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Preface

This report is written by students of different master programs of the faculty of Civil En-
gineering at the Delft University of Technology, for the course CIE4061. This course is an
opportunity to study abroad with a group of Dutch students. It is a contribution to bring the
theoretical knowledge into the real world problems.

The group collaborated with the Dutch Technical University, the Can Tho University, the
Thuy Loi University and the Can Tho Resilient Office. This is the group who helped us to
gather data and showed us around in the problem area. There were several meetings with
the Dutch students and one of the Universities or the Office. The World Bank project also
provided us a lot of data.

The objective of the report is to define the resiliency of the city and to describe the effects and
impacts of the World Bank project. The city centre of Can Tho city struggles with flooding
in the current situation. The polder designed by the World Bank is helping the environment
protecting the city centre from floods. First, the current situation is and the future situation
is analysed by two different models, the hydraulic part and the transport part. The validity of
the current situation ensures the availability of the future situation models. By implement-
ing the scenario analysis, recommendations of can be made about the future for Can Tho
City, based on the flood problems.

This multidisciplinary team consists of 5 students, Reinier Frdlke, Watermanagement; Berend
Meijer, Structural Engineering; Oscar van den Heuvel, Offshore & Dredging Engineering and
Nadieh Maarse and Eveline Frouws of Transport, Infrastructure and Logistics. By combining
the different background an integrated solution and analysis of the above described objective
can be made. The team lived in Ho Chi Minh City during the months September and October.
The team made several trips to the case area.

The team was not able to go to Vietham without the supervisors, Ir. T.J. Zitman (TU Delft),
Dr. ir. R. van Nes (TU Delft), Dr. ir. G. Schoups (TU Delft). The project was defined by J.D.
Bricker, he brought us in contact with the University of Ho Chi Minh and our supervisor
there Mister Van (Thuy Loi University) and Mister Trung (Can Tho University). They all gave
us helpful feedback and provided models and data. We would like to thank all the supervi-
sors involved in the project and Sweco, HKV-group and DIMI for providing us with financial
support.

Delft, 19 February 2019

Reinier Frolke

Berend Meijer

Oscar van den Heuvel
Nadieh Maarse
Eveline Frouws






Abstract

Vietnam is one of the five countries that is severely affected by the consequences of climate
change. The extreme weather conditions and the increase of the sea level results in floods in
the Mekong Delta, located in the South of Vietham. Can Tho city, found in the heart of the
Mekong Delta, is one of the cities that copes with water related issues on a regular basis. To
be prepared for the future, the environmental and infrastructural issues need to be tackled.
The resiliency of Can Tho got included of the World Bank program. The objective of this
project of the World Bank is to reduce the flood risk in the urban core area and to improve
connectivity between the city centre and the low risk urban growth areas.

A resilient city is defined as a scity that can adapt to a variety of changing conditions and
withstand shocks while providing essential services to its residents:. Resiliency concerns the
land and waters of a city. Currently, the city is connected to the southern surrounding area
and Ho Chi Minh City with several highways and bridges. The high availability of water in
Can Tho city is usable for agriculture activities, transportation and touristic activities. How-
ever, the connectivity is limited and highly influenced by the occurring floods. With that,
the frequent floods lead to significant economical damages to the city and the inhabitants.
Improving the infrastructure of Can Tho is important in overcoming these issues.

In order to realise infrastructural improvements, Can Tho city is included in the Resilient
Cities Programme of the World Bank. The objective of this programme is to reduce the floods
in this area with the creation of a polder in the city. The structural solutions of the polder
will be sluice gates, tidal sluice gates, the construction of river embankment, rehabilitation
of the drainage system and constructing two regulation and water retention lakes. Addition-
ally, building dykes with new roads and expanding or building new bridges will increase the
connectivity of the city. All these measures will contribute on the resiliency of the city.

The aim of this report is to identify the impact of the polder on the city, considering the
infrastructural and the hydraulic aspects. To measure the impact, the current situation is
simulated into two models, an infrastructure model and a hydraulic model. The results of
hydraulic model show whether and when locations are flooded, whereas the aim of the in-
frastructure model is to identify flows on the network, the connectivity of the city and the
flow changes after implementation of the new roads.

The models are build with data gathered from experts and literature. A Four Step Model is
used to indicate whether there will be changes in flows of the motorbike on the road net-
work. This is validated by real-time counts during a visit of the city. To model the hydraulic
system, a Simplified Shallow Water Equation System (SSWES) model is created using MatLab.

To achieve a view on the future, four scenarios are created with varying relevant values for
environmental and economic factors. After entering these values in the respective models,
conclusions are drawn. One of the main findings of the Four Step Model is a range of increase
in trips on the network of 3-10% in 2050. It should be noted that an increase of trips may
not serve as a positive impact on the network as the capacity of the lanes is not taken into
account in the model. Future research could therefore focus on congestion on the network
based on capacity of the lanes since this influences the choice behaviour of travellers on a
certain route. Moreover, the execution of the counts could be improved in order to obtain
more effective and more reliable outcomes. Using the hydraulic model resulted in the con-
clusion that the construction of a polder improves the resiliency as floods can be prevented.
However, this requires a good control plan regarding the sluices. By using the extended SS-
WES model, it makes further research on the hydraulics of the polder more accessible and
applicable.
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GLVDVWHU EXGJHW H[HFXWLRQ DQG WKHUHVSRQVLYHQHVV RI VDI



SUREOHP GHILQLWLRQ

,Q WKLV UHSRUW WKH IRFXV ZLOO EH RQ FRPSRQHQW RQH DQG WZR UHJID
DIJHPHQW DQG HQYLURQPHQWDO VDQLWDWLRQ DQG WKH WUDQVSRUWDWLR
7KH WKLUG FRPSRQHQW LV OHIW EH\RQG WKH VFRSH RI WKLV UHSRUW

$ UHVLOLHQW FLW\ LV GHILQHG DV D FLW\ WKDW FDQ DGDSW WR D YDULHW
ZLWKVWDQG VKRFNV ZKLOH VWLOO SURYLGLQJ HVV@Q WH B DOVHIWDWL RH\DWR |
FLW\LV RI JUHDW LPSRUWDQFH IRULQIUDVWUXFWXUH RYHU ODQG DQG RYH
SUHYHQWLQJ QDWXUDO GLVDVWHUV OLNH IUHTXHQW IORRGLQJ RU WURSLF

‘LWK WKH FLWLHV DV FHQWUHV RI UHJLRQV ZKHUH PRVW RI WKH SRSXODWLF
FHQWUDWHG WKHFLWLHY DUH NH\ WR VRFLDO GHYHORSPHQW DQG HFRQRP
QDWLRQ RI XUEDQLVDWLRQ DQG FOLPDWH FKDQJH WKH FLWLHV KDYH D JUI
5HJDUGLQJ WKHVH FKDOOHQJHV WKH FLWLHYV DUH LQFUHDVLQJO\ YXOQHUI
FLYLOLVDWLRQ GLVDVWHUV DV HFRQRPLF GRZQWXUQV FULPH DQG YLROH
DQG HYHQ LQIUDVWUXFWXUH IDLOXUH /RJLFDOO\ WKHVH VKRFNV FDQ KDY
RQ KXPDQ GHYHORSPHQW

JXUWKHUPRUH FLWLHV DUH FRPSOH[ VI\VWHPV $ FLW\ GHSHQGV RQ PXOW
ODUJHU RUJDQLVDWLRQ WKHUHIRUH WKH FLW\ V UHVLOLHQFH LV DIIHFW!|
VPDOOHU DQG ODUJHU VA\VWHPV )RFXVLQJ RQ RQH JRDO VXFK DV RQO\ IO
FRQVLGHULQJ RWKHU DVSHFWV RI D FLW\ FRXOG OHDG WR XQGHVLUDEOH F
FLW\ WKHUHIRUH QHHGY WR WDNH PXOWLSOH GLVFLSOLQHV LQWR DFFRXQ\
DSSURDFK

3UREOHP GHILQLWLRQ

BUJHQF\
&DQ 7TKR &LW\ LV YXOQHUDEOH WR FOLPDWH FKDQJH DQG K\GUR PHWURORJ
IORRGLQJ )ORRGLQJKDV VLIQLILFDQWO\LPSDFWHG WKHVRFLR HFRQRPLF
WKH HQWLUH OHNRQJ '"HOWD WKH VXUURXQGLQJUHJLRQ RI &DQ 7KR &L W\

7KH &LW\ LV VXVFHSWLEOH WR IORRGLQJ FDXVHG E\ OHNRQJ DOOXYLDO RY
WUHPH UDLQIDOOHYHQWY 6HDVRQDO IORRGLQJW\SLFDOO\LPSDFWYV  SHI
UHFHQWO\ LQFUHDVHG WR SHUFHQW &ORVH WR SHUFHQW Rl WKH WRW|
DERYH PHDQ VHD OHYHO H[FHSW IRU WKH EXLOW XS XUEDQ DUHD ORFDWH(
S5LYHU ZKLFK LV DERXW P DERYHPHDQ VHD OHYHO

9LHWQDP V HFRQRPLF SURJUHVV KDV EHHQ DFFRPSDQLHG E\ UDSLG XUED
WKUHH SHUFHQW DQQXDO XUEDQ SRSXODWLRQ JURZWK UDWH IURP W R
SRSXODWLRQ RI DSSUR[LPDWHO\ PLOOLRQ DQG DQ XUEDQ DQQXDO JUR
EHWZHHQ DQG $V WKH WK PRVW SRSXODWHG FLW\ LQ 9LHWQDP DQC
WKH OHNRQJ 'HOWD LW LV DQ HQJLQH RI HFRQRPLF JURZWK IRU WKH UHJLR
7KR KDV DIIHFWHG DQ DYHUDJH RI KD DERXW SHUFHQW RI WKH WRWD
PRUH WKDQ SHRSOH HDFK \HDU ,Q DGGLWLRQ WR WKH VHULRXV GDPD
DOVR LQWHUUXSWV HFRQRPLF DFWLYLWLHV LQ WKHVH FRUH XUEDQ DUHDV

5DSLG DQG LQDGHTXDWHO\ SODQQHG XUEDQ JURZWK LQ &DQ 7KR KDV FDXV'}
RI XUEDQ WUDQVSRUW KDV EHFRPH D SULRULW\ 7UDQVSRUW LQIUDVWUXF'
QDQWO\ GHSHQGHQW RQ URDGY UHQGHULQJ WKH WUDQVSRUW VHFWRU Y X(
E\ VHDVRQDO IORRGLQJ :KLOH WKH FLW\ KDV SURDFWLYHO\ DVVHVVHG WL
RQ IORRG ULVNV WKH OLQN EHWZHHQ WUDQVSRUW DQG XUEDQ ODQG XVH
LQWR FRQVLGHUDWLRQ 2YHU SHUFHQW RIPDQXIDFWXUHG JRRGV DUH W
LQ 9LHWQDP ZKLOHDQLQFUHDVLQJQXPEHURIERWWOHQHFNV DUHKDPSHU
DQG SHRSOH



T QWURGXFWLRC

'LUHFW EHQHILFLDULHYV RI WKH :RUOG %DQN SURMHFW LQ &DQ 7KR ZL!
DUHD EDVHG RQ WKH SRSXODWLRQ HVWLPDWHYV LQ LWZLOO GLUHFV
> @ ,Q DGGLWLRQ SHRSOH IURP RWKHU SURYLQFHV LQ OHNRQJ "HOWL
FRXQWU\ZLOO EHQHILW IURP WKH SURMHFW FRQVLVWLQJRIVWXGHQW
DQG WRXULVWYV

2EMHFWLYH

,Q FROODERUDWLRQ ZLWK WKH :RUOG %DQN DQG WKH XQLYHUVLW\ RI &I
GUHVVLQJ HFRQRPLF VRFLDO HQYLURQPHQWDO DQG ILQDQFLDO GLPF
7KR>@ $ SROGHU DSSURDFK ZLOO EH WDNHQ IRU IORRG PLWLJDWLRQ
VWUXFWXUDO VIVWHP FRQVLVWHG RID L FORVHG ULQJHPEDQNPHQW
WR SURWHFW WKH DUHD IURP KLJK ZDWHU RQ RXWVLGH ULYHUV ULYHU
VI\VWHP LQFOXGLQJ RSHQ FDQDOV VHZHUV VWRUP UDLQZDWHU UHWH
7LGDO JDWHV DUH GHVLJQHG IRU HPEDQNPHQW IXQFWLRQ GXULQJ FOF
IXQFWLRQ GXULQJJDWHRSHQLQJ

JLIXUH 3ROGHU DUHD &DQ 7KR &L W\
%\ FUHDWLQJ D SROGHU DURXQG WKH FLW\ FHQWUH RI &DQ 7KR &LW\ P)
FRQVLGHUDWLRQ

7TKHFKDQJHRIWKHLQIUDVWUXFWXUHLQDQGDURXQG WKHFLW\FHC
RI'JRRGV DQG VHUYLFHV

7KH SROGHU PDQDJHPHQW UHJDUGLQJ WKH ZDWHU TXDOLW\DQG TX
7KH GHVLJQ RI WKH G\NHV DURXQG WKH SROGHU DQG WKH VOXLFHJEL

7TKH DUHD RI1 &DQ 7KR &LW\ RXWVLGH WKH SROGHU DUHD KDV OHVV SULR
JLYHQ WKH ODQG XVH DQG SRSXODWLRQ GHQVLW\ )RU WKLV DUHD D S¢
WKH VFRSH RI WKLY VWXG\ 80WLPDWHO\ WKH UHVHDUFK TXHVWLRQ V)

+RZ FDQ WKH XUEDQ SROGHU FRQWULEXWH WR WKH UHVLOLHQF\ RI &D
FRQWURO RI ZDWHU ZLWKLQ WKH SROGHU DQG WKH LPSDFW RQ WUDQ\



6FRSH

6FRSH

7KH JHRJUDSKLFDO VFRSH RI WKLV SURMHFW LV OLPLWHG EHWZHHQ WKH
URXQGLQJ WKH SROGHU DUHD LO O X¥MWDMHEWRRYBHXHAEDQNPHQWY WKH X
FRUH RI &DQ 7KR &LW\ KDYH WR EH SURWHFWHG DJDLQVW IORRGLQJ

7KLY UHVHDUFK IRFXVHVY RQ WKH UHVLOLHQF\ RI WKH XUEDQ FRUH RI &DQ 7
VKRXOG EH FRPSOHWHG LQ "KHQ VXFFHVVIXO LQ WKH IXWXUH DUHDYV F
FRXOG EH SURWHFWHG DJDLQVW IORRGY DV ZHOO )RU QRZ GLIIHUHQW V
HVWLPDWH WKH SRVVLEOH VLWXDWLRQV LQ WKH \HDU UHJDUGLQJ FOL
JURZWK

OHWKRGRORJ\

7KLV VHFWLRQ GHVFULEHV WKH GLITHUHQW PHWKRGRORJLHVY WKDW DUH X\
LV GLYLGHG LQWR WZR SDUWV WKH LQIUDVWUXFWXUH SDUW DQG WKH K\GL
FRQFOXVLRQ DERXW WKH UHVLOLHQF\ RI &DQ 7KR &LW\ WKH FXUUHQW VW
DVSHFWV 7KH K\GUDXOLF VI\VWHP LVDQDO\VHG XVLQJO0$7/$3% DQG WKH LQIL
XVLQJ D VWHS PRGHO $IWHU REWDLQLQJ GDWD DERXW WKH FXUUHQW V
DQDO\WLV DFFRUGLQJ WR WKH :RUOG %DQN SODQV DQG LQYHVWPHQWYV 7k
ZLWK WKH YDOXHV RI FUHDWHG VFHQDULRYV VR WKDW FRQFOXVLRQV FDQ EI
RI WKH FLW\ $QDO\VLQJ WKH VFHQDULRV LV LPSRUWDQW WR EH DEOH WR
WKH SROGHU GHVLJQ DQG WR KDYH H[SHFWDWLRQV DERXW WKH IXWXUHV P
7TKH VFHQDULRY DUH FUHDWHG XVLQJ OLWHUDWXUH DQG WKH IXWXUH SURN
9LHWQDP

2XWOLQH

,Q WKLV LQWURGXFWLRQ WKHEDFNJURXQG DQG WKHUHOHYDQFH RI WKH S
WKHUHVHDUFK REMHFWLYHDQG PHWKRGRORJ\ ,Q WKHVHFRQG FKDSWHU W
GLVFXVVHG IRUERWK SDUWVY WKHURDGDVSHFWV DQG WKH ZDWHU DVSHFW
WKH SODQV RI WKH :RUOG %DQN ,Q WKH WKLUG FKDSWHU WKH K\GUDXOLF V
PRGHO LV H[SODLQHG &KDSWHU IRXU FRQWDLQV WKH FUHDWHG WUDQVSRI
WKH VFHQDULR DQDO\VLV LV GRQH DQG LPSOHPHQWHG LQ WKH ERWK PRGH
IXWXUH ,Q FKDSWHU VL[ WKH UHVXOWV RI WKHLPSOHPHQWHG VFHQDULRYV
,Q WKH ObVW FKDSWHU FKDSWHU VHYHQ WKH FRQFOXVLRQV DERXW WKH
IXWXUH UHVHDUFK LV GLVFXVVHG 7KH DSSHQGLFHV VWDUW ZLWK D VLWH
DQG UHPDLQLQJ DSSHQGLFHVY DUH HODERUDWLRQV RI LQIRUPDWLRQ GLVFX






&XUUHQW VW

,Q WKLV FKDSWHU WKH FXUUHQW VWDWH RI &DQ 7KR FLW\ ZLOO EH GHVFUL
LOQWURGXFWLRQ WR &DQ 7KRLVJLYHQDV ZHOO DV LQIRUPDWLRQ DERXW WK#
DURXQG WKH FLW\ $IWHU WKLV LQIRUPDWLRQ DERXW WKH FLW\ V K\GUD X¢
7KLUGO\ &DQ 7KR VLQYROYHPHQW LQ QDWLRQDO SURJUDPPHV DQG SROLF
WKLV DQ HODERUDWH YLHZ RQ WKH FRP S RXHYQ W VHR) W/ & HWR HAL @ @RIQID P P H
EHJLYHQ $W ODVW D EULHI FRQFOXVLRQ RQ WKH FXUUHQW VWDWH RI &DQ

'"HPRJUDSKLFLQWURGXFWLRQ

&DQ 7KR FLW\ ZDV FUHDWHG LQ WKH EHJLQQLQJ RI E\D VSOLW RI WKH IR
LQWR WZR QHZ DGPLQLVWUDWLYH XQLWYV &DQ 7KR FLW\DQG +DX *LDQJ 3UF
PDMRU XUEDQ FHQWUH LQ WKH 9LHWQDPHVH SDUW RI WKH ORZHU OHNRQJ 'H
WR WKH UHVW RI 9LHWQDP E\ 1DWLRQDO 5RXWH $DQG WKH &DQ 7KR ,QWHU

7TKHUH DUH ILYH XUEDQ GLVWULFWV %LQK 7KX\ &DL 5DQJ 1LQK .LHX 2 PF
IRXU UXUDO GLVWULFWYVY &R 'R 3KRQJ 'LHQ 7KRL /DLDQG 9LQK 7KDQK 7K
ZLWK WKHLU SRSXODW@RY GH@VEWHS LQ WKKH GDPDVIWULFWY WKDW DUH DIIH
E\WKH SROGHU DUH 1LQK .LHX DQG SDUWO\ %LQK 7KX\ $V GHVFULEHG

RQO\WKH 1LQK .LHX GLVFWULFW ZLOO EH WDNHQ LQWR DFFRXQW LQ WK

J)LIXUH BRSXODWLRQ GHQVLW\



&EXUUHQW VWDW

3RSXODWLRQ DQG ODQG XVH

'LWK D SRSXODWLRQ RI DSSUR[LPDWHO\ PLOOLRQ DQG D \HDUO\ Ju

> @ &DQ 7KR FLW\ LV D UDSLGO\JURZLQJ FLW\ $ ZLGH UDQJH RI1
VKRZ YDU\LQJ QXPEHUV RIWKH SRSXODWLRQ L ®HQKH DXAV6GMW BIW + R WHL ¥ N 2
RI9LHWO®®P9 SUHVHQWY H[SHFWHG YDOXHV XQWLO ZKHUH D SRSXC
LVDQWLFLSDWHG 7KHVH YDOXHV ZLOO EH XVHG IRU IXUWKHU FDOFXO
IRUWKH IXUWKHU IXWXUH DUH XQFHUWDLQ LW LV VXUH WKDW &DQ 7K
VWXGLHY VWDWHG WKDW WKH XUEDQ GHYHORB?P XQWRQWVKRRDYH G ILJI X

YLIXUH SUEDQLVDWLRQ RI &D @7KR >

30DQQHG XUEDQLVDWLRQ LQ WKH HDVWHUQ GLUHFWLRQ DQG RWKHU KL
WR EH HQFRXUDJHG LQ RUGHU WR SURYLGH VDIHU OLYLQJ FRQGLWLRQ

%LQK 7KX\ ORFDWHG LQ WKH 6RXWK (DVWHUQ SDUW LV EHLQJ VXUL
ZLWKLQ WKH FLW\ ERUGHUV %\ ORFDWLQJ QHZ UHVLGHQWLDO DQG LQ!
WKH ULYHU WKH LPSDFW RI XUEDQ SROOXWDQWY RQ VXUIDFH ZDWHU
UHVLOLHQFH WR ULYHU IORRG HYaH Q&\RQGIXFOW HGEUHRIPKH ©DQG XVH RI
&DQ 7KR LV VSHFLILBR®QQKR KDV WKH HFRQRPLF IRFXV IURP WUDGLWL
WR LQGXVWU\ WUDGH VHUYLFHV WRXULV®@ DLQ\GKDLMIWR LEXG/X\D\MV VHY >
KDV WKH SRWHQWLDO WR EHFRPH WKH UHJLRQDO KXE IRU KLJK WHFK |
DTXDFXOWXUH IRRG SURFHVVLQJ DQG H[SRUW

JLIXUH IDQG@XVH >



SRSXODWLRQ DQG ODQG XVH

SRDG QHWZRUN
&DQ 7KR FLW\ KDV VHYHUDO KLJKZD\V WKDW FRQQHFW WKH FLW\ ZLWK DOC
PRVWO\ WKH ORZHU OHNRQJ '"HOWD DV DQG +R &KL OLQK FLW\ 7KH WRWDC
FLDO URDGV LV @NFRKH URDG FRQGLWLRQV KDV UHFHQWO\ LPSURYHG DV
SURYLQFLDO URDGV DQG RI WKH GLVWULFW URDGY DUH SDYHG 7KLV LV
DYHUDJH ,Q WKH URDG GHQVLW\ UHDFKH® :KHQ REWHPUYLQJ WUDYHOV
LQ DQG DURXQG &DQ 7KR PXOWLSOH URXWHYV ZLWK GLITHUHQW SXUSRVHYV
DSSUR[LPDWHO\ VWXGHQWY WUDYHOOLQJ E\ PRWRUELNH RU FDU WR !
%HVLGHY WKHUHDUHDORWRISHRSOHJRLQJWR WKHLU ZRUN E\ PRWRUEL!
VXFK DV LQWHU SURYLQFLDO WRXULVP URXWHV QDWLRQDO WRXULVP DQG
ORFDWHG LQ WKH FLWVAYHVURQHRYHUYLHZ RI WKH URDG QHWZRUN LQ &DQ 7K/

JLIXUH S5RDG PDS &DQ 7KR &L W\

%ULGJIHV
7TKHUH DUH WKUHH EULGJHYVY WR HQVXUH WKH FRQQHFWLRQ EHWZHHQ &DQ
VXUURXQGLQJ DUHD RYHU WKH &DQ 7KR ULYHU 7KHVH DUH WKH &DL 5DQJ
DQG WKH 4XDQJ 7UXQJ EULGJH 7KH QRUWKHUQ SDUW RI &DQ 7KR &LW\ LV F
7 KX\ DQG 7KH HDVW VLGH RI WKH FLW\ LV WKH FRQQHFWLRQ IRU WUDI
OLQK &LW\ 7KLV EULGJH LV FDOOHG WKH &DX &DQ 7TKR DQG LV WKH ODUJHVYV
DERYH SLFWXUH VKRZV WKH ORFDWLRQ RI WKH EULGJHV LQ &DQ 7KR ILJXUI

:DWHU WUDQVSRUWDWLRQ QHWZRUN
&DQ 7KR &LW\ LV GLVVHFWHG E\ PDQ\ VPDOO DQG ODUJHU ULYHUV 7KH DE
WRWDO OHQJWK RI NP RI ZKLFK NP LV XVHG IRU WUDQVSRUWDWLI
WKH ULYHUV DQG FKDQQHOV FDQ EH XVHG E\ WUDQVSRUWDWLRQ YHVVHOV
RYHU WRQV 7KH PRVW LPSRUWDQW LQWHU UHJLRQDO DQG LQWHUQDWL
+DX ULYHU EUDQFK IURP &DPERGLD FURVVLQJ &DQ 7KR WR WKH VHD WKH |
OLQK &LW\ ZLWK &DQ 7KR &LW\ DQG &D 0DX WKH EUDQFK FURVVLQJ &DQ 7K
+RZHYHU GXH WR GHSRVLW RIVLOWDQG VHGLPHQW RQO\VPDOO YHKLFOH
WKDQ WRQV FDQ PRYH UHJXODUO\ 7KH SRUW VA\VWHP LQFOXGHYV &DQ 7KR
ZLWK D \HDUO\ FDSDFLW\ RI PLOOLRQ WRQV +RZHYHU WKH FXUUHQWO\
PLOOLRQ WRQV SHU\HDUDQG WKHUH LV GLIILFXOW\LQ WUDQVSRUWDWLRQ
XQGHUXWLOLVHG SRUW ORFDWHG LQ UHODWLYHO\FORVH SUR[LPLW\WR WK
HIWHQVLYH VA\VWHP RI FDQDOV WKURXJKRXW WKH DUHD $OWKRXJK WKH RY
NP RIULYHUV DQG FDQDO SRUW LQIUDVWUXFWXUHLQ WKHUHJLRQ LYV ZHDN
FDSDFLW\ 7KLV LVPDLQO\GXHWR WKHODFNRIFRQQHFWLYLW\EHWZHHQ V



&EXUUHQW VWDW

DQG URDG QHWZRUNYV 7KH OHNRQJ UHJLRQ KDV VHYHQ VHDSRUWYV

SRUWV LQ OHNRQJ 'HOWD 'HVSLWH WKLV DURXQG SHUFHQW RI WKH J
ODQG WR VHDSRUWY LQ WKH UHJLRQ 7KH &DQ 7KR 3RUW KDV D FRQYHQ
R NLORPHWUHYV WKH 3RUWFDQ EHFRQQHFWHG ZLWK WKH SURGXFW|
SDUNV DQG ODUJH FRQVXPHU FHQWUHY RI WKH UHJLRQ WKURXJK URDG
ZLWK WKH LQFUHDVH RI WRQQDJH IUHLJKW FDUULHG E\ ZDWHUZD\V W}
LQFUHDVLQJ SRUW FDSDFLW\ WR VWLPXODWH WK XVH RI WKH ZDWHU C

,PSRUWDQFHRILQIUDVWUXFWXUH
2YHU RI PDQXIDFWXUHG JRRGY DUH WUDQVSRUWHG WKURXJK URDG
FUHDVLQJ QXPEHU RIERWWOHQHFNV DUH KDPSHULQJ WKH@ RYHIPVHQW R
LPSURYLQJ WKH HIILFLHQF\ RI URDG IUHLJKW WUDQVSRUWDWLRQ LV F
GRU GHYHORSPHQW ZDV LOWURGXFHG WR FRQQHFW EDFNERQHV RI WK
DPRQJ QHZ DQG H[LVWLQJ UHVLGHQWLDO DUHDV LQ WKH FLW\ FHQWU |
LOWHU UHJLRQDO XUEDQ DUHDV DQG SXEOLF WUDQVSRUW RSWLRQ RI &

:DWHU VA\VWHP

7TKH FLW\ RI &DQ 7KR KDV PXOWLSOH EHQHILWYV IURP WKH ZDWHU LQ DQ!
FLW\ %HFDXVH RI WKH ZDWHU DYDLODELOLW\ WKH VXUURXQGLQJ UXU
WXUDO DFWLYLWLHY 6HFRQGO\ WKH ZDWHU VHUYHV DV D PRGH RI WL
FLW\ 1RW WR IRUJHW WKH WRXULVWLF YDOXH RI WKH ZDWHU WKH ERCLC
DQG YLVLWV WR WKHIORDWLQJ PDUNHWDUH WKH WRXULVWLF KLJKOLJF
LVDSOHDVDQW QDWXUDO FRROHU LQ WKH ZDUP WURSLFDO FOLPDWH

%HVLGHY WKH DGYDQWDJHV RI WKH ZDWHU LW LV DOVR FRQVLGHUHG
IORRGY OHDG WR VLIJQLILFDQW HFRQRPLFDO GDPDJHV WR WKH LQKDEL

7TKH FLW\ FHQWUH KDV D GHQVH V\VWHP RI FDQDOV DQG FUHHNV FRQV
DQG WHUWLDU\FDQDOV ,QFDVHV RIKLIJKZDWHU WKHVHFDQDOV FDQ O
'LWK D KLIJK QXPEHU RI SHRSOH WUDYHOOLQJ WR &DQ 7KR &LW\IRU ZRU|
DUHHYHU\GD\ VEXVLQHVV DQG DUHLQFUHDVLQJHYHQ PRUH GXULQJ I

7KH FLW\ Rl1 &DQ 7KR KDV YDULRXV DVSHFWV UHJDUGLQJ ZDWHU PDQD
IRUPDWLRQ DERXW WKH IORRGY ZLOO EH SUHVHQWHG 6HFRQGO\ WK
YDULRXV IDFWRUV ZLWKLQ WKH FLW\ GHWHUPLQH WKH TXDOLW\RI WKH
TXDQWLW\ ZLOO EH GLVFXVVHG DV LW SOD\VDQ LPSRUWDQW UROH LQ

JORRGV
5HJXODU IORRGY WURXEOH WKH GDLO\ OLYHV LQ &DQ 7KR FLW\ 7KHUI
FROQWULEXWH WR WKHVH IORRGV

+HDY\UDL&QDDRDO®R LV ORFDWHG LQ D WURSLFDO PRQVRRQ DUHD 7KLV |
SUHFLSLWDWLRQ YDOXHV DQG KLIJIK LQWHQVLWLHY 2Q D\HDUO\ ELC
PPLVPHDVXUHG 21 WKLV WRWDO QXPEHU LVIRXQG GXULQJ V

-XQH WR 1RYHP®HU >

7TLGDO LQIOXHH@RHVKH ORZ HOHYDWLRQ RIWKHOHNRQJGHOWD WKH UL\
E\WKHWLGDO HIIHFWV 7KHUHIRUH WKH +DX ULYHU KDV DWLGDO U
7TKRFLWA\LIORFDWHGTr NP XSVWUHDP WKHULYHUH[SHULHQFHG D W
WKH GD\ %HVLGHV VWRUP VXUJHV FDQ ILQG WKHLU ZD\ XSVWUHDP !
IRUD VKRUW SHULRG RI WLPH

3RRU GUDIZ&BIMNHZHU VIVWHPV LQ WKH FLW\ DUH JHQHUDOO\ ROG DQG R
GHDO ZLWK KLJK UDLQIDOO HYHQWYV ZKLOH PDQ\ SDUWV RI WKH Fl
VIVWHPV 'XH WR ORZ FDSDFLWLHV WKH VHZHUV DUH RIWHQ RYHU
DQG RGRXU QXLVDQFH
%HVLGHYV UDSLG DQG XQFRQWUROOHG XUEDQLVDWLRQ KDV UHVXO



IDWLRQDO SURJUDPPHV DQG SROLFLHV

QDWXUDO FDQDOV VLJQLILFDQWO\UHGXFLQJ ZDWHU GUDLQDJH FDSDF
WHP

/IDQG VXEVLGNQ¥FKHH VRLO LQ GHOWDV LV KLJKO\ FRPSUHVVLEOH LW PDNHV
VLGHQF® >(VSHFLDOO\ ZKHQ WKH JURXQGZDWHU WDEOH LV ORZHUHG E\
WLRQ VXEVLGHQFH EHFRPHV DQ LVVXH DV WKH ZDWHU FDUU\LQJ OD\H
LQGXVWULDO DUHD LQ WKH 2 ORQ GLVWULFW ORFDWHG QRUWK RI 1LQK .
JURXQGZDWHU IRU WKH ODVW GHFDGHY FRQWULEXWLQJ WR WKH VXEV
WKH SHULRG RI y WKH VRLO RI &DQ 7KR FLW\ VXEVLGHIG ZLWK P

"KHQ KHDY\ UDLQIDOO DQG WLGDO LQIOXHQFH FRQMXUH GXULQJ WKH ZHW \
KHDY\ IORRGV 3RRU GUDLQDJH DQG ODQG VXEVLGHQFH DUH FRQVLGHUHG
SHULRG ZLWKRXW SHDN PRPHQWYV

&EXUUHQW ZDWHU PDQDJHPHQW

:DWHU TXDQWLW\

%YHIRUH WKH FROODERUDWLRQ ZLWK WKH :RUOG %DQN VWDUWHG LQ WK
VOXLFHY JDWHV DQG G\NHV ZHUH DEVHQW $V REVHUYHG GXODQJMLWH YLV
SDUWRIWKH XUEDQ SRSXODWLRQ DUHVWLOO SURWHFWLQJ WKHLU KRXVHYV
RUZRRG 6RPHWLPHV VDQG VDFNV DUH XVHG 7KH RQO\ PHDVXUHYV SURWH|
WKH UXUDO DUHD DUH VPDOO VHOI EXLOW G\NHV PDGH RI FOD\ RU VDQG &X
DUH EHLQJ EXLOWDW D IHZ ORFDWLRQV

:DWHU TXDOLW\

,Q DODUJH UHVHDUFK SIHXIRD@® 6NMRWQG WKH VXUIDFH ZDWHU WR EH R ¢
TXDOLW\ $Q RYHUDOO WUHQG RYHU WKH SHULRG VKRZHG D JHQHU
PHDVXUHG SROOXWDQWY )RUD IHZ RI WKH SDUDPHWHUY RQH RI WKHP EHI
HYHQ GRXEOHG LQ WKH \@D W QHWRIRGKH PDLQ FRQWULEXWRUV WR WKH S|
ZDWHU TXDOLW\ LV WKH HITOXHQW IURP KRXVHKROGY $W WKH PRPHQW
1LQK .LHX LV FRQQHFWHG WR WK® VAKHWRWKMHPVDUH ORRVLQJ WKHLU GF
WLF ZDVWHZDWHU LQWR WKH FDQDOV ZKLFK KDV D FRQVLGHUDEOH LPSDFV
KRXVHKROGYV WKHUHDUHDJULFXOWXUDO ILVKIDUPLQJ DQG SURFHVVLQJ
ZDWHU TXDOLW\

%HVLGHY FRQWDPLQDWHG ZDWHU KRXVHKROGY ORRVH WKHLU VROLG ZDVW
WKH XUEDQ DUHDV RI1 &DQ 7KR &LW\ WKHUH DUH WRQHV GD\RIZDVWH SUI
DUHUHVLGHQWLDO ZDVWH 7KH UHPDLQLQJ WRQHYV GD\DUH SURGXFHG |
WULDO DUHDV 2QO\ RI WKH ZDVWH DUH FROOHFWHG SHU GD\ LQ WKH FH
GXPSHG GLUHFWO\LQWR WKH FEQ DEBRVY\DQBDIEWWRHD>G VXUIDFH ZDWHU TXIL
SHFLDOO\ ZKHQ WKH IORZ LQ WKH FDQDOV DUH QRW FRQWLQXRXV 7KH HV\

LV DERXW WRQHV GD\ RI ZKLFK LVUHVLGHQWLDO ZDVWH 7KH UHV
EV\LQGXVWULDO DUHDV ,Q WKH IXWXUH LW LV HYHQ PRUHLPSRUWDQW WR F
DQG PDGH VXUH WKDW ZDVWH LV WUHDWHG 7KDW LV ZK\ WKH ORQJ WHUP R

LVWRFROOHFW RI WKH GRPHVWLF ZDVWH SURGXFHG LQ WKH XUEDQ F
WKH XUEDQ FRUH OHVV ZDVWH ZLOO EH FROOHFWHG ZKLFK LV HVWLPDWHG

I1DWLRQDO SURJUDPPHV DQG SROLFLHYV

%HVLGHY WKH :RUSODRWBERNMWEDQ HYHORSPHQW DQG DHWILQWHRGEKKBHEBMHF\
LQ &KDSWHWKDQ 7TKR LV DQG KDV EHHQ VXEMHFW WR YDULRXVY RWKHU SROLF
7TKHVHDUHDQG ZHUHDSSOLHG RQ WKHFLW\LQ RUGHU WR HQKDQFH WKH FL\
([DPSOHVDUHMDWKRQDO 6WUDWHJI\IRU1DWXUDO 'LVDVWHU 3BUHYHQWLRQ 5H

WKOHHHWQDP S8UEDQ 8SJUDGLQJIBQU®R WHHWR ©88RBZ XSLHWRIJLDPBD BUED Q
8SJUDGLQJ SURMHFW 9883

I1DWLRQDO 6WUDWHI\IRU 1DWXUDO 'LVDVWHU 3UHYHQWS$R8QUBMHWSREQVH DQ(
WKH 3ULPH OLQLVWHU LQ WKLV QDWLRQDO VWUDWHJI\ DLPV WR SUH



&EXUUHQW VWDW

QDWXUDO GL\WWWD VMWHUMWLRQDO 6WUDWHJI\ SURPXOJDWHY WDVNV V
LPSOHPHQWDWLRQ RQ ZKLFK WKH SURYLQFHV DQG PLQLVWULHYV
SODQV )RU WKH OHNRQJ 'HOWD UHJLRQ WKH DSSURDFK LV WR OL
ORZLQJUHOHYDQW VROXWLRQV (VWDEOLVK SODQQLQJV RIITORRGF
SUHYHQWLRQ FUHDWH VSHFLILFPHDVXUHV IRUIORRGDQGVDOLQL"
WDNH DGYDQWDJHV RI'lORRGLQJ HJ UHVHDUFKDQG LQYHVW WR H

9LHWQDP S8UEDQ 8SJUDGLQJ SXY®ROHFWI BBB3  WR WKH REMHFWLY
9883 ZDV WR UHGXFH SRYHUW\ LQ XUEDQ DUHDV E\ LPSURYLQJ WKH ¢
FRQGLWLRQV 7KLV ZDV GRQH ZLWK SDUWLFLSDWRU\ SODQQLQJ PH
QLQJ PHWKRGV WR EHFRPH PRUH VXSSRUWLQJ IRU WKH ORZHU LQF
RQH RI WKH IRXU FLWLHV LQYROYHG LQ WKH SURMHFW

9LHWQDP 8UEDQ 8SJUDGLQJ SBWRWHKH W @8RIZ 9883 DFRVLYH EHWZHHQ
DQG WKH REMHFWLYHVY ZHUH WKH VDPH DV LWV SUHGHFHVVRU
WKH OLYLQJ FRQGLWLRQV RI WKH SRRU XUEDQ SRSXODWLRQ LQ VH
DIJHPHQW FDSDFLW\ DQG SODQQLQJ ZDV LPSURYHG OHDQZKLOH W
PDQDIJHPHQW FDSDFLW\ DW WKH QDWLRQDO OHYHO ZDV VWUHQJWK

SUEDQ 'HYHORSPHQWDQG 5HVLOLHQFH SURMH

7KH SURMHFW ZLWK WKH PRVW LPSDFW RQ WKH & B g L7GIRHELFE [RQ &HDYOH K |
RSPHQW DQG 5HVLOLEQWHKHURWMBGEW DQN $IWHU WKH LQLWLDO VWD U\
RQ WKH GHFLVLRQV FRQFHUQLQJ WKH IORRG FRQWURO DQG LQIUDVWU-.
WKH (QYLURQPHQWDO DQG 6RFLDO ,PSDFW $VV @V \BFHQWD W6éi,G HIU O L B L
SURMHFW FRQVLVWV RI WKUHH FRPSRQHQWV

&RPSRQHQW )ORRG ULVN PDQDJHPHQW DQG HQYLURQPHQWDO VD
86 PLOOLRQ

&RPSRQHQW SBUEDQ FRUULGRU GHYHORSPHQW %DQN ILQDQFLQJ

&RPSRQHQW 8UEDQ LQIUDVWUXFWXUH LQIRUPDWLRQ PDQDJHPH
DQG VRFLDO SURWHFWLRQ %DQNILQDQFLQJ 86 PLOOLRQ

&RPSRQHQW )ORRGULVNPDQDJHPHQW DQG HQYLURC
7TKHREMHFWLYHRIWKLVEBRBSRB MWW LORRR:S UHODWHG ULVNV LQ WKH XU
7KLV FRPSRQHQW LQFOXGHYV LPSOHPHQWLQJ VWUXFWXUDO PHDVXUHYV
DQG VDQLWDWLRQ 7KH VROXWLRQ ZLOO EH D FRPELQDWLRQ RI ORZ U
ZLOO PHHW WKH UHTXLUHPHQWY RI EHLQJ HIIHFWLYH LQ FRPELQDWLR
ZLWK D PLQLPXP RIQHJDWLYHLPSDFWV RQIORRGLQJDQG HQYLURQPHC
GLWLRQDOO\ LW ZRXOG EH EXLOW ZLWK WKH RWKHU IXWXUH XQFHUWD
FOLPDWH FKDQJH ODQG VXEVLGHQFH DQG XUEDQLVDWLRQ

6 XEFRPSRQHQW BULRULW\ )ORRG &RQWURO ,QYHVWPHQWYV LQ 8U
TKX\VGLVWULFWYV
JRU WKLV VXE FRPSRQHQW D GHVLJQ LV PDGH EDVHG RQ D LQ \HDL
RIHPEDQNPHQWY FRPELQHG XVHURDGV DQG WLGDO JDWHYV ZLOO FUHI
XUEDQ DUHD IURP WKH ULYHU DQG WLGDO IORRGLQJDQG ZLOO FUHDW
WKH DPRXQW RI ZDWHU LQ WKH XUEDQ DUHD

6XEFRPSRQHQW 'UDLQDJH DQG :DVWH :DWHU 6\VWHPV
7TKH HILVWLQJ VHZHU VA\VWHP LQ WKH XUEDQ FRUH LV RXW RI GDWH DQC
VI\VWHP KDVEHHQ VLIJQLILFDQWO\UHGXFHGLQWLPH $GGLWLRQDOO\ ¢
LQWUXVLRQLQLWY FDQDO VIVWHP DQG VHULRXV LVVXHV ZLWK GLVSRV|
LWV FDQDO VI\VWHP 7KLV VXE FRPSRQHQW ZLOO ILQDQFH WKH UHKDELC
FXUUHQW FDQDOV GUDLQDJH DQG VDQLWDWLRQ LQIUDVWUXFWXUHYV D
7TKHVROXWLRQ ZLOO WDNHLQWR DFFRXQW WKH VWRUP ZDWHU GUDLQD,



SUEDQ 'HYHORSPHQWDQG 5HVLOLHQFH 3URMHFW :RUOG %DQN

ZDWHU RXWOHWYV

6XEFRPSRQHQW 30DQQLQJDQG RSHUDWLRQRIDQLQWHJUDWHG IORR
&XUUHQWO\ NH\ DXWKRULWLHV RI WKH FLW\ DUH RSHUDWLQJ WKH IORRG
GHSHQGHQW RI HDFK RWKHU 7KLV UHVXOWV LQ IUDJPHQWDWLRQ DQG RYH
FKDOOHQJLQJ WR SODQ LPSOHPHQW DQG RSHUDWH WKH IORRG ULVN PDQTE
WKH IORRG ULVN PDQDJHPHQW V\VWHP ZLOO KHOS WKH FLW\ RSHUDWLQJ W|
FRQWURO DV ZHOO DV WKH GUDLQDJH VI\VWHPV

&ERPSRQHQW S8UEDQ &RUULGRU '"HYHORSPHQW
7KH REMHFWLYH RI WKLY FRPSRQHQW LW WR LQFUHDVH LQWUD FLW\ FRQQH
PL[HG XVH SHGHVWULDQ DQG SXEOLF WUDQVSRUW RULHQWHG XUEDQ GH°
SURQH DUHD RI &DL 5DQJ
'LWK WKLV FRPSRQHQW WKHFRQQHFWLYLW\RIWKH XUEDQ WUDQVSRUW V\
VLIJQLILFDQWO\ 7KLV UHVXOWV LQ LQFUHDVHG WUDQVSRUW UHODWHG HII
FRVWYV
7KH FXUUHQW XUEDQ WUDQVSRUW V\VWHP LV RULHQWHG LQ YHUWLFDO DQG
DIHZ OLQNV EHWZHHQ WKH KRUL]JRQWDO DQG WKH YHUWLFDO D[LV :LWK WK
HDFK RWKHU WKH LQWHU FRQQHFWLYLW\ LV OLPLWHG UHVXOWLQJ LQ WUL
FRUH 7KLV UHVXOWV LQ HFRQRPLF FRQVHTXHQFHV GXH WR LQFUHDVHG W
TXHQWO\ SURGXFW FRVWY UHGXFLQJLQYHVWPHQW DWWUDEWLYHQHVV D¢
WKH QRQ OLQNHG WUDQVSRUW LQIUDVWUXFWXUH LV DIIHFWLQJWKH HFRQR
ZHOO DV WKH DFFHVV RI UHVLGHQWY WR VRFLDO LQIUDVWUXFWXUH
7KLV FRPSRQHQW ZLOO LQFOXGH RUJDQLVLQJ WKH XUEDQLVDWLRQ E\ LQFL
ORZ ULVN DUHDV RQ KLJKHU JURXQG GXH WR WKH LQFUHDVHG DFFHVVLELOI

J)LIXUH /IRFDWLRQ RI &DL5DQJ GLVWULFW VRXWK ZHVW RI1LQK .LHX

6XEFRPSRQHQW 5RDG DQG %ULGJH /LQNV
'LWKLQYHVWPHQWY LQ WUDQVSRUW LQIUDVWUXFWXUH WKHLQWHU FRQQH
ZLOO EH LQFUHDVHG 7KH IROORZLQJURDG OLQNV ZLOO EH FRQVWUXFWHG

4XDQJ 7UXQJ %YULGJIJH FURVVLQJ WKH &DQ 7TKR S5LYHU
7UDQ +RDQJ 1D 5RDG LQFOXGLQJ 1+ VLGHURDGVIURP 7UDQ +RDQJ 1D W

&DFKODQJ7KDQJ 7DP WR 35 %XL+XX 1IJKLDURDG GXDO SXUSRVH E\ S|
SURWHFWLRQ

7TKHWKUHH WUDQVSRUW OLQNYV ZBQO EHGHMWLUQB QG ZUWHKDNHG '"HVLIQ FUH
DZDONDEOHDQG GHQVH URDG



&EXUUHQW VWDW

BXEFRPSRQHQW &RQVWUXFWLRQ RI WKH 5HVLGHQWLDO $UHD IRU
,QFOXGHG LQ WKLV VXEFRPSRQHQW LV WKH FRQVWUXFWLRQ RI D UHVL
WKH DIITHEFWHG KRXVHKROGY LQFOXGLQJIDFLOLWLHV HQVXULQJ JRRG

6XEFRPSRQHQW (INTHFWLYH 7UDQVSRUW 6\VWHPV ODQDJHPHQW DQ
7KLV VXEFRPSRQHQW ZRXOG VXSSRUW IHDVL EAOWL WD YWXGUBIEMLMI D U C
SLORW WKHHVWDEOLVKPHQW RID 3XEOLF 7UDQVSRUW $XWKRULW\DQ

&RPSRQHQW 6SDWLDO 30DQQLQJ3ODWIRUPDQG)LQD

WLRQ ,QVWUXPHQWYV
7KLY FRPSRQHQW LV PRVWO\DERXW EXLOGLQJPDQDJIJHPHQW VA\VWHPV
7TKRDQG SRVW GLVDVWHU PDQDJHPHQW RIIORRG HYHQWYV

BXEFRPSRQHQW 5LVN ,QIRUPHG 6SDWLDO 30DQQLQJ 30DWIRUP
7KLV VXEFRPSRQHQW LQFOXGHVY EXLOGLQJ D ZHE EDVHG JHRVSDWLDO
WKH 3HRSOH V & RPPLWWHH WR LPSURYH WKH DFFHVVLELOLW\ RI GDWD
DQ HQG RQ WKH FXUUHQW SDSHU EDVHG RUJDQLVDWLRQ

6 XEFRPSRQHQW 'LVDVWHU 5HVSRQVLYH 6RFLDO $VVLVWDQFH 6\V'
,Q WKLV VXEFRPSRQHQW WKH FLW\ V H[LVWLQJ VRFLDO SURWHFWLRQ \
GLWLRQDO LQYHVWPHQWY LQ VRFLDO SURWHFWLRQ UHVLOLHQFH :LV
UHVSRQVLYH UHVXOWLQJLQ D PRUHFRPSOHWHHQJDJHPHQW DQG UH

BURSRVHG IORRG FRQWURO V\VWHP
7KH FKRVHQ IORRG FRQWURO V\VWHP LQFOXGHVY HPEDQNPHQW DW WKF
DORQJ WKH &DL 6RQ DQG 0XRQJ .KDL ULYHUV DQG OLQNLQJ &DFK 0DQ.
1JKLD URDG 7KH ODVW RI WKHVH URDG OLQNV ZLOO VHUYH WKH GXDO
WHFWLRQ IRUWKH XUEDQ FRUH DV ZHOO DV SURYLGLQJ D SDWK IRU WUTL
DOVR LQFOXGHV UHKDELOLWDWLRQ DQG XSJUDGH RI FDQDOV LQ WKH |
ZDWHU GUDLQDJH V\VWHP 7KH WRWDO SURWHFWHG DUHD ZLWKLQ WKH

7TKH VWUXFWXUDO VROXWLRQV D@H SUHVHQWHG EHORZ >

&RQVWUXFWLRQ RI HPEDQNPHQWY DW &DQ 7KR ULYHU ZLWK D OHQJ
WHFWLRQ HOHYDWLRQ FRPELQHG ZLWK XUEDQ ODQGVFDSLQJ

&RQVWUXFWLQJ WZR WLGDO VOXLFH JDWHV FRPELQHG ZLWK D VKLS
FKDQQHOV RQ &DQ 7KR ULYHU

&RQVWUXFWLQJ WLGDO VOXLFH JDWHYV YDOYHVY DORQJ &DL 6RQ O.
&DFK ODQJ 7KDQJ 7DP 1+ DQG 3URYLQFLDO 5RDG WR FORVH WK

8SJUDGLQJDQG UHKDELOLWDWLRQ RI SULPDU\FDQDOV WR LPSURY
YROXPH GXULQJKHDY\UDLQ DQG KLIKWLGH DQGLPSURYHVDQLWD
ZLOO HQKDQFH WKH HITHFWLYHQHVV RI VWUXFWXUHVY IURP WKH 988
UHVLOLHQF\ SURMHFWY LQ &DQ 7KR GXH WR D EHWWHU FRQQHFWL)Y

5HKDELOLWDWLRQ RI WKH GUDLQDJH VA\VWHP LQ 1LQK .LHX XUEDQ F
&DQ 7TKR ,Q WRWDO SURSRVHG URDGV ZLWKOHQJIJWK RIDERXW N
NP LQ WKHUHPDLQLQJ DUHDV RI WKH FDWFKPHQW

&ERQVWUXFWLQI WZR UHIJXODWLRQ DQG ZDWHU UHWHQWLRQ ODNHYV

'LWK WKHVH VROXWLRQV WKH IORRGLQJ DUHD LVRDMMG/XIFH B GNIRQDERZK U
DUHDV ODNHV DQG SRQGVY ORFDWLRQV XVHG IRUWHPSRUDU\UHWHQW
ZLWK KLIJK WLGH 7KH IORRGLQJ WLPH LV UHGXFHG IURP KWR KDQG

PZLOO QRW H[SHULHQFH DQ\PRUH IORRGV ,PSOHPHQWLQJ WKLV VI



SUEDQ 'HYHORSPHQWDQG 5HVLOLHQFH 3URMHFW :RUOG %DQN

J)LIXUH ODVWHU SODQ SURSBVHG LQYHVWPHQW >

DQ\ QHIJDWLYH LQIOXHQFH RQ WKH ZDWHU OHYHO RI WKH VXUURXQGLQJ DL
PDWHG FRVWYVY RI WKLY VROXWLRQ DUH PLOOLRQ 86"

6HYHUDO PHDVXUHVY DUH HODERUDWHG EHORZ

(PEDQNPHQW VWUKHFWREBDQNPHQW VWUXFWXUH DORQJ WKH &DQ 7KR ULYH
FDQDO LV EXLOW DV DJUDYLW\ FRQFUHWH HPEDQNPHQW ZDOO WRSSHG E\
PHQW ZLWK SUHFDVW FRQFUHWH 7KLV VWUXFWXUH LY FRPPRQO\DSSOLHC
OHNRQJ HOWD DQG KDV UHODWLYHO\ ORZ FRVWYV

&ERQVWUXFWLRQ URDG DQG SDUN EHKRISRVHBEDOQDNFHRQ@QWWUXFWLRQ ZLWK D
VHFWLRQRI P ZLGHDORQJWKHURXWHZLWK URDG VXUIDFHRI P DQG SDY
7KH FDSDFLW\ RI WKH URDG SURSRVHG IRUWKH SURMHFW LV VXLWDEOH ZLYV
DQG WKH FXUUHQW WUDIILFIORZ ,WLV QHFHVVDU\WREHFRQVLVWHQW ZL
IXWXUH DQG WR IDFLOLWDWH VPRRWK WUDYHO FRQQHFWLRQV ZLWK H[LVW
EHFRPELQHG ZLWK WKH SDUN DQG WKH &DQ 7KR 5LYHU HPEDQNPHQW IRUPL
7TKR &LW\

'DX6DXDQG &DL .KH7LGH 6 RUWHKHDWHH VOXLFH JDWH VWUXFWXUH D GHYL
WUDGLWLRQDO RSWLRQ LQ WKH'HOWD LY VHOHFWHG )RUDEXWPHQW DQH
LVD UHODWLYHO\ QHZ WHFKQRORJ\ EXW LW LV XVHG LQ WKH IORRG SUHYH
&LW\DV ZHOO )RU WKH PRYLQJSDUW RI WKH YDOYHJDWH D ORZHU D[LV W.

6KLS ORFKW SURSRVHG IORRG FRQWURO V\VWHP ZLOO LQFOXGH ILYH VKL
WKH FRUULGRU SRVLWLRQV LQWHUVHFWLQJ ZLWK WKH FDQDO VXUURXQGL(
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FKDQQHOV RI 6DR %D %R 6XF 3KR 7KR DQG +DQJ %DQJ 7KH GHVLJQ
WKH IORRG FRQWURO SRVVLELOLWLHV IURP ZKLFK WKH VKLS OREN ZL
VHOHFWHG :LWK WKLV GHVLJQ WKH ZDWHU OHYHO FDQ EH FRQWUROO|
PDLQWDLQ D FOHDQ DQG VDIH ZDWHU V\VWHP

(QYLURQPHQWDO VEQVWRRMIR@HQW FRQWDLQV LPSURYLQJWKH GUDLQI
ZDWHU LQ WKH FHQWUH RI WKH 1LQK .LHX GLVWULFW 7KH VHOHFWHG
PD[LPDOO\DW WKH ;DQJ 7KRL /DNH DQG D VPDOOHU YROXPH WURXJK WK
EULGJH WR WKH &DL .KH FKDQQHO

7KLV SODQ LQFOXGHV DQ H[SDQVLRQ RI WKH ;DQJ 7KRL /DNH ZLWK D
FXUUHQW 'H 7KDP 5RDG WR WKH +RD %LQK $YHQXH 7KH K\GUDXOLF V(
IORRG FRQWURO SXPSLQJ VWDWLRQ DW WKH :DQJ 7KRL /DNH

YLIXUH 'UDLQDJH SODQ ;0@J 7KRL ODNH >

7LGDO VOXKHHSWRSRVHG PDVWHU SODQLQFOXGHV WKHFRQVWUXFWLRQ
VOXLFHY DUH GHVLJQHG UHJDUGLQJ D ZDWHU OHYHO RXWVLGH WKH SF
DQG D PLQLPXP RI P $QG LQVLGH WKH SROGHU ZLWK D PD[LPXP RI
R P



&RQFOXVLRQ

&RQFOXVLROQ
7KH FLW\ Rl1 &DQ 7KR LV D UDSLGO\ JURZLQJ XUEDQ FHQWUH LQ WKH OHNRC
KXE IRU ILQDQFLDO HGXFDWLRQDO DQG WRXULVWLF DFWLYLWLHV 7KH O]
IDVW SURFHVV RI XUEDQLVDWLRQ DQG HFRQRPLF JURZWK OHDQZKLOH WKI
E\WKHFRQVHTXHQFHV RI FOLPDWH FKDQJH DQG WKHUHE\ KHDY\IORRGV D
YXOQHUDELOLW\ RI WKH FLW\

BURPRWLQJFRQQHFWLYLW\DPRQJQHZDQG H[LVWLQJUHVLGHQWLDO DUHD
PHQWLQJWZR QHZ URDGY )RUUHVLOLHQF\UHDVRQVDQG WKHLPSRUWDQF!
VI\VWHP DQ HI WHQVLRQ RI WKH URDG QHWZRUN LV SODQQHG E\ WKH :RUOG
DPRXQW RIWUDQVSRUWHG JRRGV YLD URDGV LQ &DQ 7KR ORUHRYHU WKH .
LVDGHQVH V\VWHP RIFDQDOVDQG FUHHNV ZKLFKLV XVHG WR WRXULVWLF U
DVEDVHIURP DJULFXOWXUDODQG WUDQVSRUW PRGH 7KHIRXUIDFWRUV U
WKH IORRGYV LQ WKH FLW\ DUH KHDY\ UDLQIDOO WLGDO LQIOXHQFH SRRU G
7KH SURSRVHG IORRG FRQWURO VA\VWHP LV EDVHG RQ VOXLFHV JDWHYV DQC
UHJXODWH WKH ZDWHU OHYHO LQ WKH FLW\ 7KLV VA\VWHP ZLOO UHGXFH WK

7TKHUHIRUH D PRGHO RI WKH K\GUDXOLF DVSHFW DV ZHOO DV WKH WUDQV
EDVHG RQ WKH WUDIILF IORZVY LQ WKH FLW\LVY QHHGHG WR JDLQ LQVLJKW L(
GOHG DQG ZKDW WKH LPSDFW ZLOO EH






+\GUDXOLF V\V\

JRU WKH &DQ 7KR &LW\ XUEDQ GHYHORSPHQW DQG UHVLOLHQFH SURMHFW
GHWHUPLQHG WKH PHDVXUHY WKDW KDYH WR EH WDNHQ WR SUHYHQW IUHT
WKEHRXWKHUQ ,QVWLWXWH RI :DWHU BHA5BX UFRIFVDIMVG DQ FHR &KL OLQK &L W\
KDV GHYHORSHG D K\GUDXOLF PRGHO RI WKH ZDWHU IORZ WKURXJK WKH FLW
VLPXODWLQJ IORRGHG DUHDV ZKHQ WDNLQJ GUDLQDJH VIVWHPV OLNH VHZ}
DFFRXQW 7KH PDLQ REMHFWLYH IRU WKHLU PRGHO LV WR PDS WKH FDXV
REMHFWLYHV DUH VLPXODWLQJ WKH IORRGHG DUHDV RI &DQ 7KR &LW\ LQ
UHFRPPHQGDWLRQV RQ WKH WLGDO FRQWURO ZRUNV DQG UHQRYDWLRQV R
PLQLQJGHVLJQ FULWHULD IRUWLGDO FRQWURO VA\VWHPV DQG GHYHORSLQ.:
IRUWKHLQYHVWPHQW SURMHFWYV

7KH SROGHU VA\VWHP LQFOXGLQJ WKH G\NHV WLGDO ZRUNV DQG VHZHU V\\
VWUXFWHG RU LPSURYHG LV GHVLJQHG XVLQJ WKH 6,:55 PRGHO +RZHYH
RSWLPDO FRQWURO RI ZDWHU ZLWKLQ WKH SROGHU HYHQ LQ WKH IXWXUF
K\GUDXOLF PRGHO LV FUHDWHG WR YLVXDOLVH WKH FXUUHQW DQG IXWXU
GLITHUHQW VFHQDULRYVY 7KHVH IXWXUH VFHQDULRYV 7TKBPRGHOFXW VHG L
DEOHWR FDOFXODWH WKH ZDWHU OHYHOV DQG GLVFKDUJHV LQ WKH FDQDO
IRUIXWXUH UHVHDUFK WR GR UHFRPPHQGDWLRQV RQ DGDSWLRQV RI WKH

J)LUVW WKH VFKHPDWLVDWLRQ RI WKH SROGHU DUHD LV GLVFXVVHG WKHQ
LQ WKHPRGHO DUH GHVFULEHG LQFOXGLQJ WKH UDLQIDOO LQSXW WKH +D
WKH +RXVHKROG HITOXHQW ,Q WKH ODVW VHFWLRQ WKH RXWSXWYV DUH GLV
ZDWHU PRGHO LV GUDZQ

$VVXPSWLRQV

7R GHYHORS D VLPSOH PRGHO VHYHUDO DVVXPSWLRQV KDYH WR EH PDGH
JLYHQ EHORZ

7KH SROGHUDUHD LV ORFDWHG IRU LQWKHI1LQK .LHX GLVWULFW ZK
W KD W GRH@® >

7KH PRGHO LV GHYHORSHG DV D ' VKDOORZ ZDWHU HTXDWLRQV PRGH(
FRQVHUYDWLRQ RI PDVVDQG WKHFRQVHUYDWLRQ RI PRPHQWXP 6HH 61

2Q0\ SULPDU\ FDQDOV DUH LQFOXGHG VHFRQGDU\ DQG WHUWLDU\ FDC
PRGHO DVVXPHVY WKDW FDQDOV DUH UHFWDQJXODU ZLWK FRQVWDQW GF

7KH SROGHU DUHD LV GLYLGHG LQWR VHYHUDO ZDWHUVKHGV WR DVVXI
UDLQIDOO LQVLGH D SDUWLFXODU ZDWHUVKHG HQGV XS LQ WKH FRUUH



+\GUDXOLF VA\VWHPF

7KH VHZHU VA\VWHP LV QHJOHFWHG EHFDXVH RI LWV OLPLWHG FDSL
PDOIXQFWLRQLQJ 3DUWLFXODUO\LQ WKH 1LQK .LHX GLVWULFW WK
GUDLQLQJIORR®ZDWHUYV >

7KH IXWXUH G\NH VA\VWHP LV FDSDEOH RI SUHYHQWLQJ IORRGV WHK
ZDWHU IORZ WKURXJK WKH FDQDOV

,QSXWV XVHG LQWKHPRGHODUHUDLQIDOO WLGDOUDQJHRIWKH +LC
DUHD DQG KRXVHKROG HIITOXHQW )XUWKHU GHVFULSWLRQ RI WKH L

5HWHQWLRQ ODNHV DUHPRGHOOHGDV FKDQQHOV ZLWK WKH GHSWK
:DYH HIIHFWV ZLOO EH QHJOLJLEOH GXH WR WKH VL]H RI WKH ODNHYV

$IORRG LVDVVXPHG ZKHQ WKH ZDWHU GHSWK LV ODUJHU WKDQ P §
PDGH DV PRVW RI WKH VXUIDFH HOHYDWLRQ ZLWKLQ WKKWSROGHU D

YLIXUH 7KH SROGHU DUHD RI1 &DQ 7KR &LW\ LV VXUURXQGHG E\ WKH RUDQJH OLQH 7KH |

WKH QRGHY GHSLFWHG DV EODFN FLUFOHV 7KH UHG SLQ SRLQWY DW WKH ERUGHU RI WKF

SRLQWY DUH WLGDO VOXLFHV LQFOXGLQJVKLS ORFNV ZKHUH VKLSV FDQ SDVV E\ 7KH UH)
WR QRGH DQG )LIJXUHPDGH XVLQJ*RRJOH 0\0DSV

6FKHPDWLVDWLRQ

7TKH SROGHUDUHD DVIJLYHY IRRQAVXYRDOO SDUW RI &DQ 7KR &LW\ SURY
PRVW RI WKH SRSXODWLRQ OLYHV LQ WKH SROGHU DUHD DQG WKLV SDU
IORRGYV $V FDQ EH VHHQ WKH SROGHU DUHD FRQVLVW RI D ORW RI FDC
WKH SROGHU DUHD DQG FDOFXODWLQJ ZDWHU KHLJKW RU GLVFKDUJH D
FDQ EHPRGHOOHG WR SUHYHQW ORQJ FRPSXWDWLRQDO WLPH
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