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ABSTRACT

Common gem mining practices in Sri Lanka, such as, shallow mining, deep mining, tunnel
mining, river dredging, open cast mining and mechanical mining has a severe impact on structures
due to surface subsidence and mass/ground movement. Attempts were made to study these ground
movements and related environmental issues in Ratnapura area as a sample study. It was noted that
ground movement may occur principally due to two reasons, (a) ground instability (b) changing state
of the ground stress.

Open cast mining using heavy machinery causes short term and long term ground
movements in response to ground loss during excavation arising from the changes in the state of
ground stress as load is transferred from the ground. This horizontal displacement of the support
wall at depth results ground movement affecting the constructions at the upper slopes. On the other
hand, during dewatering (the lowering of the water table) and sucking for mechanized gravel
washing from the mine in alluvial beds, high water-pressure gradients close to the pump can draw
finer grains out of the soil. The resulting soil structure is susceptible to collapse-settiements. Further,
when ground-water is pumped from pore spaces between grains of sand and gravel, the lowered
water pressure in the sand and gravel layers causes slow drainage of water from the clay and silt in
gem beds. The reduced water pressure in clay and silt beds change their geotechnical properties and
those become more compact, and its effects are seen as land subsidence and cracking in the ground.
These changes are often not reversed and remain as permanent damages causing collapsing and
cracking in the walls of permanent structures situated around the mines. Underground tunnels and
adits sometimes exceed the limits of the mines, with their walls and shafts supported using rubber
timber, ferns and areca-nut trees. Gravity and the weight of overlaying strata cause failure of weakly
supported walls of abandoned tunnel and adits and incompletely refilled mine shafts often cause
ground subsidence.

Therefore, mitigating measures to reduce ground movement using appropriate mining
methods, implementing suitable engineering measures and introduction of methods for evaluating
the potential impacts to structures have to be introduced. Further, it is important to maintain a
database on old, abandoned and currently operating mines to reduce effects on future constructions.
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SHIHIOUEIBEHHEG ReWmS SWThHg Bwrworsd FoTllsse wpmw Cursy
SIVVG HUMIBeNeT  HTTWILTS  gHULEIIQU  QUT(HeTenowmer  LImLD
FnDMISSHTNEO[HHSI alBur L 15185\ g HMIch & 61T Swmflusmn&
SUAWIDTHIOHET  (PEHTMDSHHIOID BiTiewulsHain SSMmBU 2 _6lT6NHEH

&_GUUTHS6T IaLUNMNG (PSHTENGSHIOD QUITNILIUTES 2 _6TeNng.

seubaTwisurenfler Gumii]

G HEIHSTWINIST  DUUmLUTD BHHbampmisseiar e SN nlgruid
Oxflalliugl eerg  OQuUIMILTGL. GEVEINS HEVIGSHTUIS]  BIUILDEIGEHHE
BewiEls  oelg  seusaTUIaIme  Brer  CunOsTmICLa. @uwdHs  GBb
861167015 BH 605 (ETHL_ 63T BT 60T B ewimI L LILIG6N60TU|LD EAE 01
Qurhewtenowmen UMW  FPMISHeT  SDDENEULIT  ETOTUSDBTE  BILITUILOT60T
2 _mAlum enLLl QuOMIBOSTETOISN S BHETIHBTUIE] A Lo B

BumOsmeTeniiuBGeugbamenud Sbilwiomiset Geuesst(hdleimet.

PHasFmmmissaiaeien OaTenasseimerud  GeualiuBGHHeoBeneTU D UMM
BB BTIEF FTTMIHENEITLI QuDMISESBTETEUHD ST 60T Qzwpur’ @
BOL(PenMBeNe0 SHewidbsTule] RFHUbHIIDSE. Gurdy 3e060H  Heumiseies
sTyewioTs  BHHbgmpmisseiar  Qurmemienwowmest  LUpWw  d&mom S uUSHe
AN et 2 6TeM &G  sewibsTuleuTenflar  Siwomend 155  Osfley
QFuiwiu’ L BOL(IPMHDEHET  FHEIEWETENH. DbS pUsHemen  HI6H
OFulInsUlsd FHSTULUSIHNGL QUTHSHSLOTET  HEWIHBTUIE]  [HEML (LPENNEHENEIT
aAIMWLEGL  cumauled  BoeueaisHar  BHbFmpmssmens  HwTigsHe0
O  Pwrwored  FLTUESSISHE W o eendd S (BLLTHSM6T
HewIbSTUITONT  HHSHL OdmaidleamrCruisiy) BlmeuenshHear 2 _elensd
&L BT HS6Mes alen e menest g TR Wy (VHTT) O&Mels @D
GrToHHHHNBTH &(HHH 600 BTETENAT606m6V. (LPSBITENLDG G618 3601 60
LwSTUBSHW  BeuedSl (hd OCBTeTendseilar  QUTHHHLOMERT  HeTenLoulenesTu b
WPEBTOLSHHIUHHT0  CnOsTewi.  sewiadSl (b wAIiGsellar  Blumwg
H65TENLOUNEH GBTUJLD &umuiey QFU1IgH60 DISHGHIL 631 REAEE X )
RLGBOWLTHE  Foililshsedemen  wHluruiey  CQFuised  eauaubplenerud
FEBETUIR| 2 eTenLbdwerengl. 1971 @er 38 o Bevds B
aFerrFsiLsHer 13 g Tfleler (3) womb (4) o o u  Afleyset



1.4

2.1

2.2

2.2.1

BemibHTUINIST  CBHTHEOHOMVUID DleTemauud BTewuliusnsTer  SHHmIeis]

B BTTHH N HEIBBTUICUTENT HMEVEMID NHUHSH@ aULDEIG S\ GTImenT.
eeigl  (pewerluflujeien  sewissmule]  SUIldyTwsHmEsTET  SlgliienL
alener  aPEIGMSNEG GurdwsTajd CUTHSHSLOTEIHIOTERT  HUTHBTUIO|F

FIIMIBHEneN BTe QUDMISOCBTeI(H6TG6e 6Te0 HT6ST HLOLEGMeT.

weenliuujsien sevdbsTule) SNIIFTWSSDETET DlgILIEHL

@b oMsmauler 2.2 o upHuled  eflufldsiul L el wkiseriest
SllienL ulsd elevig SIIAFTWID (WeweriLlueTensTaasliLGAaml.

1518518 g DI B 61T

wpeneiuflujsiten  SuInlyrund

@hs oPsmauier 2.2 o upbHuled  elufldsiulL el wmiseies
FSTHeHHMOGS HTHH BIHHBIHH60 WOMID  SpuUTesT SpITUIFS  WHMID
vimd MPoeuesHer 2012 HQFwuT 31 @0 2 eTemeummrer Bl
Blenevenoulenemud SHHBHUND (PYUMLHSH DLEVIQNSTET DUSHAIGH BIHFTT
QFweommHmelenauld  STHUUTWIFFIMSIUD  BHbImmmisser  QUITHEUTS
gOMIBCSTETENILUL L SewidbdS (hd SHHHIOBIBEDHEHE SEWIBIS 2 HIENOUITEA|D

Blurwiorsawn QeuefliuBGoHBISSTIeT 6eiUgl sTendl SHIAFTWIDTGLD.

BlHBInDDIBEET LEHTE B (1hdH SN T H6IT

SNHBEL (B (GOUTHS6I

Aesteugmoieusmeiiiyssen GmOasmeTemiiLbaeime.

(o) Dloeusisded GCaemeuulsd FHUL(BeTen FBTadL  (LpHTEHLOWITETHIETE0
BumOsmereniu’ L. sms BHmd  Cwrsiguied Guwed el luc
Gouewiigus  epUT 648,000 OFTemawmen SHLUTemet  LOeTTUIETERTIQ6T
Bmid Beuldmpba uHauPliusnE o SCsAssILLH  GHUTLTSHES
sWPSSIULH STLLIUCYGBHSSIL T Gwad Sipeiiur Geuswngul 158
RETMTS mbOSTMBUNED STLL UL 19 HBSHSBI. )Y
2 HACWTESHMHBG 61HITS FLLELAIGSHMS 6IHLUUSDSTS FLLLOT
SIHUHDBG SigIllemaudbalul (HeTensrs O flaldslIuLIg b



2.2.2

2.2.3

2.2.4

Gurdeud 2013 @&CLMUT 31 b Hadl euedy UGBS G 6HITS
FLL BLOUSHMSE 61(HHBBLILILIQ(HEHHTE0660.

(o) uelalarenL GxOlys samsdelmbam 2012 glysd 25 b Had
epum 1,000,000 QummisOsTsieniul(h Blemeowmest emeull @6
sprofssiul gmbs Curded  usissTemL BHwW  wHed(H
sIHBMNEG uyey mausbslul B  uslsstenL BlHw Gy
saBENG CFev6a]| malIUSNESG BLOUQSMS 61(HHBLILLIY[HHHTNE0M6V.

(®) PmeusngHe OQuwifled  uFeyGFuwtUCIYmBS  apuT 11,700,000
Quuodwitesr 02  eUTHSIEBIGMeT  Bleweowimest  QFTHHIGBHeMET S
seisBH CFWINSDE BLOUYEHMS 61(HbBILLIY[HBESNVM6V.

(%) samflwy  uemid@sTenL.  BHwsHar 2012 LEWIQMBTET BTG
GeuefliuTuiFaed epum 1,165,710 98 @BHS CuITHD STHUILTUIFF6D
FoPled Sigl apuT 1,204,000 opHH STLLULLIQGHHBHS!

(2) &RILT 2 608 ULSEMGSHINS OCFund L  BlHwsder  cpsold
UBIBLUL L. (pUOUUERIGMSUD  aubTaishder &P STLLTE
SluemisHBHE — ENMDOENEEpSEGIW  CFveysmens  BSHHI
eleghdflw  epuUT 350,288 QFHTemad WLITHATL SHMHBOBM  EUHLOTEILOTHED
sewisHSh QFUIWNLL I (HHSSH!.

HEIHBTUINNNSTE FTEIMIBOT E606VTENLD

BISBTUNNGS CHMeUWTET HHI60HT FLOTUINGSILLTENLOUTNGT ST EILOT S
3 eupomen  ILWEISEHEGW @M OFevey elLwsHANGL o flu  emum
6,165,408 anl (p Qrss CHTmEHGFW CHT(HHHE0MTEIBNSHNMET HMENH6HN
ULGBLmTen6y,  6uHLOTEN  (LP6VLD,  eEN6VLILILIQUISD  6TTLIGN  HemTdhSTUIaIN @ F
FOFUNSSULL 19 (hHHHT606M60.

FLLIEIH6IT, edBeT, AyLoTeRTBIB6IT, (PBTMDSHHI6 STLOT GBI 61T
GTVTLIGUMMIL GOTT6O B 653185 B LO6IT6mLO

Aevmiens FapTws Carselss @uurdlear sTue aldsBsmaneuuies XXXIII
apHuTwsHear 6 oo Ufleing wrewms  BoeuatsSet  (LpeTeTT el
smeveuflent Helul L Quwifled FHThsed QFUWILLYRHHS @ UPSEDBTH
aupsaMEhy SLLewions qpuT 219,600 OaTens BneuarsHar BHulembe
QFISSLILLQBHSSHI-

Gurdw oIPETIHHBMED DUBTTUUBSSIULTSH GBI (HEHHE06UTEIHEH6NT

Heteumd seugmeiliysset Gombasmereniiuihaletmeo.



3.1

3.2

3.3

(o) Qasmgby uulme BleneowSHMSBTH AUTL 60 SLILenLuled
QuOmISCHTETEMLILLIQ(HHS BLIQL SHlevt 9 L TLIQHMBSH HIT6VLD
wyeuemLbhs Uetery 2012 Femeufl 01 oup  HaHuledmba 2012
R&HCLTUT 05 ob Had euemy euTLendll UewiomTd epum 1,350,000
CENISSIILQBBSSI-

(o) Doeuend GCamomeissiulL  ouJbU  &TesSHmHBS  Bneuethdle
2 S5HCWTHHHT H6IT LoMMILD 26 SIUIT B(6THEBITH (LpEDMUIT6BT
HevmBaflulest omiEsTID  @evevongd  CFldsiu’ L  alFHpmNESTE
O&m(luetey QeFuIUtULREHBESHILET 2011 b Speniged Cauildsiul L
B PONBHTH epUm 860,670 Fal (B (A1) F:5¥: OF:1 {oF:
OFVISHSLILLIQ(HHHHI. (LpETTEMEITIL 31,6081(H 6160 (6T EY: JNTH
alBwemnssTas 2012 o oawiged  SLaGT0STHSHCHTHeT &S epum
944,039 Qxremsd gouT@h CFUIWILLLIQ[HBSHH-

BHFTT  ellenernemsit

sotiudssiu’ L BiHs ampmisseier ysmyw 2012 HOgwut 31 @ev
(IPYEUMLESH DLeWIYNETH BmeuaishHear GFwumurhaaiear BHFTT alenenesel
epum 207,402 UDOTHGOOWTS QHBIIILET DSNESG 61HITH  (LPeITEn6T
opemngmaETen  Wend  qhum 383,079 SuE  BHHSHSOIMED  LO6NTUIEUTIBTIQMEBT 6T
EED s alenena|seflsd eHUT 590,481 QB TeM W6 aip&d
SuSTaNSSIULLF. openenl  Gougpeid epum 2,849,300 QFHTemaulentTaid
o Laiugsems QFuwiul L  Cgeneuser epum 1,506,700 QOzpmensulemevind
vipd pPlewsfsHLE OFeveysel epum 612,100 OFTemHUIMITEID 6JENEIL
QFwpuT BEF GFeveyseT apUT 326,500 OFTnsUTDITOILD AHBFHHMLD
afpssl gHuGMSNEG UTSTMNSES SHTobH06MNSHBHSSI

ugLuTuiey FHwmer BHHFTT Wemmuliey

Wenmuieuremngest  Gumgl  Wewi(heuhd  QFevesEHSHSTS  ahuUT 29,628,500
OFHTEMSWITHT  JFTEIG  WTelWD OO  apur 5,227,900 OHTenSWTE
sHMBOBM UBHLOTAISHMS 2 6Ten bdl OTgHs euhLOTaIDd epuT 35,336,600
SE  QHHIFHLET  BHMmBOBM  eumHLTRID Qrhs  eumLTaIGHD  14.79
FHeils olemelmend QsTawghbsH. CFwHUTLB  BL6EUIQHENHHETHEHDT 6
QuriHssF GFevey apum 35,379,400 o8 BHHHSH. SHMBOBN  IHLTEHISHMS
2 _GIeML&GHW  gemetul  eUBLOTEID  (GHOMbESH  LLSH60  SHTeuTlIUL L He
SITJEIILOTH Qzwmur§ TBL_61119 & 60 & & (6Th & BT B GomGasmememiiu’ L
OFeva BmeT 2 _6TeNLHGUBMNESH FH CuUTHWSTS @HHHIE0m6V.

BneuensHm@ a1Hrmes o rlasiul Beren FUL [HL U EH6l



4.1

Aetteumd Sieugmaiiybsei GmOsTeteriiLbBaement.

(1)

(<)

Bremauuledpbg BeEHwemwsG eHITS  BlneuarhHed  BFemeuuiev
FOULRHBES @ BUJ MDD  TLNSSGL  CuDmIbOsTaTemiLL
slgL o flu HeHuled @UUMLSSILULTEND FOUBSOMS HLIQL
o flemwwimemflermsd epuT 5,200,000 @i  Camfl  BmeuensHME
aFITE BH IIMEIGT0 BTewi(h euUPHGHBT OHT(HSHBLILILIQHHIHEOT.

PoeuegHed  Cremeuulsd  FHULRHBBS — Byewi(h  BUsefleTed
O flalssrg| BFemoudh@ FeLpBL061TIEH BT emLD BT IO B
CramauuledmBas  @eweniummed  aiadim el WSt  SlgliLenLuled
Buiilkhs Ostevaswlmers GIUdLTE Poouasdng aHyms
Osmfed Pwrw  Fouwlsr  (weaielmeouled  @Jewi(h UL EE6NT
QBTBHHSLILLIQHHSH6.

QFwpuT B Wemmuley

QFweTmmeEL

Aetteupd Sieugmaiiiysbseal GmOsmeiteriiLbGaEemen.

(o)

()

@)

2012 Spb  eWIYMBTET  QUMHLTES OFWLOBLOIRSEMBS LG
Gysrgw 3 uselweiulery uwlind Plewsds HLmsainsts apuT
270,000 wOMID UHeuBTL FehFlendmamends QomeTeucioy GFUIUSHNHEHTS
eHUT 100,000 gmum( QaFuiwIuL g (hHSH Gurdevid
IBHBEFFSHH L EIE6T D(PeOL(BHSHBLILL 1Y [HEHHT606M6.

vl Adflelemsd  apetm  SlelpeHH  BlewFHSIILEIEmeT
SPOLUBSSHIUSDG BvsHLIULG DiBHETE ehur 100,000 Ml
gour®  Ceuuiu’RBHBSSILET JAH “@riHHlerssed ULmLSL60”
vipd PawsdsAlLsHnsrs Luind Blmeowd @aimms HTLIG5SH60
wppw  alLw WlBHS  BLagSMBBEHEGTW  QFwmHUTHSET
SI(WeOUBSHSUILL I ([HSHHTE0M6L.

BHSHSTBIG LOMHMILD STLEIUBSHSH0 [BL_6119.8 608560 61T
GumlasTeTougsn@ Wenmwisumewigssr Gumg epum 900,000 Bl& gmoum
QeuwItIuL 19 (HHHSHIL 65T FOFUNssIUL L Qzweb(peTBsarmm

afsmaseilear LFsTyw 4 &1 AIUBGSHSNHSTE (HUT 348,510 GF6ve]
Qeuwiwtul g mHbsH Gurglevid Beuews(ha60 B HBIHENT



()

(2)

(2am)

(61)

QupmIBOEHeTeTILL L ) Symow L T AIubBHHem60
2_6iTenL&a) 4 ST AUUBHH60 O&TLumest g gmur(p
GruilsalLlymbs — GuTHaid — Boeuerd  SIFHSTE  UEIGUDHD
B HBHaT0M60.

2012 o opemigmasTer  QFWLBLAIYEMBS HLsHer  LysTyn
Boeussisder QFweorpmed GpmLgumss uLlfigly BlewpFH S L Eiden
swrfliugmars  apur 900,000 HiF gour®h  QEUIWLLLRHESSHIL 6T
WBenmuleuremngest  @mig  euemy  epum 29,230 Gaevey  QFLIWINLLH
Biyerulssiul L QFupurlignster OBTeTeUTey BLOUQHMS OTHAETLD
BLOUHNBHSSI-

2012 opb  gpewigent  Curgl BedLOuUDm  opmi BsMeE  GBSBereD
Byemuissiu’ Leurm  shHemsObMsmeniiyjsd CFuls  memieu]seafe
WG mE 243 o5 QBHHSELST G OHTLIuTEl uhHey QFUIS
wreieuj&efest  elemienidensd 337 GWD. (DTN 6uT(HL 65T
@UiGBL Gurg ey LOHOID LbHem opdw 02 Blensowmiseaisd
Spuyewis  SWIFOY, eugeuenoLlLGHHMeN 2 (HeuTHGHHe0, BTHHend
BNBEHHGH ULMLSL BBV, 6O UHGH0 DB BMHeNEOBNNDETHHHTSH
URIGUDDISHETD &Gmey gOULQBHBSI.

AUBLTHS OFwedBLGSMBS HLSHer HFSTID  alemed  HEINHD
O  HEHBEMBHEG Slebss LFCHsmiseiled HEE LIge 6T
@miug umn  oppTuFd  QFweugm@  epum 900,000 GFHTEnBULD
GDOTLVIGGHF  FTHEBNE  aumswLuled BrsHasbsed  Copmemi(Hd
QFwupdLsHMaETE qpur 450,000 QFTemaujors epum 1,350,000 gal (b
Qrss OxTemsd gourT®h OCFUWNULRHBSH. iHe epuT 58,650
QF6v6] QEuIwItIUL 19 (HIESHGIL 60T 2012 oM & DT HLD Iz}
IFQFUNHL L Hemg  pTolSH0 Bnsd  meusslul(p  Wew(hLd
QFzbUy  LISSHOGHH — TLALUSDHEG — ueiluTen]  Fenud
FlLGH0 SBSHHGBIULQHESSH. SewibsTUIRS SHedHwmer 2013
BGo e ey SFQFuD  FlLmBselear  GFwedpeTGarHmLD
SNBSS 19 hHHTE0m6V.

QUBLTHS  OFWeBLOIgHMBSH — HLSHHe Aysmyw uevGeumi
auenaswirer 50 O@eyLm wrdflser Cafldsiiul (b Sleupmler @FaFruie
Gayoramsmas uGLUUTWIR] GFuigh 06 wrdHflsefllar @GLTHE@GSW WL
Gemataiul(h Snid sinsmauimens SWUTHSGL  (@&HMSCHTEmL 6ot
ghuT 900,000 gpur@B  GFUWILLRYHHSH. — SpSHHeWEE 36
wrdfleemensg  Cszfldbam 02 wrHflseflar GLTSGW LD
N 6OTMRISB TEUOTLILIL_ L GH|L_601 SSNBTH epUIT 43,200 Q&6v6
QeFiwiuLymbs Burdaid aHFuUTfEsIULL  BeVsHEGHB6T  DMLHSEI
Q& 6L I19(hHEHHATEM6V.



4.2

4.3

4.4

WpaTmHHIe CFumSmeieenLo

I MNBMBHETE  DMDFFTOMUNST  DBISHTTHMBL  QUDMISOHTETENTS
2009 wOmd 2010 HpEW Byewih SLWIBHEHBBTH HUT 188,700 GFevey
Osuigl opemiLfamauler 2400 drdset  SIFFALOULRYRHHSHILST  ibHS
SMdbmaser 2013 QpsaOl DTS 6uemy LSTHHEMGSILLTE  Blnieuesdaeo
M6USH (HBBLILILL 60T

FFFTOUSH HOTENLOWITE  GIL UIBISHEIT

SHeiliu’ L UTGISTULEF BaFemauullest £LP6VLD uTgIsTiyF Bzemeu
GuOMISQETATETILL RBHBSHILST  DbS BineuaTsSsiLer 2005 @sCLTUf 04
o Had meFFTSAHLOULL 2 Laiugdbamsenw 2013 Quigeufl WIS eueny
yaidiusn@  BLogdmsd  siboHaUULIYHSHT0me. 2611 6L & enaSUlles
dysmgo  @pewi(h  FCregL urssTiy 2 SSCwrassHFTsellar  CFeneuenulll
QupmisCaTeTousn@ Rewssiurh CFunuiulpmbs Curded GsmHLUTR
Quids Burg o LaugsmasGl ypwurs a8  HACrasL  umgiSTIILY
2 $FHBWIsS5] ugaluLal @ 2 FHCWTSSSHSS @G WISSHDG HUT
18,500 aigld epUT 222,000 (OENEOL: LS6ITITUI6UIT 638TIQ 68T Gurg)
QFVISBILLIYGBBSSI-

GeuaMiILENL WITET @ (LDMBISEIRIHEN

Arsdassed  ugamamen  QeuefliuBogiIsen  QFupdlLsHer  alGHL
wHumFwmeny UusMSSTS @UUbs SglusmLuied w GCrrsdimng muT
@meuj PwsSIULIYHBESTT. SEBBWWDSIS Sshdear 03 opb  ubSules
Gysryb Gzemeu Mensowid @rsHeilfluns RmbSHILaT CFenel Heneoulidhms
FHSTUILSHDE gomeuenasuied LTHOISDES o LulLgl 61601
GOUULLULYBBSSHI. 2013 sewissTwieyl ufiGFTHemnetsd FhHHTUUD  euen]
2 flw wdwymywreny GCremeudb@GF FUPHINGH0 OBTLIUTET  HHEUEOBHENT
BoeuaisHLD  STERIBIRILaleVene0.  sleusuTpTulenid,  BoeusisHer @l L
Sl Laumemisensnll ufl fghgh Gurgl 2012 o opewngest Gumgl 9 BT &6
wrsAID seuy  QFumA L BLeagSmBHMeD  FDUBSBLILL I ([HHSHMLD
o pIFIUGSSIULRHESS. Coed  Seuflar Bwwas sRsHHET 05 b
upHuler  dysrgd @m  LISHIHMEG @um 85,000 wHWeFU LG
OFIGHSUILL L HTEHAIDBL MIDBEHHBTH il 1960 hba GCUTHGTHSH euFdoel
QRIS UL L STEHAID  GUIUILIUChbaSILeT 2012 o opewigesr  Gumg)
(QFLGzHLUT LD & &N HSH ) U 849,750 LIQuIT&&
OQFVISSLILILIHHSHS). eTeUEUTMTUTNEDILD, NN § QomrmL (HemeuLl



4.5

4.6

ULBEMVGHIPBSHHN FHCragL  alflamywmeny eeug QeusfliLbBSHSILL L Gl
SFNHIEIS U]  Byewi(h PFTEIS  BHpeuamseisd  ww  Gmyd
GFemauwITDMISEVID DIUBHEGHEF GFaSSILLL Lgseier (psod BnsusisbHn@
Aydusvest HemLb@HIeTensT eIaiLGloD HemibsTuials GuTgl HoHs0TaIHTHS
STETLILL L &)

uweTU(hHSLILULTS WHMID GMDeUTsl LWSTUGHSULL L QFT &8 H 60

deiteumd oeugTeiliysset GumbaTeremiiL(halsrment.

(o) BILgsd Semwhgeien 06 vwind Blemsowmseilsd vuind  OBMIseT
BLTSSULL (B6UHBHSHIL 66T BTLIg6v ueLGeum) HyBgxamiseflsd
ourwissiulL 13 uuind mBlmeowmisst BH gourh HenL oot HHer
SIQUILEHLUTD 2006 Spid SpewtgedlBhghl 2011 Sl SpewI(H  eUEDTLITE
BTLHHE0 L LILILIQ (b SH60T.

(o) 2007 o yewingent Gumg epum 12,309,013 dywsdenen GomGsTemi(h
Bevgsmsd gimenulblo @uibdrw CsmeTaueia] QFUIWLINUL Y [HHSHHIL 66T
Wenmuleuremigest  Burgdl  SiFewen  LWSHIUTTHSD  OHMID  GFemeu
QFuIsMBSTE HUT 67,676 GFevey OCFUIWLLLRHBSH. SeuauTCm
b QuBHrsIHNaETs sTUyDHUImeIl GupnsCsTaTasnETE 2009
S S ewngelhbal 2012 b opewi(h euewy epum 410,115 Qzmens
OFevey QUL QHbSSH. enTuleuTewigss @mid  uedy  SibhsH
BupBHrd uwaTUBHSSIULIY[HEHEOm6.

(®) 2012 el 07 b Had SieUnss CoHmeussts apuT 25,500
QF6v6 QFuwIg) @ @606UmEHG5 CFTEGHH QB T6TEU6T6
QeuiwiulymBSHILeET 2013 Quigsufl 05 opb  Hadh aumy g
uweTuTL MG  1hSHSHIGCO@TaTeMIULTSH  BlneuaisHsd  alensmeummics
STETLILL L &)

STOHOMLHH CFwumd L 1D

Arsdersssd  LgaBemen  Geusflliu(BHHIHe0  womid  wHUIG  CFUISHeD
QFuPH L SHemen i(LpsOLI(BSHHIUHMIGTET (& DOLITHS6NT

deiteupd oeugTeailiyssst Gumbateremiiuhalsiment.

(o) @rsdarssed ugademen GCeuailiuGeHHIH0 HMID WHNIE CFUIHe0
QFwudAH LD 2008 opb  opeigedlBHE 2011 opb L GUED)
BT6I(G 21,601 (h HM6VLI LGS B G6 SIPOLGSHHIUHDHTH
HeopBasflulesr  omSsTID  QuDmECaTeTeTIUL RHHS — CurHeid
1 TG AN TR HT6LLl U@ S @6 QFwHAL L e



4.7

4.8

(=b)

@)

BLaREmBEMTL  Uisd  OFueusnEd  wpweurdpbhss. o flul
QewpUTHHEHHE) AULDMIGHISHM(G 2 58sFbslul L epUIT 36
Wevellwest Bl goumliged @@ opewigm@& pur 9 1Oevedlwiest L
AUPEIGHUSDETE DBIESHTID  CQuDMIECETaTaMIUL L Sevr  Lestesny 2007
o0 oyl B 2012 o e euewy Gomanpiul
QP LSHHDHTH epuT 9,588,630 GFeve] QFLIWIILLIQHBDSHI.

WenmWieumewigsst  Gurg @QFQFwPA_LSHT QrsHss OFevey apuT
3,517,442 o915 BOHSIHLeT Faeufl, opsevl, FlOsWUf opdul
THEIBET0  QFwMA LD CFHTLIuTs e els  CFupuT(hSEHLD
BLOuDTSIHSHI. QFuDMEHL  Wenmuley BHLEUQHMBHEHHDBTH AHUIT
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(LpeHMEMLDBEHLD S (HLLIT(HEHETHLD

semibsTuIeler Gurgl oeusmaflesiul L (penmenosel MM S GHUUTL (hé
GmPUTHS6T — SeuauiGurg  BneuarsHer  HMeveUTHl  BeUaTHHMEGH
OamemiheugiulLer. Weteupd SLGUUTL (G SiwFmIseaT OsTLiurs  ealGsFL
souesid GamyliuhaSImg.

(o) QewundLEIGm6T SI(LP6OLIBHHSHIHE0
(o) sansbdb

(®) Qargaisser sl (buurh

() ursl (hs sL_(BUurh

61F. 6. 6l60. SFOyei)
BHEIHBTUIGUTON] HENEVENLD HHLH









