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This work illustrates the impact of excessive mining on the precipitation trends and
ground water condition of the Ramgarh district over a period of 12 years-(2007
2018). The Landsat 8 and Landsat-™/Adata is processed under ABtS in orderto
compare the LULC maps. Out of 7 classified classes, the Results obtained indicate
the expansion of the mining area, barren land, settlement, and water body by 10.95%,
10.07%, 3.44%, and 0.43%, while a reduction in the forest, fallow, and crop land by
11.24%, 11.31%, and 2.34% respectively. The TRMM 3B43 data is used to trace out
the annual precipitation values of 5 selected raster location points through Arc GIS.
The annual precipitation under the mining regions (lower Mandu, Ramgarh,
Bhurkunda) shows decreasing trend. The Ma#fendall test and Sen’s slope
estimator method is used in order to evaluate the ground water pattern in toedpre
postmonsoonal conditions. The Mandu block, the densest mining region of the
district with the positive Z valuesf 1.714 and 0.137 in the prand post monsoon
period shows a decrease in the ground water level at the rates of 0.103 m/year and
0.017 m/year, respectively. The continuous rise in the mining activities has created an

Sen’s slope estimator

alarming shift of weather pattermd deteriorated ground water table in Ramgarh.

1. Introduction

The mining activities disturbhe equilibriumof
the ecosystem, whiclsauses an adverse effect o
the precipitation trergl[3]. The high insolation
coverage due tdheavy deforestatiorcausesa
significant thermal rise in the area. This
phenomean further results in theeductionof the
moisture contenf which ultimately affects the
cloud formation pocesq3, 4]. A huge decrease in
the green cover createsan imbalancein the
evapotranspirationmate which directly affects the
local precipitation trend [1-3]. The changing
hydrological behavior and its frequent alarming
trends are one of the major asgseevhere a quick
and innovative approach is required.

The extensive mining operati®n make an
aggravation in the subsurface seepage
framework These disturbances incorporate
conditionthat brings down thgroundwater table
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of the areaTheinsolulde coal dustreleased from
the minesstarts to settlelown at the base of the
local repositorieglakes, wells, pondstc), which
disrupts the percolation capagcitgnd ultimately
reduceshe ground water levelf the ared3, 4].

A deep excavation genenaltlisturbs the natural
subsurface arrangements, which changes the
relocation of groundwater streams [4].

The organicaerosd released from the coal
mines havebeen found to have aignificant
impact on the cloud formation and the
condensatiorprocesss [7]. The study based on
the interactions betweethe cloud formationand
theaerosol emissioim thewarm seasoof central
eastChinahasconcludedthat he aerosols (black
carbons)are responsible for the enhancement of
atmosphericstability, which further resultsin the
depressiorof upward motion of evaporation and
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consequentlyaffects the precipitation process observedin the water table usinghe Mann
[10]. Kendalltest andSen’s slope estimations
The mning industry is a noteworthy financial
movement which contributes fundamentally to 2. Materials and methods
the economy of India. India has tB¥ biggest 2.1 Studied Area
coal reserve in the world. The states like

Jharkhand, - Odisha,Madhya Pradesh(M.P), of Hazaribagh on 12th September 2007. The
Chhattisgah, West Benga{W.B), Telargana and district is situgated betweetheZgU TN 5250
Maharashtrare having th@bundant coal beds in 58’ 00°N latitudeandthe 85 U 1 EZ850 q
their vicinity. They share about 98.26% of the 00" E longitude, having an area of 13431682. It

total known CO"%' reservem India Ra_mg_arhls is a part of Chotanagpur Plateduat comes under
one of the major coal abundant distrist of thezone ofDamodar Basin/RiftDue to thevaried
Jharkh_andhat has been chosen for the case study hydro-geological characteristicthe ground water
analysis potential difers from one region tanother The

This \_/vork bri_ef_ly inve_sf[igatesthe impact Of. area ismostly coveredunderthe red soil which
expandinghe mining activities over the changing provides asuitable condition for the growth of

rainfall and ground watdrendsof Ramgarh The : ; ; ;
L X . . rice, wheat, pulsepilseed and maizeThere is a
objectives of thisvork include(1) Quantification huge temperature difference in this arkahas

of the topographic variatiors observed by been recordedun to 400C (1040F) durin
comparing the LULC maps of theudy period summers andLOE)B (500F) du(ring the)winters:q

(2) A comparative tudy of the rainfall trend The Ramaarh districientails six block

. . s namel
throug_h _theTRMM maps with a special focus on Gola, Rar?]garh Mandy Chitarpur, Patratu,ang
the mining proe ares, (3) The ground_ water Dulmi (District survey report of stone district
trend analysis and thetudy of thevariatiors Ramgarh, 2018)

Ramgarhwascarved out othe erstwhile district
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Figure 1. An adminstrative map ofthe Ramgarh district (Source: www.mapsofindia.con)

2.2 Data ollection satellite image represents the dry seasbhe
Landsat8 andLandsat TM5 dataof thebase year
(2007) and the end year (2018as usedfor the
analysis

Land use/cover: For the LULC classification
the Landsat satellitelata was downloaded from
theofficial website (earthexplorer.usgjov)of the
United States Geological Survey (USGS). Each
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Precipitation data: The TRMM 3B43 dataet
was used for the rainfall trendanalysis. The
monthly rainfalldatessets werecollected from the
website ofhttps://giovanni.gsfc.nasa.gder the
period of 20072018 The 3B43 dataset is the
monthly datasefl he product wasgyeneratedising
the adjusted TRMM microwawe-infrared
precipitation rate rtam/h) and the RootMean
Square precipitatiorrror estimateslt provides
an accurateprecipitation estimationin a latitude
band covering 500 N to 5@ under thgrowth of
the TRMM sectionfrom all the universaldateset
like high-quality microwave data, infrared data
etc.

Ground water data: The pre-monsooal
(June) and pognhonsooml (October) ground
water datg20072018 for Ramgarh wasised for
thetrend analysisThe data wasbtainedfrom the
official portal ofCentral Groundwater Board

2.3 Classification and evaluation of land
use/cover

In order b evaluate and classify tHand use
pattern  through LULC, the supervised

Journal of Mining & EnvironmenVol. 12, No. 3, 20z

classification methodology witlthe maximum
likelihood algorithm was used. The maximum
likelihood algorithm (MLC) is a standout amongst
the most welknown directed grouping strategies
utilized with remotesensing system techniques
This strategy depends on the likelihood that a
pixel has a plae with a specific class. The
essential  hypothesis accepts that these
probabilities are equivalent for all classes and that
the info groups have typical disseminati¢8k In

any case, this techniqueequires aprolonged
stretch of time of calculation, depds vigorously
on an ordinary circulation of the information in
each info bargl and tends to ovegroup marks
with generally expansive qualities in the
covariance framework.

The bnd use/covewas analyzedby classifying
the area into 7 classemamelybarren land, fallow
land, crop land, forest cover, miningrea,
settlement areaand water body The obtained
mapsof 2007 and 2018vere comparedccording
to the percentage changbservedin ther land
useareafor the detailed analysis.
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Figure 2. Land use/cover map of year 20Q7
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Figure 3. Land use/cover map of year 2018

2.4 Rainfall trend analysis using TRMM 3B43
data

The rainfall trend angsis of Ramgarhwas
carried out using the TRMM 3B43 mnual
accumulated rainfall dasats (processedby the
monthly dataet values) The dataets were
recorded for the 7 raster location poiiiidandu
(upper and lower regigh Patratu, Gola, Dhulmi,
Chitarpur and Ramgarh of the district, under
which every blockwas covered individuallyfor
the analysisThe daiases wereprocessedn order
to obtain the precipitation mapsnder Arc-GIS.
Theseprecipitation map were further classified
under the different rainfall intensity zones
mentioned inTable 1

Table 1. Zoneclassification of precipitation map.

Zone Precipitation zone
Red Lowest rainfall
Yellow Low rainfall
Green Moderate rainfall
Sky blue High rainfall
Navy blue Highest rainfall

654

2.5. Ground water trend analysis

Mann-Kendall Test The MannKendall test is
a nonparametric strategy utilized for fharn
investigation of time arrangement information
.TheSignificant preferred standpoint tfis test is
that it is free fronthefactual conveyancdbatare
required forthe parametric techniqsd5] [6 ][9].
The null hypothesis (HO) for the Maikendal
test is that there is no pattern or sequential
connectionamongstthe broke down populace
against the elective speculation {Hhat acceps
theexpanding or diminishing monotonopattern.
The MannKendall statistiqS) is given as

é?t &
I OC(:yF )

I€E “@!>¢

L=

(1)

where(S) is the MannKendalls measurement
and(sgn) is the signum work. Thabovepattern
test is donefor a period arrangement (tha is
positioned from i =1, 2, .n-1 and :y, which is
again positioned from j = i+1, 2,.,n. For each
oneof theevidencepoints, : (js taken as a kind of
perspective pointhat is differentiated and the
remaindedatafocuseson :yso that
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1EW.F: (>0
OCKyF:j0= "OEBzF:50=0 b
FLEI:..F (<0

)

On the offchance that n < 10, at that point
estimation of |S| is contrasted straightforwardly
with the hypothetical dissemination of S inferred
by Mann and Kendall. Aa particularlikelihood
level, [HO] is dismissed for [H1] if the total
estimation of S rises to or surpasses adafned
esteend 5 Where 5 ¢ is the smallest $hat has

Journal of Mining & EnvironmenVol. 12, No. 3, 20z

the groundwater levewhere. LV WKH GLPHQVLRQC
of immensityfor thetrial. For thisassessment .

and <5, oy Were taken as 5% and *1.96,

separately. A positive estimation of<y,

demonstrates an expanding pait@nda negative

esteem showsa diminishing pattern. The
measurementy,is typically dispersed

Sen’s Slope Estimator TestThe genuine slant
in time arrangement information (change per unit
time) is evaluatethrough thestrategy depicted by
Sen (B68) assuming the event thdte pattern is

WKH OLNHOLKRRG QRW H[DFW O ‘straightVTiRe exteRt of paBerb is Wkchd aleed oy

should be an occurrence of no patterh.
progressive estimation of (S) shows arising
pattern and the adverseesteem dmonstratesa
descending pattern [7] [10]JFor n = 10, the
measurement S isoarselycirculated with the
meanvalue ofE(s) = 0 and difference (Va(s)).
The change measurentésnspecifiedas

8:(5):

(F1)(2:+5) F AR5 I1§)( F1)(2 +5)
18

©)

Here Rjs assumedhs the quantity oéstimation
for test I. In this strategy, the nearness of a
factually huge pattern is assessed utilizing e
edeem

<, =
y ={

i?¢ .
¥W} ifS>0

<, =0ifS=0 (4)

1>t .
<y = {W} ifS<0
A positive estimation of<,shows an expanding
pattern and a negative esteem demonstrates
diminishing pattern. The measument <, is
typically conveyed.In order b examine the
escalating and the diminishing monotonous
pattern, a twdollowed investigation aW
dimension of criticalneswasutilized. The nvalid
or null theory of (HO) is excludedif the outright
estimaton of <, is more noteworthy in
comparison with the s, .9 , where the
%57 og) Value is attained from the ordinary
dispersion tables. In thexamination (HO) that is
the null hypothesisdenotes that there is a ron
pattern scenaricegarding théime arangement of
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Sen's slope estimatealue( 3).
Re?Re

3) = T

fori=1,2,...,N (5)
:yand : p arethe data values with tisg¢ and k
(here itis assumed that > k), respectively. The
medianobtained from the calculation tfiese N
values is represented #& Sen’s estimatof 3y).
The value of33 5 = 3k<;>5vgowhenN is odd, and

3ap7 3oy + 3gcoeygeall N I even.The

positive valuds obtained forthe ( 3 point toward
the risingtrendwhereas th@egative value of 8y
showsa decrasing trend in thgiventime series.

3. Results and dscussion
3.1. Land us€écover status

The topogrphical variation witnessedduring
the study periodbf Ramgarhwas evaluatedby
comparingthe land usebver (LULC) maps of
2007 and 2018The area was divided into seven
different classesbarren land, crop land, fallow
land, forest, mining area, settlenheand water
body. The detailed evaluation of each class
recorded properlyThe drastic change in the land
use pattern under these 12 years (220Y8 can
be clearly observed fromidures 2 and 3.The
retrieved map of the ye@007 shows more green
spds (forest cover)and less black spoignining
area)in comprison with the map othe year
2018 The expading mining region inthe black
spot andhe deterioratindorest cover irthegreen
spot can be clearly seemder the map dheyear
2018The fluctuations observed in the land use
patternunder the different classésom 2007 to
2018aredetailed undefable 2.
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Table 2 Data showing areadifferencesoccurring under following categoriesof land use/coverfrom 2007-2018

Topographical 2007 2018
features Area Area
Clas: (in Km2) (in %) (in Km2) (in %)
Barren lani 233.3¢ 17.3% 368.7¢ 27.4¢
Crop lanc 179.7¢ 13.3¢ 148.2¢ 11.0¢
Fallow lanc 308.9: 23.C 156.9: 11.6%
Fores 519.2: 38.6¢ 368.1¢ 27.4(
Mining are¢ 35.4] 2.64 182.5¢ 13.5¢
Settlemer 58.4( 4.3t 104.5° 7.7¢
Water bod 8.65 0.64 14.4: 1.07
Total are: 1343.6¢ 10C 1343.6¢ 10C
The important facts revealed under the analysis X A minor increase in the water body and
areas follow: settlement area has beenobserved with a

. ) percentagalueof 0.43 and 3.44espectivdy.
X The nining areahas enormouslincreased from

2.6%%6 to 13.58% in just 12 years with an s :
expansion rate of approx. 12.26 krdar 3.2 Precipitation trend analysis

The precipitation trend of the studieateawas
evaluated by processing the 3B43 TRMlata
under Arc GIS The raster to got conversion of

the image wasised toobtain the annual rainfall

X A net increase of 10.95% themining area has
critically affected the agricultural andbrest
cover oftheRamgarhdistrict

x The aea wnder the barrzen land has been values of the seven skectedlocation pointsof the
increased with 135.39 km? over these 12 years.  jstrict. The rainfall valus were evaluated and
x Area under forest, crop lan@nd fallow land compared graphicallyThe yearly rainfall map of
has been drastically decreased with the 2007-2018wasprepared in Arc GlSshown under
percentage of 11.24%, 11.31%, 2.34% Figures 415 These maps were used for the
respectively. detailed investigations
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Figure 6. Annual precipitation map of Ramgarh district of year 2009

657



Jhaet al Journal of Mining & EnvironmenVol. 12, No. 3, 20z

Z  85°100"E 85°200°E 85°30'0"E 85°400"E 85°50'0"E 86°0'0"E s
g- 1 1 L 1 1 1 _g
5 5
= =
- ANNUAL PRECIPITATION MAP |~
OF YEAR 2010
N
z WQE £
S S
27 s K
& &
§‘ Legend “§
& Precipitation value a
In mm
B 115870 1,177.33
[ 1177.33-1,198.19
[ ] 1.198.19-1,221.71
i [ 1.221.71-1,243.45 E
= - o
% I 1 24345-1,271.85 g
z z
= 0 275 55 " 16.5 22 =)
& O EEE——  E—— KM
P N
o T T T T T T (3]
85°10'0"E 85°200'E 85°30'0"E 85°400"E 85°50'0"E 86°0'0"E
Figure 7. Annual precipitation map of Ramgarh district of year 2010
Z  85°100°E 85°20'0"F 85°300"F 85°400"E 85°500"F 86°00"E z
g 1 1 L L L 1 g
= =
- ANNUAL PRECIPITATION MAP |~
OF YEAR 2011
N
£ w‘¢v5 Z
= LS
H s &
[se] o
(o] o
5 Legend LS
- Precipitation value |
In mm
I 160063 - 160452
[ 160452 - 1,607 56
[ 1.607.56 - 1,600.80
z [ 1.600.89 - 1612.46 z
?— Il 161246 - 161587 —?
a a
2 z
= 0 275 55 1" 16.5 22 =
EC‘;'- | = mm E— -Sc‘;‘
m T T T T T T 'l:‘—l\
85°10'0"E 85°200"F 85°300"F 85°40'0"E 85°500"F 86°00"E
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Figure 10. Annual precipitation map of Ramgarh district of year 2013
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Figure 12. Annual precipitation map of Ramgarh district of year 2015
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Figure 13. Annual precipitation map of Ramgarh district of year 2016

Figure 14. Annual precipitation map of Ramgarh district of year 2017,
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Figure 15. Annual precipitation map of Ramgarh district of year 2018

The yearly rectified TRMM imagshowsthat thereis a continuous average to low ratetbg rainfall
occurringspecially in the regions lere mining activities exisiThe mines i mainly situated in the lower
mandu, ramgarhand bhurkunda bloskof the district. Through therainfall maps it was observed thathe
mining areaswvere recorded with lessemainfall values incontrastto the other regions of the districThe
annual aerage precipitation data obtained for the selected location p@sitewnin Table 3.

Table 3. Average Annual precipitation data obtained from TRMM raster to point calculation.
Annual precipitation in mi

Year Mandu Mandu _ _
(Upper (Lower Bhurkunda Ramgarh Chitarpur Dulmi Gola
region) region)
2007 1437.281 1589.904 1437.362 1435.905 1535.483 1548.361 1618.71
2008 1447.005 1350.916 1383.103 1375.270 1329.247  1410.727 1409.68
2009 972.513 923.719 972.494 1093.716  1136.317 1207.509 1183.13
2010 1168.004 1152.096 1165.472 1202.304 1291.963 1205.503 1304.23
2011 1608.545 1542.375 1651.321 1603.518 1612.697 1704.795 1682.76
2012 1260.167 1233.11 1302.343 1314.293 1287.573 1351.938 1372.44
2013 1381.329 1452.355 1508.859 1446.810 1505.739  1495.275 1559.44
2014 1161.208 1174.979 1138.178 1110.919 1071.927 1119.55 1116.07
2015 1161.269 1172.568 1217.614 1240.433 1216.81 1315.033 1338.99
2016 1215.495 1209.585 1216.774 1248.847 1234.079 1264.026 1227.08
2017 1306.568 1273.912 1427.047 1475.755 1449.366 1582551 1560.69
2018 1090.7 1049.464 1177.505 1218.14 1285.08 1336.172 1396.66
Average
(excluding 2008 1260.187 1259.909 1307.679 1327.972 1355.511 1401.116 1424.413
and 2014)
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Some interesting key results found from the The resultobtainedirom the ManrKendall test
analysisare as follow were utilized in order to set up the patterns
according to theeriodicarrangemerstof thepre
and postmorsooral groundwater levelsof the
area.This test relateshe comparative magnitudes
of data rather tharhe data valuesitself. The
statisticsof this testis not requiredo be checled

x The Lower Mandu, Ramgarh and
Bhurkunda blockshatare the pme mining
areas of the district haveonstantly been
seen under thkeast rainfall zonesréd and

yellow zone). for any further precision If the value ofZ is
X The rainfall map of the yesr2008 and negative and thealue of Z— statistics is greater
2014 shows an exception in the trendy than the =zvalue analogousto % level of
recordingthe higher rainfall values under significancethen therendobtaineds foundto be
the Mandu, Ramgarhand bhurkunda negative Likewise if the Z value is positive
blocks(i.e. sky blue and navy blue zone) corresponding to % level of significancethen

the trendis observed as aimcreasilg one The
MannKendall test delivers a kind of trend
statistic (Z) that indicates the monotonousing
(positive z) orfalling (negative Z) trend. Ithe P
value is < 0.05 then it tells that there is
(monotonic)trend and if iis +ve it shows an
increasing trend and vice vergap value >0.05
x The difference in the decadal average shows anon-monotonic trendFor evaluation of
precipitation between the mining (Mandu  the groundwater trendising the pre and post
with the value of 1260.187 mm/y) and Ron monsooral data of the different blocks of
mining zones (Gola with 1424.413 mm/y) Ramgarh,the MannKendal test andthe Sen’s

x After analyzing the precipitation valyes
was found that the mining active regisn
show a relatively lesser rainfall values
(except inthe year 2008 and 2014) in
comparison with the nemining areas
under each individual year

can be clarly seenin the above tabular slope estimatiorwere condu®d The deviations
data. observedn the YD O XHV R ]ahd 3HorShe 2
pre- and the postmonsoon water levelsf each
3.3 Analysis of groundwater rend using non block of Ramgarharedetailedin Tables 4 ancb.

parametric test

Table 4. Blockwise details ofMann-Kendall's Statistic and Sen’s slopestimator for pre-monsoon andthe post-
monsoongroundwater levels.

Pre-monsoon Postmonsoon
Block z Sen’s sloped (m/year) Trend z Se?rr]s/;éc;rr))e 3 Trend
Gola -1.099 -0.1058 ; -0.7543 -0.0875 ;
Mandu 1.7143 0.1025 9 0.13747 0.01738 9
Patratu  -1.3029 -0.1813 ; -1.3747 -0.16388 ;
Ramgarh  -1.44 -0.17321 ; -1.5772 -0.2316 ;

(*The Statistical significant value at 5% level of significan®e,PHDQYV DQ LQFUHDVLQJ WUHQG DQG ; PHDQV D GHFUHI

Table 5. Parameters evaluated to analye variation in groundwater level trend using Manrkendall and Sen’s
slope estimator

Pre-monsoon Postmonsoon
Block S-value p- value 2value S-value p-value 2value
Gola -17.0 0.27 -0.26 -12 0.45 -0.18
Mandu 26.0 0.086 0.39 3.0 0.89 0.04
Patratu -20.0 0.19 -0.30 -21.0 0.16 -0.32
Ramgarh -22.0 0.14 -0.38 -24.0 0.11 -0.36

From the nonparametric evaluatian it has

been found that: X TKH QHJDWLYH YDOiXBol&l 2 REVHU

Patraty and Ramgarhhas generateda
decreasingyround watetrend with a value
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of -0.26,-0.30 and-0.33 The groundvater
level has deteriorated sharply undirese
area.

X Thepositive 2 'Y DdDtkdMandu block in
its premonsoon period as 0.38nd post
monsoon period as 0.04pecifies an
increase inthegroundwater level

X The Z value for GolgPatratu and Ramgarh
in the premorsoon season as1.997, -
1.303 and -1.44 and in the postmonsoon
season as0.754 -1.375 and -1.577 also
indicatesa decreasing ground wateend

x TheMandu blockwith its positive Z values
of 1.714 and 0.13& its premonsoon and
post monon period only shows an
increasing trendcenario

4. Conclusions

The case study of Ramgarh revealed some of the
interestingevidences thaexplainedthe role of
expanding mining activiies and itsdirect or
indirect influences over the hydrological
conditions The study periodbbserveda drastic
change inits land use patternThe alarming
growth of the mining area with therateof 12.26
km2 peryearis a huge matter of conceriihe
decreasing rainfalNalues undethe miningzones
(Lower Mandu, Ramgarh, Hirkurda) are the
clear indication that may establisha possible
relatiorship betweenthesetwo factors The non
parametric test (ManKendall test and theed’s
slope estimatoralso observed negativetrend in
the ground water levelinderthe mining prone
areas of the districtThe continuous reduction in
forest cover, fallow landand crop landwas
somehow seen as the fact@sponsiblefor the
degraded ground wateapacityin this area

Hence a comprehensiveconclusion canbe
inferredfrom the resultobtaned thatthe mining
operation can have a possible impact over the
rainfall and the ground water pattesn The
gradual expansion of mining mighe one of the
reasons behind the changimyecpitation and
ground water trerglin these areasin order ©
reolve such issugsa proper blue printwas
prepared by the joint consent of eth
environmentalists and the governmemust be
required to balance the environment and the
economy side by side.

Somesuggestive measures that may be taken to
counter the rishn thefuture areas follow:
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x Afforestation practicesn the dump sites of
the mines

x Lack of metrological data has always been
a concern for the impactful researcnd
hence proper steps regardinghe data
storage should baken

x Strict legal provisions egarding the
emissions of pollutants should be
implementedn thelocal miningindustries.

x Revision and strengthening dfie carbon
credit policy is aequiremendf the hour.

X More researctwork should becarried out
in orderto study the severe mining pacts
on the hydrological parametarsing the
accurate data

The issue of mining hazard and its correlation
with the hydrological cyclevastried to rise under
this article.Therearevery few researclworksin
this field, and hence some nore relevant stdies
and stronger evidenceare required forthe
accurate and better understanding sfich
relationshipsn the future
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