ALK RAINA

A K. CHAKRABORTY
R.MORE

and

P B. CHOUDHUEY

What ‘aches’ my industry?

Deviation between planned and practised blast design in opencast mines

in India: a comprehensive analysis

A comprehensive analysis of blasting data of opencast mines
has been conducted for variations in basic design
parameters like burden, spacing, stemming and specific
charge. 354 data sety of 19 mines belonging to the coal,
limestone, and metal sectors have been analysed and
presented in this paper. The analysis reveals that there are
strong anomalies in the design and application of Masting
methods in most of the mines in India. The deviation from
the caleulated values of the design parameters and the
observed values is beyvond acceptable limits. This in turn
indicates a strong compromise on production in ferms af
breakage or fragmentation, loading and hauling of the
blasted materials. Since there are significant spacio-
environmental constraints in present day opencast mines,
equipment selection must be in conformity with the
production which in turn should define the blast design. The
study provides an insight for planners and executing
agencies in Indian mining industry when a serious
intraspection is anticipated for equipment selection in order
to achieve optimal production with safety and overall
performance of blasting,

Introduction

lasting is an integral and vital component of a mining
operation., The production is precisely dependent on

the blasting practice followed by a mine. The best
production performance is achieved not only by the
appreciation of the underlying principles of blasting but
proper selection of the equipment, also. Understanding of
blasting process and subsequent design for a particular geo-
mining condition has a direct bearing on all the components
of a mine-mill fragmentation system. An optimal blast is one
which achieves the following norms of productivity and
safety.

a. Optimum

i Fragmentation

Messes. A, K. Raing, A. K. Chakraborty, B. More and F. B. Choudhury,
Central Institute of Mining & Fuel Research, Regional Centre, 3™
Floor MECL Complex, Seminary Hills, Nagpur &40 006,
cmrirci@dataone.in, Corresponding author rainaji@gmail.com

JOURNAL OF MINES, METALS & FUELS

ii. Throw
i, Muck pile angle
b. Minimum
i Ground vibrations
i Air overpressure/noise
iii. Flyrock
iv. Backbreak/damage to next round.final pit walls
v, Toxic fumes
vi, Human response
Figure 1 explains the interaction,

Unlike defining the production pattern (Fig.1), the
equipment selection is a unique procedure which although a
decision process, has no options once selected and deployed.
This means that a drilling, loading, and hauling equipment
combination should be selected only after ascertaining the
current and future requirements of a mine, its production, and
safety.

In comparison with the above the objectives of a
production pattern or blast design can be achieved when the
following components of blasting are properly understood.

1. Type and nature of rock being blasted,

2. Explosive type and its properties being used,

3. Type and size of equipment used for drilling, mucking and
hauling of the fragmented rock and it s conformity to the
economics of the production, and

4, Rock-explosive interaction vis-a-vis, geo-mining
conditions
There are host of parameters that dictate a blast design in

a mine and are one way or the other related to the above

conditions or norms. Out of these, the drill diameter is one of

the most important parameter that dictates the blast design.

The basic tenets of the blast design are bench height, burden,

spacing and, stemming which are dictated by the drill

diameter. These in turn determine the effectiveness of a blast,

Smith and Ash (1977) explain their effect on fragmentation.

This paper attempts to analyse the blast designs in terms
of above said parameters from a huge database of 354 blasts
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has been further explained with the help of

ey Site Parameters Fig.2.
1 It is amply clear from above table that all
Baskon Pararatary authors of burden formulae have used drill!
explosive diameter as the basic blast design
Design Objective Goal ! parameter in their equations. This
*® Fragmentation Blasting/ Trlals necessitates the introspection in terms of
* Muck Throw Optimised drill diameter adopted for a particular mining
* Muck Profile operation. Other design parameters are

* Ground Vibrations
* pir-Blast

® Flyrock

* Misfires

* Wall Rock Damage

Minimized

covariant of the ‘burden’.

Comprehensive analysis of blasting
practice in India

In order to evaluate the blasting practice

* Side Spills

Production Pattern

adopted in Indian opencast mines, analysis
of 354 blasts was accomplished and is

Fig.1 The objectives of hlasting operations and the flow in production

generated from 19 mines of coal, limestone and metal sectors
in India, The blast designs have been examined over the
calculated and practised values in comparison with the
theoretically desired and best practices for such mines.

Notations have been adopted for different terminology
used in the text as per the ISRM guidelines (Rustan, 1998)
and relevant notations to the text of this paper is provided in
Table 1,

State of art

There are substantial references available on the subject
where basic design parameters of blasting have been stressed
and or estimated. Major sources of the literature can be traced
to ISEE (2006 - incorporating more than 200 references on the
subject), Hustrulid {1999), Jimeno et al. (1995), and ISEE
(2005). Most of the literature cited refers to major blast design
parameters like drill diameter, burden spacing, density of
explosive and charge concentration or specific charge as the
major controllable parameters and rock properties like joint
spacing and density as uncontrollable parameters. Some of
the important references with relevant parameters stressed are
given in Table 2,

Jimeno et al. (1995) has given a comparative account of
design parameters used by different authors for estimation of
burden (Table 3). The relative importance of major parameters

TapLE |: BLASTING TERMINOLOGY WITH UNITS USED IN THE TEXT

presented here. Data from different mines,
metal, non-metal, limestone, and coal mines
was considered for analysis. The number data sets (N) used
from mine-wise blasts is given in Table 4,

The data collected is exhaustive, only averages of the data
observed for different parameters of the blast design have
been given in Table 5. The original data presented has been
analysed for different objectives earlier also and is
incorporated in CIMFR reports.

Since the analysis is a comparative one, the important
design parameters of blasting included viz. I, B, 5,1, q have
been estimated using the approach of Konya (1995). The
assumptions are:

1. The analysis relates to regular opencast blasting and not
to specialised blast patterns,

2. Drill diameter (d) defines the burden in conjunction with
rock and explosive type,

3. Burden defines other parameters like spacing and
stemming: Burden can be calculated using the equation 1
(Konya, 1995),

B:u.mz[p—*n.s]dc
P

Where p, : density of explosive; p, : density of rock and
d, : explosive diameter

(1)

4. Relevant corrections for jointing,

orientation, and number of rows

Expression  Diameter of blast  Bench Borehole Drilled Drilled have been applied to find the
hole or borchole height length burden spacing pra-:tical burden.
Symbol d H, ly By S4 5. Minimum bench height = 0.06 (d),
Linits m m m m m desired bench height = 3 (B,) and
Expression Stemming Charge Specific Density Density of maximum bench height = 4 (B )
depth il har, r k losiv : 3
o ep per hole charge of roc explosive 6. Desired spacing = 1.5(B,),
¥m 's hy 9 ) Pe minimum spacing= B, and
Lnits m Kg Kg/m'* Kg/m’® Kg/m’ maximum spacing = 2(B,)
4 JANUARY-FEBRUARY 2009



TaBLE 2: SELECTED REFERENCES WITH EMPHASIS THEREIN RELEWANT TO BLASTING

Authar Year Factors Comments/parameters stressed

Agreda 1996 All major Influence of stochastic variables on performance
Ash 1976 Stiffness Influence of stiffness on fragmentation

Ash 1979 Spacing Influence of spacing on fragmentation

Bhandari 1983 Burden Reduced burden and fragmentation

Bozic 1999 Burden Role of burden in fragmentation

Brown 19940 Burden Parameter influence, shot control

Chung & Preece 1904 All major Muck profile

Cunningham 1988 All major Fragmentation, muck profile, throw

Chakraborty et al 2002 Stemming Fragmentation, throw and muck profile, optimisation software
Dick & Olson 1972 Dirill dia Effect on fragmentation, throw

Fletcher. 198 All major Flyrock

CGadberry 1981 All major Planning

Gustafsson 1973 Al major Fragmentation, throw

Hagan 1977 All major Fragmentation, throw

Hagan & Just 1974 Major Optimisation

[SEE 1998 Al major Fragmentation, throw

Just 1977 Stemming Fragmentation

Konya 1982 Stemming Airblast

Konya 1978 All major Role of stemming on Ground vibration

Kopp, J.W. 19%4 All major Flyrock

Langefors and Kihlstrom 1978 All major Fragmentation, throw

L.- Pedersen and Holmberg 1973 Major Charge geometry and flyrock

Muoore 1975 All major Empirical estimation of design through crater blasting
Morlock & Daeman 1983 All major Airblast

Moxon et al 1983 Major Role of design parameters on fragmentation

Mielsen 19835 All major Sensitivity analvsis of factors for optimisation
Pugliese 1972 All major Design considerations defined Hm=2.15.;-I-]m_L =4 or more
Ramwlu et al 2004 Burden Ground vibration

Raina et al 2006 ANl major Factor of Safety for Flyrock

Faina et al 2007 All major Factor of Safety for fragmentation

Richards & Moore 2004 All major Flyrock

Rodgers, 1. 2003 Burden Ground vibration

Rosenthal & Morlock 1987 All major Sensitivity analysis of parameters vis-d-vis vibration
Smith 1976 Burden Raole of stiffnesz in blast performance

Smith & Ash 1977 All major Role of factors in fragmentation

Thomas 1986 Drill diameter Fragmentation

Tiddman 1991 All major Fragmentation models/targels

Workman & Calder 1994 All major Flyrock control

7. Desired stemming = 0.7 (B,), minimum stemming = 0.6 (B,)
and maximum stemming = 1.0 (B )

8. For specific charge (g) + 10% of the calculated value has
been considered for minimum and maximum, respectively

9. The standard deviations of the major design parameters
for each mine have been worked out based on the above
assumptions for minimum and desired values.

10. The standard error has been worked out using the ratio
of standard deviation to number of blasts recorded for
each mine.

The calculations for above parameters with the above
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assumptions and values thus obtained have been compared
to the observed values in actual blasts. Representations of
desired and best configurations have also been brought out
for further deductions. Graphical representation and statistics
of such analysis have been used as aid to understand the
practice and to draw inferences,

Bench height is the major factor determining the stiffness
ratio (H/B,) of a blast hole and has been compared to the
drill diameter. This is in tune with the referential matter in
Tables 2 and 3 wherein focus has been on the (H,/B,,) ratio of
the bench. It is clear from Table 6; (H,/B,) ratio is a major
blast desipn factor that has a significant influence on the

13
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TaeLE 3 PARAMETERS CONSIDERED FOR BURDEN CALCULATIONS BY DIFFERENT AUTHORS

Parameters used

Author/year

Carr (1985}

Diameter of blast
hole or of charge
Bench height
Length of blast
hole

Stemming

Sub drilling
Length of charge

Inclination of blast
hole

Rock density
Compressive rock
strength or
equivalent indexes
Rock constants

or factors

Seismic velocity of
the rock mass
Density of the
explosive
Detonation
velocity
Detonation
pressure

Binomial rock-
explosive constant
Burden/spacing
ratio

Strength of
explosive

Loading equipment

<_ | Andersen (1952}

<_ | Fracnkel {1952}

<_ | Pearse (1955)

<_| Hino (1959}

2 | Allsman {1960)

2_| Ash (1963)

<_| Langefors (1963)

< <. | Hansen (1967)

<_ | Ucar (1972}

=

< | Konya (1972}

~_| Foldesi (1980)

< 2 | Praillet (1980}

2| Jimeno ((1980)

«_ | Berta (1985}

=

<. | Konya (1993)

2_ | Qlofsson (1990)

ot

<_| Rustan {1990)

For references therein of. Jimeno et al. (1995)- O - considered, blank space — not considered



Seismic velocity Length of Inclination of
of the rock blast hole, 3
mass, 4

Bench Height, 4

Detonation
velocity, 5

Rock constants
or factors, 5

Density of the
explosive, 11

Compressive
rock strength
or equivalent
indexes, 6

Fig.2 Pie dizgram of design parameters used for burden calculations

fragmentation, flyrock, ground vibration, and air

demarcation of blasting practice observed by
different mining sectors.

Discussion

The descriptive results of the predicted and
observed values given in Figs. 4 and 5 can
further be analysed in terms of percentage of
data that fits in desired or best category of
major blast design parameters as discussed
above. This is helpful in evaluating the status
of the blasting practice in mines in India,
which is distributed over wide area in the
country.

A summary table of the results for
different parameters observed in the said
mines vis-i-vis minimum, desired, and best
values for the said parameters have been

TapLE 4: DETAILS OF MINE(S), RELEVANT DETAILS AND NUMBER OF BLAST

blast. Moreover, since burden has a limited range of OBSERVATIONS
variation, bench height assumes a major role in Mine type Number Size of equipment
defining the blast performance. of blasts used (T)

A plot of bench height vs. drill diameter has been "0 T
given in Fig.3 along with trend-lines of minimum, : Codl i 3 : uj DE
desired, and best values for different drill diameters. : ; ;

2 Coal 15.0 4.0 50

The percentage data for different stiffness ratios 3 Coal 19.0 10.0 0
is also included in Table 6 in order to make a 4 Coal 26.0 10.0 50
comparison. The figures indicate that only 21% of 5 o0 17.0 10.0 50
the data has the best stiffness configuration. 6 Coal 17.0 4.0 50

A significant departure of measured values in 7 Coal 15.0 10.0 50
bench height is depicted from the above plot. A E Coal 25.0 10.0 50
minor fraction of the data is observed to occupy the 4 Coal 10.0 10.0 50
space between desired and best bench limits. mn Limestone 12.0 2.4 15

Drill diameter has also been plotted vs, 11 Limestone 7.0 2.4 33
calculated and observed values of B, (m), 5, (m), I, 12 Limestone 6.0 2.4 50
{m) and q (kg/m*) in Figs. 4 (a, b, ¢, d), respectively, 13 Limestone 14.0 2.4 50
Significant deviations from calculated values of the 14 Limestone 32.0 2.4 30
major blast design parameters are observed from the 135 Limestone 110 2.4 50
exploratory analysis of the data from the figures, 16  Mn-OrefOB 23.0 2.4 35

The individual variation of observed By, S, I, L7 Mn-Ore/OB 10.0 1.6 10
and q is amply clear from their plot against the 3  Cu-Ore/OB 230 10.0 a0
calculated values shown in Figs. 5 (a, b, ¢, d). The !9  Fe-Orc/OB 2.0 2.4 20
scatter in data is also amply clear from the observed Total (N) 354.0

and theoretical values of individual parameters. Not

only does it point to the variation in calculated and observed
values in relation to the drill diameter used, but there is a
significant scatter in the data for each drill diameter used in
the field. The figures are quite implicit and point towards a
poor consideration for blast design and its implementation.

The anomalies observed above are not within acceptable
limits of the statistical error, This also necessitates an
individual analysis of different mines so that there is clear

JOURNAL OF MINES, METALS & FUELS

worked out from the data and is given in Table 7. The least
number in this case indicates less deviation as is found in
case of stemming. Percentage of the data for parameters
considered that is below the desired levels is also given in
the said table.

Statistically, a 10% error from the desired values could be
considered normal but in present case not even a single
parameters 13 within said limit. Instead, all the parameters are

7



TABLE 5: AVERAGE OF THE PARAMETERS OBSERVED [N THE FIELD FOR DIFFERENT MINES

& ; = F : it
= g = 3 g z Bl £y gs 2% 2%
E gty & §poog BB f§ Fb JEC. B3
= T4 -] = & W I GE w0 o 8% R
m m m m m m Kg Kg/m? m Kg/m? Kegim?
Coal 0.150 i3 5.8 2.6 3.0 3.0 26 0.57 2.7 2134 980
Coal 0.150 6 a3 2.4 12 31 206 0.56 2.5 2007 Gl
Coal 0,238 18 18.8 8.3 9.6 5.4 827 0.55 13.5 2005 1115
Coal 0.150 8 8.1 4.6 0.4 31 80 0.33 5.0 2187 1125
0.250 10 10.3 5.7 7.0 4.4 269 .77 5.9 2249 1120
Coal 0.250 13 13.4 6.1 8.2 4.2 327 0.52 9.2 2236 1123
Coal 0.130 3 3.9 5.2 5.7 1.7 37 0.26 4.2 1900 SE0
Coal 0.160 7 0.6 1.8 4.2 4.4 50 048 2.2 2100 1050
0.250 8 7.4 L | 5.4 4.0 92 .41 3.4 2100 1050
Coal 0. 160 & 7.0 3.9 4.7 4.0 7o 0.62 3.0 1940 930
0.250 17 18.1 6.1 0,2 4.6 477 .68 13.5 1940 a5
Coal 0.260 28 27.9 7.3 7.7 7.2 1338 0.60 20.7 2000 G50
Cu_ore 0.165 13 13.7 3.3 4.2 5.1 157 (.95 8.7 2450 1100
Fe-Ore 0110 4 4.2 2.3 3.0 2.1 17 0.59 2.0 2425 GED
Limestone 0110 8 B.5 3.4 4.1 2.8 39 0.36 5.7 2383 985
Limestone 0. 100 6 6.6 2.8 18 2.2 19 0.32 4.5 2383 915
0.150 7 7.4 4.1 38 3.0 63 0.39 4.4 2352 595
Limestone 0. 150 9 9.3 3.9 0.3 3.7 63 0.29 5.6 2449 9215
Limestone 0.115 5 5.4 2.9 39 2.3 22 0.36 i 1979 961
Limestone 0.110 9 9.4 3.8 ER 3.6 58 0.35 5.7 2400 1000
Limestone 0.102 5 5.4 3.5 4.2 2.1 27 0.34 3.3 1777 1000
0.110 4 4.3 3.2 kN 2:1 20 O.dd 2.2 1777 1000
Mn-Ore 0.110 7 6.7 2.0 2.4 2.8 17 071 3.9 2637 GG
Mn-Oire 0,100 3 5.3 1.4 2.5 2.9 13 0.79 2.4 2430 980
TARLE (: RELATION OF BLAST PERFORMANCE TO BENCH STIFFNESS (AFTER Konya, 1995) Since condition 2 above is a safety
Stiffness ratio 1 7 3 4 concern and cannot be overruled or
(H/B) changed, we are left with a serious
Fragmentation Poor Fair Good Excellent introspection on selecting the drill size.
Air blast Severe Fair Good Excellent In order to ascertain the mine-wise
Flyrock Severe Fair Good Excellent error in the major blast design
Ground vibration Severs Fair Gaod Excellent parameters, the standard error from the
Comments Severe back- Redesign if Good control Mo increased theoretical values of desired/best have
:;;“l:m possible ?::gmmmm E:”?E:mng been calculated and are presented in
arablstii stiffness. Table 8. The calculations from the data
Do not shoot, ratio above 4 have been made in the following
Redesign TANnNer.
1:':Lir:i:1'nlng S AR i s N a.” Data from all mines is organised
(Data%) with the parameters under

well beyond the desired limits. The greatest value 79% is that
of the bench height which happens to be a defining parameter

in blasting.

Bench height for a blast is defined by:

1. The drill diameter, it is evident that there is a mismatch of
drill diameter in most of the cases in the above data.

2. Stipulations in tune with the loading equipment or slope.

£

=

consideration,

Difference from minimum calculated and minimum desired
and the observed value is calculated,

Standard deviations for both the conditions are worked
out to further ascertain the standard error of the means.

The standard error is averaged, giving equal weight to all

5 parameters (B, S,, I, and q and d) considered and
plotted for each mine (Fig.6).
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BT least error in contrast to the metal and the coal sectors, A
Besttheorstical Hy, = © further look at Table 6 gives an insight into the overall picture
L T L i i of our b].aS[IIlE meﬁCE- There are still some blasts which may

i 5 | not be considered safe, most of the blasts are working in the
fair and good category and a only 21% blasts qualify for the
best category.

Conclusions

1t is imperative from the study of the blast design for a large
data from 19 opencast mines that the blast designs are
significantly deviating from the acceptable statistical levels.
This is demonstrated by huge design and implementation

Bench Height (m)

Eg Sl - BT PSR 96 et errors brought out over here. The anomalies may be

0 | ; representative of random, initiative based blast designs rather
an 140 190 240 790 than a scientifically thought and experimented ones.

Drill Diameter (mm) Despite of the fact that limestone mines show a relatively

o Observed Bench Height {(m) + Minimum Bench Helght (m) less error that points to a better thought blast designs, the

& Desired Bench Height (m)  » Best Bench Height (m) overall scenario is not up to the mark. The coal sector that is

a major mining industry in India records far more error in the
blast design and practice. There is
practically a need to grow in terms of

Fig.3 Bench height vs. drill diameter used in some mines in India

120 EIEED 140 e : _ . _
Figure 4a ; . Figure 4b i s ! the design and practice of blasting as
] i | 3 [ . i SEEREE A AL R T BT, | ¥ i
10,0 SRS S ;BE‘ ; I 1 n’; most UI' F_hﬁ b].EI.STS DbSEﬂ’EIﬂ. IBE—kUI‘.I. it
N L R EI = = E'"’-“' B EE ¥ fair to good categories of blasting
5 o Agrs e e - ay e expressed in terms of parameters of
: ] Eo E 50 4ot E,: | E concern for optimisation (Fig.1 and
@ 40 5 —— ; 3 ...:..,,,............_. ) LN 8 : Tﬂ.blﬂ f} :
EEE 5 ! gi ) a0 %E EW ok )
o) g T 204 e j It is hence concluded, for 2 cases
0.0 : - i o ; ! i viz,
80 10 190 240 230 i ; :
L e e e g Existing mines, should consider
= Observed Burden (m) + Calcuated Burden (m) | [ = Spocing Observed + Spacing Caulsted | revising the blasting practice by
conducting a thorough
10 —— 2 1.2 e 1 . ;i & .
[ Figure 4c E i Figure 4d. o | i investigations into the blast
. H . : : .E 4.0 u 3 R E i | dEEigIIS, Equipment mmpatibiliry o
: . Boosldol : 7)o SRR ¢ Ty particularly of drill diameter. This
6 - s S . 8 Lpl 111+ shall include  economical
F | e [ s ae{fg gk 3
T gl i, 5 4 § LR evaluation, feasibility of the
E 4 4 --i- S— ) -au- v ! = E'n""" 1 i o4 ; = .w;........'.................é.. ! T ﬁ-quipment a\railabl& Vis_é_vis
I ol DI VRO 1 S 151 ;- ' spatial and  environmental
2] _ # 2 PE . B
i : s | e | i constraints, optimisation studies
hud o .o i T - - 5ok &
l“ = =2 = 2 - i it e i and blast auditing I[‘ﬂr optimal
Drill Dismeter (mm) Drill Diameter (mmj performance and maximum system
[~ Sterwiing bserved _» Stemiming Calcuied | = Speciiic Charge cheerved = Specific Cherge Calculated utilisation. Steps like changing the
T = drill diameter in future should be
Fig4 {a to d) Observed and calculated {thl:l:lrl't:lu;lli} values of By, S, 1, and g vs. d, considered.
respectively

A sector wise classification has been made in Fig.6 for 2 Mines that are at planning stage should consider all

coal, limestone, and metal mines and is also presented in aspects of blasting, environment, pit slope, and
Table 9. stipulations while simulating conditions over a period of

The errors presented above are quite indicative of the fact life of the mine. A comprehensive analysis of these
that there is significant error in the blast design from the parameters should be conducted and equipment selected
calculated one. The relatively best practice adopted in Indian accordingly which in tum should match the blast design
mining scenario is that of the limestone sector which records or practice.
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TapLE B: STANDARD ERROR OF MAJOR PARAMETERS FROM THE THEQORETICAL VALLIES

Mine Bench height Burden Spacing Stemming Specific charge
Min Desired Min Desired Min Desired Min Desired Min Desired
1 Coal 3.30 7.7] 1.94 2.61 378 5.13 0.33 1.50 0.25 0.20
2 Coal 3.03 6.21 1.76 2.37 .00 4.23 0.78 1.20 0.18- 0.15
3 Coal Takd 7.23 2.49 1.68 1.07 1.55 1.62 1.32 0.23 0.37
4 Coal 4,99 6.50 1.59 1.57 2.01 2.6%9 1.05 j.35 0.34 0.47
5 Coal .34 573 0.37 1.04 1.05 2.87 0.50 2.04 0.19 0.32
6 Coal 3.67 4.64 2.04 1.61 1.78 1.63 1.02 1.79 0.45 0.58
7 Coal 5.57 8.57 0.98 1.70 3.23 4.82 1.53 2.02 0.20 0.32
8 Coal B.04 §.70 1.36 1.64 3.07 4.78 0.77 1.59 0.21 0.21
-] Coal 12.62 57 0.51 1.57 379 6.0% 1.31 0.87 0.27 0.19
10 Limestone 1.94 1.50 0.66 0,40 0.34 1.05 0.80 0.26 0.23 0.33
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