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ABSTRACT

An ideal opportunity was presented at the Cayuga Salt Mine in Lansing, New York, to monitor and record ground subsidence
resulting from mining operations. The mining conditions giving rise to the subsidence were particularly favorable. A single 176
m wide high extraction panel was mined sufficiently distant from other mine development so as to effectively isolate it from the
effects of that mining. The pillar layout in the panel was very regular. Subsidence surveys were carried out far enough in advance
to obtain a zero subsidence baseline. The results showed that the influence of the mining-induced subsidence extended much
further out laterally from the edges of mining than could be expected from a similar case in coal or hard rock mining. The time
delay between the approach of mining and the subsequent effect measured on the surface also presented some interesting features
in that virtually no subsidence was observed until the face had passed beneath the line of monitoring stations

The results have led to a significant overall conclusion. Owing to the yielding nature of salt and the subsequent closures of
excavations mined in salt, the pattern and rate of ground subsidence occurring as a result of mining is considerably different to
that experienced as a result of mining in coal measures or hard rock. This paper details the measurements made and discusses
the results obtained.

INTRODUCTION

The Cayuga Salt Mine is located in New York .w I

State, approximately 11 km north of the City of
Ithaca, and is currently mining the No. 6, 4 m thick,
salt bed, some 650 m below the surface. The mine 85

has been in existence for over seventy years and both
the No. 6 salt as well as the No. 4 salt, located 100 m
above, have been extensively mined to the east of the ---

shafts. Mining areas were developed starting in 1986 --- f-
in a new area to the northwest. Extraction in the ForIson

eastern area of the mine averaged more than 60%
extraction on two levels, with one level, the No. 4
salt, being partly superimposed above the No. 6 salt. S

The log of a typical geological core hole (No. 17) is
given in Fig. 1, and the geology of the northwest areae
of the mine appears to be fairly regular. su o

The northwest mining area is far enough away
(more than 4 km) from the old mining areas so that
it can be considered to be completely isolated. Figure
2 shows the overall layout of the mine. The NW1 . s-
development panel goes northwards, with panel U12
being driven at right angles from NWI for a distance Fig, 1. Geologic section, core hole no. 17, Cayuga Salt Mine.
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Fig. 2. North-west quadrant mining.

of 1650 n. This unit is 176 m wide, has ten entries varied from twice a week initially, to once a week,
and 15 in long notches cut into the abutments (see once a month and finally once every 3 months, as the
Fig. 3). The average mining height was 4 m, with an closure rate decreased with time and distance from
overall panel extraction ratio of more than 80%. the advancing face. The readings were made to 0.025

A row of subsidence stations was installed on mm, with excellent repeatability.
surface, more or less at right angles to the line of Typical plots of the data are given in Figs. 5, 6a
advance of U12, as shown in Fig. 4. and 6b. Figure 6a shows the closure pattern across

The panel was instrumented with extensometers, the panel and Fig. 6b, along the panel for the center
stress meters and closure stations and the locations closure stations.
of these instruments are shown in Fig. 3. A descrip-
tion of the instrumentation is given by Petersen et
al (1993). Also shown in Fig. 4 are the locations of
the advancing face positions on different dates. SURFACE SUBSIDENCE SIATIONS

This study consisted of taking the measured clo-
sure data from the U12 panel underground and cor- The subsidence benchmark station array con-
relating it with the subsidence measured on surface. sisted of steel survey pins drilled and cemented into
In addition, the panel was modeled using the FLAC concrete abutments as well as 1-2 m steel rods
creep code. The elastic and creep constants were drivenintotheground. Initially16benchmarks were
adjusted in the computer model to give the same installedover a distance of1800 m,centeredover the
results as measured, and conclusions were drawn U12panelaxis. This waslaterextended to 25bench-
based on the choice of constants, marks over a 3400 n length.

Levelling surveys were conducted by an outside
firm of professional surveyors, starting in 1987.

INSTRUMENTATION: CLOSURESTATIONS The face positions were plotted for the dates on
which the subsidence surveys were carried out, and

Closure measurements were made using a "Reed" these are given in Fig. 4, as well as the position of the
type convergence rod. The frequency of readings subsidence traverse line on surface.
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subsidence survey line. To date, some 6 months after
stopping the faces, no surface subsidence has been
detected. The vertical angle from U33 to the survey
line is approximately 83, or nearly vertical.

The pattern of subsidence that emerged is that of
a steep "bow wave" ahead of the advancing panel,

9 o with a much shallower lateral subsidence angle, see
Fig. 8. Both of these effects are felt very soon after

Rock MNhnlac, 9 . :::::I: 2 0 mining approaches and passes beneath the subsi-
3 o 4 D dence measuring stations. This is at odds with sub-

: : sidence measured at other salt and potash mines,
where there is an apparent time delay of nine to

o convergne. stations 1 eighteen months after mining and before the subsi-
1 0 dence is detected on surface.

o Pillar Extensometers 3 o 1::tAt Cayuga it appears that the ground subsided
0 o ::3:: I 0 rapidly and then stabilized (Fig. 8). This is more in

O Pillar stresswmet0rs keeping with the behavior of an elastic response
1 : than a rheological one. However, it would require a

)( Roof Extn.mters low modulus elastic rock to deform as much and as
2.. rapidly as indicated.

A lithological model that could explain this be-
3 . 1 0 havior pattern is that of an overlying series of rela-

1 0 tively thin salt beds interbedded with beds of incom-
petent, fractured and jointed shales, limestones and

;. mudstones. These are known to exist to approxi-
12 mately 250mabove the No. 6salt. Above this succes-

3 sion lies another, also consisting ofinterbedded lime-
stones, shales, clays and mudstones, but withoutany
salt beds. All the evidence available points to these

6 :::: beds being highly fractured and jointed, with little
inherent mass strength or competence. Thus, al-
though the salt beds are themselves competent, they
are not sufficiently thick to resist bending under the
weight of the overlying strata. The result is that they
deform rapidly within 80 to 100 days after mining

S :: : (Fig. 5), and then follow a more or less constant but
much lower deformation rate curve.

It is therefore concluded that for the existing rock
UNIT 12 types, strength parameters, lithology and internal

panel pillar size, the most significant factor control-
Fig. 3. Unit 12 instrumentation layout. ling the panel closure and surface subsidence rates

is the panel width. This assumes that there are
stable barrier pillars between panels. Petersen et al.

DISCUSSION OF RESULTS AND (1993) have shown thatabarrier pillar width greater
CONCLUSIONS than about 70 m is a stable configuration.

A critical panel width could be defined as that
The mining face of U12 passed directly beneath which gives a subsidence angle ahead of the advanc-

the line of subsidence benchmarks on March 1989. ing face of less than 90*. Based on this definition, the
The first measurable subsidence was recorded in critical panel width at Cayuga in the NW area of the
January 1990 (see Fig. 7). The vertical angle at mine lies between 150 in and 175 in. That is to say
which this subsidence effect was transmitted was that as the panel width is increased beyond 150 in,
therefore greater than 80". all other parameters being equal, then in addition to

This pattern should be compared with the effect bending at right angles to the panel axis (Fig. 6a),
measured ahead of panels U33 and U35. These bendingstartstooccursoonafterminingclosetothe
panels were stopped 85 m and 165 in short of the advancing face (Fig. 6b).
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Opposite page.
Top: Fig. 4. Unit 12 panel and subsidence station array.
Bottom: Fig. 5. Room closure Unit 12.
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Fig. 6. Top: (A) Closure rate profile across panel. Bottom: (B) Closure rate profile across panel.
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The mining configuration consisting of panels 150 much lower modulus values have to be used as well
m wide separated by barrier pillars with a minimum as arbitrary selection of values for creep constants.
width of 70 m is therefore a stable one, not only from However, the measurements of room deforma-
the consideration of panel closure rates but also from tions and surface subsidence have been invaluable in
the point of reducing surface subsidence effects, par- assessing the performance of different mining lay-
ticularly ahead of the advancing panel face. outs.

Computer modelling is currently being carried out
using the FLAC computer code to develop a realistic REFERENCE
model to simulate the effects of mining on panel
closures and surface subsidence. Initial results show Petersen, G., Plumeau, D. and Rankin, J., 1993. Practical
that in order to accurately simulate actual closures approach to mine design at the Cayuga Rock Salt Mine. In:

and subsidence, laboratory-based rock mass H. Kakihana, H.R. Hardy, Jr., T. Hoshi and K. Toyokura
(Editors), Seventh Symposium on Salt, Vol. 1. Elsevier,

strength parameters are of little use. For example, Amsterdam, pp. 259-264.


