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ABSTRACT: This paper examines the trends in costs
associated with the various low technology shoreline
clean-up methods that were used in the response to the
SEA EMPRESS incident, by drawing on information
gathered during the response and the subsequent claims
for compensation from the local government councils
involved. Analysis of the costs allowed the level of effort
invested in shoreline cleaning to be quantified and re-
enforced the view that the return on effort invested
decreases progressively as the level of oiling reduces.
The trends also reflect occasions where additional effort
had to be expended at a later stage in the clean-up as a
consequence of problems generated by some techniques
used earlier in the response.

Introduction

:KHQ� WKH� 6($� (035(66� ILUVW� UDQ� DJURXQG� DW� WKH
HQWUDQFH� WR�0LOIRUG�+DYHQ� LQ� 6RXWK�:DOHV�� 8.� RQ� WKH
��WK� )HEUXDU\� ������ DQ� HVWLPDWHG� ������ P�� RI� )RUWLHV
%OHQG�FUXGH�RLO�ZDV�VSLOW��'XULQJ�WKH�QH[W���GD\V��IXUWKHU
UHOHDVHV�RI�RLO�RFFXUUHG�DW�HDFK�ORZ�ZDWHU�UHVXOWLQJ�LQ�WKH
HYHQWXDO� ORVV� RI� �������P�� RI� FUXGH� RLO� DQG� ����P�� RI
KHDY\�IXHO�RLO��+)2��
2LO� ILUVW� EHJDQ� WR� VWUDQG� DORQJ� WKH� VKRUHOLQH� WKH� VDPH

HYHQLQJ� WKDW� WKH�6($�(035(66�JURXQGHG�DQG�� IRU� WKH
ILUVW� IHZ�GD\V�� VKRUHOLQH�RLOLQJ�ZDV� FRQILQHG� WR�EHDFKHV
LQ� DQG� DURXQG� WKH� +DYHQ� �)LJXUH� ���� :KHQ� WKH� ZLQG
FKDQJHG�GLUHFWLRQ�RQ�WKH���UG�)HEUXDU\��RLO�WKDW�KDG�QRW
GLVSHUVHG�DW�VHD�EHJDQ�WR�VWUDQG�DORQJ�WKH�VRXWKHUQ�FRDVW
RI�:DOHV�DV�IDU�DV�&DUPDUWKHQ�%D\��%\�WKH���WK�)HEUXDU\
PRVW�RI� WKH�RLO� KDG� VWUDQGHG��(VWLPDWHV�RI� WKH� VKRUHOLQH
RLOLQJ�^/LWWOH�HW�DO����LQ�SUHVV`�VXJJHVW�WKDW���±���RI�WKH
FUXGH� RLO� DQG� ���±���� RI� WKH� +)2� HYHQWXDOO\
FRQWDPLQDWHG�RYHU�DOPRVW�����NP�RI�VKRUHOLQH�

Figure 1. The Coastline Affected by the SEA EMPRESS incident.



6RXWK�:DOHV�LV�QRWHG�IRU�LWV�RXWVWDQGLQJ�QDWXUDO�EHDXW\
DQG� GLYHUVH� FRDVWDO� KDELWDWV� VXFK� DV� URFN\� VKRUHV�
PXGIODWV�DQG�VDOW�PDUVKHV��DV�ZHOO�DV� LWV�VKLQJOH��SHEEOH
DQG� VDQG\� EHDFKHV�� 0DQ\� RI� WKHVH� DUHDV� KDYH� JDLQHG
VSHFLDO� VWDWXV� DQG�� ZLWKLQ� WKH� DUHD� DIIHFWHG� E\� WKH� SEA
EMPRESS,� WKHUH� DUH� PRUH� WKDQ� ��� 6LWHV� RI� 6SHFLDO
6FLHQWLILF� ,QWHUHVW� �666,��� �� 1DWLRQDO� 1DWXUH� 5HVHUYHV
�115�� DQG� RQH� RI� WKH� 8.
V� WKUHH� 0DULQH� 1DWXUH
5HVHUYHV� �015��� $V� D� UHVXOW�� WKH� UHJLRQ� DWWUDFWV� PDQ\
YLVLWRUV� ZLWK� WRXULVP� FRQWULEXWLQJ� DERXW� ����� PLOOLRQ
������PLOOLRQ�� WR� WKH� ORFDO� HFRQRP\� LQ� WKH� \HDU� EHIRUH
WKH� 6($� (035(66� LQFLGHQW� ^6(((&�� ����`�� 7KH
UHJLRQ�LV�DOVR�LPSRUWDQW�IRU�LWV�RLO�UHILQLQJ�FDSDELOLW\�DQG
DJULFXOWXUDO�SURGXFWLYLW\��DV�ZHOO�DV�VXSSRUWLQJ�D�WKULYLQJ
ILVK�DQG�VKHOOILVK�LQGXVWU\��&RQVLGHUDWLRQ�RI�WKH�GLIIHUHQW
DQG��VRPHWLPHV�FRQIOLFWLQJ��GHPDQGV�PDGH�RQ�WKH�FRDVWDO
UHVRXUFHV�ZDV�D�QHFHVVLW\� LQ�ZRUNLQJ�WRZDUGV�D� VWUDWHJ\
RI� VKRUHOLQH� FOHDQ�XS� WKDW� ZDV� LQWHQGHG� WR� SUHSDUH� WKH
UHJLRQ� IRU� LWV� EXV\� WRXULVW� VHDVRQ� DQG� \HW� PLQLPLVH
GDPDJH�WR�WKH�FRDVWOLQH�E\�SRWHQWLDOO\�LQWUXVLYH�FOHDQ�XS
WHFKQLTXHV�
7KH� 8.
V� 1DWLRQDO� &RQWLQJHQF\� 3ODQ� �1&3�� IRU� RLO

SROOXWLRQ� LQFLGHQWV� LGHQWLILHV� WKH� ORFDO� JRYHUQPHQW
FRXQFLOV� DV� EHLQJ� UHVSRQVLEOH� IRU� VKRUHOLQH� FOHDQ�XS�
&RQVHTXHQWO\�� IROORZLQJ�WKH�6($�(035(66�LQFLGHQW� LW
ZDV� WKH� FRXQFLOV�ZKRVH� VKRUHOLQHV�ZHUH� DIIHFWHG� E\� WKH
RLO� WKDW� RUJDQLVHG� DQG� LQLWLDOO\� SDLG� IRU� WKH� FOHDQ�XS�
7HFKQLFDO� DVVLVWDQFH� ZDV� SURYLGHG� WR� WKH� FRXQFLOV� E\
VHYHUDO�RUJDQLVDWLRQV�LQFOXGLQJ�WKH�8.
V�QDWLRQDO�0DULQH
3ROOXWLRQ�&RQWURO�8QLW��03&8��
7R�PLQLPLVH� WKH� ULVN�RI� HQYLURQPHQWDO� GDPDJH� WR� WKH

PRUH� VHQVLWLYH� VKRUHOLQHV�� LQWUXVLYH� FOHDQ�XS� PHWKRGV
DQG� KHDY\� PDFKLQHU\� ZHUH� DYRLGHG� ZKHUHYHU� SRVVLEOH�
5RFN\�VKRUHV�WKDW�OD\�RXWVLGH�RI�WKH�PDLQ�DPHQLW\�DUHDV�
WRJHWKHU� ZLWK� LQDFFHVVLEOH� FREEOH� DQG� ERXOGHU� VKRUHV�
PXGIODWV� DQG� VDOW� PDUVKHV� ZHUH� JHQHUDOO\� DOORZHG� WR
FOHDQ� QDWXUDOO\�� ,Q� DGGLWLRQ�� D� QXPEHU� RI� 
OHDYH� DORQH

VLWHV� ZHUH� HVWDEOLVKHG� DURXQG� WKH� FRDVWOLQH� WR� IDFLOLWDWH
VWXGLHV� RI� WKH� IDWH� RI� RLO� DQG� WKH� HIIHFWV� RI� VKRUHOLQH
FOHDQ�XS�^6(((&������`��&OHDQLQJ�EHJDQ�RQ�PDQ\�RWKHU

SDUWV� RI� WKH� FRDVWOLQH� RQ� WKH� ��WK� DQG� ��WK� )HEUXDU\�
�����DQG�ZDV�DW�LWV�SHDN�IURP�WKH���WK�����WK�)HEUXDU\�
$W� WKLV�SRLQW��RYHU�����SHRSOH�ZHUH� LQYROYHG�DQG�XS� WR
����VHSDUDWH�VLWHV�DURXQG�WKH�FRDVWOLQH�UHTXLUHG�FOHDQLQJ�
,QLWLDOO\��HIIRUW�ZDV�GLUHFWHG�WRZDUGV�UHPRYLQJ�EXON�RLO�WR
SUHYHQW� LW� IURP� UH�IORDWLQJ� DQG� UH�FRQWDPLQDWLQJ� RWKHU
SDUWV� RI� WKH� VKRUHOLQH�� 2QFH� WKLV� SKDVH� RI� WKH� FOHDQ�XS
ZDV� FRPSOHWH�� WKH� FRXQFLOV� WXUQHG� WKHLU� DWWHQWLRQ� WR
DGGUHVVLQJ�VHFRQGDU\�FOHDQ�XS��$V�WKH�(DVWHU�SHULRG�ZDV
DSSURDFKLQJ�� SULRULW\� ZDV� JLYHQ� WR� FOHDQLQJ� WKH� PDLQ
DPHQLW\� EHDFKHV�ZLWK� FOHDQ�XS�RI� WKH�PRUH� FKDOOHQJLQJ
ORFDWLRQV� EHLQJ� OHIW� WR� WKH� VXPPHU� PRQWKV�� &OHDQLQJ
FRQWLQXHG� RQ� VRPH� DPHQLW\� DQG� PRUH� FKDOOHQJLQJ
EHDFKHV�WKURXJKRXW�WKH�VXPPHU�DQG�EH\RQG�
7KH� 8.� *RYHUQPHQW� KDV� LQGLFDWHG� WKDW� LW� GRHV� QRW

H[SHFW� WKH� WRWDO� FRVW� RI� WKH� FOHDQ�XS� RSHUDWLRQV�� ERWK
RIIVKRUH� DQG� RQVKRUH�� WR� H[FHHG� ������ PLOOLRQ� �a���
PLOOLRQ��� :LWK� WKH� H[FHSWLRQ� RI� D� VPDOO� QXPEHU� RI
EHDFKHV�� ZKHUH� 8.� *RYHUQPHQW� FRQWUDFWRUV� DQG� RLO
FRPSDQ\� FRQWUDFWRUV�ZHUH� ZRUNLQJ� GXULQJ� WKH� ILUVW� IHZ
ZHHNV�RI�WKH�LQFLGHQW��WKH�FRVWV�IRU�VKRUHOLQH�FOHDQLQJ�DUH
NQRZQ�

The Selection of Low Technology Methods for
Discussion. 7KH� 03&8� KDV� SXEOLVKHG� D� UHSRUW� ZKLFK
GHWDLOV� LWV� SDUW� LQ� WKH� UHVSRQVH� WR� WKH� 6($� (035(66
LQFLGHQW� ^03&8�� ����`. ,W� KDV� GHVFULEHG� WKH� VKRUHOLQH
FOHDQLQJ� LQ� WHUPV� RI� EHLQJ� HLWKHU� 
EXON� RLO� UHPRYDO
� RU

VHFRQGDU\�FOHDQLQJ
�DQG�KDV�OLVWHG�ILIWHHQ�GLIIHUHQW�FOHDQ�
XS� WHFKQLTXHV� WKDW� ZHUH� HPSOR\HG� GHSHQGLQJ� RQ� WKH
ORFDWLRQ� RI� WKH� VLWH� DQG� WKH� W\SH� RI� RLOHG� VXEVWUDWH�
7KLUWHHQ� RI� WKH� PHWKRGV� OLVWHG� DUH� FDWHJRULVHG� LQ� WKLV
SDSHU�DV� ORZ� WHFKQRORJ\� LQ� WKDW� WKH\�XWLOLVHG� HTXLSPHQW
WKDW�ZDV�QRW� VSHFLILFDOO\�GHVLJQHG� IRU�RLO� VSLOO� UHVSRQVH�
7KXV�� D� GLVFXVVLRQ� RI�PHWKRGV� WKDW� LQYROYHG� WKH� XVH� RI
FKHPLFDO�GLVSHUVDQWV��W\SLFDOO\� VWRFNSLOHG� LQ� WKH�8.�IRU
RLO� VSLOO� UHVSRQVH�� DQG� ELRUHPHGLDWLRQ� LV� RPLWWHG�� (LJKW
ORZ�WHFKQRORJ\�PHWKRGV�DUH�GLVFXVVHG� LQ� WKLV�SDSHU�DQG
WKHVH� KDYH� EHHQ� OLVWHG�� DFFRUGLQJ� WR� WKH� QDWXUH� RI� WKH
VXEVWUDWH�WR�ZKLFK�WKH\�ZHUH�DSSOLHG��DV�IROORZV�

Sand Shingle/Pebble Cobble Rock

��6FUDSLQJ ��PDQXDO�UHPRYDO ��VXUI�ZDVKLQJ ��URFN�ZLSLQJ

��6FUDSLQJ�DQG�WUHQFKLQJ ��SHEEOH�ZDVKLQJ ��LQ�VLWX�SLW�ZDVKLQJ

��WUHQFKLQJ�DQG�IOXVKLQJ

Derivation of the Data. 7KH� FRVWV� DVVRFLDWHG� ZLWK
WKHVH� HLJKW� WHFKQLTXHV� KDYH� EHHQ� LVRODWHG� IURP� FODLPV
FRYHULQJ�WKH�ILUVW�QLQH�PRQWKV�RI�WKH�FOHDQ�XS��IRU�D�WRWDO
RI�VHYHQWHHQ�GLIIHUHQW�EHDFKHV��,W�KDV�DOVR�EHHQ�SRVVLEOH
WR�TXDQWLI\�WKH�OHYHO�RI�HIIRUW�DVVRFLDWHG�ZLWK�HDFK�RI�WKH
WHFKQLTXHV�LQ�WHUPV�RI�WKH�QXPEHU�RI�PDQ�GD\V�LQYROYHG�
&RQVHTXHQWO\�� WKH� FRVW� RI� PDQSRZHU� DQG� HTXLSPHQW
FRXOG�EH�FRQVLGHUHG�VHSDUDWHO\�
)RU�HDFK�RI�WKH�GLIIHUHQW�W\SHV�RI�EHDFK��WKH�GDLO\�FRVWV

DVVRFLDWHG� ZLWK� D� VSHFLILF� WHFKQLTXH� ZHUH� REWDLQHG� E\
GLYLGLQJ�WKH�H[SHQGLWXUH�FODLPHG�E\�WKH�QXPEHU�RI�GD\V
VSHQW� XVLQJ� WKDW�SDUWLFXODU� WHFKQLTXH�� 7KH� SURSRUWLRQ� RI
WKH�WRWDO�H[SHQGLWXUH� UHSUHVHQWHG�E\�D�SDUWLFXODU�PHWKRG
RI� FOHDQ�XS� RQ� DQ\� RQH� EHDFK�� LV� H[SUHVVHG� DV� D
SHUFHQWDJH�RI� WKH� WRWDO�H[SHQGLWXUH�RYHU� WKH�QLQH�PRQWK
SHULRG�IRU�WKDW�EHDFK�

7R� DOORZ� WKH� FRVWV� RI� WKH� GLIIHUHQW� PHWKRGV� WR� EH
FRPSDUHG�DQG�FRQWUDVWHG�IRU�GLIIHUHQW�EHDFK�W\SHV��LW�ZDV
QHFHVVDU\�WR�QRUPDOLVH�WKH�FRVWV�XVLQJ�D�VWDQGDUG�XQLW��LQ
WKLV� FDVH�� RQH� FXELF� PHWUH� RI� RLO� UHPRYHG�� 7R� DFKLHYH
WKLV�� DWWHPSWV� KDYH� EHHQ�PDGH� WR� FRPELQH� HVWLPDWHV� RI
WKH� YROXPH� RI� RLO� WKDW� LQLWLDOO\� VWUDQGHG� DORQJ� WKH
FRDVWOLQH� ^/LWWOH�� HW�� DO��� LQ� SUHVV`� ZLWK� ILHOG� QRWHV�
SKRWRJUDSKV�DQG�RWKHU� LQIRUPDWLRQ�SURGXFHG�DW� WKH� WLPH
RI�WKH�LQFLGHQW��WR�GHULYH�D�EHVW�HVWLPDWH�RI�WKH�YROXPH�RI
RLO�SUHVHQW�DW�YDULRXV�VWDJHV�RI�WKH�FOHDQ�XS��5HFRJQLVLQJ
WKH�GLIILFXOWLHV�DVVRFLDWHG�ZLWK�HVWLPDWLQJ�WKH�YROXPH�RI
RLO�� WKH� FRVWV� VR� GHULYHG� DUH� LQWHQGHG� WR� LQGLFDWH� WUHQGV
UDWKHU� WKDQ� DEVROXWH� YDOXHV��:KHUH� WKH� FRVWV� DVVRFLDWHG
ZLWK�D�SDUWLFXODU�PHWKRG�RI�FOHDQ�XS�KDYH�EHHQ�FRPSDUHG
ZLWK� WKH� FRVW� RI� ODQGILOO� �DV� D�PHDQV� RI� FRPSDULQJ� WZR
GLIIHUHQW�RSWLRQV� IRU� WUHDWLQJ�RLO\�ZDVWH��� WKH� YROXPH�RI



FRQWDPLQDWHG� VXEVWUDWH� KDV� EHHQ� XVHG� UDWKHU� WKDQ� WKH
YROXPH�RI�RLO�UHPRYHG�
7KH�WUHQGV�WKDW�ZHUH�REVHUYHG�IURP�WKH�DQDO\VHV�RI�WKH

FODLPV� GDWD� DUH� GLVFXVVHG� IRU� WKH� GLIIHUHQW� PHWKRGV� RI
FOHDQ�XS�DQG�GLIIHUHQW�EHDFK�VXEVWUDWHV��LQ� WKH�IROORZLQJ
SDUDJUDSKV�

Shoreline clean-up: an analysis of the costs and
trends

*HQHUDO�� 7KH� FRXQFLOV� KDYH� FODLPHG� D� WRWDO� RI� ����
PLOOLRQ�������PLOOLRQ��GXULQJ�WKH�ILUVW�QLQH�PRQWKV�RI�WKH
LQFLGHQW�RI�ZKLFK��DSSUR[LPDWHO\�����ZDV�VSHQW�DFWXDOO\
FOHDQLQJ�WKH�VKRUHOLQH��ZKLOVW�WKH�UHPDLQGHU�ZDV�LQFXUUHG
LQ� PDQDJLQJ� WKH� FOHDQ�XS� RSHUDWLRQV� DQG� LQ� ZDVWH
WUHDWPHQW� FKDUJHV�� 2I� WKH� ���� RU� VR� ZRUN� VLWHV�� ��
EHDFKHV�DFFRXQWHG�IRU�����RI�WKH�WRWDO�VSHQW�RQ�FOHDQ�XS
�)LJXUH���� $SSUR[LPDWHO\�KDOI�RI�WKH�
WRS���
�EHDFKHV�DUH
DPHQLW\� EHDFKHV��ZKLFK� HLWKHU� DOUHDG\� KDYH� 
H[FHOOHQFH

DZDUG� VWDWXV� RU� DUH� ZRUNLQJ� WRZDUGV� DWWDLQLQJ� LW�
7KLUWHHQ�RI�WKH�VHYHQWHHQ�EHDFKHV�GLVFXVVHG�LQ�WKLV�SDSHU
DUH�DPRQJ�WKH�
WRS���
�LQ�WHUPV�RI�WKHLU�H[SHQGLWXUH�
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Figure 2. A Comparison of the Expenditure Incurred for Individual Beaches in Relation to the Total Expenditure
Incurred from February 1996-October 1996.

:KHQ�WKH�GDLO\�FRVWV�IRU�WKH�EHDFKHV�ZHUH�UHYLHZHG��LW
ZDV�IRXQG�WKDW�JHQHUDOO\��DQG�LUUHVSHFWLYH�RI�WKH�PHWKRG
XVHG� RU� WKH� SKDVH� RI� WKH� FOHDQ�XS�� WKH� FRVWV� YDULHG
EHWZHHQ� D� ORZ� RI� DSSUR[LPDWHO\� �����GD\� ������GD\�
DQG� D� KLJK� RI� �������GD\� ��������GD\��� 7KH� REVHUYHG
VLPLODULW\� LQ� WKH� GDLO\� FRVWV� IRU� WKH� PDMRULW\� RI� WKH
EHDFKHV� VXJJHVWV� WKDW� WKH� UHVRXUFHV� DOORFDWHG� E\� WKH
FRXQFLOV�ZHUH�EURDGO\� VLPLODU� UHJDUGOHVV�RI� WKH�TXDQWLW\
RI� RLO� SUHVHQW�RU� WKH� QDWXUH� RI� WKH� EHDFK�� ([FHSWLRQV� WR
WKLV�WUHQG�DUH�QRWHG�IRU�6DXQGHUVIRRW�DQG�3HQGLQH��ZKHUH

WKH� GDLO\� FRVWV� ZHUH� IRXQG� WR� EH� VLJQLILFDQWO\� KLJKHU�
7KHVH�WZR�H[FHSWLRQV�DUH�GLVFXVVHG�LQ�ODWHU�SDUDJUDSKV��,I
WKH� FRVWV�RI�XVLQJ� ORZ� WHFKQRORJ\�PHWKRGV� WR� FOHDQ� WKH
VKRUHOLQH� DUH� FRQVLGHUHG� LQ� WHUPV� RI� WKH� YROXPH� RI� RLO
UHPRYHG�DW�GLIIHUHQW�VWDJHV�RI�WKH�FOHDQ�XS��)LJXUH�����LW
LV� FOHDU� WKDW� WKH� FRVW� HIIHFWLYHQHVV� RI� WKH� WHFKQLTXH
UHGXFHV� DV� WKH� TXDQWLW\� RI� RLO� UHGXFHV�� 6LPLODU� WUHQGV
ZHUH�DOVR�QRWHG�IROORZLQJ�FRVW�FRPSDULVRQV�DULVLQJ�IURP
VSLOOV�LQWHUQDWLRQDOO\�^0ROOHU��et. al�������`�
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Figure 3. The Relationship between the Cost of using Low Techynology Shoreline Cleaning Methods at Various
Stages of the Clean-up.

Sand beaches. Scraping/Scraping & Trenching.�/DUJH
YROXPHV� RI� EXON� RLO� WKDW� KDG� VWUDQGHG� RQ� KDUG� SDFNHG�
VDQG\� EHDFKHV� ZHUH� UHPRYHG� TXLFNO\� DQG� ZLWKRXW
JHQHUDWLQJ� H[FHVVLYH� ZDVWH� E\� VFUDSLQJ� WKH� RLO� GLUHFWO\
IURP� WKH� VXUIDFH� RI� WKH� VDQG�� *HQHUDOO\�� WKH� RLO� ZDV
FRQFHQWUDWHG� PDQXDOO\� XVLQJ� UXEEHU� �VTXHHJHHV�� DQG
WKHQ� SXVKHG� LQWR� WUHQFKHV� GXJ� SDUDOOHO� WR� WKH� VKRUH�
+RZHYHU��RQ�3HQGLQH��ZKLFK�ZDV�DOPRVW��NP�LQ�OHQJWK�
WKH� RLO� ZDV� FROOHFWHG� XVLQJ� YHKLFOHV� ILWWHG� ZLWK� VFUDSHU
EODGHV�DQG�WKHQ�WUDQVIHUUHG�WR�WHPSRUDU\�VWRUDJH�SLWV�GXJ
DW�WKH�WRS�RI�WKH�EHDFK���,Q�ERWK�FDVHV�� WKH�UHFRYHUHG�RLO
ZDV� FROOHFWHG� IURP� WKH� WUHQFKHV� DQG� SLWV� XVLQJ� YDFXXP
WUXFNV�DQG�WKHQ�WDNHQ�GLUHFWO\�IRU�WUHDWPHQW�
:KHQ�WKH�H[SHQGLWXUH�DWWULEXWDEOH� WR�VDQG�VFUDSLQJ�RQ

WKUHH�EHDFKHV�QDPHO\��)UHVKZDWHU�(DVW��6DXQGHUVIRRW�DQG
3HQGLQH��ZDV� LGHQWLILHG�DQG�FRPSDUHG� LW�ZDV� IRXQG� WKDW
WKH� FRVW� SHU� P�� RI� RLO� UHPRYHG� OD\� ZLWKLQ� WKH� UDQJH�
�����P�� ������P��� WR��������P�� �������P���� �+RZHYHU�
WKH�GDLO\�FRVWV�IRU�XVLQJ�WKLV�PHWKRG�RI�FOHDQ�XS�RQ�WKHVH
WKUHH� EHDFKHV� ZHUH� IRXQG� WR� EH� VLJQLILFDQWO\� GLIIHUHQW
IURP� HDFK� RWKHU� DQG� DOVR�� IURP� WKH� JHQHUDO� WUHQG
REVHUYHG� IRU� WKH� RWKHU� EHDFK� W\SHV�� 7KH� GDLO\� FRVWV� IRU
6DXQGHUVIRRW� DQG� 3HQGLQH� ZHUH� IRXQG� WR� EH� DERXW
�������� ���������� DQG� �������� ���������� UHVSHFWLYHO\�
ZKHUHDV� WKH� GDLO\� FRVW� IRU� )UHVKZDWHU� (DVW� ZDV� ������
���������� 7KH� KLJKHU� GDLO\� FRVWV� IRU� 6DXQGHUVIRRW� DQG
3HQGLQH�UHIOHFW�WKH�GHFLVLRQ�WR�UH�DOORFDWH�ODUJH�QXPEHUV
RI� PHQ� DQG� HTXLSPHQW� WR� WKHVH� EHDFKHV� LQ� UHVSRQVH� WR
KHDY\� RLOLQJ� ZKLFK� RFFXUUHG� DORQJ� WKLV� SDUW� RI� WKH
FRDVWOLQH� IROORZLQJ� WKH� FKDQJH� LQ�ZLQG� GLUHFWLRQ� RQ� WKH

��UG� )HEUXDU\�� 2Q� 3HQGLQH� LQ� SDUWLFXODU�� RLO� VWUDQGHG
DORQJ�PRVW�RI�LWV�OHQJWK�DQG�FRQVLGHUDEOH�UHVRXUFHV�ZHUH
XWLOLVHG� LQ� D� VKRUW� VSDFH� RI� WLPH� WR� UHPRYH� ODUJH
TXDQWLWLHV� RI� EXON� RLO� IURP� WKH� VDQG� EHIRUH� LW� FRXOG� OLIW
DQG�UH�FRQWDPLQDWH�OHVV�DFFHVVLEOH�EHDFKHV�HOVHZKHUH�
:KHQ�WKH�FRVWV�LQFXUUHG�XVLQJ�WKLV�PHWKRG�RI�FOHDQ�XS

RQ� WKHVH� WKUHH� EHDFKHV� ZHUH� FRPSDUHG� ZLWK� WKHLU� WRWDO
H[SHQGLWXUHV�IRU�WKH�ILUVW�QLQH�PRQWK�SHULRG�RI�VKRUHOLQH
FOHDQLQJ�� LW� ZDV� IRXQG� WKDW� WKH� FRVW� RI� XVLQJ� VDQG
VFUDSLQJ� DFFRXQWHG� IRU� PRUH� WKDQ� ���� RI� WKH� WRWDO
H[SHQGLWXUH�RQ�3HQGLQH��EXW�RQO\�����������RI�WKH�WRWDO
IRU� HLWKHU� 6DXQGHUVIRRW� RU� )UHVKZDWHU� (DVW� �)LJXUH� ���
8SRQ� FORVHU� H[DPLQDWLRQ�� LW� ZDV� IRXQG� WKDW� VLJQLILFDQW
HIIRUW� RQ� WKHVH� ODWWHU� WZR� EHDFKHV� ZDV� H[SHQGHG
WKURXJKRXW�WKH�VXPPHU�PRQWKV�LQ�UH�H[FDYDWLQJ�WUHQFKHV
WKDW�KDG�EHHQ�GXJ�GXULQJ�WKH�LQLWLDO�SKDVH�RI�WKH�FOHDQ�XS�
DQG� WKDW� ZHUH� ODWHU� IRXQG� WR� EH� OHDFKLQJ� RLO�� $W� ERWK
ORFDWLRQV�� WUHQFKHV� ZHUH� GXJ� ORZ� GRZQ� WKH� IRUHVKRUH�
ZKLFK� UHVXOWHG� LQ� IORRGLQJ� RI� WKH� WUHQFKHV� DW� KLJK� WLGH
DQG�RLOHG� VDQG� EHFRPLQJ� EXULHG��$V� WKH� SRVLWLRQ�RI� WKH
WUHQFKHV� KDG� QRW� EHHQ� PDUNHG� DW� WKH� WLPH�� LW� ZDV
QHFHVVDU\� WR� GLJ� D� QXPEHU� RI� SLWV� LQ� WKH� EHDFK� LQ� DQ
DWWHPSW�WR�UH�ORFDWH�DQG�UH�H[FDYDWH�WKHP��$W�)UHVKZDWHU
(DVW�D�WUHQFK�ZKLFK�EHFDPH�IORRGHG�EHIRUH�WKH�RLO�FRXOG
EH� UHPRYHG� ZDV� VXEVHTXHQWO\� UH�H[FDYDWHG� JHQHUDWLQJ
DERXW� ���� WRQQHV� RI� ZDVWH�� 7KLV� SUREOHP� ZDV� QRW
FRQILQHG�WR�WKHVH�WZR�EHDFKHV��$OWKRXJK�QRW�H[DPLQHG�LQ
GHWDLO� LQ� WKLV� SDSHU�� 7HQE\� ZDV� DQRWKHU� ORFDWLRQ� ZKHUH
FRQVLGHUDEOH� HIIRUW� ZDV� H[SHQGHG� LQ� UH�H[FDYDWLQJ
WUHQFKHV�WR�UHPRYH�EXULHG�RLO�



Figure 4. The Variation in Expenditure with Time using Scraping and Trenching on Sand Beaches.

,Q�FRQWUDVW��WUHQFKHV�ZHUH�QRW�GXJ�RQ�3HQGLQH�WR�DLG�WKH
UHPRYDO�RI�WKH�RLO��5DWKHU��RLO�WKDW�KDG�EHHQ�FRQFHQWUDWHG
LQ� EDQGV� DORQJ� WKH� VKRUHOLQH� ZDV� VXFNHG� GLUHFWO\� LQWR
YDFXXP� WUXFNV� RU� WUDQVSRUWHG� WR� WHPSRUDU\� VWRUDJH� SLWV
WKDW�KDG�EHHQ�GXJ�DERYH�WKH�KLJK�ZDWHU�PDUN��2QFH� WKH
UHPRYDO� RI� EXON� RLO� ZDV� FRPSOHWH�� FRPSDUDWLYHO\� OLWWOH
HIIRUW�ZDV�WKHQ�UHTXLUHG�WR�
WLG\
�DQG�PDLQWDLQ�WKLV�EHDFK
GXULQJ�WKH� WRXULVW�VHDVRQ��&RQVHTXHQWO\��YLUWXDOO\�DOO� WKH
H[SHQGLWXUH� DWWULEXWDEOH� WR�3HQGLQH�ZDV� LQFXUUHG�GXULQJ
WKH�LQLWLDO�SKDVH�RI�WKH�FOHDQ�XS�
,Q�IXWXUH�LQFLGHQWV��LW�PD\�EH�PRUH�DSSURSULDWH�WR�SRRO

WKH� RLO� RQ� WKH� VXUIDFH� RI� WKH� EHDFK�� DV� ZDV� GRQH� IRU
3HQGLQH�� ,I� QHFHVVDU\�� WKH� RLO� FRXOG� EH� VFUDSHG� LQWR�9�
VKDSHG� ZRRGHQ� EXQGV� WR� KHOS� FRQFHQWUDWH� WKH� RLO� DQG
WKXV��DYRLG�GLJJLQJ�WUHQFKHV�^03&8������`�

Shingle and Pebble Beaches. Scraping/Flushing/
Trenching.�:KHUH� YHKLFOH� DFFHVV� WR� ORZ� HQHUJ\� VKLQJOH
EHDFKHV�ZDV�SRVVLEOH��EXON�RLO�ZDV� HLWKHU� FROOHFWHG� LQWR
SRROV�RQ�WKH�VXUIDFH�RI�WKH�EHDFK�RU�IOXVKHG�LQWR�WUHQFKHV�
7KH� UHFRYHUHG� RLO� ZDV� WKHQ� UHPRYHG� XVLQJ� YDFXXP
WUXFNV�DQG��HLWKHU�WUDQVIHUUHG�WR�WHPSRUDU\�KROGLQJ�WDQNV�
RU�WDNHQ�GLUHFWO\�IRU�WUHDWPHQW�
$� FRPSDULVRQ� RI� WKH� H[SHQGLWXUH� LQFXUUHG� GXULQJ� WKH

EXON�RLO�UHPRYDO�SKDVH�RI�WKH�FOHDQ�XS�KDV�EHHQ�SRVVLEOH
IRU� WKUHH� ORZ� HQHUJ\� VKLQJOH� EHDFKHV� QDPHO\�� 6FRWFK
%D\�� +DNLQ� DQG� *HOOLVZLFN�� 2Q� +DNLQ� DQG� *HOOLVZLFN�
RLO�ZDV�VFUDSHG�GLUHFWO\�IURP�WKH�VXUIDFH�RI�WKHVH�EHDFKHV
LQWR� WUHQFKHV�� LQ� PXFK� WKH� VDPH� ZD\� DV� IRU� WKH� VDQG
EHDFKHV�� +RZHYHU�� RQ� 6FRWFK� %D\�� WKH� RLO� ZDV� IOXVKHG
LQWR�WUHQFKHV�XVLQJ�ODUJH�YROXPHV�RI�ORZ�SUHVVXUH�ZDWHU�
WKH� RLO� ZDV� WKHQ� VNLPPHG� IURP� WKH� VXUIDFH� RI� WKH
WUHQFKHV�XVLQJ�VRUEHQW�PDWHULDOV�RU�YDFXXP�WUXFNV�
7KH� H[SHQGLWXUH�SHU� FXELF�PHWUH�RI�RLO� UHPRYHG� IURP

WKHVH�WKUHH�EHDFKHV�ZDV�IRXQG�WR�OLH�LQ�WKH�UDQJH������P�

�������P��� WR� �������P�� �������P���� ,W�ZDV� DOVR� IRXQG
WKDW�WKH�FRVW�RI�XVLQJ�WKLV�PHWKRG�WR�UHPRYH�EXON�RLO�ZDV
DSSUR[LPDWHO\�RQH�DQG�D�KDOI�WLPHV�PRUH�H[SHQVLYH�WKDQ
XVLQJ� WKH� VDPH� PHWKRG� RQ� VDQG\� EHDFKHV�� SULPDULO\
EHFDXVH� D� ODUJHU� DPRXQW� RI� HTXLSPHQW� ZDV� XVHG

UHIOHFWLQJ�WKH�IDFW�WKDW�VKLQJOH�EHDFKHV�DUH�PRUH�GLIILFXOW
WR�FOHDQ�WKDQ�VDQG�EHDFKHV�
:KHQ� WKH�FRVW�RI�XVLQJ� HLWKHU� VFUDSLQJ� DQG� WUHQFKLQJ�

RU� IOXVKLQJ� DQG� WUHQFKLQJ� WR� UHPRYH� EXON� RLO�� ZDV
FRPSDUHG�ZLWK�WKH�WRWDO�FRVW�RYHU�WKH�QLQH�PRQWK�SHULRG
IRU�6FRWFK�%D\��+DNLQ�DQG�*HOOLVZLFN��LW�ZDV�IRXQG�WKDW
WKH� H[SHQGLWXUH� RQO\� DFFRXQWHG� IRU� ���� �� ���� RI� WKH
WRWDO�� )RU� 6FRWFK� %D\� DQG� *HOOLVZLFN�� LQ� SDUWLFXODU�
IOXVKLQJ� DQG� WUHQFKLQJ� RSHUDWLRQV� WRRN� SODFH� RQ� PRUH
WKDQ� RQH� RFFDVLRQ� WKURXJKRXW� WKH� QLQH� PRQWK� SHULRG
UHYLHZHG��(DFK�WLPH��WKH�RSHUDWLRQV�ODVWHG�IRU�RQH�PRQWK
RU�PRUH��HYHQWXDOO\��LQ�WKH�FDVH�RI�*HOOLVZLFN��DFFRXQWLQJ
IRU�DOPRVW�����RI�WKH�WRWDO�H[SHQGLWXUH�IRU�WKLV�EHDFK��$V
VXEVWDQWLDOO\�OHVV�RLO�ZDV�SUHVHQW�GXULQJ�WKH� ODWWHU�VWDJHV
RI�WKH�FOHDQ�XS��WKH�FRVW�SHU�FXELF�PHWUH�RI�RLO� UHPRYHG
ZDV�VRPH�WZHQW\�ILYH�WLPHV�JUHDWHU�WKDQ�WKH�FRVW�IRU�WKH
VDPH�WHFKQLTXH�ZKHQ�XVHG�GXULQJ�WKH�LQLWLDO�VWDJHV�RI�WKH
FOHDQ�XS�
6KLQJOH�EHDFKHV� DUH� QRWRULRXVO\� GLIILFXOW� WR� FOHDQ� GXH

WR�WKH�WHQGHQF\�IRU�RLO�WR�SHQHWUDWH�WKH�VXEVWUDWH��$W�WZR
ORFDWLRQV��*HOOLVZLFN�DQG�6FRWFK�%D\��RLO�KDG�SHQHWUDWHG
WKH�VKLQJOH�DV�IDU�DV�WKH�FOD\�PXG�EDVH�PDNLQJ�FOHDQ�XS
RI�WKHVH�EHDFKHV�ERWK�SURORQJHG�DQG�SUREOHPDWLF��:KLOVW
HIIHFWLYH� LQ� UHPRYLQJ� EXON� RLO� TXLFNO\�� WKH� FRPELQDWLRQ
RI�GLJJLQJ�WUHQFKHV�DQG�WKHQ�IOXVKLQJ�RU�VFUDSLQJ�WKH�RLO
LQWR� WKHP�� FDXVHG� WKH� RLO� WR� SHQHWUDWH� GHHS� LQWR� WKH
VXEVWUDWH�JHQHUDWLQJ�DGGLWLRQDO�ZRUN�DW�D�ODWHU�VWDJH�LQ�WKH
FOHDQ�XS�� 2Q� *HOOLVZLFN�� WKH� WUHQFKHV� GHVWDELOLVHG� WKH
EHDFK� PDWHULDO� FDXVLQJ� VRPH� DUHDV� RI� WKH� EHDFK� WR
EHFRPH�ZDWHUORJJHG�DQG�VRIW��:KHUH�KHDY\�RLOLQJ�RFFXUV
RQ� ORZ� HQHUJ\� VKRUHOLQHV� LQ� IXWXUH� LQFLGHQWV�� LW�PD\� EH
PRUH� DSSURSULDWH� WR�GUDJ� WKH�RLO�RII� WKH� EHDFK� IURP� WKH
VHDZDUG�VLGH�DW�KLJK�WLGH��RU� WR� IOXVK� WKH�RLO� LQWR�ERRPV
RIIVKRUH��LQ�SUHIHUHQFH�WR�GLJJLQJ�WUHQFKHV�

Manual Removal of Oiled Material and Pebble
Washing. 'XULQJ� WKH� VHFRQGDU\� VWDJH� RI� WKH� FOHDQ�XS
WKHUH�ZHUH�D�QXPEHU�RI�VKLQJOH�DQG�SHEEOH�EHDFKHV� WKDW
ZHUH� OHDFKLQJ� VKHHQ�RLO� LQWR� HQYLURQPHQWDOO\� VHQVLWLYH
ORFDWLRQV� RU� LPSRUWDQW� DPHQLW\� DUHDV�� :KLOVW� VRPH
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EHDFKHV� ZHUH� HDVLO\� DFFHVVLEOH�� RWKHUV� ZHUH� H[WUHPHO\
GLIILFXOW�� 7KLV� ZDV� SDUWO\� GXH� WR� WLGDO� FRQVWUDLQWV� DQG
SDUWO\�GXH�WR� WKHLU� ORFDWLRQ�DW� WKH�EDVH�RI�FOLIIV�RU�DORQJ
SDUWV� RI� WKH� FRDVWOLQH� ZKHUH� WKHUH� ZDV� QR� DFFHVV� IRU
YHKLFOHV�� $W� IRXU� ORFDWLRQV�� :HVW� $QJOH�� /LQGVZD\�
+XQWVPDQ
V�/HDS�DQG�6WHQQLV�)RUG��LW�ZDV�SRVVLEOH�WR�XVH
D� FUDQH� WR� ORZHU� PHQ� DQG� HTXLSPHQW� RQWR� WKH� EHDFK�
ZKHUHDV� DW� RWKHU� ORFDWLRQV�� VXFK� DV� 3RSWRQ�� /\GVWHS
&DYHUQV��DQG�$QJOH�%D\��RLOHG�PDWHULDO�ZDV�EDJJHG�DQG
UHPRYHG�PDQXDOO\�
2QFH� WKH� RLOHG� PDWHULDO� KDG� EHHQ� H[FDYDWHG�

FRQVLGHUDWLRQ�ZDV�JLYHQ�WR�HLWKHU�VHQGLQJ�LW�GLUHFWO\�WR�D
ODQGILOO� VLWH� IRU� GLVSRVDO� �DV� KDG� EHHQ� GRQH� GXULQJ� WKH
LQLWLDO�SKDVH�RI�WKH�FOHDQ�XS���RU�ZDVKLQJ�WKH�PDWHULDO�DQG
UHWXUQLQJ�LW�WR�WKH�UHVSHFWLYH�EHDFKHV��,W�ZDV�DUJXHG�WKDW
ZDVKLQJ� DQG� UHWXUQLQJ� WKH� PDWHULDO� ZRXOG� EH� PRUH
DSSURSULDWH� VLQFH� LW� ZRXOG� JR� VRPHZD\� WRZDUGV

FRQVHUYLQJ
� WKH� SK\VLFDO� HQYLURQPHQW�� 7KH� FRVWLQJ
SUHSDUHG�DW�WKH�WLPH�RI�WKH�LQFLGHQW�VXJJHVWHG�WKDW�SHEEOH
ZDVKLQJ� ZRXOG� EH� DV� FRVW� HIIHFWLYH� DV� ODQGILOO�
&RQVHTXHQWO\�� SHEEOH� ZDVKLQJ� ZDV� XVHG� IDLUO\
H[WHQVLYHO\�GXULQJ�WKH�VHFRQGDU\�VWDJH�RI�WKH�FOHDQ�XS�
$W�VRPH�ORFDWLRQV��D�VPDOO�ZDVKLQJ�VWDWLRQ�ZDV�VHW�XS

RQ�VLWH�� ZKHUHDV� DW� RWKHU� ORFDWLRQV�� WKH� PDWHULDO� ZDV
H[FDYDWHG�DQG�WUDQVSRUWHG�WR�D�ODUJHU�ZDVKLQJ�VWDWLRQ�RII�
VLWH�� DW� .LOSDLVRQ�� 2LOHG� VKLQJOH� DQG� SHEEOHV� ZHUH
UHPRYHG� IURP� WKH� EHDFK�� VFUHHQHG� DQG� WLSSHG� LQWR� D
ORUU\�PRXQWHG� FHPHQW� PL[HU� ZKHUH� LW� ZDV� PL[HG� ZLWK
ZDWHU�DQG�DQ�RLO� UHOHDVLQJ�DJHQW�� RU�GLHVHO�� IRU� DERXW� DQ
KRXU��$IWHU�WKH�PDWHULDO�KDG�EHHQ�DJLWDWHG��WKH�ZDWHU�ZDV
VHSDUDWHG� IURP� WKH� SHEEOHV� LQ� WKH� PL[HU� DQG� WKHQ
GHFDQWHG�LQWR�WHPSRUDU\�KROGLQJ�WDQNV��$Q\�RLO� WKDW�KDG
VHSDUDWHG�ZDV�SHULRGLFDOO\�VNLPPHG�IURP�WKH�VXUIDFH�RI
WKHVH�WDQNV�
7KH� H[SHQGLWXUH� DVVRFLDWHG� ZLWK� H[FDYDWLQJ� DQG

ZDVKLQJ�RLOHG�PDWHULDO�HLWKHU�RQ�VLWH�RU�RII�VLWH��RQ� IRXU
EHDFKHV�� QDPHO\� /\GVWHS� +DYHQ�� 0LOIRUG�� 0DUWLQ
V
+DYHQ� DQG� :HVW� $QJOH�� KDV� EHHQ� LGHQWLILHG� DQG
FRPSDUHG�ZLWK�WKH�FRVW�RI�VHQGLQJ�WKH�VDPH�PDWHULDO�WR�D
ODQGILOO�VLWH��,I�WKH�FRVW�RI�H[FDYDWLRQ�DQG�SHEEOH�ZDVKLQJ
LV� FRQVLGHUHG� LQ� WHUPV� RI� WKH� YROXPH� RI� FRQWDPLQDWHG
VXEVWUDWH� UDWKHU� WKDQ� YROXPH� RI� RLO�� WKH� FRVWV� SHU� FXELF
PHWUH�RI�PDWHULDO� WUHDWHG�IURP�WKUHH�RI� WKH� IRXU�EHDFKHV
ZHUH� IRXQG� WR�EH�FRPSDUDEOH� DW� DSSUR[LPDWHO\������P�

������P����)RU�RLOHG�VKLQJOH�WDNHQ�IURP�:HVW�$QJOH�DQG
VXEVHTXHQWO\�ZDVKHG�DW� WKH�RII�VLWH�ZDVKLQJ� VWDWLRQ�� WKH
FRVWV�ZHUH� IRXQG� WR� EH� VRPH� ILYH� WLPHV� KLJKHU�� 7KLV� LV
XQGHUVWDQGDEOH� ZKHQ� LW� LV� DSSUHFLDWHG� WKDW� WKH
H[SHQGLWXUH� ZDV� DOPRVW� H[FOXVLYHO\� DWWULEXWDEOH� WR� WKH
HIIRUW� LQYROYHG� LQ� H[FDYDWLQJ� WKH� RLOHG� PDWHULDO� IURP
FRYHV�WKDW�ZHUH�ORFDWHG�DW�WKH�EDVH�RI�LQDFFHVVLEOH�FOLIIV�
&RQVLGHUDEOH� HIIRUW� ZDV� H[SHQGHG� LQ� FOHDQLQJ� WKHVH
FRYHV� WR� DGGUHVV� FRQFHUQV� RYHU� RLO� OHDFKLQJ� LQWR
HQYLURQPHQWDOO\� VHQVLWLYH� URFN� SRROV� LQ� WKH� DUHD�
&RQVHTXHQWO\��PRUH�WKDQ�����RI�WKH�WRWDO�H[SHQGLWXUH�IRU
WKLV� EHDFK� ZDV� LQFXUUHG� LQ� H[FDYDWLQJ�� ZDVKLQJ� DQG
UHWXUQLQJ�WKH�EHDFK�PDWHULDO�
)URP�UHFRUGV�WKDW�ZHUH�NHSW�GXULQJ�WKH�RSHUDWLRQ�RI�WKH

ZDVKLQJ� VWDWLRQ� DW� .LOSDLVRQ�� LW� KDV� EHHQ� SRVVLEOH� WR
LGHQWLI\� WKH� SURSRUWLRQ� RI� PDWHULDO� WKDW� ZDV� DFWXDOO\
ZDVKHG� DQG� UHWXUQHG� WR� WKH� EHDFKHV� FRPSDUHG�ZLWK� WKH
TXDQWLW\�RI�PDWHULDO�HQWHULQJ�WKH�VLWH��$�WRWDO�RI�����P��RI
PDWHULDO� ZHUH� EURXJKW� WR� WKH� ZDVKLQJ� VWDWLRQ� IURP
IRXUWHHQ� GLIIHUHQW� EHDFKHV��2I� WKLV�� ����P�� ������ZHUH
XQDFFRXQWHG� IRU�� EXW� ����P�� ������ RI� ILQHV� �FOD\V� DQG
VHGLPHQW��ZHUH�VFUHHQHG�RXW�DQG�VHQW�WR�D�ODQGIDUP�VLWH�
$� IXUWKHU� ��� P�� ����� RI� RYHUVL]HG� PDWHULDO� �ODUJH

FREEOHV� DQG� ERXOGHUV�� ZHUH� VHSDUDWHG� DQG� VHQW� WR� D
ODQGILOO� VLWH�� 2I� WKH� ���� P�� RI� PDWHULDO� HQWHULQJ� WKH
ZDVKLQJ� VWDWLRQ�� RQO\� ���� P�� ������ RI� PDWHULDO� ZHUH
HYHQWXDOO\� UHWXUQHG� WR� WKH� EHDFKHV�� 7KH� TXDQWLW\� RI� RLO
UHSRUWHG�WR�KDYH�EHHQ�UHFRYHUHG�ZDV�OHVV�WKDQ��P��
7KH� WRWDO�FRVW�RI�RSHUDWLQJ� WKH�ZDVKLQJ� VWDWLRQ�RYHU� D

SHULRG� RI� DOPRVW� ��� GD\V� ZDV� DSSUR[LPDWHO\� ��������
������������ :KHQ� WKHVH� FRVWV� ZHUH� DGGHG� WR� WKH
ODQGIDUPLQJ� DQG� ODQGILOO� FKDUJHV� IRU� WKH� ILQHV� DQG
RYHUVL]HG� PDWHULDO�� WKH� FRVW� LQFUHDVHG� WR� ��������
�����������ZKLFK�HTXDWHV�WR�DERXW�������������SHU�P��RI
PDWHULDO� �H[FOXGLQJ� H[FDYDWLRQ��� :KHQ� FRPSDUHG� ZLWK
WKH� FRVW� RI� VHQGLQJ� DOO� WKH� ZDVWH� WR� D� ODQGILOO� VLWH�� WKH
ZDVKLQJ�VWDWLRQ�RSHUDWLRQ�ZDV�DFWXDOO\�IRXQG�WR�EH�DERXW
RQH�DQG�D�KDOI� WLPHV�PRUH�H[SHQVLYH�� ,Q�DGGLWLRQ��JLYHQ
WKDW�RQO\�RQH�WKLUG�RI� WKH�PDWHULDO�ZDV�DFWXDOO\�UHWXUQHG
WR� WKH� UHVSHFWLYH� EHDFKHV� DQG� WKH� UHPDLQGHU� ZDV� HLWKHU
VHQW� WR� D� ODQGILOO� RU� ODQGIDUP� VLWH�� LW� LV� TXHVWLRQDEOH
ZKHWKHU�WKH�JRDO�RI�UHWXUQLQJ�WKH�FOHDQHG�PDWHULDO�WR�WKH
EHDFKHV� DQG� SUHVHUYLQJ� WKHLU� SK\VLFDO� VWUXFWXUH� ZDV
DFWXDOO\�PHW�
8QGHU� FXUUHQW� 8.� OHJLVODWLRQ�� ODQGILOO� LV� VWLOO� D� FRVW�

HIIHFWLYH� DQG� DSSURSULDWH� RSWLRQ� IRU� GLVSRVLQJ� RI� RLOHG
VKLQJOH� DQG� SHEEOHV�� ,QFUHDVLQJO\�� SUHVVXUH� LV� EHLQJ
H[HUWHG�XSRQ�WKRVH�UHVSRQVLEOH�IRU�WKH�FOHDQ�XS�WR�XVH�VR�
FDOOHG� 
HQYLURQPHQWDOO\� IULHQGO\
� PHWKRGV� WR� PLQLPLVH
ZDVWH��:KLOVW� FRPPHQGDEOH�� FDUH� QHHGV� WR� EH� WDNHQ� WR
HQVXUH� WKDW� WKH� PHWKRGV� FKRVHQ� DUH� DSSURSULDWH� IRU� WKH
W\SH� RI� ZDVWH� EHLQJ� JHQHUDWHG�� SDUWLFXODUO\� LI� LW� PHDQV
WKDW� VXEVWDQWLDO� TXDQWLWLHV� RI� FOHDQ� PDWHULDO� KDYH� WR� EH
GLVUXSWHG� WR� ORFDWH� DQG� H[FDYDWH� WKH� RLO\� PDWHULDO�
5HFRJQLVLQJ�WKDW�VLJQLILFDQW�TXDQWLWLHV�RI�RLO�FDQ�EH�KHOG
LQ� FOD\V� DQG� VHGLPHQWV�� LW� PD\� EH� PRUH� DSSURSULDWH� WR
WUHDW�EHDFK�PDWHULDO�FRQWDLQLQJ�D�KLJK�SURSRUWLRQ�RI�ILQHV
LQ� IXWXUH� LQFLGHQWV�� E\�PHUHO\� VHSDUDWLQJ� WKH� ILQHV� DQG�
ZKHUH�SRVVLEOH��UHWXUQLQJ�WKH�VWDLQHG�VKLQJOH�DQG�SHEEOHV
WR�KLJK�HQHUJ\�VKRUHOLQHV�WR�EH�VFRXUHG�QDWXUDOO\�

Cobble beaches. Surf washing. )ROORZLQJ� WKH
H[SHULHQFH�RI�SUHYLRXV�VSLOOV��WULDOV�WR�FOHDQ�RLOHG�FREEOHV
E\�SODFLQJ�WKHP�LQ�WKH�KLJK�HQHUJ\�VXUI�]RQH�RQ�$PURWK
ZHUH� IRXQG� WR� EH� VXFFHVVIXO� ^/XQHO�� HW�� DO��� ����`�
7KHUHIRUH�� RLOHG� FREEOHV� WKDW� KDG� VLPLODUO\� EHFRPH
EXULHG� LQ� D� FREEOH� EHUP�RQ�0DUURV�� DQG�ZKLFK� KHOG� DQ
HVWLPDWHG���������P��RI�RLO��ZHUH�SODFHG�LQ�WKH�VXUI�]RQH
WR� IDFLOLWDWH� QDWXUDO� VFRXULQJ�� +RZHYHU�� WKLV� PHWKRG� RI
FOHDQLQJ�SURYHG�WR�EH�OHVV�HIIHFWLYH�RQ�0DUURV��SRVVLEO\
GXH� WR� WKH� LQFUHDVHG� ZHDWKHULQJ� RI� WKH� ZDWHU�LQ�RLO
HPXOVLRQ�^03&8������`�
7KH� H[SHQGLWXUH� LQFXUUHG� SHU� FXELF� PHWUH� RI� RLO

UHPRYHG�XVLQJ�VXUI�ZDVKLQJ�RQ�0DUURV�ZDV�IRXQG�WR�EH
OHVV� WKDQ������P�� ������P���� ,Q� WHUPV�RI� WKH�QXPEHU�RI
PDQ�GD\V�RI�HIIRUW��PRUH�WKDQ�WZR�WKLUGV�IHZHU�PDQ�GD\V
ZHUH� LQYROYHG� LQ� VXUI� ZDVKLQJ� DV� FRPSDUHG� ZLWK� WKH
DYHUDJH� QXPEHU� RI�PDQ�GD\V� LQYROYHG� LQ� WKH� RWKHU� ORZ
WHFKQRORJ\�PHWKRGV�XVHG�GXULQJ�WKLV�SHULRG�RI�WKH�FOHDQ�
XS��7KXV��LQ�WKH�ULJKW�FLUFXPVWDQFHV��VXUI�ZDVKLQJ�FDQ�EH
ERWK�D�FRVW�HIIHFWLYH�DQG�HIILFLHQW�WHFKQLTXH�IRU�FOHDQLQJ
RLOHG�SHEEOHV�DQG�FREEHV�

In-Situ Pit Washing. ,Q�VLWX� SLW� ZDVKLQJ� ZDV
XQGHUWDNHQ�RQ�WZR�EHDFKHV�ZKHUH�UHPRYDO�RI�ODUJH�RLOHG
FREEOHV� ZDV� FRQVLGHUHG� WR� EH� WRR� GLIILFXOW�� QDPHO\
7HOS\Q�DQG�*XQN\��/DUJH�PHWDO�VNLSV�ZHUH�VXQN�LQWR�WKH
EHDFK� RU�� DOWHUQDWLYHO\�� ODUJH� SLWV� RI� ��� ����� WRQQH
FDSDFLW\� ZHUH� GXJ� DQG� OLQHG� ZLWK� SODVWLF�� 7KH� RLOHG
FREEOHV�ZHUH�DGGHG�WR�WKH�SLWV�WDQNV�DQG�ZDVKHG�ZLWK�RLO
UHOHDVLQJ�DJHQW�DQG�ZDWHU��7KH�RLO�OD\HU�WKDW�IRUPHG�ZDV
VNLPPHG� IURP� WKH� ZDWHU
V� VXUIDFH� DQG� WKH� FREEOHV



UHWXUQHG� WR� WKH� EHDFK�� 7KLV� WHFKQLTXH� ZDV� HIIHFWLYH� LQ
UHPRYLQJ�WKH�KHDYLHU�FRQWDPLQDWLRQ�EXW� OHIW� WKH�FREEOHV
VWDLQHG�� 7KHUHIRUH�� WKH� FREEOHV� ZHUH� QRW� SODFHG� RQ� WKH
VXUIDFH�RI�WKH�EHDFK�EXW�EXULHG�LQ�VLWX�
7KH� RSHUDWLRQV� DW� *XQN\� QRW� RQO\� LQYROYHG� WDNLQJ

PDWHULDO�IURP�WKLV�EHDFK�WR�ZDVK��EXW�DOVR�IURP�WZR�RWKHU
EHDFKHV� QHDUE\�� 7KH� *OHQ� DQG� 6ZDOORZ� 7UHH�� 7KHVH
RSHUDWLRQV� ZHUH� IXUWKHU� FRPSOLFDWHG� E\� WKH� IDFW� WKDW
DFFHVV�WR�*XQN\�ZDV�RQO\�SRVVLEOH�DW�ORZ�ZDWHU�DQG�WKH
EHDFK� ZDV� FRPSOHWHO\� FRYHUHG� RQ� D� 6SULQJ� KLJK� WLGH�
7KLV�PHDQW� WKDW� DQ\� FOHDQ�XS� KDG� WR� EH� XQGHUWDNHQ� DQG
FRPSOHWHG�ZLWKLQ� D�1HDS� WLGDO� F\FOH� WR� DYRLG� KDYLQJ� WR
VXVSHQG� WKH�RSHUDWLRQ��$OWKRXJK� LQ�VLWX�SLW�ZDVKLQJ�KDV
EHHQ� XQGHUWDNHQ� IROORZLQJ� RLO� VSLOOV� LQ� RWKHU� FRXQWULHV�
VXFK�DV�.RUHD��LW�ZDV�WKH�ILUVW�WLPH�WKDW�WKH�WHFKQLTXH�KDG
EHHQ�XVHG�LQ�WKH�8.�
7KH� FRVWV� SHU� XQLW� YROXPH� RI� FRQWDPLQDWHG� VXEVWUDWH

WUHDWHG�XVLQJ�LQ�VLWX�SLW�ZDVKLQJ�ZHUH�IRXQG�WR�EH�LQ�WKH
UDQJH� �����P�� ������P��� WR� �����P�� ������P���
$OWKRXJK� WZR� RU� WKUHH� WLPHV� KLJKHU� WKDQ� WKH� FRVW� RI
ODQGILOO�� LI� WKH� FRVW� RI� H[FDYDWLRQ� DQG� WUDQVSRUWDWLRQ� LV
DGGHG�WR�WKH�FRVW�RI�ODQGILOO��LQ�VLWX�SLW�ZDVKLQJ�EHFRPHV
WKH�PRVW� FRVW� HIIHFWLYH�RSWLRQ��&RQVHTXHQWO\�� LQ�VLWX� SLW
ZDVKLQJ�ZDV�IRXQG�WR�EH�ERWK�SUDFWLFDO�DQG�FRVW�HIIHFWLYH
DQG�� DW� WKH� VDPH� WLPH�� HPEUDFHG� WKH� 8.�*RYHUQPHQW
V
SROLF\�RI�UHF\FOLQJ�ZDVWH�ZKHUHYHU�SRVVLEOH�

Rock/Boulder Beaches and Rock Platforms. Rock
Wiping.� $V� WKH� WHPSHUDWXUHV� LQFUHDVHG� LQ� WKH� UHJLRQ
GXULQJ� WKH�PRQWKV� OHDGLQJ� XS� WR� WKH� WRXULVW� VHDVRQ�� WKH
HPXOVLRQ� UHPDLQLQJ� DW� VHYHUDO� ORFDWLRQV� DURXQG� WKH
VKRUHOLQH� EHJDQ� WR� EUHDN�� WKXV� UHGXFLQJ� LWV� YLVFRVLW\�
6HYHUDO� EHDFKHV�ZLWK� VDQG� IRUHVKRUHV�ZHUH� DOVR� IULQJHG
E\� URFNV� DQG� ERXOGHUV� DQG� LQ� VRPH� ORFDWLRQV�� H[WHQVLYH
URFN�SODWIRUPV�EULGJHG� DGMDFHQW� EHDFKHV�� SDUWLFXODUO\� LQ
WKH� QRUWKHUQ� SDUW� RI� &DUPDUWKHQ� %D\�� 2LO� WKDW� KDG
VWUDQGHG� LQ� WKHVH� DUHDV� EHFDPH� PL[HG� ZLWK� VDQG� DQG
IRUPHG� DQ� RLO�VDQG� FRDWLQJ� RQ� WKH� VXUIDFH� RI� WKH� URFNV
DQG� ERXOGHUV�� ,W� ZDV� IRXQG� WKDW� WKLV� FRDWLQJ� FRXOG� EH
UHPRYHG� TXLWH� HDVLO\� E\� VFUXEELQJ�� EUXVKLQJ� RU� ZLSLQJ
WKH� VXUIDFH��&RQVHTXHQWO\�� DIWHU� FRPSOHWLRQ� RI� DOO� RWKHU
FOHDQ�XS� RSHUDWLRQV�� URFN� ZLSLQJ� ZDV� XVHG� DV� D� ILQDO
SROLVKLQJ�WHFKQLTXH�RQ�WKHVH�VXUIDFHV�
,QLWLDOO\��URFN�ZLSLQJ�ZDV�XQGHUWDNHQ�RQO\�LQ�ORFDOLVHG

DUHDV�QHDU�WKH�PDLQ�DFFHVV�SRLQWV��+RZHYHU��WKLV�OHYHO�RI
FOHDQLQJ� ZDV� H[WHQGHG� WR� ODUJHU� DUHDV� LQFOXGLQJ� WKH
H[WHQVLYH�URFN�SODWIRUPV�DORQJ� WKH�QRUWKHUQ�FRDVWOLQH�RI
&DUPDUWKHQ�%D\��7KH�FOHDQ�XS�ZDV� IUHTXHQWO\� IUXVWUDWHG
E\�WKH�FRQVWDQW�PRYHPHQW�RI�VDQG�ZKLFK�FRXOG�VWULS�RXW�

RU�GHSRVLW��PRUH� WKDQ���PHWUHV�RI� VDQG�GXULQJ�RQH� WLGDO
F\FOH��7KXV��ZRUNVLWHV�ZHUH� HLWKHU�EXULHG�RU�PRUH�RLOHG
VXUIDFHV� ZHUH� H[SRVHG� LQ� DUHDV� WKDW� KDG� DOUHDG\� EHHQ
FOHDQHG�� 7KLV� UHVXOWHG� LQ� D� SURWUDFWHG� FOHDQ�XS�
SDUWLFXODUO\� DW� :LVHPDQ
V� %ULGJH�� $PURWK�� 7HOS\Q� DQG
0DUURV�
5RFN� ZLSLQJ� W\SLFDOO\� LQYROYHG� IRXU� WLPHV� DV� PDQ\

PDQ�GD\V� DV� WKH� RWKHU� ORZ� WHFKQRORJ\� PHWKRGV� XVHG
HDUOLHU� LQ� WKH� FOHDQ�XS� DQG�� ZKHQ� WKH� FODLPV� IRU� URFN
ZLSLQJ�ZHUH� H[DPLQHG�� LW�ZDV� IRXQG� WKDW� EHWZHHQ� ���
DQG� ����� RI� WKH� H[SHQGLWXUH� ZDV� LQFXUUHG� WKURXJK
PDQSRZHU�DORQH�
:KHUH� URFN� ZLSLQJ� ZDV� XVHG� WR� WDUJHW� ORFDOLVHG

FRQWDPLQDWLRQ�� WKH� DYHUDJH� FRVW� SHU� FXELF� PHWUH� RI� RLO
UHPRYHG� ZDV� IRXQG� WR� EH� DSSUR[LPDWHO\� ��������P�

���������P��� ZKLFK� LV� FRPSDUDEOH� ZLWK� WKH� ORZ
WHFKQRORJ\�PHWKRGV�XVHG�GXULQJ�WKH�VHFRQGDU\�SKDVH�RI
WKH�FOHDQ�XS�EXW�DQ�RUGHU�RI�PDJQLWXGH�JUHDWHU�WKDQ�WKRVH
PHWKRGV�XVHG�GXULQJ�WKH� LQLWLDO�SKDVH��)LJXUH�����:KHUH
URFN�ZLSLQJ�KDG�EHHQ�H[WHQGHG�WR�DGGUHVV�WKH�VXEVWDQWLDO
DUHDV�RI�URFN�SODWIRUP�EHWZHHQ�EHDFKHV��PRUH�WKDQ����
RI� WKH� WRWDO� H[SHQGLWXUH� IRU� WKHVH� EHDFKHV� ZDV� LQFXUUHG
XVLQJ�WKLV�PHWKRG�RI�ILQDO�SROLVKLQJ��7KLV�REVHUYDWLRQ�LV
LOOXVWUDWHG� LQ� WKH� SURILOH� RI� H[SHQGLWXUH� IRU� 0DUURV
�)LJXUH�����,Q�DGGLWLRQ��WKH�DYHUDJH�FRVW�SHU�FXELF�PHWUH
RI� RLO� UHPRYHG� ZDV� IRXQG� WR� EH� DW� OHDVW� WZR� RUGHUV� RI
PDJQLWXGH�JUHDWHU� WKDQ� WKH�DYHUDJH�FRVW� LQFXUUHG�GXULQJ
WKH�LQLWLDO�VWDJHV�RI�WKH�FOHDQ�XS��)LJXUH����
)UHTXHQWO\�� RQH� RI� WKH� PDLQ� UHDVRQV� IRU� XQGHUWDNLQJ

ILQDO� SROLVKLQJ� RQ� KLJK� DPHQLW\� EHDFKHV� LV� WR� RIIVHW
FRPSODLQWV�IURP�WKH�SXEOLF��+RZHYHU��LW�FRXOG�EH�DUJXHG
WKDW� WKH� SUHVHQFH� RI� EHDFK� FOHDQLQJ� SHUVRQQHO� ZHDULQJ
SURWHFWLYH� FORWKLQJ�PLJKW�� LQ� LWVHOI�� JHQHUDWH� FRPSODLQWV
RU�OHDYH�WKH�LPSUHVVLRQ�WKDW�WKH�EHDFKHV�DUH�QRW�VXLWDEOH
IRU� XVH��:KHUH� UDSLG� FOHDQLQJ� RI� URFNV� DQG� ERXOGHUV� LQ
KLJK�DPHQLW\� DUHDV� LV�ZDUUDQWHG�� KLJK�SUHVVXUH� FOHDQLQJ
RU�FKHPLFDO�FOHDQHUV�DUH� OLNHO\� WR�DFKLHYH�DQ� DFFHSWDEOH
HQG�SRLQW�LQ�D�VKRUWHU�WLPH�VFDOH�WKDQ�URFN�ZLSLQJ�
:KLFKHYHU� WHFKQLTXH� LV� FKRVHQ� IRU� ILQDO� SROLVKLQJ�� D

EDODQFH�PXVW�EH�VWUXFN�EHWZHHQ� WKH�GHVLUH� WR� UHPRYH�DV
PXFK� RLO� DV� SRVVLEOH�� DQG� WKH� SRWHQWLDO� IRU� WKH� FOHDQLQJ
WHFKQLTXHV� WKHPVHOYHV� WR� FDXVH� PRUH� GDPDJH� WR� WKH
HQYLURQPHQW� WKDQ� LI� LW� ZHUH� OHIW� WR� FOHDQ� QDWXUDOO\�� 7KH
HIILFDF\�RI�QDWXUDO�FOHDQLQJ�LV�UDUHO\�DSSUHFLDWHG��,QGHHG�
WKH�FRQVWDQW�VFRXULQJ�DQG�UH�GHSRVLWLRQ�RI�ODUJH�YROXPHV
RI�EHDFK�PDWHULDO�LV�SDUW�RI�WKLV�SURFHVV��RIWHQ�DFKLHYLQJ�D
IDVWHU��PRUH�HIILFLHQW�FOHDQ�XS�RI� VWDLQHG�EHDFK�PDWHULDO
WKDQ�DQ\�IRUP�RI�ILQDO�SROLVKLQJ�DQG�ZLWK�IDU�OHVV�HIIRUW�



Figure 5. The Variation in Expenditure with Time on Marros using Surf Washing and Rock Wiping.

Conclusions

7R�DYRLG�PLVLQWHUSUHWDWLRQ��DQ\�GLVFXVVLRQ�RI�WKH�FRVWV
DVVRFLDWHG� ZLWK� VSHFLILF� FOHDQ�XS� PHWKRGV� KDV� WR� EH
XQGHUWDNHQ�ZLWK�DQ�XQGHUVWDQGLQJ�RI� WKH�PDQ\�YDULDEOHV
WKDW� FDQ� LQIOXHQFH� WKHP�� %\� WDNLQJ� VXFK� YDULDEOHV� DV�
ZRUNVLWH�ORFDWLRQ��EHDFK�VXEVWUDWH��DQG�YROXPH�RI�RLO�LQWR
FRQVLGHUDWLRQ��DQG�H[DPLQLQJ�WKH�H[SHQGLWXUH�LQFXUUHG�RQ
VHYHQWHHQ�GLIIHUHQW�EHDFKHV�GXULQJ�WKH�LQLWLDO�QLQH�PRQWK
SHULRG�RI�WKH�FOHDQ�XS��LW�KDV�EHHQ�SRVVLEOH�WR�EXLOG�XS�D
PRUH�GHWDLOHG�SLFWXUH�RI�WKH�VKRUHOLQH�UHVSRQVH�XVLQJ�ORZ
WHFKQRORJ\�FOHDQ�XS�PHWKRGV�
2Q�VRPH�EHDFKHV��WKH�PDMRULW\�RI�WKH�H[SHQGLWXUH�ZDV

LQFXUUHG� GXULQJ� WKH� UHPRYDO� RI� EXON� RLO�� EXW� IRU� RWKHUV�
VLJQLILFDQW� H[SHQGLWXUH� ZDV� LQFXUUHG� GXULQJ� WKH
VHFRQGDU\�DQG�ILQDO�VWDJHV�RI�WKH�FOHDQ�XS��)RU�VRPH�NH\
DPHQLW\�EHDFKHV��WKH�
WDLO
�RI�H[SHQGLWXUH�UHSUHVHQWHG�WKH
DGGLWLRQDO�HIIRUW�H[SHQGHG�LQ�UHDFKLQJ�D�KLJK�VWDQGDUG�RI
FOHDQOLQHVV�� )RU� RWKHUV�� WKH� 
WDLO
� ZDV� LQGLFDWLYH� RI
RFFDVLRQV�ZKHUH�WKH�PHWKRGV�XWLOLVHG�HDUOLHU�LQ�WKH�FOHDQ�
XS�� VSHFLILFDOO\� WUHQFKLQJ�� OHG� WR� SUREOHPV� DW� D� ODWHU
VWDJH�� (YHQ� GXULQJ� WKH� HPHUJHQF\� SKDVH� RI� D� PDMRU
VKRUHOLQH� FOHDQ�XS�RSHUDWLRQ�� LW� LV� LPSRUWDQW� WR� FRQVLGHU
WKH�ORQJHU�WHUP�FRQVHTXHQFHV�RI�DQ\�PHDVXUHV�WDNHQ��7KH
XUJH�WR�UHPRYH�DV�PXFK�EXON�RLO�DV�SRVVLEOH�LQ�WKH�VKRUW
WHUP�PXVW�EH�ZHLJKHG�DJDLQVW� WKH� OLNHOLKRRG�RI� FDXVLQJ
XQQHFHVVDU\�GDPDJH�LQ�WKH�ORQJHU�WHUP�
:KLOVW� QRW� WKH� RQO\� FULWHULRQ� DJDLQVW� ZKLFK� WR� MXGJH

ZKHWKHU� RU� QRW� D� SDUWLFXODU� PHWKRG� RI� FOHDQ�XS� LV
DSSURSULDWH��FRVW�HIIHFWLYHQHVV�VKRXOG�EH�RQH�RI� WKH�NH\
FRQVLGHUDWLRQV��7KH�DQDO\VHV�RI�WKH�H[SHQGLWXUH� LQFXUUHG
LQ�XVLQJ�ORZ�WHFKQRORJ\�FOHDQ�XS�PHWKRGV�XQGHUWDNHQ�LQ
VXSSRUW�RI�WKLV�SDSHU��KDYH�VKRZQ�WKDW�VRPH�PHWKRGV�FDQ
EH�ERWK�FRVW�HIIHFWLYH�DQG�DSSURSULDWH�SURYLGHG� WKH\�DUH
DSSOLHG�RQ�WKH�EDVLV�RI�D�VRXQG�WHFKQLFDO�DSSUDLVDO�RI�WKH

FLUFXPVWDQFHV� DQG�ZLWK� GXH� FRQVLGHUDWLRQ� RI� WKH� XVH� RI
WKH�DUHD�DQG�WKH�SRWHQWLDO�WR�FDXVH�JUHDWHU�GDPDJH�
7KH� DQDO\VHV� KDYH� DOVR� GHPRQVWUDWHG� WKDW� LI

H[SHQGLWXUH� LV� PRQLWRUHG� DORQJVLGH� WKH� HIIHFWLYHQHVV� RI
WKH� FOHDQ�XS�� LW� FDQ� VLJQDO� ZKHUH� D� GLVSURSRUWLRQDWH
DPRXQW� RI� HIIRUW� LV� EHLQJ� H[SHQGHG� LQ� UHODWLRQ� WR� WKH
EHQHILWV� WKDW�PLJKW�EH�H[SHFWHG�DQG�DFWLRQ�FDQ�EH� WDNHQ
WR� WHUPLQDWH� WKH� FOHDQ�XS� DFFRUGLQJO\�� ,Q� DGGLWLRQ�� D
UHYLHZ�RI�WKH�H[SHQGLWXUH�GXULQJ�DQ�LQFLGHQW�
GH�EULHILQJ
�
FDQ� LQGLFDWH� RFFDVLRQV� LQ� WKH� FOHDQ�XS� RSHUDWLRQ� ZKHUH
SUREOHPV� RFFXUUHG�� WKXV� SURYLGLQJ� DQ� RSSRUWXQLW\� WR
UHIOHFW� RQ� WKH� PHWKRGV� XVHG� DQG� FRQVLGHU� HPSOR\LQJ� D
GLIIHUHQW�VWUDWHJ\�LQ�IXWXUH�
,W�VKRXOG�EH�UHFRJQLVHG�WKDW�FRPSOHWH�UHPRYDO�RI�HYHU\

WUDFH� RI� RLO� LV� QHLWKHU� DFKLHYDEOH� LQ� SUDFWLFH� QRU
WHFKQLFDOO\� UHDVRQDEOH�� $� YLWDO� SRLQW� LQ� DQ\� FOHDQ�XS
RSHUDWLRQ�LV�GHFLGLQJ�ZKHQ�LW�LV�UHDVRQDEOH�WR�FDOO�D�KDOW
WR� IXUWKHU� H[SHQGLWXUH�� 2QH� VLPSOH� WHVW� LV� WR� TXHVWLRQ
ZKHWKHU� D� SODQQHG� FRXUVH� RI� DFWLRQ�� RU� DQ� DFWLYLW\� LQ
SURJUHVV�� LV� DQ� LPSURYHPHQW� RQ� GRLQJ� QRWKLQJ� DQG
DOORZLQJ� QDWXUDO� SURFHVVHV� WR� WDNH� WKHLU� FRXUVH�� 7KH
TXHVWLRQ� LV� WKXV�� QRW� 
FDQ� LW� EH� GRQH"
� EXW� 
LV� WKHUH� DQ\
EHQHILW"
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