishing traits of the 
face cleats, i.e., more pronounced and continuous. 

For this project the tunneling direction was 'ideal for 
~~um methane liberation from the ribs, however, the degasifi­
cation holes might prove to be somewhat less effective than 
anticipated because of the small angles at which they intersected 
the face cleats (see Figure 5). Problems might result from the 
gas liberation since the Pittsburgh seam in this area is known 
for its high methane content, as much as 200 ft3;ton (Kim, 1975) . 

Conclusions 

In general the tunneling site at Federal i2 mine was 
geologically ideal for boring operations ~~rough sedimentary, 
coal-associated strata. The tunnel was properly oriented with 
respect to the apparent tectonic forces and the ground control 
methods to be employed were expected to provide a safe and sound 
working environment. Oegasification could prove to be a problem 
and various drilling ~rientations were to be tried to determine 
an optimal direction. 

lJenkins, F. M., Report on Geological Survey of Tunnel 
Boring Machine Project Site, December, 1975. 



2.1 ROCX QUALITY AND PROPERTY DETERMINATION 

In addition to the geologic report a nRock Quality and 
Property Oeterminationn was performed by the Penfel Company, of 
Morgantown, West Virginia. This internal report to the Bureau of 
Mines was intended for the purpose of comparing roof support 
requirements, as assessed by the Q Quality determination, with 
the proposed roof control plan for the TBM project~ The Q Quality 
determinations were performed on NX size (2-l/8 inch diameter) 
roof cores provided by Eastern Associated Coal Corp. The cores 
were taken at 1,000-foot intervals along the centerline of the 
tunnel with the final core (No. 6) being extracted from the center 
of the proposed shaft. 

The support requirements of each support category 
determined by the Q Quality method were compared with the roof 
control plan proposed for the project and found to be adequate 
for all areas except one. When boring advanced through the 
anticipated problem area the roof control plan was superceded 
by installing twice the number of bolts. As boring continued 
into more stable conditions as indicated by the report, the 
standard bolting pattern was re~plemented. Throughout the 
duration of the project not a single roof control-failure 
occurred. 
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3. SYSTu~ DESCRIPTION 

3.1 TBM SYSTEM 

The basic machine consists of two units (see Figure 6A&B) , 
the primary unit and the secondary unit. · The primary unit contains 
the cutting and loading functions and associated hydraulics for 
rotating and thrusting the cutting wheel, gripping the unit in the 
tunnel, and resetting afte~ a cutting stroke is completed. Two 
bolting stations and a short 27 foot primary belt are also located 
on this unit. The secondary unit houses the transformer and 
breaker box, the main electric motors and hydraulic pumps, hy­
draulic fluid storage tanks and the operators station. The belt 
transfer from the small primary belt to the secondary belt is 
located on this structure. 

Immediately outby the secondary unit, a 50 foot skid 
mounted trailing unit(tertiary unit) is used to aid the following 
support functions: (l) the laying of track, (2) shotcreting, 
and (3) divider support beam installation. The trailing unit is 
equipped with a monorail and air powered cranes to facilitate 
the movement and placement of materials. 

Temporary steei dividers, which slide along steel beams 
anchored to the rib, extend for a distance of 320 feet behind the 
trailing unit platform to the permanent divider. These temporary 
dividers advance with the boring machine and provide support 
structure for the secondary and tertiary belts. The space under 
the first 150 feet of the temporary dividers is reserved for the 
degasification drilling equipment; the remainder is taken up by 
the shotcreting equipment and the California switch. This rail 
car switching unit consists of a ~ouble track resting on a carriage 
with trucks riding on the main track (see Figure8A&B.)This switch 
unit is 390 feet long with a 40 foot ramp from the main track up 
to the carriage track. Supply cars as well as 10-ton mine cars 
are switched in and out with battery powered locomotives. 
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There are six pick-up buckets, incorporated into the 
cutting wheel, which collect and remove material excavated from 
the face. The pick-up buckets carry the fragmented material from 
the bottom of the tunnel invert to a point directly overhead where 
the material free-falls into a hopper mounted immediately behind 
the cutting wheel. This hopper feeds the 36-inch primary conveyor 
which in turn feeds into another hopper arrangement, for the 
secondary conveyor belt, that allows for the movement necessary 
to stroke forward some 27 inches. 

The secondary conveyor is mounted to the temporary 
divider panels and moves forward in 27 inch increments as the 
boring machine is reset after boring a full stroke. The outby 
portion of the secondary conveyor overlaps the tertiary conveyor 
and results in a telescopic action when the temporary divider 
is ·pulled forward with boring machine reset. 

The tertiary conveyor is fixed to the dump station at 
its outby extremity and rests on roller brackets at its inby 
extremity to allow movement of the temporary divider. 

The automatic loading unit consists of a hydraulically 
operated loading chute and car spotter which provides for 
uninterrupted loading of several 10-ton mine cars on the California 
switch. One mine car has the capacity for approximately 8 inches 
of boring advance. 

3.3 FRA~~AT~ON 

Thirty-seven rolling disc cutters and one centrally­
mounted multiple cutter are arranged on the cutting wheel to 
effect circular orbits sp~ced approximately 3 inches apart. 
Three of the disc cutters gage the 18 foot diameter tunnel; 
in addition, spring loaded scraper blades on the perimeter of 
the cutting wheel help to smooth the tunnel walls. (Figure 7). 

A water spray system designed for dust abatement was 
added to the TEM for this project. Approximately SO gallons per 
minute of water is carried through the shaft to the cutting wheel 
where 35 spray nozzles are placed so as to apply a spray at or 
near each cutter. 

3.4 ROOF AND GROUND SUPPORT 

Two bolting machines, one located on each side of the 
primary unit 12 feet from the face, provide for the installation 
of the initial roof support. Six five-foot resin grouted bOlts 
are placed on five-foot centers spanning the arch of the roof. (Figure 22) 
The drilling method is a hydraulically operated rotary/percussion 
drill equipped with a through-the-steel vacuum dust collection 
system. Each drill has two dust collectors, each with a one-half 
cubic foot capacity. The four collectors are located over the 
inby end of the secondary conveyor and have drop bottoms for ease 
of cleaning. 



The finished drill holes may vary in diameter from l 
inch to l-l/8 inch to l-3/S inch drilled to a depth of just over 
5 feet. The 5-foot rebar rod with a forged head varies corres­
pondingly from 3/4 inch to 7/8 inch to l inch. A quick setting 
epoxy resin is used to grout the rod in the hole. The resin 
is packaged in cartridge for.m and is broken and mixed by spinning 
the rod in the hole. A standard bearing plate is set directly 
against the roof to maintain maximum clearance. 

The above described bolting plan represents the minimum 
amount of bolts installed in the approved roof control plan for 
the TBM project. Where roof conditions dictate, extra bolts are 
installed as necessary. 

In addition to the roof bolting operation the tunnel 
is lined with approximately 3 inches of shotcrete. This lining 
aids stabilization by protecting the roof and ribs from the mine 
atmosphere. 

3.5 SHOTCRETE LINER 

The shotcrete system in its final form consists of the 
following components: (l) bulk material cars, (2) materials 
handling conveyor, (3) batching car, (4) ~x~ng augers, (5) pump 
unit, (6) emplacement hose and attendant air line. 

The bulk material cars were to be loaded from stockpiles 
on the surface and transported with other supplies to the California 
switch in the tunnel. The shotcrete materials-handling belt is 
located between the left set of rails on the inby end of ~~e 
California switch. As shotcrete materials are needed, the bottom 
dump material cars are positioned over the belt and the various 
materials, i.e., course aggregate, sand and cement, are transferred, 
one at a time, to the three compartment batch car. 

From the batch car these materials are fed simultaneously, 
at a predetermined rate, onto a single conveyor belt that dumps 
into the mixing hopper. The mixing hopper feeds into first, the 
dry mixing screw conveyor and then, while water is introduced, to 
the wet screw conveyor. The discharge from the wet mixing screw 
goes into the pug mill of the pumping unit. 

The positive-displacement pump feeds into a flexible 
hose which, in turn, feeds a 3 inch rigid pipe called a slick line. 
The slick line is used as far as conditions permit before termina­
ting with the 2-l/2 inch application hose. The end of the appli­
cation hose is reduced in diameter by a pneumatically supplied 
nozzle for directional control of the concrete. At this point, 
the concrete is fragmented by ex~anding air and sprayed onto the 
exposed roof, rib and floor of the tunnel. After successive passes, 
enough build-up is attained for a competent concrete liner. 
(See Figure 21) . 
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3.6 VENTILATION 

The tunnel face was ventilated by air coursed through 
the tunnel's upper and lower compartments. The intake air.was 
brought in the lower portion, swept the face, and exhausted 
through the upper compartment of the tunnel. There was a minimum 
requirement of 50,000 cubic feet of air per minute measured at a 
control point 140 feet from the face. 

Temporary dividers extended from behind the trailing 
unit to just inby the loading point where permanent flexicore 
dividers were placed on beams to the tunnel mouth. The temporary 
steel dividers supported by beams bracketed longitudinally along 
the tunnel ribs. Thus a complete separation existed from the 
overcast at the mouth of the ttmnel to the face. The temporary 
divider was moved up as the machine advanced and served as 
support for the secondary and tertiary conveyors. Flexicore deck 
sections were installed as the temporary divider advanced. These 
deck sections consisted of prestressed concrete beams cast with 
two pre-tensioned cables. Each deck is 16-l/2 feet long, 2 feet 
wide and 6 inches thick. Doors through the divider were provided 
every 80 feet with ladders to the lower invert. Every third door 
was made larger and equipped with swing down stairs for access 
between upper and lower compartments. Provisions were made in the 
ventilation system at the mouth of the tunnel to reverse the 
direction of air flow in the upper and lower compa~~ent during 
an emergency. 

3.7 ILLUMINATION 

Fifty permissible 30 watt fluorescent lamps were placed 
on the primary and secondary units to provide an average intensity 
of 0.06 foot lambert lumens at all work areas. These lamps were 
operated by 110 volt AC power furnished from a 480 volt/llO volt 
25 KVA transformer. Both the transformer and control panel were 
located on the secondary unit. 

3.8 DEGASIFICATION 

Oegasification was incorporated into the TEM project as 
a supplemental method of controlling the methane expected to be 
liberated in the virgin boring area at rates commensurate with the 
anticipated rapid advance rate. aistorically virgin areas of the 
Pittsburgh seam have been known to liberate as much as 200 cubic 
feet of methane per ton of coal produced. 

In particular, the objectives were to collect and drain 
gas in advance of boring and to prevent gas build-up behind the 
liner that, through leaks, could compromise the quality of the 
intake air ventilating the face. 

The system utilized wells drilled horizontally at the 
center of the coal seam. The wells were aligned 10 to 15 degrees 
from the longitudinal axis of the tunnel at staggered locations 
on the right and left ribs. (See Figure 15) . 
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A specially designed drill was incorporated into the TBM 
system to facilitate the drilling of the degas wells. The drill 
has a hydraulic chuck and operated with a 5 foot stroke. 

Gas produced from these wells was channeled into a 6 
inch pipeline laid in the upper compartment of the tunnel. At 
the tunnel overcast the 6 inch line was connected to an 8 inch 
line that extended through the mine approximately 3,000 feet to 
a 24 inch vertical borehole through which the gas was transported 
to the surface where it was released to the atmosphere. 

Each well was equipped with an automatic shutoff 
valve activated by a methane detection system. The detection system 
consisted of a series of eight sensors placed in strategic loca­
tions to constantly monitor the atmosphere surrounding the pipe­
line. In the event these sensors detect over one per cent methane 
in the mine atmosphere the automatic valves shut-in the wells 
at the wellhead. This precludes a buildup of gas from the line 
should a leak develop. Other safeguards included a system scheme 
which closed the valves in the event the collection system was 
damaged by a roof fall. A one half inch PVC air line was strapped 
to the top of both the 6 and 8 inch pipelines. In the event of a 
roof fall this line is broken, releasing the compressed air·supply 
to the automatic valves, causing the wellheads to be automatically 
shut-in. 
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4. OPERATIONAL PROBLL~S 

4.1 GENERAL HISTORY 

The first stage of tunnel boring presented several unique 
operational problems. These persisted for the first 725 feet of 
tunnel excavation and were problems due primarily to two conditions. 
The first condition resulted from the lack of space for the installa­
tion of the complete back-up system of automated loading which 
required considerable tunnel footage. Secondly, the initial boring 
had to be accomplished using 480 volt power until an approved 7200 
volt face transformer was available. 

The tunnel boring machine was assembled in a stall area 
especially excavated for this purpose. The stall was 25 feet high, 
20 feet wide, SO feet long and was equipped with a 10-ton bridge 
crane to facilitate assembly of the boring machine. 

Special steel side supports were fabricated and placed 
under the side jack housings in order to prevent the machine from 
rolling due to torque reaction before it was socketed into the 
tunnel. Also special steel pads were made and placed under the 
reset jack.' s feet due to the flat floor of the ass·embly stall 
not confor.ming to the circular invert of the 18 foot tunnel 
cross-section. 

The steel side supports did not prove adequate to carry 
the machine thrust reaction. The front belly jack was then secure­
ly tied down to effect suitable anchorage, but without success. 
It soon became evident that this arrangement would not suffice 
as the belly jack was being wrenched from the machine. This plan 
of attack was abandoned in favor of another method of anchoring 
the machine. 

Steel plates with eyes were secured to the floor with 
epoxy resin rock bolts near the front of the machine. Near the 
rear, steel eyes were welded to the machine frame. These sets of 
eyes were tied together with steel cables and hydraulic cylinders. 

The cables were tensioned by means of the hydraulic 
cylinders and boring proceeded by pulling the machine into the 
face. Use of this method continued until enough advancement into 
the tunnel had been made for the side gripper jacks to engage the 
rings of the tunnel at which time it was no longer required. 

During this socketing-in phase, the machine power and 
skid units traveled through the overcast constructed at the end of 
the stall. This overcast could only be partially completed to allow 
for the passage of the equipment. During this passage, ventilation 
had to be controlled with the use of temporary and movable stoppings 
and brattice cloth. 

Some difficulty was encountered with the entry of the 
trailing units into the tunnel cross-section. This was overcome 
by hand excavation to let the units skid into the tunnel. 
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After the last trailing unit had cleared, the overcast 
could be completed. A lower deck was installed and doors hung. 
By opening or closing the doors and ports, ventilation could be 
reversed as the need would arise for operations such as welding or 
cutting on the cutter head. This would allow intake in the upper 
compartment of the tunnel and return air in the lower compartment. 
Being an emergency measure, the doors were maintained in a locked 
posture to prevent unauthorized movement. 

The steel divider panels were installed on the lower deck 
of the overcast and abutted to the rear of the skid unit. A tow 
bar was fastened to the gripper jacks by wire rope and hydraulic 
cylinders. Wire rope ran from the two bar back to the divider 
panels in order to pull them along. The tow bar was fastened 
to the skid unit by welded beams. Oue to this rigid connection, 
the skid unit was damaged. This condition was corrected by 
replacing the beam connections with turnbuckles and pinned connec­
tions. This arrangement allowed for rotation of the components 
due. to irregularities in the invert and solved the problem. 

Mucking during the first stage of boring was performed 
by using a primary and a temporary secondary conveyor. This pre­
sented a problem as there was only a single track in the tunnel 
entry before the special switching arrangement was installed. 
As a resu.l t, the train of muck cars , when loaded, had to be taken 
from the tunnel before another string of empty cars could be 
brought in. Outby of the loading point, any work being performed 
had to cease and all equipment being used for that work had to 
be removed to allow passage of the train. During these tramming 
cycles, boring was stopped because of the·interruption of the muck 
loading operation. 

When sufficient footage for the back-up system had been 
bored, the temporary secondary conveyor was removed. It was 
replaced with a permanent secondary conveyor through which a ter­
tiary conveyor telescoped as boring proceeded. The loading point 
was located outby the major construction areas. 

A loading and passing arrangement called a California. 
Switch was installed in January of 1977. The California Switch 
consists of double tracks mounted on rail trucks which ride on the 
single track placed in the tunnel invert as boring advances. 
Access to the California Switch, which is elevated approximately 
3 feet to take advantage of the width near the tunnel centerline, 
was gained by the use of a 40 foot ramp that had a permanent 
connection to the switch asseml::lly and a floating connection to the 
tunnel rail. The double track allowed a string of empties to be 
loaded while a train of loaded cars were being switched out. With 
this set-up boring was continuous. 



4.2 VENTILATION 

Late in 1976 the John T. Boyd Company of Pittsburgh, 
Pennsylvania was co~ssioned by Eastern Associated Coal Corp., 
at the request of OSBM, to investigate the technical problems 
and the feasibility of the overall ventilation system for the 
TBM project at the Federal No. 2 mine. The investigation included 
a detailed ventilation survey of a portion of the tunnel, evalua­
tion of problem areas, recommendations for practical solutions 
to ventilation problems and projection of ventilation parameters 
for the full 6,000 feet of the tunnel ventilation system. 

The study included recommendations and designs to 
maintain adequate ventilation at the face to control liberated 
methane and dust at the roof bolting stations. These recommen­
tations were based on detailed surveys and inspection of the 
operations and considered the mine's ventilation system, as well 
as -requirements and constraints of the TBM and state the federal 
regulations. 

4.2.1 VOLOME AND PRESSURE SURVEY 

The tunnel· ven·tilation system consisted of a single 
split of air taken from 1 East Mains ventilation near the mouth 
of the tunnel. The only parallel splits with±n this circuit 
were in the shop and compressor station areas. A relatively 
small quantity of airflow was regulated directly to returns 
through these areas. Main intake air passed through the stall 
area and under the overcast just outby station O+OO,.the beginn­
ing of the tunnel. The tunnel wa: !i7ided by a horizontal plat-. 
form 6 feet from the top and 11.5 feet above the floor. The 
lower portion with a cross sectional area of 155 sq. ft. provided 
the intake air course. Air was directed the length of the tunnel 
to the face. Its course was periodically obstructed by various 
pieces of operating and support equipment, including the California 
switch which might have rock and supply cars on one or both tracks, 
shotcrete equipment and the degasification drill. The designated 
control station was located beyond this equipment at the outby end 
of the trailing unit. At this point 50,000 cfm intake air was 
required by MSHA~ 

At the face, air passed through the lower half of the 
TBM and up around the jacks and borer to the upper portion of the 
TBM. Return air was directed through the upper section of the 
tunnel. Flow was obstructed immediately outby the face portion 
mainly by the structure of the extensible secondary conveyor. 
Down stream from the loading station the return air course was 
effectively clear and unobstructed to the overcast. Planned 
methane drainage piping and related installations were not expected 
to cause significant obstruction. At the overcast, the air flow 
split to return air courses on either side of the stall area, with 
flows through the regulator in each split to the main returns. 
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In order to measure basic ventilation parameters, 
several types of standard ventilation survey procedures were used. 
These included volume measurements by standard anemometer traverse and pressure surveys using precision altimeters, magnahelix gages 
and a micro-manometer. 

Volume survey data was derived from standard vane­
anemometer traverses at selected stations through the circuit 
where velocities were less than 2,000 ft. per minute. Each 
measurement was based on averages of three or more successive 
traverses. These repetitive measurements yielded data which 
varied less than 2% from the average at each station. The cross 
sectional area at each station was obtained from actual measure­ment of the openings, supplemented by measurement of TEM cross 
section in the project plans. 

Pressure surveys using precision altimeters were con­
ducted in accordance with procedures discussed in u.s. Bureau of 
Mines Information Circular 7809, and MESA Information Report 1050. 
Four surveys were completed between December, 1976 and December, 
1977. For each survey a pair of Wallace and Tiernan and a pair 
of Paulin altimeters were used. 

The precision altimeter survey technique for determina­
tion of relative air pressure in a ventilation system is sensitive to many variables for which measurement and corrections are 
routinely made. The following table presents the magnitude of 
pressure difference resulting from some changes in standard con­
ditions. 

Change of 

One foot in elevation 
10% increase in intake velocity(SO fpm) 
10% increase in return velocity(l90 fpm) 

Yields Pressure 
Difference 

.015 in. water gage 

.003 in. water gage 

.013 in. water gage 

The initial surveys of the TEM indicated that the actual pressure differences along important segments were near or less 
than the accuracy of the instruments. In addition, periodic 
pressure changes of a greater magnitude were encountered. These 
changes were ascribed to "local disburbances". 

Local disturbances included all causes of erratic 
pressures and volumes within the TBM system that were not measured by the base altimeter station and which yielded data inconsistent 
with the pressure gradient and airflow of the system. 

Trains moving in the open intake were estimated to have 
a minor effect on the system ventilation. Trains have a cross­
sectional area of 20% of the intake area and a maximum adverse 
exposure of 12 minutes per trip at completion of the tunnel. 
Measurement across the shotcrete machine in the open tunnel indi­
cated the pressure drop would be very small . 
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These and other unidentified sources singly and in 
combination could radically effect the steady state flow of the 
system for short periods of time. The pressure traverses were 
performed on shifts when the TEM was not in operation. Nonetheless, 
on occasion, the presence of a disturbance could be identified 
during a pressure tra~erse, and at these times the survey was 
temporarily halted until the disturbance had been corrected. 
Evaluation of the pressure data indicates that some disturbances 
were undetected at the time of the survey. 

For all precision altimeter surveys, spot checks and 
special measurements were made using sensitive maqnehelix gages 
of several ranges or a micromanometer. These instruments were 
calibrated and cross checked prior to the survey. 

The final survey was conducted during the UMWA strike 
in 1978 when tunnel activities included shotcreting of intake 
and returns immediately outby the California switch; there were 
also inspection tours by firebosses, surveying personnel, manage­
ment and visitors. Local disturbances were observed on the alti­
meter survey. 

The final altimeter survey was followed by a pressure 
traverse using a micro-manometer and 600 .ft. of l/4 inch diameter 
polyethelene tubing. -The procedure used was to extend the tubing 
and measure the static pressure drop along the air course between 
ends of the tubing. 

4.2.2 ~SULTS 

The following table indicates the general decline in 
ventilation efficiency over the period December 8, 1976 through 
December 15, 1977: 

Date of 
Survey 
12/8/76 
12/21/76 
3/30/77 
4/l/77 
6/21/77 
7/6/77 
12/15/77 

Station 0+00 
77,000 
78,000 
84,000 
92,000 
86,000 
79,000 
84,000 

cfm 
Control Station 

45,000 
46,500 
47,500 
51,500 
44,000 
43,000 
41,000 

Efficiencv % 
58.4 
59.6 
56.5 
56.0 
Sl. 2 
54.4 
48.8 

A volume survey of December 15, 1977 showed ventilation 
quantities at selected locations to be as follows: 

Location 
Main Intake 
Tunnel Mouth 
Beginning California Switch 
Outby Loading Station 
End Permanent ~ivider 
Control Station 
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Station 
A 

0+00 
17+04 
19+84 
22+36 
25+84 

Quantity cfm 
98,500 
84,000 
73,000 
71,000 
61,500 
41,000 



A pressure survey made at the same period of time indi­
cated the following pressure losses at selected locations: 

Location 

Tunnel Mouth 
Beginning California Switch 
Loading Station 
End Permanent Divider 
Control Station 

Station 

0~00 
17~04 
19~84 
22~36 
25+84 

Pressure Drop 
In take to Return 

(in. w. G.) 

0.810 
0.400 
0.310 
0.200 
0.060 

Pressure gradients for major section of the tunnel 
were established as follows: 

Segment 
Open Intake • Open Return 
Intake over California Switch 
Return over Conveyor 

Gradient 
(in .. W.G./100 ln. ft.) 

.0038 

.022 

.0088 

.037 

Frictional pressure loss constant (K) .and resistance 
factor (R) were calculated based on final survey data. The 
K & R factors for major tunnel segments are listed as: 

K R/1000 ft. 

Open Intake 20.9 X 10-10 .054 
Open Return 16.4 X 10-10 .. 311 
Intake across the California Switch 75.4 X 10-10 .195 
Return across the Conveyor 60.4 X 10-lO 1.223 

Leakage sources and losses were identified for various 
segments of the tunnel as follows: 

Quantity Equiv.Area 
Location Major Sources (cfm) (sa. ft.) 

Overcast Outby 0+00 Cracks, door seals 
at air lock 7,000 3.1 

Permanent divider Stair.qay doors, 
scuttles, cracks by 
!-Beams 6SOilOO ft. . 33/100 ft • 

Loading chute Leakage around chute 2,000 1.4 
Gantry and temporary Eox beam, above and 

divider behind I-Beam 20,500 23.7 
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Ventilation conditions were projected for the entire 
6,000 feet of tunnel for three cases: 

Case A. 50,000 cfm to control station with conditions 
as found on December 15, 1977 excepting cars on California switch 
with loading chute open. 

Case B. Same as Case A except leaks between the loading 
station and control station were reduced by 36% and in the per­
manent divider by 50%. 

Case C. Same as Case B except loading chute was 
partially closed~ leakage was reduced in the permanent divider 
by 70%, in the chute by 57% and between the chute and control 
station by 64%. 

The following parameters were calculated for three 
cases: 

Case A Case B Case C 

Volume at 0+00 
Pressure at 0+00 
Efficiency 

142,000 cfm 
2.998 in.W.G. 

35.3% 

97,000 cfm 
1.868 in. W.G. 

51.3% 

73,300 cfm 
1.264 in.W.G. 

68.2%. 

Case B was considered achievable and was within the 
capacity of the. existing mine ventilation system. A volume of 
114,400 cfm could be delivered to the TBM area in the mains at 
Station A and a pressure difference of 2.118 was available be­
VReen Station A and the .tunnel returns. 

Having decided on the major parameters for the three 
cases presented, the pressure/quantity survey data were projected 
to completion of the tunnel. The following is a summary of ~~at 
calculation: 

Tunnel Length (ft.) 
Volume to control station (cfm) 
Volume to 0+00 (cfm) 
Pressure across 0+00 (in.W.G.) 
Leakage equiv. area (sq. ft.) 
Efficiency @ 0+00 

12/15/77 
2,677 

41,000 
84,000 

.790 
38.2 
48.8 

Case A 
6,000 

50,000 
142,000 

2.998 
51.4 
35.2 

Case B 
6,000 

50,000 
97,400 
l. 868 

31.6 
51.3 

Case c 
6,000 

50,000 
73,300 
1.264 
17.3 
68.2 

The Boyd Company recommended and Eastern accepted the 
parameters set forth in Case B as being reasonable and achievable. 
The following data summarizes the connection between Station 0+00 
and the main intake (Station A) 200 feet outby the overcast:3 

3Boyd, J. T. Company, Ventilation Analysis, Report 974, 
August, 1978. 
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Location 

Across Intake and Return 
Control Station 
0+00 
Overcast 
Shop 
Compressor Station 
Shock & Friction 
Station A - Total 

Case B 
Total Reouired 

Pressure 
(in. Water Gage) 

0.060 
1.868 

0.250 
2.118 

Volume 
(cfm) 

50,000 
~7,400 

7,000 
3,000 
7,000 

114,400 

Open completion of the tunnel the parameters set 
forth in Case B were found to be a very accurate projection of 
ventilating conditions. The total pressure drop from intake 
to return at Station A was 2.28 inches at time of intersect with 
the shaft. The measured quantity at the face control point was 
in excess of 60,000 cfm. A diligent leakage control effort was 
responsible for maintaining this quantity of air. Leaks in the 
permanent divider were minimized by frequent patching from the 
overcast to the inby end of the permanent divider. 

During the initial period of downtime attributed to the 
excess gas in the face area, extra personnel were available to 
correct leaks in the temporary divider by replacing seals, 
shotcreting and removing unnecessary obstructions. The gantry 
which had always been a major ·source of air leaks was completely 
covered with thin plastic sheeting on the pressure (intake) side 
to provide the optimum ventilation seal. 
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4.3 MOCK HANDLING AND HAULAGE 

The vast quantities of muck generated by the tunnel boring 
operation did not fit into the dumping and cleaning cycle for 
normal run-of-mine production. Since no attempt would be made 
to recover the coal from the tunnel product, it was treated and 
disposed of as mine rock would be. The implications of this 
were that the large quantities of muck coming from the project 
had to be stored in mine cars until t~e was available to dump 
rock at the hoist shaft. In t~es of high production surges 
at both the tunnel and from the coal producing sections, this 
would result in mine car shortages due to standing loads. In 
addition, problems were encountered with excessively wet muck 
sticking in the mine cars and spilling from the surface refuse 
belt. 

As the muck was cut from the face,. it was scooped into 
the buckets on the wheel by plows. The buckets discharged 
onto the primary conveyor. The conveyors in turn loaded mine 
cars which were transported to a rotary dump at the mine production 
shaft. Once on the surface the muck was directed from the skips 
around the preparation plant to the rock ·holding bin. From 
here the muck was transported dir.ectly to the refuse area where 
it was disposed of by layering and compacting with earth fill to 
prevent spontaneous combustion. No attempt was made to recover 
the coal due to the high percentage of reject material and the 
anticipated high rate of production. 

Spillage under the machine had to be hand mucked into 
the pick-up buckets. This was slow and laborious when muck had 
to be carried from the rear to the front of the machine. A small 
conveyor was acquired for this purpose. The muck was then tossed 
on this belt and dumped into the buckets in the rotating head. 

Rail haulage of muck presented several difficulties. 
Oue to the coal mining laws restricting the installation of 
trolley wire in fresh air escapeways and the tunnel being a 
single entry with the lower compartment serving as both the 
escapeway and haulage way, battery locomotives and transportation 
became a vital part of the projecto 

In the early stages the project was furnished standard 
mine locomotives equipped with shop-built battery cars. While 
these proved sufficient, they also created many problems and much 
downtime due to maintenance and charging procedures. 

A small battery locomotive was acquired from one of 
Eastern's other mines for use on the project. This locomotive 
served the project well except for its size and weight which 
comprised the reliability necessary for this particular element 
of the operation. 

The effect of the Federal Regulations severely 
restrained the haulage operation in the tunnel. Battery 
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locomotives were prohibited from traveling inby the permanent 
divider. This resulted in using air tuggers to place and spot 
cars and supplies in the early development of the tunnel. The 
far-reaching effect of the regulations was a complete design 
change in the location and operation of the loading station. 
In the original concept the loading station was to be located 
in the outby end of the temporary divider and move forward 
with that unit. The California Switch would also be towed 
by the skid unit resulting in intermittent forward movement 
of the entire loading system. 

Having made this design change the later mode of 
operation was a stationary loading station outby the temporary 
divider making it necessary to idle the boring operation to 
move the California Switch forward in 250 foot increments. 

To restore reliability to the haulage element of the 
operation, Eastern purchased two combination battery/trolley· 
locomotives for exclusive use on the project. These locomotives 
were designed to operate in tandem to meet the service require­
ment of tunnel haulage. A charging station was set up in the 
general area of the tunnel for convenience and necessity of 
changing batteries. 

Many problems followed as the new locomotives were 
put into full service. Initially, a problem with the battery 
chargers resulted in a series of burned contactor tips due to 
improperly charged batteries and sub.sequent low voltage. This 
was traced to improper wiring of the chargers when received 
from the manufacturer. Following this problem was an episode 
of traction motor failures so severe that a temporary halt was 
called to the project. By appealing to the higher management 
of the manufacturer of the locomotives, the proper involvement 
was finally attained and the problem was traced to improper 
safequards within the wiring network of the units. A factory­
authorized rewire of the units was completed and satisfactory 
service prevailed through the duration of the project. 
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4.4 TIDU~SFORMER 

4.4.1 REQUIREMENTS 

The original 4160 VAC, 750 KVA Crittenden permissible 
transformer could not be used at Federal No. 2 mine because of 
its incompatibility with the 7200 VAC underground power system. 
Normally the transformer could simply be changed from 4,160 to 
7,200 volts with the reconnection of the primary phase leads. 
This could not be done due to an imposed regulation (l8.45(d) (5) 
and (6) CFR Title 30) which the Mine Safety and Health Admin­
istration (MSBA) enforced. 

Regulation lS.47(d) (5) implies that 4,160 volts is the 
maximum voltage permitted to permissible face equipment and 
l8~47(d) (6) reserves MSRA the right to require additional 
safeguards for high voltage equipment or modify the requirements 
to recognize improved technology. This was a first attempt to 
utilize 7,200 volts to supply power through a portable trailing 
cable to a permissible piece of mining equipment. Many delays 
occurred while trying to determine what additional safeguards 
were required, the technology available to comply and finally 
designing and testing these designs. 

Due to these numerous delays in obtaining an approved 
7,200 volt transformer and system design, a temporary approval 
was initiated to use 480 volts directly through a sao MCM trailing 
cable. This permitted 725. feet of boring to be accomplished which 
allowed time and room to install the final machine components 
while pursuing the 7,200 volt system design. 
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4. 4. 2 DESIGN, TESTING ANO APPROVAL 

During the initial boring of the 725 feet necessary 
for the California switch installation, a 480 volt trailing 
cable was acceptable for power supply. Due to the projected 
distance of nearly 6,000 feet, the voltage drop resultant from 
transmission at 480 volts would have made the size of the 
trailing cable prohibitive. For this reason, it was decided 
to seek modification of the approved 480 volt system to allow 
a 7,200/480 volt face transformer. 

The root problem of using a 7,200 volt transformer 
for the TEM was its intended location in an area where explosion­
proof equipment is required. 

Concurrent with the initial boring effort, design and 
construction of an acceptable enclosure and switch gear was 
progressing. Eastern's electrical engineers, working in concert 
with the O'SBM~ MESA and the McGuire Corporation, designed and 
built an enclosure for subsequent testing to withstand at least 
four phase-to-phase faults at the maximum available fault current 
of 3,500 amperes. The duration of the current was initially 
specified at eight cycles or twice the breaker clearing t~e, 
whichever was greater. 

The enclosure was tested for the following end results: 

1. No visable discharge of flame or sparks from the 
enclosure. 

2. No rupture of any part of the enclosure. 

3. No permanent distortion of the enclosure exceeding 
0.040 inch per foot. 

4. No surface temperature exceeding 302°F. 

5. No ignition of a surrounding e:~losive methane 
gas mixture. 

In addition to the testing of the enclosure, the following 
requirements were imposed for electrical compliance: 

1. Two independent circuit breakers in series shall 
provide the overcurrent protection. 

2. One of the breakers shall be located on the surface. 

3. The overcurrent devices of both circuit breakers 
shall be set at SO% of the available phase-to-phase 
short circuit current. At this setting the breakers 
shall clear the fault within one-half the test time 
stipulated above. 
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4. The transformer shall be provided with thermal 
overload protection. Such protection shall be 
set to remove the primary power before the insulation 
temperature rating is exceeded. 

5e In addition to the testing required in CFR 75.800, 
the following tests shall be performed: 

a. Upon initial installation, all protective 
devices shall be electrically tested and 
adjusted. 

b. The protective devices of the surface circuit 
breaker shall be tested by means of primary 
injection upon installation and at periods not 
to exceed three months thereafter. 

Testing was arranged by the USBM at the Westinghouse High 
Power Laboratory in Pittsburgh. _ The first test revealed that, under 
the specified fault conditions, the enclosure was not of sufficient 
strength. The max~ energy transfer under the test conditions 
was such that the physical dimensions of an enclosure strong enough 
to properly contain the fault condition was prohibitive. 

Eastern's electrical engineer proposed to the controlling 
agencies the use of current limiting fuses to reduce the magnitude 
of the energy transfer and to reduce the test time duration to 3 
cycles. In concert with this design change,· the case was 
strengthened externally by the addition of structural beams 
wrapped around the case. Internally, a low density silicon 
rubber foam was used to provide expansion area in the top of 
the enclosure. · The transformer and enclosure were again tested 
by the Westinghouse facility and the results were satisfactory 
to all concerned. 

By this time the boring of the initial 725 feet of 
tunnel had been completed and installation of the California 
~itch was nearing completion. Installation of the approved 
transformer occurred concurrently with the completion of the 
California switch installation. 

Boring with the total system commenced in January of 
1977 and progressed for approximately four months before a ground 
fault in the transformer occurred. Removal and inspection of the 
transformer revealed that the insulation of a lead had been 
damaged presumably during installation. Also, during the 
subsequent rebuild of the transformer, a faulty heat sensor was 
replaced with an improved design. Boring to completion, some 
4,800 feet, was uninterrupted by transformer problems. 



4.5 OEGASIFICATION 

4.5.1 EQUIPMENT 

A drill and auxiliary equipment were selected that 
would best suit the requirements for drilling in the confines of 
the tunnel. To further tailor the equipment to the job, other 
apparatus was designed and fabricated on site. Included in this 
was a track-mounted water car that enabled recirculation of the 
drilling water and collection of the drill cuttings. 

The drilling equipment consists of the following major 
items: (1) track-mounted drill and power unit, (2) track-mounted 
water car with integral water pump and water/gas separator, 
(3) hydraulic wire line hoist, (4) 100 joints of EQ drill rod in 
10 foot lengths and (5) stuffing box. 

4.5.2 PROCEDORE 

A predetermined plan called for drilling 500 foot 
wells on alternating sides of the tunnel at 250 foot intervals. 
This plan would result in having a completed well on line in · 
advance of boring at all times. 

The 6-inch pipeline in the upper compartment of the 
tunnel was advanced in 240-foot increments as boring advanced. 
Due to space limitations beside the conveyors, the pipeline cculd 
only be advanced to the dump station. From this point inby to 
the well site, 2-inch line was suspended from the rib to make the 
connection from the 6-inch line to the well complete. The 2-inch 
line was suspended because of the forward movement of the 
temporary divider panels as the boring machine was reset. 

After the pipeline extension was complete, the collaring 
guide was positioned, using resin-grouted rods, on the rib at the 
well site which had previously been located and protected from 
shotcreting. The drill was then moved right or left off its 
platform of the rail trucks and positioned to drill through the 
collaring guide and anchored securely in place. 

A 3-inch pilot hole was drilled to a depth of 20 feet 
and subsequently reamed to a diameter of 6 inches. When the 
reaming operation was complete, the collaring guide was removed 
and the coal around the collar was chipped away in such a way as 
to recess the wellhead for protection from damage that could occur 
from exposure to rail traffic at a later date. A 4-inch black 
steel pipe with a 4-inch gate valve was inserted in the reamed 
hole and grouted .in place as a means of controlling gas flow during 
and after drilling. 

Drilling was started with a 20-foot section of NW drill 
rod with a front and rear stabilizer. The NW rod was ·slightly 
larger in diameter and more resistant to flexing than the EQ rod 
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planned to be used from this point on. The stabilized section 
was designed to combat the natural tendency of the hole to drift. 

After the 20-foot stabilizer section was inserted in 
the hole, the stuffing box connections were made. This device 
effected a nearly airtight connection around the drill rod and 
collected the gas, water and cuttings to be piped to the water 
car. The gas, water and cuttings entered the water car through 
a gas/water separator box that allowed the heavier water and 
cuttings to drop out the bottom of the box while the lighter gas 
escaped through an outlet in the top of the box that connected to the 
gas discharge line. 

From this point until completion, the well was surveyed 
with a downhole instrument at SO-foot intervals to make certain 
that no conflict existed with the well direction and the direction 
of the tunnel. When the desired completion depth was obtained 
the drill string was removed and l-l/2 inch PVC rigid pipe was 
inserted to the end of the well for future grouting purposes. 
Past experience in mining through open holes of this type had 
dictated that provisions be made for grouting before blockage 
occurrs in the well that would preclude inserting the grout pipe 
completely to the back of the ~ole. 

Open completion of this operation, the standarized 
wellhead plumbing was installed (see Figure 14) and the well 
was put in service. At this time the drill and associated 
equipment was readied for moving to a new location. The water 
car had a capacity to hold the cuttings from two sao feet wells 
before cleaning was necessary. If cleaning were necessary, it 
would be done at this time in the cycle, otherwise the cycle would 
begin again with the extension of the pipeline. 

4.5.3 PROBLEMS AND RECOMMENDATIONS 

Problems with the degasification drilling effort will 
be addressed here in the order they appeared in the drilling 
cycle. 

Extending the 6-inch pipeline was a problem that 
intensified as the tunnel advanced in distance. Provisions were 
not made in the temporary divider to accommodate the moving of 
6-inch pipe from the lower to the upper compartment. Ideally, an 
access door would have been provided in the temporary divider 
for this purpose. Pipe could then have been transported by rail 
to the temporary divider and taken through the access door to the 
area where it would be used. As it was, the only access for the 
pipe to the upper compartment was an opening in the overcast at 
the mouth of the tunnel 'which resulted in transporting one joint 
at a time manually using a pipe dolly designed for that purpose. 
As the tunnel advanced, this segment of the cycle became so time­
cons~g that an extra crew had to be added just to transport 
pipe. On several occasions boring was delayed by the degas 
operation for this reason. 
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Inserting the 4-inch casing in the 6-inch reamed 
portion of the well was a recurring problem. Deflection of 
the 3-inch pilot hole and subsequent deflection of the reamer 
resulted in a slightly curved hole. The rigidity of the 4-inch 
pipe was such that manual insertion was impossible at times. 
The casing would have to be removed, cut off and reinserted, 
causing an unnecessary delay. This problem was overcome by 
using a stabilized bit assembly for drilling the pilot hole, 
after which a reamer was substituted for the stabilizer behind 
the pilot bit. The pilot bit would then follow the open hole 
and lead the reamer in a straight line. After this procedure 
was adopted no more problems were encountered in inserting 
the casing. 

Directional control of the drill string was a major 
problem. To effect methane drainage from a target area in 
advance of boring, it was necessary to control the direction of 
the well. The NW stabilizer section used was successful in 
controlling the horizontal deflection but, due to its weight, 
caused the bit to deflect into the rock underlying the coal 
seam. Due to this lack of vertical control the NW stabilizer 
was abandoned. 

After the abandonment o~ the stabilizer and before 
personnel were trained in the use of the down-hole surveying 
instrument, a well was drilled on the left side of the tunnel 
to a depth of 940 feet. On July 12, 1978, this well was 
intersected by the boring machine at station 32+42. The boring 
operation was halted by a MSRA control order until the hole · 
was properly plugged with cement grout on August 1, 1978. The 
surveying procedure, which was optional at that time, was 
incorporated into the degas drilling permit as a mandated 
requirement. 

In a subsequent drilling effort directed by the USBM, 
Pittsburgh Mining Safety Research Center (PMSRC) , a configuration 
of 3 stabilizers, separated by 2-foot sections of drill rod, 
successfully controlled both horizontal and vertical deflection. 

Methane collection and control presented a problem 
when high flow rates were encountered. The gas/water separator would 
pressurize to such an extent that the excess gas would enter the water 
car and exit through the clean-out panels in the top of the car. 
These panels were not designed to be air tight but could easily be 
redesigned to solve this particular problem. This problem 
presented itself on the last well drilled and due to time 
constraints was the reason for the abandonment of the well at a 
depth of only 90 feet. 

Initially, water traps were not included in the standard­
ized wellhead plumbing because the wells were not producing water. 
Later, as the tunnel advanced into a wet area, the wells also 
became wet and water traps were included in the plumbing scheme. 
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However, before the wa~er traps were available for installation, 
the wet wells were flowing water into the pipeline causing a 
pressure situation to develop. This was not a major concern 
on completed wells but it caused methane control problems on 
wells that were being drilled. When this situation surfaced, 
drilling was stopped and the pipeline water was blown out with 
compressed air. With proper maintenance of the water traps, 
this problem did not recur. 

Undulation of the coal seam in proximity to the tunnel 
gradient was a problem that resulted in abandoning the last two 
projected wells. From station 48+00 to completion, the coal 
was not exposed in the lower compartment of the tunnel. It was 
necessary to start the last two wells in the rock sub-adjacent 
to the coal and drill at an angle up to the coal. Once the coal 
contact was made, it was necessary to stop the upward trajectory 
of the hole and maintain contact in the coal. Vertical control of 
the drill string was limited and time consuming but none-the-less 
possible. In this particular circumstance, the available drilling 
time was governed by boring advance rates, i.e., the amount of 
time consumed in boring 240 feet. If such time constraints were 
not imposed, more experimental techniques could be tried and 
developed. 

The experience gained in degasification drilling 
through the duration of this project had demonstrated that 
successful comp-letion of a well depended on starting the well 
in the coal seam and controlling the direction of the well. If 
the coal seam was not exposed, the preparatory work involved 
in collaring the well had to be done in rock, rather than in 
coal. The degas drill is designed to drill in coal formations 
as are ·the drill rods and bit assemblies. Drilling the pilot hole 
and subsequent reaming poses an extreme hardship an the drill 
and results in excessive breakage of drilling equipment. Recessing 
the wellhead in rack rather than coal also becomes a time­
consuming operation. If the well can be collared in the coal 
seam, the direction controlled and the completed well put in 
service immediately upon completion, degas drilling can effect 
a very favorable reduction of methane liberation. 

4.5.4 ADDITIONAL DEGASIFICATION ACTIVITY 

On May 31, 1979, a clay vein was intersected by the 
boring machine. Historically unstable roof conditions and high 
methane concentrations are associated with clay veins in this 
area of the Pittsburgh seam. After boring some 20 feet past the 
intersect with the clay vein, methane concentrations detected by 
the TBM sensor system were such that the face power supply was 
automatically interrupted. Encountered concentrations were found 
in the 5 to 10 percent range. On June 4, 1979, a withdrawal order 
was issued by MSEA on the face area of the tunnel for excess methane 
concentrations. 
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At this time it was assumed that the methane was 
being liberated by the super-adjacent "rider coal" seam. 
Ventilation controls were intensified by the addition of 2 
auxiliary fans positioned at the skid unit with tubes extending 
through the boring machine to the face. In the upper compartment 
face area, "air movers" operating from the compressed air 
supply were directed at localized hot spots. On June 7, 1979, 
the withdrawal order was lifted and boring resumed. An advance 
of 3 feet was attained with intermittent episodes of gassing 
off before EACC management voluntarily decided to stop the 
boring operation as a safety precaution. 

After much experimentation with different configurations 
of ventilation devices, the face concentrations still could not 
be reduced to acceptable levels. Again, on June 13, 1979, MSHA 
issued a withdrawal order on the tunnel face area. Management, 
in concert with the enforcement agencies and the USBM, decided 
to try two approaches to reduce the methane liberation in the 
face area. 

In the face area, it was decided to inject ~~e roof 
with a resin in an effort to seal off the cracks transmitting 
the methane. Short holes were drilled into target areas to 
accommodate mechanical packers.· The injection equipment was 
connected to the packers and quicksetting resin grout was pumped 
into the numerous cracks in the roof. The resin, designed for 
roof control, did not effectively seal off the gas. In addition, 
test holes were drilled outby the face. at various locations to 
pinpoint the location of the gas body. From these test holes 
it was determined that the gas was, in fact, in advance of ~~e 
face and, in all likelihood, had been confined to that area 
by the impermeability of the clay vein. -

Concurrently with the injection effort, a uSBM, PMSRC­
directed degasification drilling program was initiated at Shriver 
shaft ah~ad of the tunnel. Three holes were projected to be 
drilled from the shaft toward the tunnel. The first attempt was 
made in the rider coal above the main seam because of the earlier 
theories developed by first-hand experience in the tunnel. 
Surprisingly, this well was a "dry hole" and was terminated at a 
depth of 77 feet. 

The drilling equipment was repositioned and the projected 
well on the right side of the tunnel in the main seam was drilled 
to a depth of 200 feet. The flow from this well was measured and 
found to be in the range of 30 cfm, which is considered normal. 
The equipment was again repositioned and the remaining well was 
drilled on the left side of the tunnel in the main seam. The 
flow from the left well was measured and found to be in the 
18 cfm range which is also considered normal due to its nearly 
parallel path to the face cleats of the coal formation (see 
Figure 16). 
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While face liberation had dropped significantly, 
concentrations in the vicinity of the boring machine were still not 
within acceptable levels. At this time, the drilling equipment 
was moved back into the tunnel to continue the degas drilling. 
Holes were drilled to the right and left in the main seam at 
locations just outby the secondary unit. When the flows were 
measured it was evident that the main seam at this location had 
effectively been degassed by the tunnel itself. 

Excessive liberation was continuing from cracks in the 
tunnel roof. The next attempt was to intercept these cracks with a 
drill hole. The first hole was directed in the roof, at a very 
slight angle to the longitudinal axis of the tunnel, for a distance 
of 65 feet with a yield of less than l cfm. The drill was 
repositioned at a greater angle to complete a hole higher in the 
stratigraphic column and success was finally attained. The first 
hole was drilled to a depth of 27 feet, followed by a second hole 
to a depth of 20 feet, when liberation in the face area subsided 
almost totally. Flows of 70 cfm were measured from the two holes 
collectively (see Figure ·15). 

A plan for collecting and diffusing the gas through a 
manifold and 3-inch pipeline system to a point outby in. the 
return was submitted to MSRA for approval. Upon approval, the 
plan was quickly implemented and on August 2, 1979, the withdrawal 
order was lifted and boring resumed. 

As further assurance against a methane problem, the 
drilling equipment was moved back to Shriver shaft for drilling 
another hole directly into the now identified producing horizon. 
After preparatory· work was completed, a hole was drilled in 
the rider coal seam that occurs stratigraphically above the 
rider coal. Problems developed with the drill string and ~~e 
hole was abandoned at a depth of 35 feet. However, at this point 
the yield from the well was 96 cfm with a shut-in pressure of 18 psi. 
Subsequent flow measurements have shown no significant decrease in 
flow from this particular well. 

Boring from this point to completion was accomplished 
with no interruptions whatsoever due to methane liberation. Once 
the additional degas drilling was completed, no appreciable 
concentration of methane could be found in the face area. Without 
the additional degas effort, boring of the final 125 feet would 
not have been possible. 
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4.6 CONVEYORS 

Numerous conveyors were required for the complete tunnel 
boring system. The muck handli~g conveyors included the primary, 
secondary, tertiary and loading point belts. A belt was installed 
under the California switch to receive shotcrete ingredients from 
the material cars. Where it emerged from the i.nby end of the 
California switch, it rose to an incline and discharged onto 
a short transverse belt in order to charge the appropriate bin 
in the batch car. The batch car had compartments for fine 
aggregate, coarse aggregate and cement. A horizontal belt under 
the car dumped onto an incline belt which fed the shotcrete 
mixing auger. The auger was also inclined to mix the materials, 
add water and convey the mix to charge the shotcrete 
pumping machine. · 

Several problems were experienced with the muck 
conveyors. Boring started with a temporary secondary conveyor 
which had to be replaced with permanent secondary and tele­
scoping tertiary. When the limit of the telescopic travel was 
reached, the tertiary conveyor had to be manually reset. This 
involved moving the loading point hopper and conveyor and drawing 
the tertiary forward into the secondary. 

Oversize pieces of muck would hang up on the conveyors 
and hoppers. A cutter was torn from the machine head and was 
conveyed through three conveyor systems and out of the mine. 
Its ultimate destination was the preparation plant where it 
caused considerable damage to the shaft in the crusher. As a 
result, the plant was down for several days for repairs. The 
condition was remedied by installing a.grizzley bar screen at 
the head of the primary belt to prevent large objects from 
entering the conveyors. 

Other maintenance items included belt repairs, bearing 
replacements and transmission/speed reducer change-outs. Initially, 
shaft breakage caused numerous delays but was overcome by changing 
to larger diameter shafts for drive pulleys. 

Belt slippage was a problem corrected by installing 
rubber lagging on the drive pulleys. Winged, self-cleaning 
tail pulleys were replaced with rubber lagged ones. Muck spillage 
required considerable hand mucking from under the conveyors, 
especially when the muck was exceptionally wet. 

The shotcrete material belt under the California switch 
caused problems at the transition curve from horizontal to incline. 
It tended to lift off the idlers and whip. Correction of this 
condition required the use of hold down training idlers. 
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The first shotcrete batch car, mixing auger and shot­
crete machine presented such insurmountable problems that the 
entire system was replaced with redesigned equipment. The 
second batch car was initially designed for the horizontal belt 
to charge directly into the mixing auger. This proved to be 
very unsatisfactory as lack of headroom caused charging to be 
erratic. The solution to this situation included adding an incline 
belt to the batch car. The incline belt discharged into a hopper 
between the incline and the auger, allowing a surge capacity and 
choke feeding. The auger required cleaning after each use. As 
the auger wore out due to abrasion, it was replaced with one 
having hard-facing applied to the flights. 
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4e7 CUTTERS 

4.7.1 GENERAL 

The Calweld Tunnel Boring Machine Model No. E-14170-001, 
Serial No. TM-64, was originally constructed as a 17' - 0 '' diameter 
machine. The requirement of this project dictated the use of an 
18' - 0" diameter machine. 

Consequently, the design of the machine was modified 
and the gripper system and cutter head was enlarged to accomodate 
an 18' - 0" diameter tunnel. This work was carried out in the 
offices and shops of McGuire Corporation at Fort Smith, Arkansas. 

With the machine thrust being approximately 4,600 pounds 
per diameter inch, a 3-inch cutting kerf spacing was selected. 
This resulted in dressing the machine head with 36 disc cutters; 
eight of these being gage cutters, and one conical center cutter. 
(see Figure 7). The load per cutter is approximately 27,000 
pounds. 

A canvass of various cutter manufacturing concerns was 
made for the purpose of determining suitability and availability 
of cutters on the market. After careful consideration and evalu­
ation of the data supplied by the manufacturers, the decision 
was made to utilize Kennametal KDS-15 steel disc cutters with a 
lS-1/2 inch detachable cutting blade supplied by Subterranean 
Tools, Incorporated, Oenver, Colorado, a division of Kennametal 
Incorporated, Mining Tool Group, of Bedford, Pennsylvania. 

As Kennametal did not manufacture a conical center 
cutter, Subterranean Tools supplied a Reed QK-1, 12-inch conical 
cutter manufactured by Reed Mining Tools, Inc., Houston, Texas, 
a m~er of the Mining Equipment Group of Baker International 
Corporation. 

The cutters were mounted in forged Kennametal KRSlS 
saddles welded to the cutter head spokes. The exception to this 
was the center conical cutter which was bolted to a mounting plate 
on the .machine head. 

All disc cutters are located in numbered positions (see 
Figure 17). The conical cutter covers the center 12 inches of the 
bore. Position No. l disc cutter tracks a 15-inch radius. This 
radius is increased by 3-inch increments for position No. 2 through 
position No. 28 which is at a radius of 96 inches. Position,No. 29 
through position No. 36 are gage cutters mounted at various angles 
with respect to the machine headQ 
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GAGE CUTTER MOUNTINGS 

Position Radius Cutter Angle 
(No) (inches) (degrees) 

29 96-3/4 15 
30 99 25 
31 101-5/8 38 
32 103-7/8 48 
33 105-3/4 55 
34 107-l/4 67 
35 108 67 
36 108 67 

4.7.2 DESIGN 

The basic design of the disc cutters consists of an 
assembly of several various components (see Figure 18) . The 
cutting edge is in the for.m of an annulus of triangular cross­
section. It is press-fitted on the hub against a shoulder and 
secured with a ring in a groove on the hub. Tapered roller 
bearings are fitted into the hollow hub and on the cutter shaft. 
Locking nuts hold these bearings in position. Mechanical seals 
are held by retainers on each end, outboard of the bearings. 
A lubrication fitting is installed in one end of the shaft and 
connected to the bearing cavity by internal passages in the shaft. 

The feature of the removable cutting blade enabled many 
of the disc cutters to be salvaged when the cutting edge failed 
or wore out by merely installing a new blade on the old hub. 
Another advantage of this feature was that various materials 
could be tried for blade manufacture without a great deal of 
lost time or expense. 

The Kennametal KDS - 15 cutters were supplied with a 
cutting blade of Aoi.S.I. No. 4340 alloy steel, heat treated 
to a hardness of 52 - 54 on the Rockwell "C 1

' scale. A timken 
HH221410 bearing cup was enclosed within the hub. Haunted 
on the shaft was a Timken EH22l442 bearing cone. Seal assemblies 
were Type 27, Code B02 as manufactured by Crane Packing Company, 
Morton Grove, Illinois. 

Initially, as cutter replacements became necessary, the 
salvageable cutters were returned to Kennametal for rebuilding. 
Later, in order to expedite and control the supply of rebuilt 
butters, a quantity of 4340 blade material, bearings and seals 
were acquired by McGuire Corporation and rebuilding operations 
were performed at Fort Smith, Arkansas. 

In a search for a more economical cutter blade, it was 
decided to change to cast steel rather than to flame-cut the 
part from rolled steel plate with its resulting drip material 
being wasted. The blades were cast of 8630 alloy steel by 
Green Country Casting Corporation, Muskogee, Oklahoma. 



Due to a large backlog of other orders at Green County 
Castings, delivery of the 8630 blades became long and difficult. 
Production was switched back to the manufacture of blades from 
4340 hot rolled steel plate. When the supply of the Crane 
Packing Company seals were exhausted, it was impossible to obtain 
additional ones, as Crane had ceased production of this parti­
cular type. An alteration to the hub dimension was made to 
accommodate a Caterpillar seal No. SK1078-G-9-76 from the 
Caterpillar Tractor Company, Peoria, Illinois. 

A final change in cutter blade material was made to 
test another alloy. The material utilized in this change was 
Fir.mex Orange hot rolled plate, a trade name of International 
Alloy Steel Company, a division of Curtis-Noll Corporation, 
Cleveland, Ohio. All blades manufactured of 4340, 8630 and 
Fi.rmex Orange were heat treated to 53 - 54 Rockwell ."C" hardness. 
Table XVI lists the chemical composition limits of cutter blade 
material while Table XVII lists the typical mechanical properties 
for each blade alloy. 

4.7.3 PERFORMANCE 

Several modes of cutter failure were observed. Blades 
failed by normal wear, mushrooming of the edge, spalling, breaking 
in a radial direction, loosening from the hub due to failure of 
the retaining ring, and by developing flats. When bearing 
failures occurred, flats were almost certain to develop. Entire 
cutters were lost from the saddles and saddles could be torn off 
the head. ·On one occasion, a cutter, torn from the head, traveled 
through the muck handling system into the mine dumping system and 
into the crusher at the preparation plant where it caused severe 
damage and lost time to the mine. 

The original Kennametal blades were heat treated to a 
depth of only about l/2 inch. Once the blade was worn down to 
that point, the remainder would wear very rapidly. Another 
problem noted in the process of changing cutters was that some of 
the original Kennametal cutters were opposite handed on the shaft, 
which resulted in a momentary problem. In this instance when the 
shaft is interchanged, two adverse conditions result: 1) the blade 
tends to push on the snap ring instead of the shoulder on the 
opposite side, and 2) the threads on both keeper nuts roll in 
the wrong direction ere a ting the tendency to un\.;ind. Due to the 
nature of the pressed fit employed in assembly, the cutters were 
shipped to the Fort Smith shop to swap the shaft ends. This 
operation was necessary for approximately 17 cutters. 

The blade of the cutter is machined to have an inter­
ference type fit, i.e. negative measurement. Initially, an 
interference of 15 thousandths was tried and found to cause cracks 
in the blade during assembly. Through trial and error, the 
interference of 8 thousandths was used with success. 



Several failures of the cutter saddles were experienced. 
The side thrust reaction from the cutters resulted in a bending 
moment about the base of the saddle at the attachment to the 
machine head. The mode of failure was breakage of the welds, 
thereby tearing the saddle from the head. Instances of only 
half the saddle being torn off as well as the entire saddle 
occurred. 

The original Kennametal saddles consisted of weldments 
comprised of steel forgings and plates. Complete forgings 
intended for smaller cutters had been cut in half and rewelded 
into a wider and deeper configuration to accommodate the larger 
cutters. 

The standards of these forgings were welded to base 
plates. The base plates in turn were welded to the machine head. 
For gage cutters, part of the base plate and standards were machined 
off and steel plate wedges inserted between the head and saddle 
to produce the various gage angles. 

These weldments proved to have weakness in the welded 
joints. As the failures occurred, they were replaced with saddles. 
flame-cut and machined from a single piece of solid steel plate. 

The solution arrived at to reduce failures consisted 
of welding 1/2" x 6" x 6, triangular steel gusset plates to each 
side of the standards (4 per saddle). This resulted in a greater 
moment-resisting capacity thereby greatly reducing failures. · 

The equal rating of cutter performance is given in 
Table XVIII. In rating cutters for equal performance, consideration 
must be given to the penetration rate and strata bored during the 
life of the cutter. Figure 19 graphs the average penetration rate 
in feet per hour over the life of the project from the hour meter 
readings listed in Table XIX. Other variables to be taken into 
consideration when comparing cutter performance are the tracking 
distance and cutte~ RPM as shown, by position, in Table XX. 

The overall cost per lineal foot of tunnel for cutter 
manufacture and rebuild falls in the $40 - $50 per foot range. 
This cost would be reduced significantly by using ~~e final design 
of the cutter evolved from the project exclusively and by following 
a regular schedule of inspections and replacements. 

Monthly production rates, grouped by years, are shown 
in Table XXI. A graph of monthly progress is shown on Figure 20. 
The various elements comprising the total of tunnel activities are 
shown as a percentage of the available production hours per shift 
in Tables XXII, XXIII and XXIV. 



4.8· SHOTCRETE SYSTEM 

4.8.1 GENERAL 

An Italian-made, Aliva 600, shotcrete machine was 
purchased from International Ground Support of Denver, Colorado. 
This machine was a dry type and was totally air operated. The 
materials were mixed in the auger and charged into the machine 
hopper. Water was mixed at the nozzle. 

A second air compressor had to be acquired to meet 
the volume of air required by this equipment. In addition, an 
aftercooler was added to prevent freezing in the air motors. 

A tremendous amount of downtime was. experienced with 
this machine. Mechanical and batching difficulties were 
encountered. Rebound was excessive and required extensive 
cleanup. Leakage of material from the rotating wear plate 
could not be controlled; this generated vast quantities of 
dust and pelted personnel with particles of aggregate. Due to 
these problems this system was finally abandoned in favor of 
a wet mix system. 



4.8.2 MATERIALS HANDLING 

Numerous difficulties were experienced in the equipment 
and procedures for handling the materials used for shotcreting. 
As the project progressed, these difficulties were overcome 
when an efficient material handling system was developed. 

A batch car manufactured by International Ground 
Support (IGS), Incorporated of Denver, Colorado was utilized. 
It discharged into a mixing auger also from IGS which fed the 
shotcrete machine (pump). 

Mine cars loaded with shotcrete materials (sand, 
cement and course aggregate) were spotted in the stall area. 
Here a clamshell, working from the overhead crane, unloaded 
the materials into tote boxes for transporting and dumping 
into the batch car at the face area. 

Problems were experienced due to insufficient compressed 
air volume for driving the air motors on the batch car and 
auger. Also, the air motors were freezing and stalling due to 
excessive moisture content. Another compressor was added 
and an aftercooler installed t_o solve both problems. 

The batch car and auger were troublesome and would not 
feed and mix satisfactorily. Breakdowns were frequent and 
bearings failed often. This system was abandoned and a new one 
designed that would address the shortcomings of the initial 
system. 

The new equipment was built by McGuire Corporation at 
its Fort Smith, -~kansas shop. It included hopper-bottom 
material cars, material conveyor and a new batch car. A new 3,000 
series RPM mixing auger manufactured by E and E Fabrication and 
Machining, Inc. of Stanton, California was purchased. 

The material handling belt was installed under the 
left hand siding of the California switch. Hopper cars were 
spotted over the belt and the shotcrete materials dumped. It 
was conveyed and elevated to a point inby the California switch 
where it loaded a transfer belt, which in turn charged the 
appropriate bin of the batch car. 

A horizontal belt on the batch car directly fed the 
mixing auger. This arrangement resulted in difficult and erratic 
feeding, creating a non-uniform mixing of ingredi.ents. This 
problem was solved by the addition of an inclined conveyor 
between the batch car and auger. The inclined conveyor filled 
a surge hopper which, in turn, choke-fed the auger, giving a uniform 
and consistent mix of the shotcrete material. 



4.8.3 PUMPING 

With the installation of the redesigned materials 
handling system, the shotcreting problem shifted to other 
segments of the system. The most outstanding and labor-intensive 
problem manifested itself in the shotcrete pumping equipment. 
With the changeover from the dry system to the improved wet 
system, two identical positive displacement pumping units were 
purchased. 

At short distances, i.e., 200 feet and under, pumping the 
wet mixed material presented no unusual problems except for an 
occasional plugged line. However, working within the confines 
of the 250-foot boring cycle presented pumping distances of 
up to 350 feet by the end of each boring cycle. The pumping 
unit downtime and maintenance requirement varied in direct 
proportion of the pumping distance. 

Maintenance and repair of the pumping unit became 
so intensive that the spare unit had to be cannibalized in order 
to maintain the operating unit in working order. It was very 
difficult to replace parts fast enough to bring the spare unit 
back to a complete condition. 

The anticipated boring rates of 100 feet per day would 
never have been realized due to the inability of this particular 
support activity to keep pace. One of the complicating factors 
causing the long pumping distances was the presence of the degas 
drilling equipment inby the shotcreting equipment. Incorporated 
in the shotcrete system design is the ability to charge ~~e 
batch car at the end of the California switch and use the self­
tramming function to move the batch car and pumping unit ·closer 
to the application area, thus minimizing the pumping distance. 
Had the immediate inby area been unobstructed by the drilling 
equipment, shotcreting would possibly have been within the 
capacity of the pumping equipment. 

4.8.4 EMPLACEMENT 

The last step in the shotcreting operation is the 
process of emplacing the wet mixed material on the roof, rib 
and floor of the tunnel. This is accomplished by piping the 
mixed material, first through a flexible 3-inch hose connected 
to the shotcrete pump. This flexible connection is necessary 
due to the tramming action used to charge the various bins in 
the batch car. Since the batch car, mixing augers and pump are 
interconnected, the charging operation results in moving the 
entire shotcrete train. 

From the flexible 3-inch diameter hose, the mixed material 
is pumped through sections o~ 3-inch diameter rigid pipe called 
"slick line 1

' that are coupled together with snap lock victaulic 



couplings. At the termination of the slick line, a 50-foot 
section of flexible emplacement hose is used. Initially, a 
2-inch diameter hose was used for ease of application but was 
later changed in favor of a 2-l/2 inch diameter hose as an 
effort to reduce the load on the already overtaxed pumping 
system. Although this change made the task of applying the 
material a bit more strenuous, a reduction in the pumping 
machine downtime could be readily discerned. 

The transition from the 3-inch slick line to the 
2-l/2 inch emplacement hose is accomplished by using a reducer 
cone. The other end of the emplacement hose is fitted with a 
pneumatically supplied nozzle. Concrete pumped to the nozzle 
is fragmented by the expanding air and sprayed onto the exposed 
surfaces of the tunnel. 

At one time, additive was introduced to the mix at 
the pump to accelerate the setting time, but its use was 
abandoned due to the caustic nature of the accelerated mixture. 
Chemical burns were frequently experienced by the shotcreting 
personnel and due to concern for their safety the accelerator 
was omitted from the mix. 

The design specifications for the shotcrete liner called 
for a nominal 3-inch thickness. Maintaining the uniformity of the 
thickness was a major problem. A build-up of plus 3 inches was 
not uncommon in the lower one-third of the tunnel cross section 
due to the effects of rebound and gravity. This was of special 
concern when the gage of the tunnel was reduced sufficiently to 
prevent the forward movement of the California switch assembly. 
When this occurred, the tight spots had to be eliminated by using 
compressed air chippers which added to the non-bering time 
associated with moving the California switch. 

More commonly though, the liner thickness was not of 
sufficient depth to form a competent concrete structure. It was 
necessary to make successive passes in order to attain enough 
build-up of material for the nominal thickness. Due to the 
excessive downtime experienced with the pumping system, it was 
not always possible to make successive passes without delaying 
the boring operation. On many occasions, boring was delayed 
because the shotcreting operation was behind. 

Shotcreting played an important role in the ventilation 
of the tunnel in that the shotcrete was used to make the air seal 
between the longitudinal beams and the rib. When the shotcrete 
operation was behind, usually ventilation quantity was not 
adequate to proceed with boring. Since the longitudinal beams 
were installed in advance of shotcreting, the area behind the 
beams in the upper compartment was a difficult spot to cover with 
the concrete application. On numerous occasions, these areas 
received only a flash coating that resulted in air slaking and 
spalling at a later date, making it necessary to reapply the 
shotcrete with a smaller hand-fed machine. 



Rebound of the course aggregate in the mix was a major 
clean-up problem in the upper compartment. The conveyor structure 
could be covered for protection from the shotcrete rebound, but 
the build-up on the top of the temporary divider was such that 
frequently compressed air chippers had to be used to break up 
the material for loading on the belts. Needless to say, this was 
a labor intensive task ti1at required personnel usually assigned 
more productive chores. 

Shotcrete played an important part in the secondary 
support of the longitudinal beams that ultimately support the 
permanent divider. The primary support for these beams comes 
from 3 foot resin-grouted rods used to attach the brackets that 
support the beams. The supplemental and primary load-carrying 
strength comes from the shotcrete application around and under 
the brackets. 

In one area of the tunnel, station 48+00 to station 
58+00, water was encountered seeping from the north rib. In this 
wet area, shotcrete application· was very difficult due to the 
eroding effect of the water. As a consequence, the build-up of 
shotcrete around the brackets was less than adequate. At 
station 53+50, the short resin rods failed allowing the rib to 
roll off taking with it the brackets supporting two longitudinal 
beams. This failure caused 20 slabs to fall out of position on 
the left side, r·esul ting in a delay of more than one week to the 
project. Once the problem was identified, the entire wet area 
was rebolted with 8-foot resin grouted rods installed directly . 
through the beams on 10 foot centers and at closer intervals in 
selected problem areas. 



4 . 9 GUIDANCE - GRADE AND ALIGNMENT 

Guidance for the tunnel-boring machine was provided 
by a TCL laser grade instrument from AGL Corporation of 
Jacksonville, Arkansas. Machine roll was controlled by 
observation of a water tube level fastened to the bull gear case. 

A laser line location was selected in the lower right­
hand quadrant of the tunnel bore. This area was chosen in order 
to be easily visible to the mole opera·tor. Care was exercised 
to avoid interference with equipment, walkways and the California 
switche 

At least two targets were set at intervals along the 
rib. The initial set up required the use of conventional surveying 
techniques. The laser was mounted and adjusted to shoot through 
the holes in the targets~ Two more targets were mounted on the 
mole, one forward and one rearward. The laser beam passed through 
a hole in the rear target striking a bu11's eye on the front target. 

Periodically, as the tunnel progressed, the light 
intensity fell off due to distance and the laser had to be moved 
forward. This was accomplished by mounting a third rib target 
between the second rib target and the machine. When this target 
was adjusted so that the light penetrated its hole, the laser 
could then be moved forward of the first target and the first 
target removed. This leap frog procedure required no additional 
surveying. 

Frequently, the thickness of the shotcrete liner 
interfered with the laser beam and had to be chipped away for 
clearance. Occasionally, personnel or moving equipment interfered 
with the beam, but the intermittent interruption had no adverse 
effects. Dancing of the beam due to refraction from stratification 
of differing air temperatures was minimal. 

Due to operator negligence, the boring machine was allowed 
to dip below grade at approximately station 30+00. To mitigate 
this circumstance and allow the rigid trailing equipment to be 
advanced through this area, the track elevation was raised as was 
the permanent divider. As a consequence, the area in the upper 
compartment was reduced to the point that sufficient clearance 
for the conveyor systems was not available. In pulling the equipment 
through this swag, the conveyors and fire detection/suppression 
equipment sustained damage that ultimately delayed the project. 
The problem repeated itself again but to a lesser degree, causing 
no damage or delays. 

The tunnel gradient was predicated on known elevations at 
the stall area and at the Shriver shaft bottom. However, when the 
tunnel had advanced to station 56+40, a 13-foot error was discovered in 
the Shriver shaft bottom elevation. The shaft bottom was actually 
13 feet higher than it was originally thought to be. At this late 



date, it was impossible to make the severe grade correction 
necessary to make a flat connection. A drift control mirror 
capable of deflecting the laser beam was secured and the maximum 
acceptable grade correction of plus 3 percent was made, resulting 
in a final connection error of minus 6 feet. The final centerline 
intersection of tunnel and shaft occurred six feet off center to 
the left. At this point in time, it is not known if the error 
was in the initial survey or in the tunnel itself. 



4.11 FLEXICORE 

When the required number of steel divider panels were 
installed to provide the necessary space for the construction 
activities such as shotcreting and degas drilling, a gantry was 
erected for the installation of the concrete deck sections termed 
flexicore. The purpose of the gantry was to maintain the 
distinct separation between intake and return while the permanent 
divider sections were being installed. This gantry was fastened 
to and pulled by the steel panels; it rolled on wheels on top 
of the previously installed flexicore panels. As boring proceeded, 
cracks appeared in some of the flexicore panels directly under 
the wheel loads. Several flexicore slabs failed completely and 
others had to be removed and replaced. 

After the slab failures, the integrity of the slabs 
came under fire by the work force. The adequacy of the slab 
strength was questioned to such a degree that field tests were 
demonstrated by the manufacturer to representatives of the work 
force to reinstill confidence in the slabs. 

Frequently, slabs were encountered with hairline 
longitudinal cracks caused by swelling of the casting tubes 
during curing. ·The work force consensus was that these fractures 
compromised the load carrying capacity of the slab and were 
responsible for the failures. Selected slabs with longitudinal 
cracks were loaded to 7,000 pounds without failure. Similar 
slabs without cracks were loaded to the same degree without 
failure and to the satisfaction of everyone involved. 

The problem of excessive concentrated loading was due 
to there being only four wheels on either side of the gantry 
and the rigid manner in which it was fastened. The four wheels 
were replaced by an equalizing truck assembly of 32 wheels on 
either side, thereby distributing the load over 3 slabs rather 
than only one·slab. It also allowed all wheels to bear load 
regardless of any irregularities encountered which was impossible 
with the initial design. 

Man escapeways in the divider slabs were required at 
80-foot intervals. A shorter slab was required at these 
locations. The short slab was supported on one end in the normal 
manner on the wall beam. The other end rested on a steel frame 
suspended from each adjacent slab. This required a temporary 
support for the short slab until the frame could be suspended 
from the next inby slab. Cribbing was used for the first 
escapeway but proved to be too time consuming. Thereafter, 
hydraulic roof ~upports were used resulting in a fast, safe 
and efficient operation. 

53 



5. DEMOBILIZATION 

5.1 PROCEDURE 

Before final intersect could be made with the shaft 
_approach, certain precautions had to be taken to assure that 
the integrity of the ventilation would not be compromised by 
this connection with an additional airshaft. The additional 
airshaft, if left uncontrolled, would imbalance the entire mine 
ventilation system due to a redistribution of quantities and 
pressures. 

As the shaft was being constructed, ventilation was 
accomplished by a positive ventilation system, i.e., blowing­
type fans. These fans, situated near the shaft coping, directed 
fresh air to the shaft bottom through flexible vent tubing. 

Before the scheduled intersect occurred, the top of 
the shaft was capped and sealed with the exception of an open 
area for the exit of return air induced by the fans. As boring 
progressed to intersect, communications were established with 
personnel stationed on the surface at Shriver shaft. At the first 
indication of ~break throughn the surface crew was alerted to 
stop the shaft fans and quickly seal the opening left in the cap. 

This action had the effect of including he shaft in 
the tunnel ventilation scheme. Enough intentional intake 
leakage was provided at the cap to eliminate dead areas in the 
shaft. The intersect was ·scheduled for a weekend when normal 
mine activity was in an idle state. Measurements taken before 
and after the intersect indicated a change of less than 10,000 cfm 
had occurred as a result of leakage at the shaft cap. 

The following week was used to build regulators, etc., 
to ready the.mine ventilation system for removal of the cap and 
the addition of another main air intake. Due to the presence of 
the degasification pipeline in the upper compar~~ent, the quantity 
of air flowing in that compartment had to be wasted to the return. 
The wells in the lower compartment were shut-in as required by 
MSRA because of the intake air passing over them to the mine. 

The weekend following was used to make the major 
ventilation change by removing the cap. Ventilation teams were 
deployed throughout the mine to make measurements and readjust­
ments to the system as a whole. The presence of the machine in 
the approach, as well as the misalignment with the approach, 
functioned to regulate the quantity of air intaking at the shaft 
to the point that very little adjustment in the mine system was 
necessary. 

· The misalignment with the shaft approach made it necessary 
to excavate, by hand, a larger opening which otherwise would 
have been bored out by the machine. Boring forward to accomplish 



this would have taken out the approach substructure as well as 
the left side of the approach proper. To further compensate for 
stopping short, an air-powered tugger was mounted in the opposite 
approach to pull components into hoisting position during 
demobilization. 

Once adequate area was provided around the boring wheel, 
disassembly was started. At this point, the work force had been 
reduced to two 12-man crews working two shifts per day. Each 
12-man crew was subdivided into two 6-man crews, with one crew 
working on each end of the machine. 

The primary unit was disassembled first, followed by the 
secondary unit. Concurrently with this activity a crew was 
working 6n the disassembly of the California switch outby. The 
disassembled California switch components were taken out of the 
mine by rail haulage. To minimize delays to the normal mine 
operation, coroponents that fell into the "major move" cate.gory, 
i.e./ larger than a mine car, were hoisted out the shaft. This 
allowed removal of larger items than would have otherwise been 
possible and hastened the demobilization process. 

Following the removal of the secondary unit was the skid 
unit and conveyors. Once the conveyors were removed, the temporary 
divider panels were removed and permanent flexicore panels were 
installed. Finally, the track was advanced to the shaft and the 
remaining shotcrete work was finished. Upon completion of the 
shotcreting, the final components of the system were removed. 
These included the air compressor, bridge crane, shotcrete machine 
and the transformer and switch gear. 

5.2 PROBLEMS 

Of all the problems. encountered in the demobilization 
activity, the misalignment with the shaft approach was of the 
greatest magnitude. Misalignment occurred in both the vertical 
and horizontal directions. In addition to the access and 
hoisting complications caused by the horizontal error, the vertical 
error created pumping problems in the tunnel. A permanent pump 
situated in the shaft sump was frequently activated to dispose of 
water collected by the shaft water rings. After the tunnel was 
connected with ~~e shaft, the shaft water problem became a tunnel 
water problem. The vertical error resulted in the tunnel's lower 
invert being some 7 feet below the shaft bottom, making the shaft 
sump totally ineffective for water collection and pumping. 

The horizontal misalignment made access to bolts in the 
outer band of the wheel very difficult. Had direct access been 
possible, these bolts could have been removed with wrenches and the 
band sections hoisted from position with the shaft hoist. However, 
due to space limitations around the wheel, these bolts had to be 



cut with a flame cutting torch and driven free. After each 
component was detached from the machine, it had to be pulled 
into hoisting position in the shaft by an air-operated tugger. 
Essentially, the misalignment with the shaft created a double 
handling situation for the heavier machine components. 

The hoisting arrangement at the shaft was a double 
installation of stiff-leg derricks coupled with 3 drum hoists 
with a capacity of approximately a tons each. These hoists were 
used to sink the shaft and were left in position for demobilization. 
The only problem encountered in the hoisting effort was the 
capacity to lift one major component. The main tube and stator 
were taken underground by rail in two pieces where the final 
fit was achieved by the use of dowel pins. The two pieces were 
then field-welded together making it necessary to remove in one 
piece rather than two. The combined weight of the single piece 
approximated the total capacity of both hoists. 

The decision on the final disposition of the removed TBM 
system was late in coming. The lateness of this decision led to 
uncertainty of storage time and location. Shipping arrangements 
could have been made that would have optimized handling, loading 
and storage times. 

A minor problem emerged in loading and shipping the system 
components. The weights of the components were estimated as closely 
as possible to arrive at ~e maximum load per truck, however, this 
resulted in a hit-and-miss situation. Many trucks left the site 
underloaded while others had to return due to overweight. 

5 • 3 IMPROVEMENTS 

The most important concern, by far, is perfect alignment 
with the disassembly point. This situation could be enhanced by 
more precise surveys between the two points. In addition, a longer 
pilot hole could .be drilled to further assure perfect alignment. A 
large degree of confidence could be obtained with a 300 foot pilot 
hole which would also allow considerable distance to make last 
minute corrections if deemed necessary. 

The hoisting capacity was adequate for all but one 
component. A better system might be employed for field-joining 
the shaft tube with the stator that would lend itself to disassembly 
and ease of hoisting. 

Portable truck scales at the loading site would take the 
guesswork out of truck weights and would allow shipping to be 
optimized. 

An early decision on system disposition would allow better 
storage and shipping plans to be formulated. 



Hole 
Number 

1 

2 

3 

4 

s 

6 

OVe:rall 
Avenge 

62.1 

45.8 

36.3 

47.4 

48.4 

34.7 

Pittsburgh 
Coal 

T.ABLS I 

RQD Log 
'I'BM hoject 

Federal No. 2 Mine 

Boring 
Section 

30.2 

18.9 

29.3 

39.S 

32.8 

19.9 

Roof 
Section 

Boring 
Section 

Floor 
Section 

Roof Floor 
Section Section 

70.1 93.7 

56.6 50.7 

41.4 28.8 

48.S 56.9 

50.1 80.2 

38.2 61.9 



L11aestone 
Rock Type/ 
llole No. Coal Clay Massive Shaloy 

l 1.1 2.1 1.9 12.7 

2 8.5 0.8 1.8 IS .4 

1 9.5 0.3 2.0 ll.2 

4 11.3 - 9.6 6.0 

5 1.5 1.0 8.8 21.5 

6 7.0 2.0 1.0 6.5 

• Nu111bers in parentheses are depth ranges. 

TABU! II 

Rock Typo Distribution (ft.) 
TBH PTojoct 

federal No. 2 Hino 

Shale 
Coaly-

Coaly Sandy L1111ey Pyritic 

6.8 4.1 25.0 1.9 

4.9 - 12.6 3.8 

7.8 - U.l 4.8 

!.8 1.9 14.7 7.7 

4.6 - 7.6 4.0 

I. I 1.3 9.0 1.1 

Sandy- Sand-
Sandy Ll•oy ~ ~ TC)t~~ Le~ns!h"' 

..... 1.4 3.9 - 64.4 (1016-1091) 

3.6 0.4 9.5 - 61.3 (1072-1 138) 

- - 9.6 - 59.3 (925-988) 

5.0 0.8 3.7 2.8 65.3 (729-800) 

- - 9.3 - 60.3 (925-992) 

- - 10.6 0.7 40.9 (710-757) 



TAIILII Ill 

Support Nea~urD~ for Sul~ctod 
Support Catoaory• 

Support 
Catoaorr II U 14 II 2J :u :u 
Net bod 

of 

Supporu 

ab (uti) 

l(utl) 

:.1.5-.S. 

sb (uti) 

l(utl) 1.5-2• 

l(ta) 1.5-2• 

• Cia 

l(ull) 1.5-2a 1(5&) 1.5•2• 

• S 2-lca • S(ar)5-10ca 

l(tl) 1-1.5• • cia 

B(uta) 1-1.5• • cia 

l(ta) 1-1.5• .• s :.1-J ca 

l(uta) 1-1.5• • S :.1-J ca 

• RDproducod froa Tablo IV, Pa1o 27-lO, of tho rDport by Barton, Dt al 11174. 

~b . lipot bohln1 

I . srstoaat!c boltAna 

(uta) . untonslonod, aroutlna 

(tfd - tDndonod 

s . shotcrDto 

(ar) a aosh rolnforco<A 

cia . chain link aclih 

CCA . cast concrete arch 

(>r) . ucol reinforced 

l(ta) 1-1.5• 

• S(ar) 10-15 ca 

l(uta) l-1.5a 

• S(ar)5-IO ca 

l(te) •• 

U(ar)5-U.5ca 

S(ar)J.5-:.15ca 

CCA 20-40ca 

• 19ta) •• 

CCA(ar)J0-50ca 

• l(ta) •• 

l(ta) •• 

• S(ar) 40-60ca 

l(tjl) •• 

• S(ar) 20-40ca 

CCA(sr) 40-120ca 

• l(tl) •• 

]5 

l(tl) •• 

• S(ar) JO-IOOca 

CCA(lir) 60-200ca 

• a(td a. 
l(tl) •• 

• S(ar) :l0-75ca 

CCA(lir) 40-150ca 

• l(ta) Ia 



TABLE IV 

Compressive Strength 11 llardness Test 
llole No. 1 

Pederal No.-2 Mine 
TBM Project 

Specimen Compressive Young Modulus Poisson's Schmidt * Rock Ttp!_ NUJober Strength (psi) Xl06 psi Ratio llardness 

Shaley Limestone SL1C 26.566.80 3.82 

SL
2C 16,838.52 2.96 

SL3C 25,645.60 4.14 

SL4C 16,459.00 3.29 '0\ 
0 

SL
5
C 19,318.40 2.29 

SL6C overload 

SL7C 16,164.90 1.49 

SL
8C ll,076.36 1.56 

SL9C 8,030.76 1.21 

SL10C 22,914.18 3.88 

SLllC 23,456.35 3.55 

AVEIU\GE 18,647.08 2.82 



TABU! IV 

Compressive Strength 4 Uardness Test (Continued) 
llole No. 1 

Pederal No. 2 Mine 
TBM Project 

Specimen Compressive Young Modulus Poisson's Schmidt * 
Rock Type Number Strensth {psi) uo6 l!:t! Ratio Hardness 

Limey Shale LS
1
C 6,427.91 1.04 

LS2C 14,323.08 2.44 

LS3C 14,865.16 3.70 

LS4C 4,395.14 1.04 

LS5C 3,836.90 l. 71 

LS7C 16,160.60 2.86 

LS8C 15,169.60 1.36 

LS9C 8,888.50 1.49 

AVERAGE 10,508.36 1.96 

Shale s.c 7,920.60 2.29 

s2c 14,627.68 4.02 

AVERAGe ll,274.18 l.lS 



Rock Type 

Sandy Shale 

Conglomeratic 
Limey Shale 

Coaly Sandy Shale 

Coal 

Oark Coaly Shale 

TABLE IV 

Compressive Strength 11 llardness Test (Continued) 
llole No. 1 

Federal No. 2 Mine 
TUM Project 

Specimen Compressive Young Modulus Poisson's 
Number Strength (psi) xto6· psi Ratio 

ss
1
c 12,502.11 4.16 

ss2c 12 .635.ll 2.33 

ss
3
c 11,681.50 7.47 

AVERAGE 12.272.93 4.65 

CLS1C 4,012.20 .886 

CSS{ 13,083.50 3.27 

c1c 1,832.60 .224 

ocs
1
c 10,038.02 .804 

* Average of 3 readings. One on top and the other two on lateral surface. 

Schmidt • 
tlardness 



Rock Type 

Sha.ley Limestone 

Sandy Shale 

TABL! V 

Brazilian & Hardness Test 
Hole No. 1 

Federal No. Z Mine 
TBM Pro j ect 

Specimen Indirect Tensile 
Number Strength (psi) 

St1T 876.70 

S~l' 2,002.55 

St3r 694.69 

SL4T $74.70 

SLs'I' 919.95 

SL6T 492.74 

SI.7T 1,043.01 

Sl.gT 852.41 

SI.sT 1,189.42 

SLlO! 923.70 

St11T 1,162.40 

St12r 795.63 

St13T 490.85 

St.14T 37S.SS 

AVERAGE 885.30 

ss1T 430.83 

SSzT 1,486.69 

ss3T 1,885.79 

Schmidt • 
Hardness 

30.00 

13.00 

16.33 

16.00 

18.33 

20.00 

10.00 

17.66 

10.00 

15.66 

22.00 



Rock Trpe 

TABLE V 

Brazilian ~ Hardness Test (Continued) 
Hole No. 1 

PedeTal No. 2 Mine 
nM PTOjeet 

Specimen Indirect Tensile 
Numbe-r Strength (psi) 

Sandy Shale (Cont'd.) ss4r 877.19 

SS5T 892.26 

ss6r 631.60 

ss8r 1,064.70 

AVSAAGE 1,038.40 

Clay CI.1T 737.68 

CI.2! 678.45 

AVERAGE 708.06 

Conglomeratic 
Limey Shale CtS11' S38.S5 

Shale s4T 1,008.75 

Schmidt '* 
Hardness 

13.00 

13.00 

u.oo 

15.66 

14.61 

10.00 

14.00 

12.00 

16.66 

'* Average of 3 readings. One on top and the other two on lateral su:rface. 



TABL! 'It 

Camp~ssive Strength & Hardness !est 
Hole No. % 

F•n.J. No. 2 Mine 
nM ~ject 

Speciuft ~~ssive Young Modulu.! Poisson's Schmidt 
R.oc:k Type Numbe-r St~gth ('psi) · U06 psi Ratio Hardness 

Shal.ey Limestone sx.zc 14,333.47 l.9S 29 

SL4C 6,793.40 1.94 0.14 32 

st5C 20,041.93 ~ ll. 

AV!ltAG! 13,889.60 2.75 0.14 30.7 

L.illley Shale !.lC: 1.3,904. Sl 3.47 0.16 23 

L:zC: 9,991.57 b!2. !! 

AV!ltAG! ll,.948.l9 3.64 0.16 24 

Dolomitic Shaley 
Lim.estone DSI.:C :S, 653.6.3 3.01 24 

osx.zc 10,192.90 1.:11 E. 

AV!llAG! 17,92.3.21 2.26 23 

Coaly Shale cs
1
c 6,06.2.66 0.61 

CS-:zC 4,47'2.SS 2.:11 

AVERAGE 5,267.62 0.68 

Shale s4c 12,792.26 1.89 27 

CO'I!.glomera'l:ic 
Lilley Shale COLS1C 10,143.%6 1.94 0.14 27 

Coal c1c 1,%69.33 0.29 

c2c 2,131.09 2-:li 

AVUAG! 1,7lS.%1 0.42 



TABU V!I 

Bra:ilian 5 Hardness ies~ 
Hole No. % 

Fedenl No. % Mine 
T!M l'l'o j ect 

Specimen Inciir~ Tensil~ Schmidt " 
Reek Type Number Stnn(tll (psi) Rardnes.s 

Shaley Liaestone sx,r 785.83 l8 

S~l' 865.21 16 

St3r l,407.8S 26 

St4l' 1.,428.03 24 

SLsT 511.39 <1o 

st6T 846.15 %2 -
AV!RAG! 974.07 19 

Lilies tone L1'1' 790.%1 16 

~r 593.49 lS 

~r 691.63 18 

L4T 793.38 E. 

AVUAG! 717.18 lS 

Dolollli'ti'c Sha,ley osz, r l,lll. 39 zs 
Limestone 

OSL.zT 1,346.26 28 

os~r 919.35 19 

DSt4r 789.97 22 

AVERAGE 1,066.74 23.5 

Conll01118ft"tic: COt.S1r 833.17 17 
!.iJIIey Shale 

COLS4'1' 159.31 

AV!RAG! 496.54 11 

Sandy Shale ss1r 788.16 <.10 

SSsT 196.07 10 

ss6r 297.80 <li 

AVERAGE 427.30 <1o 

Green Shale GS1T 591.67 lO 

?yntic Shale PS1r 72S. 74 lO 

" Avenge of 3 naciing.s. One on tOll and the othe-r t-.~o on laural sun ace. 



TABLE VIII 

Compressive Strengeh ~ Hardness res~ 
Hale No. 3 

Fedeftl. No • 2 Mine 
T!M ~;~ 

Specimen Cl)~~~pTessive Young Modulus Poisson's Schmidt " 
Rock !rpe Numbu Stnngth Cpsi) :aoo 1:1si !tado !i:ttdness 

Shaley ~~~s~one sz,c 5,.370.87 3.22 l8 

s~c 9,952.51 l.94 0.10 23 

SL3C 8,l4S.%S 3.39 16 

SL5C 1.3,200.00 4.33 32 

~c 9,903.23 1:.!1 ~ 

AVUAG! 9,314.37 3.26 0.10 23.6 

I.illley Shale LS1C 9,708.44 2.45 0.20 11 

LS2C 17,651.71 3.06 30 

.LS:;C 11,932.09 2.11 22 

LS4C 6,424.53. 1.:.!! !2. 

AVElWi! 12,929.19 2.39' 0.20 22.3 

Limenrme L1C lO,l%3.00 3.03 0.22 22 

~c 2l,S69.S7 1:19. Q£ 30 

AVERAGE lS,996.29 2.67 0.17 26 

Coal c1c l,SOS.SS 0 • .31 O.lS 

~c 2,097.95 0.24 0 • .3S 

c3c 2,262.57 0.32 0.33 

c6c 2,359.78 2.:.!1. £.Jl 

AVERAGE 2,056.47 0 • .34 0.30 

* Average o£ 3 readings. One on tap and the o1!het' two on b1!eral surface. 



TABLE !X 

S~lian 5 Hardness Tes~ 
Hole ~. 3 

Fecier.LL No. 2 Mine 
T!M hojec~ 

Spedlllen Incii:re~ Tensile Sc:hlllidt ., Rock Trpe Nambn- Stn:t(t.b. (psi) Hardness 

Shal.ey Umestcne S~T 428.64 u 
~r 552.62 18 

~r 1,180.97 24 

SL.rT 534.99 15 

sr.ar 756.20 21 

~l' 751.48 25 

AVERAGE 700.82 19 

Lillley Shal.., r.slr 620.56 15 

LS'2T 604.24 11 
r.s3r 930.35 ll 

LS41' 1.131.75 21 

I.Ssr S2S.70 17 
r.s

6r 529.54 18 

LS7r 7Sl.2l 12 

LS8T 622.18 10 

I.SgT 570.88 22 

AVEUGG 698.49 lS .2 

l.imes~one I.lT ? 20 

~r 975.23 16 
r.,r 1,047.14 20 

AVERAGE 1,011.19 18.7 

Pyri ~ic Gnen ?GS1T 766.06 17 Shale 
?GS2T 294.41 lO 

~ll' 133.06 g 

AVERAGE 397.84 13 

Coal C1T 37.1.3 

C5T 65.62 

C7T 21.63 

AVEAAGE 41.46 



TABLE X 

Compressive Strength Test 
llole No. 4 

Federal No. 2 Mine 
TDM Project 

Specimen Compressive Young Modulus Poisson's 
Rock T~ Number Strength (psi) xto6 psi Ratio 

Coal c:s 2,424.90 0.15 

Limestone Ll 22, ll7 .60 9.90 

L2 18,446.90 3.20 

I) 

() 

AVBRAGB 20,292.25 6.55 

Shale s2 7.200.00 0.76 

Shaley Limestone SL5 s. 991.60 5.18 

SL6 4,097.90 4.64 

AVERAGB 5,044.75 4.91 

Sandstone ss1 8,939.90 1.38 

ss2 7,246.60 2.02 

SS3 6,323.90 1.43 

ss
4 5,578.40 2 .!l 

AVl!RM~P 
~ /),~,. _ ...... 



TABLa XI 

Sra.z.ilian '!'est 
Hole No. 4 

Federal No. 2 Mine 
nM P7:aject 

Specimen Indirect '!'ensile 
Reck 'l'ype Number Strength (psi) 

Coal c7 93.40 

Cg 202.90 

AVERAGE 148.15 

Limestone L6 354.70 

L7 220.40 

Lg 477.40 

Lg 284.50 

AVERAGE 334.25 

Li.mey Sha.l e LS7 645.80 

t.Sg 513.60 

LSg 1,157.60 

AVERAGE 579.25 

Sandstone ss
8 

734.46 

ss
9 

284.20 

AVERAGE 509.33 



TABU! XII 

Compressive Strength fl tlardness Test 
llole No. S 

Pederal No. 2 Mine 
TBM Project 

Specimen Compressive Young Modulus Poisson's Schmidt • Rock ~ Number Strength (psi) uo6 psi Ratio Hardness 

Shaley Limestone SL1C 11,930.00 4.72 

SL2C 13,643.00 3.86 

SL3C 11.048.50 2.35 - 28.66 
SL4c 7,273.00 1.28 

SL5C 15,457.00 1.87 

SL6C 11,282.00 

SL7C 13,640.00 1.59 

SL8C 11,534 .oo 3.57 

SL9C 7. 951.00 4.10 

SLllC 16,636.00 

AVEilAGfl 12,040.00 2.91 28.66 



TABLB XII 

Compressive Strength ~ Hardness Test (Continued) llole No. 5 
Federal No. 2 Mine 

TBM Project 

Specimen Compressive Young Modulus Poisson's Schmidt * 
Rock T~ Number Strengtl\ (psi) -~·Q~ p:;i Ratio · Hardness 

Limey Shale LS2C 7.665.40 1.85 
LS3C 15,095.60 2.59 
LS4C 5.247.50 1.40 
LS5C Htf19l.70 l. 73 

AVHRAGI! 9,975.50 1.89 

Limestone L1C 31,640.00 6.24 
34.60 L2C 19.737.50 7.,2 

L3C 27,415.00 4.24 
30.00 t 4c 23,379.60 3.78 

L6C 9.235.60 1.19 

AVHRAGH 22,281.54 4.67 
32.30 



Rock Trf! 

Coaly Shale 

Pyritic Limey Shale 

Pyritic Shaley 
Limestone 

Dolomitic Shaley 
Limestone 

TABLE XII 

Compressive Strength & Hardness Test (Continued) 
llole No. 5 

Federal No. 2 Mine 
TOM Project 

Specimen Compressive Young Modulus Number Strength (psi) no6 psi 

cs
1c 2.194.50 .66 

cs2c 3,265 .40' .278 

AVERAGH 2.729.95 .469 

PLS1C 9.855.00 1.59 

PSL1C 6.875.00 2.65 

DSL1C 26,066.00 3.12 

DSL2C 16,937.00 

AVHRAGH 21.501.50 3.12 

• Average of 3 readings. One on top and the other two on lateral surface. 

Poisson's Schmidt • 
Ratio llardness 



Rock Trpe 

Limey Shale 

Dark Coaly Shale 

TABLE XIII 

Brazilian & Hardness Test 
Hole No. 5 

Federal No. 2 Mine 
1'BM P-ro j ect 

Specimen Indirect Tensile Number Strength (psi) 

LS1T 1,432.42 

LS2T 764.10 

LS3T 1,062.40 

LS4T 873.13 

LS5T 1,234.67 

LS6T 1,478.47 

LS7T 1,212.24 

LSgT 1,170.94 

LSg! 906.46 

LSloT 922.20 

LS11T 995.34 

LS12T 1,074.15 

AVERAGE 1,093.87 

DCS1T 1,018.57 

DCS4T 929.49 

AVERAGE 974.03 

.... 

Schmidt * 
Hardness 

22.00 

15.33 

12.00 

·u.oo 

14.33 

14.93 

10.00 

10.00 

10.00 



TABLE XIII 

Brazilian & Hardness Test (Continued) 
Hole No. 5 

Federal No • 2 Mine 
TBM Project 

Specimen !ndi:rect Tensile Rock Type Number Strength (psi) 

Coaly Sandy Shale CSS1T 1,089.08 

CSSzT 930.90 

CSS3T 1, 521.37 

A.VE:RAGB 1,180.45 

Sandy Limey Shale Sts1T 1,478.68 

StszT 1,538.11 

AVERAGE 11508.39 

Shaley Limestone St1T 732.39 

SLzT 1,043.82 

St3T 1,008.38 

St4T 984.88 

St6T 1,733.46 

SL7T 1,096.16 

SLgT 787.20 

SLgT 587.68 

St10T 656.21 

AVERAGE 958.90 

- ~ .... 

Schmidt * 
Hardness 

12.00 

9.00 

12.50 

11.16 

10.00 

26.00 

18.00 

14.00 

11.00 

12.50 



Rock !ype 

Limey Shale 

Limestone 

Coaly Shale 

Pyritic: Sha.ley 
Limestone 

TABLE XIII 

Brazilian & Hardness Test (Continued) Hole No. S 
Federal No. 2 Mine 

TBM Project 

Specimen Indirect Tensile Number Strength (psi) 

LS1T 872.19 

LS
2T 421 • .30 

LS3T 1,127.65 

AVERAGE 807.04 

t 1T 1,.359.02 

t 2T 1,000.64 

t 3T 755.57 

L4T l, 024". 70 

LsT 726.00 

t 6T 708.30 

AVERAGE 929.00 

CS1T 448 .ll 

CS
3

1' 6.38.73 

AVERAGE 54.3.42 

PSL11' 769.40 

PSL2T 85.3.80 

PSL3T 419.00 

AVERAGE 680.73 

Schmidt * 
Hardness 

12.00 

16.00 

21.66 

16.55 



Rock Type 

Dark Shale 

Coal 

TABLE XIII 

Brazilian & Hardness Test (Continued) 
Hole No. S 

Federal No. 2 Mine 
TBM Project 

Specimen Indirect Tensile Number Strength (psi) 

os1T 8.3"9 .90 

053! 1,295.6.3 

AVERAGE 1,067.70 

Cl1' 36.61 

Schmidt * 
Ha-rdness 



Specimen 
Rock ~ Number 

Coal cl 

Limey Shale LS
1 

LS2 

AVBRAGB 

Sandstone ss1 

TABLB XIV 

Compressive Strength Test 
Hole No. 6 

Federal No. 2 t.tine 
TBM Project 

Compressive 
Strength (psi) 

2,866.30 

8,147.10 

6,245.60 

7,196.35 

15,610.30 

Young Modulus Poisson's 
XI06 psi Ratio 

0.45 

3.05 

2.15 

2.60 

3. 71 



Rock Type 

Coal 

Sandstone 

Shaley Limestone 

TABLE '!:V 

Brazilian Test 
Hole No. 6 

Federal No. 2 Mine 
TBM Project 

Specimen 
Number 

cz 

Cs 

c6 

AVERAGE 

sss 

ss6 

AVERAGE 

St3 
St4 

AVERAGE 

7Q 

Indirect Tensile 
Strength (psi) 

54.70 

42.70 

40.20 

45.87 

537.20 

929.30 

733.25 

652.70 

1,293.90 

973.30 



Element 

c 

Mn 

p 

s 

Si 

Ni 

Cr 

Mo 

Cu 

B 

v 

Al 

TABLE XVI 

Chemical Composition Limits of Cutter Blade Material 
Alloy Steel 

4340 8630 

0.38/0.43 0.28/0.33 

0.65/0.85 0.70/0.90 

0.040 0.040 

0.040 0.040 

0.020/0.35 0.20/0.35 
1.65/2.00 0.40/0.70 

0.70/0.90 0.40/0.60 
0.20/0.30 0.15/0.25 

80 

Firmex Orange 

0.24/0.29 

1.80/2.40 

0.035 

0.035 

O.lS/0.30 

0.70/l.OO 

O.lS/0.30 

0.15/0.50 

0.005 

0.01/0.05 

0.05/0.10 



TABLE XVII 

Typical Mechanical Properties of Cutter Blade Material 

Alloy 

Tensile Strength (psi) 

Yield Strength (psi) 

Elongation (%) 

Alloy Steel 

4340 

108,000 

68,500 

22.0 

8630 

81,750 

54,000 

29.0 

Fi:rmex Orange 

165,000 

135,000 

18.0 



TABLE XVIII 

!qual Ra'tini of Cut-tel'· Peti'or.manc:e 

'l'uzmel irac:king Position Cuttel' No. Foouge Distance (Ft.) 

No. 1 Centel' 5,925 1,488,952 
No. 2 2X 5,925 1,996,725 
No. 3 31C 5,925 2,607,000 
No. 4 4X: 5,537 4, 712,786 
No. 4 172M 388 330,244 
No. s SJ: 5,925 3,350,588 
No. 6 61C 5,537 5,890,983 
No. 6 188M 388 412,805 
No. 7 71C 3,153 3,354,573 No. 7 9S1U 2,772 2,014,149 
No. a SIC 5,537 7,069,165 
No. s 174M 388 495,365 
No. 9 91C 953 n8,4IO 
No. 9 146R3 4,975 4,063,580 
No. 10 

No. 10 

No. ll llX 5,126 8,180,568 
No. 11 178M 388 619,208 
No. 11 128M 411 655,914 
No. 12 l2lC 5,300 9,948,702 
No. 12 181M 625 1,173,196 
No. 1.3 13X 2,766 2,954,365 
No. 13 116M 116 123,900 
No. 13 122M 3,043 3,250,228 
No. 14 l41C 5,300 ll, 192,269 No. 14 158M 625 1,319,843 No. lS lSlC 5,822 6,437,493 

No. lS 118M 103 11.3' 889 No. 16 l61C 5,925 7,445,355 
No. 17 l71C 5,514 10,800,405 
No. 17 114M 116 227,212 



TABI.! XVIII 

ECI_Ua.l Rating of Cutu-r ?erlol'lll&11c:e (Continued) 

'l'unnel Tracking ?osition Cutte-r No. Footage Distance (Ft. ) 

No. 17 123M 295 515,384 
No. 18 lSIC 5,925 8,190,128 
No. 19 191C 5,331 9,039,349 
No. 19 113M 116 248,851 
No. 19 119M 73 90,176 
No. 19 126M 405 686,7;26 
No. 20 20X 2,487 4,149,072 
No. 20 190M 237 395,388 
No. 20 126lU 1,860 3,052,931 
No. 20 . 134M 1,180 1,840,318 
No. 20 15~ 161 291,338 
No. 21 2lX 2,494 4,113,445 
No. 21 121M 659 900,066 

.No. 21 l31R2 2, 772 4,571,960 
No. 22 22IC 4,842 5,7SS,160 
No. 22 36ICRM 776 922,.347 
No. 22 102M 307 334,240 
No. 23 231C 5,730 9, 720,945 
No. 23 164M 195 330,818 
No. 24 241C 2,131 4,088,157 
No. 24 3SICRM 776 993,296 
No. 24 156M 2,503 4,801,810 
No. 24 101M 405 834,960 
No. 24 106M uo 235,393 
No. 2S 2SlC 5,167 7,832,518 
No. 25 ll6Rl 80 226,308 
No. 25 146Rl 86 123,540 
No. 25 143R2 298 397,952 
No. 2S ll9Rl 294 401,232 
No. 26 26IC 2,511 4,121,457 
No. 26 13lCRX 64 105,047 

83 



TABLE MII 

equal Rating of Cutt~r Performance (Continued) 

Ttmnel Tracking Position Cut-:er No. Footage Distance ('Ft.) 

No. 26 99X: 405 664,751 No. 26 llSM 116 324,587 No. 26 124M 103 179,825 No. 26 l.33M 502 1,081,210 No. 26 159M l,S60 2,560,523 No. 26 l41Rl .39 74,644 No. 26 l42lU .304 412,805 No. 26 l431U 321 418,460 No. 27 271C 125 1,411,765 No. 27 l36lU 40 262,951 No. 27 161M 5,160 10,050,648 No. 28 281C 1,968 2,864,634 No. 28 6JCRX 52 110,986 No. 28 l41QUC 12 17,467 No. 28 l41CRM 2,091 3,043,674 No. 28 .341CRM 36.3 558,550 No. 28 182M 11'2 533,216 No. 28 l02Rl 20 28,953 No. 28 132M 502 1,153,291 No. 2! lOSRl 21 30,568 Ito. 28 l.31Rl 19 15,683 No. 28 1.381U 1.36 .307,625 No. 28 111M. 116 .346,228 No. 28 187M 453 1,425,930 No. 29 291C 5,.384 9,447,088 No. 29 98M 1.91 403,644 No. 29 1061U 350 488,750 No. .30 301C 2, 728 7,734,488 No. .30 148M 26 42,298 No. .30 149M· 10 17,417 No. so lSOM 19 16,17:5 

84 



TABLE XVIII 

Equal Ratinl of Cutter Perfomanc:e (Continued) 

'I\mnel Trac:lcinc Position Cutter No. Footage Oistanc:e (Ft.) 

No. 30 208M 237 543,659 
No. 30 101Rl 871 2,469,479 
No. 30 l39Rl 103 197,807 
No. 30 147Rl 33 119,431 
No. 30 104M 116 357,048 
No. 30 111M 502 1,189,330 
No. 30 155M 1,280 3,629,085 
No. 31 31X 5,300 2,106,321 
No. 31 184M 625 248,387 
No. 32 32K 5,150 7,206,082 
No. 32 105M 116 374,630 
No. 32 ll71U 556 777,977 
No, 32 135Rl 103 207,546 
No. 33 33lC .3,587 5,n:Z,334 
No. 33 171M 388 1,455,138 
No. 33 112M 618 1,651,814 
No. 33 l44Rl 1,332 2,143,504 
No. 34 341C 66 148,249 
No. 34 109M 1,066 2,394,449 
No. 34 941C 867 1,947,455 
No. 34 ll5Rl 1,288 2,893,106 
No. 34 l24Rl 960 215,635 
No. 34 l35R2 1,090 2,448,358 
No. 34 14SR2 S88 1,320,766 
No. 35 35lC 66 149,285 
No. .35 21Rl 1,896 4,288,562 
No. 35 173M 867 1,961,067 
No. 35 125Rl 1,060 2,397,614 
No. 35 132Rl 914 2,067,377 
No. 35 ll7R2 1,122 2,537,852 
No. 36 361C 66 Not Rec:orded 



TABLE XVIII 

~ Rating of Cutte-r Perlonumce (Continued) 

'1\mnel Tracking Position Cutte-r No. Footage Di!unce (Ft.) 

No. 36 33XRM 1,781 3,249,060 

No. 36 162M 36 65,674 

No. 36 168M 79 111,003 

No. 36 l40Rl 42 99,073 

No. 36 108M 618 1,686,960 

No. 36 ll4Rl 557 758,657 

No. 37 lOSR2M 1,881 4,254,634 

No. 37 163M 61 233,639 

No. 37 177M 388 1,486,099 

No. 37 192M 237 593,082 

No. 37 160M 79 171,003 

No. 37 1051U 1,881 7,204,516 

No. 37 212M 242 547,380 

No. 37 109Rl 1,131 2,558,209 

No. 37 1371U 574 1,298,331 

No. 37 145Rl 1,332 3,012,851 

Ke~ For Cutter Number Suffixes 

K • X:ennametal 

lCRlC • Kennametal Rebuilt by :<:ennameuJ. 

lCRM .. :<:ennametal Rebuilt by McGuire 

M • McGuire 

Rl • Fir:st Rebuild 

R2 • Second Rebuild 

R3 • Third Rebuild 



TABLE X!X 

Hour Meter Readings 

1976 

Elapsed Date Station H/M Readini Dist. Time Total Dist. Time 
6/15 s + 00 0.0 0 

3/28 10 + OS 89.6 sos 89.6 sos 89.6 
6/24 14 + 96 166.8 491 77.2 996 166.8 
9/8 20 + 02 269.9 506 103.1 1502 269.2 
11/15 24 + 93 248.3 491 78.4 1993 348.3 

1977 -
Elapsed Date Station H/M Reading Dist. Time Total Dist. Time 

5/24 30 + 00 410.0 507 61.7 2500 410.0 
9/8 35 + 16 469.9 516 59.9 3016 469.9 
ll/22 39 + 94 536.8 478 66.9 3494 536.8 

1978 

Elapsed Date Station H/M Reading Dist. Time Total Dist. Time 
l/9 45 + OS 608.0 511 71.2 4005 608.0 
2/26 49 + 94 722.3 489 114.3 4494 722.3 
S/2 55 + 03 880.0 509 157.7 5003 880.0 
6/27 58 + 02 978.5 299 98.5 5302 978.5 

0., 



TABLE :CC 

Traclcini 
Traeli:in& Di$~. Dis~. I Cu~ter RPM Radius on Pel' Machine 4 RPM of I 4 RPM of CuUel' No. Machine R.evolu~ion (rt.) Machine (rt.) Machine 

Ctl'. Cu~ter l%" 6.%8 25.13 6 • .2 
l lS" 7.8S 31.42 7.7 
2 18" 9.42 37.70 9 • .3 
3 21" ll.O 44~00 10.8 
4 24" l%.56 50 • .26 l% • .3 
s 27'' l4.l4 56.55 1.3.9 
6 30" 15.71 62.8.3 15.4 
7 33" 17.28 69.11 17.0 
8 36" l3.8S 73.40· 18.6 
9 39" 20.42 81.68 20.l 

10 42" 2%.00 38.00 21.6 
ll 45" 23.59 . 94 • .25 2.3 • .2 
12 48" 2S .1.3 100.53 24.7 
13 51" 26.70 106.81 26.3 
14 54" 28.27 ll3 .09 27.8 
lS 57" 29.84 ll.9 • .38 29.4 
16 60" 31.42 l%5 .66 30.9 
17 6.3" 32.98 131.94 32.5 
l8 66" 34.55 1.38.2.3 34.0 
19 69" 36.13 144.51 35.6 
20 12" 37.70 150.79 37.1 
21 75" 39 . .27 157.08 38.7 
22 78" 40.84 163.36 40.2 
23 Sl" 42.41 169.65 41.8 
24 54" 4.3.98 17S .9.3 4.3 • .3 
25 87" 4S.SS 182.21 44.9 
26 90" 47.12 188.49 46.4 
27 9.3" 48.69 194,78 48.0 
28 96" 50.26 201.06 49.5 



TABL! XX 

'rnc:Jcing 
Tnc:Jcin g Oist. Ois't. I Cut'ter RPM ltariius on Per Machine 4 RPM of I 4 RPM of C:uuer No. Machine Revolution ('Ft.) Machine(ft.) Machine 

29 96-3/4" 50.65 202.6.3 49.9 
30 99" 51.83 207.34 5l.l 
31 101-5/8" 53.21 212.84 52.4 
32 103-7/8" 54.38 217.55 53.6 
33 lOS-3/4" 55.37 221.48 54.5 
34 1Q7ol/4" 56.15 224.62 55 • .3 
35 108" 56.55 226.19 55.7 
36 108" 56.55 226.19 SS.i 



TABLE XXI 

Monthly Production 

1976 

Feet Cars Tons Station - -
January 56 78 806 00 ... 56 

Febl'Uary 46 65 663 Ol + 02 

March 219 307 3154 03 ... 21 

April 1l 100 1023 03 +92 

May 35 49 504 04 ... 27 

June 75 lOS 1080 OS ... 02 . 

July 69 97 994 OS +71 

August 101 142 1455 06 +72 

September 55 77 792 07 + 27 

October a 0 0 07 ... ~7 

November 0 0 a 07 + 27 

December 0 0 0 07 ... 27 

1977 -
Feet Cars Tons Station 

January 42 59 605 07 ... 69 

February 76 107 1094 08 + 45 

March 203 285 4104 10 ... 48 

April 21 30 302 10 +69 

May 220 308 3168 12 + 89 

June 206 289 2966 14 + 95 

July 234 .328 3.370 17 + 29 

Augus't 227 318 3269 19 + 56 



TABLE XX! 

Monthly Production 
~ 

1977 

Feet Cars Tons Station 

September 167 2:S4 2405 21 + 23 

October 168 236 2419 22 .;. 91 

November 378 530 5443 26 + 69 

December 6 9 86 26 .;. 75 

1978 

Feet Cars Tons Station 

January 0 0 0 26 + 75 

February 0 0 0 26 ... 75 

March 54 76 778 27 ... 29 

April 142 199 2045 28 ... 71 

May 165 231 2376 30 ... .36 

June 163 229 2347 31 ... 99 

July 41 sa 590 32 ... 40 

August 216 303 3110 34 ... 56 

September 87 122 125.3 3S ... 43 

October .317 444 456.5 38 + 60 

November 224 .314 3226 40 + 84 

December .3SS 497 5112 44 + 39 

1979 

Feet Cars Tons Station 

January 353 495 5083 47 + 92 



Feet 

Februa1:')' 258 

March 185 

April 229 

May 334 

June 9 

July 0 

August 118 

TABLE XXI 

Monthly P~oduction 

1979 

Ca~s 

362 

259 

321 

468 

l3 

0 

167 

Tons Station 

3715 50 + 50 

2664 52 + 35 

3298 54 + 64 

4810 57 + 98 

130 58 + 07 

0 58 + 07 

1714 59 + 2S 



TABU! XHI 

Sulllll\ary ·of 1\ume I Activit ics for 1977 

Weighted 

~ June July ""II· se1a. Oct. Nov. Dec. Avg. (I) ~ 

Shifts 16 Sl 41 21 42 40 40 8 287 

Production llrs. Avg. Per Shift 
Percent of Production lin. 6.3 6.4 6.6 6.7 7.1 6.8 6.5 6.1 6.6i 

Doring Tilae 9.4 15 .I 21.8 37.1 17.1 17.4 26.8 1.0 19.37 

Roof Dolt hag 1.0 2.1 0 .2 . 1 0 1.4 0 0.76 . 
lland 1-k.acking 20.6 9.5 0 0 0 0 14.7 20.0 6.88 

Track lj Pipe .4 2.0 8.4 4.6 1.6 0 0 0 2.31 

B.:am Installation 1.4 2.7 20.1 1.0 .3 l.l 4.2 0 5.04 

Shot crete 7.0 3.0 .7 .1 0 0 2.6 0 1.94 

Flexicore 1.1 1.1 4.4 S.l .4 0 2.1 0 2.21 

llaulage 12.2 l.1 3.9 7.1 l.l 4.2 6.4 0 4.96 

Conveyor 1.9 IS.9 2.5 9.9 5.1 4.0 1.0 0 6.37 

Outside Supa•ly 0 () 0 0 0 .2 0 0 0.01 

Hove Swhch 19.7 9.0 12.0 1.7 14.4 8.8 5.6 0 l6.H 

U.:gas Drilling 0 0 0 0 0 0 0 0 0 

Hole 2.8 5.4 . 2 4.0 10.2 55 .I 25.6 0 17.18 

Ventilation 3.1 21.0 0 0 17 .I 1.1 3.6 0 7 .ll 

Other 15. I 9.8 25.8 24.6 10.2 7.6 1.6 11 15.02 

Shift Travel in llr. l'er Shift 1.7 1.6 L4 ).J .9 1.2 1.5 1.7 1.19 

l'cnetrat ion in Ft. l'er Clock ilr. 8.4 5.7 5.3 4.6 4.9 3.6 8.2 1.0 

Advance (l't. Per Honth) 220 206 234 227 167 172 178 6 1610 

llata Wil!i not collected J•rior to this t irue. 



TABU! XXIII 

SuPUIIary of '1\um.el Activities for 1978 

Weighted Nar. ~ ~ June July AuK. Sept. Oct. Nov. Dec. Avg. (I) Total 

Shifts 39 44 34 16 17 19 22 20 18 249 
Production llrs. Avg. Per Shift 
Percent of Product ion lin. 6.9 6.8 6.6 6.8 6.5 6.5 6.5 6.2 6.6 6.64 

Dorine Ti~ae 10 .I 12.8 12.4 1.5 40.9 11.3 36.2 19.7 29.5 18.70 
Roof Boltine 6.4 .3 0 2.1 2.5 1.7 2.1 0 .4 1.74 
lliUid ~eking 44.7 4.9 0 .3 .6 0 0 0 0 7.91 
Track II Pipe 0 .4 .5 0 .1 0 0 0 2.8 0.59 
Oeaw Installation 1.2 2.7 1.8 0 1.3 .7 .7 0 .2 1.15 
Shotcrete .7 1.6 2.2 0 0 9.9 4.2 1.1 4.7 2.79 
Flexicore "U 0 1.2 .6 •• 5 5.4 0 2.9 1.6 1.1 1.41 

tl 

1! llaulage 0 15.8 1.6 6.4 0 6.8 55.7 2.6 2.1 2.0 9.05 
0 

J! Conveyor ... 8.3 4.2 11.5 1.8 6.5 2.5 !.9 3.5 11.9 7.75 -d ... Outside Supply 3 0 0 .5 0 0 0 0 0 0 0.07 J! Nove Switch 
0 0 8.5 17.3 0 1.8 0 14.0 12.8 12.6 8.1l ;z: 

llegas Uri I ling 0 0 0 0 0 0 0 7.2 2.2 0.91 
t-ble 9.6 22.4 8.5 0 12.8 16.5 2.7 6.0 2.5 9.86 
Ventilation 0 1.1 24.3 5.2 4.0 0 .4 0 1.7 4. 72 
Other 3.1 38.0 17.8 86.6 16.5 1.4 32.1 41.8 24.0 25.80 
Shift Travel in llr. l'er Shaft 1.1 1.2 1.1 1.2 1.5 1.5 1.5 1.7 1.3 1.32 
l'cnet ralion in J1l. l'er Clock llr. 9.1 9.1 9.2 9 .I 8.5 6.7 9 .I 9.5 7.5 9.55 
Atlvauce (H. l'er Month) 54 142 165 164 42 215 87 116 219 355 220 1759 



'fABUl XXIV 

Sunuuary of 'funnel Activities for 1979 

Weighted Jan. l'eb. •tar. Ai•r. ~ June July ~ Sept. Oct. Nov. Dec. AI/&, (I) Total 
Shifts 

44 39 l7 l9.4l 44 22 
Production llrs. Avg. Per Shift 
Percent of Product ion llrs. 6.4 6.3 6.l 6.2 6.5 7.1 

Boring Tl•e ll.9 l5.5 22.0 l7.1 48.2 2.7 
Roof Dolt lng 1.4 2.7 .2 0 .I 0 
II and • ._.ck i ng 0 .6 0 .Ol .5 0 
Track li .l'ipe l.S 0 0 0 0 0 
Beam Installation .4 .2 0 .07 0 0 
Shot crete 0 0 0 0 0 0 
Flexicore 0 1.8 .2 .04 0 0 
lluulage 1.5 .9 6.2 7.07 8.1 I. I 
Conveyor 

1.7 9.4 15.2 6.l 5.6 0 
fiat side SUJIJlly 0 0 0 0 0 0 
Hove Switch 14.6 21.0 16.2 l8.9 6.6 0 
llegas Dri II ing 0 l.O 0 0 0 0 
Hole 

13.5 5.5 :U.6 ll.2 11.3 0 
Ventilation 1.7 ].9 5.2 1.5 l.l 1.9 
Other 

27.8 15.5 1.2 ll.l 18.] 146.76 
Shift Travel in llr. Per Shift 1.6 1.7 1.7 1.8 1.4 .9 
l'enetrat ion in l't. Per Clock llr. 4.9 ].6 4.8 l.l l.2 5.6 
Advance ( l't. l'e r •Iouth) lSl 2S6 1115 229 ll4 9 
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FIGURE 2 

Generalized Columnar Section in Tunnel Area 
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FIGURE 3 

Entry and Tunnel Locations in Strata 



1 Montour 4 N 
2 Mathies 
3 Westland 
4 Somerset 60 s Vesta s 
6 Marianna sa 
7 Gateway i a Shannopin 
9 Humphrey 7 

i 
10 Blacksville l 
11 Blacksville 2 
12 Pursglove 15 
13 Osage 3 

~ 14 Arkwright 
lS Federal 2 
16 Consol 93 

~ 
17 Loveridge 
18 Conso1 20 

*' Cleat ~ / Butt 
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FIGURE 4 

Coal Cleat Orientations in Pittsburgh Seam 
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APPENDIX A 

CORE LOGGING 

Each core was handled with extreme care so that the "natural condition 
a.s delivered" was preserved as closely as possible. This condition included 
fractures and moisture. Each core was logged for rock types and simultaneously 
inspected for fractures (including fracture orientation and size). The overall 
rock type distribution for each bore hole is shown in Table I. 

METiiODS USED IN Q QUALITY DETERMINATION AND SUPPORT REQUIREMENTS 

A Q Quality log· was performed on roof core extending up to ZO feet 
above the crown of the projected tunnel. It was believed that the roof of an 
underground opening would become self-supporting after having assumed an 
arched shape, the height of which was approximately equal to the width of the 
opening. 

Since each bore hole was 1000 feet apart, Q Quality was assessed for 
each bore hole in order to evaluate its variation along the entire (6000 feet) 
length of the projected tunnel. 

Among the six parameters used in Q Quality determination, the following 
two were assumed to be constant throughout; Jw (joint water reduction factor) = 
1.0 for dry excavation (SA Category) and SRF (stress reduction factor) = Z.O 
for high stress, very tight s'truc'ture (6K Catego!j"), because a"C/6'1. = S.S - 8.9 
and ~tl~= 0.35 - 0.73 assuming the major (vertical) principal stress due to an 
overburden height of 7SO - 1100 feet averaged 1000 psi. The selection of 6 (b) 
competent rock, rock stress problems was debatable, because coal mine entries 
in the Pittsburgh Seam were known to have encountered clay veins which would 
place SRF under 6 (a) Category. However, due to the lack of any field data 
in the projected tunnel site, the selection of SRF = 2 seemed to be justified 
as reasoned. 

The other four parameters were determined by careful inspection of the 
cores. 

Table I is the RQD log showing first the overall average and then three 
separate sections; boring, roof and floor. For Q Quality determination only 
the roof section is of interes't. 

The strike and dip of each joint (only those considered as naturally­
occurred joints were logged; these joints were characterized by aged 
surfaces) were determined together with Jr and Ja· The strike of each joint 
was not true azimuth. It was measured against a fixed point (as the north) 
determined arbitrarily at the starting point of each bore hole log. The 



METHODS USED IN Q QUALITY DETERMINATION AND SUPPORT REQUI~~NTS (Cont'd.) 

joints for each bore hole were then plotted on a stereo net and each preferred 
orientation was defined as a joint set. However, with the exception of Bore 
Hole No. l, certain sections of the core run were highly crushed or broken. 
In this case, Jn were directly determined using the guideline set by Barton 
et al. This is especially true for Bore Hole No. 3. It should be noted that 
most of the joints logged were more or less subhorizontal. The drilling of 
vertical bore holes eliminated the inclusion of vertical or subvertical joints. 

Since Jn, Ja and Jr for each joint were not necessarily similar in each 
bore hole, the most frequently occurring case was defined as the average con­
dition and recommended as the basis for support design. However, there is an 
uncertainty associated with this design method. This uncertainty will probably 
be reduced somewhat by knowing the extreme cases, i.e., the best and worst 
conditions. Judging from the fact that the higher the Q number, the less 
support required, the best condition will be smaller Jn and Ja with larger 
Jr. The opposite is true for the worst condition. 

Q QUALITY DETERMINATION 

Q Quality: 

Fo1' Hole No. l 

a. Average Condition Jn = 3.0, Jr = l.S, Ja = 4.0 
Q = 70.1/3.0 X 1.5/4.0 X 1.0/2.0 = 4.38 (fair) 

b. Best Condition Jn = 3.0, J'l'-= 4.0, Ja = 0.75 
Q = 70.1/3.0 x 4.0/0.75 x 1.0/2.0 = 62.~1 (very good) 

c. Worst Condition Jn = 3.0, Jr = 1.0, Ja = 8.0 
Q = 70.1/3.0 x 1.0/8.0 x 1.0/2.0 = 1.46 (poor) 

For Hole No. 2 

a. Ave'l'age Ccndi~ion Jn = 6.0, Jr = 1.0, Ja = 3.2 
Q = 56.6/6.0 x 1.0/3.2 x 1.0/2.0 = 1.47 (poor) 

b. Bes~ Condition Jn = 6.0, JT = 3.0, Ja = 0.75 
Q = 56.6/6.0 x 3.0/0.75 x 1.0/2.0 = 18.89 (good] 

c. Worst Condition Jn = 20. o., J1' = 1. 0, J a = 13.0 
Q = 56.6/20.0 x 1.0/13.0 x 1.0/2.0 = 0.11 (very poor] 

For Hole No. 3 

a. Ave'l'age Condition Jn = lS.O 
Q = 41.4/15.0 x O.S/4.0 x 1.0/2.0 = 0.17 (very poor) 

121 



Q QUALITY DETER}1INATION (Cont'd.) 

For Hole No. 3 - Cont'd. 

b. Best Condition Jn = ZO.O, Jr = 0.5, J = 12.0 
Q = 41.4/6.0 x 3.0/3.0 x 1.0/2.0 = 3.45 (poorf 

c. Worst Condition Jn = 6.0, Jr = 3.0, Ja = 3.0 
Q = 41.4/20 x O.S/1~.0 x 1.0/2.0 = 0.04 (extremely poor) 

For Hole No. 4 

a. Average Condition Jn = 2.0, Jr = 1.0, Ja = 4.0 
Q = 48.5/3.0 x 3.0/3.0 x 1.0/2.0 = 8.08 (fair) 

b. Best Condition Jn = 20.0, Jr = 0.5, Ja = 6.0 
Q = 48.5/3.0 x 3.0/2.0 x l.0/2.0 = 12.13 (good) 

c. Worst Condition Jn = 20.0, Jr = 3.0, Ja = 2.0 
Q = 48.5/20.0 x 1.0/12.0 x 1.0/2.0 = 0.10 (extremely very poor) 

For Hole No. S 

a. Average Condition Jn = 2.0, Jr = 1.0, Ja = 4.0 
Q = 50.1/2.0. x 1.0/4.0 x 1.0/2.0 = 3.13 (psor) 

b. Best Condition Jn = 20.0, Jr = 0.5, Ja = 6.0 
.Q = 50.1/2.0 x 3.0/2.0 x 1.0/2.0 = 18.79 (good) 

c. Worst Condition Jn = 2.0, Jr = 3.0, Ja = 2.0 
Q = SO.l/20.0 x O.S/6.0 x 1.0/2.0 = 0.11 (very poorJ 

For Hole No. 6 

a. Average Condition Jn = 20.0, Jr = 3.0, Ja = 1.0 
Q = 38.2/20.0 x 3.0/1.0 x 1.0/2.0 = 2.87 (poor) 

b. Best Condition Jn = 20.0, Jr = 0.5, Ja = 12.0 
Q = 38.2/20.0 X 3.0/1.0 X 1.0/2.0 = 14.33 (good) 

c. Worst Condition Jn = 2.0, Jr = 3.0, Ja = 1.0 
Q = 38.2/2.0 x 0.5/12.0 x 1.0/2.0 = 0.04 (extremely poor) 

SUPPORT REQUIREMENT 

Equivalent dimension of the tunnel = Diameter of Tunnel 
E~ 



SUPPORT REQUIREMENT (Cont'd.) 

1. For Hole No. 1 area (refer to Table II! for support measures 
of each support category) 

a. Average Condition - Suppor~ Category No. 18 
b. Best Condition - Support Category No. 9 and no support 
c. Worst Condition - Support Category No. 23 

2. For Hole No. 2 (Table !II) 

a. Average Condition - Support Category No. 23 
b. Best Condition - Support Category No. 13 
c. Worst Condition - Support Category No. 32 

3. For Hole No. 3 (Table III) 

a. Average Condition • Support Category No. 31 
b. Best Condition - Support Category No. 31 
c. Worst Condition - Support Category No. 35 

4. For Hole No. 4 (Table III) 

a. Average Condition - Support Category No. 18 
b. Best Condition - Support Category No. 14 
c. Worst Condition - Support Category No. 32/35 

5. For Hole No. 5 (Table III) 

a. Average Condition - Support Category No. 23 
b. Best Condition - Support Category No. 13 
c. Worst Condition - Support Category No. 32 

6. For Hole No. 6 (Table III) 

a. Average Condition -· Support Category No. 23 
b. Best Condition - Support Category No. 14 
c. Worst Condition - Support Category No. 35 

The support requirements determined above are intended for roof 
support. The wall support requirements could be different. Since wall 
materials consist of mostly coal, the wall support requirement will 
probably lean toward the worst condition for each bore hole location. 

PHYSICAL PROPERTY DETE~~INATION 

Specimen Preparation 

Specimens were received in the form of NX-sized cores, the length 
of which varied with bore hole numbers. The last letter in each specimen 
number was either "C" or "1"' which meant for "Compressive Test" or 
"Indirect Tensile Test", respectively. The selection of specimen location 



PHYSICAL PROPERTY DETERMINATION (Cont'd.) 

was a compromise between total length of individual rock type and avail­
ability of core length (larger than 4.5 inches for Compression Test, for 
instance) for specific test. 

Three types of tests were performed: uniaxial compressive test for 
uniaxial compressive strength, Brazilian test for indirect tensile strength 
and Schmidt test for Schmidt hardness index. Uniaxial compressive tests 
were conducted as defined in ASTM Standard 0-2938-7la. 

To prepare the specimens, the cores were first cut on both ends to 
a predetermined length by a standard diamond blade saw used by geologists. 
Extreme care was exercised during cutting to make sure that both end sur­
faces are visually parallel, because this will facilitate the subsequent 
lapping operation in achieving the required parallelism. 

The next step was lapping. The specimen was hand-held straight 
and laid endwise on a lapping wheel rotating at 300 rpm. The wheel was 
first covered with 120 grit silicone carbide paper at the beginning of 
the lapping. It was later changed to 240 grit to provide smoother end 
finish. !t generally requires 1-2 hours to achieve an end parallelism of 
0.001 inch. The lapping machine is a standard one used by geologists to 
prepare thin sections or polished sections. 

During lapping. the parallelism of end surface of the SJ:lecimens 
was frequently checked by a dial gage mounted on a horizontal bar whose 
support rested on a smooth, flat glass. The specimen was laid on the 
glass right under the dial gage such that the pin of the dial gage barely 
contacts the end surface. Sy moving the specimen di~etrally in any direc­
tion and ~~ecking the movement of the. needle, the degree of parallelism 
along certain directions can be dete~ined in terms of difference in dial 
gage readings. In real operation, lapping and checking of parallelism 
go hand-in-hand. The ultimate parallelism of end specimens ranged from 
o .. ool to 0.020 inch. 

Testing Techniaue 

A universal testing machine built by Satec Systems Inc., with a 
maximum capacity of 120,000 lbs. was used. The testing started by placing 
the specimens at the center of the lower platen with the top side up and 
then bringing the lower platen graQually up until the top end surface of 
the specimen barely contacted the upper platen. A deflectometer with a 
resolution of 0.0005 inch was set up in such a way that the movement of the 
lower platen against the upper one could be monitored. The loading rate 
was regulated by turning the hydraulic valves to a predete~ined setting 
which was calibrated by the manufacturer. Sut for double-checking the 
calibration, the testing time of each specimen was monitored by a precision 
stop watch. The instantaneous load and corresponding defo~ation were 
simultaneously recorded in an X·Y recorder built into the instrument panel 
of the machine. 



PHYSICAL PROPERTY DETERMINATION (Cont'd.) 

Two men were generally required: one was to operate the machine and 
record the testing time, and the other recorded the characteristics of 
behaviors, e.g. loading levels for occurrence of first popping noise and 
chipping, where cracking first initiated, etc., specimen failure was deter­
mined by signs of extensive and violent cracking noise with considerable 
loosening or flying out of fragments from the surfaces. 

In the Brazilian tests, only ultimate loads were recorded. The 
loading rate was approximately similar to uniaxial compressive tests. 

Schmidt hardness·tests were 
rock immediately before testings. 
was the average of three readings: 
cylindrical surface. 

done for specimens from roof and floor 
The single reading shown in each specimen 
one from top end surface and two from 

Calculation 

A. Leading rate - P/A --r 

? = total. load at specimen failure 
A = load bearing area of the specimen end surface 
T = totil leading time 

The loading rates ranged from 160 psi/min to 175 psi/min with an 
average o; 172 psi/min which corresponded to a strain rate of approximately 
1.5 x 10-~/sec. The maximum difference of 6 psi/min in loading rate was 
insignificant to affect any testing result. 

B. Stress = load/load bearing area of the specimen end surface. 

C. Strain = deformation/specimen length. 

D. Strength 

l. Uniaxial compressive strength, ~~ = ~ax 

2. Indirect tensile strength, ~t = 2 ?max 
Dt 

where 

?max = maximum applied load at which specimen fails 
D = diameter of the specimen 
t = thickness of the specimen 



PHYSICAL PROPERTY DETERMINATION (Cont'd.) 

E. Young Modulus and Poisson's Ratio. 

The ratio of stress to strain along the linear portion of the 
stress-strain curve of each specimen was defined as the Young Modulus of 
the specimen. If the stress-strain curve does not have a perfect linear 
portion, a best fit straight line was plotted along the more or less linear 
portion of the curve to determine the Young Modulus. The corresponding 
strain in lateral direction was used for Poisson's Ratio determination 

Results 

Tables IV to XV show the ·results of uniaxial compressive, Brazilian 
and Schmidt tests. Figures 9 to 13 are stress-strain curves for typical 
rock types tested in uniaxial compressive strength testing. 

Considerable variations were encountered for each rock type, esp­
ecially uniaxial compressive strength. This was attributed partly to speci­
men variation in texture and/or existence of cracks, and partly to the dif­
ficulty of classifying each rock type accurately without resorting to pre­
cise chemical analysis. In other words, some rock defined in one hole as 
limey shale could be very close to shaley limestone in another hole. In 
some cases, it occurred within the same hole.2 

2 Peng, S. "Rock Quality and Property Deter.nination, Federal No. 2 Mine", 
TBM Project, Unpublished Report, January, 1976. 
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d. Other - - - - - - - - - 574,550 e. frinqes ' Supervision 10,048 19,051 55,168 14,151 19,516 21,919 l1,0H 12,791 20,215 19,858 f. G &. A Overhead ____!2,2. !.l ~ .. ~fl! 28,}02 ___ll.lli _lLlli ~~. 2~2 _l_Wil ~!l.1~j _ll_.lU _lLQ2_6 VI. 'Jbtal &!foro Profit 159,191 161,195 194,411 112,415 125,522 139,070 135,647 129,785 164,181 111,765 VII. Pmf it AllowiUIOC -~~.1!21 _1{!.,_1!2_ _ll._!H -·~1ft _}LJ.ll ll.227 }),56~ _j.L.m __l.LjJil ___ll.j~ VIII. Gr:"dlid 'Jbldl $115,212 $119,514 $211,920 $189,141 $118,116 $152,971 $149,212 $142,764 $180,819 f711,254 

1 0011::; t'inancbl rorort is pt-eliminary perulin<J final dispoaitim of tunnel 11\achinery. 



APPENDIX D 

f"INAtCIAL m'ORI' 
1976 
HMch ~il Hay JlilC July ~ugtwt St.-ptarlber OctOOea: tMimlber l)eoulber G:welnlli!Ot Chiuqea by SOOoc.ltr.acton1 . 

I. Sita heparatioo $ - $ - $ - $ - $ - $ - $ - $ - $ - $ II. '1\Jrulel Hachi1\e Prepautioo 1,260 9,502 4,411 090 1,644 159 221 1,066 2,621 4,151 III. fuiStructioo of 'furvle1 42,786 60,612 12,114 42,754 19,610 12,708 24,101 25,117 14,117 15,554 IV. llei:Jasificatioo of 'l'wmel v. Co.st.B Related to Entire Project 
a. S~tract Indirect 21,019 30,882 112,972 36,119 14,630 16,906 70,410 68,100 11,112 71,515 b. Air Shaft 
c. Hine SU{lflOrt 

1,311 
d. Other - - - - - - - -e. frin£JOS &. Supervisioo 24,934 69,216 17,100 39,621 57,241 24,026 30,499 41,965 41,115 15,294 f. G &. A O,erl\ead lltOil 191185 161941 ;190. 191171 10,119 15,718 17,626 291814 121706 VI. 'Jbta1 Defore Profit J07,0 lJ 189,411 224,206 -n. lll,566 U,UIJ U0,§7[ 215,894 102,616 ,81,220 VII. Profit Allowanoe 25LOOO i~ 1 ~00 2~·~0~ ~5·~~~ 2;~~~ 25,000 25 000 25 000 25,000 25,000 VIII. Grand 'l'ot4l nn.011r l2 • 11 m , o J} __ ! __ JR~L-- !~89,)1~ !J11;~,! $246:89( "flGl;blb ~6 ;;;IF> e -- ---•---

ll971 
JilllUil!Y_ Februa!Y MMdl ~ril Hay June July Aul]ust 

~ 
OcWber I. Site Preparation r-.=- ~ - $ - $ - $ - $ - $ - $ - l n. 'J\lnoe1 Hachine Preparatia1 941 1,564 116 111 171 1,846 2,104 1,011 1,447 1,029 III. C41Struction of 'J'unnel 40,376 53,694 64,516 44,1U 56,611 7.t,568 70,11l 55,ll2 !U,116 57,504 IV. lb]asificatial of 'J\Jnnel - - - - - - - - - -v. Costs ~lated to Entire Project 

a. Suh-Ccwitract Indirect 14,400 
b. Air Shaft 

17,609 59,546 63,170 30,057 21,998 18,025 57,069 21,901 47,229 
c. Mine Supr.ort 
d. Other:- til] 1,101 2,012 798 1,210 1.297 l,OH 20,148 512 6,176 e. t'ringes ' Supervision 59,451 42,411 ]9,497 06,140 37,190 85,704 80,817 0,251 57,585 1Sl,S54 f. G &. A Overhead 29,417 29,126 22 n1 21,825 19 1 ~21 ~llO 10,167 25!288 25,921 28,675 VI. 'l'otal llefore Profit TI>Q7o Tll5;59f !olr!-b9if 219,612 i'Jl, 4ii ""l .m 222,656 2ol,899 204,794 294;J6r VII. l•rofit Allowilllce 25,000 25,000 0,~90 - - - - - - -VIII. Grand 'Juul H§~;2_1~ ~~~5n m1:Til! rn~~m JT1LlW f?p:;m pn~51r m-r.m s2cn. 784 ~ 



APrtliDIX P 

FINIII'O.AL llEPORf 
1911 t'l10 
~ber Deoenbec anu.ary February H<u-ch April H<ly Jme -~~1y lu.wjWit <bverrment Olanjes by sutxxx\t.ractors -----. 

I. Site Preparatioo $ - $ - $ - $ - $ - $ - $ - $ - $ - $ II. 'l)Jnnel H<lchine Preparation 4,600 405 - - 1,106 1,121 4,110 
III. Coosttuction of 1\.v\nel 87,415 21,811 4,107 260 1,246 50,114 103,15) 60,959 47,197 56,752 IV. Deqasification of 1\.annel - - - - - - - - - --v. Costs ~lated to Fnt:ire Project 

a. Sul>-Caltract .lndin.-ct 36,405 6,841 . - - 762 15,111 24,210 11,960 24,798 14,738 b. Air Shaft 
c. Mine Support 

1,420 7,049 1,441 26,069 d. Other - 282 26,985 1,911 2,120 e. fYi.nqes ' Supervisioo 16,980 46,532 19,861 24,610 44,006 )6,921 80,412 99,796 125,497 46,049 f. G ' A Overhead H 1527 21 1 ~~~ 51,415 10,158 1,442 19,514 11,160 10,126 1481~9~ 28,685 0 
VI. Total Defore Protit 240,19{ 101, 99,04ii ,1,297 51,456 l2l,Jid 260,121 208,881 l1li, 0 U6,22t 0 

VII. Profit Allo.~anoe - - - - - - - - - -VIII. Grand 'lbtal ~240,l9f ~101,897 $ 99,04ii !_!!,297 $ 5l,45ii l12l,ll0 ~270 ,121 $20~J~! }~48! 162 $146,221 --··~- 6C'D-Q·,P:-

1978 11979 
St..)}tu•Ler October Novenber f)ecmber Janlld!)' February H<u-ch ~u Hay Jt»le I. Site Preparatloo $ - $ - $ - $ - $ - $ - $ - $ - $ - $ -II. 'funnel Mad1ine l>repdratioo - 146 

III. Ccnstruction of 'l\1011el 67,395 75,218 85,572 91,89) 80,514 115,121 80,718 81,168 111,468 11,604 IV. Degas it icatioo of '1\.ume l 
v. Costs llelated to frat-ire Project 

a. Sub-Contract_ Indirect 15,582 22,164 22,171 18,197 8,751 14,249 24,142 10,156 4,581 1,196 b. Air Shaft 
c. Mine SUflXJCl 
d. OU~r 10,804 304 - 2,625 - 1,162 - 719 071 e. fYinqes ' Supervision 51,612 100,118 61,009 69,970 121,764 67,210 66,152 159,606 04,712 124,511 f. G 6. A Overhead Jl, 799 11 4)5 47,006 28,607 2~:i94 ~50 24!297 ~01 ~2) 30 600 VI. 1otal Before l'mfit 1--s1;n1 ~19~25 115.~51 ~lf;ll11 --na, lS • 51" ns.1~g ,5b ,17 195!991 VI I. · J>mt it Allo.~anoo 164,610 10,290 10,290 18,290 18!290 )8,290 18,290 18!290 •;,29~ 18!305 Vlll. Grand 'lbtal !~_I}H1 "$~~15 "$114,141 p2~_?A1 !?~bt~~ ~2!~44 m~ §1ol,14ii :m_,OQ_ §?14,2C}ii 



APPENDIX B 

F~JAL JlEP()f(l' 

1979 
July 

G:Nelllll¥!nt CllanjeS by Suboontractortl 
Auqust Septenber Oct<lller Nol/mber 'Jbtal 'lbdilte . 

I. S i 1:.6 Preparatia1 $ - $ - $ - $ 
ll. 'l\10001 Machine Preparatia1 

- s - $ - - - -
III. Construction of '1\10001 1,150 31,158 21,165 - 226,439 

IV. fle<:Jil.Sificaticn of '1\Ullloel 
4,051 - 2,611,686 - - -

v. Costa !elated to Entire Project 
a. Sl.lb-Ca\tract Indirect 660 344 200 40 -
b. Ait" Shaft - - 2,848,642 

c. Hine Support 
d. OUlet" - - 21,491 6,111 
e. hinges ' Superviaicn 61,054 

- 124,824 36,409 84,614 42,451 
f. G ' A Ovecbead 38,498 - 1,184,067 

·;·39~ •Nu 9,148 -
VI. Total Before Profit 109,962 9,30 -u. n lf8ll!297 

VII. Pwf it Allowanoe 
61;067 - u,t66.9ss - - - - -

) VIII. Gnmd 'lbtal l!~~~~~~ !~~1 !!~ ~ 916,829 
$ - $12.~~1, '" 



APPWDIX B 

FDWCIAL REPORT 

p975 1974 
~~ Atl<)USl Sep~~ Octd:ler Novarber lleooober _Janutt!}' February March April lbvernncnt OlArqea for Md!Ua\Al Wad 

I. Site J>repar11Uoo $ - ~ - ~ - $ - $ - $ - $ - $ - $ - $ Jl. '1\a'mel Hadline l'repan!tla1 - - - - - - - 12,000 Ill. <Anst.Iuct ion of 'lunnel - - - - - - - - - 57,279 IV. Dcqasificatirn of '1\Ulnoel 
v. Costs ~lated to Entire Project 

a. S~tract Wirect - - - - - - - 2,734 330 245 b. Air Shuft 
c. Mine Support 
d. Other 
e. Fl" ioqes " Super.vis icn - - 3,218 
t. G &. A 0verl¥:ad - - -Vl. 'lbt.al llefore Profit - - -----r,m - - - - U,7R llO 57,524 VII. Profit Allowance· - - - - - - - - - -VIU. Gund 1bt.al $ - $ - $ l!~! $ - $ - $ - $ - $ 14.'ht $ 110 fl 57,524 ~-~ . ...... .... 

1975 C'16 Hal June Jul~ AlM)USt Sept:a~Wr ~ ~ Oeowrer af\\liU)' ~~· I. Site PrepdraUoo s - $ - $ - $ - $ - $ - ~ - $ - $ -II. 1\IIUlel Had\ine Preparatic:n - - - 72,521 - - - - 11,961 III. Ccnstruction of 1\mnel 37,048 - - - - - 1,586 16,945 69 3,018 IV. lle<JasificatiOI\ of '1\Jnnel 
v. Costs ~lat.ed to Entire Project 

o. Sub-Ccw\tract Wirect 415 no 272 181 248 ll9 309 157 309 211 b. Air Shaft 
c. Hine suwort 
d. Other - 12,301 11,996 1,000 ll,766 7,836 6,5)9 e. Fcinqes &. Super.viaiQO - - - ll 909 - - - - 2,644 1.618 t. G ' A Oven.ead ~.rn -ri;n7 ---u~lf ~ian - - - - - -VI. Total &tore Profit 12,016 a.n~ D,lll 31,102 U,98l ----r,&l1 VII. Profit Allowance - - - -VIII. Grand 'lbl.t l $ 11~61 $U,777 IT2,266 $87 ,Oil $12,016 $ -8;!!~ r-_u~fj~ $ 17!10~ }M,~Ol 

-

!__!!~~I. 



t'II'W'CJAI, Jll:l'OII.T 

lbvenwnetlt 014n_)c:8 tor Addlt.la\41 lbd 

I. Slle Prepar111Uon 
II. '1\llllltll t-Lad1inc J'rq)drllltJOO 

I II. Cor~st.ructioo of 1\ull\el 
JV. (hJa5l ticdt io-1 of 'J\I(IJICl 
V. G.mts llelal.Cd to ~\tire Project 

a. Suh-O:Jotrdcl Indirect 
Ll. Air Shilft 
c. Mino Sul'(lOJt 
d. Oltl<!r 
c. fdll<JCS ' Supervisioo 
t. (; ' 1\ Ovcd~<!atl 

VI. 1\:>lal llcfom Profit 
VII. l'rof it J\l lOWiUIOC 

VIII. c.nuwl "1\>l.tl 

I. 
II. 

) If. 
JV. 
v. 

Site l'rup<tratloo 
'1\UlliCl H<&chin.e l1l'C{)dl"ilUOI\ 
Cul!ilJ:Uclillo of '1\ull\cl 
lll!<J•I!ii I icatiu1 of 'J\uu\01 
Co!il:l l~:l<llt!il lD l:l1li rc J'roject 

d. Suh--<:.'t~lr act h1tti n .. -cl 
Ll. Ail Sll<&tt 
c. Miue !j"J'IlOct 
tl. Ol.hec 
c. ,,.,. in<Jl!!i 6. Supervision 
I. 1; £. A OvctiiCi\LI 

VI'. '1\>1.11 II<! lOt c 1'1 oli l 
VII. l'rnlil All<M<lll<ltl 

'viii. (;., .u .. l '1\lt.d 
I 

API'l'NOI lC R 

1976 
H<arch ~·dl - t-l'ly June July AU< JUSt septe.al Jer October Novrnher I)(!<:Uaher 

s - s - s - s - s s - s - s - s - s 
1,465 1,100 1,909 ),170 

128 219 25) 219 

1,656 6,214 
5]9 

2,095 
450 

1,006 

- - - - 40] 
800 1,651 3,111 1,514 ),264 2,857 

157 118 232 157 157 398 

),540 885 1,700 1,884 1,750 1,511 

---s-:1>liJ -~r.llsl -Q9'6 ~Bb5 ----;r,«1 --:!-:lfSl -----r.ro ~~ -r,IIf ---s:T0" - - - - - - - -r-s-:-lln r!)-:7.5'1 $-b,14b r-s-:-n~ $4,491 ru~4 r-r,Jo] $ 5,555' r-s:T1T T .-= r c>• "' ~~ --·-e~ .,..._. _... • zw-...-x= • ··.c·•• r- -..- 'c>GS'li rrtr .,..-.,. t t<'"--.Flt m •..p..· 

191"1 
Jilflltit!'Y_ 
$---=-

2,210 
J,IOl 

2 Jll 

2, 191 

fclu-~~1'. 
~--_ 

2,91rJ 

1,6111 

H<trch Apd I 
f--=.- $ 

),416 2,140 

475 )57 

1,11)1 I I 141 

---·.ciJr.r. --T,-soo --s-;121 --r;;~r.r 

$7. -'J-i:6 s---( ';ull s-- ~,-. ni s-(-4f4 
.::.;:.;;...;.._;:_:..:...;~ --·-· .....:....:..-.:____:...._;; ~-·~- ~----

~y Jtll\e ~ r-:- $ -$ 
Anqust Septe.1t.:.er 

$ - ~ 

5,)0) 4,970 4,616 5, 321 6,645 

118 242 2-10 240 151 

2,842 2,664 2,414 2,645 1,562 

-o-:-4n -----r,o76 ----r;l60 -8~ 10,164 
- - - - -

ftf:4i;1 S1)1?6 ~7.0 ~~ tl!!!l2_! 

5,132 

240 

2,751 

--o:rn 
rn-:l·~n •== r.c.-=< 



APPWDIX B 

FINI\OCIAL IU:l'ORI' 
1977 1978 
Nove.nller IX.>cUnllt:ir January t'ebruary March 1\pril Hay JU'le July ~l!it 

Govemnent 0\Atqea for llddi tionAl w:>lk 

I. Site Prepdrotioo $ - S - $ - $ - $ - $ - $ - $ - $ - $ -u. '1\lnnel Machine Prepantioo 
JJI. Construction of TUnnel 4,452 1,769 1,860 1,508 90 1,685 1,791 1,894 2,692 400 IV. Deqas it icatioo of '1\Jnnel 

v. Costs ~1ai:OO to Entire Project 
a. SubrContract Indi~t 240 288 290 119 244 241 241 241 239 244 b. Air Shaft 
c. Mine Support 
d. OU1er 
e. tringes ' Supervision 2,386 l,lOl 1,152 008 48 1,975 2,012 2,087 1.441 214 f. G ' A Oved1ead - - - - - - - - - -VI. 'lbtal Before Profit ------;:ollf 1,160 ----r,To~ 2,6ls -----,-n 5,901 6,066 6,221 ---.r,nl ---a-5! VII. Profit Allo.lonoe - - - - - - - _ _ _ VIII. Grand Total $ 1,618 rT,Tbl)" $ 1,162 $ 2,61!) $ 182 $ S,C)Ol $ £,B£6 $ 6,124 $ 4,314 rtr5lJ --.crc=>o- c-.. .-;-cr....-. rtl · ..... t- • ----= --•- ----~ .. ......._ __ 

1976 1979 
Septent>er October Novt~SIIber Oecelber January February March April May JW\e I. Site Preparatioo $ - $ - $ - $ - S - $ - $ - $ - $ - $ -II. 'l\11100l Hadtine Prepantioo 

III. Coostructioo of TUnnel 200 470 219 28,482 6,139 5,048 6,122 6,405 6,714 9,483 IV. Deqasi ti.catim of 'lunnel 
· V. Costs ~lilted to Entire Project 

a. Sui.>-Caltract Indirect 241 244 ll5 254 344 249 246 157 511 196 b. Air Shaft 
c. Mine Sup(Xlrt 
d. 0tJ1er 
e. Fdnqes 'Supervision 107 142 107 15,251 1,291 2, 706 3,281 1,4)) 1,597 5,082 f. G '- A Overt~ead - - - - - - - - - -VI. 'lbtal Defore l'rofit 554 --if56 --6-6} -41,989 9,714 8,001 9,649 9,9C)5 10,882 14,161 VII. PtuUt Allo,.,ance - - - - - - - • - - -VIII. Grand 'ltllAl $~{ $ _8~6 $-661 $ 41,989 $ 9,114 $ 8,001 ~649 $ 9,!)95 ~ 10,882 ~14,7@ 



FJ:NIIt.CIAL REl'ORT 

Goverrlnetit OWU9ea tor Mdit.iooal tbrll: 

I. Site Preparatioo 
II. 'funnel H.lchine Prepimstioo 

II I. Coostruction of 'J\Jnnel 
IV. IA><Jasificatioo of '1\lonel 
V. Costs .Related to Entire Project 

a. S~tract Indirect 
b. Air Shaft 
c. Mine suwort 
d. Other 
e. Fdnqes ' Supervisioo 
f. G ' A Overhead 

VI. 'lbtal Detore Profit 
VII. Profit Allowanoe 

VIII. Grand 'Jbtal 

1979 
July 

$ - $ 

191 

--193 

$--- }9} 

APPlliDIX B 

At")lllit Octol>er 

$ $ 

~ 

Novurber 

$ 

$ -

'Jbtal Todate 

$ 
99,197 

302,180 

16,884 

52.·US 
118.811 

589--:-5~1 

$599,527 



APPEliDJX B 

FJNAOCJAL R£00RT 

b~~-1974 
July Auqust Septt'Sioor October Novt'Sioor Dootstbec ~~. HMch EAatem ABoocLated Co41 Corp. Direct fultdbutim 

I. st tc hepllntim $ - $ 4,518 $ 26,288 $ 11.615 $ 10,461 $ 12,101 $ 16.191 $ 24,191 $28,262 II. 'funnel tw:hine Prepantim - - - 1,008 10,725 12,0ll 11,515 19,694 6,644 III. O:.Wtructia! of 'l\Jru)e1 
IV. ()eqa.siticatim of '1\Jnoel 
v. Olsts ~lated to ~tire Project 

a. Sub-Caatract Indirect 
b. Ah Shaft -· - - - - - - - 9,111 c. Hine Suwort - 116 1,705 4,221 1,121 1,822 8,542 5,1111 7,576 d. Other - - - - - - - - -e. Fringes &. SupeTVisim - 2,412 14,021 16,410 6,759 11,500 11,294 19,190 16,121 .., f. G &. A Overhead - 240 ~69 itlJO 1,111 ---,H25 5 122 686 _,NJO 11 VI. 1btal Defore Profit - 1, lOti ,IrS" -s , 6 12.~4f , li1 too!oo6 69,346 ,51 VII. Profit Allo.~ance - - - - - - -VIII. Grand 'Jbtal $ - $ lr!!! $ 45,~ ~ S 12,441 ~~!r?lil ~!~Q.~~~ -

1975 

r~ril Hd}' Ju-le Jul}' Al¥JW.It Septenber Oc'tOOeT ~Deoarber I. Site Prepa.-atim 1,696 $ 67,216 $ 49,120 $ 17,806 $ 11,891 $ 40,409 $ 11,858 $ 31,094 J 4,551 II. 'l\umel Madune Preparatioo 511 454 1,840 - (56,292) - - - 457 III. CoiStructioo of '1\Jnnel - 1,948 2,118 549 41,112 15,611 19,504 544 1,399 IV. .~Jasiticatioo of 'l\mnel - 8,490 660 - 8,792 1,929 7,040 144 58,289 v. Costs 1\!lated t.o Entire l'roject 
a. Sulr-Ca1tract Indirect 
b. Air Shaft 4,300 - 19,659 - 61,416 - l,l25 45,662 98,166 c. Hine SUll{lOrt 22,041 18,965 4,945 4,105 30,321 40,598 6,360 17,198 12,237 d. OtJ-.er 
e. frin<JeS &. Supervisioo 15,5)0 25,450 21,66) 18,645 400 22,800 24,155 f. G &. A Ove rl-.ead 20,50) 14.!_128 N15 --iH92 or 776 2522 8r210 VI. 'lbt<ll Defore Profit lll5";511 117,25[ lb , llr ,91 no,'51ll Ill, lJ 121,M2 VII. Profit Allo.lanoe -

VIII. Gc iU\lJ 1\)l<ll $105,521 $111,25} $}05, 52ii $80~791 $130,518 $124,329 illi,052 $136,250 $190,952 



APPI:liDIX B 

FINIIOCIAL REPORT 
1976 
Jdi\':"UY t'tlb~ M<u:ch - ~el"!! - tta_y J\I\e . --!u!f_ -~~t ~lei" Eastern Aaoociated Cbal Cbl"p. Direct <h\tributi£n 

I. Site Prepcu-atia\ $ 14,147 $(10,763t $ 606 $ 111 $ 9 $ 221 $ lll $ 129 $ 96 
II. '1\nlel HQd\ine PrepAratiat 1,451 - 9 1,724 - 1,107 

JJI. CawtnJction of '1\ulnel 3,081 19,140 3,211 20,866 4,9U 6,075 7,550 24,466 1,511 
IV. Dt.><Jasiticati£n of Turlne1 70 2,998 1,131 1,664 7,111 15,506 1,884 4,ll5 7,101 v. Costs 1\!lated to Entire Pnlject 

a. Sub--Ca\tract ~ 
b. Air Shaft 14,754 16,407 42,541 12,679 65,U6 50,816 52,515 41,188 71,009 c. Mine Sllf'(lOrt 10,900 1,7U 6,025 1,096 3,661 . 4,069 1,178 4,584 1,189 d. Other 
e. Fr.inc:Jea ' superviaial 10,101 fi,517 7,276 7,110 10,646 10,170 5,924 8,711 1,170 t. G " A Overhead 1t500 1 166 4 729 1-L 745 4,216 4,866 3(411 -,H21 -,Hl7 VI. 'lbtal Before Profit l26,.17li --.s:ln --cs;sn n,w; 95,995 9l,8Jli 7li,811 ,ll ,53 VII. Profit Allowl!ll\os - - - - - - - - -VIII. Gr.-sod 'lbtal IDQ.J7b nr.u1 t lis.sn nr,n3 ~ nuno s 7&.al1 1 91 2n s 94,555" •--···-- ---·--- -~-L-- ----·--- ---~---· 

1916 
11917 OctoiJer Noveatber fleQeuber JIU\Uilr)' Feb~ March April Hal JUJ)e I. Site Preparatioo s--.:-s ~ 129 ~ 65 $ - r-129 $ l,li<IO $ - $ 2 $ 2lill II. '1\JJVW:l Hadli.ne PreparAtiOO fi91 1.10~ 613 800 1,402 1,210 499 4!10 4,211 III. Ci:nstnJctioo of 1\Jnnel · 1,4M 1,511 1,668 1,464 1,468 1,712 1,722 1,976 1,706 IV. Ocqasif icatioo of '1\Jnnel 6,269 10,179 781 5,687 5,884 £,505 5,101 11,571 7,064 v. Costa Jt;lated to Entin~ Project 

a. Sul~\tract Indirect 
b. Air Shaft 52,412 7fi,5U 70,016 14,229 62,101 61,207 44,302 20,701 25,429 c. Mine StJ{)(lOrt ),8ll ),069 3,205 4,518 5,312 6,6!12 l,l!IO 7,110 7,576 d. Other 
e. t'rinqea ' Supenrisioo 8,813 1,225 6,214 10,044 9,114 8,991 9,054 12,104 14,060 t. (; " A Overhead 3!6}1 4 469 1,500 2f00l 51 Ul •,ost 3,227 1,601 1,050 VI. 'lbtAl llcfore l'1-otit ----rt, 204 -,of.iso 86,884 50,761 9l,ilal . §1,990 67,H'J 51,957 ---n;-1U VII. Profit Allowanos - - - - - - - - -VJII. Gnuld 'lbld l n·r;-ro.f fflf.l~ L!_~!Q.f ~= L~~'n ~ §1,8_~! $ 91,990 t!!J!'! s 5'J,95'J $ 64,11! 



APPfNDIX B 

f'INAOCIAL lll:l'ORI' 

~ 1917 
_ Julr___ Auqust ~~)l~ ()ctd.)er tbvePb:r Decerber r~rualY Eastern Associated Coal Corp. Dhect Chltcibutloo 

I. Site ~atloo $ 65 $ uo $ 124 $ 260 $ - $ - $ - $ II. '1\lruJe 1 Machine PcepAratloo 2,124 
III. filnat.ruct:.ia\ of '1\Jnrlel 1,955 2,085 1,661 1,548 158,108 28,369 1,448 1,264 IV. Deqasificatioo of 'l\mne1 6,102 7,684 5,906 11,182 6,401 2,046 v. <bsts llelated to &-~tire Project 

a. S~tcact Indirect - - - - - -b. Air Shaft 16,690 45,284 26,066 12,009 0,124 26,501 
c. Kina Support 6,702 7,090 6,861 5,652 9,619 2,457 2,194 1,949 d. other 
e. f'rinqes ' SupelViaioo 11,519 8,897 10,581 ll,lH 10,911 5,491 5,291 4,611 f. G &. A Oved1ead 1,199 --.J:i29 -s~:~:~ 1,602 9,051 5,790 4,ou 21216 VI. 'lbt<ll Before Profit -4lr,D91i , B 6S,86() 2n,na -,o,b5l 12,9111" 1fi,l2l VII. Profit Allowance - - - - - - - -VIII. Grand 'Jbta1 DD~Ii s 7~.7R ~ _tli5!1f00 J~~,,·~~~- $ 70,654 $ 12,978 $ )0,122 

1978 
Hacch Apdl 

Hal !it 
.Jme Jul~ _ At-.JUSt ~ lX:tllber I. Site Prepdratloo $ - $ - $ $ 64§ $ 60 $ 194 $ 248 II. '1\vU\el Had\ille Preparatloo 

Ill. Ca\structial of 1\JJ\1\el 1,681 1,516 1,499 1,100 1,610 1,607 1,219 2,442 IV. Degasiticatioo of 1\u\rle1 2,269 11,228 12,911 9,209 6,111 2,442 10,164 1,670 v. Costs Jelated to Entire Project 
a. S~tcact Indirect 
b. Aic Shaft 
C. Hine SUflOCt 1,581 6,097 10,145 1,859 2,527 6,800 5,611 10,906 d. Other 
e. Fringes ' Supecvision 7,121 14,611 ll, 711 10,511 5,515 7,129 9,687 11,861 f. G ' A Ovedlea£1 1,218 11464 4,244 6,051 71575 10,71~ 54,440 21,140 VI. 'lbtal llefore J>rofit 11,090 OJo,9U n. 'Wi jl;obf l~,6.n 29,08 Al,lilS 54,471 VII. Profit Allowance - - - - - - - -VIII. Gc an<l 1\:lLtl !_!_?~!_90 ~=!_~ .L~~.!_766 $ )2,061 ! 21,644 $ 29,087 $ 81,185 $ 54,471 



APPEliDIX B 

FINIU-CIAL REPORJ' 

~ 1978 
tbvuuLer .y.'U!Le!" FeL~~ry March April Hay June 

l Eastern AasociAted Cod! Corp. Direct Cootriliutiua 

I. Site PrepAnaUua $ 124 $ 124 $ 911 $ 55) $ 825 $ 399 $ 114 $ U4 II. 'JUmel Machine Prepllntiua 
III. CausUUct:icn of '1\.Dmel 10,024 2,026 1,911 2,101 15,370 1,970 14,406 8,946 IV. !:Je9asificaUoo of '1\.Dmel 12,845 11,818 11,488 10,859 12,360 8,914 15,558 9,262 v. Costs ~lated to Entire Project 

a. Sub-Caltract Indirect 
b. Air Shaft 
c. Mine Support 10,187 10,721 12,929 8,538 10,707 10,295 ll,8l1 3,548 d. Other 
e. Frin<)es " supervisioo ll,539 15,323 14,768 12,751 15,703 12,674 14,02) 11,509 f. G &. A Ovelhead 10,392 25[916 ll,920 22,518 20[658 11[191 11[068 u,oot 

,.j VI. Total Before Profit ~IT 68,168 55,935 57,140 75,701 51,64S 15,206 ~5,480 
0 

VII. Profit Allow~moe - - - 677 2[955 l0r7H 6[111 211 VIII. Gc and 1btal fS'f:1IT J 60,168 $ 55[9!5 $ 58,Q!7 ~-~~!~~~ }__!i~!~! s ilLP~ !J~~'~! - . -

1979 
Jul~ Auqust seetft!Ler Octcber NovmLer 'JbtAl 'Jhlate 

I. Site Preparation $ - $ - $ - $ $ - $ 529,'420 II. 'funnel Machine f>repacatioo - - 5,130 6,172 307 62,140 
III. Ca\structioo of 'funnel 6,618 8,617 6,026 1, 726 - 501,917 
IV. ()eqasificatioo of 'funnel 9,672 10,130 252 - - 408,722 
v. Costs lielated to Entire Project 

a. Sui>-Ccntract Indirect - - - - - -L. Air Shaft - - - - - l,ll3,846 c. Mine Suppo..-t 207 8,325 2,954 291 - 404,149 d. OU~er - - - - - -e. Frinqes ' Supervision 5,474 19,280 12,698 5,397 256 725,287 f. G &. A Ove mead ll,l22 8,417 11,695 6,051 2,678 516,204 
VI. futal Before Profit 15,1)) ---sl:&B - 18,755 19,619 -r.ur ~.561,745 

VII. Profit Allowanoe (!'aid to 11ubco1tnctor by EAtX:) - - - - - 20,765 
VIII. Gc~1btal ~~J nr,~r.Js- ·~ )81 755 $19,619 $ l,Ul $4,502,510 

NOI't::; t'lnal oosts are l¥lt cx:tl(llete flent.Hill) oert<lln (jO\Iecnnetltal declaims. 



APP~~IX B 

FINANCIAL REPORT 

Explanation of Eastern Associated Coal Corp. direct contribution. 

I~ Provide labor, materials, and equipment necessary to furnish 50,000 CFM 
o£ fresh air to the project and track facilities to deliver and store 
supplies for the project and remove muck from the project. 

II. Provide labor, materials, and equipment to construct a stall for the 
assembly of the boring machine, deliver the machine from the surface 
to the job site, and fire bossing during the excavation of the stall 
and machine assembly period. 

III. Provide labor, materials, and equipment to remove muck during the 
boring period from the job site to the rotary dump including track 
materials necessary to install track haulage in the tunnel during boring. 

IV. Provide labor, materials, and equipment to degasify the tunnel area as 
boring progressed includ~g a gas collection system. 

V. Provide labor, materials, and equipment as necessary for mine support 
services including, but not limited to, engineering, power, bathhouse 
facilities, research and development, supply crews, project manager, 
pumps-pressure and dewater, drainage pipe and fittings, water pipe and 
fittings, air pipe and fittings, and electric and telephone cable. 

V!. Self-explanatory. 

VI!. Profit allowance cost incurred in subcontract not reimbursable in the 
contract. 

VIII. Self-explanatory. 
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