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U.S. Bureau of Mines researchers and personnel from the Cannon Mine, Wenatchee, WA, USA, 
installed rock and backfill instruments in the B-Neath orebody to monitor load transfer during 
primary and secondary mining operations. Conventional rock-mechanics instruments were used in 
rock pillars and the mine roof, while backfill extensometers were fabricated by the Bureau for use 
in the cemented primary stopes. Stressmeters and borehole pressure cells placed in secondary rock 
pillars indicated that stress changes during primary mining in one secondary pillar were 
approximately seven times the overburden stress. The load-carrying capacity of this pillar was lost 
before most of the primary stopes had been filled, causing stresses to arch to the abutments. This 
was verified by very small stress changes in the readings of the backfill instruments. 

Two-dimensional, finite-element analyses of the B-Neath orebody predicted failure zones at the 
same locations as those identified by the rock instruments, but the linear correlation between the 
relative displacements in the rock and the relative displacements predicted by the numeric model 
was only 0,24. The model predicted gravity stresses in the backfill, but the statistical correlation 
was small for the measured and predicted displacements. 

This work will further the Bureau's goal of maximizing resource recovery by validating backfill 
design, evaluating mine stability through the use of numeric techniques, and improving the design 
of backfill instruments. 

Introduction 
This study was performed to address the design of 
cemented backfill for shallow orebodies. The use of 
cemented backfill in mines in the USA is increasing, and it 
is important that the effectiveness of backfill from both a 
scientific and an observational viewpoint should be 
assessed so that improvements can be made in the 
designing of future backfills. Specific objectives of this 
study were to monitor the stress redistribution to cemented 
backfill and rock pillars during mining, and to evaluate the 
finite-element method as a tool for the prediction of stress 
concentrations. Instruments were installed in cemented 
backfill and rock pillars to record stress and displacement 
changes as mining progressed. 

Fill performance of the B-North orebody, adjacent to the 
B-Neath, has been analysed by Brechtel et af.1 and Tesarik 
et af.2, and the stability of the B-Neath orebody has been 
evaluated by Brechtel et al.3. This additional work in the 
B-Neath orebody was performed to refine the design of 
backfill instruments and installation procedures, improve 
modelling methods, and implement a more thorough 
instrumentation programme. 

Overview of the B-Neath Orebody 
The Cannon Mine, located in central Washington, USA, is 
a joint venture between the operator, Asamera Minerals, 
Calgary, AT, and Breakwater Resources, Vancouver, BC. 
A cooperative study between the U.S. Bureau of Mines and 
Asamera Minerals has focused on the B-Neath orebody 
(Figure 1), which is a narrow, downward extension of the 

B-North orebody. Maximum dimensions are 128 m in 
thickness, 152 m in length, and 61 m in width. Economic 
reserves extend from 21 to 192 m above sea level. The 
northern end of the B-Neath is separated from the B-North 
and X-stope areas by a shear zone of rock of very poor 
quality having a thickness of up to 3 m. Both the eastern 
and western boundaries of the B-Neath have vertical shears 
up to 30 m thick. The hangingwall consists of weak, 
interbedded sandstones and sheared claystone3. Shotcrete, 
described by Baz-Dresch4, and resin bolts are used to 
support these very weak shear zones surrounding the ore. 
The mine's portal, decline, shaft, and main access drifts are 
developed in competent rhyodacite porphyry with access to 
the B-Neath from the east. 

Stope Layout and Mining Method 
The mining method used is overhand bench-and-fill. Stopes 
are laid out with an east-west orientation to minimize the 
effects of the north-south-striking shears. Above the 200 
level, levels were driven every 24 m. When additional 
exploration drilling verified that mining between levels 70 
and 200 was economically feasible, levels 70, 110, and 150 
were established. The stope widths were initially 9 m, but 
were reduced to 8 m when poor ground conditions were 
encountered. Stopes are excavated by the driving of an 
upper and a lower sill cut 4,6 m high spanning the width of 
the stope. After these sill cuts are driven the length of the 
stope, a drop raise and a slot are excavated at the end of the 
stope to connect the two levels. The resulting stope block is 
then benched towards the access drift on the upper level 
while blasted ore is removed on the lower level (Figure 2). 
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Figure 1. B-Reef ore zone: A, Plan view; B, Cross-section looking southwest (courtesy of Cannon Mine) 
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Load-haul-dump (LHD) units load the blasted ore onto 
24 Mt diesel trucks, which haul the ore to the main ore pass 
on the 550 or 600 levels. 

Cemented fill is dumped into the open stope from the 
upper heading after the stope block has been benched. 
When ground conditions are good, the stope is filled 
completely but, in cases where shears increase the risk of 
localized pillar failure, the pillar is benched and filled in 
several steps along its longitudinal axis. The backfilled 
level then serves as the mucking level for the next vertical 
stope interval. The sequence is repeated until the top of the 
ore block is reached. Cemented fill is then pushed tightly to 
the hangingwall by use of a 1,2 m2 plate mounted on a 
beam of an LHD. 

After the mining and backfilling of the primary stopes, 
secondary pillars are extracted in a similar way and are 
filled with waste rock. However, cemented fill has been 
dumped into the stopes between the 200 and 280 levels to 
construct a competent back for subsequent mining between 
levels 150 and 200 (Figure 3). 

Placement of Instruments 
Cemented backfill pillars X80, X86, X92, X97, and X04 
were instrumented with embedment strain gauges, earth 
pressure cells, and horizontal and vertical extensometers. 
These instruments were placed on several levels in the 
centre of the north-south cross-section of the orebody in 
anticipation of load transfer during the secondary pillar 
extraction, as shown in Figure 3. When the mining 
schedule permitted, a cluster of all four types of backfill 
instruments was installed. This technique ensured that some 
data would be collected at each station and would provide 
duplicate information when all the instruments functioned. 
The backs in primary pillars X80 280 (280 refers to 
elevation in feet above sea level and also denotes the mine 
level) and X86 280 were monitored with borehole 
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Figure 2. Schematic diagram showing the mining method 

extensometers angled from adjacent secondary pillars X83 
and X89, respectively. Secondary rock pillars were 
instrumented with uniaxial stressmeters, borehole pressure 
cells, and horizontal and vertical borehole extensometers 
(Figure 4). 

Placement of the instruments in the backfill and 
secondary pillars was designed so that the redistribution 
of stresses during mining could be tracked. For example, a 
stress increase in the readings of the backfill instruments 
would be expected when a stress decrease was indicated 
by the rock instruments. Also, vertical borehole 
extensometers were placed in the rock above the top sill 
cut of stopes X80 and X86 to work in conjunction with 
earth pressure cells placed beneath them in cemented 
backfill. Compressive stress recorded by an earth pressure 
cell combined with a decrease in strain rate recorded by 
an extensometer could indicate when the backfill started 
to load. 

All the transducers in the instruments were vibrating wire, 
except for the vertical borehole extensometer in X89 400, 
which was based on resistance. The use of vibrating-wire 
technology proved useful in that cables cut by blasts or 
machinery were quickly repaired with splice connectors 
without the necessity of recalibrating the transducer. 

Design of the Instruments 
Custom-designed horizontal extensometers were used in 
the B-Neath orebody to measure lateral dilation and 
contraction in the cemented backfill. The measurement rod 
was constructed of steel pipe with a bearing plate at one 
end. The bearing plate was placed approximately 1 m from 
the rib, and the other end was supported at a slip joint in a 
steel box in the centre of the stope. Both the northern and 
southern halves of the stope had measurement rods. 
Compression fittings were used to secure the transducer 
heads to the steel box, and the threaded ends of the 
transducers were screwed into plugs in the steel pipes. 

Vertical extensometers were installed in BX-sized 
diamond-drill holes in the cemented backfill from the upper 
sill cut. Polyvinyl chloride (PVC) pipe was inserted inside 
the drill steel to keep the hole open after the steel had been 
removed. Steel rebar welded to steel rod of 1,6 cm diameter 
served as the downhole anchor. Sections of steel rod 
approximately 1,5 m long coupled together to form the 
extensometer rod were inserted in the PVC pipe and 
lowered down the hole. A mixture of cement and water was 
poured into the hole to secure the rebar anchor, and the 
PVC pipe was removed. Dry sand was then poured down 
the hole to prevent pieces of backfill from spalling and 
wedging between the steel rod and the backfill wall. The 
head assembly, which consisted of the displacement 
transducer and bearing plate, was placed over the steel rod, 
and the transducer was screwed into the rod. Finally, the 
protective head was bolted onto the bearing plate. 

The backfill instrum.ents were installed approximately 
1,5 m below the final grade of the stope backfill to ensure 
proper cable protection. The cables were strung from the 
instruments to the upper stope access drift, and both the 
cables and the instruments were then covered with 
cemented backfill. Because the top of the cemented 
backfill in this stope served as the mucking level for the 
next lift in the stope column, the signal cables were not 
recovered until mucking and backfilling had been 
completed on the next lift. 

BACKFILL AND PILLAR PERFORMANCE AT CANNON MINE 57 



225 
X X X X 
75 78 80 83 

X XXXXXXXXX XXX 
86 89 92 94 97 99 02 04 06 08 11 13 16 

200 

175 

150 

E_ 125 
z 
0 

~ 
> w 100 ...J w 

75 

50 

0 

xxxxxxx xx 
68 70 73 75 78 80 83 85 88 

• • -
D 
Ill 

X 
68 

700 

600 

500 

400 4= 

z 
0 

~ 
> w 
...J 

300 W 

KEY 
Strain gauge 
Pressure cell 
Extensometer 

Secondary pillar 200 

Cemented backfill 

Pillar number 

100 

0 

Figure 3. Placement of the backfill instruments 

Rock Instrumentation Results 
The horizontal extensometers and uniaxial stressmeters 
located in the secondary pillars indicated that there were 
areas of localized failure or slabbing in these pillars. The 
decreases in stresses recorded by four uniaxial 
stressmeters in X83 280 ranged from 0,27 to 4,9 MPa in a 
7-day period after the X80 200 and X86 200 headings had 
been completed and excavation of the X80 bench from the 
200 to 280 level was in progress. Although the range in 
stress change among these instruments was large, the 
direction of change indicated that there was a failure zone at 
this location. Similarly, one of the stressmeters located at 

58 

X83 360 recorded a change in stress of approximately 
17,5 MPa between days 365 and 384, as well as a 
tensional relative displacement of 4,8 mm in a horizontal 
extensometer after the X80 360 bench and the X86 360 
heading had been completed (Figures 5 and 6). The stress 
associated with this displacement was approximately 
15 MPa when the laboratory modulus of deformation was 
used. This value exceeded the estimated strength of the 
silicified sandstone in tension, and suggested that the rock 
had failed in tension. Days 365 and 384 refer to the 
number of days after 25th May, 1988, the starting date for 
all the plots. 
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Figure 4. Placement of the rock instruments 

The changes in compressive stress measured during 
primary mining by the wedge-style uniaxial stressmeters and 
borehole pressure cells showed that more load was transferred 
to secondary rock pillar X99 than to the other secondary 
pillars. The average stress change in X99 was -22,7 MPa; the 
next highest average stress change was -2,6 MPa in X83. 
The plot of stress changes recorded by one of the 
stressmeters in X99 is shown in Figure 7. If all the 
secondary pillars had carried overburden load, the expected 
stress change at the 440 level would have been 
approximately -3, 7 MPa. The small values and stress 
decreases recorded by the stressmeters indicated that 
localized failures had occurred in the secondary pillars. 

The vertical extensometers placed in the roof of the 
access drift aligned with pillars X80, X86, and X92 at the 
480 level indicated that the mine back remained stable at 
this level, with maximum microstrains of 56, 450, and 200, 
respectively. The extensometer next to X86 responded to 
the mining of the X80 480 heading with changes in 
microstrain of 237 and 137 for the short and long anchors, 
respectively. The changes in the other two instruments did 
not appear to correspond to specific mining events. 

The borehole extensometers installed in X83 360 and 
X89 360 were useful for monitoring the safety of the back 
at the 280 level in adjacent pillars. Although the strain in 
X86 possibly exceeded the elastic range of the rock, the flat 
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slope of the 18,6 m gauge indicated that the back remained 
competent (Figure 8). The 19,2 m gauge did not function 
after day 309. 

Backfill Instrumentation Results 
The maximum compressive measurements from the earth 
pressure cells were compared with the measurements from 
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the vertical backfill extensometers and embedment strain 
gauges by the use of Hooke's law for uniaxial loading in 
the vertical direction. A value of 689,4 MPa was used as the 
modulus of the backfill. This value is based on stress-strain 
relations produced from instruments located in cemented 
backfill in the B-North orebody. So that the measured 
values could be compared with stresses caused only by the 
weight of backfill over the instrument, stresses were also 
calculated with 2114,4 kg/m3 as the unit weight of the 
backfill. As shown in Table I, the measured compressive 
stresses were less in most cases than those that were 
calculated, indicating that the cemented-backfill pillars did 

Table I 
Maximum compressive stresses in cemented backfill 

Stope level Instrument* 

X80110 VFX 
ESG 
EPC 

X80280 EPC 
X80500 VFX 

EPC 
X83 280 to X83 200 VFX 
X83 280 to X80 200 VFX 
X83 280 to X86 220 VFX 
X86 200 EPC 
X86 360 VFX 

ESG 
EPC 

X86 440 VFX 
ESG 

X86500 VFX 
ESG 
EPC 

X92 360 VFX 
ESG 
EPC 

X92440 VFX 
ESG 
EPC 

X97 440 VFX 
ESG 
EPC 

X04 360 EPC 
X04 500 EPC 
X16 590 EPC 

VFX = Vertical fill extensometer 
ESG = Embedment strain gauge 
EPC = Earth pressure cell 

Maximum measured Calculated 
stress, MPa stress, MPa 

0,00 -2,50 
---0,28 -2,50 

0,00 -2,50 
---0,69 -1,42 
---0,69 ---0,13 
---0,69 ---0,13 

0,00 -1,42 
0,00 -1,42 
0,00 -1,42 
0,00 -2,37 

---0,28 -1,36 
---0,01 -1,36 
---0,34 -1,36 

0,00 ---0,85 
---0,03 ---0,85 
---0,17 ---0,13 
---0,21 ---0,13 

0,00 ---0,13 
-1,03 -1,58 
---0,33 -1,58 

0,00 -1,58 
---0,28 -1,07 
---0,41 -1,07 

0,00 -1,07 
---0,10 -1,07 
---0,24 -1,07 
---0,19 -1,07 
---0,17 -1,67 
---0,69 ---0, 79 
-1,38 ---0,66 
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not carry any redistributed stresses. A possible explanation 
for the consistently small stresses in the backfill is that, 
once the first backfill lift had cured, the additional weight 
applied by subsequent lifts could be carried in shear at the 
interface between the rock and the cured backfill. 

All three extensometers installed in the cemented backfill 
from X83 280 to measure displacements during the 
undercutting operations in the lower levels of the B-Neath 
registered from 154 to 211 microstrain in tension. These 
data reflect the mining of X80 from the 70 to the 150 levels. 
More displacement is expected as mining in this area 
proceeds. 

The horizontal extensometers recorded a compressive 
trend from 73 to 145 days after installation, followed by a 
relatively small change in strain rate that varied in 
direction depending on time and instrument location. This 
result was also observed in the B-North ore zone, but the 
reason is not known. 

Numeric Modelling 
The finite-element program used to model the north-south 
cross-section of the mine was UT AH25. An elastic, 
perfectly plastic model was used for all materials. The yield 
criterion used was the Drucker-Prager, where strength 
depends on all three principal stresses, and associated flow 
rules were applied in the determination of strains in the 
yielded elements. The ANSYS6 preprocessor was used to 
define the mine geometry and automatically mesh the 
cross-section, while the post-processor was used to analyse 
the failure zones graphically. 

The finite-element mesh included both the B-North and 
the B-Neath orebodies, with the top of the mesh representing 
the ground surface. The other mesh boundaries were 
approximately 360 m from the shear zone surrounding the 
orebodies. Because the stresses in the elements located at the 
mesh boundaries did not change when the excavations were 
modelled, this distance was sufficient to eliminate the 
effects of boundary conditions on the numeric results. The 
primary stopes in the B-Neath orebody were meshed with a 
column in which the elements were 0,30 m wide and 1,5 m 
high along the vertical interface with adjacent pillars. When 
cemented backfill was placed in the stope by the model, 
these elements were given a shear strength of zero to 
eliminate the effects of high-modulus rock on the backfill 
elements. If an interface element is not used, the modelled 
stresses in the backfill are erroneously lower than the 
stresses caused by the weight of the overlying material2. 

The remaining elements in the B-Neath orebody were 
approximately 1,5 m on each side, grading into larger 
elements as the distance from the orebody increased. The 
average width and height of the elements for the B-North 
orebody were approximately 6,4 m. Small elements were 
not necessary because the purpose in the modelling of the 
B-North orebody was to provide realistic pre-mining 
loading conditions for the B-Neath. 

The mining sequence modelled by UTAH2 was the same 
as the actual mining and filling of the B-Neath; however, 
the plane strain model could not account for activity along 
the longitudinal axes of the pillars. Excavation or filling in 
the model was based on the completion date of the activity 
in the mine. Because the stopes in the B-North were 
oriented north-south, the mining of this orebody was 
simulated in the model by mining and filling lifts of 15 m 
from the footwall to the hangingwall. Forty cuts and thirty 
filling steps were used to model the excavation and filling 

of the B-North, the primary pillars in the B-Neath above the 
200 level, the secondary pillars from the 200 to 360 levels 
in the B-Neath, and X80 from the 70 to the 110 levels. 
Additional mining was not modelled because neither the 
instruments nor the numeric results indicated significant 
loading of the backfill. 

Laboratory material properties used in the computer 
model are listed in Table II. The properties of the silicified 
sandstone, unsilicified sandstone, and cemented backfill 
were obtained from unpublished reports submitted to 
Asamera Minerals (U.S.), Inc., by J. F. T. Agapito and 
Associates, Inc. Because the reported values for mudstone7 
exceeded the laboratory values for unsilicified sandstone 
and field observations indicated that the sheared mudstone 
was very weak, the mudstone's material properties were set 
to one-half those of the unsilicified sandstone. Both the 
andesite and the rhyodacite intrusions were given the 
material properties of basalts. The properties of the 
uncemented fill and overburden were obtained from one­
dimensional compression tests on mine backfills9 and 
textbook values for soils lo, respectively. Pre-mining 
stresses were initialized with 2306 kg!m3 as the unit weight 
of the material to be consistent with the overcoring results3. 
The cemented and uncemented backfill had unit weights of 
2402 kg!m3 and 2114 kg/m3, respectively. 

Table II 
Laboratory properties used in the numeric analysis 

Material 
Property*, MPa 

E 

Silicified sandstone 12 960 
Unsilicified sandstone 11 722 
Andesite/rhyodacite 59 388 
Mudstone 5 861 
Cemented fill 3 792 
Uncemented fill 159 
Overburden 19 

* E = Modulus of deformation 
C = Unconfined compressive strength 
I = Tensile strength 

t v = Poisson's ratio 

C 

45,6 
25,4 

251,6 
12,7 
8,3 
4,1 
0,7 

I 

4,6 
2,5 

25,2 
1,3 
2,1 
1,0 
0,03 

vt 

0,25 
0,25 
0,31 
0,25 
0,30 
0,30 
0,30 

Figure 9 shows the measured versus the predicted relative 
displacements for the borehole extensometers placed in 
rock. The linear correlation coefficient for these 81 pairs is 
0,24. The eight largest measured positive displacements can 
be considered to be outliers because they were recorded by 
instruments located in plastic zones identified by the finite­
element code, and because the magnitude of the measured 
displacements was much greater than the magnitude of the 
predicted displacements. Without these eight points, the 
correlation coefficient becomes 0,58, with the measured 
relative displacements approximately three times the value 
of the predicted displacements. Possible reasons for this 
low correlation are that the two-dimensional cross-section 
did not adequately represent the three-dimensional orebody; 
that the stress redistribution was dependent on complex 
geology that was not modelled; and that the mining activity 
in the B-West, not accounted for in the model, caused 
stress changes in the B-Neath. 

Plastic zones predicted by UTAH2 when the reduced 
values of material property were used are shown in Figure 
10. The reduced values (Table III) account for 
discontinuities in the rockmass and weaker cemented 
backfill that result from separation of the aggregate during 
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placement. The reduced compressive strength of the 
silicified sandstone was calculated by use of an equation 
proposed by Hardy and Agapito: 

ac = CTL X (Vr)Vp)a X (Sp/SL)~, 

where L and F = laboratory and field, respectively 
a= strength 
V = volume 
S = width-to-height ratio 
a = volume reduction factor (0,10) 
j3 = shape effect factor (0,80). 

The value for a is based on rock-quality designation 
values from the B-North orebody. The modulus of 
deformation for the silicified sandstone was reduced to the 
estimated value for the B-North orebody on the basis of 
the slope of the line formed by the plotting of measured 
versus predicted displacementsz. The material properties 
for the unsilicified sandstone were reduced in the same 
manner. Because the field modulus values for mudstone 
reported by Heuzell exceeded the values for reduced 
unsilicified sandstone, the reduced property values for 
mudstone were chosen to be the same as the reduced 
property values for unsilicified sandstone. A lower 
modulus was calculated for the cemented backfill from 
readings of backfill instruments in the B-North orebody, 
and the uniaxial compressive strength was obtained from 
large-scale laboratory testsz. 

The plastic zones shown in Figure 10 are the result of 
the computer r~n that modelled mining up to day 644, 
when all the sill cuts in the primary pillars had been 
completed, X80 had been entirely backfilled, and X86 had 
been backfilled to the 400 level. From a previous stability 
evaluation of X83 it was concluded that it failed at the 280 
level and that the lower part of the pillar remained elastic3. 
This analysis was substantiated by the finite-element 
results, as shown in Figure 10, although part of the lower 
section of the pillar was predicted to be plastic also. In 
addition, the finite-element code predicted a plastic zone 
between the 280 and 360 levels in X92. Although no 
instruments had been installed in this pillar to substantiate 
failure, the north rib caved when benched, indicating that 
it may have been weakened by the presence of shear 
zones. 
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Table III 
Reduced properties used in the numeric analysis 

Material 
Property*, MPa 

E 

Silicified sandstone 6 894 
Unsilicified sandstone 4688 
Andesite/rhyodacite 59 388 
Mudstone 4 688 
Cemented fill 794 
Uncemented fill 159 
Overburden 19 

* E = Modulus of deformation 
C = Unconfined compressive strength 
I = Tensile strength 

t v = Poisson's ratio 

C 

8,3 
4,8 

251,6 
4,8 
4,1 
4,1 
0,7 

vt 
I 

1,00 0,25 
0,50 0,25 

25,20 0,31 
0,50 0,25 
0,80 

I 

0,30 
0,80 0,30 
O,Q3 0,30 

The numeric model did not predict stress redistribution 
to the cemented backfill pillars and was consistent with 
the readings of the backfill instruments. The stresses in the 
cemented backfill were equal to those generated by the 
weight of the material, indicating that the shear element at 
the.interface between the rock and the cemented backfill 
performed realistically. 

Conclusions 
Readings from instruments installed in secondary rock 
pillars in the B-Neath orebody at the Cannon Mine 
suggested that secondary pillar X99 carried more stress 
during primary mining than the other secondary pillars. 
Local failure or slabbing in some secondary pillars was 
identified by these instruments and was consistent with 
plastic zones predicted by a finite-element model. The 
instruments in the cemented backfill pillars did not record 
additional stresses when pillar X99 lost its load-bearing 
capacity, indicating that the abutments carried the 
additional load. 

The relative displacements predicted by a finite-element 
model of the B-Reef complex (Figure 1) had a correlation 
coefficient of 0,24 when paired with relative 
displacements measured in the rock pillars of the B-Neath 
orebody. This value was increased to 0,58 when eight 
apparent outlier data pairs were not used in the 
calculation. For the latter case, the measured relative 
displacements were approximately three times greater 
than the predicted values. The predicted and measured 
relative displacements for the cemented backfill had a low 
correlation coefficient. 

General trends in load redistribution were identified by 
the use of a large number of instruments throughout the 
orebody and the grouping of different kinds of instruments 
at one location. This also helped to differentiate between 
apparent data anomalies and general mine behaviour. The 
identification of such trends can be important because 
mine operators can then take remedial measures, such as 
pillar destressing, to lower the stresses to safe levels. 

Along with the identification of the general trends in 
stress redistribution, the instruments successfully 
monitored the mine safety. The borehole extensometers 
recorded displacements in the roof of haulage ways and 
stope sill cuts, while the stressmeters identified stress 
increases in pillar X99 and stress decreases in the 
remaining secondary pillars. Instruments in the pillars 
with cemented backfill confirmed that these pillars were 
not receiving additional load during secondary mining. 
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Figure 10. Plastic zones predicted by the finite-element model up to day 644 
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