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CHAPTER I

INTRODUCTION

1.1 Constitution of the Committee:

ln reference to the office Memorandum, no. CIU CH/Secy/36(Alla76, dated 30.12.2016

(copy enclosed al Annexure-L), issued by the Chairman, ClL, to carry out in-depth

analysis of the accident that occurred at the Rajmahal OCP of ECL on 29th Dec.'16 at

about 7:30 PM likely involvement of 23(Twenty Three) contractor's workers by a High

Powered Committee consisting of the following persons:

Sri. Shekhar Saran, CMD, CMPDIL - Chairman of the Committee

Sri. P K Sinha, Director (Tech./ P&P), SECL - Member

Dr. Phalguni Sen, Professor, llT(lSM)- Member

Dr. V.K. Singh, Head of Slope Stability Divn., CIMFR, Dhanbad, Member

Prof. l. Roy, BIT Mesra - Member

6. Sri. A K Nath, GM/ TS to DT, CIL - Member Secretary

The committee has to submit its report within 4 weeks from the date of issue of the said

Office Memorandum.

1.2 Scope of the Committee:

The committee was constituted to examine the following aspects:

a) The cause of accident,

b) Human failure, if any,

c) Whether the accident could have been avoided by taking identified corrective
measures

d) Measures to avoid recurrence of such accidents in future in Rajmahal OC and
other Mines with similar workings in ECL

1.

z.

3.

4.

5.
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1.3 Meetings and Visits of the Committee:

SriShekharSaran,Chairmanofcommitteeinspectedthesiteon05.0l.20lT.Earlierthe
site has been inspected by Shri P K Sinha, Director (Tech /P&P)-SECL' member of the

High Power Committee, immediately after the accident on 31'12 2016' Prof Phalguni

Sen, Dr. V.K. Singh and A K Nath, members of the High Power Committee inspected the

site on 3'd and 4th of Janua ry 2077 ' Dr' lndrajeet Roy other members of team visited the

site and collected sample etc. on 04'01'2017 and 05 01 2017'

i) 1st meeting of the committee was held on 18th January 2017 at CIL' Kolkata' in

which, Shri S Saran; Shri P K Sinha; Prof. Phalguni Sen, Dr.V K Singhi Prof' I Roy; A' K'

Nath were Present.

ii) 2nd meeting of HPC was held on 01'02'2017 at CMPDI' HQ Ranchi' Details of plans

and Section were studied along with the documents'

iii) 3'd meeting of HPC was held on 03'03'2017 and O4'O3'2O17 at CMPDI'Rl-l Asansol'

The executive, staff and Contractor workers were interrogated and statements were

taken.

4th Meeting of HpC was held at CIL ,HQ on27.O3.2Ot7.

5th Meeting of HpC was held at CMPDI,HQ, Ranchi on 02.04.2017

iv)

v)
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CHAPTER II
2.1 BACKGROUND OFTHE PROJECT

Project Report for Rajmahal opencast was originally sanctioned in August, 19g0 for a
rated capacity of 5.0 Mty. The project was subsequently expanded to a rated capacity of
10.5 Mty, the PR for which was sanctioned in Nov., 19g8. This pR was based on the
:-oject documents of Rajmahal-A OC Mine (lo.sMty), prepared by METCHEM, Canada
-: r Sept. 1987. Subsequently, a Revised Cost Estimate of Rajmahal OCp (10.5 Mty) was
-.:-:: :red by the Government of lndia in Jul., 1993. The project was later expanded to a
'::.: capacity of 17,0 Mty from 10.5 Mty, the pR for which was sanctioned by the Govt.
--' "c'a ln Sept,, 2009 for an additional capital investment of Rs.1s3.g2 crore up to the

2.2 PROJECT SITE INFORMATION

2.2.1 Location

The Rajmahal opencast coal project is located in the Godda District of Jharkhand, lndia,
between latitudes 25o !' !2" N & 250 3, 15,, N and longitudes g7o 2L, O" E & g7o 24,0. E.

The area is easily accessible, being connected with the Godda-pirpaiti pwD road. The
nearest ra.ilway station is at pirpainti on the sahibganj loop ofthe Eastern Railway, about
30 km from the project site. The topography of the area consists of a gently undulating
surface, 7b-100 m above sea level, with the highest point, Lalmatia Hill, occurring in the
northern part of the area at a height of 204 m above sea rever. Location plan of the
Rajmahal OCP is enclosed at Annexure-2.

2.2.2 Climate

The area has a mild to moderate and tropical to sub-tropical climate with temperatures
varying between 80 c in winter and 490 c in summer. lt is influenced by the monsoon
from June to september and has an average rainfafi of 1153 mm per year (as recorded
between 1958 and 1986) with the highest recorded annua[ rainfall being 1794 mm in
1971and the highest recorded daily rainfall being 13g mm on August 5, 19g2.
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2,3 GEOLOGY

Rajmahal OCP lies within Lalmatia Exploration Block, which covers an area of 15 Sq' Km'

and has been explored by cMPDl. The geological report of the block was published in

March 1984 considering the data from 200 boreholes.

Altogether 8 persistent coal horizons of Barakar formation have been identified in the

block. The seams, from bottom upwards are seams l, ll (bot), ll (Top), lll, lv, lx, x & vl.

Theseamsll(bot),ll(top)and|llmergeandsplitwithintheareatoformvarious
combinations.Theseseamsarealsohighlyinter.bandedinnature.Morethan95%ofthe
reserves in the block occurs in the seams ll (bot), ll (top) and lll along with their various

combinations.

seam-l is not developed properly in the geological block except in the central part. The

approved project report does not include seam-l in the quarry proposal' Therefore' the

floor of the seam-ll (bot) form the base of the OCP as per the approved P'R'

Alltheseamsarein-croppingintheareaunderathickalluviumcoveroflSmto35min
thickness and dips gently (usually 2o to 3o )towards east. However, higher dips up to 10o

is also noticed in tt e vicinity of structural disturbances particularly in the area lying south 
-

of fault Fa.

2.3.1 SEQUENCE OF COAL SEAMS AND GEOLOGICAL RESERVES

9l1'rtt

Geological Reserves (Mt)Thickness Range (m)PartingSeam

ot.27 - o2.L0xI
11.05 - 16.09

4.O3701.75 - 05.74

07.29 - 2031

5.34601.77 - 05.91X

03.8s - 21.93Parting

8.87302.97 - 07.00tx

02.97 -09.70

00.68 - 02.99vlll

00.56 - 03.28vll

10.91- 27.80Partin g

00.40 - 04.20VI

Partin g

i

6.

$

$
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I

Partirig

xt

Parting

Parting

Partin g 43.27 - 53.69

I

o9.L5 - 27.64



Seam Parting Thickness Range (m) Geological

(Mt)
Reserves

00.36 - 02.97

Parting 11.40 - 41.50

00.32 - 02.57 3.776

Parting 00.00 - 10.88

t 7.35 - Ll.87

Parting 00.00 - 44.70

61.341

lll & ll Top

Comb
5.781

ll Comb 1.4t.04t

ll (rop) L.47 - L7.rO L46.478

Pa rtin g

ll (Bot)

Pa rtin g 13.04 - 33.66

I 02.00 - 09.s4 33.336

Total 681.844

Note:

(l) seams ll (Top) and ll (Bot) norm.ally occur as two different seams within the block
except towards south where they combine.

(ll) Coal seams also occur in the following combinations:

(a) Seam [ (Comb) + ilt

(b) Seam-ll (Comb) + ilt + tV

(c) Seam-ll (Top) + ttt

(d) Seam-ll (Top) + ilt + tV

(lll)The parting range between seam-r and I has been taken where seam-r occur as a

-9
\\ .(i o-

'* 
1l

composite seam

J
V"{iM--

l0 | P a e e

69.349

00.00 - 26.52

10.96 - 26.53 202.546

I

lll & ll Comb

v
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A representative lithology of Lalmatia Coat Block is shown below'
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The description of the fault is shown below:

SI. No Fault

1 F-1 20-40m towards south Partly marks Northern limit of the
block

2 F-2 Up to 25 m towards
South

Trending to die out towards East.

Partly marks Northern limit of the
block

3 F-2A -L5 Soutow f

4 F-3 to sNo1 Di out to s East &

5 F-4 5 m towa SW Di out to s SE

6 F 5-1 mt rds rth row uces t sWe

7 F tow ds SW Th redu wards W

6 0-1 rds Nt soutt rds SE
9 F-8 The strike of the strata is generally NE-

SW with 2-3" dip towards East on the
Northern side of the fault. On the
southern side of the fault the strike is

NW-SE with 5-100 dip towaids East.

10 F-9 -10 towa North

11 F-1 25 m towar s South

L2 F-11 uthL4- 5 m toward

13 F-t2 10- m tow rds S

t4 F-13 0-70 m towa s Sou

15 F-t4 7 20m towards SW

16 F-15 10-2O m t rds N rth in the SouthBlock boun da

77 F-15 10-20 m wards NW

rG*
d

R Itt-tixtt----
12 | P a g e

2.3.2 Faults

17 normal faurts have been postulated within the brock. Among these, five southward
heading faults, namely Fault F1, 6, g, 11 and 15 are of major magnitude. As borne out of
the interpretation, the southern harf of the brock appears to be structura[y more
complex.

Throw Remarks

F-7

5-160 m towards SSW



2.3.3 HYdrogeologY

Detailed hydrogeological investigations have been conducted by CMPDI in the Raimahal

Project area and a report on HyJro-geological investigations was published in November

1994. Later (in July, 1991) a report on the Advance Mine Dewatering Arrangements at

Rajmahal Project was p'f ii't'ed by CMPDI based on further studies'

During the studies, five malor aquifer systems were identified as follows'

Except the iop aquifer (Aquifer - lll)' all the other aquifers are confined in nature and are

persistent throughout the area'

From the sump tests, it has been calculated that the permeability of over burden is in

between 2m/day to Sm/d ay and the specific yield- 
.is 

15%' Whereas' for the lower

aquifers, the permeabilitv ";r;;;"* 
5m/day to 8m/day and the storativitv is 14 x 10 s'

The mineable reserves as on 0U04/2008 had been estimated as 251'10 Mt requi

504.81 MCuM of OB removal at an average stripping ratio of 2'01 CuM/t' These rese

included 14 Mt of coal from the deep mine area'

nn

",i 1.^"

Aquifer DisPosition

Nature of
Aquifer

Confining bedsLithologYAquifersl.

No.

Unconfined
Clay, slit and

sand
Water table

Aquifer
1

Confined to

semi- confined
Top clay and seam-

III
SandstoneAquifer-lll2

ConfinedSeam-lll and

Seam-ll[toP)
SandstoneAquifer-llA3

ConfinedSeam-ll [toP) an

Seam-ll [bot)

d
SandstoneAquifer-ll4

ConfinedSeam-ll [botJ and

Seam-l
SandstoneAquifer-lA5

Confined
SandstoneAquifer{6

\ni I
11 I l- rt,:

2.3.4 Coal Reserves

C),
2a

I



The seam-wise mineable reserves & OB volume as on 01.04,0g were as under:

2.4 MINE LIFE

years.

As per the approved project Report, froor of the seam-lr (bot.) forms the base of the
quarry.

e

5

complete 17 M
departmentalca

ty coal, interven:ng partings & bands and rest Top OB (beyond the
pacity) was proposed to be mined by outsourcing means.

{,^

Seam Mineable Reserves (Mt)
1 Seam-ll I 29.78
1 Seam-ll (T) 86.A2

3

4 Seam-ll(T) +tt (B) 34.20
5 Seam- +llI 5.35

Total Coal (Mt) 251.t0
6

362.97

7
art. bet. Seam-lll & Seam

r(rllrr(rl&tr(B)
P

82.30

8 art. bet. Seam- IItT)&il(BjP 28.25
9 Band in seam-lll 9.15
10 Band in seam-ll(T) 10.50
11 Band in seam-ltIBJ 6.25
1.2 Band in seam-Il(T]&il(B) 5.45

Total OBR(Mcum) 504.81
tripping Ratio(cum/t)Av. S 2.01

R,-t) Vqih/L--
14 | I']a g e

As per Approved Expansion pR (17.00 MTy) the barance mineabre coar reserves 145.60
Mt (as on 01'04'2016) and the barance rife at the rated capacity of 17Mty wiil be about 9

2.5 METHOD OFWORK

Top oB (of volume equivarent to the existing HEMM capacity) was proposed to be
removed departmentalry with the existing equipment i.e. by 20 cum rope shovers with170Tl190T upgraded dumpers and by 10 cum rope shovels / 72_
14cum/9'5cum/7'5cum/Scum hydrauric shovers in conjunction with g5T/1oor upgraded
dumpers.

-\t*_t-.
t_
t_
t_
t-:
l-'

C-*

Sl.No.

Seam-ll IB) 94.95

Top 0B

leG-i

0



f

2,6 IVIAJOR EQUIPMENT ON ROLL

The major equipment available during 2016-17 are as follows:

I

NumberSIZEHEMMSl. No.
E

20 cumERS (Electric RoPe Shovell
1.

210cumERS
.)

12-14cumHS [Hydraulic Shoverl3
1,4.3-5.5cumHS4
12-3cumHS5
141707Dumper6
351007Dumper7
1941OhpDozer
7450hp

5311mmElectric Drill10.
4160mmDiesel Drill11. )

11.5cumFEL [Front End LoaderJt2.
6

Water Tanker13
62B0hpGradert+.
11207Crane15.
170-757Crane76 )

307Cranet7.
2

Boom Truck18.
3

Service Truck79.
2

Fuel Truck20.
1

2L.

R** ,lr* Uv{iV------
15 | l) a g

?

B.

Wheel Dozerq

2Bkl

20kl

Line Truck

ll

I

0,-",nr..[



2.7 PRESENT STATUS OF WORKING

Mining is being carried out in two zones in the project viz. Main Mining Zone and DeepMine Zone Broadry north of faurt F-g is Main Mining Zone whereas, the south of thisfault is named as Deep Mining Zone.

M/S Rajmahar coar Mining Ltd. (R.ML) was awarded the partiar outsourcing forextraction of coar 1gg.gg Mirion tonnes incruding excavation removar of oB/parting159'39 Mi',ion cubic Meter in r4.o4.L2 in the uain-vtining Zone. pumping and drainageassociated with mining operations was also incorporated in scope of the R.ML.Accordingly M/S RCML started working from 01.07.2013.

M/S fumya Mining pvt' Ltd' (sMpu was engaged for removar of oB and extraction of coarin dre Deep Mining zone but discontinuea its wortings since sth February 2014. A freshcontract for removar of 200 L cum. oB and extraction of 70 L te coar was awarded to M/SMaharaxmi rnfra-contract pvt. Ltd' - (Mrpl - NKAS, JV) on 10.06.2015 by the name ofDahernangi patch' Accordingry work was being.".ri"a out by the said contractor at thetime of mishap.

Currentry a' the departmental HEMM have been.deproyed for removar oftop oB in theMain Mining Zone area.

-5*\,k



external).

optimum waste rock production can be ensured by Slope Stability Study of quarry batter

whereas optimum u'" of r"nito' *aste rock disposal can be ensured by Slope StabilitY

Study of waste dumP'

Slope Stabitity of waste dumPs

Opencast coal mining involves handling of large volume of overburden (O'B')' a portion

of which can be back-fillea i" tttt O"-*'led area of the mine' The remaining O'B has to

be dumped outside the outl'n'n t convenient place considering safety' environment and

economicar aspects. rni, *lrt. ..terial dumped outside the quarry is termed as

external dump whereas, ba.t -ntt"a dump inside the quarry is termed as internal dump'

The stability of spoil / OB dumps comprising of mining waste is being recognized as a

*rio, proUi"t area calling attention in view of :-

. Occurrence of many accidents due to failure of OB dumps'

o lncreasing volume of oB required to be disposed off with increasing depths of mine

o Scarcity of adequate space for OB dumping'

3.2

The most tragic incident of spoil heap failure which. brought the problein of stability

the public attention ottu""Att-ioU"ian' S Wales' u'r' in wtricrr 144 people were buri

under the heap. The nu*u"r;;;;;; '" 
this single disaster exceeded the cumulat

.rr"O", * O"tths caused by natural slides in U'K'

ln lndian scenario,

waste dumP resu

maiority of large oP

Iting in loss of Production'

encast mines are facing sloPe stability Problems

extra stripping cost to remove land

17\l'ac*c.-\"^
\{uiVL--

$

CHAPTERIII

CoNCEPTANDSTUDIESRELATEDToSLoPESTABILTTY,SAFETYAUDIT,STATUToRY&

ISO INSPECTIOS NT'IO OETUS $IPULATIONS FOR RAJMAHAL PROJE T

3,1 General Mechanism ofSlope Failure 
nofcoal

Growth imperatives of the country necessitate cQmmensurate level of productio

and other minerals particularly' through opencast mining methods' But' the maior

problem encountered 

-by;;;;;" 
mining is tn" ntun level of overburden' waste rock

production, in g"n"'"t'-jni"its disposal' The.mine "*nomit' 
demands minimum waste

rock production tna aui'tplng ttte waste rock in a,minimum optimal areas' But' there is

an urgent nu"O to rn"itti" L*t' in the opencast mines vis-a-vis mine economics' One

of the most ,rnpon.n, rlt",y aspects of opencast mining operation is slope stability i e'

to maintain stability oi*n" i..", of quarry urat", ,na ,iaste dumps (both internal and

q/ ,o-\



material, reforming O.B dump benches, diversion of haul roads, production delays and
sometimes loss of human lives and HEMM.

Opencast mines of the country have witnessed several incidents of dump failures,
including some fatal accidents which occurred since 2000.

3.2.1 Geo-technical Properties of OB Dumps

Presence of Clay Material

Co-effi cient of permeability

This parameteris important for assessing the seepage properties of water. lt is pertinent
here to mention that except for the pure clayey dump, waste rock dumps are permeable.

Bulk density of dump mass

Bulk density of dump mass is one of the irnportant parameters in stability calculation. It
determines the weight of waste rock/soil mass which is one of the major influencing
factor for the determination of disturbin6 and resisting force.

Shear strength parameters

Stability analysis in soil mechanics involves a basic knowledge of the shearing properties
and shearing resistance of the soil. The shear strength is the most difficult to
comprehend and one of the most important of the soil characteristics.

The shearing resistance of soil comprises basically of the following components:

a) The frictional resistance between the individual soil particles at their contact points.

b) The cohesion between the surfaces of the soil particles i.e. the structural resistance
to displacements of the soil because of the interlocking of the particles.

c) The shear strength in cohesion-less

alone, while in other soils, it results

cohesion.

from inter-granular friction
internal friction as well as

soil resu lts

both from

-)
1

lPage
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' :- ir. is an existence of clay material within the dump material (like Sonepur-Bazari

l:e-:ast project of ECL and Sasti, Umrer, Pimpalgaon, Neeljai, Kolgaon etc. of WCL),

:::.'iinatlon of its pre-dominance is necessary to assess the expansive properties of
: a, :1aterial. ln case ofexpansive soil, shear strength properties drastically reduce due
:c s.,.elling after coming in contact with water. Swelling index is also to be determined in
:ase cf exp a nsive soil.
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The fundamental shear strength equation proposed by French engineer Coulomb is:

S=C+6Tan0

Two sets of Mohr's envelops are drawn based on two different sets of stress on the soil

sample. The details of the trFaxial testing can be consulted with the help of any book on

"Fundamentals of Soil Mechanics."

The values of C (cohesion) and $ (angle of internal friction) depend upon following

factors:

a) The Past historY of the soil.

b) The lnitial state ofthe soil i.e. whether it is saturated or unsaturated'

c) The Permeability characteristics ofthe soil

d) The Conditions of drainage allowed to take place during the test'

3.2.2 Hydro-geological parameters influencing dump Slope Stability-

The effect of Hydro-geology in determining stability of dump is as follows:

EffectontheshearStrengthparametersofdumpmaterialsduetowatersaturation
during rainY season.

As ma.iority of the dump failure is reported during rainy seasons' the effect of water

saturation due to rain water is to be considered'

Upward thrust of water i.e' hydro-static force due to accumulated water table within the

dum p.

It is determined bY the product of unit weight of water and volume of subme

overburden dumP material falling within the failure mass. The upward thrust of wate

on the dump is applicable when there is a standing or moving water table within th

dump itself. Water table exerts upward thrust of water to internallback-filled dum

either during mining operation or after mine closure'

Seepage force of water due to accumulated water table within the dump'

It is determined by the product of unit weight of water and volume of subme

overburden dump material falling within the failure mass and gradient of seep

line. Seepage due to surface drainage of water flowing through the gullies formed

the surface of the dump is also to be considered'

Gt ."* s* \lHi)'4------ -9Q
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3.2.3

3.2.4

3.2.5

Geo-mining parameters influencing stability of dump

Mine floor inclination

It is one of the major infruencing parameter controIing stabirity of internar dump. As the
internal dumps are formed above mine froor which is naturar occurrence of coar seam or
layer, all theinternal dumps aretobedesigned as per the grad ient of coar seamwhich
is not in the control of mine operators.

' case of externar dump standing against a hi , it is arso a major factor infruencing
s:ac r ry of dump.

Profile of the dump

--- sroflle of the dump i.e. berm width and srope angre of individuar bench is to be
c::srmined by stabirity anarysis. The srope angre has to be made steep as far as possibre
fcr saving land and money, but at the same time, safety of men and machine near the
i;n"p has to be ensured by making srope as frat as possibre. This optimization is utmost
necessary for the dump srope which can be done by controuing berm width and srope
angle of individual bench within the dump.

Seismicity of the area and blast vibration of quarry on the dump

Both are having adverse effect on the stabirity of dump. seismicity of the area is to be
considered as per rndian seismic map and the brast vibration effect due to brasting in
the quarry batter. ln both the cases, hori,.ntal seismic co-efficient has to be measured
and multiplied with dead load to determine horizontal force on the dump.

Various modes of failure

ln the opencast mining operation, vast amount of waste rock or soir in the upper strata is
excavated for extraction of coal. This waste rock after excavation from the ground swells
to more than 3070 and one of the major probrems in opencast mining operation is the
handling and accommodating such huge amount of waste rock/soir. A portion of waste
rock/soil dumped outside the quarry/opencast mine is caled externar dump and rest
amount of waste rock back-filled within the quarry is called internal dump.
ln case of dump failure, ihere are different failure modes for erernar and internal dumps
as investigated and observed in actual site conditions.

Formation of internal dump - The internal dump is formed within the quarry or mine. lt
stands above the de-coared area i.e. the froor of the quarry or mine in which coar has
already been excavated.

Formation of externar dump - The externar dump is formed outside the quarry and it
stands above the ground surface.
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Failure modes for internal dumP

Circular failure

conditionsi

- The circular failure as observed in internal dump occurs in following

a As the failure mode or surface finds the path of reast resistance, circular failure

occurs when the st ea' st'engih "i 
i""0"*ttt'tal is less than that of foundation

. The internal dump is standing above flat mine floor of not more than 2 degree'

Circular'cum-planer Failure:-This failure is observed when the shear strength of interface

material between dump and tt'" rnin" floor is less than that of dump material' The dump

is also standing in steep floor mine floor of more than 3 degree'

[After extraction of coal, a slushy layer of water and coal dust is lying at the floor of the

internal dump. This slushy f"Vt' "t'i" 
base of the dump is termed here as circular-cum-

planer failurel.

Base tailure - This failure is observed when the shear stren4h of foundation material is

less than that of dump 'att;;i' 
ln case of water table existing at the foundation of

dump material, it will exert upward thrust of water at the foundation of dump' lt is

of dumP

during mine oPeration'

Different modes 6f failure in rock slope'

a) Plane failure- It occurs when a geological d iscontinuity such as maior fault plane

bedding Plane, minor faults strikes Parellel to the slope face at flatter angle than hi

wall bench as shown in Fig.1. The weight of the sliding mass are calculated from 'th

geometry of the slope and the failure plane' A tension crack running parallel to th

crest of the slope can also be included in the calculation

also one of the causes of base failure'

Slope Stability Study of quarry batter in coal mines

ln a working opencast mine' the stabilitY of quarry batter is dictated by the presence of

discontinuity plane like malotand minor fault' ioints' bedding plane' etc' The major fault

plane intersecting running quarrY batter maY create potential failure block or zone

3.3

Fig. 1 Plane Failure
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b) wedge failure - when two discontinuities strike obriquery across the srope face
and their line of intersection daylights in the slope face, the wedge of rock resting
on these discontinuities wir.r sride down the rine of intersection . The carcuration of
the factor of safety is more compricated than that for prane fairure since the base
areas of both failure pranes as we, as the normar forces on these pranes must be
considered for stability calculation. Fig. 2.

It is

c) circular failure - when the material is very weak, as in a soir srope, or when the rock
mass is heavy jointed or broken, as in a waste rock dump, the fairure wifl be defined
by a single discontinuity surface but wi, tend to forow a circurar fairure path. suchtype of failure is very common in case of soir strata in the high-wa, or the waste
rock dump backfilled or dumped outside the quarry (Fig 3).

Fig.2 Wedge Failure

Fig 3 Circu lar Failure
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3.4 Some of the Recent Slope failures in lndian CoaI Mines and their

Characteristics

Major contributing factors of OB Dump failure
Mine &

ComPanYDate

steeP sloPe of dragline dumP'

Steep slope is one of the prime contributin

factor for dragline dumP failure'

for monitoring of slo

ffi

ibitt
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ste epa sodnanrade glhttadna

se toutrtnconsn ceardoe glbeos p

gth
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cenre5Pceae rfntehtnloarat
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bmud phtofnerstethfo
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ermntf behtnrctn uotN p
ssurecfd o- phuu tb pneduItres mude pnardr 6ewenthnr bacohtndheb

Lack of infra-structure

stabilitY.

blocked w

water at

reduction

material.

down from the failed

dumP (1,46,000 cum)

pushing 8 cum shovel

towards high-wall across

the access road'

5 Persons were buried

under the OB mass'

Dragline dumP

a large vo

overburden

failed and

lume of
(oB) slid

Jayant
OCP, NCL

1

Dec,
2008
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steep slope of dragline dumP'

Steep slope is one of the prime contribu

factor for dragline dumP failure'

seepage of water from Wardha river is

otner-contriUuting factor for dump failure'

Due to presence of black-cotton soil

fragmented clay rock with predominan

vtJntmoriltonite group of clay minerals'

itt

eofo( fbatridr ortn coeclffisn u
soada nenittSne Iradeh glta

sebutrintocevenSowebeS op

ck-
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material swells in P resence of seepage

section resulting into

sliding of about 2 lac

cum. of OB materials

measuring 125m

(length)x 24rn (height) x

60m (width) from the OB

dumP of 14th and 15th

cuts. As a result one P'C

ooerator and one Sr'

&"r*.n were buried

under the OB'

Dragline OB

16th cut slid

dumP near

at NE flank
Sasti OC,

WCL
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level

from Wardha river. This phenomenon re

drastically shear strength of dragline dump

material coupled with seepage from Wardha

river which led to sloPe failure.

Dragline OB materials from 16th cut were

t the sump portion of de-coaled area

at 15th cut. As a result there was accumu

of sludge at the dump base facilitated in sliding

of OB dump at dip direction from 15th cut'

Lack of infra-structure for monitoring of slope

stability.

duces

lation

:d

ba

en

essu

dum

of sl

e! per geological rePort, onlY one

But, actually the above mentioned fault plane

(in strike direction) is having throw of 40m'

There was existence of other two fault planes in

dip-rise direction which was not mentioned in

the geological rePort'

These three fault planes (one is in strike

direction and another two in dip-rise direction)

encompassing a wedge block which slid on the

dragline and its oPerator'

fault plane inThe Amb river

embankment breached

and the high-wall side OB

benches failed. The slid

OB materhl pushed one

Dragline and lts operator

burying them in the

debris OB.

WCL

Umrer
ocP,

The most likely cause could be seepage

through cracks for many days during heavy rain

affecting the stability and leading to eventual

failure external OB dumP.

of water
10th

Aug,

2013

Kulda,

MCL

An incidence of OB dumP

slide occurred causing

fatalities to 13 persons

from nearby villages who
had trespassed in to O.B

dump area of Kulda OCP.
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3.5 Highwall Slope Stability Study of Lalmatia Hill Patch of Raimahal OCP

CIMFR was entrusted with the iob' in the year 2011' to study the stability of final high

wall sloPes of Lalmatia hill patch' After doing necessary geo -technical maPPing, the data

was used in GALENA software for analyzing the slope stability. KeY recommendati ons of

the studY, with precondition of pre-spl itting, drained groun d water

monitoring, were given as below

wall was recommended as 60 deg'

ii) Pre-split blasting should be done to

back crack

prevent hanging loose boulder in the wall &

Recommendations of the study (salient points only):

i) Profile parameters of the final high-wall slopes was recommended in which

minimum effective 
"*Oo'"0 

bench width on the seam floor was 5m and on the

seam roof was 1Om a rS* 't 
two different locations' The bench angle of the high-

!-.", \n"i'V_,..---

l[)

iv)

v)

Blast design should be such as to prevent back breaks' The designed effective

bench width should be maintained' which do not include backbreaks'

Proper benching should be done from top to bottom' in such a manner that

individual bench slopes 
'ntff 

not be steeper' apart from the lower overall angle of

slope.

Ripper dozer may be used in place of blasting' Mining activity should be stopped

during rainY season in the Patch'

Mine and monitor philosophy shall be adopted' Slope monitoring should be done to

detect onset of failure, so that effective stabilization measures can be taken at the

earliest. lf the instability t' "*"tdtbt"' 
it can be brought down in a predictable

vi)

manner.

vii) RePort

scientific agencl'

shalr be implemented in totar and under the supervision of competent

The details of the report is given in Annexure 3

3.6 Statutory and ISO Inspections of the mine workings

To suPervise daY to day mining operations at Rai mahal OPencast Proiect' the collie

manager is assisted bY 1t First Class Certificate Ass istant Managers and 11 Second Cla

Certificate' Assistant Managers. Further to assist them' 60 suPervisory offrcials (Mini

Sirdars and Overmen) are on the roll of this Prolect Similarly it has sufficient numbe
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3,7

of Workmen lnspect ors an be concluded that the project has >ufficienl
manpower to supervise safe mining operationi. .l _
ECL HQ is also manned by a ful-fredged rnternar safety Department headed by GM
(safety). lt regularly conducts safety inspections of all the mines of the company and
investigates all the incidences and accidents. Afl safety rerated issues are arso deart by
the ISO.

But during enquiry, the High power Committee did not find any document where any
member of lso has highrighted the impending dangers from 140 meters high oB dump,
immediately below which coal extraction work was going on.

Safety Audit of the mine

]e of

ped

eto
the

'd Cla

rb,

Safety Audit of Rajmahal project was carried out during April, 2015 and March, ._
the team from Sonepur Bazari Area, ECL. However, in both audits, the team di.. not
mention any impending dangers due to excessive height and danger of fairure ci oB
slopes. Copy of report is enctose d at Annexure- 4

3.8 Salient provisions of clauses of DGMS permissions related to d. J
slope stability ofopencast working and safety features thereof:

Permission for removal of overburden and extraction of coal in Rajmaha! Onpn Cast
Project was obtained vide permission letter no. S4/O326/OO6/|_B(B7ji
08'04'1987' Another permission with certain modifications was obtained vide le$er no.
S3/0103s7/[-B/gs(1). (3) &1oo(1)/1637 dated 05.07.2012.

Key stipulations in the permission retter of Rocp, regarding maintaining safe opero. rns,
with respect to working near georogicar disturbances and srope stabirity;re as under:

(l) Permission no. s4lo3l26loo6/il-B(87)/1182 dated 08.04.1987 under Reguration 98(1),
98(3) and 1oo(11 of cMR 1957. (crause reference mentioned arong with the crause)

ll. Opencast Working

2.0 Height & Width of Benches

2 1 The hei8ht of the benches in overburden and coar shafl not be more than the digging
height of the machine used for digging, excavation of removal.

2.2 The width of any bench shall not be less then _

2.2.1The width of the widest machine plying on the bench plus two meters, or

2.2.2 lf dumpers pry on the bench, three times the width of the dumper, or

2.2.3 The height of the bench, whichever ls more.

rr_^^^ Vt^riVL--rt^\*
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lie londuaed from top to downwards'
3.1 Quarrying oPerati'j's shal

3.2 The provisions of sub-Regulations (4) and (5) of the Regulations 98 shall be complied

with.

3.3 When persons are employee within 5 m of the 
::t-Ot"u 

face' adequate precautions

shall be taken to 
"n'u'" 

tt'"ii'"*" W dressing the sides of the benches'

3.4 Special care shall be taken when any slip or other planes of weakness or other

geological disturbances exist' so asto prevent danger to the work persons'

3.s No persons shall be engaged or work 
''"-*:1 ::^:':""1 

close to high sides/benches'

from which he will be likelyi; fall more than 1'8m vertically down' unless he is provided

with the uses a safetY belt or roPe'

3.6 The sides in overburden coal shall be kept sloped to prevent danger from fall of

(ll) Permission

20t2.

no. s3/010367111-B/98 (X)' (3) & 1OO l1rllL637 Sitarampur dtd' sth tulv'

2,0 OPENCAST WORKINGS

2.3 The height of bench es in overburden and coal shall not exceed 10m or the digging

height of the machin e whichever is less at any time

2.4 Unless and otherwise permitted by this Directorate bY an order in writing' The

width of the bench shall not be less than three times the width of the large

machine working on the bench or the bench height, whichever is more Provid

that where there is one-waY traffic over the bench, width of bench maY

reduced to not less than twice the width of largest machine working on the bench

ne within 300 m of anY structure I

2.5 No blasting operation shall be do

ctures and 42m of Public road in propos

village/Bustees, buildiri gs/surface Stru

of Lalmatia Hill Patch of Ralmahal Opencast Projects' M /s E.c

seam ll ToP

Without ob

170(18)(a).

The provlslon

strictlY'

nder Regulation 170(a) (b) & (c)

b

a

?7 I 11 rt !

taining separate Permission u

of sub-regulation (a) & (5) of Regulation 98 shall be complied w

2.6
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1-7 OCP Working in proposed patch shown "A,B,C,D,E and F,, on, the accompanying
plan and no working shall be extended within 15 m of the water tanks. The Nallah
flowing in west part of the proposed patch from north to south shall be diverted
beyond 60 m of the proposed quarry and embankment of height not less than 3
mts. Above HFL and width not ress than 10 m at top shafl be made to guard the
inrush of water towards the proposed patch.

OCP working in proposed patch shown ..A,B,C,D,E and F,, on, the accompanying
plan shall not be extended within 60 m ofthe underground waterrogged workings
of seam ll top. The working shall be started from Rise side of the property. An
arrangement for pumping from surface by putting boreholes at a distance not
more than 30 m by making a vertical Boreholes and installation of submersible
pumps shall be done to keep water body at least 60 m away from the working of
the quarry. A rigorous pumping shall be done to ensure the dewatering and
keeping water logged area beyond 60 m from the workings made by opencast
method.

2'9 special care shall be taken when any srip prane or other weakness or other
geological disturbance exist, so as to prevent danger to the work person.

2'10 No person shall be engaged on work or aflowed to traver crose to high
sides/benches, from which he is rikery to fafl more than 1.g m verticafly down
unless he is provided with and uses a safety belt or a rope or life-line.

Z'Lt No person other than those requir;d for operating the machinery shafl be afiowed
to remain near the foot of the benches exceeding 3.0 m in height. When persons
are employed within s.om ofthe bench sides adequate precautions shafl be taken
to ensure their safety by dressing or/ and supporting the sides of the benches.

2.!2 As a final operation, in each cycle of operation, width of the benches may be
reduced but in any case not ress than 3.0m. During or after this operation no work
shall be done at the bottom of the quarry or berow such benches, untir such time
proper benches as required at para 2.3 &2.4 are formed by working from top

. downwards.

2.13 After the extraction ofthe coal, the area shafl be bair fifled by the overburden soir
up to the adjacent ground level.

2'74 No person shall be employed on coal benches within a radius of 50.0 m of the oB
benches being worked with heavy earth moving machineries at any time.

4.0 spott BANKS AND STOCK yARD/ptLEs

The slope of spoil bank's face shall be determined by natural ,ngi" of repose of
the material being deposited, but in no case exceed 370 from horizontal and the

4.1
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4.2

4.7

4.8

spoil bank face shall not be retained by artificial means at an angle in excess of its

natural angle of rePose or 37o'

horizontal.

face

8.0 suPERVlsloN

Any spoil bank exceeding 3Om in height shall be benched so that no bench

exceeds 30m in height and the g"ne'al 
'lopu 

does not exceed 1 vertical to 1 5

The toe of a spoil bank face shall not be permitted to approach a railway or other

public works, public road o' tuitding or other permanent structure not belonging

to the owner of the mine' t';;';; a distance equal to the vertical height of its

No person shall remain or be permitted to approach. the toe of an active spoil

bank or stock yard/pile *n";;;;;y be endangered from the material rolling

down the face

Extraction of minerar by reclamation from dump or stock pile/yard shall be

treated as working of opencast benches with loose overburden and all the

precautions in respect of *o'i'ng of opencast benches with loose overburden

shall be taken.

A suitabre code of practice approved by tripartite committee for prevention of '

injuries to persons engageO i" tfppi"g on stock piles' dumping of overburden at

dump yards, at loading points etc' shall be framed and enforced'

8.2 The ln charge/supervisor shall in particular

a) Make frequent inspections for eVidence of slides or of material that may slide or

roll from the t'iett wall; (inctuding the face and sides) or spoil bank'

b) Not allow 'n, o"t=on'*o *o'k 'nd"' 
overhanging ledges or where there is

' 
evidence of slides, until such danger has been removed'

19.o To minimize accident to tt'o'" 
"ng'g"a 

on surface operations' it shall be ensured

that:
a) All Persons engaged through the contractors at any work within the mine

29 li'ir"rc
c

premises have received relevant training and other job-related briefings'

drivers of vehicle belonging to contractors enterin g the mine Premises sha

additionally be explained the salient provision of "code of Traffic Rules"

Appropriate training schedules for contractor's wo rker shall be drawn an

implemented from time to'time' "
\
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b) Each and every operation, including the operation carried out through

contractor's workers or by outside agency, is placed under the charge or a

competent supervisor, duly appointed and authorized by the Manager whose

jurisdiction shall be clearly demarcated.

Copies of permission letters referred above are enclosed as Annexure - 5

DGMS Circulars and other statutory references.

1. Circular No. DGMS (Tech.) (S&Tl Circular 2, dated 2Ol06l2OOt. Relevant extracts of
the circular are;

Quote:

"A systematic detailed work needs to be undertaken for solving or understanding the
problems of slope failure in open pit mines. The objective of such type of work could be
(1) increase the knowledge of the behavior of mine slopes, (2) improve the ability to
estimate rock mass strength for such slopes, and (3) develop an improved design
methodology for forward design of rock slopes in the open pits. The fourth objective
could be formulation of a detailed slope monitoring protocol for such slopes.

A geo-mechanical model needs to be developed based on extensive field work and
review of previous studies at the sites. The model may comprise of a detail description of
geology, joint sets and structures, mechanical properties of intact rock and joints, geo-
hydrological conditions, and virgin stress state. From this, a representative design cross-
section and parameter values need to be established which could later be used as input
to stability analysis of the pit slopes."

Unquote:

2. DGMS Tech. Circular no. O2 of 2010: Relevant extracts of the circular are;

Quote:

"lt is essential to take following steps immediately:

{i) Design mine and the pit as well as dump slope scientifically taking into
consideration of geotechnical parameters of rock and the dumps including hydro
geologic and weather conditions to ensure stable Pit and Dump slope profile not
only during mining but also thereafter; and

(ii) Deploy Slope Stability Radar (SSR) with integrated visual imaging system or any
ilar such technology giving a real time monitoring of displacements of strata or

9/ e)'+ vuixz--- 
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dumps well in advance of any failure and providing mine management sufficient

time to safery withdraw *an and machinery from such prone areas such systems

would not only increase safety but also the productivity and efficiency of opencast

operations'

3

ln view of the seriousness of the implications of ground movements in openpit

excavations, all mining to*Otn'u' having openpit excavations are urged to immediatelY

initiate a time bound concrete action plan on the above matters"

DGMScircularSof2013referstotheclarificationofabovecircularinwhichthespecific
type of slope monitoring equ'Orn""t *t' replaced by suitable slope monitoring system in

mines.

DGMS circular (s&T) no. 5 of 2016 : rntegrated approach for development of Safety

fil"nre"r"nt plan for coal and metal mines : Previous references :

a) Circular 13 of 2002

b) Circular 2of 2071-

c) 9th, loth and 1lth National conference on safety in Mines'

The circular recommended for adoption of the process of safety management system

and commitment to' proper iorm't'tion a implementation of the same in totality' The

circular mention, tt.t rr.."rriut irpt"r"nt.tion of safety management system in mines

would warrant sorting out perception issues am€ng. all then stake holders and the

success may depend on, t*;;;i;"* adoption of an integrated approach' Accordingly'

it has been advised in tt'e circuia" to develop a safetY management plan at all the mines

and submit the same to 
"*'on"i'n'p"*or 

of mines' for acceptance/ approval'
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CHAPTER IV

ACCIDENT, RESCUE AND RECOVERY OPERATION

se

4.1

4.1.1

The mine is partially outsourced. At present there are two outsourcing agencies (a) RcML(period of contract: 22.Lo.2oLz to 21.10.2025) and (b) M/s M|PL-NKAS (period ofcontract:-07'04.2015 to 06.04.2017). A part of the oB is removed departmentary byHEMM. one part of ocp is Deep Mining Area where coar is found on the rower revermainly due to presence of a 60 meters down throw fault. Same agency i.e. M/s MlpL_
NKAS was awarded the work for removing roose oB (Re-handring) from the Kaveri Dump.

The accident took prace on 29.L2.20L6, during 2nd shift (2-10 pm), at Dahar Nangi patch,
where about 30 tippers, 5 excavators and one Dozer were deproyed for removing roose
OB material from the top of the dump.

Brief description of the accident

Rajmahal oCP of Eastern coarfierds Ltd. is rocated near Larmatia in Godda district ofJharkhand' lt is targeted to produce 17 miflion tonne per year. Entire coar is dispatched to
NTPC Kahalgaon, Farakka, Barh.

The followings have been gathered from the statements corected from the minepersonnel/officiars/officers and contractuar emproyees, during the different stages ofenquiry.

Status prior to the Accident:

Before the oB dump fairure about 30 tippers, s excavators and one dozer weredeployed for rerhoving loose OB material in the topmost OB bench.

ln the second shift work was arso being done in the coar bench ofthe deep mining patch
dlong with the removar of oB parting, whire the re-handling in the Dahernangi patch forbenching was going on the northern side of the working patch.

work in coar bench and the parting, and the oB dump was stopped at about 4:30 pM,
due to indications of distu rbance. However, the working in the oB dump for re-hand lingin the northern side resumed shortly thereafter.
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4.1.2 At the time of Accident:

While operation of removal of loose OB was going on' at about 7:30 PM a large area

(measuring 50Om X 110 m) slid down due to failing of the floor batter as a resutt of which

12 out of 30 tippers and 05 excavators along with their operators got buried by fallen

material. lt was also gathered from the statements that a "bang" sound was heard just

beforetheslide,whichindicatedthefailureofin-situStrata.simultaneouslythemine
lights went off, due to dislodging of electrical poles'

4.1.3 After the Accident:

All the concerned officials, including DGMS, were informed immediately and rescue &

recovery work was started by ECL Management lnformation was given to ECL HQ and

State/District Administration' On receiving the information' two rescue teams along with

one Superintendent (Rescue)' ECL rushed to Rajmahal from Mines Rescue Station'

Sitarampur. Director (Op) tna Director (P&P)' ECL also rushed to the site and were

present at the site on thq same night from 1:30 onwards' ED (Safety)' CIL HQ also

reached the site on 3t't2'2076'

By the morning of 30'12'2016 it was confirmed that only one ECL employee i'e a mining

Sirdar was injured whereas quite a number of contractor's employees were missing and

feared to have been buried' Later on 18 bodies of the contractor's employees were

recovered and five are still apprehended to be buried within the failed dump'

CorporateSafetyBoardmembersofECLandotherseniorunionrepresentativesalso
visited Rajmahal where they were apprised with the development regarding rescue

operations, disbursement of benefits etc'

Emergency Control Room at Area and Proiect were immediately established' Similarly

control rooms at ECL HO, Cll HQ and at Ministry of Coal were established and officers

were posted in each shift at all these places' Also the police and State administration

were informed for necessary assistance. Lighting arrangements were made at the site to

make approach roadways for rescue & recovery work' Ambulances and Doctors were

also ready at project site' DC and SP' Godda also camped at Raimahal from 30th

December'16 onwards to handle any unpleasant law and order problem'
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4.2 Photographs taken from the accident site:
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4,3 Rescue & Recovery Operation and Compensation:

4.3.1 Rescue & Recovery Operation:

NDRF Teams and Rescue teams with cutting tools, lighting tower, spader, hydraulic Jac k,
dm:d!:11:tera.rit:ag{5-a1f f erdogs:Ir-gffqgft!!uouslyinvotved in the rescue operation.

The outsourcing agency (MrpL-NKAs) rater submitted Area management a rist of
equipment (12 tippers, G excavators and 1 dozer) and names of 23 persons, who were
most--likely entrapped in the debris as they were not found. 0g tipperd, 05 excavators and
01 Dozer have been traced out and 1g bodies have been recovered tilr 2:00 pm of
05.01.2017. No further bodies coutd be traced out after 05.01.17.

As soon as the recovery work started the Area authorities have requisitioned the services
of the geophysicar team for conducting the magnetic survey to rocate the magnetic
bodies like dumpers, excavators and dozer etc. from Rr-1, cMpDr, Asansor. The survey' was done by that team and they successfuly rocated a number of magnetic bodies, the
details of which has been given as under.

4.3.2 Geophysicar survey conducted by cMpDr ream at Accident site of Rajmahar ocp:

The Geophysical team of cMpDr was instructed in the morning o f 3o/Lz/zo1,6to proceed
immediately to the accident site at Rajmahal ocp area fofiowing massive oB dump sride
that took place on 29/t2/2076 under the ECL command area. The team reported at the
area office, Rajmahar by the evening of 3olL2lzot6. No work courd be taken up on that
day since it was arready dark. The first-hand information about the ground conditions
and visit to the site courd be possible by the evening oI 3tlr2/2or6 due to security
considerations. The Magnetic survey fierd work was taken up earry in the morning of
ollol/2o77 and five locations were identified and pointed to the excavation team to
recover the buried HEMM objects.

The excavation team immediatery undertook the crearing work at 3 0f the reported
locations and successfully recovered the machines and few bodies from the indicated
sitcs.

i) The team on second day of survey work i.e. on o2/or/20t7 courd rocate 3 additional
locations with major anomarres (anomaries arising out of buried heavy HEMM) and 5
locations with minor locarized anomaries (anomaries arising due to scattered metaflic
parts of HEMM or other debris).

ii) All the locations were shown to the Area surveyor, shift rn-charge, the operators etc.
and the places were even marked on the ground with Chuna (Lime powder) and the
coordinates in wGS-84 format were given to the survey team for precise rocation and

perations to recover the Men and Machine without any delay.

1r-,-

earliest excavation o
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iii)ThedepthsoftheburiedobiectswereestimatedwiththehelpofEuler'sdeconvolution
method and along with the actual anomalies observed For the sake of completeness

and presentation, ttt tne obtt'n"O results have been transferred on to the Google-

,,t l'n'i1..,0""t area was covered thoroughlv andt:::::::::.T;'."i::I,'ffi-"1tJ *"
independent instruments' The data gap areas were inaccessible were ruled out of anY

anomaly by employingthe Flux-Gate light weiBht instrument to the extent possible'

v) The WGS-84 .oo'ointt"'-ot if'e nof ipors' i'e' the highest prioritY points over which

the debris cleartnt" tttl'ity i' recommended are given in Table-l below:

TABLE-I:

inWGS-84 as

recorded on GPS
Coordinates

<4
5,25.027887.3701

Bto12
87.3703, 25.0278z

<4
87.3702,25.0 2793

87.37075,2 5.027834

87.3701.,25.0 2785
<4

87.3694,25.02 B46
<4

87.36922,25.028547
>16

87.36927,25.0285B

87.3697,25.02929
>!6

87.36901,2 5.0292210
>16

87.369,25.02 9211
>76

87.369,25.0 293L2
MALY sINTPooANEDtzCALoLRoINM

72to 16
87.3706,25.02 7913

87.3705,25.028574
<4

87.370r,25.028715
4toB

87.3696,2 5.029576
Bto12

87.3695,2s.0 294

vi) All the estimated depths and the anomalies taken as a snapshot' as was observed o

orl
\

t
,:i

L

o,.lo7lzotl at 14:00 hours were likely to change after fresh bouts of OB slides

removal of debris that could have been performed after the studY'
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No.

<4

<4

>16

<4
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.,..-.'-....--v / i]re geo ahvsical studv concluded that all the
dr e no lurther anomalies present within the

anomalies hav
area su rveyed.

e been identified and th ere

4'3'3 Monitoring by state administration and statutory bodies.

officiars from state administration, senior officiars of DGM' (Dhanbad and sitarCtL, ECL, CMpDlL, SECL. and NCL continuousiy .onitor"a and supervised an..rpr4,operations. up to sth January,2ol7, totat ; ;r;;";';i":":::::it"o the rescue
postmortem. 'e'tuotv LvLt' rotal 1E bodies were recovered and sent for

one mining sirdar was also injured who was admitted to firti<<inn Lr^.^i.-rwas subsequently released after treatment 
to Mission Hospital Durgapur who

The bodies of the deceased were later sent to theirBihar, Madhva r,.r"r;;.J.-[*'j,."J:fljr",Tll^:: respective home towns (Jharkhand,

ECL, U n ions u ."*,.;J:: l#.:ff :,:.1,#:IL:':, ".:"n", uy the p rojea oilciars or
members of the deceased to express the conaorenc] 

the hometowns to meet the family

:J*["[:::,,'l:,:::**:1,"*1,?ffiffi :::::i::: jf ,':::,Tii:*
On 3.d January, a meeting with SDM, Godda and:DT(P&P) and D(P) ot rii p..ti.iprted in above ,r,, 

too' Mahagama in which DT (gpl,
discussed:- meeting. The following points were

Law and ordei situation in the area.
Maintaining safety in rescue and recovery operation.
Regarding dispatch of coal to STpp of NTpC Kahalgaon and Farakka.

iTi:Ilrffi :li^,:#::, ::,:"i,::liln"Jff lll"i^:l :".1,i1,. L m,ed a s.
could provide information related to the accident. a,lt""tt"o 

with all those who
committee also visited the site on 05.01.2017 

lhairman of the High power

1

2

2

ii",:;:x"il::::,ffi "ji:',ffi :i'1,:J,1,',,"?,Jiii::,:on,heabovepoin,slocated. yq,*, .ru)e uJ persons missihg bodies have not been

rscussion alon I with the recom men dations, for focused

Annexure-6
covery of Men and Materials are presented in the

, pin pointed 
andearliest possible re

note enclosed 
at

an

:; 3r
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4.3.4 Stoppage of recovery operation on 05.0i.2017:

ed from 05.01.2017, when ma.ior st rata movement wac

The recovery oPeration was stopp
SPenci ed to-ensure sa

noticed at the site' RecoverY oPe therefore

of the rescue Personnel' Subseq

Committee members with Area offt

uentlY a m

cials was h
eeting of DG

eld to decide about furt
ials and ExPert

rse of

action. To ensure safety of all those involved in recovery oPeration it was decided first to

prep are an action Plan for removal of debris from the affected OB dumP, which was to

be vetted bY ISO and ExPe

DGMS officials for aPProval'

was accorded bY the DGMS'

rt Committee members and then was to be submitted to

Recovery oPeration were to start only after the Permission

Later a team of research scholars from NIT' Rourkela' Delartment of Mining Engineering

was also engaged to monitor itre strata movement using remote readable vibrating wire

type sensors. Accordingly ttt"V 
't-t'ttA 

their work from 13'01'2017' Their observations

are recorded al Annexure ' 7

Further a meeting, in the chairmanship of Dy. DGMS, Sitarampur (EZ) was organized to

decide the further course ot']*"n ro|. ,".overy of remaining bodies trapped in the fallen

,.t"ii.l on 08 02'17 tt E;;;' lt was decided that further recovery action will be

carried out as suggested ";;';;";;""ded 
bv lso of ECL and Experts of High power

committee (copy of minutet of *t"ting i' enclosed at Annexure'8\

4.3.5 ComPensation:

Following compensation amount

acc

i)

ii)

iii)

iv)

have been paid to the deceased families after the

ident:

As declared by Hon'ble MoS (Coal)' Ex-Gratia of Rs' 5lakhs each was paid by the

'r:ffi::-':ffi::I,""T"';" paid as 
',",'-.:l:^]i"'isions 

or lilYll c

Compensation Act' The '*"'"t tt' '""tioned 
in table-2 below)' was calculated' as r

prescribed in the Act, *f ittt *" i"posited with the Commissioner cum presiding t

officer, Labour court, oeoghar';' t* t* amount would later be recovered from 6

the contractor's bills' . . -..^, ^-., 
t

Ex-gratia of Rs' 5'0 lakhs per family was paid by MIPL to the families of deceased ' 
'l

Rs. 16,000/- for cremation-ai""i' 
"'i 

during handling over of the dead bodiest

after post-mortem as last 'iJt' 
otiit deceased'. {

vehicles for transportation lhe bodies for cremation were provided' (

Honorable Chief Minister "iji"*n""d 
declared Rs 2'o Lakhs to familY member or

5,-* \IwiFL-=- )
14

v)

vi)
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The compensation paid to victims & date of bodies recovered are given in Table-2 below:

Table-2

)
4,.*

Ex-gratia
(Rs 5 lacs

as per MoQ

Ex-gratia

[Rs 5 lacs as

per MIPLJ

Compensation

as per ECA-

2010 (Rs.)

Date of Body
Recovered

Name of deceased &
Designation

SN

500000.00500000.00861120.0030.12,2016Hari Kishore Yadav,

Cont. operator
1

500000.00500000.0030.12.201,62 Javed Akhtar, Cont.

0perator
500000.00500000.00847160.0030.12.20763 Rajendra Yadav,

Cont. 0perator
500000.00500000.00879800.00Brijesh Yadav,

Cont.Operator
4

500000.00 500000.00778560.0030.t2.2016Sanjay Kr. Sahi, Cont.

Driver
500000.00861120.0030.12.20L66 Md. Nurul, Cont.

500000.00500000.00758240.00'30.L2.2016Jai Prakash Rai, Cont.

Driver
7

500000.00500000.00839680.0030.72.2016Nageshwar Paswan,

Cont. Driver
B

500000.00854280.0030.12.2016Aiit Patel, Cont.

0perator
9

500000.00500000.0030.t2.201610

500000.00500000.00839680.0030.72.20\611

500000.00839680.003t.72.201672 Sunil Vhengra, Cont.

Driver
s00000.00500000.00896000.0037.12.2016Ajay Kumar

Kushwaha, Cont.
500000.00500000.00867640.0031.12.201,614 Md. f ulfkar, Cont.

Driver
500000.00 500000.00847160.0031.L2.2016.15 Md. Jamir, Cont.

er
500000.00857640.0037.t2.2016t6 Raj Kamal Goswami,

Cont. Driver
500000.00500000.00867640.0001.07.201717 Sanjit Viswakarma,

Cont. Driver
500000.0c500000.000r.07.20t7Laddu Yadav,1B

AJ Vlaipz.-.-----
42 lPage
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896000.00

30.L2.2076

5

500000.00

500000.00

861120.00Sakil Khan,

Vikash Patel, Cont.

Driver
500000.00

13

500000.00

831920.00

9. ,e*f



CHAPTERV

INVESTIGATTON

5.1 Meetings and visits of the committee

i) On 30th December 2016 i.e. next day of the accident Sri P'K' Sinha, D(T/P&P)' SECL' a

member of the committee, reached Rajmahal Project and joined officials of Rajmahal

area, lso and other senior officials from ECL Hq DGMS, State GoW. etc. for supervising

therescueandrecoveryoperation,beingdonetherebyECLRescueteams'NDRF
teams, contractor,s and departmental employees. An inspection note was submitted by

DDG(HQ), DGMS, Dhanbad (copy enclosed at Annexure-9\, in which advice of experts

was sought for ensuring safety of persons who were to be engaged in rescue and

recovery operations.

ii) On 3d January 2017 Professor P. sen, Dr. V. K. Singh and Mr. A. K. Nath visited the

accident site. On 4th Ianuary 2017 Professor P. Sen, Dr. V. K. Singh, Dr. l. Roy and Mr. A

K Nath with others visited the accident site. On 5th January 2017 Mr. Shekhar Saran, Dr.

I Roy and Mr. A K Nath visited the accident site.

iii) The Expert Committee after their inspection on 4th January'17, submitted an advisory

regarding.the mode of rescue & recovery and future course of action at the site of

accident. Copy of advisory is enclosed al Annexure' 70

iv) Copy of Manager's diary, SOPs, Minutes of Safety Committee meetings, training records

and proposal notes for oB outsourcin'g contracts, geo-technical study & procurement of

slope stability radar were collected by the members of the committee during their

inspection, which is enclosed al. Annexurc' 77 to 77

v) Recovery operation therefore had to be suspended tb ensure safetY of the rescue

personnel on account of significant strata movement with effect from 05.01.2o17.

' subsequently a meeting of DGMS officials and Expert committee members with Area

officials was held on the same day i.e. Sth January, to decide about further course of

. action. To ensure safety of all those involved in recovery operation it was decided first

to prepare an action plan for removal of debris from the affected OB dump, which was

to be vetted by ISO and Expert Committee members and then was to be submitted to

DGMS officials for approval of the same. Recovery operation were to start only after the

permission was accorded by the DGMS.

vi) Accordingly action plan along with plan and section was prepared by Rajmahal Area

which was then vetted by lSO, ECL and members of Expert committee. The action plan

was subsequently approved by the DGMS on 09.02.2017 with certain conditions.
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vii) The 1st meeting of
Kolkata, in which,
Nath were present

the High Power Committee was held on 19thJ an
Shri S. Saran; Sri P. K. Sinha; Dr. V. K, Singh, prof. l. Roy
Matters pertaining to the Rajmahal accident were

2017 at ClL,

and Sri A. K.

discussed in

ocuments to
detail. Lists of the persons, whose statements were to be recorded, and d
be collected, were prepared.

viii) 2nd meeting of HpC was held on 01.02.2017 at CMpDl, He Ranchi. Details of plans and
section along with related documents were studied. statements of officials recorded for
investigation into accidents by tSO officials of ECL Hewere also studied.

ix) 3'd meeting of Hpc was herd on 3.3.2017 and 4.3.2017 at cMpDr,Rr-r Asansor. The
statements of the executives, staff and contractor workers concerned were recorded
and cross-exa mination took place.

statements of staff, officiars, executives, contractor workers and others are encrosed at
Annexure - 7g

x) 4th Meeting of HpC was held at CtL He on 27.03.2017. Sri pramod Kumar, Manager and
sri Dhibar, Area survey officer of Rajmahar ocp were cross examined. sri Ghosh, survey
officer from Rr-1, cMpDr was arso asked to crarifli the carcuration of vorume of oB and
rock displaced during the dump failure.

xi) 5th Meeting of HpC was held at CMPDIL He on 02.04.2017. All members discussed on
the various aspects, anarysed the statements ahd evidences, and prepared the 1s draft
report for further consideration and deliberations.

5.2 Creation OB Dump (over Kaveri sump) at Raimahal OCp

i) Part of the oB which faired from the existing oB dump, was approximatery 140 meters
high from the floor of the quarry, where entire coar was extracted about 10 years back.
coal extraction was completed at this place and face did not move further due to
presence of a 50 meters down throw fault towards the south side. This area was also
being used as a sump, which was known as,Kaveri sump. The coar extraction from
seam lll and seam ll at Deep Mining zone was being done towards the south side of this

- - d!*p by M/s Mrpl - NKAS (JV). As stated earrier the said dump was created from 2o07
onwards.

ii) As the final expected depth of the workings of Deep Mining zone were to be about 60
m below the base ofthe oB dump, a batter of about 150 to 200 meters was initialy reft
and the access roads were made for extraction of coal and overburden partings.

iii) The year-wise record of dumping quantity was not made avairabre to the committee by
the Project authorities.

x
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iv) Year wise height of the dump available from CMPDI records are given below:

(Spot levels considered are between 188500E and 18900oE at 244500N)

ir!

l

I

(

c
(

i

Remdrklncrease of DumP

Height
Spot

Level
Year

Dumping done

outside Kaveri sump
0B DumPed in and

around Kaveri sumP
36.6

DumPing done over

Kaveri sumP
[-JSMincreasein
one year

5.8528.62008

Dumping done over

Kaveri sumP
No increase inTwo
year

5.8528.6

Dumping done over

Kaveri sumP
No increase in one

year
5.8520rt

Dumping done over

Kaveri sumP
72.02012

Dumping not done at

Kaveri sumP
No increase rn one

year
No water
found

72.020t3

Dumping done over

Kaveri sumP
No water
found

BB.O2014

Not much dumPing

done over Kaveri
0.4 M in one YearNo watdr

found
88.42015

Dumping done over

Kaveri sumP
57.6 M in one YearNo water

found
146 M

GJq;q^ Vlrti\Z-=- _eQb")c

t 45oi' 0-

I

Witer Level

at Kaveri

2007 5.85

2010

28.6

No water
found

43.4 M in one Year

16 M in one Year

2076

L
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5.3 Details of award of work and Modification /Deviation, thereafter, at
Dahernangi Patch Deep Zone Mining with reasons and remark.,

,; 'J,.^^

s.N. Justification of the Proposal and
salient features

t ECL Board in 225th Meeting
on 29.01.2009 approved
the proposal of
"Outsourcing of Deep

Mining Zone OC patch at
Rajmahal OCP by hiring
HEMM at Rajmahal" for 9

Yrs for extraction of 21.g
MT of Coal and 49.6 MCum
of OB.

As per approved work schedule

of the conceptual report
prepared by CMPDT on Dec-2008

2 lnitially ECL Board in its
230th Meeting approved
work with outsourcing for
extraction of 11.8 MT Coal

and 27.96 MCum of OB in
1st Phase for 5 yrs on
04.09.2009. Work awarded
to M/s Saumya Mining pvt

Ltd.

Standard escalation clause of
only diesel component was
taken care of but many other
elements involved in contractual
cost expected to undergo
escalation during a period of 9
Yrs was not considered.

Proposal was not vetted
by lSO. M/s Saumya

Minin8 stopped working
since 8.2.20!4 on
administrative ground.

New Proposal for
outsourcing of Dahernangi

Patch in Deep Mining Zone
was floated on 23/O4l2Ot4
for 7 MT coal and 2O

.MCum of OB. Work
awarded to MlpL vide
Order no:
ECL/HQ,/CM C/WO/Da hern
angi OC patch/ 502 dated
10.6.2015 with scheduled

date of completion: 2 yrs 
.

The work started by MlpL
from April 2015

HOE of Dahernangi patch was
required because:

(i) M/s Saumya pvt Ltd
discontinued working in Deep
mining Zone on O8/02/2Ot4,
hence replacement was
required.

(ii) Coal in down throw side of F-

8 fault at large depth, highly
watery due to aquifer.

(iii) To make shortfall of RCML

patch (working sin ce 1-7-2013)

i) Space for OB dump not
specified depictihg Grid,

RL etc.

(iii) Changes in floor
configuration of existing
old dump from stability
point of view was not
assessed.

'.lrc .lh.\x Vlr,irrZ-- e"
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Proposal Remarks

3

(ii) The impact of silt
present in Kaveri sump in
the northern part was

not assessed.

v



(iii) Geo-technical studY

and dangers from dumP

failure were not assessed

by the Area or ISO

departments'

(v) OB to be backfilled in de-

coaled area (Lead 2-3km, 3-4 km

for OB and 4-5 km for coal)

(v) DePartmental

continued till

thereafter shifted

patch phase wise'

Re-handling(iv) No

required.

equipment

31.03.2016

to RCML

(i)Specific

recommendation bY ISO'

HQ or Area SafetY DePt

made during vetting'

(ii) The assessment of

safe width of ba rrier

(batter) against old

dumP created over

Kaveri SumP was

necessary, but neither

h assessment was

done nor ProPosal

getting the studY

by anY expert agenct

stren gt
fo

initiated.

close

of strata

was not

regarding

monitoring

movement

dond

\

\

t
!

(i)An incident of dumP failure

took Place on 04'01'2016' when

a large volume of OB slid down

Kaveri dumP. A team of senior

officials from ECL Headquarters

visited the site on 06'01'2016

and recommended for removal

OB (re-handling qf

(ii). Strata movement and cracks

were observed along F-8 fault

plane endangering man and

maihinerY dePloYed / Passing

through the haul road' Widening

of Cracks were also observed'

(ii) trendencY of flow of silt from

Kaveri SumP (situated

upthrow side) towards

side, was aPPrehended'

(iii) A safe barrier between sump

and fault line was felt necessarY

from safetY Point of view'

(iv)A safe barrier for old dumP

yard located in de<oaled area

in down throw sidefor working

on the

south

south slope oftowards the

of Loose

dump)

1st Modification of the

above ProPosal: dated

LSl12l2oL6

Approved bY ECL Board in

its 286th Meeting on

23.02.2016

4
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(v)Modificatiqn of pit limit due
to 8eo-mining condition with no
change in quantity of oB and
coal for the patch was required.

(vi) 2.5 Ha area to be left and 9.4
Ha area to be added; 2.68 lakh
cum ' to be removed
dePartrnqrl.ll, for keeping the
quantity within awarded limit as
per the proposal note.

was also felt necessary.

(i) quantity 
of OB to be removed

was reduced and the quantity of
coal 16 6. mined was increased
as the coal seams were found in
uPPer horizon, due to two nos.
ef up throw faults with throw of

(i)The depth of coal

seams in 20 M CuM

patch were quite deep

for 750m wide patch.

29m

which

Geolo

al.td 12 m respectively,
were not marked in

gical plan

(ii)Due to high depth of
workings, the road for
reaching bottom. most

seam might have come

under water, even during
hormal rain fall situation.Approach road to this

rkings was to be diverted
after removal of oB in

(iii)lnstead of increasing

length of patch for
mining the dip most

seam, the proposal

aimed at extracting coal

from up throw part and

thus reducing the barrier
part (batter) of old OB

dump.

depaftmental patch and
odifyinBthe pit limit.

) APproach road and exposed
in lower benches got

erged due to recent rains
'area 

left for working is only
x250m at +5Om RL

eFartmental HEMM were to (iv)The assessment of
dePloyed in the above safe width of barrier

rking area, but these are

d in nCUt patch. As

(batter) against old

dump created over
dyment of HEMM in this Kaveri Sump was
was thought to be unsafe, necessary, but neither

h q hwou d a re U ed p nc stIenCt assessment was

t

'2trd

and.2nd
of pit limit:

,16/0e/zore
dated

OB
Mcum



done internallY nor

proPosed for getting the

studY done bY anY expert

agency.

1
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(v) Modification sought in

Departmental area with 1'153

MCum OB and 1'021 MT coal'

As per the ProPosal note' lt

would helP in earlY exPosure of

2s-30 m dePth)

for extraction in

monsoon, additional 1 million te

of coal and safe aPProach for

in MPIL-NKAS (JV)

Progress of contractual

(vi) Lead for OB and coal to

remain unchanged'

dumPers an dof 170/1007

contractor's

simultaneouslY.

coal (at

available

not dePend on

progress bY this
work would

departmental
deviation'

working

patch.

(i)1.344 MCuM OB re-

handling was insufficient

to reduce the height of

the dumP from 146m RL

to 30m RL'

worsened bY PlYing of

number of equiPment

such height'

been

o

dum

a

stability

on OB

have

(ii)rhe

benches

could

(i)Work comPleted bY reducing

146 m to 30 m. As

per records, work comPleted on
height from

09.08.2016

Re-handling of OB 1'344m

cum bY MIPL, through

separate tender to MIPL

Work order issued

05.08.2016

on

6

(ii)Area of Re-handlt

was not exclusivt<t

\
IG

br
s

dnahe-Rn)Aga
nvtatnau ityq

tnemSsS saerutbta
aeradeeI Sstseht

dthefi mtne5C

(i) on 9isl2015, dumP failure

occurred between 188925E and

189025E after formation of

benches'

(ii) DeeP cracks were observed

in OB dumP toP surface'

team visited site on(iii) ECL HQ

3'd Deviation and 3'd

Modification for Re-

handling of 1.73 million

cum (loose OB), along F-8

fault on North

Dahernangi

side of
patch

7

5}-*\
9

tippers

was not

proposed on 31/10/2016

I
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Approved in

board meeting

27.L2.!6

2g4th

held

ECL

on

08/2016. The committee
report is enclosed at Annexure
19

(iv) lt was decided to form
benches in OB dump as per
DGMS permission r.egarding
dump design by Re-handling
1.73 million cum of OB.

(v) ln line with .permission,
benches of size 15mx10m from
30m RL to 50m RL were to be
formed.

OB Re-handling was further
justified on following grounds:

(i)Dump contains clay and have
water retention capacity.

(ii) slide has already occurred
earlier, and one shovel was
trapped

(iii)lf re-handling is not done,
2.20 MTe of coal (650m x50m
x1.7m) will be blocked and
profit shall be reduced by Rs.

300[e approx.

iii) Dept HEMM cannot be
deployed in re-handling as

contractual and departmental
dumpers sha[l not ply on the
same haul road.

iv) Slope of dump is required to
be maintained at 36 degrees.

24/ identified from
perspective.

(iii)Once again, the
assessment of safe width
of barrier (batter) against
old dump created over
Kaveri sump was
necessary, but neither
strength assessment was
done internally nor
proposed for getting the
study done by any expert
agency.

safety

50 lPa ge
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5.+
Scanner

CMPDI, Rl-l survey team was earlier

engaged at Rajmahal OC Project on

29.12.2076 for routine

measuremeRt of OB rehanding

work at Daharnangi oc Patch'

Which was carried out bY them

using 3D TLS (Terrestrial Lesser

Scanner). lncidence of OB/bench

failure occurred on the same day in

the evening few hours after their

departure.

ECL authorities again requested RI-l

surveY team on 31'12'2017 to do

the survey of the accident site using

the same 3D Laser Scanner to

assess the accurate quantity of OB

which had slid down' The survey team

again went to Raimahal the same dav

The team conducted this exercise at

again took the observations of the

1r2.O1.2O:17 on the request of project

RIEGL

measurement. TLS

is an active remote

sensing sensor

working on the

princiPle of LiDAR'

The scanner emits
'laser rays, which

hits the obiect to

be caPtured and

comes back to the

scanner. The

scanner consists of

an emitter and

receiver.

Depending uPon

L

1t

lates the Point distance

, q(J r.
\J-lu-t t lY{------ u/ \ \\r

Survey of the Dump slide patch in Rajmahal using 3D Terrestrial Laser

Riegl Vz-4000 Terrestrial Laser Scanner

intervals from 31.12'2016 to 06'01 2017' The team

patch from different angles from 09'01'2017 to

authorities.

Vz 4ooo Terrestrial Laser Scanner was used for data acquisition under this

e total travelling time, the scanner calcu in X, Y & Z in respect to

51 ll'a g c
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the position of the scanner, which is determined either by ETS. Laser scanner enables the
surveyor to collect the data at faster speed with accurate 3D survey data (called point-
cloud). This point cloud data can be used to create 3D models for a wide variety of spatial
and volumetric tasks.

Data acquisition and processing is carried out using RiscAN pRo Software. point cloud
?xti atfidred by the scanner were used to create the 3o modeiioivoiume computation
and a nalysis.

-'e vo ume of slid oB was estimated as 4.31 million cubic meter and the collapsed span

"':s 600 meter. The volume was carcurated as per the survey data before and after
:c apse and making cross-section at 50 Mtr interval. Measurement details of loose oB,
"a'd rock dislodged and total volume is as under:

CALCULATION OF OB SLIDE ON 29.12.2016

.)

Area
X-Sec

lnterval

188700

188750 3671.42s 50 109745.320

7a95.722 50 28767A.693

188850 10253.734 50 453736.398

188900 10702.891 50 s2391s.613

12097.810 50 570017.518

189000 12348.476 50 611157.135

189050 12690.469 50

189100 7583.685 50

189150 4692.858 50 306913.568

189200 2824.723 50 187939.515

189250 2338.035 50 129068.950

87818.215 4313000.198

Total Volume 43,13,000 Cu.M.

ir1 \n-rv,-- .9 \(
52 lPage

Sec.No. Volume in Cu.M.

778.388

188800

188950

625973.628

506853.863
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Volume in Cu.M
X-Sec lntervalAreaSec. No.

789.457188700

57360.405501504.959188750

118964.243503253.611188800

188984.098504305.7s3188850

505121.590

22A259.975504008.809188950

165926.813
189000

t32312.450502664.734

103510.693501476.!93.189100

57697.67050a3t.7L3

36027.29450189200

32681.583
50697.885189250

1357408.803

13s7408
Total Solid

43,13,000.198

13,57,408.803
Solid

29,55,591.395

t*]*b \F-{ihz-- )R\ tt-
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CALCULATTON OT OB SLIDED ON 29'12'2015 AT RAJMAHALOCP

t

The detail report submitted by the geomatics department of CMPDIL headquarter'

regarding the above survey is enclosed al Annexurc '2O

235683.s85
188900

502628.264

189050

189150

609.378

Total Volume

Loose
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5.5 Observations of the Committee based on Administrative, Statutory and
Technical evidences.

5.5. 1 Administrative Ana lysis (Organizational Aspects):

i) The proposal for Dahernangi patch was not adequately backed by Operational plan viz.
layout of haul road for extraction of bottom most seam and removal of overlying OB.
The position of dumping place was also not exactly earmarked.

ii) Selection of the small patch just in the down throw part of fault with huge old OB dump
in the northern part should have been examined for dangers due to excavation and
subsequent stress unbalanceofthe dump which was resting on Fault -8.

iii) The officials from Area, and EcL He overlooked the geology and overall impact on the
adjoining huge OB dump by allowing successive modifications of the plan. Comments of
geological experts were not sought from GM (Geology) posted at ECL He.

iv) The reasons for 1* modification and 1st deviation of the patch on the ground that strata
movement was observed on the haul road along fault F-8 was a significant indication.
The proposed modification was approved without putting any clause on the monitoring
aspects of those cracks and compatibility of barriers. only coal availability, oB quantity
and terms of contract with Mlpl were examined at all levels. The layout of modified
area with respect to the adjacent overlying oB dump was worth assessment from safety
point of view. The estimate was not examined in detail by the ISO of the He.

v) The reasons for Second modification and 2d deviation was again the more quantity of
coal at reduced height due to presence of an up-throw fault in the southern part of
Deep Mining zone. How the working in the rise part could have affected the working of
old OB dump was not deliberated despite getting indications of cracks during the first
modification. As the lower most exposed coal and haul road of the patch had earlier
drowned in water, the proposing projects official have deliberated about the non-
availability of space for contractual work. lt appears that mining activities in aiea near
the foot of old huge oB dump have taken place for movement of contractor's
equipment resulting in the de-stabilization of the batter and the dump.

vi) Further MIPL has undertaken the re-handling of 1.344 million cum of oB from the old
dump and was completed on 0!1.0g.2016.

vii) By 2nd re-handling of OB of quantity 1.730 MCum was sought for approval to make the
OB dump benches to comply the provisions of the permission of DGMS. The mine
permission was accorded in July 2012 and the mine management had sought
permission for removal of OB after a dump slide took place only on 09.0g.2016. No
query has been put forth at any level of management regarding violation of the dump
design parameters.
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viii) Even after the slide of 08.08.2016, intimation to DGMS under CMR g(lXaXviii) of CMR

and DGMS permission was not given'

ix) The proposal for removal of 1.33 M cum of OB from the dump did not have anY

scientific studY.

x)

xi)

xii)

xiii)

xiv)

s.5.2

dump body

Despite experiencing couple of OB dump slides, the proposal for removing further 1730

million cum of OB without any scientific investigation cannot be understood'

ln that area two activities were going on simultaneously, first extraction of coal and

parting from the Deep Mining Area and second, re-handling of OB from the old OB

dump using dumpers and excavators' These simultaneous activities have probably

caused de-stabilization ofthe batter and the OB dump' Even the explosive consumption

records,indicatedsubstantialproductionfromthebarrier(in-situoBstrata)intheMIPL
patch. These overall activities were weakening the stability and underlying fault might

have compounded the trigger that lead to failure'

As per the note for modification during the 2nd proposal' the presence of 10 and 1OA

fault was not evident in the geological plan but was evident during mining of the patch'

However, in the geological plan these faults were clearly shown'

The safety clearance of the working patch was not obtained by the ISO' ECL'

Specific SOP for the working in the dump was not framed'

Statutory Mechanism:

The old dump, as reported, was located in the de-coaled area and factors affecting,

stability of dump were required to be assessed considering floor condition' presence of

aquifer, silt etc. before undertaking any work of de-capping. Any activity of oB removal

might change the centre of gravity of the dump body' The centre of mass also changes

during monsoon due to presence of water in the dump floor' Additionally' removal of

1.344 million cum of OB from dump might have been changed the centre of mass of the

Violation of statutory provisions were noted as there was no scientific investi8ation

through geo-technical study, for determining the methodology to be adopted for

designing, control and monitoring of pit and dump slope in the disturbed zone' which

wouldhavehelpedinchoosingof"ff.o,,"controlsforstabilizationofworkingand
prevented sliding of OB dump which resulted into this accident' Based on the

incidences on 20'12.2013 the manager had moved a proposal for scientific study which

was forwarded to ECL HQ' However, no outcome ofthe proposal was found'

i)

ii) The basic safetY status monitoring statutory mechanism in a mine' apart from

loyment of statutory personnel, to supervise the day to day operation, is Workmen

f!
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lnspector and Safety committee of the mine under the Mines Rules 1955. They are to
note the deficiencies that may endanger safety of persons working therein, suggest

corrective measures and ensure their execution. While going through the report of
aforesaid statutory bodies for Rajmahal OCP, it appears that inspections lacked quality

and objectivity. There is no mention of inspecting the cracks, dump slide and related

records e.g. Diaries & deliberation in safety committee meetings etc.

. L.:ra Area Safety Audit done in the year 2015 and 2016, wherein no recommendations

'c: stability of Dump or High-wall slope and its monitoring were made.

v) There was no provision ol 24x7 real time monitoring of the dump slopes /High wall, in
spite ofthe visible movement in the past and the statutory provisions in this regard. No
monitoring records was provided by the pro.iect which were in place over the dump. lt
has already been stated that no scientific study of stability of dump was carried out
although it was mentioned in the permission.

vi) DGMS circular issued in the year 2001 for taking precaution while working near the
fault plane in Open cast mines has not been complied with.

5.6 TechnicalAnalysis:

5.6.1 Methodology of lnvestigation

A detailed investigation has been carried out to determine causes of failure of both OB

dump and the batter, which is elucidated below:-

i) A number of representative cross-sections as recorded on 23.12.201G, prior to dump
failure, between the grids 1885OOE to 189500E were studied along with geological

maps of the region showing shear zones, fault zones (ma.ior and minor) and other
geological discontinuities. Copy of part working plan prepared on 26.01.2017 along
with the representative cross-sections have been enclosed at Annexure -21

ii)' The samples.of dump and pit slope mass were collected from the field to determine
the geotechnical parameters, which would be used during slope stability study.

iii) Back analysis of failed dump slope was done with the help of different parameters
(cohesion, angle of internal friction, bulk unit weight, hydro-geological and seismicity
of the area) (Fig 2).

iv) The geotechnical data of the pit slope mass were estimated and determined from
the field photographs, geotechnical mapping of the nearby zone. The shear strength
parameters of pit slope mass were also determined.

iii) Slope stability was never discussed in any SC Meeting or at any other safety forums.
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v) The load of back-{illed internal dump on the pit slope was also taken into

consid eration for a n alysis.

Fig I a) Shear zones comprising of
fault. joints and other structural

discontinuities

Fig 1b) Presence of minor fault planes andjoints
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Fig 1 Working Plan as on 23.L2.L6
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5.6.2 Stability Analysis of the batter i
Different modes offailure in batter slope that can take place are as follows:_

i) Prane fairure- It may occur when a ge.rogicar discontinuity (such as major faurtprane' bedding prane, minor faurts) strikes pararer to the srope face at an angreflatter than the bench slope and *""0", J"'n1n" effective friction angre as shownin Fig'3' The weight of the sriding mass are carcurated from the geometry of thesrope and the fairure prane. A tension crack running pararer to the crest of theslope, if any, can also be included in ,t 
" 

..f.ui",ion.

ii) wedge fairure - when two discontinuities strike obriquery across the srope face andtheir line of inter
effective rriction "::[:T"';:f]':;:-l',;'*:" 

race at an angre more than the

down the line of intersection . (Fig 4). 
g on these discontinuities may slide

\lit r-- Vr^rir,Z-- $Qo
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5.6.3 Values of cohesion and angre of internar friction for rock mass were estimated to beas follows :

i) Angle of internal friction = 33o

ii) Cohesion = 157.5kN/m2.

a) Circular failure surface.
b) Circular-cum-planarfailuresurface.

Loose dump material was collected from the dump site and compacted at a stressequivalent to average compaeting stress within the dump mass. lf the bulk unit weight ofdump material is 2OkN/m3 with average dump height of 100m, then the averagecompacting stress will be equal to 2ox(700/4) 500 kN/m2 . The laboratory sample wasprepared at moisture content equival ent to field condi tion. Then around 50kg dumpsample(with particle size not more than 8cm) was tested in large box sheai test

iii) Bulk unit weight of rock mass = 22kN/m3

5.6.4 Back-analysis of failed batter slope reveals the following i
i) The batter(intersected by unidentified Faurt pranes near section cc, and DD,) inthe failed zone seems to have suffered plane failure (Fig 3).
ii) Unidentified Faurt pranes might have arso red to formation of potentiar wedgefailure btock within the failure zone (Fig 4) .ccrarrtine ti;,.i,rr" .lrli,-.

5.6.5 Dump Stability analysis:

An analysis was performed using Fe,enius Method and Bishop,s simprified Method forstability of overburden dumps. 
.overburaen aumps i, ";;r;;;;:'il;il,;;:r",,""generarry experience one or combination of the foriowing two types of fairure surfaces;

L

!

The fo'owing sequence of carcurations is envisaged in the stabirity anarysis of this dump;
i) Determination of th.e factor of safety of the first tria[ surface by the FereniusMethod after considering all the geo-engineering parameters i.e. Geo-technicalparameters, hydro-geological parameters, geo-mining ,.r"r",ar, .nO .O"O o,seismic vibration
ii) An iteration method to rocate the most criticar faiture surface corresponding tothe absolute minimum factor of safety.iii) Absolute minimum factor of safety corresponding to the most critical failuresurface by the Fe'enius Method is further modified by Bishop,s simprified' Method.

5.6.6 Geo-technica I data generation parameters:

40cm X 40cm) (Fig 6) for determin ation of shear stren gth parameters

4,^ h,riM- -9

f

a aratus

60 lPa ge

I
!

l

I



For interface material, similar process was carried out for,maintaining equivalent stress

condition and moisture ."n,",i,.-too", the mining of coar, a layer of crushed rock and

coal dust submerged in *tt"''ii' in tt'e floor of the de-coaled area' which is termed here

as interface material'l Other than laboratory tested values' back analysis has also been

carried out for the existing O'*O O'"t'f" which was standing at factor of safety equal to

one i.e. at limiting equilibrium

Geo-technicar data generation of dump materiar by Large box shear test apparatus
tie 6)
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Geo-technical Properties of dump material:.

a) Angle of internal friction = 320

b) Cohesion = 70 kN/m2

c) Bulk unit weight = 20 kN/m3
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Fig 8: lteration Scheme to Determine Most Probable Failure Surface
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5.6.7 Back -analysis of failure mode of both batter and the OB dump reveals the

following:-

i) lt has been observed that a number of

were existing in the Deep Mining Zone'

t-,,^ Y1-rixZ-- q(i

t

!

i

i
!
(

ii) The attitude (i.e. strike direction, dip direction and dip amount) of unidentified

fault plane was such tf'at it interseaed the batter on the down throw side of fault

F8-F8 leading to potential plane failure block' The unidentified fault plane is shown

in Fig 2 and the mechanisms of failure is shown in Fig 3'

iii) Other than the plane failure, formation of potential dangerous wedge due to

presence of other fault planes on both ends of failure block might have added to

the instability ofthe batter. This failure mechanism is explained in tig4'

iv) The above orientation, position and dip angle of unidentified fault planes/ zones

intersecting batter forming both plane and wedge failure supplemented by

surcharge load of 140 meiers trigh dump may be responsible for failure in the

batter,

v) The above mentioned batter failure has resulted in the dump failure (Fig2)'

unidentified fault planes / shear zones

o,[
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CHAPTER VI

FINDINGS OF THE COMMITTEE

6.1 Findings ofthe investigation (The Cause ofaccident)

After inspection of the site of accident, recording the statements of Raimahal officials,

supervisory staff, employees and the contractor employees, examining all the relevant

records and by back-analysis of failure mode of both quarry batter and internal dump,

the Committee has come to the following conclusions: -

ii) There was failure of high-wall (batter) slope, most likely along the fault planes, followed

by dump failure. This resulted in movement of 4.31 M cum of both the OB dump and

batter. Constraint of extending the mine towards south side on account of delay in land

acquisition in the dip side of the mine, necessitated the extending of coal exposure in the

north side (rise side), which ultimately resulted in reducing the width of batt€r against the

fault zone. Failure of batter wall might also have been triggered due to blasting in coal

and OB parting for exposing coal further or in the coal bench adjacent to the batter.

iii) The steeper mining at intermediate and lower level increased the stress at the toe of

stahding pit slope. lt activated movement in the pit slope mass and also activated the

movement along fault. The presence of fault is not a problem if working method near the

fault is correct. Once any movement is activated due to steeper slopes at intermediate

and/ or lower levels, the water flow/percolation also increases through the . 
'-;:ii micro

fractures of the instable slope mass. lt leads to high hydrostatic pressure and causes

failure in the lower steeply dipping slope mass, which results in failure of overhanging

upper slope mass also.

iv) The presence of 140m high dump in close proximity of the pit slope added the dead weight

over the standing l00m high pit slope mass. The pit slope yielded at lower level due to the

dead weight of 140m high dump along with 100m high pit sl<ipe standing at steeper slope

angle. The yielding ofpit slope resulted in to the failure of the overlying dump also.

v) Initially the failure ofpit slope before the dump could be manifested by the fact that the pit

benches were observed to be bodily shifted towards southem highwall, as observed by the

committee members during field visit. There was no cover of dump material on lower

iR* ,.-€,..A vwiM-j 64 lPa ge

i) lt was well known for many years that the site of Rajmahal Project is traversed by a

number of faults like F-8, F-9, F-10, F-11, F-72, t-L3, F-14 and F-15 etc. with throw being

as much as 60 m. Due to this reason, this area was not found suitable for working with

high capacity departmental equipment and accordingly outsourcing agencies were

engaged for OB and coal extraction.

U



vi) Due to delay in land acquisition, the proiect was facing the problem of dumping space for

many years. The top benches were not being advanced due to rehabilitation problems

and management was using the space avairabre inside the quarry for oB dumping,

although the height of the dtrmp created over the de-coaled area (north ofthe F8 fault at

Kaveri sump) was about 140 m from the floor of the de-coaled quarry' The south side of

this dump later failed resulting in the loss of life and machineries'

vii) Due to presence of unidentified faults/shear zones in Deep Mining Zone' appropriate

scientific investigation for determining the method of working in the area and more

intensive monitoring of bench movement of batter wall and internal dump was required'

However, committee did not find any serious attempt by area or HQ officials for

considering the application of slope monitoring system'

viii) Actions which were required for compliance of statutory provisions with respect to

working near faults and slope monitoring were not considered seriously by the mine

officials. ln spite of incidences of slope/dump failures in the past, the issue was not

addressed in the safety committee Meetings or lso inspections appropriatelri'

lnspections by the statutory personnel of the mine' in the Deep Mining Zone' lacked

quality and objectivity' Even the maintenance of inspection records were not proper' lt

was also observed that DGMS has not specifically pointed out these violations. in their

inspection reports' A copy of recent violations' given during inspection by DMS

Sitarampur is enclosed al Annexure- 22

ix)lthasbeenobservedbythecommitteethatthesaidoutsourcedpatchwasmostly
supeNised by contractual supervisors' who were not competent as per the provisions of

CMR 1957. The cross examination also revealed that the charge handover on important

statutory positions or competent level of management in the area' did not include the

safety aspects of the mine'

x) The incidences of the dump/slope failures in the past as well as the statutory provisions

n'ecessitated the real time rnonitoring of the slopes' on 24 x 7 basis' lt has been noted

that the proposal was initiated for procurement of 3 slope stability monitorinB system

one each for Sonepur Bazari OCP' Rajmahal Proiect and SP Mines Area of ECL on

zg.o3.zolLbut the same never materialized, citing ihe requirement of some clarification

fromDGMS'DGMshas,howevervidetheirTechnicalCircularno'8of2013,dated
23.og.2ol3hadclarifiedtheissue.lnspiteoftheclarificationfromDGMS,nofurther
action was taken '

xi)Eventherecordsofmonitoringofcracksbyconventionalmethod,adoptedinthemine,

mored pit benches. Had the durnp failed first' all the pit benches would have been covered

were not ProPerlY maintained
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on 08-12-2016, followed by small scale failure Even then the concerned officials have

not ta ken it seriouslY.

The indications of slope/dump slides were not taken seriously in spite of several

incidences in the past These incidences should have been deliberated in Safety

Committee meetings, should have been acted upon by the Workman lnspector' Safety

Officer, Manager, Agent, Area Safety Officer and other senior management of the Area'

It was also not given serious importance by the ISO officials as well and teams visiting

from the HQ. The circumstances necessitated a rigorous and advance level of

monitoring of the dump slopes and prompt action' as the conditions were becoming

dangerous. When the work of coal extraction was suspended due to falling of OB

material in the Deep Mining Zone at about 4'30 PM on 29'12 2016' management should

have taken decision to suspend the re-handling operation in the OB dump'

6.2.4Notadvising/apprisingmanagementaboutdangerassociatedwiththeactivitYby
SafetY organization.

lnspections by the statutory personnel of the mine' deployed in the dip mining patch'

and lnternal Safety organization, lacked quality and objectivity' Even the maintenance

of inspection records were not proper' Any indications of strata movement or the issue

ofimpendingdangerbyreducingthewidthofthebatter(insituoBstrata)shouldhave
sent the alarm to the management and corrective action should have been taken

accordinglY.

6.2.5 Lapses during Conceptua lization & Planning:

The area of proposed Dahernangi (Deep Mining Zone) patch was not only constrained bv

presence of fault/shear zones, a major fault F-8 (having throw of about 6om)' but was

also under surcharge load of about 140m high internal dump created over an old (Kaveri)

sump. Both the impediments required careful planning supported by detailed geo-

technical investigation and more intensive monitoring of bench movement of High-

wall/batter wall However, no appropriate scientific study appears to have been

undertaken before the unfortunate incident. As per the details elaborated in point no'

5.3(DetoilsofowordofWorkondModificotion/Deviation,thereofterotDAHERNANGI
PATCH Deep Zone Mining with reasons and remark) of Chapter 5' it is evident that' at

various stages, proper care has not been taken towards planning of working near major

fault zone (in the Deep Mining Zone)'

The area of proposed Dahernangi patch was not only constrained by maior fault F-8

(having throw of about 60rn) but was also under surcharge load of about 140m high

internal dump. Both the impediments required careful planning supported by detailed

geo-tech nical investigation.

(
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It is worth to mention here that DGMS in its technical circular No. DGMS(Tech.XS&T)
Circular 2, dated 2010612001 has indicated that special care should be taken while
working near the fault plane.

6.2.7 Non-provision of lnstrumentation for realtime monitoring:

The circumstances in the past and with history of numerous occurrences of dump
failures in the mines of cll, real time round the clock monitoring of the slopes was
required. However, no such mechanism was available at the project, which is the
highest producing opencast coal pro.iect of ECL. Even the records of monitoring of
cracks by conventional method were not properly maintained.

6.2.8 Non-reporting of violations during inspections by DGMS:

While going through the violations book maintained at the project, it was noted that
excessive height and high angle of dump slope was not recorded by the officials of
DGMS in recent past. .

6.3 whether the accident could have been avoided by taking identified
corrective measures;

1. The height of the dump and its slope would have been as specified in the permission

.granted by the DGMS and as per the norms. The dump and pit benches should have
been formed properly from top to bottom, preferably based on any scientific study.

2. The minimum gap between the toe of the dump and crest of the pit should have
been designed based on any scientific study to avoid transfer of the dead weight of
the dump to underlying pit slope. without any study this gap should never be less
than 1.5 times the overall final proposed/ planned depth of the pit or final planned
overall height of the dump, whichever is more. lt would avoid the transfer of the
dead weight of dump to the pit slope.

3. Dump slide was of such a magnitude that it could not have been averted by taking
hort-term measures. Meticulous planning and scientific monitoring on a

1P,.\q*- {"a \rNixz-- :
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6.2.6 Lack of awareness of safety provisions:

There was lack of supervision because safety aspect of wo-rkings of OB dump and pit
was found missing. The plan and sections of the accident site show clearly that the
dump and pit benches were not formed systematically and the benches were of varying
height and width not adhering to the basic principles of dump and open pit mining. The
outsourced patch was mostly supervised by contractual supervisors, who were not
competent as per CMR 1957. The project management should have ensured proper
supervision through competent persons.

The accident might have been averted if:



continuous basis sould have averted such tYpe of accidentThe dump area would

have been monitored *-'i"''"t^tt '' t ot' or week) for any sign of developing

instability or stress conttnr'tion (e g formation 
. 
of tension cracks' minor

movement, etc ) and n"t""t" to""ttive action would have been taken'

4. Widespread awareness regarding dump slope stability and safety among all the

concerned.
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6.4

5. A scientific study by any expert agency

recommended were imPlemented'

Measures to avoid recurrence of such accidents in future:

The Committee recommends that following actions should be taken to prevent such

training Programmes'
with respect to mine safety'

Vetting of all coal and OB extraction proposals by ISO'

must be mandatory.

types of accidents in future:

1. In all large open cast projects there should always be a Geo-Technical cell equipped

with proper ,n""*"nt"liJn to"rop" monitoring like Laser profiler' Total Station'

Slope Monitoring Radar t"' tn" t"it should be headed by senior level officer and

shall essentially include a geologist' mining 
"ngin.":l 

and sufficient no' of Surveyors' -

All operational o''nn'n,'ti"t-i" 'o'ted 
itt'ougtt this cell to assess anY unwanted

,. ';T:i:.T r.,entiric studv or the mine is required 1lj::',T::."1.:::I:T:'
disturbances, anatysis Jf 

-strata 
parameters and recommendations thereof' for

adopting an appropriate method of working'

3. While creating an internal dump' dip side of whichiscoal bearing and proposed to be

extracted in future, ";;;;; 
in respect of slope stabilitY needs to be taken'

Scientific study from the expert agency must be carried out in such cases'

4. continuous slope monitoring is essential to detect any instability in advance to

safeguard .rt'n* oo"'oi" siope failure' The dump shall be regularly surveyed to

produce up-to date and accurate dump geometry'

5. Risk Management plan shal be prepared and the mitigation measures suggested

. should be regularlY reviewed'

6. Safety Audit guidelines should be prepared as per the international standards' Safe

operating procedure ';;;;; 
prepared for all the activities and the same should be

appropriately to"unit"t"O to atl ttre workers' including' contractual workers'

Awareness ot tont'"o'"1*orkers shall be enhanced through regular interaction and
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8 Adequate infrastructure to be provided for imparting training on srope stabirity to a*
concerned person employed in the large opencast mine.

9. Technical competence of the contractual supervisors shall be appropriately
scrutinized before deploying them in the mine.

,y R*5** t* V\,{it/L--
Prof P S6n DrVKSinoh
Prof. ltT(SM) t-toD Slope Stabiti-ty Div.

CIMFR

10' lt is possible that any unfavorabry oriented structural discontinuity (shear pranes/
fautt/s) may be present in the mining area, which courd not be detected during
exploratory dri[ing and it is d€tected during the ontoing excavation. rt may create
unsafe minihg condition. The resident georogist shourd @nduct fierd mappin. to see
the existence of fauhs in the fresh exposures of the pat. lt wi* herp to detect the
impending failure along these undetected weak planes,

11' A few smalr-scare fairt'es may subsequen,y cause a big fairure. rf two or three
benches are made steeper at any level in any part/ depth of the pit/ dump then itmay initiate failure. Although the overall slope angle may be quite low but th€
steeper slope angre of three benches may increase the stress at the toe of rerativery
steep€r part of the srope, which may cause fairure. Two or thre€ such smalr fairures
may cause a big failure. So, benching should be done properly from top to bottom.

12' ln case there are multipre fauh pranes, bench design shourd be such that they do notstrike parallel to fault plane.

13' Presentry, there is no dump classification system for the varying rndian geo-mining
conditions' Hence it is recommended that a detair scientific study sha, be carried outfor the "deveropment of a crassification system for dump slopes in lndian geo.mining
conditions{.

Shri P K Sinha
DT(P&P),SECL Prof I Roy

Prof. BtT(Mesra)
Shri A K Nath

GM/TS ro DT, CtL

S @-
(Shri S. Saran)
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