Rock Fragmentation by Blasting - Sanchidrign (ad)
© 20710 Taylor & Francis Group, London, ISBN 978-0-415-48298-7

Evaluation of Kiruna mine drifting data using the NIOSH design
approach

W.A. Hustrulid & S.R. Iverson
NIOSH Spokane Research Laboratory, Spokane, WA, USA

ABSTRACT: The National Institute of Occupational Sufety and Henlth (NIOSH) has developed a
new drift round blast design upproach as part of n comprehensive program lo improve underground
mine safety through the introduciion and implementation of better blasting praclices in drifting. The key
(0 better perimeter control blasting has been found to lie in the proper design of the buffer/helper row.
Although in retrospect this (inding is not particularly surprising, it goes against convenlional wisdom in
which special design efforts are spent on perimeter hole charge, spacing and burden design and rather lit-
tle on the buffer row design. The paper begins with a briel introduction to the NIOSH bufler row design
approach. This is followed by the presentation of a comprehensive set of dala from 9 diflercnt drift rounds
iniron ore and 3 rounds in waste rock in which the buffer row design retnained constani but significantly
dilfcrent watl contro) designs were employed. Becanse the bulfer row design was well-chosen, the extent of
the over-break is shown 1o be eysentinlly independent of perinieter charge concentration over a very wide
range of values. This finding has a significant impact on future drifi design concepts. The poper concludes
wilh some ideas regarding future developments.

I INTRODUCTION This teads (o the hypothesis that il’ the buffer row
of boles is properly designed, the extent of damage
The NIOSH drift sound design approach incorpo- 10 the rock outside of the perimeter row of holes
mling perimeter control blasting deseribed in the  should be largely independent of Use perimeter row
recent paper by Hustrulid & Johnson (2008) con~  charge.
sis(s of the following steps: Todny. a significant amount of cffort is being
expended on developing perimieter row charges,
assaciated designs, and firing technigues but rela-
tively tittle on the bufler row (Mandal ct al, 2008).
1¢ seems that maybe the level of effort should be
reversed, with Lhe primary emphasis on the buffer
row design.

The basic premise is that the buffer/helper row As part of the NIOSH careful blasting research
design holds the key (o suceessful perimetes con-  and development peogram, practical drift driv-
trol blasting., If the bufTer/helper row has been  ing designs and results have been cotlected and
propecly designed, the effective damnge produced  evaluated. This paper looks beyond those evalua-
by this row should extend out to but not beyond  lions and presents a re-nssessmenl ol the Swedish
the as-designed petimeler. The perimeler sow of  results of from a drift driving program conducted
holes should then have little, if any, undamaged by LKAB at the Kiruna ivine in the carly 1990’
rock remaining 1o be brokea (the efeclive burden)  (Hustrulid 1994) based upon the NIOSH appraach.
nnd the primary action of the perimeter row then  In this case, the basic drilt design was maintaincd
becomes one of smoothing rather than of virgin  constant with only (he charging of the wall perim-
breakage. The limiting factor iz the offective bur-  eter holes being varied. The amount of over break
dea on the perimeter holes. At a limit of zero, was monitored. The completeness and quality
the perimeter charges can be visualized as simply  of these dala provide an opportunity o cvalnate
resting on or very close to a free surface. In this (1) the “goodness” of the buffer row design and
casg, most of the explosive energy in the perimeter  (2) the hypothesis that over break is largely inde-
charge would be directed inward toward the drift  pendent of the perimeter charge if the buffer row
and not outward into the remaining rock mass.  design is correct.

- Step 1: Design the bulfer/helper row
- Step 2: Add the contour holes

- Step 3: Design the lifters

~ Step 4: Add the cut

~ Slep 5: Add fill-in holes as required
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2 THE NIOSH BUFFER ROW DESIGN
APPROACH

The key to the NIOSH approach is the ability to
assign a practical radiug of damage (R, to each
blasthole and explosive combination bring consid-
ered for use in the particular rock mass. By “practi-
cal” radius of damagg, it is meant that if the rock
mass lying outside of 1his ring were rcmoved, the
rock remaining within the ring would easily break
apart. This praclical damage radius i3 illustrated
in Figure 1.

The technique used for caleulating R, is pre-
sented in section 2.2.

2.1 Example design

Consider the 7m wide by Sm high drift with
arched roof shiown in cross-section in Figure 2.
The perimeter (walls and roof) are to be excavated
using smoothwall blasting techniques.

For illustration purposes, it will be assumed
that R,=0.8 m for the fully-coupled buller row
holes, The first step in the design is to draw parallel
shells located at distances of R,and 2R, inside the
desired contour as shown in Figure 3.

Next, circles of radius R, are added. The center
of the circle ¢corresponds to a future buffer row hole
lacation. Figure 4 shows the placement of the buffer
row holes in the “just-overlapping” scenario,

As can be seen, there is a considerable amount of
“un-touched” rock or cusps between the as~designed

R

erush
Crushed zone

Figure ). Diagrammaltic representation of the crush,
crack, and practical damage zones surrounding a blast
hole.
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coverage and the perimeter. This is overcome by
translating the holes along the design line so that
they more fully overlap. Figure S shows one pos-
sible arrangernent.

In this particular case, the distance between the
roof buffer row olesis 1.35 R, or 1.08 m1. In Figure 6,
1he buffer yow wall holes have been added.

l—35m

| 7.0m

Figure 2. Example dnfl shape.

Figure 3.

First step in the buffer row desigu.
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Figure 4. [nitial placement af the buiTer row roof holes.



Figure 5.  Final ptacement of the buller row roof holes.

Figure 7,

Additjon of the concour holes.

In slep 3, the contour row holes are positioned
lo “smooth out™ the sucface created by (he buffer
row holes. The first holes placed are in the drift
corners. They have the required look-out and look-
up angle to provide the space needed for drilling
the next round. These holes also ensure proper
extraction of rock from the corners. The remain-
ing holes along the roof are placed to remove rock
cusps between adjacent damage circles. As can be

seen, the amount of rock associated with each hole
{the burden) s rather small (Figure 7).

2.2 Estimation of the damage radius

NIOSH is exploring several different approaches
for assigning a damage radius to diffevent
explosive—rock combinations, These are the sub-
ject of another paper presented at this conference.
Pending the final results of these studies, NIOSH is
currently using two different estimators which are
loosely based upon results originally obtained by
Ash (1963) in quarry and open pit blasling appli-
cations. He showed that, for fully coupled charges,
the burden is directly related to the blasthole diam-
eler. The required constant depends on the type
of explosive used. The first cstimator is based on
cxplosive energy. The practical damage radius is

Ryl =25 ﬁP,‘ Savro | 2:65 i
! Panre N Prock

where R,=damage radius (m), r, = hole radius (m),
p. = explosive density (glem®), p, ., =rock density
{glemY), s,y =weightstrength with respect to ANFO,
P.xr0= ANFO density (g/em”), aad 2,65 = density of
the rock for which the factor 25 applies.

Equation | can be simplificd to

Ryl = 25VRES |28 2)

rock

where RBS = relative explosive bulk strength with
regpect Lo ANFO expressed as a ratio.

Equations | and 2 apply (o fully coupled charges
and were adapted (Hustrulid 1999) based on the
use ol cnecgy coocepts from the original Ash
(1963) work.

The second estimator is based on borehole wall
pressure (Hustrulid & Johnson 2008). For fully
coupled charges, the damage radius is;

P e .
Rylyy =25 |-—L2 ‘ﬁ 3)
Leanro \ Proct

where P, 4, = explosion pressure for the explosive
and P,y = explosion pressure for ANFO initi-
ated in a hole of blasthole dinmeter.

For de-coupled cliarges, Equation 3 is modified to:

P .
Rylp =25 |22 265 @)
Fanro X Prock

where P, = the well pressure {or the explosive

. w Kip
being used.
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The wall pressure (P, rg) is calculated using the
co-volume approach described by Hustrulid (2007)
and Hustrulid & Johnson (2008).

3 LKAB DRIFTING DATA

3.1 Mtroduction

Over the period 1991-1992, LKAB converted
[rom the use of Kimanol (ANFO) to Kimuhix R
(a re-pumpable emulgion) in their drifling opera-
lions. As part of the change-over process, a number
of dilferent blasting tests were conducted to assist in
the development of astandard driling design which
could be used both in ore (magnette) and waste
rock (syenite porphyry) with moinimum over-break.
The rock properties are summarized in Table 1.
The location of the test area was on Level 686 m
near the south end of the orebocly. Although the ore
and footwall rock were "relatively free” from strong
struclural conteol, stcuclures were still present
and had an affect on the degree of over-break.
As shown in Figure 8, four headings (400, 400.2,

Table I. Rock properties.
Densily  P-wave velocity
Rook type {gleny’)  (0ws)
Syenile porphycy (type5) 2,9 3856
Syonite porphyry (type 3b) 2.7 4196
Magnetite ore (type B) 4.8 3950
onh
400 .
o
’Z' (ore)
3 3
-EJ 2 |
mx [
Orift ' |
4023 1
w023 [2] 1]
Daift
4o |3
&
L—
/

Figure 8. Location of the headings
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400.1 and 402) were sclected for inclusion in the
test program.

Two of the ore headings (400 and 402) werc
oricnted from footwall to hangingwall (busically
E-W) while the third heading (400.2), was orignted
along (he orebody (basically N-S). Heading 400.1
located it the footwall waste vock was dyiven par-
alle) 1o drift 400.2. Since the maximum principal
stress direction is oviented B-W and is cssentially
sub-horizontal, one could c¢xpect some stress-
related contribution to over break in the N-§ ori-
ented drits as compared to those orienled E-W.
At the start ol the test series, Drift 402 was consid-
erably oversize. The floor was nearly 1 1 too low
and adverse structures in the roof hnd contributed
Lo some unwanied caving. As a result, design imod-
ificutions, particularly to the fMoor clevation, were
made to correct the situation. All of the headings
were driven upward at a grade of 2.5%.

3.2 Blust desfgn and execution

The design denoled as 12371 shown in Figure 9 was
chosen (or Lhe tests,

There are a total of 59 holes consisling of
13-64 mm diameter holes in the cut and 46-48 mm
diameter holes in the rest of the round. The nomi-
nod hole length is 5 m. The distance from the bufler
row ol holes to the as-designed roof and wall loe-
tions ix RO cnl. The numbers shown on Figure 9
indicate the initiation plan.

LKAB drifting practice at the time ol the test
was {1} (o carelully draft (e desired hole pal-
teny, (2) 1o transfer the design to a 35 mm slide,
and (3) to have the surveyors project the pattent
onto the face using a slide projector. The posilion
of the projector is maved until the orientalion, the
verlienl position and the size of the hending are
correcl. The hole locations are then marked with
painl. Using this procedure, any desired design.

1
20 » . {e o 82 = ¢ 204
18 14 o2 41
k25 ¢ 8 9 6e + 26+
* 45
.60 45 46 .45 45 46 gp,
Figurc 9. Blast design 123/3 showing (he location of

the holes and the initiation plan emiployed in the tests.



even non-rectanpplar hole grids can be casily
implemented. Once the hole locations have been
accurately marked, i is up to the driller to posi-
tion the bit at the mark. Typically, hole collaring
errors can be beld to a few centimeters. The desired
amount of 1ook-out at the hole botlom is 200 mm
for the wall and roof holes and 300 mm for the
floor holes. If the drifls were to be driven horizon-
tal, this corresponds 1o & lookout angle of 2.3° for
the wall and the roof holes and 3.4° for the floor.
However, since the drifts were (o be driven al a
2.5% grade, the desired inclination angles are:

- wall holes: 2.3° outward
- mof holes: 3.7° upward
- floor holes: 2.0° downward

The remaining holes in the round were drilled
horizontal and oriented parallel to the drift axis.

After drilling, the surveyors measured the col-
lar positian and the lookout angle of cach of the
wall holes. Using the wall hole collar locations and
orientations, the position of the hole at any depth
could be calculated, Although the actval collar
locations of the roof and liftcr holes were not sur-
veyed, their lookout angles were measured using a
digital level,

All of the holes (including the buffer row holcs)
with the exception ol the wall hules, the roof holes
and the three uncharged boles in the cut, were
charged with Kimulux R, a re-pumpable emulsion
explosive. The propertics of the explosives used in
the test are given in Tables 2 through 4.

For the buffer holes, the Kimulux charge
extended to within about 0.5 m of the hole collar.
If this was not done, sock which evenlually had to
be scaled down often remained between the buffer
holes and the contour holes in the uncharged
region,

The perimeter design consisted of 4 holes slong
each wall and 9 roof holes. The roof holes were
charged with detonating cord at 40 g/m for all
{3 tests, The cord with detonator attached was
pushed to the hole bottom with the cmulsion hose
and a small amount of Kimulux was injected to

Table 2.
1992).

Properties of the Kimit explosives (Kimjt AB

Kimulux R Kimano! Kimulux 42

Diamecter, mu 48 48 22
Density, g/em’ 1.2 0.85 1.1
VOD, m/sec 5500 3500* 5000
Encrgy, MJ/kg 294 3.8 343
Gas volume, I’kg 906 964 903
Det, pressure, MPa 9100 2600 6800

*for diameter d = 50 som.

Table 3. Explosive propertics used in the damage radius
calculations (Kimit AB 1992).

Kimulux R Kimanol Kimulux 42

RWS*, pet 1 100 90
RBS*, pct 1S 100 L4
Expl. pressure, MPa 4550 1300 3400
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® Rused upon ANFO = 0,85 g/om’.

Tabled. Propertics for detonating cord (40 g/m).
Core dunsity, g/lom’ |4
Corc dinmeler, mm 6
Velocily af detonation, vy 7,180
Energy, MI/kg 6.2}
Gns volume, kg 180
Detonating pressure, M Pa 18.000
Explosion pressnre, MPu 9,000
RWS*, Y% 139
RBS*, % 229

#Based upon ANFO =0.85 glon.

hold 1he cord in place. This charging procedure
was maintained constant for all of the tests

Four differen( cxplosives were used for charging
the wall holcs:

Kimulux R (KXR)}—putriped cmulsion
Kimanol (KIM)—blown ANFO

Kimuhix 42 (KX42)—emulsion in 22 mm
diamcter tubos

Detonating cord (PS)—40 g/m

Because of possibility ol differing rock condi-
lions being present in the various headings, the
explosive used in charging the wall holes was var-
icd from round to round. In this way, the results
obtained using the different explosives could be
dircetly compared tu basicatly the same rock.
A total of 13 rounds were shot of which the resul(s
(rom 12 were evaluated.

3.3 Blaxt follow-up

After blusling and very thorough scating involving
the use of a mechanical scaling machine, the sur-
veyors returned to survey the drift profile at the
mid-length position of the round. This wus done
using a tota) station sel up at the profile location
and then rcading the vertical angle and distance to
a series of cap lnmp light points. The results are
shown in Figures 10 through [3.

For the wall holes, the designed hole collar foca-
tion is denoted by the symbol “¢” and the actunl
collar position is denoted by an "%”. Knowing the



A

Roung 1
Wall cherge: Kimuluz

B

Round 2
Wall charge: Kimulux 22

-~

P

c
Round 3

Wall charga: Detenaling
cord

Figure 10. Profile mapping results feom Drift 400 in ore.

A

Round 1
Wall ¢charge: Delonating
cord

B

Round 2
Wall eherge: Kimana)

c

Round 3
Wall charge: Kimubux

Figure 1. Profile mapping results from Dol 400.2 in ore.

look out angle and the hole collar position, the
position of the hole on the profile can be caleu-
fated. This position is denoted by an “|”, The dis-
lance between the “|” location and the profile line
is then measured. The results for the wall holes are
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Round 1
Woall chergu: Kimanaol

B

Round 2
Wall chargs* Kimutux

c

Round 3
Wall charge: Detonaling
card

Figure 2.  Profile mapping resalts from Drift 402 in ore.

A

Round 1
Wall charge: Kimulux

B

Round 2
Wall cherge: Kimulux 42

c

Round 4
Well charge: Dalonaling
corgd

Figure 13.  Prolilc mapping resvlts from Drift 400.) In
waste.

summarizedin Tables S and 6. The (+)sign lndicates
that the final scaled profile lies outside of tlie hole
location “[" and represents over-break, The (=) sign
indicates that the scaled profile lics inside the
hole location “)” and represents under-break. The



Table 5. Mid round over-break/under-break distances a 1he projecied (et wall hole positions for all 12 (ests, listed by

lccation and explosive type.

Drift Material Round Bxplostve Over-break/under-brenk, cm Average, cm
400 Orc 1 KMR s 17 k] 21 14
2 KX42 -7 -4 -30 =10 -33
4 PS 7 6 13 10 9
402 Ore 1 PS ~11 0 7 21 4
2 KiM 23 16 k¥ 25 25
3 KXR -30 (3 3 10 —~1
4002 Ore 1 KiM =36 —40 -3 6 =20
2 KXR 13 22 33 25 23
3 PS {2 21 10 13 14
400.1 Wastc 1 KXR 17 36 25 57 34
2 KX42 -13 -7 50 37 17
3 PS -10 16 13 40 15

Table 6.  Mid round over-break/under-brezk distances at the projected right wall hole positions for all 12 1ests, listed

by localion and explosive lype

Drift Materint Round Explosive Over-break/under-brenk, cro Average, em
400 Ore I KXR 7 37 35 23 26
2 KX42 53 35 20 23 n
4 PS 7 =25 -14 =27 -24
402 Ore 1 PS -9 3 0 -5 =5
2 KIM 0 ~4 -9 ~14 -7
3 KXR 0 Y 26 16 18
400.2 Ore 1 KIM 0 -5 16 17 ?
2 KXR -1 12 7 21 8
3 PS -12 ~7 =3 0 -6
400.1 Waste 1 KXR 39 25 25 0 22
2 KX42 9 45 40 50 36
3 PS 4 ) 15 -10 1

number agsociated with the (+) and (<) sign is the
distance in centimeters,

The roof profile meagurements were also evalu-
ated although some caution is required since roof
structure and gravity forces play a much more sig-
nificant role than for the wall holes. As indicated,
for each and every ronnd, the roof perimeter lioles
were charged with detonating cord. Two sets of
measurements were made:

- the distance from the as-designed collar posi-
tion of the perimeter holes to the measured
profile

~ the distacce from the as-designed collas position
of the buffer row holes to the measured profile

[1 will be assumed that:

- The roof holes are collared at their designed
locations and drilled with the designed look-out
angles

— The bulfer holes are collared at their designed
positions and are drilled horizontal (paratle] to
the drift axis).

Under these asswmptions it is expected that with
no over-breok or under-break, the distance should be
16 em for the perimeter holes and 96 em for the bulTer
holes. The results are summarized in Tables 7 and 8,

It is observed that although there is considerable
varigtion as might be expected, the average results
are not oo dilferen! (rom Lthosec corresponding to a
no over-break/under-break condition. This will be
discussed in morc detail later. The Drift 402 over-
break results are considerably greater than the oth-
ers. As jndicated earlier, Drift 402 started oversize
with roof over-break due to the structures present
and mcasures were taken to bring the drill geom-
etry back 1o the desired dimensions. There was an
improvement in the amount of over-break s {he
heading was advanced.
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Table 7. Distanoe (cm) from the roof hole collar positions 1o the measured mid-round profile

Drifl Material Round Distance, cm Ave, cm
400 Ore 1 30 10 -1 {0 0 0 5 -5 -7 4
2 =20 1s 5 10 12 10 10 17 0 7
4 %) 25 35 25 15 50 50 45 45 36
402 Ore 1 0 40 90 115 100 125 G0 30 15 64
2 60 35 35 40 45 55 42 [ 7 37
3 25 S0 50 10 15 17 40 30 0 26
400.2 Ore | =10 0 -10 -5 15 -10 0 10 -10 -3
2 15 20 10 25 10 25 10 20 10 18
3 ~50 =33 =30 -3 =30 =20 0 15 -15 ~22
4001 Waste 1 28 25 15 0 27 20 40 45 37 26
2 -15 -3 22 20 0 0 -5 0 0 2
3 5 3 50 20 33 20 33 40 15 2R

Tuble 8. Distance (cin} from tlie buiTer row hole collar positions ta the measured snid-round profile,

Drift Material Round Dislance, cm Ave,, cm
400 Ore 1 115 88 90 98 100 95 98
2 15 9§ 87 100 105 95 91
4 110 125 (20 13§ )35 145 128
402 Ore | 05 165 200 170 140 95 144
2 135 120 130 150 135 100 124
3 128 (45 100 100 130 105 (e
400.2 Ore | 70 80 75 85 93 920 83
2 00 90 105 100 120 105 102
3 45 55 50 60 95 70 63
400.1 Waste l 105 105 90 095 12§ 125 108
2 70 100 95 90 90 95 90
3 100 135 115 105 130 120 (8

Table 5. Estimated wall pressures for the different  Table [0. Damage radius {cm) for the diffecent explo-

explosives. slves, materinls and damage peedictor approaches
Hole Charge  Explosion Wall R, R,

diamieter, dinmeter, pressure, pressure,  Explosive  Material Coupling  (cnergy) (pressurel

Explosive  mm oun MPa MPa

Kimulux R Ore Fully 43 R3
Kimulux R 48 48 4550 4550 Waste  Jully 63 109
Kimanol 48 48 {300 1300 Kimanol  Ore Fully 45 45
Kimulux 42 48 2 3400 262 Waste  Fully 58 ¥
Dei.cord 48 6 9000 28 Kimulux 42 Ore De-coupled NA 20
Waste  De-coupled NA 26
Dct. Cord  Ore De-coupled NA 7
Waste  De-coupled NA )

4 ANALYSIS OF THE DAMAGE RADIUS

To assist in the interpretation of the [ield resuits, Practical damage radii obtained (rom the
calculations of the expected damage radii were  cnergy-bascd and pressure-based estimator ¢xpres-
performed based upon the estimntor expressions  sions are shown in Table 10.
presented earlier in the paper.

When applying the pressure-based appreach 5 DISCUSSION OF THE RESULTS
Equalions 3 and 4, one must first calculate the
blasthole wall pressures. These values are given in - The predictors apply for charges detonated in hofes
Table 9. in an infinite medium. In practice this means that
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the burden is sufficiently large that there s no influ-
ence from a free surface. If, for example, the free
face is very close, the explogive pases would casily
escepe and the damage pattern would be affected.
The discussion will focus primacy on the fully
coupled charges. Table || summarizes the average
drift wall over-break (OB) and under-break (UB)
measurements when using fully coupled charges in
both ore and waste. Irrespective of the predictor used,
the measured damage zone is much smalles than that
predicted. The predicted damage radii in ore:

— Kimulux R: 45-83 cm
- Kimanol; 45 cm

The predicted damage radius in waste:

— Kimulux R: 58-109 cim
— Kimanol: 58 cm.

There are several possible reasons for this, (wo
of which are;

— The prediciors ace fundamentally not correct
— The amount of burden affects the extent of the
damage zonc

With regard to the first point, other NIOSH
experience has suggested that the (wo predictors
provide results in line with other techniques and
with field observations. With regard (o the sccond
point, it is logical that i’ the bufter/helper holes arc
properly designed, the measured damage should be
less than that predicted for fully confined charges.
As can be seen from the blast design shown in
Figure 9, the buffer row of holes both atong the
roof and along the wall is quite well-confined.
Thus it is expeeted that the predicted damuge
radius could fully develop.

Table 11, Summary of the measuced over-breuk/
under-break,
Awverage
Explosive  Muterial Drift  Round Wall OB/UBR
Kimulux R Ore 400 | Len 14
Right 264
402 A Lel ~t
Right (R
400.2 2 Lefi 23
Right R
Wasie 400.1 3 Left 34
Right 22
Kimanol Ore 402 2 Lefl 25
Right =7
400.2 | Left =20
Right 7
Waste NA NA NA NA

Turning now to theroof holes which were charged
the full tength with detonating cord, it was obscrved
that if' the bufier holes were not charged nearly to
the collar, the inter-lying rock remained soundly in
place. The buffer row charge was required to break
the rock to the perimeter, largely by itsell. Since
the distance from the butfer row to the perimeter
is nominally 80 cm, this suggests that the damage
radius must at least be this order of magnitude. In
reviewing the predictions for the Kimulux R used
in the helper holes, one (inds that:

- Energy based damage radius for ore, R =48 cim
and the damage radius {or waste, R, =63 em

- The pressure bused predictions for ore, R =83 cm
and waste, R =109 em

Based upon these numbers, it would appear that
the pressure-based cstimalor is the most appropri-
ate. The damage radius (based on pressure con-
siderntions) associnted with the detonaling cord
is 7cm in ore and 9 cm in waste rock. As seen in
Figure 7, the maximum predicted cxtent of the
damage with respect to the buffer hole position is
obtained by summing lhe contributions from the
huffer and perimeter hole rows, In the case of ore,
one [inds

Damage=83cm +7ecm =% cm

The average mnepsured distance is {06 cm and
the range is 63 cm to 144 cm (Table 8). Consider-
ing the presence of adverse steuctural featuees in
the roof, particularly in drift 402, and the effect of
gravity, this is considered quite good agreement. In
wasle, the bufler hale damage radivs is

Damage=109cm +9 em = (18 cm

which is to be compared with the average of 105 cm
and (he range of 90 cm to 118 cm (Table §). The
agrecinent is good.

Based upon the roof measurements, it appeary
that the wall bulfer row holes should be able 1o
produce damnge to the desired perimeter in ote
und possibly somewhat beyond in waste. The con-
clusion is that the perimeter row of holes should
have little work to do and thus, the over-break/
under-break should be largely independent of the
wall loading,

The nveruge results for the tests in ore were sni-
marized in Table 11. The amount of over-break is
greatest (or the fully coupled emulsion explosive
(KXR) and the least for the bighly de-coupled det-
onating cord but the difference is much less than
onc mighr expeel. The results for the wasle rock as
given in Table 11. The results are the same as found
with the ore.

1t appears that the pressure-bused appronch is
the most appropriate, al least bascd on the dala
presented.
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6 CONCLUSIONS AND FUTURE WORK

Underground excavation with contour control has
become increasingly imporianl to some mining
operations and it is expected that the trend will
contimue. For this to happen, practical design
guidelines are necessary. Although counsiderable
attention has been placed on the development of
special perimeter explosives, timing techniques,
etc, over the years, it appears that the real key
to successiul perimeter blasting lies in the design
of the buffer and helper row holes. Unforlu-
nately, relatively little information is available in
the literature concerning their design. NIOSH
has recently developed a drift round blast design
approach which beging with the design of (he
buffer/helper row. The charges in this row are
designed to break (o the designed perimeter so
that the contour row of holes has little remain-
ing rock to remove. If this is achieved, then, in
principle al least, it makes no difference how the
pecimeter row is charged. Several different design
approaches based on estimating the damage
radius (R,) associated with diffesent explosives in
different rock types arc being investigated. This
paper has presented two estimators based loosely
on the work of Ash (1963). Both estimators were
opplicd in this paper to the rather complete daia
sct collected at LKAB's Kiruma roine. bt wasg
found that:

— The estimator based on borebole wall pressure
appeared to provide a better representation ol
the field data than the energy-based estimator.

— The buffer row design nsed in the tests pro-
vided quite satisfactory results in both ore and
waste.

— Although the observed over-break was sonie-
whal dependent on the charging of the perim-
cler holes, it was much less than one would
have expected. This would tend to support the
hypothesis that over-break is largely independ-
ent of the perimeter blasting technique if the
buller/helper holes are well designed.

~ Although the “as-presenled” estimators of dam-
age radius provide values which are ile right
order of magnitudec, it is clear that more work is
required in this regard.

- Ashas been shown somewhat indirectly in these
tests, confinement appears to be an important
factor in derermining the amount of damage
behind the hole. This is quite Jogical. Further
work ig required to quantify the effect of con-
finement (burden) on the extent of damage.
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NIOSH is currently aggressively pursuing a
research and development program 1o provide
a sound base for porimeter-control drift round
blast design. The results of these cfforts are being
incorporated into its user-friendly drift design
software “Drift."

In closing, the authors would like to invite you
to share with us (1} your thoughts/approaches
regarding the definition of the praclical dam-
age zone and (2) your approach to the design of
the helper/bufler row in different rock types with
different explosives. Perhaps, in (his way, overall
progress toward (ull acceptance ol perimeter con-
trol blasting will be accelerated.
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