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ABSTRACT

This naner describes part of a rock mechanics
program being conducted at the Big Island Hine of
Stauffer Chemical Company of Wyoming. The program
objective is to determine the feasibility of mining
two superimposed, 10 ft. (3m) thick, trona scams.
The beds are separated by 33 ft. (10m) of marlstones
and shales. The lower bed is 850 ft. (252m) deep.
The mining method is room-and-pillar with a 60% ex-
traction ratio.

A preliminary assessment based on a simple fi-
nikte analysis indicated stress overlapping between
the beds to be negligible with stability conditions
similar to single-seam mining.

At present, part of the test area has been mined
with superimposed pillars between the seams. Test
wining consists of extracting a nanel over an exisi-
ing minced out area. This sequence was chosen be-
cause upper bed mining on a production scale ¢id not
commence until 1976 and the finite element analysis
iadicated there was no apprecinble difference in min-
ing either the upper or lower bed first.

Simple instrumentation showed that prior to
upper seam mining the pillars in the lower bed were
under full overburden lecad. Upper seam mining has
increased pillar loading in the lower bed by 175 psi
(1.2 MPa). This was accompanied by small downward
movement: of the strata between the seams. Observa-
tions and deformation measurements have indicated
stable conditions. llowever, spalling of loose roof
slabs and pillar corners has occurred in the lower
seam as a result of upper seam blasting and residual

fractures left from lower bed extraction.
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Two-seam test mining is still in progress;
results indicate agreement between the stability
anzlysis done ahead of mining and actual experienced
conditions. Instrumentation monitoring will be
carried out for months after mining the test area.
Future production from two bed mining will be delayed
for two years to assess time effects on stress and
deformation after completion of the test area.

The program has established rock mechanies in
the Big Island Mine as a practical tool to help» pro-
vide maximum safety, resource recovery, and produc
tivity., Additional stability analysis based on
experience and instrumentation results will be used
to evaluate future panel layouts and extraction ratios

in long range planning.

INTRODUCTION

Stauffer Chemical Company of Wyoming's Big Island
Mine and Refinery are located approximately 25 niles
(40km) northwest of Green Tiver, Wyoming (Figure 1).
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Mining operations supply trona, a sodium-
sesquicarbonate mineral, to the refinery for the
production of high purity commercial soda ash.
Mining is conducted by a full overburden support
room-and-pillar method in two flat-lying seams.
The lower seam has been mined since 1962 and the
upper seam since 1975. (The superimposed or two-
seam mining began in 1977 on an experimental basis.)
Production is supplied from four mining sectioms
utiliziny a seven-entry advancing and an eight-
entry retreating system with a continuous cycle
involving roof bolting, top cutting, drilling,
blasting, and loading-hauling. A yearly mine pro-
duction rate of 2.7 million tons (2.45 x 106 tonnes)
is needed to meet refinery requirements.

In early 1976, management decided that a rock
mechanics program would be needed: (1) to assess
ihe feasibility of the proposed two-seam design,
{2) to monitor stabllity during test mining
and (3} to help develop the most efficient design
for two-seam mining. A test panel was estahlished
in the upper bed above the existing southeast

panel #3 which was mined in 1973 (Figure 1I).
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Opening dimensions and spacings were kept equal
to the lower panel with the exception of 25 ft.
spans in the lower panel areas. Pillars were
superimposed. Accordingly, pillar dimensions on
advance were set at 36 ft. by 40 fr. (llm by 12m)
and span dimensions at 22 fr. (6.7m). Retreat
piilars and spans were planned respectively at

37 £t. by 45 fr. (11.3m by 13.7m) and 22 ft. (6.7m).

GEQLOGICAL SETTING

Trona deposits in southwest Wyoming occur
in the Wilkins Peak Member of the Eocene Green River
Formation in 28 beds covering an area of 1400 square
miles {3630 kmz). Many of these beds are thin and

economically unattractive. Commercial beds



J.r. T, Agapito, Consuliant
Jods Bennett, Mine Geperal

Superintendent, Stauffer Chemical

Company of Wyoning

P, Huister, Mine tngineev, Stauffer Chemical Company of Wyoming

thick (2.&

The strata in the vicinity of the troma

presently being rined are 8 tfo 12 ft.
ro 3.7m).
horizons is formed essentially of shale marlstone
and 01l shale beds (Figure I¥I).

Witk Tk P Sirvasiat. ‘Srey, Wb Od Shele lwssss,
[} Sula-Muibiuner Sooy o Srma. Wil irrepiuly doprsed Sheriite sad Trowa messss.

[t
li.;?an“ TIORA: Brves, finely oryatolies, with lecsl crysialine redistng masest.
tatess Td
a. m- .”“.. no:’rm.:ll:.ﬁhndoﬂ Teeln al the dep.
t Light Gray fo Grosn, with Masrs Secasdery Trona benses.
.‘..
....' oin and Ol Shale Bhale aesurs Cight Sray M Sreeh wih iedelons
(A bends; Ol Shale sasurs Tea to Derk Drows, Low 1o Wodlm Grade
[Toft: White te Light 1 Maysrve, Herd
. Gy e » Emawhet Caiearsban.
ROHA: Bryws
"!-&” My ~mwh.“hmu’l_‘ﬂ*m

Mariesont! Ligh! Gray to Grean, with 8- 13 % Shertite

Shalse Light Tan fo Sewy, with OF Shels loaset.

LITHOLOGIC SEQUENCE

FIGURE TL

The overburden strata is composed of a series of
thick siltstone, sandstune and marlstone layers.
A primary feature associated with the rock

in the vicinity of the openings is cthe occurrence
of well defined plancs and steeply inclined natron
filled joints. Hatron is a hyvdrated sodium carbon-
ate which when exposed to air loses its consistency
and becomes powdery. Mapping these joints from
openings between the trona beds indicated the

presence of four joint set groups oriented N-5,
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E-W, WE~SW and NW-SE. Average spacings of bedding
planes and steeply inclined joints are 7 and 30 ft.
(2.1 and 9.1m) respectively. The dip of steeply
inelined joints is almost always vertical with a
dip below 70 degrees not observed. The bedding
plane joints are horizontal.

Natron filled discontinuities have had litrle
impact on mine stability because of their relatively
wide spacings and the presence of a strong lateral
stress field. However, during mining, particular
attention is paid to the formation of wedges and
blocks by these joints that may require support
reinforcement. Field instrumentation and struc-
tural analysis arc plamned to evaluate the effect

of joint stability in two~seam mining situations.

PUYSICAL ROCK PROPERTIES

Laboratory testiug of drill core was underraken
to establish relative strength parameters and elas-—
Lic properties of the trona seams and other beds
in the vieiunity of the openings. Tests were per-
formed at the USBM Denver Research Center inm 1977
as a vart of a Cooperative Agreement between
Stauffer Chemical Companvy of Wvoming and Lhe Bureau
of Mines., Table 1 presents a summary of elastic
properties, shear, and uniaxial rompressive
strength values,

Trona is generally stronger and stiffer than
the immediate shale and mudstone in the voof and
floor. Therefore, the pillars are the stronger
structural element with the present mining dimen-
sions and system. The properties of the trona and
marlstone beds above the lower trona seam appear

almost identical, but the lower floor marlstone is
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sipynificantly stronger than any other rock type.
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A simple finite element study was conducted to e e - -
wrovide insight on the stress levels that would be —)i/
dueveloped in the immediate vicinity of the open- LEGEND R TEJELERETEAHALYSS
. . > 1800 PSt mayRE TAS
ings by mining the upper seam after the lower eoTnee el
seam,  Results of the study were used to help 700~ 1100 PSH
assess stability in the test panels. The simu- 300~ 700 PSI
CPENING

Tation consisted of first mining the lower seam and

i ning ti 2T sen both with superimposed
then mining the upps il hd it Stresses around upper aud lower mine openings over-
and sk ed pillars. A plane strain mulci-
AL s ! a " lapped but did not increase gignifipancly. Similar
faye d t di s used. ’ .
'ver model under gravity loading was us results were obtained with staggered ptllars, The
abl iz el teri operties d
Table 2 summarizes the material prop es an stability analysis supported by practical Judgemont
i 1 in the model.
U VL CELL B LTS LD indicated that stable mining conditions should he
An elastic analysis was chosen because little
oeupected.
information was available on time-dependent behav-

ior. Previous convergence measurements and exper- TNSTRUMENTATION OF THE TEST PANELS

fence through the mine indicated that crecp was . i
Instrumentation was planned with the two ma jor
very small. It was recognized, however, that time . . .
Y 8 * ' abjectives: first, to monitor stability and cusure
sF{ects might be very important in lavouts involv-
¢ ¢ B & ; - safety of personnel and equipment, and second, Lo
ing higher extractions and pillar vielding mercheds. . ,
Gl P ’ . " obtain basic design information for future mine
Thus, f[ield measurements planned for the future will
’ designs invoelving higher extractions.
bo used to assess, among other thinps, time-
vt to as ’ & BSy Three types of measurements were conducted
dependent delormations,
! ! to determine stress levels and rock mass displace-
Figure IVA and Figure 1VB compare the vertical . .
e & F ments: (1) strpss-relief overcoring with the USBHI
siress distribution levels for lower seam and two- ., ., .
tynre pgaupe, (2) stress change determinations with
seam mining with superimposed piilars.
) . . s ' photoclastic and vibrating-wire gauges, and (3)

\ rock mass displacements with borehole extensometers,
uerER BEAY Instrumentation of the lower bed panel was completed
= E%; » ) ) three months prior to upper bed mining. Figure V
T ” = e shows the instrumentation plan. The upper bed is
e B §$} being instrumented as mining progresses with

LOWER SEAM

FIGURE I A
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borehole extensometers and roof to floor convergence

stations.
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Concurrent with this instrumentation plan, the

USBM initiated another program under a cooperative

agrecment with Stauffer Chemical Company of Wyoming.

However, their instrumentation and field results

are not discussed in this paper.

RESULTS FROM FIELD MEASUREMENTS AND OBSERVATIONS
STRESS DETERMINATIONS

Overcoring measurements in lower bed pillars

made before and after upper seam mining indicate the
average vertical pillar stresses to have increased
175 psi (1.2 MPa), from 1825 to 2000 psi (12.6 to
13.8 MPa). Figure VI A and Figure VI B show the
results of vertical and horizontal stress determina-

tions made to the center of a pillar.
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The increase in vertical stress seems to have

oceurred in an area 5 to 15 feet (1.5 to 4.6m)

8l
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from the opening. Both stress profiles were very Each cluster was composed of four extensometers 4, 8.
close to the calculated average vertical pillar 12, and 16 feet long (1.2; 2.4; 3.73 and 4.9m), The
stress of 1920 psi (13.2 MPa), based on the Tribu- lower anchor in each extensometer was installed

tary Area Theory, Horizontal stresses appear to immediately above the roof line,

have increased in an area 7 to 12 feet (2.1 to 3,7) Upper bed mining induced an immediate movement
from the opening even though pillar stresses in both that was registered mostly above the 8 fpet horizom,
profiles were almost identical, 950 pel (6.6 MPa). A slight upward movement occurred just prior to
Vertical and horizontal stresses are nearly equal in mining over the instruments, as shown in three out of

the center of the pillar, supporting stress field four extensometers in cluster 2 {Figure VII B),
determinations that indicate premining stresses for
practical purposes to be hydrostatic.

Stress change measurements support the above
general stress distriburion pattern. While gauges
installed to depths of 10 feet (3m) show stress
increases of up to 25 to 300 psi (1.7 to 2.1 MPa),

Do appreciable stress changes have been measured by

OEFOMBATION {X 107 MCHES)

COWNWARD MOVEMENT w-f-o-UPWARD MOVEMENT
<
H

the deeper stressmeters,

Unloaded pillar cores indicate that pillars

sEPT I oot 1 nov 1 " ext S4M 4, 1978
should be able to withstand addicional loading before TINE (baTE)
BOREHOLE EXTRMIMMETER CLUSYER B
appreciable yielding or failure would occur, Measurements in cluster 1 were made too far apart in
ROCK MASS DISPLACEMENTS time to register thils divergence. Most movement
Single-point borehole extensometer measurements occurred in the 12 ft. (3.7m) extensometer in both
were made at different depths both from the roof of clusters. Seo far total displacements are small,
the lower bed and the floor of the upper bed, with a maximum of 0.25 in. (0,6mm) approximately two
Figure VII A indicates the general movement pattern monthe after overlap mining. A stabilizarion trend
that occurred in the strata between the trona seams seems to have occurred in most extensometers soon
as measured in the lower bed extensometer clusters after the upper bed was mined, Measurements will
1 and 2 (Figure V). continue to assess time.dependent effects.
] :T_MN ¥ ranmg OVEE L LSTER The above measurements analyzed in terms of
wh k‘u-‘ﬂ:'n'lur.-.'v\-ﬁt s a._\ ) },\{'
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3.7m} horizons. At the 16 ft. {(4.9m) horizon, or
approximately halfway bet'reen the twe trona seams,
downward movement is smaller, and an upward re-
bound seems to have occurred one month after
overlap mining in cluster 1. IThis correlates with
behavior observed in the upper bed floor cxtenso-
meters. To summarize, upper seam mining causes a
dovmward wave of movement that is gradually trans-
mitted to the Jower senm. fter this movemant, an
upward adjustment seems to be taking place midway

between the two scams.

VISUAL OBSERVATIONS

Regular inspections of upper and lower panels
have indicated sound structural copditions. Upper
bed blasting, however, induces spalling of loose
ronf slabs and pillar corners in the lower bed panel.
Spalling occurs in an area approximately 200 fc.
(6lm) ahead of the upper bed mining face, Damage
has been minor but safety consideratons have pre-
cluded personnel entering the lower panel while
mining the upper sceam. This means that concurront
upper and lower seam conventional mining should be
conducted with the upper mining face at least 300 fr.

{91m) from the lower mining front.

FUTURE PLANS
Two-seam test mining is still in progress.

Westward mining advance has stopped, leaving the

(494) length.

mining has begun in a southeast block that will

test panel wvith a 1620 7, Retreat
ultimately increase the panci width from 420 to
F020 fe. (182 to 311m). Instrument measurements will

continue to assess stability and time effcce.

&3

Field data will be used in a comparable manner
to help develop safe designs with high extractions.
Following the present program, a simpler mine-wide
program based mostly on extensometer measurements
is planned to characterize the stress—time and
deformation-time patterns developed around mine
openings. Measurements will be made in layouts with
pregressively higher extractioms, ultimately to evalu-
ate in-situ pillar, floor and roof strengths. Compu-
ter stability analyses based on the finite element and
displacement discontinuity methods will be performed
to help assess stability and safety at higher extrac-

tion.

This study was conducted to help establish the
feasibility of safe two-seam mining. At che sana
time, it was used to develop in-house geotechnical
capabilities and establish rock mechanics as a prac-
tical tool in the dav to day operations of the mine.

A two-prong approach has been used in applying
rock mechanics to the mine design; first, development
and implementation of simple field measurements to
be used in a comparative manner between different test
mining layouts, and second, the use of established
compurer structural analysis techniques bhased as much
as possible on field data, to forecast stability prior
to mining and help assess the feasibility of alternate

designs.
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ROCK _PROPERTIES OBTAINED FROM LABORATORY TESTING

TABLE 1

UHIAXIAL SLE OF

COMPRESSIVE IiTERNAL

STRENWGTH ELASTEC MODULUS POISSON'S FRICTION COHESTON
ROCK TY?Pi (PSI) (MPa) (x 10°PSI) _ (MPa) RATIO @ ¢ (PSI) (HPa)
Shale~ -3

Mudstone 3779 25.9 0.43 2,95 x 10 0.20 33 610 4.2
0il Shale 4325 29.7 0.41 2.81 x 10-3 0.16 2% 1556 10.7
Shale 4537 31.1 0.44 3.02 x 100 0.22
Marlstone1 6322 44,7 1.22 8.37 x 10-3 0.21 43 2283 15.7
Marlstone’ 13205 90.6 2.79 1.91 x 1072 0.16 57 1823 12.5
Trona 6435 44.1 2.62 1.80 x 10_2 0.20 43 1449 9.9
lAbove lower trona seam
Below lower trona seam
TABLE 2
MATERTAL PROPERTIES OF MULTI-LAYER MODEL
ELASTEC MODULUS POISSON'S
STRATA (x 10" PSI) (MPa) __RATIO
Overburden 1.00 6.86 x 1072 9.2
Trona 3.00 2.06 % 10" 0.2
Interval Between Trona Seams 1.00 6.86 x 10’ 0.2
.Y

Floor Below Lower Trona Scan 3.00 2.06 x 19 7 0.2
below Lower Floor 1.00 G.56 % l(J.3 0.2





