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* Tt can be adapted and pavamelecized accarding to Hhe e
ality ol busiciess whoere 1tis irpplemenoed, gllowing froo
functanality, .

# Slandard data erstoy structure toul,

= Reports necessary for & praper blasling management ran
e odatained, aund

= [twan be housed ogually in sersvers of the client's com-
pany.ariina datacenien

RS 1 Tl cn Uhe dnberrelation with base daly sources
that need to e analyzed wath thecustomer in order fa de-
terimine Hs application fn ke models thist they will ose

specifically; the characteristlcs of the tnformation sour-
ces and Hheir Inlegration are as shaw below,

This system 35 capahle of compiling and relating the

Infermaticd kel 1 oLier sbsleiins, s mablep dueic Dot
Or native stractare, as long as:

L liarmation has & common denominator, which s a
hiasting idenlifer and,

2 0o ornder to obtaln the fase mmdate repoits, the client
must give (e dafa stouchum accordlioge beowhat the
svatemn defines, Any medification or adapfation of the
praduct mus! be aralyaed wogethoer o the whole bur its
Enplementation.

Particulachy for the BMWE, the sonrces of base informatiom
conaideied are 1he fallowing:

* Pragmenilation measurenment
= e Kate mmcgsuremoent

= M'ost-hlasting analysis

o Hlast dlesipn

= Teal Masting

= [ifasting: vost

= Time confial for auger tracks

Advantages
A towal weith The ehasecteristics described above allows:

» Rense of presvious blast designs, ool decision-makiog
brepsiiil o historical secords,

+ Study and aptiniize Cuslomer's processes,

= fgsoudate the recorded information about condltHions:
hefiore and aflec s Blagt loe analysis,

= | lave pocess to updated-and real daca provelded b Bnaes
and the cusioina,

* Beceiose o sowrce of knowledge for the apphcation nof
better pracilees; and

# Le geed by dither Enacy or the costomdr's persannel

sShape io the Production Chain, Each stage of the pm

CONCLUSIONS

hoe icaing Process, wehien copsidersd incits ball CUT g,

comnsists of many sepurate stapes o1 sub-processes sud; 4
deilling, blasting, loading, haoling, crushing, g',rjnm,]m._
fetation, ete. These sub-processes make up Uie Progye
Lian Chain, aod each one oL ihe stages ola chat is e,
il far the cocation of the final prodoct. FEach one of (haeg
slages must contilbule VALUE 1o the busioess. Oplimjg.
o bas to consider the valwe and profitabilily of H]'E-'-t‘:“-!}"i.‘.‘l
husiness, and nol & [ooas on each operating uniy in ﬁ‘

indivichuwalized way, This realizacion leads us w he 1;&[@
Chaln, and requiies & grealer knowledes of hiow e vark
ous sub-processcs react to various changes in e g
of the materlal belng proceseed. 1 alio reguines it i
definge and guantify Value, consistent will the urzg
nhjectives of 1he husiness anc in legms of dilli, at.‘

st be opl mized ool Toc s, ot cather 190 ma
itz contribution ot value to the Glohal Process, 4 :
Modern philosophies based on maximization of '"
alue of the operatdons as a whole have createdid
warld al business oppoctunilies lor explostve o
turces and Blasting Sceeioe prosiders. Bazsed on
apmenl of many communisalion platforms an;[.
LETS applications for the mining industry, &
data is available 1o inprose Blasting cliciency:
dition the mock, ooe or waske material, for tha
slages ol the mining puocess, allawing Deller
iny and mangging of che leverage that blastng
ate Io limpeose e haslness.
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ABSTRACT

Mg and blasting opesations are (o
":'-in-"J-"“-' oveTall coss, Adlditicnally,
IECEs special emphiasts s placed on
FSWhere sionth hlasting Or e

d Dl holes e charged with
10 miinimjze the effect ol shock
RNty performed by detonas-

DELPAT SOFTWARE SYSTEM FOR DESIGN OF DRILLING
AND BLASTING OPERATIONS

M. Can Celiksirt, Yural Erkan

The Pennsylvania State University, USA

iost miling wperations include a chain of several processes such as drilling, blasting,
loading, hauling, and crushing, Drifling s blasting, as the first element of e one
extraction process, have themaln objective 1o facture the u sitss rock s while meaii-
taining safely and covironmental standards, This sub-process meeds to producg frap-
ment size distributions that are Lailored o minimize the production costs and energy
comsumplion in dosnsliean process including laading, aanling ol crushing, This
papur presents a purt of new integrated computer-alded system called DelPat thal cam
he used tor design and planming of deilling and Llisting opecations. The slanad-ations
version, with both metvic aod English godts, was developed In Microsort Visnal Lasic
programming language. The databiase was developed using Microsaft Access systeny auul
applies apen database connectivity for storage and processing al dolling and bilasting
information. The case sty ol system application includes uarty aperitivng in Turlr.l_'].r_.
The results obtained by DulPut are comnpared will actual rosts incurred In (he Beld,
Tl results of this stady, specifically the computerized sotbware systen, can be used by
industey professionals to evalisate ditferent deillinng amd blastiog sconarias. This O -
Fensive and user-friendly system helps incusty professionals 1o minimize destan time

and maximize (he cost-effect iveness of drilling and hlasling in mining projeces.

ing condls, Pre-splil hodes are fived sinultaneausly ahead of
the other holes, whereas, smoath blasting uses the high-
est number ot detonator delay (Fernberg 20025,

Luarrendly; there are a muonber of diffecent deilling wnd
blasting computer programs used in mining and civil engi-
neeritg destgn prajects. The application and eftectivensss
af specific software depend upon the number ot factors
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imcluding gigject sitd churpcterstics, input daifa avaitable,
e required autpal, skil, experiénce, and persona biases
rif the ke,

Commonly, the gaphical design of drilling and hlast-
Ing patlesns is preformed by 3-10 Compater Alded 1e
signt (CATIL taols, The 3-L) conmuneniatly available com-
puiler proprarns inchade klineScape D20 # Blast (3 inosi
2004, Suipac Deill s Blast (Surpay Sottware Intena-
Honal 20040, GERA Rlasl Tresign [Gemenm Softveane In-
termational [oc, 20041, MineSight Blast Pasters Design
[3finebos 200:H), WTITAZAN W5 Deillandd Blast Deslgn blodule
(hlapieh 20043, and Carlson Blasting Lagons Mitagement
Muodule [Carlson Soltivare 2004, These supbilsliated soft-
weare kv & povearful graphical interace, e thicy provide
design of 2-0 virtaal medcls of dilling and blastiog pac-
terns, However, thaw vepiesen] an inlegeated part ot the
larger, multi-purpose settware packages that alse include
topopraphical  inlecpestation, doblbule  representation,
geologival, prado and whd medeling, ynlumetoic colog-
fation, Bench degigo el planning, et These compnter
progminms da nok peosice predicion of fragrents distrib-
tiam e coet caloulatinn celatedd to doilling sl Blasting
operations They alad reguire auexlensive [aining which
By costly and time consummng (Sronce 20635],

Mafrritvol dolling and blasting ranotacluges sich as
Atlas Copeo, Tamrork, Fuiekaws, P&H, Bucyros, Sweda-
la, Sandvik, Austin Powder, Dyno Mobel Ine., e Tave
aeveloped thelr own compuber -progeams, 11 shoid be
refoigiizel that cach company makes cthelr recormmenila:
tioms af 4 parlicular piece ol dolfing equipoen! o1 Bype
ol e plosive using neb andv ok s calritated doconding
t the slamdand practice bot often applving prooedees ar
vactficients, which are part of the infellectual property
ol Ihe given company. These hidden procedures andiar
nummhers aredflen tae pesult of oy weam of experimen-
l#tioe, which meed I he mdlecied, The authors reoog-
mize 1his gapect of software ownership and any sallfware
cleveloper can chease o display or Lo pratent rortions ur
ypes ol intormation that are made available teoolies.
By researching Liyvno Mobel boo, woebsite e aulhnrs have
esiigedd that this company hag the compiiter basca siu-
latior anil aoalvsis software nameel DynoCorsull, This
suftware has madels (hpl provice blst design, slomulation
and . vilmation anaivsis and can-estimate fragoestation
and damage (Dvepo Mol 20043 16 i5 also indicated that
“Ihey work with thelr allance parinais (6o develop coan-
plex Tlasi odels to prodict Blast mevensed, aod muck-
pite profile”. Addiional compoter progiams by Dyno
Sohet include productvity analysis, hlast costing models,
profiling sofbware and explosive thennodynamic oodes.
Alaor, thoe wuthors learned Thal sofiware called SABREEX by

0L Explosives gives practical and graphicil oo

At frsgeemen tativiy, mock-pile, damuge and costs (Kigy,
or il TORT: Paipe et al. 18E7. Mo additlomal infoonatbog
was availuble on the web site ol the time ol paper vriling,
The wws! detailed descriplion of muilfacturer: dmrelc:;xﬂ
somputer program i given by the Ingeroll-Rand ﬂ?l:a].:é 3
20012}, 'This crmpans has deselnpod ill Cose j_r,ﬂ"mlmu
FLCED software b assisl users wooselect the proper dij)

ing couipment, and (o caleulale operating ard ownegshiy
ir$

costs of such egquipmént,

Terdifing and hlasting compuler progrims thig aTe Can
meteialbavaitalle rn the market inclode ESTmBLst
lech FT:;' Ll 20043 GoldSize (Galder Associutes 200
Blast Optimisation (Rockmate 2004), Blust Layone
2y, and MEL-RinelilastData (Beeves 20041 The
sien Blasting Services (PBS) has develaped severl J'r
ules that Incorparate blast designer, blast report rh. b
blasting cust, and blasiing plan designer (RS 20045 M
of these computer rogrss are corceptually st
vty zner B

Rased uprn the prevtous resedich velated o thes
opmen! of compnter programs for drilling HruJ
aperations, & rew user-fricndly sofiwars called: B
develuped in hedp industry profassiomls Lo minim
sign Lime ad maxionize the mxt-u:[fP{l.lvmcﬁs_c:r_l:
and Klasting projects. The majar novelty al
ware 18 Integration of tragmentation and L:IL'E
The text thal follows describes |he applicatio
systen Al The excsvabion praject in ey, and
ilatned by the software are compared withiad

Imcnroed in fhe feld |

CASE 5TUDY

Lhilling srul Wlasting Gprraticns rmlehﬁ%@.
ar rock materiels to be excavated annually ‘::
nanswarking days per momnth, 10 wm'klﬂi il

and 2 shidls per day (Figure 1. DILHIII%
tinn wag desipned at Lhe rate of 573 e,
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e 2 Properties of qock marerial,

| ""-' wick properlies are selectod hased upen the peo-
'Iji.'uuditimw in the held, Rock material was lime
s with hardness in Mab's scale uf & and spedhc grin-
n”. DelPal enables seléction of Rock mass surkice
ot a8 FowderFriable, Blocky gr Totally masstve,
e orientation vin be selected a5 cicher Horie
3 ot of e, Strike normal 1o face or Pip intn
e case van be ey, Wet, ar with Appropriate
Water, Tninl plane spacing can be selected s
01 m), Intensiecizte (181 0 1 ), or Wide (= 1
‘on the geological conditions in the feld, the
strface condition was selected as g Lloacksy, 1.
icked undlsturted rock mass cunsisting of cu-
: Al stesecting discontinuity sets, The Joint
ivn wits selected as a Dip into face, borehale
ty, while the Join| plane spaving value was
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Fgure 5z Seloction ol fritling erangamente and exalnsives,

dased ypon the inpur parameters, the wriogs alternalives
sch as differont haje dlameters, burden, and Apicing
weere eomsiclered. Figure 6 shuws calulated values fur hue-
<her, spacing, slemming, column and Soltom charge, hole
depth and sub-diilling for kole Gameter of 89 g
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e & Caloulabed values for bale diameter ui 29 mm

Table 1 showes cohming and holtom charge for various hole
digmeters applied in the project, while Table 2 presens
specihe drilling, vicld, and specific chaige,
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lahle 17 Lalumeyand hastem chenge for differenl bale Clamsters,

= tafumn charge S Bothom charge -
Hele ditmetor T
A Sudenfm}  Specingimi  Stemminging  Coluneifby)  Columnim) | Sntomaibg]  Colsmignd  llele depthim) ‘“—"‘d"b-ﬂj_rﬂ_-
&1 PR 1.94 EEE Ry i, 6 2.4l ALY 11,35 T -
102 194 447 5,10 g8 4,71 TRE: 415 1140 Bl
115 3,74 a0 308 331 383 4405 453 1158 Ty
12y 8,11 405 .84 409 510 57.J& 1.5 T o,
168 sl 5,38 4.1 222 .51 | BE.ng 5,50 11,032 £
Takle #:-5perife ddlling, yisdd, sed specdic chue for vanimes hals dametes,
Hals Eench Hala Epecific Total Spacitic
diameter  height length drilling Held ficld chare thange
{rni} ) {m) (mym®y  feifm)  {m'ihole)  (kg) (™)
Hu 1 11345 .10l 9.74 1ir.ag A, 0a 445
- W 11,48 R T 042 wp.iz 0.455
i85 1 T 1413 16L&l IR s
124 0 12,43 1,053 15,2 4753 D777 Lagy
152 i 1192 0,060 20014 242.45 177,37 n.525

[hyrtgsty the projeet (he special emphasizes wis placed
i studying che melationship between the comulative
arnounts of fapments (%) passing different meshes size,
A fragment slze distribution was gquantified by mesh slz
ca-with 10, S0 and FOCR of the pedss passing (5,, S
and Spgh The prediction of fragouet size disleibolions
Fa hakkedd o Lormei las snch ns Knenetsoe-Rosin-Sianumnier
(Rmznetsoy 195, f,fl,lr_lr'lil‘lgham (18T, and thie Swerd-
sk Dseteanic Ressacch: Foundalinn Formala (0uchterlony
1550, Figure 7 shows comulafive graph of welght pass.
ing Block sizge In &2 mm Gole diamerer while Tahie 3
showes. Fragment elze distribution for varions hole diain-
elecs studied [heowgh the project:

i M T M\'q-ll‘-'@‘\-fl.l-l'\#- _w.dﬁ H':- —_—
L M_..i]él, T diemeser Berder Spachin  Fragirsmistion  Ferceabegs
Vs bydrr pragh ol megh oo blnil odiv e $0om s 38 W05 .I.IEL_ _fm:l - I:_I'i‘] sie ':lTlll:l h'l'l'lmt
a9 2R 105 | EE
ﬁ 07 304 440 & 0
s T - R 1
; ﬂ T e T e
g il 183 A5l sa8 bt 78
% I LSTH
E-I l: ::'::' Table & Walues of 550 a0y soeiic diznge forwaricay fnl
R .
R Hale dfameter fmm) 102 115
::::: M .25 FERTS
S50 {cm) 2nhE L5 B
i SCs (hgfm?] 4l 7.l
TR e SCF {hatdm 05 048

Al (PLU ds O,k ] o
* The mesh sizes with 25% af (he miss passing a
sz P25] 350,111 m
= Thg mesh slzes wil I 0% b the mass [Fassing a5
sime (T is 19
* Themesh sizes with S0% of the mass passing 8 bk
sive (PR i 0207 m
# The wesh sizes with 73% af 1he mass passing:
side {UF51 IR 0,535 m
The mesh slzes with 909% of thi mass passing
sixe (PO [s CLRHE ) ]

labkle 37 Fragment siee distehution for vaogs hole diﬂm‘l&;—:

Figune 74 famedativs grash of weighe gassiog block-stze on &2 mm hels
dizmzler.

The mesh sires altained in the projece e as follows:
= The mesh sizes with 5% of the oy pesiog ps block
shzp (MRS ) s LLHAO m

The histopram of welght passing - bleck
L dizmeter (s shawn In Fipoee 8, will

vafua ol S50 S50 s gl salug of 55”-::&5};
speciiie change, und S 1s end value of 8
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eratlons was performed for varions hole dlameters, and
rectangular Blasting patterns. Figure 10 presents a sum-
musry of drilling and blasting data for hole dismeter of 89
mm while Table 5 shows blasting cost repart for various
hole diameters,

Table 5; Blasting cost report far varksis hole dilameters

Hols Detomafer  Primer Bettom Columm Masting
diameter costs eeats(5}  chamge chapge Corly
fmm 5 costs (5 o $/m3}
EY 204, 6T, 31 [&] 1 115,103 553,912.33 042
197 230,261.11 1] L283.993  &34,803.80 [ XT
1k 2047 8.00 ] 1491, 408 491,085 40 én
L2y 174,053, 56 1 1 BHE 155 W52, 060,57 0,410
152 14, 635, 68 a 2 165,877 318 40747 .55

In order to evaluate the accuracy of the DelPat compiiter
program, (he program outpat values are cormpared with
lhe results obtained in the fisld, Table & sum markzes de-
signed costs by DelPat vs, actual costs abtained in the field,
As can be seen from Table &, the actual costs Incuirred in
the fielid were 0,15 $/m’ less than costs predicted by Del-
Pat computer program. This difference incurmed because
of change in the following parameters; burden, spacing,
hale depth, suly drilling, drilling ate, capacity of drilling
muachine, and specific charge (Tabie 7,

Table & Mesigned v, ol drilling anil blasting costs.

Cost alements Doslgned costs  Actual

by DelFal cagty
Oriliing maching iivestment (%/m") 0,370 Q.15
Mzintonance (§/m") 047 0.080
Fiiel {§/m”} 034 0050
Drilfing-Labor (%) 0,000 0010
Orill steal [5/m") 0,027 0,070
Total drilling {§/m") 2,390 0.270
Detomator (§/m") [RTET [NTETE
Prirmier (4/m') 0,000 .00
Dottee (§/m’) 0,351 0.330
obumn {$/m") 054 0, e
Blarstirg-Lakar (%/m’ a0 010
Totai hlasting | 0,490 0,460
Total drilling and hlasting (3/m’} 0.880 0.730

Table 7: Difference batween dasignad and actual drillimg and ilasting

paramekers

Orilling ang blasting pasameters Designad by Delfat  Actual
Biliden {m) A.21 &40
Spacing [m) L] 5,00
Hole depth {m} 11.E3 11,76
Sl drilking {m] L26 1.0
Drilling rmle (%) G000 7,00
Capacity of drilling mackine {m,/h) 15,248 2 2%
Specilic chiange {la/m") 0,49 [

The set of graphs included In the DelPat software albows
for conveying two important messages, First, the graphs in
a combined fashion allow the operatar 1o see the relative

¥

Deipat Software Systam for Dedign of Dritting and Blasting Bperation




L
=t

300

Chile | CHCPTER D& WINE GRIT LRELEATIONG

AHLOM 3007 5a “Liggs

vanleibudicm ol sack cost elecetent to the overall cost, Sec-
ey ey erendt thie user b concentyate on imposing
parforrurce i thess arcas that hawe the largest welght in
the gverall cost, thud making thoteeforts mare alTecrive,

CONCLUSIONS

Proatlingy anie) Dlasting vperations are cotcal in any ook ex-
cavition provess, Tl warious tactors shoold be considsiead
in trying to achieve a mwliahle cost estimation including a
knomredge of rack properties, seleciion ol appropsiabe exple-
sives anl i ling machinery, e denngeeent, myamert
s dlistrbliory, Gine schelole al BHor managpemant,

A new computer progeam alled DelPat integiates doll
ini and Blasting costs with fagmenialion analvsis helps
Industry professionals o minbmie desizen e and maxi-
iz e cosl-ellTect ivenass,

The Lieme meguinsd o bearo software |5 boooming an
ipoctiod ssu wsolbware prows 0 functicnality and
sophistcation and the need- tn fndlemr chmenres made in
subsequent ppdates hecamies a lall-tin oucepatica, The
expense irdabved with hidog pessonnel designated to
Pt sl Operaly these complex programs can be costiy
i this process amaller cperators are al a disadvanlage,
Crzalning answers even o simple gqueslicns nepuires in-
volvement of axperts, wha are belldxpensiee and scldom
redrlily available, The DelPat subtwre 35 desipned to folfll
suchy peeds by being applicable in any 1vpe ol opsralion,
cipuocially those smaller in slze. This sellcnmiained pack-
age s designed to address a specilic newd, ancl it can be
used quickly and ellectively with modest training,
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