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Introduction

The Thu Bon — Vu Gia river system located in Central Vietham is
often affected by large floods and inundations causing considerable

damages to people and infrastructure.

The floods are a serious and major issue for the

development of Thu Bon = Vu Gia Basin

The flood protection and mitigation in the region has led to heighten
interest in real-time flood forecasting systems in which the crucial

component is the flood forecasting modelling.



Introduction
The main objective : to develop a tool for flood forecasting using
integration of a physically based distributed hydrological and

hydraulic models.

Models used:
GIS based distributed hydrological model : WETSPA
One-dimensional hydraulic model: HECRAS

3 steps are implemented
o Calibration and verification of WETSPA model

e Calibration and verification of HECRAS model

« Development of software to integrate two models and can be
used in real-time flood forecast in the_study area



Introduction

» Wetspa model is a grid based, fully spatially distributed model for water
and energy transfer between soil, plants and atmosphere a grid based.

* Due to the complexity of Thu Bon — Vu Gia river system and effects of tide
to flow in the downstream area. The one-dimensional unsteady state flow
model HECRAS (USACE, 2001) is chosen for coupling with the Wetspa
model to simulate peak discharge, flow and water level hydrographs in this
area.

» The integration of two models is becoming more capable for flood
prediction, and decision making in the river.

« The WetSpa model calculates discharges from rainfall and potential
evaporation inputs.

» The simulated flows from the Wetspa model are used as the input for the
HECRAS model for flow routing at an upstream discharge point.



Structure of the WetSpa and HECRAS models and their coupling
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WetSpa?

Water and Energy Transport between Soil, Plants and Atmosphere

Hydrological model:

Rainfall Runoff

(measure) (simulate/predict)




WETSPA MODEL

--------------------

DEM
Soil Map

Land-use/cover

For each grid cell, four layers are divided as vegetation zone,

root zone, transmission zone and saturated zone. Several
hydrological processes such as precipitation,

evapotranspiration, interflow, etc. are taken into account to
calculate a water balance and excess rainfall for each cell.
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Simulating hydrological processes

Mixture of empirical and physically based equations:

e Evapotranspiration (E)

0-0
E=cFE " for 6,<6<6,
P[(gf _QWJ
E=cE, for 620,

e Runoff Production (V)

Potential Runoff Coefficient (C)
C = f(slope, soil type, land use)

(2+3B)/B
e Percolation (R) '\R=k{(d)=K [ 0-0, j
) QS _07"

e Interflow (F) F = cl.DSOK(H)/W



e Soil Water Balance
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e Groundwater Balance
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e Total Evapotranspiration

E=E+E,+E +E,



Flow routing

e Diffusive Wave Approximation:
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e Flow Response Function:

0.0004 -+

U(s™

1 (t—t )2
U(t): EXp|:— 2 i| 0.0002 -
64/ 2nt3/t,’ 20"t 11, ’\

0.0000

0 1800 3600 5400 7200
t (s)

e Outflow Hydrograph
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Linear routing system

e Cell Level

Flow

v

Time

e Flow Path Level Convolution

Time

e Watershed Level Areal summation




Model input and output

Digital GIS Time Series
Spatial Data > Methods | (Precipitation,
(DEM, Potential EP,
Landuse, l Temperature,
Soil type) WetSpa Discharge)
Programs
—
Peak Flow Spatial
Discharges Hydrographs Characteristics




Model Evaluation

Code | Criteria Description
C1 > 0, Model bias, ability to reproduce water
00, . balance with best value of 0
C2 > (0c,~00,f Model confidential coefficient with best
i( o—00] value of 1
C3 S (0c, - 00,) Nash-Sutcliffe efficiency, ability to
14 0o o0 reproduce time evolution of discharges with
2.\00.~00 best value of 1
C4 3 (In(Qc,) ~ In(Qo,)) Logarithmic Nash-Sutcliffe.efficiency, ability
= ( ol to reproduce time evolution of low flow
2. In(Qo)~In(Qo) discharges with best value of 1
C5 3" (0o, +0o)0c, - 0o, Adapted Nash-Sutcliffe efficiency, ability to

l_i

Z (Qoi + @X@ - QOi )2

i

reproduce time evelution of high flow
discharges with best value of 1




HECRAS

HECRAS is a hydraulic model package of the US Army Corps of
Engineers - Hydrologic Engineering Center (HEC).

The package contains three one-dimensional hydraulic analysis
components for:

(1) steady flow water surface profile computations;
(2) unsteady flow simulation;

(3) movable boundary sediment transport computations.

The Unsteady flow is simulated based on two equations (USACE, 2001)

The Continuity Equation

The Momentum equation



The Continuity Equation Where: o — Cross-sectional area;
t—time; Q- flow;
ow 0S 00 S — storage from non conveying
+ + —q;, = 0 portions of cross section;
or ot 0Ox X — distance along the channel;
gl — Lateral inflow per unit distance

The above equation can be written for the channel and floodplain:
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Where the subscripts ¢ and f refer to the channel and floodplain, respectively,
gl is the lateral inflow per unit length of floodplain, and

gc and gf are the exchanges of water between the channel and the floodplain.



The Momentum equation:

8Q Q) + ga)(— + S j 0
8t Ox Ox

The above equation can be written for the channel

o0, +a(Vch)+gm ﬁm M,
Ot Oox, Oox,
And for the floodplain

c

0 oV
QfJr (fo)Jrga)f erSﬁ _y
ot ox ox

Where

Q — Discharge;

t — time;

V — velocity;

x — distance along the
channel

g — acceleration of
gravity;

- Cross-sectional
area;

Sf — friction slope

Mf and Mc are the
momentum fluxes per
unit distance
exchange between the
floodplain and the
channel.



The study area
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Some characteristics of the study area

« Annual average temperature ranges from 21°C to 26 °C

* Annual average relative humidity of 85%.

* Mean annual precipitation from 1960 to 4000 mm.

» Rainy season prolongs from September to December accounting from
60-80 % of yearly rainfall.

» The high floods of Thu Bon — Vu Gia occur usually from October to
November.

* The effect of the upstream tidal influence is clearly visible during
periods of low water

* Flood and inundation usually follows heavy rains, typhoon, and
tropical depression. Large floods only occur under the affect of synoptic
combination of typhoon, tropical depression with cold air surge.
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Input data for models

GIS data:

 DEM( 50x50 m) map: derived from 1:50.000 resolution elevation
contour maps.

« Land use map: consists of 25 land use types. A reclassification is
made using nine land use types.

* Soil type map: The map is reclassified to 12 USDA soil texture

classes

Hydrological data:

* 14 rain gauges and stream gauges data : Daily and 6-hourly time step.
» Tidal data available at Da Nang for a long period of time

* River geometry and cross section data: 320 cress sections



Rainfall calculation

The grid of precipitation was created using Thiessen polygon method
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Calibration and verification of WETSPA model
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Model Parameter Derivation
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Calibration and verification of WETSPA model

Model Parameters: v Distributed parameters: Maps

v Global parameters : 8 parameters

Model Calibration ¥ Manual calibration
Data: 6 hourly data: flood season 2002-2005

Model verification 6 hourly data: flood season 2006-2007

Model Evaluation v Graphical comparisons

v’ Statistical comparisons

Global parameter of Thanh My and Nong Son sub-catchment.

ki |Kg |Kss |[Kep|g0 |g max |[K run kP_max
Thanh My | 1.24 1 0.01 | 0.8 1.0 200 | 500 7.53 44.83
Nong Son | 0.8 |[0.07 |0.65 |0.9 400 | 600 4.5 30




Parameter Results

Calibration process was performed mainly for the global parameters:

» The interflow scaling factor was calibrated by matching the computed
discharge with the observed discharge for the recession part of the flood
hydrograph.

» Groundwater flow recession coefficient was obtained by the analysis of
recession curves at discharge gauging stations.

» Refinement of this base flow recession coefficient was necessary to get a
better fit for the low flows.

 The initial soil moisture and initial groundwater storage were adjusted
based on the comparison between the calculated and observed
hydrographs for the initial period.

* And the runoff exponent and the rainfall intensity threshold were adjusted
based on the agreement between calculated and observed flows for the
small storms with lower rainfall intensity.



year C1 C2 C3 C4 CS S/c
1998 0.15 0.7 0.71 0.8 0.68 0.6
1999 0.2 0.72 0.7 0.82 0.66 0.58
2001 0.1 0.83 0.83 091 0.84 0.45
2002 0.12 0.8 0.8 0.87 0.79 0.5
2003 0 0.76 0.76 0.92 0.74 0.56
2004 0.12 0.81 0.71 0.83 0.71 0.59
2005 0.3 0.73 0.73 0.87 0.68 0.6
Mean 0.15 0.76 0.75 0.86 0.73 0.55
Max 0.3 0.83 0.83 0.92 0.84 0.6
Min 0.05 0.7 0.7 0.8 0.66 0.45
Year C1 C2 C3 C4 C5 S/c
2006 0.05 0.78 0.78 0.85 0.78 0.54
2007 0.14 1.15 0.67 0.86 0.74 | 0.53
Mean 0.1 0.97 0.73 0.86 0.76 | 0.54
Max 0.14 1.15 0.78 0.86 0.78 | 0.54
Min 0.05 0.78 0.67 0.85 0.74 | 0.53

Evaluated result

Thanh My station on Vu
Gia river

Calibration result

Verification result
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Calibration result :

Observed and calculated 6-hourly water level in flood season 2004
at Thanh My station on Vu Gia river
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Verification result :
Observed and calculated 6-hourly water level in flood season 2007

at Thanh My station on Vu Gia river




Year Cl C2 C3 C4 C5 S/c
1998 0.1 0.92 0.8 090 | 087 | 0.3
1999 0.2 0.85 0.8 0.85 0.86 | 0.35
2001 0 096 | 096 | 096 | 0.97 | 0.21
2002 0 0.95 0.95 0.95 0.96 | 0.24
2003 | 0.05 096 | 096 | 093 0.97 | 0.21
2004 | 0.05 096 | 096 | 0.95 0.97 | 0.21
2005 0 0.95 0.95 0.91 0.96 | 0.23
TB 0.06 | 094 | 091 092 | 094 | 0.25
Max 0.2 096 | 096 | 096 | 097 | 0.35
Min 0 0.85 0.8 0.85 | 0.86 | 0.21
Nam | Cl1 C2 C3 C4 Cs S/c
2006 | 0.02 | 096 | 0.96 097 | 097 | 0.21
2007 | 0.012 | 0.97 | 0.97 0.85 098 | 0.16
TB | 0.016 | 0.97 | 0.97 0.91 098 | 0.19
Max | 0.02 | 0.97 | 0.97 097 | 098 | 0.21
Min | 0.012 | 0.96 | 0.96 085 | 097 | 0.16

Evaluated result

Nong Son station on
Thu Bon river

Calibration result

Verification result
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Calibration result :

Observed and calculated 6-hourly water level in flood season 2003
at Nong Son station on Thu Bon river
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Verification result :
Observed and calculated 6-hourly water level in flood season 2007

at Nong son station on Thu Bon river



Result \

* The model performance is satisfactory for both calibration and validation
periods

* Flow peak discharges are quite well reproduced: the Nash-Sutcliffe
coefficients were between 0,64 to 0,82; model bias within the range of -0.09
to 0.15; model determination coefficient within the range of 0.82 to 1.05; the
flow efficiency coefficient within the range of 0.54 to 0.9, while the efficiency
coefficient ranges from 0.60 to 0.9 for low-flow, and 0.56 to 0.92 for high-flow.

* The model calculation results have a good agreement with observed
hydrographs.

» The model can well reproduce high flows, but low flows are a little under
estimated

 Evaluation criteria for both calibration and verification show that model is
reliable performance and give a reperesentation-of both low flow and high flow



Calibration and verification of HECRAS model

Three steps to flood simulation using the HECRASS model are
performed including

1 - Processing the geometry data-in HECRAS;

2 - Integration of hydrologic data as initial conditions and boundary
conditions in the HECRAS unsteady flow data file;

3 - Calibration and simulation flood using HECRAS model



The river system is
represented by 320 cross
sections, 8 storages which
connected together by
reaches
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The flows of the upstream catchments which were results of Wetspa
model were linked with the river network in.the downstream area as
upstream boundary condition



Calibration and verification of HECRAS model

» Hydrographs of the flood season from 2002 to 2007, obtained from the
Wetspa model for upstream sub-catchments of Vu Gia and Thu Bon
branches are used as upstream boundary conditions.

« Tidal hydrographs recorded at Da Nang are used as a downstream
boundary condition for the river network

* The initial flow conditions are the base flow conditions for Vu Gia and Thu

Bon branches



Calibration and verification of HECRAS model

« Data for calibration is 6-hourly water level hydrograph at Ai
Nghia, Giao Thuy and Cau Lau station from 2002 to 2005.

 For model verification, the calibrated parameters are used to
simulate the 6-hourly stream flow for flood seasons from 2006 and
2007

* The calibration adjustments to HECRAS parameters were made
iIn Manning's n.

* Model calibration was discrete into two schemes: Rough scale,

Delicate scale:

Rough scale: The calibration process divides the Manning’s values into 0.005 interval
from the values of 0.02 to 0.05 by applying statistical method to finally evaluate the best
interval value as an input for next step.

Delicate scale: The calibration process divides the Manning'’s values into 0.001
interval from the selected rough scale values and applying statistical method to evaluate
the best n Manning'’s values for this study




1 River Reach n coef.

1 Nong Son -Quang Hué 0.010 - 0.031
2 Thu Bén Quing Hué - Vinh Pién 0.015 - 0.061
3 Vinh Pién - Cira Pai 0.025 -0.055
4 Thanh My - Quiang Hué méi 0.025 - 0.035
5 Quing Hué méi - Quang Hué cii 0.020 - 0.040
6 Vu Gia Quang Hué cii - Ai Nghia 0.010 - 0.040
7 Ai Nghia - Yén 0.010 - 0.045
8 Yén - Han 0.025 - 0.060
9 Thu Bon - Thanh Quyt 0.025 - 0.030
10 Vinh Dién Thanh Quyt - Qua Giang 0.025-0.030
11 Qui Giang - Han 0.025 - 0.030
12 Song Moi 0.035 - 0.050
13 | Quéang Hué Song Cii 0.025 - 0.035
14 Nhép lwu 0.025 - 0.035
15 Lac Thanh Lac Thanh 0.025 - 0.030
16 | Qua Giang Qui Giang 0.025 - 0.030
17 La The- La Tho-Thanh Quyt 0.025 - 0.030

Thanh Quyt

Results of
Parameter
calibration



Nam C1 C2 C3 C4 Cs S/c
1998 | 0.05 0.8 0.78 0.83 0.84 | 0.35
1999 | -0.04 | 0.84 0.8 0.82 0.85 0.4
2001 | -0.014 | 0.81 0.83 0.87 0.8 0.3
2002 | -0.1 0.93 0.93 0.93 093 | 0.27
2003 | 0.15 0.89 0.94 0.95 094 | 0.26
2004 | -0.1 0.8 0.85 0.88 0.88 | 0.36
2005 | 0.02 0.74 0.74 0.71 0.76 | 0.59
TB |-0.005]| 0.83 0.839 | 0.856 | 0.857 | 0.361
Max | 0.15 0.93 0.94 0.95 0.94 | 0.59
Min | -0.1 0.74 0.74 0.71 0.76 | 0.26
Nam C1 C2 C3 C4 Cs S/c
2006 | 0.015 | 0.95 0.95 0.95 095 | 0.23
2007 | 0.12 0.87 0.87 0.88 0.87 | 0.38
TB |0.067S| 0.91 091 | 0915 | 0.91 |0.305
Max | 0.12 0.95 0.95 0.95 0.95 | 0.38
Min | 0.015| 0.87 | 0.87 | 0.88 | 0.87 | 0.23

Evaluated result

Ais Nghia station on Vu
Gia river

Calibration result

Verification result
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A

S/eixma = 0.26

0.84

cd =

0.83

cd =
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c3 =

ce =

cl=0

Calibration result :

Observed and calculated 6-hourly water level in flood season 2003

river

at Ai Nghia station on Thu Bon



W Hizx chinhdi bas

B v o @
Muyc nuoe tram Ai Nghia thye do va tinh toan

jemd T ____ - - T - ___J1_____ - - _ T _____ - - __T_____
' | I I I I | I | | |
143 — = — = T === |— === T T === T == [—— e T I
13054 — — — — B [ Lo - Lo [ o 1 |
| | | | |
=T S g S i
Folpsd ——mm e mm e e e b b e I
= am '
= I
2 &t ----4-—-—-—-—--—-—-—+-———-—-—4-#--—---—1-Kk---q4--A------—+----- I
T - T e 1 L e | e | :\ —=!
|
=% X S . MU G NG Y 7 W ' A NN 0 N S \ N S Y- -
535 - — — — S ) [ I YN+ WO O U Y SN S IO Yo o [ —
| |
E L [ T R i D et T
KB T e e e e e e [ = ————d——— - =
: : : : : ' : ' : :
£ £ = £ = = = = £ = £
— L] — ] — ] — ) — ) —
[ - [ - [ - [ - [ - [
[ - [ - [ - [} - o - [
g = g 2 5 2 s g 5 g g
E o ol g ©i g @ % < S I
5 = 5 2 5 o = = = 2 =
= g = ?— — g — = — g —
Thén gian
‘ Thuc do D béo |
’T W Gia tri hieu chinh i Quan hé ham mid | HSi quy nhigu bign | Ghi ket qué K&t thic
cl1=0 cZ = 0.867 c3d = 0.67 cd = 0.68 cd = 0.87 Sisixma = 0.38

Verification result :
Observed and calculated 6-hourly water level in flood season 2007

at Ai Nghia station on Thu Bon river



Nam | C1 C2 C3 C4 Cs S/c
1998 | 0.12 0.76 0.8 0.77 | 0.45
1999 | 0.15 0.8 0.82 0.83 | 048
2001 | -0.16 | 0.68 0.79 0.82 | 0.55
2002 0.1 0.62 0.78 0.84 0.6
2003 | 0.06 0.85 0.87 0.94 | 0.39
2004 | -0.12 | 0.78 0.76 0.85 | 0.47
2005 | 0.05 0.93 0.93 0.96 | 0.27
TB | 0.029 | 0.774 | 0.821 0.859 | 0.459
Max | 0.15 0.93 0.93 0.96 0.6
Min | -0.16 | 0.62 0.76 0.77 | 0.27
Nam | C1 C2 C3 C4 Cs S/c
2006 02| 0.75] 0.75 0.95] 0.57
2007 | -0.1 0.96 | 0.96 0.8 |0.21
TB 0.05 | 0.855 | 0.855 0.875 | 0.39
Max | 0.2 0.96 | 0.96 0.95 | 0.57
Min | -0.1 | 0.75 | 0.75 0.8 |0.21

Evaluated result

Cau Lau station on Thu
Bon river

Calibration result

Verification result
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Calibration result

Observed and calculated 6-hourly water level in flood season 2005

at Cau Lau station on Thu Bon

river
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Verification result :
Observed and calculated 6-hourly water level in flood season 2007

at Cau Lau station on Thu Bon river



Result

» The model performance is satisfactory for both calibration and validation
periods

» The calculated hydrograph is generally in @ good agreement compared with
the observed hydrograph.

» The peak flood at Ai Nghia and Cau Lau is good simulated with the
maximum error of 1,05 m.

» Peak discharges, concentration time, and flow volumes are quite well
predicted.

» These results for calibration and verification indicate that the model can

represent both low-flow and high-flow runoff.



Flood forecasting software

| Rain gauges |
|| Stream gauges |

|| Forecasted rainfall |

|| GIS maps |

Update real-time | »  Database
data l

H Input data ”

A\ 4 v

Wetspa model Automatic link the Wetspa
sub-catchments and HecRas model

l H HECRAS model “

Display
Maps, calculated and

measured hydrographs, |« v
data, forecasting bulletins Result analysis, justify and

fine-turning of model results

This software supplies automatic tools such as
updating, displaying rainfall and water level data,
runping model, data assimilation, supply bulletins etc || Exit ||
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Main interface of Flood forecasting software
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and water level
data



. Form]

Chon danh séch céc tram thuy vin

T wo Interface for

o hach QUA TRINH MUC NUGC TREN SONG THU BON g A
displaying

T | observed data

1.842:

1.732

1,622

1512

1.402

1.292

Muc nude(emy

Display hydrograph
of water level and
rainfall of all stations

1.182

1.072

962

852

74
09/01/2008 1h 09/11/2008 1 h 09/21/2008 1 h 10/01/2008 1 h 10/11/2008 1 h 10/21/2008 1 h 10/31/2008 1 h 11/10/2008 1 h

Thoi gian

11/20/2008 1 h 11/30/2008 1 h

‘ ——— Thanh My Hoi Khach‘

LIS EETIE

QUA TRINH MUC NUGC TREN SONG THU BON - VU GIA TRAM GIAO THUY

Muc nudc(cm)

14
09/01/2008 1 h 09/11/2008 1 h 09/21/2008 1h 10/01/2008 1h 10/11/2008 1 h 10/21/2008 1h 10/31/2008 1 h 11/10/2008 1 h 11/20/2008 1 h 11/30/2008 1h

Mua (mm)
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 KKL + DHTNP ~ KKL+Déi gi6 dong

" Trung binh luu vire
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Interface for input
forecasted rainfall data
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WETSPA
implementation
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Fe Edt View Inset Format Tools Data Wndow Hep

RiDEERO SR Pa R 2o 8= -2 uE of | mzuE [$.% B8 FEEE-5-A-
- & PartA
A B C D E: E G H 1 J K L M N o P Q R S E u v w
RlPart A NongSon Nhanh6 Nhanh7 _ GiaoThuy Nhanh8 Caulau Nhanh9 HoiAn ThanhMy SongBungNhanh1 SongCon Nhanh2 Nhanh3 AiNghia Nhanh4 Nhanh5 Tuyloan Camle TienSa
_2|HEC-DSS Data Exchange S ihieBientren  KiemNghieBientren Bientren Bientren Bientren Bientren Bientren KiemNghieBientren Bientren Bientren KiemNghie Biend uoi
7:; Fie~ Retsieve~ Store Tools Help ||D:wetspathubonthecisolicuhec.dss FLOW STAGE FLOW FLOW FLOW FLOW FLOW FLOW STAGE FLOW FLOW FLOW _STAGE STAGE
Lll|Part E: B6HOURS 6HOURS 6HOURS 6HOURS BHOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS 6HOURS
[:l|Part F: OBS 0BS 0BS 0BS 0BS 0BS 0BS 0BS 0BS 0BS 0BS 0BS 0BS 0BS OBS 0BS 0BS 0BS 0OBS 0BS
fll|5-g. Date 01-Sep-0801-Sep-0801-Se p-0801-Sep-0801-Sep-08 01-Sep-0801-Sep-0801-Sep-0801-Sep-0801-Se p-0801-Sep-08 01-Sep-08 01-Sep-0801-Sep-0801-Sep-08 01-Sep-0801-Se p-08 01-Sep-0801-Sep-08 01-Sep-08
Beg. Time: 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001 0001
End. Date: 09-Dec-0809-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-De c-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-Dec-08 09-De c-08 09-Dec-08 09-Dec-08 09-Dec-08
End. Time: 0700 0700 0700 0700 0700 o700 0700 0700 0700 0700 0700 0700 o700 0700 0700 0700 0700 0700 0700
Units: mdfs. m3/s m3/s. m mdfs. m mafs. m m3fs mdfs mdfs. mdis. m3is mdfs. m m3is m3/s. mdis. m m3/s
Data Typeindex
09/01/200:145 521 8867 174 6.09 016 2078 0.05 120 7775 43 4861 229 233 317 174 08 2723 0.14 034
00/01/200:127 787 13.4 168 92 001 314 0.02 204 2418 649 8484 345 352 324 262 121 44 -0.14 023
09/01/200:1125 78 12.98 163 9.12 029 31.13 0.11 195 32049 642 8327 341 348 3.49 26 12 40.41 0.18 0.12
09/01/200:1123 773 12.87 184 9.03 037 30.88 039 161 33058 636 8171 338 345 3.87 257 118 390383 -0.46 0.01
09/02/200:129 766 12.76 166 8.95 024 306 0.08 142 32488 629 80.18 335 341 3.85 254 117 3925 022 -0.17
09/02/200:1139 759 1264 165 8.86 -0.18 30.34 02 137 31923 623 787 33 338 373 252 1.16 3869 -029 023
09/02/200:1170 751 12.51 169 878 029 30.09 0.15 132 31397 617 7726 328 335 369 249 115 3813 0.18 -0.29
09/02/200: 162 745 1239 178 87 031 2984 -038 126 30883 6.1 7585 325 331 361 247 114 3759 041 -0.28
09/03/200:159 738 1228 176 862 028 2959 0.18 145 3048 632 75 331 337 3.56 244 113 37.05 022 -0.19
09/03/200:162 731 1217 174 8.54 021 2934 03 = 242 111 36.52 03 -0.07
09/03/200:158 724 12.05 183 8.48 033 291 0.21 24 11 36 02 0.07
09/03/200:151 717 11.94 1.81 8.38 -0.15 28.86 -0.25 237 1.09 3548 -0.28 0.16
09/04/200: 146 ™ 11.83 176 8.31 029 2862 02 235 108 3498 026 023
09/04/200:141 704 11.73 172 823 -0.19 2839 027 233 107 3448 023 0.19
09/04/200:126 698 11.62 169 8.16 018 2815 0.15 23 1.06 3399 01 0.13
09/04/200:119 6.92 11.52 164 8.08 -0.06 2792 -0.13 228 1.05 335 02 0.01
09/05/200:1115 6.86 11.42 159 8.01 031 2717 0.27 228 1.04 33.03 021 -0.07
09/05/200:1111 68 11.32 155 7.93 02 27.47 -0.26 223 1.03 3256 021 -0.13
09/05/200:109 6.74 11.22 151 7.86 008 2125 007 221 102 3209 003 -0.17
09/05/200: 107 668 1112 1486 779 -0.04 2703 -0.07 219 101 3164 -0.14 -0.15
09/06/200: 107 662 11.03 143 772 028 2682 024 217 1 3119 0.16 -0.07
09/06/200: 106 6.56 10.93 141 765 02 266 03 215 0.99 3075 -0.26 0.05
09/06/200:108 6.51 10.84 143 7.58 014 2639 -0.13 213 098 3031 0.13 0.19
09/06/200:107 6.45 10.74 144 751 o 2618 -0.01 21 097 2988 -0.06 025
09/07/200:106 6.39 10.65 1.44 7.45 0.32 2598 0.23 209 0.96 2946 0.16 0.31
09/07/200:105 6.34 10.56 144 7.38 -0.11 2577 -025 208 096 2905 -0.18 029
09/07/200:105 628 10.47 143 732 -0.26 2557 -028 205 094 2862 025 021
09/07/200:111 623 10.38 1.4 725 007 2538 0.01 203 093 2819 -0.02 011
09/08/200:114 6.18 10.3 143 7.19 035 2518 033 201 092 2778 0.19 0.01
09/08/200:112 6.12 10.21 147 712 0.01 2498 -0.12 199 091 27.38 01 -0.07
3 00/08/200:111 6.07 10.11 148 7.06 03 2479 -036 197 09 27 026 -0.18
44 09/08/200:113 6.01 10.02 144 & 0.08 248 o 195 09 2661 0.09 022
45 09/09/200:120 598 10.06 144 6.93 039 2442 0.34 193 089 2624 026 011
46 09/09/200:121 592 991 148 6.87 0.12 2419 -0.05 191 088 2586 o -0.06
47 09/09/200:126 584 975 189 087 2549 0.01
4 < » Hhdata/ T
:Draw~ - | AutoShapes~ . s s |
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implementation
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Project: |Mo phong lu song Thu Bon-%u Gia |D:\wetspathubon\hec\TB_VG.prj
Plan: [Plan 01 [Dwetspathubonthec TE_WG pi1
Geometry: |Geu Thu Bon -%u Gia |D:\wetspathubDn\hec\TB_VG.gM
Steadhy Flow: | |

Unsteachy Flow; |Unsteady Flow 2008

|D:\wetspath ubonhec, TE_WiG.ull

Description : |

E| | Wersion 4.0 Beta

Sl Units




Type a question for help = %

3 D] &1 9 100% r© |0 L 44 normal +12 pt, Just = .vnTime T2 B L

[ ITRUNG TAM KTTV QUOC GIA | CONG HOA XA HOI CHU NGHIA VIET NAM
Trung tam Dy bao KTTV TW Déc lip - Tw do - Hanh phiie
S&: HN/05

BAN TIN DU BAO KHi TUONG THUY VAN HAN NGAN

(Luu yue song Vu Gia — Thu Bén)

I- Dy bdo mua lou vye song song Vu Gia — Thu Bén trong 24 giv t6i

II - Dy bao thuy van

Nhan xét
Du bio
[+
Thyc do Dy bao
Tram Ngay 08/12 - 09/12 Ngay 09/12 - 09/12
13h 19h 1h 7h 13h 19h | 1h 7h
Afnghia H em 485 481 476 469 | 412.5 | 412 | 398 | 390
Q m’/s 236 230 223 213 133 | 133 | 118 | 111
Cim e H cm 37 74 14 29 225 | 254|283 | 283
Q. m/s 314 528 203 269 237 | 249 | 265 | 265
Giao Thiy H, em 389 378 365 360 352 | 352 | 343 | 334 L |
Q m'/s 1550 | 1490 | 1430 | 1400 | 1360 | 1360 | 1320 | 127
Thu Bon H, cm 81 105 66 60 60.7 | 60.7 | 60.7 | 54.7
Q m'/s 1010 | 1250 | 860 800 808 | 808 | 808 | 748
Hoi AnH, em 46 81 25 35 29.9 | 348 | 348 | 398
Q m’/s 1140 | 1660 | 860 985 919 | 983 | 983 | 105
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This software was experimented on flood forecasting for Thu Bon
— Vu Gia river system in flood season 2008 and gave quite good
results .
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Conclusion

The WETSPA model was calibrated and validated on upstream watersheds in
Thu Bon - Vu Gia river basin for which topography, land-use and soil data are
available in GIS form

HECRAS model was developed for the hydraulic simulations in this area using
the upstream boundary data calculated by the Wetspa model and downstream
boundary tidal data.

These results for calibration and verification indicate that the model is suitable
for both peak flow prediction and hydrograph simulation.

Flood forecasting software based on two models was developed. This software
was experimented on flood forecasting for Thu Bon — Vu Gia river system in
flood season 2008 and gave quite good results .

Improvement

Precipitation data: as mentioned above, in this application the grid of
precipitation is estimated using Thiessen method. In the future, grid
precipitation estimated from radar, satellite image will be developed to
improve the quality of model.
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