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“ABSTRACTS”

The rationalization for Tunnel Drifting is based on the high productivity which
is achievable due to Contineous work with a Jumbo Drill, resulting in a much hi-
gher efficiency them the Conventional method of blasting, mucking and support-
ing services. Large projects of over 4,000m Tunnel Drifting are condidated to
justify the use of a Jumbo Drill with a combination of superior explosives, mac-
hinery and techniques. During a Tunnel Drifting test, Gulita, Nabit and slurry
made by Nitro Nobel were employed with following results.

1. Conditions:

a. Granite Rock with Two free face b. Burden (W), 2m c. Diameter of hole,
42mm d. Depth of hole 3.5m e. Hole pitch 0.6m f. Charged Explosive per hole
Gelatin Dynamite 4 pieces (112.5gX4ea)+Guuita 5 pieces(110gX5ea) g. Simal-
taneous Detonation h, After the blasting resultant rock size was Less 40% of
the 0.3m Lumps.

2. Calculation results

W =———=100cm: - rerreeeerenraceees Burden in simultaneous blasting

* EET L (880



0. 865kg(7.7ea)/hole -« cveereeness Ammount of charge but hole pitch is 1, 5W—2W
The estimated cost of using a Jumbo Drill for the Construction of a 3, 000, 000
bbL sub-surface oil storage would be as follows:This calculation is based on the

Jumbo Drill advancing 3.6m per blasting cycle.

Unit cost/bbL Excavation

$3.13

The attached sheet shows ideal Drilling pattern with Burn Cut & Smooth blas-
ting method. In conclusion, it is my opinion that this method will assure safety

and save cost and improve our technical know-how.
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Ma/vhr

Machinary is written off in 5 years:
200Day X 2shift X 7Thr X byears=14, 000
hr

Interest factor : 1.3

4—1—2. Fixed Cost.
A, A ALE-B

§ /hr $ /M

| 500,0008 X1.3= | 46,42+ 24

Drill Rig+ | 650,000% = M’/hr=
Drills — ———
(185KW) 650, 000§ + 14, 000hr= 1.938 /M8

ITEM |

46.42% /hr

: - \ ‘
162,808 X 1.3 15. 12224 =|

| ! 211,640% f
| Loader(3M*) .

|
211, 640 < 14, 000hr = P
15.12§ /hr| 0-638/M |

160, 000$ X3Z&F X 1.3=

|
! 624, 0008 (1457 724=

Dumper
(5tonX 3&)

624, 0008 14, 000hr=
44.578% /hr

1.86$/M3l

B. <A
Drill Rig : 2Man
Loader : 1Man
Dumper : 3Man
/350, 000 /Month X 17Month =5, 950,000 w

5,950, 000% -+ (8hr X 25DAY x 12Month) ==
2,480 /hr

2,480w /hr+680w, $ =3.65% /hr
3.65% /hrx6Man=21.9% /hr
21.98% /hr+24m®/hr=0. 91 $ /M?
C. Total Fixed Cost: 1.93+0.63+1.86+0.
91=5.33 % /M

Total 6Man

4—1—3. Variable Cost
A. Fuel, etc.

| |
£ 53.30.78

|

Dum 1131. 1‘1.59
!
|

0.57 Jo 12 '0. 15

' |
0.15 10.19 0.0190.04 1

0.72 0. 27 10.139‘0‘19 2

(30ton X 32F) |
Loader (3M?) ] 43.10.701
total  227.53.071

ITEM éUnit waste£ Unit Cost lCost W/hr{Remark
A 4| 227.50/hr,  215W 43,912.5j
A A A 8.070/hr) 1,500 | 4,522.5 |
A o & 0.72kg/hr] 1,600 | 1,152 |
S oF | 0.270/hr| 1,500 405 |
| F ¥ ~'0.13%keg/hr 1,800 250.2 '
3 “};O.Ing/hr 1, 000 190 |
| - \
z % oman 1?232?%' 1,500 |
!

‘ r

A '(A%]‘%i)‘a} j 15% | 8,539.8 i
total ’ | 65, 472. 03'\

65,472. 03w /hr+680w/ $ =96.28 § /hr
96. 28 $ /hr+24m®*/hr=4, 01 $ /M?

B. Explosive+ Detonators
Explosive :

AV e 1 09KE/M 0.6/ )

2
931.55w /kg=18, 444. 7w /hr

. _24M*/hr
Detonator : 44N X70EACH

=11.6+12EA/hr
12EA % 413w /EA=5369wW/hr
total : (23, 813. 7w /hr=680) % 110%
=38.55% /hr
38.55% /hr+ 24M%/hr=1.6$ /M®
C. Drill Steel
179.8sk/hrx0.22 % /sk x130% =51.42 § /hr
51.42 8 /hr-+24M*/hr=2, 14 §$ /M?
D. Ventilation, Pumping, Sealing

240skr/hr (96skr+125skr)

=474, 7skr/hr
474.7skr/hr<0.22 % /skr=104.4 % /hr
104.4 § /hr+24M%/hr=4, 35 $ /M?
E. Total

ITEM $/br | spr |
|
Rig, Dumper, Loader(fuel, |
transport, Maintenance) | 96.28 4.01
Explosive+ Detonator | 38.55 1.6
Drill Steel | 5142 2.14
Ventilation, Pumping. ‘
Scaling | 104. 4 4.35
total 290. 65 12. 10
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2. 1M*=6.29bbL,

3. 1% =680w =4, 545K

4—1. Excavation Cost Estimate

4—1—1. Assumptions
A. Tunnel : 40m?
B. Work Cycle : By Jumbo Drill

i} Drilling : 2.0hr
iy Loading : 1. Ohr
i) Ventilation: 1, 5hr

i) Mucking out : 2, 5hr
Total 6. 0hr
C. 70 holes/round of 4m : 280 drilled me-
ters/rourd. 909 advance per round is
3.6M
Volume/round : 40m*®X 3, 6M =144M?*
Specific drilling : 280144 =1. 95 drilled
meters/M?
Drilling per cycle : 280 drilled meters/6
hr=46.7 drilled meters/hr
144M3/6hr=24

Rate of rock breakage :



4—1—4. Total Excavation Cost

s Fixed Cost+Variable Cost=5.33%/M*+12.10%/M*=17.43 $ /M?

17.43 % /M*+6.29BBL/M*=2.77 $ /BBL
% Refer to Excavation Lay Out.
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i) Volume of Storage
Cavern : 16M X 25M x600M X 2EA
=480, 000M?
Access : 6M X 8M x (600M+30M X 6)
=37, 440M?
i Volume of Access tunnel(From Entrance
to Cavern) 450M X 6M x8M =21, 600M*
it Total Excavation Volume:i)+ii)
=539, 040M?*=539, 000M?*
* Actual Excavation Cost
i) 54442 ;3,000,000 BBL
i) AAFa4EA #] : 539, 000M° =3, 390, 000
BBL
**% 3390, 000BBL X2, 77 $ /BBL

Profil: 3 3
oM
__Main Cavern
=9, 390,000 %

9, 390, 000 $ 3, 000, 000=3.13 $ /BBL
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GURITA : 4,000 m/sec ¢ 17m/mX46cm
X110g
NABIT : 2,500~3,000m/sec ¢ 28m/m
X60cm X 426g
G.D :4,500m/sec ¢ 25mmx1,125g
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mm\ mm ‘kg/m] W cm | Socm )Szcm ]Spcm

36 116~18{ 0.12 | 70~ 90 50~ 60 30~ 40‘ 15~20

44 18~20 0.17 | 80~100 60~ 70 40~ 50\ 20~25

50 20~22 0.25 100~120) 70~ 80 45~ 60 25~30

62 22~25 0.35 120~140) 80~100 55~ 70, 30~40

75 25~28 0.50 150~170110~120 65~ 80, 35~45
i

87 27~30: 0.70 | 180~200130~140 80~100, 40~50
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|
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m=>5# X46cm +4{# X 17cm =298
. Ns
= M+ N+ (N—DKJ
(q=W=2 50
8X604. 4

= O(208 T84, 2) F TN 60] o 2
W& IEHE Wm=2. 0mz} sha

Wm _ 2.0
W= q 3.2

2) bz =HAl
(L€ =4.2, 2AEE & ALz BE
=0.6 2 0.4)
S=204.2+4EX17cmX0. 6+4. 2+5@E %
46cm X 0.4)=282.4
m=5X46cmX0.4+4X17cmXx0.6=132. 8

=63cm

8x282.4 =193
T 20(132.8+8 x4, 2)+7X601 "
Wm _ 2.0 . _
W= q 1.93 =1.0m=100cm
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5—3—2. TR o CONTOUR HOLE ¢} #fL 77 65cm

1D 4807 - BAKMGHO o ZF¥lZe] : 3m
2) HEf: 804 128 15H 4) R Y g
3D TS

Fig. 1. MSHTHRE'DEM

DRILLING PATTERN(W12Xx H20% GA 9x7=54m")
NITRO NOBEL ##18

DELAYING DETONATOR CROSS SECTION : 54m? STOPE HOLE: NABIT 2EA
0:6 6: 12 HOLE DIAMETER 36m/m +GD 3EA
1:6 7:13 HOLE DEPTH : 3000m/m
2:6 8:2 BURDEN : 600M/M(COUNTER LINE)

3:6 9:5 SPACING: FLOOR : 500m/m

4:15  10: 14 WALL : 400m/m

5:15 STOPP : 600m/m

TOTAL 100 HOLE CUT HOLE: G.D 15EA

100EA /157, 5m® FOOT HOLE: G.D. 12EA

=0.635EA/m* CONTOUR HOLE GURIT 4EA
: +GD 3EA
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Kitsfyo & Cycle 1407l R2EE 23 i Fd

Mgy % o %
- " 7] 0~1%-< % 47l 2 (112, 5gX4fE)st 2~
0% EAx4EAx112.58=2.7kg i . :
111 Z x3 X112 5gg—2 T 12%- FL% # 313 =FAIH3~14%- Finnex
) e = 7 1
21 10 x3 X112.5g=3.37kg = REUT
31 10 X3 X n =337 2, I&f W5 FH
4 § %3 X =303 ) Bt s K 25m/m ¥ 28m/m
> X3 xor =311 of REZ 7/8" rod(3m/mEx 3 42T B
67 7 X3 X o =236 fAste], Decoupling I§HE £ 58 BHT A.
7 6 %3 X n =202 - -
O S O 2) BEHRE ¥ %ol HiL(Footleg) T By
9 12 X3 X #n =405 =3k Bsked 1/27 pipe(F7}A] spel =) & #E
100 10 X3 X n =3.37 fEshel BEIENIO] AL WIS A& SIR LA,
11n 10 X3 X u =337
124 11 X3 x un =3.71
137 10 x3 X n =3.37
147 10 X3 X n =3.37
151 10 X3 x #n =3.37
A 150EA 51. 24kg
6—2, il Assd Holx
1981. 6.27/28
3 4| F FRA F A ,{fl 31;}1 %:—': 3] o) 2§ 3] A 219) 3) 1211}_;{7.] ‘:{‘i L R Y
& e Al (i = > A
D o } (cm) (m) ’ (kg) < cm/sec [ (m)
1 '{ K-6-12 K‘10‘30 0.8-0.9 K—Z. 47-4, 953 X 0.002 zé%_lx__] 2F H—28, 315 X:ﬁg; L-10 _Hr.:l_o‘] 2;1-01-7]
. . . a i =
(27PM5)’ (148) 60 (61, 087) L-22 SEANEOXYZ 004cm/sec
K-6-7 |K-40-60 o ~ o K-2.48-2.901 ’ H-23,315
2 (46) | g0 | 0-870-9 7 (Go, 525y | 2 0.001 7l “’m‘{ L-13.14 | Burn Cut
3
K-4-4 |K-10-30 , K-1.12-1.57 H-23,315
(2??01;48 (162) 60 1-1.2 (63-83) Y 0.15 " 113 14 Burn Cut(A Tunnel)
}-‘
4 K-6-8 |K-20-40 K-2.7-2.7 H-23,315
(n) (150) 60 0.8-0.9 (51.24) Z 0,002 " L-26 V-Cut(B Tunnel)
[ K-10-30 ( J Burn Cut(B Tunnel)
5 K(”l‘ie‘;) 40-50, | 0.8-0.9 K“l(-51§57‘6173)5° Y 0.06 i E:Zg'3l5ﬁ Foot Leg. =
\ 60-70 . | 43 %
. K-4-4 [K-50-50] , o o o K-1.35-1.8 #}24 | H-22,00 | V-Cut(A Tunnel)
6 a2 | 60 | 0.8-0. 9 s6.07D) Y 0.02 | ey ‘[ L-20.14 | Foot Leg %
Finex 17mmX5cmX 110g -
¥l 3 1. ARE Eokg tlolihrle] E 25mmx112.5g
2. AHEHAL A7 AwxE 0—154
3. AR EE ¢40mmXx 1. 4m 2 A FAL 0.8—1.2m
4. K-4-4-8 Cut Hole 4Z-09, 4Z-19
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Tunnel S A bE 3] BH, FEW,
SEA 2 FEY Orthodox Y EZ e = Cyclesg
LS ete HiEsk I BRE Rt 1E
23 ERS AR e s (FEe Tk
22 WoE F ik

ARl AE EAAY Sl Higd e i7Ed
¥iale] Eoutsbe BUEEHY AElE =ZKEHR
2 &+ Jde & BEH F& k% 29
2o B Tikelsl & + dHk

b FL kg #Eld e #ES G.DH
#59 Slurry ¥ 1978%F ¥ L WAE
19814 ol =23 ML el glx olWl e
A FERA vl ¢l= Smooth blasting / Gurit
2 Nabit 7} oA #fga{t =l glet

Gurit = Sweden ¢] NOBEL jt7} BgsgEsr /I
B, (EEE, REEEE 2 Rigfld v
TS ILete] BEE-S REIR %Al Bore
hole Ko Ml & RS RS g
A%t B Decoupling INE =l st 7ol
t}.

& o BUAWel PR, EE, KR, BE
9 RRET MR % SRS BT F de
orzhe B A PUET FES S dE A
o] o] ok e},

Swiss ¢] NEIT HORT RUBBER SUSPENS-
ION & AT #ESE doFed BEMA
BHRF 2tz L

=3 TR LS BEREY REEcl =
oA EmREPkEel EAstd #EEs] FEHEe He
n} BifFo =& Rubber cover 7} {#FEE 3 gt

o] shzke] ffzce] /U BUAHY) WIENLE W
x5 Aol wk M Tunnel 5} & K=
RN Jumbo Flo] FEAE 2R AL BEE
RH 656—4W & #ZfCH 274l f8CR 30m 5
ol A Jumbo A ZEE ZFIL MR 300mE
B Avlmed \BAN MEL Rl Aol

Zo WYL Tekolel #EAS] VA vy y] Tk
2Re] EEE #S5" Burn-cut, Coromant-

cut, Line cut %o 2 Birsi gt

BEZ SEARNA /) BRT HTHWT
# 5 Drilling pattern-& REsle 2 eH(6—3
- Ji2))

o] Drilling pattern o] & 85T o]
Bl A Mo HESE

I Laser light & FJH3le % #L-& paint &
Fonete Il EmES Hisled oF ke 1B IR
B) RSHFEE (EEGERA ohe TS RIT MR
BER ok T Aol

¥ BHER S BidE L R
WOFIAS B3 Dynamite S Bl ol
4 Ao m BRE

A F7R Gk HTH# Tunnel #ET S
Zmgstd vd, WFE Tunnel TiES o)
hEst LET B A2 Tunnel #EE-E Ju-
mbo ¢} Crawler drill & fFfstd Burn cut &
drilling &=} £%£-2 Slurry, ANFO, Gurit %
NABIT & # A3, Smooth blasting & 178}
o, ERBEWEA PRHEERS SRS mEAA
ok & RHejeh &

zpfLsl7]

2 ¥ % #H

1. EEER THRA v G ERID) 1981 2. 13 KERRGE
2. BEEfFES TEREE Al v (GFE) 1681.5.21
W BREE

3. On rock drilling theory & technique by C. Bys-

trom & V.Harr, E.Brask, B.Johansson 1380. 9.
4, The modern technique of rock blasting by U.
Langefors & B. Kihlstrom
Slurry &5 ARFEZE
. 359 Hand book 1977. HATLHEKBEHEHE
% Hand book 1977. Hi#it
Sub surface space. vol.1,2 by Rock store 80
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Sweden
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B.C. 160
137748
18664E
19354F
19504
195248
19544F
195648 12
19627 84
1964%F 6H 20H
1968 2R

19684

19724 10H 14H
19754

19774 111

19804 12H 30H
1981% 1H 10H
19814 2K 13H
19814 5H 24H
19814 6H 27H

EoKERE PR A B9

BEX % KB (KEBHER)

Figt Nobel 71 I vholihwlol = FHEQUEFHHGE BE

BEFET HE KETHEw

EE Lee 9} Akre k[l o 2 ANFO $#3F

HEKEG C)I15 B

FFE Burn Cut EBREM (L A LEHU

2B M.A. Cook ¢} Bl H.E. Farnam 3t[f o 2 Slurry #%
B#& TH ANFOEA/L AMER

FTIE BUE ANTO 80 MEAMER MM EE RaREU

FHR ALANFO 0% (HEEABIRR IR RETRLG6E BRTEXERES K
BAEHRR)

@EKE () ANFO BLEHIR

Burn cut ¢ 1EMY REE RRUBGHER, ANFULTSS KEAGRE

B Slurry BEME(3 Dupont § IRECO %5h BEfi7HR#)

BN Slurry SUEEAING WS, FRGE, FRES, SRERTLE AR

BREEEBEE 21, 237ton 1 ANFO 7} 6,363ton(30%) &H
FHAE KR BREIE A Slurry (&7K18%E) B
#¥3E Gurit 7/ Smooth TiHERBMN K-1 REBRBERE
HEKE () 4K8%E 2 Finnex 8K

FFIE A& 1T 324TE o4 Burn cut BEREM L
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IR - BURES HMHE BE 2EABEE
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