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Remote Sensing Technique- A Modern tool for Monitoring of
Fire Problem in Coal Mines
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Abstract

Coal, a valuable non-renewable gift from nature, is the most widely used fossil fuel in the world. Coal has been formed in the past due to
chemical and bacterial changes in various components of plants buried under the ground. Coal is rich in carbon, which we used as a pivotal
source of energy. At present, spontaneous combustion / fire in coal mines has become a global problem. India's coal mines also have a long
history of self-ignition/fire causing destruction of a valuable natural resource. It strongly and adversely affects the ecosystem as well as the
social life, health and safety of the coalfield's populace. Remote-sensing technology is a modern and effective technique used to detect coal fire
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affected areas. It is an excellent and relatively economical method for locating and monitoring of a large fire-prone area viz. Jharia and Raniganj,
coalfields of Jharkhand and West Bengal states respectively in a timely manner. It is the best technique to study periodical speed of fire
spread, stage, extent and nature of fire over specific time period gap. In this research paper, the method of remote sensing monitoring of coal

mine fires in Jharia coalfield has been discussed in detail.

Keywords: Coal, Spontaneous Combustion, Surface and Underground Fires, Remote Sensing Techniques, Mapping and Temporal Monitoring.

1. G&ET

HIFT, MR Aied {499 @ STl IATe @l 9e7 did
T | I § fasT & TR 40% ST WRA & TR 70%
ol T STAIIRATT BIe T G BT T W & 3R TG &
i fepe wfasr § ff a8 St &1 99@ aiq a9 @
Y R | Tl g8 Soll ATagIRATHT I T B &
foTT g 1 I, ST o TSFHOT § U8d, 1970 &
T H 65 F 70 Fafeas = o, a¥ 2022-23 H TRt
T 800 FHITET 27 T U8 41 &' | ac I uiged |
IR, fI9a &1 00 99 T HIAT IAEH o &2 | 97
T T 325 faferasT 2 e H STehd YUSR E, S R
R 9T T T 7% & | IRA H BIAT HUZR G4 AT
FREE T § & 3R YISH BT YR & HIIA B THAH
R Hl T AREE UG uigad Sd | & & | B
IATEH § ARG WRA %1 ¢ 949 927 197 ¢ | FREE |
29T T T 20% HIAAT SATE el &° |

ARAad H HE F @A G B & el @ & |
TEfy sfe™ & AR defHd w@ § 1774 €. | ufyaw
AT o ST RIIAT &5 H BIIe & @l | hiIar @9
N Iwg AT & | HIAiar § qRA & AT Braer-a=
q P & G BT 6T €9 9 Swiiad Al T & | IR
% HIIAT @eE ¥ 3 & Ferdd 9o 1865 . § ufyaw

BT HI ST & TUT BT HH e Ieqar g
% ST T HH H (T I Magde eidr & b Hra ar
T H AT &l el RITq Ud T H7 ehad ol | 3
BT B TS H T & TEl T+ g Rafq 3R sweha
& YATd & ST I & Suaey [T adiel § 9 999
T Td He@qol qehiich T T4 fohaT ST 2l & | e
T (coal seam) & TIA:TE/ T & QR U & HISE
Fordi! TR (nearby strata) § i fafvre=T ifoe-Tramates
gisparat @ f-faeT Jaarst & Torar &° | 99 T
T i, U HT IAGH, T & T H uRacH, HE R nfe
& FIY-FTY qAB HT LGAT 3AMS J9E ST b q&loT Bl
T U 2| AR ¥, 3T UAE e el /et ua
HIA BT T fIehrq & =Ror/Rafa & S awea® |9er iar
2 T TR W &9 Bia & Wd:3ET/ 3N & STaer Ud
T T ek F 3TTha L & | AfYaeh TR R I Bl ST
T TAqT T & 0 YT, Faet, gar iR sfafer s
TACHHE H T dh-lehl T SEHTT [haT 79T & | ETih,
I hl @I H ST bl el Rfer Ue 37T 367 Il =
ST HATEHT Ua STagaeharsti T Y &t 2° |

ATI FdET (thermal survey) 3T X H % 3916
 SYINT P AW arell Ja9 Jafed debeih @ g1 39

I b TN BHIAAT-8F § Ieelad &, STeliih Bl §
AR & fafH=T BR-&= YT AT #1 S e
T | I REYT § AR & T T rer-a @H-310
q TITe &, Forae sR@s & Aar Srwhics Ud iead S
& TN HA®eE GH-30T § b8 &9 § THIET © |
G- | aIRfEfaes G5 & A 3 BIaar & b
AT 26T AT S, TTeed 3R e Yo &9 9 gifad
T AT A A AT I UThiceh ST o =18 &7 98
FHIROT T B3 & | fafe=T Iefivien STl & 98 A
T T & foh 3T @ AT 100 fAforas o1 3= Jorea
AT HEAT TAHL T & FHN & qdT T 250-300
fHferas = FEd B @ AN & HROT g 8 |

TR T SYART TAE 3T ITHAE HIIT i ST i At
TR fered X T T T IaT T SR g R & forg
foRaT STAT T&T &7 1 1960 & 1% Ao, SErhatatl aRT B
T G BT SN B B [T JHBI TR THHIT BT
SQART YqEdT | fhdT SAIAr &1, Wik Il | debeitehl
T % HROT Y [ AUGh Td Hedl B T | T8
fafer 93 &1 1 S B & [T v SAihs (320) T2l Wad
AN & T4 H/Y el W A A gR1 Mepear & Ao
HIOT Hod Y TE & T 2 | 92, ST ST STfer & §
3TN &7 YA & i % A §, 39 IRuRe [ g
R qgd & ®few, siftes g9 @9 are, wedr qen
Ff-pefl STV &7 AT & | SURIH et bl e H @ gv,
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= 1. AT FIhics & RE @a & AR § gHIfad 5E a7 |

SHereRTST SMreratati 3 &arg qaermn g dae (Rere &fem)
BT 9T Bl § I arg-afiia $fR SWE-Ad g
STYR-AIT 3Rl (thermal based data) T 98 fohaT, ST
foh BT T ST T TET ST HT YT T ST ST BT
=TT e § I e IR @E B SAdieeh A
AT & | Bl BaTE I dohriieh ° hida i ST &l
ferroT TR AR 3T BT FETT 2T 7 | 3T SWIE AT
fRete JfET sfadt & ST &1 f=or SR R e gaw,
STTE & T 2l © |

SUIE AT G Fdad & BIIAT AT THIT & T
qAT A SR R &1 qeeiieh &1 qa9em & a9
1960 @ 6 | GYh T SFHNRT § & fohar T@r ar'’ |
TR, AT X § B @l SR &1 =T iR AR &
for faf¥re=T STl ERT ga¥ e qeheiich &1 JART a9 1984
H ofsde-5 TWIE JAU &% ST sy (dsde-aufes
) Sifva e 3T ada sfaat & suaear & 9
M9 T H (AT S T | WRA § T 9 bl bl STNT
T 1990 & 390k & d18 HIHd 9= § ST gaifad wrer
&=t & feaT ORI oremas & forg fhar s @ 5 1 98
fafer Sudter o= ql@ @ qA H ST fRwEdr oK

ag—@aa?rr (multi-spectral) 3R FIEF (temporal) 22T T
SUART foRar ST "t | U fawma i i e
(FARAT AR BIAHIeS) B FREI, T[T Ug A & oy
TTH Tl & SR T STUESA AT & & T SugE © |
fafer qofa: Sugd el | UE w@al Sty 9% & IS
JUART § 3T & THR 1 T, AR e, e od
WY & T o |l 98 gags aEE o |

T e § AT Fidbies & HEAr et § i
F ferror SR TmgeRg R & @t fafer @ foear & ==t
foram T & | adEe stemrae | SR drawies & At
I @I H T AT & GG Foad debeileh ERT ATl
¥ A ATATEE HIAThHHE dRacdi (temporal changes)
& i Ud STaaie o afvra & (R 1)1

2. g-Aae @A (Remote Sensing Technique)
R H AR 9T B B! Ueh iy 2, forad wem &7 &
T2 &1 AT T A &, T4 (a) DT & AT &
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W fead awg H I (320) 9w, a9r (b) g
SATaFe AT AT [ASTEATST 0 ATt & & forg qareq
HIHS (32T) T FATATIT AT | X HAGT Tebeileh (SR
3reran AfshT JOTTell 9X 1 ear & | Rure ST #r afe
YOI & UTE ot T STAHT B &1l &, Stafeh Mitha gomer
R g (AT a1 a5 & T-Sctord IR Y Bl § 1
29 UEh | Sidried Rgid a8 /& 6 T awg
fafte=r q@ T Aot w St & us ffyaa diear @
T A7 AR AT & | e HiAta ar Ieaot, ARl 3R
FeTal & fafe=T o W AR ear @ e | &
T, TEEae, Wi, dqe w1 GEadd (surface
roughness) 3¢ & &4 H AT ATAMIT BT (angle of
incidence), digar (intensity), fafeRoT T & T T
(wavelength of radiant energy) & &9 § Haf¥fq ferar st
T | aEgS H qed fafe A & |1y fE geEed
TWFA (electromagnetic spectrum) & fafi=T 9=f W a5g
TR T2 g7 Wt At Sefora fafeRror Sat anr foear o
har ¢ | Rae AR & yaom & fag Bt ger @6
FEGAT T FIIST AT IRt U a1 U & e qeaed
ST T ST BT SUANT e {ohaT ST 2 | 39 WeareH
T HIE TR T 2 &7 AET e SAffeeshet 7 (0.4 § 14 um
) TR ArzshiEd I (1 mm ¥ 1 m dh) H 127 @M1 2
TR Jrarehid WA (electromagnetic spectrum) Td 3%
fafere=r §1 & favmom & far 2 & qorfar mar 2

0 2 61

/

(U9 TWFH) 0.02 HIZHMIERT F 1 HieX a7 e i §
Fr=-f=T wahR 1 BT | 2 SfaRe-wtia Rere i
Aer-dg H fafe=r siftesd, 29p@ (IR), U9-sHHfes
(Pan-chromatic) 3R I¥e Terzel AUERHIT &A1 § B BT
T € | Jh, dsde b SUH IIUE 2eT HAINehd & g 93
1 ¥ §3 3 %, 3MERR (Infra-Red) &7 faftr= aifvrat &
fore S 4, 5 3R 7 T gHa W & & forw d3-6 yam
e 2 | Rete ST et § siifteshat 3T SME-3TR % &1
UGN IUYeh S (AWl T IGAN ¥ T, dAIHH,
AL MG | I IUEHAT TR & STAR I a2 i &
ATt TS T ST H & fore fohar 2 |
BT B T F AT T i Rafa F Feed &) faedr
T BT Y@ AT & T A ST F T Jal A1 & | 36
G qod (TTSIEAIATE) BT HIFcT i AT F TR AR
TR YT 9T & STEMT & STeT fohar o7 Febar 22 |

R Gded H 3-35 um & EM (FEd =)
TETEET & T I SRR & & T H A1 A § | 36
TETEET & | AT Y AT STEwT & HROT SN el
ara faferzor, IR-wmafda faferr & stfves &g & &1
AT 50 & § H B A BE ff HE 9 w9 9
ST &g/t & AT IOT 1 qdT T A ¢ | S6h
STRATET, AW 1 ST 1 IAT T ST A= & fom,

10nm 1

nm 1am  10um) 100
} 1

2pm 13pum

| 1 1 1
1imm 10mm 100mm 1m 10m

100m 1km

= 2. ﬁ'g?r ﬂ'ﬁl’cﬁl’q WA (Electromagnetic spectrum), 1: T {07 (x-ray), 2: ?Eﬁ T (UV ray), 3: SN (visible), 4: SME-R (infra-Red), 5:

ATEEhIad (microwave), 6: AT AT (Radio-wave)"!
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3-35 um TT g2 &t | F 8-14 TS I, FE-HaIaA & fag
SUAE IeAdH Holl Bl AT HAT &, Fifh qRAA &
AT U, YT & HOTehT fafhTor 67 TXH THT 9.7 um
TUMC T BT ¢ q41 Ihe aigHsdid Rl (atmo-
spheric window) 8-14um @ & & &9 § &6l
3R AT e W 31 & fow ueder I 8 |
14 um T <& & S JET AT 2

3. AT IR Yafa (Material and Methodology)

TEIT ST | B WaH § T AN & G8dH AR
AT & fw g w9 8 REe 96T afa-dg 2e @
SUART R T & | 6 STea | UG 21 | qared & q9d
TR e A TE & | TR HReoT ST e
T SYART BT Yiieheor (Image Registration) TF AT
R (Geometric Correction) & foTT SR AHEE & &9
% fopar T & | UEqq oTemad § SwrE fE & fasawer &
fom ERDAS z8f-9.2 3% Arc-GIS gfshar arft
(FTFdaR) T SUTNT ek (haT 74T 8 | SRAT-HIAHIeS &
HE gHal Al W T AW AR AT & &5 B
ATEATaeh ATIHT IHW-SHIST BT SUFNT & i 6T U
fFT T 2

BT G § T ST & A SR AT & o
frte ST FrEYoTE § W AR W dF g @R
F | UEAT WX, TT-SAfeRrEr SfR IR yrafdT uftkar |
Haferd & AT gaL TROT § AT T2T-9e AFd-Uhihd
ATHT 26T freheor et 2 1 fray =wor § Harferd 227 8
I b @ H TN T aATel [T9H-80, 3TRT bl T Bl
T T ST 1R Y (E-8ded AR wte=) a1 e
H G G B | aHa-SAT B & U F AEE g6
YT IR TwREa e fieaHT G (DGPS) &
SUART § g AR & # S aede (es g
fohar ST &1 39 § JER ge-dded i AEfE &
MR W iy aut & Fa & S & St [eheon
(temporal changes) T fISATOT 3 3T AT ST 2 |

4. gT-9AET @91 @ (Remote Sensing Mapping
Technique)

SWIE SATLTRA STAdIhd 22T % T (integration)
% HTEOH I AT e hl ST Hl g 3R 7HT-Fer=or

(BIER-HTYT) fohaT ST & | I8 q&aa: O YR & 321 9
Agfq- wizde IWE foe, e &9 @ AERT AR
gt i gwrfaa @l @1 ST QEe JdeT &
ThIHOT F¥eh T fohdT ST 2 |

FR-Fdad qoleh § @H-A7 fo=ror fafey & fafve=
TOT B E | qdggd Suue-fa @ sifenrenr R sad
eI B T SMagas 0T S AOI (areaofInterest)Ehlf
7 gfaen gidt 8 (fa=r-3) 1 we@ =01 ¥ dz@e
siferifea Swre-fom & sifemreer & srEaETea AOI fe 3R
TIAATRIcIeh &1 & TSI ! Ueh GEY o AT SU-Te Uoiiehior
(*fazed) fwpar srar 21 sEs Suwra srferufea
STHATTIT SUIE-Ter=T el 3Teh Teh & B R ik
q IORAT Bl & Rraer g foe-4 | e @
TNferd Suwre-foar 1 ses fagaror fokam STar & qar sid
¥ fagaifd Suwre-femr & Swdm & dafed & &1 i
fersror (wrEe-AfYT) foRar ST 2

I T 3TN Bl AT 3R AA-For=ror (HrR-3iT) &
T T2, THA [Tl & ERT BIAe Bl ST & THTT
FHEAT 2 & | Swre-fom # fafeq arder faguand, o &
Y U | Hiefe YU/ gdadr & a1 (Brightness
value) 37T fefea-g@n (digital number) & &9 § Bl
T 1 AT Tl &, TR-51R gt & 1 Ja | 9e-
AW &7 71 A7 Btea-aeEr (DN) &1 71 S1feesh ST
AT & | AR & 3R TR-31F & o 3fa¥ &l o fafireT
T TeniRed qHieEel & wead § 39 T g &
T ST & ERT T {ohdT ST |

TEfTed-ger sterar oA 4o 7 & eI g
% IR W R R ara & &1 i gfaa & ok
R-T gt & | avifeha foham ST & | ofd § ST &
T &1 BT SAR-Ter=oT (Wrae-HidT) et W UA: & i
ST TR ANT-&1 AR fRTd STRT-40 § afighat febam ST
g1 foa5 § g-aded ade N ARAT-hahes &
G- & THTIT -9 &7 ST JHI &1 2Rl fersror
feamar T 21 S Frawies & vad SR YfeTd s
G TR YT & 1 GEL-Haad qehid § BT 4 &
2w Tt aut & qrgd-gar (lateral-spread) 3Ties @l
yare fRaT T ® qUT A % AdeR & Arg-are Ee!
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o 3. GQ-HAST T GRT IT ST BIABIES HT TR-JHERT (un-processed) SUTE-T |

TUATPTaE AR AsdT vaE R

fo 4. g@-HaeT d@te gRn @At feen fafer & fafer =ron
AT |

wfcrefiern & feafa @1 ff srer fRam T & 1S @t
TrTSTerar & faeerer & SeR W Al auf 9 ®Ew &
e 3R YFRTT SN (surface and sub-surface fire) @r
feafer & qREc TR T &= 1 SR I T qedih (har
ST 2| fafeeT a6t 7 dEd wf aae SR g ST
(surface and sub-surface fire) @I Rafd & gRadi &
ik & STMEN T STl AR & Y™ Td AT
TS HT AT hAT ST & Mk BrEar @al A
T FHET T FE0T F AR SHR FY0T &9 F YhATH
AT Fqeh SR A GaHl § G B H HRER @il
T T IATEhAT GHIgEd fohar ST qe |

5. RO 3R ==t

BT BT G F T T Jehid, TRATT R &R &
TS T THST, THHT MR qGT THEN JI& AT &
fo T & Fewyet g 2 |l aut & e SuwE g
% SMTYR W ARAT-HIAHIE & HIAA | T HI TedH, 39
®A B IHIT AR TER T 9 & Steaas a1 yan fhar
TG T | 5 ITEHA § A Bl ST F THIA 3R T-gnfaa
O 7 Fafea & & fo oisde 327 &1 SuanT fhar Tman
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o 5. GE-HATT THIH ERT ARAT-HABITE & T8 SR YT G- T THIFIT -1 7 o7 |

g1 AT & & fhE w & g aee @ de
IR W YT Ud qaer & &1 MEReT e o
A ST I Ieed i auf 7 wfever s § gwifad
&7 &% Wed-9aR (lateral-spread) & STER WX AR GO
P THA-3AAX (image-overlay) TI9eIooT Tehrieh T STANT
e HiHE AT H STTT-3TAT TeqST bl aRfiha BT & |
g fafweT aut § ®Ea @ 9qe &R 9| T
(surface and sub-surface fire) ! Rafq & qRads Td AU
&l T SR THeD! YT 1 eI Yool (ohdT ST | |

fafer=T auf & faseeor & smaR W 7 @ T T fF
T €T q BAT & AR T & AR G 9 &
(dumping area) T 90% ST & gifaq &1 @;lan
FHIAHITE & T 10 T [ HT. &=t T -9 99 &
H AT 9T ST 7 AT § A A & AT & | ST qefrferet
Td e Y gfte | 9 & WA & | BT, 90 & 33
T STUEIT PIFET WS ST T & & el iy & 2 ey
HHT T g I ¢ | R oY, @ U & ff ST & yentaa
gu ¥ | fredr 25 auf & SR 90 3R IU9dE Hiadr @ae
% AN H 3THF Hedqol b, {ad A1e-, ST &,

TR AT T ST F Jfad 2ot @ & T & a1
fir T ¥
5. frerd

HRA o BT @aHl § @l 3T, T & ol Teh THR
3fefes, AR Ud qataRofia Tt & | 3T & HIROT 9T
AT H REAT SR HT JHEAH T & [0 98 & a1
e &1fer & | et WaTT bl ST & Iaford It o HRoT
STTHUTE & TAThI & T& aTd @Rl o folT e i w@mee
T THEN BT & | B @I Dl STl FHET B
T €Y TH B b (o0 STAS IMYHH qbeiiehi &
BRI B B g ST SYAde 3T (surface and sub-
surface fire) @i faft=T auf & ywfq ok fafy § aftadw
% FYFA FAT G- b AT R AR fohar 51 Fehar
T | U SMEH T H GE-HIET D BT
T T &1 BT IalT A & THTET qebeiih 27 Febal & |
ARAT & AT T & F ST & YAR @ I, ST
AT & T SUGh, Ia9 AR STUERd e w9 |
forerat fafer aifaa &2 €1 99oas SUaR | o @
Tiefiear o feafa & fageror & @emi § ST @ awer
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T FE=0T H TR S8Rt FROT &Y H AR fohar ST el
& | BT 7 3l | @ At @nlt Ug @an § wred
il 1 GRaT GHTYad a1 Febell & |

AR
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