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Southern Utah Fuel Company
Highway 89 South
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Attention: Mr. Kerry A. Frame,
Chief Engineer

Gentlemen:

Report

Engineering Geology Consultatiom
Landslide Evaluation

SUFCO Mine

Near Salina, Utah

For Coastal States Energy Company

INTRODUCTION

Presented in this report are the results of our engineering geology
consultation/landslide evaluation conducted at the SUFCO Mine near Salina,
Utah. The mine site is shown on Plate 1, Vicinity Map. A landslide occurred
on the afternoon of Friday, March 5, 158@. On March 9, Mr. Ken Payne of
Southern Utah Fuel Company contacted us, requesting that this evaluation be
performed. An engineering geologist from our office visited the site on

March 10 and met Mr. Payne and Mr. Kerry Frame of SUFCO.
SUMMARY

A landslide occurred at the SUFCO Mine on Friday, March 5, 1982. The
slide was first noticed when buried water lines broke releasing a large volume
of water. The landslide occurred directly above the main entry and encompassed
the electric substation. This slide is in the same area of, and extends up-

hill from, "Slide Area B" identified in our report dated May 2, 1975.%1

1 Dames & Moore report titled, "Slope Stability of Proposed Mine Portal Site,
SUFCO Coal Mine at Convulsion Canyon, Sevier County, Utah, for Coastal
States Energy Company,' dated May 2, 1975, Job Neo. 6701-001-06.
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On the basis of our site visit on March 10, 1982, it is our opinion
that the main entry is not threatened but continued movement of the slope
could interrupt electric service by tilting the substation out of tolerance

limits.

We recommend that the slope and the existing retaining walls around
the main entry be monitored te permit detection of increased rates of move-
ment. We also recommend that immediate actions be taken to 1) fill depres-
sions and cracks, 2) promote positive surface drainage, 3) try to dewater the
slope by drilling holes into the roof of the main entry, and 4) restring over-

head power lines which have been stretched by landslide movement.

Long-term action could include 1) relocating the buried water lines

and 2) constructing a crib wall adjacent to the south side of the main entry.

PURPOSE AND SCOPE

The purpose of our consultation was to assess the nature of the land-
slide and to formulate remedial measures. The purpose and scope of this con-
sultation were developed in response to an initial telephone conversation
between Mr. Payne of SUFCO and Mr. Bill Gordon of Dames & Moore. OQur scope
consisted of 1) examining the landslide and mapping pertinent features, 2)
interviewing mine personnel regarding the history of the slide, and 3) pre-

paring this summary report.

SITE CONDITIONS

GENERAL

The site of the SUFCO Mine is located in sedimentary rocks consisting
of sandstome, siltstone, claystone and coal of the Blackhawk Formation of
Cretaceous age (approximately 100 million years old). The rocks are nearly
flat-lying, dipping about 2 degrees to the northwest. Prominent canyons have

been cut into these rocks.
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The bedrock in the vicinity of the mine is covered in most places by
up to 15 feet of surficial material (colluvial deposits) consisting of boul-
ders and blocks of sandstone in a matrix ofy” clayey and” silty saqﬂ “In addi-

tion, fill soils have been placed by conventional "51deh111" construction

methods adjacent to most cut areas.

The major facilities at the mine include mine mouth facilities (shop
and warehouse, office and bathhouse, stacker and loader), mine entries, a 25
KV electric substation, and surface and buried utilities. Locations of most
of these facilities are shown on Plate 2, Map of Landslide Features (March
10, 1982).

An abandoned entry exists between the main entry and the conveyor entry.
The abandoned entry has been closed and a concrete retaining wall has been
constructed across the portal. Three or four years ago, the abandoned entry
caved in about 50 feet northwest of the existing substation. The abandoned
entry was then supported by timber cribbing and the surface cavity was filled
with soil and rock material. The cribbing was inépected on March 8, 1982 by
SUFCO personnel and found to be providing adequate support for the abandoned

entry roof.

LANDSLIDE DESCRIPTION

Key features of the landslide as of March 10 are shown on Plate 2.

Sections through the slide are presented on Plate 3, Cross-Sections.

The landslide was first noticed Friday afternoon, March 5, because a
large volume of water appeared around the entries of the mine. The water was
found to be coming from two buried pipes about 55 feet above the entry eleva-
tion in the vicinity of the electric substation. The two water limes (4-inch
and 6-inch diameters) separated at joints in the pipes between concrete thrust
blocks inside the fenced area surrounding the substation. The 6-inch line

also separated at a bell joint 10 to 15 feet farther south.
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The 6-inch line is used to convey water from a spring near the bottom
of Convulsion Canyon to a 10,000-gallon tank above the substation. At the
time of the slide, the 6~inch line was flowing about 0.25 cubic feet per

second (about 130 gallons per minute).

The 4~inch line is the supply from the tank to the bathhouse. Most of
the water in the tank at the time the 4-inch line broke probably drained into

the slope.

At the southern break, the water from the 6-inch line apparently went
directly into the subsurface. At the northern break, the water from the pipes
welled up out of the ground., The water ran about 20 feet to the west where it
disappeared into the slope. It emerged at two locations about 50 feet to the
west and 20 to 25 feet lower in elevation. The water flowed on the surface to

the retaining wall and onto the working area below.

As the water emerged on the slope it carried soil particles from the
point of emergence, creating subsurface tunnels (piping). Approximately mid-
way between the point of emergence and the source of the water the slope above

a tunnel collapsed, forming a 4-foot deep depression.

The water was shut off in both water lines within several hours after
the breaks were noticed. The lines were repaired Saturday morning. At the
time of our reconnaissance, zones of seepage were observed only in the vicinity

of the main entry and north corner of the office building, as shown on Plate 2.

Surface cracking was observed at many locations between the main entry
and the substation. The headscarp of the landslide extends for about 300 feet
and passes about 20 feet east (uphill) of the substation. The maximum dis-
placement at the headscarp at the time of our site visit was about 12 inches
horizontal and 12 inches vertical at a location about 30 feet northeast of
the substation. Displacements at the headscarp to the north and to the south

of this point decrease until the scarp is no longer visible on the slope.
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Minor surface cracking is present on the graded substation pad. The
most prominent surface cracking, other than the main headscarp, is located
over the main entry generally below an elevation of 7,600 feet. The surface

cracking is located in the same area as the seepage zones mentioned above.

The slope adjacent to the south side of the main entry was actively
sloughing during our reconnaissance. Water was ponded at the top of the re-
taining wall adjacent to the north side of the main entry and seeping from a

construction joint near the bottom of the wall.

The concrete slab supporting the substation dropped 5-1/2 to 9 inches
and the tension increased in the electric wires crossing the headscarp. A
3-1/2-foot high retaining wall adjacent to the south side of the main entry
has rotated out about 1/2 inch. No damage has occurred to the main entry or

to the conveyor entry and no seepage was observed in the roof of either entry.

A small landslide also occurred about 150 feet southeast of the main
entry (about 50 feet northeast of the east corner of the office and bathhouse).
This slide is about 50 feet across at the head and 40 feet long. The slide is
thin and the toe is about at the midpoint of the slope, as shown on Section C

on Plate 3. Water was seeping from the toe at the time of our receonnaissance.

DISCUSSION AND RECOMMENDATIONS

]
GENERAL W}w
i ’

The following discussions are based on the observations documented s
above. It should be emphasized that no subsurface 1nvestlgat10n or laboratory
testing were performed 1n conjunctlon W1th tbls consultation. The remalning
subsections of this report pertain to the probable cause of the landslide,
the key aspects of the landslide, the consequences of continued movement,

recommended immediate actions and recommended long-term actiouns.
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PROBABLE CAUSE OF LANDSLIDE

We believe that the initial cause of landslide movement was related
simply to infiltration of snowmelt cau51ng increased weight of soil above and
loss of soil strength atqinc1p1ent fallure planes.) It 1s also possible that

et o,

an uﬁdetecteqﬂleak'fﬁ the ‘buried water ‘pipes was contributing to initiation
of failure. The initial movement was likely similar or smaller in magnitude
to the small slide east of the office and bathhouse. The initial movement,

however, was sufficient to separate buried water lines flooding the slope sys-

tem with water. The addition of possibly 10,000 gallons of water then caused

I;onal movemenm:in the lower third or half of the slope.

KEY ASPECTS OF LANDSLIDE

Several aspects of the landslide are noteworthy with respect to recom—
mended actions to correct or mitigate the landslide effects. The first is
the segmented nature of the landslide movement. The main headscarp dies out
about 150 feet northwest and 150 feet southwest of the point of maximum dis-
placement. Surface cracking is not observable near the ends of the main head-

scarp, indicating that the slope did not move as a coherent block.

Most of the movement on the slope is concentrated on the lower third of
the slope above the main entry. Subsurface water appeared to be concentrated
in this part of the slope and the slope was actively sloughing during our re-
connaissance. Continued movement of the lower part of the slope will tend to

remove support from the upper part.

Depressions and cavities caused by the landslide movement, especially
the cavities caused by subsurface piping, provide direct conduits for surface
water to enter the subsurface. Subsurface water tends to add weight and de-
crease the effective strength of the slope materials, thereby reducing the

overall stability of the slope.

Water ponding at the top of the retaining wall is also significantly

increasing the lateral active pressure acting on the wall. This existing
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pressure is probably 31gn1f1cant1y hlgher than the wall was designed to sup-

the pad rather than to flow in a positive manner across it.

CONSEQUENCES OF CONTINUED MOVEMENT

The main entry does not appear to be significantly threatened by the
landslide. No evidence was observed to suggest that the roof is taking addi-
tional weight. The retaining walls on both sides of the entry appear to be
performing well; however, the presence of water at the top of the wall is very
undesirable and could lead to severe difficulties and ultimate failure of the

wall.

i e L

Tﬁé substaﬁﬁggmglggrly has the greatest rlsk of damagé“associated with
time of our site visit were apparently within the tolerance limits of the
equipment. Some power lines have been stretched very tightly but have not
interrupted electric service to the mine. It is possible that continued move-
ment of the slide could rotate the equipment to the point where service would

be interrupted. We believe that it is doubtful that continued landslide move-

ment could "break up'" or cause the equipment to become unusable. If the to].e):—/wfqSb

ance limits were exceeded, we believe that the equipment could be releveled or
moved to a level site and reconnected to provide the same electric service now

being prdvided.

Continued ravelling of the slope adjacent to the south side of the main
entry will cause debris to accumulate on the working surface at the base of the
wall. We believe that the material will be primarily a nuisance and can Be
cleared up as quickly as it accumulates. However, continued movement of this
part of the slope tends to remove support from the slope above, which can

cause a progressive failure,

q’/

j“‘
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RECOMMENDED TMMEDIATE ACTIONS

We recommend that six actions be taken immediately. Two of these ac-
tions are monitoring and will help in making decisions if conditions appear to
become worse. Three of these actions are related to minimizing the inflow of
surface water or providing a means for draining subsurface waters. The sixth

action pertains to immediate performance of the substation.

MONITOR SLOPE

Monitoring of slope movements at several places across the main head-
scarp in the vicinity of the substation began the day before our field visit.
This monitoring is being done simply by measuring the distance between steel
pins set on opposite sides of the headscarp. We recommend that these dis-
tances be measured and plotted daily at least until substantial drying of the

slope has occurred, probably late May or early June.

If the distances between pins remain the same or iuncrease only a small
amount during the period, the measurements can be made on a weekly or monthly
basis until next winter when additional water will likely be introduced into
the slope. If the distances between pins increase at an increasing rate, we

should be notified as soon as possible to reassess the slope conditions,

MONITOR WALL

We recommend that a system be established for monitering movements of
the retaining wall adjacent to the main entry. TFailure of this wall could
severely interrupt operation of the mine. A simple monitoring system could
congist of reference marks on the top of the wall about 20 feet apart and a
stable bench mark at a convenient location across the working surface from the
main entry. Relative locations of the reference marks should be recorded and
plotted once or twice per week in a manner similar to the slope monitoring

systemnm.
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FILL DEPRESSIONS AND CRACKS

We recommend that all surface depressions and open cracks be filled to
minimize direct inflow of surface water to the subsurface. Where the cracks
and depressions are easily accessible by equipment, we recommend that they be
wheel-rolled or track-rolled. Care should be taken to maintain the slope moni-

toring pins while the depressions are being filled.

Where the cracks are not accessible, we recommend that they be covered
with plastic sheeting. The plastic must be weighted or fastened to the slope

so that it will not be destroyed by strong winds.

PROMOTE POSITIVE DRAINAGE

Surface water should not be permitted to pond at any place on the sub-
station pad or at the tops of retaining walls. Drainage on the substation pad
could be improved by reestablishing a minimum gradient of two percent. Alter-
natively, surface water could be collected at several locations and conveyed
to the bottom of the slope in corrugated metal pipes securely fastened to the
slope. An engineering hydrology study would be needed to provide a basis for

selecting pipe sizes.

At the tops of retaining walls, surface water should be collected in
shallow ditches lined with continuous plastic sheeting, backfilled with free-
draining gravel material and perforated plastic pipe. The ditches should be
on the order of one foot deep and one foot wide and sloped to drain by gravity
to a convenient location. A hole should be drilled in the wall at the low
point of each ditch to permit water to drain. The plastic pipe should be 1-
to 2-inches in diameter and slotted at l-foot intervals. A sketch of the

recommnended ditch system is presented on Plate 4.

DEWATER SLOPE

The slope adjacent to the south side of the main entry is actively
sloughing apparently due to seepage of subsurface water. We believe that most

of the slope movement is confined to the zone of surficial material overlying
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bedrock. The clayey nature of the surficial material suggests that drainage
of the subsurface water will not occur readily. However, we understand that
it is relatively simple and inexpensive for SUFCO to have a few holes drilled
with a jackleg. Therefore, we recommend that an attempt be made to dewater

the slope using this method.

The holes should be drilled into the roof of the main entry beginning ' MN
behind the lined section of the entry and extending as much as 150 feet to the ‘Jw¥ B
northeast. The substation is above the main entry about 150 feet from the por-rﬁ' .
tal. We suggest that three holes be drilled in the roof in a "fan'" pattern at /&
about 10-foot intervals. We also suggest that the holes be drilled to within
about 5 feet of the surface. Therefore, the holes should range in length from
about 10 to about 40 feet,.

SUBSTATION PERFORMANCE

As previously discussed, it is our opinion that the substation equip=-
ment would not be destroyed by continued landslide movement. However, some
overhead wires have been stretched very tightly by the slope movement. We
recommend that these wires be restrung in a slack condition as soon as pos-

sible so that electric service will not be interrupted by broken wires.

RECOMMENDED LONG-TERM ACTIONS

For uninterrupted operation of the mine, it is essential to protect
the main entry and the electric substation. Since the landslide appears to
be shallow and the entry roof does not appear to be taking weight, the main v
entry does not appear to be in danger. To reduce the risk of ravelling ma- ! %G
terial falling into the mouth of the main entry, the lined section of the Qﬁ?”

entry could be extended a few feet to the southwest intc the working area.

The slope on which the electric substation is located has moved in a
complex manner. Movement of the slope adjacent to the south side of the main
entry will continue to remove support from the segment of the slope where the

substation is located. This slope cannot be flattened because support for the
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slope above would be.removed. Therefore, we recommend that the slope adjacent
to the south side of the main entry be supported by a crib wall. The wall
should be about 50 feet long and about 20 feet high. The crib construction
could be timber, steel or concrete, whichever is more cheaply available at

the mine. It is very important that free-draining material be used for back-
£ill.

A temporary excavation will be required for construction of the wall;

therefore, the wall should be built in the late summer or fall when water in % f

the slope is at a minimum. We would be pleased to provide more specific rec- ;

ommendations for design of the crib wall; however, we would need more detailed

topographic information (1 inch = 10 feet) in order to do so.

The influence of water on the stability of the slope is very clear.
The initial cause of the slope problems could have been seepage from snowmelt:
alternatively, an undetected minor leak from one of the buried water pipes

could have been the initial cause.

Considering the importance of the substation to the operation of the
mine and the relative cost of relocating the substation, relocation of the
water lines might be warranted. Such a relocation would remove the water
lines from the vicinity of the substation and significantly decrease the risk

of renewed slope movement.

A possible relocation alignment could be near the south side of the
new shop and warehouse. About 260 feet of new pipe would be required for each

of the water linmes but much of the existing lines probably could be reutilized.

DRATNAGE DEVICES

Many slope problems are caused by uncontrolled or partially controlled
surface drainage. It is a common practice to collect surface water along a
roadway or building pad and convey it to the nearest free face. The water
is usually conveyed in a corrugated metal pipe for a few feet and then dis-

charged onto the slope.
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Prominent erosion gullies commonly lead from the point on the slope
where the discharged water first strikes the slope to the stream channel at
the bottom of the slope. Eventually, the gully head progresses upslope and
part of the road surface or building pad fails into the gully.

Gullies below drainage devices can be minimized by extending the pipes
to the stream channels at the bottoms of the slopes. An economical alterna-
tive to extending the pipe is to attach durable fabric slee&es to the ends of
the steel pipes. The sleeves clamp onto the pipes and extend to the bottoms

of the slopes and prevent discharge water from eroding gullies.

We recommend that these fabric sleeves be considered for use on all

drainage devices at the mine and along the access road.
o0o

We trust that this report is sufficient for your present needs. If you
have any questions, please contact us. The following are attached and com~

plete this report:

Plate 1 - Vicinity Map

Plate 2 = Map of Landslide Features (March 10, 1982)

Plate 3 - Cross Sections

Plate 4 -~ Sketch of recommended ditch system at top of retaining wall

Very truly yours,

DAMES & MOORE

il
William J. Gordon
Partner
Professional Engineer No. 3457
State of Utah

ey K. featn

Jeffrey R. Keaton
WJG/JRK:si Engineering Geologist
6 Copies Submitted
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over the mined panel. Monitoring in the mine involved the use of borehole
pressure cells, rod extensometers and convergence measurements as well as
measurement of in situ stress by overcoring.
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This report was prepared by Woodward-Clyde Consultants,
San Francisco under Department of Energy (DOE) Contract

"No., DE~AC01-78ET12220. The contract was initiated under the

DOE Environmental Program. It was administered under the
technical direction of the Coal Mining Division, and

W. F., Eichfeld and Michalann Harthill acted as Technical
Project Officers. Mr. Dave Williams was the contract admin-
istrator for DOE. This report is a summary of the work com-
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1.0 INTRODUCTION

This report was prepared by Woodward-Clyde Consultants (WCC)
for the U. S. Department of Energy (DOE) under Contract No.
DE-ACO01-78ET12220, entitled "Design and Demonstration of
Subsidence Monitoring Systems." The project was initiated
to demonstrate three systems for monitoring subsidence in an
undermined area, (Table 1.1). These three systems were pre-
sented in a feasibility report prepared by WCC, entitled
"Subsidence Monitoring Systems for Undermined Areas.*"

Fach system consists of (1) a set of measurements that are
useful for a particular type of subsidence problem, (2)
recommended instruments to make those measurements (Table
1.1) and (3) recommendéd monitoring layout and frequency.
The systemes are designated "Structural Performance," “"Per-
formance of Supported Systems," ané "Performance of Caving

Systems."
1.1 OBJECTIVES

In general, the systems were designed to help mine operators
and public agencies in developing empirical relaticnships
and in determining site parameters that can be used to con-
trol subsidence movements (for details of these objectives,
see O'Rourke and others, 1977). Data recorded by these sys-
tems provide input for modeling and predicting ground move-

ments to improve mine stability, minimize surface damage,

*O'Rourke, J. E., Mabry, R., Ranson, B. B.,, and O'Connor, K.,
1977, Subsidence monitoring systems for undermined areas:
Contract No. USDOE ET-76-C-01-9123, U. S. Department of
Energy, National Technical Information Service Publication
No. FE/9123-1.
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and aid productivity of future mining activities in adjacent
seams. Certain instrumentation systems may also be used
by private land owners or users who wish to monitor surface

effects of subsidence on their land or on existing structures.

While such economic and social reasons may motivate mine
operators and public agencies to implement instrumentation
programs to monitor subsidence, legal and institutional
guidelines, based on environmental protection, are the cur-
rent impetus for monitoring. Many states, including Ken-
tucky, Pennsylvania, Colorado, Wyoming, and Illinois, have
enacted mining subsidence regulations. The federal Office
of Surface Mining, created in 1977, has authority to regulate
surface effects of underground mining and currently requires

mines to provide a subsidence control plan (CFR 784.20).

1.2 DEMONSTRATION PROGRAM

With these objectives in mind, a demonstration of the
instrument systems was undertaken to determine whether the
monitoring systems and their component instruments can pro-
vide useful data on mining subsidence. The demonstration
work included:

. Design of a test program

e Acquisition and installation of equipment

. Operation of instruments

] Evaluation of the effectiveﬁess of the thrée

measurement systems.

The demonstration program was conducted at the SUFCO No. 1

coal mine near Salina, Utah (Figures 1.1 and 1.2), where a

1-2
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selected panel was instrumented (Section 3.1). The panel is
approximately 950 to 1,050 feet deep, 500 feet wide, and
2,100 feet long. The thickness of coal mined averaged 8
feet.

Because of delays, winter weather, and mining problems in
the panel, the field demonstration program did not achieve
all the cbjectives of evaluating the three subsidence moni-
toring systems. However, it did provide a good assessment
of most of the instruments, case history data for the SUFCO
mine panel, and a review of special mining problems at the
panel. As a result of the evaluations, two monitoring
systems that may prove more cost effective for monitoring

subsidence at high-extraction coal mines are proposed.
1.3 ORGANIZATION OF REPORT

Section 2.0 of this report first discusses the planning
phase for the demonstration program, site selection, the
cooperative agreement with the SUFCO mine, permitting, and
equipment and contractor selection. Site conditions and
general field procedures are described in Section 3.0. Mon-
itoring of basic operations are reviewed, and cleanup and

reclamation procedures are reported in Section 4.0.

Field data are presented by instrument type in Section 5.0
and in Appendix A. A model developed from the field data to
explain the mining problems at the panel is discussed. In
Section 6.0, evaluations and ratings of the instruments and
measurements for the most comprehensive of the three sys-
tems, "Performance of Supported Systems," are presented.
From this information, two levels of effective subsidence
monitoring programs are identified. Section 7.0 presents
the summary and conclusions of this report.
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TABLE 1.1

SYSTEMS AND INSTRUMENTS

Ground Surface Horizontal Strain
(Lines)

Ground Surface Horizontal Strain
(Triangle)

Ground Surface Crack Movement

Ground Surface Tilt

—

Steel Tape
Extenscometer

Steel Taﬁe
Extensometer

Precision Level With
Stee] Tape or Tape
Extensometer

MEASUREMENT
SYSTEM
SYSTEM B EYSTEM D SYSTEM E
STRUCTURAL PERFORMANCE OF PERFORMANCE OF
MEASUREMENT PERFORMANCE SUPPORTED SYSTEMS CAVING SYSTEMS
Ground Surface Vertical - Precizion Level Precision Level
Settlement

Steel Tape
Extensometer

Stee]l Tape
Extensometer

Steel Tape
Extensometer

Precision Level
With Steel Tape or
Tape Extensometer

Structure Differential
Vertical Settlement

Structure Strain

Structure Crack Movement

Precision Level
Rod Extensometer
with Micrometer

Dia)l Indicator
Strain Gauge

Subsurface Vertical

FPBX with Electro-

FPBX with Electro-

Mine Laval Rock Bolt Load

Mine Level Pillar Stress
(Absolute)

Mine Level Pillar Stress
(Relatjive)

Mine Level Rock Noise

Bydraulic Load Cell
Elastic Disc Load Cell

USBM Borehole
bDeformation Gauge

Encapsulated Flat Bore-
hole Pressure Cell

Deformation magnetic Torpedo magnetic Terpedo

Subsurface Horizontal — FPBI with Servc Ac- FPBI with Servo Ac~-

Deformation celerometer Torpede celerometer Torpedo

Extent of Subsurface —_— — Microseismic,

Fracturing with headphones

Mine Level Roof Sag - Precision Level ) ——

Mine Level Convergence — Steel Tape Steel Tape
Extensometer Extensometer

Mine Level Roof Strata -— MPBX, Rod Type, —_—

Separation with Dial Gauge

Mine Level Prop Load —

Hydraulic Load Cell
Elactic Disc Load Cell

USBM Borehole
Deformation Gauge

Encapsulated Flat Bore-
hole Pressure Cell

KEY: FFPBX = Pull Profile Borehole Extensometer
FPBI = Full Profile Borehole Inclinometer
MFBE = Multi«Point Borehole Extensometer

ST
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2.0 PREPARATIONS FOR FIELD OPERATIONS

2.1 GENERAL

In this section, the various tasks carried out prior to
field work are briefly reviewed. The objectives of the sec-
tion are: (1) present information on events that affected
the evaluation of the instrument systems; and (2) assist
future investigations and industry in setting up instru-

mentation programs. The following items are discussed:

Site selection
Cocperative agreement with a mine operator

Permitting

Equipment and contractor selection.
2.2 SITE SELECTION

Four room-and-pillar mines employing continuous miners and
high extraction mining were visited and evaluated for this
project after an initial screening of potential mines. Data
were collected on topography, logistics, mine operations,
interest in participation, overburden, coal seam characteris-
tics, climate, and mining schedule. 2an evaluation matrix

was developed (Table 2.1), and each candidate mine was

rated. This procedure, which led to the selection (in
December 1978) of the SUFCO No. 1 mine near Salina, Utah,

was documented in the site selection report submitted for

this project in December 1978.

Because of the depth of cover (1,000 feet) at SUFCO No. 1,
DOE directed WCC to negotiate with the second-rated candi-
date mine. Although that mine made verbal commitment to

sign a cooperative agreement, problems in their long~range
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planning ultimately prevented them from entering into a
cooperative agreement for the research program. As a
result, discussions were reopened with the SUFCO mine in

June 1979. A cooperative agreement was concluded with that
mine in August 1979,

2.3 COOPERATIVE AGREEMENT WITH A MINE OPERATOR

The cooperative agreement described the project and
detailed the contractor's responsibilities, the owner's
contribution toward program objectives, subcontractor's
responsibilities and restrictions, duration of the project,
publication rights, ownership of data, records and property,
liability for accidents, damage, fines, procedures for
notification of parties, and insurance. The cooperative
agreement was comprehensive, and no disputes arose during
the work.

2.4 PERMITTING

The permit application to install and operate instrumenta-
tion was filed with Fishlake National Forest under 36 CFR
252 FSM 2850 for review by the Forest Service. The Forest
Service referred the application to the Office of Surface
Mining (OSM) for approval. The OSM reviewed the program
with respect to 30 CFR 741.11 and 30 CFR 815, and requested
input from the U. S. Geological Survey (USGS) and the State
of Utah. Approval to install and operate instrumentation
was finally given on November 19, 1979.

Unexpected delays in permitting occurred in part because the
initial permit application did not include provision for a
short road to make several large hillside cuts for the drill

pads. Furthermore, in the site selection and planning
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visits, a flat meadow was presumed to overlie the panel.

Steeper terrain (Figure 2.1) over the panel was noted when

the surveyors located the panel boundaries in September,

after the initial permit application had been filed. A new

permit application then was filed at the request of the

Forest Service. This permitting experience points up the

need for: (1) allowing a substantial period of time for

permit acquisition; (2)

surveying the site to delineate mine

panels early in the planning stage, and (3) obtaining (if

available) a topographic map with closely spaced contours

during the planning stage.

The Forest Service assisted the applicant in preparation of

the permit application and made suggestions for reclamation

procedures. The final permit application included:

] Purpose of the project

o Names of the party seeking to drill and of the

on~site representative

® Surface and

subsurface ownership

° Duration of project

e Description of the study area, including
topography, geology, and vegetation

° Site access and road needs

. Description of operations, including site layout

® Environmental protection measures

° Archaeological inspection report.



The Office of Surface Mining appended a list of additional
environmental protection stipulations to the application
and required a $5,000 performance bond.

2.5 EQUIPMENT AND CONTRACTOR SELECTION

Equipment was selected by soliciting quotations from manu-
facturers of the designated instrument types and evaluating
the items in terms of cost, reliability, and guality. Some
of the equipment was specially modified for this project.
Drilling contractors were solicited by requests for quota-
tions and were selected on the basis of cost, type of eguip-
ment, and experience in the area. The two major subcon-
tracts for the deep hole and underground drilling were
reviewed and approved by DOE, as required for subcontracts
exceeding $10,000. The subcontractors selected were North-
west Air Drilling of Ogden, Utah, for the deep holes, and
Earth Exploration of Salt Lake City, Utah, for the under-
ground work. A third subcontractor, Anchor Services of
Rangely, Colorado, drilled shallow holes for the survey
monuments.
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TABLE 2.1

SITE SELECTION

nd
.
e

SELECTION
CRITERIA

RATING

3 (DESIRABLE)

2

1 {UNDESIRABLE)

TOPOGRAPHY

LOGISTICS

MINIKG

COOPERATION

OYERBURDEN

COAL SEAM

CLIMATE

TIMING

flat, low vegetation, 1ittle surface
water, l{ttle surface activity

facilities close (motels, restaurants,
rental cars, airport, highway, sup-
piiers), good surface access, good
underground access {drift mine best},
seryices available (power, water, afr},
experienced drilling contractors avail-
able, “close” to Denver/S5an Francisco

continuous miners, room-and-piltar,
pillar recovery, high productfon rates,
large panels, high extraction

interested, informed, needs data, will-
i{ng to sign a cooperative agreement,
able to divulge data, willing to pro-
vide on-site offfice facilities (or
Field office trailer space), non-union

less than 300 ft, stable borehole walls,
consistent and known geclogy, simple
structure

more than 6 ft thick, thicker than
averburden thickness + 100, relative-
Ty ftat, competent roof, clean coal
{not bony, Tow sulfur)

tow precipitation, moderate tempera-
tures, minimal wind, 11ttle snow

Scheduling compatible

INTERMEDTATE BETWEEN 1 AND 3

rugged, mountainous, tall vegetation,
swampy, lakes, much traffic and other
surface activity

facilities farther than about 30 miles,
surface access requires roadbuilding or
foot travel only, underground access
through shaft, services must be in-
stalled, experienced drilling contrac-
tors unavailable, far from Denver/San
Francisco

conventional mining, ptilars not recov-
ered, low production rate, small pan-
els, low extraction

tolerant, disinterested, unable/unwill-
tng to assist, unwilling to sign a coop
agreement, data proprietary, field of-
fice facitities not available, strong
UMWA influence

thicker than 100 X coal thickness,
boreholes require casing, complex/
variable geclogy, geclogy not mapped,
steeply dipping strata, highly faulted
and jointed

tess than 5 ft thick, less than 08 + 100,
steeply dipping { >10%}, poor roof con-
ditions, bony/rocky coal

heavy precipitation, extreme high/low
temperatures, much high wind, heavy
snow accumutation

scheduling not consistent with program
plan
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3.0 INSTRUMENTATION AND INSTALLATION

This discussion of field operations includes a description
of site conditions, instrumentation layout, and general
installation conditions that affected program objectives.
Further details of equipment installation are included in
Appendix B. A detailed site design report covering this
work was submitted for this project in October 1979. The
major instruments installed at the site are summarized on
Table 3.1. '

The field work was conducted by Woodward-Clyde Consultants
with the aid of the three drilling subcontractors. SUFCO
mine personnel were not involved in the daily operations but
provided assistance, advice and manpower when needed. They
also assisted in some monitoring of underground equipment
and conducted several surface surveys during the summer of
1980.

3.1 SITE DESCRIPTION AND MINING PLAN
3.1.1 Location

The study was conducted at the SUFCO No. 1 mine approxi-
mately 35 miles from Salina, Utah, in the Wasatch Plateau
(Figures 1.1 and 1.2). The portal of the mine is located on
East Spring Canyon, off Convulsion Canyon. The surface site
is located at an elevation of approximately 8,600 feet on
the slopes of Little Duncan Mountain, in a general area
known as 0ld Woman Plateau. The topography is a moderate to
steeply sloping hillside with an adjacent flat meadow.
Access to the site from Salina, Utah, is by highway and by
10 miles of dirt road. Nearest support facilities are
located at the mine, about 12 miles away by dirt road.
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Access to the surface site was difficult during the operation
phase, which began in winter. No on-site storage or surface
radio communication was available., Both are recommended for
future monitoring of remote sites, particularly under winter

snow and spring thaw conditions.
The underground site is approximately 2 miles from the mine
portal. The drive from the portal to the underground site

by diesel boss buggy took about 30 minutes,

3.1.2 Stratigraphy

In the vicinity of the site, the Price River Formation over-
lies the Blackhawk Formation. The Castlegate Member, the
basal member of the Price River Formation, forms the cliffs

and plateaus near the mine. The Price River Formation is

characterized by sandstones and sandy siltstones with rela-
tively good drillability.

The transition from the Price River to the Blackhawk Forma-
tion occurs between 270 and 320 feet in SUFCO hole M-1
(Figure 3.1). Below this depth, siltstones, claystones,
carbonaceous shales and occasional thin seams of coal pre-

dominate.

The borehole did not penetrate the mined seam, the Upper
Hiawatha member of the Blackhawk Formation. Drillability in
the Blackhawk Formation was frequently poor. The transition
2one between the two formations was the site of strong
differential displacement during undermining, resulting in

shearing of some of the deep hole equipment.

Frequent faults, trending about N30°W at the site, have an

almost vertical dip and can be mapped from satellites and .
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observed at mine level. Two of these faults are thought to
be responsible for the heavy conditions at mine level that
led to abandonment of a section of the 2E3L panel (Figure
3.2).

3.1.3 Mining Plan

A panel retreat mining method with continuous miners was
uéed. This method included a three-entry system driven up
the right side of the panel over a threé-month period. Pil-
lars in the entries are on 60-foot centers. After driving
the entries the panel was mined from north to south. Ini-
tially three rooms on 60-foot centers were driven 500 feet
across the panel, perpendicular to the entries, with cross-
cuts at regular intervals. The pillars were then mined
between the northernmost pair of rooms. The next room to
the south is then driven so that three rooms remained. The
process is repeated, until the panel is completed. Approxi-
mately three rooms and three rows of pillars are mined per
month. Chain pillars between 2L (previously mined) and 3L
(current panel) were mined to the extent possible as 3L was

mined.

3.1.4 Staffing Needs

Two WCC engineers/geologists generally were required for
installation tasks. This same team would ordinarily suffice
to obtain data immediately after installation is complete,
but winter conditions limited post—installation data acqui-
sition. Later, routine surface instrument monitoring gen-
erally required two people. Most of the underground equip-

ment was monitored by a single, trained person. Technical

personnel from the mine assisted WCC engineers when necessary.

*
Satellite photos trace unstable mine roof: Coal Aage,
September, 1978, p 60-69.
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3.2 SURFACE INSTRUMENTATION AND LOGISTICS

3.2.1 Instrumentation

The above-~ground installation was started in October, 1979
and was generally completed in early January, 1980. The

completed permanent above-ground installations included:

° 43 survey points (33 for tape extensometer)
° Two deep cased inclinometer/Sondex holes
) Three microseismic installations (two holes with a

total of four grouﬁed-in-place geophones and one

hole for a portable geophone assembly).

Locations of these instruments relative to the mine plan are .
shown in Figure 3.2. The instrumented brick wall planned
for the program was not constructed because of permitting

delays and the onset of winter weather.
Survey Points

The 43 survey points were used to measure surface vertical
subsidence and horizontal strain. All were used for the
level survey and 33 were used for the tape extensometer
survey. The points were installed over the panel along
three lines. Line AA (Figure 3.2) extended beyond the north
end of the panel across the barrier pillar and line DD
extended outside the mined areas above solid coal for a dis-
tance of 500 feet. These lines were designed to show the
complete subsidence trough configuration caused by mining
one panel with solid coal boundaries, as well as the effects

of previous and possible subsequent mining of adjacent
panels. Line CC was located closer to the barrier pillar



than line DD in order to characterize subsidence processes
in an area of partial subsidence.

?» Thirty-eight survey points were precision-machined cone

| monuments* installed in drilled holes; five points consisted
of driven rebar installed on slopes greater than 10 percent
where the auger could not be used (Figures 3.3 and 3.4).

B The machined cone points accommodated beth the level rod and
the extension rods used with the tape extensometer assembly

& (Section 4.1.2; Figure 3.5); the driven rebar rods were not

. stiff enough to tolerate the 40~pound horizontal pressure

needed with the tape extensometer. A conventional driven or

drilled survey point would be more economical if tape

extensometer monitoring were not planned.

Combined Sondex/Inclinometer Assemblies

'l Two combined Sondex/inclinometer assemblies were installed
I_ to measure subsurface horizontal and vertical deformation,
- to provide insight into how the overburden adjusts as it is

undermined. The Sondex system detects the vertical location
of the wire rings fixed around the flexible casing which is
keyed to the borehole wall with the grout backfill. The

e

inclinometer system measures tilt and corresponding hori-
zontal deflection along the two orthogonal axes defined by
the casing grooves.

e
] S

The assemblies, installed to 300~ and 800-foot depths, con-

f

sisted of nested, grooved ABS plastic inclinometer casing
!- inside corrugated polyethylene casing. The latter was

ground displacement around deep excavations: Field Instru-
mentation in Geotechnical Engineering, British Geotechnical

’ Burland, J. B., and Moore, J .F. A., 1973, The measurement of
‘; Society, Proceedings, John Wiley & Sons, New York, p 70-84.
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outfitted with external metallic rings at 10-foot intervals
(Figure 3.6). The assemblies were located over the rib and
center of the panel in order to provide horizontal and ver-
tical subsurface displacement data for full and partial sub-
sidence conditions. The 300-foot installation over the
panel rib was completed and operated successfully for a
major portion of the monitoring period. The 800-foot hole
was instrumented over the panel center. 1Initial readings
were not obtained until nearly 3 months after installation,
when only 500 feet of hole could be monitored. Hole depth
loss may have been caused by mining movements or by instal-

lation problems.
Microseismic Installations

Microseismic activity such as grain fracture and slippage in
soil or rock formations may be monitored by means of porta-
ble or permanent geophones. Highly stressed zones may emit
detectable microseisms before large deformations occur, and
monitoring of the microseismic activity can produce data
tracking vertical extent of subsurface fracturing in rela-

tion to mine advance.

One portable microseismic system (Figure 3.8) and two grouted-
in-place assemblies were installed (Figure 3.7). An 800-foot
hole for the portable system (M-1), located over the panel
center where maximum activity was expected, was cased with
4-inch heavy wall pipe. The annulus between the casing and
the hole was grouted with neat cement. Two grouted-in-place
geophone assemblies, consisting of two piezoelectric geo-
phones each, were completed over the panel rib in holes
drilled to depths of 300 (M-3) and 800 feet (M-2). The geo-
phones were grouted at 144, 265, 472, and 672 feet. A con-
striction in the 800 foot hole stopped the portable geophone
short of the full depth. The grouted geophone cables were




greased and sleeved with rubber hose to prevent bonding to
the grout and to allow the cables to adjust to mining move-
ments.,

3.2.2 Site Preparation and Drilling

The drilling program did not begin on schedule because of
delays in the site selection and permitting procedures. As

a result, most of the work was done in late fall and winter.
Site Preparation

Three drill pads were constructed for the deep hole instal-
lations. Mud pits were constructed for use as settling
ponds for the cuttings, because the holes were air-drilled
with foam that was not recycled. A short spur road across a
steep hillside was constructed to hole M-1. The topsoil
from these areas was stockpiled. Brush was cleared along
the survey point lines as needed. A local contractor,
Maurice Rasmussen Company, performed the surface earth work.
Water for the drilling was hauled from a nearby pond until
the winter freeze, when it was hauled from the mine.

Deep Hole Drilling

The deep hole work was performed by Northwest Air Drilling,
Ogden, Utah. The deep holes (I-1, I-2, M~1, M-2, M-3) were
drilled with a CP 1800 air rotary drill, which was equippéd
with a 600 cfm, 250 psi compressor. This rig, usually
employed for water wells, was used because of the need for
8-inch diameter holes. An exploration rig, while capable of
drilling to several thousand feet, usually cannot handle
bits over 6 inches in diameter.

After initial drilling with a 7-7/8 inch button roller bit,
a hammer bit was used. This bit proved more satisfactory in
the shales and siltstones. The penetration rate ranged from

5 -
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5 to 20 feet per hour with the hammer bit., A stiff foam was
used for flushing out drill cuttings. Some minor inflow was
encountered in the upper 300 feet of each hole, but in gen-
eral the holes did not yield water.

Control of billable guantities was achieved by completion of
a daily log with items listed as in the contract. See
Table 3.2.

Shallow Hole Drilling

Thirty-eight 4-~foot deep 8-inch diameter shallow holes were

drilled with a Texoma truck-mounted auger. The auger was
side-mounted and moveable. On slopes greater than 10 per-

cent, the oil collected in the front of the oil pan and

could not be cycled properly by the truck's oil pump. This

problem limited the auger to slopes less than 10 percent, .

The shallow holes were drilled by Anchor Services of Rangely,

Colorado.

Winter weather conditions caused daily delays. Diesel
engines on the water truck and drill rig were difficult to
start in low temperatures. Water had to be hauled daily
because it would freeze overnight. A snow plow was kept at
site and chains were required on all transport vehicles.
The CP 1800 drill rig experienced several mechanical fail-
ures, possibly related to the stress from rapid temperature
change from 0°F at night to the engine's operating tempera-
ture. Drilling was conducted on 12-~hour shifts; a 24-hour
work regime with two engineering and drilling crews, as is
practiced in arctic climates, might have minimized these

cold-related problems.

-
!
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3.3 UNDERGROUND INSTALLATION

3.3.1 Logistics

Sane general logistic considerations affected the instal-
lation and final location of the underground instruments.
These considerations are a function of the reguirements of a
production operation in an underground environment and the

special needs of a coal mine, as follows:

Performance of roof and pillars

° Availability of power
. Availability of water
(] Working space

® Dust

° Permissible eguipment
° Transportation

] Communication

) Traffic

°

°

Fire safety.
Availability cf Power

The length of trailing cables for electrical face equipment
is generally limited to 500 feet (CFR 30-CHI-18.35). There-
fore, the power plant is located within 500 feet of the face
in order to service continuous miners at the face. Electri-
cal power for instrument installation is available from the

plant, and 110 volt AC power is frequently an option.

Electrical cables must hang from the roof or from ribs by
insulated J hooks attached to spads or rock-bolt-bearing
plates. The cables cannot touch the roof or ribs. Trailing
cables, which may trail on the ground, have stringent

requirements that would be impractical for cables servicing
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installation tools. All power cables used underground must
be grounded.

Same limitations caused by using electrical power may be
avoided by using diesel equipment, Diesel can be an advan-
tage for instrumentation work, because it permits work any-
where in fresh air using diesel compressors and air tools.
Diesel equipment used for this project consisted of a Kubota
diesel tractor for transport and a 600 cfm diesel compressor
for drilling. Beth engines were retrofitted with catalytic
converters and were inspected by a State of Utah inspector
for emissions prior to going underground. Diesel eguipment
use is regulated by 30 CFR 20-13.

Availability of Water

The SUFCO mine has an extensive system of water pipelines

and standpipes along the belt line to bring water to the
face. This system can be tapped for instrumentation drill-
ing and installation; however, the nearest standpipe or
valve was frequently several hundred feet from the work
area. This separation and the routing of water lines
around stoppings and pillars contributed to long runs of
water hose, -The water hose was hung from the ribs with
spads and hooks to prevent traffic damage and a small hole
was punched in the nearest stopping to allow direct hose

acCcess.

The discharge water from the drilling operations was
directed into a depression in the floor, where it was then
filtered and reused. This recycling measure reduced the

load on the mine's pumping system.




Working Space

The panel had 6 to 8 feet of working height, but it was
still necessary to use 1- and 2-foot long drill steel. A
small depression in the floor and a small cutout in the roof
were also required during the overcore tests in up-holes, to
make room for all equipment.

The extensometer rods as shipped from the manufacturer were
too long for the working space. They were cut and joined
underground using butt-joints and an internal threaded stud.

Dust

Respirators were used at instrumentation sites for minor
dust-producing operations such as hand drilling in coal and
mixing cement. Heavy equipment used for instrument work at
these sites had to be positioned carefully to avoid directing
the exhaust stream at coal pillars. Dust from the compres-
sor and air-drill exhaust at the work sites can cause
increases in dust levels at the mining face. Coal and rock
dust from the general mining operation eventually coats
installed equipment, some of which (e.g., tape extensometer)
proved sensitive to dirt. The reflectors used to mark the
installations were coated and obscured during rock dusting

operations and had to be cleaned frequently to maintain
their visibility.

Permissible Equipment

All equipment used between the face and the last open cross-
cut had to be permissible (CFR 30-CH F-75.500) (i.e., formally
approved by MSHA). A permissible instrument or machine must
contain all explosion~proof components or be intrinsically
safe, incapable of igniting an explosion in a methane atmo-

sphere. Much of the instrumentation-related equipment was
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hydraulic or mechanically operated, to allow operation

between the face and the last open crosscut.
Transportation

The need for frequent trips to the surface for supplies and
to the mine face made special transportation necessary, and
because of electrical limitations a Kubota tractor was
used. It was modified with seats, hand rails and foot
rests; the diesel engine was fitted with emission controle.
The mine provided transportation for large equipment, such
as the air drill and cocmpressor.

Communication

Mines have a battery-operated phone system, which can be

used to call other sections, the plant and the offices.

Traffic

Movements of mine vehicles underground must be considered
both to avoid injury and to prevent delays in the mine
operations. The operators of mine equipment generally sit
to one side of the machine and have poor overall visibility.
Trailing cables presented a hazard because they can whip
across a room as the vehicle moves. Some damage to the
installations was caused by mine equipment operations,
despite precautions such as reflectors mounted on the

installations to improve visibility.
Performance of Roof and Pillars
Instrumented mine areas commonly become unstable with time;

spalling pillars and roof may damage equipment and supports
may be lost. In the areas instrumented for this study, the

L= By }




roof was more stable than the pillars and was used for
hanging equipment.

Fire Safety

As required by law, five sacks of rock dust were kept near

diesel and electrical equipment in case of fire.

3.3.2 Instrumentation

The underground installation program, which lasted 2 menths,

included the following instruments or test apparatus:

Survey and convergence points
Deformation gauge

Hydraulic borehole pressure cells
Instrumented roof bolts

Rod extensometers.

The locations of these instruments are shown on Figure 3.8.
Details of the installation procedures for these instruments

are shown on Figure 3.9 and are discussed in Appendix B.
Survey and Convergence Points

Mine level roof sag and convergence are measurements of ini-
tial subsidence deformation. Roof sag and convergence moni-
toring are typically used as an indication of the need for
supplemental support installation.

The use of roof sag or convergence data for determining
absolute roof or floor movements requires a stable reference
point. One benchmark, six roof points and two floor points
were installed between Rooms 6 and 27. Five pairs of con-
vergence points were later installed in Room 23. The points
consisted of rebar with SINCO spherical head reference

- N -,



points attached (Figures 3.13 and 3.14). Roof sag was moni-
tored with a precision level; convergence was measured with
the tape extensometer.

Deformation Gauge

Absolute stress measurements were made for comparison with
relative stress changes that occur as stress is redistri-

buted on pillars, roof and floor as the face advances.

The Irad USBM borehole deformation gauge measures radial
deformations in three directions in a 1-1/2-inch diameter
borehole when a concentric é~inch diameter hole is overcored
past it. Core samples retrieved during the overcore test
were tested in a biaxial chamber to determine the modulus of
elasticity, which was used to convert the borehole deflec-~
tions, measured by the deformation gauge, into stresses.

The principal stress was calculated assuming one principal

stress to be vertical and equal to the weight of overburden.
Hydraulic Borehole Pressure Cells

Six Terrametfies hydraulic borehole pressure cells (BPC)
were planned to monitor pillar pressures. The cells were
installed in horizontal holes in Rooms 6 and 13. A wire
frame oriented two cells to measure vertical pressure and

one to measure horizontal pressure in each hole.

The cells were oil-filled flatjacks (Figure 3.15), connected
by a single steel tube extending from the cell to a terminal
block located at the collar of the drillhole. A 3 percent
accuracy Bourdon-tube type pressure gage was mounted on the
valve block. The cells were pressurized after installation
by connecting a pump at the valve block. Of the six cells
installed, two failed to hold pressure immediately after

installation and one would hold only nominal pressure.

>-14
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Instrumented Roof Bolts

Three calibrated roof bolts, each outfitted with two pairs
of bonded strain gauges (Figure 3.13), were installed in the
regular bolting pattern (4-foot centers) to monitor stress
buildup and bending. One additional bolt was damaged during
installation, and wires to two strain gauges on one bolt

were damaged.

The instrumented bolts were installed to study the stress
transfer process and its relation to subsidence. Informa-
tion on bending could indicate how the roof deforms in

response to undermining.

Rod Extensometer

Two Interfels rod extensometers were installed to monitor
mine roof strata separation. Four-point rcd extensometers
were planned, but the completed installations had fewer
anchor points. The final installations consisted of a
two-point assembly in Room 6 with anchors at 12 and 17 feet
and a three-point assembly in Room 13 with anchors at 10,
20, and 50 feet. The rods connected to the anchors were
sleeved with plastic pipe so that displacements measured at
the head of the instrument would reflect movement of the
roof relative to the anchors (Figure 3.17). The character-
istics of roof strata separation can indicate active depth
of roof beam support over the span and the competence of the
roof; deformation data can be useful input to modeling

studies.



3.3.3 Underground Drilling

Large Diameter Hole Drilling

Earth Exploration of Salt Lake City, Utah, drilled large (3-
and 6-inch) diameter holes and assisted in installation of
equipment associated with those holes.

The holes were drilled with a CP-8 air drill, powered by a
600 cfm diesel compressor. The intake of the compressor was
turned toward the fresh air flow stream to prevent overheat-
ing. The exhaust was pointed away from the work area to
prevent buildup of bad air in the drilling area. Water was
taken from the mine's water supply system for drilling fluid
and was discharged onto the mine floor. Because removal of
this water burdened the mine's pumping system, it was reused

for drilling whenever possible.

Timbers were set around the drill to stabilize the roof when
drilling vertical up holes. Three rock bolts were installed
by the mine about 12 inches from the hole center. A pipe
dog was suspended from a chain attached to the bolts. To
add a length of steel, the drillers supported the section of
steel in the hole on the pipe dog while adding a new length.
A recess in the roof and depression in the floor were exca-
vated to provide needed working space to perform the over-
core tests with the drill.

Small Hole Drilling

Small (l-inch diameter) holes for survey points were man-

uvally drilled in the roof with a 1/2-inch chuck, rotary ham-

mer electric drill, which could handle bits up to 2 feet

long. A jackleg drill powered by a 350 cfm compressor was .
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used to drill 1-1/2-inch diameter holes in the floor for
convergence points. The mine roof bolter was used to drill

the holes and install the instrumented rock bolts.



TABLE 3.1

SUMMARY OF MAJOR INSTALLATIONS

NO. OF
INSTALLATION INSTALLATIONS APPLICATION
Canbined Level /Strain Stations 38 Ground surface vertical settlement,
horizontal strain and tilt
Level Station 5 Ground surface vertical settlement
Microseismic Boreholes 3 Extent of subsurface fracturing
Combined FPBI/FPEX Boreholes 2 Subsurface vertical and horizontal
deformation
Combined Level/Convergence 13 Mine level convergence/roof sag
Stations ' .
Mine Roof Extensometers 2 Mine level roof strata separaticn
Flat Borehole Lozd Cells 3)

Borehole Deformation Gauge

Instrumented Rock Bolts

3 tests in
1 hole

Mine level pillar stress (relative) .

Mine level pillar stress (absolute)

Mine level rock bolt load
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TABLE 3.2
DAILY DRILLING LOG

DRILLERS
DATE; HOLE: RIG:
S IGNATURES
(FOR DRILLER) (FOR WOODWARD-CLYDE)
MATERIALS
TIME ITEM NO. HRS. USED

(Arrive on Site)

(LLeave at Site)

ITEM: PLEASE LIST:

MOBILIZATION Set-up at first hole; moves between holes; take down at
. last hole

DRILL Changing bit, drilling, circulating fluid before and after
drilling, pulling up or putting in -steel)

INSTALL Using rig to install equipment
GROUT Grouting holes; mixing cement
OTHER Please describe examples: get water, lunch, rig breakdown

STANDBY State reason



CPS CPS
0 10 20 30 40 fnches 0 100 200 300 400
. —l—tl—— g 10 12 e
(From Cuttings) s b e
DEPTH ROCK DESCRIPTION GAMMA CALIPER DENSITY
W0 Topsoil  Clay . .
" SandstOHE \Siltstone
25
50° Brown sandy clayey siltstone
TV = e e e o ]
Brown fine-grained sandstone
gofl—— — —— e ]
=100’ .
Gray-brown sandy, clayey siltstone
drilled drv
. 3 S
120 {
dritled
with foam
Claystone
-150' '
165 f— — — e e e
Clayey, silty sandstone
174
Sandstone
) ——
-200 Sandstone
205’
[ Sandstone and clayey siltstone
) with orange-yellow
-250 soft sandstone -
270"
Medium to coarse-grained sandstone
with some siltstone
320°
Gray clayey siltstone
340"
-350° .
Interbedded siltstone and sandstone
365’
Black and gray thinly bedded
claystone
._400-3_9_5_'_ n ne and ¢l n
FIGURE 3.1a
BOREHCLE LOG FOR BH M-1
| (Courtesy of SUFCO)



o o o w m m o o @ W wmwwmmm w@e w

cPS CPS
20 30 40 fnches 0 200 300 400
L ? 1I0 112 1 J
(From Cuttings)
DEPTH ROCK DESCRIPTION GAMMA CALIPER DENSITY
Biack claystone & yellow sandstone
427 —— — — — — — o — — — —
As above with black shiny coal —
) some
450 oo hmestone{
; a little
Dark and light gray claystone sandstone
500
OB f— —— ———— — — — —— — —
As above with some coal
535' .
Gray sandstone with some claystone
and a little coal ==
550" 850"
some
sandstone
Dark gray and light gray
claystone and light
gray siltstone shale —m|
600’ .
a little coal {
612
Black carbonaceous shale
interbedded with gray shale
632
Silty fine sandstone with
; black shale
650 663"
m‘ostly
slitstone
Siltstone and sandstone
with some coal
mostly
sandstone
700 705’ Silfstone
Dark and light gray sandstone
with a little black and gray shale
, 145
750 mostly siltstone {
Siity fine sandstone and
gray siltstone with a
little shale
~B00"
END OF HOLR
FIGURE 3.1b
BOREHOLE LOG FOR BH M-1 (contd.)
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FIGURE 3.2
SURFACE AND BOREHOLE INSTRUMENTATION
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(a) Basic Monument for Surveying and Tape Extensometer Use
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FIGURE 3.3
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Source: Burland and Moore, 1973
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Extension Rod
for Alignment

L

2" ¢ Steel Pipe

5/8" ¢ Rebar

6" ¢ Plastic Pipé

(a) Driven Monument for Steep Slopes
(Protective Cover Not Shown)

Sand-Cement Grout

{b) Standard Monument
{Protective Cover Not Shown)

FIGURE 3.4
SURVEY MONUMENT DESIGN
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Tape Extensometer Mounts Here

l %" Radius

3/8"
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—_4
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b -
%' NF = bl 11/16"

I 1-7/16" ¢ |

}

\ — %' Radius

Variable

Screw together and
seal with locktite

—p]l liq——--._ %' NF  Screw on

to survey
monument

ftonm 1-%"

e \(#“"”450

Source: Burland and Moore, 1973

FIGURE 3.5

TAPE EXTENSOMETER EXTENSION ROD



D1STANCE-GRADUATED
ELECTRIC CABLE
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PROTECTIVE COVER
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FIGURE 3.6

3" @ CORRUGATED
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.
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(5LOTS FOR
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STAINLESS
STEEL WIRE

~SKETCH-
NOT TO SCALE

COMBINED BOREHOLE INSTALLATION FOR INDUCTION PROBE

EXTENSOMETER (SONDEX) AND SERVO-ACCELEROMETER INCLINOMETER
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(b} Grouted-in-Place Assembly

%' Hose
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/ Seal with silicone; Caulk;
wrap in plastic bags;
recess in pipe to store
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sk

Jumper cable and
multipin connector
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Install after geophone
installation complete
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cover not shown

{a) Above Ground Portion

FIGURE 3.7

GROUTED-IN-PLACE GEOPHONE ASSEMBLY
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See detail C, Figure 3.9
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FIGURE 3.8
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36" ; \ Borehole Axis
Pressure
?\Celts (see detaill) "
AN Cell 1 (Vertical)
20° Borehole
_L \ Entry
= 3 Cell 2 (Horizontal)
Room &
.Roof Extensometer
farl 6 Cell 3 {Vertical)

Detail 1-Borehole Pressure Cellis

DETAIL A-ROOM 6 INSTRUMENTATION

Pressure Cell Horizontal
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e 40 ~emin]

DETAIL B-ROOM 13 INSTRUMENTATION

Fresh
Air
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N
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1
+
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5 Bollt #2  Note: Numbers refer to strain gauges.

DETAIL C-ROOM 22 INSTRUMENTATION

FIGURE 3.9
DETAILS OF UNDERGROUND INSTRUMENTATION LAYQUT
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MODEL BPC

Borehole Pressure Cell
Terrametrics Model BPC-2.25

Capacity 0-4000 psi
Sensitivity 10-25 psi (depending on pressure gauge)
Size 10 x 2 x 1/4 inch (other sizes available on request)
Borehole Depth 0 to 50 feet
Weight 2 lbs
FIGURE 3.12

HYDRAULIC BOREHOLE PRESSURE CELLS
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FIGURE 3.13
INSTRUMENTED ROCK BOLT
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to the instrument installations; this information
may be difficult to reconstruct on a daily basis
at a later date.

Refer to Figure 4.1 for a sample data sheet.

4.2 SURVEYS

4.2.1 level Survey

A Wild NAK-1 Level and a 25-foot fiberglass rod were used
for the level survey (Figure 4.2). An initial survey was
done with a 3-m invar rod and an optical micrometer. Sub-
sequent surveys were performed with the 25-foot rod to com-
plete more quickly a level circuit across the steep terrain
over the length of the panel. The invar rod would have been
used exclusively if precision case history data was a key

objective of the work.

The Wild Level was rugged and performed well under rough
conditions of weather and topography. The in-place survey
egquipment, particularly the machined cone monuments, per-
formed satisfactorily. The first two level surveys did not
include several monument installations, which were later

completed during the operations phase.

4.2.2 Tape Extensometer Survey

A SINCO Model 51885 Tape Extensometer with a 30-m tape and
5>-cm dial guage was used for the tape extensometer survey
(Figure 4.2). The tape is punched at 5-cm intervals.
Because heavy snow blocked the clear space between monu-
ments, the first tape extensometer survey was not completed
until after the snow had melted on the site, at which time

significant strain had taken place.



4.0 MONITORING AND RECLAMATION
4.1 GENERAL MONITORING REQUIREMENTS

Some general considerations that apply to all of the

operations include:

) Data record needs
. Site access and shelter

. Staffing needs.
Data Record Needs
It was useful to have all of the data sheets arranged in
computer form. Based on the field experience, the following

procedure was developed for data documentation:

° Mail copies of the data to the office to be key-

punched and loaded into a file on the computer.

° Process and review the data by phone using a

portable CRT terminal.
° Have hard copy printed at the office.

This procedure could control costs by minimizing remote
handling of data, while providing on-site review of the
current results.

For underground data collection, data sheets should include:

™ Description of the condition of the roof, floor,
and pillars

) A sketch showing the location of the face relative




The tape extensometer survey required cone-type survey monu-
ments. For each pair of monuments, an extension rod was
screwed on each cone. The rods had precision conical mating
surfaces for repeatability. Short, stiff rods, only long
enough to clear the ground and brush, were used. The exten-
sion rods were labeled, and the same rod was used at a given
monument on successive surveys. The tape extensometer was
always oriented in the same direction for a pair of monuments
on successive readings. A tape thermometer was attached to
the tape near the moveable socket. The basic readout

procedure included the following steps:

° Set the tape extensometer sockets on the rods and
lock the tape in a punched hole

® Tension the tape to 40 pounds
) Read the dial gauge and thermometer.

Although the instrument is more sensitive, a limited analy-
sis of the tape extensometer data showed the repeatability
to be only 0.03 to 0.06 inch under severe weather condi-

tions. Several problems with the system were noted:

() The danger of breaking the tape necessitated
carrying a spare tape. The punched holes in any
two tapes are not exactly identical and the
difference can introduce an error to the data.

e . The strain may be sufficient to cause the tape to
lock into different holes on successive readings.
The holes are not exactly 5 cm apart, causing a

potential reduction in overall accuracy.



o When extended between two monuments, the tape was
sensitive to wind vibrations, so it was impossible
to obtain a good reading on a windy day.

Where the high degree of accuracy as provided by the tape
extensometer system is not needed, an electronic distance
measurement (EDM) survey might be more economical to oper-
ate. The expensive tape extensometer monuments and lengthy
readout procedure could be substituted by conventional
survey monuments and the rapid survey procedure associated
with an EDM system. EDM equipment is fairly expensive and
requires much more technical training for use, compared with
a tape extensometer system. However, where it is convenient
to contract for EDM services, these factors may present no
special difficulty and the required accuracy may control the
choice.

4.2.3 Crack Survey

In addition to the surface measurements described above, the
instrumentation lines were walked at each monitoring session
and cracks were noted on a map. These crack maps proved

useful in data interpretation.
4.3 INCLINOMETER/SONDEX OPERATION

4,3.1 Sondex System

The full profile borehole extensometer system included a
SINCO Sondex probe and readout (Figure 4.3) with corrugated
polyethylene casing. The casing was outfitted with stain-
less steel rings at approximately 10-foot intervals. The
depths to the rings were monitored with a probe containing =a
transformer-like sensor and a fully graduated steel tape.




The Sondex probe was adapted to operate.on the same cable
provided for the inclinometer. The cable was wound on a
reel mounted on a portable skid (Figure 4.4) to allow opera-
tion of the system from the back of a pick-up truck (Figure
4.5). The skid had moveable extension booms that allowed the

cable to be centered directly over the hole.

The original procedure used for reading of the system was to
lower the probe, cable and tape to the bottom of the hole,
allow the prcbe to come to temperature equilibrium and then
make the readings on the way up. This procedure was modified
when the tape twisted repeatedly around the cable, and
kinked or broke when reeled in. The modified procedure was
as follows:

) Lower Sondex probe without tape and note location
cf the rings relative to cable marks. Probe to
determine total depth of hole, because the casing

may shear as subsidence develops.

) Attach tape to probe. Lower tape and probe to
just below deepest ring. Raise probe, taking
weight primarily on the tape until the meter on
Sondex readout reaches a maximum. Read tape.
Repeat the procedure. If readings are not within
0.01 foot above 300 feet and 0.02 feet below 300

feet, repeat until good agreement is reached.

e Read next ring.

The Sondex instrument is simple in concept, but the separate
tape is difficult to use in deep holes. The accuracy may be
approximately 0.01 to 0.02 feet and smaller movements
between rings are difficult to detect. Tape breakage pro-
blems and slow readout procedure were definite handicaps.



A major improvement in the system could be achieved by eli-
minating the separate tape. One alternative is to vulcanize
a fully graduated fiberglass tape to the inclinometer cable.
Another alternative is to improve the guality of the l~foot
marks already vulcanized to the cable and incorporate a
scale at the top of the casing so that the offset from the
nearest 1 fcot mark could be read.

4.3.2 1Inclinometer System

A SINCO Digitilt Model 50325 inclinometer probe (Figure 4.6)
with 2.75-inc¢h O0.D., ABS plastic casing was used., The probe
consists of force-balance accelerometers on two orthogonal
axes. It is operated on a distance graduated strain rein-

forced multi-conductor cable.

The inclinometer was operated in the standaré manner, read-
ing both orthogonal channels every 2 feet on the way up.
The probe was lowered to about 10 feet above the bottom of
the hole (as indicated by the Sondex probe) to begin the
readings, in case the casing was cracked at the bottom of
the hole. To make readings easier, the skid was designed
with an adjustable pointer which was aligned with a 1-foot
mark on the cable near the readout set-up where the first
2-foot mark on the cable was aligned with the top of the
casing. The pointer was then used to line up the cable

marks for subsequent readings.

While the inclinometer survey was a repeatable and routine
process, there were some equipment problems, possibly caused
by vibration of the unit during daily transport. The servo-
accelerometer type probe was repaired twice. The slip rings
on the cable reel did not always maintain direct contact
between the readout and the probe, resulting in zero read-

ings until the problem was diagnosed.




Cracks in the casing caused by mining~-induced shears could
provide a trap for the spring-loaded wheels on the probe.
To prevent loss of the probe into casing cracks, the bottom
10 feet of the hole was not monitored. To prevent trapping
of the probe in bent or cracked casing, replaceable shear
pins might be incorporated into the spring-loaded wheels of
the probe. The wheels would be designed to collapse when
the probe is pulled up at a near-damaging load.

4.4 MICROSEISMIC READINGS

The geophone readout for both the grouted-in-place system
and portable system was a SINCO MS-3 with a meter, mechan-
ical and digital event counters, earphone, high and low fil-

ters, and gain and trigger level adjustments (Figure 4.7).

4.4.1 CGrouted-in-Place System

The grouted-in-place system was operated as follows:

] Connect the wires to the readout; set the filters
on normal (wide band); find the combination of
trigger level and gain that just eliminates the
background noise and gives a reasonable count as
determined from previous experience. Take a 10-
minute reading. On subsequent readings, use this
setting.

° Using various high and low cut filters, find the
appropriate gain and trigger level settings that
eliminate the background noise. Pick several fil-
ter settings and take 10-minute readings. Use
these filter, gain and trigger level settings on
subsequent readings for comparison with initial
readings.

4-7



The grouted-in-place system was easy to operate. Attempts
were made to allow the cables to slip with ground movements
by providing a protective plastic tubing jacket over the
cable so that the cement grout backfill would not bond to
the cable. Three of the four geophones survived most of the
subsidence period. The geophone at 472 feet failed early in
the program, probably because of mining induced shears.

The readout used proved unreliable. The three event
indicators--a meter, a mechanical total event counter and a
digital rate counter--did not give compatible results. The
reset button controlled reset of the display but not of the
l10-minute digital counter. There was no scale on the trig-
ger level adjustment or on the meter. It was not possible
to assess and compare the magnitudes of events at different

settings. Redesign of this model of readout is recommended.

4,4,2 Portable System

The portable system used a SINCO geophone on a strain-
reinforced cable and an air-operated packer to force the
geophone against the side of the hole. The system was used

in a hole cased with 4-inch steel casing (Figure 4.8).
The basic readout procedure was as follows:
] Assemble and pressure-test packer assembly.

) Lower geophone and packer, with attached pneumatic
line and cable, to a IQO-foot depth.

o Inflate packer to press geophone against side of
casing. Take a 10-minute reading, adjusting set-
tings as described for the grouted-in-place
system.
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° Deflate packer, lower system 100 feet and repeat,

The portable system was tested successfully only once, at
the end of the program. The packer, air hose and gas bottle
system were fabricated especially for this project, and win-
ter conditions delayed the resolution of several operational
problems for these items. The handling of the air hose was
simplified by devising a reel assembly with quick connects,
and a pressure gauging system was improvised to prevent
over-inflating and bursting the packer (15 psi mid scale).
Once the monitoring procedure was finalized, the system
cperated smoothly. However, the undermining process was
almost complete by this time.

4.5 UNDERGROUND SURVEY AND CONVERGENCE

The underground survey was done with a WILD NAK-2 level and
a folding wood rod. The underground survey program was ter-
minated after it became clear that the long distance between
points and poor visibility reduced the accuracy of the sur-

vey beyond acceptable limits.

The convergence system used a SINCO tape extensometer with
grouted-in reference points. The basic monitoring procedure
was as follows:

) Locate and clean the points

® Place the tape extensometer sockets on the balls,
lock the tape in a hole, tension to 40 pounds and
read the dial gauge.

Reljable measurements require operator experience, and
some of the readings made by mine personnel for WCC were
difficult to interpret. The tape extensometer required

cleaning and recalibration when coal dust and dirt prevented
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repeatable operation. The first two pairs to be installed
were abandoned because the floor points could not be
cleaned. Of the five pairs installed subsequently with an
improved design, three survived routine traffic conditions
and provided some data. The tape extensometer system
appears reliable, but is dependent on stable reference

points, clean conditions, and experienced operators.
4.6 OVERCORE TESTS

Three overcore tests were conducted 20, 33, and 34 feet into
one up-hole in Room 13. The overcore tests were performed
using IRAD equipment and standard USBM procedures. Cracked
core in the 34-foot test limited the usefulness of the data
from that test. Biaxial modulus tests of the core were

completed following the overcore tests.
4.7 HYDRAULIC BOREHOLE PRESSURE CELLS

The pressure gzuges for the hydraulic borehole pressure
cells were read directly at the hole collar. The gauges
were rehung from the roof when spalled pillar ribs loosened
the spads that were initially used to support the pressure

gauges.
4.8 INSTRUMENTED ROOF BOLTS

Strain~gauged, resin-grouted roof bolts made by GEOKON were
monitored with a Vishay P-350 strain gauge readout. Suc-
cessfully installed gauges gave reasonable, low working load
values. It is suggested that a remote reading wire harness
would enable reading of bolts near the face without danger

to readers and after caving of the bolted area.
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4.9 ROD EXTENSOMETER

The two rod extensometers were read with a dial gauge.

The basic readout procedure was as follows:

(] Remove cover.

) Place dial gauge on measuring stud and read,
repeat; if reading not within one or two divi-

sions, repeat until good agreement is reached.

o If dial gauge is near end of travel, reset; then
reread all measuring positions in case of acciden-

tal disturbance.

An electrical remote readout system is available for this
instrument and would allow additional data collection and

remote reading when the face approaches.
4,10 CLEANUP AND RECLAMATION

All cleanup and reclamation work was done to the recommenda-
tions and subject to the approval of the United States For-
est Service, Fishlake National Forest. A bond was posted
with the Office of Surface Mining, to be released only when
reclamation has been accepted by that office,

After the drilling phase, the mud pits were brought up to
contour and reseeded. Topsoil from nearby cattle ponds was
used to increase the fertility of the local topsoil., Water
bars were placed in the roads to prevent erosion from spring
runoff, and the surface of the reclaimed area was left rough
to minimize erosion. Large unsightly boulders were buried

and trash was removed.



After completion of the operation phase of the program, the
roads and drill pads were brought up to contour, covered
with original and supplemental topsoil, and reseeded.

The areas reclaimed the previous winter had reseeded suc-
cessfully, except in a few limited areas where the soil was
rocky. More topsoil was added to these areas and they were
again reseeded. All deep holes were grouted to within 1
foot of the surface, and casings were cut back to that
level. The holes were covered with fill and reseeded. The
deep holes were marked with stakes giving the leaseholder’s
name (SUFCCO) and the hole number.
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FIGURE 4.1
RECOMMENDED LAYQUT FOR UNDERGROUND DATA SHEETS



(a) Level Survey

{b) Tape Extensometer Survey

FIGURE 4.2
TAPE EXTENSOMETER AND LEVEL SURVEY EQUIPMENT
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FIGURE 4.3
SONDEX PROBE AND READOUT
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FIGURE 4.4
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FIGURE 4.5
SONDEX OPERATIONS
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FIGURE 4.6
INCLINOMETER PROBE AND READQUT




FIGURE 4.7
GEOPHONE READOUT AND TERMINAL EQUIPMENT
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5.0 FIELD DATA AND ANALYSIS

5.1 GENERAL

The purpese of this project was to test certain instrument
systems. An important test for the instruments is whether
they produce useful data. While the data resulting from
this study do not comprise a comprehensive case study, the
project achieved its purpose by characterizing some aspects
of subsidence over a panel experiencing heavy ground condi-
tions.

5.2 SURVEY DATA

5.2.1 Level Survey

Level survey subsidence profiles were affected by problems
encountered during mining, which resulted in an area of low
extraction and a solid coal pillar left in the center of the
panel. See Figure 5.1 for extraction results and face pro-
gress for instrumented panel. The maximum subsidence

observed was 2.6 feet. The survey profiles are shown on
Figures 5.2 and 5. 3.

The subsidence profile was compared (Figure 5.4) with the
predicted profile based on National Coal Board (NCB) data.*
NCB curves were calculated for the following conditions:
W=152 m, L = 610 m, h=305m, m = 2.44 m and adjusted for

limited face advance and virgin ground conditions. The face

*
National Coal Board, 1975 Subsidence engineers handbook:
Second Edition, Great Britain.



advance was 177 m in the north section of the panel and

312 m in the south end. Maximum slope was determined from
2.75 Smax/h using SmaX corrected for limited face advance
and virgin ground conditions. Subsidence in the area of low
extraction was calculated using a superposition method and

determining the subsidence for each room mined.

The NCB data were developed for somewhat different mining
conditions, but the comparison is useful for general refer-
ence. Agreement is fairly good over the north end of the
panel, but both the areal extent and magnitude of the pre-
dicted profile are larger than the actual profile at the
southern end. Maximum tilt computed from level survey data
reached 12.6 x 10—3 near survey point 43. TFor the same
location, Naticnal Coal Board empirical formulas predicted =
maximam of 9.3 x 10"3, essentially the same order of magni-
tude. Tilts exceeding 3 x 10'3 are generally considered

damaging to structures.

Figure 5.5 shows the time rate of subsidence for selected
points. Plots of normalized subsidence data versus time
(Figure 5.6) indicate that full subsidence developes at
least 155 days after mining, and that at least 90 percent of
subsidence develops within 155 days. The curves indicated
that the time delay between mining and the start of major
subsidence seems to increase from south to north along the
panel. This phenomenon may be influenced by the length of
time taken between surveys. The NCB recommends plotting
normalized subsidence curves versus a face advance factor:
face advance/depth. This plot is not presented because of
the limited face advance. The total face advance was 580
feet and 1,025 feet in the southern half for a panel depth
of 1,000 feet. The NCB plot is appropriate for conditions
where the face advance factor exceeds 1.0 ahead of the point
and 0.4 behind the survey point, when subsidence is
complete,




Over a three-year period, panels 2E2L, 2E3L, and 2E4L were
mined sequentially. Table 5.1 and Figures 5.1 and 5.2 show
the additional subsidence that occurred over 3L when 4L was
mined. The figures also show the additional subsidence over
2L resulting from mining both 3L and 4L. It should be noted
that gate pillars between adjacent panels are extracted as
part of the mining process. The additional subsidence
resulting from mining of an adjacent panel is a large per-
centage of the original subsidence, probably because the
individual panels appear to be significantly subcritical in
width. A critical or super-critical width appears to be
reached only when two or more adjacent panels are mined
(recalling that chain pillars between panels are mined to
the extent possible)..

Baseline data for survey points 35 and 36 were not available
for determining subsidence caused by mining 2L. The survey
program began when subsidence over these points caused by
mining 2L was 90 to 100 percent complete. At point 36 over
the center line of 2L, subsidence of 0.62 feet was caused by
mining 3L and an additional 0.02 feet was caused by mining
4L. At point 35, the mining of 4L caused a 0.08-foot
increase in subsidence. The subsidence increase trends
observed at SUFCO are consistent with data reported by the
NCB, as shown in Table 5.2.

The limit angle (angle of draw) and critical width are two
parameters generally used to characterize subsidence. The
area of low extraction in the middle of the panel prevents
accurate determination of these parameters for this study,
but estimates may be given (Table 5.3). Angle of draw and
limit are synonymous as used here. While this angle gener-
ally applies to affected ground above a newly-mined coal
seam, it was also determined for ground above adjacent
mined-out panels to show the greater extent of ground
influenced.



When a panel is of critical width or wider, the points at
the center of the panel should not subside further when the
panel is widened. Level survey data yield the following

implications:

. The panel width of 500 feet (650 feet including
chain pillars) is substantially less than critical
width, because subsidence (which had stabilized)
continued to develop when adjacent panels were

mined.

) One half of the critical width is probably greater
than 850 feet, because mining of 4L appeared to
increase the subsidence at point 35. This calcu-
lation assumes that point 35 is at the center of a
critical width panel that extends just up to the
western edge of 4L, Given the additional factors
influencing subsidence at this location (the par-
tial extraction zone), this number may be in
error. The NCB predicts a critical width of
1.4 h = 1,400 feet. Given normal mining condi-
tions, the data suggests that a number this large

is appropriate.

° Different limit angles are appropriate for virgin
ground and undermined ground. About 14 degrees is
probably appropriate for virgin ground at SUFCO

with about 45 degrees for undermined ground.

5.2.2 Tape Extensometer

A traveling strain wave typically consists of a tensile wave
ahead of the face followed by a compression wave. The first
tape extensometer survey was completed when 3/4 of the panel
had been mined. As a result, most of the measured strains

were compressive because the tensile part of the traveling




wave had already passed the measuring stations (Figures 5.7
through 5.10). Residual tensile strains were measured above
the block of solid coal left in the middle of the panel.
Unexpected compressive strains were measured over one end of
the unmined center portion of the panel and are discussed in
Section 5.10. Because the strains measured in this program
could not be compared to pre-mining profiles, it was not

useful to compare SUFCO data with NCB predictions.

The profiles shown on Figures 5.7 throﬁgh 5.10 are shown in
conjunction with the ground cracking survey data for the

same period.

Plots of strains computed from the level survey are shown on
these figures for comparison with tape extensometer data.
Strain computations derived from level survey data assume
that points move only vertically, so horizontal strains
computed from level survey data are only approximate. The
computed strains are one order of magnitude less than the
available strain data measured by the tape extensometer.
When the level survey strains are increased by a factor of
ten and plotted (Figure 5.7), the shapes of the curves are
similar to the actual strain profiles but appear to be off-
set up to 250 feet downhill.

5.2.3 Crack Survey

In connection with the tape extensometer survey, the instru-
mented lines were surveyed for ground cracks on or near

them (Figures 5.11 through 5.13). While extensive cracking
occurred during active mining, the surface manifestation of
all but one of the major cracks had healed by 8 months after
the end of mining. The remaining open crack appears to be a
result of subsidence over the pillar of solid coal left in
the middle of the panel.



5.3 SONDEX/INCLINOMETER DATA

The Sondex data are plotted on Figures 5.14 and 5.15 as dis-
placement per ring interval. 1In Borehole I-1, an upward
migration of cracking can be observed. 1In Borehole I-2, no
clear trend is apparent. The data suggests that no signifi-
cant bulking or increase in rock volume occurred within the
measured zones (Table 5.4). However, casing failure lim-
ited the amount of data collected. The Sondex data do not

indicate serious potential casing distress before failure.

Profiles of horizontal offset with depth are shown on Fig-

ures 5.16 through 5.19. These profiles show that the upper

strata tilt toward the gob in Boreholes I-1 and I-2. The

tilt angle is small, ranging from 2 to 10 minutes. The

tilted upper strata (Table 5.5) correlate between holes and

with a distinct stratum, identified in the log of borehole .
M-1. The base of this unit, which is probably the bottom of

the Castlegate Formation, may be correlated with several

casing failures.

Borehole I-2 was sheared to a depth of 27 feet between
October 1980 and May 1981. Substantial shear occurred prior
to failure in I-2 at the exact depth at which the casing
eventually closed off. Unstable surface terrain and sub-
stantial hillside slope were present at this site. Shallow
slope instability was probably the cause of failure in this
hole. This shallow slope movement is documented on Figures
5.16 and 5.18 and in Tables 5.6 and 5.7 for both Boreholes
I-1 and I-2 and is downslope away from the gob.

In the upper part of the borehole, the uniform tilt suggests
that the strata are bending as a beam. In the lower parts
of the I-1 and I-2 boreholes, a slight tilt occurs toward

the gob. Displacement towards the gob may occur below 200
feet in I-1 and I-2 as slipping between strata of the



Blackhawk Formation. Shearing between strata rather than
beam bending appears to be the mechanism by which the ground

adjusts to undermining in the lower parts of the holes.

The casing tilts in the Castlegate Formation were compared
with the ground surface tilts to determine whether classical
beam bending concepts applied (Table 5.8). The tilt direc-
tions were compatible, but no clear correlation could be

concluded.
5.4 MICROSEISMIC DATA

Plots of microseismic data (Figure 5.20) show that two geo-
phones failed at 472 and 672 feet, probably because of cable
damage by the same shear processes that caused failﬁre in
the inclinometer casing. The geophone at 672 feet survived
most of the subsidence period; the two shallow geophones
survived to the end of the project. The greatest activity
occurred in August, 1980, and rock noise was almost zero by
October, 1980. The October date is about 155 days after
undermining, and is consistent with the surface subsidence
rate data from the level survey, which indicated that 90
percent of subsidence was completed within 155 days of

mining.
5.5 CONVERGENCE DATA

The convergence data for Stations 1, 2, and 5 in Room 23 are
shown on Figure 5.21. A significant room convergence of

23 and 35 mm was observed at Stations 1 and 2 respectively.
Station 5 shows expansion between reference points. It is
likely that damage to the reference points or operator
inexperience caused this result.
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5.6 OVERCORE DATA

Overcore results are summarized on Figure 5.20. The in situ
stresses measured for the horizontal plane are 1768 psi for
the maximum horizontal stress at N41°W and 883 psi for the
ninimum stress perpendicular to it. One-dimensional loading
of an elastic material by a 1000 psi estimated overburden
vertical stress would produce a uniform horizontal stress of

176 psi:

o . V o] .
horiz = GET:T) vert; where n = 0.15, approximately.

The excess stress is defined as the amount by which the mea-
sured stress exceeds the predicted stress determined by the
elastic equation above. The excess stresses are 1,592 psi
for the maximum horizontal stress and 707 psi for the mini-
mum horizontal stress., These stresses are plotted on a map
of measured horizontal strescses for the United States (Fig-
ure 5.23). The stress orientation is consistent with
regional trends. The magnitude is reasonable. No evidence
of abnormally high horizontal stresses, such as floor heave
or major coal bumps, was observed underground. The direc-
tion of maximum horizontal stress is approximately parallel
to the fault orientation (Figure 5.24). The same phenomenon
was observed in the Beckley coal seam where the maximum

*
stress direction was parallel to a major thrust fault.

5.7 BOREHOLE PRESSURE CELL DATA

Because borehole pressure cell grout and coal modull were
not matched, there is no assurance that the borehole

*

Aggson, J. R., 1978, Coal mine floor heave in the beckley
coalbed, an analysis: U. S. Bureau of Mines Report of
Investigation No. 8274, 32 p.
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pressure cell records actual coal stress. While the trend
of stress increases and decreases is correct the magnitude

of the stresses may be high or low by some factor.

The trend in the pressure cell data (Figures 5.25 and 5.26)
indicates that the cells lose pressure and then stabilize,
suggesting the possibility that the coal and grout may creep
until the cell pressure equals the in-situ pressure. This
hypothesis implies that the in-situ pillar pressures in Room
6 may be 350 psi horizontally and 720 péi vertically. 1In
Room 13, the horizontal stress may be 380 psi.

Stresses increased in Room 6 to a maximum of 1,080 psi ver-
tically and 943 psi horizontally. The increased horizontal
stress confines the central region of the coal pillar, and

1s thought teo increase its vertical stress capacity.

The pressure decreased in Room 13 when the face was approxi-
mately 400 feet away. Movement on a nearby fracture or
joint may have cracked the grout around the cell, reducing
the pressure. However, the pressure decrease may also have
been a true indicator of pillar loading conditions. It was
apparent from the lack of pillar spalling that the pillar
was not carrying much load. It is postulated that the area
around the pressure cell was stress relieved, and that the
stresses decreased over the general area around the instal-
lation. A mechanism for this stress relief is discussed in
Section 5.10,

Heavy ground problems nearby resulted in abandonment of the

Room 13 pressure cell installation.
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5.8 ROOF BOLT DATA

Roof bolt loads and bending loads, calculated as the dif-
ference in loads between pairs of strain gages on opposite
sides of a bolt, are plotted on Figures 5,27 and 5.28. Not
enough data were available to determine a trend in the

direction of bending.

The No. 1 roof bolt was located about 50 feet away from a
major roof fall in Room 15. The bolt never carried much
load, possibly because the load was transferred to a crib
installed about 10 feet from the bolt. Bolts Nos. 2 and 3
carried moderate loads of 2,000 to 6,000 pounds. These
loads are far less than the ultimate strength of about 24
kips for a 3/4~inch diameter 56 ksi bolt.

5.9 ROD EXTENSOMETER DATA

Approximately 10 mm of movement occurred in Room 6 between
the roof and the anchor at 12 feet (Figure 5.29). Of this
movement, about 8 mm occurred while the face was 120 to 180
feet away. Negligible strata separation occurred between 12
and 17 feet. For a comparable anchor depth in Room 13, less
than 1 mm of movement occurred while the face was approaching
(Figure 5,30). This observation is consistent with the low
Pressure cell readings discussed in Section 5.8. After the
area was abandoned, slightly more than 2 mm of movement
occurred between the roof and the 10-foot deep anchor.
Closing of fractures between the 20-'and 50-foot anchors may
account for the small movement between the 50-foot anchor

and the mine roof.
5.10 IMPLICATIONS OF DATA

Heavy ground loading conditions at mine level in the instru-

mented areas forced a change in the mining plan, which in




turn limited subsidence development and therefore the degree
to which the instruments could provide complete subsidence
characterization data. However, because of the concentra-
tion of data in the problem area, instrumentation provided
information on factors that may have produced high stresses

at mine level.

The heavy ground conditions may be explained by a deflected
fault block hypothesis (Figure 5.31). In the mine area,
frequent faults, having an almost vertical dip, are present
and can be mapped at the surface from satellite photographs.
Two major faults, labeled P and Q on Figure 5.31, may have
isolated a block of rock that deflected toward the gob at
the north end of the panel as mining progressed. At mine
level, and viewed as a three-dimensional elastic stress
problem, this deflection could produce an addition to the
compressive stress state near fault Q and relieve the com-
pressive stress state near fault P. At the surface, tension
cracks might develop in response to the forward deflection

at fault Q and compressive strain would develop at fault P.
The following instrument data support this theory:

. At mine level (Figure 5.32), in the area of
predicted stress relief, the Room 13 pressure cell
showed a major drop in stress when the face was
400 feet away. The roof extensometer in Room 13

also indicated a low stress condition.

. At mine level, the absence of pillar spalling
indicated a low stress condition in Room 13 along
fault P. A roof fall near the northwest end of
Room 15 just inside the fault block near fault Q
indicated a high stress condition there (Figure
5.32).



. A 50-foot long open crack at the surface was map-
ped and identified as a fault. It corresponds
with the trace of fault Q (Figure 5.33).

° As the face approached the fault block, the mining
and caving process acted to decrease the in situ
minimum horizontal stress that restrained the
block in the north-south direction. As the face
‘reached and passed fault P, removing all lateral
restraint to the north above‘the mine level, the
block remained loaded axially by the in situ maxi-
mum herizontal stress and transversely by the
remaining minimum horizontal stress component
south of fault Q. Once the block deflected in
response to this unbalanced loading, the maximum

horizontal stress continued to cause deflection.

e At the surface, the residual subsidence strains
computed from the level survey data showed com-
pression near the fault P location (Figure 5.33).
In the absence of a fault, the area should have
been subject to tensile strain (joint opening)
caused by extension of the strata between the

unmined pillar and the subsided gob.

The generalization of this deflection mechanism to other
faults and a similar mining direction at the SUFCO site
might be verified by observation of fault movement at the

surface and at mine level,

et




TABLE 5.1

SUBSIDENCE INCREASE IN ADJACENT AND
NEARBY PANELS DUE TO MINING 4 LEFT

Percent of Subsidence
Increase Due ti Distance from
Point Mining 4 Left 4 Left Centerline
20 85% ' 650 ft
22 87% 650 ft
24 133% 650 ft
35 6% 1100 ft
36 3% 1300 ft

1. Baseline includes surface subsidence caused by mining of Panel 3L.

TABLE 5.2

EFFECT OF INCREASING PANEL WIDTH
ON MAXIMUM SUBSIDENCE
{NCB STATISTICS)

Panel Width Subsidencel/Seam Thickness Percent Increase
500 ft 0.50 N/Aa
1000 ft 0.85 70%

1. Add correction for virgin ground and limited face advance at SUFCO
site. Percent increase unaffected.



TABLE 5.3

LIMIT ANGLES

Estimated Limit Angle1
from mining 3 Left

Location (angle from vertical) Comments
Near 47, 46 ~-2° Areas outside panel heaved
Near 24, 27 +11° minimum Point of zero subsidence

beyond surveyed area

Near 36 19° minimum Over adjacent panel already
undermined; point of zero
subsidence beyond surveyed

ar ea
|
Estimated Limit Anglel
Location from mining 4 Left Comments
Near 35 Approximately Extending over two adjacent
40 to 48° panels already undermined

Near 2, BM ' 13° minimum Subsidence only partially

complete

Notes:

1. Limit area computation at this site affected by limited length of survey
lines, narrow panels, limited face advance and variable survey frequency.
All angles are approximate.

Limit angles were calculated as angle from vertical between panel rib and
point of zero subsidence.




TABLE 5.4

SONDEX DATA SHOWING LIMITED BULKING

Depth Borehole Increase in distance from surface to ring, from 3-5-80 to:

5-8-80 8-20~80 10-16-80 6~81-81
281 ft 12 0.02 ft 0.08 ft 0.02 £t -
183 ft I1 0.01 ft 0.01 ft 0.02 ft 0.01 ft
328 ft I1 0.03 ft —_— ——- ———
TAELE 5.5

LOCATICN OF BENDING STRATA

Borehole Depth of Tilting Strata Elevation (if Top of M-1 = 0)
I-1 70 to 185 ft 180 to 295 ft
I-2 40 to 205 ft 127 to 292 ft
M~2 174 to 270 (sandstone) 174 to 270 ft




Borehole

M-1
I-1
I-2

Borehole

Borehole

I-2

Notes:

TABLE 5.6

SHEAR ZONE DEPTHS

Depth of Shear Failure Elevation (if M-1 top = 0)

270 ft 270 ft
181 to 187 ft 291 to 297 ft

205 to 222 ft (major shear; 292 to 309 ft
but no failure

TABLE 5.7

SHALILOW SHEAR ZONE DEPTHS

Depth to Shallow Shear Zone Direction of $lope Movement

10 to 20 ft South
27 to 35 ft (failed at 27 ftj South

TABLE 5.8

COMPARISON OF SURFACE AND BOREHOLE TILTS1

Axis BH Tilt2 Surface Tilt3
A 3 min -

B 3 min 7 min

A 4 min 9 min

B 6 min 3 min

1. Tilts should be approximately the same if conventional mechanics of beam
bending applies.

2. From vertical.

3. From horizontal.
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6.0 ASSESSMENT AND RECOMMENDATIONS

6.1 GENERAL

Field trial of the system designed to monitor "Performance
of Caving Systems" was completed at the SUFCO mine and
evaluated. On the basis of this field study, recommenda-
tions were developed for future subsidence monitoring of

high-extraction coal mines.

6.2 EVALUATION OF INSTRUMENTATION

The major advantages and disadvantages of instruments used
in this study and discussed in previous sections are sum-
marized in Table 6.1. The format of the table has been
adapted from O'Rourke and others (1977). A new category,
"Usefulness of the Results," examines whether (1) the data
are representative of the parameter measured; (2) the
instrument biases the results; (3) the data are useful as
input to or validation of analytic rock mechanics models;
and (4) the data give insight into the physical processes of
subsidence,

The category, "Major Cost of Items," assesses the approxi-
mate costs of using an instrument in a typical instrumenta-
tion program. The quantities are not necessarily the same
as were used in this field program; and the costs are based
on 1979 and 1980 rates. These costs are basic costs only
and there are other field cost items, usually of a site-
specific nature, associated with support of a field program.

The experience at the SUFCO mine indicated that redundancy
is important in field and mine instrumentation where the
conditions do not favor a high success rate such that suffi-
cient reliable data may be obtained., In addition to the




need to assure good quality data at a given point, the
instrumented area must be adequately sampled to allow study
of representative conditions. At the SUFCO mine, the
instruments were concentrated in the vicinity of two faults,
across which stress conditions were not uniform, resulting

in collection of data representative of an unusual loading
condition.

The instruments described in Table 6.1 were evaluated and
rated numerically according to criteria listed in Table 6.2.
The resulting matrix, Table 6.3, may be used as a basis for
selecting types and guantities of instruments regquired to

provide cost-effective data for subsidence characterization.

The numerical rating system is based on ease of installation,
ease of monitoring, and usefulness of data and results. For
example, the Interfels rod extensometer and hydraulic pres-
sure cells were relatively easy to install, but reqguired

a large drill (ease of installation = 2). On the other
hand, one person may read the instruments quickly (ease of
operation = 3). 1In another example, the roof sag data
provided by the instrument are generally not as useful as
stress information in validating computer models. While
this roof deformation data may not provide enough informa-
tion to describe a model, it may be compared with trends in
deformation results predicted by a model (usefulness of

data = 2),.

An examination of Table 6.3 points out that surface and
underground instrumentation is less costly than deep hole
instrumentation. Operation of some equipment in a deep hole
(e.g., portable geophones) may alsoc have an associated high
level of difficulty and higher costs. Nevertheless, deep
hole instrumentation is required for complete demonstration
of the process by which subsidence develops from underground
to surface. For example, the inclinometer/Sondex data



collected at SUFCO suggests that in the top 500 feet (50 per-
cent) of overburden thickness, slip between strata was a
major mechanism for absorbing strains associated with under-
mining and that bulking was not significant in the upper

strata.

6.3 EVALUATION OF MONITORING

6.3.1 Types of Program

Ratings (Table 6.3) suggest that a cost-effective basic sub-
sidence program for a single panel at a high-extraction coal

mine (Figure 6.1) would consist of:

® A surface level survey (approximately 100 points
along 2 orthogonal lines; approximately 50-foot
centers depending on panel dimensions and depth)

] A surface tape extensometer survey (approximately
100 points along 2 orthogonal lines using survey

monuments)

e Mine level absolute stress measurement (two
35-foot deep holes, three USBM overcore
tests/hole)

® Mine level hydraulic pressure cells (36 cells in
12 holes).

The basic program could be expanded to include more instru-
mentation where research on subsidence mechanisms is needed.
In addition to the instrumentation listed above, such an

expanded instrumentation program would include:

e Mine level rod extensometer (five 50-foot deep

four-point installations in roof)

6-3




. Deep hole inclinometer (two installations)

) Deep hole Sondex (two installations, in same holes

as inclinometers).

6.3.2 Duration of Program

The duration of beth the basic program and the expanded pro-
gram is essentially the same and depends on the completion
of full subsidence and the mining schedule of the instru-

mented mine,.

Estimated minimum times are as follows:

° Planning, design, purchasing and
site selection: 6 months
® Field work begins 3 months before

beginning mining. Allow 1 year for
mining. Field work extends at least
9 months after completion of panel.

Total duration: 2 years

® Data analysis and report preparation

(only that portion scheduled after

completion of field work): 3 months
] Total estimated minimum duration of
proposed field programs: 2-3/4 vyears

6.4 COST CONTROL

A review of costs for this project suggests some measures where
cost savings might be possible.



Efficient Use of Subcontractors. The use of surveying sub-

contractors might minimize investment in equipment and labor
costs, because engineers who survey daily would be more
efficient than those who survey intermittently. A local
general contractor employed for mud pit construction, recla-
mation, plowing and other site construction tasks would
reduce the time spent making arrangements for the individual
items. The general contractor or other local workers can
also assist as needed for labor-intensive operations such as

grouting,

Good Quality Control. Daily field logs are suggested for

all subcontractors. The logs should list the billable items
specified in the contract, and they should be prepared and
signed daily. Logs provided by the subcontractors them-

selves may not correspond exactly to contract items.

Instrument Testing. Instruments should be tested and cali-

brated as required in the laboratory before to beginning the
field program., Modifications performed in the field are
more costly than the same work done in a shop because all
equipment must be transported to the field, and field condi-

tions may affect efficiency of modification.

Winter Work. Installation in winter at some locations can

greatly increase the cost of a project because snow and cold
can cause low productivity and breakdowns. Installation,
testing and initial operation at such locations should be

completed in optimum weather conditions whenever possible.

c~
!
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TABLE 6-=1la

INSTRUMENT PERFORMANCE

INSTRUMENT: PRECISION LEVEL

APPLICATIONS: SURFACE SUBSIDENCE; MINE LEVEL ROOF SAG

Manufacturer & Model
Availability

Data Collection Characteristics

Range of the Instrument Used

Accuracy and Calibration Needs

Sensitivity to Environment
and Damage of Permanent
Equipment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Ease of Data Reduction

Wild NAK-1 Level
Readily available

Portable, rugged; use with high quality survey
points or with custom-made tape extensometer
points

Surface sight lengths 30 to 180 feet; rugged
topography generally limited sight teo 30 to 90
feet; mine level sights approximately 20 feet

Good closure at surface, approximately 0.01
feet for 2000 foot loop; 15 feet of 25-foot
fiberglass rod used; poor accuracy at mine
level due to unstable tripod footing, traffic,
damage to points

Surface survey points were rugged; mine-level
points were clogged with dirt, damaged by
traffic

After 1 year of intermittent but rough use,

test of level showed well within specifica-

tions; surface survey difficult when windy;

dust and traffic limited sight length under-
ground; tripod set-up in mud difficult

Simple, repetitive installations; custom-made

survey points required truck mounted auger for
holes

Level easy to use, requires experience for
rapid survey

None

Standard procedure; easily stored and plotted
by computer



TABLE 6-1la

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: PRECISION LEVEL

APPLICATICONS: SURFACE SUBSIDENCE; MINE LEVEL ROOF SAG

Usefulness of Results Best measure of subsidence trough, angle of
draw; usefulness of underground data depen-
detn on accuracy; cannot monitor roof sag
after mining

Major Cost Items Surface: Level and Tripod $ 2,420

(1979 prices--approximate) 2 Fiberglass Rods 300
Installation of 40 monuments

including labor and drilling 12,550

40 monuments 2,200

Operation: 8 Surveys 8,000

Total Basic Costs (Surface) $23,720

Underground: Level and Tripod $ 2,420

2 wooden rods 300
Installation of 10 roof sag points

including belter rent and labor 1,175

10 reference points 130

Operation: 20 surveys 2,000

Total Basic Costs (Underground) $ 6,025




TABLE 6-1b

INSTRUMENT PERFORMANCE

INSTRUMENT: TAPE EXTENSOMETER

APPLICATIONS: SURFACE HORIZONTAL STRAIN; MINE LEVEL CONVERGENCE

Manufacturer & Model
Avallability

Data Collection Characteristics

Range of the Instrument used

Accuracy and Calibration Needs

Sensitivity to Environment and
Damage of Permanent Egquip-
ment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Ease of Reduction

Usefulness of Results

SINCO Model 51255
Readily available

Portable extensometer and tape; permanent
customized reference points

30 meters in 5 cm increments

$0.003 in. for measurements taken from same
punched hole; accuracy better than needed for
large strains measured; factory recalibration
needed after cleaning

Surface points rugged; underground points
subject to clogging and traffic damage

Tape extensometer generally good on surface;
tape subject to breakage; cannot be used when
windy: underground, instrument sensitive to
coal dust, required cleaning and factory
recalibration

See comments on survey point, Table 5.1.a

Labor-intensive and slow; manual operation
requires frequent personnel visits to site;
30 measurements required 5 hours for two men

None

Straightforward; manual confusing;
computerized data sheets convenient for
reduction and plotting

Shows strains due to mining and influence of
faults on strain profile; strains one orxder of
magnitude greater than strains computed from
level survey



TABLE 6-1b

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: TAPE EXTENSCOMETER

APPLICATIONS: SURFACE HORIZONTAL STRAIN; MINE LEVEL CONVERGENCE

Major Cost Items Surface: Tape Extensometer
(1979 prices--approximate) Case, spare tape, thermometer
Installation of 40 monuments

40 monuments

8 Surveys

Total Basgic Costs (Surface)

Underground: Tape Exensometer
Case, spare tape, thermometer
Installation (10 convergence pair)
Monuments (10 pair)

20 Surveys

Total Basic Costs (Underground)

$ 1,600
360
12,550
2,200
6,400

$23,110

5 1,600
360
2,225
200
2,000

$ 6,385




TABLE 6-lc

INSTRUMENT PERFORMANCE

INSTRUMENT: INCLINOMETER

APPLICATIONS: SUBSURFACE HORIZONTAL DEFORMATION

Manufactor & Model

Readily Available

Data Collection Characteristics

Range of Instrument Used

Accuracy and Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equip-
ment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Fase of Data Reduction

SINCO Model 50325 with ABS plastic grooved
casing (2.75-inch diameter)

A;proximately'four weeks construction and
delivery

Portable sensor and readout; permanently
cased hole

Tilt range #30°; minimum radius of bend
that instrument can traverse is 9 feet

0.001 to 0.007 inches A~Axis; 0.009 to
0.013 inches B-Axis. Probe recalibrated
when returned for repairs

Casing closed off when shear limit
exczeded

Sensor susceptible to damage during tran-
sport in truck, but teolerated cold and
dampness. Readout rugged. Cable reel lock,
ratchet and slip rings flimsy

Assembly tedious; plastic casing not rugged.
No provision for external couplings if cas-
ing needs to be cut and repaired during
installation; casing warps in sun

Requires two-man team, readings rapid but
tedious. Must allow vibration to damp out
(15 to 30 seconds) before making reading

Rechargeable battery on readout
Lengthy; collect data on computer form and

process by computer. Analysis complicated
by some missing data from slip rings failure



INSTRUMENT: INCLINOMETER

APPLICATIONS: SUBSURFACE

TABLE 6-1c¢

INSTRUMENT PERFORMANCE (CONT)

HORIZONTAL DEFORMATION

Usefulness of Results

Major Cost Items
(1979 prices--
approximate)

Shows slope instability as well as mining

induced shears. Substantial horizontal off-

set was recorded before casing failed

Inclinometer and readout

1000 ft cable, cable reel, skids
Casings, couplings for 1-800

and one 300 ft hole

Grout hose fittings, nylon rope,
support shoe

Drill and install indicator labor
Operate (8 readings)

Total Basic Costs

4,750
2,965

3,990
1,380

38,240
3,840

$59,165




TABLE 6-1d

INSTRUMENT PERFORMANCE

INSTRUMENT: SONDEX (FULL PROFILE BOREHOLE EXTENSOMETER)

APPLICATIONS: SUBSURFACE VERTICAL DEFORMATION

Manufacturer & Model

Availability

Data Collection Characteristics

Range of the Ingstrument Used

Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Ease of Data Reduction

Usefulness of Results

Model 50812

Readily available; user must provide tape

for lengths greater than 300 feet; casing was
readily available but couplings may involve
delay

Portable sensor and readout; permanently cased
hole

Deformations +0.02 to many feet; depth to 300
ft with tape, modification needed below this
depth

*0.01 to *0.02 ft; no better than 0.02 ft
below 300 ft

Some sections of casing punctured during
shipping prior to installation; casing closed
off due to ground shears

Probe was rugged; frequent tape repairs
necessary; cable reel slip rings failed; cable
reel ratchet and handle lock broke

Slow; casing hard to handle, easily punctured,
and difficult to seal; glues do not work since
polyethylene; installed in combined instal-
lation with inclinometer. Drill rig required
for installation

Slow; tape tended to wrap around cable and
kink when reeled up; labor intensive when
using tape

Replaceable batteries in readout

Simple; recommend collect data on computer
forms and store on computer for ease in
handling

Indicator of bulking and strata separations;
showed no significant bulking in top 500 ft;
rod ext. might give same information at lower
operation cost



TABLE 6-14d

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: SONDEX (FULL PROFILE BOREHCLE EXTENSOMETER)

APPLICATIONS: SUBSURFACE VERTICAL DEFORMATION

Major Cost Items SONDEX Probe and readout
(1979 prices~-approximate) Cable, cable-reel and skid
Casing and Couplings for one 800 ft

and one 300 ft hole

Grout hose, fittings, support shoe

Drill, installation, and labor

Operate (eight readings)

Total Basic Cost

$ 1,550
2,956

1,910
1,380
36, 480
5,120

$49, 405




TABLE 6=-1le

INSTRUMENT PERFORMANCE

INSTRUMENT: GROUTED~IN~PLACE GEQOPHONE

APPLICATIONS: ROCK NOISE PROFILE

Manufacturer & Model

Availability
Data Collection Characteristics

Range of the Instrument Used

Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Ease of Data Reduction

Usefulness of Results

SINCO MS~3 readout, SINCO 53305 MS 1,75-inch
diameter geophones

Scme delay
Portable readout; permanent geophone

Wide band frequency; planned for use
in holes to 800 ft; tested to 672 ft

The counters on the readout were not accurate;
mechanical counter misses approximately 10% of
events shown on meter; digital counter might
record long event as several events

Geophones survived some ground movement, but
eventually the deeper two of four failed due
to mining displacements; not sensitive to
weather

Mechanical and digital counters did not agree;
lack of reliability probably not related to
environmental conditions

Greasing and sleeving the cables was time
consuming but probably lengthned survival
time. Placing in hole easy, but deep pairs of
geophones would not descend past 670 ft in 800
ft é~inch diameter hole

Fundamentally simple, but unreliable readout
complicated the procedure

Drill for holes; rechargeable battery in
readout

Straightforward plot: count vs. time and
depth

Showed majority of rock noise occurring within
155 days of mining as did settlement data.
Noise/depth profile over time was not obtained
due to failures of geophones



TABLE 6-1le

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: GROUTED-IN-PLACE GEOPHONE

APPLICATIONS: ROCK NOISE PROFILE

Major Cost Items Four geophones plus cable €@ 810,
(1979 prices--approximate) 610, 310, and 150 ft
Readout, earphones

Protective surface housing

Installation of geophones in 800 and

300 ft hole including drilling labor;

Operate (eight readings)

Totzl Easic Cost

$ 4,180

1,180
250

37,200
640

$43,450
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TABLE 6-1f

INSTRUMENT PERFORMANCE

INSTRUMENT: PORTABLE GEOPHONE

APPLICATIONS: ROCK NQOISE PROFILE

Manufacturer & Model

Availability

Data Collection Characteristics
Range of the Instrument Used

Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Ease of Data Reduction

Usefulness of Results

SINCO MsS~3 readout, 53305 MS tranducerse—-
1.75 inch-diameter
Preumatic packer assy. was custom made

Some delay in obtaining geophone; major delays
in getting packer assy. to operate propexrly.
Many con-site modifications

Portable readout and sensor; permanently cased
hole

Wide band frequency; planned for use to 800 ft
tested to 300 ft.

See Table 5.le. Calibration of meter and
trigger level on readout was not provided by
manufacturer

Steel casing in hole was sheared at 270 ft by
mining induced movements

See Table 5.le. The pneumatic system was hard
to handle due to stiffening of plastic air
line; regulators rusted when stored outside

Installation of standard steel casing was
straightforward

Debugging the system was very slow. The
prneumatic packer assy required required many
modifications; all testing and repair was done
on site. Use is moderately easy, except hand-
ling air line in cold; air pressure regulators
rusted when stored outside

Drill to install; readout has rechargeable
battery

Plot count vs. time and depth

Surface noise (wind, footsteps, voices,)
affected reading at 100 ft. Not tested for
full depth due to delays in debugging and
shearing of casing



TABLE 6-1f

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: PROTAELE GEOPHONE

APPLICATICONS: ROCK NOISE PROFILE

Most Cost Items Casing and caps
(1979 prices--approximate) Geophone Cable reel (950 ft)
Cable real

Readout earphones
Installation including drill of 800 ft hole
Operate (8 readings)

Total Basic Cost

$ 3,867
1,160
1,040
1,180
25,600
3,840

$36,687

La



TAELE 6-1g

INSTRUMENT PERFORMANCE

INSTRUMENT: ROD EXTENSOMETERS

APPLICATIONS: DIFFERENTIAL ROOF SAG

Manufacturer & Model

Availability

Data Collection Characteristics

Rarge of the Instrument Used

Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Egquipment

Ease of Installation

Ease of Operation

Operation Power Requirement

Ease of Data Reduction

Usefulness of Results

Interfels Rex (Germany) 4-point rod
extensometer

Readily available; allow time for shipping and
for customs; instrument modified on site to
provide broader and deeper support for readout
head

Direct readout with portable dial gage;
permanently installed rods, anchors and heads

Approximately 10 mm resettable: designed for
about 5 cm total travel but could easily be
modified to get 25 cm

Very accurate (0.1 mm); can check for
friction if desired by releasing rod at
bayonet joint; dial gage comes with
calibration jig

Very rugged

Dial gage very rugged; provided in padded
case

Well designed system requires slow and precise
installation

Easy; well designed, repeatable dial gage
mount; as face approaches, remote reading
electrical sensor may be safer

None
Straightforward plot: movement versus time

Shows strata separation between roof and
anchor, sag of roof relative to upper strata
increases with time. Correlated with face
advance mining problems., Can be used to
estimate convergence of opening



TABLE 6~1g

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: ROD EXTENSOMETERS

APPLICATIONS: DIFFERENTIAL ROOF SAG

Major Cost Items Five 4-point Ext with anchors at 10,
(1979 prices-—- 20, 30, and 50 ft including shipping
approximate) and customs

Installation including drilling and labor
Operation: 20 readings

Total Basic Cost

$ 9,850

28,200
4,000

$42,050




TABLE 6-1h

INSTRUMENT PERFORMANCE

INSTRUMENT: BOREHOLE DEFORMATION

APPLICATIONS: ABSOLUTE IN~SITU STRESS MEASUREMENT

Manufacturer & Model

Availability
Data Collection Characteristics
Range of the Instrument Used

Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation

Operation Power Reguirement

Ease of Data Reduction

Usefulness of Results

Irad Model BG-2
Vishay P-350 readout with added switch box

Readily available
Portable; test only-no permanent installation

Range limited by movement of pistons (approxi-
mately .0240 inch change in diameter of a
1.50-inch diameter hole)

Calibration of gage is standard part of
pre-operation procedure

No permanent equipment; gage, left in hole
during test, is very rugged; piston compo-
nents may loosen

Vishay readout and IRAD probe rugged. Biaxiel
cell well designed; membranes good quality

Moderately difficult procedure; requires
competent zone for test in thinly bedded sedi-
mentary sequence; wet procedure in up-hole

Easy; well designed, repeatable dial gage
mount as full approaches, conversion to remote
reading electrical sensor desirable

Battery-operated readout; drill rig required
for test

Reduce by hand for two~dimensional analysis;
vertical stress is assumed a principal stress

Stresses are basic input to computer models;
horizontal stresses were consistent with
regional trends



TABLE 6-1h

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: BOREHOLE DEFORMATION

APPLICATIONS: ABSOLUTE IN-SITU STRESS MEASUREMENT

Major Cost Items Borehole deformation gage, biaxial cell,
(1979 prices-- spare parts, set rods, Vishay readout
approximate) Install, including drill, labor=--

two holes to 35 ft
Drilling access

Total Basic Cost

5 6,330

8,280
2,000

516,610




TABLE 6~11i

INSTRUMENT PERFORMANCE

INSTRUMENT: BOREHOLE PRESSURE CELLS

APPLICATIONS: PILLAR PRESSURE

Manufacturer & Model
Availability
Data Collection Characteristics

Range of the Instrument Used

Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Equipment

Ease of Installation

Ease of Operation
Operation Power Requirement

Ease of Data Reduction

Usefulness of Results

Terrametrics Model BPC-225
Readily available
Permanent

Stress: O to 4000 psi; select gage with
middle range at expected stress level for
application

Three percent gauge; accuracy of stress change
depends on moduli of cell, grout, and coal;
trend of stresses valid in any case

Sensitive to quality of grouting; hydraulic
lines and gages may be damaged by rock
spalling and by traffic

Rugged hydraulic pump was only portable item;
quick connects made it easy to use

Install in horizontal hole; moderately easy;
made wire frame to hold cells; made holder to
fit Irad setting rods to insert cells. Some
cells failed during installation probably due
to 1) leaks in hydraulic lines or cell and

2) gaps in grout leading to uneven strain

Easy; visually read pressure gages

Non e

Fasy; plot pressure vs. time; correct pressure
for modulus ratio

Shows build-up of both horizontal and vertical
pressure as face approaches; provided assess-
ment of in-situ pressure (pressure stabilized
after some creep) basic data for computer
model verification; correlated with mining
problems



TABLE 6-11i

INSTRUMENT PERFORMANCE (CONT)

INSTRUMENT: BOREHCLE PRESSURE CELLS

APPLICATIONS: PILLAR PRESSURE

Major Cost Items
{1979 prices--
approximate)

Thirty-six cells in 12 holes--two
vertical plus one-horizontal per

hole; cells and gages

Metal frames

Fittings, oil

Hydraulic pump

Installation, including drilling, labor
Operation (20 readings)

Total Basic Cost

$ 10,400

2,000
100
250

27,840

1,600

$42,190




TABLE 6-17

INSTRUMENT PERFORMANCE

INSTRUMENT: INSTRUMENTED ROCK BOLTS

APPLICATIONS: BOLT LOAD

Manufacturer & Model
Availability

Data Collection Characteristics
Range of the Instrument Used
Accuracy & Calibration Needs

Sensitivity to Environment and
Damage of Permanent Equipment

Sensitivity to Environment and
Damage of Portable Equipment
Ease of Installation

Ease of Operation

Operation Power Regquirement

Ease Reduction

Usefulness of Results

Geckon with Vishay P-350 readout

Custom made

Permanent insfallation, portable readout
Designed for locads 12 tons

Accuracy not assessed; calibrated by
manufacturer

Rugged during cperation phase; heat due to
friction during installation may anneal strain
gage; two wires on one bolt sheared

Vishay P~350 readout rugged

Use mine rock bolter with slow set resin;

bolting skill required

Cannect wiring harness; balance electric
strain gage readout

Battery powered readout

Convert to load using manufacturer supplied
calibration; moderately easy

Provides support loading histories; too few
bolts were instrumented to get a definite
trend

Major Cost Items 20 Bolts, resin, Vishay P-350 readout $ 3,200
(1979 prices-- Install using roof bolter including labor 690
approximate) Operation (20 readings) 2,400

Total Basic Cost $ 6,290



TABLE 6.2

RATING CRITERIA FOR INSTRUMENTATION MATRIX

DESCRIPTION

CRITERION RATING
Availability 1 Custom made
2 Sane delay or foreign manufacturer
3 Readily available
Data Collection Characteristics 1 All permanent
2 Major cost items portable, permanent
items non-replaceable.
3 Major cest items portable, permanent
items replaceable
Range of the Instrument Used 2 Movements exceeded instrument range .
3 Sufficient for instrumentation
needs
Accuracy and Calibration Needs 1 Accuracy close to magnitude of
measured parameter
2 Moderately accurate *50 percent, or
very accurate but needs special
calibration or recalibration
3 Very accurate (210 percent)
Sensitivity to Environment and 1 Easily damaged
Damage of Permanent Equipment
2 Damaged under severe conditions
3 Robust
Sensitivity to Environment and 1 Easily damaged or needs frequent
Damage of Portable Equipment adjustment
2 Damaged under severe conditions .
3 Robust



TABLE 6.2

RATING CRITERIA FOR INSTRUMENTATION MATRIX (CONT)

CRITERION RATING DESCRIPTION
Ease of Installation 1 Requires large drill, complex
procedure
2 Requires large drill
3 Requires hand tools only.
Ease of Operation 1 Camplex operation; many adjustments;
reguire two persons
2 Several steps in readout procedure;
may reguire two persons
3 Fasy for one person
Operation Power Requirement 1 Requires generator or a/c power
2 Battery operated
3 None
Ease of Data Reduction 1 Camplex, computer generally used
2 Some calculations
3 Simple
Usefulness of Results 1 Data anomalous or difficult to
interpret
2 Intermediate between numbers one and
three
3 Standard subsidence data or typical

output rock mechanics analyses or
provides important insight



CRITERION

TABLE 6.2

RATING CRITERIA FOR INSTRUMENTATION MATRIX (CONT)

RATING

DESCRIPTION

Major Cost Items
(1979 priceg-~
approximate)

Less than $20,000
Greater than $20,000

Greater than $30,000




INSTRUMENT EVALUATION MATRIX

TABLE 6.3

INSTRUMENTS
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7.0 SUMMARY

This report summarizes the design and execution of a subsi-
dence monitoring program conducted by WCC at the SUFCO No. 1
mine near Salina, Utah. The study tested the instrumenta-
tion system entitled "Performance of Caving Systems" and
provided a partial test of two other systems, "Performance
of Supported Systems" and "Structure Performance." The pro-
gram was affected by delays, winter installation and mining

plan changes in the instrumented panel.

The study developed a limited subsidence case history for
panel 2E3L, which is approximately 1,000 feet deep, 2,100
feet long and 500 feet wide. A maximum subsidence of 2.6
feet was measured for an extracted seam thickness of about 8
feet. Subsidence increased when adjacent panels were mined.
Angle of draw was approximately minus 2 to plus 19 degrees
over virgin ground and 40 to 48 degrees cover undermined
ground. About 90 percent of total measured subsidence

occurred within 155 days of mining.

Recorded horizontal strains were large over the panel (+2 x
10“3) and were substantially affected by the presence of
vertical faults. The tape extensometer recorded strains
that were 10 times larger than those computed from the level
survey profile. This disparity indicates that some form of
direct strain measurement is necessary for accurate strain
mbnitoring. Ground cracking caused by undermining healed
over the panel after mining, except where a large pillar of

coal was left unmined because of heavy ground conditions.

Deep-hole inclinometer data showed tilt of the strata in the
top 500 feet toward the gob. They also revealed shallow
slope instability in the downhill direction (away from the
gob). Sondex data showed no major bulking in the top 500

feet. Geophone data and surface survey data confirmed that



major adjustments to undermining as measured by rock noise
occur within approximately 155 days,

At mine level, overcore data showed the principal horizontal
stresses to be 1,770 psi at N41W and 880 psi at N49E., These
stress magnitudes appear to be reasonably consistent with

regional trends.,

Borehole pressure cells showed pillar stress increases of 50
percent for vertical stress and 170 percent for horizontal
stress under normal loading conditions. The failure to take
load in another area where a pillar was monitored with bore-
hole pressure cells was a precursor to difficult ground con-
ditions encountered in mining. Roof bolt data showed low
load conditions when a crib was installed adjacent'ﬁo an
instrumented bolt shortly after bolting. Bolts in other
areas carried moderate loads of 2,000 to 6,000 pounds, sub-
stantially less than the design load. Rod extensometers
showed roof sag relative to the anchors of about 10 mm prior
to mining under usual loading conditions and only about 1 mm

in a problem area.

The instrumentation was concentrated by chance in an area
where mining problems developed. Although the unusual load-
ing conditions and change in extraction plan reduced the
completeness of the study as a subsidence case history, the
study provided useful data for examination of the mining
problems. Instrumentation data and visual observations
suggested deflection of a block between two faults as the

source of the unusual loading conditions.

The demonstrated instruments were evaluated for their use-
fulness to subsidence monitoering, and for their cost effec-
tiveness. Two levels of subsidence monitoring programs were
recommended: a basic program to develop case history data

for a large number of mines, and an expanded program to

7=2




develop an understanding of the physical processes of subsi-
dence at key mines.
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Iha. 0 «2A76
Ihtefd P 4B6R6

{S MOVEMENT IN A+eRB+ DIRECTION SINCE

INDICATES POSSIBLE DATA ERROR

03-17-R0
i6=24-80

R-0FFSET 22

i-1

INITTIAL READING
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8 62 86E+ 11 DATE (91681 PAGE 2

58 367.07 eh306
59, AREL N «U5T74
60. 35€40C0 «3248
bla 354,400 2338
62, 352,00 LO6D1H
63- 3‘33-'3] -BC‘EIZ
65, - 3ga,en 8052
65. 346,01 «959%
664 344407 « 9366
67. 342,00 +5019
68, 342,09 «1950
69 33840 -. 15386
70. 33k.00 « 0354
1. 334,00 «1014
72. 352.00 -= 15‘?5
73. 332401 -« 0570
T4, 328,09 <3786
75. 32€.30 «2389
The 324430 «B190
77. 3z2z2.0n « 7354
78, 3204710 «2592
79. 218,00 «9732
A0 316,07 « 3606
a1. 314.02 « 3218
82. 312.00 « 23348
B3 31i.00 «2256
B4 3U8.05 +«3288
o] 85, 316407 «4212
I 86 314,00 « 0066
~ BT, 30Zadw . 9636
88, 312.00 3395
89, 290400 «1248
90. 296,10 «1745
91 294,00 «2262
92. 272.00 «2502
a3, 29%G49) 5022
g4, 284,05 +7030
a5, 286490 12216
96, 284, U0 1.2240
97 2H24 710 l«9128
3R 287470 «F158
og, 278,40 T894
i00. 27020 .84
101 e 27447 e 2742
192. 277,62 LT
1G3. 27.e0C «56114
108. 265400 . 7272
175, 266,00 L8862
166k, 264,00 1.0488
177, 262400 1.0098
108. 265200 12510
169. 256420 143530
11¢. 254400 « 7908
111. 298,00 « 3020
112. LRI «30ds
11%. J'rle Do o I01H

114 L NI e 2758



06 2 8 6GE *» 11 DATE CT316RA1 PAGE 3

115, 246.00 « 32370
I16. 24%40C « 2008
' 117. 242,07 « 2038
118. 240,737 «2776
119. 23400 « 3642
120. ?236.110 ¢ 372
121. 234458 = 3948
122 232.60¢C «8142
123. 23La2 l.1196
124, 227.072 i.0416
125» 2264900 1.09R%
126 224.07 la 0458
127. 222430 +«B589
128, 22%.09 «3563
122. 21t.00 + 3845
130. 216,09 « 3264
131 214.090 «575%
132. 212.170 «5358
133. 210.00 « 7026
134, 239,97 1.2162
13Se. 20620 l.81C6
136. 264,957 l.4676
137. 2(2.19 1.2306
138 20000 le1722
139. 19R.00 1.15326
140, 136200 l.1%R%
H 141 194,00 11892
| 142, 192.19% 1.1358
144, AR, 0] «8479%
145. 1R6.0D -1.0692
146, IR4,. 00 ~1.045%8
147 182400 -« 6000
148. 18p.n0 -¢ 33605
149, 174.0C0D -« 3258
1530. 176420 - 1332
151, 174.00 « 0360
152. 1724119 ~e 2HAY
153, 17000 -~ LH4
154, 168.0° + L25R
155. 166400 « 23453
156. 154428 13927
157« 1654270 -« 0258
158. 1A". 0D -» 1678
159, 15RO 0 -+ 155C
i160. 156757 ~al822
161. 154,32 ~e 2742
162. 157402 ~s 1AF2
163 150.00 « 0366
164. 140,07 2272
1654 14Re77 « 3376
166 194473 «4374
167 1842401 2742
16R., t4lan0 1841
169, 142,20 «1227

173 130.720 « 3RS
"I' 171 134400 « 7414




e s oo o v om o m @ W em o ow = o @ Pwn w

0 e 2 AGCE « 112 DATE f%1681 PAGF 4
172 132wl « 20117
173. 137407 « IT36
174, i272eJ0 236
17%. 17630 «BNRZ
176, 124.00 « 785
177, 122.¢C0 « 5820
178. ©120.00 «6154
179, 1144GC + 6330
18p. 116427 «5316
1AL, 13144060 «6306
1R2, 11230 6726
183, 117%G0 + 7742
184, 108.07 7434
185. 106.C12 «669D
186, 1044732 6754
187. F02.00 « TN56
I88. 102.00 «7T152
189. 92«20 7362
190, LRI « 7236
191. 4,2 « 7650
192, F2. 00 + 7TOT4
193. 9770 «8T7670
194. ER«T] «BTRY
135, S6e 0 eRAT2
195, AY.070 «BT12
197, A2.N0 1.9hB6
198, Ble70 la1832
=] 199, TR0 11832
! 200, 76400 le2330
o 201. Fa.L9 1.2444
202. Tlellt 1«2846
203, Tlali2 1e34H2
204, R VT l1.6268
205. 65410 2«1439-
206, F4.03 246616
207, 67 e 30 J.08R2
208. 63«70 3«522C
219, S8e97T Je«9618
2112, bYhe 16 490200
211. The 37 4.70786
212, D700 448457
213, 5FellT 4.80R%
214 LR 8.,5426
215. 0he B0 44 1RRE
216, 84,70 4.,93086
217, 42477 445696
218 40400 4.6350
219, Ja.r 4. 60R5
22C. J6elQ 4.,£194%
221, Ja. 20 84,4520
222 32.50 1.6356
223. LIRS Qc????
224%. Phe T Qe[ Hd
225 PLell A4 HIZD
225 . P 4, 9R5E
227 Fre il 447232

228. d.oe GaTy12



0T-¢

229
230
231,
232,
233.
234,
235
23E.
237

102
l4a22
12.707
Pread
A0
L]
4490
2-L'J

444525
442168
de 883
Je675)
Je6432
3.57R4%
243104
.4 Tq4
Jab1l52

mT6 2 ACLGFE »

11

DATE t916R1

PAGE

5



t 62 8G6GE +« 11 DATE 791681 PanE 1
1. DATA FORCED TO AGREE AT DEPTH 186 00A=ADJUST = 1.0692R=ADJUST = - 0LO0G
2. COMPARISON OF TWO INCLINOMETER READINGS - HOLE I-1
e
4., NOTE AOFFSET ¢HOFFSET IN INCHES
5 PLUS TS MOVEMINT JN a+4B8+ DIRCCTION SINCE INITIAL READING
6a Z2 GREATER THAN 0 INDICATES POSSIALY DATA LRRAOR
?.
8. ’ 13-17-871 03-17-8"
9. 10-20-87 10-2C=~8C
16.
11a DEPTH A-OFFSET B-0FFSET 27
12.
13. 1864 0J -1.0692
14- ].-q‘l.ﬂﬂ ‘1-[‘24[‘1
15. 182.09 -e5670
16 18p.00 ~e35R8
17. 1708430 ~.2784%
lﬂ. 1?6-*]0 'nﬂ??ﬂ
19. 174,00 s1104a
20. 172.99 0398
2l. 170.00 «N9EN
22. 168.01 « 2704
23 166eQ0 «2774
24, 164400 <3650
25. 162.00 L1824
26 160.00 0958
27. 1958.00 . 0186
28. 156,00 «05690
> 29. 154,90 -.1272
— 30, 152.90 ~. 0330
- 31. 157.00 1548
32. 148.00 + 3264
33. 146430 « 3966
34, 184,50 «5388
35, 142,00 39584
36. tag. 00 3318
37. 138.00 #3012
3B, 136400 2652
39, 134450 2544
40. 132.00 f 4206
a1, 13008 25220
a2, 12r.20 6756
43, 12601 1«33H0D
44, 126422 13232
45, 122.70 « 7966
46, 123452 «B328
a7, 1i4.10 «B0A2
ag. 116400 «7512
49, 1194070 «TT28
50, 112.ap « 87490
51. 115.98 2518
52. 10r.09 « 87610
53 196423 «7998
54, 1044070 «sATZR
55, 1"z 50 225
56 13t .58 «B8279

37 GedD e128



L

6 286G E =~ 11 DATE T916R1 PAGE 2

58 e I et +AT73D
59 19,00 8524
60 9240 «B778
61 97« 30 « 9522
b£2a BfelC1 7432
bla Ftolu «9N42
6% H4.00 «5CHE
65 A2+00 le07H2
bE s 8008 i.1676
6T THTH 1.1508
6. Thedl 1.1538
69. T4.00 l1.1832
70. T2.00 1.2108
T1l. 7308 le2618
T2 EHa 0 le5222
73 [ 2.0679
Tae 64aTU 25938
75. 6200 3.0210
Tb. 6. 00 Jehas2
77 SH« 00 3«8T7T5%
78« 96«50 443152
79. 54404 4,6266
B0 H2e00 47718
Ble S5T«00 4,72280
B2 4R.37 445404
83 Ghe U0 44,0932
> B4e 44.€0  4.4208
[ B85S, 4200 4.48814
[y} 86 42,30 444964
87, 3B« 20 4o 546
88B. 36400 444718
89. 34,05 4.55h6
0. 32430 4.5462
£ 3Ce 0B 4+5£66
92 28e.00 446272
93. 2Ee0Y o644
4, 24w U0 4aTTT2
95 22«00 446918
56 20«00 4.5324
97T 1He 37 442886
98 . 16617 3+9RA2
99 1442y 3.57TH6
100. 1290 345732
1Gla 1la0 33126
102. e 0 3+230%
103, fa 01D 29700

IChe G.00 3.0924

105 2aD Je2238




162 8G6¢E « 11 DATE a516R1 PAGE 1
1. DATA FORCED TO AGREE AT DEPTH 182,00 A-ADJUST = « 56F4E~ADJUST = « 3000
2 COMPARISON OF TWD INCLINOMETER RLADINGS - HOLE 1-1
3.
4. NOTE AOFFSETABOFFSET IN INCHES
S5e PLUS IS MOVEMENT IN A+4B+ DIRECTION SINCE INJTIAL READING
G 22 GREATER THAM [ INDICATES POSSIHLE DATA CRAOQR
7.
8. 03-17-8B0 03-17-80D
9. fE-il1-198106-01-1981
lﬂ.
11e DEPTH A-OFFSEY B-0FFSET 72
12.
13. 182.00 ~+5hR94
Iad. 180012 ~+3246
15. 179.30 ~e2124%
16, 176072 +J186
17 174.00 «2352
18, 172.01 1678
19. 179+09 « 28890
20 168400 « 4308
2le leba 00 + 6858
22 154.70 «6T92
23e 1r2.00 +BBT2
28 . 16000 « 2686
29. 15«00 4224
26 196430 Q3276
27. 159.57 » 3084
2R 152.08 4152
? 29, 15000 eH2R2
(Y 30 14R405 «R382
L 31. 14600 9600
32. 144,00 le.1418
33. 142.00 1.0332
34, 140.00 le00256
35. 138.20 1.0020
36 13600 « 3804
37. 134.0C + 9954
38. 13200 1.1882
39, 130.00 131456
40 128.00 1+.4580
41. 126010 1839390
42, 124.0% 1.8990
53, 122.179 1.7172
8y, 122400 1. 7688
45, 11870 le8042
46 . 116430 1.7736
47, l114.03 18258
4R, 112090 1.£300
4%, 110.00 19715
53 108,21 240334
51 106.0010 17824
52 1470 21109
53. 102430 2« 1574
5% . 17007 2« ZRRZ
5%, IR, 30 2e 1234
56 Ghelh 2eal®j2

57 Haell 21900



062 86F€E€ » 11 DATE 0351681 PAGE 2

58 92407 2+24R8
59, 91,00 2.3430
60 85430 2+3586
61, 86400 2.3394%
2 B4e 0 2.3718
63 2430 2.5776
6% “5eC0 2.69H2
66 T6e00 2.7426
67 T4.00 2.8062
68 72405 2.8710
69. 7200 249622
70 GHe 00 3.2640
Ti. 6600 T.8454
72. 64470 4.4064
73, 62000 4.8648
Ta. 6U.00 5.3220
75 58400 5.7434
T6. S6.C3 be2460
7 54400 6+5808
78. 52400 6.7458
79. 53.CC 6. 7108
80. 48400 6.4818
81 46400 5.1536
82. 44,00 5.5202
B3 42400 6.5814%
> B4 . 4549} 6.6?1“
1 85. 33400 hebb4R
= 86 3oe0N feT120
= 87. 34,00 6.7620
88. 32400 68268
9. 30.09 6+ 8R56
90. 2R D 7.3308
91. 26e D 742216
92, 24,00 7.3926
93, 22.00 7.2528
4. 2:e00 6.7386
55, 18.80 5.6352
96 . 15+ 00 8.4862
97, 14400 3.2802
S8 12400 2.7028
99, 1LelU 2.5632
100 5430 2.520¢
101. EeN 22944
1C2. 4,20 24552

103. 2eil 2+9541b6




36 2 A GE» 11 DATE 991681 PAGE 1
1l DATA FORCED TO AGREE aY DEPTH 4 S0, 00A-ADJUST = ¢« JLOOE-AUJUST = e Q0D
2 COYPARISON UOF TWO TNCLIMNOMETER READINGS -~ HOLE I-1
3‘
LY NOTE AQFFSETLROFFSET IN 1INCHES
Se PLUS IS MOVEIMENT IN As+s.Be DIRECTION SINCE INTTIAL READING
Ge 27 GREATER THAV [ INDICATES POSSIBLL DATA TRRDNR
Te
Be N5-L5<8%9 J35-05-~R0
Ge I6=24=A78 N6-24=R9
10
1le DEPTH A~OFFSET H=-NFFSET 22
12-
134 4574030 20000 o 0333 Do
14, 440,09 « 1752 -+2502 Do
15 L XX « 2700 “a4128 0
16 G444 « 5456 -s25377 Do
17. 482450 e H6H2 « 09776 D
13. 840. 30 «5RTE +27T7R Qo
19« 438.00 51848 «330F Do
20« 436.00 « 3456 22726 0.
21 434,00 « 0420 «3040 N
22 JI2400 -2 1248 #1236 D
23 43je 0N -s Jt94 ~ef1264 0.
24. 2R T C ~+1236 22652 N
25 §2A 010 ~+ 1650 = JATZ N,
26 . 424,08 « 1434 -«6522 %
2T 422490¢C + 4206 -+B052 0.
o 28 420,110 «STH2 -~a7374 Coa
' 27 41300 »B1R4 -«53088 N
[ 30. 815,07 1.021R ~«3007 Do,
U 3. 414400 1.0602 «0528 Do
32 412.00 «5616 20420 0.
33 410400 « 4356 #1872 Ca
35, G0R46D +1218 #1866 D
35 47630 0810 ~al123L D
36 404,70 27482 -e2112 0o
37. 40?-00 -n?l:ifl ‘c“?qfi U.
38, 430400 + 208 ~e£510 0.
3%. 39R.77 « 37560 ~e78724 [
40 39670 «6515 -+ 0BE2 D
41 Jqa.04y « 7176 =~«R%14 D,
42» 392,073 « 3330 ~s 7708 Do
4% . 390. 00 11178 -e 7034 QW
84, JeR.00 le1244 ~«5075 0.
45 JE6.02D « 8376 ~+ 0588 D
45, 304,00 +4944 4337 0.
47 3nz.0" « 3336 #2910 U
4R . JHCL{ T « 3672 « 3336 2
45 3TH.00 W 2RT76 ¢el11068 Do
50 3Tha0C «07BO ~s 1492 0.
S1. 37400 -« 15C3 —e 2718 3.
52 3T2.00 « 1812 ~e4494 [,
53 3T 3% 12" -+14156 Ca
S TEMN LT T 204 -+8538 [,
S5, 5hFanp 10818 -.9T44 17,
S5he Ing, 0N +s0319 -~ TROB N,

STs 567« 080 «HAEH0 -e?2922 Ne



v 5 2 A6E*» 11 UATE 191681 PRGE 2

S8, 3660 «B15R ~el1656 0.
59. IFeT +G3IRD s0126 D
50 o 39667 746 «1194 0.
61 34.0F « 3324 +1926 0.
62e 35202 «73CA = 107372 [
65 250.00 «HBT8 ~e3612 Da
172 % T 34R.00 «29R2 -« 7016 5.
65, Jagl.00 « 97610 ~«978" D
66 Ja49.00 « 9248 ~e3972 L&
6T, J4g.00 «5179 -~e G850 ',
EHe R LY «202R2 7252 0.
69, 351“¢Cr_‘ - TR -af378 O
T0. 336,00 1764 ~e33797" 0.
71. 330,07 «231D « 3258 N,
T2 332410 ~s 252 ~eNM184 (W
73. 337.07 0996 «23R2 (.
Taa J2e.nr «5120 ~« 0048 G,
TS5 32c.00 4032 « 2708 0.
Tha 324,00 «BR62 -« 1086 D
77 222400 « 0702 «5R862 0.
78. 320408 «3212 « 1794 .
79. 31¢a00 «3hT2 134 0.
Al 31A30 « 3545 ~+02%52 (e

81 314.09 «2976 «2682 0. .
82 3l2.00 «2160 «2202 0.
A3 317 ¢ «178B2 « 37398 0.
84, 3R « 2586 ~+2317 Mo
> 85 306400 .« 3342 ~.4299 0,
S BS. 3C4.53  ~.0822 -.A172 1.
[0 U7 3C2.00 - 0522 ~a4296 Da
B, 30C.02 «2124 -+ 030H Ba
89 23H.00 « (566 e2622 Ne
9. 296, 30 s JdFED w8640 D
9l 294400 1284 s8476 B
T2 29201 « 1536 #2214 Ca
23 29700 e 3948 ~eN}AL O
T4 281,00 « TAJ6 ~« 1384 0.
95 . 2Bh.ND 1.7368 -e2370F Do
%6, 204430 « IR 28 ~s2°44 D,
7. 232413 s TESE =-»3150 G
TR 28Ce 10 6377 ~e545% D
Qg, 2TR. 00 «4578 -«77134 0.
100, 27&. 00 « 1620 ~eR292 0.
171. 2T4. 030 - (746 ~eb3IEL0E Do
122 ?Tz.ﬁ.‘ +Z23LA -e9R2 N1,
102, 277473 «35T0 =21932 Q.
1C4. 2EHa L « 4504 PREELD SO U
105, 2hi:e "2 «6076 «1392 (.
106. 254,00 -75"]6 '-1056 U'
137, 2R T2 -«2138 0.
108, 2hie 00 ot 18 ~e82R% T
109, LK, 52 «9198 e A197 0.
110, Z2h56e 10 '2?‘3\. —e TARI2 T
i11. 254407 e ] 386 ~e 3576 T
| B P « B0 —eN4h lia

113, 257,00 C 1464 —edra? Ja
‘I' 1i6. Peue3d <2877 ~e3118 ﬂ.‘l'




neg2 86G6E 11 RATF 791681 PAGE 3
115. 246400 = 13810 -22346 0.
1164 2444050 «1002 =~ 2807 (.
i17. 249700 « 0072 - 0500 1,
113, 24072 + 1169 «OBG68 0,
119. 28k« 00D 1792 «1929 D
120. B PR «1714 « 254 0.
121. 236470 1524 s "0UA O
122+ 23200 5274 =e4374 [
123, 23%.00 +8728 -.RB358 2.
124« 22K« 0 «7310 ~s+6118% 0.
125 22600 69574 -+8812 0.
126. 22400 -6624 '.5765 N
127, 222.00 «4818 -« 7176 0.
128 22700 «+ 1854 s 7288 2.
12%. 218072 1522 ~e«5T766 D
150 21606 «3138 -~ 3774 0.
131, 214.7230 «28(19 =«3L36 [e
132, 212.20 « 2RR4 -«112R [t
133. 219%.00 «4056 -e1272 0.
134, 20R. 0N «BTT8 ~s 4842 [
135, 26 0C 16416 ~«57R4 0.
136 20a.00 1.0R92 ~+6509 0.
137 202440 « 7956 -+ 7304 0.
138. 23000 « 7182 -« ROTE Do
13%. 198.40 «6TTA ~«RB22 [
147, 136400 «hE66TD -.9294 .
i 181. 194400 « 7242 -.3612 0.
o 142, 1924290 «6304 -e8502 0.
< 193, 190.09 «64T78 -eB322 0.
144 1R8e (Y «334R ~e4116 Do
145a !86.:'} -«8378 «A4687T 1.
146, HE LT 3¢ ~e67H2 oBIZh (e
34T, 182.C3 -+ 339R +HE6 R [ o
1480 IHL--D; ’¢26"‘ﬁ 704 |1
149, E?E-UD ~s 2616 « 35649 0.
150. 17¢#00 -« 1020 «4122 0o
151 174,00 « 382 2724 (o
152 172.0F - 1152 -+ 0730 0.
153. 170.902 -. 1298 -+2706 0.
154. 168270 -« R0 ~+3960 R
155, 16628 +1262 ~«347R U
156« 164400 UELE] -+ 3234 U
157« 16211 -« 17%R ~e33849 0,
15K 160409 ~el280 -+ 32RE D.
1599, 15Ba0J “02338 '-2653 Je
150. 15670 - 2176 21752 D
161 1S4. 00 -« 39390 -2 100 F o
162. 15%.30 -+ 3180 «115R D
163 15077 ~«1266 «N510 €
164 . 1470 o438 ~e 37 7.
169, 14¢.N3 1798 «1132 0.
1RG5 . 144450 22722 «T6B47 [a
167 142070 « 1136 +AN3IC D
168, 14730 -« A1D =«"R2? 0.
169 137en8 e 1930 —ezl11l o
lT”. 156 037 ‘.:‘ISD ’cquf) [ LS

171. 134072 - 2%7I4 -« 7T56% T



L6236 F « 11} DATE ~91&R1 PAGE 4
172, 152.50 ~+ 1356 ~e732h [a
173. 13n.87 ~e (414 -~ 7176 D
174, 12“.0? « 0630 _.()5:_‘9' O
175. 124,199 « %378 ~«6504 0,
176. 124473 s3T50 =« 71592 D
177, 12240C s 1568 ~e6432 0o
178, 1214470 « 1426 ~.HT42 0,
173. 11472 « LR34 -»5814 9.
183 11t.07 » 1998 ~«5172 1,
181. 114,30 « 2308 ~«5677 0.
182 . 11202 « 2358 —ebB462 N,
13, 117,00 2712 ~-+5918 0.
1Pra, 1dPeND «2n%2 -+ 7212 0.
185. 1{6.10 e 1858 -«7104 3.
1R6. 104,798 «1A18 ~e 7054 0.
187. 1c2.¢0¢0 « 1250 -« 7724 Do
138 132.02 «2387 =+ 783" P,
189. 9RO 21028 -+6874 D,
190, ELTR «2682 ~e«T416 O
191. 94,900 «2448 -«7752 0.
192, F2.00 « 2628 ~«B748 n.
173 0402 «3300 ~»9672 (e
194, Asg 2 « 3258 =1.0320C 0.
195. HE»T3J « 2338 ~1.0236 0.
194, Ba.nQ 3102 =1e"h37 {1,
197. 82,00 « 4908 =1.1720 Ca
13Rs RuedD + 5949 ~1e0722 0o
199, 78.30 « 53754 =1.0532 Ca
> 203. ?F’-Bl" .b?‘?ﬂ -+ BRRD 0.
! 201, 74.C0 -6108 -«B310C 0.
o 202, 72,00 +636C  ~=1.0110 9,
203, 7?.'.]'3 +6852 =-1+1190 0,
EU*’I. 6302 .6?‘3“ -lol?lﬂ 0o
205, Ahe D »n6222 -le1l6840 .
206, GAe 0L 25496 =1,3652 9,
207, 624010 « 5742 =1.4346 0.
208 6a NN «5RBN =1.%4%66 N,
2% S5¢.00 «65%12 ~13860 0.
219, ShedJ «ebhUAG =1.3145 0.
211. Sueq «HHA ~-1.279R [
212. 52. 30 «+592A4 =1a3921 0.
213. Tl 05922 '1-“51'] Ce
?14. 4rel 0 «eH85( ‘lcqﬂﬁﬂ 7.
215 fifhe JT «HTHE -1147iq 0.
216Ge 44,00 e 7486 ~lea8465H e
217. 42400 « 76 3A -1.5R42 0.
218, S0t «h118 =15992 Q.
219. ia, a0 « 7738 =1le6398 n,
220, 3.C0 « 7RG ~1.5962 0,
€21 34.73 +RORY? ~1e6712 0.
222. 32-[]3 + 370 =la633A G
223. 3080 «A586 =1e5937 Ga
224 . 2iel? «A2TH ~1.6652 0,
225, 70272 1.7732 15720 0,
TPhe 2 g 1e TH1E =1l+5650 D
22?- c2e 2D 1.13U5 -1.7'_14(’ [

. P28 Fra iz «ART4 ~1l.72190 C‘..




e 286 E 11 DATE {916R1 PAGE 5
229. 18.049 «6318 ~1.7334 Q.
230 l1cePy «4506 =2+T118 D
231« 19.17 « 1970 -1 eTu0H Da
232 1243¢C -+ 3274 ~1473482 Do
233, 1Z.20 -« 1588 =~1eF9200 0,
239. el ~e 1224 241270 0.
235 . Colll -= 323N 1833 D,
236 G400 -+ 1626 ~1015% U.
237 - 2a017 + =« 1008 ~1eR334 0,

61-Y
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8 62846 « 11 NATE 191681 PAGF 1

le DATA FORCED TOD ACGREE AT DEPTH 186430 A-4DJUST = «BSGAL=-ADJUST = = e 450
Ze COMPARISON OF TWO0 INCLINOMETER READINGS - HOLE 1I-1

5.

4, NOTE ANFFSET4B0FFSETYT IN INCHES
. PLUS IS MOVEMENT IN A+yB+ CIRECTION SINCE IMTTIAL READING
be 72 GREATER THAN 2 IMDICATES POSSIPLE OATA ERROR
T.

A, 05~-05-07 CH-35=-R1

9 10~220-80 13-20-873
19.
11. DEPTH A-OFFSET B-0OFFSET 22
12.
135, 1RE. 20 -« A934 «A46AT N,
14, 1R4.0C -« 6552 26486 D
15. 132.590 -«3168 «H1T4 D
16 187,400 - 2268 +5316 0.
17. 1784082 22142 « 2672 0.
13. 175.{‘0 ‘05462 04092 U.
19. 174070 «10GHE «262R 0.
204 17200 -« 015R -sl88F Do
21. 176.50 «+ 1396 -~»3118 0.
224 16107 « 1936 ~a8506 0.
23, 166417 « 2796 -+ 3140 [
FE 164,00 «2179 -e«85A6 Da
25, 162.010 - 0072 ~+ 4434 D
26 16910 ~s 0F12 -+4374 0.
27, 158,00 -+1302 -«3864 0.
2R 196032 ~«119% ~«3072 D&
2% 154,53 -e2520 ~+1554 Ge
2. 15?-03‘ -+ 1848 -~ f14R2 0O,
31. 153409 ~«QCR4 -al117) Do
32 14R70 «1530 -«2130 0o
33. 146,50 -2953 -+ 1668 0.
34. 143,04 « 3216 ~e1372 0.
35. 1a2e0 0 «1548 ~02322 D
36 HE PR « 1660 -e393F 0.
37. 138,07 «H1H2 -+4372 0O,
38. 13A.C0 ~« 0414 ~e7362 0o
39 138,03 -2 1B6EY =140092 B
93, 13240¢ «(A4YD ~+9654 D,
41, 133,72 «1719 -e?37R T
42 120,00 «3189 -+REB? 1
43. 126.70 +66NG -+RAS5 T4 0.
45, 12801 «H922 ~a3234 (.
45, 122720 3714 -« A5KA G
46. 120,21 « 5721 ~sP31s De
47. likew? «3EFP R ~e8274 0.
45, 1150l ° 3594 =~ TAG2 [
45 114.00 « 34256 -«R5 T4 D,
50, 112.1f -36?2 -«957° D&
51« 117.00 «39P 4 1472412 Co&
52 11”009 « 4398 ~lef16T8 0.
53. 1264C8 « 3142 -1.075R B
94 . 174,07 « 3122 =1.1312 Co
55 170414 <3123 11732 O
56« 1L eJd « 32496 ~le2u28 0,

. 57 T, 72 «3159 =tl.204n ':..




62 8GF +» 11 DATC "%1681 PAGE 2

58 J6a L] « 35786 -i+.1886 0.
39. Phe 1T +«331R ~1+2354 0.
LU 2405 «3832 13422 0.
51 e U « %362 =1.4400 0.
62 HP LD « 3906 ~leH%AY N,
63, Bha 02 + 3574 =1le5024 Do
69, 84,.0) « 3496 ~1.5432 0.
65, T H2.49 +5G04 ~1.64348 C.
66 Bl L2 «5704 -145558 0.
57, In.C0 «5430 -1.5516 0.
&R 763 «5278 ~1le816d 0.
69, T4en i « 5498 -1.3854 (.
70. T2.0% « 5622 =1.5954 Q0.
71. 7n.00 « 51018 =-147117 0o
T2. 68010 «5952 -1.7868 0,
T3 65407 «545% 17964 D
74- 64400 04818 ‘1.9992 G-
750 62400 .507[’ -2.GRER LI
76a 6Tel « 5112 =2.0952 0.
77 DHe G0 e S544 8 ~P2+0966 (e
T8 56.07 «5232 -1.9839 0.
T2, 549.07 «5CR9 ~1«969R D.
BUOe 5240131 «95196 ~2+1048 0.
8l. 53«00 «5058 =2.1720 0
82, 43,00 «5568 ~2e2482 0.
83. 451 «5R26 =2+2440 N,
B4, 449408 « 6348 ~242398 C.
85 42410 «5361 -~2«3577 D,
3" BB 824322 «6732 =2« 3FBR D,
] BT. 3“.50 06312 ~2.4084 0.
e 88, 36.08 «6330 -2.963% 0.
89, 3400 «661R ~2+4390 N,
98, 3200 « 6276 -2.4192 0.
91. Te 0 $6360 =2.4030 0,
92. 28.02 «TAEG -2.8972 0.
93, 2he 32 «ANl6 =2+8252 0o
9. 2440 «AT742 =2+5296 [
95 el «FHRA 245926 T.
F6 2010 «6786 =2e£172 U
97 12,00 w4278 ~Ze6142 N,
98. 16407 « 2228 ~2.9106 9.
99, 19070 ~«1152 =2aB212 D
190, 12. 02 ~«3512 =~246T72 D
101. 17.0¢ -+ 3P4 =2.9376 Da
102 fe i ~«4774 =-3.7547 ]
193 Heo] s 6474 ~2+7936 3.
104 . agrt} ~aDH996 ~2+2345% (.

lES- Erpa s 4222 ~3.716% 3.



T"& 28 GE * 11 DATE 721681 PAGF 1
1. DATA FORCED TO AGREE AT DEPTH 182.00A-ADJUST = ~e22168<-8[1JUST = ~e 648
2 COMPARISON OF TWO INCLINOMETER RLAGINGS -~ HOLE 1-}
3.
L NOTE  ADFFSET.HOFFSEYT IN TNCHES
Se PLUS TS MOVEMENT IN A+4Bs DIRFCTION SINCE INITIAL READING
21 27 GREATER THAN O INDICATES POSSIBLE DATA ERROR
T
Aa 05-C¢5-A0 05-065-80
9. 06=71-1941%6-01-1981
10-
11. CEPTH  A-OFFSET BR=-0OFFSET 22
12«
13. 182.00 «2214 +6948 0.
la. 18T.00 «34R0 «59845 Q.
15. 17R.00 e 3328 +4B24 0,
le6. iTe.07 «5904 «5502 0.
17. 174.00 « 7740 «2032 0.
18- 1??.30 «6792 -« 008% 0.
13. 17C.00 1722 -« 1770 B,
20- ISR.OU «AE46 -«3348 0.
21. 1A5,00 1. 0985 ~s301R DO
22 164,20 le.0722 -.3042 0,
23 162402 -3778 -+ 3420 0.
2%, 16300 «8526 ~«3516 D
25. 158,30 «N142 -+3054 0,
26 15F.07 sBaan -«2244 Q.
27. 158400 « 7242 -~ 0624 0,
28 152.00 + 8040 + 0624 0,
> 29, 150460 1.0956 <7143 0.
[\ %) 0. 14f.00 12024 ~«0630 0.
bo 31. 146.09 1.3G98 ~e0236 D,
32. 148.090 led652 « 0365 .
33 142.00 143332 -« 0288 0.
34, l4¢.00 1.2774 ~«1068 0.
35. 137.00 le26i6 ~+2335% 0.
36 136,30 1.2134 ~+4902 0.
37. 134.00 lal152 - 7770 0,
38. 132.00 1.3902 -«7338 0.
39. 132.30 l.5182 -« 7188 0.
45. 12H.02C lab2a10 -~e6462 N
41, 12he00 240562 -.5h38% N,
42 124.10) 2+ 9286 -+ 7350 0.
43 122409 18425 =636 Do
LE 2N 120,00 1+.878s5 ~.599% D,
45, 118.00 1.R95% -+5862 1.
46« 116400 1-9224 °05286 De
47 114,00 1.9362 -+5886 0.
4d. 112.03 1.3938 ~e6817 0.
49, Tic.00 20592 =+ 7386 0.
S0 104473 241078 -« 7794 0,
Sl. 106.60 2.039% -« 7746 0,
52 124477 2« J0RQ -« 832484 [,
53. 1r2.e1 240874 ~«8520 1,
56, . 1uTe?0¢ 241156 ~«8736 0,
55. Goig i 2el86? ~+T4A% D
55. 9G4 30 fe2lGa -+ O03HE (.

.57. 94 431 22164 -«B737 0, .




£C-¥Y

58
59.
60
61'
hle
63,
64
654
66
67.
68.
6%
T0.
Tls
72.
73.
Tq.
TS
Tée
77.
T8
T3
arc.
81
82
23,
B4
5.
86
a7e.
88
A9,
S0
9l
92-
93.
4.
95.
96.
97
9B.
99.
100,
101.
102.
193,

I2eL i
Qren
APau"
Bhell
Hy, (')
Blall
0.0
THeTD
Tiet 1
T4alD
T2eul
72.00
68,00
HEWT
Ghel
624350
6Ce 30
5He 01
96400
54,00
5200
TeOU
47,019
4he N
44430
2. 05
4037
3. 00
35470
J4a20
3240C
zR. 20
2he ™
24,20
224010
Cefl
1700
1h.C0
14 0Q
Qa0
lre OO0
q.?:‘
6.53
1‘..:’:‘
T 7

2.25088
2?3376
2ed4Eh
2e37A2
2+3514
25414
205495
2e64010
246592
247132
2+7630
2+R842R
2.8776
2«86 144
28350
2«8914
23206
29734
2«99456
3.0036
340342
3.0432
3.1248
31836
3e27089
343162
3.38R9
33720
3.4038
X.8578
35088
3+495%6
3.6906
JaBe74
440302
39708
3+425%
249150
1.2606
-sBR14
~« 3982
~e6396
-« TBZ24
- 6862
~-+53488

6 2 A G E

- 1744
-1 .0698
-le.1280
~lall118
-1.1434
-1.7252%
~le19592
~1.13°9%

-+ 9684

--912’I
-1.49592
-1+198R
-1.25490
-12515
-144587
-1.5826
-1.5598
~1.49°8
~1.426A
-1. 3956
-1.5078
~15522
-1.6074
~1.5846
-1.5744
’1.6722
-1.7154
=~le7640
-1.8264%
-1.7964
‘l.752ﬂ
=]l EREY
~1.7278
~le6198
~1.7268
~1.80Ha
—1-H75‘J
=1.928%
-2.2F38
“2.1930
=-2.066%
-2.3222
-2.4312
~2«167A
-2.2776
~2«5324

O

G
Ce
0-

~

U.
U.
U'
e
0o
Oe
Oe
c'
a.
D
0.
RS
ﬂ.
0-
Cos
Ce
B
O
Ds
ﬂ-
c.
D
Ca
T

e

Je
g.
Oa
D
U.
(L
Je
De
0.
U-
Je
C.
G.
0'
U

Ce

*

1

1

UATE

191581

PAGE

2



062 8G6G6G¢E » 11 Nate 2291681 PAGE 1
e DATA FORCED 70 AGREE AT QOEfPTH « QM A-ADJUST = e FIG2H-ADJUST = 0051
2a COMEARISON NF TWo INCLINOMETER READINGS - HOLE 1-2
3.
L NMOTE  AMOFFSETBOFFSET IN INCHES
S PLUS IS MOVEMENT TN A+4Be ODIRECTION SINCE INITIAL READING
be 72 GRTATER THAN 0 INDICATES POSSIOLE DATA ERROR
T-
fla 33~17-87 03-17-#0
Te 05-06=-A0 C25-J6=-A0
10.
11 DEPTH A-NFFSET Nn=-0FFSET 27
12,
13. 268.40 «Q0G00
14, 266427 « 0012
15, 2649400 « 0102
16« 2h2.00 «0258
17 26000 « 0180
18. 25838 «2126
19. 256400 «01B0
20 258.01 «G2117
21l 29207 « 0258
22. 250.00 « 0318
23 29R.01 « 0222
2% . 245600 «N276
25 244400 « 8222
26 242409 «JIR6
27 24000 « 0174
B 2B 238.0C0 «0222
1 29« 2374072 + 0330
o 30 234420 « 0539
> 31. 232.00 £0732
32, 233«00 « 0330
33. 22He 00 «1026
34, 2254069 «1122
35. 224.00 «10C8
35 222400 + 0024
37, 22r. 00 -»1158
38. 218409 ~e 1288
39, 216400 -e 13548
40, 214.20 -+ 14446
41, 212,09 -~ 1410
42 21080 ~-+1332
43, 29Rr.CO ~+15C3
LL I 2N€e00 ~e1416
45, 2C4.92) -+ 112A
46 . 202.60 -. 0875
47T 20N. 07 -« NBE2 W
a8, 193.00 ~s (738
89, 196400 -+ 966
574 124, oL ~e«12FR5
51. 177060 -+ 14354
52. 179422 -el452
53. 1ML -« 14k4
S4 .4 186407 -+ 142R
59 Lvibe Ul -~al1392
56 1R2.09 ~e 1470

. 57, 1H e )l -. 1774




6 28 GE » 11 naTE L9igRl PAGE 2

58. 179.89 -+ 0814
59 l?i)- s -+ L5790
(310 174470 ~a N3350
61, 172.0C -« 0144
63 16830 « 02348
64, 16402 » 1198
65.. 164401 ~«3018
66 162.00 -« 01152
67 16000 -+ 03960
%: 19 153.00 '-USIU
69 1%€.00 -+ N518
Tl 154493 ~e 0862
T‘. 1‘32-’]0 -.9542
T2, 192.50 -+ 3274
T3 14800 -+ 0012
T4 14,00 » 0210
75 144,09 «040G2
Téa 142.1010 « 2606
1T« 1473407 «1020
TR 138.30 1374
T9. 136409 «1704
an. 1344020 18482
Pl. i132.00 « 19R0

B2. 13C.00 «e1962 .
83, 128403 « 2196
B 12600 « 2046
M A5. 124.00 + 1950
i 86, 122.080 «1962
b RT.» 1204010 + 1980
Ut A . 11B.60 «1992
B9, 11530 « 2758
270 11400 «22148
91 . 112.00 «2400
G2 117210 «25618
93. 10400 « 2679
94, 105.00 « 26R8
95 . 134.78 + 2878
96 12407 « 3108
37. 123400 «3109
9B 924017 +3198
99, 9F . 00 « 3360
100, 94,90 + 3444
101 22, 0N « 2852
1024 PP « 3624
103. Ateild «JRDG
124, Fra N » 3948
105 fa, 30 » 3978
106, R2.90 «3R82
107. 8230 « 3096
128 TialD 24230
109. TieNC « 150y
110 Toe il « 4776
1t1. 72401 49326
112, T iel® + 4GERA
113, EFRe 7D «5038

114. fibe O0 «+5076



"6 2 H8HGE » 11 UATE [91R81 PAGE 3
115. 64400 «3112
116, $2eN0 +5172
117. Ale DT « 5214
118, 58e 00 -Ya¥:|
119, 5F .70 «5352
12¢. 4,00 s+ 3436
121. . 52400 «5aRY
122« 57430 « 9538
1235 LR «55178
124, 46. 0] +SHA2
125, G4 4 %2 «DH46
125. 472730 « 5778
127. 490.05 +A2B2
128 3Be 0 6312
129. 36400 7870
130, 34. 70 « 7T6K2
13t. 3241319 « 55886
132. 25«30 -+ 3336
135- 2Re 2 -10756
134. 2~s 00 « 2138
135. 28.0C0 « 0554
136 2207 0T84
137, 23407 «06FR6
I138. The 20 3504
139, 16«40 « 306
140. 1472 « 0162
141 12410 +2718
142, Ive?d « P96
> 143, HelD .2324
A8 144 . 60 .C492
3] 145. 4.500 + 0456

145, L « 2168




w e = e o m o wm @ wm om e om wmw @ =

Lg-Y

1.
2
Je
4.
S5

Te
B

10.
11le
12«
13.
14
15«
1ﬁ.
17.
18.
19.
20
21
22
23
2% .
25
264
27T
28
29,
30
31.
32
33
34,
35.
36
37.
3he
39,
40
al.
424
43,
QQI
45,
46,
L
B8 .
49,
50.
51.
52.
53
54,
55,
56 .

ST

062 86E + 11 DATE 91681 PAGE 1

DATA FORCED TO AGREE AT DEPTH « (DA-ADJUST = « 00T B=-ADJUST = «C2NG
COMPARISON OF TWO INCLINOMETER READINGS = HOLE J1-2

NOTE ADFFSETHOFFSET IN INCHES
PLUS TS MOVEMENT TN A+ R+ DIRECTION SINCE INITIAL READING
2Z GREATER THAN N [NDICATES POSSIEBLE OATA ERRNMR

05-17-80 03-17-80
16~24-8] C6-24~80

OEPTH A-OFFSET G-0FFSET 227

268.00 « 0000
2R6¢ 710 « 0036
264230 « 5162
262,00 « 0398
260. 00 » 2462
25800 « 0492
256400 +0582
254409 «B6E
252080 «0732
250.C0 <0816
249.0U » 0690
28500 « 0738
244,00 « 0762
24200 « 0834
2%iuie 0 o[948
230407 1092
236420 «1284%
2349.00 « 1548
232.00 «1812
230.010 + 2064
2284797 «2214
226400 e 2466
224.00 « 2652
22200 « 0570
228.00 -.2592
218.020 -« 21980
216206 '-2528
214407 -+ 2728
2120:9 ‘-1&73
217.00 -+ 0786
208.00 -e17E4
20647017 -+ 638R
294400 -«5563
202.20 -a5278
20ke 30 -se5142
138.C0 -«5136
198-0C ‘05118
194.C0 -«5184%
137.3¢ ~e5226
19Ce ~«2138A
1804727 -« 4994
184,070 -« 48548
1H4.072 —e4TLN
17.0.31¢ ~e 4470

RN ~s 4150



J &2 B G + 11 O4TE (91691 PAGE 2

58. 17620 -« 3024
59, 17600 —e 3498
60, 174.00 -+3276
61. 172400 ~+ 29998
62 17007 -« 27165
63 16Re 12 ~«2590
4. 1éha 21 - 2967
55. 154400 ~e246(
66, 15?;00 ~ea25926
6T 16C« 0 -« 253R
68 158432 -e25273
69. 156780 -«2406
Tha 1544017 -e27232
T1. 192400 -« 2076
T2 15C.00 -« 1908
T3 1484073 -« 16286
T4 1agst2 ~+« 1344
T35 144,00 ~« 1080
TéEs 1az2. 30 -« QR34
T7. ladel3 -« 5456
TE e 130.00 ~« )66
19, 1364359 3312
A0 134.09 « (0522
al. 132.00 « 3702
B2 13C.70 «0954
A3 128,20 « 1034
4. 126430 «11R2
B5. 12400 « 1354
> B6. 122400 +1831
o 87 12C.00 «2178
o0 BB 113.00 « 2388
89. 11/e 02 « 2538
9 114400 « 2772
S1. 112.00 « 2850
92a 1iQe.0D « 2832
93. 180D w2687
94 . 1l6e0C «217R
95. 134600 «» 1356
96 167«03 « 1754
97 . 10t N0 v 1656
9R e EHPIGH -l?TU
99 A+ CO w2086
100. 94,00 «2232
101. ZeN « 2298
102. QML «2514
123, BR.LC «2702
174, Rba 8 « 2902
105 Ba40C « 2126
1¢6. AZ.h0 «3150
107. Ale il « 3234
10R. TR4 10 » 3438
109. Tea 00 « 3780
110, Ta,00 4062
111, T2l 441D
112, Tra? «4hBb
113, R, NP «3318

. 114, Ebal R .
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962 AGE » 11 DATE 91681 ragg 3
115. LUe T « 43958
116, 6le"N «T46
117, A0 9208
11R. AT « 33948
119. DL D «0HER
127, 54420 + 5676
121, i 57400 <9062
122, S5CeT0 « 3758
123 4r.02 «6126
124, 46,00 «6252
125. Q4NN «6376
126 42400 « 6450
127. 4fa 00 «OR22
12R. 3R.02 « T3R6
129. 3be D +8076
137 54420 eHT24
131, 32.47 »BETE
132, 31490 -«3378
133. ZH. "0 ~«8922
134. 2620 -+ 7BRO
135. 24.00 -~ 7294
136, 2260 -« T12R
137- 2C.00 'OTISQ
138. 1R. 00 '.?320
139. 16.20C -« 7494
140G 1a. 0G0 -e 7TH3A
141. 12430 -~ TTH2
o 142, 10«00 ~s 7524
f 143, felD -.7236
N 144, 6al3 ~a 6048
\o 145, 427 ~a6382

146, Z2ef 0 -« T1RA



162 86 E + 11 DATE 291681 PAGE 1
1. DATA FORCED 70 AGREE AT DEPTH «PDA=ADJUST = ~e INGAR=-ADJUST = s ONE
2s COMPARISON OF TWO INCLINOMETER READINGS = HOLE 1-2
3.
9, NOTE AQFFSFTLDOFFSET IN INCHFS
S5 PLUS 15 MOVEMENT IN As+4B+ DIRECTION SINCE INITIAL READING
6 27 GREATER THAM ( INDICATES PDSSIBLE DATA FRROA
Te
A 03=-17-80 03-17-88
9. Jg-22-20 D0R-22-810
10
11. DEPTH A-QFFSET R-0FFSET 27
12.
13. 2hfha42 . 1308
14. 260,42 «+ 0020
15. 2B2.82 «+ 012189
16, 26Me 82 «0h21
17. 25802 «1150
18. 256+ 42 « 1665
159. 254.82 « 1153
20 252.42 « 0216
2l 250.82 « 0232
22. 24A.8?2 + 03RA
23. 2064482 « 01594
24 . 244,42 « G985
25 282,42 « 1763
26 24De 22 «1213
27, 23He82 « 1265
28. 236442 «1491
> 29. 234,42 $1687
w Il 232.42 «2120
(= 31. 23082 s2818
32 228442 s 2B65
33, 2260482 «3271
34, 22“.“2 .3552.
35. 222442 «2371D
36. 22M. 82 e 2h2R
37, 219-“2 -«2945
38. 216482 -+ 2BRE
39, 210,472 -« 5099
40 212.42 -~ 3239
41, 2lie42 ~e26BR
42, 21"8."2 -~ 2855
43. 2065442 -e9H%1]
a3, 224,062 -+ 8549
45. 202.82 -« 790P
A6, 2:‘0.*2 ~ea BS45
47, 19K+ 42 ~e6TAE
48 . 19h,42 ~eb6562
49, 134442 -« 6861
S0 122,42 ~u 7379
St 1P, 42 ~«730R
52 IP8.42 - 7247
53 146442 ~a7l14
5S4, Lut 02 - 7125
55 187442 -« 714k
S6. 1piaa2 -+ 6THR

. 57. 178,42 -e 6235 .




06 2 86 E « 11 DATE 791681 PAGE 2

58. 17he82 -+5569
5% 17402 -«5254%
60, 172,42 -+49817
61, 170e42 ~s« 4628
62 1RB %2 -ea4139
63. 166482 - 3677
64 1f4.42 ~ s 36R0
65 1A2+82 -s4057
Y 160,92 -~ 382
6T 15He 842 -~ 8477
68 15642 —e 450}
6%. 154442 - 4506
T0. 152.42 ~s 83553
Tile 15082 ~e4060
T2 14B.82 -.39701
T3e 146482 -« 35510
Tae 140,42 ~e 2345
5. 142.42 ~-+2611
16 !“3042 -e2502
77. 13“042 -.!?QFI
T8e 136482 -« 0972
79 1344482 -« 7537
ﬂgo 15?.“? ‘00316
Ale 132482 « 0205

A2, 1784482 «03RD .
85. 126.482 + 0016
84. 124.42 ~e 0203
o] 85. 12282 -« 2814
l BB 120.482 -« 0303
L 87. 113—42 - 0059
= 88, 116,42 -+3136
89 114,42 « 1049
0. 11282 0400
91. 1t0.82 + 1630
92, 128.42 «1128
93. 1764482 21261
4. 1944482 «1321
5. 1(2.8%2 « 1679
1 10Ce4%2 +2724
97 . 98,42 «1766
B Ahe 42 «2105
09 . Q944082 e 2260
106. I2.02 + 2074
171 Gneu?2 e 2364
102 AR a2 «2751
193. Abed2 «3135
104. A4.42 » 38 CR
105. B2et2 «53388
106. 8N,%2 » 3377
107. Tde82 « 3506
108. Thet2 « 3982
169, Ta.,a2 +42135
1i0d. TPe42 «#118
111. Tradl «A116
112 6fla82 0214
113. fh U2 MUERE D]

1148, g0l «9376



ce-¢

115.
116.
117,
11R.
119.
120
121.
122.
123
124,
125
126
127,
128.
129.
130
i3le.
132
133.
134.
135.
136.
137
138
139.
laf.
1a1.
142,
143,
134.

e et
£ e 42
HFPe 82
96402
She 2
9202
95Te42
48,42
45442
44,42
42402
4442
JHet?2
3642
34442
32.42
3%.42
2Hed 2
2He82
24442
22442
23442
1A.42
16642
14.42
12.02
1le82
Re42
fre82
8442

+ 5453

« 9F42
«5TR2
«5A49
»5933
«6012
«5154
«h414
«55%910
«5bB1
«6575
«6TFY9

« TU37
«A1H3

« 8986
«£509
-1, '.\713
~1e1623
~leD194
-+ 0395
-+ A958
~e 2811
=« BRI4
"08394
~«903}3
-+3358
-« 3106
~e@]132
~e9336
~« 3859

3

6

2

a G

£

*

1

1

DaTE

GI1eR1

PAGE

3



£F-Y

19.

25

2%,

313.
34,
35.
36,
37.
38,
3“’.
40
L
42 .
“3.
G iy
45,
GF‘.
47
48
49,
5“'
51.
52
53a
G4 .
55,
Sha
97

6 ¢ RGO T « 11 DATF JB164H1 PA4GE 1

JATA FORCED TO AGREE AT DEPTH « 03 A-ADJUST = - ATIAH-ADJUST = aoren
comranisoN OF TWO INCLINOMETER READINGS =~ HOLE 1-2

NOTE AOFFSETHROFFSET IN JNCHES
PLUS TS5 MOVEMENT IN 2+4R+ DIRECTION SINCE TRITIAL READING

22 LRER

DEPTH

2hEe 02
264462
262a42
26N ed2
29342
25Feh?2
254442
252442
237442
24P, 42
240042
248,47
2h2.u?2
247,42
23R.82
236442
234442
232482
23%.42
22Ha 42
226482
224,42
222482
220 e8¢
218,42
215242
214,42
21202
21de2
2?2
2lbat?
208487
2L2.42
20ne42
1. 82
196.482
194,42
170642
19042
lonv.42
iHhe2
196 442
18?442
TR 47

1754472

TER THaR o

13-17-27
10-26-30

A-OFFSET

« 3008
-s C05H
« 06T
«3291
. 1243
-+ 0349
-.‘,I2T3
-+ U185
- T12P
«N074
« 04752
«2ANS
e 2RRS
« {391
« 1058
«1275
«1447
«1REJ
2178
«1277
« 1495
«1818
« N512
-~ 3786
~s 9567
-+ 0514
5127
-« 5855
-«5292
-« 52149
-l.:267%
~e92321
—B6TH
i ] 996?
-~ 1316
-« 7308
- 717
-+ £243
-« 8115
- P1%3
~aH273
~«PLSO
~eA17D
e T2 0

"-E!qu

INDICATES TOSSIBLE NATA ERROR

13-17-8¢F
1G=20~A3

H~0OFFSET Z7



56 2 8 G FE » 11 DRTE noleft PAGE 2
58« 176e 82 -e£325
5% 179.42 -« 5FHE
60 17242 - S5645K
61, 17r.a2 ~-e9222
62 Learaa2 ~+ 4R G5
63 1‘7‘0“2 -, 4505
68 L -«4530
65, 1h2e82 -+« 5087
66 16Cs02 ~-+592786
67 1hf .42 -« D4R T
68. 156.42 -«5523
69, 154,42 ~«5260
T0. 197.42 ~e5%43
Ti. 15%.482 -+5116
72 103-“2 -e 4945
73 l4bet2 -~ea 8534
T48. 1994482 -« 3972
75 15242 -« 3703
T5. 14742 -« 34856
T7s 13R.42 -« 2h54%
78. 13t.42 -+1B36
79, 138,42 -« 1401
B0 132.42 -. 1180
al. 13C.42 -+ 1695
82. 129.#2 - 25101
83 125042 -s1370
84, 124,42 e 1247

k=] A9. 12282 -e a2
! 86 122e42 -«1329
e 87. 1ines? -« 1085
BA. 11642 ~«1204%
87. 114442 -+ 0965
90 112442 -+ 36286
91. t1f«82 -~ 0365
92. 10R,.,82 «0318
93 106+%2 «2L97
94, 174442 «0121
35. 10242 » 3407
EL T 13e82 « (692
G7. QU B2 « U810
98 . 96,42 « 0655
9% . Ghah? +10210 .
190, 9242 «1166
101, AL el «1CDR
162. HP .82 «1413
103. [AESINE 34 «1A21
104 Raga2 « 72158
1C5%. A2, 42 « 1257
156, Bieu2 «1781
107. Teea2 « 1936
10R. Thett 2 « 223R
109, Then?2 «+ 2757
117 T2et2 +324AR
111. Tiheh2 « JERH
112 bR 3792

[ « 37T

64 oh7 3744 .




062 86GE + 11 navr L31rA1 FAGE 3
115, fel2 2797
116. £l eu? « 5IH
117, BFeu2 B T02
11R. Shet?2 «4175
119. S4.42 s 28263
120. 5242 4326
121 . SG.a2 e 4499
122. 45,42 4770
123, 4Phed? + 453h
124, 44,42 +45E9
129. 42442 «4AT11
126« 4Ne 47 « 8359
1274 3Aen?2 54T
1283 36,42 « 6437
123 34482 « 7324
130. 3242 +«6BAY9
131. ILan2 « 3955
132, 2He82 « 2807
133. Eehe 2 « 4254
1349 2842 «51C3
135, 224482 « 5462
136. 2,42 +55A9
137, 19. 42 TR
138. 16e42 «ZU434
139, 14.42 » 2433
140 1202 «S862
141 10442 444
i 142, Raa2 «53TH
t 143, GBet?2 +5154%
o 144 . f,42 4576
ot



COMPARISON OF TWO INCLINOMETER READINGS--HOLE I-2 .
DATA FORCED TO AGREE AT 26.42 FT

5-06-80
5-31-1981
B-Axis
Depth Offset 2%
26.42 -1.5642
24,42 -1.55
22.42 -1.55
20.42 -1.55
18.42 ~1.44
16.42 -1.36
14,42 -1.34
12,42 -1.29
10.42 -1.24
8.42 -1.14
6.42 -.96
4.42 ~.65




& 2 B6G6E + 11 aATE T016Ad
1a DATA FURCED 70 AGREE AT DEPTH fLIJA-ADJUST = . coie ADQUST =
2 coMeawISON OF TWO INCLINO“E TER REALINGS - MOLT  1=-¢
S
4. W0 Te AOFFSET«BOFFSET LN INCHES
He pLus IS MOVEMENT IN A+elie DIRECTION SINCE INITTAL READING
G .77 LOEATER THAN U FADTCATES POSSIRLE DATA ERROR
?.

B 5= -Ar 15-06=87
EX Je-c4-R73 LE=24-8
ln.
11. DEeTi A=-QFFSET 4-0FFSET Z2
12
13. 272400 »0C30 «J030 1.
l4. zT3end L0000 -+0198 0o
15. 264400 -sL114 -, 5185 U
lbe 266e "D - 1290 -e5180 G
17 2640 - G004 -e 3139 e
1B 2h2.00 .0L18 —e3234 Q.
19 el SRS e DEEH e G292 U
20 25Hec 292 ~al2ll Le
21. 2hbhet L PR R —alzll (e
22 ZS%e LT 342 —euly2 L
23 25240 « 476D -.0216 Us
2% . 2508400 «J3R4 -a3234 Je
25 Z24H e ] « 3354 e300 0o
2be 246! e 1344 ~—el4%H e
Ly 27 248,47 826 —eDDBb4 L.
1 2. 242400 + 934 —anT32 U
w 29 240e 30 » LSBT - 0845 G
~ 3. 238.L0 . 0756 -.u978 M.
Il 23‘1'?,6 . JAGD -e1152 0o
32 234aLlL « 29400 ~21242 L
33 z3la 00 3956 ~e12b6 T
4. edoe i + 1720 - 12006 e
e 22 el -1[1?‘4 'o}lqﬁ De
36 2ofRal sl ~e119R T
37. Jltae e 1533 ~e13N2 e
3Ha 22ée 02 PR T s —eUTER T
39 220e G -a 1548 « GG e
40 o PlHT L ~. 1095 LiHAR Ty
41 Tlre TS - LTRH aT%3E T
42 Tate”” ~suf54h e T1b2 e
43 Sloe -8 T HRD 132 Lo
44 . Tl O30 e . e
B T e -s 7378 1T e
4h. St e T - PR Y
47, 2 el E Rl T VLY L
4 e 202elu -t 12 25U~ {e
4. 2ulteid -e 4632 £ 25992 U
50 1944530 -« 4512 2 25H T
51 i9sentl -e42bb « 2456 Ce
52 194,70 -eduld 2034 U
S3e 19¢en - 375 2R D
S4 e 175637 -« 3755 o264 [
59 e lekelW s lb4R L1932 T
ke MR EP L s 1TTHR Lo»
57 1iaet -y 3412 « 5342 Js



8¢~V

[
67
60 .
69,
70
Tla
724
73
Thoe
T3
Thbe
77
78,
T3
80.
81,
A2.
33.
B9
45
86
7.
88.
89,
90 .
91.
92.
93.
94,
85
Fb e
37
9.
59,
100.
lul.
102
103
104%.
165
1%he
1CT.
1iH.
119,
11C.
111
112.
113
114,

1RZ2a07
14747
1Teel
176625
174450
17233
179430
1600
1bbe 12
lbbail
162443
16430
154620
12£400
154,00
152.0¢
19900
140490
l4ta 00
144400
142.00
l1an. G0
138,00
13hRe Gl
134G
132400
iduvedy
128.0C
126400
L PR
122+ 00
120400
11800
116440
114473
112400
11700
138«062
HIFL TR
124,03
122600
ldteCh
ELNURY
Qe ld
GYe ol
B2e M
Mevw
Helw 20
Afheld
Aledly
e
H' a1
THe Ty
Tt el
L PRNRG
T el
Theld

-« 3118
-+ 3098
-« 3174
-« 3082
-« 30012
-~ 2904
-e2956
-« 2926
~e2772
-« 2596
w2448
~e2262
~a212%
-«2010
-« 1A8Y
-~ lb#4a
~e1788
~1728
=« 16AR
=+ 1096
-~«1554
~e 1590
-+ 1554
“e 15!.!6
-+«1454
~+ 1392
".11:2
~s 1266
~+ (978
~eub il
~“esvl86

« 0084

« 0282

« 0366

14404

« 5336

«C1%3
~e 3144
e h2b
~. 1026
~a 1828
~s 1366
- 1542
-e142H
~e1325
~e1273
~-»1224
~+1176
~e1LBJ
~s 366
—e MMA5
bt} j'u'.‘?t{)
~e P06
~aiiS1lh
~ ik 20
~s 63D
~e3l9A

~6 2 8 G E

« 1350
« 1284
120y
ell a4
« 0354
«LBA4I
2726
U665
e U232
« 630
« 0534
<0324
+312¢8
«2906
~eJ204%
-.3354
~el UG
-« (D34
~e U540
-« 0B70
~-+0954
-el1C44
~s1152
~s+11918
~+.95%
‘31050
'.Jﬁjf]
~«17R3
‘alfjﬂb
~elb92
-.1548
s 1344
-+20%2
-e2250
-e2424
~s2562
- 20 B
~e2772
-.2904
-+ 3430
'051?4
~al2296
~e3234
-+ 33610
~e i 20
-e 3678
~« 3B 4L
~+82R2
-+ 4194
o2
2425
e 438
- 45 TR
L)
- B E I
~e 4677
-et597

1.
:]-
['.
e
[}.
B.
Je
U.
G.
UI
G'
ﬂ-
Ge
n.
c.
Coe
0.
lJ.
ﬁ.
['..
J.
[
Ce
1.
G.
E.
1.
I
0.
Lo
ve
Ve
[
Oe
s
O«
0
O
G.
G.
Je
D.
1‘
U.
0-
r].
':..
Je
e
[

Je

1

i

RATE

ne16681

PrGE 2




L 62 ¢ 6 E « 11 DATE 1391681 PAGE 3
115. Fie B0 -e 02358 ~e45448 T4
116 ilie 35 ~s V185 a4 ThY G,
117. ole il -« 122R -s 47Ty .
110. heewul ~e 12437 ~s4F.2 L.
113, b lena e ildu ~ed514 1.
120« L «ai12 -a5214 1.
121 . Ane by « J0UT -+S136 O,
122. D4%ed T «J1lZ5 -+ 4374 .
123, 524600 «J20% ~+4B13J 0.
124. Sielts euddih ~+4728 Ja
125 4He 5O «L8l4 -+ 4895 .
1256, 4k 00 .4 Sh ~+5ii28 0
12?. 44.&3 -Df;'qf) ‘-5"‘2“ 0.
128. 42403 « 3558 ~«5646 1.
129. 4.0 « 0426 ~+5862 9.
130. J8eLC « 361 ~ebIul T
131. 36.00 8322 ~.5832 .
132- 34.:0 D348 'c5892 O
133. 32.00C « 1996 ~e6124 3
134. 34540 -+9156 -—e723) 0.
135. el ~+A2RC ~+T235 1.
136. 2%l 0 ~«H052 -a 7302 0,
137. 24430 - 7992 -«7332 0,
13R. 22e D -+ T9HE -« 7374 e
139. 2Ue il ~a 7544 -~a 7452 D
14G. 1Ra03 -+ 7334 -« 7572 0,
141. 1be i s 7314 ~uTEHH G
1424 14,93 ~s 7974 -« THEAC s
> 143, 12.00 -. T8R4 -«7986 Oe
(L 144. 1771 ~e 77374 -+8250 J.
[Ne) 145, Het d ‘0?6?4 -+ 8664 Ue
l4k. [T e 7554 -~ 3L T3 O
147, Gl ~eT2l2 “e3322 [

144, Zeli ~eFHTY =1e%110 Co



062 8G6FE » 11 DATE ©$91681 PAGE 1
1e OATA FORCEU TC AGREE AT OLPTH 270.42A-20JUST = « JO0DR=ADJUST = e 0G82
2a COMPARISON OF TWD INCLINOMETER READINGS ~ HOLE 1-2
5.

4, NOTE AQFFSETBOFFSET IN INCHES
Sa PLUS IS MODVEMENT IN A+¢Be+ DIRECTION SINCE IMNITIAL READING
3% 22 GREATER THAN D INDICATES POSSIBLE DATA ERROR
T-
te (5-06~86C 05-06-~8D
G 38~-22~80 tg=-22-80
10.
i1. NEPTH A-OFFSET B=-0OFFSET 22
12.
13. 2Tland2 « 0000 ~+0042 Lo
l4. 2hite 2 -~ 0637 0674 U,
15 26he 42 -+ 0763 +LBAT D
16 264eh2 -« 0B25 «eOB4T Q.
17. 2h2.42 -~ 0758 0738 0.
18. 26J.482 -« 0337 07480 O
19 25K e &2 -~ 0749 e 0637 (o
20. 25be 42 ~« 0865 «0759 0.
2ls 294.42 ~eil8812 + 0656 1
22 29242 -« 3793 « 0459 e
23. 250.42 -~ (B34 « 0590 0.
2% 24842 -+ 0617 suliB2 Js
25 246 eh? e U#32 ~eJ46% Qs
26 2haeb2 -s 0010 -2 0655 0O
) 2T 242442 «0114 ~+ L8069 O
I 28 240642 « 0276 -« OH52 0o
> 29, 23Be.42 « 0293 ~e0979 0.
© 3U. 235442 « 0423 -+1106 0.
31. Zlieu? 0438 ~e1153 Ja
32 2352442 « 0668 ~all44 U
33. 23)e 42 « 0768 -~«0832 0.
34, 22842 « 1097 -s1118 0.
35. 22ba %2 «1408 -+1351 0.
36 22942 « 1788 ~+1954 0.
3T, 222642 «1308 ~e1802 (e
38. 22942 -e2479 «1413 N
39. 21Ha 42 ~e 24177 «1023 Lo
40 2lbed2 ~e2323 «047% 0.
41. 2i4.42 -. 2436 « 0251 0.
42 21242 -« 2583 +«0354 1.
43, 2liet2 -e2L81 «0026 D
LE 23B.42 -.2151 «1334 J.
45, Zubhel? ~+9168 «9319 Lo
46 e 23442 -ehl62 «4THT U
47 202642 -« 7733 2« 4804 Q.
45 . ZUlbet2 ~eHb 3G + 5305 .
449, 19042 ~eb749] 4269 0
Sl 196442 ~«6505 +3732 Ja
51 194442 -«6419 3Bl U
‘320 192.42 -;6:’“2 o:lS“U GO
53 190a42 ~ebBZ21 e2%ul Us
B4, 1iAe k2 -«eb6547 ¢2937 U
55 lbosbz ~etb64 0 2950 Da
56 1,472 - 63 HT #2554 L.
7. Inzebd ~ehi 54 «25135 1




e 2R GE « ¥ 1 DATE r9leR1 PAGE e

SHe 105442 -+ 3K « 3382 .
5% 17cele -« 6130 « 2637 D
60. 17682 ~e«9710 «2224 Q.
ble 170442 ~«5587 «+1770 0.
62 17242 ~+«5546 «1538 0.
63, 17042 ~e 3421 «1215 D
64, 165442 ‘-51":1 + 38T L.
65 . 169842 ~ed406L44 wUBHZ T
66« leta4?2 ~e 49 23367 O
67« 162 ~s 4553 -« 0288 Do
68, 16l e4? ~+4735 ~+0974 B
67 156482 ~e 4754 ~+1220 0.
T0. 19642 ~«4B03 ~+0353 0.
Tle 19549.42 -« 4595 ~el1296 0.
72 152.42 ~s 4747 ~+1291 Je.
T3. 15042 -e 4565 ~elUT74 L
Tha 1d4Ha42 -«460G4 -a1107 B
75 146,42 e 4474 ~e1477 G
T6 HEE T -« 807D =+1673 {o.
7?. 142.4%2 -« 3936 -+ 1548 d.
TR 16042 =+ 24196 ~+«1713 0.
7Y%, 133."2 -+ 3407 ~e15303 0.
B0, 136642 -« 3368 ~«1715 1.
81. 134,42 -+3112 -«2088 D.
82, 13242 -« 3023 ~«2735 Qe
83. 130.42 ~+2523 ~e2438 1.
B4 12642 -~ 2428 ~«3383 1.
45, 126482 ~«2423 =e3D0J2 U
w 360 124.42 ‘-2935 ‘0568{‘! Ga
;s 87. 122.42 -+3088 ~e40G3 D
= BB 120642 ~+ 3028 =« 42085 D
89. 11Ba42 -«2810 4368 Lo
90 116442 -2 2741 ~e84336 DN
91. 114,42 ~e 2894 ~+481uL D
92 112.42 -~ 2723 -+ 84650 (e
93, 117.42 -~ 26314 -e5258 0.
4. 10n.82 ~e22%2 ~«509) §.
95, 1loattz ~e 2145 =+ 499 (.
F6 e 10942 ~e 22799 ~«5k51 0.
97. 102,42 ~e 2146 -e5337 0.
98. 10de82 -+ 1845 ~45269 D
99, 94442 ~e2174 5696 1.
1006« YGed 2 -+2082 “e5396 L.
101 9442 ~+1828 ~eb115 0O
162 9242 -~+17%8 —eb6412 G
103. Fled 2 -+ 1388 ~e5528 0.
134, B &2 ~«1776 ~e 7541 G
1d5. Bbek2 -«1544 -~ 7342 2,
106 L 4 -+1325 ~o 78445 0a
167 A2ab g -2 12756 ~e T45SL 0.
108. Dies2 ~-+1356 ~+ 7518 0.
135« T« 42 ~e140G3 -« 7647 Do
1t0e Teau2 -+1391 ~« 7780 0.
111. Tuaag -« 1162 -2 THTZ <o
112. T2et2 ~s N335 -« TRAS D
1i3%. T ety ~s Fibh 28 e TB1T T
lil4a. Bl B2 ~si 5605 ~«f(273 Ja




v~Y

115,
116,
117,
114.
119.
120.
121.
122,
123,
124,
125,
126
127.
124
123,
130.
131,
132,
133,
134,
135,
136,
137,
138,
159.
140,
141,
182,
143,
144,
145,
146.

6Ehed2
.42
Leetd
HLel?
SHed2
Shett2
hdett?
S52e%2
5042
40442
465e42
444427
42442
40642
S3Pe42
16442
54442
32«82
3rab2
23182
26442
24442
22s42
2U0et2
1R e %2
lfett2
14642
12«42
10.42
Pet2
Get2
4e42

-« 04R7
-+ (490
-el86H7
~et325
~e 0256
-s 0247
e D247
~a022%
-s 0134
= U068

« 0154

« 02556

« 0263
s G168
-« 0124
«LUBT

« 0603

+ 1726
~1le28482
~1.1716
~1l.U906
-1.0605
~ls08482
-10255
-lel154
-1.CG73
-+ 39Hb
-« 98F7
~+« 9348
=1401&9
~1.855%
~le1479

0 A

-«8489
-«8827
-a B3G9
-+ HHST
-e9312
- 5322
-e9265
~«5272
-e91 34
-+9421
~+9642
~1.0143
~1l.0G401
~1+0758
-1.5957
-1.0994
=1.0356
~1e114%
~1e2735
~1.2925%
=-1.2954
-1.2578
~1.3073
=-1e3034
-le3252
=l.3603
-1e4029
-1.48627
-1.5211
~1+58473
=le6342
~leb223

1

1

DATE 091621

3



S h 2 8G6GF «~ 11 DATE %91ER1Y PA4GE 1
1 DATA FORCED TO AGREE AT DEPTH 2703e424~A0JUST = «CCLIL-ADJUST = 0082
2e COMPARISON OF TW0 INCLINOMETER READINGS - HOLT 1.2
50
4, NOTE ADFFSET.BOFFSET IN INCHES
S PLUS [S MOVEMINT IN AsyBs DIRFCTION SINCE ITNITIAL READING
b ZZ GREATER THAN 0 INDICATES POSSIBLE DATA ELRROR
?-
B 35-N6-B%  N5-(6-80
9. 10-2y-y0 10-20-80
10.
11. DEPTH A-DFFSET Q-~0OFFSET 227
12.
13. 2T0a42 « 0308 ~e 2842 Do
14. 26H. 42 ~+ 1039 1381 G
15, 2bbe 2 ~e129%1 «1327 Do
16. 2h4 442 --1431 1279 (e
17. 262042 ~s 1886 +112R U
18. 26uet?2 -e1195 + 1064 5.
19, 25K e 42 ~«lBb67 0345 0.
20, 2956442 -a18"°7 aJ9HL T
2l 254442 ~+ 1766 0768 De
224 252-42 ‘01?23 + 3513 Do
23, 2582 ~+1722 U560 Le
2% . 24R.482 -+ 1457 0386 Do
254 246442 e 1152 ~e U873 L
26 294,42 -+ 718 ~e0F21 G
27. 24482 -« (618 -e 959 L.
2h. 2402 ~aU47e - 104848 0,
29 23He 82 ~e 0851 ~el2i1 3.
B 30. 23he 42 -« 0321 ~«1316 1.
! 31. : 234.42 -2 3334 -a1417 0.
- 32. 232.42 ~. 0100 -.1362 0.
33. 230442 « 0760 ~+1122 G
34, 228442 ~s1219 -e1346 0.
35 22682 -« JB9% ~s 1639 [
jbc 22‘5-“2 --0504 --2252 0s
3T 22242 -+ 1008 -e1964%4 B
38 22742 -~ 3665 22136 Do
39. 218.42 ~e9627 « 1464 (.
40 21642 ~«5479 e QHAT Do
41 214442 ~«53592 «E5BT L
42 2il.42 -e5727 « 0630 1,
43, 2ilLea%2 -~«5231 #0128 0.
G4, 20R.42 ~ehH223 #1434 (.
45, 2lbed?2 -1.065%% «6389 1.
L2 2034.42 ~e 9422 «5675 D
47. 202.42 -+30335 »5686 0.
40, 20042 -« 396480 «602R Do
89, 19R. 42 -« 7891 «4743 (.
50¢a 19642 ~e 76175 4320 T
Ste. 194442 ~«T723 #4662 D
52 19cet2 -« K134 + 3384 2,
53. 13042 -+ BUNT 53473 Je
5S4, léred? -« TFAL #3422 De
35. 186442 -« AGTY + 3382 0.
56 14442 ~e 7944 e 28486 (e

57 1R2.82 ~e 7936 «e3030 1.



- ) e

062 8CGG6E 11 DATE 691681 PAGE 2

S5Ha 1A%« 42 ‘.7653 «337h O
59, 176882 -+ 7820 «2795 N
60. L7Feu LT L AL « 2352 0.
61. 17442 -« 647 #2112 U
62 17 e82 ~ahT40 + 1862 0.
63, 17J.42 -e6543 «1557 0.
649« 168442 -« 6355 «1391 1.
65. © 166e42 -e6UG0 2U358 0.
Ebe 164,42 ~e59C7 «0571 0.
67. 162-42 -eb6223 --u138 0
6h. 160e4? -4 6237 ~-+0866 0.
694 15R.42 6272 ~+083C 1.
Tus 15642 -e6303 ~a0431 1.
1. 154.42 -~ 6UTT ~«{378a 0.
72 152.42 -«5265 ~«0613 1.
73, 150442 ~«6149 ~«0908 D.
T4 l48.42 -+86176 -+ 0555 0.
75 146.42 -« 93946 s 0349 0.
Tbe 144a42 -e5624% ~+1163 G
T7. 142.42 -+ 55356 ~«1192 0.
T8 140,42 -+5708 ~+1329 0.
7% 138.42 -»5253 ~«15951 D
8L. 136442 -« 47RO ~«14999 1.
Al. 134.42 -« 8504 =« 2010 0.
32 132642 ~e442] ~22633 0.
B3. 136G.42 -s 3351 ~e28U2 2.
B4 . 128.42 -« 39486 ~e2945 1.
85 126b.42 “a8437 =«321% 1.
i 86 124,42 -e 4507 ~e344H 0.
L 87, 122.42 -+ 46A4 ~e3787 0.
= 884 123.42 e 4582 ~e%117 Q&
87, 118.42 -« 4364 ~«4278 G
90. 116642 ~e4537 =«4324 0,
91. 114.482 -+ 4436 ~«%4870 C.
2e 112442 ~s 4217 =«4720 0.
93. 11G.42 ~-+4188 ~e5844 0,
G4 e 10842 -«3726G -+5194 D
95. 13het 2 -e3877 “«5187 G
96 . 106442 ~e41122 ~-«5451 J.
97 11)2-“2 - 39456 “~a5H01 Ve
98. 10042 -« 3705 ~«5B851 1.
99. SHet?2 -+4058 ~«633H 1.
100, Ahe 42 -« 3963 ~ub6B65L O
101. 4,42 -=37C6 ~+6819 D
192, 242 ~e 3642 “«T1%0L 0.
103. Sle42 -« 3872 -+ 7392 0.
104, ARe42 ~s 3642 =« 8007 D
105, Béadl -+ 3386 ~«836% (.
106, B4.42 -« 3203 ~«R534 (.
107. Beaett2 -e3232 ~+H638 D
108« A1.482 -« 3480 -« BABS e
109. Tat2 -+ 3541 -«9147 0.
110, Thett 2 ~eBGT3 =« 9334 1o
111. That2 -« 326U =+9330 T
112, Tcats? ~e 2936 ~«2174 .
113. Thiatl2 -e 2500 ~e3IANH [
11%. ERa 42 ~e2957 ~e 9857 [
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6 286G E +» 11 DaTE ulepi FAGE 3
115. bE5e %2 -« 2569 ~eGTHS 1
116. LRV —e 2650 =~1.0213 G
117 bze4? -e2651 =1«0363 0
118. 6Elet2 -e2315 ~1.0423 1.
11%. SHe 47 ~e 20F4 ~1+0962 1.
1204 Sbel? =~e2949 “141080 1a
121, . 34442 ~e 2825 =1.1059 0.
122« S2e42 ~s 2438 -1+1036 1.
123, ‘ S0e42 -«2318 ~le8964 .
124, 4R, 42 -e2l04 11317 D
125, Ghet 2 -«2018 =la.1574 D
126 B4442 -+ 1954 ~14206% 0o
127. 42,42 ~e2229 ~1.2501 1.
128 40482 ~« 2496 -143032 0.
129, 3Re42 - 2420 ~1e¢3327T Oe
135G, 36et2 ~« 22715 “~1e3340 D
131 Ja.42 ~+1587 ~1.3295 D
132 32«42 -+ 0422 =1+3513 0.
133. 3Ces2 «1358 =1e5214 0.
134 £0e %2 » 2186 =-1+5927 1.
135. 2682 «3014 -i+5642 0.
136 dhel? «3315 ~1e5746 Jo
i37. 22.482 « 3460 ~1.5839 0.
13B. 20«82 «e3617 ~le58A66 0.
139. 10442 + 3660 =1.6084 0.
l140. 1h.42 « 3737 ~leb841 0.
141, 14042 »3952 146953 0,
1‘2- 1242 4125 ~1.76485 0-
b 143 ) QU + 4074 =1.B331 [«
| 144, Ba42 « 3805 =1.9027 Q.
3 145 Fed2 « 3408 “~1<9348 (.

146. 4442 « 2823 =1.9007 2.



SONDEX DATA

HOLE I-]
Average
Distance Change in Distance Between Rings (ft) Depth
Between to Ring
Bottom Depth Rings 3/5/80~ 3/5/80~ 3/5/80- 3/5/80- Interval
Ring (ft) (ft) 5/8/80 B/20/80 10/19/80 €/01/81 (ft)
1 6 - - - ~- - -—-
2 16 5.9 ] +.015 .02 .02 1
3 26 10.5 .01 -.01 0 -.01 21
4 37 10.5 -.02 -.015 -.03 -.02 32
5 47 10.6 .01 +.005 .01 -.02 42
6 58 10.5 0 +.01 +.01 +.04 53
7 68 10.3 -.01 -.015 -.03 -.02 €3
8 78 10.2 0 +,01 +.02 0 73
9 88 9.9 .01 0 .01 +,01 83
10 98 9.8 o . 0 .05 -.01 - 93
11 108 10.0 0 .01 -.05 +.02 103
12 118 9.9 .01 005 +.01 0 113
13 124 6.1 -.02 -.015 -.02 -.01 121
14 134 10.0 .01 0 -.01 +.01 129
15 148 13.7 +,01 +.005 +.02 0 141

Key: + indicates extension between rings




SONDEX DATA
HOLE I-1 (CONT)

Average
Distance Change in Distance Between Rings (ft) Depth
Between to Ring

Bottom Depth Rings 3/5/80=-  3/5/80=- 3/5/80= 3/5/80- Interval
Ring (ft} (ft) 5/8/80 8/20/80 10/19/80 6/01/81 (ft)

16 158 0.0 +.01 +.02 +.,01 +.01 153

17 163 5.7 -, 04 -.035 -.02 ~-.03 161

18 173 9.5 .02 +,015 +.01 +.01 les

19 183 5.8 .01 +,005 +.01 +.01 178

20 183 10.0 -.02 hole sheared at 186 ft 188

21 207 14.0 .02 200

22 217 9.9 -.01 212

23 226 9.9 0 222

24 236 10.0 0.02 231

28 275 38.0 -.01 256

29 283 7.8 - .08 279

30 291 7.8 +,06 287

31 300 B.6 .05 256

3z 309 9.2 .04 305

33 319 -.02 314

34 328 9.6 -.03 324
Key: + indicates extension between rings
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SONDEX

DATA

(HOLE 3-2}

Change in Distance Between Average
Distance Rings (ft) Depth
Between to Ring
Bottom Depth Rings 3/5/80- 3/5/80- 3/5/80- Interval
Ring (ft) (ft) 5/8/80 B/20/80 10/16/80 (ft)
1 3 - - - - -
2 15 12.2 0 0 +.01 9
3 36 20.6 -.03 0 -.01 26
4 47 10.9 +.04 +.015 +.02 42
3 49 2.2 0 -,005 -.01 48
6 39 10.3 -.01 0 -.03 54
7 69 7.2 +.,01 0 +.04 64
8 7% 12,5 0 ~.005 -.01 74
9 95 16.1 0 +.005 0 B7
10 104 9.4 -.01 - -.01 100
11 106 2.0 +.03 - +.02 105
14 116 9.4 +.05 ~.005 0 111
16 132 16.4 0 ~.01 -.01 124
17 141 8.9 -.06 +.03 +.,02 137
18 150 9.0 ~.02 «.025 -.01 146
20 161 11.2 -.01 +.005 0 156
21 170 9.1 +.03 +.01 +.01 166
22 188 17.7 ~-.01 +.005 ~-.01 179
23 198 9.7 -.01 -.01 +,01 193
24 199 1.6 0 +.02 +.04 199
27 233 34.1 +.02 +.015 0 216
28 243 9.4 -.01 -.005 -.03 238
31 254 11.3 -.01 +.01 0 249
32 263 9.4 +.02 ~.01 +.21 259
33 272 8.3 0 +,015 -.20 268
34 281 9.2 0 +.01 -.03 277
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SUMMARY OF GEOPHONE DATA
‘ HOLES M-2 AND M-3
' Count on date shown, for 10 minute period1
Depth Trigger 10/17/80 &
] (ft) Level 5/10/80 8/23/80 10/21/80 5/30/81
II 144
' 9 0 166 17-28 0
265 3
. 5
8 398-1178 0
. 9 8-10 11-20
472 3 .
. 1-2 dead dead dead
» |
672 3
', 5 23 25 0-6 dead
- 7 142
9 20

1

Band Pass = Normal/Normal, Gain = 100

BOREHOLE M-1, 5-29-81

Depth ' Trigger

(ft) Level Band Pass Gain Count (10 min)
100 5 normal/normal 10 132

200 normal/normal 10 18

270 5 normal/normal 10 10

Hole sheared at 270 ft
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OVERCORING DATA
ROOM 13

HORIZONTAL ROOF STRESS

Depth Smax (PSI) Smin (PST) Bearing of Smax
20 ft 303 136 N88W
33 ft 1768 883 N41wW
34 ft S (average) equal to 1540 psi; angle not
determined :
Test incomplete due to core discing on
bedding planes
MCDULI MEASURED
IN BIAXIAL TEST (107 PSI)
Depth Ey E, E3 Remarks
20 ft 1.08 0.156 0.123 cores = sandy
siltstone with
: shale partings
33 ft 0.271 0.581 0.239
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PRESSURE CELL DATA (PSI) ROOM 13
Date Comment 13-1 13-2
1/29/80 Pressurize
1/30 0 350
1/31 Try injection-

seal blows out

2/7 0 290
2/11 Repressurize
2/12 0 480
2/14 0 440
2/15 0 425
2/19 0 410
2/20 0 410
2/21 0 400
2/25 0 395
3/4 0 380
3/6 0 280
3/6 580 and dropping 525
5/22 reset 0 175
5/23 0 160
6/6 Area unsafe
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PRESSURE CELL DATA (PSI)

ROOM 6

6-1 6-2 6-3
Date Comment (Vertical) (Horizontal) (Vertical)
1/16/80 Grouted
1/23 Pressurize
1/23 1000 500 350
1/23 900 480 190
1/25 800 400 190
1/31 720 360 250
2/1 720 350 250
2/7 9990 505 320
2/11 1000 515 320
2/12 1080 550 350
2/14 320 805 200
2/15 380 800 170
2/19 460 800 150
2/20 " 510 840 150
2/21 480 800 ’ 120
2/25 950 930 200
2/ 26 0 943 217
2/27 0 0 188
2/28 0 0 0
3/3 Pillar pulled

Comments:

2/1 Pulling pillar between 2 and 3 to within 100 ft from
entry

2/7 Started pulling pillar between 3 and 4, rock popping

2/12 Finished third pillar within 100 ft of entry between 3
and 4

2/13 Finished pulling 3L chain pillar between Rooms 3 and 4
Drive Room No. 6

2/14 Rib caved badly
2/25 Rock popping
2/28 Low pressure; probably poor grout job or air bubble

near cell; air bubble may be due to mercury tilt switch
used to align cells .
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ROCK BOLT LOAD DATA
BOLT NO, 1

AVERAGE LOAD ON STRAIN GAGE PAIR (LBS)

Gage Depth 3 ft 1.5 ft
Strain gages 1-2 3-4
Date Time Load Load
5-13 12:00 0 0
7:30 1,919 1,216
5-14 8:20 a.m. 2,667 1,920
7:30 p.m. 2,945 2,112

BENDING LOADl ON STRAIN GAGE PAIR (LOAD DIFFERENCE) (LBS)

5-13 12:00 0 0
7:30 +1,010 -431
5-14 8:20 +1,064 -392
7:30 +1,106 -330
lNote: + indicates 1, 3 in compression relative to 2, 4.
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ROCK BOLT LOAD DATA
BOLTS NOS, 2 AND 3

AVERAGE LOAD ON STRAIN GAGE PAIR (LBS)
Rebar No. 2 Rebar No. 3
1-2 4 1-2 3-4
Date Time (3 ft (1.5 ft (3 ft (1.5 ft
depth) depth) - depth) depth)
5-14 8 pm 0 0 0 0
5-15 11 am 1,879 0 43 -
5-16 8 am 2,138 ~139 69 336
5-27 3,331 +313 1,177 ' 833
6-3 4,229 1,528 1,790 1,084
6-9 4,043 1,470 1,830 1,143
6-12 4,368 1,320 1,653 1,480
6-12 4,338 1,633 1,725 1,614
6-13 4,937 1,841 1,900 1,671
6=-18 5,714 1,934 2,599 6,727

‘Note: + indicates an extension




ROCK BOLT LOAD DATA
BOLTS NOS. 2 AND 3 (CONT)

BENDING LOAD1 ON STRAIN GAGE PAIR
(LOAD DIFFERENCE) (LBS)

o mfan ws ws om wm o W @ W o we o m v oo w@e

Rebar No. 2 Rebar No. 3
Date 1-2 4 1-2 3-4
5-14 0 0 0
5-15 3,530 457 -—
5-16 4,277 602 -839
5-~27 4,855 1,429 -1,086
6-3 4,153 2,748 ~-923
6-9 4,039 2,667 -376
6-12 9,196 6,311 ~718
6-12 9,596 6,387 -426
6-13 11,023 6,483 -809
6-18 12,433 9,683 -3,532

1Note: + indicates 1, 3 in compression relative to 2, 4.



EXTENSOMETER DATA

ROOM 6

1/23 Start installation
1/24 Grout
1/25 Unblock bent hose
1/28 Grout (finish)
2/1 Cut and tape ends
2/7 Secure plate; take first readings

Anchor at Anchor at

12 ft 17 £t
Date {x 0.01 mm) Change (x 0.01 mm) Change
2/7 736 661.5
2/11 659 77 582 79
2/12 641 95 559 102
2/14 268 468 171 490
2/14 781 Reset 753 Reset
2/15 475 774 453 790
2/15 737 Reset 879 Reset
2/19 596 915 734 935
2/20 564 947 698 971
2/20 802 Reset - -
2/21 800 949 694 975
2/25 763 986 652 1,017

End of recorded data=--pillar pulled March 3, 1980
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EXTENSOMETER DATA

ROOM 13

Anchor at Anchor at Anchor at
10 £t 20 ft 50 ft
Date (x 0.01 mm) Change {x 0.01 mm) Change (x 0.01 mm) Change
1/20/80 Cut, tap and take first reading
1/20 690 954 841
1/21 693 -3 955 -1 841 0
1/25 688 2 952 2 841 0
3/4 680 10 943 11 840 1
3/6 677 13 942 12 838 3
3/6 686 949 857
Reset Reset Reset Reset
4/2 666 33 939 22 855 12
4/10 658 41 938 23 852 15
4/18 645 54 934 27 850 17
4/21 641 58 928 33 849 18
4,22 639 60 927 34 849 18
4/23 634 65 924 37 848 19
4/24 636 63 522 39 849 18
4,28 624 75 912 49 852 15
5/5 606 93 885 76 848 19
5/6 606 93 879 82 847 20
5/7 610 89 885 76 848 19
5/12 595 104 862 99 846 21
5/13 592 107 857 104 846 21
L
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EXTENSOMETER DATA (CONT)

ROOM 13

Anchor at anchor at Anchor at

10 ft 20 ft 50 ft
Date (x 0.01 mm) Change (x 0.01 mm) Change - (x 0.01 mm) Change
5/15 584 115 846 115 840 26
? 578 121 839 122 839 27
5/22 552 147 805 _ 15¢ 831 36
5/23 538 161 782 179 827 40
5/27 512 187 747 214 817 50
5/28 505 194 742 219 815 52
5/29 502 197 735 226 818 49
6/5 477 222 704 257 813 54
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CONVERGENCE READINGS (IN.)

STATION
Date 1 2 3 4 5
June 12 Turning 3rd crosscut in Room 24
June 12 installed installed
(0.74837) (0.87063)
June 13 ? ? installed installed installed
ball broke 0.50308
June 18 0.73533 0.84884 lost lost 0.52446
June 23 0.72597 0.83526 0.55722
L.
Ready to turn third crosscut in Room 24, Room 23 all the way up.
CONVERGENCE! (METERS)
STATION
Date 1 2 5
6/12 0.0 0.0 -
6/18 0.,01304 0.02179 0.0
6/23 0.02240 0.03537 -0.03276
1 . , .
Note: + indicates shortening of span



SUBSIDENCE~LINE A (FEET)
FROM 1-10-80

Point

No. 3-5-80 6-24-80 8-6-~80 8-26-80 10-17~-80 5-31-81
27 -.06 -.06 -.06 -.01 -.04 -.14
26% - - -— ~- -- -.17
25 -.06 ~-.18 -.13 -.16 -.18 -.40
24 ~.03 -.26 -.26 v-.25 -.27 -.63
23%* -.04 -.54 -.59 -.57 ~.58 -1.14
22 -.05 -.82 -.92 -.89 -.93 -1.74
21 % +.05" -.89 -1.00 ~-.99 ~-1.04 ~2.06
20 +.14 -.96 -1.07 -1.09 -1,14 -2.11
19 -.02 -.72 -.84 -.84 -.88 -1.67
18 +.08 -.53 -.63 -.63 -.66 -1.25
17 +.05 -.28 -.49 -.49 -.50 -.95
14 +.03 ~.15 -.37 -.37 -.39 -.76
37 -- -.24 -.32 -.33 -.34 -.60
38 - -.23 -.37 -.29 -.30 -.54
39 - -.18 -.23 -.25 -.27 -.50
40 -= -.13 -.22 . -.24 -.24 -.44
41 - -.12 -.21 -.25 -.29 -.47

Key: * no 1-10-80 data; 1-10-80 data estimated
- indicates settlement

+ indicates heave

-- no data for date shown
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SUBSIDENCE LINE A (FEET)
FROM 1-10-80C (CONT)

Point
No. 3-5-80 6-24 -80 8-6-80 8-26-80 10~-17-80 5-31-81
42 -- -.07 -.18 -.26 -.36 ~-.53
43 - -.06 -.19 ~-.36 -.69 -.87
44 -- -.01 0 -.16 ~-2.37 -2.62
45 - 0 0 +.05 -1.12 -1.36
s
! 46 -- 0 0 +.11 -.10 -.13
(o)
[
47 -- -.04 - +.0% +.14 +.25
APPROXIMATE FACE LOCATION
pts 21-~-22 pt 423 Approx. pts 44- Approx. Approx.
Rms 5-6 Rm 22 pt 44 pt 45 pt 47 pt. 41
Rm 26 Rm 28 Rm 36 Rm 18
(4 Left)

Key: * no 1-10-8B0 data; 1-10-80 data estimated
- indicates settlement
+ indicates heave

-— no data for date shown



SUBSIDENCE (CONT)
LINE C (FEET)
FROM 1-10-80

Point
No. 3-5-80 6-24-80 8~-6-80 8-26-80 10-17-80 5-31-81
23 -.04 -.54 -.59 -.58 -.57 -1.14
28 -.20 -.38 -.44 -.39 -.44 -1.22
29 ~.23 -.23 -.23 .23 -.27 -1.26
29 -.11 -.12 -.10 -.12 -.15 -1.34
APPROXIMATE FACE LOCATION RELEVENT TO LINE DD
420 ft 540 ft 780 ft 900 ft 1440 £t 300 1t
ahead behind "behind behind behind behind
2E4L
face
Key: - indicates settlement

+ indicates heave
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SUBSIDENCE
LINE D (FEET)
FROM 1-10~80

Point
No. 3~5-80 6-24-80 8-6-80 8-26-~80 10-17-80 5-31-81
1 0 0 0 0 0 -.23
2 0 0 -.07 -.06 +.01 -.56
3 0 0 -.10 —-.08 +.02 -.99
4 0 +.01 -.12 -.10 0 -1.22
5 0 +.01 -.14 -.12 +.01 -1.27
6 0 +.07 -.12 -.10 +.02 -1.12
7 +.03 +.07 -.22 -.19 +.03 -.96
8 +.04 +.06 ~.28 -.26 +.04 -.84
9 +.08 +.06 -.01 +.01 0 ~-.82
10 +.08 -.08 0 -.15 -.17 -.82
13 +.07 -.11 -.29 -.30 -.29 -.79
14 +.03 -.15 -.37 -.37 -.39 -.76
31 0 -.33 -.42 -.47 -.51 -.77
32 +.04 -.52 -.71 -.74 -.79 -1.04
33 0 -.78 -.97 -.96 -1.00 -1.21
34 +.09 -1.00 -1.19 -1.16 -1.20 -1.36
35 - ~1.04 -1.25 -1.23 -1.26 -1.34
36 -.11 -.64 -.73 -.65 -.62 -.64
Key: - indicates settlement

+ indicates heave
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TAPE EXTENSOMETER DATA
LINE A

STRAIN x 1073
FROM 8-24~80

Slope Distance

Points Between Points (ft) 10-18-80 5-29-81
27-26 30 +.2 +1.0
26-25 90 +.5 +1.6
25-24 92 0 +1.2
24-23 81 - --
23-22 82 ’ - -
22-21 72 - -
21=-20 88 - -
20-19 90 -- --
19-18 91 - -
18~17 86 0 ~.8
17-14 53 -3 -1.4
14-37 84 +.,1 -2.0
37-38 38 +.2 -1.5
38-39 45 ~.1 -1.7
39-~40 45 0 +.3
40-41 90 +.5 +.6
41-42 90 +.9 +.8
42-43 90 +2.1 +2.3
43—44 300 - -
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TAPE EXTENSOMETER DATA (CONT)
LINE A

STRAIN x 1077

FROM 8-24-80

Slope Distance

w a@jes = s W m w m @ = s o am w  m@s -

Points Between Points (ft) 10-18-80

44-45 150 _ -

45-46 249 —

46-47 251 --
Key: -- no data; interval not set up for taping

- indicates compression

+ indicates extension

A~05




TAPE EXTENSOMETER DATA (CONT)
LINE C _4
STRAIN x 10

Slope Distance
Points Between Points (ft) 10-18~80 5-29-81
2328 89 - o
28-29 89 ~-.1 -1.1
29~30 89 -.1 -.7
Key: - indicates compression

+ indicates extension




TAPE EXTENSOMETER

LINE D
DATA: STRAIN x 107>
FROM 8-24-80
Slope Distance
Points Between Points (ft) 10-18-80 5-29-81
BM~-1 210 - -—
1-2 50 -.2 +.1
2~3 90 -.1 -.5
3-4 88 -.2 -1.4
4-5 80 -.2 -1.4
5-6 89 -2 .9
6=-7 91 -.4 ~-.9
7-8 64 -.2 -.8
8=9 25 -.1 -.4
9-10 90 -.1 -.6
10-~13 90 0 +.1
13-14 90 -.4 -.4
14-31 90 -.3 -.2
31-32 90 -.3 -.6
32~33 89 -.4 -.2
33-34 89 -.3 -.6
34-35 89 -.5 -.6
35-36 231 - ——
Key: -kindicates compression

+ indicates extension

-7
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INSTALLATION PROCEDURES




APPENDIX B

INSTALLATION PROCEDURES

1.0 SURVEY POINT INSTALLATION

The basic installation procedure for the cone~type monuments
on slopes less than ten percent was as follows (Figures 3.3
and 3.4):

. Drill 7-inch diameter hole to depth of 4 feet.

Ream top 1 foot of hole to seat large diameter
valve box;

® Assemble monument. Screw on extension rod. Cover

machined cone in monument with plastic.

. Place monument in hole. Slip 2-foot length of 6-
inch diameter plastic pipe over monument. Align
monument vertically and secure with rope and
stakes.

] Pour moderately stiff sand-cement grout into hole
so that grout fills bottom 1.5 foot of hole.
Plastic pipe should sit on top of grout with its
base just socketed in the grout. Allow grout to

set.

L) Remove alignment apparatus. Grout between bore-
hole wall and plastic pipe. Place valve box in
top of hole. Grout between cover and borehole
wall. Allow grout to set.



The basic

steep slopes was as follows (Figure 3.4):

installation procedure for rebar-type monuments on

Shovel out soil to sufficient depth to hold valve
box, about 1 foot.

Drive 18-inch section of 2~inch diameter pipe
until three inches remain above the base of

excavation.

Drive 2-foot or 2 1/2~foot length of 5/8-inch (or
heavier) rebar through pipe until akout three

inches remain above pipe.

Mix a moderately stiff sand-cement grout. Grout

valve box in piace.

Limitations of the cone~type monument included:

The rebar

Auger could not work on slopes greater than 10
percent because the engine did not get proper

lubrication.

The site was windy and some of the augered holes
filled partially with dirt before the monuments
coulé be placed.

Excavation of frozen, rocky soil was difficult.
Some valve boxes were not flush with the ground as

a result.
installations also had limitations:

The rebar surface was not smooth and accurate

enough for good leveling. The rebar was not stiff




enough to be adapted to a tape extensometer monu-
ment,

2.0 SONDEX/INCLINOMETER
The pre-installation process included the following steps:

® Assemble, glue and rivet inclinometer casing to
make 20 foot lengths.

. Wrap two nylon ropes (paired) around the sand line
winch,
. Prepare weighted casing shoe (Figure B.1l);

attached nylon ropes; cap a 10 foot section of
inclinometer casing and glue it into shoe. Slide
on 8-foot length of Sondex casing; caulk annulus
between casings; glue casings to shce using
plastic steel.

The installation was completed with the aid of a man on the
mast, two persons assembling the casing at the hole and one
man guiding the grout hoses.

] Thread the alignment-tool rope through a length of
inclinometer casing. Lift the casing into place.
With the mast-man supporting the casing, align the
grooves, glue and rivet (Figure B.2 a and b). The
mast man then pulls out the alignment tool. Raise |
a 20-foot length of Sondex casing. The mast-man
threads it over the inclinometer casing (Figure
B.2c).

o Spread caulking over the inclinometer casing near
the Sondex joint. Butt the pieces of Sondex cas-
ing. Wrap the joint with tarry weatherstripping.

B-3




Place coupling over the joint. Fasten securely
with auto ties. Tape with duct tape over full
length of coupling plus six inches either side
(Figure B.2d).

Lower assembly, taping grout tube to Sondex casing

(Figure B.3).

Repeat procedure as needed. Add additional grout
tubes as needed. Cut end of grout tube on a slant
and tape dowels along side at end of grout tube to

prevent plugging from scraping borehole wall.

Tie Sondex casing to surface casing. For deep
holes, support grout tubes on grout manifold. For
all holes, stage grout casing in 150 foot lifts.
Allow grout to set between lifts.

Limitations affecting installation were:

The burst pressure of the casing was less than the
pressure exerted by a column of fluid of the same
height as the hole. This limitation required
stage grouting and careful blancing of external
grout pressure and internal water pressure. The
use of accelerator and expansive agent would allow
several lifts to be placed in one day and improve

grouting efficiency.

The cold weather and weight of the grout hose made
it stiff and difficult to unroll: it was
especially difficult to insert fittings to connect

hose segments.,

The cold made glue, caulking and other materials

unusable. Some sealants were found that worked,




and a heating pad, attached to a generator and
placed in a styrofoam cooler, was used to keep
materials warm. The quality of the seals was not
as good as it would have been if installed in warm
weather.

o The quality control on the inclinometer casing
couplings was poor. Some required hammering with
a rubber mallet for installation. In addition,
there was no provision for external couplings to
mend casing breaks during installation.

[ The Sondex casing is corrugated polyethylene
drainage pipe and has little penetration resis-
tance. Some obviously perforated sections were
found, but minor damage, such as small punctures,
probably went unnoticed. These punctureé could
let grout squeeze between the two casings and
reduce the mobility of the Sondex casing. 1In
addition, the casing is polyethylene and cannot be
glued, making it difficult to guarantee a good
seal.

® Stainless steel rings on the Sondex casing were
placed by the manufacturer at 1 and 11 feet on
some 20-foot lengths and at 5 and 15 feet on other
lengths. It was not possible to get regular 10
foot spacings on the marker rings.

3.0 MICROSEISMIC INSTALLATION

The grouted-in-place geophone cables were greased and sle-
eved with light~weight hose before installation to allow
some slip after grouting. A weight, supported on a nylon
rope, was bundled with the geophones to sink the cables into

the hole. Grout hoses were also bundled with the cables



(Figure 3.7). Originally one 8-inch diameter hole was
planned for the installation of all four geophones. How-
ever, in drilling the hole, the bit broke off at 300 feet.
In lieu of fishing for the bit, it was decided to drill a
second, 6-inch diameter hole for the two deeper geophones
and install two geophones in the 300 foot hole. 1Installed
depths in the 300 foot hole were 144 and 265 feet. 1In the
800-foot deep hcle, the geophones failed to descend to the
bottom of the hole, perhaps due to caving of the hole.
Installed depths in the deep hole were 672 and 472 feet.
Banana plugs were installed on the ends of the cable after
installation. Field soldering of the original multipin

connectors was not possible in the 0°F temperatures.

The pre-installation procedure was:

° Grease cable and slide on protective hose.

) Bundle and tape cables, laying them out full
length on the ground.

® Attached weight with nylon rope; rope is wrapped

around sand line winch,
° Label cables with colored tape.
During installation, the procedure was:

. Lower bundle into hole, taping on grout hoses as

needed; use nylon rope to ease bundle into hole.

. Grout hole through deepest grout tube, using shal-

lower tubes if deep one plugs.

® Cut grout holes and nylon rope; install protective .

cover and grout in place; cut geophone cables and



label; solder on multipin connectors or screw on

banana plugs.
4.0 UNDERGROUND SURVEY AND CONVERGENCE POINT INSTALLATION

One benchmark, six roof points and two floor points were
installed initially and five pairs of convergence points

were added later.

The benchmark was similar to the monuments installed as
surface survey points. The monument was 11 feet long and
set in a 12-foot deep hole. The bench mark was installed in
Room 27.

The six roof points were installed by hand. The basic pro-

cedure was as follows:

) Drill a l-inch diameter hole to l-foot depth with

the rotary hammer drill (in top coal).

] Insert celtite cartridge and special 1-foot rock

bolt. Spin to mix glue.

® Screw in and secure stainless steel reference

point into rebar.

A jackleg was used to drill a 1 1/2-inch diameter hole in
the floor when the rotary hammer drill proved inadequate for
drilling the hard floor. Rebar with a machined cone seat
was grouted into the floor hole. This procedure was unsuc-
cessful because it was not possible to clean off the cone
seat in the 1 1/2-inch diameter hole. The cone must be
clean so that the extension rod for the tape extensometer
can be screwed on and seated properly. A final procedure

which proved moderately successful was as follows:



° Drill 6-inch diameter hole with a masonry bit
modified for use with a hydrualic drill to 2-foot
depth.

° Set an 8-inch long rebar, containing a Sinco
stainless steel ball, in grout in the base of the
hole. Push a 18-inch long 4-inch diameter plastic

pipe into the grout.

° Pack the top of the hole with rags for protection

from dirt.
5.0 OVERCORING

Overcoring tests were conducted using a CP-8 air drill and a
600 cfm diesel compressof. The tests were run in Room 13 at
depths of 20, 33, and 34 feet. The core disked (that is,
separated along bedding partings) on the last test making
that test's data valid only for estimating a lower bound on
the stress level. A series of tests were planned in Room 6.
However, due to drilling problems (loss of drill steel in
the hole) and the rapid advance of the face, the stress test

program was terminated.

The tests were performed using a 6-inch diameter masonry
bit, a 1 1/2-inch diameter EX bit, IRAD borehole deformation
gage, an IRAD biaxial modulus cell and a P-350 strain gage
readout, modified with a switch box. The procedures for
this test are given by Hooker and Bickell (1974).* The

*
Hooker, V.E., and Bickell, D. L., 1974, Overcoring equip-
ment and techniques used in rock stress determination, U. S.

Bureau of Mines Information Circular 8618,




tests were hampered by difficulty in finding a good test
location where the core would not disk, washing of the core,

and limited working height.

6.0 HYDRAULIC BOREHOLE PRESSURE CELL INSTALLATION

The CP-8 air drill with a 600 cfm compressor was used to
drill two 3-inch diameter horizontal holes to 20 feet in

coal pillars for the installation of the pressure cells.

The basic installation procedure was:

. Assemble pressure cells in wire space frame.

Label gages. Bundle hydraulic lines. (Refer to
Figure B.4)

° Insert space frame into holder at end of setting
rods (Figure B.5). Loosely tape grout hose to
setting rod. Grout hose extends past end of space
frame.

] Insert assembly in hole, maintaining orientation.

e Mix grout; inject grout, withdrawing setting rods

and grout tube taking care that the end of the
tube remains well within the grout. Hold hydrau-
lic lines so that pressure cells aren't displaced.
When grout is visible near the mouth of the hole,
remove the setting rods, leaving the grout tube
still in the hole.

° Push a 4-foot long piece of rebar into the hole so
that it protrudes a few inches. Pack the end of
the hole with oakum. Continue to pump grout until
oakum is sealed and there is some pressure on the

grout. Bend grout tube, and wire closed.



tests were hampered by difficulty in finding a good test
location where the core would not disc, washing of the core,

and limited working height.
6.0 HYDRAULIC BOREHOLE PRESSURE CELL INSTALLATION

The CP-8 air drill with a 600 cfm compressoi was used to
drill two 3-inch diameter horizontal holes to 20 feet in

coal pillars for the installation of the pressure cells.
The basic installation procedure was:

. Assemble pressure cells in wire space frame.
Label gages. Bundle hydraulic lines. (Refer to
Figure B.4)

] Insert space frame into holder at end of setting
rods (Figure B.5). Loocsely tape grout hose to

setting rod. Grout hose extends past end of space

frame.
) Insert assembly in hole, maintaining orientation.
o Mix grout; inject grout, withdrawing setting rods

and grout tube taking care that the end of the
tube remains well within the grout. Hold hydrau-
lic lines so that pressure cells aren't displaced.
When grout is visible near the mouth of the hole,
remove the setting rods, leaving the grout tube
still in the hole.

* Push a 4-foot long piece of rebar into the hole so
that it protrudes a few inches. Pack the end of
the hole with oakum. Continue to pump grout until
oakum is sealed and there is some pressure on the

grout. Bend grout tube, and wire closed.
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and grout tube taking care that the end of the
tube remains well within the grout. Hold hydrau-
lic lines so that pressure cells aren't displaced.
When grout is visible near the mouth of the hole,
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that it protrudes a few inches. Pack the end of
the hole with oakum. Continue to pump grout until
cakum is sealed and there is some pressure on the

grout. Bend grout tube, and wire closed.
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* Allow grout to set; suspend gages from end of

rebar. Protect installation with reflectors.

) Pressurize cells to estimated in-situ pressure;
1000 psi for vertical and 500 psi for horizontal

cells in this case.

The gages were suspended initially from spads on the pillar.
Spalling of the pillar caused support problems. The gages
were then suspended with wires from spads attached to the
roof. A mercury tilt switch was used to verify orientation
of the space frame. The setting tools successfully oriented
the frame; withdrawal of the rods did not disturb the orien-
tation. The switch may have contributed to one cell failure
by creating a weak spot in the grout adjacent to a cell.

The cell may have strained excessively near the switch when

it was pressurized.

7.0 INSTRUMENTED ROOF BOLTS

Three of the four planned rock bolts were successfully
installed, although the lead wires to two strain gages on
one of these were damaged. The mine roof bolter was used to

install the bolts in the regqular bolting pattern. The

installation procedure was:

° Cut bolt and special slow-set resin cartridge to
length.
° Have bolter drill hole in standard pattern (bolts

on 4 foot centers).

o Provide bolter with wrench modified for instru-
mented rock bolt installation. Put cartridge in
hole. Slip end plate over bolt. Set bolt in




wrench threading wires through slot in wrench.

Tape wires to wrench.
. Install bolt. Spin slowly.

) Remove electrical tape; withdraw wrench. Allow to

cool 1 hour; take initial reading.

The resin heated up due to friction during the spinning of
the bolt and the chemical reaction of setting. This heat

may have annealed the gage and altered the initial reading.
8.0 ROD EXTENSOMETER INSTALLATION

Two rod extensometer assemblies were installed. 1In Room 6 a
two-point extensometer with anchors at 12 and 17 feet was
installed. Due to drilling problems and the rapid face
advance, the full four-point 50 foot deep installation
planned for this room was not installed. In Room 13, a
three-point assembly was installed with anchors at 10, 20,
and 50 feet. The assembly was installed in a hole drilled
for the overcore tests. The 6-inch diameter 35-foot deep

hole was deepened to 50 feet in 3-inch diameter.

The basic installation procedure was modified for use in a
coal mine, due to the poor load capacity of the immediate
rcof. The short anchor bolts provided with the instrument
were inadequate for bolting the extensometer head to the
weak immediate roof during first stage grouting. The
extensometer head must temporarily support the rods and
grout tubes during this initial grouting. To provide better
support, conventional rock bolts were used to support the
instrument head. Extension plates were made to connect the
instrument head to the bolts (Figure B.6). The rock bolts

were 3 feet deep and anchored in good rock. The bolts were




also used to lift the drill rod when adding steel during

drilling.

The basic installation procedure was:

Drill hole to 50 feet + 3 feet (for grouting

purposes)

Prepare tubing bundles., Cut protective tubing for
rods to length plus about 1.5 feet. Cement
anchors on tubing. Label tube ends with colored
tape. Cut grout tubes to length (3, 6, and 52
feet) plus about 6 foot and label. Cut borehole
end of tube on a slant to prevent clogging. Lay-
out tubing and bundle with tape and wire. The
deepest grout tube should extend several feet past
the deepest anchor. Over the longest grout tube,
securely tape a 2-foot length of PVC pipe. The
pipe keeps the tubing from bending as it is
installed.

Slide the tubing bundle into the hole. Slide on
the cover plate arranging the tubes in the desig-
nated holes. Bolt on inner cover plate using the
extension plates and rock bolts. Orient the cover
plate perpendicular to borehole using a hand
level. Paint rod depth designations on cover
plate. Trim rod tubing to about 1 inch past inner

plate.

Screw rod bayonet onto end of rod segment and coat
threads with locktite. Push rod into tubing, mak-
ing up joints as rods are inserted. Subsequent
joints should not be coated with locktite at this
stage. Add one extra length of rod. Engage

bayonet. Tie a wire around the threads of the




extended rod and attach wire to rock bolt so rod

is supported. Repeat for other anchor depths.

Trim grout tubes to about 2 feet below cover
plate. This short length allows tubes to drain as
needed during grouting Operations; Add fittings
to grout tubes. Connect shallowest grout tube to
pump. Pack area around cover plate and between
tubes with oakum. Pack large gaps between the
cover plate and roof with sand-cement mortar.
Allow to set.

Mix grout with expansive agent and quick set
agent. Pump grout until it returns through the
next grout tube. Pinch off grout tube (by bend-
ing) and tie off with wire. Allow next deeper
grout tube to drain. Then clean it by running a
1/4-inch diameter piece of rebar or stiff tubing
up, until air is easily blown into tube. Repeat
in about 20 minutes, so that tube is clean.

Allow grout to set 24 hours. Repeat process with

next pair of grout tubes. Let set 24 hours.

Slide a 1/4-inch tube, cut on a diagonal, into
last tube. Pump in a thin grout in a small tube,
until it runs back in outside tube. Pinch off
both tubes; allow to set 24 hours.

Mark rods about one and one-~half inches from inner
cover plate. Release one set of rods from bayonet
joint and remove from tubing. Trim rod tubing and
adjacent grout tubes about 1/8 inch past inner
plate. Cut outermost rod at mark and tape rod
end. Reinsert rod set into hole, adding one extra
length of rod as a handle. Put locktite on all



joints except the joint with the extra rod as the
rods are joined. Engage bayonet joint and remove
extra length of rod. Screw on measuring bushing
and stud, holding rod securely so it does not

rotate. Repeat for remaining rods.

° Bolt on measuring plate. Paint rod depths on
plate. Take initial reading for each rod with
dial gage. The dial gage should be almost fully
compressed (about 7/8 of full reading); if not,
adjust measuring stud. Initial movement will ke
cpening of cracks, causing rod to recede into
hole.

° Place protective cover plate and mark with
reflectors.

Because the rods recede into the hole as the roof cracks, it
is difficult to add extra rod lengths. A solution is to use
an extra-long measuring stud or a threaded blank rod, as was

used here.

The installation of the Interfels system was generally
straightforward. Despite the adaptations made for the
particular mine conditions, the quality of the overall
system and the ease with which it is assembled was

dependable and repeatable.
9.0 GROUTING PROCEDURES

Neat cement was used for most grouting. Bentonite was added
to the grout in one hole (I-2) and made pumping extremely
difficult. An air-operated double piston pump with a gas
engine compressor was used to pump the grout into the holes.
A 1/2-inch chuck drill fitted with a rebar bit was used to

mix the grout in 55 gallon drums. A gas-operated centri-
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fugal pump was used to shear the grout and transfer it
between barrels. No accelerator was used in the mix. The
holes were stage grouted in lifts of 150 feet, with 24 hours
between stages. The use of an accelerator (and a nonshrink
admixture) would reduce the set time and the total grouting

time.

The basic grouting procedure for the deep holes was:

° Slowly add four sacks of Type II cement to a 55
gallon drum about 1/2 full of water and mix, for a

0.5 water/cement ratio.

) Using a small centrifugal pump, put discharge hose
at top of barrel and intake hose at base; run for

ten minutes until grout thoroughly mixed.

° Place a 2z x 4 lumber frame with window screen
nailed across it over an empty barrel. Pump grout
through screen into barrel.

o Connect pump, compressor, hoses and deepest grout
tube. Pump into deepest tube until it is no lon-

ger possible to blow air into next shallower grout

tube. (For nearly dry holes.) Let set 24 to 48
hours.
] Pour grout cylinder. Let cure and check that it

sets before pouring next stage,

For the survey monuments, a sand-cement grout was mixed by

hand in five gallon buckets.

Several underground installations were grouted, using small
batches of neat cement mixed by hand and pumped with an

Interfels grout pump. The pump was easily used and cleaned




and could apply about 50 psi pressure without excessive
effort.
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MAJOR SUPPLIERS

Geockon, Inc.

10 Water Street

Lebanon, New Hamshire 03766
(603) 448-1660

Interfels GMBH
A-5020

Salzburg
Schwarzstrasse 27
Austria

Telex: 84763872

Irad Gage, Inc.

Etna Road

Lebanon, New Hamshire 03766
(603) 448-4445

Slope Indicator Company (SINCO)
3668 Albion Place N

Seattle, Washington 98103
(206) 633-3073

Surveyors Service Company
2942 Century Place

P. 0. Box 1500

Costa Mesa, California 92626
(714) 546-0606

(213) 628-7119

Terrametrics

16027 West 5th Avenue
Golden, Colorado 80401
(303) 279-7813

Instrumented Rock Belts

Rod Extensometers

Borehole Deformation Gage
and Biaxial Cell

Geophone, Sondex, and
Inclinometer Systems;
Tape Extensometer
Reference Points

Wild level, other survey
equipment

Borehole pressure cells
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OTHER USEFUL SUPPLIERS

Anixter

Industrial Park

P, O. Box 726
Price, Utah 84501
(801) 637-4210

Celtite, Inc.

13670 York Road
Cleveland, Ohio 44133
(216) 237~3232

Mine Safety Appliances Company
600 Penn Center Blvd
Pittsburgh, Pennsylvaina 15235
(412) 273-~5000

Spads, mine supplies

Resin

Mine safety equipment
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APPENDIX D

LIST OF EQUIPMENT NEEDED FOR FIELD OPERATIONS

This appendix provides a check list for engineers preparing
a subsidence monitoring field program. The checklist is

based on the equipment used for this contract and on modifi-
cations and changes in instrumentation suggested by the per-

formance of the instruments.

The tabulations are included as planning aids only, based on
a specific study, and should not be considered comprehensive

for other site studies.

The appendix includes the following tables:

D-1 General Surface Supplies

D-2 Level Survey and Tape Extensometer Survey
Equipment

D-3 Sondex/Inclinometer Egquipment

D-4 Microseismic Equipment

D-5 General Underground Equipment

D~6 Overcoring Equipment

D-7 Convergence Points

D-8 Borehole Pressure Cells

D-9 Mine Roof Rod Extensometers

D-10 Instrumented Rock Bolts

D-1l1 Grouting Equipment



TABLE D-1

GENERAL SURFACE SUPPLIES

ITEM
Transportation
™ 3/4 ton 4WD pickup with padded storage crates in
bed
™ Snowmobiles (for winter access)
Storage
) 8 x 32 foot office/storage trailer with electrical
hookup
. 8 x 12 foot field trailer with tie downs and

lightening rod (for remote site)
. 20-foot wide rolls of plastic

Communications and Recording

° Stationary supplies

° Telephone

() Data sheets (preferably in computer-input format)
[ ) Site maps

Saftey Equipment (Many Items Usable in Mine)

. Flashlights (spark-proof), spare batteries, light
bulbs
® Steel-toed boots, liners
) Hard hats, liners
® Rubber gloves
° First aid kit
) Fire extinguisher
® Axe
) Water jugs
® Salt tablets
D-2
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TABLE D-1

GENERAL SURFACE SUPPLIES (CONT)

ITEM

Storage
° Orange safety vests
) Ear plugs

Writing Supplies

Hand

) Notebooks

® Mechanical pencils

® Grease pencils, metal markers

® Marking pens

[ ) Paint

) Colored tape

® Expense forms, memo forms and other office forms

Tools

™ Tool box with adjustable wrenches, screw-drivers,
hammers, pliers, vise-grips, and channel-lock
pliers

o Wheel barrow

e Hand drill

) Rubber mallet

® 100-foot steel tape

° 6-foot pocket tape

® Compass

. Hacksaw and spare blades
. Assorted wire

® 0il can



ITEM

TABLE D-1

GENERAL SURFACE SUPPLIES

Glues and Lubricants

Epoxy (5-minute set)
Plastic steel

Duct tape

Grease

Locktite thread sealer
Distilled water

Teflon tape

Joint compound

Nylon rope

Miscellaneous Supplies

Air thermometer

Rags

Matches

Styrofoam

Strainers

Propane torch and striker

Steel thermos

Electrical Equipment

Electrical tape
Heating pad
Electric drill and bits

Battery soldering iron, solder

D-4
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TABLE D-1

GENERAL SURFACE SUPPLIES (CONT)

ITEM

Electrical Eguipment (cont)

[ Assorted crimp-type connectors

. Electrical wire

. 100 foot 3-wire, outdoor extension cord
) Multimeter

Power Equipment

™ Arc welder/generator

(] Welding rods, face shield, gloves, clamps.

-5



TABLE D-2

LEVEL SURVEY AND TAPE EXTENSOMETER
SURVEY EQUIPMENT

ITEM

Machinery
. Portable compressor
® Por table jackhammer or jack-leg drill (for rock)
° Two man auger or truck mounted auger (for soil)

Custom Monument Components (or Use Commercial First Order
Survey Monuments)

° Custom precision survey monument adapted to take
measuring cone

® Cone socket wrench

o Tape extensometer extension rods

° Plastic pipe and caps for sleeving monument
) Protective covers (valve box)

Hand~Installed Survey Points

® Rebar (5/8 inch x 2-1/2 foot) or commercial
drivable monument

[ 2-inch diameter by 18-inch pipe sections (for
rebar protection)

® Valve boxes
° Sledge hammer

Materials

. Sand

° Cement, Type II
Tools

o Shovel

o Machetes




TABLE D-2

LEVEL SURVEY AND TAPE EXTENSOMETER
SURVEY EQUIPMENT (CONT)

ITEM

Tocols (cont)
) Sledge hammer
° Pocket knife

Installation Accessories

[ Five gallon buckets

. Five gallon cans for water

[ Five gallon cans for fuel if power machinery used
) Plastic bags and tape '

Alignment Accessories (for grouted monuments)

) Large nails or stakes
) Light rope
o 1-foot long stock drilled and tapped with 1/2-inch

NF thread (for use with custom monument)

Initial Setting OQut

) Lath
o Red paint
. Flagging

General Survey Eguipment

] Survey notebooks

® Walkie-talkies. (short-wave radios)

Level Survey

. Level, precision, self-leveling

) 25-foot fiberglass rod (two)




TABLE D-2

LEVEL SURVEY AND TAPE EXTENSOMETER
SURVEY EQUIPMENT (CONT)

ITEM

Level Survey (cont)

. Air thermometer
° Crow's foot for turning points
™ Hand level

Tape Extensometer Survey

. Tape extensometer

) Carrying case

. Spare tape

° Tape thermometer and refills

EDM Survey (Note--recommended to replace tape extensometer)

e EDM

* Theodolite

o Surveying Calculator
] Reflectors




TABLE D=3
SONDEX/ INCLINOMETER EQUIPMENT
ITEM
Casing
° 4-inch diameter 20-~foot long sections of cor-
rugated drain pipe with rings at 10 foot intervals
(use continuous lengths available from manufacturer

if Sondex installed alone)

] 2 3/8-inch diameter plastic inclinometer casing in
10 foot lengths

e Couplings and end caps for above

) External couplings for inclincmeter casing for
repairs

° Spare stainless steel rings

Casing Installation Accessories

[ ) ABS glue

) Support shoe for base of assembly

) Caulking

] Nylon rope-~2 times length of casing plus 100-foot
lengths

° Caulking gun

e Duct tape
] Tarry weather stripping
] Nylon auto ties (minimum two per Sondex coupling)

™ Hand drill

* Bits

[ Pop rivets

. Pop riveters (two)

® Inclinometer casing alignment tool (two)



ITEM

TABLE D-3

SONDEX/INCLINOMETER EQUIPMENT (CONT)

Grout Hose Installation

Grout hose, 1/2-inch low pressure

Male pipe ends (1/2 inch) designed to fit in grout
hose

Unions (1/2-inch pipe thread)
1/2-inch pipe caps
Vice grips (two)

Neoprene sheets or old inner tube

Grouting Egquipment

Window screen, 2 x 4's and nails to make frame to
strain grout

50 gallon drums (five mininum)
1/2-inch diameter rebar X-mas tree bit
Centrifugal gas pump and hose

1/2-inch chuck drill

Generator

Outdoor electrical extension cord

Double piston pump and compressor, hose, reducers,
pipe fittings (to pump grout into hole)

Cement
Accelerator and expansive agent (cptional)

Grout molds or concrete cylinders

Operation Accessories

Sondex readout

Inclinometer readout
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ITEM

TABLE D-3

SONDEX/INCLINOMETER EQUIPMENT (CONT)

Operation Accessories (cont)

Skid with cable reel and adjustable booms
Jumper cable from readouts to reel

Sunshade for readouts

Charger/spare batteries for readouts

Data sheets

Tape for Sondex with accessories including:

(1) Modified tape reel to mount on skid

(2) Tape repair kit

(3) Silver solder

(4) Propane torch and striker

External coupling with scale holder: 1 1/2-foot
scale with 1/10-inch graduations, alternative to

use of tape.

6-inch plastic pipe, cap, hasp loops, chain, two
padlocks (protect lock installation).

Sondex sensor

Inclinometer sensor
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ITEM

TABLE D-4

MICROSEISMIC EQUIPMENT

Permanent Geophone Equipment

° Wide frequency response (5 to 10,000 Hz) Piezo-
electric geophone with envirnomental housing and
strain-reinforced neoprene-covered cable

[ 1/2-inch diameter low pressure hose to sleeve
cable

. Grease to lubricate sleeve/cable contact

] 5/8- or 3/4-inch soft plastic hose as couplings
for 1/2-inch hose

o Three 20 lengths of 3/8-inch rebar (to facilitate
threading cable through hose)

™ 3-foot length of 6-inch diameter plastic pipe and
cap with lock (surface housing)

Readout Equipment .

] Readout box

° Stopwatch or watch with second hand

(] Charger/spare battery

) Ear phones

Electrical Accessories

Clear silicon caulking

Archer TV tuner cleaner (dissolves above; cleans
contacts)

Solder

Banana plug and jacks and Multipin Connector/
Banana Jack Adapter

Plastic bags

Electrical tape




TABLE D~4
MICROSEISMIC EQUIPMENT (CONT)
ITEM

Portable Geophone Assembly

[ Wide frequency response piezoelectric geohpone
with environmental housing and strain-reinforced
neoprene-covered cable; cable marked at 100 foot
intervals

. Packer housing

. Spare rubber ballons

. 1/4-inch diameter heavy wall nylon tubing
° Reel for above

° Pneumatic quick connects

3 Valves, fittings

] Cable reel with attached geophone

o Jumper cables (reel to readout)

° Joint compound/teflon tape

o Nitrogen gas bottle with regulators

™ Pulley and casing attachment (protects cable as

geophone lowered)

* Cable jam cleat and casing attachment
e Soldering iron (battery-type)

[ ] Vice grips

° Adjustable wrenches



ITEM

TABLE D=5

GENERAL UNDERGROUND EQUIPMENT

Surface Supplies, Table A-1

Transportation
® Boss buggy
. Battery charger
° Truck warning signs
° Adaptor to hang extension cord cable reel on boss
buggy
Safety (In addition to General Surface Supplies)
° Reflective tape
. Reflectors
. Respirators and replacement filters
° Self-rescuers and one hour oxygen supply (latter
is new MSHA regulation)
o Belts
] Lamps
® Chargers for lamps
. Water bottle for lamps
[ Water bottle for lamps (or use horse-syringe)
) Distilled water
] Coveralls

Electrical

50~foot three-wire extension cord (outdoor type)

500-foot three-wire heavy duty waterproof cable
and switch box on cable reel




ITEM

Tools

Other

TABLE D-5

GENERAL UNDERGROUND EQUIPMENT (CONT)

Spad hammer

Spads

Equipment required by relevant mining laws




ITEM

TABLE D=6

OVERCORING EQUIPMENT

Drilling Eguipment

Drill

6-inch diameter core barrel, double-walled if
possible

1 1/2~inch diameter double-walled core barrel;
spare core barrel

Bits for above

Reamer for 1 1/2-inch diameter core barrel

BQ drill rod; BQ to EW Sub (drill rod in 2-foot
lengths)

Wagon wheel centralizers to center BQ rod in ‘
6-inch diameter hole .

6-inch diameter starter barrel: 6-inch diameter
core barrel with 1-1/2 inch mandrill

EW starter barrel: 6-inch diameter wagon wheel
that fits on EW core barrel

Water swivel with added packing gland
Silicon grease

Piston pliers

Vice grips

Core breaker wedge (screws on drill rod)

Spare packing for water swivel

Biaxial Tools

Biaxial chamger with ends to fit core size

Spare membranes




ITEM

TABLE D-6

OVERCORING EQUIPMENT (CONT)

Biaxial Tools (cont)

Hydraulic pump
Hydraulic oil
Funnel

Duct tape

Overcoring Tools

Three-component deformation gage with cable
Vishay P-350 readout with switch box

Spare pistons, shims, screws, springs for defor-
mation gage

Reverse case

Spare cables

Setting rods (lengths 2-foot shorter than working
height of mine); best with spring-loaded button
lock

Centering support for setting rods (for horizontal
holes)

Setting tool (fits on setting rods)

Scoring tool (fits on setting rods)



TABLE D-7

CONVERGENCE POINTS

ITEM
Tools
. 1/2-inch chuck rotary hammer drill
] Socket and breaker bar for spinning roof rebar
° Drill or jackleg to drill 6-inch diameter
hole to 24-inch depth
. Stud finder
) Shovel
] Five gallon buckets

Roof Points

. Sinco reference bolts

° Bearing plate for bolts

e Celtite cartridges (2 minute set-time)

. 2-foot long rebar with’hex head (tapped to seat

re ference bolts)

Floor Points

® 4-inch diameter, 18-inch long plastic pipe
] Rags
. 8-inch rebar tapped to seat Sinco reference bolt
. Sinco reference bolt
Operation
e Tape extenscometer
e Spare Tape
® Tape thermometer
n-18




ITEM

Safety

TABLE D-7

CONVERGENCE POINTS (CONT)

Respirators (during installation)

Wire and reflectors



ITEM

TABLE D-8

BOREHCOLE PRESSURE CELLS

Pressure Cell Equipment

Copper flat jack with 30-feet 1/8-inch diameter
steel tubing

Three-way valve block with quick-connect fitting
at connection to pump

0 to 2,000 psi, 3 percent pressure gage (scale as
appropriate)

Hydraulic pump, hose with quick-connect

Pressure Cell Frame and Installation

Irad setting rods in lengths 2 feet less-than head
room

Pressure cell holder fitting above setting rods
1/8~inch wire for space frame to orient cells

(Optional: mercury tilt switches, lead wires,
multimeter)

Grouting Eguipment

1/2-inch low pressure hose
Male hose end
Grout pump (manual-type)

Hose from grout pump to grout hose in holes, with
necessary fittings

Cement
Accelerator and expansion agents for cement

4-foot long 5/8-inch diameter rebar or rock bolt,
for support of pressure gages

Oakum

Grout molds or concrete cylinders




TABLE D-8

BOREHOLE PRESSURE CELLS (CONT)

ITEM

Grouting Equipment (cont)

° Five gallon buckets
. Shovel
® Spare diaphragms for pump

Safety Equipment

. Protective box for pressure gages
[ ] Spads

° Wire

] Reflectors



ITEM

TABLE D-9

MINE ROOF ROD EXTENSOMETERS

Basic Rod Extensometer Assembly

Tools

Rods (length 2 feet less than mined height)
Threaded studs

Bayonet joints

Protective tubing

Anchors

Bushings

Measuring studs

Bottom plate

Cap bolt, nut and washer assembly to fasten on
extension straps

Extension straps to provide wider bearing area for
readout head in weak roof

Rock bolts (mechanical type) to connect to
extension straps

Cover plate
Dial gauge with special seat

2-foot length l~inch diameter PVC pipe (to sleeve
top of uppermost grout hose)

Shovel

Metric taps for rods
Vice grips

Pipe wrenches

Adjustable wrenches

N




ITEM

TABLE D-9

MINE ROOF ROD EXTENSOMETERS (CONT)

Tcols (cont)

° Screwdriver

. Wire cutters
Accessories

] Five minute set epoxy

] Wire

° Paint and brusb

) Marking crayons

[ Colored tapes

. Locktite

Grouting Eguipment

Male pipe ends for grout hose

Grout pump, hose, and fittings

Oakum

1/4~inch rebar 10-feet long (to clean grout hose)

1/4-inch nylon tube, length equals 5-foot plus
longest rod length)

Grout hose for bundling with rod assembly (use
closest American size approximately 1/2-inch
diameter)

lw)
|

[y

ta



TABLE D-10
INSTRUMENTED ROCK BOLTS
ITEM

Basic Egquipment

° Instrumented bolts
. Vishay P-350 readout
. Remote wiring harness

Installation Equipment

° Spads, J hooks for hanging wires

® Modified rock bolter wrench

° Celtite Resin Cartridges (2 minute set)

° Reflectors/wires

™ Plastic bags and electrical tape (to protect

multipin connector)

™ Hacksaw/blades




ITEM

TABLE D~11

GROUTING EQUIPMENT

Surface Grouting Equipment

. Double piston pump (to pump into hole)

® Hose (100 feet) for pump

° Fittings to adapt to 1/2-inch pipe thread (assumes
1/2-inch diameter hose in hole)

. Centrifugal pump (for mixing)

] Two 10~foot lengths of hose for pump

° 2 x 4's (four 3-foot lengths), nails and window
screen (to make frame to screen grout)

. Five 55 gallon drums

® 1/2~inch chuck electric drill

L) Outdoor extension cords

® Generator

° Mixing bit (from rebar)

. Knife

Safety Equipment

[ Rubber boots

® Rubber gloves

Y Safety glasses or goggles

® Respirators

Underground Mortar and Grout Mixing

Five gallon buckets

Shovel

Grout pump (manual-type)



TABLE D-11

GROUTING EQUIPMENT (CONT)

ITEM

Underground Mortar and Grout Mixing (cont)

° Spare diaphragms for above

) 20-foot hose and fittings to fit 1/2-inch hose and
fittings to fit 1/2-inch male pipe thread (assmumes
l1/2-diameter grout hose in hole)




APPENDIX E
COMPUTER PROGRAMS




l.iiiii‘.llil‘lltiiiili*’.‘Iﬁt.ltﬁ..'ii.i.l!ll“.".ti.iﬂllltli.l.

THIS PROGRAM RFOUCES TNCL INOMETER BATA.IT WRITES THE BASIC DATA

ON FILE a3 THI REDUCED DATA ON FILE 1t3 AND THE TWO HOLET COMPARISON

ON FILE 6% FILE 11 HAS THE TWO MOLE COMPARJSON ADJUSTED TO AGREF

AT A SPECIFIED DEPTH. FILES Pe1L & 11 SHOULND RE PRINTED WITH SUTTABLE
JOB CONTROL CARNDS AT THE END OF THE JoRn,

CARD FORMATS

CARD 1 COLS i~ 5 NO OF CARDS(NCARN,NCARDI1)
NCARD FOR 1ST READING MUST RE GREATER THAN DR EQUAL TO
NCARU FOR SUHSFQUENT READINGS
£-10 HOLE I.De C(HOLEN)
11-55 TITLE
CARD 2 COLS 1-13 ZFRO READING FOR A=AXIS (AZERQ)
11-23 2ERO READING FOR B-AX1S (R7EPO)
21-37 ALLOWABLE VARTATION IN ZERO WITHOUT REING
CONSTDERED 8N CAROR (ZEROLX)
31-40 CHANGL IN FLEVATION FROM INITIAL READING
+ MOANS TOP OF CASING ™MOVED ONMN (SURVFY)
41-50 DATE OF READING (DATF . DATEE)
CARD 3 COLS 1- 5 HOLF NO (HOLEN)
6-15 DATE OF READING (DATE+DATEE)
16-20 DEPTH _
PROGRAM ASSUMES DATA AT DEEPFST POINT READ fIRST
21-30  A-FLUS READING
31-40 A-MINUS READING
41-50 R-PLUS READING
51-631 B-MINUS READING
CARD 4 C€OL 1 0 If NO FUHTHER DATA & COMPARISON GF DATA NOT
DESIRED
1 1IF FURTHLR DATA SET
2 IF ND FURTHER DATA & COMPARISION OF FACH DATA SFT WITH
INITIAL DATA SET IS DESIRED
5 IF SAME A4S 423 AND ALSO WANT TG FORCE DATA 10
AGREE AT &N ARDITRARY DEPTH
CARD 5 COL 1-10 DEPTH AT WHICH CURYES TO BF FORCFD TO AGREF
MUST CORRESPOND TO DEPTH 4 SURVEY CHANGE IN
SECOND DATA SET
11-2¢  A-OFFSET IF SPECIFIED
21-30 PR-0FFSET 1F SPECIFILD
DFEFSETS ARF SURTRACTFD
41 DYEHRIUEL 1F=1s USE SPFCIFTED OFFSETS
USE THIS NPTION TD B90ODUCE & NICF TARLE FOR HAND PLOTS
SET OFFSETS TO 5 AND COL 41 70 |

i‘iiﬂi‘lti.'.li*iilti.liﬁllii.i..liliﬂl.ti.i..tltl‘lltﬁ“}l“i‘i.I

. DIMESSTON ACUMES P 1oRACUM(ITCY 4 NEPTTIS :.zu.:

OO0 NaO0N0000C00N0OCa000000000O0nNNMO0O00000000Me000




_‘-

Iz NeNe]

[ B ]

OO0

------'-------r-

29

25

15

DIMENSTON JMAYT1T)4AST(10)4BSTCI )

INTFGER X
TCOUNT=(al,
A=l aN

IFiX.EQ.1) GOTO 275
IF(X.6T41) GOTQ S0

INITIALTIZE Pa
ACUML=D.C
ACUML=C. D
DEPTHX=10000,
ATOTAL = UaC
BTOTAL=0.0
ASQUAR=N, Y
BSQUAR=(L O
READ HASIC DA

READ (54101
READ (S.1¢2}

IFCXeNEaDaD)
DATEI=DATE
DATEEC1=DATEE
NCARDI=NCARD
HOLENLI=HOLEN
NPTS=NCARD

WRITE TITLES
WRITE(H«103)
WRITECRs1C4}
WRITEA(N 120)
WRITEtRel1CO}
WRITE (Hel105)
WRITE (Relr®)
WRITECR 1466
WRITECHs304)

GET NUMBRER OF

RAMETERS

G

TA FOR THE HEADINGS

NCARD s HOLEN e T1 4724 T34TAgT TR T74TReTO
AZERO+BZERD «ZEROCK 4SURVLY,DATE ¢ DATFE

GUTO 1%

ON I'ILE 8 WITH BASIC DATA
HOLFN

TlaT a3 aTa a T e ThaT T4 TR(TIGDATESDATLEE

POINTS FOK PLOT FILF PART 1

IF(NCARD.LTLNPTS) NPTS=NCARD

WRITE TITLES
WRITECILa4n 0
WRITELI +821)
WRITE(1Dya02)
WRITEL1Uv194)
WRITF(3%4124)

WRITE YITLES

WRITE (104111
WRITE t1De 104}
WRITFE1™e1:9)
WRITL 1My ]u}
WRITE(17+4112)
WRITF (17911 2)
WRITE 10y 1}0)

ON FILE 172 FORP PRPOGRAM RFPLOT

HOLEMWDATE 4 UATEF
NCARD

ON FILE 1f VITH RFDUCEDN DATA
HOLEN

T3IaeT2472 .Tf;.quT{‘.TT.?_ﬂ.I“.HATE.nﬂTFF



WRITE(1IC+115)
WRITEC(IC«14)
WRITECICe111}
WRITE{1CGelund

c
c READ BASIC DATA
DO If 1=14NCARD
READ 1541C0) HOLEN«DATE«DATEL oDFEPTH AL 4 AP 4314112
c
C DEPTH ERROA CHECK
JFADEPTHXLLELDEPTHY WRITEtE 1R )
TF(DEPTHXeLE«DEPTH} GUTO 20
DEPTHX=GEFTH
c
ADIFFTAL1=-A2
BDIFF=R1=-R2
ASUM=AL+AD2
BSUM=RB1+A2
22040
c
C ZERQO FRROR CHECK
IFABBSOASUM=-AZERD) «GT4ZERDCK)Y 221.C
IF{ABSIOSUM~GZERUT «GT L 2ERUCKDY 721, ¢
c
WRITF{Re10TIHOLFN«DATE ¢DATECDEPTH s Al 24241 41242
C
ATHETASIASINCADIFF /4,01
o BYTHETA={ASINIBDIFF/4,7)}
1 ATHETA=ZATHFTA#IHD.N/3,181509
w DTHETA=ZNTHETA+182,.0/3,14159
c
ADEFL= ADIFFs#g.C
BDEFL= DNDIFF+6,."
C
ACUML=ADEFL +ACUML
BCUML=RDEFL +DCUML
C
DPTH=DEP THsRURVEY
c

WRETENIFs 116 DPTHyADEFL+RDEFL ¢ ATHETASRTHETA s ACUML ¢ NCUML 42
D e R Y R L T T Y O
c
c STATISTICAL SECTINNM
c

ATOTAL=ATOTAL+ASUM

AMEAN=ATOTAL

ASTUAR=ASGUAR « ASUM#=?

ASTDEVY=SORTIABSC{ASQUAR/TII~AMF N4 D))

BTGTAL=RTOTAL+ASUM

BMEANZRTIO0TAL /1

FSQUARZHSGUARSDSUM»+3

RASTLEVZSOART (ARSCAPRSOUAR/ T )=NNE ANe»2 )

IFCT«NT 4HNCARDY GDTN 12

WRTTE (ALY AMEANUBMEANS ASTIFVLRSTNLY

ASTDEV=ASTOFY*h o

RSTDEVILSTUL Var

. WRITC (R 3U2) ASTDEVLUSTDE Y .




C
Ctiilliliilttl‘iltifdi.l‘ilIla.liloltliiilﬂcillli.llt‘l.l..l..ﬂlltittlliiitit
c
10 CONTINUE
c
C WRITE END OF DATA SET MARKFR
WRITE(1CGe186)
c
C KEEP TRACK OF NUMHRER OF DATA SETS
ICOUNT=ICOUNT+1,C
IMAX=TICOUNT

(3 M

DECIDE NEXT STEP
AREAD{S54195) X
IF{X.EQ.0.0) GOTD 9%
TF{XGTalad) GOTO 22

.Iiiltii‘llit.tiit.t.ﬁ.lit.ﬂili..titiiﬁitili.tll‘!.l"i LA R R R E I I I S PRy

PART I1 THIS PART OF THF PROGRAM COMPARES TWOD SETS OF READINGS

OO0 OnNO0OO0MO

PUT END OF FILE MARK ON FILE 1% SO ISN*'T AFFECTED BY REMIND
ENDFILE 10

REWIND 10

ol IFIXeEQe3) READtSe281) AGREE+ AST T4 HSET. IGREE

i I1=1

15
=

oamn

READ DESCRIPTIVE DATA FODR INITIAL MONITORING
DD 550 T=14%
READ(1%¢114)
500 CONTINUE
READC10 4130 HOLEN!
READI1Gs104)
REANDE12¢140) DATEL14DATFE]
DO 60 [=14R
READCI,100)
60 CONTINUE

oMn

READ REDUCED OATA FOR INITIAL MDY TTORING

DO 77 Iz14NCARD]

RE#D!I?«!SI)UEPIT!IlonCUH{IicHCUMII).Zl{!}
75 CONTINUE

c READ DESCRIPTIVE DATA FOR SECOND MONITOKING
D0 S01 I=145
REAQELZ2,104)
501 CONTINUE
READCIG1DG)
TS READfIre18nY HOLIND
READCL ye100)
READCL. w143) NDATEZ «DATFL D
D0 - gzlgwm




READ{I(s104)
80 CONTINUE

o
Xiz=0e0
C
c
< .
£ WATTE TITLE ON PLOT FILE FURR PROGRAM REPLOT
WRITELY49uy)
WRITE(9e¢413) HOLENSDATE 1o DATEE 14DATED 4 NATEF 2
WRITE(D940i2) NPTS
WRITF (941049}
WRITEL9,.134)
c
C WRITE HEADINGS 0N OUTPUT
WRITE(9+184) HOLLCN
WRITF(Tel08}
WRITEt9+.192)
¥RITE(I+193)
VRITE{94195)
NRITE(9,104}
WRITE(D4113) DATEL«DATEE1+DATE L4 DATFE]L
WRITE(9+183) DATE2+UATCFE23NATEZ«DATEE?
WRITE(9e1L4)
WRITEt941R2)
WRITF£9,1974)
C
C
flfi c READ REDUCED DATA FOR SECOND HALE
C
v C INITIALIZE DATA FOR CALCULATIDNS TO FORCE CURYES TO AGREE AT SPECIFIED
c GEPTH
J=Dn
131z11+1
ASTE2I=10000."7
BSTE2)=1700".9
c
READC(LS+131) NEPTHZ 4 ACUM2 yACUMD 72
00 910 1=1eNCARRD}
C ADJUST DEPTHS FOR CHANGE IN SURYEYED TuP OF RHOLL
C
FACTUOR=(,.2
C
C CHECK TO STE 1Ff DEPTH FROM FIRST DATA SEY MORF THAN 2. 1 LARGIR THAN
c DEPTH FROM SECCND DATA SET
LFOIDEPTTAII-NEPTHZ Y e6T 24} GOfg -
c
C CHECK TN SFF 1F DEPTHS FOR NOTH DATA SETS THE SAMF
IF(DERPTHZ LENLDCPTT(I)Y GOTO "4
C
C
c CHECK TR SEE IF END OF DATH SCT RLACHED
A6 ID2=u
TF{NDFPTHZ24Gr e 15J0N.5) GOTG o7
C
c
C

CHECK T7 SEL TF UCPTH FROM SECONT DATA SET .nma THAN 1ST ENTRY




aoaon

OO0

e Ne Ny

[aNx]

89

93

94

210

BS
90

97

FROM TNITIAL DATA SET
IFC(DEPTH2=-DEPTTCI)VaGTal e} IN2=]

IF(ID2+EGel) READ(I 131} DEPTHZ s ACUM2 4 ICUMD 4 22
IF{ID2.EQ«1) GOTO w6

CHECK TO SEEf THAT OEPTH FROM 1ST GATA SET GREATER OR LQuaL
TG DEPTH FRDM 2NKD

i83=n

TFCDEPTTOI) L TaOEPTH2 . AND o1 EQal) 103=|

IF(I03+ERe1) READ(10¢131) DEPTHZ ¢ ACUM2,BCUM2422
IF{103.EQ1) GOTO A6

CHECX TO SEE THAT 1ST DATA CARD LESS THAN OR EQuAaL TO 2ND
IFCDEPTTICI) «GT.OEPTH2 W AND.14EQel) GOTO 97

FlCTGR:(DiPTH?-ﬂEPTT(III/IUEPTTt!-l)-DEPT?II)I

ASACUMAI)I~FACTOR®{ACUMI]) =ACUMITI=~1))
B=RCUMCI)=-FACTORS{BCUMCI) ~BCUML]I=1)}

ADFFST=ACUM2-2
BOFFST=ACUM2=~H
22=22+71413

INITIALIZE DATA SO RGTTOM POINT ASSUMED STATIONARY
IFEX14EQe0eN) AL=ADFFST

TFAX] «EQe0a0) B1=BOFFS5T

AOFFST=AQOFFST=-A1

BOFFST=BOFFST=-n1

X1=1,.9

WRITE(94131) DEPTH2 4 ADFFST4BOFFST 77

CALCULATE OFFSETS AT DEPTH-AGREFEs TeFas DEPTH WHERE CUHYES TO HE
FORCED TO AGHEL. DO ONLY IF RENUESTED

IF{XaNEL3) GOTO 210

DETERMINE OFFSFTS AT DEPTH = AGREE

IFCIl«GTa2) GOTO 210D

IF(DEPTHZ WEG.AGREE) AST(IT)}=AQFFST

TFANLEPTH2.EQ4AGRLE) DSTCI 1) =BUFFST

JTd+]
J IS A C ARD COUNTER IN COMPARISON DATA SFET

RE#U‘lﬂ|131)UEPTH21hCUH2pBCUH2'72
CONTINUE

MRITFE (B«R(37) Jdall
JMAXETIY Y=y

CHICK TO SEE TF ANPTHIR NATA SLY NEFLS FROCTSSIMEA




ICOUNT=ICOUNT-t.C
IFEICOUNTaGTeloild WRITECT4199)
IFL4ICOUNT .6Tala7) EOTO 75

i.‘.‘..‘.l..il‘i.’.‘.Qli.il.i.il‘.ll“ii‘....i.i.‘li‘t‘l‘.l.l‘it‘.i

PART 3 == FORCE DATA T0 AGREE AT ARHITAARY DEPTH

Omoo

TF(XeNES3} GOTO 95
END FILE 9
REMIND 9

C PROCESS FOR EACH SET DF CALCULATED DATA OFFSETS
DO 215 K=2+1MAX

IF{IGREE.EQel) ASTUKI=ASET
IFCIGREEEQe1Y DSTU(K)I=BSET

L=0.0

205 READ(T+204) WORDe Wl oN2 e W3 s WA WO WG e WT s WA WIS WL
L=L+1.0
IFAL L TeB0e e ANDWWORDSNE « *COMPAR ] GoTgo 2%
IF{L.GE«BO0e 0} GOTOD 9%

c COPY HMFADINGS ONTO FILE 11
WRITEC114203) AGREEGASTIK)}+BST (K
WRITECL1L1e208) WORDsNLl oW o W3aW0 o NS o MO 4 W T s WAGNFW1D
=1 DO 220 121410
{ READ(T+204) WORD AWl M2 el aNa g WS4 WG W7 g WANTLWE D
~ WRITE(114208) WORDsW1oW2eM3oWa oW albaNT o WA HIW1N
221 CONTINUE

o

ADJUST DATA FOR SPECIFIED NOs. DF POINTS IN DATA SET
JSET=JMANIK)
WRITFLEe B0y JSETsK
DD 225 1=14+JSET
READI241331¢ERR=225) DEPTHZ2sADFFST+HDFFST, 722
IFCAGREE«GTeOEPTH2 ¢ ANDelofTilel)} WRITETHsH"2)
IFCAGREESGTLNEPTHZ LANDL T ENLLL1) GDTO 96
AOFFST=AGFFST=AST(XK)
BOFFST=BOFFST=-HS5T(K)
WRITE411+191) DEPTH2 AOFFSTWROFFST 22

225 CONTINUE

C - CHECKX TO0 SEF IF THERE IS ANOTHER DATA STT
WRITF{R4HI D) 4K

IFIK.EQeIMAX) GDTD 215
215 CONTINUE

...‘Ii..ittﬁ‘i.lil’ilIQIlii.lliﬁtlilliilli.ii.iﬁﬂ.ti.il.ltll‘ili..

FIX UP DATA ¥0R HAND PLOTTING Y IDENTIFYING KLY CHANGFS IN UDATA
CGREATER THAN (Ga% TNCH)

END FILE 11 .
REMIND 11 .

Moo MmoO




DO 601 K=2,1max
USET=UMAX(K)~1
WRITL 164870 JSET WK
WRITEC12451T)

I1=0

c

503 READEI1a6Nn) UORﬂlqu.R?.RS,RQ

T1z11+]
]F(UHRDI-NE.'UEPTH'-ﬁN[l.fl-L!.s".'! GOTG S93
FF(T14GEwun) GOTD 95
VRITL{1245008) HUPDT'RI!QEORJvRQ
READ{114108)
RE#DIII'I?I.ERR:?&I DeAsHyY
WRITELL12,500) DsA R

c

Do 512 214 JSET
READ(II.I?I.ERRZQGJ DDeAA DA, YY
AAAZA R~
BAA=nN-p
!FI&HS(!ﬁA].LT.0.0S-ﬁNn.hHQlBUB).LT.O.fﬁ) GOTO 532
IFtﬁﬂStﬁﬂd).LT.G-CSJ GNTo sus
iFlhﬂStBBHl.LT.G.QS! 60T0 Sne
URIT[(I?;S?QI DR AAgHA
AzARA
B=BA
GOTD 512
505 B=RRA
HR!Y[{]?;S?UI DsBN
GOT0 5p2
S06 A=pAA
WRITE(12,521) DDesaR
502 CONTINUE
601 CONTINUE

8-d

c
C
95 IFtX.LT,3} READ(Sy2101) GARLRAGE, FellLlLrnr
96 STOP
c
c Ottilit.itilﬂttttltlttl.lﬂiltb.iit.l.litlo!i.lltillt.ntl.iiﬁi:ﬂl-t
c
C FORMATS
o}

100 FORMATI3AS.F5.0,4F10,4)
101 FORMAT (15,1041
152 FORMATE3F1C.4,F10,3,245) :
103 FORMATIINL,10x,36Hsaspas]C INCLINOMETE® DATA For woLp " AS e SHe +a )
109 FORMAT(]1x)
105 FORMAT(SX, 72y, gn DATE=,24%)
106 FORMAT{3x, THHOLE NG, 19 DATE 4 14H DEPTH
t1oM APLUS o 1TH  A=MINUS, ]l O-PLUSSINH  HeMINUS,
1194 ZERUCHECK )
1c7 Fowna1:5:.3ns.sx.r5.1.qr1u.n.sx.rs.n:
11¢ FORMATC L%y 3utasancpyern JATA FOR INCLLNOMETER HOLF 185, SHe e w)
111 FORMATE3y, tanangysteg DEBTINe ] 6rpy A~DEFL 43N B=DEFL o1 %,
9k ﬂ-THEI’J’u.I"H "-THFI&»IF‘H A=CU'%4 1 1y H-(’U"“c}K‘lH?l
112 FORMATCSNGS1HNOTE aupripy IS THE HORTZOVTAL 0FFSET oF sopy LENGTH,
194 IINEIIE'R})

1 E pueirummmpe )



6—-d

o0

113 FDRH#Y{]C!."UHHT”ET.& IS5 ANGLE oF CASTINGL TILT tDEGRFES YY)

114 FURHAT{]E’J’X.’(GH#CU” IS T Sum nr HORIZUNT AL OFFSETS WiTH THE
1330 NEEPEST POINT ASSyME|) STATEONARY)

115 FﬂquT‘]UXQQEHPLUS MCANS Top pr Z<FT SFCTION TILTS N Ay
110H DIRFCTION)

116 FORMATY( ?XgFlﬂ.?.ﬁFlD.QQFS-ﬂl

120 FORMATU(IGKsa5HEF ZERO-CHECK =1, PROHABLY ERROR 1IN BASIC DATA

180 FORH“T{ZIQ!]HUEPTH FRROf)

130 FORMATISIX,AS)

131 ForMaTL ?IQFIG-2c43102FlD-4oF5-F)

1450 FORMAT{56X,245)

182 FORMAT(TXs10H DEPTHs1CH A-~OFFSFTe410H H-OFFSETQIX'2H22’

195 FURHJ\T(I?X!Qﬁﬁ‘

194 FURHﬁTilﬂI"CGHPﬂRTSON OF TwWD INCLINDMr TER READINGS - HOLE*sAD)

186 FORMAT(IX4s10H 1409040)

198 foRMAaT(1])>

19] FORHATt7:.F18-2'2F10-¢'F3-ﬂl

192 FGRH!T(}UK,'NUTE AOFFSET sROFFSET IN INCHES*)

193 FURH#T!!GI"pLUS IS MOVEMENT N A+esR+ DIRECTION SINCE INITIALY,
1% READINGY)

195 FORMATI10X,927 GREATER THAN INDICATES POSSTBLF DATA LRROR?)

197 FURH&T(SX.'ST‘RT PART 2¢) ‘

198 FORH#TISK!'RE#D DATA SET*)

199 FDRH&T(SIQ'PRUC[SS ADDITIONAL DaATA SET FDOR CHANGES *)

201 FDRHAT(FIﬂ.?.F!ﬂ-QvFlU.ﬂvIﬂx'II!

202 FORPAT(13286)

203 FDRH&T(I&X,'DATA FORCED To AGHEF AT DERTH*4F1D, 2,
1*ta-apJuyst ="Flf'-4|'B'ﬂUJUST S%FiGaa2

204 FURH!?IIUI,%ﬁ.lO!G]

361 FURHI‘ISX.'!HE&N ERELE W Y N BME AN SV F1den," ASThLY T¥4F 1040,
i* HSTODEY S*sF10.4)

382 fDRHﬂT(SX"ﬁCCURlCY/SINGLE READING MO BRETTER THAN®* ,F1p,a,
1 * IN. FOR & L Fliat,r 1N, FOR 3v)

400 FORH&TGIUIo'PLﬂf CARDS FoR REPLOT )

401 FURHQT(&I.’INCLIHUHET[R HOLE PROFJILE HDL['!#S.'D&TE'!?#ﬁ)

402 FQRH#TIIEolUI" NO OF DATA POINTSY)

403 FURH#TISX"UFFSET ¥Se DEPTH -HOLE Y LT FROM®,0p5, » TO*,225)

510 FGRM&T!B!.'H&ND PLOTTING DATA®)

520 FDRH&T‘?!'FIU-?!lUlvFlC-Zl

521 FORHIT(TI.FIU-2.F!U.2)

522 FﬂﬂﬂﬁTl?IoFlU-EuZF]Ua?l

600 FORH&Y(]ZX'QS.QﬂSI

Toc FOR”IT{lO!q'NO OF POINTS 1N DATA SFT =v,j5)

BDN FDRHII(?I.'NU 0F POINTS = TalNeSX,*NO OF DATA SETS = el

8n2 FORMAT (X, 'NEPTH FOR AGLREEMENT NOT SUrTABLE ")

END
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