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INTRODUCTION

Genrval Coal ivline is locued approximately l8 miles north rvest o[ Huntington. Utrh. The state
lease lvll-21569 allorvs the Genrval Cod Company to mine under all of section 36 of the Rilda
Cmyon quadran-:le in the Urah geological and mineral survey map. The mining is bein-e carried
out in the nearly t'lat-lying, Hirvatha coal seam with an average thickness of 8 ft lying at an

average depth of 1600 ft below the surtace. The overall mining pattern for the initial stage of
mining is shown in Figure l. At the western end of this lease, mining begins at 100 ft from the
lease boundary. The current mining pattem at this end consiss of frrve 20 ft entries separated
by four 50 ft wide chains of pillars, running from north-to-south sides of the property (Figure 2a).

'i_. :--.--i : : -i---.----ii-i -.-. =----.-fi: a -_..r.-3 -.

Figure 1: An overall map of Genrval lvline Shorving Initial Sn-ee Mining Plan State Lease
IVIL - 21569.

It is planned in the next phase to mine out the three left pillars (Figure 2a), creating ap-
proximately 270 ft rvide panel flanked by intact coal on the west side and the 50 ft wide fourth
pillu follorved by 20 ft rvide entry on the east side of the panel. As the mining continues further
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a) Section Along the Panel - Current Stage of Mining Showing Rooms and Pillars.

w e s t - E n d  L a a s g  a o u n d a r y

. b) Section Along the Panel - Proposed Pillar-Pulling Scheme

Figure 2: Cunent and Proposed Mining Plans for the West-End of the Properry

to the east, ir is expected to leave a 250 ft rvide pillar beyond the last entry (Figure 2b). Thus
the proposed secondary mining (pillar-pulling) operation will result in an overall recovery of
approximately 50Vo. The purpose of this study was to make a preliminary assessment of the
nature of any potential subsidence due to the proposed mining (pillar-pulling) operation.

SUBSIDENCE CALCULATION

2.1 National Coal Board Technique

The Nationai Coal Board (NCB) of England has published an empirical set of nrles and graphs
for computing the marimum subsidence and the subsidence profiles over coal mines NCB, 1975).
These empirical rules and graphs are developed from observations over a large number of
longrvall mining operations in single and multiple seams in England. Nevertheless, the.NCB
technique of subsidence prediction provides a firsthand guidance for other tbrms of mining

TerqTek
Universiry Research Park

420 Wali^rra Wav . SaJt Lake City, Utah 8-1108
Tei.'1:i;c,;c t3i)ir j : --l*1.

FA.\ (801) 58-t-2.106



C

Genrval Coil Company
TR92-47 Preliminun* Strr,/v r;f Potential Suh.sidence

December 9.  l99 l
Pt_se 3

operations in other geogrlphical a.reils a.s rvell. In particular, tbr the proptlsed mining at Genrv;rl

lV1ine resuking in rhe puel length to rv'idth ratio of approximrtely is l:t7. it is very reasonrble

to rssume a longivirll situ:rtion.

The tollorving caiculations are based on the NCB technique:

. Assume: Extncted rvidth, w = 270 ft (82 m)
Depth of Cover, h = 1,600 t1 (a88 m)
Excavated Height, m = 8 ft

. From the NCB curyes (p. 9) : Sp1", /m = .471
where, Siurr* = Maximum subsidence, at the center of the panel widtit.

' Therefore, Str1", = .61 ft

. With a virgin ground reduction factor of .9, SMo* = .55 ft = 6.6 in-

. A family of curves give the subsidence S at any distance d from the center of the panel

as a fraction of the maximum subsidence Srro* at the center. These curves are plos of the
nondimensions.lized ratios rv/h vs. d/h for S/Smax values ranging from 0 to 1. In the
present case, w/h = 27011600 = .I7. The NCB family of curves are drawn up to a lorver
limit of Mh = 0.2 only and are not applicable in the present case.

Commonly observed dra'uv angle in the western U.S. region lies benveen 20o to 35o. For

drarv angles of ranging betrveen 20o to 40o, the corresponding critical width of an opening
as conventionally accepted is given as ran-ring between .72h to 1.6h ,(h being the seam

depth). By these srandards the opening in the current case has undoubtedly a subcritical
rvidrh (270 f0. Unfortunately, for subcri'tical openings, the empirical techniques based on
subsidence factor (S/m) are not very reliable and are likely to overestimate the maximum
subsidence as well as the drarv angle.

2.2 Deer Creek iVline Subsidence Study

U.S. Bureau of mines has published (Allgaier, 1988) the results of an extensive, long-term
subsidence investigation over the Deer Creek Mine (owned and operated by the Utah Power &
Light Company), approximately 7 miles south of the Genrval Mine Site. The study consisted of
monitoring subsidence over four lon-gwall panels mined in the Blind Canyon coal seam over a
period of four years. Blind Canyon coal seam is approximately 70-ft above the Hirvatha coal
seam being mined at rhe Genrval Mine. Since the overall stratigraphy at the Deer Creek Mine
Site is generally the same as at the Gen"val Mine Site, it is reasonable to assume that the
inferences drarvn from the USBM study could be applicable to the Genrval Nline as well.
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Follorving _general observ:rritrns cim be made:

' It appecrs that for r single panel of rvidth 480-ft driven to approximately 1,600-ft, the
mr-rimum subsidence over the panel rvas less than 3 inches.

. The drarv angles observed at both longirudinal ends of each panel varied from 26o to 38o.
The average draw angle for the entire operation has been reported as 30o. It has been
mentioned that, this average value of 30o can be used to define the limit of subsidence
beyond the limit of mining. This conclusion is based on the excavation of 4 adjacent
panels, covering an overall area of approximately 2,400 ft x 2,400 ft, horvever. A careful
investigarion of the subsidence contours plotted at various stages of mining shows that
for a sin,lle panel of 480 ft width, the draw angle on the (virgin ground) rib-side was
closer to 25o. Furthermore, the stratigraphy at the Deer Creek Mine seems to lack
continuous, competent columns of sandstone as exhibited in the DH-7 column at the
Genrval lvline Site. Considering these factors, it is believed that the achral draw angle,
in the case of a subcritical opening as proposed at the Genrval lvline should be much low-
er.

2.3 Elastic Analysis

A simpie, wo-dimensional, linear-elastic analysis was conducted using the materiai properties
and seam level constraints guided by those reported in the Senata Geomechanics, Inc., report
(SGI, 1991). A boundary element computer program "TABEX-2D" was used for this purpose.
The overburden in this analysis is treated as a single layer medium. An equivalent set of elastic
properties for this medium is calculated from the SGI data for the component layers given below
in Table 1. The component layer stratigraphy was constructed by the SGI based on the
-eeological log obrained from welibore DH-7.

If H represents the total thickness and E the equivalent Young's Modulus, E can be obtained
using an approximate relationship given belorv:

H  H,  Hr .Hr .Hr .Hs
- = - - -
E Er 8., % E{ E5

This gives the equivalent Young's Modulus E = 3.5 x 106 psi. The equivalent Poisson's Ratio
of .2 was assumed in the analyses. The 5th layer of siltstone lying below the coal layer is
included in the equivalent modulus calculation on the premise that any settlement belorv the coal
layer is confined within the immediate floor layers.

The baseline case was anrlyzed for the mining pattern rvith a 27A ft wide opening as shorvn in
Figure 2b. No constrainls rvere imposed at the seam level in this case, except that no skesses
were t"ransmitted through the mined zones and the unmined coal behaved elastically (Young's and
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Table l: Strati-rruphy :rnd Elastic Propertie.s Assumed in the SCt Report.

Layer #
(i)

Componen
t Llyer Thickness

(ft) (Hi)

Young's
lvlodulus
(psi) (Ei)

I Shale tt2 1x106

2 Sandstone l ,088 3.375 x 106

J Siltstone 401 6.86 x 106
tl- Coal l0 .288 x 106

5 Siltstone 389 6.86 x 106

shear moduli: E"o" = .29 x 106 psi and G"o" = .L2 x 106 psi). As inruitively expected, very little
seam closure (<1 inch) and high pillar suesses ( in excess of 5,000 psi) rvere observed. This is
understandable, since no roof break and pillar yieiding is allorved in an elastic analysis.

A set of additional mns were made in rvhich a seaJn closure of 6, 18, and 24 inches, respectively
rvere imposed in the mined out a.reas, thus relieving the high suesses in the rib area, and in some
sense simulating the pillar yielding situation. In order to put these in perspective, it should be
mentioned that the maximum room ciosure for a 100 ft opening calculated in the SGI report
(Case 5: all the pillars knocked off) is 2.3 inches, after accounting for realistic manifestations
such as pillar yielding, immediate roof break, and the time dependent effects. The subsidence
profile for ali four cases are shorvn in Figure 3.

It is clear from Figure 3, that even in the rvorst case analyzed rvith a seam closure of 24 inches,
the maximum subsidence resulting at the surface is only of the order of 3.5 inches. The profile
is fictitiously elongated on either side of the opening due to nvo reasons:

l. The imposed uniform closures over the entire opening, and

2. Built-in deficiency of the elastic analysis

It is well established that the elastic analysis based on an isotropic rock mass consideration, in
general, predics lorver maximum subsidence and higher dra',v angle as compared to that observed
in practice. Transversely isotropic characterization of the rock mass accounts for the presence
of suatification and provides more realistic subsidence profiles, if the rock mass is treated as a
monolithic structure. Considering these factors, it is reasonable to assume that the actual
subsidence profile will have slopes steeper than those exhibited by the curves in Figure 3. It
must also be pointed out that the predicted subsidence include any subsidence that might already
have taken olace.
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3 CONCLUSIONS

On the basis of the preliminary analysis reported here, it is estimated that the proposed pillar-

pulling scheme rvill result at the surface a mrximum subsidence of not more than 3 to 4 inches
at approximately 240 ft inside the lease-boundrry at the west-end of the properry. The dra"v angle

over the inract coal is exoected to be of the order of 20o.

More definirive statements to these effecb supported by accurate and more realistic subsidence
prohles can only be provided by conducting a detailed analysis in conjunction rvith laboratory
tests to determine the deformational characteristics and failure behavior of the constiruent layers

of the rock mass.
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