After a gap we are back into the main stream. During this period Indian Mining
sector had faced se era cha enges of impro ing on coa st ock attherma power
p ants. oa ministr Indian aiwasandourcoa prod ucing subsidiaries of |
did awonderfu ob and he ped the nation from b ackouts. oa arriers we ca
them did wonders.

which is ha ing a brand image to produce coa b ha  nding argest o umes
of o er burden had augmentedits MM capacit b introducin g new units. he

management did a great ob inimpro ing producti it and safet in b asting.
o bring to the ight of their achie ements had orga nised a er thought
pro oking eminar.

his ationa eminar on atest Ad ancementinDri inga nd asting ock
ragmentation echno og in pencastMines wasas  uccessfu e entwith acti e
participation of se era eading e perts and a good num ber of papers were
discussed. he organisers ha e brought out a beautifu proceedings o ume and
we are reproducing some of the se ected papersinour ourna.

ith the gracious presence of senior officias of DM the messa gewas er
Cc earto attain ero accidentsina our operations.

orthern oa fie ds imited had a gigantic task of consu ming safe oer of
buk M e p osiesintheirdrag ine and sho e benches.  produced in India.

e ha e one paperb a oungresearcherof IM r iIAmar rakash on ongwa
Mining. Astudent from A ni ersit he had made this pap errichb deaingon
some of the critica issues of ongwa Mining.
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he entre entered into pacts with si bidders inc  uding
inda co Industriesand India td which bagged coa
b ocks under the se enth round of coa mines auction. h e
go ernment had aunched the se enth round of auction s for
commercia mining of coa b ocks putting '$# mines und er
the hammer. In a statement the coa ministr said th at
successfu bidders encompass entities such inda co
Industries td Mining td India td hri

arang ower Ispat imited and ikanth Mining t d.
he mines for which these agreements ha e beene ecu ted
are Meenakshi est orth Dhadu astern art! orth
Dhadu estern art! athora ast athora estand
herband. fthe said b ocks four ha e undergone parti a
e p oration and the othertwo are fu e p ored.

he estimated tota re enue generationannua fro mthese
b ocks stands at appro imate s &-&.)(crore basedon
production at an aggregated peak rate capacit ! e e
of se en metric tonne perannum M Al. Anin estment  of
s' $)$ crore has been earmarked for the operationa  isation
of these coa mines. he re enue%sharing percentages for
the successfu bidders in these si coa mines range from
si per cent to *.&) per cent with an aeragereenu e
share of *.&' per cent.

$ 8 8 , K811 $/

India s steam coa imports dipped b # ear%on% ear in
the Apri% u period as ess pressure on power pants
stocks and drop in domestic e%auctioned fue prices redced
the demand for imported fue . hipments from Indone sia
dipped b amost a fourth from a ear ago. ota ste am
coa imports for the period stood at #$.& mi ion bnnes
data from the commerce ministr showed. Industr e perts
and officia s attributed the drop to ower imports b power
units cheaper domestic supp ies for the non%power sector
and better fue p anning.

oa stock at power p ants both domestic and import ed
did not dep ete as much as anticipated from Marchti u
owing to fa ourab e weather conditions and more openin g

coa stocks. owe er imports were sti needed to me et
the tota re2uirement an officia said. hie ebrua r was
hotter than usua March to Ma was coo er on a erage.
he go ernment had directed e ectricit generatorst oimport
# of their fue re2uirementin anticipation of highe rdemand
in the summer months. owe er the import b power
generators for b ending was essthan# the officia s aid.

hi e domestic coa supp ies and increased captie co a
output he ped in maintaining sufficient stocks at power
p ants b ending of imported coa was sti much needed.
ar ier this month the power ministr said that despi te an
increase in domestic coa supp inthe first 2uarter of 3

it wasn t sufficient to meet the tota re2uirement.

- C
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industan opper td ! said it is imp ementing

€ pansion pro ects to increase its mine production capacit
from the current ee to'. mi ion tonnes per an num
MA'b 3 $-% (. hairman and Managing

Director hansh am harmaatthe A M to d shareho ders
that the compan has access to around )) per cento fthe
copper ore reser es and resources in India withan a erage
grade of $.(# per cent. 4In 3 $ % * the copper ore
production in India was around *.*) mi ion tonnes. is
imp ementing a p an to increase its mining capacit from
its current e e of ore productionto'. M Ain hase%l
inthe net#to & ears 4 harma said. e added tha tthe
compan has achie ed ore production of **, & akhto nnes
during 3 $ % * as against*).&$ akhtonnes produ  ced
in 3 $'% . harma said the compan is a so focusi ng
on e p oration and has enhanced its budget for this head
b fi e times as compared to the ast'$ ears.

4 he efforts of e p oration ha e edto anincreasein copper
orereser e resourcesb ##.)(mi iontonnes of ore. he
geo ogica dri ing and associated work comp eted in 3

$ % * is around four times thee p oration actiiti es
undertaken b the ompan inthe ast'$ ears4he  said.
harma said the e pansion of M in Madh a radesh!

wi augment the ore production capacit from .)to ).$
M Ab de e oping an underground mine be owthee isting
open pit. he proposed e pansion of mines inthe we stern



sector % hetriand o ihanin a asthan % wi increase ore
production capacit frome isting '".$ to *$ M A. h e
proposed e pansion and reopening of urda Mine in
harkhand wi increase its production capacit from $.
M Ato $.(M A. harma said the e pansion pro ects

wi boost domestic production of copper meta to reduce
India s dependence on imports.

/$ /8, 8 /8,17 1/
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he minera production sector in India witnessed a s ignificant
upswing in u $* with a remarkab e '$.& per cen 't
increase compared to the same month in the pre ious e ar.
hese findings are based on the atest data re eased b
the Indian ureau of Mines | M! indicating a positi e
tra ector in the countr s minera production read the
Ministr of Mines press re ease. he Inde of Minera
roduction for the mining and 2uarr ing sector usi ng the
base ear $"%' as areference reacheda ee of" “(
in u $*. hisrobust growth demonstrates the sector s
resiience and abiit to contribute substantia to the
nation s economic de e opment.

he cumu ati e growth for the Apri% u period in $ *

compared to the same period in the pre ious ear sta nds
atanimpressi e &.* per cent. his consistent performa nce
underscores the sector sro e as a ita component of India s
economic andscape readthe pressreease.lnu $ *

production figures for se era critica mineras reea ed
promising numbers. oa production stood at animpress ie
#(* akh tonnes whi e ignite production reached * akh
tonnes. atura gas uti i ation recorded *$# mi io n cubic
meters and crude petro eum production amounted to )

akh tonnes.

Additiona essentia minera s such as bau ite ch romite
copper concentrate god iron ore ead concentrate
manganese ore inc concentrate imestone phosphorite

and magnesite a contributed positie to the sect ors
growth read the press re ease. hromite witharemarka b e
growth rate of ).( per cent ed the pack of miner as
showing positi etrendsin u $*comparedtothes ame
monthin $ . Itwasfo owed c ose b manganese ore
& per cent! coa '.(percent! imestone ' .& per
cent! ironore ". percent! andgod (.&perc entl. hese

significant increases indicate the sector s capacit for
e pansion and di ersification.

urthermore the minera sector demonstrated its resii ence
with notab e growth in copper concentrate ( per cen t!
natura gas utiiation -.(percent! eadconcentr ate .&
per cent! inc concentrate *.# per cent! magnesi te *.
per cent! and crude petroeum .' per cent! read the
pressre ease. hietheo era outookis promising so me
minera s showed a dec ine in productionduring u $ *.
ignite production dec ined margina b %$.& per cent
bau ite b %*. per cent phosphorite b % .& per ce nt
and diamond b % &.* per cent read the re ease. h ese
f uctuations ref ect the d namic nature of the minera
production sector which re ies on arious factors inc udin g
market demand and resource a ai abi it. he growth in
minera production is noton significant for the sect or itse f
but a so ho ds broader imp ications for India s industia and
economic de e opment. It high ights the sectors roe in
contributing to the nation s se f%re iance and ecoomic
growth.
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tee prices in India are registering an upward trend d ue to
4rapid 4 increasing rates of ke input materia coking coa
industr e ecutie im endra ha said. oking coa and
iron ore are the two main raw materia s used to manufacture
stee. hieiron oreis aaiab e in substantia 2uant it in
India stee p aers are bound to meet ($ per cent of their
coking coa re2uirement through imports from countries ike
Austra ia and outh Africa. 4 oking coa prices ha e
increasedrapid which are! current tradingat D*'
per tonne  cost and freight! India from D *$ a
tonnein une% u $*4 ha Managing Directorof i nda
tee and ower ! tod.

he stee industr is facing an upward mo ementinpr ices
because there has been a dramatic shift in coking coa
prices so the industr has no option but to pass o n the
cost to consumers he said in rep to a 2uestion on
increasing rates of stee in India. peaking further hasaid
the market is a so witnessing an uptick in stee demand
which is &%- per cent. After withessing a downward tend
particu ar in monsoon there is an uptick in demand he
added. tee is among the top three most wide used
meta s and an mo ement in its prices impacts the enti re
a ue chain.
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aretta Mineras  an asset of tee in the

has entered into an agreement to se its p ant and
e2uipment for a consideration of D mi ion to est
"irginia roperties. he dea aso inc udes the sae of
propert of aretta Mineras and minera rights to est
“irginia roperties tee said in a regu ator fi ing.
4 aretta Mineras  has entered into an agreement  on
$ eptember $* for se ing its propert panta nd
e2uipment and minera rights to est "irginia ropert ies
foraconsiderationof D mi ionasoperatingth e mines
is not economica iab e in the absence of coa min ing
ease and p ant ease 4 the fi ing said.

Accordingtothefiing  tee through its who %owned
step%down subsidiar eriama oding owns coa
mining assets in the state of est"irginia A. ar etta
Mineras which is a step%down subsidiar of eria ma
oding was operating coa mines and a preparati  on
p ant to beneficiate the coa mined through a easing
arrangement from A awest Inc and est "irginia ropert  ies
the essors!. owe er pursuant to the termination o fthe
coa mining and p ant ease b the essor the compan
had recognised an impairment pro ision for a the
in estments inc uding oans e tended! re ating to t hese
coa assets in the earier ears  tee said.

+/ L/;; /8/C 2-$
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A s ))$%crore grinding unit of hree ement td wa s
inaugurated b hief Minister Mamata aner ee in est

enga s uru ia district on Monda. his is the firsts uch
unit of the compan in the state and has a capacit of *
mi ion metric tonne perannum M Al. Iltwi createdi rect

emp o ment opportunities for ' $$$ peop e. he stat e%0f%

the%art faci it is strategica ocated to meet the surging
demand for cement in est enga and neighbouring
harkhand and bo ster the compan s market share in
eastern India a hree ement td officia said.Iti s entire
funded through the group sinterna accrua s and has aread
commenced commercia production he said.
ongratu ating the compan the chief minister said tha t
this substantia in estment wou d strengthen the state s
industria prowess and underscore its growth potentia in

the cement sector. 4 e ook forward to witnessing th e
positi e impact it wi ha e on our region s econom and
emp o ment opportunities 4 she said irtua inaug urating
the pro ect from area estate meetin o kata.

hree ement td chairman M angur said the compan

wi setup another p antin est enga. 4 his entu re not
on generates emp 0 ment opportunities for the region but
a so empowers us to enhance our manufacturing
capabiities efficient meeting the burgeoning nee ds of
the est enga market 4 he said. iththe commencement

of the production at the uruia unit hree ement s
capacit roseto)$M A and the compan saidthat itis
on track to achie e a capacit of -$ M Ain the comi ng
ears.
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has inked an initia pact with the Andhra rades h
ower eneration orporation to set up pumped stora ge
h dropower and other renewab e energ pro ects in Andhra
radesh. In the first phase the Memorandum of
nderstanding Mo ! en isages bui ding of two pumped
h dro storage pro ects haingatota capacit of' () $M
an officia statement said. hese pro ectswi be e stab ished
at ama apadu ()$M !and 3aganti '$$$M !. nce
read these pro ects are e pected to create signific ant
emp 0 ment opportunities and boost the oca econom .
he pro ectswi be imp emented as a oint enture .

has signed the Mo with Andhra radesh ower
eneration orporation A ! forimp ementation of
pumped h dro storage pro ects and renewab e energ
pro ects in Andhra radesh according to the statement .
he Mo was signed at adepa iin Andhra radesh s untur
on ednesda inthe presence of hief Minister3 aga n
Mohan edd. he agreement was signed b
Director inance! oa andA Managing
Director " hakradhar abu. he Mo seekstoac hie e
the nationa ob ecti e of generating ¢ ean and green e nerg
of )$$ from non%fossi fue sources b $*$ and of
rea ising the net% ero targetb $&$. he pumped sto rage
s stem uti ises surp us grid power a ai ab e from ther ma
power stations or other sources to pump up water from
ower to upper reser oir and produces e ectricit durin g peak
demand.
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/8, 8 high mechani ed methods of mining. onsidering th e

oa is an important energ source of countries acr 0ss
the g obe. In India )$ of primar commercia ener g
demandisfufi edb the coa . Apart from power gen eration
in India coa is used in the production of stee s
gasification i2uefaction and for domestic use. India is the
third argest coa producing countr in the wor d. utthe
2uantit of coa produced b the nation is not suffi cientto
meet the growing demand of the industries. herefore coa
is imported to meet the increasing demand of the nation.
India has the potentia to meet the ongoing coa demand
butthis cou d not be achie ed due to ack of mechan i ation.
oa e traction in India is done either b pencast or
nderground method of mining. oa seam at a higher
depth is e tracted b nderground method whereas the
coa seam at sha ow depth of coer is e tracted b
pencast working. ha ow depth here is not a fied
concept itis adepth at which the fundamenta e ement of
the oad can be worked safe . he forecasting for probab e
energ generating resources in India for the present centur
c ear indicates towards er high re2uirement of co a for

the nation. his re2uirementwi befufi edon b adopting
epartment oc cavation nineerin * entral
nstitute o inin  +uel esearch hanbad ,# ndia

ndia

niversity atna adhya radesh ),
orrespondin -uthor/ pradhan,' com

Indian situation in which arge reser e of coa seam is within
sha ow depth of co er where in genera opencast mining
is not feasib e. ut in such particu ar situation w here
opencastis not feasib e either technica oreconom ica
there underground mining founds a p ace for its
imp ementation. In the conte t of underground
mechani ation in coa mines we must appreciate the g oba
acceptance of this ongwa mining techno og. ongw a
is preferred in nderground not on as atoo for higher
producti it buta so forgreat reducingthe acci dentrate
due to ground mo ement in the waste and o er the area of
supported roof. en though from Indian conte t the
production from ongwa miningis er imited5nea r
aidueta $$!. hefeasibiit of e tractionb ongwa
method at sha ow depth of co er was not considered e ar ier
as the ma orit of the topmost seam in amost a the
coa fie ds in India were deeoped b ord and i ar
method. Moreo er the ear ier e perience of e tracti onb
ongwa method in few mines with O ratio essth an'$
here ishardco erand is e traction thickness! was
not fa orab e as e traction cou d not be comp eted du e to
irregu ar ca ing e en after induced b asting for surfac e was
restored to Moumdar et a $')l. ence we need
to ana e thread bearing reasons for introduction o f
ongwa mining in Indian nderground coa mines an d
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make attempts for gainfu uti i ation of this wor d acc aimed
techno og in our countr. herefore due considerati on
must be gi en to the prob ems to the prob ems which are
coming as obstructions between the ambitious perspecti e
of achie ing higher producti it with tremendous safe t

potentia b introducing en%masse ongwa techno og in
our countr.

$ $2 8=8-C$ -

e wou d consider the fo owing areas where ongwa
mining can be adopted in arge sca e in our countr .

i traction of coa seam from $.&%).)m with sing e i ft.

ii. utthe mostfa orab e thicknessis .)%*.) m.

iii. radientupto $degree angaraeta $'.

i. or er deep and gass seam ongwa istherigh t
option.
here shou d be arge b ocks of coa without ma or
geo ogica disturbances.

i.  oof condition shou d be stabebutreguar caa be.
If the roof condition is er hard the support capac it
re2uirementwi er high.

ii. orma geo%mining condition ha ing arge reser e of

ii. coa with substantia resere of ateast $% ) Mt
ha ing no measure geo ogica disturbance.

/8 8= 8-C$
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In Indian mining conte tthough the use of ongwa mining
is er much imited ti date itis etreme impor tantto
introduce mechani ed mining methods. In genera and
ongwa mining in particu ar forthe suria of In dian coa
mining industr as awho e. or this purpose itiset reme
essentia to ana e and find out the particu ar situ ations
inwhich ongwa mining an be introduced most gainfu

onsidering the Indian situation in which arge res er e of
coa seam is within sha ow depth of co er where in gen era
opencast mining is not feasib e. ut in such particu ar
situation where opencast is not feasib e either technica
or economica there underground mining founds ap ace
for its imp ementation. e sha erif the possibi it of
ongwa mining at sha ow depthofcoer. esha  aso
consider the situation where opencast mining is a read
being done to e tract upper seams but the be ow i ng
seams are not iab e to be e tracted further b openc ast
method.

In such case we can introduce ongwa to e tractbe ow

ing seams from the f oor of worked out opencast m ines.
his means that these properties ma be under sha o w
depth of co er when considered the ofthefoor ofworked
out opencast mines.

182 $8%, C+ 8-C$
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i In consideration of ca ing mechanics in ongwa
mining we know that the oads on support are main from
acti e ca ing one and fragmentation one. Inthenor ma
condition the tota oad of acti e caing one and ne ar
*$ oad of the fragmentation one is transmitted  ertica
on the support s stem. ut when the ongwa mining is
done under sha ow depth of co er the fragmentation one
ma enter into the unconso idated strata near surface
resu ting in tota dead weight of the strata imparting the
oad on the support s stem. hiswi enormous in crease
the oad on support s stem.

ii. o far as subsidence is concerned norma the
ang e of draw can be estimated through hard strata and
the tota impact of subsidence on surface can be we
predicted but under sha ow depth of co er there ma be
prob em in prediction of subsidence span because of the
presence of unconso idated strata.

iii. At sha ow depth of co er there is possibiit of
formation of pot ho es direct from the surface re2uiring
intensi e surface management.

i. Due to the presence of unconso idated strata
abo e the working seam sometime pot ho es cracks and
cre ices make a direct connection with the surface causing
the ongwa pane to be prone to se f%heating.

o whi e adopting ongwa mining techno og under
sha ow depth of co er we shou d take a these matters
into consideration and frame effecti e measure.

$ N/ +$ /$ /8

ne of the basic features of ongwa miningat han rais
re ated with the working at such sha ow depthof coer as
hasrare beenconductedinan other countr inthe wor d.

he first ongwa pane %'was worked witha mini mum
depth of &m. In the subse2uent pane s the depth of co er
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further decreased in % and %* pane s itdecreased to
the bare minimum imit of Ym hard co er on the
sha owest in the wor d. herefore it can be right said
that han ra has e perienced the ground contro pro b em
of ongwa mining at sha ow depth of co er.

efore dea ing with the past e periences at hanra itis
important to understand the ca ing mechanism and impa ct
of ow depth of co er on oading pattern of the sup port
s stem. ith the e traction at ongwa face the o er ing
roof strata is disturbed in order of se erit there arethree
ones.

i. aed one
ii. ractured one
iii. ubsiding one

he b ocks of rock that ca esin and fi supthe goa fisthe

caed one. he thickness of rock necessar forfi ing the
goaf comp ete depends on the bu king factor of th e roof
rocks and this can be estimated b the formu a.

6 hO %'
here
h % eight of e traction.

3 TO + " *-

% u k factor and
% hickness of ca ed one

he bu k factor of rock aries great with the compressi e
strength of rock ock t pe In%situ porosit artice sie
distribution ock trength ock mass structure ei ght
of fa of indiidua b ocks and tpe of strata am ination
foegbu et a $$-I. or rocks with ow to modera te
compressi e strength the bu king factor is assumed to be
". which means fi e times the height of e traction wou d
be necessar to fi upthe goaf comp ete . he a minated
rock of high compressi e strength and massi e rock ha s
been found to break in big pieces. u king factor o f such
rock ma be around '.' to ") which means that
appro imate se en to ten times the height of e tra ction
wou d be needed to fi the goaf comp ete . he b ock of
roof which caes and fi the goaf compete ca ed as
caing bock caing onel. aing is not a continuou s
phenomenon after considerab e amount of e traction the
insitu stress acting on the oid area keeps on increas ing
eading to the sagging of roof rock. urther ad ancem ent
or retreat of the ongwa pane causes ca ing of the roof
strata behind the support s stem. A ongitudina section
depicting the ca ing phenomenon of a ongwa o0a  ace
isshownin= 1

Ground Subsidence
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herock o er ingcaing onesettesonthecaedg oaf
and during the process of sett ement it gets fractured as
the goaf start getting compacted. ature andtpeo ffracture
de e opment in the fragmentation one depends on the
characteristics of rock mass and rock ithoog. utt he
author+s obser ation in a arge number of oca es cecreasing
from the peripher of the caing one upwards and
frustration pattern becomes ess significantoer'- to $
times the height of e traction. Abo e the fractured oneis
subsiding one the rocks which are not fractured
etensie butsubsidesgradua onthe fracture db ock.
In aminated strata the caing b ock main determ ines
the oad coming on the support. owe er in presence of
massi e strata o erthe caing b ock itma asoimp ose
additiona oad on the support s stem. In case there is
some source of additiona oad ike remnant pi ar or oose
a u ium within the confine of caing one or fractur ed one
thereis e er ike ihood of its additiona oadonth e support.
In case the source of additiona oad is abo e the s ubsiding
one it ma not ha e significant effect on oad con dition
at the face and support.

$+) 8=+$/$/8

he achie ement of han ra pro ectin successfu int roducing
and deaing with ongwa method of mining re ates to

-0-$

- 8/1) %

i. Mineab e reser e of coa in the seam sec Al , -$$
M

ii. hickness ofthe seam % '. &to .*

iii. eightof e traction % *.'to *.- m

i. Depth range from surface to seam %
A erage 6 )*m!
radient of the seam % 'in '$

i. engthof pane % ($$m

i. Deeopmentofpane aong strike

ii. hicknessofa uia soi %#m

i . hickness of hard co er abo e the seam % ') to $m

Ma imum compressi e strength of the bed o er ing
strata , *-# kgOm

i. ainginde ofthe strongestbed % #

m to #$ m

#" /N
' %.

1## 16'1 8 N7
%3 # ! /)%

i. Mode M*$ egged sections!

ii. pe% ree base chock with sing e te escopic eg
iii. penheight% ."' m

i. osedheight% .)m

o
aread e tractedten ongwa panesin %"ll seam top 3ie d oad of egs % 7+ m
most seam of han ra b ock!. : X .
i. upportresistance % )'%)- Om
3 15/ " "Op# ¥ | "4
Dr et compressi e eduction
8 compressi e trength after * ercentage |
strength da s soaking! P ge -
Medium grained .
sandstone " # )-$
ine grained sandstone ) * &# L
ine grained sandstone &# #& '$
Medium grained y . ($
sandstone '
$ under ing %"ll Aseam. he first ongwa pane in this
seamisA"' which ies be owthe goa ed outareaof
o " 4 # 1) ' %(3 4 pane inoer ing %"l seam.
) ' % o# " 1 "
# 3 %5 ositionwise 'andA' aresight staged and en gth

ith the e haustion of %"ll seam in sector%A e tra ction
of coa b ongwa method has been introduced int he

1

of A' pane being * m more than the 'pane the
insta ation chamber and first few meters about *- m! of
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A 'pane are be ow so id coa barrier. e ha e tried to under sha ow depth of co er.
high ight the present status of working of ongwa pane
"1 $C1 4
% A %' be ows the goaf of %' pane of %"ll seam!
-)$m
C '$m
% % %"I1A
¥ % '$$.'#M asd per 0o A '0((
"& ! % ~$mto . #m
34 1/) 1)$ m
or " * Abo e ing %' pane was e tracted
4 & b ongwa caing method. A A maimum subsidence
of .'$m
was obsered o er 'pane. e ow
ing %"l seam is irgin.

0" $M1 4 # % !

" #3% I#
he e traction of A %' pane started on # ™ une '(((
gu ick support e %Dhemomain! was dep o ed at the

face. he support resistance being margina for . m height
of etractionis -# Om ! DM permitted for adhering
strict to . m e traction height eaingtheres tofcoa

in the goaf. As apprehended b IM erstwhie M 1!

stud the first fa fi the goaf occurred after &.) m of
progress and the first main fa occurred after the face
ad anced b -$.) m from the insta ation chamber. A fter
"*)m of face progress there was an occurrence of fi re0
heating in the goaf resu ting in the stoppage of the face
for considerab e period about# month!. he face restar ted
after dea ing with fire on March $3$$ and the subse2ue nt
rate of progress of the ongwa faceis er high. ithin
three months the face progressed from *) mto *) m

i.e. *$$ m progress! without an manifestation of strata
prob em during the entire period fa inthe goaf was regu ar.
oad on the chock were nomina and as such there was
no ca it formation in the front of the canopies atf ace. ut
in the * " shift on '#%$#% $$$ morning on '&%%$#% $$3$! ata
face position *) m from the insta ation chamber th ere
was an occurrence of se ere weighting on the chocks
resuting in %

i on ergence of chocks in different degrees rangin ¢
between powered support ! 0'&%## with chocks
between no**%)$ mid one! being affected the
ma imum.

11

ii. ormation of cait infront of canop measuring '.*
m to'.- m in height and about ' m in web

iii. & numbers of canopies were bad damaged and *#
egs were bend re2uiring their rep acement.

It took tire ess effort for some das to reco er the face
started operating from (%$#% $$$.

% 31 * % . M
" #3% $C1 "

In tr ing to figure out the genesis of the prob em c ertain
obser ations ha e been made and some concepts ha e
been de e oped.

i. Asper IM erstwhie M I!'reportfordemomain
e2uipment for A %' rated support resistance is
margina at '$ $$$ c c es for this support. urther
the support capacit was enhanced b '$ with the
higher capacit beed a es rapid ied a esb
this manufacturer.

ii.  heimmediate roof about& m abo e the coa seam!
is moderate caabe as per data from different
boreho es! fo owed b the strong bed of higher ca ing
inde and high 9D which has dominating inf uence
on the oad o er the supports.

iii. hough the immediate roof up to m was b asted
down in the goaf but o er aing stratais breaking in
b ocks causing ser e oading on chocks gradua .
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he phenomenon of first se ere weighting occurred at
&* m of face progress this region is characteri ed
b a geo ogica inconsistenc in the form of swe e

er subse2uent periodic weighting at an inter a of
'(mto * m was associated with the phenomenon
of chocks c osure in certain ones of the face thoug h
the degree of se erit was ar ing as stated abo e.

A the damages of the chocks as cou d be seenwas
dueto atera oad created canti e er formation inthe
roof.

-0-$

= ##"

han ra b ock has immense mineab e reser e and the grade
of coa is high in the seams ing at greater depth.
herefore potentiait of this proect is er high this
re2uires successfu i2uidation of the present working seam
%&" A seam! before entering the seams with higher reser e
and higher%grade coa . he initia data co ected fom the
borehoesupto ,# "seam referstomassieness of the
o0 er ing strata and higher support resistance re2uire ment.
o itisimportantto de e op the proper method of support
resistance ca cu ation and a so find out the method for
hard roof management. otentiait of hanra proect is
shownin 3

3 5 378" 31 % 4 3
% & o7 ol /ne7
%&h &% . * $% & - D%
%&"A $.)% " )&%(* D%
Ot %) #S %S * %
%) (S%oH# $%) # %
9% b * Q%" & #% #) %
9pr1a % #% $9%%) 2 %
% $$% $%67S (

9% nd gwd *)%).)* % ‘& %
=$ 8/ $== -+ == 88 $ 8% 2 +$/$=8/ =
= + -+ +$ 0% 8 . % /8, - +$ O$%$ 8

-8,

Improper p anning eading to se ection of wrong
techno og Owrong p ace of app ication.

ack of proper infrastructura faci it.

ack of proper training faci ities fai ure to g enerate
re2uired ski

oic fai ure tode e op proper cadre scheme suitab e
for high mechani ation.

Apath in de e oping proper indigenous spares and
e2uipment for gradua substitution of imported items.

Improper uti i ation of fund eadingto utimat e dearth
of fund.

ack of esearch De e opmentfaciities resut  ing
in insufficient stud of rock characteristics and oad
distribution design eading to strata contro prob em
in se era faces.

i pgradation of information s stem
ii. De e opmentofp anning process and ski s.
iii. Improementin management techni2ue and ski
i. Impro ement of resources uti i ation.
Impro ementin rate of de e opment and production

i. Impro ementin procedure for procurement of stor es
asst. management

i. De e opmentof operationa p anand introduction of)
earsro ingp an

ii. De e opment of business p an for han ra.

- months operationa pan of hanra proect b
Microsoft pro ect

roduction program schedu e
i. ongwa production schedu e
ii. De e opmentprogram
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or ca cu ation of oading pattern on support s stem we
re2uire to ca cu ate the oad due toactiecaing one.

%

i andstone and interca ation of sha e and sandstone
with a erage densit d! of .) Om*.

ii. A erage swe ing factor ! of the roof with
fragmentation is ".*

iii. heroofiseasi caabewithregu ar periodicf a at
inter a of *% ") m.

" |## ||% "ok om ok
P

i a cu ation of oad due to acti e ca ing one when
0e's.
ii. eight of e traction h!6 .-m
eight of actiecaing one ac!6 h0 %'
6 .-0 ".*%'l
6(.*m

oad dueto actiecaing one 6: ac! 7d; Om
6(*7 )
6 *.) Om

Abo e the acti e ca ing one there is the fragmentat ion
one which is diided in aers.

i. ower main roof.
ii. pper main roof.

hickness of hard co er abo e coa seam 6 & m

onsidering '$ times of e traction height as ower pa rtof
main roof we ma consider as *$ of oad of this 0 ne
wou d affect the oading pattern on support s stem.
emaining oad due to mo ement of the main roof strat a
wou d be transmitted hori onta .

oad due to fragmentation one fg!6'$7 h!
6'$7 .-
6 -m

herefore tota oad of fragmentation one onthe s upport
s stem

3 TO + " *-

6'$ h! 7 Densit 7 $.* *$ oad of this one!
6 -7 )7%*
6'0m.

ota oad acting on supports stem 6 oaddueto actie
caing one E oad due tofragmentation one!

6* Om 1'Om

6 Om

upport s stem used in this pane is of )’ % )* Om
capacit. o itisc earthatthe oad comingonthe supports
is ess than the support capacit and hence no strata
contro prob em occur in this pane whi e e traction.

N/ 29 %

After successfu comp etion of the first ongwa pane at
sha ow depth of co er the subse2uent pane s were worke d
at ower depth of hard co er. rom the e perience of working
at one of the pane s were 0 ratio was - se ere str ata
contro prob em was obser ed and hence fai ure. In the
subse2uent pane s the a. depth of hard co er abo e the
coa seam ranged between $ m to be ow and at about
'&$ m from the barrier the depth of hard co erwasa s ow
as # m. he pane started with satisfactori resu t but
with the progress of work due to ower depth of hard co er
the prob em started cropping up and at the ocation with
#m hard co er the norma working in the pane wast ota
eopardi ed.

" D% + * 3
% o " + B %

eight of e traction h!6 .-m
e0%mining condition is same
ard co er abo e the coa seam 6 #m
A uium height6#m
eight of acti e caing one ac!6h0 %'
6 .-0".*%'
6 (*m

A . densit of roofrock d!'6 .) Om*

oad due to actiecaing one 6: ac! 7d; Om
6(*7 )
6 * ) Om

eight of ower main roof is '$times the height ofe  traction
6'$ 7 .-
6 -m
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In this case the thickness of hard co er abo e e tract ion
heightison # m due to which oad acting on the support

s stem wi be increased tremendous . ere the
horionta transmitted oad is between )% )$ d ueto
absence of hard co er abo e the seam.

oaddueto #mhardcoer6 #7.) .!7$%) )%

oad of this one! 6*.) Om

After arger e traction of coa seam oidisformedb ehind
the powered support s stem. he in%situ stresses acting
on that area due to coa e traction are disturbed a owing
the ower main roof to ca e in to distribute the une pected
oads. he ca ab e height needed to fi the goaf f ormed
behind support depends on the rock swe factor. In this
geo mining condition the ca ab e height of ower ma in roof
neededtofi the goafis -m. ut theactua th ickness of
hardcoerison #mwhichmeansthe ower ma uium

is within the ower main roof. A uium is oose b onded
the are easi caabe. ncethehardcoerwi sub side
soon the a uium ust ing aboe it wi start su bsiding.
A uium don+t break in fragments once the hard coer wi
subside the entire a uia aer of # m thickness wi
disintegrate and sink. Due to the subsidence of thea u ia
aer the oad on the support s stem wi increase
significant due to which the support s stem wi  fai .

A.densit ofdr grae 6'.# Om*
A.densit of wetgrae 6'.- Om*
hickness of a uium 6 #m
oad due toa uium part on support 6 # 7'.#
6 (# Om

ota oad acting on support s stem is sumtota of 6 oad
of acti e caing one 1 oad of ower mainroof1 oa d of
a uium

6 *)1l*)1(# 0 m

6 #).*) Om

ota oad acting on the support s stem was #).*) Om
but the upport s stem used in this pane was of) Om
capacit. o itisc earthatthe oad comingonthe supports
s stem is greater than the capacit of support causi ng
fai ure of the support s stem.

#3 %! "

i e ere weighting was e perienced on the chocks.

1J

-0-%

ii. he chocks on the mid one a most co apsed and
the con ergence of the chocks werese ereb app in g
and the situation was contro ed b functioning of ra pid

ied a es

iii. eere atera pressure was encountered on arge no.
of chocks which practica ean forward on the face

i. ait wasformed in front of face and the ca it height
was %#!'m
A this phenomenon indicated se ere oad on the
support s stem which was be ond the capacit of
powered support densit .

,$ -C++ [ $8

i. o cope with this situation sma girders were p a ced
in the gap between the support which he ped to bui d
up additiona resistance of the support s stem and
a so pre ented the fa ing of stone b ocks at the face.

ii. eight of e traction was reduced and thereb
decreasing the re2uired support resistance in this one
for this purpose the height of e traction was
maintained.

iii. Inp ace of bid ke method of cutting monodkes stem
was adopted to minimi e the roof e posure area.

i. ith2uick mo ementsa aging chamber was formed
and the ongwa e2uipment set was withdrawn
keeping the ba ance pane ength une tracted.

1),=8' $

efore taking decision for dep o ing specific capac it of
powered support there is need to ca cu ate the oad acting
on the powered support on the basis of a ai ab e data.
" # ! %
hen O ratio <'$
i eight of acti e caing one !
h, eightof traction
k 6 uking actor
d 6 A erage Densit of oof ock
. Bh0k%
ii. oad due to acti e caing one 6
h7d0 k%'l <% .
iii. oad due to fragmentation one 6 '$7h7d7$.*
ota oad on the powered support to be decided

L 7d! <% 6

oad on support 6 h7d0 k%' 1 *7h7d
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6sa "' "

6 h7d >'0 k%' 1*?

6 h7d :'1 *k%*10 k%',
6>*k%!7 h 7 dOk%'%%

considered 6.
upport capacit 6 '. 7 oad on support
6 >'. 7 *k% ! 7Th7d0k%'? <%

,1)$8%,=8 $C+ +< Q1

i oad due to acti e caing one 6
. ¢ N7d0 k%' <%

a

ii. oad due to fragmentation one 6 '$7h7d7$.

hen O ratio is ess than '$ the fragmentation o ne
reaches up to the surface due to which oad acting on
support is increased tremendous i.e. wh we are
considering here $ of oad with ow hard co erthefi gure
e en ma changes to #$%&$ .

iil. oad due to unconso idated strata when O is
@'$'$$ of oadofa uiumwi acton the support

6 eight of unconso idated
strata | 7 a. DenSit DI unconso idated strata
oad acting on support 6 h7d0k%' 1 '$7h7d7$. 1
7 D! <% =)

unconso idated strata

- 8

or the successfu imp ementation of ongwa atsha ow
depth of co er fo owing measures are to be considered
during p anning and working of the seam. he data obta ined
from different bore ho es describing the itho og of o er ing
strata showing ariation in itho og within the acti e caing
one and fragmentation one. hese data shou d be
carefu studied in the ab for determination of ph sio%
mechanica properties of the hard co er abo e the co a
seam. o we shou d consider the fo owing ariabe s

i eight of e traction
ii. uking factor , It is the ratio of oume of roc k on
breaking with its o ume in situ. he empirica

re ationship used to estimate bu k factor

"IR6</ P

3 TO + " *-

here 6 u k factor
6 umber of homogeneous strata aers
.6 niaia compressi e strength.

iii. Mean rock densit of hard rock strata

i. A erage thickness of unconso idated strata
hickness of unconso idated strata if e isted with in
fragmentation one.

i.  Minimum thickness of hard co er abo e the coa
seam.

ii. ock?2uait designation

ii. ompressie trength % he a erage compressie
strength of rock in the acti e ca ing one aries wide
between )$to '$$$kgOcm in anigan measures of
anigan coa fie d.

i. aabiit % otheoretica approach has been found
to be reiab e to assess the ca abiit and estimat e
the support re2uirement at a ongwa face. A most
e er ma or coa producing countr has got their own
empirica nhorms which presumab ma be aidand
ma gi e good resu ts under the particu ar geomining
conditions in which it has been de e oped.

aabiit of oer ing strata depends on weak part ing
aers aminated nature and massi eness of the roof roc k
formation aneree et a $'#!. he caabi it
characteristic of a bed is designated b B aabiit Inde
which has been e pressed as a function of the parameters
mentioned abo e. heinde has been corre ated with the
span at which first ma or weight is e pected to tak e p ace
and subse2uent inter a between periodic weightings caing
inter a .

N * 2%

ingh in his research paper on entiona approachs for
assessment of ca ing beha iour and support re2uiremen t
with regardto strata contro e periences in ongwa
tecno ogies! 2uantified the ca ing beha ior of a rock b
ingh $)!
he ca abi it inde ma be e pressedas %
n$) 90) ===, )

here

% A erage ore ength
t % hickness of bed
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n % "aries between '." to ".* depending on
massi eness of the bed as 2uantified b 9D

n the basis of the ca abi it inde the pattern of caing
ma be pro ected. the span al at which the bed bre aks
for the first time is gi en b re ationship

a6$& |l ’
here a is the span of first breakage.

$8 ¢ =8 = /8, -
8 -C$ -$ +$ 8C, +

i. oreho e e tensometer ha e beeninsta edtocorr e ate
the oading pattern with mo ement of o er ing strata.

ii. stematic subsidence measurement is being
organi ed as to corre ate the phenomenon of weighting
with subsidence

iii. he use of doub e drum cutting can indeed he p
enhance immediate support and increase support
resistance. In underground mining immediate roof
supportis crucia to ensure the safet and stabi it of
the working area.

i. eoogica mapping is being doneto identif the ones
with aried itho ogica characteristic.

De e opment of p anning process and ski s
i. Impro ement of resource uti i ation.
8 8

Deri ing the minimum depth of co er for effectie and safe
ongwa operation is an important aspect of this research .
he research paper focuses on identif ing the criti ca
ariab es thatimpact the feasibi it and safet of ongwa

mining in sha ow depths. considering these ariab es
the paper aims to pro ide suggestions and pa e the w a

for further de e opment in this area based on factua data.
he ongwa mining method is indeed wide recogni ed
as an efficient techni2ue for e tracting coa from de eper
deposits. owe er when considering its app ication in
sha ower depths in India it is important to critica

e a uate the strata beha ior and adapt the method t o suit
the specific geo%mining conditions of the region. his
e a uation can be carried out through arious approache s

and e perimenta tria s. Additiona incorporating inno ati e
strata contro monitoring techni2ues and strata beha ior
monitoring methods can further enhance the safet a nd
effecti eness of ongwa miningin sha ow depths.

/=1
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/8, 8 de oid of ade2uate pro isions for regu ating opencas tmines

Minera s genera occurin nature in the form of ores which
are predominant and tpica entrapped within the
surface of mother earth as intact rock. traction ofa n
ore therefore in o esetensieecaationworknot on
to make access up to the seat of the ore bod buta so to
dis odge the ore from its origina position. Adoption of a
s stematic methodo og of rock disintegration thus
ac2uires significant importance for accomp ishing the
mining operation in acommercia iab e manner. nthe
one hand b asting techno og using high e p osi es
remains one of the most popu ar and preferred means of
rock disintegration. owe er there are certain b ast ess
techno ogies used in commercia mining. In the Indiancoa
mining industr the ast few decades ha e withessed a
paradigm shift from underground to opencast mining
techno og. he o ume of coa productionand o erburd en
ha e a so enhanced manifo d. he mining safet egisat ion
has a so been updated from time to time to keep pace
with the changing scenario in techno og and 2uantum.
herefore a better understanding of a the appicabe
statutor re2uirementis essentia for achie ing animp ro ed
e e of comp iance.

/I-$88=2% - 8 8%
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riorto &th oember $'&the coa mines were regu ated
b the oa Mines egu ations '()&. he od regime of

safet egis ations which had come into force when the
mining was predominant b underground technoog was

5 irector o ines aety 55y irector o ines a ety "aranasi
eion irectorate leneral o ines aety inistr y 0 2abour
mployment lovernment o ndia
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and most of the aspects of b asting such as deep ho e
b asting use of site mi ed s urr Oemu sione posies u se
of A b asting within danger one s eepingofch  arged
ho es were go erned through the mechanism of
permissions grantedb D M .
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he oa Mines egu ations $& M $&! intera ia
addressed most of the issues re ated to opencast mining
inc uding b asting in opencast coa mines. Man practices
and methodo ogies adopted in b asting which o er the time
had become common in opencast mining ha e been
proper co ered in the regu ation. Apart from the genera
pro isions pertaining to dri ing e p osies and b ast ing
appropriate pro isions for the sub ects specific to b asting
in opencast mines such as deep ho e b asting transport
of e posies in buk use of Ammonium itrate ue i
A ! use of ite Mied urr M! O ite Mied

mu sion M! seeping hoes b asting in hot strat
etc. ha e been made inthe oa Mines egu ations $'
and the enera rders issued thereunder b the hie
Inspector b notification in the fficia a ette.

a
&
f

, H+ 2]

nike the pre ious statutor framework present n o

permission is re2uired to be obtained for conducting deep

ho e b asting in the mine. onditions for conduct o f deep

ho e b asting in opencast coa mines are prescribed under

egu ation'( ofthe M $'& and the notification no.
(-) ! pubished in the aette of India on th
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ctober $'- wherein detai guide ines for dri i ng

charging stemming and firing ha e been stipu ated in

addition to the genera guide ines. he genera guid e ines

for conducting deep ho e b asting are mentioned be ow

' A prior scientific stud in designing deephoed ri ing
and b asting s stem sha be conducted for the mine
taking into consideration a mining parameters
machiner parameters and ong%term stabi it of pit
and dump s ope.

I he wner and Agent of the mine where deep ho e
dri ing and b asting is proposed sha indemnif the

I "$ .

occupantsOowners of housesOdwe ingsObui dings or

other structures and the pub ic authorit concerned
if an against danger to their propert orin ur tot hem
or other persons arising out of the operations
conducted in respect of deep ho e dri ing and b asting.

*Ihe wner Agent and Manager of the mine where
deep ho e dri ing and b asting is proposed sha ensure
that%
al n proper trained persons who are authorised
inwriting b the manager for the purpose aredep o ed.
b! Ade2uate persona protecti e e2uipments as
re2uired to be used b persons dep o ed in this
connection are pro ided and a so used.
¢! Ade2uate scientific e2uipments for measurement
of the hea th of machiner dep oed ground
mo ements and arious b asting parameters ike
ground ibrations noise etc. are pro ided.

I ntire operations connected with deep hoe dri in g
and b asting in the mine sha be p aced under the
o era charge of a Bb asting officer ho ding firstc ass
manager+s certificate of competenc assisted b
ade2uate number of persons ho ding at east 0 erman-+s
certificate.

) he mines manager in consu tation with M and
e p osi e manufacturers sha formu ate suitab e
B ode of ractice in respect of dri ing charging
stemming warning of persons taking she ter and firing
of shots.

# $1# ' 0)

he conditions and other detai s for transport of e p osi es

in bu k for b asting in opencast coa mines are prescribed

under egu ation '-- ofthe M $'& and the notif ication

no. (- !pubished inthe a ette of India on th

ctober $'-. o owing precautions are re2uired to be

taken where transport of e p osi es in bu k is propos ed

' n trained and authorised persons sha be
dep o ed.

1B

I he transportation sha be p aced under the o era
charge of a competent person ho ding at east an
erman-+s certificate of competenc.

*I ransport of e p osi es in bu k to the priming sta  tion
or the site of b asting sha be done on during da

ight hours.

I he 2uantit of e p osi es to be transportedinb  uk
at one time to the site of b asting sha not e ceed
the actua 2uantit re2uired for use in one round o f
shots and a so not before *$ minutes of the
commencement of charging of ho es.

) n a ehice du approed b the ompetent
Authorit sha be used for transport of e p osies in
bu k.

# A conditions stipu ated b the icensing autho rit in
respect of the ehic e dep o ed for transportation and
hand ing of e p osi es inbu k sha be strict fo ow ed.

&' uch ehic e sha be in safe operating condition and
shou d be drien b competent icensed dri ers du
authorised b the Manager.

-l At east two fire e tinguishers of suitab e sie and
capab e of fighting e ectrica and petro eum fires sha
be pro ided in each ehic e in an easi accessib e
position and maintained in a state of readiness.

(! eforetransporting e p osi esinbu k the compete nt
person authorised in this regard sha persona
search e er person engaged in the transport and
use of e p osies and sha satisf himse f that no
such person has in his possession an cigar
cigarette biri or other smoking materia or an match
or an other apparatus ike mobi e phone etc. ofan
kind capab e of producing a ight f ame or spark.

'$! During transport of e p osies in buk the ehi
transporting e p osi essha be %

E proper earthed with chain inks whi e oading.

E we ocked e ceptduringtimes of p acementand
remo a of stocks of e p osi es.

E keptiniso ated p aces whi e oaded.

ce

I he ehic e oaded with e p osi essha notbe .
E eft un%attended.
E takeninto garage or repair shop and sha notbe
parked in a congested p ace.
'l he ehic e transporting e p osi es sha notbe ,
E oeroaded.
E drienataspeed e ceeding ) ki ometers per hour.
E refue ed e cept in emergencies5 e en then it+s
engine sha be stopped and other precautions
taken to pre ent accidents.
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*l er ehic e used for the transport of e p osi e sin
buk sha be carefu inspected once in eer
hours b a competent person to ensure that,

E fire e tinguishers are fi ed and are inp ace

E the e ectric wiring is we insu ated and firm
secured

E the chassis engine and bod are c ean and free
from surp us oi and grease

E thefue tank and feed ines are not eaking and

E ights brakes and steering mechanism are in good
working order

"I A report of e er inspection sha be recorded in a
bound paged book kept for the purpose and sha be
signed and dated b the competent person making
the inspection.

' he mine manager sha frame a suitab e code of
practice for hand ing and transportation of e posie s
in bu k.

I $%% % = 8 6%$=87

egu ation'-* lofthe M $'&enab es use of A

in opencast coa mines without obtaining an permission

underthe M $'&. he conditions for use of A in
coa mines ha e been prescribed under regu ation'(* and
the notification no. (- !pubishedinthe ae tte
of Indiaon th ctober $'-.Itco ers e aborate guide ines

regarding storage and hand ing of A miing or
impregnating of Ammonium itrate with diese oi ch arging
and firing misfires fighting firesino inge posi es haard
of static e ectricit and super ision duringthe use o fA

in mines.

! 0 6 7<% ! 6 7
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ike A reguation'-* ofthe M $'&enabes

use of MOM e posies in opencast coa mines
without obtaining an permission. ro isions stipu ate d for
deep ho e b asting under regu ation '( coup ed wit h the
guide ines prescribed under the notification no. ()!
pubished in the aette of India on th ctober $ -
shou d be fo owed during use of MOM . he aboe
notification and a so the regu ation "$ re2uires the mines
manager to formu ate suitab e B ode of ractice in
consu tation with M and e p osi e manufacturers i n
respectof dri ing charging stemming warning of persons
taking she ter and firing of shots.

# o+ |
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In mining industr the termino og Bs eeping ho es is used
for the ho es charged on an one da but not fired on the
same da for whatsoe er reason. ar ier when the charg ing
process was most manua the practice of using s eeping
ho es was needed more whi e conducting arge b asts.
owe er present onintroductionofbukuseofep osies
with mechanised means the charging process hae
become er fast. ence to e iminate the associate d
ha ards this practice shou d be aoided as far as

practicab e.

he guide ines and precautions for s eepinghoes hae
been stipu ated in notification no.  (-) ! pubi shed
in the aette of India on th ctober $'- under

egu ation '( of the oa Mines egu ations M!

$'&. As per the abo e guide ines a ho es charged on
an one da sha be fired on the same da. owe er in
case of specific prob ems which ma ead to the charged
ho esto s eep o er night the fo owing conditions sha be
strict comp ied with

' heshot ho es charged with e p osi es in coa faces
and the o erburden bench immediate abo e coa
seam A be kept s eeping and sha be
b asted off on the da of charging.

I hetota duration of s eeping of ho eswithep o sies
sha not e ceed the hours as designated b the
Manager in writing after consu tations with the
manufacturer of the e p osi e s!.

67 3 | '3 %

3 on the arious precautions to be

taken during the s eeping of shot ho es. he standi ng

orders sha cear spe out the responsibiities of
arious officia s and super isors inc uding the astin g
fficer of the mine in maintaining the s eeping shot
ho es in safe condition.

I efore deciding to a ow shot ho es on s eeping at
an p ace in the mine other than the coa benches
and the immediate o erburden bench o er the coa
seams fo owing precautions sha be taken
E are sha be taken to ensure that there is no

heating of strata an where a ong the depth of the
shot ho es.

E Detais of bottom ho e temperatures of a shot
ho es proposed to be charged with e p osi es and
ater kept s eeping sha be recorded.

E or regu ar monitoring the bottom ho e
temperature for an increase a few piot ho es
sha be eftuncharged.

E Ifthe bottom ho e temperature shows an sign of
abnorma increase then immediate steps sha
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be takento b asta the shot ho es at the ear iest.
E he detais of a such abnorma increase of
temperature sha be recorded in the register
separate kept for the purpose and a so signed
and dated b the b asting officer and the Manager.

) he areawhere the shot ho es are kept s eepingwit h
charged e p osi es sha be conspicuous marked
b such an arrangementwhich coudbe c ear isibe
during an time of the da or the night.

#1 o person sha be a owed to be present an wher e
within '$$ m of the shot ho es s eeping with
e p osies. he entrance to such areas sha be
effectie cordoned off to pre entan inad ertent and
unauthori ed entr .

&' he fuse wire emanating out of the shot ho e char ged
with e p osi es sha be co ered with an
incombustib e materia so as to pre entan accidenta
ignition due to the inf uence of static e ectricit form

ighting etc.

-l Ade2uate arrangement of water under high pressure
sha be made a ai ab e near the area of s eeping of
shot ho es for dea ing with an e igencies inc udin g
f ushing out of charged e p osi es from the shot ho es
and for de%sensiti ing the e p osi es in the charged

shot ho es.
2! = $
egu ation $ ofthe M $'&and genera orderissu ed
thereunder b notification no.  (-# ! pubished i n
the aette of India on th ctober $'- a outde tai

guide ines on precautions to be taken for b asting in fire
areas in opencast coa mines. o owing are the gen era
guide ines prescribed for working b opencast metho d in
the fire area
' asting operations sha be carried out under di rect
super ision of an Assistant manager in charge of
b asting operations.
I ersonstrained inthe obof b astingin irearea on
sha be deputed for the said operation.
*I  oe posieotherthans urr oremu sion e p osi es
sha be used.
I asting sha be done with detonating fuse downt he
ho e.
)l emperature inside the b ast ho es sha be measured
before fi ing with water! and if the temperature
e ceeds -$F in an hoe such hoe sha not be
charged. ecords of measurement of temperature in
each ho e sha be maintained in a bound paged book
and sha be signed b the Assistant manager

incharge of b asting operations and countersigned b
manager.

# A basthoessha bekeptfi edwith water. hen
an ho eistraersed b cracks or fissures suchho e
sha not be charged un ess it is ined with an
asbhestos pipe and the ho e fi ed with water. In addition
bentonite or an other effecti e materia sha be used
for sea ing an cracks at the bottom of the ho es.

&' Detonating fuse sha notbe aid on hot ground without
taking suitab e precautions which wi pre entit from
coming in contact with hot strata.

-l ottestho es sha be oaded ast. nchargedho es
sha be fi ed with waterO sand materia .

(! arbonaceous materia sha not be used for
stemming.

'$! he charging and firing of the ho esinan one round
sha be comp eted e peditious and in an case
within $ hours.

I egu ar monitoring of arbon Mono ide !sha
be done b a competent person authoried b the
manager during charging of the ho es. If ismore
than )$ ppm a persons from the area sha be

withdrawn.

"I ater spraing02uenching arrangements sha be
kept a ai ab e at the b asting site to dea in case of
emergenc.

*| recautions whi e dri ingin erburdenor oa oer

the underground workings in pencast Mines.
he fire in opencast workings of coa mines ma bed ueto
the e istence of pre ious de e oped or mined%out
be owground workings for which specia precautions ha e
been stipu ated in addition to the abo e.

2! ¢ , O
"ol

% "

istence of permanent surface structures in the i cinit
of opencast mines is a er common feature. As per
regu ation'(#of M $'& the area of mines ing within
aradia distance of )$$ m from such structures has been
defined as b asting danger one.

here an part of a pub ic road or rai wa ies withi nthe
danger one the shot%firer sha not charge or fie a shot
un ess two persons are posted one each in either direction
at the two e treme points of such road or raiwa wh ich
fa within the danger one who ha e b an efficient s stem
of communication or hooter intimated ¢ earance of traffic
to the shotfirer and ha e a so warned the passersb and
ehic es ifan which hae passedb suchroadorr aiwa.
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urther in case of an opencast working where an
permanent bui ding or structure not be onging to the owner
of the mine ies within the danger one the aggreg ate
ma imum charge per de a and per round sha note ceed
the amountfied b the DM b a permission grante  d
on the basis of a scientific stud. he purpose of restrict ing
the aggregate ma imum charge is to basica contro the
b ast%induced ground ibration and f rocks to within the
prescribed acceptab eOpermissib e imits which ma be
incapab e of damaging the structures. he b ast%induced
ground ibration is measured terms of peak partic e e ocit
pp ! in mmOs. Depending on the t pe of structures and
dominant e citation fre2uenc the ma imum permissib e
peak partice eocit pp! at the foundation ee  of
structures ha e been prescribed under DM ech.!
ircuar o. & of '((& whichis gieninthetabe be ow

35 %3 & " )" 6#HT

* Lt 0
%%<!
pe of tructure Dominant e citation
fre2uenc
@ [-9 [<)
Al 2 <t " 1 3 4
il Domestic housesO structures ) '$ D)
utcha rick ement!
il Industria uidings ... '$ $ )
ramed tructures!
jii! b ects of historica ) '$
importance and sensiti e
structures
! ! 2 13 4 4 % #
il Domestic houses0 structures '$ b}
utcha rick _ement!
il Industria uidings ... ) ) )P
ramed _tructures!
- "oy , (o# 11l

As per regu ation #* of M $'& truck mounted

dri machines designed for tube we dri ing for sources of
water sha not be used and on propertpeofbas thoe
dri machine especia designed for mining purpose sh a
be used in the mine.

enera precautions regarding e p osieshaebeen  aid
down under regu ation $& of M $'& whicharea s
fo ows
' operson whisthandinge p osiesorengaged or
assisting in the preparation of charges or in the
charging of ho es sha smoke or carr or use a mobi e
phone or ight other than an enc osed ight e ectric
torch or amp.
I opersonsha take an mobie phoneor ighto ther

$-T -2 8

than an e ectric torch or an enc osed e ectric amp
into an e p osi e maga ine or store or premises.
*I he owner agent or manager sha take ade2uate
steps to pre ent piferage of e p osi es during its
storage transport and use in the mine.
I o person sha hae eposies in his possession
e cept as pro ided for in these regu ations or hide or
keep e p osiesinadwe ing house.
) An personfindingan e p osiesinoraboutam ine
sha deposit the same in the maga ine or store or
premises and e er such occurrence sha be reported
to the manager in writing.
#  hot%firers and their he pers sha %
al not use batter operated watches mobi e phone
s nthetic ¢ othes and socks5

b! use on conducti e t pe of foot%wears5 and

clin case of eather shoes or boots the so e sha
a so be of eather and without hobnai s.

8 8

he present paper has high ighted the o er iew of sa  ient
features of the current statutor pro isions for dri ing and
b asting app icab e to opencast coa mines especia deep
ho e b asting transportofe p osiesinbu k use of A

use of MOM s eeping ho es b asting in hot strata
and genera precautions regarding e p osi es dri ingan d
b asting. his ma be usefu to the practicing mini ng
engineers for de e oping a better understanding of the
statutor ob igations which inturn wi be he pin improing
the comp iance standards.

/=1

>'? he oa Mines egu ation '()&

>?  he oa Mines eguation $'&

>*?  hief Inspector of Mines B onditions for transpo rt of e p osi es
inbu k otificationno. (- !pubishedin art%ll ection
* ub%section i! of the a ette of India on th ctober $-.

>? hief Inspector of Mines B onditions for se of Ammonium

itrate ue i otificationno. (- !pubish edin art%
Il ection * ub%section i! of the aette of In dia on th
ctober $'-.

>)?  hief Inspector of Mines B onditions for deep ho e b asting in
opencast coa mines otificationno. (-) !pub ished in
art%ll ection * ub%section i! of the aette of India on th
ctober $'-.

>H#? hief Inspector of Mines B onditions for conducting b asting in
fire areas in opencast coa mines otification no. (-# !
pub ished in art%ll ection* ub%section i! of th e a ette of
India on th ctober $-.

>&? DM BDamage of structures due to b ast induced ground
ibrations in the mining areas DM ech.! ircu ar 0. & of

(&
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urface coa mining operations are often e ecuted on irgin
ground and abo e o d underground workings . he sho t
ho es dri ed are either coo or hot. oo hoes ha e in%
ho e temperature beow $$ . ot hoes haein% ho e
temperature of more than $$ .

i.e. $F . minimum temperature of hot ho es

-$F thresho d temperature % persons are re2uired to
e acuate the p ace

"$F gre %white fumes % down ines mets.

*$F %#SF  white fumes obser ed
'$F % $F producte ection aroundtheco arofho es

-$ $ % range brown noious fumes $F % #$F
othermic reactions eruption

A number of fires are known to be acti e in different coa fie ds
.An attemptto win coa fromthese areasino ingba sting
is fraught with danger.

During the e perience at different open cast mine i ke

S Mari M, "irgin eam hick seam!

S Mari M ndergroundto M, De e opedpi ars,
hick seem

S ewasa M "irgin eam hick seam !

S horawari M ndergroundto M de e oped pi ar

5-rea 1 udhichua -rea
55-  udhichua -rea

S Dudhichua M Mu ti seam working

ased on the e perience gained so far itisrecommen ded
that whi e b asting in hot strata either in or coa !
man precautionar measured re2uired to be taken.

It is natura process that coa seam got spontaneous
heating after its incubation period. In big M a rge
e posure of coa is the need of compan to produce the
coa on demand so spontaneous heatingwi awas e ist
in man mines.
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i! arge e posure of seam to atmosphere

il racks de e oped in seam due to back break of
pre iousb ast .

il racks deeoped due
underground working

il oordressing of coa seam during coa e tractio n.

! nder cut Ocoa bench fai ure and accumu ation of
oose coa at toe of seam.

to subsidence oe r

P A, S——

e
PN i NS I \. - S——
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he temperature at which e p osi e is stored and use d
ma ha e detrimenta effect upon its u timate perform ance
during the use . he e posie used in be ow freeing
temperatures are specia formu ated so thatthe do not
ose their characteristics . or eamp e dnamite wi

free e and become ha ardous to tampering s urries
become stiff and insensiti e and fai to detonate. A tpes
of ,based e p osi es are prohibited to be used in hot
hoes. n surries and emu sions are permitted t o be
used in hot ho e ha ing ma imum temperature up to -$$

ot ho es conditions are those that ha e atemperat ure of
$$ ormoreandareactiit essthan' . hedang ers
are summari ed as %

il remature detonation in hat ho es

i’  ncontro eddetonation

il Me ting of booster detonator detonating fuse .
il urninuries

I eatand humid c imate

eath aards due to no ious fumes

" #

$$ puth Africa remature detonation in a hot ho e
$$ India remature detonation

* $'( puth Africa remature detonation in _a hot ho e
$- quth Africa n contro detonation
) $'# Indonesia A me ted booster in a hot ho e
# $' Austra ia A me ted down ines
8, 8 =8/8, -2% - =/
$$ $8 $

. asting operations sha be carried out under dir ect
super ision of an Assistant manager in charge of
b asting operations.
ersons trained in the ob of b astingin irearea on
sha be deputed for the said operation.

*. 0eposieotherthans urr or emu sion e p osi es
sha be used.
asting sha be done with detonating fuse down the
ho e.

). emperature inside the b ast ho es sha be measured
before fi ing with water! and if the temperature
e ceeds -$F in an hoe such hoe sha not be
charged. ecords of measurement of temperature in
each ho e sha be maintained in a bound paged book
andsha be signed b the Assistant manager incharge
of asting operations and countersigned b manager.

#. A basthoes sha be keptfi ed with water. hen
an hoeistraersedb cracks orfissures suchh oe
sha notbe charged un essitis ined with an asbestos
pipe and the ho e fi ed with water. In addition betonies
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or an other effecti e materia sha be usedforseai ng
an cracks at the bottom of the ho es.

&. Detonating fuse sha notbe aid on hot ground without
taking suitab e precautions whichwi pre entit from
coming in contact with hot strata.

-. ottesthoes sha be oaded ast. nchargedho es
sha be fi ed with waterO sand materia .

(- arbonaceous materia sha not be used for
stemming.

'$. hecharging and firing of the ho esinan oner ound
sha be comp eted e peditious and inan case with in
$ hours.

egu ar monitoring of arbon Mono ide !sha be
done b a competent person authoried b the
manager during charging of the ho es. If ismore
than )$ ppm a persons from the area sha be
withdrawn.
ater spra ing02uenching arrangements sha beke pt
a ai ab e at the b asting site to dea in case of
emergenc.

*. recautions whiedri ingin erburdenor oa o er

the underground workings in pencast Mines.

$ C 4& 1! ™n3
efore commencement of b asting operations in the 2ua rr.

' uch workings sha be sur e ed and c eaned of coa
dust and thick stone dusted.
A persons sha be withdrawn from the underground
in the same working seam or an other seam or
section connected therewith and no work person sha
be re%admitted into the said undergroundworkings
un ess the same ha e been inspected b a competent
person du authori ed for the purpose b the manager
and found free from an no ious gases and or signs
of fire etc.

I heunderground workings to be 2uarried sha ha e
sufficient thickness of hori onta barrier as stipu a ted
in the egu ation '' ! of the oa Mines
egu ations $'& otherwise sha be iso% ated b
e p osion proof stoppings such as to withstand the
force of ibration of b asting from an acti e workin g
area either in the same or different seam or section or
Omine as the case ma be so as to pre ent transfer of
danger of b asting to the said acti e underground
workings.

TO2 $-$ $-T

2 C 4 & ! "
13

efore commencement of b asting operations in the 2ua rr

uch workings sha be treated with incombustib e du st
ahead of the 2uarr face fed through surface boreho e s
and dispersed b compressed air. he fo owing procedu re
is recommended for treating the inaccessib e workings
underground with stone dust

al  Ahead of the bottom benchin o erburden ho es sha
be dri ed'- metre apartin grid pattern from top bench
in o erburden or surface to the underground ga eries.

he distance between the 'st row of ho esand 2uarr
face shou d be $# me%tre or ess.

b! After ho ing through of the ga eries in coa the dri
rod sha be withdrawn and at east $ tonne ofstone
dust fed through the boreho e.

¢! hedri rodsha thenbe owered through the bo reho e
again so thatitis we inthe heap of stone dustdropped
on the f oor of the under%ground ga eries.

dl'  ompressed air sha thenbe b own at the rate of not
ess than $ cu. m. per minute under pressure of at
east *.) kg0 cm for a minimum of ) min%utes. his
time can be proportionate reduced if compressedair
at higher pressureisa ai ab e.

el hesteps b! cland d!sha be repeated with $
tonne or more of stone dust dropped in each ho e.

fl If perimeter of ga eries e ceeds' m the 2uan %tit
of stone dust dispersed sha be proportion%ate
increased b repeating the who e process a second
time.

g! orgreater effecti eness theho essha bedr i edin
the unctions of the ga eries.

h!  or better dispersabiit it is desirab e to use pu re
imestone dust or do omite dust with east pos%sib
siica content. he stone dust shou d prefer%ab be
water%proofed in humid and wet conditions.

il It sha be possib e to impro e the efficienc o f the
operation b fabricating specia e2uipment or
de icewhich wou d enab e the stone dust to be airbo rne
near about the mouth of the boreho e instead of
dumping the stone dust at the bottom of the ho e and
then attempting to disperse it with compressed air as
out ined in the procedure gi en abo e.

5 one of the ho es put down for stone dusting the
underground workings are to be utiised for an other
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purpose e cept for determining the thickness of
o erburden etc. and other monitoring purposes.

617 * 5 efore commencement of the dri ing of

shot ho e o er the underground workings in the open cast
mine sureingsha bedoneto egib markthega eries

pi ars stap e pits in the b asting area.

67 " 15 he ho es dri ed inthe o erbur%
denbench ingimmediate abo ethe coa seam refe rred
to hereinafter as ast o erburden bench! sha not ie
immediate abo ethe ga eriesinorderto ensure tha tthe
b ast%ho es do not direct fire into the underground
workings.

67 # 5 he depth of ho es in the ast o er%
burden bench sha be such as to ea e at east $# m thick
o0 erburden abo e the coa seam and to ensure compi ance
with this re2uirement a pi ot ho e sha be put for each round
of b asting to determine the tota thickness of o erb urden
o erthe coa seam.

6J7  %#" 15 After b asting the ast
o erburden bench o er de e oped ga eries oading
operations sha not be started ti the b asted area is fu
compacted to pre entan chance of pothoingandd ec ared
free from an fire and safe b the b ast%ing officer. pecia
care is to be taken to fi the shafts or stap e pits whether
ertica orinc ined.

67 C&!'*# % 1" 5

here more than one section of the seam had been
de e oped on pi ars the shotho es sha notbe dri edto
within $* m of a ower section and care sha be taken
thatthe b astho es do not direct fire into an un derground
ga er.

67 I 315 n ess otherwise
permitted b D M in writing and sub ect to such
conditions as ma be imposed no de a action det%onators
sha beusedincoa andthe mannerofe tractionofpi ars
sha be b dri ing and b asting ho es in coa pi ars on
from top downwards.

6?7 ! 4 %# <% ! 1 5
the

A hoesin

ast o erburden bench andOor in coa sha be charged with
water ampou es or with moist sand of at east $.# m in
ength at the bottom of the ho e.

-l herethereis an doubtand particu ar wherethe re
are cracks and cre ices the bottom $ m ength ofthe
ho e sha be fi ed with sand.

(! opersoninc uding shot%firer sha take she ter within
'$$ m of the 2uarr opening and such she terssha b e of
stab e and strong construction to pro ide safe she ter to
the shotfirer and his he pers.

'$! eeping of ho es sha not be permitted.

' o 0 based castbooster sha be used for
initiating non%cap sensiti e s urr Oemu sion e p 0% in
coa benches and o erburden benches of a fi%er coa
seam.

'l erburden benches immediate abo e the coa
seams and other fier areas in the mine the e p 0%sie
charge sha be fired b detonator attached to the de tonating
cord at the surface and not within the shot ho e.

*| A eposies castboosters detonators and deto%
nating cord sha be sub ected to proper testing in an
appro ed aborator in respect of temperature sensi%ti it
impact sensiti it for safe hand ingin mines. Acert ification
to that effect sha be supp ied for each batch
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he fo owing steps wise approach ma be carried out for
successfu b asting operation in hot ho es %

#15 e ectthe number of ho es proper so that the
tota b asting operations shou d note ceed h from the
charging of first ho e.

# 5 Measure the temperature of the ho es.

# 5 sewater at east' h before b asting to f ush
hotho esti the temperature comes down be ow -$$

#J5 ecordthe temperature of ho es ataregu ar inter a
of time.

#:5 se a miture of betonies sodium siicate and
water in ho es which do not retain water to sea micro ,
fractures and cracks. uar ,gum upto) ma asob e
used for the same purpose.

# :5 heck before charging whether the detonating
cord or other suitab e de ice ! is detached from th e main
ree or not G if not then detach it immediate before
charging operation starts.

#?5 temming operation shou d be done after charging
a ho esoruse gas bags or foam p ugs in p ace of steaming
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$ 5 ront ho e burden

S If more, back breaks bou der formations

S If ess, f rocks produced and damagingshoes cab es
etc.

S ighwa side row shou d be in a straight ine as far as
practicab e ad ustment of ho es shou d be done towards
free face .

2 Dri cutting to be remo ed to e poses the
soidco ar

—

$* ! 1 %
% %P 4 ! |
2! ffecti e burden to be consider white

considering the different t pe of initiation s stem , ike
diagona s or "% ut etc.

8"3"&3 &IIII !
break in future .

, thick o er how to arrest back
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0 pre ent air from coming into contact with coa
containing su phides .
00 ing agents % se of high presser water etc. to
douse surface fires and reduce the temperature in hot
hoes.
eaing agents uch as ca cium ch oride ento nite
to reduce spontaneous combustion .
Inertgas seof itrogen and carbondioidetof  ush
hot ho es
Doing o er Dumping of sand O on the highwa
using do er .
se of moist sand 0 ack cotton soi for seaing of
crakes .
uffer b asting se of e p osie to heae the
erburden co apsing o d underground pi ars to
c ose ,off enti ation routes .
adding acing Oop soi oer high wa s to
imit air f ow in to the od under% ground workings
through oids Ocracks .
uttress asting cast b asting in sea ed off oid s.
ust in time dri ing o ensure that new epos ed
coa is e ca ated immediate
raining and procedure of  preparation .
isk assessment of the p ace.
0 e temperature measurement and monitoring, se
of different de ices
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i! oe oading se2uence, Itisadisabe to oad the
ho es c osest to the initiation point first to firing in the
e ent of change in the conditions . Asoitisad isab e
that hottest ho es shou d be oaded ast to reducethe
amount the time the e p osi e e pose to high
temperature .

I teaming otho esshou d notbe steamedtoao id
a pressure bui d%up in the ho e

il Minimum e p osie s eep times
heating ,up ofe p osie

i Minimi ing spi age spi age of e posieshou dbe
a oid to reduce the risk of e p osi e decomposition

i! se of hot ho es management toos ike to monito r
the change in temperature of emu sion " seees
scanner monitors gas bags etc.

I he se ection of e p osi e and initiating s stem it
shou d be based on risk assessment of hot ground
conditions reacti e ground conditions . ot hoe
specific emu sion shou d be used for b ast in hot ho es.

o pre ent the

Euttress dump I

pencast mining operation often encounter hot minin g
areas. he hot ho e temperature need to be measure d
monitor and take precautionar measures from the ti me
the aredri unti charging 0 b asting to pre ent premature
detonation of the charge e p osi e.
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he Indian Mining ngineering ourna
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/8, 8 phenomenon acute e acerbatedinthe ationa api ta
egion due to esca ating demand and the infu of po  utants

De hi historica referred to as Inderprastha ho ds a pi ota
ro e in the rapid ad ancing econom. Its e o utionf rom
ancient times to a contemporar urban centre has been
fue ed b swift urbani ation and burgeoning
industria i ation. his transformation has triggered a surg e
in popu ation growth rendering De hi the most dense
popu ated cit in India with a densit of " (& p  ersons
per s2uare ki ometre as recorded inthe $" ensus. his
popu ation upsurge has e erted immense pressure on
natura resources particu ar the ita resource of drink ing
water. owe er the a ai ab e surface water sources are
pro ing inade2uate to satiate this growing thirst eading
to an intensified re iance on groundwater.

ecent research underscores a disconcerting trend t he
cit +s esca ating dependence on groundwater is outpacing
its capacit for rep enishment. his auab e resourc e is
facing a dua threat of dep etion and contamination a

5 epartment o arth and lanetary ciences niversity o -llahabad
rayara ttar radesh ndia

55 epartment o arine leoloy an alore niversit y .arnataa
ndia %) ((

5551e0 lanet olution rivate 2imited !a atpura ! aipur a asthan
ndia& %

orrespondin -uthor/ rpsin hsaran'allduniv ac in

from arious industries Dutta et a. '(#5 Dutta $ $)!.
Amid these cha enges a gimmer of hope persists
sustainab e groundwater usage is contingent upon effecti e
rep enishment mechanisms using untainted water sources.
owe er the urban andscape in De hi introduces fu rther
comp ications inc uding urban f ooding and unregu ated
po utant miing. hese factors conspire to detriment a
impact groundwater 2ua it and a ai abiit. orin stance
the pro iferation of concrete infrastructure impedes natura
groundwater rep enishment b inhibiting the perco atio n of
rainwater. imu taneous the imited e isting groun dwater
reser oirs face contamination risks from di erse po utant s.
his reck ess e p oitation of groundwater has precipita ted
an enduring dec ine in the water tab e compounding the
region+s water scarcit umareta. $$#!.

Addressing this intricate h drogeo ogica conundrum
necessitates an integrated approach. his ino es
comprehensi e mapping of h drogeomorphic ariances
de ineation of h drogeo ogica boundaries and nuan ced
consideration of tectonic inf uences on a2uifer d nami cs.
hese factors in con unction with surface and subsurfa ce
water interactions shape the h drogeo ogica andsc ape
ingh $$*. o hand e the circumstances this endeaou
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inherent hinges upon ac2uiring a dependab e dataset

particu ar encompassing surface and sub%surface
conditions. A proficient entit in conducting feasi bi it

studies pertinent to artificia groundwater recharge
mode ing.

o de e into the specifics the app ication of "ert ica
ectrica ounding " ! methodo og has been chosen
targeting ') distinct mine pits within the hattiarea . his
se ection a igns with the intent to unra e the comp e ities
of the geo ogica strata. ecuted through the
ch umberger Arra this techni2ue ino es at east
measurements adaptab e to the aout of abandoned
uart ite rock pits. he framework for the sur e
encompasses the uti i ation ofaD esisti it meter the
Terrameter with ensuing data sub ected to intricate
ana sis ia computer software. his ana sis intends to
discern potentia subsurface rock fracture ones de ing
up to a depth of '$$ meters be ow the pit surfaces.
Moreo er the assessment endea ours to estab ish the
depth at which the groundwater tab e manifests be ow the
pit bottoms as we astounei ertica ariations within
resistiit aers and their corresponding thicknes s. A
crucia facet of this e a uation pertains to estimati ng water
saturation e e s within the sur e ed pits whi e conc urrent
2uantif ing fracture porosit. timate the find ings are
encapsu ated within a comprehensi e report e ucidatin g
the nature of fractured 2uart ite rock the distribu tion of
water saturation and the nuanced characteristics of
geo ogica strata.

he stud integrates soi infi tration tests conducte dat")
designated abandoned mine pits. his assessment is
meticu ous e ecuted using a doub e%ring infi trometer
effectie gauging the infi tration rates of the me thodo og
emp o ed. pecifica targeting the Quart ite rock
formation within the hatti area this endea ourund erscores
the pragmatic approach of the research. After the fie dwork
the test resu ts undergo thorough e a uation and
interpretation cu minating in the preparation of an
encompassing report. his report not on encapsu at es
the numerica outcomes but a so offers insights deri ed
from the fie d interpretation method. he ho istic
documentation encompasses the entire spectrum of
resuts utaposed against a comprehensie tab e tha t
conte tua i es the findings for each of the e amine d pits.

6T

, /%

he geographica positioning of the De hi state is s ituated
a ong the western bank of the 3amuna ier encompass ing
the coordinates of -F' +to -F)*+ north atitude an d &#F)$+
to &&F *+ east ongitude. It shares boundaries with the har
Desert to the southeast the Indo% angetic p ains to the
northeast andthe Ara a irange to the south. otab  the
De hi idge etending * km in ength is an integ ra
component of the cit+s andscape igure 'and !
hroughout histor the De hi idge has he d signifi cant
historica and ongoing importance for the cit. he
preser ation of De hi+s forests primari focuses on
en ironmenta and ecos stem ser ices rather than
production forestr. De hiand occup a and ock ed
position within the northern p ains of the Indian subcontinent.

he cimate of De hi is predominant infuenced b its
in and ocation and the pre a ence of continenta air
masses which bring about e treme weather conditions.

he continenta air is unfa ourab e for ush egetati on
growth resu ting in a semi%arid c imate characteri & b

marked temperature f uctuations high saturation deficit
and moderate rainfa . he nearb desert regions of

a asthan to the west and southwest aong with the

angetic p ains of ttar radeshtothe east contri  buteto
the c imatic d namics of the area as monsoon airtra e rses
these regions before reaching De hi. he c imatic pat terns
in the region e hibit distinct periods inc uding a dr and
increasing hot season from Marchto une dr andco d
winter from ctoberto ebruar andapronouncedwa rm

and rain monsoon period from u to eptember ig ure
I

he outhern idge of De hi known for its 2uartit e and
sand deposits has faced significant degradation due to
e tensi e mining acti ities. In response a banon mining
2uart ite and adarpur sand was imp emented eading to
the estab ishment of the Aso a hatti idife anctu ar
in'((". oering -).)& acres this sanctuar seresa S
a crucia conser ation area within the nationa capita
region preser ing its natura f ora and fauna. he mining
acti ities had se ere dep eted natura egetationan dsoi
2uait in the hatti mines area.
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roundwater in the De hi idge remains re atie fr esh
across arious depths contributing to the continuo us
recharge of ad acent areas. he region+s geo ogica
features such as fau ts and the coarse nature of sediment
weathered 2uartite! enhance atera permeabi it
owe er e tensi e mining has disrupted a2uifers i  mpacting
water e e sinthe hatti mines area.

e ati e humidit fo ows a seasona pattern withmi nimum
e e s during dr months Apri and Ma! and ma imum
e e s during the monsoon months u August and
eptember!. hie highre ati e humidit tpica su pports
p ant growth De hi+s combination of high temperatues and
ow humidit imits this fa ourab e en ironment.
onse2uent the pre a ence of higher temperatures
coup ed with reduced humidit encourages the pro iferation
of eroph tic p ant species adapted to arid conditio ns.

De hi+s ph siograph can be c assified into four distinct
diisions hadar rierine one! angar we andc ana
irrigated area! Dabar ow% ing rain%fed areasand ohi
or ahari hi sides!. he first three diisions are  ocated
on the p ains and ha e become hubs for human actii ties
such as agricu ture and habitation. In contrast the ohi or
ahari diision comprises rock and undu ating terrain

encompassing areas ike De hi idge ugh a2abad

Mehraui atehpur eri and DeraMandi. his owp ateau
is characteried b e posed and unconso idated

ELEVATION (in m)
I 227 - 239
[ 239- 253
[ 253 - 266

[ 266-278
[ 278 - 289
[ 289 - 299
I 299 - 309
| T 309 -321
B 521 - 335

# %# D2 !

micaceous rocks resuting in dr sand soi with im ited
humus content and sparse egetation.

+8,8 8-

he combined uti i ation of the Doub e ing Infitra tionand

" sure hasbeeninstrumenta infufi ingtheob  ecties
of this stud a owing for a comprehensi e underst anding
of the h drogeo ogica properties of both rock e pos ures
and soi co ers atthe hatti Mine site. hese metho do ogies
proide auab e insights into the beha iour of wat er
infi tration and subsurface resistiit contributi ng to a
ho istic ana sis of the site+s h dro ogica d namics .

he Doub e ing Infi tration ur e isarobustmet  hod for
assessing the rate at which water penetrates the ground
surface. he stud accurate measures infi tration rates
b emp oing the constant head method within a doub e%
ring infi trometer this techni2ue has been wide a dopted
across arious app ications inc uding and drainage sp orts
surface design and waste iso ation aers. he dou b e%
ring infi trometer+s design featuring concentric mea rings
and a perforated meta p ate ensures contro ed and
accurate measurements. he choice of this method a ign s
withthe A M D**-)%%$* standard test pro iding credi  bi it
and consistenc to the co ected data.



"$- T $10$ -2- IT$-.- 6T

= 67C 4 G P 4 1 "1 U 637 "G P 0#! " U 6"7
3 % ! % 1" O%# | "t 1*ue7 3 %
I % N o *UG67 3 %



$T1-T 04 121-20--T 7-T$ + 11

T -$/- -

T4+T0 OTT $ - -

hrough this methodo og the stud has identified
significant ariations in infi tration rates across d ifferent
surface t pes and soi compositions withinthe hatti Mine
area. he obser ed rates high ight the inf uence of soi
aggregation egetation co er and e enrock e posure on
water infi tration. otab the resuts indicate th at we %
aggregated sand sois e hibit higher infi tration ra tes
whi e the presence of egetation tends to moderate the
rate. on erse hard rock e posure significant hampers
water penetration emphasiing the ro e of surface
conditions in contro ing infi tration d namics.

he geoph sica sure onthe other hand empos the
ch umberger arra to measure subsurface e ectrica
resistiit. his approach proides a auab e too for
de ineating water%bearing strata and understanding th
geo ogica composition of sha ow aers. recording 'D
resistiit distributions the stud gains insights in to the
site+s subsurface properties particu ar in areas under an
b water%bearing strata.

he app ication of the fie d sur e s has offered a
comprehensi e and mu tifaceted e p oration of the
h drogeo ogica characteristics of the hatti Mine are a.
he methodo ogies chosen with their we %estab ished
protoco s and adaptab e designs hae enab ed the
co ection of accurate and meaningfu data. he resuts
underscore the intricate interp a between surface
conditions soi tpes and water infi tration rates pro iding
a foundation for informed decision%making in and
management enironmenta assessments and water
resource p anning. his integrated approach contribut es
to a more ho istic understanding of the site+s h droogica
behaiour utimate guiding future studies and ac tionsin
the region.

he soi infi tration can be ca cu ated using the c onstant
head method or the ariab e head method and for this
purpose asing e%ring or doub e%ring infi trometeigure
*cI'ma be used. In adoub e%ring infi trometer theinfi tration
rate is ca cu ated from the drop%in water e e pemnit of
time or the amount of water re2uired to maintain the
specified depth or head of water per unit of time and the
ma imum rate of entr of water into the soi is mea sured.
In the present stud the soi infi tration rate is ca cu ated
with the he p of a doub e%ring infi trometer whicls a simp e
instrument used for determining water infi tration of the soi
measured according to the A M D**-)%$* standard test
method. he doub e ring infi trometer is a wide u sed

method of infi tration test used in man app ication s5 i.e.
design of and drainage pipes design of sports surfaces

go f courses iso ation a ers of the communa waste etc.
his infi trometer consists of two concentric meta rin gs
which are dri en into the soi and of a perforated meta

p ate.

he measurement is taken in the inner ¢ inder5 the o uter
¢ inder is used on as a too to ensure that wate r from
the inner ¢ inder wi fow downwards and not atera .
he soi surface intheinnerc indercanbecoered b a
perforated meta p ate which is used in order to dissipate
the force of the app ied water distribute water uniform

inside the ring and pre ent disturbance of the soi surf ace.
he rings are partia inserted into the soi and fi ed with
water after which the speed of infi tration is measured.

he infi tration is the process of water penetrating the ground
surface. heintensit of this processis ca edthei nfitration
rate. he infi tration rate is e pressed interms oft he o ume
of water per ground surface and per unit of time O for
instance mmOhr!. he infitration capacit of the soi
indicates the ma imum infi tration rate at a certain m oment.
nder certain circumstances it ma be necessar to
determine the infi tration capacit of the soi forinstance
in infi tration areas or infi tration basins. he do ub e ring
infi trometer is suitab e for a most an tpe of soi and is
app ied in irrigation and drainage pro ects groundwater and
infi tration basins in optimi ing water a ai abiit for p ants
and to determine the effects of cu ti ation.

ectrica prospecting is the art of measuring the e ectrica
properties of rocks in the stud of the structure a nd
composition of those aers of the earth which are
sufficient sha owto be e p oited b man. orthe present
stud 'Dresistiit distributionis recordedb th e ertica
e ectrica sounding method. he method is app ied u sing
a ch umberger arra in the fie d to de ineate water%bearing
stratum in the areas under ain.

$$8 8

A doub e ring infi tration sure and ertica e ect rica
sounding sur e were performed to fu fi the ob ect i es of
the stud. oth sures describe the h drogeo ogica
properties of the rock e posure andOor soi co er at the
and co ected this essentia dataset through two significant
fie d e peditions conducted within the designated re gion.
he pre iminar fie d e cursion done on eptember
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$'&. During this pre iminar sure a ') e caation sites
were inspected to ascertain the appropriateness of
empoing" and Infi tration ests.

he comprehensi e co ection of fie d data was
accomp ished using a suite of specia i ed instruments from
*1dto (" ctober $'& encompassing a ') designated
mining pits. Atota of ' samp ing points was strate gica
chosen to faci itate ** infi tration tests at the re specti e
sites. ach mine pit was represented b at east one
se ected samp ing point with the e ception of pits
numbered ) # and ( where accessibi it was hinde red.
he ocations chosen for conducting infi tration tes ts were
de iberate se ected to encompass both e posed soi and
rock surfaces. his strategic se ection aimed to un ei
disparities in the infi tration rates within the region.

he terrain within the stud area has been sub ected to
e tensi e e p oitation eading to a high une en
topograph that poses cha enges for geoph sica sure s.
Despite these constraints a determined effort was made
to gain insights into the subsurface characteristics. As
such a tota of '( " were conducted with some
instances achie ing e ectrode spreads of upto $ meters

ut of these "" measurements were undertaken at

the pit e e depth whi e the remaining measurement s were
distributed across higher e e ations of the une p o red
regions of the pits.

he ana sis pro ided offers a comprehensi e perspecti e

on the fie d research conducted in the hatti Mine are a
focusing on infi tration characteristics and subsurface
e ectrica resistiit. he stud e amines ariousasp  ects
such as surface conditions egetation inf uence a nd the
cha enges encountered during data co ection presenting
a uab e insights from the fie d sur e s.

he hatti Mines region characteried b aforestc oer
with imited rock e posures e hibits a geo ogica s etup
marked b three sets of oints and strata dipping at an
ang e of )$%))F towards the southeast. he white 2uart ite

fre2uent foundin moderate tohigh weathered states
is often accompanied b white siica sand deposits. he

presence of seepage and damp rock conditions a ong pit
wa s signifies the h dro ogica d namics within the region.

or data co ection two ma or instruments the Dou b e%
ing Infi trometer and Terrameter for " using the
ch umberger arra were emp o ed supportedb arange

6T

of fie d e2uipment. he infi tration test pro ed ch a enging
due to the rugged terrain and imited water a aiabiit.
Despite these hurd es meticu ous data recording was
e ecuted ie ding auab e insights into the hdro o gica
beha iour of the region.

Doub e%ring infi trometer is used to ca cu ate thesoi
infi tration rate at the site for the a uation of soi
h dro ogica properties. he e periment shows oose sand
and reddish sand a so known as adarpur ! ha e the highest
infi tration rate in the stud area. heinitia read ings at the
site show an infi tration rate anoma ous high i.e . more
than $$$mmoOhr! though these anoma ous high aue s
become stead with time. he detai ed ana sis of th e
infi tration rate shows sand areas ha e high infit ration
rates *$mmoOhr! in sand areas and ow infi tration rates
as ow as mmohr!in the c ae sand region.

he infi tration tests were conducted at mu tip e oc ations
within the hatti Mine area e ucidating the effects of aring
surface conditions on infi tration. hesetestsre eaed that
soi coer egetation and rock e posure significa nt
inf uence the rate of water mo ement into the subsurf ace.
he ana sis offered insights into each pit ocation +s
infi tration beha iour ranging from moderate to imit ed based
on the pre ai ing surface conditions.

imiar the geophsica sures conducted usingth e
ch umberger arra and showcased the e ectrica
resisti it properties of the subsurface. he stud
strategica se ected suitab e ocations for geoph sica
sur e s re eaing the intricate re ationship betwe en surface
characteristics and e ectrica resistiit. round% e e and
pit% e e sures were emp o ed to capture ariations in
the subsurface and the cha enges posed b dense
egetation and undu ating terrain were e identin the imited
e ectrode spread in some areas.

In conc usion the research in the hatti Mine area through
fied sures proides auab e insights into both
h dro ogica beha iour and subsurface e ectrica resisti it
characteristics. heinterp a between surface conditions
inc uding soi co er egetation and rock e posure
emerged as a critica factor inf uencing infi tration and
resistiit. he findings contribute to a more comprehen sie
understanding of the region+s h dro ogica and geo ogta
d namics with imp ications for future en ironmenta
assessments and and management strategies. he
cha enges encountered during data co ection underscore
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the comp e ities of fie d research in rugged terrains
high ighting the need for inno ati e methodo ogies a nd
cautious data interpretation.

$$%8 8,/

he detai ed ana sis of indiidua pits within the hatti
Mine area re ea s di erse infi tration characterist ics
infuenced b aring surface conditions egetation and
rock e posure. he findings underscore the intricat e
interp a between these factors in shaping the h dro ogica
beha iour of the region. Moreo er the cha enges
encountered during data co ection high ight the importance
of inno ati e methodo ogies and cautious interpretation for
successfu fie d research in rugged terrains. he combined
insights from fie d sur e s contribute to a hoisti c
understanding of h dro ogica and geo ogica d namics in
the hatti Mine area with imp ications for future
en ironmenta assessments and and management
strategies.

he app ication of resistiit techni2ues in this stu d
encompassing arious methods such as " cure
interpretation trans erse resistance estimation fo rmation
factor ca cu ation and apparent resistiit po gons h as
pro ided a comprehensi e assessment of the subsurfac e
h drogeo ogic conditions. hese methodo ogies ha e
pro en effecti e in de ineating a2uifers identifi ng
itho ogica ariations and characteri ing subsurface trends.
owe er the interpretation process re2uires carefu
consideration and a idation against a ai ab e subsu rface
data to ensure accurate resu ts.

= J5" %3 ! "*l 67

he stud demonstrates the ersatiit of " curesin
proiding auab e insights into subsurface condition s
particu ar in a2uifer de ineation. e erthe ess i t+s
essentia to acknow edge potentia cha enges in
interpretation especia when differentiating bet ween
distinct subsurface materia s with simi ar resistiit aues .
or instance dr coarse sand grae andhardrock can
e hibit high resistiit aues whiedr cae anar ma
be misinterpreted as fine sand with sa ine water due to its
ow resistiit. uch intricacies emphasi e the need for
thorough ana sis and a idation of interpretationr esu ts.

During cur e matching interpretation the occurrence of
discontinuities in the aers can ead to deiations from
the fitted cur e high ighting the importance of reco gniing
abrupt changes in subsurface properties.

he geoph sica stud has successfu identified t hin
a ers of high resisti it indicati e of granu ar mate rias
aswe as ow aues of trans erse resistance associa ted
with buried pa eochanne s. his abiit to detect su bte
subsurface features contributes to a more comprehensi e
understanding of the site+s geo og and h drogeo og .

he utiiation of apparent resistiit po gon p ots as
e emp ified in it 0.) has faci itated the inter  pretation
of anisotrop in subsurface geo ogic materias. hi s
approach pro ides insights into fracture trends in bed rock
ones and the pattern of granu ar ones. he integratio n
of such interpretations with nearb hard rock terrai n and
" cur e resu ts enhances the accurac of subsurface
information a owing for a more refined depiction of actua
conditions.

637 1J
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it%wise apparent resisti it resu ts re ea distinctp atterns
across arious pits. In Mine its'and forinsta nce the
resistiit data point towards the presence of weather ed
hard rock at certain depths. In Mine it* theaaiab iit
of arger e ectrode spacing aids in obtaining more
comprehensi e subsurface information. on erse
cha enges in accessing certain areas such as Mine it
) ed to the appication of ground% ee " sures
high ighting the adaptabi it of the methodo og.

he stud conc udes that resisti it techni2ues parti cuar

= 5 "ok

he data co ection during regiona studies showing t he
stud site is be onging to the outh Dehi od et

e posing 2uaternar a uium and weathered gre 2uartit e.
tratigraphica the gre to brownish gre massie to
thin bedded at p aces! hard compact high oi nted
and weathered 2uart ites be ong to the Awar roup o f
De hi upergroup. he 2uart ites are ferruginous and gritt

t pes which on weathering and subse2uent disintegrati on
gi e rise to coarse sand. hemica weathering of dee per
hori ons is a so common in the area. he 2uartite is
o erainb unconso idated 2uaternar to recent sediments
comprising sand sit ca sit ca and anar beds
with arious proportions. dro%geo ogica the att erpas
animportant ro e which represents the ma or water%bearig
hori onin the area.

he fie d data pro ides a uab e insightsinto the in fi tration
rates obser ed across arious pits within the hatti Mine

ITS -.
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cur e interpretation and apparent resisti it po gons

offer a powerfu too for subsurface characteri ation and
h drogeo ogica assessment. hese methods contribute

a uab e insights into itho ogica ariations a2u ifer
de ineation and fracture patterns which are crucia for
informed decision%making in groundwater management ad
en ironmenta p anning. acknow edging the imitat ions
erifing resu ts and integrating interpretations with e isting
data these techni2ues ser e as an indispensab e asse t
in understanding subsurface d namics and optimi ing

resource utii ation.

area. he stud focused on understanding the intera ction
between different surface t pes and soi characteris tics to
determine the rate at which water penetrates the ground.
he ana sis of this dataset re ea s significant ar iabi it

in infi tration rates shedding ight on the h dro ogica
beha iour of the stud area.

he comprehensi e in estigation of mu tip e mine pi  ts within

the stud area has shed ight on their h drogeo ogi ca
properties offering a nuanced understanding of their
infi tration rates sediment compositions and geo ogica
structures. his ana sis has un ei ed intriguing pat terns
and trends that pro ide significant insights into t he
h dro ogica beha ior of these pits and their surroun ding
en ironments.

it has un ei ed a soi %co ered surface characterie db
moderate infi tration rates. his obser ation hints at the
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potentia for efficient water absorption and perco ation into
the subsurface indicating fa orab e h dro ogica conditi ons
that ma support arious eco ogica processes.

imiar it presents a comparab e scenario withi ts
soi %co ered setting and moderate infi tration rates his
consistenc underscores the recurring patterns of wa ter
mo ement within these specific areas suggesting adegre e
of uniformit in their h dro ogica characteristics.

it * introduces an interesting d namic with its eg  etated
soi co er contributing to heightened infi tration. his finding

underscores the positi e inf uence of egetation in

enhancing water absorption aigning with estab ished
know edge regarding the piota ro e of p ants in shaping
h dro ogica processes.

ui ding upon this obser ation it reaffirms the
significance of egetation b disp a ing infi tratio n beha ior
akin to that of it *. he presence of dense egeta tion
0 er soi %co ered surfaces appears to faciitate water
mo ement into the subsurface demonstrating the
interconnectedness of bio ogica and h dro ogica
e ements.

owe er the cha enging conditions presented b it s)
and # marked b dense egetation and steeps opes ha e
hindered the effecti e e ecution of infi tration test s. hese
imitations ha e underscored the practica difficu ties
encountered when stud ing h drogeo ogica d namics
under e treme surface conditions.

In it & the e posure of hard rock has ed to mini ma
infi tration emphasiing the ro e of geo ogica fe atures in
shaping h dro ogica interactions. he presence of
impermeab e surfaces ike hard rock can significant
impede water mo ement creating oca ied h dro ogica
constraints.

it - showcases the beneficia impact of e en sigh t
egetati e co er contributing to moderate infi trati on rates.
his finding reinforces the notion that egetation r egard ess
of its densit can e ert a notab e inf uence on wa ter
absorption and perco ation.

its (and '$ underscore the cha enges posedb dif ficut
surface conditions rendering infi tration tests impractica .
hese instances high ight the comp e ities ino ed in

conducting h drogeo ogica studies in areas withad erse
terrain and egetation.

it " introduces another instance of moderate infi  tration

beha ior akin to other sites with simi ar surface cond itions.
his regu arit in h dro ogica patterns suggestsa degree
of consistenc in water mo ement within these specifi ¢
conte ts.

it' further bo sters the ro e of egetationininf  uencing
infi tration asits egetated soi co er a igns wit h moderate
infi tration rates. his corre ation echoes the pat terns
obseredin its* and'$ reaffirming the importa  nce of
p ants in mediating h dro ogica processes.

it "* presents a uni2ue scenario with ariab e infi  tration
beha iors resu ting from the interp a between dr and
egetated soi co ers. his obser ation highights  the
intricate interactions between different surface conditions
and their imp ications for water mo ement d namics.

he inf uence of geo ogica features takes center st age in
it'" where high weathered 2uartite restricts infi  tration.
his finding underscores the pi ota ro e of rock e po sure
in shaping h dro ogica behaior and emphasi es the
importance of considering subsurface characteristics in
h drogeo ogica ana ses.

ast it ') adds to the oera picture b dispa ing
moderate infi tration rates akin to other soi %co ered aeas.
his consistenc further supports the notion of recu rrent
h dro ogica patterns within such settings.

he detai ed e amination of these di erse mine pits has
pro ided auab e insights into the comp e interp a

between surface conditions geo ogica features and
egetation in shaping h drogeo ogica d namics. hes e
findings enhance our understanding of the region+s unizie
h dro ogica conte t and contribute to the broader bod of
know edge concerning water mo ement absorption and
perco ation in aried geo ogica and en ironmenta se ttings.

he geo ogica characteristics of the area are prima ri
shaped b weathered gre 2uartite whichiscoered b
decomposed rock fragments known as adarpur . he
infi tration rates of the 2uart ite and the o er ing sediments
ha e been studied e tensie eading to the c assificati on
of the sediments into four distinct c asses based on their
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infi tration rates sand sand and sit oam and cae
oam.

he sand aer e hibits the highest infi tration rat e

e ceeding )$mmOhr whi e the sand andsit oam a ers

disp a moderate infi tration rates ranging be ond  $mm0
hr. nthe other hand thecae oamorcae so i aer

hasthe owestinfi trationrates measuring ess than $mmo0
hr.

8 8

he resu ts and ana sis of the ertica e ectrica soundi ng
sur e s show the pits in the region ha e atop oose soi
co er of $.&) to *.”m thick. his oose top soi co er
o eraintoasandOsitOc ae orweathered rock most
dr ! up to the depth of *.)m. he fractured andOor hard
2uart ite is present at ar ing depths from & $mto "™.)m
be ow the pit surface under ingthe o erburdened co er of
soi and weathered rock. he fie d infi tration tests re ea
that the top oose soi has er high infi tration ra tes more
than mmOhr! whi e the 2uart ite has the eastinfi tration
rates essthan mmohr!.

he ana sis of the fie d resu ts can be conc uded th at the
hard 2uart ite in the area has mmOhr and the weathe red
2uart ite ha e a mmOhr infi tration rate. he studi es done
b Atkinson $$ ! show the infi tration rate of wate rina
pit or pit ake!is a function of the under ing ro ck which
is fractured or hard 2uart ite in the hatti Mines are al.

o inthe stud area the infi tration rates forthe pits shou d
be considered as mmOhr for hard 2uartite and mmOh r
forweathered to high weathered 2uart ite which is deri ed
from the fie d infi tration tests. he detai ed fie d
in estigationsdoneb off '(-!and aeaai $*l
show the hori onta infi tration rates are a most ne g igib e
as compared to the ertica infitration rates. o in the
present stud on ertica infitration rates sho ud be
considered for an further computation.

=1

Atkinson .. $$! he droog of it akes.
outhwest dro og pp' %").
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/8, 8 critica components demanding meticu ous e amination

In the rea m of engineering pro ects the maintenance of
an endea our is intricate tied to the geotechnica
understanding of the pro ect site and the surrounding
geo ogica and morpho ogica conditions. owe er in
mountainous terrains both geo ogica and morpho ogica
conditions are sub ect to substantia ariations w hich can
e ert direct or indirect inf uences on the success of a
pro ect. his situation becomes particuar compe in
the conte t of h droe ectric pro ects s! as e idenced

b prior research rishnaswamiand ingh $$)! owing

to the presence of significant water bodies. Among the

5 epartment o arth and lanetary ciences niversity o -llahabad
rayara ttar radesh ndia

55 epartment o omputer -pplication aharaa ura ma | nstitute
lana uri $e elhi

555 epartment o inin -. niversity atna adhya radesh

ndia ),
orrespondin -uthor/ poo asin h'msi ana puri com

withina framework the atchmentArea reatment

Al p an takes a prominent position. he formu at ion of
A p ans hinges on two fundamenta data inputs upd ated
periodica water both surface and groundwater! andt he
sediment oad carried into the reser oir. his sedimen t oad
bears a direct impact on the storage capacit of the
reser oir conse2uent amp ifing the construction
production and maintenance costs associated with  s.

his sediment oad often referred to as sit oad is
intrinsica  inked to erosion processes upstream w hich
in turn are inf uenced b the properties of the upp er soi
co er. pecifica areas with high ointedrocks trata or
regions characteried b ow a ues of geotechnica
c assifications tend to be particu ar susceptib e. hus
conducting e hausti e geotechnica in estigations
assumes paramount importance. o address this
comprehensi e geotechnica sur e s were s stematica
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conducted within the henab ier basin focusing on
se ected regions. he fie d data g eaned from these
geotechnica studies p a apiota roeinnoton ori enting
the understanding of unstab e s opes but a so in de ineating
their geometric characteristics. urthermore thesesure s
offer ameans to identif areas of heightened erosio n risk
through the identification of ow geotechnica c assification
a ues. hrough this ho istic approach this resear ch
endea ours to contribute to the enhancement of sustain ab e
maintenance strategies for engineering pro ects especia
within the conte t of mountainous terrains and h droe e ctric
pro ects.

+8,8 8-

he c assification of rocks based on geotechnica propert ies
has undergone continuous refinement b pioneering
researchers since its inception eraghi '(#5 Js et
'((!. hese c assifications hae e o ed o er time to
account for arious geo ogica and geomorpho ogica
conditions. amp esinc ude ock tructure ating 5
ickham eta.'(&! ater renamed ock Mass ating

M5 ieniaswki '(&* '(&#! 9%s stem arton et a
‘(& ! and aubscher+s assification '(&&!. hese
s stems ha e seen further amendments with the
incorporation of numerous parameters aiming for more
precise characteri ation of ground conditions and mor e
accurate oad assessments. amp es of these modified
s stems inc ude Mining asic M M 5 andorski et
a.'(-x** M , asic M5 ieniawski'(-(! Modified

M MM5 na '(($! ock Mass Inde Mi5
amstrom'(- '(()! and ock ngineering stems

5Ma occo aand udson '((#!. esearchershae
a so identified imitations inherent in these geotechnica
c assifications a mstrom and roch $$#!.

ne of these prominent c assifications M ieniasw ki
'(-(! ser ed as the basis for omana+s '((*! propos a
of a s ope c assification s stem known as ope Mas s
ating M !. his c assification s stem assesses s ope

stabi it and has found widespread app ication g oba

inc udinginindia rakasheta. $$*. he M te chni2ue
has been site%specific and has undergone refinements
based on rock conditions Moon et a. $$'! and
topograph.

he adoption of these c assification s stems necessitat es
the consideration of specific parameters for which data
co ection techni2ues ha e e o ed a ongside ad ancin g

instrumentation. hese parameters encompass rock
strength rown'(-'5 oek $'! rock 2ua it designa tion
9D5 Deere and Deere '(--! ointorientationands  pacing
conditions amstrKm '(()5 aubscher '(-! water
saturation oek $'! weathering i iamsonand u hn
'(--! and roughness timpson ‘(- .

In the contet of this stud base maps were primar i
generated using sate ite images and digita e e ation
mode s D Ms!. here accessib e outcrops were
sur e ed using tota station e2uipment and processed using
Auto AD. he co ected dataset a so incorporated
information about ands ide occurrences their ocations
and fre2uenc. his stud encompasses an e amination
of the impact of these ands ides on oca ifest es and
propert. Data co ection occurred through predefined d ata
sheets Appendi I! inc uding detai s about the t pes of
siding the primar factors both direct and indir ect!
contributing to s iding at the sites and geo ogica
information co ection.

%# # , "

he geotechnica ana ses the bedrock rests upon th e
meticu ous gathering and assessment of fie d data. h is
process of geotechnica data co ection and subse2uent
e a uation ho ds paramount importance in the domain of
rock mechanica ana sis. ithin the contet of thi s
currentresearch the ac2uisition of data was meticu ous
e ecuted through the uti i ation of di erse fie d datash eets.
hese data sheets were thoughtfu designedto cap ture
the intricate rock oint parameters as prescribed b the
ock Mass ating M !s stemintroduced b ieniaswki
in'(-( aswe as the s ope parameters stipu ated b the
ope Mass ating M ! s stem proposed b omana
in'((*. In addition to the s stematic dataco ect ionfrom
the fie d acute attention was directed toward recording
the nuances of outcrop sketches and o erarching
geomorphic conditions encountered during the fie d sur e .
hese on%site sketches and obser ations contribute critica
conte tua insights to the dataset enhancing the ri chness
and precision of the gathered information. ubse2uen tto
the successfu comp etion of the fie d data co ectionphase
the research ourne ad anced into the aborator domai n.
erein adua tra ector commenced encompassing the
processing and e amination of both co ected fie d data
and rock samp es. his mu ti%faceted endea our aimed to
address a di erse spectrum of parameters essentia for
comprehensi e ana sis and insightfu interpretation.
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ithin the scope of this research paper comprehensi e
data pertaining to oint characteristics and discontinuities
was gathered. he termino ogica breadth of Bdiscontinuit
encompasses an arra of features such as minor and ma or

oints bedding p anes or fo iation shear ones fauts and
other surfaces of unerabiit Matuaand o er'( &5

oeketa. '((5Mineeta. '((!. he dataco ected
encompasses parameters of continuit aperture and
fre2uenc a ongside their respecti e orientations.

raditiona methodo ogies designate the orientation of
bedding p anes as oints denoting them as H $+. otab
we %defined structures penetrating rock strata are tened
master oints e '((! whie minor oints are denoted
asB' = n inse2uentia orderbasedonacockwi se

oint strike direction awani $".

he in estigation area e hibited four sets of oints  primari

consisting of cross% oint sets with discernib e ongitdina
ointsets as we . o 2uantitatie ana ethese features
atota of *( s opes were e amined for oint orienta tion and
spacing. ach s ope ocation entai ed around #$%&$ oint
orientation measurements within a)7)mL area contingent
upon the a ai ab e free surface. he oint data was

categori ed according to four oint properties oint
orientation kinematic ana sis! ointfre2uenc oum etric
ana sis! oint continuit spacing measurements! a nd
oint aperture obser ations on separation and infi ing!.
hese properties are presented and discussed se2uenti a .

he co ected s ope and discontinuit data were sub ect ed
to kinematic ana sis b pro ecting dip and strike d ata of
discontinuities and s ope surfaces onto stereographic
diagrams. hi e the primar focus of this stud is th e
wedge fai ure ana sis of s opes the procured discon tinuit
data cana so be 2uaitatie emp oedtoassess ar ious
aspects of discontinuities pertinent to s ope stabiit in
accordance with arton and hoube '(&&!. he
kinematic ana sis furnishes insights into da ightin g dip%
s ope interactions and wedge%friction beha iour oek and
ra '(-"! thereb offering crucia indicators of s ope
stabiit. i enthe impractica it of obtaining oc  k9ua it
Designation 9D!data iaboreho ecoresfortheete nsie
henab ri er basin an aternate approach of oint o umetric
ana sis was adopted. his method necessitates oin t
fre2uenc data within a specific o ume5 conse2uent the
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stud in o ed manua counting of oints aonga % meter
stretch on different e posed rock surfaces.

Moreo er the present research inc uded the measurement
of spacings between para e surfaces fo owing the
approach proposed b ieniawski '(-(!. he oera
condition of a discontinuit is predicted b oint co ndition
factors determined b the frictiona characteristics o fb ock
faces and the re ati e sca e effect a mstrJm'(()!. h is
condition is inf uenced b factors such as ength
roughness separation weathering of thewa rock or p anes
of weakness and infi ing materia. hese factors
co ectie refectthe e tentand impact of adis continuit
recorded numerica through tabu ar representation s and
fie d%prepared b ock diagrams and sketches. Interesting
a pre aiing trend of oint separation was obser ed i n the
stud area where sma er separations tended to enh ance
rock stabiit. his phenomenon arises from increased
inter ocking of asperities on the rock wa s bo stered b
contributions from both fi ing materia and the rock itse f
artoneta. '(&!. ienthetectonic acti it wit hin the
ima a an terrain the roughness of discontinuit surfac es
pro ides insights into terrain stabiit. urthermo re
obser ations spanned a spectrum from fresh rock
e posures to decomposed rock materia with differe nt
weathering states as noted b ama and "atukuri'(  &-!
further inf uencing s ope instabi it conditions.

/n& ,

It is wide recognied b goba researchers that t he
surface strength of intact rock p as a crucia ro e in the
rea m of deformation as indicated in the works of arious
authors oates '(#5 iteau '(&*5 ieniawski '(- (5
amstrJm '(()!. ien the dierse range of rock
formations present in the stud area a comprehensie
approach was undertaken. Appro imate '$to‘)samp  es
from each itho%t pe were meticu ous co ected duiing
fie d e peditions. ubse2uent aborator compressiontest s
were conducted in accordance with the recommendations
of the Internationa ociet for ock Mechanics | M
'(&!. he scarcit of e treme robust rocks within t he
stud area ed to the predominance of moderate rock
strength c assifications. Due to the e pansi e nature of
the stud region it was neither feasib e nor practi ca to
assess compressi e strength at e er ocation.
onse2uent the imp ementation of the chmidt amme  r
a so known as the chmidt Impact ammer c erometer

or wiss ammer! faci itated a 2uantitati e e trapoa  tion
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of strength a ues a methodo og ad ocated b rown
'(($!. he rigina chmidt ammer% pe 0 &-'!
caibratedin ebruar $' was utiied during fi e dwork.
his cost%effectie e peditious and re iab e techn i2ue
aram and De Marco '(-)! generates % a ues
dimension ess a ues! with each impact. Appro imate
$%*$ % a ues were gauged on an appro imate  mL
surface at e posure sites with the subse2uent a era ge
ser ing as the basis for further ca cu ations. o owingth is
an empirica re ationship was estab ished between the
measured % a ues and the oad earing apacit for
distinct rock t pes. his re ationship function was
subse2uent appied to each ocation to derie
compressi e strength a pi ota parameter in the
computation of the ock Mass ating M5 ieniawski

a0

he rock specimens procured from the fie d underwent
trimming at the geotechnica aborator housed within the
Department of eo og at the niersit of De hi. h ese
specimens were trimmed to dimensions of )$ $ $mmN.
0st%e imination of f awed and cracked samp es atofa of
"# samp es were sub ected to oad bearing capacit
ana sis. he BMicro ontro er ased ompression es ting
Machine designed b Aimi Industries imited De hi and
caibrated in Ma $' paeda ita roeinthes e
assessments. his testing machine boasts a oad capac it
spanning )$k to )$$$k with capabi ities for peak str  ess
ca cu ations. he machine pro ided the ma imum oad at
the point of faiure ! and subse2uent the niai a
ompressi e trength ! of each samp e was compute d
using a designated e2uation. he a erage a ue of for
each rock tpe was then determined and app ied in
subse2uentana ses.

R 0%% = < nre
$ %ot

urther the data was ana ed statistica to det ermine
the ariabiit in the resuts. he rock sampes we re
co ected and tested from different itho ogica formations
to e a uate the corre ations between the or
ompression test resu ts and the corresponding midth
ammer test resu ts.

c :

he infi tration of water through fractures and discont inuities
within rock formations ie ds a conse2uentia reduc tion in

the effectie norma stress aong these oints thereb

diminishing the o era stabiit of rock sopes. ie nthe
absence of comprehensi e groundwater data within the
stud area our approachino ed isua assessmentso f
seepage conditions c assified into categories such as
comp ete dr damp wet dripping and f owing. h ese
conditions were e a uated based on a rating s stem

ad ocated b ieniawski '(-(I. o ensure the accurate

co ection of seepage data from discontinuities we adhered
to the guide ines outined b artoneta. '(&!.

onethe ess it is noteworth that the de e opment o f
seepage forces aong oints coup ed with instances of
rockfa from mountain ciffs as documented in arious
regions often e hibits corre ations with e e ated wat er
pressure and peak rainfa e ents. onse2uent wi thin
the stud area subsurface water ma e acerbate
instabi it through arious mechanisms. pecifica these
mechanisms encompass but are not imited to the fo owing
four pathwa s. urthermore it+s important to acknow ed ge
that water+s presence can induce softening and poteria
outwash particu ar in the conte t of softer fi ings such
as ca stones ph ites and rocks characteried b a
high mica content.

$$/8 -

he ima a an region is sub ected to significant te ctonic
stress which in turn generates aring degrees of

deformation in the rocks within the designated geotechnica
mapping area. his deformation data is crucia and is
captured in terms of discontinuities which sere as
fundamenta units for geotechnica assessment.
Discontinuities mark shifts in the engineering properties
of the surrounding rock mass. herefore meticu ous

records of discontinuit orientations and fre2uencies ha e
been both documented and graphica p otted onto the
base map.

oreach andside area tpica characteriedb uni form
itho ogica conditions and identified b a specific ocation
number a comprehensi e base map has been meticu ous
produced using tota station sur e methods co erin gthe
entire span from crown to toe. hese base mapshaeb een
enriched with pertinent geo ogica and geotechnica fie d
data as aforementioned.

he accumu ated dataset is sub ected to ana sis thro ugh
di erse statistica and eographic Information ste m |!
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software too s enab ing the assessment of the ew ope
Mass ating M5 ingheta. $*! across the stud

area. he subse2uent sections e pound upon the
processesin o ed in software utii ation and the resu tant
ana ses.

"% "% !

he kinematic ana sis was faci itated through the ut iiation
ofthe DIA A3 software areadi aaiab eresourc e
as high ighted b Admassu and hakoor $"!. his
software mandates specific data inputs inc uding strata
orientation s ope face orientation and the friction ang e of
the side. processing this information the softwar e
generates resu ts in the form of a fai ure inde. his
2uantitati e approach to kinematic ana sis offersins ights
into the nature of fai ure be it p ane topping or wedge!
b generating corresponding fai ure indices. Inthe ana  sis
of each andside ocation more than '$$ oint sur face
orientations dip ang e and direction! were combined with
the o erarching s ope orientation g eaned from s op e and
aspect maps. Additiona friction ang e aues we re
integrated into the ana sis. he interre ation betwee nthe
frictionang e s ope ang e s ope aimuth and fai u re indices
were a so scrutinied with distinct p ots aiding in the
isua i ation of these re ationships.

/"& 1 $ !

he asic ock Mass ating M ,! s stem introduced
b ieniawski '(-(! and a so embraced b the outh
African ounci for cientific and Industria esearch is
emp o ed to numerica characteri e the rock condi tion
within the stud area. In the current in estigation fie
distinct parameters were s stematica gathered and their
corre ationwiththe M 'sstem asoutinedb ieniawski
'(-(! is e p ored.

Il ,R1E E EJE  ;M:

here 'is rock strength rating parameter5 isr ock
2ua it designation rating parameter5 * is discont inuit
spacing rating parameter5 is discontinuit condit ion
sum of fie oint parameters i.e. oint persistenc e oint
separation infi ing oint roughness and oint weathering
condition rating! rating parameter5 ) is groundwate r
condition rating parameter5 and # introduced b
ickham et a. '(&! is the effect of discontinuit
orientation which is a re ation between the orientation of
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dip strata and the orientation of construction. ut for the

natura s ope this factoris eroso #6 $wasused inthe
abo e formu a.

# 3 $ !
he s ope stabi it is ca cu ated using ope Mass ating

M 5 omana '((*!. his s ope geomechanica
c assification pro ides a s stematic approach for
2uantif ing the ad ustment factors and for ana in g the
fai ure susceptibi it of rock s opes. he function u sed for
the ca cu ation of M is omana '((*!

IRIT ,E6=1==7E=J

here 'depends on para e ism between ointsandso pe
face strikes5 refers to the oint dip ang e in the p anar
mode of fai ure5 *ref ects the re ationship between s ope

face and oint dip5 and is the e ca ation factor fo rthe
method of e ca ation.

/5

As e ucidated at the outset of this paper a comprehensi e
compi ation of geotechnica data encompassing *(s ope s
was undertaken. owe er due to a significant propor tion
of these s opes undergoing treatment their ana sis m ight
not ie d precise outcomes. onse2uent a focused
approach was adopted concentrating on nine accessib e
sites e hibiting comparatie minima or negigib e
treatment. hese se ected sites were then sub ected to
in%depth ana sis. he ensuing sections present the
outcomes of these ana ses for each of the nine ands ides
encompassing parameters such as the asic ock Mass
ating M ! the opeMass ating M! and faiure
indices.

- /"& ## 6 VLT P?W(?2VT,; ?W

ituated in c ose pro imit tothe u i age this ands ide
is prominent isib e a ong the southeastern%facing sopes.
It poses a significant threat to the inhabitants of nearb

i ages incuding u and hatarka. panning acro ss a
ridge ine oriented in a north%south direction near hatarka
i age this ands ide area comprises a ternating ba nds of
thick bedded gre sandstone and red c a stone
be onging to the Murree ormation. he crown of the
ands ide ies to the north of a sma ake ad acentto
udhan i age.
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otab the sandstone beds in this region e hibit
considerab e ariabi it in thickness with the thic kest beds
measuring up to ) meters a substantia contrast to the
re ati e thinner si tstone and c a stone beds meas uring
around meters and ess than ' meter respecti e . he
orientation of the bedding p ane $! here is predom inant
east%west dipping at an ang e of *$%)$ degrees tohie
north. Additiona two ointp anes are e ident oint p ane
' e hibits a northeast%southwest strike and dips at )%*$
degrees northwest whi e ointp ane has a northwe st%
southeast strike and a dipping ang e of appro imate )
degrees northeast.

In c ose proimit an od ands ide has been obsere d
preious documentedb ingh $$(! nearthe u i age
aongtheroad eadingto anga dhan. ere theroad has

e perienced a shift of appro imate $ meters downward s.
he sandstone in this region is e tensie ointed
particu ar pronounced near the toe of the s ope 6 #*1.
Meanwhi e the crown of the ands ide is predominant
eied b incined pine trees an indication of ong oing
creeping actiit. ieab e sandstone bou ders hae
tra ersed the s ope a ongside a wet c a matri imp ing
a wet to dripping moisture condition in the ups ope areas.

pon conducting a kinematic ana sis of the area the tpe

of fai ure is determined to be a rock fa with respecti e
fai ure indices of $.$* and $.** for wedge and topp e fai ures.
his interpretation a igns with the presence of south%dipgng
beds associated with wedge fai ure whie s opes
characteri ed b steep ang es are inked to topp in gfai ure
mechanisms igure '

$ll
K %
o #1 K %&%
'#.. $ | %&
= 15/ # | & % " -

$$ $8 8

In conc usion the findings of this stud shed ight on the
pre a ence of ands ides within the esser imaaa n
region particu ar inthe Murree and a kha a ormati ons.
hi e the ma orit of ands ides occur within these rock
units e ceptions are reported in areas ad acent to

significant geo ogica structures oftenin o ingr ocks from
the iwaik ormation. he occurrence of andsidesi s
notab heightened during the monsoon season a tho ugh
toe cutting emerges as a substantia contributor to andside
reacti ation. otab regions with moderate e e atio ns
within the centra part of the stud area e hibit a higher
fre2uenc of ands ides compared to areas of ower or higher
e e ations.
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An intriguing obser ation is that certain s opes de spite
being assigned fair rock conditions based on the o ck
Mass ating M! and ope Mass ating M!
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s stems do not accurate represent the actua site

conditions. his underscores the need for impro ed

e a uation techni2ues particu ar aong the esse r
ima a a.

6 0%#! 4! " ! 7

urthermore the specific case of the ands ide near u

i age a ong the southeast%facing s opes was in estigaed
in detai . his ands ide poses a threat to the inha bitants
of surrounding i ages such as u and hatarka. It is
situated amidst a ternating bands of thick gre sand stone
and red c a stone from the Murree ormation aigneda ong
aridge ine e tending north%south near hatarka i age.
he crown of this ands ide ies northward of asma ake
in pro imit to udhan i age.

he sandstone beds at this site disp a significant a riations
in thickness with the thickest reaching up to ) me ters in
stark contrast to the sitstone and c a stone beds
measuring around meters and ess than ' meter
respecti e . "arious p anes are obser ab e inc udi ngthe
bedding p ane $! oriented a most east%west dipping at
*$%)$ degrees to the north. ointp anes 'and e  hibit
different orientations and dipping ang es.

An additiona historica ands ide pre ious docu mented
b ingheta. $*! isnoted nearthe u i age aong
the road eading to anga dhan. his ocation has
e perienced a shift of appro imate  $ meters downward
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he sandstone in the areais heai ointed neart he toe

whi e the crown is co ered with pine trees e hibiti ng
creeping beha iour. ou ders of massi e sandstonemie d
with wet ¢ a matri ha e s id a ong the s ope indicat inga
wet to dripping moisture condition. inematic ana si s
c assifies this area as arock fa t pe of fai ure featuring
fai ure indices for wedge and topp e fai ures.

In summation this stud proides a comprehensie
understanding of ands ide occurrences characteristics
and under ing factors within the stud area offer ing
insights that can contribute to effecti e mitigation and
management strategies in simi ar geo ogica conte ts.

1=/

Admassu 3 and hakoorA. $*'DIAA3 A
computer program for 2uantitati e kinematic ana sis
of rock s ope fai ures. omputers and eosciences
) pp.'(# $.

arton . and hoube " '(&&! he shear strength

of rock oints in theor and practice. ock Mech ock
ng'$'o!’).

arton .. ien .and unde . '(&! ngineering

c assification of rock masses for the design of tunne
support. ock Mech. # ! '-(% *(.

e .. $3$&! ngineeringgeo og. se ier.

ieniawski O.. '(&*! ngineering c assification of
ointed rock masses. rans .Afr.Inst. i. ngrs”)
**)%* .

ieniawski O.. '(&#! ock mass c assification in
rock engineering. In p oration for rock engineerin g
proc. of the smp. ed. O.. ieniawski! ' (&%'$#.
ape own akema.

ieniawski O.. '(&(' he eomechanics
assification in 8 oc nineerin -pplications9
aper presented atthe ™1 M ongress Montreu
wit er and.

ieniawski O.. '(-(! ngineering rock mass

c assifications. ew 3ork ie.

rown .. d! '(-' ock characteri ation testing

and monitoring | M uggested Methods. ergamon
ress.

rown '(($! uttingthe A M into perspecti e.
unne s unn pec lssue (,™.

oates D.. '(#! assification of rocks for rock
mechanics. In Internationa ourna of ock Mechanics

J?

and Mining ciences eomechanics Abstracts "o.

"o.* pp. "% (I. ergamon.

Deere D. .and Deere D. . '(--! he ock 9uait

Designation 9D! inde in practice. ock
assification stems for ngineering urposes
ouis irka die d.! pp.(,'$".

aram 3 and De Marco M '(-)! se of the

chmidt ammer for rock and coa testing. In

Ashworth  ed! roceedings of the #th
mposium on ock Mechanics apid it pp.) (

)

oek oodD hah '((!'A modified oek%

rown fai ure criterion for ointed rock masses.

roceedings on Internationa onference on urock

+( hester pp. $(,'.

oek . $'! A brief histor of the o0ek% rown

criterion. In oc ab. www.rockscience.comO

educationOhoeksPcorner.

oek .and ra .D. '(-'" ock s ope engineering.
press.

I M '(&-! Internationa societ for rock mechanics.

uggested methods for determining tensi e strength

of rock materia s. Int ock Mech Min ci eomech

Abstr ) ((,'s*

arageorgis A.. kourtos M.. apsimais "

ontogianni A.D. kou ikidis . h. agou

iko aidis .. Drakopouou . Oanou . aramanos

. eko O.andAnagnostou h. $3$)!Aintegrated

approach to watershed management withinthe D |

framework Aios ier catchment and hermaikos

uf. egiona nironmenta hange "0.) %*! pp.

*-00'H3.

endorski . ummings . ieniawski O.. and

kinner .'(-*. ock mass c assification for b ock

ca ing mine drift support. roc. )th congr. Int. oc.

ock Mech. Me bourne )'% #*. otterdam

a kema.

rishnaswami . and ingh .. $$)! hemica

weathering in the ri er basins of the imaaa Indi a.

urrent cience "o. -()! pp. -'"%-( DI

www. stor.orgOstab e0 "$ (

ama .D. and "utukuri ".. '(&-! andbook on

mechanica properties of rocks%testing techni2ues and

resuts% oumeiii "o.* o. L



$-"22%1 TO 43%-

+2-$ 2 $ $!

$T02 0-243%T -9/ - -

aubscher D. . '(&&! eomechanics c assification

of ointed rock masses , mining app ications. rans.
Instn Min. Meta . -# A'%-.

aubscher D.. '(-! Design aspects and
effecti eness of support s stems in different mining
conditions. .I. Min. Meta . A. (* pp. &$%-'.

Jset . '((!. upport needs compared at the
artisen oad unne. unne sand unne ing -p.
MatuaM o er '(&! ngineering topo og of
rock masses. roceedings of e smekanik
0 o2uium rund agen ung Andwendung der
e smekanik ar s%ruhe erman pp.'$&,"'".

Ma occoa D.. and udson .A. '((#' A
comprehensi e method of rock mass characteri ation
for indicating natura s ope instabi it. Quarter our na
of ngineering eoog (' pp.*&%)#.

MineD ermain otin3 '((! Measurement of

rock mass properties for mine design. roceedings of
Internationa onference on urock +( homas

e ford ondon pp ),)$.

Moon". usse .and tewartM. $$'! he aue

of rock mass c assification s stems for weak rock
masses acase e amp e from unt ew Oea and.
ngineeringgeo og #''l pp.)*%#&.

aithaniA.. $$&! M %A s stem for characteri ing
rock mass c assification a case stud from arhwa
imaaa ttarakhand. ourna % eo ogica ociet of
India &$ ! p.# &.

awani .. $"! ngineering geo ogica

in estigations for underground e ca ations. our. ngg.
eo *& p.'$*.

ordeidet . ordeide . QstebJ ..and ited%
acobsen . $$! rioritising and p anning ofurb  an
stormwater treatment in the A na watercourse in s o.
cience of the ota nironment "o . ** %**) pp.

*! %

amstrKm A. '(-! he oumetric oint count % a
usefu and simp e measure of the degree of rock
ointing. roc. ™ congr. Int. Assn ngng eo . De hi

) % -

a mstrkm A. ‘(()! Mi% A ock Mass
haracterisation stem for rock engineering
purposes. npubished h. D. hesis niersit of

so orwa $$p.

amstrom A. and roch . $$#! se and misuse

of rock mass c assification s stems with particu ar

T4+ --

JB

$T 28 $+2 %
$12 -

reference to the 9%s stem. unne s and nderground

pace echnoog ' )&)%)(*.

arkash . Awasthi A.. and "irdi $$*!

tabi it assessment of rock s opes using modified

M techni2ue and kinematic ana sisaong %)*

between Dunda and ttarkashi ttarancha .

eo ogica ociet of India #')! pp.)()%#$#.

iteau D. . '(&*! haracteri ing and e trapo ating

rock oint properties in engineering practice. In

eomechanikR ortschritte in heor and Its ffects

on ractice ontributionstothe $ " eomechanica

0 o2uium of the Austrian ociet for eomechanics

pp. )%*'l.

omana M. . '((*! Ageomechanica c assification

for s opes s ope mass rating. In ock testing and

site characteri ation pp.)&)%#$$!. ergamon.

inc aira A. ebbb D. amiesona . ordonc .

enedictb . u erb . trattonc . .and Madanic

A. $3(! rowing season surface water oading of

feca indicator organisms within a rura watershed.

ater esearch "o. * pp. "((%' $#.

ingh .. Dube ingh .. hukaD..

Mishra .. abakhshM. ingthouam .. harma

M. and ingh . $*! Anew s ope mass rating in

mountainous terrain  ammu and ashmir ima a as

app ication of geoph sica techni2ue in s ope stabi it

studies. ands ides '$ pp.))% #).

timpson . '(- I Arapid fie d method for recordin g

ointroughness profi es. echnica ote Int. . 0o ck

Mech. Min. "o .'( pp. *)%* #.

eraghi .'(#. ock defects and oads on tunne

supports. In ock unne ing with stee supports ed s

." roctorand . . hite!" '&%((. 3oungstown
ommercia hearing and tamping ompan.

na . and kan I. '(($! Determination of

c assification parameters for ¢ a %bearing and stratied

rock mass. In (" onference on round ontro in

Mining Morgantown A pp. )$% )(!.

ickham .. iedemann .. and kinner ..

(&! upport determination based on geo ogic

predictions. In  roceedings of the apid ca ation

and unne ing onference AIM ew 3ork pp. *,

#.

i iamson D.A. and uhn .. '(--! Method to

2uantif the parameters app ied inthe Mi. #-p. rom

a mstrkKm '(()!.



