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6DPHQYDWWLQJ

+HW IDDOPHFKDQLVPH SLSLQJ VSHHOW HHQ EHODQJULMNH URO ELM GH EH
YHUZDFKWLQJ ]XOOHQ ELM KHW JHEUXLN YDQ KHW :%), YHOH GLMNWUD N
'H KRJH IDDONDQVHQ VOXLWHQ LQ GH SUDNWLMN QLHW DDQ ELM KHW JHYF
RRU]JDDN KLHUYRRU LV GDW GH JHEUXLNWH UHNHQUHJHO YDQ 6HOOPHLMH
RPVWDQGLJKHGHQ HQ GH EHUHNHQLQJVUHVXOWDWHQ ELM KHW WRHSDVVH
RQJHNHUKHGHQ EHYDWWHQ 'H]H RQJHNHUKHGHQ RQWVWDDQ GRRUGDW HU
QLHW Rl QLHW JRHG EHJUHSHQ ZRUGHQ PHHUGHUH DVSHFWHQ GLH HHQ U
NXQQHQ ZRUGHQ LQ GH KXLGLJH EHRRUGHOLQJVPHWKRGLHN HQ RPGDW Gt
LQ KHW YHOG WH EHSDOHQ |LMQ 'DDURP EHVWDDW GH ZHQV RP GH]H JURV
]JRZHO HHQ VFKHUSHUH EHRRUGHOLQJ DOV RQWZHUS ]JRGDW HU PHHU YHU
KHW DDQJHSDVWH UHNHQPRGHO LQ KHW YHOG HQ GDW LQYHVWHULQJHQ R
RQGHUERXZG NXQQHQ ZRUGHQ

'H QDDU DDQOHLGLQJ YDQ GH]H EHYLQGLQJ RSJHVWHOGH YLVLH KHHIW XL
KHW SURJUDPPD .HQQLV YRRU .HULQJHQ .Y. LQ HQ ZDDULQ RSWLF
DQLVRWURSLH ILMQH IUDFWLH YRRUODQG HQ DFKWHUODQG REVHUYDWLI
YDQ GH SLSH ' HIIHFWHQ HQ JHFRPELQHHUGH HIIHFWHQ JLMQ EHVFKRXZG

'LW UDSSRUW YDW KHW RQGHU]RHN YRRU .Y. 3LSLQJ HQ VDPHQ HQ .
FRQVHTXHQWLHY YDQ GLW RQGHU]JRHN YRRU GH SUDNWLMN FRQVHTXHQWI
VFKHUSHU RRUGHOHQ ]RZHO SRVLWLHYH DOV QHJDWLHYH HIIHFWHQ WH EF
WHUXJVFKULMGHQGH HURVLH HQ GDW GH PDWH ZDDULQ GH HIIHFWHQ GH E
LV YDQ GH ORFDWLH LQ 1HGHUODQG

9RRU VRPPLJH JHELHGHQ LQ 1HGHUODQG NDQ GH GH WRHJHQRPHQ NHQQL)\
HURVLH WRW HHQ NOHLQHUH RYHUVWURPLQJVNDQV OHLGHQ 9RRU DQGHU
UHNHQLQJ WH KRXGHQ PHW GH RYHULJH JHEHXUWHQLVVHQ GLH RS PRHWH
RYHUVWURPLQJ OHLGW 'H PHHVWH RQGHUZHUSHQ JLMQ LQ HHQ YHUNHQQ
DDQEHYHOLQJHQ JHGDDQ YRRU PRJHOLMNKHGHQ YDQ LPSOHPHQWDWLH HC
NHQQLVRQWZLNNHOLQJ



2YHU "HOWDUHYV

'"HOWDUHV LV HHQ RQDIKDQNHOLMN NHQQLVLQVWLWXXW YRRU WRHJHSDVW
RQGHUJURQG :HUHOGZLMG ZHUNHQ ZH DDQ VOLPPH LQQRYDWLHV RSORV\
PLOLHX HQ PDDWVFKDSSLM :H ULFKWHQ RQV YRRUQDPHOLMN RS GHOWD T\
KHW EHKHHU YDQ GH]H GLFKWEHYRONWH HQ NZHWVEDUH JHELHGHQ FRPSC
RYHUKHGHQ RQGHUQHPLQJHQ NHQQLVLQVWHOOLQJHQ HQ XQLYHUVLWHLW
H(QDEOLQJ '"HOWD /LIHY

$O0V WRHJHSDVW NHQQLVLQVWLWXXW JLMQ ZH VXFFHVYRO ZDQQHHU RQ]JH |
VDPHQOHYLQJ :H VWHOOHQ KRJH HLVHQ DDQ GH NZDOLWHLW YDQ RQJH NF
PHW QLHXZH ZHWHQVFKDSSHOLMNH LQ]JLFKWHQ PDDU RRN PHW GH JHYRO.
PLOLHX HQ VDPHQOHYLQJ

$0 RQ]H RSGUDFKWHQ HQ SURMHFWHQ OHYHUHQ HHQ ELMGUDJH DDQ KHW
NLMNHQ YDQXLW HHQ ODQJH WHUPLMQ SHUVSHFWLHI QDDU ELMGUDJHQ Y]
]JHHU DDQ RSHQKHLG HQ WUDQVSDUDQWLH 'LH KRXGLQJ LV RQGHU PHHU W
PDNHQ YDQ GH GRRU 'HOWDUHV RQWZLNNHOGH VRIWZDUH HQ PRGHOOHQ

RYHUWXLJLQJ 'HOWDUHV KHHIW UXLP PHGHZHUNHUV HQ LV JHYHVWLJG

2727 GHOWDUHY QO



 QKRXG

6DPHQYDWWLQJ
,QWURGXFWLH

6DPHQYDWWLQJ XLWJHYRHUG RQGHU]JRHN
$QLVRWURSLH
*HWLMGHQDIJHWWLQJHQ
'RRUODWHQGKHLG GHNODDJ HQ YRRUODQG
$FKWHUODQG
9RRUODQG
2EVHUYDWLHV
(HQ UHYLHZ YDQ FDVH VWXGLHV
9HUNODULQJ YRRU ]JDQGPHHYRHUHQGH ZHOOHQ LQ :HVW 1HGHUODQG
8LWJUDYHQ YDQ ZHOOHQ ELM GH :LOOHPVSROGHU
+HDYH HQ ' UHJHO
+HDYH
'H ' UHJHO
+HWHURJHQLWHLW
OLFUR PHVR VFKDDOYDULDWLH LQ GH EDDQ YDQ GH SLSH
9DULDWLH RQGHUNDQW GHNODDJ
3LSLQJ LQ '
$GYLHV -RKQ 5LFH
,QYORHG YDQ JHRK\GURORJLVFKH VLWXDWLH ELM ' XLWVWURRP
2SWLPDOLVDWLHYV JHFRPELQHHUG EHVFKRXZHQ
6\QWKHVH

&RQVHTXHQWLH DQDO\VH
YDFWRUHQ
6OLEIUDFWLH
+HOOLQJ GHNODDJ
+HWHURJHQLWHLW LQ GH EDDQ YDQ GH SLSH
$QLVRWURSLH
OHHUODDJVKHLG
" HIIHFW $FKWHUODQG
9RRUODQG
" UHJHO
6DPHQYDWWLQJ IDFWRUHQ
'LITHUHQWLDWLH QDDU UHSUHVHQWDWLHYH JHELHGHQ HQ NDDUW YDQ 1/
6OLEIUDFWLH
$QLVRWURSLH
OHHUODDJVKHLG
" HIIHFW DFKWHUODQG
9RRUODQG
'UXNYDO LQ KHW RSEDUVWNDQDDO
'"LIIHUHQWLDWLH LQ JHELHGHQ
%HSDOHQ EHWQYORHGHQGH SDUDPHWHUVY SHU GHHOJHELHG
(ITHFW RS NULWLHN YHUYDO YRRU DOOH GHHOJHELHGHQ



,QGLFDWLH YDQ NRVWHQUHGXFWLH ELM YHUGHUJDDQG JHEUXLN YDQ YRF

&RQFOXVLHY HQ DDQEHYHOLQJHQ
&RQFOXVLHV
$DQEHYHOLQJHQ
,PSOHPHQWDWLH LQ KHW %2,
'RRURQWZLNNHOLQJ HQ LPSOHPHQWDWLH LQ SURMHFWHQ
2QWZLNNHOLQJ NHQQLVVWUDWHJILH

SHIHUHQWLHYV
.DDUWHQ
%HSDOLQJ JHPLGGHOGH 626 SDUDPHWHUV SHU VHJPHQW VFHQDULR
30DQ YDQ DDQSDN EHSDOLQJ GUXNYDO LQ KHW RSEDUVWNDQDDO

'H ' UHJHO

+HDYH
$QDO\WH PHHUODDJVKHLG

$DQSDN

2YHUJLFKW YDQ GH DQDO\VH

5HVXOWDWHQ HQ DQDO\VH

&RQFOXVLHV

(INTHFWLHYH YRRUODQGOHQJWH



, QWURGXFWLH

+HW IDDOPHFKDQLVPH SLSLQJ VSHHOW HHQ EHODQJULMNH URO ELM GH EH
YHUZDFKWLQJ ]XOOHQ ELM KHW JHEUXLN YDQ KHW :%, YHOH GLMNWUD
WRHQDPH YDQ GH YHUVWHUNLQJVRSJDYH PHW EHWUHNNLQJ WRW KHW IDD
GRRU GH YHUDQGHULQJHQ GLH JLMQ GRRUJHYRHUG ELM KHW RSVWHOOHQ
RQGHU]JRHN GDW XLWJHYRHUG LV LQ KHW NDGHU YDQ KHW :%, HQ KHW
KHEEHQ RQGHU DQGHUH JHOHLG WRW KHW YHUZHUSHQ YDQ GH UHJHO YDQ
YDQ 6HOOPHLMHU (HQ JURWH YHUDQGHULQJ GLH YHHO LQYORHG RS GH Yt
YDQ KHW RQWHUHFKW EHJUHQ]JHQ YDQ GH UHVXOWDWHQ XLW KHW PRGHO °
HHQ RYHUVWURPLQJVNDQVHQEHQDGHULQJ PDDNW KHW H[SOLFLHW PHHQHI
RYHU GH JURQGRSERXZ PRJHOLMN 'DDUQDDVW ZRUGW HU QX UHNHQLQJ J
ZDDUGRRU GH HLV GLH DDQ SLSLQJ ZRUGW JHVWHOG JURWHU ZRUGW $0V
PHHVWDO HHQ JURWHUH NDQV RS SLSLQJ EHUHNHQG GDQ YRRUKHHQ

'H KRJH IDDONDQVHQ VOXLWHQ LQ GH SUDNWLMN QLHW DDQ ELM KHW JHYF
RRU]JDDN KLHUYRRU LV GDW GH JHEUXLNWH UHNHQUHJHO YDQ 6HOOPHLMH
RPVWDQGLJKHGHQ HQ GH EHUHNHQLQJVUHVXOWDWHQ ELM KHW WRHSDVVH
RQJHNHUKHGHQ EHYDWWHQ 'H]H RQJHNHUKHGHQ RQWVWDDQ GRRUGDW HU
QLHW Rl QLHW JRHG EHJUHSHQ ZRUGHQ PHHUGHUH DVSHFWHQ GLH HHQ U
NXQQHQ ZRUGHQ LQ GH KXLGLJH EHRRUGHOLQJVPHWKRGLHN HQ RPGDW Gt
LQ KHW YHOG WH EHSDOHQ ]LMQ 'LW PDDNW GDW GH XLWNRPVWHQ YDQ G|
RQJHNHUKHLG NHQQHQ

9DQ RRUVSURQJ LV KHW PRGHO YDQ 6HOOPHLMHU HQ GH GDDUYDQ DIJHO}
KRPRJHQH RQGHUJURQG HQ HHQ FRQVWDQWH EHODVWLQJ 'LW JLMQ YHLOL
KHWHURJHQH RQGHUJURQG PLQGHU JHYRHOLJ LV YRRU SLSLQJ GDQ HHQ K
YHLOLJH XLWJDQJVSXQWHQ SDVVHQ ELM GH RXGH RYHUVFKULMGLQJVNDQ\
DDQ WH WRQHQ GDW HHQ EHSDDOGH K\GUDXOLVFKH EHODVWLQJ JHNHU JH
RYHUVWURPLQJVNDQVEHQDGHULQJ ZRUGW HHQ NDQV RS RYHUVWURPHQ El
XLWJIDQJVSXQWHQ PHHU ZRUGHQ JHKDQWHHUG PDDU PRHWHQ RQJHNHUKH{
JHEUDFKW :DQQHHU HU HFKWHU JHHQ UHNHQLQJ ZRUGW JHKRXGHQ PHW K
ZRUGHQ WH KRJH IDDONDQVHQ XLWJHUHNHQG OHW DQGHUH ZRRUGHQ GH
PDDU KHW RQGHUOLJJHQGH SLSLQJPRGHO QLHW +LHUGRRU LV HHQ PLVPD
RSJHORVW GLHQW WH ZRUGHQ

9RRU GH WRHNRPVW EHVWDDW GDDURP GH ZHQV RP GH]H JURWH RQ]JHNHUI
VFKHUSHUH EHRRUGHOLQJ DOV RQWZHUS ]J]RGDW HU PHHU YHUWURXZHQ R
DDQJHSDVWH UHNHQPRGHO LQ KHW YHOG HQ GDW LQYHVWHULQJHQ RS ED)
RQGHUERXZG NXQQHQ ZRUGHQ 1DDU DDQOHLGLQJ KLHUYDQ KHHIW "HOWD!
HHQ YLVLH RSJHVWHOG 'H]JH SLSLQJ YLVLH LV VDPHQJHYDW LQ GH YROJHC

M(HQ QDDU GH RQGHUJURQG JHGLIIHUHQWLHHUGH EHRRUGHOLQJVPHWKRG
FRPSOH[ zDDU KHW QRGLJ LV PHW KDQGYDWWHQ YRRU VOLP HQ JLQYRO P
YDQ GH REVHUYDWLHV XLW GH SUDNWLMN 1
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JLIXXU S5HOHYDQWH NHQQLVYHOGHQ YRRU SLSLQJ

'H XLWHLQGHOLMNH EHRRUGHOLQJ YDQ HHQ GLMN PHW EHWUHNNLQJ WRW
YHOGHQ ZDDU PRGHOOHULQJ RQGHUJURQGNDUDNWHULVDWLH HQ REVHUY
EHQRGLJG ]LMQ RP GH YLVLH WH EHZHUNVWHOOLJHQ ]XOOHQ GHHOV LQ Gt
EHODQJULMN RRN LQ GH RYHUODSSHQGH YHOGHQ

'"H YLVLH LV QDGHU YRUP JHJHYHQ LQ KHW SODQ YDQ DDQSDN +LMPD HW I
WRW KHW RQGHU]JRHN LQ KHW SURJUDPPD .HQQLV YRRU .HULQJHQ .Y. LQ
GLH LQ HQ XLWJHYRHUG JLMQ ZDUHQ PRJHOLMN GRRU HHUGHU XLW
EHWUHIW RQGHU DQGHUH KHW LPSOHPHQWHUHQ YDQ KHW PRGHO YDQ 6HO
VFKHPDWLVHULQJ PRJHOLMN PDDNW GH HHUVWH DDQ]JHWWHQ YRRU KHW E
KHWHURJHQH RQGHUJURQG HQ KHW EHJULMSHQ YDQ GH GUXNYDO LQ KHW
VWXGLHV GLH ELQQHQ GH 329 SLSLQJ JLMQ XLWJHYRHUG KHEEHQ QRJ QLI
EHRRUGHOLQJVPHWKRGLHN PDDU ELHGHQ ZHO DDQNQRSLQJVSXQWHQ ELI
VFKHPDWLVHULQJ

'LW UDSSRUW YDW KHW RQGHU]JRHN YRRU .Y. 3LSLQJ HQ VDPHQ HQ .
QDDU GH FRQVHTXHQWLHV YDQ GLW RQGHU]JRHN YRRU GH SUDNWLMN FRQ
DDQEHYHOLQJHQ JHGDDQ
ZDDU ZDW JRX NXQQHQ PRHWHQ ODQGHQ LQ KHW %2, LQVWUXPHQWDUL
YRRU YHUYROJDFWLHY ELQQHQ GH NHQQLVRQWZLNNHOLQJ LQ EUHGH ]L



6DPHQYDWWLQJ XLWIJHYRHUG RQGHU

1DDU DDQOHLGLQJ YDQ GH YLVLH RS SLSLQJ LV HHQ SODQ YDQ DDQSDN RS
GH]H YLVLH QDGHU LV XLWJHZHUNW 2S EDVLV YDQ GLW SODQ LV HU HHQ \
JHDFKW JLMQ HHQ JURWH NDQV YDQ VODJHQ WH KHEEHQ HQ QDDU YHUZDF
RS KHW SLSLQJRRUGHHO ,Q RYHUOHJ PHW 5:6 HQ KHW GHVNXQGLJHQWHDF
RQGHUGHOHQ QDDU YRUHQ WH WUHNNHQ

$QLVRWURSLH

*HWLMGHQDIJHWWLQJHQ

'RRUODWHQGKHLG GHNODDJ

&DVH KLVWRULHV u6PRNLQJ JXQVTY

9HUNODULQJ ]JDQGPHHYRHUHQGH ZHOOHQ :HVW 1HGHUODQG

+HDYH HQ GH ' UHJHO

9LVLH KHWHURJHQLWHLW
$G KRF LV HU QRJ RQGHU]JRHN XLWJHYRHUG QDDU KHW EOLMYHQ EHVWDDQ
'LOOHPVSROGHU ZDW PRJHOLMN ZDV GRRU ODDJZDWHU 2RN KHHIW -RKQ
XLWJHEUDFKW QDDU SLSLQJ LQ HHQ ' VLWXDWLH

,Q LV RQGHU]JRHN XLWJHYRHUG YRRU GH YROJHQGH GHHOSURMHFWHQ
*HWLMGHQDIIHWWLQJHQ + YHUYROJ RS RQGHU]RHN
$QLVRWURSLH GRRUODWHQGKHLG # YHUYROJ RS RQGHU]RHN
9RRUODQG HQ DFKWHUODQG *#+ GHHOV YHUYROJ RS RQGHU]JRHN
*HRK\GURORJLVFKH VLWXDWLH ELM ' XLWVWURRP £ YHUYROJ RS KHW DG
9HUNHQQLQIJHQ KHWHURJHQLWHLW * YHUYROJ RS GH YLVLH KHWHURJHQL
2SWLPDOLVDWLHY JHFRPELQHHUG EHVFKRXZHQ

'HIH GHHORQGHU]JRHNHQ GHNNHQ DOOH GULH HHUGHU JHGHILQLHHUGH YR
)LIXXU KHHIW DDQ ZzDDU KHW ]ZDDUWHSXQW YDQ GH YHUVFKLOOHQGH G
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)LIXXU '"HHORQGHU]RHNHQ LQ UHODWLH WRW NHQQLVYHOGHQ

+LHUQD ZRUGHQ GH GHHOSURMHFWHQ JHJURHSHHUG QDDU GH RQGHUZHU.
GHNODDJ HQ YRRUODQGY pPpIJHWLMGHQDIJHWWLQJHQY MREVHUYDWLHVY pK
LQ 'Y HQ MFRPEL VRPPHQYT QDGHU WRHJHOLFKW

$QLVRWURSLH

=RZHO LQ DOV LQ LV RQGHU]RHN JHGDDQ QDDU DQLVRWURSLH KHW
YHUWLFDOH GRRUODWHQGKHLG +HW RQGHU]JRHN LV JHUDSSRUWHHUG LQ
D 'HRQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ YDQ HQ EHYDW F
RQGHU]JRHN XLW LV XLWJHYRHUG LQ HHQ VDPHQZHUNLQJVYHUEDQG WX
LV LQ VDPHQZHUNLQJ PHW )XJUR RS EDVLV YDQ GH RSJHGDQH NHQQLYV
RYHU KRH DQLVRWURSLH PHWLQJHQ NXQQHQ ZRUGHQ GRRUYHUWDDOG QDI

$QLVRWURSLH LV KHW YHUVFKLO WXVVHQ KRUL]JRQWDOH HQ YHUWLFDOH G
NDQ ZRUGHQ XLWJHGUXNW DOV HHQ UDWLR GH JRJHQDDPGH DQLVRWURSL
GRRUODWHQGKHLG JHGHHOG GRRU GH YHUWLFDOH GRRUODWHQGKHLG 3L!
IOXYLDWLHOH HQ HROLVFKH DITHWWLQJHQ XLW KHW SOHLVWRFHHQ HQ KR
HHXZHQ WRW PLOOHQQLD ODDJMH SHU ODDJMH DIJH]JHW $0OV JHYROJ YDQ
LV GH YHUWLFDOH GRRUODWHQGKHLG YHHODO ODJHU GDQ GH KRUL]JRQWD
GH]H ODJHQ LV GXV DQLVRWURRS GH PDWH YDQ DQLVRWURSLH LV QDDU Y



YHUVFKLOOHQG ,Q GH EHRRUGHOLQJ HQ KHW RQWZHUS YDQ GH GLMN ZRU
QLHW H[SOLFLHW UHNHQLQJ JHKRXGHQ +HW ZHO PHHQHPHQ YDQ DQLVRW!
HIITHFW RS GH EHUHNHQGH VWHUNWH YDQ GH GLMN DDQJH]LHQ HU GRRU G
PLQGHU ZDWHU QDDU GH SLSH VWURRPW GDQ RS EDVLV YDQ HHQ KRPRJHH
YDQ KHW QLHW PHHQHPHQ YDQ DQLVRWURSLH LV KHW PRJHOLMN RQQRGLJ
GLPHQVLRQHUHQ YDQ SLSLQJ PLWLJHUHQGH YHUVWHUNLQJVPDDWUHJHOHC

homogeen heterogeen
(gelijksoortig) (ongelijksoortig)

anisotropie
(richtings-afhankelijkheid)

g

isotropie
(richtings-onafhankelijkheid)

YLIXXU $QLVRWURSLH HQ PHHUODDJVKHLG .DQQLQJ HW DO

+HW GRHO YDQ GH YHUNHQQLQJHQ LV RP GH LQYORHG YDQ DQLVRWURSLH

EHJULMSHQ HQ RP GH DQLVRWURSLH YDQ YHUVFKLOOHQGH QDWXXUOLMNE

RQGHU]JRHN YDQ LV YHUGHHOG LQ WZHH RQGHUGHOHQ

+ 2S EDVLV YDQ OLWHUDWXXURQGHU]JRHN HHQ LQVFKDWWLQJ PDN}
YHHOYRRUNRPHQGH DIJHWWLQJHQ

$ 2S EDVLV YDQ QXPHULHNH DQDO\VHV PHW ' *HR JORZ EHSDOHQ ZDW G|
GH ZHHUVWDQG WHJHQ SLSLQJ

,Q KHW RQGHU]JRHN YDQ LV HHQ PHWKRGLHN RQGHUERXZG RP UHNHQZD

WH OHLGHQ WHQ EHKRHYH YDQ SLSLQJDQDO\VHV

'H OLWHUDWXXUVWXGLH ODDW JLHQ GDW YRRU GH PHHVWH :%, 626 DIJHWW
DQLVWURSLHZDDUGH ZRUGW JHYRQGHQ GLH VLJQLILFDQW JURWHU LV GDQ
GRRU JURWH YDULDWLHY HQ HU JLMQ YRRU YHOH DIJHWWLQJHQ RRN PDDU
ZRUGW HHQ DDQZLM]LQJ YRRU GH DDQZH]LJKHLG YDQ HHQ VFKDDOHIIHFW
ZDDUELM JURWHUH SURHIPRQVWHUV RYHUHHQNRPHQ PHW KRJHUH DQLVRW
YRRU SLSLQJ DQDO\VHV DDQJH]LHQ SLSLQJ ZDDUVFKLMQOLMN HHQ UHODYV
JURRWVFKDOLJ JURQGZDWHUVWURPLQJVSURFHV LV (U GLHQW WH ZRUGHQ
JHIHYHQV XLW GH OLWHUDWXXU QLHW WRHUHLNHQG LV RP HHQ QDXZNHXU
DQLVRWURSLH DDQ WH NXQQHQ WRQHQ 'DDURP LV KLHU LQ QDGHU RS
WH DQDO\WHUHQ (HQ NDDUW PHW LQGLFDWLHY YRRU GH JURRWWH YDQ DC
$SSHQGL[ $
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JLIXXU ,QYORHG VFKDDOJURRWWH RS ZDDUGH DQLVRWURSLH LQ KHW RQGHL

'H LQYORHG YDQ DQLVRWURSLH RS KHW GRRUJURHLHQ YDQ HHQ SLSH LV Y
EHUHNHQLQJHQ LQ ' *HR )ORZ DDQ GH KDQG YDQ HHQ UHSUHVHQWDWLHYH
YDQ DQLVRWURSLH NZHOZHJOHQJWH DTXLIHU GLNWH GRRUODWHQGKHLG
DQDO\WHV ODWHQ JLHQ GDW DQLVRWURSLHIDFWRUHQ JURWHU GDQ RQJH
KHEEHQ RS GH ZHHUVWDQG WHJHQ SLSLQJ +HW NULWLHNH YHUYDO NDQ R
WLHQWDOOHQ SURFHQWHQ 'RRU GH DIQDPH YDQ GH YHUWLFDOH VWURPLQ
GDDUPHH GH ZHHUVWDQG WRH (HQ YRRUEHHOG YDQ KHW HIIHFW YDQ GH I
DTXLIHU RS GH WRHQDPH YDQ GH UDWLR NULWLHN YHUYDO PHW DQLVRWU}
HHQ DQLVRWURSLHIDFWRU YDQ +FB$ VWDDW ZHHUJHJHYHQ LQ )LIXXU
PDFKWVIXQFWLH GRRU JHILW +HW GRRUUHNHQHQ YDQ YHUVFKLOOHQGH V
KHW ]DQGSDNNHW GH LQYORHG YDQ DQLVRWURSLH RS KHW NULWLHNH YHU
DQLVRWURSLH HU YRRU JRUJW GDW QLHW KHW KHOH JDQGSDNNHW LQ JHOL
SLSH PDDU YRRUDO KHW ERYHQVWH JHGHHOWH 2YHULJH SDUDPHWHUV ]R
NRUUHOGLDPHWHU EHWQYORHGHQ KHW HIIHFW YDQ DQLVRWURSLH QLHW Z
UXLPWHOLMNH YDULDWLH LQ DQLVRWURSLH ODWHQ JLHQ GDW YRRUDO DQl
NULWLHNH YHUYDO
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Dikte aquifer [m]
JLIXXU ,QYORHG YDQ GH GLNWH YDQ GH |DQGODDJ RS GH UDWLR WXVVHQ NULW

YHUYDO ELM LVRWURSLH RQGHUJURQG YRRU YHUVFKLOOHQGH DQLVRWURSLHIDFWR

'RRU KHW RQGHU]RHN YDQ LV HHQ PHWKRGLHN RQGHUERXZG RP UHNHQ
DI WH OHLGHQ WHQ EHKRHYH YDQ SLSLQJDQDO\WHV 'H XLWNRPVWHQ YDQ
YDQ KHW 6SXL SURMHFW YDQ :DWHUVFKDS +ROODQGVH '"HOWD ZDDU ELM W
PHWLQJHQ GH PDWH YDQ DQLVRWURSLH LQ GRRUODWHQGKHLG YDQ UHOHY
VFKHUSHUH SLSLQJDQDO\WH WH NXQQHQ PDNHQ 9DQZHJH GH JURWH KRHY
ELM WUDMHFW JLMQ GH DQDO\VHV LQ GLW UDSSRUW YRRUDO RS GH KLF

2P UHNHQZDDUGHQ PHW PDWHULDDOIDFWRU WH NXQQHQ EHSDOHQ YRRL

YROJHQGH VWXGLHV XLWJHYRHUG

¥ +HW HIIHFW YDQ VFKDDO RS GH DQLVRWURSLH LV RQGHU]JRFKW GRRU K
RS YHUVFKLOOHQGH VFKDOHQ

¥ '"*HR )ORZ EHUHNHQLQJHQ JLMQ XLWJHYRHUG RP YDVW WH VWHOOHQ F
JHPLGGHOGH DQLVRWURSLHIDFWRU DOV UHNHQZDDUGH NDQ ZRUGHQ J

9RRU VFKDDOHIIHFWHQ ZRUGW JHFRQFOXGHHUG GDW GH VFKDDO ZDDURS
YDQ JURRW EHODQJ LV 3RPSSURHYHQ JHYHQ LQIRUPDWLH RYHU GH EXONLE
HQ NXQQHQ GXV JHEUXLNW ZRUGHQ YRRU HHQ EHSDOLQJ YDQ GH DQLVRW!
]JDQGSDNNHW $QLVRWURSLHPHWLQJHQ RS EDVLV YDQ +37 $037 PHWLQJHQ
HQNHOH P JURQG %LM PHHUGHUH +37 $037 PHWLQJHQ ELQQHQ KHW]HOIG
YDQ GH]H PHWLQJHQ GRRUJDDQV HHQ KRJHUH DQLVRWURSLHIDFWRU GDQ °
GRRUGDW KRJH RXWOLHUV KHW JHPLGGHOGH VWHUN EHWQYORHGHQ +HW
SRPSSURHI NDQ ZRUGHQ RQGHUYDQJHQ GRRU KHW JHPLGGHOGH YDQ GH +
JRQGHU GH KRJH RXWOLHUV 2S EDVLV YDQ NOHLQH PRQVWHUV ]RDOV DIN
DQLVRWURSLHIDFWRU QLHW RS HHQ EHWURXZEDUH PDQLHU ZRUGHQ EHSD|



2S EDVLV YDQ GH XLWJHYRHUGH ' *HR )ORZ DQDO\VHV ZRUGW JHFRQFOXGF
GH PHHVWH JHYDOOHQ XLWPLGGHOHQ HQ GDW GXV JHUHNHQG PDJ ZRUGHC
YDQ HHQ DIJTHWWLQJ 'LW LV PHW QDPH JHOGLJ DOV GH YDULDWLHV HHQ NI
PLQGHU ,Q VRPPLJH JHYDOOHQ LV KHW UHNHQHQ PHW HHQ JHPLGGHOGH
FRQVHUYDWLHI ELMYRRUEHHOG LQ JHYDO HU JURWHUH JRQHV PHW ODJH I
ELMYRRUEHHOG LQ JHYDO YDQ JHHQ EHSHUNW YRRUODQG RI RQGHU KHW
DDQZH]LJI LV

2S EDVLV YDQ GH XLWJHYRHUGH DQDO\VHYV LV HHQ UHNHQPHWKRGLHN RSJ
UHNHQZDDUGH YDQ GH DQLVRWURSLHIDFWRU 'H UHNHQPHWKRGLHN RPKHC
YDQ HHQ FRQVHUYDWLHYH VFKDWWLQJ YDQ GH JHPLGGHOGH DQLVRWURSL
EHYLQGLQJHQ YDQ GH VFKDDOHIIHFWHQ HQ ' *HR J)ORZ DQDO\VHV ]JLMQ RS
YDQ GH EHVWH EHVFKLNEDUH NHQQLV YDQ +37 $037 PHWLQJHQ YRRU WUDN
NHHU GDW HHQ UHNHQZDDUGH YRRU DQLVRWURSLHIDFWRUHQ LV DIJHOHLC
DQGHUH WUDMHFWHQ GLHQHQ JRHG EHVFKRXZG WH ZRUGHQ RP QD WH JDCLC
GH YRRUJHVWHOGH PHWKRGLHN WH YHUDQGHUHQ

2S GLW PRPHQW LV ' *HR )ORZ GH PHHVW YRRU GH KDQG OLJJHQGH WRRO |
PHH WH QHPHQ ' *HR J)ORZ HQ GH ELMEHKRUHQGH YHLOLJKHLGVILORVRILH
ROQWZLNNHOG 'DDUQDDVW ]JLMQ HU WH ZHLQLJ PHWLQJHQ EHVFKLNEDDU R
SHU DIJHWWLQJVPLOLHX WH NXQQHQ JHYHQ HQ LV YHUGHUH YDOLGDWLH Y

*HWLMGHQDIJHWWLQJHQ

=RZHO LQ DOV LQ LV RQGHU]JRHN JHGDDQ QDDU JHYRHOLJKHLG YDQ
JHWLMGHQJHXO HQ JHWLMGHQSODDWDIJHWWLQJHQ YRRU SLSLQJ +HW R
2RVW D HQ +LMPD 'H RQGHUVWDDQGH WHNVW LV HU HHQ VDPHQ?

GH]H UDSSRUWHQ

'H RQGHUJURQG LQ 1HGHUODQG LV VWHUN KHWHURJHHQ DOV JHYROJ YDQ
JHVFKLHGHQLY 7RFK ZRUGW HU YRRU GH EHSDOLQJ YDQ GH NDQV RS SLSL
GLH JHEDVHHUG LV RS SLSLQJSURHYHQ PHW ]DQG JRQGHU GH IUDFWLH

NRUUHOJURRWWHYHUGHOLQJ KRPRJHHQ ]DQG 'DDUQDDVW LV ELM GH SL¢
YDQ RULJLQH PHHVWDO DIJHJHW LV GRRU ULYLHUHQ *HWLMGHQ]DQG ZLMN
UHJHO UHODWLHI YHHO OXWXP HQ VLOWGHHOWMHY +HW LV GDQ RRN GH °
JHWLMGHQ]DQG HHQ W\SH ]DQG GDW RQGHU FLUFD NP GLMN DDQZH]LJ
HQ 1RRUG +ROODQG )ULHVODQG *URQLQJHQ 'H]H YUDDJ ZRUGW PHGH LC
JHELHGHQ PHW JHWLMGHQDI]JHWWLQJHQ HU JHHU ZHLQLJ ]JDQGPHHYRHUHQ
KHHO 1HGHUODQG HQ LQ JHELHGHQ PHW ULYLHUDIJHWWLQJHQ MXLVW JHH
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YLIXXU 2YHUJLFKW YDQ KHW YRRUNRPHQ YDQ JHWLMGHQDIHWRID@IH® RQGHU G

2RVW D

+HW RQGHU]RHN QDDU JHWLMGHQ]DQGHQ ]JRZHO KHW RQGHU]JRHN YDQ
RP KHW EHDQWZRRUGHQ YDQ GH YROJHQGH YUDJHQ

¥ ,VJ HWLMGHQ]DQG PLQGHU SLSLQJJHYRHOLJ GDQ ULYLHU]IDQG™"
¥ =R MD ZDDUGRRU NRPW GLW"
¥ =R MD KRH NDQ GLW PHHJHQRPHQ ZRUGHQ ELM GH EHRRUGHOLQJ"

2P GH ERYHQVWDDQGH YUDJHQ WH EHDQWZRRUGHQ JLMQ SURHYHQ XLWJH)
PHW JHWLMGHQ]DQG JHKRPRJHQLVHHUG HQ PHW %DVNDUS]DQG PHW WRH
DITHWWLQJHQ JLMQ JURQGHQ PHW YHUVFKLOOHQGH HLJHQVFKDSSHQ GLH L
KHW RQWVWDDQ YDQ SLSLQJ 'H DIJHWWLQJHQ NHQQHQ HHQ UHODWLHI JUF
ZLMNHQ DI YDQ KHW ]DQG LQ KHW ERYHQ ULYLHUHQJHELHG 2RN JLMQ Gt}
VSUDNH YDQ DQLVRWURSLH 'H ODDJMHV JLMQ YDQ QDWXUH QLHW FRQWLQ
JHULFKW RS GH ILMQH IUDFWLH $QLVRWURSLH HQ KHWHURJHQLWHLW ZRU
GHHORQGHU]JRHNHQ



)LIXXU ObbwW GH JHPHWHQ HQ EHUHNHQGH NULWLHNH YHUYDOOHQ JLHC
GH SURHYHQ PHW %DVNDUS]DQG HQ NDROLQLHW HQ YRRU GH SURHYHQ RS

%HHN HW DO 'H ]ZDUWH VWLSSHOOLMQ JHHIW GH OLMQ DDQ ZDDURS
EHUHNHQGH HQ JHPHWHQ YHUYDOOHQ JHOLMN JRXGHQ JLMQ 'H JUDILHN ZI
SURHI PHW NOHLLJ IDQG .] HQ NOHLODJHQ GH JHPHWHQ NULWLHNH YHI

]JR JURRW DOV KHW EHUHNHQGH NULWLHNH YHUYDO 'H UHVXOWDWHQ EHYF
JHWLMGHQ]DQG
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)LIXXU %HUHNHQGH NULWLHNH YHUYDOOHQ HQ JHPHWHQ NULWLHNH YHUYDOOH

(U NXQQHQ YHUVFKLOOHQGH RRU]DNHQ JLMQ ZDDUGRRU KHW JHWLMGHQ]D
6HOOPHLMHU ZRUGW YRRUVSHOG

+ GH DDQZH]LJKHLG YDQ NOHLODJHQ

+ FRKHVLH ]JRZHO I\WLVFK DOV ELRORJLVFK

+ DDQZH]JLJKHLG ILMQH IUDFWLH

2P DDQ WH WRQHQ ZDDUGRRU KHW JHWLMGHQ]DQG VWHUNHU LV JLMQ GH

JHWLMGHQ]DQG XLW KHW YHOG HQ GHHOV RS %DVNDUS]DQG ZDDUDDQ NDR
ODDWVWJHQRHPGH SURHYHQ JLMQ XLWJHYRHUG RPGDW NDROLQLHWNOHL |
YRHUHQ PHW HHQ ILMQH IUDFWLH LQ GLW JHYDO NDROLQLHWNOHL GLH E
NDQ LQJLFKW YHUNUHJHQ ZRUGHQ LQ GH ELMGUDJH YDQ FRKHVLH DDQ GH

%»DVNDUS]DQG HQ NDROLQLHWNOHL ODWHQ JLHQ GDW RRN QX QRJ H[WUD \
ZRUGW PRJHOLMN YHURRU]DDNW GRRU GH LQYORHG YDQ GH ILMQH IUDFWL
ILMQH IUDFWLH JHOI QLHW FRKHVLHI LV RI GRRU ORNDOH YDULDWLH LQ G
6HOOPHLMHU JHYDW ZRUGHQ (HQ DQGHUH PRJHOLMNKHLG LV GDW KRHZH(
DDQZH]LJH FRKHVLH WRFK QRJ YDQ LQYORHG LV

+HW SORWWHQ YDQ KHW SHUFHQWDJH OXWXP VOLE RI ILMQH IUDFWLH Y|
JHPHWHQ EHUHNHQG NULWLHN YHUYDO ODDW HHQ GXLGHOLMNH UHODWLH
OHLGHQ WRW KRJHUH VWHUNWHIDFWRUHQ 'H VWHUNWH UHODWLH LV YRRL



- HQ GH VWHUNWHIDFWRU +RHZHO GH]H UHODWLH QRJ EHWHU RQGH UL
EHRRUGHOLQJYV HQ YHUVWHUNLQJVSURMHFWHQ GH H[WUD VWHUNWH GRRL
NXQQHQ ZRUGHQ *H]LHQ GH QRJ DDQZH]LJH RQ]JHNHUKHGHQ PRHW GLW PH
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)LIXXU 9HUKRXGLQJ WXVVHQ H[SHULPHQWHOH NULWLHNH YHUYDOOHQ HQ EHUH
SHUFHQWDJH PDWHULDDO-E8DWONBEIMDEWUHLV'BBQNNH ]JZDUWH OLMQ LV GH YRRUJHVW!
JHEUXLNW NDQ ZRUGHQ ELQQHQMADUWRHWY RS PDDWY

+LHURQGHU ZRUGW HHQ FRQFUHHW KDQGHOLQJVSHUVSHFWLHI YRRUJHVWE
%YHSDOHQ VOLEIUDFWLH LQ GHARQGHUJURQG IUDFWLH

7TRHSDVVHQ HWUD VWHUNWH JHWLMGHQ]DQG
+HW NULWLHNH YHUYDO NDQ YHUKRRJG ZRUGHQ PHW HHQ SHUFHQWDJ}
VOLE (HQ YRRUORSLJH YHLOLJH UHODWLH LV ]JLH RRN +LMPD

X %LM VOLEIUDFWLH WRHQDPH NULWLHNH YHUYDO PHW

X %LM VOLEIUDFWLH WRHQDPH NULWLHNH YHUYDO PHW
x (WF

9RRUJLFKWLJH WRHSDVVLQJ UHNHQUHJHO

(U GLHQW QRJ YRRUJLFKWLJ RPJHIJDDQ WH ZRUGHQ PHW ERYHQVWDDQC
JHEUXLNW ZRUGHQ LQ GH phWRHWV RS PDDWY ,QGLHQ GRRU GH JHEUXL
YRRUJHVWHOGH UHNHQUHJHO JRX GLW JRHG RQGHUERXZG PRHWHQ ZR!I

'DDUQDDVW ]JRX ELM KHW SULRULWHUHQ YDQ YHUVWHUNLQJHQ YDVW UHNH
VWHUNWHIDFWRU YDQ 'LMNWUDMHFWHQ GLH GRRU GH]JH VWHUNWHZLQVW
QLHW YHUVWHUNW KRHYHQ WH ZRUGHQ LQ DIZDFKWLQJ YDQ RQGHU]JRHN G
RQGHU]JRHN EHVWDDW ZHOOLFKW XLW HHQ YRRUW]HWWLQJ YDQ KHW .Y. SL
SUDNWLMNSURHI LQ J)ULHVODQG HQ PRJHOLMN DQGHUH YHOGSURHYHQ



'RRUODWHQGKHLG GHNODDJ HQ YRRUODQG

=RZHO LQ DOV LQ LV RQGHU]RHN JHGDDQ QDDU GH LQYORHG YDQ G|
RS SLSLQJ ,Q LV RRN RQGHU]JRHN JHGDDQ QDDU KHW HIIHFW YDQ KHW
RQGHU]JRHN LV JHUDSSRUWHHUG LQ /DP /DP D /DP E /DP

5RVHQEUDQG 'H RQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ YD
GRFXPHQWHQ

$FKWHUODQG

'H YHUZDFKWLQJ LV GDW GH GRRUODWHQGKHLG YDQ GH GHNODDJ DDQ GH
KHEEHQ RS GH GHHOIDDOPHFKDQLVPHQ YDQ SLSLQJ RSEDUVWHQ KHDYH |
RQGHU DQGHUH XLW ZDDUQHPLQJHQ YDQ :DWHUVFKDS 5LYLHUHQODQG HQ
]JDQGPHHYRHUHQGH ZHOOHQ JLMQ JHFRQVWDWHHUG LQ JHELHGHQ PHW G X
JXQVWLJH LQYORHG YDQ GH GRRUODWHQGH GHNODDJ ZLO PHQ ZDDU PRJH
YDQ SLSLQJ

,Q GH JHGHWDLOOHHUGH WRHWY NDQ YRRU GH GHHOPHFKDQLVPHQ RSEDU
ZRUGHQ PHW GH LQYORHG YDQ HHQ GRRUODWHQGH GHNODDJ LQ KHW DFKYV
VWLMIJKRRJWH DDQ WH SDVVHQ DDQ GH KDQG YDQ GH OHNOHQJWH (HQ KR
DIQDPH YDQ GH VWLMJKRRJWH HQ KHHIW GDDUPHH HHQ JXQVWLJ HIIHFW [
HQ KHDYH +HW JXQVWLJH HIIHFW YDQ HHQ GRRUODWHQGH GHNODDJ RS Kl
JHRPHWULHsQ FRQILIJXUDWLHY ZDDUELM GH OHNOHQJWH NOHLQHU LV GDQ
YHUODJLQJ YDQ GH VWLMJKRRJWH

9RRU GH JHGHWDLOOHHUGH WRHWYVY YRRU WHUXJVFKULMGHQGH HURVLH LV
YRRUJHVFKUHYHQ ZDDUELM HHQ GRRUODWHQGH GHNODDJ QLHW H[SOLFLFE
UHNHQUHJHO YHURQGHUVWHOW HHQ RQGRRUODWHQGH GHNODDJ 'H GRRL
GH UHNHQVRIWZDUH ' *HR J)ORZ ZRUGHQ PHHIJHQRPHQ GLH ELQQHQ HHQ WR
XLWIJHYRHUG RP GH ZHHUVWDQG WHJHQ WHUXJVFKULMGHQGH HURVLH WH

+HW RQGHU]JRHN YDQ ULFKWWH JLFK RS KHW DFKWHUODQG HQ KDG DOV
+ WHEHSDOHQ KRH YDULDWLH LQ GRRUODWHQGKHLG YDQ GH GHNODDJ L
ELM KHW EHRRUGHOHQ YDQ RSEDUVWHQ KHDYH HQ WHUXJVFKULMGHDQ
SHU :%, 626 HHQKHLG HQ GXV SHU JHRORJLVFKH DI]JHWWLQJ EHSDDOG
+ FRQILJXUDWLHV PHW HHQ GRRUODWHQGH GHNODDJ WH EHSDOHQ
GHHOIDDOPHFKDQLVPHQ YDQ SLSLQJ ]JHHU ZDDUVFKLMQOLMN QLHW ND
+ EHWHU LQJLFKW WH NULMJHQ LQ GH UHODWLH WXVVHQ RQWVWDDQ HQ
GH GRRUODWHQGKHLG YDQ GH GHNODDJ HQ GH ORNDOH FRQILJXUDWLF
,Q LV DDQYXOOHQG KLHURS RQGHU]JRHN JHGDDQ QDDU KHW HIIHFW YDC
JLMQ HU RS EDVLV YDQ KHW ZHUN LQ NDDUWHQ YDQ 1HGHUODQG RSJHV
GRRUODWHQGH GHNODJHQ LV ZHHUJHJHYHQ HQ JLMQ YHUVFKLOOHQGH VLW
GHNODDJ EHVFKRXZG RP YDVW WH VWHOOHQ RI HU HHQ ULVLFR YRRU SLSL

'H LQYHQWDULVDWLH RS EDVLY YDQ OLWHUDWXXU HQ EHVWDDQGH VWXGLFE
GRRUODWHQGKHLG YDQ GH GHNODDJ RS GH GHHOPHFKDQLVPHQ RSEDUVWE
KHW EHSDOHQ YDQ GH VWLMJKRRJWH DO EHVFKLNEDDU LV NDQ GH]H EHW!|
VWLMIJKRRJWH NDQ DQDO\WWLVFK EHSDDOG ZRUGHQ DDQ GH KDQG YDQ DQD



HTXDWLRQVY EHVFKUHYHQ LQ 8 6 $UP\ &RUSV RI (QJLQHHUYV RI NDQ
QXPHULHNH JURQGZDWHUVWURPLQJVPRGHOOHQ 'H LQ GH]JH YHUNHQQLQJ
JRHGH RYHUHHQVWHPPLQJ JLHQ WXVVHQ GH EODQNHW HTXDWLRQV HQ QXF

'H DDQZH]JLJKHLG YDQ HHQ WHHQVORRW GLH QLHW LQ DQDO\WLVFKH PRGF
NDQ ZRUGHQ PHHIJHQRPHQ NDQ HHQ JXQVWLJ HIIHFW KHEEHQ RS GH GLVYV
PDDLYHOG 9RRUDO ELM ]JHHU GRRUODWHQGH GHNODJHQ ! P GDJ LQ FRPI
JURRW GHHO YDQ GH GHNODDJ GRRUVQLMGHQ NDQ KHW HIIHFW VLJQLILFEC
VWLMIJKRRJWH

%HUHNHQLQJHQ PHW ' *HR J)ORZ WRQHQ DDQ GDW HIIHFW YDQ HHQ GRRUOL
KHW NULWLHN YHUYDO YRRU WHUXJVFKULMGHQGH HURVLH EHSHUNW LV R
LQ GH XLWIJHYRHUGH " *HR )ORZ EHUHNHQLQJHQ JHHQ JHRPHWULHsQ FRQIL
WHUXJVFKULMGHQGH HURVLH NRQ ZRUGHQ XLWJHVORWHQ

7RW VORW YROJW XLW GH LQYHQWDULVDWLH GDW HHQ GRRUODWHQGH GHI
VXE ODDJ LQ GH GHNODDJ HQ GH GLNWH YDQ GH GHNODDJ 'H GRRUODWH(
HHQYRXGLJ WH DFKWHUKDOHQ PDDU HU JLMQ YROGRHQGH JDQJEDUH WH
GRRUODWHQGKHLG YDQ GH GHNODDJ PHW EHSDDOGH PDWH YDQ QDXZNHXL
NXQQHQ QHPHQ LQ GH SLSLQJDQDO\VH ]JRDOV GH +37 037 VRQGHULQJ RI K
3HLOEXLVPHWLQJHQ OLMNHQ YRRUORSLJ KHW PHHVW JHVFKLNW RPGDW G
KHOH GHNODDJ PHWHQ GLNWH HQ GRRUODWHQGKHLG LQ SODDWV YDQ G|
QDGHHO ELM SHLOEXLVPHWLQJHQ LV ZHO GDW HU PRJHOLMN HHQ KRRJZDV
UHOHYDQWH PHWLQJHQ

2S EDVLVY YDQ HHQ LQYHQWDULVDWLH ELM YHUVFKLOOHQGH ZDWHUVFKDSSES
HHQ GRRUODWHQGH RI JHIUDJPHQWHHUGH GHNODDJ DDQZH]LJ LV ZDDUEL
WRHSDVEDDU LV +LHUELM LV VOHFKWY HHQ VLWXDWLH JHYRQGHQ GLH QL
SLSLQJ ]JRX YDOOHQ GH VLWXDWLH PHW HHQ ]JDQGLJH GRRUODWHQGH GHN
PDDLYHOGQLYHDX OLJW ,Q GH]H VLWXDWLH PRHW KHW ]DQG LQ GH GHNOL
SLSH YRUPLQJ NDQ SODDWVYLQGHQ 'H DDQZH]LJKHLG YDQ HHQ GRRUODWI
DDQJHUHLNWH FDVHV UHGHQ YRRU GLUHFWH XLWVOXLWLQJ YDQ SLSLQJ

'H GRRUODWHQGKHLG YDQ GH GHNODDJ KHHIW LQ GH KXLGLJH EHRRUGHOL
RS GH GHHOPHFKDQLVPHQ RSEDUVWHQ HQ KHDYH 'H NHQQLV LV DDQZH]LJ
PDDU NDQ QRJ EHWHU WRHJDQNHOLMN ZRUGHQ JHPDDNW LQ ELMYRRUEHH(
SLSLQJ :HO ]DO KHW QRGLJ ]JLMQ RP ORNDDO GDWD WH YHU]DPHOHQ PHW
GHNODDJ

9RRUODQG

,Q GH KXLGLJH EHRRUGHOLQJVPHWKRGLHN NDQ YRRUODQG DO ZRUGHQ PH
YRRUODQGOHQJWH WH EHUHNHQHQ RS EDVLY YDQ GH OHNOHQJWH YDQ KH!
DDQZH]LJH YRRUODQG +HW PHH WH QHPHQ YRRUODQG LQ GH EHRRUGHOLC
GHHOPHFKDQLVPH WHUXJVFKULMGHQGH HURVLH ZRUGW QX JHPD[LPHHUG \
GDDUELM JHGHILQLHHUG DOV GH DIVWDQG WXVVHQ GH EXLWHQWHHQ HQ K
GH YHUZDFKWLQJ GDW GH SLSH JURHL ELM KHW NULWLHNH YHUYDO PDJ[LPEL
WH YRRUNRPHQ GDW GH SLSH LQ GH GHNODDJ YDQ KHW YRRUODQG 2GRRUE
EXLWHQZDWHU JLH )LIXXU 'DDUQDDVW JLMQ QDDU YHUZDFKWLQJ GH I
HITHFWLHYH YRRUODQGOHQJWH QLHW PHHU JHOGLJ ZDQQHHU GH SLSH RQ(



dijk

- —

P P
@ ]

2and  piselengte bij kritiek verval < 1/2x kwelweglengte

voorland dijkbasis

[ < . J

Kwelweglengte (L) < 2x dijkbasis
. g

JLIXXU 'ZDUVGRRUVQHGH YDQ HHQ GLMN LQ GH VLWXDWLH YDQ HHQ EUHHG YR
2PGDW GH SLSHOHQJWH ELM NULWLHN YHUYDO PD[LPDDO GH KHOIW YDQ GH NZHOZ
YRRUODQG PDJ GRRUORSHQ ZRUGW GH NZHOZHJOHQDRVH JHHOLPLWHHUG WRW NHH

9RRU VPDOOH GLMNHQ PHW ]JHHU EUHGH YRRUODQGHQ JRUJW ELM KHW \

WHUXJVFKULMGHQGH HURVLH KHW PHHQHPHQ YDQ PD[LPDDO NHHU GH GL

KHW DDQZH]LJH YRRUODQG QLHW ZRUGW EHQXW +HW RQGHU]RHN YDQ

RS KHW YRRUODQG PHW DOV GRHO

+ +HW RSUHNNHQ YDQ KHW PHH WH QHPHQ YRRUODQGGHHO ELM GH NZF
FRPELQDWLH XLWJHYRHUG PHW )XJUR HQ KHW JH]DPHQOLMNH RQGHU]
'ROIHUHQ 6SURN :26 QDDU GH URO YDQ KHW YRRUODQG ELM SLSLQJ

+f +HW PHHQHPHQ YDQ GH JHRK\GURORJLVFKH HIIHFWHQ YDQ KHW DDQZH

OHW EHKXOS YDQ ' *HR )ORZ EHUHNHQLQJHQ PHHU GHWDLOV LQ 9ROOHUL
SLSH OHQJWH ZRUGHQ EHSDDOG +LHUELM ZRUGW RSJHPHUNW GDW KHW S
GH EHSDOLQJ YDQ GH SLSH OHQJWH 'H VLWXDWLH ZDDUELM GH SLSH RQG|
HHUGHU LQ SURHYHQ JHVLPXOHHUG 9RRUGDW HHQ RSUHNNLQJ YDQ KHW F
ZRUGW [JRXGHQ GH]H DVSHFWHQ QRJ QDGHU XLWJH]RFKW PRHWHQ ZRUGHC
JHFRQFOXGHHUG ZRUGHQ GDW KHW PD[LPHUHQ YDQ KHW PHH WH QHPHQ Y
YHLOLJ LV PDDU LQ YHHO JHYDOOHQ RRN JHHU FRQVHUYDWLHI 7HU LOOX)
EHUHNHQLQJVUHVXOWDWHQ JHSUHVHQWHHUG ZDDUELM LV DI WH OH]HQ GI
GLMNEDVLV EOLMIW ELM YRRUODQGOHQJWHY WRW ELMQD NHHU GH GLMN
UHODWLHI GXQ ZDWHUYRHUHQG SDNNHW "' 193 1$3 P EOLMIW GH
RQGHU GH GLMNEDVLVY YRRU DOOH XLWJHYRHUGH EHUHNHQLQJHQ PHW YRF

7HU YHUJHOLMNLQJ PHW GH KXLGLJH WRHWVLQJ RS KHW GHHOPHFKDQLVPI
YRRUODQG ZRUGW JHPD[LPHHUG WRW NHHU GH GLMNEDVLV EHWHNHQW (
RQGHU GH JURHQH KRUL]JRQWDOH OLMQ LQ GH KXLGLJH WRHWVLQJ PHHJHC
ELMEHKRUHQGH ZHHUJHJHYHQ NULWLHNH YHUYDOOHQ ERYHQ GH JURHQH
YRRUODQG ZRUGW RSJHUHNW

%LM DOOH SXQWHQ OLQNV YDQ GH ]ZDUWH YHUWLFDOH OLMQ LV GH NULWL
SXQWHQ UHFKWV YDQ GH ]ZDUWH OLMQ LV GH NULWLHNH SLSHOHQJWH OD
SLSH RQGHU GH GLMNEDVLV GRRUJURHLW LQ KHW YRRUODQG ZDDUELM NF
ULVLFR NDQ YRUPHQ (U JLMQ JHHQ SXQWHQ RQGHU GH JURHQH KRUL]JRQW
WRHWVLQJ GLH UHFKWV YDQ GH ]ZDUWH OLMQ EHYLQGHQ ZDDUXLW YROJ
YRRUODQG RS NHHU GH GLMNEDVLV HHQ YHLOLJH JUHQV LV YRRU GH EHV
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JLIXXU .ULWLHNH SLSH OHQJWHV RS EDVLV YDQ ' *HR J)ORZ EHUHNHQLQJHQ YRR
ZDWHUYRHUHQGH SDNNHWGLNWHV GXQ P 193 1%$3 P GLN P :93 1%3 P

YRRUODQGOHQJWH /YRRUODQG LV XLWJH]HW WHJHQ GH NULWLHNH SLSHOHQJWH
YDULDEHOHQ JLMQ ZHHUJHJHYHQ WHQ RSJLFKWH YDQ GH GLMNEDVLY 'H JHWDOOHC
5RGH JHWDOOHQ PHW HHQ DVWHULVN EHWUHIIHQ NULWLHNH YHUYDOOHQ GLH LQ G
DDQZH]LJH NUXID®PK R R JBV H

8LW GH YHUNHQQLQJ NDQ JHFRQFOXGHHUG ZRUGHQ GDW KHW PRJHOLMN L
WRW KHW PHH WH QHPHQ YRRUODQGGHHO NDQ ZRUGHQ RSJHUHNW 'RRU K
EHUHNHQLQJ JRX KHW PRJHOLMN JLMQ RP YRRUODQGGHOHQ EUHGHU GDQ

EHSDOHQ YDQ KHW NULWLHN YHUYDO YRRU KHW GHHOPHFKDQLVPH WHUXJ"

,Q GH YHUNHQQLQJ LV KHW YRRUDOVQRJ QLHW JHOXNW RP HHQ NZDQWLW
SLSHOHQJWH HQ GH HLJHQVFKDSSHQ YDQ GH JHRPHWULH GH GHNODDJ LQ
SDNNHW 8LW GH YHUNHQQLQJ LV ZHO JHEOHNHQ GDW HHQ UHODWLHI GXQ
GRRUODWHQGH RQWEUHNHQGH GHNODDJ LQ KHW DFKWHUODQG OHLGW WR
RRN GH VLWXDWLHV XLWHUDDUG LQ FRPELQDWLH PHW HHQ EUHHG YRRUO
EHKDOHQ ELM KHW RSUHNNHQ YDQ KHW PHH WH QHPHQ YRRUODQGGHHO

*HDGYLVHHUG ZRUGW RP RRN ELM KHW XLWYRHUHQ YDQ HHQ RQGHUERXZH
YRRUDOV@R®O SLSHIJURHL RQGHU KHW YRRUODQG WRH WH VWDDQ 2P EHKI
ZDDUERUJHQ GDW HU JHHQ ]ZDNNH SOHNNHQ JLMQ LQ KHW YRRUODQG ZDD
SGRRUEUHNHQ" "GRRUJURHLHQ  LQ GH GHNODDJ 'DDUQDDVW LV GH EHUHN
GH GHNODDJ LQ KHW YRRUODQG HHQ HYHQZLFKWVVLWXDWLH YRUPW QLHW
LQ GH ' *HR )ORZ EHUHNHQLQJ GH NULWLHNH SLSHOHQJWH WRW RQGHU KH
JHDGYLVHHUG RP YRRU KHW NULWLHNH YHUYDO KHW YHUYDO WH NLH]HQ Z
GLMNEDVLV

22222222222222

,Q GH KXLGLJH RYHUVWURPLQJVNDQVHQEHQDGHULQJ NXQQHQ VFHQDULRYV ZRUGHQ PHHJHQF
SUHFLHV ELM GH EXLWHQWHHQ HHQ ]ZDNNH SOHN J[LW ELHGW GLW ZHOOLFKW PRJHOLMNKHGH
QDDU IDDOSDGHQ YRRU SLSLQJ



'H PHW ' *HR )ORZ EHUHNHQGH NULWLHNH SLSHOHQJWHYV JLMQ QLHW JHYDC
SLSLQJSURHYHQ $DQEHYROHQ ZRUGW RP GH KLHUPHH EHUHNHQGH NULWL
YDOLGHUHQ PHW KHW EHSHUNWH DDQWDO UHHGV XLWJHYRHUGH SLSLQJSU
GH NULWLHNH SLSHOHQJWH HHQ EHSDDOGH RQJHNHUKHLG NHQW 'RRU YDC
SLSLQJSURHYHQ NDQ RS NRUWH WHUPLMQ LQ]JLFKW ZRUGHQ YHUNUHJHQ L
NULWLHNH SLSHOHQJWHYV HQ KRH KLHUPHH RP WH JDDQ LQ GH EHRRUGHOL

2PGDW ' *HR )ORZ EHUHNHQLQJHQ QLHW LQ GH JHGHWDLOOHHUGH WRHWYV
LQVSDQQLQJ YUDJHQ GDQ KHW JHEUXLN YDQ GH UHNHQUHJHO LV EHNHNH
JHKRXGHQ NDQ ZRUGHQ PHW KHW YRRUODQG ZDDUELM YDQ KHW IHLW ZRU
YRRUODQG QDXZHOLMNY LQYORHG KHHIW RS KHW NULWLHNH YHUYDO ,Q |/
JHSUHVHQWHHUG RP KHW JHQHJHHUGH GHHO YDQ GH HIIHFWLHYH OHNOHQ
ZHHUVWDQG PHH WH QHPHQ (HQ YHUJHOLMNLQJ WXVVHQ GH PHWKRGH HQ
EHUHNHQLQJHQ JHHIW DDQ GDW GH EHQDGHULQJ FRQVHUYDWLHI LV PDDU
KXLGLJH DDQSDN ,Q GH]JH EHQDGHULQJ ZRUGW YHURQGHUVWHOG GDW GH
GRRU GH DDQZH]LJKHLG YDQ KHW YRRUODQG 9RRU GLW DVSHFW LV QRJ Q

2EVHUYDWLHYV

2EVHUYDWLHY YDQ SLSLQJ YDQ RSIHWUHGHQ |JDQGPHHYRHUHQGH ZHOOHQ
JHIDDOGH GLMNHQ JLMQ EHODQJULMN YRRU KHW EHWHU NXQQHQ EHJULMS
ZHONH VLWXDWLHY JHYRHOLJ RI MXLVW QLHW JHYRHOLJ JLMQ YRRU GLW I}
EHODQJULMN RQGHUGHHO YDQ GLW RQGHU]JRHN HQ OHYHUHQ HHQ ELMGUD
EHRRUGHOLQJ RS GH SUDNWLMN

(U JLMQ GULH RQGHU]JRHNHQ XLWJHYRHUG ZDDULQ REVHUYDWLHV JLMQ EH(
YDQ SLSLQJ

+ (HQ UHYLHZ YDQ FDVH VWXGLHV :LHUVPD

f 2QGHU]RHN QDDU KHW RSWUHGHQ YDQ ]JDQGPHHYRHUHQGH ZHOOHQ L

+ 8LWJUDYLQJ YDQ ZHOOHQ ELM GH :LOOHPVSROGHU YDQ GHQ +DP
'H RQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ YDQ GH]JH RQGHU]RHNF
GRFXPHQWHQ

(HQ UHYLHZ YDQ FDVH VWXGLHYV

3LSLQJ LV HHQ EHODQJULMN IDDOPHFKDQLVPH GDW VSHHOW ELM GLMNHQ
IDDOJHYDOOHQ EHNHQG S5HODWLHI UHFHQWH IDDOJHYDOOHQ VPRNLQJ J>
YDQ GH ZHUNLQJ YDQ SLSLQJ LQ GH SUDNWLMN =R NXQQHQ JHRORJLVFKH
ZRUGHQ JHWGHQWLILFHHUG HQ NXQQHQ GH ELMQD IDDOJHYDOOHQ ZRUG
YDOLGHUHQ

9RRU HHQ DDQWDO FDVH VWXGLHV XLW KHW YHUOHGHQ 3FROG FDVHV’™ NEL
ZRUGHQ JHFRQVWDWHHUG GDW SLSLQJ GH ZDDUVFKLMQOLMNH RRU]JDDN LV
GHVEHWUHIIHQGH GLMN RPGDW HU IDQGPHHYRHUHQGH ZHOOHQ JLMQ JHRI
KLVWRULVFKH GLMNGRRUEUDNHQ LV GDW GH EHVFKLNEDUH GDWD PHW EH\
WRW IDOHQ ]J]RDOV ZDWHUQLYHDXV RQGHUJURQGSURILHOHQ H[DFWH ORF
'DDURP LV GH VWXGLH JHULFKW RS UHFHQWH GLMNGRRUEUDNHQ 3VPRNLQ
RP GH HI[DFWH FRQGLWLHYVY WH UHFRQVWUXHUHQ ,Q KHW EXLWHQODQG KH
GLMNGRRUEUDNHQ SODDWVJHYRQGHQ



'H DOJHPHQH RQGHU]JRHNVYUDJHQ YRRU GH]JH VWXGLH JLMQ
:DW NXQQHQ ZH OHUHQ YDQ UHFHQWH GLMNGRRUEUDNHQ"
':DW LV GH VHTXHQWLH YDQ JHEHXUWHQLVVHQ YRRUDIJDDQG DDQ GH GRR
:DW JLMQ GH RYHUHHQNRPVWHQ LQ GH JHRORJLVFKH VHWWLQJ"
. XQQHQ ZH KHW IDOHQ YHUNODUHQ DDQ GH KDQG YDQ GH JHRORJLVFKH \
. XQQHQ PRGHOOHQ GH]H IDDOJHYDOOHQ YHUNODUHQ HQ NXQQHQ GHJH P
DDQ GH KDQG YDQ GH]H IDDOJHYDOOHQ"
'H VWXGLH KHHIW JLFK DOV HHUVWH VWDS YRRUDO JHULFKW RS KHW YHU]L
FDVHV HQ GH GDDUELM KRUHQGH REVHUYDWLHYV

'H OLWHUDWXXUVWXGLH HQ EHIRHNHQ DDQ GH LQVWLWXWHQ $L3R HQ 86%
VDPHQYDWWLQJ YDQ HHQ JURRW DDQWDO GLMNGRRUEUDNHQ HHQ DDQWD!
IDQGPHHYRHUHQGH ZHOOHQ LQ GH 96 ,WDOLs &KLQD +RQJDULMH HQ 1LH
GLUHFW DDQ SLSLQJ NDQ ZRUGHQ JHOLQNW LV EHWUHNNHOLMN NOHLQ HQ
WHUXJVFKULMGHQGH HURVLH HHQ EHODQJULMN IDDOPHFKDQLVPH LV

ORJHOLMN JLMQ QRRGPDDWUHJHOHQ HIITHFWLHI JHZHHVW

ORJHOLMN ]JLMQ DQGHUH IDDOPHFKDQLVPHQ HHUGHU RSJHWUHGHQ ]JRDO}

ORJHOLMN ]JLMQ GRRU EHSHUNWH GRFXPHQWDWLH RI WDDOEDUULQUHV ]LI|
EHVFKLNEDDU

(HQ OLMVW YDQ FDVH VWXGLHYV ZDDULQ ELMQD IDOHQ LV RSIHWUHGHQ D
7DEHO 'HIH FDVH VWXGLHV JLMQ PRJHOLMN JHVFKLNW YRRU KHW YHUJF
FDVH LV HHQ UDWLQJ JHIJHYHQ JHEDVHHUG RS GH EHVFKLNEDUH GRFXPHQ
.DVNDVLD %RLV %UXOHH *UHHQYLOOH 7URWWHUV %HQG HQ $ 9 :DWNLQ\
DQG %YRUHWWR XLW ,WDOLs KHW PHHVW JHVFKLNW JLMQ YRRU GLW GRHO

$PHULNDDQVH VWXGLHY KHEEHQ DO VLQGV EHJLQ YRULJH HHXZ EHQDGUXN
EHWQYORHGW ZDDU ]JDQGPHHYRHUHQGH ZHOOHQ YRRUNRPHQ .OHLSOXJJH!
ZRUGW JHVWXZG HQ FRQFHQWUHHUW QDDU KHW RSSHUYODN ZDDUGRRU Z
ORFDWLHV LV GHNODDJ RRN UHODWLHI GXQ ,Q 1HGHUODQG ]XOOHQ GLW V
ZDQQHHU GH GLMN JHOHJHQ LV RS RXGH |JDQGEDQHQ PHDQGHUV =DQGPH
YRRU LQ GH ULYLHUYODNWHYV DOV GHOWDV YDQ GH 3R HQ GH OLVVLVVLSSL
PLOLHXV JLMQ 'H ULYLHUYODNWH GUDLQHHUW KHW JURQGZDWHU ZDW ND
WHUZLMO LQ GH GHOWD KHW ZDWHU LQILOWUHHUW YDQXLW GH ULYLHU U|
DQGHU JHGUDJ OHLGHQ ZDQQHHU HU KRRJZDWHU RSWUHHGW ,Q 1HGHUOI
EHODQJ YDQ GLIIHUHQWLDWLH EHQDGUXNW

7DEHO 6DPHQYDWWLQJ YDQ JHWGHQWLILFHHUGH FDVHYV YDQ GLMNGRRUEUDNHQ



Case history Country River Year Failure BEP Geology Water Sequence
| near levels of events
failure
| sand
boils

AN, Watkins USA, Utah Reservoir 2006 Near ++ ++ ++ ++

Dam failure

Linda Levee USA, Yuba 1986  Failure ? + + +

California River

Trotters Bend USA Mississippi 1937  Near ++ ++ + +

(Mile 55) {Mississippi) failure

Greenville USA Mississippi 1937  Near ++ ++ + +

{Mississippi) failure
Buck Chute USA Mississippi 2011 Sand + ++ ++ ++
(Mississippi) boils

Tara's wildlife USA Mississippi 2011 Sand + ++ ++ ++

lodge (Mississippi) boils

Bois Brulee USA, Mississippt 1993 Failure  ++ + + +

(Missouri)
Kaskasia USA Mississippt 1993 Failure  ++ ++ + +
{Illinois)

Mezzani Italy FPo River 1951  Failure + + ++ +

Colorno [taly Po River 1951  Failure  ++ + ++ +

Boretto Italy Po River 1951, Sand + + ++ ++

1994, boils
2000
Paizhou levee  China Yangtze 1998 Failure  ++ + + +
River
Menxi Levee China Hudu 1998 Failure ++ + + +
River

Kettds-Kards  Hungary Kettds- 1980 Failure ? + + +

river Kaords river

Edgecumbe New Rangitaiki 2004 Failure + + + +

Zealand

'H REVHUYDWLHY WRQHQ DDQ GDW HU YHUVFKLO NDQ JLMQ LQ GH WLMG Wi
RQGHUVFKHLG JHPDDNW WXVVHQ WZHH WASHQ SLSLQJ 7yWK OoDQJ]D
YDULDQW VQHOOH SLSLQJ NRPW RYHUHHQ PHW HHQ DDQWDO RRJJHWXLJH(
1LHXZ =HHODQG GH pOLTXHIDFWLHY ELM GH /LQGD /HYHH LQ &DOLIRUQLH
JHRORJLVFKH RPVWDQGLJKHGHQ GLH YRRU pVQHOOH SLSLQJT JRUJHQ ]JRXC

'H VQHOKHLG WRW IDOHQ LV DI WH OHLGHQ XLW GH EHSHUNW EHVFKLNED
WXVVHQ PLQXWHQ +RQJDULMH HHQ DDQWDO XXU 1LHXZ =HHODQG HHQ
WRW RQJHYHHU HHQ PDDQG OHQ[L /HYHH &KLQD ,Q HHQ DDQWDO JHYDO
YROGRHQGH RP KHW SURFHV WRW VWLOVWDQG WH EUHQJHQ $0OOH YHUVO
PRGGHULJ ZDWHU ZRUGW JHREVHUYHHUG KHW VOHFKWV PLQXWHQ GXXUW
YLIXXU ZDW RRN RYHUHHQNRPW PHW GH REVHUYDWLHV ELM GH ,-NGL
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YLIXXU 7HYHUJHHIVH SRJLQJ RP GH ]JDQGPHHYRHUHQGH ZHO ELM .DVNDVNLD ,VC
HQNHOH PLQXWHQ ODWHU 1DYLQ

'H QRJ EHQRGLJGH YHUYROJVWDSSHQ JLMQ KHW VDPHQYDWWHQ YDQ GH Ut
YDQ GH EHVFKLNEDUH SLSLQJPRGHOOHQ RP YDVW WH NXQQHQ VWHOOHQ L
GDDGZHUNHOLMN IXQFWLRQHUHQ (HQ VDPHQZHUNLQJ PHW GH EHWUHIIHQ
GH]H VWDS QLHW RSJHSDNW RPGDW KHW YRRUVSHOOHQ YDQ SLSLQJ LQ S
LQYORHG YDQ GH ORNDOH RPVWDQGLJKHGHQ ,QPLGGHOV LV HU PHHU RQGC
YDQ ' HIIHFWHQ KHWHURJHQLWHLW HQ ILMQH IUDFWLH RS KHW SLSLQJSU
JRX NXQQHQ ZRUGHQ XLWJHYRHUG

9HUNODULQJ YRRU IDQGPHHYRHUHQGH ZHOOHQ LQ :HVW 1HGHUODQG

,Q KHW EHQHGHQULYLHUHQJHELHG UXZZHJ WHQ ZHVWHQ YDQ GH OLMQ OR

RSYDOOHQG ZHLQLJ ]DQGPHHYRHUHQGH ZHOOHQ ZDDUJHQRPHQ (U JLMQ Y

KLHUELM HHQ URO NXQQHQ VSHOHQ ELMYRRUEHHOG

+ 'H DDQZH]JLJKHLG YDQ HHQ GLNNHUH PDDU ZHOOLFKW RRN DQGHUV R
KHW ZHVWHQ

+ 6PDOOHUH ]DQGLJH VWURRPJRUGHOV LQJHEHG LQ GLNNH NOHL HQ Y
JHERXZG

+ OLQGHU HONDDU VQLMGHQGH HQ VPDOOHUH ]JDQGEDQHQ PDDU RRN PL
PHW GLHSHUH ]JDQGODJHQ

+ 'H LQYORHG YDQ HHQ DQGHUH NRUUHOJURRWWHYHUGHOLQJ ILMQHU
ERYHQVWURRPVH JHELHGHQ KLHUGRRU RRN PHHU LQWUHGHZHHUVWDZC

'H ELMEHKRUHQGH YUDDJ ¢°::DDURP JLMQ HU ZHLQLJ JDQGPHHYRHUHQGH Zl



IHGHUODQG ZDDUJHQRPHQ" LV EHODQJULMN RPGDW GH RRU]JDDN ]JRX NXC
RSWLPDOLVHUHQ YDQ GH EHRRUGHOLQJ YDQ SLSLQJ

'H]JH YUDDJ LV RQGHU]RFKW GRRU KHW XLWYRHUHQ YDQ YHOGRQGHU]RHN I
ZHVWHQ YDQ 1HGHUODQG HQ QXPHULHNH VLPXODWLHY YRRU GH ORFDWLH)
YLHUWDO ZDWHUVFKDSSHQ FRQWDFW JHOHJG ,Q KHW JHELHG YDQ GULH Z
ORFDWLHYV ZDDU JDQGPHHYRHUHQGH ZHOOHQ ]JLMQ RSIJIHWUHGHQ 6FKLHOI
'"HOWD HQ 5LYLHUHQODQG ,Q KHW JHELHG YDQ 6FKHOGHVWURPHQ LV YRR
PDDU GDW ]JRX QRJ ZHO PRJHOLMN NXQQHQ JLMQ LQ HHQ YHUYROJWUDMHF
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JLIXXU 'H ORFDWLHY YDQ GH IDQGPHHYRHUHQGH ZHOOHQ ZDDU YHOGZHUN XLW,
YLHUNDQWMHYV WRQHQ GH |DQGPHHYRHUHQGH ZHOOHQ ]JRDOV PRPHQWHHO JHUHJLV
GDDUYDQ JLMQ QLHW EHNHQG ELM GH ZDWHUVFKDSSHQ +LMPD +LMPD 0 2R

0 2RVW

$DQ GH KDQG YDQ GH]H VWXGLH NDQ GH YUDDJ *:DDURP JLMQ HU ZHLQLJ ]I

1HGHUODQG ZDDUJHQRPHQ" QRJ QLHW YROOHGLJ EHDQWZRRUG ZRUGHQ

EHODQJULMNH DVSHFWHQ QDDU YRUHQ JHNRPHQ

+ /DQJV ULYLHUHQ ]JRDOV GH /HN ZDDU KHW ]JDQGOLFKDDP LQJHEHG OLJ
VQHOOH SROGHUZDDUWVH RYHUJDQJ YDQ ]DQG QDDU NOHL YHHQ NOH
GH YRUPLQJ YDQ HHQ NOHLQH ]JDQGYXONDDQ +HW KHHIW HFKWHU ZH
/DQJV GH /HN ZRUGHQ LQGHUGDDG YHHO ZHOOHQ JHUDSSRUWHHUG PI

ZHOOHQ
$+ 'H LQYORHG YDQ NRUWVOXLWLQJ WXVVHQ KHW +RORFHQH HQ 30OHLVV
SLSHYRUPLQJ EHJLQW QD RSEDUVWLQJ ELM ODJHUH YHUYDO

IDQGPHHYRHUHQGH ZHOOHQ YRRU WH NRPHQ RS ORFDWLHV ZDDU HU



ORFDWLHV JHNHU PDDU ELM VRPPLJH ORFDWLHV JLMQ HU VWHUNH DD
GH RPJHYLQJ YDQ GH ]DQGPHHYRHUHQGH ZHO DDQZH]LJ LV

+ 'DDUQDDVW NDQ KHW ZHLQLJ YRRUNRPHQ YDQ ]JDQGPHHYRHUHQGH ZH
JHILHQ ZRUGHQ YDQ GH LQYORHG YDQ JHWLMGHQDIJHWWLQJHQ 'H TX
+LMPD 2RVW +LMPD ODDW JLHQ GDW GH]H DIJHWWLQJHQ PL¢

%RYHQVWDDQGH GULH IDFWRUHQ NXQQHQ SULPD RQGHU]JRFKW ZRUGHQ LQ
HHQ ODWHU VWDGLXP QRJ HHQYRXGLJ PHHJHQRPHQ ZRUGHQ LQ HHQ EHRR
JLMQ RP DDQ GH YROJHQGH DVSHFWHQ DDQGDFKW WH EHVWHGHQ LQ GH Vi
+  +HW ZHO QLHW JHIXQGHHUG JLMQ YDQ +RORFHQH ]JDQGOLFKDPHQ JLW
626 VFHQDULRYV :HO NDQ PHHU GH QDGUXN JHOHJG ZRUGHQ RS K
NRUWVOXLWLQJ 8LW DQGHUH VWXGLHV YROJW ZHO GDW KHW YHUVLPS
OHLGW WRW YHHO KRJHUH IDDONDQVHQ GDQ DOV GH ]DQGODJHQ
ELMYRRUEHHOG ' *HR )JORZ OHHUODDJV UHNHQHQ ZRUGW GDDURP DD
NXQQHQ ZRUGHQ LQ KHW :%, HQ KHW RQWZHUSLQVWUXPHQWDULXP ¢
ZHO QLHW JHIXQGHHUG JLMQ YDQ ODJHQ YDQ JURWHUH LQYORHG ]LMQ
+ 6QHOOH SROGHUZDDUWVH RYHUJDQJHQ YDQ ]DQG QDDU NOHL YHHQ ZF
ELQQHQ :%, ,Q SULQFLSH ]DO GLW GH NDQV RS RSEDUVWHQ YHUJURW
$ ,Q KHW UDSSRUW YDQ LV JHVWHOG GDW GH LQYORHG YDQ HHQ ILM
PRPHQW QRJ QLHW PHHJHQRPHQ NDQ ZRUGHQ ELQQHQ :%, 626 ELQQF
QDPHOLMN KLHULQ JHHQ RQGHUVFKHLG JHPDDNW 9RRU JHWLMGHQDI]!
RP GH +F PHW WH YHUKRJHQ SHU SURFHQWSXQW VOLE +HW YDOW '
VOLEIUDFWLH RRN LQ ULYLHUDI]JHWWLQJHQ OHLGW WRW H[WUD VWHUN)
RQGHUGHHO YDQ GLVFXVVLH PRHWHQ JLMQ PHW 5:6 :9/ HQ KHW UHJLHYV

8LWJUDYHQ YDQ ZHOOHQ ELM GH :LOOHPVSROGHU
,Q 1IRYHPEHU ZDV GH ZDWHUVWDQG LQ GH ULYLHUHQ ]JHHU ODDJ 'LW O]
HHUGHU JHYRUPGH ZHOOHQ LQ GH :LOOHPVSROGHU QDELM ,-]JHQGRRUQ X
RQGHU]JRHNHQ +HW RQGHU]JRHN LV XLWJHYRHUG LQ VDPHQZHUNLQJ PHW :I
YDQ GLW RQGHU]JRHN ZDV WZHHOHGLJ

9DVWVWHOOHQ RI HHUGHU JHYRUPGH SLSHV EOLMYHQ EHVWDDQ

9DVWVWHOOHQ RI HU ZHHUVWDQG LV LQ GH WRSODDJ YDQ GH ]DQGZLQS.
:DDO

9DQ MDQXDUL WRW MXQL ZHUG HU HHQ YHOGWHVW XLWJHYRHUG RS GH
YDQ GH]JH YHOGWHVW zZDV RP GH HIIHFWLYLWHLW YDQ HHQ YHUWLFDDO ]DC
ZDV HU RYHU HHQ JHGHHOWH YDQ KHW WUDMHFW HHQ JURI]IDQGEDUULQqUH
*-% ZDUHQ KLHUWRH MXLVW DFKWHU GH JRPHUNDGH DDQJHOHJG (HQ V\VW
JRPHUNDGH PRHVW KHW SLSLQJSURFHV EHYRUGHUHQ )LJXXU ,Q GH S
HU YHUVFKLOOHQGH KRRJZDWHUYVY KRRJ JHQRHJ RP ]IDQGPHHYRHUHQGH ZF
JHQRHJ RP RQGHU KHW QLYHDX YDQ GH JRPHUNDGH WH EOLMYHQ

(U RQWVWRQGHQ YHUVFKLOOHQGH ZHOOHQ ZDDUYDQ HHQ DDQWDO JURWF
VORWHDQ HQ ZDDUYRRU GH NZHOZHJ FD P EHGURHJ HQ KHW YHUY
ZHUG WLMGHQV KHW ODDJZDWHU XLWJHJUDYHQ 7LMGHQV KHW ODDJZDWH
RQJHYHHU 1$3 P RQJHYHHU P RQGHU GH VORRWERGHP



sand producing wells in lune 2083
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feserunic in direct connection

xd? to the Waal River

YLIXXU 7RS YLHZ YDQ GH :LOOHPVSROGHU PHW GDDULQ GH VORWHQ GH ORFD\
RQGHU]JRFKWH JHELHG WLMGHQV ODDJZDWHU YDQ GHQ +DP

%LM KHW XLWJUDYHQ YDQ GH ZHO JLMQ SLSHVY WHUXJJHYRQGHQ GLH YDQ (
PHW GH EDUULqQUH NRQ QLHW JRHG ZRUGHQ YDVWJHVWHOG 2SYDOOHQGH

'H SLSH OHHN JLFK WH EHYLQGHQ LQ GH RQGHUNDQW YDQ GH GHNODDJ ¢
ZDWHUYRHUHQGH SDNNHW

'"H SLSH ZDV QLHW GXLGHOLMN LQ YHUELQGLQJ PHW GH ]DQGODDJ PDDU
RYHUJDQJV]RQH WXVVHQ ]DQG HQ NOHL 'H RPJHYLQJ ZDDULQ GH SLSH ]LF
RPULQJHQGH RYHUJDQJV]RQH

(U ZDV ZHLQLJ WRW JHHQ ]DQG LQ GH WRSODDJ DDQZH]LJ

'"H SLSH OHHN WH ]JLMQ EHWQYORHG GRRU VFKHXUHQ LQ GH WRSODDJ

'H ZHHUVWDQG YDQ KHW YRRUODQG LV LQ NDDUW JHEUDFKW GRRU PRQVW
SODVWLF EXLVMHVY WH VWHNHQ 'H PRQVWHUV ]JLMQ JHFODVVLILFHHUG HQ
LV QLHW JHWQWHUSUHWHHUG

8LW KHW RQGHU]JRHN NDQ JHFRQFOXGHHUG ZRUGHQ GDW KHW YRRUDOVQR
SHULRGH EOLMYHQ EHVWDDQ LQ GLW JHYDO UXLP MDDU +HW RQGHU]RFE

2QWVWDDQ SLSHVY LQ HHQ RYHUJDQJVODDJ RI LV GLW HHQ XLW]JRQGHULQ
ZDW EHWHNHQW GLW YRRU GH PRGHOOHULQJ"

=LMQ HU RRN SLSHVY RQWVWDDQ LQ KHW ]DQG HQ JLMQ GH]H PRJHOLMN Z}
I9RRUGDW FRQFOXVLHVY NXQQHQ ZRUGHQ JHWURNNHQ YRRU GH SUDNWLMN
RQGHU]JRHNHQ PRJHOLMN RRN QD HHQ NRUWHUH SHULRGH RI MXLVW HHQ
KRRJZDWHU



pipe (partly observed)
|

transition zone sand-clay '. head slope ditch sand boil?

Connections between (observed)
pipe in transition zone with sand
layer by existing joints?

YLIXXU 6FKHWY YDQ GZDUVGRRUVQHGH XLWJUDYLQJ YDQ GHQ +DP

+HDYH HQ "UHJHO

%LM GH EHRRUGHOLQJ YDQ KHW IDDOPHFKDQLVPH SLSLQJ ZRUGW JHWRHW
KHDYH HQ WHUXJVFKULMGHQGH HURVLH +HW GHHOPHFKDQLVPH KHDYH HQ
ZRUGW ELM GH WRHWVLQJ RS WHUXJVFKULMGHQGH HURVLH YHUWRQHQ JH
WUDQVSRUW YDQ NRUUHOV GRRU KHW RSEDUVWNDQDDO 9RRU KHW PHFKD
HHQ GUXNYDO RYHU GH GHNODDJ DDQZH]LJ PRHW ]JLMQ RP GH NRUUHOV QTC
%LM GH WRHWVLQJ YRRU WHUXJVFKULMGHQGH HURVLH PDJ KHW DDQZH]LJI
GUXNYDO LQ KHW RSEDUVWNDQDDO '"UHJHO 9RRU EHLGH PHFKDQLVPH
NULWLHNH PDDWJIJHYHQGH ZDDUGH DDQJHKRXGHQ 2S EDVLV YDQ GH WKHR
SDUDPHWHUV HHQ URO YRRU GH]JH JUDGLsQW +HW EHSHUNWH DDQWDO YH
YDULDWLH YDQ ZDDUGHQ JLHQ YRRU GH JUDGLsQW

+HW NRUUHOWUDQVSRUW LV GDDURP YRRU EHLGH WRHSDVVLQJHQ RQGHU]
RQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ HUYDQ HQ EHYDW YHUWI

'H RRUVSURQNHOLMNH GRHOVWHOOLQJ YDQ KHW SURMHFW ZDV RP PHHU P
RSEDUVWNDQDDO XLW WH YRHUHQ HQ RP GH XLWYRHULQJ YDQ GH]H PHWL
SURMHFW EOHHN HFKWHU GDW KHW QLHW KDDOEDDU ZDV RP GH]JH PHWLQJ
PRIJHOLMNH RSWLPDOLVHULQJ YDQ GH XLWYRHULQJ YDQ GH PHWLQJHQ EO!
PHHU JHDYDQFHHUGH PHWKRGHQ JLMQ RIZHO QLHW EHVFKLNEDDU WH GX
YRRU JHEUXLN LQ HHQ RSEDUVWNDQDDO

'DDURP LV KHW GRHO YDQ KHW RQGHU]JRHN YHUVFKRYHQ QDDU KHW EHVFK
SDUDPHWHUYV GLH GH JUDGLsSQW LQ KHW RSEDUVWNDQDDO EHSDOHQ DDQ (



OLWHUDWXXUVWXGLH EHYHVWLIJW GH HHUGHUH EHYLQGLQJHQ YDQ .RHOH
1ZDN LV JHEDVHHUG RS GH ODDJVWH JUDGLsQW JHPHWHQ LQ NRORPSURH)
HFKWHU KHW PRPHQW ZDDURS GH SURHYHQ JLMQ VWRSJH]HW HQ JHJJHQ G.
YHUJHOLMNEDUH PRGHOOHQ YDQ %H]XLMHQ HQ % $ 5REELQV HW D
GUXNYDO LQ GH SLSH ZRUGW EHSDDOG GRRU GH FRQFHQWUDWLH YDQ GHH
GHHOWMHY LQ HYHQZLFKW WH KRXGHQ LV HHQ NULWLHNH VQHOKHLG EHQF
'H SDUDPHWHUV GLH RS EDVLV YDQ GH]H WKHRULH GH GUXNYDO LQ KHW R!
VWURRPVQHOKHLG GRRU KHW RSEDUVWNDQDDO HQ GH NRUUHOGLDPHWHU
YDULsUHQ WXVVHQ YULMZHO HQ

0e0ge0
eese
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)LIXXU 6FKHPDWLVDWLH YDQ KHW RSEDUVWNDQDDO

‘'H VWURRPVQHOKHLG GRRU KHW RSEDUVWNDQDDO LV PRHLOLMN WH EHSDC
¥ 'H DIPHWLQJ YDQ KHW RSEDUVWNDQDDO
¥ +HW GHELHW XLW KHW ZDWHUYRHUHQG SDNNHW ZDW ZHGHURP DIKDQ!

+ 'H JURRWWH YDQ GH HURVLHOHQV OHQJWH HQ ZHHUVWDQG YDQ C
+ 'H GRRUODWHQGKHLG HQ GLNWH YDQ KHW SDNNHW
+ 'H ZHHUVWDQG YDQ KHW DFKWHUODQG
+ +HW YHUYDO RYHU GH NHULQJ
+HW RQGHU]RHN KHHIW JLFK PHW QDPH JHULFKW RS GH '"UHJHO PDDU K

GHHOPHFKDQLVPH KHDYH %HLGH RQGHUZHUSHQ JLMQ GDDURP KLHU EHVS!

+HDYH

+HW GHHOPHFKDQLVPH KHDYH LV RSJH]JHW YRRU VLWXDWLHYV PHW HHQ OLF
HHQ KRJH NDQV RS RSEDUVWHQ PDDU YHUYROJHQV PRHW GH JUDGLsSQW R
RP GH NRUUHOV QDDU KHW RSSHUYODN WH NXQQHQ EUHQJHQ ,Q HHUVWH
JUDGLsQW JHKDQWHHUG YDQ PDDU GLW LV ODWHU JHZLM]LJG QDDU
UHJHO

.LMNHQG QDDU KHW OLWHUDWXXURQGHU]RHN LV GH PDQLHU ZDDURS KHW
RSPHUNHOLMN 8LW GH YRRUJDDQGH WHNVW EOLMNW DO GDW HU JHHQ JU|
KRXGHQ 'DDU NRPW ELM GDW ELM GH KHDYH WRHNWRRWRUDBQGCLWJIHIDDQ Y
RSEDUVWHQ +HW LV GXLGHOLMN GDW GH VWLMJKRRIJWH GLUHFW YHUDQGIH
ZRUGW ODJHU ,Q GH WRHWV RS WHUXJVFKULMGHQGH HURVLH ZRUGW ERY|I
GUXNYDO LQ KHW RSEDUVWNDQDDO ZDDUGRRU HU HHQ GXEEHOLQJ RQWV\
UHNHQLQJ JHKRXGHQ ZRUGW PHW KHDYH QLHW JLQYRO

+HW ]JRX PRJHOLMN ]JLMQ GDW J]R HU ZHLQLJ WRHVWURPLQJ QDDU KHW RSEI
YRUPLQJ GDW GH VQHOKHLG QRRLW ]JR JURRW NDQ ZRUGHQ GDW HU NRUU



'"LW LV LQ GH KXLGLJH VWXGLH QLHW RQGHU]JRFKW (HQ PRJHOLMN RQGHU]
PRJHOLMNKHLG YDQ KHW JHOHLGHOLMN DIYRHUHQ YDQ NRUUHOV QDDUPD
HFKWHU GH JURRWWH YDQ KHW RSEDUVWNDQDDO DOOHHQ HHQ DDQQDPH

'H ' UHJHO
9RRU GH ' UHJHO JLMQ EHUHNHQLQJHQ JHPDDNW PHW ' *HR )ORZ ' HQ '
GH]JH EHUHNHQLQJHQ ZDV RP YDVW WH VWHOOHQ

f :DW GH LQWHUDFWLH LV WXVVHQ GH GUXNYDO LQ KHW RSEDUVWNDQDI

¥ +RH GH GUXNYDO LQ KHW RSEDUVWNDQDDO NDQ YHUDQGHUHQ WHQ J
WRHQDPH YDQ GH SLSHOHQJWH
¥ :DW KHW YHUVFKLO LV WXVVHQ HHQ '"HQ ' EHQDGHULQJ

8LW GH ' EHUHNHQLQJHQ YROJW GDW GH GUXNYDO LQ KHW RSEDUVWNDQD

WRHQDPH YDQ NRUUHOGLDPHWHU

DIQDPH YDQ GH GLDPHWHU YDQ KHW RSEDUVWNDQDDO

WRHQDPH YDQ VWURPLQJ QDDU KHW DFKWHUODQG DIQDPH YDQ OHNOHOQ.
(HQ WRHQDPH YDQ KHW YHUYDO UHVXOWHHUW LQ HHQ JURWHUH SLSH OHQ
JRUJW YRRU HHQ DIQDPH YDQ GH GUXNYDO LQ GH SLSH

,Q GH "EHUHNHQLQJHQ FRQFHQWUHHUW GH ZDWHUVWURPLQJ VWHUNHU Q
KHW RSEDUVWNDQDDO ODJHU GDQ LQ HHQ ' EHUHNHQLQJ YRRUDO ELM OL

8LW GH EHUHNHQLQJHQ ZRUGW JHFRQFOXGHHUG GDW GH GUXNYDO JHHQ F
EHWQYORHG GRRU GH HLIJIHQVFKDSSHQ YDQ KHW ZDWHUYRHUHQG SDNNHW
YHUYDO HQ GH PDWH YDQ SLSH YRUPLQJ 'DDUPHH LV GH GUXNYDO LQ KHW
FRQVWDQW YRRU HHQ VSHFLILHNH ORFDWLH PDDU RRN QLHW LQ GH WLMG

2PGDW GH GUXNYDO DIQHHPW QDDUPDWH GH SLSH ODQJHU ZRUGW LV KHW
QD HURVLHOHQVYRUPLQJ ,GHDOLWHU ]JRX HU GDDURP HHQ JHNRSSHOGH D
ZDDULQ JRZHO GH GUXNYDO LQ GH SLSH DOV GH SLSH RQWZLNNHOLQJ ZRU
NXQQHQ ZRUGHQ DDQ GH KDQG YDQ HQNHOH ODE SURHYHQ ZDDULQ HHQ J
GDQ LQ GH EHVFKLNEDUH SURHYHQ (HQ DQGHUH DDQEHYHOLQJ LV RP JHU
YHOG ]RGUD GH]JH VLWXDWLH JLFK YRRUGRHW

+HWHURJHQLWHLW

9DQZHJH GH KRJH IDDONDQVHQ GLH PHW KHW 6HOOPHLMHU PRGHO EHUHNH
JHVWHOG ELM GH WRHSDVEDDUKHLG YDQ KHW PRGHO KHWJHHQ XLWJDDW
KRPRJHQH RQGHUJURQG ,Q ZHUNHOLMNKHLG LV GH RQGHUJURQG QLHW KF
NRUUHOJURRWWH HQ GRRUODWHQGKHLG RS YHUVFKLOOHQGH VFKDOHQ RS
DDQQDPH YDQ HHQ KRPRJHQH RQGHUJURQG GH EHUHNHQGH IDDONDQVHQ \

'H KHWHURJHQLWHLW YDQ GH RQGHUJURQG XLW JLFK LQ YDULDWLHYV LQ NF
GHNODDJ HQ ZDWHUYRHUHQG |[DQGSDNNHW 9DQXLW GH SUDNWLMN LV HU !
EHWHU WH ODWHQ DDQVOXLWHQ RS GH SUDNWLMN +HW LQ UHNHQLQJ EUH
EHODQJULMN RQGHUGHHO LQ 'LW LV HFKWHU QLHW HHQYRXGLJ WH UHDOL
KDDOEDDU LV HQ ]R MD RI KHW RRN HHQ JHUHFKWYDDUGLJGH LQYHVWHU!



,Q LV GDDURP HHQ YLVLHGRFXPHQW JHVFKUHYHQ RP GH PRJHOLMNKHG
LQYORHG YDQ KHWHURJHQLWHLW RS SLSLQJ LQJLFKWHOLMN WH PDNHQ HQ
RYHU KRH YHUGHU WH JDDQ PHW KHWHURJHQLWHLW YDQ %HHN DQG :LHU\
YDQ KHW LQ UHNHQLQJ EUHQJHQ YDQ KHWHURJHQLWHLW RQGHUYHUGHHO
GRRUODWHQGKHLG HQ G LQ GH EDDQ YDQ GH SLSH *UDGDWLH 2QUHJ
9DULDWLH LQ GRRUODWHQGKHLG $UFKLWHFWXXU ]JDQGOLFKDDP HQ RSE
EHRRUGHOLQJVPHWKRGLHN EHVFKUHYHQ DDQ GH KDQG YDQ EHQRGLJGH DI
LQ KHW YHOG PRGHOOHULQJ HQ GH UHOHYDQWLH YRRU GH SUDNWLMN

8LW GH]H YLVLH YROJW GDW GH RQGHUZHUSHQ GLH DO HHUGHU JHVHOHFW
JHWLMGHQDI]JHWWLQJHQ QRJ VWHHGY DVSHFWHQ JLMQ GLH YHHO LQYORH(
NXQQHQ OHLGHQ WRW HHQ YHUEHWHUG WRHWVRRUGHHO 'DDUQDDVW ZHU
YRRU PLFUR PHVR VFKDDO KHWHURJHQLWHLW LQ GH EDDQ YDQ GH SLSH H(
GHNODDJ ZHONH EHLGH QDDU YHUZDFKWLQJ WRW HHQ JXQVWLJHU RRUGH

,Q JLMQ GH]H WZHH YHUNHQQLQJHQ XLWJHYRHUG .DQQLQJ HW DO !
RQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ HUYDQ HQ EHYDW FLWDW

OLFUR PHVR VFKDDOYDULDWLH LQ GH EDDQ YDQ GH SLSH

+HW PHHQHPHQ YDQ PLFUR PHVR VFKDDOYDULDWLH LQ GH EDDQ YDQ GH S
FRUUHODWLHOHQJWHY HQ YDULDWLHV ]JLMQ PRHLOLMN WH EHSDOHQ HQ (
QLHW JHUHHG RP DQDO\WHV XLW WH NXQQHQ YRHUHQ PHW YDULDWLHV LQ
YHUZDFKWLQJ LV GDW YDULDWLH LQ GH EDDQ YDQ GH SLSH HHQ EHODQJUL
YHUNHQQLQJ XLWIJHYRHUG RP WH EHRRUGHOHQ RI KHW JLQYRO JRX JLMQ G

+LHUYRRU JLMQ EHUHNHQLQJHQ EHQXW GLH XLWJHYRHUG JLMQ GRRU 86%&!
JHEUXLNW LV LV EHVFKUHYHQ LQ SREELQV HQ *ULIILWK D E KLHUC
PRGHO 'LW PRGHO LV JHEDVHHUG RS SULPDLUH HURVLH ZDDULQ GH RSWL
YDQ GH SLSH ZRUGW EHUHNHQG HQ YHUJHOHNHQ PHW HHQ YRRUDI JHGHIL
RSWUHGHQGH JUDGLsQW JURWHU LV GDQ GH NULWLHNH JUDGLsSsQW JURHL!
SLSH SDG ZRUGHQ GRRUORSHQ RP ]JR GH KHW YHUYDO HQ GDDUPHH GH JO
ZDDUELM HHQ GRRUJDDQGH SLSH JDDW RSWUHGHQ ]JLH )LJXXU ‘LW LV
HOHPHQWHQ JURQGZDWHUVRP 'H HURVLH LQ GH SLSH ZRUGW RRN JHPRGH
EHSDOHQ VHFRQGDLUH HURVLH +HW PRGHO LV QRJ LQ RQWZLNNHOLQJ H

'LW PRGHO LV WRHJHSDVW LQ 5REELQV HQ *ULIILWK RS HHQ WZHHGLP
]JDQGSDNNHW 5XLPWHOLMNH YDULDWLHY LQ GRRUODWHQGKHLG JLMQ YHU)
UDQGRP ILHOG DQDO\VHV 'LW JLMQ DQDO\VHV ZDDUELM GXL]JHQGHQ ZLOOF
ZRUGHQ JHPDDNW ZDDUELM YDQ WHYRUHQ GH UXLPWHOLMNH VDPHQKDQJ

VWDQGDDUGDIZLMNLQJ ZRUGHQ RSJHJHYHQ 3HU UHPOEMBIWREBGRUGW GF
KHW NULWLHNH YHUYDO JHGHHOG GRRU GH NZHOZHJOHQJWH $DQJH]LHQ

XLWHLQGHOLMN ZHO DOOHPDDO GH]JHOIGH VWDWLVW £3AKH GHIHQVFKDSSH
YHUVFKLOOHQGH UHDOLVDWLHV 'RRU GLW KRQGHUGHQ NHUHQ WH KHUKDC
YD@JIHIJHYHQ HHQ EHSDDOGH RSJHJHYHQ FRUUHODWLHOHQJWH HQ VWDQG!
YHUGHOLQJVIXQFWLH &') RRN ZHO |UDLN GHVE FXIUW N DO GRHPGDODVHY LQ
UDSSRUW ]JLH RRN )LIXXU YRRU HHQ YRRUEHHOG 'H &') LV JHJHYHQ LC
YHUVFKLOOHQGH VWDQGDDUGDIZLMNLQJHQ HQ FRUUHODWLHOHQJWHYV YDQ
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JLIXXU %RYHQDDQJLFKW YDQ HHQ SLSH GLH GRRU HHQ ]DQG PHW UDQGRP ILHOC
YRRUEHHOGHQ YDQ &')V YRRU HHQ FRUUHODWA OB REBEWIHQN ZH\W ZHIOHQ DN H YDQ

'H &)V JLMQ QLHW GLUHFW WRHSDVEDDU LQ GH SUDNWLMN PDDU JHYHQ ZF
PLFUR VFKDDOYDULDWLH RS KHW NULWLHNH YHUYDO 'H NOHLQH VFKDDO \
LQ KHW 6HOOPHLMHU PRGHO 2P GH PRJHOLMNH LPSDFW WH YHUNHQQHQ Y
RS EDVLV YDQ KHW 86%$&( PRGHO ZRUGHQ GH YROJHQGH WZHH VWDSSHQ G

'H EHUHNHQGH &¢)Y\DBQKGINL86$&( PRGHO ZRUGW RPJHUHNHQG QDDU HHQ
G LQ KHW 6HOOPHLMHU PRGHO (U ZRUGW HHQ YHUGHOLQJ GRRU GH]H G
YDQ EHODQJ YRRU EHWURXZEDDUKHLGVDQDO\VH JRHG ZRUGW ZHHUJHJH)
YDQ HHQ JHYDO JRQGHU UXLPWHOLMNH YDULDELOLWHLW PDDU PHW HHQ \
WHU UHIHUHQWLH

'H HTXLYDOHQWH G YHUGHOLQJ ZRUGW YHUYROJHQV WRHJHSDVW LQ HI
YDQ WZHH FDVH VWXGLHVY HHQ UHSUHVHQWDWLHYH JHH HQ PHHUGLMN
'LW ZRUGW JHGDDQ YRRU YHUVFKLOOHQGH FRUUHODWLHOHQJWHYV HQ VWD
WRWDDO FDVHV PHW YDULDWLHVY LQ UDQGRP ILHOG HLJHQVFKDSSHQ HQ
WHU YHUJHOLMNLQJ

'H NDUDNWHULVWLHNH ZDDUGH GH RQGHUJUHQVZDDUGH YDQ GH HTXLY
YLIXXU VDPHQ PHW KHW JHPLGGHOGH YDQ GH JHILWWH YHUGHOLQJ Kt
'DW GXLGHOLMN RSYDOW LV GH UHODWLHI JURWH VSUHLGLQJ LQ GH NDUD|
WRW ZHO HHQ IDFWRU :DW YHUGHU RSYDOW LV GDW GH NDUDNWHULVWL
KHWHURJHQH FDVHV LQ GH PHHVWH JHYDOOHQ ODJHU OLJW GDQ GH N
KRPRJHQH FDVHYV PDDU RRN LQ HQNHOH JHYDOOHQ KRJHU 'LW NRPW
GH UDQGRP ILHOG DQDO\VHV $DQ GH HQH NDQW ]JRUJW KHW JRHNHQ QDDU
]ZDN SDG $DQ GH DQGHUH NDQW PRHW GH SLSH RRN YDDN VWHUNH JRQHV
GRPLQDQW LV EHSDDOW RI GH NDUDNWHULVWLHNH ZDDUGH KRJHU RI ODJF
PHHVWH JHYDOOHQ LV KHW HHUVWH HIIHFW GXV GRPLQDQW
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)LIXXU JHPLGGHOGH PHDQ HQ NDUDNWHULVWLHNH ZDDUGH ORZHU ERXQG

+HW HIIHFW YDQ HHQ HTXLYDOHQWH G RS GH EHWURXZEDDUKHLG YDQ WZ

ZHHUJHJHYHQ LQ )LJIXXU +LHULQ LV WH JLHQ GDW YRRU VRPPLJH JHYD
EHWURXZEDDUKHLG EHSHUNW LV FDVH W P YV FDVH w P (FKWHL
JURWHUH FRUUHODWLHFRSsSIILFLSQW EY FDVH w P NDQ KHW YHUVFKL

WRW LQ EHWURXZEDDUKHLGVLQGH[ :H JLHQ RRN GDW GH EHWURXZEDDUK
PLQGHU JHYRHOLJ LV YRRU YDULDWLHY YDQ GH G DDQJH]JLHQ YRRU NXVW.
ZDWHUVWDQG LV HQ YDULDWLHV LQ G GXV PLQGHU HIIHFW KHEEHQ RS Gt
EHWURXZEDDUKHLG NDQ ]JRZHO WRHQHPHQ DOV DIQHPHQ WHQ RS]JLFKWH Y
HHQ HTXLYDOHQWH G YHUGHOLQJ PHW HHQ UHODWLHI KRRJ JHPLGGHOGH
ELMYRRUEHHOG ELM UHODWLHI NOHLQH FRUUHODWLHOHQJWHY PHW DOV |
GRRUNUXLVW GRRU KHW SLSLQJ NDQDDO QHHPW GH EHWURXZEDDUKHLG W
HQ RI KRJHUH VWDQGDDUGDIZLMNLQJ ELMYRRUEHHOG ELM JURWHUH FRUL
RS HHQ ]ZDNNH EDDQ QHHPW GH EHWURXZEDDUKHLG DI

N N e W /s ‘
M\/f\\/?\rﬁ/\/

S5HOLDELOLW\ LQGH[

~ ~/ S/
FDVH # ODNH 'FRYHKHU P
FDVH # FRDVW 'FRfYHU P
—+%— FDVH # ODNH 'FRYHU P
—+— FDVH # FRDVW 'FRNHU P
86%&( FDVH QXPEHU
Y)LIXXU %HWURXZEDDUKHLG UHOLDELOLW)\ LQGH[ YRRU GH YHUVFKLOOHQGH 86

ODNH HQ FRDVW

‘'H UHVXOWDWHQ JHYHQ RS GLW PRPHQW QLHW GLUHFW DDQOHLGLQJ RP Gl
6HOOPHLMHU WH KHU]JLHQ (QHU]JLMGV RPGDW YRRU YHHO JHYDOOHQ GH LF
YHUJHOLMNLQJ WXVVHQ KHW 6HOOPHLMHU PRGHO HQ KHW JHEUXLNWH SUL
RRN LV KHW 86%$&( PRGHO QRJ QLHW YROGRHQGH JHYDOLGHHUG

:HO JHHIW KHW 86%$&( PRGHO HHQ JRHGH HHUVWH LQGUXN YDQ GH PRJHOLI
GRRUODWHQGKHLG RS NOHLQH VFKDDO +HW ZRUGW GDDURP DDQEHYROHQ



RQWZLNNHOLQJHQ ELM KHW 86%$&( PRGHO YRRUDO DOV KLHULQ QDDVW GR
JHYDULHHUG ZRUGW ZDDUGRRU GH LQYORHG YDQ KHWHURJHQLWHLW QDD

9DULDWLH RQGHUNDQW GHNODDJ

'H SLSH RQWZLNNHOW JLFK URQG KHW JUHQVYODN WXVVHQ GH GHNODDJ H
KXLGLJH EHRRUGHOLQJVPHWKRGLHN ZRUGW YHURQGHUVWHOG GDW GLW J
GH SLSH GXV RRN HHQ KRUL]JRQWDDO SDG YROJW ,Q GH SUDNWLMN ]DO GtF
]JDQGSDNNHW QLHW YODN ]JLMQ HU LV YDULDWLH RS NOHLQH VFKDDO RUG
MPLFURKREEHOVY HQ YDULDWLH RS JURWHUH VFKDDO RUGHJURRWWH PHW

(HQ KHOOLQJ NDQ GH SLSH RQWZLNNHOLQJ JRZHO EHYRUGHUHQ DOV WHJH
]ZDDUWHNUDFKW LQ DIJHYRHUG GDQ ZRUGW GH SLSH RQWZLNNHOLQJ JHK
]ZDDUWHNUDFKW PHH DIJHYRHUG GDQ ZRUGW GH SLSH RQWZLNNHOLQJ EH
YRRU GH NRUUHOV ERYHQVWURRPV YDQ GH SLSH DOV GLH LQ GH SLSH ([¢
SLSH SDG 9DQ (VVHQ HW DO WRQHQ DDQ GDW KHW NULWLHN YHUYDGC
]ZDDUWHNUDFKW LQ PRHWHQ ZRUGHQ DIJHYRHUG

.OHLQH RQUHJHOPDWLJKHGHQ DDQ GH RQGHUNDQW YDQ GH GHNODDJ GLH
LQWHUHVVDQWH NDQV RP KHW SLSLQJRRUGHHO WH YHUEHWHUHQ 'H]H NO
DIJTHWWLQJHQ ZDDUYRRU DQGHUH YRUPHQ YDQ KHWHURJHQLWHLW PLQGHU
DI]THWWLQJHQ HHQ NDQV RP KHW PRGHO EHWHU WH ODWHQ DDQVOXLWHQ
ULYLHUDIJHWWLQJHQ NRPHQ GLW VRRUW YDULDWLHV JHNHU YRRU ZDDUGF

b T

Deklaag
basis: %

Kleilaag —>

(1cm) H

Kleilaag_\_
(58

JLIXXU 7RS YDQ GH EHGGLQJDIJHWWLQJHQ LQ GH XLWHUZDDUGHQ ELM $IIHUGHQC
YDULDEHO HQ LQ GH EHGGLQJDI]JHWWLQJHQ JLMQ NOHLODDJMHV DDQZH]JLJ YDQ  H(

,Q GH]JH YHUNHQQLQJ LV RQGHU]RFKW ZDW GH YDULDWLH YDQ GH RQGHUNI
ZDW KHW HIIHFW KLHUYDQ LV RS KHW NULWLHN YHUYDO 'H PHVR VFKDDOY
RQGHU]JRFKW DDQ GH KDQG YDQ ERULQJHQ HQ SURILHOHQ ZDDU KHW GHN]JI
YDQ GH ERULQJHQ ZRUGW JHYRQGHQ GDW GH VWHLOVWH KHOOLQJ JHPLGG
RQGHUVFKDW GH ORNDOH YDULDWLH RYHU HHQ NOHLQHUH DIVWDQG 2S EI
JHYRQGHQ GLH RSORSHQ WRW 'H]JH ZDDUGH LV JHEDVHHUG RS GHN]DQ



OLJJHQ +HW LV PRJHOLMN GDW GH KHOOLQJHQ JRDOV GH]JH RQGHU HHQ Gl
JHYRHOLJKHLGVVWXGLH LV GDDURP JHNR]JHQ YRRU KHOOLQJHQ YDQ

NZHOZHJOHQJWH DDQZH]LJ JLMQ 9RRU PLFUR VFKDDOYDULDWLH JLMQ HU .
YRRU GH KHOOLQJ 7RFK LV HU DOWLMG ZHO YDULDWLH DDQZH]LJ 2S EDVL
SURHIVOHXYHQ ]JLMQ GDDURP ZDDUGHQ JHNR]JHQ YRRU YDULDWLH GLH UHG
YDQ HQ DIZLVVHOHQG SRVLWLHI HQ QHJDWLHI RYHU HHQ DIVWDQ

+HW HIIHFW YDQ GH]H PHVR VFKDDO HQ PLFUR VFKDDO ]DDJWDQG YDULD)
GHNODDJ LV RQGHUJRFKW PHW EHKXOS YDQ 'J)ORZ +HW HIIHFW YDQ PHVR
KHOOLQJHQ EHSHUNW KHW HIIHFW LV WXVVHQ GH HQ WHQ RSJLFKWH
HIITHFW YDQ PHVR VFKDDOYDULDWLH NDQ PHW GH 6HOOPHLMHU UHJHO YRR
DDQJHSDVWH EHGGLQJKRHN 9RRU PLFUR VFKDDOYDULDWLH LV KHW HIIHF)
PDDU EOLMIW EHSHUNW WRW HHQ PD[LPXP YDQ ELM GH JHSYDOXHHUGH
PLFUR VFKDDO YDULDWLH ZRUGW PHHJHQRPHQ OLJW KHW HIIHFW RS KHW |
$DQEHYROHQ ZRUGW RP WH EHVFKRXZHQ ZDDURP KHW HIIHFW YDQ PLFUR "
YHUJHOLMNLQJ PHW 06((3 EHUHNHQLQJHQ HQ SURHYHQ

'H YDOLGDWLH YDQ KHW DDQJHSDVWH FULWHULXP LV JHHU EHSHUNW HU ]I
VFKDDOSURHYHQ XLWJHYRHUG GLH QLHW H[DFW JLMQ JHUHSURGXFHHUG
KHW QRRG]DNHOLMN GH YDOLGDWLHVWXGLH XLW WH EUHLGHQ

3LSLQJ LQ

+HW 6HOOPHLMHU PRGHO LQ ' *HR J)ORZ HQ GH UHNHQUHJHO YDQ 6HOOPHLI
GH JURQGZDWHUVWURPLQJ LV WZHH GLPHQVLRQDDO HQ GH SLSH ZRUGW R
XLWVWURPHQG LQ HHQ WHHQVORRW GLH RYHU GH JHKHOH EUHHGWH LQ FFR
ZHUNHOLMNKHLG LV GH VLWXDWLH ' HQ NDQ QLHW DOWLMG PHW HHQ ' PR
WRH YDQXLW KHW ZDWHUYRHUHQG SDNNHW JLFK LQ YHHO JHYDOOHQ FRQI
GHNODDJ

2YHU ZzDW GH 'DDQQDPH EHWHNHQW YRRU GH SUDNWLMN LV GH ODDWVWFE
/IDERUDWRULXP SURHYHQ WRQHQ DDQ GDW KHW NULWLHN YHUYDO DIQHHP)
HHQ SXQWYRUPLJH XLWVWURRP LQ SODDWYV YDQ HHQ VORRW RI HHQ YODN
'H ! LW 9DQGHQERHU HW DO WRRQGH PHW H[SHULPHQWHQ DDQ
QbDDUPDWH HU PHHU WRHVWURPLQJ YDQDI GH [LMNDQWHQ PRJHOLMN LV G
YDULSUHQ 'LW ]JRX EHWHNHQHQ GDW GH KXLGLJH DDQSDN YRRU VLWXDWLE
HW DO LV HFKWHU RS EDVLV YDQ QXPHULHNH JURQGZDWHUVWURPLQ.
XLWVWURRP LQ "HQ ' JHFRQFOXGHHUG GDW GH KXLGLJH ' DDQQDPH OHL
SLSLQJULVLEFR

'"H]JH GLVFXVVLH YRUPGH GH EDVLV YRRU WZHH GHHOSURMHFWHQ ,Q Kt
6WDWH 8QLYHUVLW\ LQWHUQDWLRQDDO VSHFLDOLVW RS KHW JHELHG YDQ
WHQ DDQJLHQ YDQ GLW RQGHUZHUS 5LFH ,Q LV GRRU $FDFLD :DW
RQGHU]RHN XLWJHYRHUG QDDU GH LQYORHG YDQ GH JHRK\GURORJLVFKH V
/RPD HW DO 'H RQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ HUY
GRFXPHQWHQ

$GYLHV -RKQ 5LFH

3URI 5LFH JHHIW DDQ GDW GH VWURPLQJVVLWXDWLH YHUDQGHUW GRRU G
OHLGHQG WRW IDOHQ DOV JHYROJ YDQ SLSLQJ 'H VWURPLQJVVLWXDWLH L
ZHONH JHWOOXVWUHHUG JLMQ LQ )LIXXU



YLIXXU =LM HQ ERYHQDDQ]LFKW YDQ GH FRPSRQHQWHQ GLH HIIHFW KHEEHQ RS
7RHVWURRP ZDWHU GRRU ZDWHUYRHUHQG SDNNHW 'H DIPHWLQJHQ YDQ KHW RS
]JDQGPHHYRHUHQGH ZHO 'H YRUP HQ DIPHWLQJ YDQ GH HURVLHOHQV HQ  3LSH

'H YRUPLQJ YDQ HHQ OHQV HQ YHUYROJHQV HHQ SLSH HQ ZRUGW EHwWQYO
RSEDUVWNDQDDO ,Q GH VHTXHQWLH YDQ JHEHXUWHQLVVHQ JLMQ HHQ DD
+ :DW LV GH YRUP YDQ GH HURVLHOHQV"

+ :DQQHHU RQWVWDDQ HU SLSHV XLW GH HURVLHOHQV"

+ +RH UHODWHHUW GH JURRWWH YDQ GH XLWVWURRP DDQ GH JURRWWH
+ :DQQHHU JURHLW HHQ SLSH GRRU"

+ ,Q JHYDO YDQ HHQ ' RPJHYLQJ PHW XLWVWURRP GRRU HHQ OHQV
+ ,Q JHYDO YDQ HHQ ' RPJHYLQJ PHW XLWVWURRP GRRU HHQ VORRW
+ ,Q JHYDO YDQ HHQ ' RPJHYLQJ PHW XLWVWURRP GRRU HHQ OHQV
GHNODDJ
¥ :DW LV KHW HIIHFW YDQ DQLVRWURSLH RS ERYHQVWDDQGH YUDJHQ"

,QYORHG YDQ JHRK\GURORJLVFKH VLWXDWLH ELM ' XLWVWURRP

,Q QDYROJLQJ YDQ KHW RQGHU]RHN YDQ $FDFLD :DWHU %XUJHU HW DO
KLHURYHU LV ELQQHQ HHQ VDPHQZHUNLQJ YDQ 'HOWDUHV HQ $FDFLD :DW}
JHRK\GURORJLVFKH VLWXDWLH RS OHQVYRUPLQJ ELM HHQ ' XLWVWURRP
KHHIW JLFK EHSHUNW WRW OHQVYRUPLQJ RPGDW SLSH YRUPLQJ LQ ' QRJ
JURQGZDWHUVWURPLQJVVRIWZDUH PRJHOLMN LV

,Q KHW RQGHU]JRHN JLMQ EHUHNHQLQJHQ JHPDDNW LQ ORG)ORZ HQ 'J)ORZ
EHNHNHQ LV KRH JURRW HHQ HURVLHOHQV JRX NXQQHQ ZRUGHQ LQ YHUVF
XLWJHYRHUG RP HHQ ODE SURHI WH VLPXOHUHQ ZDDUQD HHQ YHOGVLWXEC
GH JURRWWH YDQ GH JHYRUPGH OHQV HQ KHW GHELHW NRQ KHW HIIHFW Y
GH UHVXOWDWHQ YROJW

GDW KHW YHUJURWHQ YDQ GH EUHHGWH YDQ KHW PRGHO OHLGW WRW HH
WHQ RS]JLFKWH YDQ GH ODESURHYHQ KLHUELM RQWZLNNHOG KHW PRGHO ]



JHHU EHSHUNWH PDWH H[WUD LQ VWURRPRSZDDUWVH ULFKWLQJ 'LW VOXL
HW DO HQ KHwW ' DVSHFW LV GDDUPHH DOV UHOHYDQW EHYRQGHQ

GDW HHQ WH NRUWH OHQJWH YDQ KHW PRGHO HQ GDDUPHH VLPXODWLI
DFKWHUODQG OHLGW WRW DIZLMNHQGH UHVXOWDWHQ 'H NHX]H YDQ GH L
GH XLWNRPVW YDQ KHW QXPHULHNH PRGHO HQ HHQ DQGHUH UDQGYRRUZEL
LVRK\SVHQYHUGHOLQJ HQ GDDUGRRU WRW HHQ DQGHUH YRUP YDQ GH HUR
ZRUGW JHVFKHPDWLVHHUG GRRU GH NHX]H YDQ GH UDQGYRRUZDDUGH LV

GDW GH GHNODDJZHHUVWDQG LQYORHG KHHIW RS GH YRUPLQJ YDQ GH H!
GHNODDJZHHUVWDQG OHLGW WRW HHQ ODJHUH LQLWLsSsOH VWLMJKRRJIJWH
DDQZH]LJKHLG YDQ HHQ XLWVWURRPSXQW HQ PHHU DIVWURPLQJ YLD KHW
GHNODDJZHHUVWDQG NOHLQHUH OHNOHQJWH KHHIW HHQ NOHLQHU HURYV
GDW QDDUPDWH HU PHHU DIVWURRP QDDU KHW DFKWHUODQG LV GH VWUR

GDW GH JHNR]JHQ UDQGYRRUZDDUGH LQ KHW FRPSXWHUPRGHO EHSDOHQG
UDQGYRRUZDDUGH RS GH DFKWHUUDQG ELMYRRUEHHOG JHVORWHQ RI HH(
DQGHUH UHVXOWDWHQ JLH )LIJXXU

0.0 0l o2 03 o4

YLIXXU 6LPXODWLH YDQ HURVLHOHQVYRUPLQJ LQ GH ODE SURHI LQ ORG)ORZ 9
YDQ KHW |DQGPRQVWHU YHUJURRW OLQNV LV GH DFKWHUUDQG RSHQ PLGGHQ HQ



7THYHQV LV HHQ GRRUNLMN JHIJHYHQ ZDW GH]H EHYLQGLQJHQ QX YRRU GH
HHUVW JHNHNHQ ZRUGHQ QDDU GH KXLGLJH DDQSDN KHW PRGHO YDQ 6HO
TXD JURQGZDWHUVWURPLQJ DOV TXD SLSH VWURPLQJ 'H GHNODDJ LV JHV!
*HR )ORZ EHUHNHQLQJHQ PHW GRRUODWHQGH GHNODDJ EOLMNW GDW GH 7
HITHFW KHHIW RS KHW NULWLHN YHUYDO 'LW LV JRHG YHUNODDUEDDU ZD
DDQZH]LJ LV GUDLQHHUW GH]H GH JURQGZDWHUVWURPLQJ DO GXVGDQLJ «
HU QLHW JRYHHO PHHU WRH GRHW 'RRU GH DDQZH]JLJKHLG YDQ GH ' SLSH
NRUWH OHNOHQJWH JHFUHsHUG

'"H]JH VWXGLH LOOXVWUHHUW GDW GH LQYORHG YDQ GH JHRK\GURORJLVFKF
]DO JLMQ LQ HHQ ' VLWXDWLH ZDDULQ KHW ZDWHU QDDU HQNHOH SLSHV \
FDSDFLWHLW DDQZH]LJ LV GDQ LQ HHQ ' PRGHO PHW RQHLQGLJ EUHGH SL
VLWXDWLH GXV PHHU LQYORHG

'LW RQWNUDFKW HHUGHUH FRQFOXVLHV XLW GH OLWHUDWXXU $00DQ

HFKWHU QLHW GDW KHW NULWLHNH YHUYDO YRRU HHQ VLWXDWLH PHW HH(
' XLWVWURRP ELMY HHQ VORRW ZDDU KHW 6HOOPHLMHU PRGHO RS JHEL
ZRUGW LQ 9DQ %HHN HW DO LV HFKWHU JHEDVHHUG RS HHQ VLWXDW!
RS]JLFKW JLMQ GH SURHYHQ PHW JDW XLWVWURRP LQ KHW ODE FRQVHUYDW
GLH DIVWURPLQJ ZHO DDQZH]LJ LV +LHUGRRU NDQ KHW YHUVFKLO WXVVH:(
XLWVWURRP QDDU VORRW RI YODN HQ HHQ ODESURHI PHW ' XLWVWURRP
JURWHU JLMQ GDQ LQ GH SUDNWLMN ZDDU GH DIVWURRP QDDU KHW PDDLY

7THFKQLVFK JH]JLHQ NRPW GH ' VLWXDWLH ZDDUPHH QX JHUHNHQG ZRUGW
PHW GH ' VLWXDWLH ZDDUELM HU RYHU GH KHOH EUHHGWH YULMH VWURP|
RI HHQ GRRUODWHQGH GHNODDJ (HQ ' VLWXDWLH LV GDQ RQIJXQVWLJIHU I
SLSH LV ZDW QRJ EHSHUNW NDQ ZRUGHQ GRRU DIVWURPLQJ GRRU GH GHN
GRRUODWHQGH GHNODDJ ]XOOHQ ELM HHQ UHODWLHI ODDJ ZDWHUVWDQGV
ZHOOHQ RQWVWDDQ 'LW EHWHNHQW HFKWHU QLHW GDW HU ELM HHQ KRJH
RSWUHGHQ JHYROJG GRRU ]JDQGPHHYRHUHQGH ZHOOHQ HQ YHUYROJHQV ¢
KRJHU YHUYDO ]DO SODDWVYLQGHQ GDQ RS EDVLV YDQ KHW PRGHO YDQ 61
6HOOPHLMHU PRGHO LV JHEDVHHUG RS ' VLWXDWLHY PHW HHQ YULMH XLW

'H FRQFOXVLH LV GDDURP GDW GH NULWLHNH YHUYDOOHQ YRRU HHQ ODES
FRQVHUYDWLHI [LMQ FRQVHUYDWLVPH GHHOV YHUPLQGHUG GRRU GH EHS]I
JHHQ VWURPLQJ QDDU KHW DFKWHUODQG LV PDDU GDW GH ' 6HOOPHLMHL
YRRU VLWXDWLHYVY PHW VWURPLQJ QDDU SXQW RPGDW HU GRRU GH ' DDC
YHHO ZDWHU NDQ DIVWURPHQ RYHU GH JHKHOH EUHHGWH YDQ KHW ]DQGSI

JURWHU YRRU VLWXDWLHYV PHW JURWH OHNOHQJWH ,Q )LJXXU LV GHI]H
Grote erosielens Kleine erosielens
Laag kritiek verval Hoog kritiek verval
D-Geo Flow met
Proeven in lab Rekenregel ISellmeijer doorlatendI achterland
- 1 uitstroompunt 1 uitstroompunt Verbindende teensloot -
‘Gesloten achterrand Open achterrand Gesloten achterrand
Grote leklengte en/of beperkte leklengte Grote leklengte
Beperkte breedte WVP
JLIXXU 9LVXDOLVDWLH YDQ GH LQYORHG YDQ GH JHRK\GURORJLVFKH VLWXDWLF

LQGLUHFW RS KHW NULWLHN YHUYDO

'LW EHWHNHQW GDW ' DQDO\WHV WRW JHHU DIZLMNHQGH EHRRUGHOLQJVU
ZRUGW RP QDGHU WH RQGHU]JRHNHQ KRH JURRW GLW HIIHFW YRRU WHUXJV



2SWLPDOLVDWLHY JHFRPELQHHUG EHVFKRXZHQ

,Q HQ JLMQ YHHO GHHODVSHFWHQ RQGHU]RFKW PHW DOV GRHO KHW
GH SUDNWLMN JDDW KHW HFKWHU DOWLMG RP HHQ FRPELQDWLH YDQ HIIHF
JLMQ GH HIIHFWHQ GLH KHW SLSLQJ PHFKDQLVPH EHWQYORHGHQ JHFRPELC
VLWXDWLHVY 'H RQGHUVWDDQGH WHNVW LV HHQ VDPHQYDWWLQJ HUYDQ HC(

9RRU GLW SURMHFW JLMQ FDVHV UHSUHVHQWDWLHI YRRU KHW JHWLMGE
,-VVHOFDVH HQ KHW ULYLHUHQJHELHG 5LYLHUFDVH GRRUJHUHNHQG LC
FDVHV ]JLMQ GH VFKHPDWLVDWLHY PHW GH EHWUHIIHQGH EHKHHUGHUV :'2
FDVH LV JHVFKHPDWLVHHUG RS EDVLY YDQ GDWD YDQ +6. GRRU JHRORJHQ
RQGHUJURQGSDUDPHWHUYV JLMQ JHVFKDW RS EDVLYVY YDQ GH EHVFKLNEDUH

(IlTHFWHQ GLH ]JLMQ EHVFKRXZG ]JLMQ
$QLVRWURSLH ZDDUGHQ SHU FDVH
'RRUODWHQGKHLG GHNODDJ LQ YRRU HQ DFKWHUODQG ZDDUGHQ SHU |
‘HHUVWDQG LQ GH ZHO ZDDUGHQ SHU FDVH

([WUD VWHUNWH YDQ JHWLMGHQ]DQG LV QLHW LQ 'J)ORZ PHH WH QHPHQ F
JHWLMGHJHELHG FDVH 'H EHUHNHQLQJHQ JLMQ XLWJHYRHUG LQ ' KHW '

LV QRJ QLHW PHHJHQRPHQ LQ GH EHVFKRXZLQJ RPGDW HU QRJ RQYR
EHUHNHQLQJVUHVXOWDWHQ YDQ 'J)ORZ PHW SLSLQJ LQ ' +HWHURJHQLWH
EHKDQGHOG LQ SDUDJUDDI LV RRN QLHW PHHJHQRPHQ YRRU DOOH FD\
SDDU SURFHQW KRJHU ZRUGW DOV GH YDULDWLH YDQ GH RQGHUNDQW YDQ
9DULDWLH LQ NRUUHOGLDPHWHU HQ GRRUODWHQGKHLG LQ GH EDDQ YDQ (
ZRUGHQ

'RRU FRPELQDWLH YDQ DOOH HIIHFWHQ JLMQ EHUHNHQLQJHQ JHGDDQ
VFKHPDWLVDWLH YDQ LHGHUH FDVH LV KHW NULWLHNH YHUYDO HYHQHHQV
6HOOPHLMHU

2P GH UHVXOWDWHQ WH GXLGHQ HQ YRRU QLHXZH FDVHV WH EHNLMNHQ Zt
JLMQ LV JHNHNHQ QDDU GH HIIHFWHQ RS GH JURQGZDWHUVWURPLQJ HQ G
NULWLHNH YHUYDO ZRUGW YROJHQV KHW PRGHO YDQ 6HOOPHLMHU EHSDD
GH SLSH HQ GXV GRRU GH VWURPLQJ LQ GH SLSH HQ GH HURVLHZHHUVWD
SLSH ZRUGW EHWQWWRRBLGRRW BH KHW ZD VAQUGHRIHGHH@LE) $ D'NDNH®/H VW URPL
LQ KHW ZDWHUYRHUHQG SDNNH\8LBMY WHQURW® URP EXDMDHYKDENG GHF W H Q

YDQ DQLVRWURSLH GHNODDJ GRRUODWHQGKHLG HQ ZHHUVWDQG LQ GH ZI
RRN EHJUHSHQ ZRUGHQ LQ WHUPHQ YDQ KXQ HIIHFW RS GH]H WZHH IDFWR
JHVFKHPDWLVHHUG 'DDUQDDVW KHEEHQ JHWLMGH]DQGHQ YHUPRHGHOLMN
HURVLH GDQ EHUHNHQG ZRUGW DDQ GH KDQG YDQ KHW 6HOOPHLMHU PRGF
KHW PRGHO ZRUGHQ RQGHUVFKDW

22222222222222
,Q HHQ FDVH LV HU VWULNW JH]JLHQ VSUDNH YDQ KHWHURJHQLWHLW LQ GH EDDQ YDQ GH SLS

QDDU HHQ DQGHU W\SH DIJHWWLQJ LV 'LW KDG HFKWHU JHHQ VLJQLILFDQW HIIHFW RPGDW GH
GH DQGHUH DIJHWWLQJ ZDV PDDU QLHW ELM KHW JUHQVYODN



£ AU
Stroming naar het Verdeling van stroming e Stroming in de pipe en Kritiek
watervoerend pakket tussen pipe en achterland belasting op de korrels = verval

7

Weerstand voorland

- Lage K deklaag = gunstig - Lage K Deklaag = ongunstig - Lage K Deklaag = ongunstig of ongunstig
- Anisotropie = gunstig - Anisotropie = gunstig - Anisotropie = gunstig
Totaal verval over kering - Hogere weerstand wel = gunstig - Hogere weerstand wel = gunstig
- Hogere weerstand wel = gunstig = - - - - -
Dijk
Deklaag
Watervoerend pakket
JLIXXU ,OOXVWUDWLH YDQ HIITHFWHQ RS GH JURQGZDWHUVWURPLQJ HQ GDDUP

NULWLHNH YHUYDO JXQVWLJ OHLGW WRW ODJHUH EHODVWLQJ F T KRJHU NULWLH!I

8LW GH RQGHU]RFKWH FDVHV YROJW GDW GH EDQGEUHHGWH YDQ SDUDPHYV
RQGHUJURQGVFKHPDWLVDWLH EHWQYORHGW ZHONH IDFWRU KHW PHHVWH
EHGRHOG RP UHODWLHYH HIIHFWHQ WH YHUJHOLMNHQ YRRU VFKHPDWLVD\
GH EDQGEUHHGWHY YDQ SDUDPHWHUY DQGHUV YRRU YHUVFKLOOHQGH FD\
VRPV RRN EHPRHLOLMNW

9RRU GH KLHU EHVFKRXZGH FDVHV OHLGHQ GH FRPELQDWLH YDQ HHQ KRJ}
ZHHUVWDQG LQ GH ZHO HQ HHQ KRJH GRRUODWHQGKHLG YDQ GH GHNODDJ
WZHH VLWXDWLHY ZDDU KHW YRRUODQG EHSHUNW P ODQJ LV GRRUG
ZHJYORHLW HQ GDDUPHH GH SLSH RQWODVW 'DW ]JLMQ GH 6SXLFDVH JHW]

,Q GH 6SXLFDVH PHW HHQ UHODWLHI GLNNH RQGRRUODWHQGH GHNODDJ |
HHQ YHUZDDUORRVEDDU HIIHFW HQ JLMQ DQLVRWURSLH HQ GH ZHHUVWDQ
ZDDUVFKLMQOLMN GRRUGDW HU ELM DOOH EHUHNHQGH YDULDQWHQ ZHLQL
S5LYLHUFDVH LV GH GHNODDJ GRRUODWHQGHU HQ GXQQHU HQ KHHIW GH Gt
HIITHFW PHW GH DQLVRWURSLH IDFWRU HQ GH ZHHUVWDQG LQ GH ZHO

(HQ KRJH GRRUODWHQGKHLG YDQ GH GHNODDJ LV MXLVW RQJXQVWLJ YRRL
PHW P YRRUODQG 'DDU LV GH GHNODDJ GRRUODWHQGKHLG YHUXLW GH
HITHFW YDQ GH YRHGLQJ YDQ KHW ZDWHUYRHUHQG SDNNHW GRRU KHW YRI
GH GHNODDJ KHW JXQVWLJVWH

)DFWRUHQ ]JRDOV DQLVRWURSLH HQ KHW HIIHFW YDQ GH GRRUODWHQGKHL
PHHIJHQRPHQ ZRUGHQ PHW GH UHNHQUHJHO YDQ 6HOOPHLMHU 'DDURP ELF
KHW NULWLHNH YHUYDO YRRU SLSLQJ EHWHU WH NXQQHQ EHSDOHQ (FKWHt
LV JLMQ HU RRN DDQGDFKWVSXQWHQ ELM KHW LQ GH SUDNWLMN EUHQJHQ



'H FRPSRQHQWHQ GLH HIIHFW KHEEHQ RS VWHUNWH ]JRDOV GH ILMQH IUDF
UHNHQLQJ ZRUGHQ JHEUDFKW &RPSRQHQWHQ GLH LQYORHG KHEEHQ RS G
RQGHUJURQG PRHWHQ JHFRPELQHHUG JHDQDO\WWHHUG ZRUGHQ

6\QWKHVH

'H XLWIJHYRHUGH RQGHU]RHNHQ JHYHQ DDQ GDW KHW GLFKWHU ELM GH SU
KHW SLSLQJRRUGHHO PHHVWDO ZRUGW KHW RRUGHHO GDDU JXQVWLJHU Y
ZDDULQ GH RSWLPDOLVDWLHY JHFRPELQHHUG JLMQ EHVFKRXZG JHYHQ DO
KRHYHHO HIIHFW HHQ EHSDDOGH RSWLPDOLVDWLH KHHIW

,Q GH FRQVHTXHQWLH DQDO\WH ZRUGW KLHU LQ PHHU GHWDLO RS LQJHJDLEL
HITHFW HHQ RQGHUGHHO RS EDVLY YDQ GH KXLGLJH NHQQLV KHHIW RS KH\
WRHQDPH LQ KHW NULWLHN YHUYDO YRRU WHUXJVFKULMGHQGH HURVLH 2
GH YHUEHWHULQJHQ LQ GH SUDNWLMN WH EUHQJHQ +HW HIIHFW RS KHW V
YDQ GH ORNDOH FRQGLWLHV LQ GH WDEHO ZRUGW HHQ LQGLFDWLH JHJHY
9RRU DOOH VLWXDWLHY ZDDUELM JHNHNHQ ZRUGW QDDU JURQGZDWHUVWL
GRRURQWZLNNHOLQJ YDQ GH VRIWZDUH HQ RQWZLNNHOLQJ YDQ HHQ YHLO

7DEHO 2YHU]JLFKW YDQ RSWLPDOLVDWLHV

2QGHU (ITHFW RS F :DW LV HU QR

$QLVRWURSLH ) DIKDQNHOLI (UYDULQJ RSGRHQ LQ DQGHUH WUI
GLNWH DTXLIHU 5HNHQZDDUGHQ SHU DIJHWWLQJVP

DQLVRWURSLH IDF 9HUGHUH YDOLGDWLH +37 $037
9HOGSURHYHQ
*HWLMGHQDIITHWWLRJIHQDILKMWMD@IHNHOLMN YH@GSURHYHQ HQ PHGLXP
IUDFWLH PP 9RRUVWHO QM¥FIDDOSURHYHQ QRGLJ YRRU YHUG
VWHUNWH SRR RQGHUERXZLQJ
JHEUXLNHQ
ORJHOLMN EHVOLVUHJHOV YRRU
NOHLLJH JHWLMGHQ]DQGHQ
'"RRUODWHQGKHLG ) /IRNDDO EHSDOHQ GRRUODWHQGKH
DFKWHUODQG *URRW HIIHFW RS GHNODDJ
ELM ]JDQGLJH GHNODJHQ PHWKRGL
RSVWHOOHQ YRRU PHHQHPHQ YDQ
IOXWGLVDWLH GHNODDJ
9RRUODQG ) SRWHQWLHHO PHHU 9DOLGDWLH NULWLHNH
*HR )ORZ
5HGXFHUHQ YHUYDO GRRU YHUUHN
ZHHUVWDQG YRRUODQG
S8LWVOXLWHQ NRUWVOXLWLQJ LQ Y
BHLOEXLVPHWLQJHQ
&DVH VWXGLHV QY W 1DUHNHQHQ PHW EHVFKLNEDUH
PRGHOOHQ
1DGHU RQGHU]JRHNHQ pVQHOOH SL
=0: LQ : 1/ .OHLSOXJ HIIHFW R®HHU QDGUXN XLWVOXLWHQ DDQW
RSEDUVWHQ JURRW RREBNAMOXNDWHQ HQ PHHUODDJV UHN'I
.RUWVOXLWHQ +RORFHHHLPB OXJ DDQEHYHOLQJHQ LQ 6+
30OHLVWRFHHQ JURRMWDSISFHWY RS Q

+F JHWLMGHQDI]JHWWLQJHQRQGHU]JRHN
JLMQH IUDFWLH SLWEUHLGHQ YHOGRQGHU]JRHN QDI

=HHODQG
SLVDYHQ Z!I QY W $QGHUH ORFDWLHVY RQGHU]JRHNHQ

+HD .OHLQ NRPW QLHW YDDN YRRU 9ROJHQ RQWZLNNH



'"UHJHO *URRW LQ JHELHG 9HOGPHWLQJIJHQ"
GHNODDJ ' ' 2SQHPHQ LQ EHKHHU"
*HYRHOLJKHLGVVWXGLHV L F P
VFHQDULRTfV"
9DULDWLH G RI' N LQHERD® X Y JURWHS$IZDFKWHQ RQWZLNNHOLQJHQ 86%.

SL: FRUUHODWLHOHQJWHYV
9DULDWLH PLFUR ") 9DOLGDWLH XLWEUHLGHQ
GHNODDJ (UURU RSORVVHQ 'J)ORZ YRRU

KHOOHQGH SLSHV
9DVWVWHOOHQ PLFUR YDULDWLH S
DITHWWLQJ
9DULDWLH PHVR VFKDDIOULDEHO 9DOLGDWLH XLWEUHLGHQ
GHNODDJ (UURU RSORVVHQ 'J)ORZ YRRU
KHOOHQGH SLSHV
/RNDOH PHWLQJHQ XLWYRHUHQ

3LSLQJ LQ ) (I'THFW JURRW LQDQDO\WHV WHUXJVFKULMGHQGH
JHELHGHQ PHW JURVWBVWVWHOOHQ LQYORHG YDQ
OHNOHQJWH JURQGZDWHUVWURPLQJ LQ YHUVEFKL
VLWXDWLHYV
9HOGSURHYHQ



&RQVHTXHQWLH DQDO\VH

,Q GH FRQVHTXHQWLH DQDO\WH ZRUGW HHQ VFKDWWLQJ JHPDDNW YDQ ZD\
RSWLPDOLVDWLHY YRRU 1HGHUODQGVH GLMNHQ 'LW ZRUGW JHGDDQ DDQ
WHUXJVFKULMGHQGH HURVLH +RHZHO HU RRN RQGHU]JRHN LV XLWJHYRHUC
GHHOPHFKDQLVPH WHUXJVFKULMGHQGH HURVLH RS YHHO SOHNNHQ GRPLQ

9RRU GH XLWJHYRHUGH RQGHU]JRHNHQ LV JHSYDOXHHUG ZHONH SDUDPHWH
IDFWRUHQ RS KHW NULWLHN YHUYDO DIJHOHLG DIKDQNHOLMN YDQ GH EHw
XLWJHJIJDDQ YDQ YHUZDFKWH DIZLMNLQJHQ WHQ RS]JLFKWH YDQ GH UHJHO ?
9HUYROJHQV LV 1HGHUODQG RSJHVSOLWVW LQ GHHOJHELHGHQ DDQ GH KD
]JRGDW YRRU HON JHELHG EHNHNHQ NDQ ZRUGHQ ZDW GH JHPLGGHOGH Y}
GHHOJHELHG EHNHNHQ ZDW KHW HIIHFW LV RS GH YHUVWHUNLQJVRSJDYH

)DFWRUHQ

2S EDVLV YDQ KHW XLWJHYRHUGH RQGHU]RHN LQ HQ LV HHQ OLMVW
GH KXLGLJH UHNHQUHJHO RSJHVWHOG 'HJH RSWLPDOLVDWLHYV JLMQ RQGH!
KHEEHQ RS GH ZHHUVWDQG WHJHQ HURVLH

¥ JLMQH IUDFWLH

¥ +HOOLQJ GHNODDJ

¥ +HWHURJHQLWHLW LQ GH EDDQ YDQ GH SLSH

HQ HIITHFWHQ GLH LQYORHG KHEEHQ RS GH EHODVWLQJ RS GH NRUUHOV HC
JURQGZDWHUVWURPLQJ

f $QLVRWURSLH

+ OHHUODDJVKHLG

1 "HIIHFW $FKWHUODQG

+ O9RRUODQG

1 " UHJHO

,Q RQGHUVWDDQGH WHNVW ZRUGW LQJHJDDQ RS GH]H HIIHFWHQ HQ ZRUG
PHHJHQRPHQ LQ GH FRQVHTXHQWLH DQDO\VH 9RRU YHHO YDQ GH]H IDFWR
GH RSWLPDOLVDWLHY GDDGZHUNHOLMN WRHJHSDVW NXQQHQ ZRUGHQ 'H ¥
XLW WH YRHUHQ RQGHU]JRHN HQ SDVW GH UHVXOWDWHQ RS EDVLV YDQ GH
YRRUXLWEOLN WH JHYHQ ZDW GH UHVXOWDWHQ PRJHOLMN JRXGHQ NXQQH
JHKRXGHQ PHW FRQVHUYDWLVPH RI YHLOLJKHLGVIDFWRUHQ 9RRU WRHSD!
]JDO XLWHLQGHOLMN HHQ EHQDGHULQJ JHNR]JHQ PRHWHQ ZRUGHQ GLH SDV!
GLW PRPHQW LV GH NHQQLV GDDUYRRU QRJ QLHW JHUHHG

'HIDFWRUHQ ][LMQ JHGHILQLHHUG DOV HHQ WRHQDPH YDQ KHW NULWLHN Y
(e L *os B oPPaaBUBR
(HQ IDFWRU JURWHU GDQ EHWHNHQW GXV HHQ YHUKRJLQJ YDQ KHW NULW

PHHIJHQRPHQ JXQVWLJ HIITHFW (HQ IDFWRU NOHLQHU GDQ EHWHNHQW G
RSWLPDOLVDWLH WRW HHQ YHUODJLQJ YDQ KHW NULWLHN YHUYDO OHLGW



60LEIUDFWLH

+LMPD KHHIW DDQJHWRRQG GDW GH DDQZH]LJKHLG YDQ HHQ ILMQH I
NULWLHNH YHUYDO 2S EDVLV YDQ GH XLWJHYRHUGH NOHLQH VFKDDO SUR
WXVVHQ GH VWHUNWHWRHQDPH HQ KHW DDQGHHO YDQ GH ILMQH IUDFWLH
PP )LIXXU 2PGDW GH VOLEIUDFWLH YHUPRHGHOLMN LQYORHG KHHIW R
NRS YDQ GH SLSH LV GH YHUZDFKWLQJ GDW GH]H VWHUNWH WRHQDPH RRI
'LW GLHQW QRJ JHYDOLGHHUG WH ZRUGHQ LQ WRHNRPVWLJ RQGHU]RHN

(HQ YRRUORSLJH YHLOLJH UHODWLH LV GDW KHW NULWLHN YHUYDO PHW
,Q GH FRQVHTXHQWLH DQDO\VH ]JRX RRN HHQ VWHLOHUH OLMQ JHKDQWHHU
VWHUNWH DDQJLHQOLMN KRJHU LV GDQ GH]H YHLOLJH OLMQ 'H ILW RS ED)
ZRUGW HFKWHU GRRU ppQ HQNHO SXQW RPKRRJJHWURNNHQ ZDDUGRRU Gt}
YDOOHQ )LJIXXU 'DDURP ZRUGW LQ GH FRQVHTXHQWLH DQDO\VH WRFK
'"H IDFWRU YRRU GH VOLEIUDFWLH LV GDDUPHH JHGHILQLHHUG DOV

(eruouadosSdprasws®,

+HOOLQJ GHNODDJ

YDQ %HHN HW DO KHEEHQ DDQJHWRRQG GDW GH YDULDWLH YDQ GH
KHHIW RS KHW NULWLHNH YHUYDO +LHUELM LV RQGHUVFKHLG JHPDDNW L(
RYHU GH KHOH GLMNEDVLYVY HQ YDULDWLH RS PLFUR VFKDDO DIZLVVHOHQ
DIVWDQG YDQ FHQWLPHWHUV

'H LQYORHG YDQ GH PHVR VFKDDO RS KHW NULWLHN YHUYDO NDQ JXQVWL.J
NRUUHOV QDDU ERYHQ UROOHQ JXQVWLJ RI QDDU EHQHGHQ UROOHQ RQ.
KHW HIIHFW RS KHW NULWLHN YHUYDO EHSHUNW ) + 2PGDW GH Kl
HIITHFW RS KHW NULWLHN YHUYDO EHSHUNW LV ELM NOHLQH KHOOLQJHQ L
FRQVHTXHQWLH DQDO\WH PHHJHQRPHQ

'H PLFUR VFKDDO KHWHURJHQLWHLW ZHUNW DOWLMG JXQVWLJ RS KHW NUI
GH EHUHNHQLQJHQ YRRUDOVQRJ JHULQJ OLMNW GLW PRHW QRJ QDGHU JH
WH YHUZDFKWHQ 'H IDFWRU YRRU HHQ KHOOLQJ YDQ LV RS EDVLV YDQ

(avoaasd sarw

'H YHUZDFKWLQJ LV GDW GH]H IDFWRU RRN YRRU DQGHUH FRQILIXUDWLHYV
QLHW JHYDOLGHHUG

+HWHURJHQLWHLW LQ GH EDDQ YDQ GH SLSH
.DQQLQJ HW DO E KHEEHQ RQGHU]JRFKW ZDW GH LQYORHG YDQ YDULD
IDDONDQV LV 5DQGRP ILHOG DQDO\VHV % $ 5S5REELQV HW DO D LOOX:
YDULDWLH LQ LQGLYLGXHOH JHYDOOHQ JURRW NDQ JLMQ (U LV HFKWHU Y|
KRH GH H[DFWH YDULDWLH ]DO JLMQ 'RRU YHHO VLWXDWLHY WH PRGHOOH
ZRUGHQ ZDW KHW HIIHFW RS GH IDDONDQV LV YDQ DO GH]H DQDO\VHV 8LV

E EOLMNW GDW KHW HIIHFW RS GH IDDONDQV GRRU KHW YRRUNRPHQ YI
NULWLHNH YHUYDOOHQ JRZHO SRVLWLHI DOV QHJDWLHI NDQ ZHUNHQ +HW
ZDQQHHU GH GRRUODWHQGKHLG HQ NRUUHOGLDPHWHU JHFRPELQHHUG ZR
QRJ QLHW PHHJHQRPHQ



*H]JLHQ GH RQJHNHUKHGHQ LQ GH]JH YHUNHQQLQJ HU LV XLWJHJDDQ YDQ E
PRGHO GDW QRJ QLHW JHYDOLGHHUG LV HQ GH ZLVVHOHQGH LPSDFW LV
GH FRQVHTXHQWLH DQDO\VH

$QLVRWURSLH

+HW PHHQHPHQ YDQ DQLVRWURSLH JRUJW YRRU HHQ KRJHU NULWLHN YHU)
ZDDULQ KHW NULWLHN YHUYDO WRHQHHPW LV YRRUDO DIKDQNHOLMN YDQ
ZDWHUYRHUHQGH SDNNHW %LM GXQQH ]JDQGODJHQ P LV KHW HIIHFW Y
YRRU LHGHUH VLWXDWLH PHW ' *HR J)ORZ EHUHNHQG ZDW KHW SUHFLH]H HI
FRQVHTXHQWLH DQDO\VWH ZRUGW HFKWHU XLWJHJDDQ YDQ HHQ EHQDGHUL

1LFN 6WRRS YDQ )XJUR SHUVRRQOLMNH FRPPXQLFDWLH KHHIW HHQ Y
FRUULJHUHQ YDQ KHW NULWLHN YHUYDO RS EDVLY YDQ DQLVRWURSLH :D(
RS GH EHVFKLNEDUH UHVXOWDWHQ XLW .DQQLQJ HW DO E LV WH JLHC

NULWLHN YHUYDO YULM JRHG YRRUVSHOG ZRUGW GRRU HHQ FRUUHFWLH
ZDWHUYRHUHQG SDNNHW LQ GH YHUJHOLMNLQJ YDQ 6HOOPHLMHU RS EDVL
IDFWRU RS GH JHRPHWULHIDFWRU ]JHOI ,Q GH]JH DDQJHSDVWH 6HOOPHLMH!
DDQJHSDVW +HW ]JR YHUNUHJHQ JHFRUULJHHUGH YHUYDO +FBFRUU ZRUGW
GH RRUVSURQNHOLMNH IRUPXOH YDQ 6HOOPHLMHU DDQ WH SDVVHQ
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YLIXXU 9HUJHOLMNLQJ YDQ GH WRHQDPH LQ NULWLHN YHUYDO GRRU DQLVRWUR

WRHQDPH LQ NULWLHN YHUYDO JRDOV YRRUVSHOG PHW GH IRUPXOH YDQ 6WRRS \

,Q 5RVHQEUDQG DQG :LHUVPD JLMQ YHUVFKLOOHQGH HIIHFWHQ ZzZDDL
JHFRPELQHHUG EHVFKRXZG 'H ULYLHUFDVH HQ GH 6SXLFDVH JLMQ KHW PH



PHW GH UHJHO YDQ 6WRRS HQ GH EHUHNHQLQJHQ )LJXXU GH ,-V\
FRPSOH[H JHRPHWULH

%LM GH 5LYLHUFDVH LV ELM HHQ DQLVRWURSLHIDFWRU YDQ HHQ IDFWRU
JHYRQGHQ LQ GH '"J)ORZ EHUHNHQLQJHQ 'H IDFWRU LV QLHW HUJ KRRJ RF
HHUVWH ]DQGODDJ GLNWH P LV WRHIJHSDVW HQ QLHW RS KHW 30HLVWR
8LW )LIXXU Lv DI WH OHLGHQ GDW ELM HHQ GLNWH YDQ P LQGHUGDDG
NDQ ZRUGHQ YHUZDFKW %LM HHQ GLNWH YDQ P JRX HHQ IDFWRU YDQ FL
YDQ 6WRRS JHHIW IDFWRUHQ YDQ HQ YRRU GLNWHYV YDQ UHVSHFWL
LOOXVWUHHUW GDW ZDQQHHU DQLVRWURSLH DOOHHQ DDQZH]LJ LV LQ GH
DQLVRWURSLH EHSHUNW ZRUGW

%LM GH 6SXLFDVH LV ELM HHQ DQLVRWURSLHIDFWRU YDQ HHQ IDFWRU RS
JHYRQGHQ 'H]H ODJH ZDDUGH NRPW ZDDUVFKLMQOLMN GRRUGDW KHW ]DQ
)LIX XU Lv bl WH OHLGHQ GDW ELM GH]H GLNWH HHQ IDFWRU YDQ RQJHY
IRUPXOH YDQ 6WRRS ZRUGW ZDQQHHU KHW YRRUODQG YDQ P ZRUG
IDFWRU YDQ EHUHNHQG 'LW YRRUEHHOG LOOXVWUHHUW GDW J]RZHO Gt
NULWLHN YHUYDO LHWV RYHUVFKDW *H]JLHQ GH VSUHLGLQJ WHQ RSJLFKWt!
QLHW YUHHPG +HW XLWYRHUHQ YDQ ' *HR )ORZ EHUHNHQLQJHQ YHUGLHQV
JHEUXLN YDQ GH IRUPXOH YDQ 6WRRS R1 )LIXXU

,Q GH SUDNWLMN ]DO GH ERYHQVWH ]DQGODDJ RYHU KHW DOJHPHHQ GH Pt

ZRUGW YRRU KHW EHSDOHQ YDQ KHW HIIHFW YDQ DQLVRWURSLH DOOHHQ

YDQ P HQ P HQ HHQ OHQJWH YDQ P ZRUGHQ GH IDFWRUHQ JHYRQGHC

HIITHFWHQ YDQ NOHLQH DQLVRWURSLHZDDUGHQ LQ KHW SOHLVWRFHQH SDN

GH WRSODDJ ]LMQ QLHW RQGHU]JRFKW LQ GH]JH VWXGLH ZHO JLMQ GLW VI
D
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OHHUODDJVKHLG

+HW HIIHFW YDQ PHHUODDJVKHLG LV QLHW H[SOLFLHW EHVWXGHHUG LQ Kt
WRHSDVVLQJ YDQ GH UHNHQUHJHO ZRUGW ELM GH DDQZH]JLJKHLG YDQ PHH
GRRUODWHQGKHLG EHUHNHQG 'RRUGDW GH ERYHQVWH ]DQGODDJ YRRU Sl
GH VFKDWWLQJ YDQ GH GRRUODWHQGKHLG LHWV WH KRRJ HQ OHYHUW HH(
ODJHQ DI]IRQGHUOLMN ZRUGHQ JHPRGHOOHHUG HHQ JXQVWLJHU NULWLHN
HTXLYDOHQWH ZDDUGH LV PHHIJHQRPHQ YRRU HHQ HQNHOH ]DQGODDJ

+RHZHO HU JHHQ VWXGLH LV XLWIJHYRHUG QDDU KHW HIIHFW YDQ PHHUODI
RQGHU]JRHN YDQ .Y. LV HU LQ KHW NDGHU YDQ 91. ZHO RQGHU]RHN QDDU ¢
HHQ QHXUDDO QHWZHUN YRRU KHW EHUHNHQHQ YDQ KHW NULWLHN YHUYD
EHKXOS YDQ GLW QHWZHUN LV EHSDDOG ZHONH SDUDPHWHUYV GH JURRWVYV
KHW NULWLHN YHUYDO ELM KHW H[SOLFLHW PHHQHPHQ YDQ PHHUODDJVKH
GRRUODWHQGKHLG 'H]JH VWXGLH LV QDGHU WRHJHOLFKW LQ %LMODJH ' 'k
YHUKRXGLQJ YDQ GH GRRUODWHQGKHLG N N HQ GLNWH ' ' YDQ GH ER
GH OHQJWH GLNWH /' YHUKRXGLQJ YDQ KHW JDQGSDNNHW

8LW GH EHUHNHQLQJHQ ZHUG KHW YROJHQGH JHFRQFOXGHHUG
X 9RRU FRQWUDVWHQ NOHLQHU GDQ LV KHW HIIHFW YDQ PHHUODDJVK
EHVFKRXZGH ' ' YHUKRXGLQJHQ 'DW EHWUHIW YDQ GH 626 VFHQD
x DQQHHU KHW FRQWUDVW JURWHU LV YDQ GH VFHQDULRTV LV HU
PHHUODDJVKHLG WXVVHQ HHQ IDFWRU&s &HHQ Y &GO GHNNHOLIMWN YD Q
GXV PRJHOLMN HHQ DDQVFKHE&?BMVQJ+WW EHH IKOFO\H 9 DFRL WM HUODDJVKHLG

KHW JURRWVWH EBELBLMHL®Q IMIXLVW GLH VLWXDWLHY GLH JHYRHOLJ ]
NRUWH NZHOZHJOHQJWH LQ FRPELQDWLH PHW HHQ GLN ZDWHUYRHUH

'H EHUHNHQLQJHQ GLH WHQ JURQGVODJ OLJJHQ DDQ KHW QHXUDOH QHWZ}
5HVXOWDWHQ YDQ 06((3 NXQQHQ LHWV DIZLMNHQ YDQ GH UHVXOWDWHQ YI
YHUVFKLO YRRU GH]H VWXGLH NOHLQ LV

"HIIHFW $FKWHUODQG

'H OD /RPD HW DO HQ /DP KHEEHQ EHLGHQ RQGHU]JRHN JHGDDQ
VWURPLQJ QDDU KHW DFKWHUODQG RS SLSLQJ LQ UHVSHFWLHYHOLMN ' H
VWURPLQJ QDDU KHW DFKWHUODQG RS KHW NULWLHNH YHUYDO LQ GH RUG
" SLSH YHHO ZDWHU GUDLQHHUW H[WUD GUDLQDJH QDDU KHW DFKWHUOD
EHUHNHQLQJHQ YROJGH HFKWHU GDW DIVWURPLQJ QDDU KHW DFKWHUODQ
YDQ HHQ HURVLHOHQV +HW ' HIIHFW HQ KHW DFKWHUODQG NXQQHQ GDDL
ZRUGHQ EHVFKRXZG

'H UHNHQUHJHO YHURQGHUVWHOW GDW SLSLQJ HHQ '"IHQRPHHQ LV GH VYV
XLWWUHGHSXQW HQ QDDU KHW DFKWHUODQG ]JLMQ DOOHQ JHPRGHOOHHUG
'RRU GH XLWVWURRP DOV HHQ SXQW WH PRGHOOHUHQ HHQ VLWXDWLH GLI|
]JRZHO GH VWURPLQJ GRRU KHW ZDWHUYRHUHQG SDNNHW DOV GRRU GH SL
EHSURHIG LQ KHW ODERUDWRULXP RS NOHLQH HQ PHGLXPVFKDDO 9HUJH(
UHNHQUHJHO ODDW JLHQ GDW GH IDFWRU ' ' YRRU KHW NULWLHN YHUYDO
1X PRHW GDDUELM YHUPHOG ZRUGHQ GDW GH]H SURHYHQ XLWJDDQ YDQ Hl
SUDNWLMN YDDN QLHW JR LV .LMNHQG QDDU GH FRQFOXVLHV YDQ 'H OD /
VWURPLQJ QDDU KHW DFKWHUODQG YHHO LQYORHG KHHIW RS KHW NULWLF

+RHZHO HU QRJ JHHQ UHODWLHYV JLMQ RSIJIHVWHOG YRRU WHUXJVFKULMGH(
DIVWURPLQJ QDDU KHW DFKWHUODQG GH VLWXDWLH VWHUN ' ZRUGW ]RC



DIVWURPLQJ QDDU KHW DFKWHUODQG JURWH OHNOHQJWH OLMNW GH VLW
XLWVWURRP GH EHVW JXHVV RS GLW PRPHQW JRX GDQ HHQ IDFWRU YDQ

SURHYHQ DOOHPDDO RS EHSHUNWH VFKDDO JLMQ XLWJHYRHUG HQ GH IDFV
NXQQHQ JLMQ 'H OHNOHQJWH LV HHQ EHSDOHQGH SDUDPHWHU YRRU KHW
HIIHFW ,Q 7DEHO LV HHQ YRRUVWHO JHJHYHQ YRRU WRH WH SDVVHQ ID
RYHU GLW RQGHUZHUS JHS[WUDSROHHUG LV WXVVHQ HQ  *H]LHQ GH JL
DFKWHUJURQG YDQ GH]H IDFWRUHQ PRHWHQ GH]H ZDDUGHQ DOV JHHU UXG

7DEHO "IDFWRU

6L WX | )

*URWH OF4JHVORWHQ |

OLG JURWH O1 EHSHUIVWU}

.OH PLGGHO O4[IVWURPLQJ QDL

.OHLQH OHNOHQJWH * DIVWURPLQJ QDDU WHHQVORRW

9RRUODQG

+HW PHHQHPHQ YDQ KHW YRRUODQG KHHIW HHQ JURWH LQYORHG RS KHW |
YRRUODQG PDJ RS GLW PRPHQW HFKWHU QRJ PDDU EHSHUNW ZRUGHQ PHH
EXLWHQWHHQ XLWWUHGHSXQW RPGDW HU ULVLFR EHVWDDW GDW GH SLS
HQ RPGDW GH DQDO\WWLVFKH YHUJHOLMNLQJHQ YRRU KHW PHHQHPHQ YDQ
ZDQQHHU GH SLSH RQGHU KHW YRRUODQG NRPW

(HQ EHODQJULMNH YHURQGHUVWHOOLQJ ELM GH]JH UHJHO LV GDW GH SLSH
YDQ GH NZHOZHJOHQJWH EHVODDW /DP E WRRQW HFKWHU DDQ GDW C
LV +RHZHO GH NULWLHNH OHQJWH QRJ RQYROGRHQGH JHYDOLGHHUG LV
QHPHQ GDW LQ YHHO JHYDOOHQ GH NULWLHNH OHQJWH PD[LPDDO WRW HH
GH FRQVHTXHQWLH DQDO\VH LV HUYDQ XLWJHJDDQ GDW WRHNRPVWLJ RQG

8LWJDDQGH YDQ HHQ DDQZH]LJH OHQJWH YDQ [ P HQ UHHGV PHHJHQRPHQ
H[WUD / [ GLMNEDVLV HHQ IDFWRU YDQ FD RS KHW NULWLHN YHUYDO
[ P HIWUD / [ GLMNEDVLV HHQ IDFWRU YDQ FD ‘DQQHHU QRJ KHOHF
PHHJHQRPHQ OHYHUW [ P H[WUD YRRUODQG HHQ QRJ JURWHUH IDFWRU RE
GLNWH YDQ KHW ZDWHUYRHUHQGH SDNNHW )LJIJXXU
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JLIXXU 9RRUODQGIDFWRU DOV IXQFWLH YDQ GH GLNWH YDQ KHW ZDWHUYRHUHC

P DDQ GH KDQG YDQ GH 6HOOPHLMHU UHJHO

"UHJHO
'H '"UHJHO KHHIW JHHQ HIIHFW RS KHW NULWLHN YHUYDO YRRU WHUXJVF
WRHIJHSDVW DOV FRUUHFWLH LQ GLW WRHWVVSRRU RP GH GUXNYDO LQ KH
UHJHO KHHIW HHQ JURRW HIIHFW RS GH EHRRUGHOLQJ 9DQ GHQ +DP
QLHW JRHG RQGHUERXZG LV HQ GDW GH JUDGLsQW WKHRUHWLVFK NDQ YLC

'H ZDDUGH YDQ GH JUDGLsQW LQ KHW RSEDUVWNDQDDO LV YDQ YHOH IDFW
NRUUHOGLDPHWHU GH HLJHQVFKDSSHQ YDQ KHW ZDWHUYRHUHQG SDNNHYV
GH ZHHUVWDQG YDQ GH GHNODDJ ,Q DOJHPHQH ]JLQ ]1DO JHOGHQ GDW GH
OHNOHQJWH HQ PHW DIQDPH YDQ NRUUHOGLDPHWHU HQ RSEDUVWNDQDDC
XLWHUDDUG DI YDQ GH GLNWH YDQ GH GHNODDJ KRH JURWHU GH GHNODD
KHW RSEDUVWNDQDDO

‘'H OHNOHQJWH VSHHOW GDDURP ZHGHURP HHQ JURWH URO ELM KHW EHSD!
UHJHO HHQ URO VSHOHQ ,PPHUV JHELHGHQ PHW HHQ JURWH OHNOHQJWH
VWURPLQJ ZDDUGRRU KHW RSEDUVWNDQDDO HHUGHU ZRUGW VFKRRQJHVS
OHNOHQJWH YDDN JHSDDUG PHW HHQ GLNNH GHNODDJ ZDDUGRRU GH YHU
HHQ JURWHUH URO VSHHOW

2PGDW KHW QLHW EHNHQG LV ZHONH NULWLHNH JUDGLsQW ZDDU JHKDQWH
YRRUJHVWHOG PHW HQ ZDDUELM GH HHUVWH RQJXQVWLJ LV HQ
JHGHILQLHHUG DOV

(4s,L :*FraT&; :*Fraué&;



:DDULQ + JHGHILQLHHUG LV DOV KHW DDQZH]LJH YHUYDO RYHU GH NHULQJ
WHIJHQVWHOOLQJ WRW GH DQGHUH IDFWRUHQ ZHUNW GH]H IDFWRU QLHW C
FRPSRQHQW KHW NULWLHN YHUYDO PDDU RS GH EHODVWLQJVFRPSRQHQ'
WH JLHQ LV LQ GH YHUJHOLMNLQJ YRRU GH VWDELOLWHLWVIDFWRU YRRU V

AH

c

| (h—h o, —7. D)

"HUNW GH LQYHYJXHOYGRUHFW RS KHW NULWLHN YHUYDO 'H LQYHUVH YDQ ¢
JHKDQWHHUG LQ GH NDDUWHQ ZDDULQ HHQ ZDDUGH JURWHU GDQ PHHU
HHQ YHU]ZDNNLQJ WHQ RS]JLFKWH YDQ GH KXLGLJH VLWXDWLH

6DPHQYDWWLQJ IDFWRUHQ

,Q 7TDEHO JLMQ GH IDFWRUHQ GLH ELM GH FRQVHTXHQWLHDQDO\VH ZRUC
7DEHO 6DPHQYDWWLQJ IDFWRUHQ
(I11H 3DUDPH )DFV
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"HIIHFW /HNOHQJWH *URWH OHNOHQJWH + JHVORWHRQ DFKWHUOD
$FKWHUODQG . OLGGHO JURWH OHNOHQJWH + HEHSHUNWH DI
A:ﬁ?:k?) .OHLQH PLGGHO OHNOHQJWH * DIVWURPLQJ
’ DFKWHUODQG
$IVWURPLQJ QDDY DFHMWHH/EORNREHQIWH + DIVWURP|LQJ QDDU Wi
8LWWUF4VORFSX
9RRUODQG /HNOHQJWH YRRUORRWJIDDQGH YDQ XLWEUHLGLQJ NZHOZ!
/HQJWH YRRUODQG YDQ ['% QDDU ['%
) XLWJIDDQGH YDQ XLWEUHLGLQJ NZHOZ}
YDQ ['% QDL
/HNOHQJWH (el :* Fru&; * Fr Ty
'LNWH GHNODDJ 6FHQDULRTYV | RI
"LDPHWHU RSEDUVWNDQDDO
LULWLHI




‘LIMTHUHQWLDWLH QDDU UHSUHVHQWDWLHYH JHELHGHC

2P HHQ LQVFKDWWLQJ WH PDNHQ ZDW KHW HIIHFW LV YDQ GH IDFWRUHQ Y
1HGHUODQG JHGLIIHUHQWLHHUG DDQ GH KDQG YDQ GH EHWQYORHGHQGH &
ZHHUJHJHYHQ ZHONH SDUDPHWHUYV HHQ URO VSHOHQ YRRU GH YHUVFKLOO
DDQJHIJHYHQ KRH GH GLIITHUHQWLDWLH LV DDQJHSDNW ,Q GH QDYROJHQGH
JHIHYHQ RYHU GH GLIIHUHQWLDWLH YRRU GH HIITHFWHQ YDQ ILMQH IUDFWI
DFKWHUODQG YRRUODQG HQ GUXNYDO LQ KHW RSEDUVWNDQDDO

9RRU GH PLFUR VFKDDOYDULDWLH YDQ GH RQGHUNDQW GHNODDJ HQ GH
JHELHG JHPDDNW +HW HIIHFW YDQ GH PLFUR VFKDDOYDULDWLH YDQ GH K|
YDULDWLH LV GRRU KHHO 1HGHUODQG DDQZH]LJ (U LV JHHQ NHQQLV EHVF
VFKDWWHQ 'H GUXNYDO LQ KHW RSEDUVWNDQDDO ZRUGW GRRU JHHU YHH(
JHNR]JHQ RP GH LQGHOLQJ RS EDVLV YDQ GH RYHULJH HIITHFWHQ DDQ WH K|
1IHGHUODQG WH PDNHQ PHW IDFWRU SHU VHJPHQW

7DEHO 6DPHQYDWWLQJ DDQSDN GLIITHUHQWLDWLH SHU HIIHFW

(11H $DQSDN GLIIHK

6CIUD 'LIIHUHQWLDIJHWWLQJVJHELHG RS EDVLV YI

+HOOLQJ GHNODPDJ PLFUR *HHQ GLIIHUHQWLDWLH

$QLVRWURSLH 'LITHUHQWLH QDDU DIJTHWWLQJVJHELHG 'H LQYORHG Y
PHHIJHQRPHQ RPGDW GH DQLVRWURSLH YDILH]LJ

OHHUODD N |

"HIITHFW $FKWHUODQG 'LITHUHQWLDWLH DDQ GH KDQG YDQ OHNOHQJWH H
DFKWFE

9RRUODQG $DQZH]LJH YRRUODQGOHQJWH EHSDDOG DDQ GH KDQG Y
PD¢

'"UXNYDO LQ KHW,QGHOLQJ DDQ GH KDQG YDQ RYHULJH HIIHFWHQ
RSE WND

60LEIUDFWLH

,Q KHW DOJHPHHQ NDQ JHVWHOG ZRUGHQ GDW JHWLMGHQ]DQG JHPLGGHOC
1HGHUODQG KHW ULYLHU]DQG ULFKWLQJ KHW ZHVWHQ JHPLGGHOG VOLEUL
YHUVFKLO LQ KHW JHPLGGHOGH VOLESHUFHQWDJH YHUZDFKW YRRU JHWLN
LQ 1RRUG 1HGHUODQG +LMPD DQG 2RVW E ,Q =HHODQG OLJJHQ GH NF
JHWLMGHQJHXOV\WVWHPHQ WHUZLMO LQ 1RRUG 1HGHUODQG GH NHULQJHQ
:DGGHQJHELHG 'LW EHWHNHQW GDW LQ 1RRUG 1HGHUODQG KHW JHWLMGH
LV DIJHIJHW ZDDUGRRU GH]H JHPLGGHOG PHHU VOLE EHYDW

'H WRHJHNHQGH SHUFHQWDJHY YRRU GH JHWLMGHQJHELHGHQ JLMQ JHEDV
GLH XLWJHYRHUG ]JLMQ RS JHWLMGHQ]DQG XLW =: IHGHUODQG 6SXL :HVW
HQ LQ 1RRUG 1HGHUODQG +LMPD 9RRU KHW ULYLHUHQJHELHG LV YH!
JHNR]JHQ HQ KHW ,-VVHOPHHUJHELHG LV EHVFKRXZG DOV HHQ RYHUJDQJVJ
JHVFKLNW YRRU GH WRHSDVVLQJ LQ GLW UDSSRUW PDDU LQ GH WRHNRPYV
WRRQW HHQ VFKHWYVY YDQ GH LQGHOLQJ YDQ JHELHGHQ W E Y GH VOLEIUD
GDW YRRU KHW JHWLMGHQJHELHG GH]H SHUFHQWDJHY JHNR]JHQ JLMQ PHW
PHW ]DQGLJH JHWLMGHQDIJHWWLQJHQ LQ JLMQ DOJHPHHQKHLG ,Q GH]H ¢
VOLE RSORSHQ WRW UXLP ERYHQ GH



JLIXXU 60LEIUDFWLHY YRRU YHUVFKLOOHQGH JHELHGHQ LQ 1HGHUODQG

$QLVRWURSLH

,Q 9DQ $VVHOHQ HW DO ZRUGW EHVFKUHYHQ KRH GH DQLVRWURSLH
W\SH DIJTHWWLQJ 2S EDVLV GDDUYDQ LV HHQ NDDUW JHPDDNW YDQ KHW W
DDQZH]LJ LV HQ ZDDUYDQ DDQJHQRPHQ NDQ ZRUGHQ GDW GH]H UHOHYDQW
YDULHHUW KLHUELM YDQ UHODWLHI KRPRJHHQ GHN]DQG GXLQDIJHWWLQJ
JHWLMGHQDIJHWWLQJHQ 2S EDVLV YDQ EHVFKLNEDUH PHWLQJHQ YDQ DQ
YHUYROJHQV DDQ HONH W\SH DIJHWWLQJ KHW PRJHOLMNH EHUHLN LQ UHS
JHIHYHQ

6LQGYV GDW UDSSRUW JLMQ UHODWLHI YHHO QLHXZH DQLVRWURSLHPHWLQJ
VRQGHULQJHQ PHW QDPH ODQJV KHW 6SXL JHWLMGHQDIJHWWLQJHQ HQ
DDQGDFKW EHVWHHG DDQ GH YHUVFKLOOHQGH PHHWPHWKRGHYV GLH JHEU
PRQVWHUV XLW ERULQJHQ +37 $037 HQ SRPSSURHYHQ +LHUXLW YROJW G|
ERULQJHQ YHHODO HUJ ODJH DQLVRWURSLHZDDUGHQ ODWHQ JLHQ RPGDW
GHOHQ XLW HHQ ERRUNHUQ WH EHSURHYHQ 'LW LV GH RRU]JDDN YRRU GH
DQLVRWURSLHZDDUGHQ URQG LQ GH OLWHUDWXXU 2S EDVLV YDQ GH Q!
UHSUHVHQWDWLHYH ZDDUGHQ YRRU JHWLMGHQ]DQG HQ ULYLHU]DQG DDQJ
HQ YDQ QDDU *H]LHQ GH VWHUNH WRHQDPH LQ +37 $037 PHWLQJHQ
]JRZHO YRRU GH]H WZHH W\SHQ ]DQG DOV YRRU GH RYHULJH ]DQGLJH DI]H\
GLIIHUHQWLDWLH PRJHOLMN ]DO JLMQ LQ RQGHUVWDDQGH NDDUW
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JLIXXU $QLVRWURSLHIDFWRUHQ YRRU YHUVFKLOOHQGH JHELHGHQ LQ 1HGHUODQ

OHHUODDJVKHLG

2P KHW SRWHQWLHHO YDQ PHHUODDJVKHLG ZHHU WH JHYHQ DDQ GH KDQG
JHPDDNW ZRUGHODDWRDA]LHIEDQNHOLMN LV YDQ GH ORNDOH JHRPHWULH :HC
GDW RS ORF%SIQ)L\IHMJZLDI-DCDJDWLHI ZHLQLJ DDQVFKHUSLQJ WH EHKDOHQ YDOW

VFHQDULRYfY SHU YDN PRJHOLMN JLMQ LV SHU YDN EIE—?DD\DOGRN\H-G.HLWRWDC

GDQ ,QGLHQ GLW KHW JHYDO LV LV HU UHSOH NDQV GDW KHW PHHUODI
NULWLHNH YHUYDO OHLGW PHW HHQ IDFWRU WXVVHQ HQ DIKDQNHOLI
JLMQ LQJHGHHOG DOV FDWHJRULH Q& PHQN®H INDHU RISQV FH QD ULL\R FovH PN-DA

RS ZLQVW NOHLQHU GH]H VLWXDWLHV ]JLMQ LQJHGHHOG DOV FDWHJRULH

,Q JLIXXU JLMQ GH LQIHGHHOGH VHIJPHQWHQ ZHHUJHJHYHQ +LHUELM Y]
1HGHUODQG KHW H[SOLFLHW PHHQHPHQ YDQ PHHUODDJVKHLG QLHW WRW
HFKWHU QLHW GDW GLW LQ LQGLYLGXHOH VLWXDWLHYV ELQQHQ GH VHJPHQ
NDDUW JHHIW VOHFKWY HHQ JOREDDO EHHOG RS EDVLV YDQ KHW 626

'H FDWHJRULHsSQ LQ )LIXXU OHLGHQ QLHW WRW HHQ QDGHUH GLIITHUHQWV
HHQ JHELHG LQ WHUPHQ YDQ OHQJWH KHW PHHVWH YRRUNRPW LV WRHJH:



Categorie 7
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— 2
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JLIXXU ,QGHOLQJ VHIPHQWHQ YRRU PHHUODDJVKHLG FDWHJRULH GH NDQV RS
FDWHJRULH GH NDQV RS VFHQDULRYVY PHW N N ! LV NOHLQHU GDQ

"HIIHFW DFKWHUODQG

=RDOV EHVSURNHQ LQ SDUDJUDDI LV YRRU GH IDFWRUHQ YRRU KHW '
KHW DFKWHUODQG EHSDOHQG ZDW EHSDDOG ZRUGW GRRU GH OHNOHQJW!
JRXGHQ RRN LQYORHG RS GH DIVWURPLQJ QDDU KHW DFKWHUODQG NXQQH



HHQ GUDLQHUHQGH ZDWHUSDUWLM 2PGDW GLW ORNDOH IHQRPHQHQ |JLMQ
EDVLV YDQ GH OHNOHQJWH

'H SDUDPHWHUV EHQRGLJG YRRU GH EHSDOLQJ YDQ GH OHNOHQJWH GLNW
]JDQGSDNNHW HQ GH GHNODDJ JLMQ EHSDDOG DDQ GH KDQG YDQ KHW 626 |
WRW HHQ OHNOHQJWH SHU VHIJPHQW WH NRPHQ JLMQ GH YROJHQGH VWDSS
%HSDOLQJ SLSLQJJHYRHOLJH ]DQGODDJ GLNWH YDQ GH GDDUERYHQ JHO
DDQHHQJHVORWHQ ZDWHUYRHUHQGH SDNNHW HQ HTXLYDOHQWH GRRUOD
SHU VFHQDULR %LM KHW EHSDOHQ YDQ GH SLSLQJJHYRHOLJH ODDJ LV YH
SDNNHW PHW GLNWH P QLHW SLSLQJJHYRHOLJ LV

%HSDOLQJ JHZRJHQ JHPLGGHOGH YDQ GLNWH GHNODDJ GLNWH HQ GRRU
VHIPHQW

%HSDOLQJ GRRUODWHQGKHLG GHNODDJ RS EDVL