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Evaluation of Kiruna mine drifting data using the NIOSH design 
approach 
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NIOSH Spokal/e Research Lohm"O/of),. Spo/allle, WA, USA 

ABSTR ACT: The National Institute of Occupational Safety lind Health (NIOS I-I ) has developt.>d n 
new drift round blast design approach as part of n comprehensive program to im prove underground 
mine safety throllgh the introduction lind implementation of better blasting practices in drift ing. T he key 
to better perimeter control blasting hns been found to lie in the propel' design of the buffer/helper row. 
Although in reu-ospecl this fi nding is not particula rly surpris ing, it goes aga inst conventional wisdom in 
which special d esign efforts are spent a ll perimeter hole chargc, sp.1cing and burden design and mther lit­
tle on the buffer row design. T he paper begins with a brief introduction to the NIQSH burfcr row design 
approach. T his is followed by the presentation of a contprehensiveset of data front 9 di lTerent dril't rounds 
in iron ore and 3 rounds ill waste rock in which the buffer row design remained constant but significantly 
different wrul control designs were employed. Because the buffer row design wa!; well-chosen, the extent of 
the over-break is shown to be esscntilllly independent of perimeter charge concentrntioll over a very wide 
range of values. T his find ing has a Significant impact all fu ture drirtdesign concepts. The pllper concludes 
with some ideas regarding future developments. 

1 INTRo D ucrroN 

The NIOSH d rift round design approach incorpo­
rnting perimeter control blasting described in the 
reccnt paper by Hustrulid & Johnson (2008) con­
sists of the fo llowing steps: 

- Step I: Design the buffe r/helper row 
- Step 2: Add the contour holes 
- Step 3: Design the lifters 
- Step 4: Add the cut 
- Step 5: Add fill- in holes as required 

The blls ie p remise is lIlIIt the bufl'er/helpcr row 
design holds the key to successful perimeter con­
trol blns ting. If the buffer/helper row has been 
properly designed, the effective damllge produced 
by Ihis row sho uld extend out to but not beyond 
the as-designed perimeter. The perimeter row of 
holes should then have little, if any, undamaged 
rock remaining to be broken (the effective burden) 
lind the primary action of the perimeter row then 
Oeeomes one of sm oothing rather thAn of virgin 
breakage. T he limiting faeto l' in the effective bur­
de ll on the perimeter holes. At a limit of zero, 
the perimeter charges can be visualized as simply 
resting on or vcry close to a free surface. In this 
case, most of the explosive energy in the perimeter 
charge would be directed inward toward the drift 
lind not outward into the remaining rock mnss. 
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This lends to the hypothesLs thnt if the buffer row 
of holes is properly designed, the ex tent of dmnllgc 
to the rock outside of the pcl'imetel' row o f ho l~ 
should be largely independent of the IlCtimc ler row 
charge. 

Today, II significant amoull t of eITort is being 
expended on developing perimeter row eharges, 
associated designs, and firing techniq llcs bll t re la­
tively little onlhe bufTer row (Mandai et 01. 2008 ). 
It sc<:ms that maybe the level of effort should be 
reversed, wilh the pri mary em phllsis on the bu tTer 
row design. 

As part of the N IOSH cnreful blasting research 
and development program, practical dri fi driv­
ing designs and results have been collected and 
evaluatcd . This papel' looks beyond Ihose eVll luu­
tions and presents R rc-assessmcnt of the Swedish 
results of from II drift driving program conducted 
by LKAB at the Kirun8 mi ne in the early 1990's 
(Hustrolid 1994) based upon theNIOSH ap proach . 
In this case, the basic drirt design was llluintained 
constant with only the charging of the Willi perimo 

eler holes being Vflried. The nmount of over break 
WilS monitored . T he completeness and qual ity 
of these dala p rovide an opportunity to evaluate 
( I) the "goodness" of Ihe buffer row design and 
(2) the hypothesis that over break is Inrgely inde­
pendent of the perimeter charge if the bu ITer row 
design is correct. 



2 THE NJOSH BUFFER ROW DESIGN 
APPROACH 

The key to the NlOSH approaeh is the abili ty to 
assign a practical radius of damage (R) to each 
blastholD and explosive combination being consid­
ered for use in the particular rock mass. By "practi­
cal" radius of damage, it is meant that if the rock 
mass lying outside of this ring were removed, the 
rock remaining within the ring would easily break 
apart. This practical damagc radius is illustrated 
in Figure I. 

The technique used for calculating Rd is pre­
scntcd in section 2.2. 

2.1 Example design 

Consider tbe 7 m wide by 5m high drift with 
arched roof shown in cross-section in Figure 2. 
The perimeter (walls and rool) are to be excavated 
using smoothwall blasting techniques. 

For illustration purposes, it will be assumed 
that Ri o::::. 0.8 m for the fully-coupled bulTer row 
holes. The first step in the design is to draw parollel 
shells located at distances of ~ and 2Ri inside the 
desired contour as shown in Figure 1 

Next, circles of radius RJ are added. The center 
of the circle corresponds to a future buffer row hole 
location. 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 oreusps between theas-designed 

Crushed zone 

Figure I. Diagrarlllnotic representation of the crush, 
crack, and practical damage zones surrounding a blast 

coveroge and the perimeter. This is overcome by 
translating the holes along the design linc so thllt 
they more fully overlap. Figure 5 shows one pos­
sible arrangement. 

In this particular case, the distance betwccn the 
roofbuffer rowholcsis 1.35R"or 1.08 m. In Figure 6, 
the buffer row wall holes have been added. 

T 
E 

It;:~ ====,;:0,;.0 m;====::;i 
Figure 2. Example dtifi dlape. 

--
2~" ... ..1 

I I 
I I 

I 

R, - - - - --

Figure 3. First step in the buffer row de:;ign. 

hole. Figure 4. Initial placement or the buffer row roor holes. 
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1.08 m 

Fignrc S. Fin~1 placemcnt of thc bulfer row roof holc~ 

Figure 6, Addition of the buITer row wall holes. 

0.90 m I, ,,,,",, 

Figure 7. Addition or the conlour holes. 

In step J. the contour row holes ure positioned 
to "smooth OU\" the surface created by the buffer 
row holes. The first holes placed are in the drift 
corners. They have the required look-out and look­
up allgle 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 arc p!aC1:d to remove rock 
eusps between adjuccllt damage circles. As ean be 

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

2.2 EstimatiOI1 of the damage radius 

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

R,,";. = 25 Pr .TANH! J 2.65 
PANFO P', ... ·k 

(I) 

where R
J
= damage radius (m), r~ :: hole radius (m), 

P. '" explosive density (glcm)), p",,* = rock density 
(glcmJ), s A~'1'1!::wc i ght strength with respeet to AN FO, 
PAIW(! = ANFO density (glcm)), and 2.65:: density of 
the rock fOI" which the factor 25 applies. 

Eq ulltion I can be simplified to 

(2) 

where RBS=relative explosive bulk strength with 
respect to ANFO exrressed !IS u ratio. 

Equations lund 2 apply to fully coupled charges 
alld were adapted (Hustmlid 1999) based all the 
usc of energy concepts from the originul Ash 
(1963) work, 

The second estimutor is based 011 borehole wall 
pressure (HLIstrulid & Johnson 2008). For fully 
coupled charges, the damuge radius is: 

R / 0 -'5 P~H,Yr J2.65 ,,'h --
P,'..4NI'fJ P",.-J: 

(3) 

where P<f'~ == explosion pressure for the explosive 
and P •. 

1Ilm
:::: explosion pressure for ANFO initi­

ated in n hole of blusthole diameter. 

4~9 

For de-couplcd charges, Equation J is mooified to: 

R / 25 P~. 1:: .• ." J¥!0 65 
,/rh= --1'. ,4NFI) P",,,k 

(4) 

where p.' J:.~ = the wall pressure for the explosive 
being used. 



The wall pressure (P "'~) is calculated using the 
co-volume approach descnbed by Hustrulid (2007) 
and Hustrulid & Johnson (2008). 

3 LKAB DR IFfING DATA 

3.1 Introdllction 

Over the period 1991-\992. LKAB converted 
from the use of Kimanol (ANFO) to Kimulux R 
(a re-pumpable emulsion) in their drifting opera­
tions. As part of thechange-ovcr process, a number 
of different blasting tests were conducted to assist in 
the development of a standard drifiingdesign which 
could be used both in ore (magnetite) and waste 
rock (syenite porphyry) wi th minimum over-break. 
The rock properties are summarized in Table I. 

The location of the test area was on Levcl 686 m 
near the south end of the ore body. Although the ore 
lind footwaJl rock were "relatively free" from strong 
structural control, structures were still present 
and had an affect on the degree of over-break. 
As shown in Figure 8, four headings (400, 400.2, 

Table l. Rock propcnics.. 

Denxity 
Rock type W(;m') 

Syenite porphyry (type 5) 2.9 
Syenite porphyry (type 3b) 2.7 
Magnetite are (type B) 4.8 

"'" r.r:I-:-r 400.13 21 .... , '----'--'-'-, 

.. .. 
I~I 

• , , 

Figure 8. Location of the headings. 

P-wave velocity 
(mh ) 

3856 
4196 
3950 
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400. 1 and 402) were selected for inclusion in the 
test program. 

Two of the are headings (400 and 402) were 
oriented from footwall to hangingwall (basienlly 
E-W) while the third heading (400.2), wns oriented 
along the orebody (basically N- S). Heading 400.1 
located in the footwall waste rock WilS driven par­
allel to drift 400.2. Since the maximum principal 
stress direction is oriented E--W i1nd is essentially 
sub·horizontaJ, one could eltpect some stress­
related contribution to over break in thc N-S ori­
ented drifts as compared to those oricnted E- W, 
At the start of the test series, Drift 402 was consid­
erably oversize. The floo r was nearly I III too low 
and adverse structures in the roof had contribu ted 
to some unwanted caving. As a result, design mod­
ifications, particularly to thc floor elevation, were 
made to correct the situation. All of the headings 
were driven upward at a grade of 2.5%. 

3.2 BIaSI ,lesigl1 {llId eX('('II/iIJI1 

The design denoted as 123/] shown in Figure 9 W'dS 

chosen fo r the tests. 
There are n total of 59 holes consisting of 

13-64 mm diameter holes in the cut and 46-48 mm 
diameter holes in the rest of the round. The lIomi­
nllJ hole length is 5 1ll. The dis(nncc from the bulrer 
row or holes to the as-designed roof and wlIllloClI­
tions is 80 cm. The numbers shown 011 Figure 9 
indielltc the initiation plnn. 

LKAB drifting prneticc at the time of the lest 
was (I ) to carefully drnfi the desired hole [l4lt­
tern, (2) to transfer the design to \I 35 mm slide, 
and (l) to have the surveyors projcct the Ilattcm 
onto the fm:e IIsing a slide projector. The position 
of the projector is moved until the orient'llioll, the 
vertical position and the size of the hending nre 
correct. The hole locatiollS are then markec.l wilh 
paint. Using this prDl..'Cdure, any desired design, 

50 5~0 50 50 50 • 
50 40 

40 
40 50 

50 40 
• • 50 40 

60 . 35 35 60 
14 • 14 ,. • 9 • 16 

25 • 4 • 5 25 • • 12 • 12 
20 \6 

• 10 O. 10 16 
• , .. · 2 • 20 

18 14 o· 14 16 • • 25 • •• 6· 25 
45 45 9. 45 45 .60 45 60 . 

Figure 9. Dlast design 123/3 showing the 10000tion of 
the holes and the initiation plEin employed in the tests. 



even non-rectanguJar hole grids can be easily 
implemented. Once the hole locations have been 
accurately marked, it is up to the driller to posi­
tion the bit at the mark. Typically, hole collaring 
errors can be held to a few centimeters. The desired 
amount of look-out at the hole bottom is 200 mm 
for the wall and roof holes and 300 mOl for the 
floor holes. If the drifts were to be driven horizon­
tal, this corresponds to a lookout angle of 2.30 for 
the wall and the roof holes and 3.40 for the floor. 
However, since the drifis were to be drivcn at n 
2.5"/i grade, the desired inclination angles are: 

- wall holes: 2.30 outward 
- roof holes: 3.70 upward 
- floor holes: 2.0" downward 

The remaining holes in the round were drilled 
horizontal and oriented parnllel to the drift ax.is. 

After drilling, the smvcyors measured the col­
lar position and the lookout angle of each of Ihe 
wall holes. Using the wall hole collnr locations nnd 
orientations, the position of the hole at any depth 
could be calculated. Al though the actual collar 
locations of the roof and lifter holes were not sur­
veyed, their lookout angles were measured using a 
digital level. 

All of the holes (including the buffcr row holes) 
with the exception of the wnll huh:~ the roof holes 
and the three uncharged holes in the cut, were 
charged with Kimulux R, a re-pumpable emulsion 
cx.plosive. The properties of the explosives uscd in 
thc test are given in Tables 21hrough 4. 

For the buffer holes, the Kimulux charge 
cxtended to within about 0.5 m of the hole collar. 
If this was not done. rock which eventually had to 
be scaled down oftcn remained betwecn the buffer 
holes and the contour holes in the uncharged 
region. 

The perimeter design consisted of 4 holes along 
eneh waH and 9 roof ho!e~. The roof holcs were 
charged with detonating cord at 40 g/m for all 
13 tests. The cord with detonator attachcd W'dS 

pushed to the hole bottom with the emulsion hose 
and a small amount of Kimulux was injected to 

Table 2. Properties of the Kimit explosives (Kimit AD 
1992). 

Kimulux R Kimanol Kimulux 42 

Diameter, mm 48 
Density, glcml 1.2 
VOD, mJsec .sSOO 
Energy, MJ/kg 2.94 
Oas volume, Vkg 906 
Det. pressure, M Pa 9100 

• for diameter 11= SO mm. 

48 
0.85 
3""" 
3.' 
964 
2600 

22 
Ll 
SOOO 
3.43 
"3 
6800 

50 1 

Table 3. EXplosive properties used ill thedamagt radius 
calculations (Kimit AD (992). 

Kimulux R KimnnoJ Khnulux 42 

RWS',pct III 
RBS*, [Xt liS 
I!,r,pl. pressure, MPn 4550 

• Based upon ANPO '" 0.85 glcmJ• 

100 
100 

lJOO 

9ll 

"' 3400 

Table 4. Properties for detonating cord (40 s!m). 

Co~ density, IVcnlJ 
Co~ diameter. 1\11\1 
Ve!odty of detonation, mls 
Ene!lY, MIlkg 
Gus volume. VkS 
Detonating pressure, Mill! 
Explosion pressl1 re. MPo 
RWS', "I. 
RBS·. "10 

I.. 
6 
7.180 
621 
710 
18,000 
9,000 
"9 
229 

hold the cord in place. This charging procedure 
wns mnintnined constant fol' nil of the t e~tit 

Four differenl ex.pJosivcs were used for charging 
the wall holes: 

- Kimulux. R (KXR)-pumpccl cmulsion 
- Kimltnol (KIM)-blown ANFO 
- Kimulux 42 (KX42)-emulsion in 22 mOl 

diameter tubes 
- Detonating cord (PS)-40 g/Ill 

Because of possibility of differing rock condi­
tions being prcscnt in the vnrious headings, the 
explosive used in chllrging the wull holes was var­
ied from rOllnd to round. In 111is way, the results 
obtained using thc different explosivcs could be 
directly compared ill basically the slime rock. 
A total of 1:1 rounds were shot of which the rcsuUs 
from 12 were evaluated. 

3.3 BllI.\·I!illIOlI·-IIP 

After blasting and very thorough scaling involving 
the usc of n mechanical stilling machine, the slIr­
veyors returned to survey the drift profile at the 
mid-length position of the round. This was donc 
using a total station SCI up at the profile location 
and then rending the vertical angle and distance to 
n series of cap lamp light points. The results are 
shown in Figures 10 through 13. 

For the wall holes, the designed hole coUnr loca­
tion is denoted by the symbol h i " and the actual 
collar position is denoted by an "x". Knowing the 



A 
Round 1 
Wal dlarge: K1muklx 

B 
Round 2 
Wei charge: Kimulux22 

C 
Round 3 
Wan marge: Detona~ng 
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Figure 10. PronJe mapping ~u[ts from Drift 400 in ore.. 

A 
Round 1 
WaH charge: Detonating 

B 
Round 2 

"''' 

Wei charge: Kimanol 

C 
Round 3 
W.I ct\ar9EI: Klmulu~ 
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Figure II. Profile mapping results from Drift 400.2 in ore. 

look out angle and the hole collar position, the 
position of the hole on the profile can be calcu­
lated. This position is denoted by an "I". The dis­
tance between the "I" location and the profile line 
is then measured. The results for the wall holes are 
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A 
Round 1 
Wall ch. rge: Kimanol 

B 
Round 2 
Will d'llIrg/I: Kirnlllu. 

C 
Round 3 
Wall charge: Detona~ng 
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Flgull: 12. Profile mapping results from Orin 402 in On!. 

A 
Round 1 
WaN charge: KIfJl\Jlux 

B 
Round 2 
Willi charge: K1mulUx 42 

C 
Round 4 
Wan charge: Oaloneling , .. 
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Figure 13. Profile mapping results from Orin 400.1 In 
waste. 

summarized in Tables 5 and 6. The (+) sign ind icltte.~ 
that the fi nal sealed profile lies outside of the hole 
location "I" Rnd represents over·brellk, The (-) sisn 
indicates thnt the scaled profile lies inside the 
hole location "I" and represents under·break. The 



Table S. Mid round over-brealclunder-break distances at the projected len wall hole positions fo r 1111 12 tests. listed by 
10000tinn and explosive type. 

Drjft Matcrilll Round Explosive Ovcr-breaklunder-brenk, em Average. em 

.,. o~ I KXR S 27 3 " 14 , KX42 -47 -4S -30 -10 -33 
4 PS 7 , 13 10 9 

402 O~ I PS -II 0 7 " 4 , KIM " I' 37 " " 3 KXR -30 " 3 10 -I 
400.2 O~ KIM -36 -40 -. , -20 , KXR IJ 22 JJ " 2J 

3 PS 12 21 10 13 14 
400.1 Waste I KXR 17 36 " 57 34 , KX42 -13 -7 SO 37 17 

3 PS -10 16 13 40 I' 

Table 6. Mid round over-bre.aklunder-break distances at the projected right wnll hole position! for a1l12 tests. listed 
by location and explosive type. 

Drj ft Material Round Explosiv~ 

"'" O~ I KXR , KX42 
4 PS 

40' 0" I PS 
2 KIM 
3 KXR 

400.2 O~ I KIM 
2 KXR , PS 

400.1 Waste I KXR 
2 KX42 
3 PS 

number associated with the (+) and (-) sign is the 
distance in centimeters. 

The roof profile measurements were also evalu­
ated although some caution is required since roof 
structure and gravity forces playa much more sig­
nificant role than for the waH holes.. As indicated , 
for each and every round , the roof perimeter holes 
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 distance from the as-designed collar position 
of the buffer row holes to the measured prolile 

rt will be assumed that: 

- The roof holes are collared Bt their designed 
locations and drilled with the designed look-out 
,ngl" 

Ovcr-bre;lklunder-brenk, em Average. em 

7 37 " 2J 26 

" " 20 23 33 
7 -2S -14 -27 -24 -, 3 0 -IS _S 

0 -4 -9 -14 -7 
0 29 26 I' 18 
0 -S I' 17 7 

-7 I' 7 21 • 
-I' -7 -3 0 -. 
" 2S " 0 22 

9 4S 40 SO J6 
4 .. I' -10 I 

- The buffer holes nrc collared at their designed 
positions and are drilled horizon tal (parollel to 
the drift axis). 
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Under these assumptions it is expected that wi th 
no over-break or under-break, the distance should be 
16 em for the perimeter holes and 96 em for the bufTer 
holes. The l'CSults lire summarized in Tables 7 and 8. 

It is observed that although there is considerllble 
variation as might be expected, the uverage results 
nre not lao different from those corresponding to a 
no over-break/under-break condition. This will be 
discussed in more detail later. The Drift 402 over­
break results are considerably grenter than thc otlt­
ef!. As indicatcd earlier, Drift 402 started oversize 
with roof over-break due to the structures present 
and measures were takcn to bring the drift geom­
etry back to the desired dimensions. There was an 
improvement in the amount of over-break as the 
heading was adva nced. 



Table 7. Disllmce (an) from the roof hole collar positions to the: measured mid-round profile. 

Drift Material Round Distance, em Ave., em 

400 O~ 30 10 -7 10 0 0 5 -5 -7 4 
2 -20 IS 5 10 12 10 JO 17 0 7 
4 IS 25 3l 25 3l SO SO 4l 4l 36 

402 Ore 1 0 40 90 liS 100 125 6JJ 30 IS 64 
2 60 3l 3l 40 45 " 42 IS 7 37 
l 2l SO 50 10 IS 17 40 30 0 26 

400.2 O~ 1 -10 0 -10 -IS IS -10 0 10 -10 -l 
2 IS 20 10 2l 10 2l JO 20 10 

" l -SO -ll -30 -ll -30 -20 0 IS -IS -22 
400.1 Waste 1 25 25 IS 0 27 20 40 45 37 " 2 -IS -5 22 20 0 0 -5 0 0 2 

l 5 II SO 20 II 20 II 40 IS 28 

Thble 8. Distance (em) from the bulTer row hole collar positions to the measnreu mid-rOlllld profile. 

Drift MAterial Round Distance, em 

400 O~ 1 liS " 2 15 " 4 110 125 
402 O~ 1 9l 165 

2 J3l 120 
l 125 145 

400.2 0" I 70 " 2 90 9<J 
l 45 55 

400.1 Waste 1 lOS lOS 
2 70 100 
l 100 III 

TllbleSl. Estimated WIII1 pressures for the different 
eJ.plosives. 

Ho~ Chars;e Explosion Wall 
diameter, diameter, pressure, pressure, 

Explosive mm mm Mr, MPa 

Kimulu~ R 48 .. 4550 4550 
Kimanol 48 .. 1300 1100 
Kimulult 42 48 22 3400 262 
Del. cord 48 6 9<JOO 28 

4 ANALYSIS OFTHB DAMAGE RADIUS 

To Assist in the interpretation of the field results, 
calculations of the expected damage radii were 
performed based upon the estimator expressions 
presented earlier in the paper. 

When applying the pressure-based approach 
Equations 3 and 4, one must first calculate the 
blasthole wall pIessUres. These values are given in 
Table 9. 

Ave., em 

90 " 100 9l " 87 100 105 9l " 120 J3l III 145 128 
200 170 140 9l 144 
130 ISO III 100 128 
100 100 130 lOS II. 

" " " 90 " lOS lOll 120 lOS 102 
SO 6JJ 9l 70 OJ 
9<J " 125 125 10' 
95 9<J 90 " 911 

III 105 130 120 118 

Table 10. Damage radius (cm) for the different explo-
sives. materials and danlllge predictor nppl'OOehe~ 

R. R. 
E.lI:plosive Mnterial Coupling (energy) Ipressurel 

Kilnulux R O~ Fully 48 OJ 
Waste Fully 6l 109 

Kimanol Ore Fully 4l 45 
Waste Fully " " Kimulux 42 Ore De·coupleu NA 2U 
WliSle: Dc-coupled NA 26 

Del. Cord O~ Dc-eoup[ed NA 7 
Wasle: De-eoupled NA , 

Practical damage radii obtained from the 
energy-based and pressure-based estimAtor expres­
sions are shown in Table 10. 

5 DISCUSSION OF THE RESULTS 

The predictors apply for charges detonated in holes 
in an infinite medium. In practice this menns thai 
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the burden is sufficiently Inrge that thert: is no influ­
ence from n free surfacc. If, for example, the free 
face is very close, the explosive gases would easily 
escape and the damage pauern would be affected. 

TIle discussion will fOCllS primary on the fully 
coupled charges. Table 11 summarizes the avernge 
drift wall over-brenk (OB) and under-break (UB) 
measurements when using fully coupled charges in 
bOlh ore and waste. [rrespectivcof tbe predictor used, 
the measured damage zone is much smn/ler than that 
predicted. TIle predicted damage rudii in ore: 

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

The predicted damage fndius in wnste: 

- Kimulux R: 58-I09cm 
- Kimanol: 58 cm. 

There arc several possiblc reasons fOf this, two 
of which an::: 

- The predictors arc fundamen tally not correct 
- The amount of burden afl"ccts the extent of the 

damage zone 

With regard to the first point, other NrOSH 
el(pclience has suggested thnt the two predictors 
provide results in line with other techniques and 
wilh field observations. With regard to the second 
poin t, it is logical that if the buflerlhctper holes are 
properly designed, the measured damuge shou ld be 
less than that predicted for flilly confined charges. 
As can be seen from the blast design shown in 
Figure 9, the buffer row of holes both ;,Iollg the 
roof and along the wall is qui te well-confined. 
TIllis it is el(pcct<..'<1 that the predicted damugc 
I1Idius could fully develop. 

Table II . Summary of the measured ovcr-bre:tkl 
under-break. 

AVCMtgC 
Explosive Materiat Drift Round Wall OBIOB 

Kimulul R Ore 400 L<n 14 
RighI 26 

402 , I.en - I 
Right " 400.2 , L<n 2J 
Right , 

Wnstc 4(IO.J Lon 34 
Right 22 

Kimanol Ore 40' 2 1.<n " Right -7 
400.2 Lon -20 

Right 7 
Waste NA NA NA NA 

Tu ming now to the roof holes which were charged 
the full length with detonating cord, it was observed 
thaI if the buffer holes were not charged nearly to 
the collar. the inlcr-lying rock remained soundly in 
plaee. The buffer row charge was required to brenk 
the rock to the perimeter, Inrgely by itself. SInce 
the distance from the buffer row to the perimeter 
is nominally 80 cm. this suggests thllt the damage 
radius must at Ic..,st be this order of magnitude. fn 
reviewing the predictions for the Kimulux R used 
in the helper holes, one finds thut: 

- Energy based damage radius for ore, R.::: 48 em 
nod the damage radius for waste, R.t::: 63 em 

- The pressure based predictions for ore, R4 ::: 83 em 
and waste, R. = 109 cm 

Buscd upon these numbers, it would appear that 
the prcssure-bns<..'Ci estimator is the most appropri­
att:. The dumage radius (based on 11ressurc con­
siclerutions) associated with the detonating cord 
is 7 cm in ore and 9 em in waste rock. As seell in 
Figure7, the mnl(imum predicted el(tcnt of the 
dnnHlge with J"espect to the buffer hole posiliol1 is 
obtained by summing the contributions from the 
buffer lind perimeter hole rows. In the case of ore, 
one finds 

Dllmage = 83 em + 7 em = 90 em 

The average measured distance is 106 em and 
the mnge is 63 em to 144 cm (Tnble 8). Consider­
ing the prc~e !1 ce of adverse structural feat u rc~ in 
the roof, particu[{Iriy in drift 402, and the effect of 
gravity, this is considered quite good agreement. In 
Wilste, the buffer hole damage radius is 

Dumage:2 109 em + 9 cm = [18 CIII 

which is to bel.:omparcd with the nvcrJgc o( [05 cm 
[lnd the range of 90 em to 118 elll (Table 8). The 
agreemcnt i~ good . 

Based upon the roof meaSUTCmcnts, it llPJ"leal"li 
that the walt buffer row holes should be able to 
produce damage to the desired perimeter in ore 
and po~sibly somewhat beyond in wlls te. The con­
clusion is that the pcrimeter row of holes should 
hove little work to do and thus, the over-breakl 
under-break should be largely independent of thc 
walt [ul\(l ing. 
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The lIvemge results for the tests in ore wcrcsum­
mari7.cd in Table 11. The nmoUllt of over-brenk is 
grcntcst for the fully coupled emulsion explosive 
(KXR) lind the least for Ihe highly dc-coupled det­
onating cord but the difference is much [ess thlm 
one might exIX-oct. The results for the W'dste rock liS 

given in Tab[e I I. The results are the $lime as round 
with the ore. 

h appears that the pressure-based approach is 
the most appropriate. tit lenst basctl on the unta 
presented. 
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6 CONCLUSIONS AND FUTURE WORK 

Underground excavation with contour control has 
become increasingly important to some mining 
operations and it is expected that the trend will 
continue. For this to happen. practical design 
guidelines are necessary. Although considerable 
attention has been placed on the development of 
special perimeter explosives, timing techniques, 
etc, over the years, it appears that the real key 
to successful perimeter blasting lies in the design 
of the buffer and helper row holes. Unfortu­
nately, relatively little information is available in 
the literature concerning their design. NIOSH 
has recently developed a drift round blast design 
approach which begins with the design of the 
bufferlhelper row. The charges in this row lire 
designed to break to the designed perimeter so 
that the contour row of holes has little remain­
ing rock to remove. If this is achieved, then, in 
principle at least, it makes no difference how the 
perimeter row is charged. Several different design 
approaches based on estimating the damage 
radius (Rd) associated with different explosives in 
different rock types are being investigated. This 
paper has presented two estimators based loosely 
on the work of Ash (1963). Both estimators were 
npplied in Ihis papcr to the rather completc data 
set collected at LKAB's Kiruna mine. It was 
found that: 

- The estimator based on borehole wall pressure 
appeared to provide a better representation of 
the field data Ihan the energy. based estimator. 

- The buffer row design used in the tests pro­
vided quite sa.t isfllctory results in both ore and 
waste. 

- Although the observed over-break was some­
what dependent on the charging of the perim­
eter holes, it was much less than one would 
have expected. This would tend to support the 
hypothesis tllat over-break is largely independ­
ent of the perimeter blasting technique if tllc 
buffer/lleiper holes are well designed. 

- Althougll the "as-presented" estimators or dam­
age radius provide values which are the right 
order of magnitude, it is clear that more work is 
required in this regard. 

- As has been shown somewhat indirectly in these 
tests, confinement appears to be an important 
raetor in determining the amount of damage 
behind the hole. This is quite logical. Further 
work is required 10 quantify the effect of con­
finement (burden) on Ihe extent of damage. 

NIOSH is currently aggressively pursuing a 
research and development program to provide 
a sound base for perimeler-control drift round 
blast design. The resul ts of these efforts a re being 
incorporated into its user-friendly drift desi~n 
software "Drift." 

In closing, the authors would like to invite you 
to share with us «() your thoughts/approaches 
regarding the definition of the praetic.ul dam­
age zone and (2) your approach to the design of 
the heiperlbufler row in different roclc: types with 
different explosives. Pcrhap!l, in this way. ovcnlll 
progress toward full acceptance of perimeter con­
trol blasting will be accelerated. 
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