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Summary

At the Pyhdsalmi Mine, problems associated with high horizontal stress
were previously alleviated by excavating a parallel, narrow ore body
in the vicinity of the main ore deposit. Destress blasting has later
been considered as a potential technique to replace the forementioned
method, not any longer feasible under the prevailing circumstances.

Blasting experiments have been carried out at unmined stopes at depths
of 645 and 615 meters in order to evaluate the performed blasting
rounds in terms of destressing.

In the experiments, single rows of bore holes were fired to fracture
the ore enclosing the blasted bore holes such that a destressed
"inclusion" would be produced in the remaining stiff ore body.

10-12 m Tong bore holes having diameters of 89 and 64 mm were drilled
to form the rows. Two similar, Pentrit-based explosives with high
detonation velocities, as a pumpable slurry and as cartridges, were
used in the experiments.

Of the three experiments carried out, the second one, Test 2, was the
most comprehensive, incorporating rock mechanical field and laboratory
measurements as well as bore hole endoscopy. Installed instruments
included extensometers, vibrating wire gauges and load bolts.



The investigations provided useful information on limiting blast
parameters and on the nature and the extent of the blast-induced
damage. Because of the malfunction of some of the installed
instruments, indications of the resulting destressing at scale of the
experiments could not be proven. Resorting only to the results from
the laboratory tests, however, the likelihood that destressing was
achieved is judged to be quite high.

Sammanfattning

I Pyhdsalmi-gruvan har man problem med hdga horisontella bergspdn-
ningar. Tidigare forsokte man underldtta brytningen av huvudmalmen
genom att forst bryta ut parallelimalmen. Denna teknik ar inte alltid
mojlig, varfor man istdllet bérjat intressera sig for avlastnings-
sprangning.

Olika forsok med avlastningssprdngning dir SveDeFo deltagit har under
1990 utforts i gruvan. Forsdken har koncentrerats kring nivaerna 615
och 645 m avvdgning.

Syftet med forsoksuppldggningen var att dstadkomma en uppkrossad zon
runt borrhdlen. Férsoken omfattade ett antal borrhal med ladngder pa
10-12 m. Borrhdlsdiametern varierade mellan 64 mm och 89 mm. Som
sprangdmne valdes en Pentyl-baserad slurry av militar typ med mycket
hég detonationshastighet. Bade pumpbart och patronerat spriangdmne
anvandes.

Av de tre forsdken var prov nr 2 det mest omfattande. Detta innehdll
bergmekaniska falt- och laboratoriemdtningar bl a med extensiometrar
och Irad-givare samt borrhdlskartering med borrhdlskikare.

Forsdken har bl a visat pa lamplig sprangteknik samt givit vdrdefull
information om utstréackningen pa krosszonen kring halen. Pa grund av
problem med den bergmekaniska matutrustningen har det varit svart att
visa hur stor avlastning man i sjdlva verket fatt. Laboratorie-
undersdkningarna stdder emellertid avlastningsteorin.
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1 INTRODUCTION

Mining operations at the Pyhdsalmi Mine have, since some years ago,
been associated with problems resulting from high stress, Lovén et al
/1/, Lappalainen and Antikainen /2/. The ore body is very stiff and is
surrounded by weak schistose formation. The complex is exposed to high
horizontal stress; rock bursts and excessive instabilities have been
common and appear to become more significant with the deepening of
excavations.

For some years, the problems mentioned have been alleviated by mining
a parallel, narrow ore body in the neighbourhood of the main ore body.
Parallel excavations in the main ore body as well as in the narrow ore
body have been carried out in such a sequence that a stress shadow has
always been provided for the main ore body, i.e. a mined-out open room
in the narrow ore body, formed prior to the excavations in the main
ore body has caused destressing within and in the immediate
surroundings of the main ore body.

With the deepening of the mining excavations, and the fact that the
side, narrow ore body becomes even thinner at greater depths, the
mining of the narrow ore body does not appear to be economically
feasible any longer and has therefore been abandoned.

The mine has been considering destress blasting as a substitute for

parallel mining since a couple of years ago and has started to carry
out investigations in order to find out about the possibility of in-
corporating destress blasting into mining operations.

The work outlined in this report was a part of a national project in
Finland entitled "Improving Vein Mining Methods" during 1988-1990. The
collaborating partners for the whole project were Helsinki University
of Technology/Laboratory of Rock Engineering, Outokumpu OY,

OY Tampella AB Tamrock. The project was mainly financed by the Finnish
Ministry of Trade and Industry, and by the Pyhdsalmi Mine.

During the current three-year SveDeFo Research Program and during the
final year of the previous SveDeFo Research Program, SveDeFo
participated in the destress blasting research work at Pyhdsalmi.



2 GEOLOGY

Figure 1 shows a plan section and cross sections of the ore body and

its surroundings. The complex belongs to the Rutanen schist belt. The
IZn-Cu-S deposit occurs in a volcanite zone. The schist zone is cut by
the younger granites in the south and west regions and partly also in
the north.

The ore body is complex in shape and is surrounded by a large
alteration zone. The contact between unaltered volcanics and altered
rock can be sharp or gradual.

Adjacent to the ore there are sericite quartzites typified by pyrite
mineralizations.

Near the footwall contact and partly inside the ore there is a 3 to

15 m thick talc chlorite rock zone. This zone is 100 - 200 m long and
200 - 300 m high. A full account of the geology is given by Ekberg and
Madki /3/.

3 MINING

The Tayout of the mine is shown in Fig. 2. There are two shafts and a
ramp. The main shaft, 500 m deep is for ore hoisting and trans-
portation of workers. The auxiliary shaft is used for ventilation.
There is also a blind shaft between the +400 to +730 m levels for ore
hoisting. The crushing stations are on levels +400 and +660 m.

The ore was mined by surface mining down to a depth of 125 m. Sub-
level caving was then employed down to a level of about 250 m. At the
present sub-level stoping and bench cut and fill are the main mining
methods.

Sub-level stoping is applied transversally and longitudinally. Sub-
levels are spaced at 30-40 m intervals. The stopes are relatively
small, 20-100 ktons, in order to minimize wall rock caving in the
stopes.
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pumped into the bore holes. Nonel GT/T detonators were used at both
ends of a charge column to ignite it.

4.3 Core Drilling and Instrumentation

In order to be able to study the fracture zone produced by blasting,
two pairs of vertical bore holes were diamond drilled as shown in
Fig. 5.

The intention with the drilling of these bore holes was to inspect the
condition of the ore body before and after blasting in two locations,
in the plane of 89 mm bore holes and one meter away from this plane.
This would hopefully delineate the damaged zone. Also, the first and
the last of the 89 mm bore holes remained uncharged for further in-
spections.

To measure possible changes in stress, one vibrating wire stress meter
and four load bolts were installed in the test area. The vibrating
wire stress meter could measure stress changes perpendicular to the
plane of bore holes. The position of the stress meter, vw-1, is shown
in Fig. 5 as well as in Fig. 9. The positions of the load bolts in-
dicated as P-1, P-2, P-3 and P-4 are shown in Fig. 9.

4.4 RQD and Laboratory Measurements

RQD index values were determined on the cores recovered from the two
pairs of diamond drilled bore holes. Also, uniaxial compressive
strength tests were carried out on samples selected from the cores in
order to determine the uniaxial compressive strength and the modulus
of elasticity of the ore. Comparison of the pre- and post blast para-
meters obtained gave indications of the severity of the blast and the
extent of blast damage.

4.5 Observations and Results

Visual inspection of the bore holes, when the drilling was complete,
did not reveal any significant break-outs. This may indicate that the
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area is exposed to lower stress in comparison to the areas where
drilling of production bore holes generally causes intensive break-
outs in the bore holes. Yet, because the state of stress is not known
in the vicinity of the test area, conclusions as such are considered
tentative.

The blast resulted in craters at both ends of the bore holes, in the
floor and roof of sub-levels above and below stope R21. The depth of
the craters could reach about one meter.

The two 89 mm inspection bore holes were deformed inwardly whereas the
blasted bore holes had enlarged diameter. A caliper was used to
measure the change of diameter along the complete lengths of the bore
holes. This indicated an increase in the diameter of the blasted bore
holes, reaching about twice the original size at some locations.
Inward deformations, closing up to about 50 % of the two 89 mm
inspection bore holes in the direction of the line of the bore holes,
were also recorded.

Table 1 shows results of the uniaxial experiments. As it was expected,
the reduction of the modulus of elasticity and uniaxial compressive
strength for the samples taken from the pair of bore holes on and
close to the line of 89 mm bore holes are remarkably high. For the
samples taken about one meter away from the line of bore holes, the
reduction in the parameters mentioned are also significant.

RQD index values are shown as bar charts in Fig. 6. As can be seen,
the index is reduced drastically for the cores recovered from the bore
holes on and in the vicinity of the plane of bore holes.

RQD values for the cores taken one meter away from the line of bore
holes in general do not show much change when before and after blast
values are compared. A significant reduction in RQD values, however,
may be noticed at the first and the last 2 meters of the cores. This
suggests that the resulting blast damage was enhanced close to a free
surface, not only on the plane of bore holes but also further away
from the plane.

The vw-cell 1 recorded a decrease in stress of 11 Mpa, perpendicular
to the Tine of bore holes.



14

Table 1. Uniaxial compressive strength and the modulus of elasticity obtained

BEFORE BLASTING AFTER BLASTING THE CHANGE
HOLE NO. 1196 HOLE NO. 1197
UNIAXTIAL UNIAXIAL UNIAXIAL
MODULUS COMPRES~-| MODULUS COMPRES- MODULUS COMPRES-
OF ELAS- SIVE OF ELAS- SIVE OF ELAS- SIVE
DEPTH|TICITY STRENGTH| TICITY STRENGTH TICITY STRENGTH
(m)| (GPa) (MPa)| (GPa) (MPa) (GPa) (MPa)
0
1
2 126,3 61,2 5,9 9,4 -120,4 -51,9
3
4
5 132,8 43,3 73,0 15,4 -59,8 -27,9
6
7
8
9
10
Fig. a) On Tline.
0
1
2
4
5
5 115,6 67,5 29,9 -37,6
7
8
9
10
Fig. b) 1 meter away from the line.

from uniaxial compressive test on core samples obtained before and
after blasting;

a) On the plane of bore holes.
b) On a plane, 1 meter away from the plane of bore holes.
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Three of the load bolts recorded a significant increase in compressive
stress in the direction along the bolt. The fourth load bolt, however,
did not record any change.

More details about vw-cell and load bolt measurements are given in
Kankkunen /4/.

5 TEST 2

The intention with the second test was to affect a larger volume of
the ore by blasting, through increasing the number of bore holes. By
such an increase in scale of the test, a closer resemblance to a full
size (stope size) destress blasting round could be provided.

5.1 Test Site

The same test site as for Test 1 was chosen for Test 2, Fig. 3. The
plane of the bore holes did not coincide exactly with the plane of
bore holes for Test 1 and was at an angle to it. The first bore hole
of Test 2 was about 2 meters away from the last bore hole (inspection
bore hole) of Test 1.

5.2 Bore Hole Layout and Charge Configuration

A total number of 24 bore holes of 89 mm diameter were drilled along
the mid-Tine of the +645 m sub-level. The bore holes were drilled
vertically and had a spacing of 0.5 - 1 meter, Fig. 7, dividing them
into groups (0.5 meter spacing) with 1 meter of spacing between the
groups. The bore holes were all through-going, having lengths of 10.5
to 12 meters when they reached the roof of the +660 m sub-level.

Different arrangements (combination of charged and uncharged bore
holes) and charge configuration were used for different groups of bore
holes. The same explosive as in Test 1 was used but charging was done
manually, simply by pouring the slurry in the bore holes. Wooden props
hanging on ropes were lowered in the bore holes down to the desired
points to support the charge columns.
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In the first group of bore holes (bore hole Nos. 2, 3 & 4), two
adjacent bore holes were charged leaving the third bore hole uncharged
for inspection. 3.5 meters of the bore holes were charged, followed by
3.5 and 5 meters uncharged sections at the top and at the bottom of
the bore holes, Fig. 7. 60 kg of the explosive was used in the first
group.

In the second group (bore hole Nos. 5, 6 & 7), the charge con-
figuration was as in the first group and the difference was to leave
the middle bore hole uncharged. The explosive weight also remained un-
changed.

Six bore holes (bore hole Nos. 8, 9, 10, 11, 12 & 13 ) formed the
third group, of which 3 were charged. Each charged bore hole had two
equal lengths of 1.15 meter of charge, with a length of 1.2 meter
uncharged between the two charged lengths. The rest of a charged bore
hole was also uncharged, divided into two sections of 3.5 and 5 meter
at the top and the bottom of the bore hole. The arrangement was such
that every other bore hole was charged with the first bore hole in the
group being uncharged. Each charged length of bore holes needed 10 kg
explosive adding up to 60 kg of explosive for this group.

The next group of the bore holes consisted of 5 bore holes (bore hole
Nos. 14, 15, 16, 17 & 18). The first and the last bore holes in the
group were uncharged. Of the three charged bore holes, the second and
the fourth bore holes had both exactly the same charge configuration
as described for the bore holes in the previous group. The middle bore
hole had only a length of 1.15 meter of charge and the rest of the
bore hole was uncharged. 50 kg of explosive divided into 5 portions of
10 kg was used for this group.

The last group of bore holes consisted of 5 bore holes. Uncharged bore
holes numbered 21 and 23 were intermediate to the 3 charged bore
holes. Each charged bore hole had a length of 3 meters charged and two
lengths of 3.5 and 4 meters uncharged at the top and the bottom of the
charged section. Each charged length contained 26 kg of explosive and
the total weight for the group was 78 kg.

Nonel GT detonators were used to ignite the charges. In bore holes 2
and 3 (Fig. 7), detonators numbered 3 and 4 (75 and 100 ms delays)
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were used respectively. Both bore holes 5 and 7 were ignited with
detonator number 6 (150 ms). For the segmented charges in the third
group of bore holes detonators numbered 9, 10 and 11 (225, 250 and 275
ms) were used. A1l charged segments of bore holes in group 4 went off
simultaneously using detonator number 14 (350 ms). Detonators numbered
16, 17 and 18 (400, 425 and 450 ms delays) ignited the charges placed
in bore holes 20, 22 and 24 respectively.

5.3 Core Drilling and Instrumentation

In order to study the extent of the blast-induced damage one diamond-
drilled hole was bored (bore hole No. 1200) at a low angle to the
plane of the 89 mm bore holes before blasting. The bore hole started
at +660 m AP2 drift. After blasting, 3 more diamond-drilled holes
(bore hole Nos. 1201, 1227 and 1228) were bored from the same drift,
parallel to the pre-blast bore hole, Fig. 8.

One vertical load bolt was installed in the roof of +645 m drift
(P-5). Another load bolt (P-6) was installed horizontally in the wall
of the same drift, Fig. 9.

Two vibrating wire gauges (vw-2, vw-3) were installed in the vertical
bore holes in the roof of +645 drift, right above the 1ine of the
destress bore holes. Three more gauges (vw-4, vw-5, vw-6) were
installed in the roof of the +660 meter AP2 drift, 25 meters away from
the line of the destress bore holes when measured horizontally. The
gauges were installed in the bore holes at a depth of about 6 meters.
Also, one more gauge (vw-7) was installed 3 m away from the blasted
line, midway between the +645 and +660 m levels. All of these gauges
were installed so that they could pick up stress changes perpendicular
to the plane of destress bore holes, Fig. 10.

Four extensometers were installed in bore holes drilled from the

+660 m AP2 drift, Fig. 10 (see also Fig. 8). These were 2-point
extensometers and the distance between anchoring points varied from 2
to 4 meters. Convergence measurements were taken at the +660 m AP2
drift.



Results from all installed instruments at the site are given by
Kankkunen /4/.

20
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5.4 RQD and Laboratory Measurements

Cores obtained from the core drilling before and after blasting were
used to determine RQD index for each meter of the cores. Also uniaxial
compressive strength tests were carried out on samples selected from
the cores in order to obtain the uniaxial compressive strength and the
modulus of elasticity of the ore. Comparison of the pre- and post
blast parameters obtained gave indications of the severity of the
blast and the extent of blast damage.

5.5 Blast Initiation Control

In order to study the quality of the experimental destress blasting,
the signals that emanated from the blasted bore holes were monitored.
The monitoring system used is described by Niklasson and Olsson /5/.

5.6 Bore Hole Endoscopy

In conjunction with Test 2 and Test 3, bore hole logging was carried
out with the aid of an endoscope. The purpose of the logging was to
examine the condition of the bore holes before and after destress
blasting.

The intention with the logging of the the bore holes before blasting
was to observe the condition of the bore hole walls; the damage caused
by drilling; stress-induced break-outs; pre-existing natural fractures
and weak zones in the ore body.

Logging of the bore holes after the blasting enabled us to examine the
nature and the extent of the damage, blast-induced fractures being the
most important part of the damage.

Identifying the damage caused by the destress blast in this way help
characterizing the damaged zone which in turn gives indications of the
efficiency of the blast.
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5.6.1 The Instrument

An extendable technoscope made by Richard Wolf GMBH was used for the
endoscopy. The instrument consists of a head section (exchangeable),
an eye-piece, extension tubes and a light-source.

Two head sections were available: 0 head section with a field of view
of 90, 15 mm in diameter and a 20 watts halogen lamp. 90 head section,
with a field of view of 60, 15 mm in diameter, and a 20 watts halogen
Tamp.

Each extension tube has a working length of 800 mm; is 15 mm in
diameter, manufactured from stainless steel and is equipped with
fiberglass illumination and a rod lens.

5.6.2 Logging Procedure

Logging was carried out at intervals of about 90 cm with overlaps of
about 10 - 15 cm in order not to miss any small length of the bore
hole. The interval of 90 cm is dictated by the endoscope rods (80 cm)
and the viewer’s limitations of positioning.

Two tripods bearing a horizontal rod in between them was used to fix
the endoscope to it, when necessary. Having fixed the endoscope to the
tripod arrangement in such a way that the beginning of the bore hole
was viewed, a zero depth reading was taken.

The endoscope was then lowered in the bore hole slowly and the
features of the bore hole wall were logged noting down the depth of
the features. Logging continued by adding rods to the endoscope until
the end of the bore hole.

A number of the bore holes were logged using the side-view end piece
and in the remaining bore holes the front-view end piece was used.
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5.6.3 Bore Hole Logging Before the Blast

Figure 11 shows schematically the logging results of bore hole Nos. 6,
11, 19 and 23. Only about 4 meters of bore hole No. 6 and about 8
meters of bore hole No. 19 were logged because of local extensive
damage which prohibited Towering the endoscope deeper in the bore
hole. Bore holes Nos. 11 and 23 were logged along their entire
lengths.

As can be seen in Fig. 11, the bore hole walls are mainly intact.
Surface irregularities on the bore hole walls are caused by per-
cussion drilling. The smallest natural fractures that could be
distinguished were very tight, strongly healed and not persistent.
They were not logged as they were abundant and were judged not to have
significantly adverse effect on the intactness of the ore body.

5.6.4 Bore Hole Logging After the Blast

Three bore holes were logged after the blast; bore hole Nos. 23, 19
and 22, Fig. 12. Bore hole Nos. 23 and 19 were uncharged and served as
inspection bore holes. Bore hole No. 23, located between two charged
bore holes, had an equal distance of 50 cm away from them. Bore hole
No. 19 was at least 100 cm from a charged bore hole and represented a
more distant damage from a blasted bore hole. Bore hole No. 22 was a
charged bore hole and was logged to exemplify the condition of a
blasted bore hole.

In general, bore hole No. 23 was extensively damaged between a depth
of 3.5 to 6.5 meter, the section corresponding to the charged lengths
of the neighbouring bore hole Nos. 22 and 24. The damage was mainly in
the form of break-outs, at some places enlarged into deep cavities.
Where the damage was less extensive, blast induced, open longitudinal
fractures could be clearly mapped. They were mainly occurring close to
the plane that passes through the bore holes.

Damage in blasted bore hole No. 22 mainly consisted of longitudinal,
open fractures with varying lengths. These fractures were not confined
only to the charged length of the bore hole, but were present in the
upper and lower uncharged lengths of the bore hole although to a
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lesser extent. Extensive damage in the form of cavities was present
between a depth of 6 to 7 meters in the bore hole.

The damage in bore hole No. 19 was significantly less compared with
the one in bore hole No. 23. This was basically because of its longer
distance from neighbouring blasted bore hole Nos. 17 and 20. Apart
from the existing damage before blasting, the blast-induced damage was
in the form of near surface flaking and small break-outs. Only few
longitudinal fractures were mapped.

5.7 Observations and Results

Visual observation of the destress bore holes as well as bore hole
wall logging before blasting did not show frequent break-outs. Also,
the bore holes remained open under the 5 days of delay between the end
of the drilling and the charging. Since the closing of the production
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blast bore holes had occurred often in other stopes, this may indicate
that the test site was not exposed to a very high stress field.

The blast resulted in an undesirable crater at +645 meter drift. The
crater was relatively large and had varying depths ranging from 1 to
1.6 meter. The crater was deepest where the l1ast group of bore holes
(bore hole Nos. 20, 21, 22, 23 & 24) was located. The width of the
crater also varied with an average value of roughly 1.5 meter. The
crater had very steep walls.

Almost all 89 mm bore holes were blocked by debris from the ore which
had firmly been compacted in the bore holes. Re-drilling was required
to open these bore holes.

At the collar of all charged bore holes, four radial blast-induced
cracks had propagated forming two well defined fracture planes at
about right angle to each other. The dominant fracture plane was along
the Tine of the bore holes, Fig. 13. The trace of the fracture planes
could be seen up to about half a meter inside the bore holes.
Apparently, they were remainder of larger fracture planes which had
propagated along the top section of the bore holes (now removed with
the formation of the crater) fractions of a second prior to the full
action of the blast.

Figure 14 compares the RQD values before and after blasting that were
obtained from reconnaissance core drilling. The position of
reconnaissance drill holes are shown in Fig. 8. RQD values were
obtained for two equal lengths (5 m) of cores from either side of the
plane of bore holes. The RQD values after blasting are those taken
from the core of the nearest bore hole (bore hole No. 1201) to the
pre-blast bore hole (bore hole No. 1200). As can be seen, the
reduction of RQD is highest at the proximity of the plane of bore
holes, as expected. Further away from the plane of the bore holes (up
to about 3 meters), the reduction of RQD appears to be more pronounced
towards the foot-wall, indicating a non-symmetric growth of damage.
Beyond the third meter, approximately, at either side of the plane of
the bore holes, the results do not allow us to distinguish any effect
from the blasting as there are reductions as well as an increase in
RQD values when post and pre-blast values are compared. This variation
is apparently due to the very local inhomogenities of the ore and the
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Fig.. 13 Blast-induced fractures propagated at almost right angle to each
other. The dominant fractures are in the direction of the line of
bore holes.
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uneven effects from drilling. According to Kenneth Miki /6/, however,

a better comparison between RQD values before and after blasting could
be made if for the post blast RQD values from a drill hole, pre-blast

RQD values were determined from two parallel drill holes, bored close

to each other.

Figure 15 shows the values of the modulus of elasticity and the
uniaxial compressive strength for the samples prepared from pre- and
post blast cores. Both parameters, in harmony, show significant
reduction up to about 1.4 meter from the line of the bore holes. No
significant change in the parameters, however, is revealed by the
Timited number of uniaxial tests beyond 1.4 meter.

Table 2 summarizes the results from blast initiation monitoring.
Signals recorded are also plotted in Fig. 16 (see Fig. 7 for bore hole
layout).

As can be seen in Fig. 16, charged bore hole Nos. 2 and 3 went off
properly. Bore hole Nos. 5 and 7 with detonator number 6 went off 10
ms earlier than expected (Table 2). Although it is most probable, it
is not easy to tell whether the signal recorded was produced from both
bore holes, as identical detonators had been used.

Bore hole No. 9 appears not to have functioned as it should as the
signal emanated had a Tower amplitude compared with bore hole Nos. 11
and 13, although equal quantity of charge was used in all three bore
holes. The charges in the fourth group of bore holes exploded about 16
ms later than expected (Table 2) and produced a relatively high
amplitude. As in the case of the second group of bore holes, it is
difficult to tell whether all five charged segments worked properly
since identical detonators had been used. Bore hole Nos. 20, 22 and 24
worked properly.

6 TEST 3

The fact that the second test led to the formation of a crater urged
us to re-design the blast. Apart from an unwanted effect which the new
geometry of the drift (including the crater) may exert on the
redistribution of stresses, such a crater very much complicates the
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Hole Det. |Nominal Measured| Acceler. | Vibratlon Remark
Nos. # time ms [time ms | level ¢ level mm/s
2 3 75 78 8 24
3 4 100 80 4
5+7 6 150 146 4 15
9 g 225 232 1 Low
11 10 260 260 8 16
13 11 275 278 7 16
15+16+17 14 350 366 15 33
20 16 400 381 20 48
22 17 425 418 25 57
24 18 450 461 29 60

Table 2 Results from blast initiation moni toring.
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drilling and the charging of the production bore holes. The parameters
that had to be changed on the first attempt to correct the blast were
obvious: A bore hole diameter that would result in a considerable
reduction of charge, use of cartridged charge to cause some decoupling
and provision of stemming.

6.1 Bore Hole Layout and Charge Configuration

Stope R33 N was selected for the experiment. Twelve 64 mm bore holes
were drilled vertically from the +615 m level to the lower drift at
+630 meter. Unlike Test 1 and 2, the line of the bore holes was
located at an almost right angle to the strike of the ore body at that
location. The spacing was approximately 0.5 meter and the length of
the through-going bore holes was on average 11 meters.

The cartridged charges were 40 mm in diameter and had a length of
400 mm. The velocity of detonation according to the supplier was 7500
m/s. The density of the explosive was 1.52 kg/dm3 and the gas volume
was 670 1/kg. Each cartridge weighed approximately 735 g.The
commercial name of the explosive is Peno 1.

Figure 17 shows the bore hole layout and charge configuration. Only
bore holes numbered 1, 3, 6, 8 and 12 were charged. The rest of the
bore holes remained uncharged and served as inspection bore holes.

In bore hole No. 1, five cartridges were placed at 5.2 meters from the
bottom of the bore hole. The length of the charged column was 1.6
meter. The bore hole was then stemmed with drill cuttings for a length
of 3 meters. The top 1.7 meter of the bore hole was left empty.

Bore hole No. 3 was charged as in the first bore hole with the
exception being the lengths of the different sections of the bore
hole. These were two sections of 3.3 meter of charge, 3.2 meter of
stemming, followed by two uncharged sections of 4 and about .5 meter
at the bottom and the top of the bore hole. The number of cartridges
used was 10.

Bore hole No. 6 had two lengths of stemming at both sides of the
charged section. Ten cartridges were placed on a column of 3.1 meter
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of stemming and supported a length of 3 meter of stemming on top. The
ten cartridges used occupied a length of 3.2 meter of the bore hole.
The uncharged sections at the top and bottom of the bore hole measured
1.2 and 1 meter in length.

Bore hole No. 12 was charged as in bore hole No. 6 with the exception
that no empty sections were left at the top and at the bottom of the
bore hole. Two columns of stemming, 2.7 and 5.8 meter at the top and
the bottom of the bore hole surrounded a length of 1.5 meter of
charge. The number of cartridges was 5.

Bore hole No. 8 was charged quite differently. It contained only five
strings of Cordtex (detonating cord with 10 g/m) bunched together,
over a length of about 8.2 meters. The bore hole was empty at the
bottom.

6.2 Bore Hole Endoscopy
6.2.1 Sequence of Logging

No pre-blast logging was done. During the post-blast logging, bore
hole No. 10 was logged first. Being relatively far away from the
neighbouring blasted bore holes, bore hole No. 10 was least affected
by the blasting and could therefore roughly represent the condition of
the massive ore before blasting.

Bore hole No. 11 was the second bore hole logged, to study the
condition of blasted bore hole No. 12. The bore hole was blocked at
the depth of 3.8 meters.

Bore hole No. 2 was logged third to study the blast damage caused by
blasted bore hole Nos. 1 and 3. This bore hole was logged twice. First
the end unit of the endoscope that provides a 360 degree front view of
the bore hole wall was used, then logging was carried out by the aid
of the other end unit of the endoscope which provides a partial side
view of the bore hole wall.

Bore hole Nos. 1 and 3 were then logged to study the damage in those
blasted bore holes.
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Bore hole No. 4 was the next bore hole logged to study the blast
damage from bore hole No. 3.

Subsequent logging of bore hole Nos. 5 and 6 showed the extent of
damage in blasted bore hole No. 6 and neighbouring bore hole No. 5.

Bore hole No. 7 and No. 8 were then logged only up to about 4 meters’
depth as the bore holes were almost blocked at that depth.

6.3 Observations and Results

The results of logging are schematically shown in Fig. 18. The blast-
induced fractures could be distinguished easily from other existing

fractures by being considerably open and having a rough profile. They
are mainly longitudinal and vary in length. They occur mostly in the
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direction of the line of the bore holes. They are sketched in Fig. 18
perpendicular to the line of bore holes only for the sake of clarity.

The blast-induced fractures sketched in Fig. 18 do not represent the
total population of these fractures but is a sample of a population
which falls within the area of the bore hole wall, illuminated by the
halogen bulb of the endoscope during logging.

Damage in the form of break-outs, although with different intensity,
occurs in all bore holes Togged.

It should be mentioned that the occurrence of break-outs masks the
fractures that may have existed in the ore body or may have been
induced by blasting at those localities, unless the fractures were
very dominant and could be detected past the break-outs.

The most intensive damage in the form of fractures and break-outs
occurred in blasted bore hole No. 6. As can be seen in the figure, the
bore hole wall within the charged section has suffered considerable
damage. The break-outs are extensive and the open fractures clearly
extend to the neighbouring bore holes. This became clear from in-
spection of bore hole No. 5 where the open fractures logged in this
bore hole correspond well in depth to those from bore hole No. 6.

The damage in blasted bore holes Nos. 1 and 3 were less extensive when
compared with bore hole No. 6. The blast-induced open fractures in
these two bore holes were not confined to the charged section of the
bore holes, but were present in uncharged and stemmed parts of the
bore holes. Use of explosives in bore hole No. 3, twice as much as in
bore hole No. 1, should, however, have caused relatively more damage,
this could not be verified as bore hole No. 3 was blocked at about 4.8
meter’s depth and inspection of bore hole No. 4 alone did not reveal
the fact.

The fact that the damage around blasted bore hole No. 6 was the most
extensive indicates that the presence of stemming on both sides of the
charged length of the bore hole has helped a better transfer of energy
to the surrounding rock. In order to increase the efficiency of the
destress blast it may even be justified to use more stable stemming in
the bore holes to further delay the escape of blast gases.
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7 CONCLUDING REMARKS

The Tayout of the bore holes for the first test, including the
inspection bore holes, was judged to be appropriate as a first step in
designing a destress blast. The choice of 4 blast bore holes satisfied
the boundary condition for the two inner bore holes such that they
could resemble bore holes that make up a line of bore holes in an
actual destress blasting. A bore hole diameter of 89 mm was selected
with the presumption that if it appeared suitable, it could most
conveniently be drilled in combination with the production bore holes
that are 89 mm in diameter too.

In contrast to near horizontal reconnaissance bore holes (as in Test
2), vertical bore holes parallel to the destress blast bore holes
provide a better way of studying the damaged zone. This is because
they cover the longest dimension of the zone, its length and not only
its breadth (both dimensions considered in a plane at right angle to
the plane of bore holes) as is the case with near horizontal bore
holes. However, it is not always possible to drill such vertical bore
holes.

The second test was an attempt to study the line destress blast with a
larger scale, of the order of the stope scale. The different charge
configuration used could have resulted in the selection of the most
appropriate one but this was not possible because the crater which was
formed hindered such judgment.

Endoscopy provided a good way of studying the blast damage in the
second and the third tests qualitatively. It showed us how the
fractures were distributed, and that they were not confined only to
areas within the limits of charged sections of bore holes. Blast-
induced fractures could be best studied in the plane of bore holes
because of their abundance in that plane. However, as no inspection
bore holes were drilled in planes at right angle to the plane of the
bore holes, it was not possible to specify the extent of fractures
away from the plane of bore holes. Our information on the breadth of
the blast-induced damage zone in the second test was therefore con-
fined to those inferred from laboratory tests and RQD determinations
on cores from near horizontal reconnaissance bore holes.
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The instrumentation did not provide a consistent picture of the
changes in stress and of the deformations. Problems with installation
and loosening of instruments under blasting appear to have been the
major cause to the inconsistency of the results.

Following the general conclusion drawn from Test 2, namely that the
formation of the crater was a consequence of over-designing the blast,
Test 3 was planned. The intention was to study the performance of
single bore holes, to introduce stemming in the bore holes and to see
the result of reducing both the volume of explosive and the diameter
of destress blast bore holes.

The test was intended to verify the improvements in the blast design
and was not purposed to obtain direct information on destressing
capability of the blast, therefore, no instruments were installed.

Confining the charged sections of bore holes by stemming in Test 3
appears to have improved the blast firstly by minimizing, if not
totally removing, the formation of craters and secondly by enhancing
the blast-induced damage within a geometrically better defined volume
of the ore. This was evident from the bore hole logs obtained by
endoscopy.

Uniaxial compressive testing of rock cores is judged to be useful in
evaluating a destress blast. If not biased by the statistical
uncertainties, comparison of uniaxial compressive strength and the
Taboratory modulus of elasticity of core samples before and after
blasting, provide useful information on blast damage at micro-scale
Tevels that are otherwise difficult to obtain by other means.

8 RECOMMENDATIONS FOR FUTURE WORK

Based on the work carried out at the Pyhdsalmi Mine, described in this
report, recommendations made by other workers in Sweden, Krauland and
Soder /7/, Borg /8/, /9/, and on the general progress in the field of
destress blasting, mainly taking place in Canada, the following points
are recommended to be incorporated in the immediate future work at the
Pyhdsalmi Mine:
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1. Destress blasting experiments similar to those outlined in this
report, but improved, should be carried out at Pyhdsalmi.
Improvements may include:

- bore holes starting from the floor of a drift should terminate
in the ore mass before reaching the roof of the lower drift,

- the use of firm and non-ejecting stemming should be tested in the
bore holes.

2. The blast-induced damage should be studied more in detail as this
is judged to be very important in evaluating a destressing work.
Endoscopy should be complemented by other methods, for example
Transient Vacuum measurements, Jakubick and Klein /10/.

3. The reduction of the stiffness in the destress-blasted ore should
be determined. Equipments such as dilatometers or bore hole jacks
are suitable for this purpose.

4. Field instruments that measure deformations and displacements
should be preferred to those measuring changes in stress directly,
as they have proved to be more reliable.

5. Rock mechanical laboratory testing of cores obtained from
(reconnaisance) drilling should be performed in larger quantities
in order to minimize the statistical uncertainties. Other types of
laboratory tests that use different loading configurations should
also be employed.

6. If feasible, the local state of stress at a test site should be
determined. This will help a more rational blast design.

7. Other bore hole patterns such as parallel rows with opposite or
staggered bore holes should also be studied.
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