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EXECUTIVE SUMMARY

This report describes a Department of Energy (DOE) sponsored

study for the characterization of subsidence over longwall mining

panels in a coal field of the Rocky Mountain Coal Province. Site

selection, instrument installation, initial data acquisition and

preliminary data analysis was performed by Woodward-Clyde

Consultants. Responsibility for continued data acquisition and

analysis has been assumed by the U. S. Bureau of Mines (USBM).

The objective in preparing this report was to document all work

accomplished up to the end of contract work in May of 1982 and to

provide a basis for continued data acquisition.

Site selection criteria required that two adjacent longwall

mining panels ~e available for surface, subsurface and mine-level
monitoring. Scheduling for the mining of the proposed panels had

to be compatible with the time available for the study. Two

mines were located which satisfied these general criteria, and

final site selection was made on the basis of more detailed cri­

teria such as topography, logistics, mining conditions, and owner

interest. The Allen Mine, located in Weston, Colorado was

selected as the site for this study. The average panel width was
425 feet with 500 to 1000 feet of relatively flat lying

overburden.

A preliminary instrumentation plan was tailored to site condi­

tions in April 1981. Plan review meetings were held with DOE and
an agreed plan conforming to contract specifications and avail­

able budget was ready for implementation in June 1981. Surface,

subsurface, and mine level installation of the instruments
selected for this study was conducted from'Mayto October 1981.
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Ninety-three survey monuments were installed to monitor vertical

and horizontal displacements of points on the ground surface

along and perpendicular to the centerline of the longwall

panels. Two automatic-recording strainmeters were installed to

characterize dynamic strains along the centerline of one panel

and the development of permanent strain over the panel ribside.

In order to characterize the nature of strata separation and

shearing which occurs in the overburden, inclinometer­

extensometers were installed over the ribs of both panels, and

rod extensometers were installed along the centerline of one

panel. In order to better insure that the important subsurface
vertical displacements would be successfully monitored, a redun­

dant system utilizing Time Domain Reflectometry was also

installed.

The mine level instrumentation layout was designed to charac­

terize stress redistribution and displacement phenomena that

accompany longwall mining and which are basic to the eventual

development of subsidence above the panel. A total of eighteen
stressmeters were installed to monitor stress redistribution in

the pillars adjacent to one panel and in the floor beneath the

panel. Roof-floor convergence was investigated by installing ten

convergence stations. Rod extensometers were installed in the

roof and floor to monitor discrete strata separation. An attempt

was made to characterize initial stress conditions using an

undercoring technique at ten locations in the roof and ribs.

Monitoring trips for data acquisition were scheduled on the basis
of longwall face location with respect to the instrumentation.

After baseline data initialization was completed in October of
1981, monitoring trips were made in January, March, and May of

1982. In June of 1982, the Allen Mine was shut down indefinitely
and the longwall face had been advanced to within 200 feet of the



most heavily instrumented location. The Woodward-Clyde

Consultants contract was terminated in May of 1982 due to

budgetary decreases and reorganization of DOE and continued moni­

toring of the Allen Mine instrumentation will be performed by the

U.S. Bureau of Mines.

At the time that this project was terminated, one of the longwall

panels had been converted to room and pillar mining, and the face

of the second panel had only advanced past the first of two major

instrumentation locations. Consequently, only a limited amount

of data was collected and only a preliminary analysis of these

data was possible.

The stressmeters installed in one chain pillar not only showed

the development of abutment pressure 200 feet in front of the

face, but also suggested the development of a 15 foot wide dis­

tressed zone around the pillar with an inner confined core.

Roof-floor convergence was initiated about 400 feet in front of

the face and the total convergence of 2.72 inches was approxi­

mately 2.5 times greater than that indicated by the extensometer

data. The thickness of strata generating convergence must there­

fore be greater than the deepest extensometer anchors located 32

feet up into the roof and 21 feet down into the floor. The over­

burden appears to subside as a relatively coherent rock mass with

overburden displacements being initiated about 500 feet in front

of the face: however, significant displacement of the surface was

only detected at survey monuments within 200 feet of the longwall
face. The onset of greatest movement at mine level and within

the overburden began when the face was within 150 feet of an

instrumented location, but this increased rate of movement did

not begin on the surface until a survey point was undermined.
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The largest vertical displacement recorded on the surface was

3.13 feet and the largest horizontal displacement was 0.91

feet. Greater displacements are considered likely so that an

assessment of maximum subsidence was not valid. It appears that

topography has a strong influence on horizontal displacement so

no attempt should be made to evaluate horizontal strains until

data is obtained from the automatic-recording strainmeters. The

average mined height was 76.4 inches, so the maximum subsidence

is on the order of 49 percent of the mined height.
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1.0 INTRODUCTION

One of the major energy resources of the United States is

its large coal reserves. In the past, the economic climate

for this resource promoted the use of low extraction mining

methods. These methods tended to minimize immediate surface

subsidence damage, but sterilized or rendered inaccessible

for future mining upwards of 50 percent of the available

resource in a seam. Today, rising coal prices and increas­

ing demands for coal productivity, coupled with a national

concern for conservation of coal resources, have generated

considerable interest in high extraction mining methods such

as longwalling. A major constraint to adoption of .high

extraction mining methods in some mining districts, however,

has been a fear of the consequences of the associated subsi­

dence. This fear has been perpetuated, in part, by a con­

tinuing inability to adequately predict either the charac­

teristics of the subsidence or its impact on the surface

environment. Although European coal producing countries

have had some notable successes, particularly in the United

Kingdom, with development of empirical subsidence prediction

techniques based on a large body of field data, no such body

of data exists in the United States. Since the geologic

conditions of the major coal fields in the United States are

substantially different from the European cases, the use of

the foreign prediction techniques is probably inappropriate

to conditions here. A relevant data base for developing

subsidence prediction techniques in the United States is

needed, and since the. geologic conditions differ between the

major coal fields in this county, representative subsidence

characterization data are needed for each field. The

Department of Energy (DOE) has, over recent years, organized

and sponsored a systematic collection and analysis of subsi­

dence characterization data in the major coal mining areas.

This report describes a DOE sponsored study for the char­

acterization of subsidence over longwall mining panels in a
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coal fie ld of the Rocky Mountain Coal Province. The field

data obtained and analyzed during this study, together with

the results from the other coal provinces, contributes

toward: (1) the near term development of an empirical sub­

sidence prediction capability, and (2) the long term goal

for development of analytical methods of subsidence

prediction.
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2.0 PREPARATIONS FOR FIELD OPERATIONS

2.1 SITE SELECTION

An initial review of reported Western longwall activity in

the fall of 1980 showed 11 mines currently using or planning

the use of longwall mining equipment. Most of the opera­

tional longwalls were at depths of over 1000 feet and ranged

up to a 2500-foot depth. Project criteria required that two

adjacent longwall mining panels be available for surface,

subsurface and mine-level monitoring. Longwall mining was

to be the main or at least a typical mining method used at

the mine and the panels chosen for the work were to be

typical extraction panels in the regular mining sequence.

Scheduling for the mining of the proposed panels had to be

compatible with the time available for the study.

These general criteria focused attention on two candidate

mines that expressed a willingness to participate in the

study. The two mines were visited and studied with respect

to a set of detailed criteria aimed at selection of a

candidate mine with the highest probability of meeting study

objectives within the study time and budget constraints.

The detailed site selection criteria are shown in Table 2.1.

Both the candidate mines were rated in terms of these

criteria. Some of the criteria leading to the slightly

higher total score and more favorable evaluation for the

selected candidate, the Allen Mine, are shown in Table 2.2.

The Allen Mine is located 30 miles due west of Trinidad,

Colorado and 11 miles north of the New Mexico border (Fig­

ure 2.1). Elevation of the surface is between 7400 and 8500

feet, and the coal seam in the study panels lies at depths

of 500 to 1000 feet beneath hilly topography. Maximum snow

depth of about 1 foot was expected at the site, and snow

,cover lasts only short periods, a definite advantage for

2-1
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TABLE 2.2
ALLEN MINE, WESTON, COLORADO

OWNER: CF&I Steel Corporation
LOCATION: Near Trinidad, Colorado

Topography

• steep hills and valleys

• heavily vegetated north slopes, sparser south-facing
slopes

• surface triangulation net

• portal surface elevation approximately 7400 ft

Logistics

• Pueblo is 2 hours away, Denver is 4 hours away

• comprehensive facilities in Trinidad, 30 miles from
mine

• mine can provide parking, water, electricity for site
trailer

• 2-WD access to surface (under dry weather conditions)

• slope access to mine

• water haulage required for surface drilling

Mining

• production is 1 million tons/year

• relatively ungassy

• two adjacent panels being mined, next planned panels
not adjacent or of typical length

• dip of coal seam is less than 1°

• mining thickness is 6 ft

• mine can provide underground transportation, repairs,
compressed air

• chock-supported longwall panels

• chiefly electric power
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TABLE 2.2
ALLEN MINE, WESTON, COLORADO (CONT)

OWNER: CF&I Steel Corporation
LOCATION: Near Trinidad, Colorado

Owner Interaction

• four to five engineers, also do survey work

• enthusiastic about study

• mine provides safety training course approximately
every six weeks

• CF&I leases surface, requires OSM permit for surface
work

• contact William Boies, CF&I, Pueblo

Overburden

• 700 to 1000 ft over panels

• strata relatively flat-lying

• slickensided carbonaceous shale in immediate roof
causes ground control problems and mining delays

• another coal seam (4 to 5 ft thick) is located 12 to 15
ft above mined seam

Coal Seam

• flat, relatively consistent thickness

• seam is 7 ft thick; 6 ft is mined, leaving 10 in. of
roof coal

• deep overburden, but within experience of instrumenta-
tion

Climate

• dry, sunny, maximum 8100 ft surface elevation over
study area

• little snow in winter, about 1 ft maximum

• does not prevent surface access
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winter installation and monitoring work on the surface. The

panels were of moderate length, just over 3150 ft, and
average width, 425 ft. A negative factor was that the
proposed two panels were already being mined. At the time

of the site visit in January,. 1981, one panel was mined

about 1000 ft and the other was just started. The rate of

face advance was as high as 200-ft/month, although inter­

ception of a fault system involved difficult driving through

sandstone and associated chock stability problems, resulting

in very slow progress in the previous 6-month period. It

was anticipated that th~ mining schedule would leave at

least 1000 to 1200 ft to be mined in the lead panel, and

more than 2000 ft in the lagging panel by the end of the

period of instrumentation installation. Consequently, there

were expected to be sufficient unmined lengths to get good

definition of longitudinal and transverse subsidence pro­

files for both panels. It was also a consideration that

earlier subsidence data was available from the York Canyon
Mine, located to the south of Allen Mine, near Raton, New

Mexico, as a result of a subsidence study conducted by the

Colorado School of Mines. The two sets of data may

demonstrate that a regional approach to subsidence pre­

diction is possible for this Western coal field.

2.2 MINE DESCRIPTION

Coal mined at the Allen Mine lies within the upper

Cretaceous- Tertiary Raton formation, a heterogeneous

sequence of lenticular argillaceous sandstone, siltstones,

shales and coal. Lithologic types are highly variable both

laterally and vertically with correlations being best

established by the coal seams. Bedrock geology in the mine
area is limited to the Tertiary Poison Canyon and Raton
formations. The Poison Canyon formation intermittently tops

the hills in the mine vicinity. The Allen Mine lies on the
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west flank of the Raton basin, an asymmetrical north-south

trending structural basin (Jackson, 1981).

The Apache seam is present above the Allen seam throughout
the entire mine area. This rider seam varies from about 4
1/2 to 6 ft thick. The interval between the rider and main

seams dictates roof conditions in the Allen Mine. When the

interval is less than 8 ft, roof is difficult to control;

over 8 ft, it is manageable. The width of the separation

between the two seams generally increases to the east. In

one drillhole above the second panel, the Allen seam was
intercepted 18 ft below the Apache seam.

The immediate roof over the Allen seam is an incompetent

carbonaceous shale. Above the Apache seam, the strata are

fairly competent. The mine floor is a competent shale

except when wet. In addition to the adverse roof conditions

in the Allen Mine, faults and top and bottom rolls sometimes

make mining difficult (Jackson, 1981). The chronically bad
roof conditions caused longwall mining to be introduced in
the Allen Mine about 10 years ago.

The present longwall mining method for the 6-ft m~n~ng

height in the 7-ft thick Allen seam uses 500 ton, four-leg

chocks. At the.start of this project, two longwall systems
were in operation. The longwall system in Panel No. 1 is

equipped with an Eickhoff EDW 170 double-drum shearer and an
Eickhoff 30-rom single-stranded face conveyor and stage

loader. Roof support at the face was by 113 Gullick-Dobson

chocks on 51-in. centers. All equipment operated on 480

volt AC except for the 1000 volt shearer. The longwall

system in Panel 2 included an Anderson Mavor AB-16, 51-in.

diameter single drum shearer, a 30-mm single strand Eickhoff

face conveyor, a Mavor-Colson stage loader and 94 Hemscheidt
chocks.
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The double drum shearer mined the full seam in a single pass

cut from tailgate to headgate. Chocks were advanced as soon

as possible after the shearer passed because of the weak

roof conditions.

The single drum shearer in the adjacent Panel 2 makes two

cuts. The top was cut first from headgate to tailgate and

the chocks advanced to support the roof. After the return

bottom cut was made, the conveyor was advanced. A full cut

was 30 inches deep. The single drum shearer could not reach

into the tailgate, necessitating mining this coal web by

hand.

Heavy ground conditions were evident ahead of the face in

the tailgates of both panels. Forward abutment pressure in

the tailgates was estimated to occur about 50 to 70 ft ahead

of the longwall face, and cribs were installed ahead of any

indications of abutment pressure as the face advanced. Roof

support was achieved by placing a single line of cribs

beneath the 6-in. steel H-beams previously installed across

the tailgate entry and supported by wooden posts during

panel development. The crib line was on the side of the

entry away from the panel rib. This support system had the

proper yield under abutment loads to allow roof deformation

and floor heave to occur without breaking the roof or

choking off the tailgate, as had previously occurred when a

central line of cribs, and alternately a double line of

cribs, was installed.

2.3 INSTRUMENTATION PLAN

A preliminary instrumentation plan was tailored to site con­

ditions in April 1981. Several plan review meetings were

held with DOE and an agreed plan conforming to contract

specifications and available budget was ready for imple­

mentation in June, 1981. The agreed plan for types of
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instruments and measurements, the area location in the

panel, and the readout location is shown in Table 2.3.

Actual numbers of the individual types of instruments later

installed are also shown in Table 2.3, and in some cases

differ from the original planned quantities.

2.4 COOPERATIVE AGREEMENT AND PERMITTING

Before any site work commenced, a Cooperative Agreement was

drawn up between the mine owner, CF&I Steel Corporation, and

Woodward-Clyde Consultants (WCC). The Cooperative Agreement

described the work to be done at the mine, the rights, con­

tributions, and liabilities of the respective parties to the

agreement, and the insurance requirements to be met by WCC.

Concurrent with processing of the Cooperative Agreement in

May, 1981, a Notice of Intent to Drill was sent for review

to the Mined Land Reclamation (MLR) Division of the Colorado

Department of Natural Resources, and under MLR direction

this document was also filed with the Las Animas County

Planning and Land Use Office in Trinidad, Colorado. This

document generally described the objectives of the subsi­

dence project, the work on access roads and drilling that

needed to be done on the surface overlying the mine, and the

reclamation measures that would be done by WCC to restore

the surface. Since the mine operators owned long term

leases of the surface land, there were no problems in secur­

ing access and permission to do the clearing, access road

construction, and deep drilling that was necessary, as might

occur if there were several private owners of surface land

with whom to negotiate.

2.5 SUBCONTRACTOR AND EQUIPMENT SELECTION

Requests for Quotation (RFQ) were sent to qualified parties

for three principal categories of proposed subcontract work
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including: (1) deep hole drilling from the surface,

(2) underground drilling in the mine and (3) geodetic sur­

veys at the surface. The RFQI S were sent out in April,

1981. Quotations were reviewed by WCC and recommendations

for subcontract awards were made to DOE. By June, 1981, the

following subcontracts were approved by DOE and were issued

by wee:

Subcontract Category

(1) Deep Hole Drilling

(2) Underground Drilling

(3) Geodetic Surveys

Subcontractor

Longyear Company

Earth Exploration
Drilling of Utah

Benchmark Control
Services.

Instrumentation judged best able to meet monitoring specifi­

cations, available budget, special project needs and site

conditions, was procured directly by WCC from experienced

manufacturers of such equipment.
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3.0 FIELD OPERATIONS AND INSTALLATIONS

Surface, subsurface and underground installation of the

instruments selected for this project was conducted from May

to October, 1981. Consideration of budgetary concerns and

the fact that Panel 1 was expected to be completed by the

end of 1981 lead to the decision to concentrate the instru­

mentation on Panel 2, as shown on Figures 3.1, 3.2, and 3.3.

The instrumentation plan involved positioning the under­

ground instruments vertically below the overburden instru­

ments, in order to investigate relationships between the

underground, overburden and surface response to mining. Two

general areas were instrumented, with most of the instru­

mentation concentrated at the second location so that

experience at the first section could be used to optimize

data acquisition at the second.

3.1 SURFACE INSTALLATIONS

Ninety-three survey monuments were installed to determine

the following characteristics of surface subsidence troughs

over the two longwall panels: angle of draw, maximum

subsidence, maximum horizontal strain, and the transition

point (between compressive and tensile strain near the panel

ribsides). Two automatic-recording strainmeters were

installed in order to characterize the horizontal surface

strain wave traveling ahead of a longwall face (Schmechel,

et al., 1979) and to accurately measure horizontal surface

strains near a panelribside.

3.1.1 Survey Network

Survey points for horizontal and vertical surface displace­

ment monitoring and horizontal strainmeter anchor points

were laid out and installed by Benchmark Control Services

along the centerlines of both panels and also across both
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panels. The survey lines extend a distance of 700 ft or

0.7D where D is the depth to seam, past the barrier pillar

at the end of the panel and the same distance past the panel

ribsides in the direction perpendicular to the panel center­

line. This layout permits measurement of the angle of draw

up to a limit of 35 degrees.

Spacing between monuments varied from 50 feet (0.05D) over

the ribsides and ends of the panels, where detailed vertical

and horizontal surface subsidence characterization is

required, to 100 ft (O.lD) in the mid-portions of the

panels, where uniform subsidence displacements corresponding

to the center of the subsidence trough were expected. The

range from 0.05D to O.lD is consistent for this overburden

with the suggestion based on current monitoring practice

that the range should be between 25 ft or 0.05D, whichever

is greater, and 200 feet or 0.2D, whichever is less (O'Rourke,

et al., 1977). The maximum spacing, O.lD, used at the Allen

Mine is one-half the recommended spacing, 0.2D. This close

spacing was chosen to provide additional information for

assessing the effects of topography on the angle of draw and

displacement of q point. The investigation of topographic

effects follows Gentry and Abel's (1978) observation that

greater horizontal movement occurred when the direction of

mining was in a downslope direction than when it was in an

upslope direction at the York Canyon Mine.

The benchmarks for the survey are two U. S. Coast and Geode­

tic Surveys benchmarks located 1.4 miles away from the pro­

ject area. The coordinates of these benchmarks were checked

by Benchmark Control Services by trigonometric leveling, and

a favorable check between the benchmarks was obtained.

Non uments consisted of 2- in. diameter, 6-ft long iron pipes

driven into 1-ft diameter, 4-ft long holes. A 3-in. diameter,

flat brass disk was set on the 2-in. iron pipe and the hole

---~- ----------
( !
: Preceding page blank.
1:'-.. ,1

3-5



was backfilled with Type II Portland Cement and sand­

concrete (Figure 3.4). In areas where rock was encountered

at a depth of less than 4 ft, the pipe was driven as far as

possible and the hole was widened before backfilling with

concrete to provide maximum stability for the monument.

This survey monument design has been successfully used by

Benchmark Control Services for a number of precision surveys

in the vicinity of the study area (i.e., southern Colorado).

Benchmark Control Services cleared lines, set temporary

points and concrete monuments, and completed the baseline

survey by August 11, 1981. The initial survey elevations

were found to differ from the 1 in. = 500 ft scale topogra­

phic map in general use for this area by as much as 50 ft

for a given monument. In order to procure a detailed and

accurate base topographic map for subsidence characteriza­

tion, Benchmark Control Services plotted and scribed a 1 in.

= 100 ft scale, 2-ft contour interval topographic map on the

basis of aerial photographs (flown in conjunction with other

work) on October 19, 1981.

3.1.2 Automatic Data Acquisition System (ADAS): Strain­

meters

Two strainmeter assemblies consisting of six 20-ft strain­

meters in series (Figure 3.5) were installed along the cen­

terline and across one ribside of Panel 2. These assemblies

ar.e designated ADAS-1 and ADAS-2. ADAS-1 was installed

along the centerline of Panel 2 in order to provide a

continuous record of traveling strain development as the

face of Panel 2 passed beneath these stations.

ADAS-2 was located across one ribside of Panel 2 in the

areas of expected maximum tensile and compressive strain, in

order to monitor development of permanent strains as the

face passes. The distance from the panel centerline to the

3-6
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surface locations expected to experience maximum compressive

and tensile strains was determined on the basis of a strain

contour map similar to the National Coal Board (1976) graph

for predicting strain profiles. For depths ranging from 600

to 800 ft, it was estimated that the distance from center­

line toward the ribside to the surface points experiencing

maximum strain would range from 132 to 208 ft. Consequently,

the six strainmeters comprising ADAS-2 were installed

between the interval from 110 and 230 ft from the centerline

of Panel 2.

The anchor points for the two strainmeter assemblies con­

sisted of 2-in. diameter, 5 1/2-ft long galvanized steel

pipes threaded at the top and installed every 20 ft in 6-in.

to 2-ft deep, 120-ft long trenches by Benchmark Control

Services by the method used for survey monument installa­

tion. To anchor the smooth steel pipe to the ground, 6-in.

long crossbars were installed in holes drilled in the steel

pipe. The steel pipe extended an average of 6 inches above

the ground surface, facilitating assembly of the strain­

meters but necessitating measures to shield the strainmeters

from temperature changes.

Twelve SINce strainmeters (Figure 3.5), of 20-ft gauge

length were assembled and installed by wcc engineers at the

site according to SINce specifications. The pvc pipe was

not filled with oil, which is an optional specification for

long-term protection of buried installations. The sensing

element of these strainmeters is a linear potentiometer with

a 6-in. range. The double sensor assemblies contain two

linear potentiometers and were installed at every other

anchor point. A 1/4-in. diameter invar rod connects the

potentiometer shaft to the anchor point and is enclosed

within 1 1/4-in. PVC pipe. The potentiometers were cali­

brated in the SINce plant and in the field office after
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shipment. The potentiometers were set by adjustment of the

extension rod with respect to the jam nut at the anchor end

of the assembly. Initial settings were made by connecting a

SINCO extensometer hand-held readout to the five-conductor

cable, enclosed within 1/2-inch polyethylene tubing extending

from each double sensor assembly. After setting the poten­

tiometers, the cables were uncoiled and collected at a ter­

minal box where they were connected to a SINCO Extensometer

Scanner/Recorder with Expander Box using environmentally­

sealed multi-pin connectors (Figure 3.6).

Initial settings for the linear potentiometers were deter­

mined by using unpublished empirical curves based on York

Canyon results for maximum horizontal strain as a function

of the panel width to depth ratio. It was estimated that

extension over a 20-ft gauge length would be 2.25 in. and

compression 1.53 in. The linear potentiometers have a range

of 6 in. so they were set to allow 4 in. extension and 2 in.

compression.

As mentioned above, the steel anchor pipes extended about 6

in. above the ground surface so that measures had to be

taken not only to shield the strainmeters from temperature

effects but also to minimize the potential for vandalism.

In order to allow drainage, 3/8-in. pea gravel was laid to a

depth of 2 in. in the strainmeter trenches. Flake-board

cribs were then constructed along the sides of the trenches,

and rocks were piled to fill the gap between the PVC housing

of the strainmeters and the gravel layer. Gravel was then

placed to cover the strainmeter assemblies, and it was in

turn covered with earth to further isolate the strainmeters

from temperature effects. The main body of each strainmeter

was covered to a depth of 6 in. while the anchor and sensor

posts were left exposed to allow surveying of each point

during subsequent monitoring sessions.
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3.2 OVERBURDEN INSTRUMENTATION

In order to characterize the'nature of strata separation and

shearing which occurs in the overburden as the subsidence

trough developed, inclinometer-extensometers were installed

over the ribs of both panels and rod extensometers were

installed along the centerline of one panel. In order to

insure that at. least subsurface vertical displacements would

be successfully monitored, a redundant system utilizing

Time-Domain Reflectometry was also installed.

The inclinometer-extensometers can provide a continuous

profile of subsurface displacements but the rod extensome­

ters can only be used to monitor the vertical displacements

of discrete, selected strata. To aid in finalizing the rod

extensometer design, as well as developing a more complete

description of the overburden, borehole geophysics was run

in each drill hole in conjunction with the maintenance of

drilling records and logs of cuttings.

3.2.1 Borehole Logging and Geophysics

Four 8-in. diameter holes were drilled by Longyear Company

using a Longyear CP-8 Portadrill, tricone rock bits and

water with a polymer foam additive. Steel casing was

installed to a depth of 20 ft in each hole to ensure hole

stability. during drilling. During the course of drilling

the rod extensometer holes a record was maintained of the

time required to drill every 5 ft and a sample of cuttings

was obtained at least once every 10 ft or whenever there was

a noticeable change in drilling rate. It was not possible

to maintain these records when drilling the two inclinometer­

extensometer holes. Cuttings were logged according to the

method described by Compton (1962) without correction for

the circulation time from bit to surface.
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Blue Ox Logging of Raton, New Mexico, conducted geophysical

surveys in each of the four deep holes. Resistivity, gamma

and gamma-gamma logs were obtained in each of the rod

extensometer holes prior to instrument installation. In the

case of the inclinometer-extensometer holes, however, the

surveys were made after the casings were installed, and

lithologic logs for these holes were developed by comparing

the geophysical surveys with those of the rod extensometer

holes. As may be seen on Figures 3.7 and 3.8, strata

between the correlated coals vary from shales to sandstones,

and are not consistent across the area. The coals provide

good stratigraphic correlations, however, and may be used as

marker beds for classifying the logs in terms of II s trong ll

and II wea k ll rock types. Consideration of the complete boring

log~~ yields the percentage of shales, mudstones and sand­

stones tabulated in Table 3.1. The drilling rate is an

indication of relative rock competence, and was considered

when designing the lengths of the rod extensometers to

assure that the anchors were located in competent strata.

Figures 3.9 through 3.12 show the lithologic logs for all

four holes and the drilling rates as a function of depth.

3.2.2 Time Domain Reflectometry (TOR)

For the measurement of progressive upward migration of

strata extension, bed separation or rock caving from mine

level to the surface, the principle of time domain reflec­

tometry was implemented. A voltage step is sent out along a

cable and reflected back to show discontinuities in the

cable. The time required for the reflected signal to be

returned is proportional to the cable length, so the depth

of the discontinuities can be determined. As mining prog­

resses and the bed separation or caving develops, pro­

gressive cable breakage may be monitored.
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This installation consisted of a 0.405-in. diameter cable

which was crimped at 10-ft intervals. As described below,

it was installed simultaneously with the inclinometer­

extensometers and rod extensometers. When the installation

in each hole was completed, excess cable was cut off and a

UHF connector was attached to the end of the cable so that

it could be attached to a Tektronix TDR cable tester.

3.2.3 Inclinometer-Extensometers (SLEX)

This installation consisted of an inner, grooved-plastic

inclinometer casing and an outer, corrugated plastic Sondex

extensometer casing (Figure 3.13). The outer casing is

rigid in the radial direction to resist horizontal stata

pressures, and very flexible in the axial direction in order

to comply with vertical strata deformation. Metal rings are

fixed on its outer surface at 10-ft intervals.

The two SLEX holes were located along the transverse survey

line. SLEX-1 was drilled 130 ft from the centerline of

Panel 1 toward the ribs ide while SLEX-2 was drilled over the

ribside of Panel 2 (Figure 3.2).

Installation of the SLEX casing began with the setting of

the 3.5-in. outside diameter corrugated plastic Sondex cas­

ing in a steel boot designed for lowering casings into the

hole. Lowering of the 20-ft lengths of Sondex casing was

controlled by means of nylon ropes attached at two points to

the steel boot. The 2.75-in. O. D., 10-ft long ABS plastic

inclinometer casing was pre-assembled into 20-ft lengths and

was installed inside the 20-ft lengths of Sondex casing.

The coaxial cable was attached to the steel boot and fed

into the hole as the Sondex casing was lowered. The TDR

cable was taped to the Sondex casing for temporary support

of the cable. The cable was crimped with a crimping tool at
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the same general locations as the Sondex rings in order to

provide calibration checks when testing the cable. Sondex

casing couplings consisted of longitudinally-split, l-ft

lengths of casing which were bound around the Sondex casing

with banding straps and seals. The inclinometer casing

sections have a reduced outside diameter at each end which

seats in a 6-in. long coupling in a square-shoulder, flush

joint. The coupling joint is cemented and pop-riveted. The

internal grooves in each casing length are aligned with the

aid of a spring-loaded aligning tool. The aligning tool was

extracted by pulling it up in the grooves of the upper 20-ft

length of casing. Removal of the tool occasionally required

force, possibly resulting in the carving of new internal

grooves for short lengths.

Holes were drilled in the casings for SLEX-2 to allow ground

water inflow. The decision to monitor SLEX-2 as a water

observation well was made when water in the SLEX-l hole was

measured at a depth of about 250 ft. Eight 5/32-in. diameter

holes were drilled in each 20-ft section of Sondex casing

and three 1/4-in. diameter holes were drilled in each 10-ft

length of inclinometer casing.

Following casing installation, the annulus between the Son­

dex casing and the hole was backfilled using minus 3/8-in. pea

gravel. The pea gravel contained a small percentage of plus

3/8-in. material. Approximately 7-1/2 cubic yards were in­

stalled in SLEX-l, and 7 cubic yards in SLEX-2, compared to

the estimated 6.4 cubic yards required for SLEX-l and 6.0

cubic yards for SLEX-2. The gravel was installed in lifts

of 1 cubic yard which was estimated to fill the annular space

along 100 ft of hole. The depth to gravel was sounded after

each lift with a weighted rope to check that no voids were

created by bridging of the gravel between the borehole walls

and the casing. The higher than estimated gravel take in

both holes indicates that the existence of voids is unlikely.
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The top 2 ft of the annulus in SLEX-2 was packed with

bentonite pellets to seal the hole from surface water

infiltration. This hole was used as a water observation

well. Valve covers, like those used by water utilities,

completed the surface installation of the SLEX holes (Figure

3.13). SLEX-1 extended to a depth of 580 feet and SLEX-2 to

a depth of 548-feet, both about 50 feet above the Allen

seam.

3.2.4 Surface Rod Extensometers (REX)

Two six-point rod extensometers were installed over the cen­

terline of Panel 2 in 8-in. diameter holes drilled by Long­

year Company. The first rod extensometer assembly to be

undermined was designated REX-I, and the second, located 600

ft north of REX-1 on the transverse surveying line between

SLEX-1 and SLEX-2, was designated REX-2 (Figure 3.2). The

rod extensometers were located over the center of the panel

in order to measure differential strata extension, bed

separation and possible caving which occurs as vertical

displacement progresses from mine level to the surface.

While the rod extensometers provide fewer monitoring points

than the Sondex sensing rings, the Interfels REX equipment

is of more robust construction and design. The REX installa­

tions can only monitor vertical displacement at the subsidence

trough center, and are a reference check for Sondex measure­

ments near the panel rib. The REX equipment was installed

to provide vertical displacement data in the event that the

SLEX assemblies failed due to lateral shearing of the

plastic casings (Wade and Conroy, 1980, WCC, 1982).

Lithologic logs developed on the basis of cutting logs and

borehole geophysics logs provided the basis for determining

rod anchor depths in the 600-ft (REX-2) and 860-ft (REX-I)

deep holes (Table 3.2). An attempt was made to position the

anchors in competent strata, where a reliable grout bond
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between the anchor and the rock may be sustained throughout

the period of active overburden response to subsidence. The

location of the rod extensometer anchors with respect to

lithology is shown on Figures 3.14 and 3.15.

The rod extensometer equipment consists of 3/8- and 3/4-inch

diameter galvanized steel pipe in 20-ft lengths. The

smaller pipe was used for the three shallowest anchors in

each hole while the larger pipe was used for the three

deepest anchors. The hollow extensometer anchors are shown

on Figure 3.16 a. The rods above the anchors were sheathed

in plastic casing to isolate them from the grout which was

used to bind the anchors to the surrounding rock and prevent

bowing of the pipe in the hole. The six rods and casings

were installed simultaneously to avoid jamming or intertwin­

ing of the rods. The TDR coaxial cable was attached to the

deepest rod at 20-ft intervals using nylon cable ties so

that it would extend the full length of each hole. Splices

in this cable were required at some points.

During installation, water was pumped into the space between

the protective plastic casing and the rods to compensate

partially for pressures developed on the casing during

grouting. Water was also circulated through the three

deepest rods to ensure that the rods would remain open for

grouting. Grouting records are shown in Table 3.3. A

water/cement ratio of 1:1 (ft3 water:sack) was used, and all

grout mixes were sampled.

REX-2 was grouted between July 18 and 21, 1981, first

through the deepest rod (No.6). After the grout level rose

above the deepest large diameter rod, a finishing 2-in.

diameter tremie hose was introduced into the hole but could

only be lowered 14 it into the hole. A total of 126 cubic

ft of grout was pumped into REX-2, although calculations

indicated that 166 cubic ft was required, showing the
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TABLE 3.2
DEEP HOLE EXTENSOMETER ROD LENGTHS

ROD ROD
EXTENSOMETER NUMBER DEPTH OF ANCHOR (FT)

REX-1 1 435.8

2 536.8

3 636.2

4 713.2

5 772.6

6 835

REX-2 1

2

3

4

5

6

3-26
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NOTE: See KEY on Figure 3.9.

FIGURE 3.14

REX-1 ANCHOR LOCATIONS AND ROD LENGTHS
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FIGURE 3.15

REX-2 ANCHOR LOCATIONS AND ROD LENGTHS
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effects of not being able to get a tremie base deep enough

into the hole to ensure a continuous grout backfill to the

surface.

REX-I was grouted through each of the three deepest rods and

through a 320-ft length of 3/4-in. steel pipe which was

pulled out of the hole as grouting proceeded. Grouting was

done in four sessions from June 22 to 23, 1981. The grout­

ing program was stopped when 266 cubic ft, compared to the

predicted requirement of 230 cubic ft, of grout had been

pumped into the hole, circulation of water through rod No. 1

was still possible, and there was no return of grout in the

156-ft long grout rod. Loss of grout through a discontin­

uity intercepting the borehole was considered the most plau­

sible explanation for the high grout take. Despite the

indications that the hole was not filled with grout, the

rods only settled approximately 2 in. when support brackets

that had been holding them during grouting were removed.

This movement was probably a result of bowing of the rods

extending above the grouted portion of the hole to the

surface. Sounding of the grout was not possible because of

the number of rods in the hole.

Campletion of the REX installations involved construction of

4-ft high concrete pedestals, as shown on Figure 3.16 b.

REX-2 rods were outfitted with Interfels linear potentiome­

ters as shown on Figure 3.16 c. In order to allow operation

of the linear potentiometers with the SINCO scanner/recorder

(Figure 3.6), SINCO personnel added extra resistors to the

Interfels junction box. The 4-in. range linear potentio­

meters were first connected to an Interfels junction box

from which a multi-conductor cable was extended to the SINCO

ADAS scanner/recorder.
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3.2.5 Groundwater Samples

As mentioned above, the SLEX-2 installation was adapted for

use as a groundwater monitoring well while the SLEX-1

installation unintentionally functioned as a monitoring well

due to leaks in the SLEX casing. It was initially intended

to use these installations for monitoring not only ground­

water levels but also groundwater quality. However, the

costs required to carry out a rigorous water quality sampling

program were not justified because there was no actual

aquifer in the overburden. Consequently, it was decided

that only gross changes in a few index properties, such as

TDS and pH could be monitored.

3.3 MINE LEVEL INSTRUMENTATION

The underground instrumentation plan shown on Figure 3.3 was

designed to characterize stress redistribution and displace­

ment phenomena that accompany longwall mining and are basic

to the eventual development of subsidence above the panel.

Two general areas located 600 feet apart, corresponding to

principal instrumention areas on the surface, were instru­

mented underground. A total of 18 stressmeters were installed

to monitor stress redistribution in the pillars and floor of

Panel 2. Roof-floor convergence was investigated by in­

stalling ten convergence stations. Roof and floor exten­

someters were installed at two locations to monitor discrete

strata separation. An absolute stress measurement technique

was employed at ten sites with the aim of characterizing the

initial stress condition in the instrumented areas.

Most of the underground instrumentation was installed in

rotary, diamond-drilled holes drilled by Earth Exploration

of Utah using a CP-8 drill .. Compressed air and water lines

leading to the longwall face were tapped for use with the

drill, and a special line from the 4160 volt power source
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was provided by the mine. Underground drilling and installa­

tion was performed from August to September, 1981, in the

headgate entries of Panel 2.

Following completion of underground instrumentation instal­

lation, the mine surveyors surveyed the locations of all

instruments using a Zeiss TH 43 theodolite and a 300-ft

steel tape.

3.3.1 Drill Hole and Roof Support Documentation

In connection with site characterization tasks, Woodward­

Clyde engineers mapped roof support and roof falls along the

instrumented headgate areas of Panel 2 during the course of

instrument installation. The type of support used gives a

general indication of the stability of the ground, and may

have a localized impact on the absolute value or the rate of

development of stresses and strains (and therefore the

caving behavior) as undermining progresses. Support types

included steel H-beams on timber posts and wooden spacers in

the more heavily-supported areas and roof bolts, steel mesh

and straps in the more stable areas.

At the time of mapping, the area surrounding the first

instrumented section, between 18+00 and 14+00, was exten­

sively supported by H-beams on timber posts and wooden

spacers. At the second location, between 14+00 and 4+00,

the support was significantly less substantial, consisting

chiefly of rock bolts, with a few H-beams and wooden spacers

used in roof fall areas. The support density decreased

markedly at the north end of the panel, as sandstone was

intercepted in the roof. Roof falls, ranging from small

falls to one extending to 8 ft above the mine roof at 12+50,

were mapped throughout the area, and will be discussed in

Section 5.1.2.
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Drilling conditions were documented during drilling of the

roof and floor rod extensometer holes and are shown on

Figure 3.17 for the holes drilled at the first location.

Conditions encountered during the drilling of these holes

are representative of conditions encountered at the second

location. The roof strata and coal seams were easily

drilled. Drilling in the floor was hampered by the exis­

tence of hard strata at a variable depth beneath the im­

mediate mine floor. The existence of the hard strata made

drilling of subhorizontal stressmeter holes under the mine

panel particularly difficult, and the measures adopted for

completing these holes will be described in the following

stressmeter discussion.

Other drilling difficulties were encountered during initial

horizontal drilling of the 3-in. diameter stressmeter holes,

and a 2-in. diameter hole was used for most of the pillar

stressmeter holes.

During drilling of the subhorizontal floor holes at the

first location water flowed out of fractures in the mine

floor up to 20 ft away from the holes and circulation of

drilling water was lost.

3.3.2 Stressmeters

Preliminary testing for the use of grouted hydraulic bore­

hole pressure cells indicated that expansive grout would not

generate a pre-stress pressure on a cell due to voids

forming in the grout around the cell. It was therefore

decided to install ten Irad vibrating stressmeters, Model

VBS-1 (Figure 3.18), at each instrumentation section. The

stressmeter records changes in the resonant frequency of a

highly tensioned steel wire clamped diametrically across the

gage which reflects changes in stress acting in the direc­

tion of the wire. One pillar adjacent to the longwall panel

in each section was instrumented with three vertically-oriented
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stressmeters at depths of 10, 20, and 40 ft, and four

horizontally oriented stressmeters at depths of 10 and 20 ft

into the pillar. Three other stressmeters were planned for

installation beneath the panel in holes drilled at an angle

of 5 degrees below horizontal, for the purpose of monitoring

changes in stress in the longwall panel floor as mining

progressed. The stressmeters were equipped with enough

cable to allow remote monitoring 200 ft from the installa­

tions. This arrangement allowed recording of stress redis­

tribution within the pillar and under the panel before,

during, and after the face passed the instrumented pillar.

This stressmeter layout was designed to provide insight into

the load transfer mechanism acting on the pillars and panel,

a function of both face location and location within the

pillar. In the case of the floor stressmeters, the long

lead wires were intended to permit remote monitoring of goaf

loads as caving occurs behind the face.

Holes for stressmeter installation were diamond drilled in

pillars to a depth about 2 ft short of the total hole depth.

At the first location, 3-in. diameter holes were drilled.

Drilling difficulty at this location resulted in the deci­

sion to use 2-in. holes at the second location. The holes

were then extended 3 ft deeper with a 1-1/2-in. diameter

bit. Stressmeters were installed using the Irad hydraulic

setting tool and setting rods fabricated into 10-ft lengths

from surplus larger diameter surface rod extensometer pipes

(Figure 3.15). The Irad installation procedure was fol-

lowed, and included preloading the stressmeter 100 to 200

units above the initial reading. The setting was accom­

plished by hydraulically pulling the wedge in between the

gage and the upper platen. The vertical stressmeters were

installed such that the vibrating wire was maintained in a

vertical position. The horizontal stressmeters were turned

clockwise through a 90 degree angle prior to preloading in

order to position the vibrating wire for measurement of

horizontal stress changes.
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Drilling of the 2-in. diameter holes and installation of the

stressmeters in pillars was straightforward and efficient.

Because the shale floor and underlying strata were difficult

to drill, however, only two subhorizontal floor holes were

drilled to depths of 40 and 120 ft at the first location.

These holes were drilled at an angle of about 10 degrees

from horizontal through the pillar, in order to provide bet­

ter stabilization of the drill steel. This configuration

is indicated on Figures 3.3 and 3.19. At the second loca­

tion, all three planned holes (40, 120, and 200 ft deep)

were drilled directly into the floor, as shown on Figure

3.3. Stressmeter installation in the floor holes was

successful in all except one drilled hole. Two attempts

were made to install a stressmeter in the 200-ft deep hole

at the second instrumentation location. In both cases the

stressmeter was preloaded, but would not release from the

setting tool, as proven by the fact the stressmeter without

the wedge was pulled out with the setting tool. After the

loss of the last two available wedges in this way, further

attempts to install a stressmeter in this hole were aban­

doned. The reasons for failure of installation in this

200-ft hole were thought to be two-fold. One, the hole was

not stable and tended to squeeze in on the installation

rods, requiring forceful advance of the rods. The second

explanation is related to the fact that the rods should move

out of the hole when the hydraulic pressure is released,

indicating disengagement of the setting tools from the

stressmeter. During installation of stressmeters to depths

greater than 40 ft, this characteristic movement was not

observed because the steel installation rods were too heavy

and the ground too confining for the hydraulic setting tool

to move the rods.

Leads from the stressmeters were connected to a junction box

and then to an Irad Datalogger connected to two 12-volt

batteries in parallel, in order to allow remote monitoring

on a regular basis (Figure 3.20).
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3.3.3 Roof and Floor Extensometers

An Interfels roof and floor extensometer assembly was

installed in the headgate entry at both instrumentation

locations. The purpose of the four-point roof extensometer

was to measure any separation of strata overlying the coal

seam as the face approached. The roof extensometers were

installed to a distance of 50 ft above the coal seam, for a

height of approximately eight times the mined seam thickness

(Table 3.4). The two-point floor extensometers were in­

stalled to a depth of 20 ft in order to detect floor heave

which may occur as mining proceeds. While the optimum

location for monitoring discrete strata movement independent

of pillar effects would be the middle of the headgate entry,

this was not possible as a conveyor belt occupied the middle

of this entry.

The Interfels rod extensometer assemblies are shown on Fig­

ure 3.21. Drilling of the 3-in. diameter holes for the

extensometers involved moving the CP-B drill beneath the

conveyor belt to a position immediately adjacent to the

panel. Three-in. diameter holes were drilled for all

extensometers except the floor hole at the first location,

where hard stata was encountered at a depth of B ft (Figure

3.17). A 2-in. bit was used to drill the remainder of that

hole, to a depth of 19 ft. The roof spalled during drilling

of the roof hole, necessitating support of the extensometer

head plate by roof bolts and casing, as shown on Figure

3.21 a.

The Interfels steel rods, 0.4 in. in diameter, were

installed inside the plastic tubing to prevent grouting of

the rods .. As shown on Figure 3.21 b, the two-position

locking socket at the anchor allowed removal of the rods for

length adjustment if necessary. Along with the rods, one

length of the black protective plastic pipe was installed as
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TABLE 3.4
MINE LEVEL EXTENSOMETER ROD LENGTHS

ROD DEPTH OF
ROD EXTENSOMETER NUMBER ANCHOR (FT)

1 RE I 9.3
II 17.4

III 32.1

1 FE I 5.8
II 17.6

2 FE I 9.4
II 12.7

I II 30.8
IV 47.2

2 FE I 5.1
II 21.1

3-43



A
N

C
H

O
R

-

E
x

te
n

si
o

n
r
o

d
s

i
~

p
la

s
ti

c
p

r
o

te
c
ti

v
e

tu
b

e
,

w
it

h
lo

c
k

m
a

n
d

r
il

a
t

a
n

ch
o

r
e
n

d
,

a
n

d
w

it
h

se
n

so
r

b
a

r
a

t
h

ea
d

en
d

E
x

te
n

so
m

e
te

r
h

e
a

d
w

it
h

r
o

d
g

u
id

e
s

a
n

d
r
o

c
k

b
o

lt
s

fo
r

fi
x

a
ti

o
n

a
t

b
o

r
e
h

o
le

m
o

u
th

c)
PH

O
T

O
G

R
A

PH
:

RO
D

E
X

T
E

N
So

M
E

T
E

R
A

N
C

H
O

R
S

R
ib

b
ed

~
t
e
e
l

a
n

c
h

o
r
,

fi
x

e
d

b
y

g
r
o

u
t

in
je

c
ti

o
n

A
n

ch
o

r
c
o

n
e

w
it

h
m

e
a

su
r
in

g
a

n
d

c
a

li
b

r
a

ti
n

g
n

o
tc

h
fo

r
fu

n
c
ti

o
n

a
l

c
o

n
tr

o
l

2 5
S

e
n

so
r

b
a

r
a

n
d

d
~
a
l

g
a

u
g

e
b

a
r
;

r
e
c
e
s
s

fo
r

p
la

c
in

g
d

ia
l

g
a

u
g

e
o

r
e
le

c
tr

ic
a

l
se

n
so

r

6
D

ia
l

ga
l,

lg
e

w
it

h
(:

ia
1

g
a

u
g

e
b

a
r

7
In

n
e
r

c
o

v
e
r

p
la

te

8
O

u
te

r
m

ea
su

ri
n

g
p

la
te

L
E

G
E

N
D

:

6

D
E

T
A

IL
2

D
E

T
A

IL
1

b
)

D
E

T
A

I
L

S

3

R
O

O
F

B
O

L
T

W
IT

H
W

ED
G

E
T

Y
P

E
M

E
C

H
A

N
IC

A
L

A
N

C
H

O
R

O
A

K
U

M
P

A
C

K
E

D

B
E

T
W

E
E

N
H

O
L

E

A
N

D
C

A
S

IN
G

-
-

R
E

F
E

R
E

N
C

E
S

U
R

F
A

C
E

B
L

E
E

D
E

R
H

O
S

E

S
E

E
D

E
T

A
IL

L
O

N
G

W
A

L
L

F
A

C
E

ST
E_

E
L

L
1

IV
t I

I
I

R
E

F
E

R
E

N
C

E
P

L
A

T
E

£
E

D
E

R
H

O
SE

~
S

T
E

E
L

L

I
I

~
E

X
IT

O
R

IE
N

T
A

T
IO

N

a
)

SC
H

E
M

A
T

IC
SE

C
T

IO
N

E
X

T
E

N
S

O
M

E
T

E
R

(
\

III
R

O
D

S

5
7

in
.I

~h
.

3
-4

4

F
IG

U
R

E
3

.2
1

M
IN

E
L

E
V

E
L

IN
T

E
R

F
E

L
S

RO
D

E
X

T
E

N
SO

M
E

T
E

R
F

IG
U

R
E

3
.2

1



a grout hose and one length was installed as a bleed line

through extra holes in the Interfels steel plate (Figure

3.21 a). The floor installations were recessed and covered

with a steel plate to prevent damage during mining opera­

tions.

Grout for the underground extensometers holes was mixed"in 2

to 3 gallon batches, with water cement ratios of 1.5:1, and

approximately 10 ounces of an expansive agent (SIKA

Intraplast-N) per batch. The grout plan consisted of one

day of grouting for each floor extensometer and two days for

each roof extensometer. The first batch of grout in the

roof was used to seal the casing in place and allowed to set

overnight before grouting the rest of the hole. Grouting

records are shown in Table 3.5.

Grouting of the first roof extensometer installation (IRE)

was performed through a 5-ft grout hose. After pumping the

calculated amount of grout on the second day of grouting,

grout was observed to leak from fractures 10 ft away from

the extensometer hole, although no grout was returned

through the bleeder hose. Grouting was ceased then per­

formed for two more days through the bleeder hose until

leakage of grout was observed in roof fractures. On the

fourth day of grouting, a grout leak was observed along the

deepest rod. Installation of this rod had required splicing

of two pieces of the black protective tubing because of

imperfections inside this tubing. Removal of the rod for

examination resulted in return of the grout, indicating that

the splice in the black protective tubing at a depth of 15

feet had broken and the hole was filled with grout to that

depth. In order to assure that the next longest anchor

would be grouted, the black protective tubing for the

longest rod (Rod IV) was then used as a grout tube. An

amount of grout estimated to fill the hole (10 gallons) was
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pumped and return through the bleed hose occurred, indi­

cating that open fracturing in the first 15 ft of hole had

caused the loss of grout pumped previously.

Grouting of the second floor extensometer installation (2FE)

proceeded successfully the first day, showing a return at

the top of the hole after pumping three batches. Four days

later, it was discovered that the grout had dropped to a

depth of 20 ft in the 21-ft deep hole indicating that there

were fractures in the floor at a depth of 20, ft. The deep

anchor was grouted in place but the shallow anchor was lost

in the hole when tested. A I-gallon batch of rich grout was

poured over a wadded paper plug at a depth of 8 ft. A short

rod was installed when the cemented plug had cured and the

hole was successfully grouted with a rich mix, resulting in

a grout level 2 in. below the reference plate.

3.3.4 Convergence Measurements

Ten convergence stations were established, along the head­

gate entry at 20-ft intervals (Figure 3.3). These reference

points were installed in order to develop a relationship

between roof to floor convergence and face advance as well

as extensometer measurements, and surface subsidence measure­

ments.

Woodward-Clyde engineers drilled I-in diameter holes to a

depth of 2 ft in the roof and 1 ft in the floor with a

mine-owned, pneumatic stoper drill. A mechanical roof

bolter was used to install 3/4-in. rebar in the holes with

Celtite epoxy cartridges. The rebar lengths had been tapped

to allow mounting of SINCO reference points (Figure 3.22).

Reference points were epoxied into the floor rebar installa­

tions and the area surrounding the point was grouted in

order to prevent damage to the points. The roof rebar

installations were fitted with a removable bolt, to preclude
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removal of the steel balls between monitoring sessions and

allow replacement of the steel balls whenever a set of

measurements was taken.

3.3.5 Absolute Stress Measurement

Department of Energy reviewers of the instrumentation plan

originally submitted for this project requested that a

determination of in-situ stresses be made for the instru­

mented mine. Since the overcoring technique, a proven but

expensive technique for stress determination, was not

included in the project budget, a surface stress relief

technique (D. S. Bureau of Mines, 1981) was applied at ten

locations. This undercoring technique involves measurement

of surface displacements around a 6-in. hole which are

transformed to stresses existing on the measurement surface

according to rock mechanics theory. In a continuous, iso­

tropic, elastic medium, the stresses on three orthogonal

surfaces may be transformed to in-situ regional stresses.

Ten locations on the roof and ribs in the vicinity of the

instrumented areas were selected (Figure 3.3) for applica­

tion of this method. A steel template and 3/8-in. diameter

stainless steel reference pins were fabricated as specified

by the D. S. Bureau of Mines (DSBM) (Figure 3.23). The tem­

plate was used to mark rosette pin locations and the 6-in.

diameter hole at the selected locations. Pin holes were

drilled with an electric hand drill and a 1/2-in. diameter

masonry bit, to a depth of 1/2 in., and the reference pins

set with a paste epoxy, PC-7. The distances between the

pins across three diameters were measured with a lO-in.

Whittemore gauge. Three diameters were distinguished by

three marks at three reference pins (dash, circle, cross),

and these three diameters are referred to as AA', BB', and

CC'. The diameters were measured several times prior to
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MINE
ROOF

STAINLESS STEEL REFERENCE PIN,
REMOVEABLE

APPROXIMATELY
6 FT

STAINLESS STEEL REFERENCE POINT,
EPOXIED IN PLACE

I-IN. DIAMETER HOLE

~L-1"""'- CELTITE EPOXY RESIN

", ........... -3/4-IN. DIAMETER ROOF BOLT,
THREADED TO HOLD REFERENCE
POINT1 FT

MINE
FLOOR

FIGURE 3.22

ROOF-FLOOR CONVERGENCE STATION IN MINE ENTRY
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1 (AA')

STEEL TEMPLATE

G- 3/64-INCH ~

t/S:l
6/64-INCH ~ ~~

x 3/64-IN. DEEP-----8~ 1/2-INCH

STAINLESS STEEL REFERENCE PIN

1/4-INCH
STEEL PLATE

FIGURE 3.23

ABSOLUTE STRESS MEASUREMENT TEMPLATE AND PINS
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coring of the 6-in. hole, and these values were averaged to

be used as initial diameters for calculation purposes. Mine

engineers at the coal mine surveyed the stress relief loca­

tions including the bearing of the AA ' diameter.

The 6-in. hole was drilled at ~he first five locations

(lASl-IAS5) using water circulation. No core was retrieved,

and only two of these five locations were successfully

drilled. In the other three cases, a reference pin came

loose during drilling. The second set of five measurements

was air drilled and core was retrieved at three of the

sites. Reference pins fell out during drilling at the other

two locations.

Measurement of the diameter at the five successful locations

were continued after drilling, to investigate the change in

diameter as a function of time. Results of this test are

discussed in a later section.
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4.0 DATA ACQUISITION METHODOLOGY

Monitoring trips for data acquisition were scheduled on the

basis of location of the face with respect to the instru­

mented areas. Monitoring trips were planned to occur before,

during and after the face passed each instrumented section,

and after mining of the panel was complete. The purpose of

visiting the site prior to face advance past an instrumented

area was to collect data from manually-operated instruments

and to increase the monitoring frequency of the automatic

data recorders so that an adequately continuous profile of

stress and strain development was obtained during face

approach. As the face reached the first instrumented area,

data from manually read instruments situated underground was

acquired while the .instruments were still safely accessible.

Following advance past the instrumented area, manually-read

surface and overburden instruments were monitored to allow

investigation of the rate of surface and overburden response

to mining, and the underground data acquisition system was

moved to the second location. Coordination of data acquisi­

tion efforts with face advance involved frequent contact

with mine personnel. The monitoring trips planned and com­

pleted are shown on Figure 4.1. In order to allow correla­

tion of underground, overburden and surface instrument data,

the measurements were made within as short a time period as

possible. As can be seen from Figure 4.1, monitoring con­

tinued until the face was located almost 200 ft past the

first instrumented section at which time this project was

transferred to the U. S. Bureau of Mines.

4.1 SURFACE MOVEMENTS

Surface surveys and regular automatic recording of the sur­

face strainmeters provided documentation of surface movements

occurring as a result of mining between August, 1981, and

May, 1982.

4-1



FACE DATE OF
LOCATION MONITORING TRIP

G) 6 MONTHS AFTER MINING

SURVEY I

LINES ~

---Sl-----+-I!J- --
SLEX-1

I
I

I

PANEL 1

I

I
I

I
I

I 9+00

2RE/2FE__OL ----::I

io+oo• • •
REX-2 e) SLEX-2

I 13+00.
7/5/82

13+78

I 15+22

•REX-1 17+40
I ' 1RE/1FE

20+00

I

22+78

PANEL 2

®

®

INDEFINITE CLOSING

Q) MAY 7, 1982

~ MARCH, 1982*

(!) JANUARY, 1982*

INITIALIZATION
COMPLETE* ­
OCTOBER, 1981

*DATA ACQUISITION COMPI~D SCALE: 1"=500'

FIGURE 4.1

SCHEDULE OF MONITORING TRIPS
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4.1.1 Surface Displacements

A total of four surface surveys were completed by the sur­

veying subcontractor, Benchmark Control Services, prior to

May 7, 1982. The initial survey was conducted on

August 2, 1981. Surveys were then completed in conjunction

with the January and March monitoring trips. A final survey

under this contract was completed in May.

In order to monitor vertical displacements of the surface

survey points, level surveys were conducted using a Wild

NA-2 self-leveling level and a Lovar steel second order sur­

vey rod. Horizontal displacements of the survey points were

monitored by the comparison of horizontal electronic distance

measurement (EDM) surveys performed with a Wild T-2

Universal Theodolite an AGA Model 14-A Geodimeter and a

Retroray prism.

The vertical and horizontal coordinates of the rod extenso­

meter pedestals, the inclinometer casing and ADAS the

strainmeter anchors were obtained along with those of the

other survey points. The elevations of the rod extensometer

base and of the top of the inclinometer casing were essen­

tial to the data reduction process of the subsurface instru­

mentation. The survey data for the ADAS anchors was used to

determine the slope distance and therefore the gauge length

for each strainmeter.

4.1.2 Surface Strains

The surface strainmeters are precision electrical instru­

ments which can be read remotely from a central point by

means of portable indicators or by automatic data logging

monitors. The surface strainmeters were connected to the

SINCO scanner / re corder (Figure 3.6), a multi-channel

acquisition system which operates on internal rechargeable
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batteries connected to two 12-volt batteries connected in

parallel. During the period between September 29, 1982, and

May 8, 1982, the scanner was set to record linear potentiome­

ter readings every four days. Only one reading was made

between September 29, 1982 and January 9, 1982, as the

result of a blown fuse which occurred after the initializa­

tion phase was completed. The fuse was replaced and the

batteries were recharged and installed on rubber mats during

the January, 1982, monitoring trip. Thereafter the scanner

recorder operated on a four-day basis until May 8, 1982, at

which time the voltage was too low to allow operation of the

recorder. It was discovered that, as a consequence of ope­

ration at low voltage, the scanner had minor damage and had

to be returned to SINCO for repair.,

Monitoring of the strainrneter readings involves no direct

operator skill, as the stressmeters are read automatically

and they cannot be adjusted after installation. Careful

maintenance of the scanner/recorder system is essential to

the acquisition of high quality data.

4.2 OVERBURDEN MOVEMENTS

Overburden movements were monitored by means of the rod

extensometers, the Sondex/inclinometer assemblies and the

TOR cables. Vertical movements were measured by measuring

the location of the rod extensometers with respect to the

reference plate and by locating the depths of metallic Son­

dex rings below the surface. The horizontal displacement of

the inclinometer casing is measured to determine the lateral

overburden movement as a function of depth. A cable tester

was used to measure the length of the TDR cable, and hence

the height of bed separation or caving above the mine roof.
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4.2.1 Rod Extensometer Measurement

Movements of rod anchors are measured as changes in the dis­

tance between the rod measuring studs and the cover plate

mounted on the concrete pedestals and cemented in place. A

metric dial gauge was used to measure the distance between

the top of the rod and the reference plate (Figure 3.16).

The reading for a calibration jig was made first, and then

subtracted from the rod reading to obtain the relative rod

location. The same calibration jig was used for all read­

ings. In order to provide a check on the readings and give

an indication of movements, a mechanic's scale graduated in

sixty-fourths of an inch was also read. When the rods sub­

sided below or heaved above the plate such that the range of

the dial gage was exceeded, the mechanic's Scale provides

the only quantitative measure of the rod location and there­

fore of the cumulative anchor movement.

The rods could be reset when the movement exceeded the dial

gage range of 50 mm. Whenever the rods were reset, two sets

of readings were made, before and after the change. The

linear potentiometers used for continuous recording at REX-2

were reset at the same time as the rods, in order to allow

continuous recording during subsidence and to prevent damage

to the linear potentiometers during heave. Because the

footings for the concrete pedestals were poured on the

ground surface, the pedestals experienced frost heave and

thaw settlement during the course of the 1981/82 winter.

Both rod extensometer assemblies were adjusted to allow

recording during this freeze/thaw period.

The change in elevation of the reference head must be known

at the time the rod measurements are made, to allow calcula­

tion of anchor movement from the relative anchor/surface

measurement. The elevations of REX-1 and REX-2 were obtained

during the course of each monitoring survey.
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Rod extensometer measurements were made during wee monitor­

ing visits and occasionally by Allen Mine engineers. The

SINeo scanner/recorder was set to record every 4 days

throughout the period of wee contract work. On May 7, 1982,

the face was located 500 ft away from REX-2. As the face

approaches the instrumented area and displacement changes

begin to accelerate, a shorter recording interval is war­

ranted.

4.2.2 Sondex Measurements

The measurement of the location of the Sondex rings was made

by lowering an induction probe into the hole (Figure 4.2)

and measuring the depth of the probe whenever a signal was

emitted from the Sondex indicator. The Sondex probe con­

sists of a radio frequency oscillator and detector circuit.

The metal rings reduce the efficiency of the rf oscillator

whenever the Sondex probe passes through the center of one

of these rings. The detector provides a signal to drive the

meter and buzzer contained within the cable reel.

The depth to the rings was determined by measuring between

the top of the cable mark closest to the top of the casing,

by means of a carpenter's rule (Figure 4.3). The change in

vertical position of the rings was determined by correcting

for the change in elevation of the top of the casing.

The accuracy of this instrument is primarily limited by the

skill of the operators in measuring the probe depth with the

carpenter's scale and in determining the peak signal. Son­

dex measurements were made by wee engineers during monitoring

visits. Inclinometer measurements were made at the same

time to allow complete analysis of all movement.

4-6



___ FIGURE 4_02 _

SONDEX __PROBE_AND__ READOUT__~ _



GRAVEL

PIASTIC CASING
HEIGHT

__L

.......--- TAPE READING

'. (1' •

. 0'·
.',.', ; .

SONDEX AND
I---H--- INCLINOMETER

CASINGS

c ...
0'·

.• D"
o ..
.. , .
·0

.. 0

" '~ .
. 0' ..

'0

CABLE READING~

PROTECTIVE
VALVE COVER ---'L"

TOP

SONDEX SENSOR

• 79 FT

STEEL CASING TO
20 FT DEPTH

BOTTOM OF WEIGHT

SENSING RING

FIGURE 4.3

SONDEX OPERATION
4-8



4.2.3 Inclinometer Measurements

Progressive changes in angle of inclination of the grooved

inclinometer casing were measured by a force-balance

accelerometer type borehole inclinometer (Figure 4.4).

The movable inclinometer sensor provides an electrical sig­

nal proportional to the angle of inclination from its verti­

cal axis. It contains two servo-accelerometers mounted with

the sensitive axes 90 degrees apart. The sensor is supported

laterally in the casing by means of guide wheels and is sus­

pended vertically by means of the interconnecting cable.

The probe wheels are guided by grooves to control direc­

tional orientation of the measurements. The Model 50325

biaxial sensor used for this study has two spring-loaded

wheels at each end which travel in opposite grooves in the

guide casing.

The data display of the digital indicator readout is provi­

ded by a 4-digit bipolar digital voltmeter. The digital

voltmeter reading is equal to 2sin e where e is the angle of

inclination of the guide casing. For an inclination of 20

degrees, sine 30° = 0.5, for which the reading is 2 x 0.5 =

1.0000. This value is the basic scale factor of the instru­

ment.

The sensor was inserted into the guide casing such that both

wheels of the lower set and then the upper set are traveling

securely in the casing grooves. The direction of the upper­

most wheel was noted on the field data sheet. The sensor

was lowered to the bottom of the casing and allowed to sta­

bilize at borehole temperature. The sensor was raised in

2 ft increments starting at the first cable marking. Both

the A- and B-axis were read for each 2 ft interval. When

the sensor is removed from the casing, a check was made to

be sure the wheels are still traveling in the same groove.
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sensor was rotated 180 degrees and reinserted in the casing.

The survey was completed at this orientation by lowering the

sensor to the bottom of the hole and completing a second set

of readings.

Initial data was acquired for SLEX-1 and SLEX-2 in Septem­

ber, 1981. Problems with sensor alignment in SLEX-1 indi­

cated that not all the casing was properly aligned in this

hole. When the sensor was lowered below a depth of 215 ft,

it emerged from the casing in a different set of grooves

from those in which it was lowered. Data was collected for

the upper 215 ft of SLEX-1 only, and by reading from the

surface down to that level. SLEX-2 was read to the total

depth from the bottom of the hole to the surface.

The accuracy of the inclinometer measurements is dependent

on extreme care being used to repeat the depth measurements

at each reading in opposite grooves. Inclinometer measure­

ments were made by wee engineers during monitoring visits.

Two attempts were made to determine whether spiraling of the

inclinometer grooves had occurred down hole. This procedure

involved running a 5-ft long spiral-checking probe with

guide wheels down along the grooves so that the angular

rotation between the upper and lower guide wheels could be

checked every 5 ft. By summing the angular rotations of the

5 ft intervals it should be possible to obtain a profile of

the downhole groove rotation. Readings were taken as the

probe was lowered down the hole and also as it was pulled

back out of the hole along the A-axis grooves. The spiral

survey tool yielded data that was inconclusive regarding the

degree of spiraling.
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4.2.4 TDR Cable Discontinuities

A Tektronix TDR cable tester (Figure 4.5) with a printer

option was used to monitor the length of coaxial cable

installed in SLEX-1, SLEX-2, REX-1 and REX-2. Use of the

cable tester involved following manufacturer directions for

testing the equipment, then attaching the jumper cable to

the installed cable and adjusting vertical and horizontal

settings to those used during initialization. The typical

settings were 100 ft/division horizontally and 10 mp/division

vertically, for all holes except REX-I. The TDR cable

tester never recorded a cable length greater than 129 ft for

REX-2, probably due to a faulty cable splice at this depth.

4.3 GROUNDWATER CONDITIONS

Groundwater level and quality were monitored in SLEX-l and

SLEX-2. A SINCO water level indicator (Figure 4.6) was used

to establish the water level in both boreholes during ini­

tialization procedures and monitoring visits. This self­

contained transistorized instrument consists of a reel with

control panel, cable and sensor. A two conductor coaxial

cable connects the control panel to the sensor. An insulat­

ing gap in the 3/8-in. diameter stainless steel sensor acts

as a switch. The circuit is completed upon making contact

with water which serves as an electrolyte. This low level

signal is amplified and fed into an indicator light and an

audible buzzer, thus signalling when water has been con­

tacted. The circuit has a test switch to insure proper

operation prior to making depth readings.

A 5-ft long, l-1/4-in. diameter length of PVC was capped on

the ends and perforated to allow sampling of water from the

boreholes. The bailer was lowered into the hole on a rope

with galvanized steel pipe attached to provide weight. One

sample was taken to allow rinsing of the sampler. Then 1/2
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gallon to 1 gallon samples were removed and the pH, specific

conductance and temperature tested in the field. The sam­

ples were sent to Commercial Testing and Engineering Company

in Golden, Colorado, for quantitative analysis of sulfate,'

chloride, fluoride, alkalinity (as CaC0 3 ), carbon~te bicar­

bonate, total dissolved solids and the following dissolved

elements: calcium, magnesium, sodium, potassium and iron.

The ion balance was also determined. These parameters were

selected for the study on the basis of previous hydrologic

studies conducted in the vicinity of the Allen Mine (Water,

Waste and Land, 1980) and recommended guidelines for the

collection of baseline water quality and overburden geo­

chemistry data (Shelton, 1981).

This sampling procedure was conducted in September, 1981, as

part of the data initialization procedure and during the

January monitoring visit. A review of the water monitoring

scheme was done in March, 1982, and the following factors

were considered:

(1) On the basis of information regarding local water

sources used for municipal and agricultural use, it was

expected that no significant aquifers would be encoun­

tered. The most significant aquifer in the area is the

alluvium along the Purgatoire River.

(2) The holes were not developed as groundwater sampling

holes since it was not expected that any significant

aquifers would be encountered. As a result, the

water-bearing zones were not defined or sealed, the

holes were not washed or developed (Scalf, 1981), and

the pea gravel used as backfill material was not

washed.
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(3) The process of subsidence may result in loss of stand­

ing water during mining, and eventual loss of the total
hole depth. In the first case, there can be no post­
mining water samples to compare to the pre-mining sam­

ples. In the second case, the same aquifers cannot

be sampled after mining and therefore cannot be

compared to pre-mining samples.

The conclusion reached, following this review of the need

for water quality sampling was that instrumentation bore­
holes that are likely to be disrupted by the mining process

are not appropriate quality water observation wells. In

this particular application, they were also of limited use­

fulness because the groundwater is not tapped for agricul­

tural or municipal uses.

4.4 MINE LEVEL MOVEMENTS AND STRESSES

Displacements of the mine roof and floor were measured by
means of the rod extensometers and convergence stations.

The height of the mined panel was also measured. Stress

changes were determined by monitoring the stressmeters. An

indication of support loadings was obtained by monitoring

pressure gages attached to the Hernscheidt chocks. On the

basis of the underground instrumentation survey completed by
Allen Mine engineers, the position of each instrument with

respect to the face could be established and all data

related to face advance.

4.4.1 Roof-Floor Displacements

The movement of roof and floor strata was monitored by mea­
suring the distance between the rod studs and the cover
plate of the rod extensometer installations (Figure 3.21).

As with the surface rod extensometers, a metric dial gauge

was used to measure this distance with the reading for the
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calibration jig being made first, and a mechanic's scale was

used to allow a check of the dial gauge.

The roof and floor extensometer rods could be adjusted to

allow measurement of the rods whenever relative anchor-plate

movements exceeded the range of the dial gage or caused the

rods to protrude from the reference plate. It was not

necessary to reset the rods at the first extensometer

installation during the course of measurement.

The extensometer cover plates were cleaned thoroughly prior

to measurement. A scale formed on the steel cover plate of

2RE, and was assumed to be calcite, possibly leached from

the cement in the grout.

Roof-floor convergence was measured by using a precision­

tensioned SINCO tape extensometer (Figure 4.7) between the

stainless steel reference balls. The tape extensometer is a

portable instrument which is hand-held while making readings.

A dial gauge mounted inside a proving ring indicates the

tension load applied to the tape. The tens~on on the tape

is adjusted by a large knurled nut and screw. A second dial

gauge indicates the travel of the screw required to apply

the proper tension on the tape. This dial reading is the

increment of distance to be subtracted from the tape read­

ing. A thermometer is attached to the flat steel standard

engineer's tape to allow adjustment of the tape readings for

changes in temperature. The standard tape is punched with a

small diameter hole every 1.97 in. (5 cm). The ball socket

of the tape extensometer is placed on the removeable roof

reference ball, and the ball socket at the tape end is

placed on the permanent floor reference ball. The nearest

punch hole in the tape is fixed to the extensometer with a

latching pin. Tension is applied by turning the knurled

ring on the extensometer until an average "0" reading is

obtained on the proving ring dial, indicating that 40 pounds
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of tension has been applied. A complete convergence reading

consists of the tape reading in meters, the displacement

dial gauge reading in millimeters and the temperature in

degrees centigrade.

The tape extensometer is susceptible to damage due to dirt

and must be kept clean and periodically recalibrated. The

stated manufacturer's accuracy of this instrument is

±0.003 in., and attainment of this accuracy is largely

dependent on operator skill and consistency.

The rod extensometers and convergence pairs were measured

during each monitoring trip. In addition, the Allen Mine

engineers read the rod extensometers and recorded the face

location on a weekly basis. The rod extensometer and con­

vergence pair ICI at the first instrumentation location were

measured. until the face was located at the instruments,

after which time the instruments were dismantled and

inaccessible.

4.4.2 Pillar and Floor Stress Changes

Readings of the stressmeters installed in the pillars and

floor were made by clipping the stressmeter lead wires to a

hand-held Irad vibrating wire readout meter or by connecting

the wires to the Irad Datalogger junction box (Figure 3.20).

The vibrating wire readout operates by initially generating

a voltage pulse containing a spectrum of frequencies spanning

the natural frequency range of the wire in the gage being

read. When the signal reaches the coil/magnet assembly

mounted inside the gage adjacent to the wire, it changes the

magnetic field around the wire at a frequency corresponding

to that of the input signal. When one of the frequencies in

the input signal coincides with the resonant frequency of

the wire, the wire vibrates and continues to vibrate after
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the input signal has ceased. A voltage is then generated in

the coil at a frequency corresponding to that of the wire as

it vibrates in the field of the coil/magnet assembly. This

constant frequency signal generated by the gauge is ampli­

fied by the readout meter and conditioned to eliminate elec­

trical noise. A number is displayed which is proportional

to the square of the resonant frequency. The Datalogger

incorporates this basic readout circuitry with the addi­

tional capability to automatically scan and print out the

readings of up to 10 stressmeters.

After initialization the mine stressmeters at the first

installation location were connected to the Datalogger,

located approximately 200 ft from the general location of

the stressmeters. The Datalogger was set to a 2-day

recording interval until the March, 1982 monitoring visit,

when the automatic monitoring frequency was increased to

twice daily to monitor stress changes as the face moved past

the stressmeters. The monitoring frequency should have been

increased during the January visit to allow documentation of

stress changes during face approach. Concern for the abi­

lity of the two parallel-connected batteries to remain

charged throughout a period of frequent power demand resulted

in the decision to leave the recording interval at 2 days.

The Datalogger provided 2-day readings between September 11,

1982 and November 20, 1982, when the battery voltage became

too low to operate the printer. Between January 7, 1982 and

March 8, 1982, during which period the batteries were placed

on rubber mats and checked regularly by mine personnel, the

Datalogger provided 2-day readings. Between March 9, 1982

and April 12, 1982 the Datalogger recorded twice daily. By

April 12, 1982 contact with all stressmeters was lost pos­

sibly due to the lead wires being damaged and the Datalogger

was moved to a location near the second instrumented area.
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Stressmeters at the second location were read during moni­

toring trips with the manual-operated readout meter. While

care was taken to prevent the readout units from getting wet

or dirty or being banged or dropped, skill of the operator

did not in general affect the accuracy of stressmeter

readings.

4.4.3 Mined Height and Support Loads

Measurement of mined height and chock loads was made at

every fourth chock where possible along the face of Panel 2.

These measurements were made in order to provide an accurate

average of mined height at various face locations and to

determine the height of rock supported by the chocks.

The mined height was measured between the roof in front of

the chock canopy and the floor in front of the pan line. A

telescoping PVC pipe was fitted with a scale and expanded

against the roof and floor to give this measurement. The

chock load was measured by recording the length of indicator

protuding from the Lee Norse Company pressure gage (Figure

4.8) on the Hemscheidt chocks with a mechanic's scale, and

then transforming this reading to a load.
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5.0 PRELIMINARY DATA ANALYSIS

Because the contract for this project was terminated 2 years

prior to the original deadline, the duration of data collec­

tion was shorten~d and only a limited discussion of the data

and its implications has been possible. Monitoring was con­

tinued until the face passed the first instrumented section

and the data analysis has been oriented towards establishing

baseline data, determining the magnitude of stress changes

and displacements which occurred due to mining at the first

location, and optimizing data acquisition techniques to be

used at the second instrumented location.

5.1 FACE ADVANCE AND CONDITIONS

5.1.1 Face Advance and Conditions

A plot of Panel 2 face advance as a function of time is

given on Figure 5.1 and shows the influence of a fluctuating

coal demand. The average rate of advance during operating

periods was 30 ft/wk and the maximum rate was 50 ft/wk. The

overall rate, including idle periods, was 22 ft/wk or

90 ft/mon, for the period of study. The location of the

face of Panel 2 and the room and pillar development in Panel

1, as of July 5, 1982 is shown on Figure 3.2. The rate of

advance and location of the face were documented to provide

accurate correlation of advance rate and face location with

stress and strain development.

There are two important considerations with respect to this

data. First, mining progress on Panel 2 has been intermit­

tent and therefore may have had an effect on ground caving

phenomena in a manner different from a steady, regular

extraction schedule. Secondly, the state-of-the-art of sub­

sidence engineering is such that the relevance of rate-
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dependent effects, during and after mining, to subsidence

prediction is controversial (Smith, 1981), and therefore

clearly a topic for study.

The rate of face advance in Panel 2 seemed to be controlled

largely by geologic conditions. Interception of a sandstone

channel or roll between headings 23+80 and 22+20 resulted in

a relatively slow rate of advance (15 ft/wk) between August

and November, 1981. Another period of slower advance

(20 ft/wk average) occurred between January 22 and

February 12, 1982 when a mapped fault was encountered near

the tailgage between headings 19+50 and 18+35. Both geo­

logic features as mapped by mine engineers are shown on

Figure 3.2.

5.1.2 Roof Falls

The variation in roof support types mentioned in Sect-

ion 3.3.1 reflects the variation in roof stability

encountered while the longwall panel was being developed.

Until Station 14+00 was reached, 60 in. resin-grouted roof

bolts were generally sufficient. Beyond that point develop­

ment required steel H-beams and wooden spacers to maintain a

stable roof. The need for this increased roof support was

dictated by the occurrence of large roof falls between 14+00

and 16+00. This mine level location corresponds with a

topographic high on the ground surface indicating that these

roof falls were probably a result of increased stress acting

on the incompetent shale roof.

Another location where roof bolts alone were insufficient to

support the unstable roof occurred between 10+50 and 13+00

where up to 8 ft of roof strata (that is, all strata between

the Allen seam and overlying Apache seam) fell in both the

headgate entry and adjacent intake entry. Most of these

falls occurred at the intersection of entries and
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crosscuts which are typically areas of high stress concen­

trations. Another consideration is the fact that this

location underlies a drainage valley on the ground surface.

Peng (1978) notes that drainage valleys can be the result of

surface runoff cutting through weak rock areas (that is,

with a higher density of fractures). Furthermore, the

removal of rock materials by erosion induces unloading in

the drainage valley. This tends to increase the maximum

shear stress at (mine level) entry corners, the maximum

tensile stress at entry midspans and the maximum compressive

stress in surrounding pillars. All these increases in

stress tend to increase roof instability.

The orientation of the drainage valley is consistent with

the system of joints measured on outcrops above the longwall

panel (trending E-W dip 80 to 90 0 S and trending N-S dip 80

to 90 0 E). Consequently the roof falls in this area were

probably the result of stress concentration in combination

with the rock mass discontinuities.

In addition to increased stress, other factors which may

have contributed to roof falls include the immediate roof

conditions such as the presence of kettle bottoms and an

incompetent carbonaceous shale which spalls almost imme­

diately after being wetted. Consequently, moisture in the

fresh air which condenses on the roof shale can lead to

gradual deterioration of the roof. Deterioration of the

intake entry roof progressed to a point where it was neces­

sary to restrict personnel from using this entry until

remedial roof bolting and beaming was completed. In fact,

while extensometers 2FE and 2RE were being installed in the

bolt entry, a major roof fall occurred near this location in

the intake entry.

The progressive transfer of stresses ahead of the advancing

longwall face contributed to the incidence of roof falls and
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rib spalls and the need for increased support. By January,

1982, a major roof fall prevented access to crosscut 12,

located at approximately 12+70.

5.1.3 Mined Height

The mined height data was reduced by basic statistical

methods to obtain means and standard deviations for each day

and collectively (Table 5.1). The overall average mined

height was 76.4 inches. Consideration of the tabulated data

shows that the 67 percentile range (that is, within two

standard deviations of the mean) for the overall mined

height was about 1 ft. The range and the standard deviation

was greater on the dates (July 31 and September 25, 1982)

when interception of the sandstone channel rendered mining

conditions difficult. The variation in mined height is

consistent with the generally uneven panel cross section.

This variation in mined height may have an impact on the

analysis of maximum surface subsidence relative to mined

seam thickness.

5.1.4 Support Load

Support load data is summarized in Table 5.2 where it can be

seen that the average support load measured on the Lee Norse

pressure gauges mounted on the Hernscheidt Chocks was 147.2

tons for one chock leg. The bar graph of Figure 5.2 shows

load for one chock leg as a function of chock position along

the face. The figure also indicates whether the measurements

were made during a day of no production or during a lunch

break on a production day.

Preliminary analysis shows that the load on any given chock

varied considerably from date to date. The highest and low­

est average loads were recorded on July 31, 1981 and

September 25, 1982, respectively, and may have been related
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TABLE 5.1
SUMMARY OF PANEL 2 MmED HEIGHT DATA

DATE

STATISTIC 7/07/81 7/31/81 9/25/81 1/05/82 3/05/82 OVERALL

Maxinum Value 76.2 91.8 108.0 84.3 80.0 108.0
(in. )

Minimum Value 60.5 62 74.0 72.0 69.7 60.5
(in. )

Mean (x, in. ) 72.2 75.4 81. 2 78.3 75.0 76.4

Standard Devia- 3.8 6.4 7.3 2. 7 2.8 5.8
tion (S, in. )

Nurrber of Values 22 16 21 18 21 98
(n)
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TABLE 5.2
SUMMARY OF PANEL 2 CHOCK LOAD DATA

DATE

STATISTIC 7/07/81 7/31/81 9/25/81 1/05/82 3/05/82 OVERALL

Maximlln Value 206.1 206.1 206.1 218.2 218.2 218'.2
(to ns)

Mininum Value 48.6 56.7 40.5 44.6 12.3 40.5
(tons)

, Mean (x, tons) 146.4 155.2 142.0 149.0 143.8 147.2

Standard Devia- 41.5 36.1 40.5 48.8 62.5 46.3
tion (S, in.)

Number of 22 22 23 22 23 112
Values

Note: load is for one chock leg only.
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to the slower rate of face advance caused by interception of

a sandstone channel. More data is required to explore the

effects of the following factors on support load distribu­

tion:

• evenness of face,

• uniformity of mined height,

• interception of rock along part of the face,

• face advance rate,

• time history of chock loadings, and

• roof falls.

5.2 MINE LEVEL STRESSES

Analysis of absolute stress data obtained using the USBM

undercoring technique (U. S. Bureau of Mines, 1981) pro­

ceeded according to the theory that displacements can be

related to stresses on the basis of assumed elastic parame­

ters. The vibrating wire stressmeter readings, obtained when

monitoring pillar stress changes, were analyzed according to

the procedure developed by the manufacturer which converts

changes in vibrating wire readings to stress changes. The

stress changes were then plotted as a function of time and

face advance.

Laboratory tests were performed on 6-in. diameter cores

obtained during the course of drilling holes for absolute

stress measurements. The tests were performed to obtain

values for the elastic modulus and Poisson's ratio which, in

turn, were used for reduction of stress data.

5.2.1 Laboratory Tests

Laboratory testing of two of the 6-in. diameter cores

included ultrasonic pulse velocity measurements and uniaxial

compression with axial and circumferential strain gauges.
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The ultrasonic pulse velocity test was conducted to examine

anisotropy of the samples and the uniaxial test was

performed to obtain elastic parameters.

Sample 2AS3 consisted of friable coal through which ultra­

sonic waves could not be transmitted, and the sample disin­

tegrated partially when an attempt was made to smooth off

the ends. The sample was too fragile to allow machining for

uniaxial compression testing. The deterioration of highly

fissured subcoal strata was observed in another ultrasonic

testing program, in which case it was. attributed to stress

relief of the microfissures existing in the material (Tillman,

1982). The deterioration of the coal sample in this study

may also have been the result of stress relief.

Sample 2AS5 was a competent sandstone through which ultra­

sonic pulse velocity measurements were made successfully.

The sample was then machined into two samples for the

uniaxial compression tests. The uniaxial compression plots

at 2 percent strain are shown on Figures 5.3 and 5.4.

The test results are summarized in Table 5.3. The

ultrasonic velocity data indicate a slight anisotropy of

elastic properties along the transverse versus longitudinal

axis. The compressional wave velocity along the transverse

axis is higher than along the longitudinal axis, implying a

greater stiffness, or elastic modulus, along the transverse

axis. Since this sample was obtained during the course of a

test in the mine roof, the transverse axis of the sample

parallels the bedding planes. A similar anisotropy was

reported by Aggson (1978) from tests on a laminated shale

roof rock from a coal mine in West Virginia.

5.2.2 Absolute Stress

Absolute stress analysis involved inputting the diameter

changes of a 6-in. diameter undercoring holes into elastic
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TABLE 5.3
LABORATORY TEST RESULTS FOR ROOF SANDSTONE

Sample No: 2AS5-1 and 2AS5-2
Rock Type: Sandstone

Longitudinal Wave Pulse Velocity (ft/sec)

•

Transversely:
Longitudinally:

Density: 160 lb/ft 3

13, 75 0
12,260

Average Uniaxial Compressive Strength: 14,280 psi

Average Young's Modulus: 3.8 x 10 6 psi

Average Poisson's Ratio: 0.31
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equations. The equations were developed under the assump­

tion of plane stress conditions around a hole in a contin­

uous, isotropic, elastic medium (Hooker, et aI, 1974).

Stress magnitudes and directions are summarized in Table 5.4

and test locations are shown on Figure 3.3. Tension is

positive and the angle between the AA' direction and the

maximum stress is measured counterclockwise from AA'. The

modulus of elasticity was assumed to be 0.5 x 10 6 psi and

Poisson's ratio was assumed to be 0.3 for calculation of

stresses in coal, based on average values given by Peng

(1978). Laboratory test results for sandstone were used in

calculating stresses at the 2AS5 site.

The undercoring test technique was utilized with the objec­

tive of relating the absolute stress at discrete locations

to the regional stress field. The tabulated results (Table

5.4) seem to indicate that the diameter changes measured

after undercoring were in response to anomalous stress con­

ditions rather than theoretical elastic concentrations of

the regional stress field. Very high tensile stresses were

calculated in three of the five cases, and such stresses are

not likely to exist without failure in jointed coal or the

sandstone. The tensile strength of the jointed coal is

likely to have been zero and the tensile strength of the

sandstone could be estimated to be approximately one-tenth

its compressive strength or approximately 1430 psi. In

either case, failure under the calculated stresses would be

expected.

No consistency of stress orientation or magnitude was

observed. Calculations based on diameter measurements made

long after completion of the undercoring phase indicated

continued changes in the magnitude, sense (for example, from

tension to compression) and orientation of the absolute

stresses.
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TABLE 5.4
UNDERCORING TEST SUMMARY

MAXIMUM MINIMUM
BEARING MODULUS POISSON STRESS STRESS ANGLE

SITE LOCATION OF AA' (psi) RATIO (psi) (psi) (0)

1AS4 Roof N50.2W 0.5 x 10
6

0.3 13,642 6,859 42.8

lASS Rib 80.6° 0.5 x 10 6 0.3 10,147 1,103 7.4
up from
west

2AS1 Rib 60.4°
6

0.3 -1,451 -3,327 23.00.5 x 10
up from
east

2AS2 Roof N18.3E 0.5 x 10
6

0.3 -424 -4,354 -27.0

2AS5 Roof N84.8W 3.8 x 10
6

0.31 15,462 -4,650 32.4

Note: The angle between the AA' diameter and the maximum stress is measured
counter clockwise from AA I.
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Results for 2AS1 indicated a stress direction of almost ver­

tical and a magnitude of -1451 psi. While this magnitude

exceeds the estimated approximate overburden stress of

880 psi, use of a lower modulus of elasticity would reduce

the stresses to the expected range. However, based on the

fact that reasonable results were obtained for only this one

test of the five successfully performed, the decision was

made to forego any further data analysis for this type of

measurement.

On the basis of this experience with the undercoring techni­

ques it is considered inappropriate to perform this test in

coal mines with the objective of determining the regional

stress field. Not only is the test influenced by localized

stresses on a disturbed surface, determination of regional

in situ stresses based on local absolute stress determina­

tions also involves use of elastic equations such as the

Kirsch solution for circular openings to transform the in

situ stresses to a regional coordinate system and, finally,

calculation of the regional principal stresses (after

Goodman, 1980). The maximum principal stress would be

greater than or equal to the maximum measured local stress,

and the minimum principal stress would be less than or equal

to the minimum measured local stress.

Determination of in situ stresses can be more reliably

accomplished by methods such as overcoring which measure

stresses at some distance from exposed faces. It is apparent

that the rib and roof surface stress concentrations are not

a simple expression of the elastic redistribution of required

stresses due to excavation. The surface stress concentra­

tions may be affected by support loading and stress transfer

mechanisms such as arching or beaming.
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5.2.3 Stress Changes

The vibrating wire stressmeters provided a continuous record

of stress changes in two chain pillars as well as in the

floor beneath the longwall panel (Figure 3.3). As of May

1981, a complete stress change record was available for the

stressmeters installed at the first instrumentation location

and only this data was analyzed. The stressmeter readings

were input into the following equation:

where or is the change in uniaxial rock stress from the

initial reading T and T is the current meter reading. The
o

modulus of elasticity, E , was assumed to be 0.5 x 10 6 psi
r

for the stressmeters in coal pillars and 1.0 x 106 psi for

the floor stressmeters in shale/sandstone. To evaluate the

error introduced by the need to assume values for modulus,

all stressmeter data was reduced using modulus values of

0.25 x 10 6 psi, 0.5 x 10 6 psi and 1.0 x 10 6 psi. For the

stressmeter which showed the greatest stress change (lIH20,

a horizontal stressmeter in coal), the following results

were obtained:

E a
r ~--

0.25 x 10
6

psi 2570 psi

0.5 x 10 6 psi 2650 psi

1.0 x 106 psi 2690 psi.

Deviation

-2 percent

+3 percent

An error of ±3 percent was considered acceptable for pur­

poses of preliminary analysis.

The cummulative change in stress was plotted versus distance

from the stressmeter to the face for three vertical stress­

meters and one floor stressmeter (Figure 5.5) and for the

5-17



11V20

I
I
I
I
I
I
L
I
I
I

1V10 I
I
I
I

2200 ,.-.--....,...---,.---,.----:.~--__..---.,__--"""T""--___.r__--..,_--....,

1400

2000

-300-200

-lV40
I
I
I
I

-100o

~'----lF40

100200300

-----------~

--------

IV40----- --------::;.:...:.=------

500600

_....
...­--.-----P -===:::::: -

-400 L...__...L..__--L .L-__-....__---J ...-.__--L.__--JL.-__......__......

700

400

~.

Z
H

~ -200
3
~

.~ 1200
til
0..

tz:l 1000
~

z
II(
:t:
U

800
til
til
tz:l
IX:
E-4
til 600

DISTANCE TO FACE, feet

FIGURE 5.5

VERTICAL STRESSMETERS - STRESS CHANGE VS FACE LOCATION

5-18



horizontal stressmeters (Figure 5.6). To evaluate stress

changes which occurred during idle periods, cummulative

changes in stress were also plotted versus time (Figures 5.7

and 5.8). Mine level instrumentation and roof support

conditions at Location 1 are shown on Figure 3.19 are rele­

vant to the following discussion. While the plots show a

complex pattern of stress increases and decreases, gene,ral

trends can be discerned which are similar to those reported

in the literature.

The vertical stressmeters 1V10, 1V20 and 1V40 and the hori­

zontal stressmeter 1IH10 all show rapidly increasing stress

as the face advanced within 200 feet. This trend was

reported by Wade and Conroy (1977), Conroy, et aI, (1981)

and Peng (1978) and reflects the development of a pressure

arch in front of the face. Simultaneously, the floor

stressmeter 1F40 shows a decreasing stress then an abrupt

increase as the face passed over it. The floor stressmeter

1F120 was not effectively preloaded so that no stress

changes were recorded with it. While the loss of preload

pressure may be a reflection of the fact that the floor

stressmeters were installed at on angle of 4 degrees from

horizontal, the pressure increase is indicative of the

transfer of abutment pressure in front of the face. Jackson

(1981) noted that forward abutment pressure in the tailgates

varies from 50 to 70 ft in advance of the longwall face.

The early loss of preload stress exhibited by stressmeters

1V20, 1V40, and 1IH20 may reflect yielding (or deteriora­

tion) of the coal around the stressmeters. The abrupt

stress decrease shown on the stress change versus time plots

(Figures 5.7 and 5.8) may also be indicative of pillar

yielding between day 70 and 75 when the face was idle at a

location 10 ft past 1C5 (see Figure 3.19). The consistent

decrease of stress exhibited by stressmeters 10H10 and 10H20
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may be indicative of the development of a destressed

(yielding) zone around the outside of the pillar.

The stress decrease recorded by 10H20, located 15 ft from

the west edge of the pillar, suggests that the distressed

zone was at least 15 ft wide. Data from stressmeters

located near the central part of the pillar suggest transfer

of load from the distressed zone to an inner confined core.

As can be seen on Figures 5.7 and 5.8, stressmeters IV20,

IV40 and lIH20 show a stress increase which is consistent

with the development of a confined core. Similar abrupt

stress changes in chain pillar stressmeters were shown in

data presented by Wade and Conroy (1977).

The maximum stress increases recorded, 2100 psi for IV20 and

2600 psi for 10H20, are consistent with published results.

Peng (1978) recorded a maximum vertical stress increase in

the pillars of 2600 psi for an average overburden thickness

of 800 ft. Wade and Conroy (1977) showed a maximum vertical

stress change in the pillars of 1600 psi for an average

overburden thickness of 620 ft.

5.3 MINE LEVEL DISPLACEMENTS

Displacement of the mine roof and floor were monitored by

means of multipoint rod extensometers and tape extensometer

convergence measurements. The relative displacement of

extensometer anchors and roof-floor convergence with respect

to face location is shown on Figures 5.9 and 5.10 where it

can be seen that total convergence (up to 2.72 in.) was

approximately 2.5 times greater than displacements indicated

by the extensometer data (0.62 in. of roof sag plus 0.46 in.

of floor heave equals an apparent total convergence of only

1.08 in.). Additionally, measurement of the distance

between the reference plates of the roof and floor extenso­

meters has shown convergence to be approximately four times
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greater (up to 4.0 in.) than that indicated by the exten­

someter data.

Strata separation, measured as the change in distance

between anchors, was of the same order of magnitude as

anchor/reference plate movement. Between anchors 1 and 2 in

the roof 0.5 in. of extension occurred, while anchors 1 and

2 in the floor separated by 0.6 in. Roof strata separation

most likely occurred at coal seams 8 and 20 ft above the

Allen seam while floor strata separation probably occurred

between the immediate floor stratum (shale) and a harder

stratum (possibly sandstone), 8 ft below the Allen seam

(Figure 3.17). The small extensometer displacements,

relative to the much greater roof-floor convergence, indi­

cate that the deepest anchors in both the roof and floor

may have moved with the reference plates as a unit. While

it is likely that the tendency for roof sag to occur would

have been limited by the H-beams supporting the roof, the

data does indicate that large rock mass movements must be

causing the roof-floor convergence in spite of the roof

support as evidenced by crushing of wooden cribs in the

tailgate (Jackson, 1981).

The plots on Figure 5.9 show that mine level displacements

begin about 400 ft ahead of the longwall face with the onset

of greatest movement occurring about 150 ft outby. The plot

on Figure 5.9 shows that the amount of roof-floor conver­

gence essentially decreases linearly with distance outby the

longwall face.

5.4 OVERBURDEN DISPLACEMENTS

Extensometers and inclinometers were installed to monitor

vertical and horizontal displacements within the overburden.

By May of 1982, the REX-l installation had been undermined

by longwall mining and the SLEX-l installation had been

affected by room-and-pillar mining. Due to the mining sche-
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dule, it was possible to monitor not only the effect of face

advance rate but also the time factor associated with

subsidence.

5.4.1 Vertical Displacements

The only comprehensive data was obtained from the REX-1 rod

extensometer. The anchor displacements versus face location

are shown on Figure 5.11 while anchor displacements versus

time are shown on Figure 5.12.

Anchor movements began when the face was about 500 ft from

REX-I, but anchor separation indicative of strata separation

did not begin until the face was about 300 ft from REX-I.

At that time the shallower anchors were being displaced

slightly more than the deeper anchors as might be expected

with the development of a subsidence trough ahead of the

face. Displacement of all anchors increased rapidly when

the face was within 100 ft of REX-1 and significant strata

separation began as the installation was undermined. At

that time, the deepest anchors were displaced more rapidly,

with strata separation of 1.57 in. occuring 170 to 240 ft

above the mined seam (Figures 3.7 and 3.14). The relatively

small magnitude of these strata movements is further evi­

denced by the TDR data in Table 5.5 which shows the coaxial

cable to be essentially intact, indicating that strata

separation was not sufficient to break the cable.

During the periods of March 6 to AprilS, 1982, and April 23

to May 11, 1982, thelongwall was idle for periods of 2 to 3

weeks. As can be seen on Figure 5.12, subsidence continued

during these periods but in both cases it occurred at a rate

of 0.8 in. per day for all six extensometer anchors with

little or no strata separation. During the first period the

face was within 100 ft of REX-l and during the second period

the face was just over 100 ft past REX-I.
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TABLE 5.5
TDR DATA SUMMARY

TOTAL CABLE LENGTH INDICATED

DATE

7 -08 -82

7-24-82

3-09 -82

SLEX-1

600 ± 12ft

600 ± 12ft

5-28

REX-1

830 ± 16 ft

835 ± 17 ft
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The plots of SLEX-1 and SLEX-2 Sondex data on Figures 5.13

and 5.14 are shown primarily to illustrate how erratic the

data can be and how such data must be carefully evaluated.

While there was room and pillar development under SLEX-1 by

March of 1982, there had not been sufficient coal extraction

for subsidence to develop within the overburden in this

area. There had been no mining of coal beneath SLEX-2.

This lack of activity should be reflected in the Sondex data

as shown for September 1981 and March 1982. The plot for

January, 1982, however implies that displacement had occurred

and that the displacements were very erratic. Consequently,

the data for January must be considered invalid for purposes

of data analysis.

The erratic data of January, 1982, can be attributed to the

fact that a different cable, cable reel and pulley assembly

was used to collect this data than was used in September,

1981, and March, 1982. In particular, the pulley assembly

used in January made it extremely difficult to obtain

accurate, reliable measurement of distance between the

markers on the cable and the top of the casing.

5.4.2 Horizontal Displacements

The plots of horizontal displacements on Figures 5.15

through 5.18 indicate that movement occurred along the

B-axis of SLEX-1 and along both the A-axis and B-axis of

SLEX-2. Although the indicated displacements may actually

reflect rockmass movements, it is more probable that these

movements are due to settling of the pea gravel backfill

around the SLEX casing. The nature of these displacements

cannot be determined with any certainty without continued

monitoring. The inclinometer data for September of 1981

indicated that-the drillholes may deviate from vertical at a

rate of 0.03 to 0.04 ft per ft of depth.
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The attempts made to check spiraling of the inclinometer

casing produced poor results. The data showed poor,agree­

ment between values obtained while lowering the probe and

values obtained while raising the probe. In discussions

with Slope Indicator Company, it was stated that readings

must be taken during four runs, with the spiral-checking

device rotated 90 degrees before making each subsequent run

along the entire casing length

5.5 SURFACE MOVEMENTS

Ground surface movements were monitored by surveying the

coordinates and elevations of 94 surface monuments. By

monitoring changes in elevation it has been possible to

observe the development of surface subsidence due to mining

while changes in coordinates have made it possible to serve

not only the effect of mining, but also topography, on hori­

zontal movements.

As of May, 1982, the longwall operation of Panel 1 had been

discontinued before survey line 3 was undermined and the

face of Panel 2 was still 450 ft from survey line 3. Con­

sequently, there is not yet data with which to determine

either the angle of draw or the magnitude of maximum sub­

sidence along any of the survey lines. Without knowing

maximum subsidence, generalized subsidence curves cannot be

generated.

By monitoring changes in elevations it was possible to

observe subsidence trough development along survey line 2 as

well as subsidence due to room and pillar mining along sur­

vey lines 1 and 3. The subsidence development curves are

shown in Figures 5.19, 5.21 and 5.23 and the vertical dis­

placements are correlated with mining .activities on

Figures 5.20, 5.22 and 5.24. Subsidence along line 1 is

associated with room and pillar mining of Panel 1 after the
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longwall operation was stopped in August of 1981. Subsi­

dence at the west end of line 3 is associated with room

and pillar mining of Section 2P (Figure 3.2) between

September, 1981, and December, 1981.

The horizontal displacements plotted on Figures 5.20, 5.22

and 5.24 represent only one component of horizontal move­

ment. The actual magnitude and direction of the horizontal

movements are shown on Figure 5.25. The trend of vector

orientations in this figure lends credence to the theory

that topography has a significant influence on horizontal

displacements and strains (Conroy and Gyarmaty, 1982, and

Gentry and Abel, 1978). Due to the fact that the horizontal

displacement vectors do not parallel the survey lines, and

without data from the Automatic Data Acquisition System

(ADAS) during undermining it was not considered appropriate

to calculate surface strains.

Although it was not possible to generate a generalized

subsidence curve for survey line 2, the plot of vertical

displacement versus face location on Figure 5.26 resembles

generalized curves, wherein vertical displacements are

normalized with respect to the maximum subsidence, which

have been presented in the literature (Wade and Conroy,

1977, Gentry and Abel, 1978, and Conroy and Gyarmaty, 1982).

5.6 GROUNDWATER CONDITIONS

The purpose of monitoring groundwater levels and quality in

the two SLEX holes through March, 1982, was to establish

baseline data. While water quality monitoring has limita­

tions with the water sampling procedures used, the data

could still be used as a basis for evaluating gross changes

in groundwater quality, provided that the SLEX holes remain

open to the full depths and do not become completely

drained.
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A graphical comparison of groundwater quality in the SLEX
holes with that of water sampled from the Purgatoire

upstream of the Allen Mine is shown on Figure 5.27. The

SLEX data are mean values for samples obtained in September,

1981, and January, 1982, while the Purgatoire River sample

data are mean values for ten samples obtained during 1980

(Water, Waste and Land, 1980). The similarity of comparison

is notable although differences exist between the SLEX holes

with respect to magnesium and sulfate and differences exist

between the river water and groundwater with respect to

calcium, sodium and bicarbonate.

Water levels in the SLEX holes for September 1981, January

1982 and March 1982 are superimposed on the stratigraphic

correlations of Figure 3.8 and are listed in Table 5.6. The
inferred correlation on Figure 3.8 suggests that the strata

is discontinuous, and the differences in water level changes

also suggest that there is no direct communication between

SLEX-1 and SLEX-2. Also indicative of this lack of communi­

cation was the fact that a negative gradient existed between

the SLEX holes in September 1981 (the gradient of the valley
in which these holes are located is from west to east).
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TABLE 5.6
WATER LEVELS AND CHANGES IN SLEX HOLES

SLEX-1 SLEX-2

ELEVATION CHANGE ELEVATION CHANGE
DATE (ft) (ft) (ft) (ft)

9-22 -81 7530.89 7531.74

1-10-82 7531.64 +0.75 7522.82 -8.92

3-05 -82 7517.98 -13.66 7505.13 -17.69

TOTAL CHANGE -12.91 -26.61
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TABLE 5.7
GRADIENT FROM SLEX-1 TO SLEX-2

SLEX-1 SLEX-2 ELEVATION
ELEVATION ELEVATION DIFFERENCE GRADIENT*

DATE (ft) (ft) (ft) (ftl ft)

9-22-81 7530.89 7531.74 -0.85 -0.0012

1-10-82 7531. 64 7522.82 8.82 0.0119

3-05-82 7517.98 7505.13 12.85 0.174

Notes:

*Based on 8-02-81 survey, distance between SLEX holes

= SQRT [(174,936.77-174,717.84)2 + (2,154,705.87-2,155,44.82)2]

= 738.95 ft
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6.0 RECOMMENDATIONS FOR CONTINUED MONITORING

Preliminary analysis of the data acquired during room and

pillar mining of Panel 1 and longwall mining through the

first instrumented section of Panel 2 has provided baseline

data for continued monitoring. Continued monitoring will be

necessary not only to to validate this baseline data but

also to complete the major part of the study, the documenta­

tion of subsidence phenomena over Panel 2. The quantity and

sophistication of instrumentation at the second instrumented

section of Panel 2 will provide an expanded capability to

monitor overburden strata movements and ground surface

strains. The following recommendations for continued moni­

toring are based on experience with data acquisition and

analysis through May of 1982 and the instrumentation plan
submitted in April, 1981 (Woodward-Clyde, 1981).

6.1 MONITOR SCHEDULE

At least four or more monitoring trips should be made as

indicated on Figure 4.1 (trips 4, 5, 6, and 7). It will be

especially critical to schedule a monitoring trip (possibly

extended over a period of 1 to 2 weeks) when the longwall

face is between stations 11+00 and 10+00 in order to man­

ually acquire data from the mine level instrumentation and
SLEX-2.

6.2 SURFACE SURVEY

In order to develop generalized subsidence development

curves and determine an angle of draw associated with

longwall mining, surveys must continue to be made along

lines 2 and 3. These surveys should be made simultaneously
with manual acquisition of subsurface and mine level data in

order to correlate movements and stress changes.
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6.3 AUTOMATIC DATA ACQUISITION SYSTEM (ADAS)

Problems developed with the ADAS scanner/recorder when the
l2V battery supply dropped below 10.5 volts. It was

necessary to send the recorder back to the supplier to have

damaged circuits repaired. The possibility exists that

circuits within the expansion box were also damaged. A

system check was made in July, 1982, and it appeared to be

operating properly; however, a further check of the data

printed out at that time indicates that there may still be

problems with the system. The entire system, including

strainrneter and REX potentiometers, must be assembled and a

further data check made before mining of the longwall panel

resumes to make sure that it is operating properly.

In view of the apparent influence of topograhy on horizontal

surface movements (Figure 5.25), the continuous monitoring

capability of the ADAS strainmeters is a powerful means for

monitoring the development of total surface strains over the

panel rib and the only means with which to monitor traveling

strain along the panel centerline. It is suggested that the

recording interval be gradually increased to a maximum of

twice daily whenever significant increase in movement rates

is observed.

6 . 4 REX/ TO R AND SLEX/ TO R

Although the REX-2 potentiometers are incorporated into the

ADAS system, manual readings should be made periodically to

check the system electronics. The continuous record of

overburden displacements obtained from the REX-2 system in

combination with the manual readings, will provide insight

into the data obtained manually at REX-I. After the long­

wall has been advanced past REX-2, the continuous record
will be especially valuable during periods when the face is

idle.
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The ease with which TOR readings can be made and the
reported success with which this technique has been used to

monitor subsurface fracturing (Wade and Conroy, 1980) justi­

fy continued monitoring. Problems with the REX~2 TOR cable

limit the usefulness of this cable, but the REX-I, SLEX-l

and SLEX-2 cables should be monitored. Cables installed

with SLEX-l and SLEX-2 will become especially useful if

subsurface displacements cause crushing or shearing of the

SLEX casing such that a Sondex probe cannot be lowered down

the casing.

Conroy, et al. (1981) and Woodward-Clyde (1982) presented

data which show that SLEX installations can be used to

reliably characterize horizontal and vertical displacements

within the overburden. Consequently, the SLEX-2 installation

should continue to be monitored in order to characterize

fracturing, separation and bending of strata over the rib of

Panel 2, and to correlate this behavior with surface hori­

zontal strain measurements. Continued monitoring of the

inclinometer casing will make it possible to evaluate the

subsurface horizontal displacements recorded to date.

The Sondex probe was designed to be used with a steel sur­

veyor's tape in order to measure depths; however using this

separate tape in conjunction with the graduated, electric

cable is extremely difficult in deep holes (Woodward-Clyde,

1982). To overcome this difficulty the procedure of using a

carpenter's rule with the graduated cable, described in Sec­

tion 4.2.2, was used. As mentioned previously, the accuracy

of this procedure is dependent on the skill of the operator.
To assure accuracy of ±0.01 feet in locating the rings, two

sets of measurements should be made in each SLEX hole.
Whenever the two sets of measurements for each ring differ

by more than 0.01 feet, the measurement should be repeated.
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6.5 GROUNDWATER CONDITIONS

Continued monitoring of groundwater levels in the two SLEX
casings will make it possible to further assess the discon­

tinuous nature of the overburden. Since it should be

expected that the water level in SLEX-2 will drop signifi­

cantly as it is undermined it will be worth noting if a

similar drop in water level occurs at SLEX-1. If ground­

water is still present in the SLEX holes at the completion

of mining of Panel 2, samples should be taken to evaluate

any changes which have occurred in water quality: however a
more sophisticated sampling procedure is not justified in

view of the quality of the baseline data.

6.6 MINE LEVEL EXTENSOMETERS AND CONVERGENCE MEASUREMENTS

The relatively large roof-floor convergence, compared with

the roof and floor extensometer displacements, at Location 1
indicate that the deepest anchors in the roof and perhaps

the floor must be moving. While the deepest roof anchor at
Location 1 was 32.13 ft above the Allen seam, the deepest

roof anchor at Location 2 is 47.17 ft above the Allen seam.

Consequently, continued monitoring of the mine level exten­

someters and convergence points must be maintained for com­

parison with the data obtained at Location 1 and to further

assess the nature and extent of roof and floor strata
separation.

6.7 MINE LEVEL STRESS CHANGES

The preliminary assessment of confined core development, the

unexpected floor stressmeter response and the relatively

large horizontal stress increase at Location 1 justify the

need for continued monitoring of the stressmeters at Loca­
tion 2. This monitoring is facilitated by the fact that the

stressmeters would be connected to an automatic data recorder
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which only requires a period change of 12 volt batteries.

As recommended for the surface acquisition system, the
recording frequency should be gradually increased as the

face approaches. A 24-hour interval is suggested when the
face is located between 400 and 150 ft from the
stressmeters, and a 12-hour interval is suggested when the

face is closer than 150 ft.

6.8 MINED HEIGHT AND CHOCK LOADS

Continued measurement of mined height and chock loads is

justified since variations in mined height and chock loads

across the face can be quantified as the face is advanced.

These measurements would be especially meaningful if they

were made during extended idle periods as well as during

periods of active face advances to assess load transfer to

the shields and the magnitude of any resultant coal squeeze

along the face.
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7.0 SUMMARY AND CONCLUSIONS

An instrumentation program was implemented at the Allen Mine

in Weston, Colorado, in order to characterize subsidence

over two adjacent longwall panels. Surface instrumentation

consisted of a survey monument network and automatic record­
ing strainmeters to monitor vertical and horizontal dis­
placements and strains. Subsurface instrumentation con­

sisted of inclinometer-extensometer assemblies and

multi-point rod extensometers with TDR coaxial cables to

monitor strata displacement and separation as subsidence
developed. Groundwater conditions in the inclinometer­

extensometer casings were monitored as well. Mine level

instrumentation consisted of multipoint rod extensometers to
monitor roof and floor strata separation, tape extensometer

and permanent reference points to monitor roof-floor conver­

gence and stressmeters to monitor stress changes in the

floor below the longwall panel and in chain pillars adjacent

to the panel. Additionally, a series of measurements were

made in an attempt to determine the existing in situ

stresses. Mined height and chock loads were monitored along

the longwall face as it was advanced.

At the time that this project was terminated, one of the

longwall panels had been converted to room and pillar mining
and the face of the second panel had only advanced past the

first of two major instrumentation locations. Consequently,
only a limited amount of data was collected and only a pre­

liminary analysis of this data was possible. The following
conclusions are based on the preliminary analysis.

7.1 LONGWALL FACE CONDITIONS

The thickness of mined strata has varied from 60.5 to 108

in. with a mean of 76.4 in. and a standard deviation of 5.8

in. Chock loads were found to be highly variable along the
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longwall face as well as from one face location to the next.

Many factors must be considered when evaluating these loads,
but a preliminary analysis showed the load on one chock leg

to vary from 46.5 to 218.2 tons with a mean of 147.2 tons

and a standard deviation of 46.3 tons.

7.2 MINE LEVEL STRESSES

An undercoring technique was used in a attempt to determine
the existing in situ stress conditions. Reasonable results

were obtained for only one of the five tests performed suc­

cessfully and it was concluded that this technique is

inappropriate for stress determinations in coal measure

strata.

The vibrating wire stressmeters installed in a chain pillar

adjacent to the longwal1 panel not only showed the develop­

ment of abutment pressure 200 ft in front of the face but

also suggested the development of a 15 ft wide distressed

zone around the pillar with an inner confined core. Within

this confined core, the maximum vertical stress increase

recorded was 2100 psi and the horizontal stress increase
recorded was 2600 psi. Whereas, vertical stress increases
of this magnitude have been reported in the literature, such
increases in horizontal stress can only be evaluated by

continued monitoring of the horizontal stressmeters at

Location 2. Further analysis of this data will be possible

with the results from a monitoring program which WCC has

ongoing at a coal mine in West Virginia.

7.3 MINE LEVEL DISPLACEMENTS

Roof-floor convergence in the headgate ~ntry was initiated

about 400 ft in front of the face with the onset of greatest

movement occurring when the face was 150 ft in front of the

measurement point. The total convergence of 2.72 in. was
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approximately 2.5 times greater than that indicated by the

extensometer data which showed 0.62 in. of roof sag and 0.46

in. of floor heave. Consequently the thickness of strata

generating the convergence must be greater than the deepest

anchors located 32 ft in the roof and 21 ft in the floor.

The small amount of roof sag that has occurred was most

likely due to strata separation at the coal seams 8 and

20 ft above the Allen seam.

7.4 OVERBURDEN DISPLACEMENTS

The only comprehensive record of overburden displacements

was obtained from the REX-l rod extensometer which showed
that displacement began about 500 ft in front of the face

with the onset of greatest movement occurring 100 ft in

front. When the face was 100 ft past REX-l all six anchors

had been displaced downward about 8 in. with an additional

4 in. of strata separation occurring between the deepest

anchor (46 ft above the Allen Mine) and the shallowest

anchor (445 ft above the Allen Mine). During periods when

the longwall face was idle, subsidence of the anchors

continued at a rate of about 0.08 in. per day with little or

no strata separation. Consequently, the overburden appears

to be subsiding as a relatively coherent rockmass.

7.5 SURFACE MOVEMENTS

Vertical and horizontal displacements at surface monuments
have occurred along all three survey lines with the move­

ments along lines 1 and 3 due to room and pillar mining and

movements along line 2 due to longwall mining of Panel 2.

Vertical displacements along line 2 began 150 to 200 ft in

front of the longwall face with the onset of greatest move­

ment occuring as the monuments were undermined. The largest
vertical displacement recorded was 3.13 ft and the largest

horizontal displacement was 0.91 ft along an azimuth of 355
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degrees. Greater displacements are considered likely so

that an assessment of maximum subsidence was not valid. The

apparently strong influence of topography on horizontal

displacements makes it necessary to obtain data from the

ADAS strainmeters before using the survey data to evaluate

horizontal strains.

7.6 GROUNDWATER CONDITIONS

Although the strata within the overburden are not signi­
ficant aquifers, the similarity of groundwater composition

and surface water composition suggests that there may be

communication through the overburden to the Purgatoire

River.
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APPENDIX C

COMPUTER PROGRAMS

Eight programs were developed for purposes of data reduc­

tion. One program, developed for inclinometer data re­

duction, was written in FORTRAN and run on a Univac 1100/82

Computer. The other seven programs were written in BASIC

and run on a Cromemco System III Microcomputer.

C.1 INCLIN

INCLIN was originally written under DOE Contract No.

DE-AC01-78-ET12220 in 1981 and modified under DOE Contract

No. DE-AC22-PC30117 in September 1982. The program INCLIN

reduces inclinometer data, computes the statistics of the

basic data, makes comparison of data sets for different

dates, and line-plots horizontal deflection (offset) versus

depth along the A and B axes by subroutine PLOTTER. The

program has the capacity of comparing a maximum of three

data sets with maximum of 300 points in each data set.

In order to account for vertical displacement of the in­

cl inometer casing in response to subsidence, the program

allows for forcing reduced data sets to agree at a specified

depth. At the specified depth, the inclinometer casing can

be assumed to be stationary and the horizontal deflection

(offset) can be specified as having a value of 0.000, or any

other value considered appropriate.

A zero-check of each basic data set must be made prior to

further data reduction and comparison. If the variation

between the plus and minus reading at any depth along the A

and B axes exceeds the specified allowable value then the

basic data must be adjusted so that the variation does not

exceed the allowable value. The data is adjusted by looking

at trends in the current data set as well as in previous

data sets.
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All computer output is written onto different output files.

The output file descriptions are as follows:

File 8: basic inclinometer data with zero-checks

File 9: reduced data for one data set

File 10: comparison of two data sets with no depth

adjustments·

File 11: line-plots file 10

File 12: comparison of two data sets adjusted to agree

at a specified depth

File 13: line-plots file 12.

In addition to the line-plots from output files 11 and 13,

files 10 and 12 can also be stored and used as input data

for CALCOMP plots. Attached are copies of the inclinometer

data sheets and a listing of the INCLIN program.

C.2 CONVERGE

This program reduces convergence data consisting of:

( a) date, (b) tape length, (c) dial gage reading, and

(d) temperature. Output consists of a listing of this data

as well as: (a) distance between reference points,

(b) change since initial date in millimeters, and (c) change

since initial date in inches. A data file is generated con­

sisting of all the above data.

C. 3 EXTENS OM

This program reduces rod extensometer data for 2, 3, 4, or 6

anchor installations. The program prompts for the name of

the input data file and the number of anchor points. The
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input data file consi sts of: (a) date, (b) dial gage cali­

bration readings, and (c) dial gage readings for each anchor

point. Output consists of a listing of: (a) date,

(b) change in anchor/reference plate distance from initial

da te for each anchor, and (c) change in anchor / anchor

distance from initial date for adjacent anchors (that is,

1/2, 2/3, 3/4, 4/5, 5/6).

C • 4 RELSTRESS

This program reduces vibrating wire stressmeter data for

three different values of modulus. The input for any given

stressmeter consists of: (a) date, and (b) stressmeter

reading. The output consists of a listing of: (a) date,

(b) stre ssmeter reading, (c) stres s change since previous

reading, and (d) cumulative stress change for modulus values

of 250,000 psi, 500,000 psi and 1,000,000 psi.

C.5 SCANNER

This program converts ADAS scanner/recorder readings into

linear potentiometer displacements. The input for any given

potentiometer consists of: (a) date, and (b) scanner/recorder

reading. The output consists of a listing of: (a) date,

(b) scanner reading, (c) potentiometer displacement in

inches and millimeters, and (d) cumulative change in poten­

tiometer displacement since initial date.

C.6 SLOPE

This program calculates hor izon tal and slope distances

between surface survey monuments. The input for any given

date consists of: (a) monument designation number,

(b) northing coordinate, (c) easting coordinate, and

(d) elevation. The output consists of: (a) designation

numbers of the monuments between which the distances were
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calculated, (b) horizontal distance between the monuments,

and (c) slope distance between the monuments.

C.7 SONDEX

This program calculates changes in Sondex ring depths. The

input for any given date consists of: (a) date and elevation

of the top of the inclinometer casing, then (b) ring desig­

nation number and measured depth below top of casing for

each ring. The output consists of: (a) ring designation

number, (b) change in ring depth since initial data set,

(c) designation numbers of rings between which the ring/ring

distance was calculated, and (d) cumulative change in

ring/ring distance.

C.8 SURVEY

This program calculates the horizontal and vertical displace­

ments of surface survey monuments. Input for any given date

consists of: (a) monument designation number, (b) northing

coordinate, (c) easting coordinate, and (d) elevation. The

output consists of: (a) monument designation number,

(b) N-S component of horizontal displacement since initial

data set, (c) E-W component of horizontal displacement since

initial data set, (d) total horizontal displacement, (e) azi­

mu th of hor izon tal displacement, (f) change in elevation

since initial data set, (g) magnitude of total displacement

vector, and (h) vertical angle of total displacement vector.
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)t1eet OT ---
INCLINOMETER DATA

DATE -------£ NG IN EERS _

WEATHE R_....,...-- _

Card No. 1

1 2 3 4 5

ITIIIJ
(Number of Cards)

HOLE No. _

INSTRUMENT No. ___

6 7 8 9 10

ITIIIJ
(Hole 1.0.)

(Title)

Card No. 2

(Zero Reading for
A-Axis if known)

31323334353637383940

(Change in Elevation
from Initial Reading;
+ is downward movement
of casing)

51525354555657585960

11 12 13 14 15161718 1920

(Zero Reading for
a-Axis if known)

41424344454647484950

(Date of Reading)

61 626364 65666768 6970

24 2526 27 28 2930=(Allowable Variation
in Zero per Reading;
e.g .• +0.0100)

..

North East
(Horizontal Coordinates if known)

A+

B-

A-

Show North
~ on this

Figure

B+

~A+

C-5

A- ~

To take A+ and B+ reading.
pu t uppe rmos t whee lin A+
groove



INCLINOMETER DATA

Sheet of---

Hole No.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Date

NOTE TO
KE YPUNC HE R:
Duplicate

on all card5

DEPTH
(Deepest

Re a din 9 s 1s d

1617181920

A - Ax is
(A-Plus

Direction)

(+/-)
24 2~ 26 272829 30

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

A - Axis
(A-Minus
Direction)

(+ / -)
3435 36 37 38 3940

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

C-6

B - Axis
(B-Plus

Direction)

(+ /-)

444~4647484950

·
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

B - Axis
(B-Minus
Direction)

(+/- )
54555657585960

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

- •
•



1*
2*
3*
4*
5*
6*
7*
8*
9*

10*
11*
12*
13*
14*
15*
16*
17*
18*
19*
20*
21*
22*
23*
24*
25*
26*
27*
28*
29*
30*
31*
32*
33*
34*
35*
36*
37*
38*
39*
40*
41*
42*
43*
44*
45*
46*
47*
48*
49*
50*
51*
52*
53*
54*
55*
56*

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

PROGRAM LISTING

******************************************************************
PROGRAM INCLIN

PROGRAM INCLIN REDUCES INCLINOMETER DATA, COHF'UTES THE STATISTICS,
MAKES COMFWUSON OF DATA UITH [IIFFERENT DATES, AND LINE PLOTS
THE A & B OFFSETS VS. IIEF'TH BY SUBROUTINE PLaTER.

NOTE : ALL COMPUTER OUTPUT ARE URITTEN ONTO DIFFERENf OUTF'UT FILES,
UHICH SHOULD 8E P~:INTE[I UITH SUITABLE JOEl CONTROL CARDS AT
THE END OF TH£ JOEl.

FILE 8 : URITES THE BASIC DATA UITH ZERO CHECKS.
FILE 9 : URlTES THE REDUCED DATA.
FILE 10 URITES THE TUO HOLE COMF'ARISON UlTH NO [IEF'TH A[IJUSTMENTS.
FILE 11 LINE PLOTS FILE 10.
FILE 12 URITES THE TUO HOLE COMF'ARISON ADJUSTED TO AGREE AT A

SPECIFIE[I DEPTH.
FILE 13 LINE F'LOTS FILE 12.

USER'S GUmE OF PROGRAM INCLIN

******************************
CARDS 1, 2, ~ 3 ARE THE STANIIAR[I DATA SETS.

CARD 1: COLS 1- 5: NO OF CAR[IS(NCARD,NCAR[Il) (15)
NCARD FOR 1ST READING MUST BE GREATER THAN OR EaUAL TO
NCARD FOR SUBSEQUENT READINGS

6-10: HOLE 1.[1. (HOLEN) (A5)
11-55: TITLE (9A5)

CARD 2: COlS 1-10: ZERO READING FOR A-AXIS (AZERO) (FlO,4)
11-20: ZERO READING FOR B-AXIS (BZERO) (F10.4)
21-30: AlLOUABLE VARIATION IN ZERO LJITHOUT BEING

CONSIDERED AN ERROR (ZEROLK) (F10.4)
31-40: CHANGE IN ELEVATION FROM INITIAL READING

+ MEANS TOP OF CASING /'lOVEll DOUN (SURVEY) (FlO.3)
41-50: DATE OF READING ([IATE,[IATEE) (2A5)

CARD 3: COlS 1- 5: HOLE NO (HOLEN) (AS)
6-15: DATE OF READING (DATE,DATEE> (2A5)

16-20: [IEF'TH (F5.0)
F'ROGRAM ASSUMES [lATA AT DEEPEST POINT READ FIRST

21-30: A-PLUS READING (Fl0.4)
31-40: A-MINUS READING (Fl0.4)
41-50: B-PlUS READING (F10,4) •
51-60: B-HINUS READING (F10.4)

CARD "': COL 1: 0 IF NO FURTHER [lATA ~ COMPARISON OF [lATA NOT
DESIREII (Il)

1 IF FURTHER DATA SETS (11)
REPEAT CARDS 1, 2, ~ 3.

2 IF NO' FURTHER [lATA ~ COMF'ARISION OF EACH DATA SET UITH
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3C"O
..JO

11-20:
21-30:

CARD 5: COL 1-10:

57*
58*
59*
60*
61*
62*
63*
64*
65*
66*
67*
68*
69*
70*
71*
72*
73*
74*
75*
76*
77*
78*
79*
80*
au
82*
83*
84*
85*
86*
87*
88*
89*
90*
91*
92*
93*
94*
95*
96*
97*
96*
99*

100*
lOU
102*
103*
104*
105*
106*

.~ 107*
.10a*
. 109*

110*
111*
112*
113*

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

c

C
C
C
C
C
C

C
C

C

PROGRAM LISTING

INITIAL DATA SET IS DESIRED (11)

3 IF SAME AS '2' AND ALSO WANT TO FORCE MTA TO
AGREE AT AN ARBITRARY DEPTH (11)

DEPTH AT UHICH CURVES TO BE FORCEI' TO AGREE
MUST CORRESPOND TO DEPTH + SURVEY CHANGE IN
SECOND DATA SET (FI0.2) .
A-OFFSET IF SPECIFIED (FI0.4)
B-OFFSET IF SPECIFIED (FlO.4)
OFFSETS ARE SUBTRACTED
OVERf::l[IE IF=l, USE Sf'ECIFIED OFFSETS (11)
IF LEAVE BLANK, A a B OFFSETS IN COLS 11-30 CAN
BE BLANK, AN[I A & B OFFSETS UOULII BE THOSE COHPUTEII
FROM THE SECONII [lATA SET AT THE SPECIF'IED DEPTH.

NOTE : CARD S IS AIIDE[I ONLY IF OHION 3, OTHERUISE SKIF'F·ED.

CARD 6: COL 1-10: MIN. OFFSET VALUE FOR F'LOT (FlO.4)
BETTER ASSIGNED AS -VE VALUE.

11-20: MAX. OFFSET VALUE FOR PLOT (FlO.4)
BETTER ASSIGNED AS SYMMETRIC TO MIN. OFFSET.

21-30: SCALE FOR· OFFSET VALUES IN INCHES/INCH (FI0.4)
31-40: DEPTH ASSIGNED TO START F'LOTTING (FlO.4)
41-45: NO. OF POINTS SUPPED PER IN·IERVAL (15)

IF=O, EACH LINE PLOT I.JOULD BE IN 2 FT. INTERVAL.

NOTE MAX. LENGTH ALLOUED FOR X-AXIS <OFFSET) IS 10 INCHES.
BEST LENGTH FOR X-AXIS IS 8 IN, OR LESS IF USE ~FANG TO
LIST THE OUTF'UT FILE.

*************************************~****************************

DIMENSION ACUH(300),BCUM(300),DEPTT(300),Zl(300),TITLE(9)
DIMENSION AST(10),BST(10),I.JORD(20),DATE<2),DATE1(2),DATE~(2)

COMMON NMAX, ..JMAXClO), XMIN, XMAX, SCALE, DEF'TPL, ISKIP

ICOUNT=O
KQ[IE=O

******************************~***********************************

PART 1 -- ZEr:O CHECKS AND STATISTIC COMF'UTATION

INITIALIZE F'ARAMETERS
2S ACUML=O.O

BCUML=O.O
ATOTAL=O.O
EiTOTAL=O,O
ASQUAf\=O,O
ErSQUAR=O.O
READ BASIC [lATA FOR THE HEADINGS

READ <S,101) NCARIJ,HOLEN,TITLE
.. REA[. <5,102) AZERO, ErZERO, ZEROCK, SURVEY, [lATE

IF(KODE.NE.O> GO TO 15
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114*
115*
116*
117*
118*
119*
120*
121*
122*
123*
124*
125*
126*
127*
128*
129*
130*
131*
132*
133*
134*
135*
136*
137*
138*
139*
140*
141*
142*
143*
144*
145*
146*
147*
148*
149*
150*
151*
152*
153*
154*
155*
156*
157*
158*
159*
160*
161*
162*
163*
164*
165*

• 166*
167*
168*
169*
170*

PROGRAM LISTING

DATEl=DATE
NCARDl=NCARD
HOLENl=HOLEN
NF"TS=NCARD

c
C URITE TITLES ON FILE 8 UITH BASIC DATA

15 URITE<S,103) HOLEN
URITE(S,104)
URITE<8,120)
URITE< S, 104)
URITE <8,105) TITLE,DATE
URITE <S,104)
URlTE<S,106)
URITE<8,104)

C
C GET NUMBER OF F'OINTS FOR F'LOT FILE PART II

IF(NCARD.LT.NPTS> NPTS=NCARD
C
C uraTE TITLES ON FILE 9 FOR F'ROGRAM REPLOT

URITE(9,400)
URITE(9,401) HOLEN,DATE
URITE(9,402) NCARD
URITE<9,104)

C
C WRITE TITLES ON FILE 9 UITH REDUCED DATA
C

URITE<9,110) HOLEN
URITE(9,104)
URITE<9,105) TITLE,[~TE

URITE(9,104)
URITE(9,112)
URITE (9,113)
URITE(9,114)
URITE (9,115)
URITE(9, 104)
URITE(9,111)
URITE(9,104)

C
C READ BASIC [lATA

DO 10 1=1 ,NCA~:D

READ (5,100) HOLEN,DATE,DEPTH,Al,A2,Bl,B2
c
C [IEPTH ERROR CHECK

IF (I . Ea, 1) DF'MAX=[IEF'TH
DEPTHI = DF'MAX - (1-1) *2 . 0

C
ADIfT=AI-A2
BDIFF=BI-B2
ASUH=Al+A2
BSUH=Bl+B2
z=o.O

C
C ZERO ERROR CHECK

IF(ABS(ASUH-AZERO),GT.ZEROCK) Z=1.0
IF(ABS(BSUH-BZERO).GT.ZEROCK) Z=1.0

c
!JRI TE (8,107 )HOLEN, DATE, DEF'TH, AI, A2, Bl , B2, Z
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171*
172*
173*
174*
175*
176*
177*
178*
179*
180*
181*
182*
183*
184*
185*
186*
187*
180*
189*
190*
191*
192*
193*
194*
195*
196*
197* .
198*
199*
200*
201*
202*
203*
204*
205*
206*
207*
208*
209*
210*
211*
212*
213*
214*
215*
216*
217*
218*
219*
220*
221*
222*
223*­
224*
225*
226*
227*

c

C

C

C

C

C
C
C
C
C

C

c
C
C
C

C
C

C
C

C
C

PROGRAM LISTING

IF (IlEPTH . EtL I)EPTHU GO TO 30
18 = 1+8
URITE(6,lBO) DEPTH, DEPTH1, 18
IF (I ,Ea. NCARD) GO TO 96

30 ATHETA=(ASIN(ADIFF/4.0»
BTHETA=(ASIN<BDIFF/4.0»
ATHETA=ATHETA*lBO,0/3.14159
BTHETA=BTHETA*lBO.0/3.141S9

ADEFL= ADIFF*6.0
BDEFL= BDIFF*6.0

ACUHL=ADEFL+ACUHL
BCUHL=BDEFL+BCUML

[lPTH=[IEF'TH+SURVEY

URITE(9,116)DPTH,ADEFL,BDEFL,ATHETA,BTHETA,ACUML,BCUHL,z

******************************************************************

STATISTICAL SECTION

ATOTAL=ATOTAL+ASUH
AsaUAR=AsaUAR+ASUH**2.0
BTOTAL=BTOTAL+BSUM
BsaUAR=BsaUAR+BSUH**2.0

10 CONTINUE

AHEAN=ATOTAL/NCARD
ASTDEv=saRT(ABS«ASaUAA/NCARD)-AHEAN**2.0»
BHEAN=[ITOTALINCARD
BS TDEv=saRT <ABS ( ( BsaUAR/NCAf':D) -BHEAN**2 .0) )
URlTE(8,301) AHEAN,BHEAN,ASTDEV,BSTI)EV
ASTDEV=ASTDEV*6.0
BSl[IEV=BSTDEV*6,0
URITE(8,302) ASTDEV,BSTDEV

******************************************************************

WRITE EN[I OF DATA SET HARKER
WRITE(9,1B6)

KEEP TRACK OF NUMBER OF [lATA SETS
ICOUNT=ICOUNT+l
URITE<6,187) ICOUNT, NCARD
IMAX=ICOUNT '
URITE(6,188) IHAX

DEC WE NEXT STEF'
READ(S,190) KODE
IF(KODE.EO.O) GO TO 96
IF<KODE .Ea. 1) GO TO 25

PUT END OF FILE HARK ON FILE 9 SO ISN'T AFFECTED BY REWIND
ENII FILE 9
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PROGRAM LISTING

******************************************************************

REA[I DESCRIPTIVE DATA FOR SECOND HONITORING
75 DO 501 1=1,4

REA[I(9,104)
501 CONTINUE

REA[I(9,130) HOLEN2
REA[I(9,104)
READ(9,140) DATE2
[10 80 J=l, 8
REA[I(9,104)

80 CONTINUE

lJRITE TITLE ON F'LOT FILE FOR PROGRAM REPLOT
URITE( 10,400)
lJRITE <10,403) HOLEN2, [IATEl, [IATE2
lJRITE( 10,406)
lJRITE<10,402) NF'TS
lJRITE( 10,104)

WRITE HEADINGS ON OUTPUT
lJRITE<l0,184) HOLEN2
LJRITE( 10, 104)
WRITE (10,192)
WR I TE ( 10 , 193 )
lJR ITE ( 10 , 195 )
WfUTE( 10, 104)
WRITE <10, 183) I:rATE1,[IATE2
WI': ITE <10,104)
WRITEClO, 182)
WRITE( 10, 104)

REWIND 9

IF(KODE,EG,3) REA[I(5,201) AGREE,ASET,BSET,IGREE
11=1

REAli DESCRIPTIVE DATA FOR INITIAL MONITORING
110 500 1=1,4
READ(9,104)

500 CONTI NUE
READ(9,130) HOLENl
REA[I(9,104)
READ(9,140) IIATEl
DO 60 1=1,8
REAIt(9,104>

60 CONTINUE

READ REDUCED DATA FOR INITIAL MONITORING
DO 70 I=1,NCARIt1
REA[I(9, 131 ) DEPTH I) ,ACUH( I) ,BCUM( I) ,Zl (I)

70 CONTINUE
REAI'( 9,104)

CO/'iF'ARES TUO SETS OF READINGSPART 2

C
C
C
C
C

C

c
c

c
c

c
c

c
c

C
C

c

228*
229*
230*
231*
232*
233*
234*
235*
236*
237*
238*
239*
240*
241*
242*
243*
244*
245*
246.
247*
248*
249*
250*
251*
252*
253*
254*
255*
256*
257*
258*
259*
260*
261*
262*
263*
264*
265*
266*
267*
268*
269*
270*
271*
272*
273*
274*
275*
276*
277*
278*
279*
280*
281*
282*
283*
284*
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PROGRAM LISTING

CHECI< TO SEE THAT 1ST [lATA CARD LESS THAN OR EQUAL TO 2ND
IF([IEPTT(I).GT.DEPTH2.AND.I.EO.l) GO TO 90

REA[I (9, 131) [IEF'TH2, ACUH2, BCUM2, Z2
DO 90 I=l,NCAR[ll
A[IJUST [IEF'THS FOR CHANGE IN SURVEYED TOP OF HOLE

FACTOR=( [IEPTH2-DEPTT (1) )/ ([IEF'TT (1-1 )-DEPTT (I) )

94 A=ACUM(I)-FACTOR*(ACUM(I)-ACUM(I-l»
&=BCUM([)-FACTOR*(BCUH([)-BCUM(I-l»

CHECK TO SEE THAT [IEPTH FROM 1ST DATA' SET GREATER OR EQUAL
TO DEPTH FROM 2N[1
ID3=0
IF(DEPTT(I).LT.DEPTH2.AND.I.EQ,l) ID3=1
IF (1[13. EO. 1) READ( 9,131) [IEPTH2 , ACUM2 ,ElCUH2, Z2
IF(1[IJ.EQ.1> GO TO 86

..

F'OINT ASSUMED STATIONARY

AOFFST=ACUM2-A
BOF"FST=BCUH2-I;
ZZ=Z2+Z1< I)

INn IALlZE DATA SO BOTTOM
IF(Xl.EQ.O.O) A1=AOFF"ST
IF(X1,EO.0,0> ~1=aOFFST

AOFFST=AOFFST-A1
BOFFST=BOFFST-B1
Xl=1.0

READ RE[lUCE[1 DATA FOR SECOND HOLE

INITIALIZE DATA FOR CALCULATIONS TO FORCE CURVES TO AGREE AT SF'ECIFIE[I
DEPTH
J=O
II=II+l
Xl=O.O

FACTOR=O.O

CHECK TO SEE IF DEPTH FROM FIRST DATA SET MORE THAN 2.0 LARGER THAN
DEPTH FROM SECOND [lATA 'SET
IF«[~PTT(I)-DEPTH2).GT.2.0) GO TO 90

CHECK TO SEE IF DEF'THS FOR BOTH ItATA SETS THE SAME
IF(DEPTH2.EQ,DEPTT(I» GO TO 94

CHECK TO SEE IF END OF DATA SET REACHED
B6 ID2=0

IF(DEPTH2.GE.I0000.0) GO TO 97

CHECK TO SEE IF DEPTH FROM SECOND DATA SET GREATER THAN 1ST ENTRY
FROM INITIAL [lATA SET
IF«[IEPTH2-DEPTT(I».GT.2.0) ID2=1
IF(ID2.ECL1> REA[I(9,131> [IEF'TH2,ACUM2,ElCUM2,Z2
IF(ID2.EQ.l) GO TO 86

C

C
C
C

C
C
C
C

C
C

C
C
C

C
C

C
C

C
C
C
C

C
C

C

C

C

C
C

285*
286*
287*
288*
289*
290*
291*
292*
293*
294*
295*
296*
297*
298*
299*
300*
301*
302*
303*
304*
305*
306*
307*
308*
309*
310*
311*
312*
313*
314*
315*
316*
317*
318*
319*
320*
321*
322*
323*
324*
325*
326*
327*
328*
329*
330*
331*
332*
333*
334*
335*
336*
337*
338*
339*
340*
341*
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FORCES [lATA TO AGREE AT ARBITRARY DEPTH

~2*

343*
~4*

345*
346*
347*
348*
349*
350*
351*
352*
353*
354*
355*
356*
357*
358*
359*
360*
361*
362*
363*
364*
365*
366*
367*
368*
369*
370*
371*
372*
373*
374*
375*
376*
377*
378*
379*
380*
381*
382*
383*
384*
385*
386*
387.
388*
389*
390*
391*
392*
393*
394*
395*
396*
397.
398*

C

C
C
C

C
C
C

C

C
C

C

C

C
C

C
C

C

C
C
C
C
C

C
C
C

c"

C

C
C

PROGRAM LISTING

URITE(10,191) DEPTH2,AOFFST,EcOFFST,ZZ

CALCULATE OFFSETS AT DEF'TH=AGREE, I.E., DEPTH UHERE CURVES TO BE
FORCH TO AGREE, 110 ONLY IF RE~UESTED

IF(KODE.NE.3) GO TO 210

[IETERMINE OFFSETS AT [IEF'TH = AGREE
IF(II.GT.2) GO TO 210
IF ([,EPTH2 . EO .AGREE) AST ( I I )=AOFFST
IF (IIEF·TH2. EO. AGREE) ElST (I I )=BOFFST

210 J=J+1
J IS A CARD COUNTER IN COMPARISON DATA SET

READ (9 , 131 )IIEF'TH2 , ACUM2, ElCUI'I2, Z2

90 CONTINUE

97 JHAX( II )=J
URlTE<10,200) J

CHECI( TO SEE IF ANOTHER [lATA SET NEHlS f'ROCESSING
ICOUNT=ICOUNT-1
IF(ICOUNT.GT.l) GO TO 75

PUT END OF FILE HARK ON FILE 10 SO ISN'T AFFECTED BY RE\JINII
END FILE 10

IF (KODE .EO. 2) GO TO 98

******************************************************************
PART 3

REUIND 10

PROCESS FOR EACH SET OF CALCULATED DATA OFFSETS
ADJUST DATA FOR SHCIFlED NO, OF POINTS IN·ItATA SET
[10 215 1\=2,IHAX

JSET=JMAXOO
1<1=K+1

IF(IGREE.EQ.1) AST(I()=ASET
IF(IGREE.EO.1) BST(K)=BSET

COPY HEADINGS ONTO FILE 11
READ (10,104)
URITE<12,404)
READ(10,202) \JORD
URITE(12,202) UORD
\JfdTE (12,203) AGREE, ASH I() , ElST n~)

URITE(12,402) JSET
READ(10,104)
REA[I(10,104)

.DO 220 1=1,11
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PROGRAM LISTING

C

~EA[I<10,202) UOF,:£I
URITE(12,202) UORD

220 CONTINUE

C
C ******************************************************************
C
C FORHAT STATEHENTS
C

C
C F'UT END OF FILE HA~K ON FILE 12 SO ISN'T AFFECTED BY REUIND

END FILE 12
C
C ******************************************************************
C
C F'ART 4 - LINE F'LOTE~

C
98 NMAX = IMAX-l

~EAII(5,430) XHIN, XMAX, SCALE, lIEF'TF'L, ISKIF'
~EUIND 10
CALL PLOTER(10,11)
IF (KODE ,NE. 3) GO TO 96
REUIND 12
CALL F'LOTER<12,13)

96 STOP

100 FORHAT(3AS,FS,O;4FI0.4)
101 FORMAT(I5,10A5)
102 FORMAT(4FI0,O,2A5)
103 FORMAT(lHl,10X,36H***BASIC INCLINOMETER [~TA FOR HOLE ,A5,3H***)
104 FO~:MAT< lX)
105 FORMAT(5X,9A5,6H DATE=,2A5)
106 FORMAT(3X,8HHOLE NO. ,lOH DATE,10H DEPTH

*lOH A-F'LUS,10H A-MINUS,10H B-F'LUS,10H B-HINUS
*1 OH ZEROCHECK)

107 FORMAT(5X,3A5,5X,F5.0,4FI0.4,5X,F5.0)
110 FORMAT< lOX, 38H***REDUCE[1 [lATA FOR INCLINOM!trER HOLE ,A5,3H***)
111 FORMAT<3X,14HAIIJUSTED DEF'TH,10H A-DEFL,lOH B-DEFL,lX,

*9H A-THETA,lOH B-THETA,10H A-CUM,10H B-CUM,3X,1HZ)
112 FORMAT<5X,53HNOTE:A-DEFL IS THE HORIZONTAL OFFSET OF 2-FT LENGTH

*9H (INCHES»
113 FORMAT<10X,40HATHETA IS ANGLE OF CASING TILT ([IEGREES»
114 FORHAT(lOX,46HACUM IS THE SUM OF HORIZONTAL OFFSETS UITH THE

*33H DEEPEST F'OINT ASSUMED STATIONARY>
115 FORMAT<10X,42HPLUS MEANS TOP OF 2-FT SECTION TILTS IN A+,

*lOH DIRECTION)

[10 225 1=1, JSET
~EA[I(10,191,ERR=225) DEPTH2,AOFFST,BOFFST,ZZ
IF (AGREE. GT . [IEF·TH2. ANll. I .W, 1) URITE (6,420) Kl, JSET
IF(AGREE,GT.DEPTH2.AND.I.EQ.l) GO TO 96
AOFFST=AOFFST-AST(K)
BOFFST=BOFFST-BST(K)
URITE <12,191> DEPTH2, AOFFST , BOFFST ,ZZ

225 COmINUE
~EA[I<10, 104)
URITE(12,200) JSET

215 CONTINUE

C

399*
400*
401*
402*
403*
404*
405*
406*
407*
408*
409*
410*
411*
412*
413*
414*
415*
416*
417*
418*
419*
420*
421*
422*
423*
424*
425*
426*
427*
428*
429*
430*
431*
432*
433*
434*
435*
436*
437*
438*
439*
440*
441*
442*
443*
444*
445*
446*
447*
448*
449*
450*

• 451*
452*
453*
454*
455*
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456.
4S7*
458*
459*
460*
461*
462*
463*
464*
465*
466*
467*
468*
469*
470*
471*
472*
473*
474*
475*
476*
477*
47S*
479*
480*
48U
482*
483*
484*
4B5*
486*
487*
488*
489*
490*
491*
492*
493*

1*
2*
3*
4*
5*
6*
7*
a*
9*

10*
11*
12*
13*
14*
15*

C
C
C

C

c

PROGRAM LISTING

116 FORMAT( 7X,FI0.2,6F10.4,F5.0)
120 FORHAT(10X,4SHIF ZERO-CHECK=l, PROBABLE ERROR IN PASIC DATA)
130 FORMAT(48X,A5)
131 FORHAT( 7X,F10.2,40X,2FI0.4,F5.0)
140 FORMAT(S6X,2AS)
180 FORMATU,2X,' [IEF'TH ERROR OF ',FS.l,' SHOULD = ',FS.l,' IN LIHE '

*,15)
182 FORHAT( 7X, 10H [IEPTH, 10H A-OFFSET, 10H EI-OFFSET, lX, 2HZZ)
183 FORMAT(17X,' FROH ',2A5,' TO ',2AS)
184 FORMAT(10X,'COMPARISON OF TIJO IHCLINOMETtR REA[lINGS - HOLE ',AS)
186 FORMAT(7X,10H 10000.0)
187 FORMAT(/,7X,'DATA SET ',12,' : NO. OF POINTS = ',15)
18B FORHATU,7X, 'TOTAL NO. OF DATA SETS = ',15)
190 FORMAT(Il) .
191 FORMAT(7X,FI0.2,2FI0.4,F3,O)
192 FORHAT(10X,'NOTE: AOFFSET,BOFFSET IN INCHES')
193 FORHAT<16X, 'PLUS IS MOVEMENT IN A+,B+ [IIRECTION SINCE INITIAL'*' READING')
195 FORMAHI0X, 'ZZ GREATER THAN 0 INDICATES F'OSSIBLE [lATA ERROR')
200 FORMATC5X, 'ACTUAL NO. OF F'OINTS IN THE ABOVE I:IATA SET = ' ,15)
201 FORMAT(3F10,O,I5)
202 FORHAT(20A4)
203 FORMAHSX,'[IATA FORCED TO AGREE AT DEF'TH ',F7.2,'*' , A-ADJUST = ',F7. 4,' , El-ADJUST = ',F7. 4)
301 FORHAT(/,5X,'AMEAN =',FI0.4,' BMEAN =',F10.4,' ASTDEV =',Fl0.4,'*' BSTDEU =',Fl0.4)
302 FORMAT(/,5X,'ACCURACY/SINGLE REATiING NO BETTER THAN',FI0.4,

• ' IN, FOR A ~',FI0.4,' IN, FOR B'///)
400 FORMAH 1OX, , PLOT CARDS FOR REF'LOT BEFORE A, B OFFSET ADJUSTMENTS')
401 FOf':HAT<5X,' INCLINOMETER HOLE Pf':OFILE: HOLE: ' ,AS,' , [lATE: ' ,2AS)
402 FORMAT<IS,SX,' NO. OF DATA POINTS')
403 FORHAT< 5X, , OFFSET US. ['EF'TH : HOLE ',AS,' , FROM ',2A5,' TO ',2AS)
404 FORHAT<10X, 'F'LOT CARDS FOR REPLOT AFTER A, B OFFSET AIIJUSTHENTS')
406 FORMAT (5X, , NO DEF'TH AGf;:EEMENT IS AIUUSTEII')
420 FORI1AT(/,7X,'~~! DEPTH FOR AGREEMENT NOT SUITABLE IN DATA SET',12,

.' : NO. OF POINTS = ',IS)
430 FORI1AT(4Fl0.0,IS)

ENII

SUBROUTINE PLOTER( IREAD, IWRITE)

SUBROUTINE F'LOTER PLOTS LINES IN SYMBOLS BY F'F:INTER

INTEGER SYHBOL(11) •
DIMENSION TITLE ( 16), LINE( 101 ), X ( 11), DEF'TH(3 ,300) ,* A(3,300), B(3,300i
COHMON NI1AX, JI1AX( 10), XMIN, XMAX, SCALE, IIEPTPL, ISKIF'

DATA (SYMBOL(I),I=1,11) /'1','2','3','4','5','6',' ','.','1',* 'X', '5'/

IF <IF.:EATl .EO. 10) WF:ITE(1l,1100)
IF (IREAD ,EO. 12) URITE(13,1200)
I~O 1 I=1,NM(iX
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PROGRAM LISTING

16* REA[I (I READ, 1300) [lUHMY
17* III = 2*1-1
lS* 112 = 2*1
19* READ(IREAD,1400) BLANK, TITLE
20* URITE(IURITE,1500) Ill, II~, TITLE
21* READ(IREAD,1400) BLANK, TITLE
22* WRITE(IURITE,1600) TITLE
23* DO 2 J= 1 , 12 .
24* 2 READ(JREAD,1300) DUMHY
25* ~~F'TS = JMAX~1of-1>
26* WRITE <IUF:1TE, 1700) Ill, 112, NF'TS
27* rrO 3 1<=1 , NF'TS
28* KK = NPTS-K+1
29* 3 REA[I(I~:EA[I,lS00) [lEF'TH(I,KK), A(I,KIO, B(l,KK)
30* READ(IREA[I,1300) DUMMY
31* 1 CONTINUE
32* URlTE(IURITE,1710)
33* URITE(IU~ITE,1900) NMAX
34* URITE<IWF:ITE,1910) XHIN, XMAX, SCALE
35* URITE(IW~:ITE,1920) [lEPTPL, ISKIF'
36* lSKIPl == ISKIP+l
37* [IX = (XMAX-XMIN)/SCALE
38* NDX = INT(DX+l.0)
39* JXl = INT(DX*10.0+1.0>
40* JX2 = INT(DXt5.0+1,0)
41* IF (JX1 .LE. 101) GO TO 100
42* URITE(IURITE,1930)
43* STOF'
44* 100 [10 4 I=l,NDX
45* 4 XC!) = XHINof-(I-l>*SCALE
46* URITE(IURITE,1940)
47* URITE(IURITE,2000) (X(I), I=l,NDX)
4S* XSTEP = SCALE/10,O
49* [10 5 J=l,JXl
50* 5 LINE(J) = SYMBOL(S)
51* DO 6 J=1,JX1,10
52* 6 LINE(J) = SYHBOL(9)
53* UR1TE(IURITE,2100) (LINE(J), J=1,JX1)
54* NPTMAX = JMAX(2)
55* NPTl = INT«DEF'TPL+l.0)/2.0)
St.* IF ([lEr-TF'L .EO. 0.0) NF'T1 = 1
57* Y = [lEPTHtl,NF'T1)-lSKlPl*2.0
58* [10 7 K=NF'T1, NPTMAX, lSI<:IF'l
59* DO S J=1,JX1
60* S LINE(J) == SYMBOL(7)
61* LHJE( 1> = SYMBOL< 8)
62* LHJE(JX2) = SYMf{OL<S)
63* LINE{JX1) = SYMBOL(S)
64* DO 9 I=l,NMAX
65* 11 = 2*1-1
66* 12 = 2*1
67* IF (I .GE. 2 .AND. K .GT. JMAX(I+l» GO TO 9
68* DISTA = (A(I,K)-XMIN)/XSTEP+1.5
69* IDISTA = [lISTA
70* IF (IDISTA .LT. 1) LINE(1) == SYMBOL(10)
71~ IF (IDISTA .GT. JX1) LINE(JX1) = SYM80L(10)
72* IF (IDISTA .GE. 1 .AND. IDIETA .LE. JX1) LINE(IDISTA) = SYMBOL(l1)
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73*
?U
75*
76*
77*
78*
79*
80*
81*
82*
83*
84*
85*
86*
87*
88*
89*
90*
91*
92*
93*
94*
95*
96*
97*
98*
99*

100*
101*
102*
103*
104*
105*
106*
107*
108*
109*
110*
111*

PROGRAM LISTING

nISH: = (Ec<I, IO-XI'1IN) /XSTEF'+l .5
mISTB = [IISHI
IF (IDISTB .LT. 1) LINE(1) = SYMBOL(ll)
IF (IDISTB .GT. JX1) LINE(JX1) = SYMBOL(11)
IF (![IISTEc .G£. 1 .ANII, IDISTB .LE. .JXl> LINE(HIISTF;) = SYHEcDL<I2)

9 CONTINUE
Y = Y+ISKIPl*2.0
UR1TE(IWRITE,2200) Y, (LINE(J), J=1,JX1)

7 CONTINUE
[10 10 .J=1,.JXl

10LINE(J) = SYHEcOL(8)
DO 11 .J=1,JX1,10

11 LINE(J) = SYMBOL(9)
UR1TE(IUR1TE,2100) (LINE(.J), .J=1,JX1)
URITE(IURITE,2000) (X(I), I=l,NDX)

C
C FORMAT STATEMENTS
C

1100 FORHAT<' 1', lSX, 'LINE F'LDT BEFORE A, B OFFSET AD.JUSTMENTS' I)
1200 FORMAT('1',lSX,'L1NE PLOT AFTER A, B OFFSET ADJUSTMENTS'/)
1300 FORMAT<A1)
1400 FORMAT(17AS)
1500 FDRMAT<I,SX,I1,' & ',Il,' : ",16AS)
1600 FORMAT(13X,16A5)
1700 FORHAT(13X,'NO. OF POINTS FOR ',11,' & ',11,' =',15)
1710 FORMAT(/,5X,'ODD NO. = A OFFSETS, EVEN NO. = B OFFSETS')
1800 FDRMAT(7X,3FI0,O)
1900 FOF-:MATU,5X, 'NO. OF RECORDS IN THIS PLOT = ' ,12)
1910 FORMAT(5X,'XMIN = ',F7.4,' , XMAX = ',F7.4,' , SCALE = ',F7.4,*' IN.IIN.')
1920 FORMAT<SX,'STARTlNG DEPTH = ',F7.2,' FT. , NO. OF F'OINTS SKIPPED/'

.,'INTERVAL = ',IS)
1930 FORMAT(/,5X,'~!~ X-AXIS EXCEEDS 10.0 IN., TRY ANOTHER SCALE! !:')
1940 FORHATU//,SX,'DEPTH (FT.)/OFFSET (IN.)')
2000 FORMAT(8X,11FI0,4)
2100 FORMAT(15X,101Al)
2200 FORMAT(SX,F7.2,3X,101Al)
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