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CHAPTER |

INTRODUCTION
1.1. General

Mekong Delta (MD), with the area of 39,000 squatemetres, is home to 18
million people, spreading in 13 provinces and sitief Viet Nam. Population is
estimated at nearly 17.826 million -pePPIe (jn 2004p is the main agriculture and
aquaculture area in Vietnam. 50% of tr 9§mble fand 60% of the fish-shrimp of
Vietnam are produced from-ifie delta, Traditiondliyes in the delta base on intensive

A — o —

river water use, incll:di?g./faff?n ort&jion, commglicegation, aquaculture, fishing,
ialus

domestic and industr nost all the deéiaggle’s activities and infrastructure are
terr

highly dependent on r

ime. )
R
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& !%assé‘c*'(Hau) Riv@e Mekong River then flows

~especially'ffom tbald Sap River in Cambodia to the
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South China Sea. The
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A Ry .
River is divided into three tributaries: Dinh Ana&sac anfl Tran De as Figure 1.1
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Figure 1. 1.The Mekong River in Viet Nam and its nine branches
(Source: Modified from http://cantho.cool.ne.jp)

The Vam Co River includes two main branches Easth\Co and West Vam
Co. The West Vam Co River, about 148km long riseshe Soai Rieng (Campodia).
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It flows through Viet Nam at Binh Tu, Vinh Hung, Mddoa, Tan An and then it is

confluent East Vam Co at Tan Tru.

East Vam Co, about 260km long flows from Kongporagnh(Cambodia) to
meet West Vam Co at Ben Luc and then flow diretl$south China Sea in Xoai Rap
estuary. Cai Lon River and Cai Be River connectsBasRiver with Gulf of Thailand.

The river network of the Mekong is a dense canal agdrology is very
complicated (Hoanh et al, 2009). It highly depeodsflow from upstream, tidal of
South China Sea, Gulf of Thailand and raiafallib N5am, 1996).

The MD is affected rapidly by tropical monsoon dcit®. There are two seasons,
rainy and dry. Annual _gainfall of 1500 to 2000mmstdbuted unevenly though.
Approximately 70% of ihe gainfall occurs during timain rainy season. Geology is
divided by a river networksof 5000km totally. MD effected strongly by tidal of
South China Sea and the gulf of Thalland from thaidles. As a result, hydrology of
MD is very complicaied and is one df_ factors efiggtsalinity intrusion, flooding,

pollution and so on (Sam, 1996).
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1.2. Problem Statement

Most of the MD_peeple’s activities and infrastruetiare highly dependent on
the river water regime. Water resources..are abundawerage discharge is
39,000n1/sec in \wet, season. Besides, in dry season (frogemier to May) the
average discharge is under 2,500sand even as low as 1,500sn(Kite, 2001), with
the groundwater table lowering by 2 - 3 m in sonlacgs (Tuan et al., 2007).
However, tides in the South China Sea are semidiuvat irregular and has large
tidal amplitude from 3m to 3.5m. Meanwhile, tidesthe Bay of Thailand occur in a
diurnal and have amplitude from 0.8 m to 1.2m (MRQ@0Q5; Tuan et al., 2007). Tide
level in the South China Sea reaches a peak inbleeeand gets a break level in

July. The tidal effects from these sides propagatr much of the Delta through the
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main and farm canal systems. Salinity intrusiobpgms are not present that due to
the effects of such flow, tide conditions and snsédbe of river bed, the reverse flow
of saltwater is one of the biggest problems cortingnthe MD region of Vietnam
(Tuan et al., 2007; Nhan et al., 2007).

In recent years, countries in the river basin araing to grab development
opportunities sooner than previous years, leadinipe frequent occurrence of cross-
border disputes. The primary focus of future depelent and water-related economic
activities is placed on irrigated agriculitre; hyelectricity generation, fisheries,
marshlands, flood mitigation, navigation, touristity and industrial water supply. As
a result, flow from upsiream.ef the Mekong Riveuicbbe reduced (Hoanh et al.,
2003) and water shoitageswill rise in the MD regespecially during April and May
(Sunada, 2009).

In addition, Sea level will increase in the futurecause of climate change
(IPCC, 2007).Sea watgr level rise‘has already been observed ah@amy shorelines
in Southeast Asia, including Vietnam (Bouman et2001; Nguyen, 2009).

1.3. Rational

Salinity intrusien-is-ene-of-the-major-i0omming prems that the MD is facing.
It will increase in the future due to increasin@ sevel and decreasing flow from
upstream. Recently, studies have been carriedooassess the potential impacts of
climate change to jthe; MD pidentified .theyMD; as~aiethe- most vulnerable areas
(Nijssen et al.; 2001;"Hoanh et al., 2003; 1IPCQ)720Norld Bank, 2007). Among
the ascertained consequences of global climategehdahe _changing of the Mekong
River flaw in upstream and sea levelrise weretified as twomain factors affecting
salinity intrusion (Sam, 2006; Tuan et al., 200dn&da, 2009). Khang at al., (2008)
investigated on the effects of increasing sea lanel reducing of upstream flow on
salinity intrusion and rice cropping in MD. Thosetlzors used mathematical model
and GIS to determine effects of salinity intrusmm rice crops in MD in dry season.
However, the mathematical model was constructed ubing topographic and
hydrological database available in SIWRR, which waklected from previous years
up to 1998. From 1999 to 2007, the cooperation eetwVNG and World Bank
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establishes “MD Water Resources Project”. The ptogdopts the approach of
integrated water resources planning and managenmaiiding improvement and
rehabilitation of irrigation, drainage, saline watmtrusion control, and flood
protection structures; provision of drinking waderd improved sanitation; support for
community participation in water delivery; improvent of local transport; and
institutional strengthening for water managemenrd. @result, the water regime of
MD changed and salinity intrusion, pattern was cleah(fSam, 2006). Moreover, the
river flow rate reducing scenarios were assumetetwease -29% by 2099 (Khang et
al., 2008) while it was estimated to reduce frof%09to -100% by 2099 (Hoanh et
al., 2003).

In this studyy=Salinity /intrusion in The MD wasnsilated by using
mathematical model (‘e sMike 11) under sea leisd and upstream flow reducing
scenarios by water consumption and 'dam regulatighe upstream. The model was
constructed by using new topographical (from 1992a005) of MD.

1.4. Objectives

Salinity intrusion in Lower Mekdh‘gﬂl_River Is getinvorse because of sea
level rise and reducing fresh water from ubstresmine water intrusion affection is
different among localities due to topograpﬁy, lomat and water level in the coastal
area. Therefore, salinity intrusion study during deason in the MD is necessary to
find out the cause and propose the possible sokijtiespecially in case of climate
change causing higher sea level, local,water copgamand fresh water restricted
from upstream. The research aims at simulationabhisy intrusion into two rivers
(i.e., the Mekong River, the Bassac River) of thekibhg River in MD Viet Nam as
Figure 1.2 In"whigh‘there-are|five branches e Mekongiver | (i.e., Tieu, Dai,
Ham Luong, Co Chien, Cung Hau) and two branchesnigeto the Bassac river (i.e.,
Dinh An, Tran De).

In order to achieve this, the following sub-obies should be carried out:

- To investigate salinity intrusion in four main esties of the Mekong
River, Viet Nam in 1998 and 2005 by using mathecaatnodel

- To project salinity intrusion in the four estuar@fsthe Mekong River,
Viet Nam in years 2020 and 2030 by using mathemiatodel



1.5.  Scope of Study

The scope of study focuses on the following:

Study rivers are two rivers (i.e. the Mekong rivbe Bassac river) with
seven estuaries of the Mekong River at the MD, Mt as Figure 1.2

Inputs of Mike 11 model were acquired from relatsectors such as

MRC, SIWRR...
'w/H drodynamic Module, Aebtion-
took

p ng low flow periofl 1998 (from

Calibration
uring lovwo period of 2005

> during lolevi period (from
)30 in the éstmaries.
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CHAPTER Il

LITERATURE REVIEW

2.1. Salinity Intrusion Problem

Arons and Stommel (1951) used a time averagedatidal cycle approach for
an estuary of rectangular cross section and asstinadhe longitudinal dispersion
coefficient was proportional to the produet of thdal excursion length and the

maximum tidal velocity at.the entrance.

Prichhard (1959) siudied the longitudinal disttitw of salinity in the Delaware
Estuary as a function gistime by using this timefaged-over-a-tidal-cycle version of
the 1- D convective-diffusion equation. This stuelgs made primary to compare the
effect of different modification of river inflow,ral for this purpose has achieved its aim.
However, the method" does: not presé_nt a completgiwolto predict longitudinal

salinity.

Ippen and Harleman (1961) made an analytical stidglinity intrusion for the
case of an estuary of rectangular cross_ sectiorchwtook into account the tidal
hydraulics in as mueh as the low water slack sgldisiribution served for predicting
the distribution at*any other time during tidal leycBy-analyzing twenty different
salinity flume tests conducted at the Waterwayseixgent Station (WES), they found
that the dispersion coefficient at low slack.cdotdexpressed as follows:

E|WS — BEtl)WS

X (X+ B) (2 1)
Where, B is a distance parameter defining thenlistaeaward from the boundary
x=0 to the point where szat low water slackE})" is the dispersion coefficient at river

mouth x=0 at low water slack. It was found that gagameter B andE}* should be

correlated with a stratification number, G/J ratibich equal rate of energy dissipation
per unit mass of fluid divided by rate of potengakrgy gain per unit mass of fluid.
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Harleman and Abrahan (1966) re-analyzed the WES asing the low water
slack condition and the dispersion relationshipegtiation (2.1) and found that a
dimensionless parameter consisting tidal prismudé@onumber, freshwater discharge

and tidal period was uniquely related to the stcation number G/J.

Stigter and Siemons (1967) used the salt balameatien and the tidal dynamics
equations in couple form to study the salinityuston in a constant width representation
of the Rotter Dam Waterway. They showed that inolydthe effect of density
differences in the tidal calculations, a definiffzet on tidal elevation and the dispersion
coefficient relationship for their study was takeena function of x, the form being:

E= Eo(l—ﬁjg
L 2.2)

Where kg value were determined by fitting the availableadat

Harleman et al.//(1968) ‘have used their numeridal imodel to provide the
unsteady discharge and areas reguired for.solafitve unsteady one dimensional mass
balance equation for non-conservative pollutanieylehowed that in the freshwater
region of the estuary the dispersion coefficiemt eapress by relationship in terms of
cross sectional velocity u, Manning's n and theraytc radius. This relationship was
obtained from Taylor (1954). The form is:

Er =10.1a u* (2. 3)

Where a is the pipe.radius and uz is the fricti@logity. Halerman (1966) has
shown that the relationship of Equation 2.3 camvbigen in terms of hydraulic radius,

Rn, average velocity, u, and Manning’s n as

b
E=77nuR® (274)
Boicourt (1969) has appliethe same technique as Prichart to study salinity
intrusion of Upper Chesapeake Bay by using anentar’s salinity record that he

interpolated to even intervals.

Thatcher and Halerman (1972) study presented acpwednumerical model of
unsteady salinity intrusion in estuaries (i.e. Delee, Potomac and Hodson) by

formulating the problem in finite-difference termising one-dimensional, tidal time,
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variable area equations for conservation of watesanconservation of momentum and
conservation of salt. The longitudinal dispersmefficient has been shown to be
proportional to the magnitude of the local, timeyirag longitudinal salinity gradient as

below

E(x.t)= E+K |93
0 X

(2.5)

: - WA 0 :
Wheres is salinity concentratios;= = .andx :%, L is length of the estuary. K
S

is dispersion parameter,

Vu et al., (1994) used a numerical model to stuainisy intrusion in the Red
River Delta, Viet Nam: The study found out thatliy season, salinity intrusion length
may be up to 20 kmn main rivers ahd more tharki20for fields. Besides, Chezy
coefficient (C) and Advection- Dispersion coeffiti€by) were determined in the range
65-75nt"%/s and 800-1000ffs, respectivelys «

Duy (1992) applied a ndtherical model to deterndspersion coefficient for
prediction of salinity intrusion in-the Mekong esties. He found that the dispersion

coefficient varies in-the same manner as thosalm‘ils intrusion.

Dac (1996)-applied SAL model to study salinityision of the Sai Gon River
System, a river system in Vietnam. He showed tisiension coefficient is a constant

number in a branch or segment of river.

Sam (2006). used tnumerical model (Hydro-Gis! moteljind out dispersion
coefficient for main rivers of MD. He showed thihetdispersioncoefficient for salinity
intrusion prediction of those rivers in the rangef 700 to' 50.

2.2. Salinity Intrusion in MD and Previous Study

Chanh (1991) applied Mesal Model to predict salimitrusion in MD in case
sea level rises. The results indicated that thmisaintrusion in MD would not be
intensively affected under the effect of the “Giesuse” considered in terms of sea level

rise.
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Hung et al., (2001) studied the effect of watenaggement projects on salinity
intrusion in the MD, and simulated the intrusionsaline water in the main branches
(Bassac and Mekong) in an extreme unfavourable lopsesing SAL99 model. There
were four scenarios in the study: Scenargiudied the saline intrusion with the situation
before constructing the Quan Lo-Phung Hiep prdjeih specific year 1990); Scenario
b analyzed the effect of Quan Lo-Phung Hiep pragect the new canals in the Plain of
Red (with specific year 1996); Scenario ¢ looked the effect of Flood Control Project
in Long Xuyen Quadrant with the several'slvicenglthe West Sea (with specific year
2000); Scenario d surveyed the intrusion ofSalsater in the main branches (Bassac
and Mekong) in the maximum-water abstraction angimum discharge of water from
the upstream. The study.showed how the fresh \metes increased after the Quang Lo-
Phung Hiep project and'the‘embankment were congplBesides, salinity intrusion in
the Mekong River and the Bassac River in extrereefisvater was found.

Halcrow (2004) manipulated a mathematical modeMaluate salinity intrusion
in MD during dry season (with specific year 199B)e scope of maximum saltwater
backflow according to each salt concentration skej@een January and June illustrated
that at least seven million “hectares of land in MB impacted by various salt
concentrations (2,163,000 -ha-=> 1g/L, 1,928,700 hdagi, 1,727,900 ha > 8g/L,
1,419,500 ha > 15g/L).

Sam (2006) predicted salinity intrusion in MD tsing Hydro-Gis model. Inputs
of the model includes six types of hydraulic, metéagical and hydrological data, i.e.
geometry, hydrology,;sealevel, amplitude of wiegel; aperation of control structures
and flow from the upstream of the Mekong River. Bugdy indicated that the model
can beuse for.simulation salinity.intrusion.in“MD but tlaithor need more time to
improve the'methad far predicting salinity intrusio MD with higher.accuracy.

Khang et al., (2008) integrated MIKE 11 and GlISstmulate flow, salinity
intrusion and assessed rice cropping from Decetohiime for the medium-term (2030)
and long-term (2090) scenarios by using SRES Bfaté change projection. In this
study, the sea level rises in two scenarios wefiem2and +45cm while the Mekong
River flow rates were assumed to reduce -15% a@%b;2espectively. Most input data
of MIKE 11 model was collected from previous yeapsto 1998. The study indicated
that approximately 0.6 million ha of potential riceopping area in the eastern central
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region of the MD will significantly affected by gy sea level and reducing the Mekong

flow in dry season.

Hoanh et al., (2009) used the VRSAP (Vietnam R&ystem and Plains) model
to evaluate these conflicts and synergies in tiveldpment of agriculture, fishery and
aquaculture in Ca Mau peninsula, MD, Vietnam. Thiegwed that empirical methods
could not be applied for a dense network as Ca pkninsular while mathematical
model was an appropriate one.. The VRSAP resultgelleplaners to make better
decision by bringing highest net return’on_investm&uch analysis is not possible
without the model because no statistical-methods pravide the effects of sluice

operation on water leveland salihity each yednh@whole region.

2.3. Influences on Salinity Intrusion

Cohen and McCarthy (1962) have made observatiotiseasalinity distribution
in the Dalaware estuary. They showed, that the [mkédride was the result of an
abnormally high tide as reflected in the ‘mean riesel peak for the same time and
salinity intrusion increased by.reducing frésthischarge.

The geometry of each estuary'has”its effect_onctrmilation and salinity
intrusion; however, givei-a-pafiicutai-geometrg-iWwo-primary factors influencing the
salinity intrusion are the freshwater inflows ahd tange anchean tidal elevation at the
ocean entrance (Thaicher and Harleman, 1972).

Sam (2006) used numerical ' model and historicad dat saltwater intrusion
study. He indicated that salinity intrusion in Mitfluenced discharge from the upstream

and rangejand-mean tidal elevationat the sea:

Sunada (2009) have analyzed salinity intrusioMix by using historical data.
They showed that salinity intrusion in MD affectdigcharge from the upstream and

tidal from the downstream.



12
2.4. Sea Level Rise

A worldwide rise of sea level is among predicteonsequences of the
“Greenhouse effect”, the global warming expected assult of the accumulation in the
earth’s atmosphere of carbon dioxide and other sggsmerated by industrial and
agricultural activities. It has been suggested itl@aeasing concentrations of these gases
will lead to rise of average temperature with ranfge 2090 to 2099 relative to 1980 to
1999 was 1% to £C. Such an.inctease will cause expansion of thenvelof near
surface ocean water, and partial melting.of.nowlwngeof snowfield, ice sheets and
glaciers, releasing water to augment the oceaesslii producing worldwide sea level
rise. All of those factors*have released waterumeent the oceans, thereby producing
worldwide sea level #ise. Ihe dntergovernmentaléPam Climate Change has recently
concluded that the climate has changeq during @tie @&ntury and larger changes are
projected for the 21st geéntury: In this report, lssal was projected with the range from
0.28 to 0.43m increasing between period 1980 to9188d period 2090 to 2099
depending on SRES market scenarios (IRCC, 2007).

Nguyen (2009) analyzed historical data of gaugtagions in Vietnam. The
study showed that SRES B2 was the most abprop;xietmrio for Vietham and sea level
at South China Seawas projected to rise about 472030 with respect to period 1988
-1999.

2.5. Discharge Decline

The Mekong Riveris an international river. It gaberough six countries (China,
Myanmar,, Thailand, Lao, Cambodia and, Vietnam). liogkat the paolicy goals of the
countries in the'Mekong River Basin, the primaigu® of future ‘development and water
related economic activities is based on irrigatgdcalture, hydroelectricity generation,
fisheries, marshlands, flood mitigation, navigatitmurism and city and industrial water
supply. Abnormal flow fluctuations caused by upstneand downstream activities
(Sunada, 2009). In recent years, countries in ther rbasin regard hydropower.
Currently, dams are either under construction erteing planned in the main stream
and tributaries of the Mekong River. These dams aféect discharge in dry season
(Sundana, 2009). Lu et al., (2005) analyzed theofisl data (from 1962 to 2000)
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which was published by the Secretariat of MekongeRICommission (MRC). They
indicated a disruption in water discharge, waterctfiations and sediment transport
downstream of the Manwan Dam, after its reserves filled in 1992. Dry season flows
showed a declining trend, and water level flucoraiin the dry season increased
considerably in the post-dam (1993-2000) period.ntkly suspended sediment
concentration (SSC) has also decreased significanteveral gauging stations in the
post-dam period (Lu et al., 2005, 2008). Moreowtimate change would influence
hydrology regime of the Mekong River . Nijssen et, §2001) exploited general
circulation models (GCMs) to assess the hydrolsgitsitivity to climate change of nine
large continental river basins (Amazon, Amur, Macke, Mekong, Mississippi,
Severnaya Dvina, Xi,Yellow, Yenisei). The fourncite models (HCCPR-CM2,
HCCPR-CM3, MPI-ECHAM4; sand DOE-PCMS) all predictadansient climate
response to changing .greenhouse gas concentratindsincorporated modern land
surface parameterizations; Model-predicted montlalyerage precipitation and
temperature changes/were downscaled to _the riveen tevel using model increments
(transient minus control) to adjust for GCM JbialaeWariabIe infiltration capacity (VIC)
macro-scale hydrological" model (MHM) qwcas used tdcudate the corresponding
changes in hydrologic fluxes (especially streamwfland evapotranspiration) and
moisture storages. Hydrologic model simu‘Ia’tionse/\rmrformed for decades centred in
2025 and 2045. A" sensitivity study was performed which temperature and
precipitation increased independently B¢ 2ind 10%, respectively, during each of four
seasons. The result indicated that spring runofildvbe decreased for decades centred
in 2025 and 2045. Besides, SWAP and_ SLURP madet weed to asset discharge of
the Mekong River with climate change A2 and B2 aciexs and water consumption in
the upstream. The output“of ‘SLURP ‘model’ showed ftbat Gf the Mekong River
decreased 15% to 17% in 2010-2039 and 90%-100%070-2099 in comparison to
1961-1990 (Hoanh et al., 2003).

2.6. MIKE 11 Model
2.6.1The Overall of MIKE 11

MIKE 11 is a computer program that simulates fland water level, water

guality and sediment transport in rivers, floodimsa irrigation canals, reservoirs and
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other inland water bodies. MIKE 11 is a one dimenai river model (DHI, 2007). It
was developed by DHI Water and Environment. MIKHiEs long been known as a
software tool with advanced interface facilitiesnc® the beginning MIKE11 was
operated through an efficient interactive menu esystwith systematic layouts and
sequencing of menus. It is within the framework kehthe latest ‘Classic’ version of
MIKE 11 - version 3.20 was developed. The new gaar of MIKE11 combines the
features and experiences from MIKE 11 ‘Classiciquerwith the powerful Windows
based user interface including graphical editinglifees and improved computational
speed gained by the full utilization of 32-bii-taciogy. MIKE 11 is user friendly now.
It becomes an effective tool-for many purposes sagldesigning, management and

operation of river basins.and.echannel networks.

Basic equations of Hydrodynamic module and Adeeeispersion module are
Saint Venant (i.e., mass gonservation equation, emtum equation) and Advection-
Dispersion. Except for few particular cases (DHIQ?), remote from the real world, a
general analytical solution of the Saint Venantedimm cannot be found. The particular
solutions must be considered by adopting finitdeddince method with boundary

conditions and initial conditions:

MIKE 11 has three main medules. These are Hydradya module (HD),
Advection-Dispersioirmeduie-(AD);, Waier Quality-nuial (W Q).

2.6.2Hydrodynamic Module

The MIKE 11 HD uses an-implicit finite differenseheme for the computation
of unsteady.flows in rivers and estuaries. The fiedan describé-sub-critical as well as
supercritical flow'eonditions through'a numericghame which adapts according to the
local flow conditions (in time and space). Advancedputational modules are included
for description of flow over hydraulic structureéscluding possibilities to describe

structure operation.

The formulations can be applied to looped netwarkd quasi two-dimensional
flow simulation on flood plains. The computatiosgheme is applicable for vertically
homogeneous flow conditions extending from steegerriflows to tidal influenced

estuaries. The system has been used in numeroueemgg studies around the world.
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2.6.3Saint Venant Equations

MIKE 11 HD applied with the dynamic wave descoptisolves the vertically
integrated equations of conservation of continaitgd momentum (the Saint Venant
equations), based on the following assumptions:

- The water is incompressible and homogeneous agtigible variation in

density.

- The bottom-slope is small, thus the cesine of tigdeawith the horizontal one
may be taken as 1.

- The wave lengths+are large compared to-the waphdé&his ensures that the
flow everywhere'candbe regarded as having a diregtarallel to the bottom, i.e.
vertical accelerations can be neglected and a btatio pressure variation along

the vertical can.be assumed

- The flow is sub-eritical (Supercriticfél flow is melted in MIKE 11, using more
restrictive conditions): For a rectangular crosstiea with a horizontal bottom
and a constant width, the'eonservation of massandentum can be expressed
as follows (in the first instance negleéﬂt'ing fiectiand lateral inflows)

Conservation of mass:

9(pHb) _ “a(pHbu)

2.6
ot )% ( )
Conservation of momentum:
4 ol a'pHbu’ + = pgbH?
3(oHbu) P o P9
- _ (2..7)
at o0X

wherep is the density, H is the depth, b is the wid_lhs the average velocity along the
vertical andd’ is the vertical velocity distribution coefficienintroducing the bottom
slope, §, and allowing for the channel width to vary wilald to two more terms in the
momentum equation. These terms describe the pmjecdin the flow direction of the

reactions of the bottom and side-walls to the hstdtic pressure.

The momentum equation now becomes:
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> 1
— 3| a'pHbu” += pgbH?
a(pHbu) _ (apH L j+6b A
- v - b
ot . ox ox 2 2. 8)
} —2 6(,09H2j
_ow@' s’y L2 _ agHb,
ox ox

When the water leveh, is introduced into the relationship instead ofexaepth:

oh oH
=1, +

and the equations aredivided py the conservation laws of mass and momentum
become:

d(Hb) _ _ d(Hbu)
ot ox

— I~ 2
O(Hbu) _ _0(a’Houf) 4§ "on (2. 10)
ot 1) X i 4

These equations can be integrated to describdahetlirough cross-sections of
any shape when divided into'a series of re‘ﬂctangmlms sections as shown in Figure
2.1:

Figure 2. 1.Cross-section divided into a series of rectangchannels

According to the previous assumption%r,—] IS constant across the channel and no
X

exchange of momentum occurs between the sub-chanliethe integrated cross
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sectional area is called A and the integrated digghQ, and B is the full width of the
channel, then:

A:det (2. 11)
Q= [H uwb=uA (2. 12)
0

Integrating the mass and momentum conservationtiegeaand introducing
Equations (2.11) and (2.12) yields:

—~4+_—=0 2.13
ox ot ( )

(2. 14)

Including the hydrauli¢ resistance,_e.g. using@hezy description and the lateral
inflow; qinto these equations feads to the basic equatiedio MIKE 11:

dQ . 9A 7R

QA 2.15

ox ot a ( )
2

d a(aQAj oh . 9QQ

QA A) gadn, 9 2. 16)

ot ox ox» C°AR

where,

Q-= discharge (fifs)

A = flow area (M)

q = lateral inflow (m/s)

h = stage above datum (m)

C = Chezy resistance coefficient(ffs)
R = hydraulic or resistance radius (m)

o = momentum distribution coefficient
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2.6.3.1. Solution Scheme

The solution to the combined system of equatioreseh time step is performed
according to the procedure outlined below. Thetswlumethod is the same for each
model level (kinematics, diffusive and dynamic)eTtransformation of Equations (2.15)
and (2.16), to a set of implicit finite differenegquations is performed in a computational
grid consisting of alternating Q and h points, p&nts where the discharge, Q and water
level h, respectively, are computed at each tirep, Stee Figure 2.2. The computational
grid is generated automatically by the model onltasis of the user requirements. Q-
points are always placed midway between neighbohingpints, while the distance
between h-points may-differ. Fhe discharge, adeg will be defined as positive in the

positive x-direction (inereasing chainage).

Figure 2. 2.Channel section‘with computational grid
The adopted numerical. scheme is a 6-peint Abbbigise as shown in Figure 2.3

time step

Figure 2. 3.Centred 6-point Abbott scheme

+ Continuity equation
In the continuity equation the storage width,i®introduced as:

ot ot
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giving:
9A _p oh 2.18)
ot ot

As only Q has a derivative with respect to x, theation can easily be centered at
an h-point, see Figure 2.4.

| Grid point
] ,J"J F i . ]+1 —
Figure 2. 4.Centerir 7 uit: qu ion in 6-point Abbstheme
The derivatives in Equation - 18) are expressedhat time Ievelm+% as
follows A vy
. ')
"Q 2° g 2. 19)

ﬁluﬂ’mﬂmwmm e
mmgm U INE&e

b — Ab,j + Ab,j+1
iy A2X.

I

(2. 21)

where:
A,jis the surface area between grid point j-1 and j

Ao j+1is the surface area between grid point j and j+1
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Ay is the distance between point j-1 and j+1

Substituting for the derivatives in Equation (2.1fyes a formulation of the
following form:

Qu+Bh +y Q=9 (2. 22)

where,a, p andy are functions of b anél moreover, depend on Q and h at time level n

and Q on time leveh + %

= Momentum equa

Figure 2. 5. Cent‘erlng of momentum equation in 6-point Abbottesme

The moﬁuﬁmﬁthn Wwﬁﬁmted in Figure 2.6.
AW Mﬂ‘im UNIINYAY
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time step

n+l

| | | Grid point
j-1 i i+ —

Figure 2. 6.Ceniering:of-momentum equation in 6-point Abbottesme
The derivatives of Eqguation (2.16), Saint Venanu&itpns are expressed in the

following way:

0 Q™ -qQr
a—?:—' o J (2. 23)
2 71 y |
O(aQZJ {GQ} ’ {aQ} :
A A At
= & i (2.24)
o0x A2xj
(22 ++,) (brd +hiy)
oh__ 2 2 (2. 25)

ox A2X.

J

For the guadratic term in (2.24), a special forrmoais used to ensure the correct

sign for this term when the flow directichange during a time step:
Q= ~(6-)QQ (2-26)

whereb can be specified by the user (THETA coefficiendemthe default values in the
HD parameter editor) and by default is set to 1ith @il the derivatives substituted, the

momentum equation can be written in the followiagn:
n+1 n+1 n+l _
ahL+BQT +yhii =9 (2.27)

i1

where,
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a;=f1(A
B, = 1(Q,At,4x,C,AR)
y; = (A

1 el
5]‘ = f(A,At,AX,O’,q,V,Q, hjn_lan_lzyQ?ah?+1le+12]

To obtain a fully centered description &f,, these terms should be valid at time

level n +% which can only be fulfilled by using iteration. Rbis reason, the equations

are solved by default two times at every time stke,first iteration starting from the
results of the previous. time step,.and the sedenakion using the centered values from

this calculation.
2.6.3.2. Boundary €onditions

External boundary conditions are required at afidet boundaries, i.e. all
upstream and downstream ends of ‘model brancheghwdre not connected at a

junction. The relationships applied. at the_s';eslirnﬁs consist of:
- Constant values d¢for @ A
- Time varying values ¢ or Q

- Avrelationship’betweenandQ (e.g. a rating curve) (Should only be used at

downstream boundaries)

The choice of boundary condition depends on thaiphlysituation simulated and

the availability'of data.
Typical upstream boundaries could be

Constant discharge from areservoir

A discharge hydrograph of a specific event

Typical downstream boundaries include:

Constant water level, e.g. in a large receivingewbabdy
- Time series of water level, e.qg. tidal cycle

- Arreliable rating curve, e.g. from a gauging stati
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2.6.3.3. Calibration Hydrodynamic Model

Calibration hydrodynamic model is done by adjustined resistance until
simulated discharges and water level are quite ebsiérvations.

2.6.3.4. Bed Resistance

MIKE 11 allows for two different types of bed resisce descriptions:
- Chezy, and
- Manning

The description«s set'in'the Hydrodynamic Editoder the Bed Resistance tab.
For the Chezy descuption; the bed resistance te@rthe momentum equation is
described as:

9QQ| (2. 28)
C2AR L 4

Where,
Qis discharge (rits)
Ais flow area ()

Ris the resistance or-fiydraulic radius (m)

9qQQ

For the Manning description, the term.is.———+
M*AR?

The Manning numbe, is‘equivalent te=the Strickler coefficient. Its/erse is
the more conventional ManningisThe.value oh is typically in the range 0.01 (smooth
channel) to 0.10 (thickly vegetated channel). Thieesponding values favl are from
100 to 10. The Chezy coefficient is related to Magisn:

=" =MR (2. 29)

Values for the resistance numbéZsM or n, should be determined through model

calibration where possible, or based on other izdéd models with similar topographic
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characteristicsR is calculated using either a resistance rad®usor a hydraulic radius,
R, formulation as specified by the user in the cresstion editor. The default
formulation forR may be set individually for each cross section. fBneulations forR-

andR, are discussed follow:
+Resistance Radius

The resistance radius is calculated as
1% 2
== |v2db 2.30
Ri=4 j y (2. 30)

where

y is the local water.depth, A is the cross sectianga and B is the water width at
the same elevation.” This jormulation ‘ensures that Manning number is almost
independent of the water/depth in the Case of csitgoross sections. The effect of the
relative resistance,, lis included in the ab_ove formulation by adjusting physical area

to give the effective flow area /as:
A= Z(r ] (2. 31)
i=1 o

whereNs = Number-of stub=sections which equals the numberz¥alues in the raw

data less one. Equation (2.30) is now read as:

N w

JR 4 —T y 2. 32)

rr
+Hydraulic'Radius

The hydraulic radius formulation is based on alb&rchannel analysis where
the total conveyancds, of the section at a given elevation is equah® sum of the
conveyances of the parallel channels. The padihnels of a cross-section are defined

as those parts of the cross-section where théveetaisistance,, remains constant.

Where N is the number of parallel channels we have,

K=>K, (2.33)
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which may be expressed using Mannimgs:

wIlN

Lin

A

-3 AR 2. 34)

n < nr

Setting A equal to either the effective flow ardah® cross-section as given by

Equation (2.31) or the total flow area we havegheeral formula:

R = . (2. 35)

where,P; is the wetted perimeter'of--the parallel chanReboes not include the
interface between adjoining parallel channels, aezero shear interface has been
adopted. Where the relative resistance_;.;ig.vconstamlss the whole cross-section the
well-known form:

A

Rh:;

(2. 36)

is used. Both hydraufic radius using effective flavea and hydraulic radius using total

flow area are offered as options in the cross @eetilitor.

In thisstudy, values far the resistance humbevgas determined through model
calibration where possible, or based on other rzdéld models with similar topographic

charagcteristies=Arough.guide to values;of Manigingvas referencesas Table below:
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Table 2. 1.A rough guide to values of Manningjis

Open Channels Manning’s n

Minimum Regular Maximum

Natural stream channels

Clean, strange 0.025 0.030 0.033
Clean, Winding 0.033 0.040 0.045
Weeds and Pools 0.035 0.045 0.050
Heavy brush and timber 0.035 0.035 0.100
Artificially channels 0.012

Concrete

Asphalt _ 0.016

Glass _ 0.010

Gravel bottom with side

Concrete £ 0.020
Mortared with stone i 0.023
Riprap 0.033

2.6.4 Advection-Dispersion Module

The transport dissolve matter in water_principalpends on two phenomena:
advection and dispersion (Schnoor, 1996). Advedi@persion, process occurs three

directions (i.e. longitudinal, lateral, verticdl).this study, longitudinal was investigated.

The advection-dispersion (AD) module is basedheone-dimensional equation
of conservation of mass of dissolved or suspendaeénml, i.e. the advection-dispersion
equation. The module requires output from the hygnamic module, in time and
space, in terms of discharge and water level, gessonal area and hydraulic radius.
The advection-dispersion equation is solved nurallyicusing an implicit finite
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difference scheme, which, in principle, is uncaodilly stable and has negligible

numerical dispersion.
2.6.4.1. Dispersion-Advection Equation

Dispersion-Advection equation is basing on masssewation equation and

Fick'law:

The mass conservation principle can be appliedafaonservative substance
(Schnoor, 1996)

2
L. 1C.058 (2.37)
X X

Where: C is the coneehtraiion (gD is the longitudinal dispersion coefficient¥(s),
v is velocity (m/s)

For non-consenvative substance; it also has degpadaocess

9C _ e b 4 (2. 38)
ot
Where: K is linear decay coefficient

So the one-dimensional-(vertically and laterallyegrated) equation for the
conservation of mass of a substance in solutien the one-dimensional advection-

dispersion equationreads:

0AC , 9QC _ 0,

oC
— AD— |=-AKC+C 2.39
ot ~0x ax[ j a (2. 39)

0X
Where C is tHe concentration (gJnD is the dispersion coefficient {fs), A is the

cross-sectional \afea K is the linear decay coefficienf—LI, €, Is|the source/sink
S

concentration (g/f), q is the lateral inflow (f4s), x is the space coordinate (m) and t is
the time coordinate (s), Q is the dischargd&gn

The equation reflects two transport mechanisms:
1. Advective (or convective) transport with the méaw;
2. Dispersive transport due to concentrations grasli

The main assumptions underlying the advection-dsspe equation are:



28
- The considered substance is completely mixed tnvectoss-sections, implying
that a source/sink term is considered to mix iriata@ously over the cross-

section
- The substance is conservative or subject to adlidgr reaction (linear decay)

- Fick's diffusion law applies, i.e. the dispersikansport is proportional to the

concentration gradient
2.6.4.2. Solution Scheme, AD

The advection-dispersion equation is selved withlly time and space centered
implicit finite differencewscheme in order to-minze any artificial (numerical)
dispersion. Moreoverdt‘has‘been ensured thatigteetization mass conservative. The
finite difference scheme is«derived by'. considetimg mass flux into a control volume
situated around the grid point|. . The bq;j"ndariemisfcontrol volume are the river bed,

the water surface and the two cross-séptions St | —% and j +%, respectively,

see Figure 2.7 . ‘)
g _J:J
~ 9, €y i
| 777 T i |
"4‘/'4‘ ,/ Pl /'/ // // /'/ / /'/ /,
o ’ o o ¢
AV Ay Ve ey Vi |
| g Py .7{""{. ’//// "'//'/
M ',/ - // /"}s(-..,‘./. 7 L |
-------- AL
s P / // Ay Ay
& e
oSN T e Py |
| ’,/;’//// ///’///i// AL
Qi 1Vt & ol 1.8 5 7 At Qe |
| Rl PP IS e e e |
LN T A
J-1 AKA:\ | A (I 3 J+2
i
Xj xj+1

Figure 2. 7.Definition sketch for the control volume.
The two equations considered are the continuityaggu and the advective-

dispersive transport equation.

Continuity equation:

1 1
Mo+ M en 1 1 1
VJ C] V] C] n+— — n+—
- +T 2-T 2=q °C
At At j+§ j“E a

1
n+ n+>
2 -

1
n+= n
V, 2KC] (2. 40)
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WhereC is the concentratiory the storage volum4; is the transport through box
walls, q is the lateral inflowAt is the time stepCq is the concentration of lateral inflow

sourceK is the linear decay coefficientis the grid point and is the time level.

Advective-dispersive transport equation:

—A Du (2. 41)

j+
! 2

1 1

Nt o A
T 1= Q 1 C

= j+=

2 2

!
2

where,

1
Q_n 2 is the discharge at.the right wall of the box
j+=
2
1
A 2 is the cross sectional‘area of the right wall

+,
]2

D s the dispersion goefiicient

C" | is an upstream intefpolated-concentration given by:
i+
2

a4 oty o ) omd 2, 0 B )on ey o
c, :Z(C]+11+C 140l 4C)= mm(—é[_vl:l-?J MJ( " —2CM+C",)(2. 42)

2 Fr

in which o is the Courant numbellJ’A‘it The last term of Equation (2.41) is an explicit

third order corrective'term. Substitution and r@agemeni-of the above equations give a
general implicit finite. difference equation, whicklates the concentration in three

neighboring grid pointsitoseach other at any tievel as:
a,Cl+BC+ )y Cl =6 (2. 43)
2.6.4.3. Boundary Conditions
At external boundaries, a series of conditionstEapplied:
- Open boundary outflow

- Open boundary inflow - User defined values ofdbiecentration (time varying

or constant)

- Closed boundary
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2.6.4.4. Calibration of AD module

Calibrations of AD module operated by adjustingpdision coefficient until

outputs (i.e. salinity concentration) are quitelwédh observation data.
2.6.4.5. Dispersion Coefficient

Longitudinal dispersion is caused by the combinetioa of a non-uniform
velocity distribution and diffusion. The longitudinspreading under the influence of a
non-uniform velocity distribution is much greatbanh would be achieved by molecular
and turbulent diffusion alone. The dispersive tpansfollows Fick's diffusion law. The

dispersion coefficient is determmned as a funetibthe mean flow velocity, viz:

110

n+E

Dt =a 2 | (2. 44)
An+5 4

|

Where a and b are constants to be specified byitke A constant dispersion
coefficient is obtained by selecting b=0. In rivire dispersion coefficient is in the order
of 5 to 10 ni/s increasing fo between 30 and 100snas two-dimensional processes

(secondary currents, wind indueed turbulence) becmore dominant, e.g. in estuaries.

The dispersion. coefficient, D, can be descrlbeah dsnction of the mean flow

velocity, V, as shown below.

D=aV’ (2. 45)

Where auis the dispersion factor and b is theedspn exponent. Typical value
ranges-fo:1-5 nf/s (for-small-streams); 5-20%fs (for tivers) (DHI, 2007). Both the
“dispersion factor” "and"the “dispersion exponengihdoe specified: If the dispersion
exponent is zero then the dispersion coefficlBnbecomes constant (equal to the
dispersion factor).

A literature summary dispersion coefficient of sarmvers and estuaries
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Table 2. 2.Summary of dispersion coefficient in some rivers

Reach Depth| Width | V Longitudinal Reference
(m) (m) | (m/s) Dispersion
Coefficient(nf/s)

The Bassac River, Viet Nam 50-700 Sam, 2006
The Dong Nai River, Viet 100-300 Sam, 2006
Nam
The Sai Gon River, Viet Namn 50-100 Sam, 2006
The Mekong River, Viet 100-700 Sam, 2006
Nam
The Vam Co River, Viet 75-300 Sam, 2006
Nam .
The Bayou Ancoco, LA, U$ 19:8 13.9 Schnoor, 1996

0.85.0 4z | ‘67 14 Schnoor, 1996
The Clinch River, TN, US 2.1 60;3 ' 104 54 Schnoor, 1996

5% 53°1410.7 47 Schnoor, 1996
The Missouri, US 27| 2007 0.074 5290.8 | Schnoor, 1996
The Sabine River, TX, US 35.1 39.5 Schnoor, 1996
The Sabine River, LA, US 42 4 316 Schnoor, 1996

1274 699.1 Schnoor, 1996
The Yadkin River, NC,-US
70.1 213.8 Schnoor, 1996

2.6.5 Limitation of MIKE 11 Model

MIKE 11 is a professional model. Although MIKE has some limitations, it
has been applied in many large diversity projectthe world such as Flood Action
Plans (FAP) in Bangladesh, Flood Forecasting in Yaegtze River (China), Drainage
Master Plans for all seven major drainage arebimg Kong, Salt River Project (USA)
involving control of irrigation systems, Flood Maygment in Czech Republic, Flood

forecasting in Poland, Water Quality modeling inpep part of The Yangtze River
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(China), Urban Pollution Management projects in Uifc. Mike 11 uses finite
difference method of Abbott and lonescu for solviggint Venant Equation (DHI,
2007). The equation was solved by iteration mettibdrefore, solution time in HD
module is long. In case of large scale area simoulait takes long time to run its
modules. In addition, advection-dispersion equaosolved with a full time and space
centered implicit finite difference scheme in AD dote, so numerical dispersion may
occur. It causes low accurate result such as siionleesults are higher than values in
boundary condition, simulation result’ may be minioreover, MIKE 11 is a

commercial model, so its price is quite high.



CHAPTER llI

METHODOLOGY

This chapter comes up with study tools and datalewdor research and their
possible sources. Methodology is followed in deteing the potential of simulation
salinity intrusion by using Mike 11. The framewakmethodology is divided into three
parts namely (1) Calibration model, (2)/\Veuficationodel and (3) Simulation salinity

intrusion.
3.1. Software and Rrograim

Neary et al., (2001).showed that 1-D modeling hajffer a practical and cost-
effective alternative compared 2-D or 3D modelthwelatively less model set-up and
run-time requirement. Moreover, the MIKE 11 mousesuitable for studies related to
flow and water level eonditions in the Mekong-Bas$anle Sap River and Great Lake
system including assoclated roodeain_S;.m __(VMRC, 2008)erefore, MIKE 11 model
(version 2007) and MIKE view (version 2007) aressofor this study.

3.2. Methods

The method inthis study can be divided into thpasts:

- Investigation of salinity intrusion in_year 19981 this study, the
simulation result for the year 1998 was chosebasgline scenario to
measure any changes in salinity intrusion iin tree 2620 and 2030. The
reason for selecting the year is that salinityusibn in 1998 was
considered one of the most serious events In resaEates (Sam, 2006).

Moreover, data for the year is available for magdibration.
- Verification of salinity intrusion in year 2005
- Simulation salinity intrusion in years 2020 and @93th five scenarios

Figure 3.1 and 3.2 display overall framework andoeptual flow diagram of this study
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-Natural conditions
- Land & water resource use
-Previous relative study

- Review salinity by the years 1998, 2005
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Data collection
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Figure 3. 1.Overall framework of research study
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Figure 3. 2.Conceptual flow diagram for using MIKE 11 in tlsisidy
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salinity intrusion in the year 1998

/[ Model Calibration: Investigate \

Model Verifieation=Investigate

salinity.intrusion in the year2005

Intrusion in years 2020 & 2030

[Mode Slmulatlon Slmulate salinity

Figure.3. 3.Flow of method

3.2.1. Investigation ‘of Salinity“intrusion in the Year 198 (Calibration
Model)

Calibration of MIKE 11 model for salinity intrusio simulation can be
summarized into two modules as HD Model and AD Modée calibration was
performed to the typical low flow season. Low fleeason is defined as the period from

the beginning of February to May inclusively.
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+Hydrodynamic Model (HD Model)
The HD module is based on conservation of masshvadentum. Inputs of the
module are hydrodynamic data, topographic dataNaaning’s resistance (n). These
data were collected from relevant governmentateffiat provinces, districts and sub-

districts. The data and their sources are listélchivie 3.1.

Table 3. 1.Inputs of Hydrodynamic module

No Data Deseription Data Source

1 Meteorological and | Flow and, waterlevel data in mair5SIWRR,  CTU,

hydrological data rivers in MD VNMC, NCHMF
2 Topography map Jopography map of main riversfWRR, CTU
MD |
3 River system in Map of rivé'r system; Geometrj|;SIWRR, CTU,
Lover MD data (length, width, depth, etc.) | VNMC
4 Geometric and Operation -'-_r-ul_es of hydraulicSIWRR,
location of any structures = PMU 10

control structures

S

5 Water demand Water dem_ar_ld in the study arga SUBN

River network includes:

1095 rivers (these river were been digital by usagpllite image).

153 control_structures
- 4 weits
- 1 culverts

- ' 6'discharge boundaries at the upstream. Two of tammocated on
main The Mekong River and 82 water level boundaaiethe sea as

Figure 3.4.
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Table 3. 2.Water level station location and observed timeioars

40

No|Station namg River Name | Location Observed time Time stg¢p
(km) | Year 1998 | Year 2005
The Bassac March to April Every
1| Chau Doc River 120,0 hour
The Bassac March to April | April to Jung Every
2 | Long Xuyen River 115 hour
The Bassac March to April| Jan to June Every
3| Dai Ngai River 273,7 hour
The Mekong March to April| March to Every
4| Tan Chau River 103,4 April hour
The Vam NacJ .| Eeb to April Every
5| Vam Nao River O hour
TheMekong - | Febto April | Aprilto Jung¢ Every
6 | Cao Lanh River P97 S hour
The Mekong fMquch to April| Jan to Jun€g Every
7 | My Thuan River CERE hour
The Mekong March to April Every
8| MyTho River 262,3 : hour
The Co Chien March to April| Jan to Jung Every
9| TraVinh River 55,0 hour
The Bassac March to April [ “Jan to Junsg Every
10 Can Tho River 2315 hour

(Seurce:yNational:Hydre=MeteorolagicalService)
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Table 3. 3.Water level station location and observed timesbiiaries

No|Station namL River Location Observed time Time ste
Name kM) | Year 1998 | Year 2008

1| Vung Tau Vung Tau sea JantoJune Jan to NEagry hout
Jan to Jan to May| Every hout

2 | Vam Kenh| The Tieu estugry sea December
sea Jan to Jan to May| Every hou

3| Binh Dai | The Dai estuarny December
TheHametong S€a Jan to Jan to May| Every houl

4 | An Thuan estuary December

|

Thes€0 Ghien| / S€a Janto Jan to May| Every hou

5| BenTrai estuary ' December
The My Thanh sea} . Jan to Jan to May| Every hou

6 | My Thanh estuarly December
The GanhiHag: ~S€a" 4 Janto Jan to May| Every houl

7 | Ganh Hao River 3 ;J-pecember
The Ong Doc|~ $€a& | . Janto | Jan to May Every hour

8 | Song Doc estuary December
The Rach Gia| sSea Jan to Every houl

9| Rach Gia town December | Janto Mgy

(Source: National Hydro-Meteorological Service)



Table 3. 4.Flow Stations location and observed time
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Station Observed time
No|Name River Name| Location Time step
(Km) 1998 2005

The Bassac Jan to Every

1| Chau Doc River 119,3 December hour

The Mekong Jan to Every

2 | Tan Chau River 104.,0 December hour

The Vam-Nao / Jan to May Every

3| Vam Nao River 2,5 hour

The Bassac , Jan to May Every

4| Can Tho River 231,5 hour

The Mekang . Jan to May Every

5| My Thuan River 210,34 hour

4.4 Janto Every

6| Kratie Kratie Q- 4/ December Jan to May| hour

< 'Jj"Jan to Jan to Every

7 | PrekDam Tonlesap 0 | December December hour

Source: National'; Centre—for—Hydro-Meteorological réaasting,

Commission (MRC)

+Advection-Dispersion Model (AD Model)

Mekong River

Inputs of AD module include all inputs of HD, modukime series of salinity

concentration at boundaries and.advection-dispersaefficient. The AD module is

calibrated by adjusting advection-dispersion cogffit until the simulated outputs quite

well observed data at several stations (e.g. DNai®/ HB) as Figure 3.5 .

Salinity concentration data was collected as Talide



Table 3. 5.Salinity concentration
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No Station River Name | Locatio Obsered Time
Name
(Km) 1998 2005 Time step
l. On Rivers
The Bassac March to
1 | Dai Ngai River AT June Feb to May Every 2 hours
The Co Chien Mareh to | Feb to May| Every 2 hour
2 | Tra Vinh River 54.9 April
The Mekeng Marchto | Febto May| Every 2 hour
3 | Hoa Binh River 14,04 April
The Bassac |“March to | Febto May| Every 2 hour
4 | My Tho River 262,34 May
I, 4 Estuaries
Vam The Tieu Feb to Jung¢ Jan to May| Every 2 hour
1| Kenh Estuary =l
The My Thanhi Fébjo,June Janto May| Every 2 hourn
2 [My Thanlh  Estuary
The-Ganh Hag Feb to June Jan to May| Every 2 hour
3 [Ganh Hap River
4 | Binh Dai| The Dai‘Estuary Feb to Jun¢ Janto May| Every 2 hour
The Co Chien Feb to June' Jan to May| Every 2 houn
5 | Ben Trai Estuary
TheHam Luong Feb todune Jan to May | Every 2 hourn
6 [AnThuan  Estuary
The Rach Gia Feb to June Janto May| Every 2 houn
7 | Rach Gia town
8 [ Song Do¢ The Ong Doc Feb to Jun¢ Janto May| Every 2 hour
Estuary

(Source: National Centre for Hydro-Meteorologicatécasting, Viet Nam)
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3.2.2. Investigation of Salinity Intrusion in the Year 20(®b (Verification the
Model)

Verification the model during low flow period in0@5 (February to May), is
carried out with hydrology and geometry conditiamshe year 2005 while Manning’'s
coefficient and advection-dispersion coefficiensagments of rivers were kept as the
previous step. As best fit between simulated dstpnd observed discharge, water level
and salinity concentration at stations are illusttaas Figure 3.5.

3.3.Simulation Salinity lntrusion injthe Year 2020 and2030 with Scenarios
3.3.1 Scenarios

In this study, the' resulis of five modeled sCmsawere summarized. The
scenarios have been chgsen to present a range 6dekong River reducing and sea
level rise next twenty years. The main purpose fef scenarios is providing a
perspective on development and their impécts.déharios reflect the impact of dams,

water consumption increasing and sea level rissabnity intrusion in MD.
3.3.1.1.Baseline Scenario

In this study; the simulation result for the yd®98 was chosen as baseline
scenario to measure-any changes in salinity imrusi-the year 2020 and 2030. The
reason for selecting the year is that salinityusitsn in“1998 was considered the most
serious events-insrecent decade(Sam, 2006); Meredata for the year is available for
model calibration.

3.3.1.2:Prejected, Sea,, Level | Rise pand—~ Decrease AJpstream Diacge

Scenarios

Nijiseen et al., (2001) conducted research orhgfizologic sensitive of global
river to climate change in which hydrologic modehglation performed for the decades
centred on 2025 and 2045. Their study indicatettttgadischarge of the Mekong River
decreased in dry season and increased in wet seldsanh et al. (2003) obtained
similar results for the SRES (Special Report ondsion Scenarios) B2 scenario. They

estimated minimum flow in the Mekong River reducibf§%-17% with CC-NoAgri
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(slightly change in agriculture area) scenarigaar 2010 to 2039 compared with 1961
to 1990 and decreasing 90%-100% with CC-Agri (cleamgagriculture) scenario in
year 2070 to 2099 compared with the period 1961901

According to "IPCC Fourth Assessment Report Clen@hange 2007" by the mid
2090s the global average sea level was projectettitease 43cm, at rate 5.6mm/year,
above the 1990 levels for SRES B2 scenario. It s\éfaat sea level at South China Sea
was projected to rise about 20cm in 2030 compaitdd®80 to 1999.

In this study, five modelling scenanos. were spt hasing on sea level rise
scenarios (IPCC, 2007).and-the Mekong- River floduoing (Hoanh et al., 2003).
SWAP and SLURP models.were used. Especially, thagihg in water resource in the
Lower Mekong Sub-Basins was focused. The SWAP muadal used to analyze the
variation of food production at field scale levieb@anh etal., 2003). SLURP was applied
to simulate the hydrglogical cycle from precipoatito runoff, including the effects of
reservoirs, regulators, water extractions;'-an@aititi)n schemes to assess impacts of
climate change and climate variability ‘on foed prcttbn, food security and
environment (ecological and secial) and dleveloppmﬂn strategies to alleviate the
negative impacts on food and environmént‘ﬂ‘i'n Lowekdhg Sub-Basins. The authors
estimated that the Mekong River flow in'dry seagpmD. will be reduced 15%-17%
with Agri-Scenarigs-{ne-change-or-change-agricaliarca) in the period 2010-2039 in
comparison to period 1961-1990 depending on sador climate change and
adaptation strategies (Hoanh et al, 2003). Inpluithkose mathematical models include
many kinds of datassuch as, climate;~topographyg-age; characteristic of sails,
hydrology, water consumption 1 MKB and so on inishhwater demand for all
activities requirement.in. MKB is Key factor thatesfts. the Mekong.River flow (Hoanh
et al., 2003;'"MRC;2010). Typically; water consuimmptprediction is-performed basing
on three main factors in MKB: i) irrigation wategrand; ii) hydropower water demand;
iil) domestic and industrial water demand (KiteD20Hoanh et al., 2003; MRC, 2010).
In the study, the predictions of water consumpft@mirrigation, hydropower, domestic
and industrial in MKB are lightly smaller than Héeet al (2003) prediction while water
consumption in MD is predicted that is higher thitawas expected. Therefore, all of
values of the Mekong River flow reducing in fiveeearios were undertook higher than

Hoanh et al (2003) prediction. Specifically, thestfiscenario, sea level is projected to
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increase 14cm while upstream discharge rate oMileong River is assumed to have
decreased 11%. Second scenario is that the valseadkvel rise and reduce upstream
discharge rate of the Mekong River are 14cm and, 22%pectively. Third scenario, sea
level increase 20cm and upstream discharge rateatexr 15%. The fourth scenario is
supposed that sea level will rise 20cm while disghaate reduce 30% and the last
scenario is assumed that the Mekong River willide®8% and sea level will rise 20cm
as Table 3.6.

Table 3. 6.Summary scenaries for model simulation

Scenario Sealevelrise| ' Upstieam discharge rat¥ear projected
reduce

Baseli‘ne scenario

1 14 cih A 1% 2020
2 14 o 4 22% 2020
3 20 cm 4 15% 2030
4 206m . 30% 2030
5 20cm - 38% 2030

3.3.2 Simulation Model

The calibrated and verified model was applieditoulate salinity intrusion with

five scenarios.as‘mentioned.



CHAPTER IV
RESULTS

4.1. Population and Water Consumption Prediction

Looking at the policy goals of the countries in MEB, the primary focus of future
development and water related economic activitebased on irrigated agriculture,
hydroelectricity generation, fisheries, maishlarisyd mitigation, navigation, tourism
and city and industrial ‘water supply. Abnormal fléwctuations caused by upstream
and downstream activities*(Sunada, 2009). In regeats, countries in the river basin
regard hydropower. Cugrently,.dams have been eithder construction or have been
planned in the main stream/and tributaries of tlexdng River. These dams can affect
discharge in dry season (Sundana, 2009). Moremager consumption will increase in
the future causing of development and“water relacashomic activities (ENSIC, 1999;
Hoanh, 2003; MRC, 2010) while the Mekpﬁg River flowdry season is one of the core
factors that effects salinity” intrision in .IKV/:IDI(_SaEQO& Tuan, 2007; Sundana, 2009,
MRC, 2010). Therefore, estimation of tﬂheﬁ;Mekong ériviow is one of the most
important tasks that,have been investigét:e-d'-imtemars (Hoanh, 2003; MRC, 2004
and MRC, 2009). Typically, study the Mekong Rivienif was carried out by coupling
of mathematical models (i.e. SLURP, SWAT, 1QQM, d8t5). In general, inputs of
those mathematical madels include many kinds @ dath as climate, topography, land
use, characteristic of soils, hydrology, water comgtion in MKB and so on in which
water demand‘for all activities requirement in Mi§Bkey factor that effects the Mekong
River flow: Typically, watersconsumptian predictiaperformedibasing on three main
factors in MKB:' i) ifrigation water demand; ii) hsapower water demand; iii) domestic
and industrial water demand. In this study, the main scenarios of development in

Mekong Basin which were undertaken were high dgreknt and low development.

4.1.1. Population in Mekong River Basin (MKB)

Population in the MKB has continued to increasedigpver the past 30 to 50
years (ENSIC, 1999; MRC, 2004; Sundana, 2009; MRXI(). The average population
rate growth is about 2% (Hoanh, 2003; MRC, 2004jis irend has been especially
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conspicuous in Cambodia, Laos and Myanmar. Totaulation in MKB is one of the
major important factors that effect water and ecoicoactivities in the area. Linear
growth model was used for computing populationeasmg. The future population of
the Mekong River Basin was estimated basing onntbeerate population increase
scenario (A) and the high population increase sten@) that correspond with
scenarios in the report of IPCC. Two scenarios wireled into three period of time,
following the national master planning in MD (i#995-2000 as baseline; 2020 and
2030). After 2000, ADB and UNEP were strongly sigjge that the population growth
rate will reduce 25% for the period 2000-2020 émel period 2020-2040. As the result
in Table 4.1, it is estimated.that the basin pdpzof 66 million in 2000 will increase
by 50 percent to 99.1 millionn 2020 or 123 petdenl45.69 million in 2030 as Table
4.1.
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Table 4.1.Population estimation with.iwe scenarios (million)

Population in Population in
Catchment Overall population growth raie, % Base Scenario A Scenario B
of MRB | 1995-2000 2000-2020 | 2020-2080 p0|5U,lati0n
(Scenario A,B) | (Scenario A) | (Scehario A) _, | 2000 | 2020 2030 2000 2020 2030
Yunnan 1.6 1.2 0.9 9.9&}9:95) 10.72 13.60 14.90 .y 14.72 20.22
Myanmar 1.4 1.1 0.8 0.5("‘;1"99‘21) 0.55 070 080 055 .7® | 0.96
Lao PDR 2.6 2 1.5 : ‘ 49(506(}) 4.90 7.30 8.50 4.90 8.1 13.68
Thailand 1.6 1.2 09 23.1(2@_0_9) 23.10 29.30 32.00 3.0 | 31.73 43.59
Cambodia 2.8 2.1 1.6 9.8(2000) 9.80 14.90 17.50 @.8 17.03 29.58
Vietham 2.1 1.6 = 16.4(2000) 16.40 22.50 2540 4B | 24.85 37.66
Total 65.47 88.30 99.10 65.4Y 97.24 145.69

Source of population base and population grow#1 ENSIC, 1999; MRC, 2004 and GSOV, 2008

6V
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4.1.2. Water Resources and Water Consumption in MKB

4.1.2.1 lIrrigation Sector

Water use in MKB can be divided into three maint@sc i) Agricultural-
Aquaculture sector ii) industrial and domestic sedii) hydropower sectors (Hoanh,
2003; MRC, 2004; MRC, 2009; Sundana, 2009 and MR®,0). Agricultural is a
dominant sector in MKB. Approximately: 75% populatias highly depending on
agricultural and fishery. Total irrigation .area liower Mekong Basin (LMB) was
projected of 11,394million ha'in 20201 (MRC, 2004igation area in the period 1985-
2000 in LMB was showed in.appendix B.

Per capita water availability (in, Table 4.2) wascakated by dividing the total
available runoff (Appendix A) by population (Taklel). In the scenario A, per capital
water availability in the whole MRB-in ’4;03_0 IS 0r60.49% in comparison to 1995. The
high reduction is in Cambadia (56%) aﬁ:_d{Lao PRDE5%) while water availability in
Yunnan, Myanmar, Thailand and Vietn{ém-’ Is reducedefe It is from about 60% to
70%. However, water availability drop's':ig(aduallysioenario B. It is 42% in 2030
compared with 1995. In scenatio B, Wéfefjf"'availabiih Vietham and Thailand are
lowest with 1852.2 and 1390 ffvapita-year, respectively. In generally, water
availability in 20307is haifof it in- 1995 n theenario B:



Table 4. 2.Water avaifébility of two scenarios
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water availability of ) water availability of
Catchment 1995 Scenario A (r?‘lcapita—yeah) Scenario B (rficapita-year)

ot MRS 2000 2020 % 2_;)30 2000 % 203 ¢
Yunnan 7689.70 7103.00 5597.60 72.7910@;305 66.44 7103.00 67.24 3764.40 | 48.95
Myanmar 18922.0( 17203.0d 13515.70 71.4382‘6':;30‘ 62.5017203.00 68.85| 9864.80 | 52.13
Lao PRD 33917.3( 33917.30 22766.40 67.]129552:46 " 57.6%33917.30 20299.00 59.85| 12148.60 | 35.82
Thailand 3494.90 3494.90 2755.40 78 82522.96-- ) 3494.90 72.80 1852.20 | 53.0d
Cambodia 9203.40 9203.40 6053.20  65.73153.90 ) ©203.40 57.96 3049.50 | 33.13
Vietham 3192.10 3192.10 2326.70 72182061.00 1.3192.10 65.99 1390.10 | 43.55
Total 76419.40 74113.70 53015.00 . .69/3%6225.80 ) 74113.70| 48445.30 63.39| 32069.60 | 41.97

TG
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4.1.2.2 Hydropower Sectors

The hydropower is the second major water use inMkekong Basin (MRC,
2010). Many hydropower dams in mainstream haveeliben constructed or have been
planned. These include the three existing hydropodams, the Manwan , the
Dachaosan and the Jinghong Dams in the Lancangstream. The Xiaowan under
constructed, and the Nuozhadu Dam for which préipaisa are being made for its
construction. In Thailand, six major tributary nesers are in operation, namely the
Ubol Ratana, Chulabhorn, Sirindhorn, Pak Mun, Laao Bnd Nam Oun Dams. These
dams are used for hydropower and irrigation in Noeth East of Thailand where a
significant number of irrigation” systems exist andny of them are planned. In Lao
PDR, three major tributary reservoirs, namely tr@\Ngum, Nam Theun Hinboun,
Huai Ho, Nam Ngum 2.and Nam Theun 2, are hydropayeens. In Cambodia, the
Great Lake, linked to'the/Mekang River by the ToBé® River, covers an area varying
from 3,000 ki in the dfy séason to 15,000 km the wet season, and is considered the
heart of the LMB. It is also the largest qufbeﬁeﬁhwater fish in South East Asia. In
Viet Nam, the largest existing reservoir.fpi,h_yquer is the Yali Falls on the Se San
River, a major tributary in the East of the M‘ékcB@in; an area identified as having a
high hydropower potential. The MD in Vie‘t' Namis thiost important rice producing
region in the country. In the low-flow seasons, tilel effect in the Delta is observed up
to Phnom Penh in Cambodia (Sam, 2006; Tuan, 20RC M2005; MRC, 2010). About
2.5 million hectares in the Delta are irrigated adnained for rice cultivation. However,
in the low-flow seasens' agriculture is “practicedyan a small fraction of this area
because of insufficient freshwater and seawateusitn (MRC, 2010). All proposed
dams ;in mainstreamgof:the-MekongRiver-was showAppendix; C (Figure C.1) .
Those proposed reservoirs  on the mainstream aresxpuected to be built due to
approval requirement from all the four riparian ewies of the MRC.

Figure C.2 demonstrates large dams in the MekasinBEspecially, eight dams
are in existence, under construction and propasédncang River (China) as Table C.1
(Appendix C). In the upper reaches of the Mekoragnnstream in Yunnan Province,
China, two dams have already been constructedhentto are being constructed and

four more are in the planning stage. Out of thBtswan Dam was completed in 1993
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and Dachaoshan Dam in 2003. Currently, work is acka on the Xiaowan Dam, which
will be the second largest dam in China. JinghormgnDwas finished last year. The
impact of the Manwan Dam on downstream flow angended sediment load has been
estimated by the Mekong River Commission basedbsermwation data. In the analysis,
comparison of mean annual peak flow was carriedetdre and after completion of the
dam (up to December 31, 1992 and from January 93)1& hydrological observation
posts in the lower reaches of the,Mekong. The ftteereased at Chiang Sean but
increased at Luang Prabang. The peak.annual floerghy falls. In Kratie, the Mekong
River flow in dry season redueed 2% after operaithe dam (MRC, 2009).

However, it is not clear whether this can be lafted wholly to Manwan Dam
(Sundana, 2009). MoteeversLu et al:, (2005) amalythe historical data (from 1962 to
2000) which was published by the Secretariat of dekRiver Commission (MRC).
They indicated a disruption/dnwater disChargeavﬁUctuations and sediment transport
downstream of the Manwan Dam, after.its reserves Wled in 1992. Dry season flows
showed a declining trend, and water level flucorati in the dry season increased
considerably in the post:dam :(1993-2000) period.ntdly suspended sediment
concentration (SSC) has also decreased signifjfcanteveral gauging stations in the
post-dam period (Lu et al., 2005, 2008). Howevéowfreduction at numerous
observation points.is the result of various facgwsh as reservoir adjustment, weather
changes and otherfauman activities. It is thus ssijute to-distinctly view the impact on
flow (Sundana, 2009). In addition, Lu et al., (2D88owed that the decrease is only
statistically significant at Chiang Saen. Ateasited in the mid-length of the river show
less sensitivity to the operation of the Manwan Dasisediment fluxes have remained
stable or even increased in the past-dam periog{lall, 2005). China is not a full MRC
member. " Therefore, operational characteristichosé dams isyunknown. It expected
that those dams will be operated with the lowegtaiots on LMB and China will not
have any project to divert water from those reses\to another basin.

4.1.2.3 Domestic and Industrial Sectors

In this study, water demands in the MRB for doneestid industrial consumption
were estimated two scenarios corresponding withulatipn increasing scenarios. Water

demand per capital was taken as Table 4.3 (MRC5)208nnual demand is about
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5577.57 mcm in 2030 in scenario A. in scenariohB, water demand for domestic and
industrial is about 1.5 times of that in scenario IA generally, water demand for
domestic and industrial in MKB is not quite high.id about 6% in comparison to
irrigation water demand and approximately 80% oftewaused for domestic and
industrial is returned to the water body as wasatew(DPC, 1997). The amount of

water demand for environmental protection is neady defined.

AULINENINYINT
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Table 4.3.Water demand for domestic and industrial

Demand per Annual demand(mcm)

Catchment capital Scenario A Scenario B

of MRB litres/day 2020 2030 2020 2030
Yunnan 170 843.88 924.55 913.52 1254.86
Myanmar 140 35.77 40.88 37.11 49.01
Lao PRD 140 373.03 434.35 418.3Y 699.06
Thailand 170 1818.07 1985.60 1968.92 2704)59
Cambodia 140 761.39 894.25 869.98 151137
Vietham 140 1149.75 129794 1269.93 1924 .40
Total 4981.8‘9..‘; 5577.57 5477.84 8143.28

Obviously, water constumption in MKB will increasethe future due to water demand

increasing of all water use sectors:

4.1.2.4 Estimate the Mekong River Flow in MD in Dry Season

Food demand and irrigation water consumption.in Nzble 4.4 and Table 4. 5)
were projected with two assumptions: 1) food demanKB is about 300kg/capita-
year of paddy or equivalent; ii) an average pradacdbf 0.32kg of paddy or equivalent
is needed 1m3 of irrigation water with the preseigation techniques (ENSIC, 1999).

Results were indicated as Table 4.4 and Table 4.5.



Table 4.4. Population prediction for two scenarios

Population in Population in
Overall population growth-raie; % Scenario A Scenario B
Catchment 1995- 2000- 2020- Base
of MRB 2000 2020 2020+ population
(Scenario| (Scenario (}Eﬁario
A,B) A) A) i 2000} 2020| 2030| 2000| 2020| 2030
fffﬁ “ 16:34
Vietnam 1.96 1.5 1.2 (2000) | 16.34 22.00| 24.50| 16.34| 24.20| 35.52
.»"I i /|

oy ¥ N .
Table 4. 5.Water consumptlon_z?stlmatlon for two scenarios
/ h

_,'!" wnd -...--.:"IJ
- o ¥

£

Scenario | Food demand (million = S
ton) , Irrigation water‘demand (mcm) Domestic andusigial(mcm)
2000 | 2020| 2030, 2000 2020 2030 2000 2020 20
Scenario = =
A 2.45 3.3 3.68 7659.38  10312.50 1148438 62.6284.32 93.89
Scenario -
B 2.45 3.61 5.33 7659.38 11292.49 16648.93 62.602.33| 136.12

9%
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The water consumption in MD greatly varies witheri@ariety, growth duration,
soil and hydrological conditions and farming prees (Bouman and Tuong, 2001).
Water requirement for rice greatly varies with @ calendars, cropping patterns
and areas. Based on water productivity of rice fagnthat was estimated by ENSIC.
As interpereted from Table 4.5, rice cultivation time MD can abstract a water
volume between 7,722 and 16,785mcm from Decembligiatp

Basing on the prediction of the magnitudes ordelisitharge at Phnompenh
(Chanh, 1991), the Mekong River flow was.chesenhase 4.6. The percentage of the

Mekong River flow rate reducing was estimated-dsid4.6.



Table 4. 6. Percent ft \ iver catchrme¥ietnam
- \k

\\%"‘

Water demand in MD esti ﬂ/ﬁﬂ;\w M)
Scefaro 8|
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ercént of river flow rate reducing (%)

. Scenario A I I ﬂ\ Scenario A Scenario B
Discharge ‘
m’/s 2000 2020 2030 ! ‘% n\ .p 2020 2030 2020 2030
1500 J‘éif_‘_ £ \ 11.31 16.30 15.49 38.32
2000 7722.00| 10396.8211578.27| 772 .Odi = '-‘-5! 6785.05 8.48 12.23 11.61 28.74
2500 ORI, gy & 6.79 9.78 9.29 22.99
3000 Q |2 /5.65 8.15 7.74 19.16
A

o

B
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4.2. Salinity Intrusion Simulation

Following the conceptual flow diagram (Figure 3.2 study can be categorized
into four main steps model setup, calibration modelification model and model
prediction.

Firstly, the model was created and calibrated ke in 1998. The model was
calibrated by adjustment or turning model pararmsefiee. Manning’ coefficient in HD
module, Advection-Dispersion coefficient.in AD mdeluthat were allowed within the
range of experimentally determined reported maiigre review as Table 2.1 and Table
2.2 until simulation resulis fixed well with obsation results at different stations on

main rivers as Figure4'1. Fhen model verificatias performed by using data in 2005
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Table 4. 7.Hydrological and salinity observation stations ugednodel
calibration and verification in the study

. Calibration Verification
Station ,
Acronym Locatio

Name Water Water

DischargeSalinity DischargeSalinity

Level Level

Cai Lon CL River X X X X
Can Tho CT River X X X X
CaolLanh CL River X | X
ChauDog CD River X X X

Dai Ngai DN River X I'L X X X
Go Quao GQ Field X 47 & X X X
HoaBinh| HB | Rivef ” X

Lfi;r]‘g KL | Field .X " ' X

)'(‘S;egn LX | Rive'| J’J X

MyTho | MO | River | =1 X
My Thuan MT |, River | X e X
QUaRLOT QH “Field | X x | x

Rach Giag RG |“Field X X
Soc Trang ST, Field X X X X
TanChay 'TC River X X X

Tra Kha TK Field X

x
x
P
X

Tra Vinh TV River

X
X
>

Vam Nao VN River

Vi Thanh VT Field X X
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4.2.1 Model Setup

In the study, two modules in MIKE 11 (i.e., HD aAB modules) were applied to
simulate salinity distribution in main rivers in MIh the HD module, two sets of input
data were required for the module: (i) the configion and dimension of river network,
including control structures and their operationgedure, (ii) time series data (water
level and discharge) and initial conditions at ltames. The HD module was defined
by six time series of discharge at the upstreamtpolwo of them locate in the main
Mekong River of MD (Kraiie and Prekdam)and eighty time series of water level at
the downstream points«in-the South' China Sea aridoGlhailand. Those boundary
conditions were then altered to project sea leseland river flow rate reducing. In the
AD module, a constani” oi zero salinity was imposgdsix upstream discharge
boundaries while time /Series | of salinity was  set atp eighty-two downstream
boundaries. The time step Hi=2 minute__s and maximum horizontal grid space of
Ax=750m with the cress sectional proﬁ_le at each Il 3km. The model included
saline control structures which were con$tFuctedouZOOS as Figure 4.2. Inputs of the

model were collected from SIWRR-
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4.2.2 Investiajation of Salinitys Intrusion in the Year 199 (Calibration

v TANTIITUNNIINE TR E

Sa1inity simulation in the year 1998 was applied tiver network and boundaries
as Figure 4.3.
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Figure 4.3 River netwark and b

42.2.1. HD Module

600000 700000

oundaries of the year 1998

Firstly,'the HD moduleiwas:calibrated byadjustbm@murning.model parameters

(i.,e. Manning’ coefficient) that were allowed withithe range of experimentally

determined reported in literature review as Tableuhtil simulation results fixed well

with observation results at different stations gldhe Mekong River and the Basac

River. The calibration HD model obtains Manningistfon ranging from 0.03 to 0.018.
From Figure 4.4 to Figure 4.13 calibration resalts shown for DN station (about 35
km from the river mouth), TV station (about 25 krarh the river mouth), MO station
(about 50 km from the river mouth), MT station {ista (about 127 km from the river



6=
mouth), CT station (about 90 km from the river tipu CL station (about 175km
from the river mouth), LX station (about 180 kmrrahe river mouth), VN station
(about 210 km from the river mouth), TC stationo@230 km from the river mouth)
and CD station (about 220 km from the river moufff)ose indicate that simulation
results are fixed well with observation data. Albrélation coefficient R between
observation results and simulation results aretgrélaan 0.85.
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42.2.2. AD Module

Salinity data in 1998 was (used fo calibrate AD nhoGalibration results of DN
station (about 50km ‘from the, river mdgth_), TV siati(about 22km from the river
mouth), HB station (about 25km from the river mgusimd MO station (about 60km
from the river mouth) are shewn in Figure 4.14,urégg4.15, Figure 4.16 and Figure
4.17. The calibration AD model has Advectién-Disqjmm coefficient ranging from 700
to 300 m/é for Mekeng River and from 125 to 50 for other rivinto MD. To verify the
AD model, the field' measurement and computed $glaaricentration values in the year
2005 were compared. AD module calibration is mosenglicated than HD model
because salinity intrusion'in MD are influencednbgny factors such as monsoon wind
(ignore in the model), water cansumption: into.thedtaj operation of saline control
structures. Moreover, saline distribution in the ADodel isgvery sensitive with
Advection-Dispersion, coefficient.. The river netwaok MD is (dense; therefore, it is
difficult to find out appropriate Advection-Dispéra coefficients for every river or
segment of river as well as canal into the MD. 8esj shortage of salinity data for
calibration and verification the AD model were aésgoncern in this study. Especially,
salinity data for calibration (in 1998) was not mi@@d continuously. It was observed in
high tidal time. Although, the model simulated s#&i intrusion with acceptable
accuracy from Figure 4.14 to Figure 4.17, showiognparative salinity values of

simulation and observation at difference time i®9&9The result indicates that the AD
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model was simulated quite well in the trend ofrsgliintrusion in MD in dry season
1998.
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4.2.3 Investigation of Salmlty Intrus;on |n 2005

Verification modelwas performed by usmg dat2@®5. The model was run with
database in 2005 and all of parameters t,hat‘,awdme\md in the calibration steps. Then
simulation results were compared with cﬁs_gryatﬁsuits at different stations in main
rivers as Table 4.9. If simulation results fix weith obseryvation results, the model can

be used to simulate.scenarios otherwise the catibraieps'need to be carried out again.

From 1999 to 2007, the cooperation between  Viet@mernment and World
Bank established “MD “Water Resources-Project”. progect adopted the approach of
integrated water resources planning and manageriemty «canals and saline water
intrusion control structures were constructed (gsre 4.2). Most.of them were finished
in 2005, As a resuit,'the water regime of MD chahged-salinity intrusion pattern was
changed too. Therefore, the model needed to béederith database in 2005 before

applied to simulation with scenarios.

4241 HD Module

The HD module was verified with database in 20Résults were shown from
Figure 4.19 to Figure 4.26. Those results inditaé¢ HD module is stable. Therefore,



we can use all of HD parameters that were obtainetie calibration process for

verification steps.
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Figure 4.26 to kigure” 4.29 show that simulatiomvmtes good results with
observation results. Therefore, the A[z;'model candszl to simulate salinity intrusion
with all AD parameters which were achieved fromehgbration step.

4.2.4 Simulation Salipity/Intrusion in the Year 2020 and2030 with

Scenarios

rsrda

The model was used to project salinitg(- intrusiothie year 2020 and 2030 with five

scenarios that were mentioned in Chapter three.

4.2.4.1Maximum Distance of Salinity Intrusion

In this study, Isohalines of 2.5ppt NaCl in riveater is selected as threshold value
for the irrigation water. This value is the sajnlevel that caused 25% rice yield
conducted by US Department of Agriculture's Agitietdl Research Service (Zeng and
Shannan, 2000; Grattan et al., 2002); Longitudimakalinitysdistribution in main
branchof scenarios in Mekong River (Co Chien, Harmang and Tieu branches) and
Bassac River (Dinh An branch) are displayed asrEigu30. The result indicated that
salinity intrusion increases causing river flow uetibn and sea level rise. The result
also obtained, namely 2.5¢g/l saline likely shiftédskm to upstream in main rivers in
comparison to serious salinity intrusion time ir®89n recent decays.
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The result of baseline scenario (Figure 4.31)ciaiis that saline concentration
value of 2.5g/I effect most of Ca Mau Peninsulag Vinh province, a segment of Vinh
Long province and Ben Tre province. The 2.5g/l wdtluce to intrude main rivers,
canals and fields even water level rise and lowrrilow in comparison to the serious
case in 1998 (see Figure 4.31 and 4.32). The isituaan be explained by many saline
control projects which were implemented from 19B%0se projects covered 534,860 ha
and included three sub-projects as Figure 5. 1Quan Lo-Phung Hiep, O Mon-Xa No
and South Mang Thit sub-projects) (Waerld Bank, 200doreover, the results of
scenarios showed saline.eencentration, 2.50/l- &ganel to most of South Mang Thit
and Quan Lo-Phung Hiep project as in Figure 4.384,44.35 and 4.36.

4.2.4.3 Relationship between Upstream Flow and Limit of &linity Intrusion

The verified model was used to s'i“mulate seveeahfivater discharge scenarios to
establish a relationship between freshwater digehand the distance of salinity
intrusion. The boundary conditions we_ré Jkept thenesacase in 2005. Based on the
predicted distance of salinity intrusion aé,fé,f@cbf upstream flow of Mekong River
at four estuaries of Mekong River in MD -(_Figure A.,3a logarithmic least square
regression fit is developed by assuming them sglinirusion distance is logarithm that
correlates with the .upstream flow at Kratie. Themtr correlations yielded the maximum
of salinity intrusion distance (Y) and upstreanwilof Mekong River (X) at each estuary

Tieu estuary ¥.= —14.1In(X).4 148.7 R=0.874

Dinh Anestuary.' ¥ = —273In(X) + 268.1 R=0.992
Co Chien estuary Y = —11.4In(X) + 127.6 R=0.98
Ham Luong estuaryt = *165In(X) + 179.1 | R=0.994

The high correlation coefficient reveals that tgestn flow plays important role in
salinity intrusion in the Mekong River into MD. Thegression equations can be used as

a simple tool for salinity prediction in MD.
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CHAPTER V

CONCLUSION AND RECOMENDATION

5.1 Conclusion

5.1.1 Modeling Capacity

The MIKE 11 model has been applied.io simulaterdnylit regime and salinity
intrusion with accepted accuracy. It is highly \aile in case of MD, a complex
hydraulic and hydrology..regime, density river natkkvand a lot of water control
structures in the area. Fhe model is robust andiges insights into the impacts of sea
level rise and the Mekong River flow reducing ifirgey intrusion in MD. The model
also showed the potentialimpacts of salinity isia in MD in the future.

The importations™ provided by tf;e model will allospecification of key the
Mekong River flow thatrequired for sali@'it)"/- prexem. The results of those scenarios
are very useful for the water resources ﬁllfén.nemagers and decision maker to decide
where saline control structures stould be_fbyiitpgdtb]e Mekong and the Bassac rivers in

case of climate change and river flow reducing.

The model is-eapable of reporting a range of gglintrusion indicators in MD
(i.e. sea level and the Mekong River flow). Thatiehship between flow and sea level
and the environmental'issue in MD (i.ewsalinityrusion) is recognized. During the
study, MIKE 11 model has been applied. It showeatwiossible salinity intrusion in
MD is.

5.1.2 Salinity intrusion‘in“MD

5.1.2.1Investigation of Salinity Intrusion in MD in the Y ear 1998

The calibration HD model obtains Manning’s frictioanging from 0.03 to 0.018.
The Mekong River and the Bassac River are rangimg 0.027 to 0.03. As mentioned

in Chapter 2, Manning’s friction for natural strearhannels with clean and strange
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status should be ranging 0.025 to 0.033. Obvioukly,Manning’s frictions of the
study are consistent with previous study. Moreokgdraulic conditions in the model
(i.e. water level and discharge) fix well with obs#ions. The Manning'’s frictions were
found out in the study. They indicated Mekong Riaed the Bassac River are clean and
strange while primary canals in MD are smooth cke&mwith Manning’s friction in
ranging 0.018 to 0.02.

The AD module was calibrated with Advection-Dispanscoefficient ranging from
700 to 300 m/for the Mekong River and the'Bassac River and ft@% to 50 m/sfor
other rivers into MD. The results are in agreematit previous study that was shown in
Chapter 2. Advection-Dispersion coefficient. was nduout in the study that
demonstrated non-unifom velocity: distribution adiffusion in the Mekong River and
the Bassac River occug'sirangly. While, the tumufgrocess in other rivers are lower
than the Mekong and the Bassac River.

The results of the' AD'medel also pointed out tladingy intrusion in the year 1998
that is very serious. Salt water intruded aboutm-m from the sea in main rivers and
salinity intrusion effected about haft of the MDueTresuIts are consistent in comparison
to Miller study (Miller, 2003). LY

5.1.2.2 Investigation of Salinity Intrusion in MB.in the Year 2005

The results illustrated that simulation was clpgelated to observation results.
Especially, HD module demonstrated high accurasylt®in comparison to HD module
in 1998. The situation- can be explained that da@idar model in 2005 is more
sufficient thansdatabase’ in 1998. The “model ‘alsstibted ‘whole pattern of salinity
intrusion in this year. Effect of salinity intrusiaon this year was reduced. Salinity
intrusion didinot affectlarge-area inMMDyas 1998.

From' 1999 'to" 2007, Vietnam Government cooperatet~World Bank to
establish saline control projects in MD. Those ¢xtyg covered 534,860 ha and included
three sub-projects (i.e. Quan Lo-Phung Hiep, O MarNo and South Mang Thit sub-
projects). The result of salinity intrusion in tlysar illustrated that regulation structures

of those projects have been preventing salinityugmn field well even salinity
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penetrated inland through various branches of thkdvg River, the Bassac river and

canals over 40 to 62 km from the shore.

5.1.2.3Simulation Salinity Intrusion in the Year 2020 and 2030 with

Scenarios

The result of scenarios interpreted that 2.5dithesantruded 15km to upstream in
main rivers compared with serious, salinity intrmstome in 1998 (scenario 5). Also,
saline intrusion area was affected in most'of eatontrol projects in MD (scenario 2, 3,
4 and 5). The result of baseline scenario-shema&idstline concentration value of 2.5¢g/I
effected most of Ca Mau Peninsular, Tra Vinh progjna segment of Vinh Long
province and Ben Tre province. Salinity intrusior2D05 reduced to intrude main rivers,
canals and fields even waterlevel rise and loerrilow in comparison to a serious case
in 1998. Moreover, the sesults of five scenaridssifated that even with saline control
projects those operated/well. Nevertheless, in cdssea level rise and river flow
reducing, the saline water.can still intrud_e the Mibugh other upper canals and rivers
that are not gated. Saline concentration,'.;2:'-5@1I&>q3and to most of South Mang Thit
and Quan Lo-Phung Hiep project. ==

5.1.2.4Relationship between Upstream Flow and-Salinity lmusion

The correlation. between salinity Intrusion dis&nand upstream flow was
ascertained by using MIKE 11 model. The distanCesalinity intrusion increases
logarithmic as..the , upstream . flow .decreases.. Theeledion. coefficient of salinity
intrusion and'upstream flow ‘at estuaries of MekBiger were greater than 0.87 thus
these regression equations can bé applied as swopfor salinityintrusion prediction

at estuaries of Mekong River into.MB.

5.2 Recommendations

The hydrological regime in the MD is very compldxe to the dense of canals
network, the complex tidal movement, and water demato the delta, etc. The model
cannot provide a high accuracy salinity intrusigactyse in the delta. Especially, in case

of climate change and unknown future of the Mekdtiger, the model should be
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calibrated with more updated data. Moreover, mesnarios should be carried out
considering scenarios of water demand into MD arkiBMo assist with decision-

making in water planning and management.

The model showed overall picture of salinity in M 1998, 2005 and five
scenarios of sea level rise and the Mekong Riwev feducing. Although, the study did
not consider factors which can influence salinityusion in MD such as monsoon wind,
deeper and longer flooding time eté. Therefore,ndwest study should consider those
factors.

To prevent salinity. intrusion_into-agreultural aseein MD, saline water
intrusion gates were consiructed in the area (128687, World Bank, 2008). Many
saline control projects.(i'e._Quan Lo-Phung Hiepgut, South Mang Thit Project, O
mon-Xa No project) have been built during the iasi decades. The main structures
in those projects are dikes, /,canal em'bankmentsregluiation gate systems. They
were built not only for' salinity intrusion prevemti but also for production and
domestic freshwater tsefAfter construction, laagEa previously effected by salinity
intrusion that is proteeted to allow production d@guble or triple of paddy field.
However, in present years;:ihe development of lshckquaculture has rapidly
leaded to a new utility requirement for salt watds. result, water competition is
occurring in dry season. Thus, regulation gateesystinto saline control project need
to be reformed “their priority regulation to reduceater competition. The
mathematical model is one of approach that shoeldtdncerned for making new
priority regulation of those.saline controlgatesviD.

According to ‘the results” of five.scenarios, minimdiow is 1,500n¥/s in
February and March when the flow rate is extrenh@ly and demand for irrigation is
very high. The flow is required in dry years in erdo prevent salt water reverse flow
in the MD in present but it should be equal or leigthan 2000ris in the next twenty
years. Obviously, minimum flow of 2000fe in Mekong River will not come true in
the future because of increasing water use in MKBerefore, saving fresh water
strategies in dry season should be highly concem&tD.

The main uses of water in the MKB are agriculturag@tion and livestock),
domestic and industry. Nowadays, uses of the fimenavigation, fisheries, tourism,
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recreation and environment have also come to heedeas equitable and valuable
purposes, while the conventional use of irrigafimnrice cultivation in the dry season
and complementation of production in the rainy seds increasing in low land areas.
When making forecasts of the demand for agricultwater, in addition to differing
scenarios of cultivation area change and land watiézation efficiency, it is also

necessary to consider the necessary monthly wateaid in the dry season, which is a

major limiting factor. ;
My,

Y]

§
AUEINENTNYINS
AN TUNM NN Y



REFERENCES

Abbott, M. B., and lonescu, F. One the numeri@ahputation of nearly horizontal
flows. Journal of Hydraul Research (1967):97-117.

Abd-Elhamid, H. F., and Javadi, A. A Mathematicaldels to control saltwater
intrusion in coastal aquiferASCE Conference Proceedirigfsl, 98 (2008 ):790-
797.

Arons, A.B., and Stommel, H. A Mixing-length.theaoy tidal flushing, Transactions,
America Geophysical-Unigid2 (1951):419-451.

Boicourt, W. A numerical.Mode! of the salinity cisiution in Upper Cheapeake Bay.
Technical Report 54y Chesapeake Bay Instititee Johns Hopkins University,
1969.

Bouman, B.A.M., and Tuong, T.P. Field water manag®nto save water and increase
its productivity in igrfigated lowland rieégricultural Water Management9 (2001)
111-30. -

Chanh, M. T.Salinity intrusion in.the Meikbqng Estuaries systerdan the effect of sea
level rise AIT master's. thesis No.WA=91-20, Asian Instituté Technology,
Bangkok, Thailand, 1991. i

Chappa, S. GSurface Water-Quality Modellingingapo: McGraw-Hill, 1997.

Chow, V.T.Open Chanels Hydraulidnternational Edition. Singapo: McGraw — Hill,
1959.

Cohen, B., and MeCarthy, L.T.Jr. Salinity ‘of theldveare Estuary. U.SGeological
Survey Water-Supply Pap#586-B, 1962.

Dac, N.T.SAL -'The model Floodin‘MMPo/Chi Minh City, 1996.

Department of Pollution Control (DPCRevelopment of an action plan to improve

water quality in central river basjiThailand, 1997.
DHI. A Modelling System for River and Chanels-Mike 1&érW4anual 2007.

Duy, N. T. Dispersion coefficients in the estuarine netwoAdT master’'s thesis
No.WA-92-20, Asian Institute of Technology, Bangkdkailand, 1992.



9
Duc, N. A., Savenije, H. H. G., Pham, N.P., andgldd. T. Using salt intrusion
measurements to determine the freshwater discki#tydution over the branches
of a multi-channel estuary:The Mekong Delta cdsernal of Estuarine, Coastal
and Shelf Scienc&r (2008): 433-445.

ENSIC. Directions to sustainable water management: Mekorger basin
Environmental System Information Center (ENSIC)iaAdnstitute of Technology
(AIT) Bangkok, Thailand, 1999.

General Statistic of Vietnam (GSOVatatistic'Year Book of Vietham 2008anoi:
Statistical Publishing House, 2008.

Grattan, S. R., Zeng, ky'Shamnen, M. C., and RpBelR. Rice is more sensitivity than
previous thought. California - Agriculture 56 (2002): 189-195. Available
from:http://www.eschalarship.org/uc/item/4037|9jEay=all [2010,May].

Greco, F. ,and Papattoni. Numericai Solution ndghof the St Venant Equation.
Processding of Mathematical Models for Surface Watigrology, 181-194: Pisa,
A-Wiley- Interscience Publication, 1974.

Halcrow Group. Development of Baé;ih" Modelling Pag& and Knowledge Base
(WUP-A), DSF650 Technical Reference Report, Appendix AHakrow Group
Limited, 2004. "

Halerman, D.R.F., . and Abraham, Gne-dimensional analysis of salinity intrusion in
the Rotterdam Waterway, Publication No.B|ft Hydraulics Laboratory, 1966.

Halerman, D.R.F., LeeyC.H., and Hall, L:C. Numa&rgtudies of unsteady dispersion in
estuariesJournal of the salinity engingering division, ASC# (1968) :897-911.

Hoanh, C. T., 'Guttuman, H., Dreogers, P., and AertsWVater,Climate, Food, and
Environment;m the Mekong basin in South! ABiaal Report , contribution to the
Adaption strategies to changing environment ADARgjext, 2003. Available from
-http://lwww.geo.vu.nl/~ivmadapt/paper.htm [2010julary].

Hoanh, C. T., et al. Hydraulic and water qualitydeling: a tool for managing land use
conflicts in inland coastal zone¥ournal of Water Policy1 (2009) : 106—-120.



9t
Hung, N. N., Thinh, L. V., and Trung, N. Nacro-level perspective on water use in
the dry season in MBCan Tho University, 2001.

IPCC, 2007. Fourth Assessment Report: Climate Gha2007. Working Group |

Report “The Physical Science Basis”. Available from
http://www.ipcc.ch/ipccreports/ar4-wgl.htm [201Gdary].

Ippen, A.T., and Harleman, D.R.Bne-dimensional analysis of salinity intrusion in
estuaries. T.B.5, Committee on tidal hydraylicsS. Army Corps of Engineers,
1961.

Khang, D. N., Kotera, - A«-Sakamoto, T.-and-Yokoaawl. Sensitivity of Salinity
Intrusion to Sea Level Rise-and River Flow Chamg®ietnamese MD-Impacts on
Availability of Irrigation Water for Rice Croppinglournal of Agricultural and
Meteorological 64°(2008): 167:176. .

Kite, G. Modelling ihe Mekong: ‘hydrological simugt for environmental impact
studies Journal of Hydrology253 (2001): 1-13.

Kummu, M., Lu, X.X., Rasphone, A., Sa(klZuIa, Jdagoponen, J. Riverbank changes
along the Mekong River: Remoie .é'.(fé"n§i‘ng detectiothé Vientiane-Nong Khai
areaQuaternary Internationait86 (2008):; 100-112.

Lu, X. X., and Siew; R. Y. Water dischafgé and et flux changes in the Lower
Mekong River.Journal Hydrology and Earth System Sciencg2005): 2287—-
2325.

Lu, X. X., Wang, J. J., and:Carl, G. W. Are'the ii@sie dams to be blamed for the lower
water levels inithe Lower MekongVater & Development PublicationsHelsinki

University of Technology, 2008. Avalable from :
http:/www. water. tkk.fiyEnglish/wr/.../04_Lué&al  Mhs-of-Mekong.pdf
[2010,May]
Mekong River Commission (MRCMRC Work Programme 2003Viekong River

Commission, 2003b.

Miller, F. Society-Water Relations in the MD: A Political Emgy of RiskPhD thesis.
University of Sydney , Australia, 2003.



9€

Molle, F.Irrigation and water policies in the Mekong regic@urrent discourses and

practices Colombo, Sri Lanka: International Water Manageiriestitute(IWMI).
43p. (Research report 95), 2005.

MRC. State of the Basin Reppilekong River Commission, 2003a.

MRC. Modelled Observations on Development Scenariokan_bwer Mekondgasin,
Vientiane, 2004.

MRC. Overview of the Hydrology of the Mekong Basiekong River Commission,
Vientiane, 2005.

MRC. Modelling the cumulative barrier and passage effeftmainstream hydropower
dams on migratory fish-populations in the Lower bhek Basin Technical Paper
No. 25, 2009.

MRC. Impacts of climate change and: development on MekKiomg regimes -First

assessmentechnical Paper No, 29, 2010.

Nash, I.E., and Sutclifie, V. River flow forecemsf through conceptual models, Part I.
Journal of Hydrology10(1970); 282-296.

Neary, V. S., Wright, S.”A., and Bereérieqlrl;ya, Ps&€atudy: Sediment transport in
proposed geomorphic channel for Napa Riv&BSCE Journal of Hydraulic
Engineering 127:(2001) : 901-910. i

Nguyen, A. D., and“Savenije, H. H. G. Salt intrasio multi-channel estuaries: a case
study in the MD, VietnamJournal of Hydrology Earth Syst. Sci., 10 (2006): 743-
754,

Nguyen, P. KClimate.change scenario for VietnaMinistry ef Agricultural and Rural
Development. Hanoi, 2009.

Nhan,"D.K.; Be,sN.V., and: Trung;~N.H. Water Use '@@dmpetition in the MD,
Vietnam. In: Be, T,T., Sinh, B.T., Miller, F. (EdsChallenges to Sustainable
Development in the MD: Regional and National Polgsues and research Needs.
The Sustainable Mekong Research Netw@®07) : 143-188.

Nien, N.A., and Xo, L.Q. Phan tich cac mo hinh tiolan thuy luc su dung cho Dong
bang song Cuu Long (Analysis the hydraulics modekapplied for the MD).



97
Proceedings on Scientific and Technology Researché€001 The Southern
Water Resources Science Institute. Agriculture iBhinlg House. Ho Chi Minh
City, 2001.

Nijssen, B., O'Donnell, G. M., Hamlet, A. F., ancettenmaier, D. P. Hydrologic
sensitivity of global rivers to climate chan@#imate Change50 (2001): 143-175.

Parsa, J., Etemad-Shahidi, A., Hosseiny, S., arghi@h-Bakhtiary, A. Evaluation of
computer and empirical maedels for simulation ofirsl intrusion in the
Bahmanshir Estuaryournal of Coastal.Researc8I 50 (2007): 658—662.

Peter, V. S., and Frederick, W. M. Salinity intassiin the St. Johns River, Florida.
Proceedings of the"Seventh International ConferemteEstuarine and Coastal
Modeling 268(2001), 120-139.

Pritchard, D.W.Computation/of the -longitudinal salinity distriboti in the Delaware
estuary for varigus degree of riVer inflow regutati Technical Report 18,
Chesapeake Bay lastitute, The JohnsJ-Hopkins Unilyel959.

Sam, L. Results of study on salinity infrUs"ion gmeio-economic development in the
MD. In: Sam, L., Hoi, T.N.; Nien, NA ﬂTho, N.VHuan, H.V., Hung, L.M., and
Thang, T.D. (Eds), Results of Scienée and Techmyolagriculture Press(2006) :
104-112. ="

Sam, L.Salinity intrusion in MD Hochiminh: Agricultural Publishing, 2006.

Sam, L.Water Management in the MBICM City : Agriculture, 1996.

Schnoor, S.JEnvironmentsModellingUnited States of America: John Wiley & Son,
1996.

Sethaputra, S., Thanopanuwat, Si, Kumpa, L-attdriee, SThailand’s water vision:
A fease study: In Ti and. Facon (Eds.) From visionatmon: A synthesis of
experiences in Southeast Askgbod and Agriculture Organization/Economic and
Social Commission for Asia-Pacific, 2001.

Shahidi, A. E., Shahkolahi, A., and Liu, W. C. Mbdg of Hydrodynamics and

Cohesive Sediment Processes in an Estuarine SyStady Case in Danshui River,



9¢

Taiwan.Journal of Environmental Modeling and AssessimE2iT (2009) : 1573-
2967.

Stigter, C., and Siemons, Qalculation of longitudinal salt distribution in eg&ries as
function time Publication No.52, Delft Hydraulic Laboratory,6lR

Sunada, KStudy on Asian River Basi6REST Asian River Basins: Water Policy Study
Team, 20009.

Taylor, G.I. The Dispersion of matter in turbuldidw through a pipeProceeding,
Royal Society of LondpSeries A, Vol 2155 (1954), 446-468.

Thatcher, M. L., and Halerman, D.R.A. mathematical model for the prediction of
unsteady salinity intrusien.n estuarieBechnical Report 144, Ralph M. Parsons

Lab, Massachusetts Iastiiute of Technology,1972.

Tuan, L. A., Hoanh, C. T Miller, £.; and Sinh, B.Flood and Salinity Management in
the MD, Vietnam, In"Be /T."T.; Sinh, B. T.; Millef. (Eds.). Challenges to
sustainable develepment in the MD: Regional andonakt policy issues and
research needs: Literaiure analysié.'Bangkok, dihéilThe Sustainable Mekong
Research Network (Sumerii€o07) ﬁ’.:’_L5.-ﬂ68.

Vu, T.C., Suphat, V., and Asaeda, T. Study 6n galintrusion in the Red River Delta.
Environmental System Researdapan Sdéiety of Givil Engineer®2 (1991): 213-
218.

World Bank. The Impact of Sea Level Rise on Developing Cousntfmparative
Analysis World Bank Rolicy Research Working Paper 4136,72@vailable from:

http://go.warldbank.org/XU9B5UFR30 [2010, May]

World Bank. Vietnam MD Water Resources Project BnpentatieanCompletion And
Results Report (Report No: ICR0000826), 2008. A from :
http://web.worldbank.org/external/projects/maingiig=64283627&piPK=73230
&theSitePK=40941&menuPK=228424&Projectid=P00484%L[2, June]

Zeng, L., and Shannon, M. C. Salinity Effects oredlieg Growth and Yield
Components of Rice&alifornia Agriculture40(2000):996-1003. Available from :

http://crop.scijournals.org/cgi/content/full/40/9/[2010, May]



AULINENINYINT
IR TN TN



| 14( -:' lIl'.
Distributed Rainfalliand ,'_;::-:':_E!:i:: h Country Belong in to MKB

—
Vi ; eh' J

AULINENINYINT
IR TN TN

100



Table A. Distributed rainfall and runoff in each country dreg) in to MKB
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Catchment inside MKB
Description 4 Total
Yunnan Myanmar{ Ltao PDR ~ Thailand  Cambodia  Vietnam

Catchment area(k"m 147000 24000 “;20-‘2000 184000 155000 65000 777000
Catchment area ' i 4

22 3 25 23 19 8 100
as % of total MRB (kr) /N
Average rainfall(mm/year) 1561 : 2400 1400 1600 1500
Average flow (¥s) 2414 300 5270 | 2560 2860 1660 15064
Average runoff (mil rf) 761287 | 9461 166195 80732 90193 52350 475059
Dry season runoff (mil i 19032/ 1419 24929 12110 13529 7852 78871
Average run off

16 Y 35 17 19 11 100
as % of total MRB

Source: MRC2004 and GSOV, 2008
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Table B.Irrigation area in the period 1985-2000 (x 1000 ha)

Annual production

of paddy

Yunnan

Annual irrigation ared

Annual Yield(t/ha)

Annual irrigation a ”/ [T INE

Annual Yield(t/ha) -

&

\
"'\-
—

//)-73

Myanmar| Thailand| Laos| Cambodial Vietnam
\Wr//
4200 663 1345 225
% \\ | 1re 23 13 3.1
7| X% \\\
718 2079 398
“\\\\\ 92 181 4.08

‘;%

5

:
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2 2 el o
"‘ Hydropower projects
b LAIR very high devoopment scenprin

Figure C. 1.Location of hydropower dams with very high scengkitiRC, 2009
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® oim operaticnal
@ Damunder construction

O Planned dam

AUt N “*( A

Figure C. 2 Location of 11 proposed hydropower daonthe Mekong mainstrear

Also shown are mainstream dams in existence, wualestruction and proposed
Upper Mekong (Lancang River) Basin (MRC, 2C




Table C. Eight dams on Lancang River (China)

107

Name of | Install | Annual Total | Catchment Average| Commissioning
Project |capacity generation storage area flow
(MW) | (MW) | Million (Km?) | (m3/s)
m3
Gongguogiap 750 4670 510 97300 985 -
Xiaowan 4200 18540 510 113300 1220 2010-2012
Manwan 1500 7870 920 114500 1230 1993
Dachaosan 1350 7090 880 121000 1230 2001
Nuozhadu| 5500 226 (0 24670 144700 1750 2012-2016
Jinghong 1500 8470 1940 149100 1840 2012-2013
Ganlanba| 150 1010 - 151800 188D -
Mengsong 600 3740: 160000 2020 -
Total 15500 74060 Z 7

Source: MRC, 2005
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l.uf

! File Edit View Cross-Sections Settings Window Help

D@ smaj@er||aae? o m|

River name TopalD Chainage Cross gection 1D
|29 DOwWN 0.00 k0+000

| Project Explorer x|

Section Type Fadius Type [ratum
(Dpen = | [Resistance Radius ~ 0

Coordinates Correction of ¥ coor Morphological b od — J X ]
7] &pply # e [ &pply [T Divide S

Left ED | |D | | Caleulate angle | Level of Divide

Right [0 |[o | ange [0 ||| B 40

Resistance numbers

Tranzverzal Distributian 5
Resistance Type Relative resistance.
S X Z | Resist. | Mark 3.0
N 0000 3500 1000( 1 |
) 2 0000 | 3000 1000 | B
= 5 | oooo| 2500] 1000 S8
Koe| 4 0000 2000 1.000 &:
5 0000 | 1500 1.000
K. 6 1750 | 1000 1000 0
7 4850 | 0500] 1.000
f] 6950 | 0000] 1.000
9 8450 | -0500 | 1.000 ] 5
_KS06_ 10 | 12800 | -1.000| 1.000
mg:m—ﬁg 11 | 17350 | -1500| 1.000
s ] 12 | 19500 -2000( 1.000 0
ANHA 15 | 19500] -2100| 1000 2 | Nowms
ANPHONG_M... 14 22,500 | -2100 1.000 MNorma f )
ANPHONG_M... 15 | 22500 -2000] 1.000 Morma ' | A 3
-BACCHANT 16 | 24650 | -1500 1.% & W
RACTHANT sl B3 20 NN 4 nnn El E ]
[¥] Synchronize processed data [Lnfsgrt.._ﬁros_s;s_ectiqn_... y['gw.?mcessaq_[lat_a.:.;. r i el Soapinmnsnd B ot s 0.0
Update processed data automatically - — {I} ! ZIO ! q.l(] L.
[ Update Markers | | Update Zone Classticaton | E' -ﬁaoss aves O e Bipoi.. | @reE... | @ Todl.. |
']
Select

| Ready

Figure D. 2. Example of Data in a Cross Section
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Figure k. 16. Boundary.Condition (Water Level) at Soang Doc Station
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Figure F.221. Boundary,Condition (Salt Concentration) at An Thuan Station in 2005
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Figure F#23./Boundary,Condition (Salt Concentration) at Rach Gia Station in 2005
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Manning’n Manning’n Manning’'n

Coefficient Coefficient Coefficient
River name Chainage | Coeffient | River name Chainage Coeffient | River name Chainage Coeffient
2-9 down 0 0.02 Bacdongcanal 27960 0.02Basi_cr 0 0.02
2-9 down 10900 0.02 Bachnguugreeck 0 0.02Basi_cr 12315 0.02
2-9 up 0 0.02 Bachnguucreck 44216 0.02Basi_cr 23782 0.02
2-9 up 6773 0.02 Bacirang /0 0.02| Batri_creckl 0 0.02
AB_KSo06 1 0 0.028 Bactrang 10603 0.02 Batri_creckl 5900 0.02
AB KSo6 1 10900 0.028 Balairiver 0 0.017| Batricreck2 0 0.02
AB Kso06 2 0 0.028 Balairiver 68396 0.017 Batricreck2 18762 0.02
AB Kso6 2 6400 0.028 Baodinh-creck =0 0.02| Bayhapriver 0 0.026
AB_Kso6 3 0 0.028 Baodinh-creck 25737 0.0LBayhapriver 46000 0.02
AB Kso6_ 3 3900 0.025 Baoke canal 0 0.02| Ben_Luc 0 0.022
Anbinhcanal 0 0.018 Baoke canal 29365 0.0Ben_Luc 31884 0.022
Anbinhcanal 30254 0.02 BARAIKENH12 14500 0.0Benke-canal 0 0.02
Anphong_Myhoal 0 0.018 BARAIKENH12 27700 0.0Benke-canal 13570 0.02
Anphong_Myhoal 44161 0.02 BARAIKENH12 28000 O|Rentreriver 0 0.02
Anphong_Myhoa?2 0 0.023 BARAIKENH12 95700 0.0Bentreriver 11410 0.02
Anphong_Myhoa?2 25370 0.02 BaRinh” Takim 0 0.0Ben30-4 0 0.022
Bacdongcanal 0 0.025 BaRinh_TalLim 9900 0.028Bien30-4 1000 0.022
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Manning’'n Manning’n Manning’'n

Coefficient Coefficient Coefficient
River name Chainage Coeffient | River name Chainage Coeffient | River name Chainage Coeffient
BienCaiCung 0 0.022 Ca«Gal 14039 0.022 CAIBEO 20000 0.02
BienCaiCung 0 0.022 Caguascandl 0 0.02 Caicai_creck 0 0.02
BienChuaPhat 0 0.022 Cagua_caﬁ aly 20269 0.0p Caicai_greck 18180 0.02
BienChuaPhat 0 0.022 Caibat A AL 0.02 Caicungcanal 0 0.028
Bongcungl 0 0.017 @aihat A 8495 0.02 Caicungcanal 12652 0.028
Bongcungl 14037 0.02 Qaibat 2 %0 0.02 CaiDoiVam 0 0.025
Bongcungcreck 0 0.017 Caibat 2 ~.9038 0.02 CaiDoiVam 21200 0.025
Bongcungcreck 17163 002 | Qaibat'3 L . ., 0 0.025  Caihop 0 0.03
Bonglot_cr 0 0.02 | Caibat 3 6000 0.023| Caihop 20071 0.03
Bonglot_cr 12313 0.02 Caibat™3 1'95"5"0 0.023 Cailon2 0 0.025
BTNEARDON1 0 0.02 Caibe 0 b _0.018 Cailon2 14200 0.05
BTNEARDON1 6000 0.04 Caibe 11450 0.018 Cailonriver 14800 0.022
BTNEARDON?2 0 0.04 CaiBel 0 0.025 Cailonriver 37988 0.018
BTNEARDON2 8645 0.02 CaiBel 1700 0.025 CaiOanh 0 0.025
Bungtruong 0 0.02 CaiBe2 0 0.025 CaiOanh 12800 0.025
Bungtruong 15381 0:02 CaiBe2 4390 0:025 Caisancanal 0 0.02
Ca_Gau 0 0.022 CAIBEO 0 0.02 Caisancanal 55424 0.02
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Manning'n Manning’'n Manning’n
River name Chainage Coefficient| River name Chainage Coefficient| River name Chainage Coefficient
Caisao_cr 0 0.02 Cay Kho o) 0.022 CL _Rua 0 0.022
Caisao_cr 31256 0.02 Cay.kho 8788 0.022 CL _Rua 62[L.0 0.022
Caitac-creck 0 0.02 ChauHungl 0 0.025 Clchai 0 0.022
Caitac-creck 9278 0.02 ChauHungl | 8655 0.02b Clchai 5100 0.022
CaiTrau 0 0.025 CH-CG5 . 0 0.025 CM-BL-Ntho 8400 0.035
CaiTrau 33864 0.025 CH#CC5 " 4979 0.025 CM-BL-Ntho 83800 0.03b
Caitrau-Daingai 0 0.025 Chetsay €anall '\ & 0 0.02 Cochien_nvl 0) 0.02
Caitrau-Daingai 77309 0.025 Chetgay canall i 3326 0.02 Cochien_nv1 16500 0.02
CaiXe 0 0.025 CHOBUNG 0 0.02 Cochien-nv2 0 0.02
CaiXe 12300 0.025 CHOBUNG 17198 0.02 Cochien-nv2 13000 0.0p
Can_Giuoc 0 0.025 Chogaocanal #1048 0.02 Cochienriver 0 0.02
Can_Giuoc 11477 0.025 | Chogaocanal 23212 0.0 Cochienriyer 23000 0.02
Canchong 0 0.02 ChuVangl‘ o 0.925 Cochienriver 36500 0.028
Canchong 11032 0.02 Chuvangt 6300 0.025 Cochienriver 39000 0.025
CaolLanhR 0 0.018 ChuVang?2 0 0.025 Cochienriver 41000 0.023
CaolLanhR 22200 0.018 ChuVang?2 3800 0.025 Cochienriver 72900 0,02
Cau_Kenh 0 0.025 CL «Pho 0] 0.04 COCO 0 0.018
Cau_Kenh 1570 0.025 CL ‘Pho /067 0/03 COCO 31360 0.0[18

121’



155

Manning’n Manning'n Manning’'n
River name Chainage Coefficient | River name ChainageCoefficient | River name ChainaggeCoefficient
Coco-Baclieu 0 0.025 daingai Q 0.02 Dong_Nai 93112 0.035
Coco-Baclieu 30100 0.025 daingai 16709 0.02 Dong_Tranh ( 0.05
CoCoRiver 0 0.025 DaMDairiver 0 0.026 Dong_Tranh 9045 0.0%
CoCoRiver 26600 0.025 DaMDelrive 51000 0.026 Dong_Tranh 11000 0.035
Conect-river 0 0.03 Dan_Xay .0 0.05 Dong_Tranh 24653 0.035
Conect-river 8400 0.03 Dan’ Xay 3j50 0.05 DongCungCanal ( 0.026
CongNghiep 0 0.025 Dinh_Ba \O& 0.05 DongCungCanal 27780 0.0R6
CongNghiep 9770 0.025 Dinh_Ba 15500 0.05 Dongtiencanal ( 0.018
CS KS1 0 0.025 Dinh_Ba 16500 | 0.03 Dongtiencanal 36000 0.018
CS_KsS1 5070 0.025 Dinh_Ba 25406 0.025 Dongtiencanal 39400 0.025
CS_KS2 0 0.025 Dong_Nai * 0% 0018 Dongtiencanal 44250 0.025
CS _KS2 4960 0.025 Dong_Nai 48000 0.018 Duongvanduong 0 0.025
Cuadairiver 0 0.022 | Dong Nai 49000 0.02 Duongvanduadng 20000 0.022
Cuadairiver 14500 0.02 Dong_ Nai 50924,3 0:025 Duongvandupng 28000 0.025
Cuadairiver 16000 0.02 Deng_Nai 54000 0:035 Duongvanduong 30810 0.025
Cuadairiver 37000 0.02 Deng_Nai 58878 0.04 Ganhhaorivel Q 0.085
Cualonriver 0 0.03 Dong Nai 59940 0.04 Ganhhaoriver 32000 0.085
Cualonriver 44782 0.02 Dang” Nai 88875 0.035 Ganhhaorivel 48000 0.017
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Manning'n LManning’n Manning’'n
River name Chainage Coefficient| River name ChainageCoefficient| River name ChainageCoefficient
GiongTromR 0 0.02 HangMai y @ 0.026 Hauriver 180750 0.025
GiongTromR 32800 0.02 Hangviai 16400 0.026 Hauriver 194000 0.025
GOCAT-HOCLUU 0 0.02 Hauriver 0 0.023 Hauriver 212000 0.022
GOCAT-HOCLUU 24854 0.02 Hauriver . 109000 0.023 Hauriver 239000 0.022
GoCongR 0 0.02 Haugiver 11100 0.0275 Hauriver 245000 0.025
GoCongR 10800 0.02 Hauriver 1,1'8700 0.0275 Hauriver 275200 0.022
Hamgiang 0 0.02 Hauriver 119000 0.03 Hauriver 317400 0.02
Hamgiang 14641 0.02 Hauriver 126000 0.03 HAURIVER 109R 0 0.03
HAMLUONG 12500R 0 0.025 Hauriver 128000 0.03 HAURIVER _109R 10000 0.03
HAMLUONG 12500R| 13500 0.025 Hauriver 134000 0.026 Hauriverl171r 0 0.0p5
HAMLUONG 33500L 0 0.025 Hauriver 137000 0.023 Hauriverl71r 5000 0.025
HAMLUONG_33500L | 4900 0.025 | Hauriver 149000  0.023  Hauriver194r q 0.025
HAMLUONG 51500L 0 0.022 Hauriver 153000 0,035 Hauriver194r 18000 0.025
HAMLUONG_ 51500L 7000 0.02 Hauriver 156150 0:03 Hauriver218r 0 0.0p
Hamluongriver 0 0.022 Hauriver 156650 0:035 Hauriver218r 10000 0.02
Hamluongriver 40000 0.022 Hauriver 167000 0.03 Hauriver245| ¢ 0.0R5
Hamluongriver 40500 0.02 Hauriver 168200 0.02% Hauriver245| 17935 0.025
Hamluongriver 71600 0:02 Hauriver 171571 0.02% Hauriver256| ¢ 0.0R5
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Manning’'n Manning’n Manning’'n
River name ChainageCoefficient| River name ChainageCoefficient| River name ChainageCoefficient
hauriver256L 14930 0.025 Huyensul 8688 0.025 KBAY XA 12859 0.02
hauriver265L 0 0.025 HuyensuZ2 e 0.026 KBUIMOI-1 0 0.02
hauriver265L 4000 0.025 Huyensu?2 10223 0.03 KBUIMOI-1 7000 0.02
HDONGTUONG 0 0.02 Huyensus3 2800 0.03 KBUIMOI-2 0 0.02
HDONGTUONG 14600 0.02 Huyensu3 11000 0.026 KBUIMOI-2 5000 0.02
HGiang3 1 0 0.026 K307-L =0 0.02 KDABIEN 0 0.04
HGiang3 1 7000 0.026 K307-1 TOQOO 0.02 KDABIEN 9900 0.04
HGiang3_ 2 0 0.026 K307-2 0 0.02 KDUONGTHIET-1 0 0.04
HGiang3_ 2 11060 0.026 K307-2 9640 0.02 KDUONGTHIET-1 4100 0.04
HGiang3 3 0 0.026 K7THUOC 303,242 0.02 KDUONGTHIET+2 0 0.02
HGiang3_3 10500 0.026 K7THUOC 25400 0.02 KDUONGTHIET-2 4025 0.0
HOABINHCANAL 0 0.026 KBACDONGCU o 0.04 KDUONGTHIET-3 0 0.02
HOABINHCANAL | 21338 0.026 KBACDONGCU 16025| 0.04 KDUONGTHIET3 7570 0.03!
Hong_ngu 0 0.018 KBAKYBATRATG 0 .02 Kengchongmy 0 0.026
Hong_ngu 43900 0.02 KBAKYBATRATG| 16077 0.02 Kengchongmy 49686 0.026
Hophongcanal 0 0.035 KBANGLOITG 0 0.02 Kenh_ChuaPhat 0 0.0
Hophongcanal 17500 0.035 KBANGLOITG 9379 0.02 Kenh_ChuaPhat 11000 0
Huyensul 0 0.025 KBAY.XA 0 0,02 Kenh_KH9 0 0.02
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Manning'n Manning’n Manning’n
River name ChainageCoefficient| River name ChainageCeoefficient| River name ChainageCoefficient
Kenh_KH9 55176 0.02 Kenh30-4 27406 0.026 Kenhdoi 6650 0.022
Kenh12 0 0.03 Kenh3-2 0 0.02 Kenhdtm?22 0 0.02
Kenh12 14200 0.03 Kenh3-2 21052 0.02 Kenhdtm?22 1790 0.02
Kenh2/9_1 0 0.02 Kenh32Bien 0 0.02 Kenhdtm406 0 0.02
kenh2/9 1 2578 0.02 Kenh32Bien 9800 0.02 Kenhdtm406 3205 0.02
Kenh2/9 2 0 0.02 Kenh6d == \ Q025 Kenhdtm518 0 0.02
Kenh2/9_2 6000 0.02 Kenh6l 45940 0.025 Kenhdtm518 15400 0
Kenh2/9 3 0 0.02 Kenh79 1 0, 0.023 Kenhdtm705 0 0.02
Kenh2/9 3 4000 0.02 Kenh79 1 26250 4 . 0.023 Kenhdtm705 4745 0.02
Kenh2/9 4 0 0.02 Kenh79 2 62178 0.023 KenhKT1 1 0 0.026
Kenh2/9 4 9000 0.02 Kenh79 2 2205 0.023 KenhKT1 1 36700 0.026
Kenh2/9 5 0 0.02 Kenhchacbang O ~ 0.023 KenhKT1 2 0 0.026
Kenh2/9 5 8000 0.02 Kenhchacbang3060 | 0.028, |,KenhKT1 2 9100 0.026
Kenh28-down 0 0.018 Kenhchacbangl0000 0.03 KenhNoiThotNotTest 0 0.026
Kenh28-down 16706 0.018 Kenhchacbhan@1161 0.03 KenhNoiThotNotTest 4000 0.026
Kenh28-up 0 0.018 KenhCRU 0 0.018 KENHSO10 0 0.018
Kenh28-up 7253 0.018 KenhCRU 11130 0.018 KENHSO10 25910 0.02
Kenh30-4 0 0.026 Kenhdoi 0 0.022 KENHSO1-1 0 0.02
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Manning’n Manning’n Manning'n
River name Chainage Coefficient| River name Chainage| Coefficient| River name Chainage| Coefficient
KENHSO1-1 8000 0.02 Kenhtg67 13310 0.02 Kratie-pnompenh 204606 0.026
KENHSO1-2 8000 0.02 Kenhthotnot 0 0.02 KRTHMUOI-TTHANH-1 0 0.067
KENHSO1-2 21100 0.02 Kenhthotnot 69511 0.02 KRTHMUOI-TTHANH-1 10095 0.067
KENHSO1-3 21100 0.02 KENHTIENS7 _HAU94 | 0 0.03 KTANCONGSINH1-1 0 0.02
KENHSO1-3 31096 0.02 KENHTIENS7 HAU9Z 1200( 0.03 KTANCONGSINH1-1 6760 0.0p
KENHSO5-1 0 0.02 KH1_canal &N 0.026 | KTANCONGSINH1-2 0 0.02
KENHSO5-1 19311 0.02 KH1 canal 61724 . 0.026 KTANCONGSINH1-2 3095 0.02
KENHSO5-2 0 0.02 KH6_canal ay, 0.02 KTANCONGSINH1-3 0 0.02
KENHSO5-2 6445 0.02 KH6_canal , 6667?2_. N 02 KTANCONGSINH1-3 12120 0.018
KENHSO7 0 0.02 KH8-canal 0 ) 0.02 KTANCONGSINH2-1 0 0.02
KENHSO7 17975 0.02 KH8-canal 53602 | .. 0.02 KTANCONGSINH2-1 6660 0.02
KenhSoKhong 0 0.026 KimQuyK o | 0026 KTANCONGSINH2-2 0 0.02
KenhSoKhong 22700 0.026 KimQuyK 3537 1=--0.026 KTANCONGSINH2-2 1480 0.02
KENHTCH-
CD 0 0.012 KimQuyR 0 0.026 KTANCONGSINH2-3 0 0.02
KENHTCH-
CD 11000 0.012 KimQuyR 14700 0.026 KTANCONGSINH2-3 2415 0.02
KENHTG618 0 0.02 Kratie-pnompenh 0 0.035 KTANCONGSINH2-4 0 0.02
KENHTG618 11680 0.02 Kratie-pnompenh 110000 0.03p KTANCONGSINH2-4 4500 0.02
Kenhtg67 0 0.02 Kratie-pnompenh 112000 0.026 KTANCONGSINH2-6 0 0.02
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Manning’'n Manning'n Manning’'n
River name ChainageCoefficient | River name ChainageCoeificient | River name Chainage| Coefficient
Maytuc 0 0.02 NAMTHON 0 0018 NgonCLon 0 0.025
Maytuc 8300 0.02 NAMTHON 17265 0.018 NgonCLon 59050 0.025
MK157 L 0 0.02 Nangmaucanal 0 0.026 NGUYENTANTHANHCANAL 0 0.02
MK157_L 6830 0.02 Nangmaucanal 54000 0.026 NGUYENTANTHANHCANAL 18459 0.01
MKk175I 0 0.022 NangRen 0 | 0.026 Nguyenvantiep _down 0 0.02
MK175I 4400 0.022 NangRen 26095 ¢ & 0.026 Nguyenvantiep_down 26000 0.02
Mocaycanal 0 0.02 NangRenR 0) - 0.026 Nguyenvantiep-up 0 0.018
Mocaycanal 14446 0.02 NangRenR 22200 \ 0.026 Nguyenvantiep-up 33400 0.02
Muong_Chuoi 0 0.022 Ngahau 0 £.0.03 NGVANTIEPB-2 8000 0.02
Muong_Chuoi 2639 0.022 Ngahau 18540 =003 NGVANTIEPB-2 26800 0.02
NganDua- 2 ¥/
Mythanhriver 0 0.026 | BacLieu 2 B 0.025 Nha Be 0 0.03
NganDua- ' =
Mythanhriver 35261 0.026 | BacLieu 2 227000 -/0.026 Nha_Be 5145 0.03
Ngandua-
Myvan 0 0.02 Baclieul - 0 0.025 Nha Be 6089 0.03
Ngandua- "~
Myvan 13920 0.02 | Baclieul 14990 0.025 Nha_Be 8474 0.03
NO-1 0 0.04 Ngangcanal 0 0.018| Nhanh Dua 0 0.05
N9-1 3955 0.04 Ngangcanal 1300( 0.018 Nhanh Dua 3129 0.05
N9-2 0 0.018 Ngangcanal 14000 0.02 Nhanhdua_ bs 0 0.04
N9-2 6908 0.018 Ngangcanal 33492 0.02 Nhanhdua_bs 3256 0.04
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Manning’'n Manning’n Manning’'n
River name ChainageCoefficient| River name ChainageCoefficient| River name Chainage Coefficient
NinhThanhLoi 0 0.026 Onglon_ved 0, 0:025 PhuHiep4 0 0.02
NinhThanhLoi 18000 0.026 Onglon_vcaik 1620 0,025 PhuHiep4 11265 0.018

PHUOCLONG-
No_1canal 0 0.026 OngNhuR 0. 0.026) VINHMY 0 0.026
PHUOCLONG-

No_1canal 24362 0.026 OngNhuR 21100 0.026VINHMY 18470 0.026
NTL 5000 0 0.035 OngThuogR 0— 0.026 Phuocxuyencanal 0 0.018
NTL 5000 5426 0.035 OngThuocR 18300 0.026 Phuocxuyencanal 27000 0.
Nuocmanl 0 0.026 Phosinhcanall .0 0.026 Phuocxuyencanal 27500 0.03
Nuocmanl 14385 0.026 Phosinficanal116000 . 0.026 Phuocxuyencanal 34000 0.03
Nuocman?2 0 0.026 | Phosinhcanal2* @ “0.026 | Phuocxuyencanal 75179 0.03
Nuocman?2 4673 0.026 Phosinhcangi2i3783 | 0.026 Phuthanhl 0 0.02
Omoncanal 0 0.02 Phu_Xuan 0 / 20.022 Phuthanhl 6963 0.02
Omoncanal 37000 0.02 Phu_Xuan 9888 0.02p Phuthanh?2 0 0.02
Ong_Con 0 0.03 Phutiepl 0 0.02 Phuthanh?2 8530 0.018
Ong_Con 10232 0.03 PhuHiepl 6772 0.02 Phuthanh3 0 0.02
Ong _Lon 0 0.025 PhuHiep2 0 0.02 Phuthanh3 9100 0.02
Ong_Lon 42428 0.02 PhuHiep2 5251 0.02 PreyVeng 0 0.025
ONGCHUONG 0 0.02 PhuHiep3 0 0.02 PreyVeng 50400 0.025
ONGCHUONG| 19900 0.02 PhuHiep3 7415 0.02 PreyVengT 0 0.022

018

191



162

Manning’'n Manning’'n Manning’'n
River name ChainageCoefficient| River name Chainage Coefficient| River name| ChainageCoefficient
PreyVengT 125300 0.022 Rach tra 38519 0.022 RXeoQuap 6200 0.026
PThanhTayl 0 0.026 Rach_vang 0 0.022 Sai_Gon 0 0.025
PThanhTayl 8500 0.026 Rach.wvang 9605 0.022 Sai_Gon 10972 0.025
PThanhTay?2 0 0.026 Rachgia-Hatien | 0 0.026 Sai_Gon 112309 0.025
PThanhTay?2 10400 0.026 Rachgia-Hatien 12408 0.026 Sai_Gon 126750 01035
QLNhuGia 0 0.026 RachRuongl 0 0.026 Sai_Gon 143692 0.035
QLNhuGia 16700 0.026 RachRuengl \ 412700 0.026 SaKeo 0 0.026
Quanlophunghiep 0 0.022 Rachtieudua 5 0 0.026 SaKeo 11800 0.026
Quanlophunghiep 4600 0.023 Rachtieudua 142080 0.026 Santenoy |1 O 0.026
Quanlophunghiep 27000 0.023 Rachtram-myhinh 7/ 0 0.02 Santenqgy 10252 0.026
Quanlophunghiep 46245 0.028 Rachtram-mybinh | = /6837bH 0.02 Santenoy 20 0.026
Quanlophunghiep 74954 0.028 RACHTRANGTRAM = 0 0.026 Santenoy 2 7000 0.026
Quanlophunghiep 115237 0.03 RACHTRANGTRAM 11490 0.026 | Santenoy|3 0 0.026
Rach_Chiec 0 0.022 RachXeoChit 23500-. 0.026 Santenoy 800 0.026
Rach_Chiec 6655 0.025 RachXeoChit 104500 0.026 Sarai-3 0 0.02
Rach_Doi 0 0.022 RHO 0 0.018 Sarai-3 6700 0.02
Rach_Doi 0321 0.022 RHO 4943 0.02 Sarai-4 0 0.02
Rach_Tra 0 0.022 RXeoQuao 0 0,026 Sarai-4 18000 0.018
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Manning’'n Manning’'n Manning’'n
River name Chainage Coefficient| River name ChainageCoefficient| River name | Chainage Coefficient
Saraicanal 0 0.02 SoaiRap-EXT| , 10000 0.02b T5&T6-1 9224 0.02
Saraicanal 11500 0.02 SOGREAH1963 0 0.02 T5&T6-2 0 0.0p
SCaiBe 0 0.026 SOGREARH1963 10000 0.02 T5&T6-2 11646 0.02
SCaiBe 14926 0.026 SongDamChim | 0 0.026 T7-1 0 0.02
SCAIBEO 0 0.022 SengDamChim|. . 1,3130(5 0.026 T7-1 7912 0.0p
SCAIBEO 12570 0.022 Songdec 0 0.028 T7-2 0 0.02
Sg_Dua 0 0.022 Songdog | 44000 0.02 T7-2 10572 0.02
Sg_Dua 5000 0.03 Sengtrang 0 0.02 Tacvan 0 0.026
Sg_Dua 11732 0.022 Songtrang 7292 0.02 Tacvan 8293 0.026
Sg_Tac 0 0.022 T1&T2-1 N 0.02 TaKeo 0 0.035
Sg_Tac 12978 0.022 T1&T2-1/ 5325 0.02 TaKeo 76100 0.035
SNhuGia 0 0.026 T1&t2-2 0T : 0.02 TamThuocl 0 0.026
SNhuGia 11600 0.026 | “T1&t2-2 6500 0.02 | TamThuocl 7800 0.026
Soai_Rap 0 0.025 1 3&TF4=1 O 0.02 TamThuoc?2 0 0.026
Soai_Rap 10000 0.025 | F3&T4-1 7500 0.02 TamThupc2 11200 0.026
Soai_Rap 15000 0.023 13&T4-2 0 0.02 TamThuoc3 0 0.026
Soai_Rap 39615.5 0.023 T3&F4-2 8726 0.02 TamThupoc3 8400 0.026
SoaiRap EXT 0 0.025 T5&T6-1 0 0.02 Tan_Uyen 0 0.022
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Manning’'n Manning’'n Manning’'n
River name Chainage Coefficient| River name ChainageCoefficient| River name ChainageCoefficient
Tan_Uyen 6815 0.022 Thaurau-tanlap 22480 0.02 THSON 9600 0.023
TanLap 0 0.026 ThiBuengR 0 0.026 Thuthuacreck 0 0.02
TanlLap 10100 0.026 ThiBuengR 18600 0.026 Thuthuacreck0063 0.02
TanPhuoc 0 0.026 TheMaiCanal | 0 0.026 Tienriver 0 0.025
TanPhuoc 7900 0.026 TheMaiCanal 23500 0.026 Tienriver 56000 0.026
Tanphuoc_canal 0 0.026 Fhongmhat cangl " 0 0.02 Tienriver 60000 0.026
Tanphuoc_canal 15934 0.026 Thongn‘hat_c'ana25885 0.02 Tienriver 92000 0.026
TANTHANH 0 0.02 Thongnhatl A 0 0.02 Tienriver 96000 0.03
TANTHANH 7968 0.02 THongnhatd /- 444 4 5702 0.02 Tienriver 97000 0.033
Tanthanh_logach_down O 0.02 Thodgnhat-1 4, O 0.02 Tienriver 101060 0.035
Tanthanh_logach_down 31734 0.02 Thongnhat-1 243229 0.02 Tienriver 106000 0.035
Tanthanh_logach_up 0 0.02 Thongnhat2 | 0 0.02 Tienriver 110500 0.035
Tanthanh_logach_up 21400 0.02 Thongnhat? | = 5961 0.02 Tienriver 113000 0/035
TANTHANH2 0 0.02 - Thongnhat-5 C 0.02 Tienriver 122000 0.03b
TANTHANH2 9657 0.02 Thongnhat-5 10800 0.02 Tienriver 123000 0.0325
Than_nong 0 0.02 ‘ThotNotN 0 0.026 Tienriver 126000 0.03
Than_nong 20922 0.02 ThotNotN 25300 0.026 Tienriver 126500 0.03
Thaurau-tanlap 0 0:.02 THSON 0 0:023 Tienriver 131000 0.0275
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Manning’'n Manning'n Manning’'n
River name ChainageCoefficient| River name ChalnageCoefficient| River name ChainageCoefficient
Travinh 0 0.02 Vamcodong 127900 0.025 Vungliem_creck 2430 0.02
Travinh 16125 0.02 Vamcodong ' 130000 0.02 WestVamcg 0 0.018
Trem_tremriver 0 0.022 Vamcodeng 150077 0.02 WestVamco 16000 0.018
Trem_tremriver, 76861 0.028 VamCoffay CPC 10 0.021 WestVamco 17000 0.018
TuanTuc 0 0.026 VamColay,/CRC 70000 0.021 WestVamco 18000 0.05
TuanTuc 9730 0.026 Vamnao 0 0.03 WestVamco 24400 0.04
Tuhaicanal 0 0.02 Vamnao 116600 0.03 WestVamco 30100 0.02
Tuhaicanal 26214 0.02 Vamnao 118000 0.025 WestVamco 42000 0.02
TuThuong-
Canal 0 0.025 Vamnao 272_00 0.025 WestVamco 48600 0.0225
TuThuong- iy
Canal 53900 0.025 Vinhan_canal O 0.02 WestVamco 52000 0.06
TVanThoi 0 0.026 Vinhan_canal 14812 0.02 WestVamco 62000 0.06
TVanThoi 32310 0.026 VinhBinh 0 0.02 WestVamco 72000 0.06
Vam_Sat 0 0.022 VinhBinh 10500 0.02 WestVamco 81100 0.0375
Vam_Sat 27253 0.022 Vinhkimecanal 0 0.02 WestVamco 90000 0.02
Vambuon 0 0.02 Vinhkimcanal 16524 0.02 WestVamco 102800 0.085
Vambuon 17215 0.02 Vinhlocl 0 0.026 WestVamco 129200 0.03
Vamcodong 0 0.025 Vinhlocl 2000¢ 0.026 WestVamco 130200 0.025
Vamcodong 124577 0.025 Vungliem_creck 0 0.02 WESTVAMCO 159190 0.025
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Manning’'n Manning’n Manning’'n
River name ChainageCoefficient| River name ChalnageCoefficient| River name ChainageCoefficient
XangChim1 0 0.026 ZZ7 CHCC1 0 0.03 777 KenhGiuaBL3 0 0.03
XangChim1 5000 0.026 ZZ7Z CHCCL 5300 0.03 777 KenhGiuaBL3 1346 0.03
XangChim2 0 0.026 777 CHCC3 0 0.03 777 KenhHK10 0 0.03
XangChim2 8040 0.026 ZZ7Z CHCCS 2566 0.03 777 KenhHK10 5900 0.03
Xanocanal 0 0.02 ZZZ CHCPA 0 0.03 ZZZ KenhHKXx 0 0.03
Xanocanal 63180 0.02 777 CHCP1 3330 0.03 777 KenhHKx 22384 0.03
XeoCan 0 0.026 Z7Z CHCP4 ol 4 0.03 ZZZ KenhHoaDong 0 0.03
XeoCan 10500 0.026 7277 CHCP4 5571 0.03 ZZ7 KenhHoaDong 8103 0.03
XeoNhaol 0 0.026 ZZ7Z CPNM4 0“4 4 .0.03 777 KenhHocRang 0 0.03
XeoNhaol 9700 0.026 ZZZ CPNM4 8626 0.03 ZZZ KenhHocRang 10418 0.03
XeoNhao?2 0 0.026 ZZZ KenhAnDienl Q{4 0.03 ZZZ KenhHuyenKe3 Q 0.03
XeoNhao?2 7200 0.026 ZZZ KenhAnDierl 3619 0.03 ZZZ KenhHuyenKe3 9534 0.03
XeoNhao3 0 0.026 ZZZ KenhGiongMe 0" 003 ZZ7Z KenhNgangBL1 O 0.03
XeoNhao3 4500 0.026 Z7Z-KenhGiocnghle 8973 0.0 ZZZ KenhNgangBL&309 0.03
XeoQuaoR 0 0.026 ZZZ KenhGiongTra O 0.03 ZZZ KenhNgangBL?2 O 0.03
XeoQuaoR 6500 0.026 ZZZ KenhGiongTra 9283 0.03 ZZZ KenhNgangBL2 10241 0.03
Z7Z BLCM 0 0.03 ZZZ KenhGiuaBLZ 0 0.03 ZZZ KenhNgangBL3 O 0.03
ZZ7 BLCM 13505 0.03 ZZZ) KenhGiuaBL2 818 0:03 ZZ7Z KenhNgangBL36736 0.03
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Manning’'n Manning'n
River name Chainage Coefficient| River aame Chainage Coefficient
ZZZ KenhNoiCH 0 0.03 | ,ZZZ KenhTraiMuonZ 752 0.03
ZZZ KenhNoiCH 720 0:.03 || Z7Z KenhTruongDien 0 0.03
ZZ7Z KenhOngTa 0 0103 Z7ZZ KenhTruongDien 9644 0.03
ZZ7Z KenhOngTa 4728 008 i ZZZ KenhTruongSonl O 0.03
777 KenhSo3BL 0 0.03 T,ZZZ_KenhTruongSonl 8481 0.03
777 KenhSo3BL 2348 0.03 |+ Z2Z KenhTruongSdn2 0 0.03
ZZZ KenhSo4BL 0 0/03 ?ZZ_KenhTruongSonZlOSM 0.03
777 KenhSo4BL 1857 0.03 ‘,fZZZ_KenhTuBuu 0 0.03
ZZZ KenhThaolLac 0 0:03 ‘Z*ZZ:_ KenhTuBuu 16173 0.03
ZZZ KenhThaolLac 3430 0.03 | ZZZ RachCaiHuu 0 0.03
ZZZ_KenhTraiMuoil 0 0:03 ZZZ RachCaiHuu 8085 0.03
ZZZ KenhTraiMuoil 1408 0.03 ZZZ RachCayBong?2 0 0.03
ZZZ_KenhTraiMuoi3 0 70.03 777 RachCayBong? 8005 0.03
ZZZ KenhTraiMuoi3| 3293 0.03_ZZZ RachCay@Giang 0 0.03
ZZZ KenhTraiMuon2 0 0.03 | ZZZ RachCayGiang 7929 0.03
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Minimum Maximum
River Name Chainage AD Coefficien; Exponent| AD Coefficient | AD Coefficient
Balairiver 0 500 0 0 700
Balairiver 68896 500 0 0 700
Cochien_nvl 0 # 500 0 0 700
Cochien_nv1 16500 " 500 0 0 700
Cochien-nv2 o 4 500, 4 0 0 700
Cochien-nv2 13000 500, 0 0 700
Cochienriver 0" S 45004 4 0 0 700
Cochienriver 729000 4 5007, 0 0 700
Cuadairiver 0 4 14500k 4 0 0 700
Cuadairiver 37000 150074 0 0 700
Dong_Nai 66560 M 42100 0 0 700
Dong_Nai 93112 —300 = 0 0 700
HAMLUONG_12500R 0 =200 TN 0 0 700
HAMLUONG_12500R 13500 500 04 0 700
HAMLUONG_33500L 0/ 500 ) 0 700
HAMLUONG_33500L 4900 500 of 0 700
HAMLUONG_51500L 0" 500 0" 0 700
HAMLUONG_51500L 7000 500 0 0 700
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AD Minimum Maximum
River Name Chainage| Coefficient Exponent | AD Coefficient AD Coefficient
Hamluongriver 0 500 O 0 700
Hamluongriver 71600 500 ¥ I 0 700
Long_Tau 0 200 0 0 700
Long_Tau 42832 500 | \\O 0 700
Nha_Be 0 300 1 \o 0 700
Nha_Be 8474 500 1 40 0 700
SAI_GON 85000 50 e 0 0 700
SAl_GON 131007 75 \ 9 0 700
SAl_GON 143692 100 0 0 700
Soai_Rap 0 pOg 0% 0 700
Soai_Rap 39615.5 500 i1 /e 0 700
SoaiRap EXT 0 500/, - By 0 700
SoaiRap_EXT 10000 500 =g 0 700
THSON 0 500~ oL Bl 0 700
THSON 9600 500 0 0 700
Tienriver 251750 100 0 . 0 700
Tienriver 268500 500 0 0 700
Tienriver 326000 500 0 0 700
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Minimum Maximum
River Name Chainage AD CoefficienExponeni AD Coefficient AD Coefficient
Vamcodong 70000 Ve, 0 0 700
Vamcodong 129000 100 Y @ 0 700
Vamcodong 150077 g 0 0 700
WestVamco 0 g 0 0 700
WestVamco 17600 100 \ \0 0 700
WestVamco 51000 50 L AW 0 700
WestVamco 97500 200 2™ () 0 700
WestVamco 130200 225 r il 0 700
WestVamco 142560 250, 30 0 700
WestVamco 159190 300 ~ 0. 0 700
Hauriver 317400 500 20 0 700
Hauriver 277200 500 Ly 0 700
Trande 0 500" 0 0 700
Trande 35130 500 =P 0 700
Hauriver 265000 300 0 L 0 700
Hauriver256l 14930 500 0 — - 0 700
Hauriver256l 0 250 0 0 700
Hauriver245I| 17935 300 0 0 700
Hauriver245l 0 150 0 0 700
Hauriver 239000 100 0 0 700
Hauriver 212000 50 0 0 700
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Figure I. 1. Comparison of Salinity%oncentration between Simulqp'.on and Obsea\l/;\tion Result at Go Quao Station in 1998
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Quan Lo-Phung Hiep Station in 1998

RIANNTFIUANRTINETREY

Figure I. 3. Comparison of Salin’S Concentration between
9



176

[9/1]

6-4-1998

1-4-1998

(1/6) uonenuadUOD IS

16-4-1998 21-4-1998 26-4-1998 1-5-1998 6-5-1998

11-4-1998

Figure I. 4. Comparison of Salinity Concentration between Simulatien and Observation Result at Soc Trang Station in 1998

176



177

[ce]
T T T T T T T T T T T T T T % % HNN
| | | | ! [m] | | | | | | [
| ==fgfe8e |3 <
I \\\,\Dﬁfnwm\\\,\\\,\\\ﬂ\\\,\\\,\\\,\\\\5 <
. | =——mwmgs8.°"Z o . 0 |l c
I I I I I T _n_ﬂ_ ﬂ@ﬂ I I I I I L o
. =—@®e%aq a5 R R =
S o8 2. ] 2
| | | | | | EDB | | | | | L © e
| | | | op oo o | | | | | | | O c
| | | | t o [u] | | | | | (@)) ©
L _i__. o o i [ =
| | | Lo
: A s
: R ©
I I I L =
| e 3
| ot 3
| | | \w_ R
| B =
I I I t N
e 2=

1k

U
Figure I. 5. Comparison ofﬁaﬁﬁac%m [

6-4-1998

e

1-4-1998

| | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | |
—_ i i i i i T i i i i W i
R B To R To B Vo T Vo T Vo NN To MR To R~ HNES SHES SNES SR o' B o o B o)

(/6)uoienusouo

O

les



178

20-3-200!

s

'6) uonenuaduo) 1es

24-3-200!

22-3-200!

12-3-200:!

Figure I. 6. Comparison oﬁa‘ﬁtﬂ?ﬂrﬁwﬁt?

10-3-200¢

m‘ﬁ'ﬁqgﬁwlﬂ@wﬂvgrn Result at Tra Kha Station in 20

05

178



179

[o/1]

[l

|

|

|

|
[P

|

|

|

|
[T

\\\\\\\\\\\\\\\\\\

13.01
125
—~ 12 077

|/B)uonenuasuo) jes

16-4-2005 21-4-2005 26-4-2005

11-4-2005

6-4-2005

1-4-2005

Figure I. 7. Comparison of Salinity Concentration between Simulation and Observation Result at Soc Trang Station in 2005

179



180

v

ﬂummmw AaIi)
QW']G\‘Iﬂ‘ifUNWTJVIEﬂﬁEJ



181

N
o

[EEN
a1

—=—Scenario

—4—Scenario 2

Salinity concentraion (g/l)

[EEN
o

—*—Scenario 4

L
)
—<Scenario 3
1
D

—e—Scenario b

j | 80 90 100

Y Distance from tile Sea (km)

18T



182

—8—Scenario 1

—a—Scenario 2

Scenario 3

—«—Scenario 4

—o—Scenario b

100

90

80

ol

7

Distance from the Sea

-0k

(km)

=

6 | Tl

4

U

Y e

10

7

35
3

LO
N

o
N

Lo
—

o
—

(1/6) uorenuasuod Aluires

182

fan Along e i Lubrg) Brdnch

u

“Higlie 3| 2Salifity Bisud



Salinity concentraion (g/l)

10

20 ﬂ ‘H)H ’JD stanc mﬂnea (km m

—=—Scenario 1
—A—Scenario 2
—<—Scenario 3
—¥—Scenario 4
—e—Scenario &

100

Qﬁ?ﬁﬁﬂﬂt@ﬂ@%ﬁﬁq@hﬁﬁ%ﬁﬁm

183

€8T



Salinity concentraion (g/l)

w w
o ol

/

N
o

[EEN
a1

[EEN
o

(¢1

o

o

10

20 ﬂ%&l BOYLﬂ%LZMWm

—=—Scenario 1
—+—Scenario 2
—<—Scenario 3
—*—Scenario 4
—e—Scenario 5

AR e T

184

78T



185

BIOGRAPHY

Tran Quoc Dat was born in Vinh Long, Vietnam in dutB84 in a family of four
children. His father is Tran Van Tu and his motisddguyen Thi Cam Thu.

He got two bachelor’ degrees on Hydraulic Engimgeand Civil engineering in 2007 at
Can Tho University, Vietnam. During the time studyi he experienced a part- time job
as an engineer for Kien Cuong Limited Censtruct@ompany. As a student, he also
carried out a student research project on Win-upniodeling. In September 2007, he
started his professional careeras a Ierﬂcturer @egeoof Technology, Cantho University.
He teaches Pump and«Pumping station, Hydraulictipes¢ Fluid Mechanics and
Concrete. Besides teaghing; he attended seveidiMiierks such as water sampling for
Integrated Water Resources Managérﬁent projedt,saaipling and analyzing for

Center for Verifying and Construction (;,:Aonbsultarftﬁlan Tho University.

In June 2009, he received Graduate Sétharship ©oolalongkorn University which
formally admitted him to Study Master Dég'rée inrdstructure in Civil Engineering at
Chulalongkorn University. After studying;_--'h',e,Wilbgback to Vietnam to continue

teaching and doing research at the College of Taoby, Cantho University.



	Cover (Thai) 
	Cover (English) 
	Accepted 
	Abstract (Thai)
	Abstract (English) 
	Acknowledgements 
	Contents
	CHATER I INTRODUCTION
	1.1 General
	1.2 Problem Statement
	1.3 Rational
	1.4 Objectives
	1.5 Scope of Study

	CHATER II LITERATURE REVIEW
	2.1 Salinity Intrusion Problem
	2.2 Salinity Intrusion in MD and Previous Study
	2.3 Influences on Salinity Intrusion
	2.4 Sea Level Rise
	2.5 Discharge Decline
	2.6 MIKE 11 MODEL

	CHATER III METHODOLOGY
	3.1 Software and Program
	3.2 Methods
	3.3 Simulation Salinity Intrusion in the Year 2020 and 2030 with Scenarios

	CHATER IV RESULTS
	4.1 Population and Water Consumption Prediction
	4.2 Salinity Intrusion Simulation

	CHATER V CONCLUSION AND RECOMENDATION
	5.1 Conclusion
	5.2 Recommendations

	References 
	Appendix 
	Vita

	Button1: 
	Button2: 


