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Commonly prevailing mis-conception

e A shallow mine:

* so no effect of stress/ strain
* At 5060m depth, almost no load

* So no need to have scientific design, monitoring, etc.

* But the ground reality is just otherwise:

* Rock strength reduced to that of soil/ clay

e Safety scenario : Some shallow mines: Let’s go through Print media reportings
only

e Cost of Accident
e Remediation
» Way forward



Dimension Stone Pit collapsed at 17m depth
fatalities 7 -on 12t Aug 2021
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Iron ore mine — even at surface, one bench
- collapsed trapping 3 people in dry season
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Granite Mine, Pali, Rajasthan

Granite Mine: strongest rock
Joints- Water percolation,
Weathered

No proper design followed

Uy ey U I Y| ‘g

L mfsf%m 5ouﬁaﬁﬁ|ﬁ25aaﬁa§m Biﬁﬂ‘)ﬂ
> | el & Gee &4 arelt geAr o e

Uit | Teeel # AR GOE 3RS TeH ¥ 3 st & i &
T, 3 T 8 T ET U S BT TR €1 ST wel sl e
mngslamgazwwﬁgﬁ%mﬁmé’r@zﬁ J=
Hfteh FH X ® | HIH S TEH 5 SR 5 TG M Radh!
3R 50 WiT = FEE 6 it W o flil 9gH 25 <F I
25,000 el sl 84 9 ST &5 % SRal HarE! HieTee
(20) 3 3aT Hioy, 893St (19) 9 Sedleliel HIvn o g
fraret #Ereik (22) o S |0 i Hieh | & Hd & B &
TS TR % G 3% V19 [Hehed 91a] TR ST wiifaene (30)
T 39T Hioy T ST I AT T 31 2 SfheRT e o SveR
I goaht TS 37, ST e SU=R & =18 g2t & &t | vmie

SRR T g ¥ 2 Hin T AR, S e o Tfed @ 21
Wwﬁ&mwﬁqmé’mﬂmaﬁmm




P M Granite mine: 40m deep (Pali, Feb 2024)
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In fact shallow workings are more prone for
failure

» Shallower pits: ‘it'is the degree of weathering of the rock stuff that
makes a slope conducive for failure

* Beyond 300-400m, role of stress comes into action



Shallow depth means:

* Rock mass- degraded

e UCS degraded from MPa to KPa, RMR 50-60 to <20

* Discontinuities are more weathered, in-filling work like lubricant
 More weakened

 Amphibolite of 120MPa crumbles in hand, phyllite crumbles in hand,
hematite crumbles in hand

* Poor throw of blasting in upper 30m- which further exponentially increases
back break

* Profound effect of rain water- running water

* Weathered rocks when get wet, decomposed material works as lubricant
and facilitate sliding



Variation of Compressive strength with depth

Compressive strength (Mpa)
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Variation of compressive strength with depth
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In shallow workings

e Rocks are highly weathered so their behaviour is towards soil or clayey substance
rather than rocks-
e Rock strength < 5MPa, Scratchable by back-hoe
* RMR reduces from 50-60 to <20-30

At shallow depth, geological structures plays dominant role. But in upper 20-
50m, rock stuftf is usually severely weathered and geological structures are
obfuscated, rather soil like behaviour becomes dominant.

* Role of water is crucial.

 Blast Vibrations affect profusely in weathered rockmass than Un-weathere
mass. Instead of passing, shears it

* Mode of failure : Mostly circular or rockmass failure
As a result- slope design becomes complicated:

Circular failure




Weathered properties: Difficult to model
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For normal construction materials,
e.g., steel and concrete, the
mechanical behaviours are
Continuous, Homogeneous, Isotropic,
and Linearly Elastic (CHILE)

However, rocks are much more
complex than this and their physical
and mechanical properties vary
according to scale. As a solid
material, rock is often Discontinuous,
Inhomogeneous, Anisotropic, and
Non-linearly Elastic (DIANE)



COST OF ACCIDENT: A case study

Pit Slope Failure at A Chromite Mine
Dtd. 15t Aug’2022

Weathered rockmass upto 300m
Serpentlnlte Limonite, Laterite, UCS < 5MPa
Rock structures like bedding planes: Not
visible in'Limonite, In‘Serpentinite, beddings
just for name shake |
In-rush of rain water: Plays havoc

OASA < 33° for a depth of 125-150m

Poorly read by Radar: Circular failure, Crest
moves vertically down- poorly/faptured, , A

Pla.ne. failure

only toe bulges. e
Warning time may be 12 hours to one week.

Circular failure




DRONE IMAGE SHOWING THE COLLAPSE AREA
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CHRONOLOGY OF THE INCIDENT

File Home [FYSIVER Velocity Figures Custom Analysis Alarms _Diagnostics HA o

Movement Observed Through SSR 11th Aug’22; 5:30PM

Physical Checking at Site 11th Aug’22; 5:40PM

i o TR

Collapsed area

. Communication to shift incharge
for restriction of man-machinery in 11t Aug’22; 6:30PM
the influence zone

ENHANCED DEFORMATION (IN USE)

Blv c 2 roacoa ar|sea oskeom eor [ |8 i By = [a)teaug220805 ~

e. Crack & water inrush observed on 12th Aug’2; 9:00AM
top surface !

e. Water diversion from forest area
outside mine boundary to prevent
entry of rain water

12th Aug’2; 1:00PM

feo | i Semom V12000 D:00mm | AS3095 |R32385m |C100 | )

. Continuous Heavy Rain on 13th On 13t & 14t Aug e ——— .
and 14t Aug

. High Alert on slope failure . Cumu_latlve MO\{ement ajc The time of failure= ~300mm
declared for complete restriction of 14" Aug’22; 4:30PM » Velocity at the time of failure > 10mm/ hr
man-machinery * Total movement after failure= ~750mm

e | ; 5D B L BT ¢  Total movement zone= 15k m2
.S C e ug’22; 4:
it s e Collapsed zone= 5k m2

e Size of the collapsed area= 45mx 60m x28m




LOCATION MAP & OTHER DETAILS OUTSIDE MINE BOUNDARY

Daitari Hill

”

90-110m Away from
Lease boundary

s , , Slope Instability
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SECTION ALONG A-A’ SHOWING - BEFORE AND AFTER PROFILE
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PROPOSED RECTIFICATION WORK

Development from RL150, inside Kalipani lease

At the surface, the extension of development shall
be 60m away from the failed zone at southern
side, 70m away at western side and 130m away
from the failed zone at northern side

Total volume to be handled — 11 lakh CUM Bench
profile considered- 8m x 8m and 70 degree bench
angle with overall pit slope angle less than 30
degree, which shall be further relooked after

completion of the scientific study




PROPOSED RECTIFICATION WORK
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Fracture

Development from the surface (RL150) to pit bottom, starting in Kaliapani lease, 90m away from the common lease
boundary

Total Volume to be handled = 11.0 Lakhs CUM,
Extension of the development to be done 60m away from the failed zone towards southern side and 130m away

from the failed zone towards northern side




o —— e instability may involve:

- Cost of an Instability: Generalized

»

L Loss of life

e Damage to equipment

Loss of production and its pace- jeopardizing all the business plan

=y Cost of one instability:

e Compensation/ man- Rs. 20-25 Lakhs

¢ Drill Machine Rs 1 Crore

e Excavator Rs. 3- 34 crores

e Dumper Rs.1—-17 crores

* One day production @10,000 t= Rs. 25,00,000 = Rs 25 Lakhs
° +

e Mine Manager: Litigations & Stigma Company : Dent in Image/ Brand Name

21



Cost of instability- case study

e 11 lakh cum material to be handled if planning for off-loading or push
back

* About 22 lakh tonne

* Costing Rs 100 crores (Rs 450 a tonne)

* Time to be taken 11 months @ 1 lakhs cum per month
* No room available to stack 22 lakhs tonne of waste
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Namibian pit- more than a dozen injured and 2
causality- a dead body removed after 6 months at




Shallow marble mine : Totally collapses in rains
of Aug 2022 in Makrana- Borawad




The way forward: The Smart Slope Management

Fundamentally, slope management consists of :

A.Proper slope design using scientific studies
B.Monitoring health of the mine slopes

C.Enhancing stability of the slope by minimizing the-effects of
adversely affecting factors

D.Prediction” “of failure = and’ ‘formulating Trigger.  “Action
Response Plan (TARP).



A. Proper design

e Govt run institutes : few , takes longer time, costly
e Teaching Institutes: Few Faculties (Envn), (Raj: 1 +2), (Guj 3-4),

* Needs permission to Private Institutes/ Consultants on International

Model: Criterion based: Specify Experience, Educational Qualification,
etc.

* Private sectors: Valuable contributing in Health, Education, Defence
sectors, Space,

* |International Examples:

e Australia: Catering world wide technical support: AMC, Golders, SRK, Beck- single
man army contributing globally.

* England: Golders, SRK,

e USA: Itasca, Golders, AMEC,

* India: ???
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~ C1. Enhancing stability

~damage

Minimize the blast induced
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'C2A. Pre-stressed cable bolting or

_ shotcreting

Pre Stress Cable bolting:
Equipment used in Stitching Activity

Drill Rig

Lifter

Grouting Machine
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Conclusions

e Shallow mines are rather more prone to instability

* Normally in weathered rocks:
* difficult to simulate

 there are poor signals/ markers of instabilities and difficult to predict failure
well in advance.

* Instability can cripple a mine without capturing precursors
 Cost of accident is very high

* Smart Slope Management: Game changer
» Properly design the mine slopes
e Carry out slope monitoring



Beginning of :
Smartly managing the mine slopes
with zero tolerance for accidents
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