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&KORULQH 'HPDQG

S+� 7XUELGLW\� �7'6� 7HPSHUDWXUH� $ONDOLQLW\ 1LWURJHQ
DPPRQLD ZHUH PHDVXUHV DV SDUW RI ZDWHU TXDOLW\
3DUDPHWHU E\ XVLQJ $3+$ 6WDQGDUG 0HWKRGV�

5HVXOWV
'HVFULSWLYH�$QDO\VLV�RI�5DLQZDWHU

&RQWDFW�7LPH�KRXUV

0DWHULDOV�DQG�0HWKRGV
:DWHU VDPSOHV ZHUH GRVHG ZLWK VRGLXP
K\SRFKORULWH VROXWLRQ RI ��� FRQFHUWDWLRQ DIWHU
GLOXWLRQ DW /DERUDWRU\ DQG WKH ZDWHU VDPSOHV ZHUH
GRVHG ZLWK �������� ��� DQG � PJ�/ UHVSHFWLYHO\ WR �
/LWHU RI UDLQZDWHU VDPSOH� )$& DQG 7& ZHUH
PHDVXUHG E\ XVLQJ $3+$ '3' �����&O *�
DSSURYHG PHWKRG� )$& UHVLGXDOV ZHUH PHDVXUHG
IRU D FHUWDLQ WLPH SHULRG ����� �� �� � DQG �� KRXUV�
WR REWDLQ WKH RSWLPXP GRVH DFFRUGLQJ WR 6:6 DQG
&'& DQG ZLWKLQ UDQJH RI QR PRUH � PJ�/ DIWHU ��
PLQXWHV FRQWDFW WLPH DQG QRW OHVV WKDQ ��� PJ�/
DIWHU �� KRXUV FRQWDFW WLPH� $OVR FKORULQH GHPDQG
ZDV VDWLVILHG ILUVW�

&RQFOXVLRQ
7KH�2SWLPXP�GRVDJH�IRU�5DLQZDWHU�KDUYHVWLQJ
V\VWHP�ZDV�FRQGXFWHG�DW�����PJ�/�ZLWKLQ�WKH
UHFRPPHQGDWLRQ�IRU�6:6�SURJUDP�DQG�&'&�DV�LW
PHW�WKH�UHTXLUHPHQWV�RI��QRW�OHVV�WKDQ�����PJ�/
DIWHU����KRXUV�FRQWDFWLQJ�WLPH�DQG�QRW�PRUH�WKDQ
����PJ�/�DIWHU����PLQXWHV�WR�PDNH�VXUH�WKDW�WKH
WHVW�DQG�RGRU�LV�DFFHSWDEOH�IRU�WKH�FRQVXPHUV�

5HFRPPHQGDWLRQV
� )RU�KHDOWK�VDIHW\��WKH�KDUYHVWHG�UDLQZDWHU�VKRXOG�EH

WUHDWHG�ZLWK�RSWLPXP�FKORULQDWLRQ�GRVDJH�SULRU�WR
XVH�IRU�GULQNLQJ�SXUSRVH�

� ,QFUHDVLQJ�WKH�VL]H�RI�UDLQZDWHU�KDUYHVWLQJ�WDQN�LQ
:$65$�V\VWHP�XS�WR������/�FDSDFLW\�

� 7R�LPSURYH�WKH�TXDOLW\�RI�KDUYHVWHG�UDLQZDWHU
V\VWHP��D�VFUHHQ�ZLUH�PHVK�VKRXOG�EH�LQVWDOOHG�RYHU
WR�DYRLG�DQ\�EORFNLQJ�LQWR�WKH�JXWWHUV�

� +HDOWK�H[WHQVLRQ�FRPPXQLW\�ZRUNHUV�VKRXOG�EH
WUDLQLQJ�RQ�PDLQWDLQLQJ�JRRG�VDQLWDU\�FRQGLWLRQV�RI
KDUYHVWHG�UDLQZDWHU�

)XWXUH�:RUN
)XUWKHU IXWXUH LQYHVWLJDWLRQ VWXGLHV VKRXOG EH
FDUULHG RXW WR DVVHVV WKH TXDOLW\ RI KDUYHVWHG
UDLQZDWHU�

5LVN DVVHVVPHQW VWXGLHV PRUH QHHGHG RQ WKHVH W\SH
RI ZDWHUV DV WKH\ DUH XQFRPPRQ DQG VSHFLILF
NQRZOHGJH UHJDUGLQJ FRQWDPLQDWLRQ DQG KRZ WR
LPSURYH WKH GHVLJQ DQG FROOHFWLRQ RI UDLQZDWHU
V\VWHP�

0RUH VWXGLHV VKRXOG EH DSSOLHG UHJDUGLQJ WKH
FKORULQDWLRQ IRU UDLQZDWHU KDUYHVWLQJ V\VWHPV� WKH
QHHGHG FRQFHUWDWLRQ DQG GRVDJH WR EH DSSOLHG DQG
PRUH DZDUHQHVV VKRXOG EH VHSDUDWHG EHWZHHQ ORFDO
SHRSOH LQ UHPRWH UXUDO DUHDV DERXW KRZ WR XVH WKH
VRGLXP K\SRFKORULWH VROXWLRQ IRU GLVLQIHFWLRQ RI
KDUYHVWHG UDLQZDWHU V\VWHPV WR EH XVHG DV DQ
DOWHUQDWLYH VDIH GULQNLQJ ZDWHU VRXUFH DQG
HVSHFLDOO\ LQ QDWXUDO FRPPRQ GLVDVWHUV DQG GXULQJ
IORRGV LQ 0DOD\VLD�

$FNQRZOHGJPHQWV
7KH�ZRUN�SUHVHQWHG�LQ�WKLV�VWXG\�ZRXOG�QRW�KDYH
EHHQ�FRPSOHWHG�ZLWKRXW�DVVLVWDQFH�RI�P\

6XSHUYLVRU�0U� $EG 6X\NRU $EG� 5D]DN
0\�&R��6XSHU�9LVRU�'U� 1XUXO ,VODP�6LGGLTXH
0DGDP 6XU\DWL 6XODLPDQ
7KH VIDII ODERUDWRU\�RI 8QLYHUVLWL RI�0DOD\VLD
3DKDQJ�

&RQWDFWV�
%DQ +LNPDW 4DVLP� 8QLYHUVLWL 0DOD\VLD�3DKDQJ�

*DPEDQJ� 7XQ 5D]DN �������(�PDLO�
EDQTDVLP#JPDLO�FRP

&HOO�SKRQH�QXPEHU��������������

6RGLXP�+\SRFKORULWH�'RVDJH�)RU�5DLQZDWHU
+DUYHVWLQJ�6\VWHP�)RU�3RWDEOH�8VH�,Q

*DPEDQJ��0DOD\VLD
%DQ�4DVLPñ��$EGXO 6\XNRU�%LQ $EG��5D]DNò� 1XUXO ,VODP�6LGGLTXHó

8LQLYHUVLWL 0DOD\VLD�3DKDQJ��)DFXOW\�RI�&LYLO�(QJLQHHULQJ�	�(DUWK�5HVRXUFHV� *DPEDQJ�7XQ 5D]DN�������

$EVWUDFW
5DLQZDWHU KDUYHVWLQJ V\VWHP IRU SRWDEOH XVH LV
HVVHQWLDO LQ PDQ\ SDUWV DURXQG WKH ZRUOG IURP WKH
DVSHFWV RI ERWK VXVWDLQDEOH ZDWHU VXSSO\ DQG SXEOLF
KHDOWK� ,Q D UHPRWH UXUDO DUHD� UDLQZDWHU KDUYHVWLQJ
FDQ EH WKH LPSRUWDQW RU WKH VROH VXSSOHPHQWDU\
VRXUFH ZKHUH WKH VXSSO\ RI FOHDQ GULQNLQJ ZDWHU LV
OLPLWHG� +RZHYHU� UDLQZDWHU FDQ EH FRQWDPLQDWHG E\
IROORZLQJ FRQWDFW ZLWK WKH FDWFKPHQW VXUIDFH DQG
FRXOG EH SRWHQWLDO SXEOLF KHDOWK ULVNV DVVRFLDWHG ZLWK
PLFURELRORJLFDO DQG SDWKRJHQV� 6RGLXP K\SRFKORULWH
VROXWLRQ 1D2&O ZDV XVHG DV DQWLPLFURELDO DQG IRU
GLVLQIHFWLRQ SXUSRVHV ZLWK D VSHFLILF GRVDJH WR
HOLPLQDWH WKH PLFURELDO FRQWDPLQDWLRQ� 5DLQZDWHU
VDPSOHV ZHUH FROOHFWHG WZR WLPHV D ZHHN IURP WKH
PDLQ VWRUDJH WDQN RI :$65$ KDUYHVWLQJ V\VWHP IRU
VL[ PRQWKV¶ SHULRG RI WLPH DQG DOO UDLQZDWHU ZHUH
H[DPLQHG LQ WKH HQYLURQPHQWDO ODERUDWRU\ RI WKH
8QLYHUVLWL RI 0DOD\VLD 3DKDQJ� 7KH HIILFLHQF\ RI
VRGLXP K\SRFKORULWH VROXWLRQ 1D2&O FRQFHUWDWLRQ DQG
RSWLPXP GRVDJH IRU GLVLQIHFWLRQ ZDV ��� PJ�/ ZKLFK
ZDV DGGHG WR UDLQZDWHU KDUYHVWLQJ V\VWHP WR PDLQWDLQ
IUHH FKORULQH UHVLGXDOV QRW PRUH WKDQ ��� PJ�/ DIWHU
RQH KRXU RI VRGLXP K\SRFKORULWH DGGLWLRQ DQG QRW OHVV
WKDQ ��� PJ�/ DIWHU �� KRXUV¶ RI VWRUDJH ZLWKLQ WKH
DSSURYHG VWDQGDUG OLPLWV RI :RUOG +HDOWK
2UJDQL]DWLRQ :+2 DQG &HQWHU IRU 'LVHDVH &RQWURO
3UHYHQWLRQ &'&�

%DFN�JURXQG�RI�WKH
VWXG\

� 7KLV�6WXG\�WRRN�SODFH�LQ�D�UXUDO�DUHD�RI *DPEDQJ�
3DKDQJ�VWDWH�VRXWK�HDVW�FRDVW�RI�0DOD\VLD�

� 0DOD\VLD�LV�D�WURSLFDO�FRXQWU\�DQG�UHFHLYLQJ��DQ
DYHUDJH��DQQXDO�UDLQIDOO��RI������PP�

� 5DLQIDOO�FRQVLGHUHG�RQH�RI�WKH�PDLQ�ZDWHU
UHVRXUFHV�HVSHFLDOO\�LQ�UHPRWH�UXUDO�DUHDV�

2EMHFWLYHV
� 7R GHWHUPLQH WKH RSWLPXP GRVH RI VRGLXP

K\SRFKORULWH LQ D SURMHFW DUHD

� 7R PRQLWRU DQG HYDOXDWH WKH UDLQZDWHU
KDUYHVWLQJ V\VWHP E\ WHVWLQJ WKH KRXVHKROG ZDWHU

� 7R LPSURYH WKH TXDOLW\ RI KDUYHVWHG UDLQZDWHU
SURMHFWV LQ IDU UXUDO DUHDV DQG PDLQWDLQ DQ
DFFHVV WR DOWHUQDWLYH VDIH FOHDQ GULQNLQJ IRU
SHRSOH GXULQJ IORRGV DQG HPHUJHQFLHV DFFRUGLQJ
WR :+2 � (3$ DQG &'&�

&KORULQH�$GGHG&KORULQH�$GGHG

&KORULQH�'HPDQG&KORULQH�'HPDQG
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