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Abstract. lloa Binh reservoir was built in Da nver to carry out two top
important duties that are generation electricity and flood prevention for
lowlands. Since operation, Hoa Binh reservoir has been bringing about very g
uscfulnesses, but also has been causing unfavourable changes, such as
deposition 1n the reservoir, local scour 1n lower of the dam and disseminated
scour towards lower. Estimation, simulation and prediction these changes to
hmit damages always are pressing and necessary problems. Mathematical

models are effective and economie tools to solve these problems.

HEC .G 1s a one-dimensional movable boundary open channel flow numeneal
model designed to simulate and predict changes in river profiles resulting from
scour and/or deposition over moderate time periods.

This paper studies and apphes HEC-6 model to simulate changes of Da river
profile (reach from Hoa Binh to Thao-Da confluence) and Red river profile
(reach from Thao-Da confluence to Ha Noi). The results of model cahbration and
verification show that HEC-6 model with the selected set of optimal parameters
can usc to simulate changes of Red river system profile in the future with
acceptable accuriacy. The results of Red river bed change simulation using the
sct of selected parameters; imtial condition 1s Red rniver bed, which surveyed 1n
1992; upstream conditions are typical discharge process (average type of period
1988 - 1998) at hydrological stations: Hoa Binh, Yen Bat, Vu Quang, Thuong
Cat and downstream conditions s typical stage process (average type of period
1988 - 1998) at 1ano hydrological station show that:

Deep scour phenomenons resulting from regulating effect of Hoa Binh reservorr

happen almost only in Da river and transmit only to Trung Ha station,
Deep scour speed reduces gradually. Therefore, Da river bed will become

gradually stability (to reestablish the new balance state).

1. Introduction

Red river network, the second biggest river network 1n Vietnam, has been
playing a significant role in the socio-economical development of the country. Red
river rises from a height of 2000 m AMSL in Van Nam (China). It has a total length
of 1126 km. The basin occupies total area of 165794 km®, in which 82630 km* lies
within in Vietnam. Red river acts as waterways and flood conveyance to protect the

most Northern part of Vietnam from flooding and inundation. Red river 1s created
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from three main tributaries: Da, Thao and Lo rivers. Thao river originates from
Dai Ly Lake in Van Nam of China, where it is called Nguyen river. Flowing down
from the altitude of 2000 m AMSL 1n a Northwest-Southeast direction, 1t enters
Vietnam-China border at Laocai province and is known as Thao river. It has a total
length of 902 km 1in which 332 km within in Vietnam. From Yen Bai to Viet Tn, 1its
widths range from 100 - 150 m in average. Riverbank elevations vary below the
vialues of 25 m: the average depth is around 5 m corresponding with the bank-full
discharge. The bed slope 1s approximately 1%o. Total catchment area of Thao river
inside Vietnam 1s 12100 kin®. Da river rises from the highly mountainous area 1n
the same vicinity of Thao river's source. Running in a Northwest-Southeast
direction to Hoa Binh, it then changes the flowing direction to South-North, and
joints Thao river at Trung Ha, 12 km upstream from Viet Tri town. The total length
from border to Viet Tri is about 570 km with the catchment area of 26800 km?. It is
the most important tributary of Red river network and normally contributes up to
50% total inflow for Red river. Lo river also originates from Van Nam mountains
area located in China. Its total length is 470 km; the catchment area 1s 136900 km?.
In Vietnam territory, the bed slope of Lo river i1s 26%s. In the downstream course
from Tuyen Quang to Viet Tri, its width is about 200 m at flow depth raging from
1.5 to 3 m. The total basin of Red river network considered at Son Tay 1is
approximately 70700 km? occupying 45% of Northern part area of Vietnam. Red
river considered from Viet T, flows through important urban centers, Son Tay
province and Hanor capital where the populations are the highest comparing

throughout out the nation.

Hoa Birh reservoir, located on Da river, 55 km far from Thao-Da confluence,
was put into operation partially in 1990 and fully in 1994. The effects of the
construction have been seen obviously in Da reach after of closure. Previously, there
were some researches predicting the impact of Hoa Binh reservoir on downstream
morphological conditions in design stages. Each of the previous sudies has mernit
points and limitations due to the deficiency 1n data for vertication and

computational methods.

In recent years, data and observations obtained by Department of
Mainagement & Flood Control and Research Institute of Water Resources show that
th2 degradation of Da riverbed has been propagating to the downstream. Bank
erosions and avulsions during resent years in downstream have been seriously
occurring at alarming rates. The riverbeds in outer bank are being deepened
ravidly, the flow path approaching the riverbank creating serious avulsions in both
flood and transitional stages. This situation threatens the safety of national dike
system and will cause big damages if there is no in-time action to prevent the

Crasion.
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This reseach applies HEC-6 model to simulate and predict changes of Da river
profiles (reach from Hoa Binh to Thao-Da confluence) and Red river profiles (reach

from Thao-Da confluence to Ha Noi).

2. Theoretical basis of movable boundary calculation of HEC-6

HEC-6 is a one-dimensional movable boundary open channel flow numerical
model. It 1s designed by USA Hydrological Engineering Center to simulate and
predict changes in river profiles resulting from scour and/or deposition over
moderate time periods (typically months or years, althrough applications to single
flood events are possible). HEC-6 used in this research is HEC-6 version 4.1
published 1n 1993.

In HEC-6 model, a continuous flow records is partitioned into a series of
steadv flows of variable discharges and durations. For each flow, a water surface
profile is calculated thereby providing energy slope, velocity, depth, etc. at each
cross section. Potential sediment transport rates are then computed at each section.
These rates, combined with the duration of the flow, permit a volumetric accounting
of sediment within each reach The amount of scour or deposition at each section is
then computed and the cross section adjusted accordingly. The computations then
proceed to the next flow in the sequence and the cycle is repeated beginning with
the update geometry. The sediment calculations are performed by grain size fration
thereby allowing the simulation of hydraulic sorting and amoring Features of HEC-
6 include: capability to analyze networks of steeams, channel dredging, various
levee and encroachment alternatives, and to use several methods for computation of
sediment transport rates.

2.1 Theoretical Basis for Hydraulic Calculations

The hydraulic parameters needs to
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where: g = acceleration of gravity; h, = energv loss, V,, V, = average velocities (total
discharge -+ total flow area) at ends of reach; WS, WS, = water surface elevations
at ends of reach and «,.u, = velocity distributation coefficients for flow at ends of
reach.

The energy loss term, h,, 1n equation 2.1 1s composed of friction loss, h;, and
form losses, h,, as shown in equation 2.2, Only constraction and expansion losses 1n

the geometric form loss term.

To approximate the transverse distribution of flow, the river 1s divided into
strips having similar hydraulic properties in the direction of flow. Each cross
section 1s subdivided into portions that are referred to as subsections. Friction, h,,

loss 1s calculated as shown below:

h, = Q 1 (2.3)
K, |
in which:
(A, + -‘\1),|_Rl +R,
nss| ' ” >
_ | 49 2 2
K =) | — I E— (2.4)
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where: A,, A, = downstream and upstream area, respectively, of the flow normal to

the cross sectzon; NSS = total number of subsections across each cross section; K, =

length-weighted subsection conveyance; 1, = length of the 3" strip between
sudsections; n = Manning's roughness coefficient; Q = water discharge and R,, R, =

downstream and upstreamhydraulic radius, respectively.
Energy losses due to constractions and expansions are computed by the
following equation:
. : -
a,V, «a,V,

1 28 2p

=C, (2.5)

wlere: C, = loss coefficient for expansion or constraction.
2.2 Thecwetical Basis for Sediment Calculations

Sediment transport rates are calculated for each flow in the hydrograph for
ea:h grain size. The transport potential is calculated for each grain size class 1n the
bel as though that are comprised 100% of the bed material. Transport potential 1s
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then multiplied by the fraction of each size class present in the bed at that time to
yield the transport capacity for that size class. These fractions often change
significantly during atime step, therefore an iteraction technique 1s used to permit
these changes to effect the transport capacity.

The sediment transport function for bed material load 1s selected by user.
Transport functions available in the program are th following:

- Toffaleti’'s (19G6) transport function
- Madden's (1963) modification of Laursen's (1958) relationship
- Yang's (1973) stream power for sands
- Duboys' transport function (Vanoni 1975)
Ackers-White (1973) transport function
- Colby (1964) transport function
- Toffalet1 (1966) and Schoklitsch (1930) combination
- Meyer-Peter and Muller (1948)
- To;faleti and Meyer-Peter and Muller tombination

- Madden's (1985, unpublished) modification of Laursen's (1958)
relationship

-  Modification by Ariathurai and Krone (1976) of Parthenaides' (1965)
method for scour and Krone's (1962) method for deposition of cohesive
sediments.

- Copeland's (1990) modification of Laursen's relationship (Copeland and
Thomas 1989)

- User specification of transport coefficients based upon observed data.

This research is chosen Yang's sediment transport function to calculate the
unmeasured sediment input for HEC-6 model. This is his unit stream power
equation (Yang, 1973), namely:

JeDS
e C, =5,345-02861g 29 — 045778

& +
v ®
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where: C,, = total sand concentration (in ppm by weight);» = terminal fall velocity;
d = median sieve diameter of sediment particles; v= kinematic viscosity;
g = gravitational acceleration; VS = unit stream power and V_S = critical unit

stream power required at incipient motion.
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The basis for adjusting bed elevations for scour or deposition (simulating
vertical movement of the bed) 1s the continuity equation for sediment material

(Exner equation):

- ~ -\'

LI TR (2.7)
ox 1
where:B, = width of movable bed; t = time; G = average sediment discharge (ft*/sec)
rate during time step At; x = distance along the channel and Y, = depth of

sediment in control volume.

Equations 2.8 and 2.9 represents Exner equation expressed 1n finite diffrence

form for point P using the terms shown in Figure 2.2
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step, respectively, at point P; 0.5 Figure 2.2. Computation grid

= the "volume shape factor"
which weights the upstream and downstream reach lengths and At = computational

time step.

3. Simulation of changes of red river system profiles using HEC-6 model

3.1 Collected data

Research river reach is Da river reach (from Hoa Binh to Thao-Da confluence)
and Red river reach (from Thao-Da confluence to Hanoi). The following data has
been collected to simulate changes in the profile of this river reach:

¢  Geometric data:

- 47 cross sections (from 1 to 47) in Da river reach (from Hoa Binh to Thao-

Da confluence) sounded in 1992.
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- 17 cross sections (from 48 to 64) in Red river reach from Thao-Da

confluence to Hanol sounded in 1992.

10 cross sections in Thao river (from Yen Bai to Thao-Da confluence)
sounded in 1992

6 cross sections in Lo river (from Vu Quang to Viet Tri1) sounded in 1992
2 cross sections in Duong river sounded in 1992

- Thalweg profiles of Red river (from Hoa Binh to Thao-Da confluence)
sounded 1n 1992, 1994, 1997

o Hydrological data:

- Flow data: daily average water discharges in years from 1988 to 1998 at Ha
Noi and Son Tay stations in Red river, Thuong Cat station in Duong river, Yen Bat
station in Thao river, Hoa Binh station in Da river and Vu Quang station in Lo
river.

- Water level: daily average water level in 1993 year at Son Tay station and in
vears from 1988 to 1998 at Hanoi station.

- Water temperature: monthly average water temperature of period from 1988
to 1998 at 6 stations: Hoa Binh, Yen Bai, , Vu Quang, Son Tay, Hanoi, Thuong Cat,
stations.

e Sediment data:

- Daily average suspended sediment concentrations and discharges years from
1988-1996 at 7 stations: Hoa Binh, Yen Bai, Vu Quang , Son Tay, Hanoi, Thuong
Cat.

- Monthly average grain size composition of suspended sediment at 7 stations:
Hoa Binh (64-70, 72-75, 77-78), Yen Bai (64-70, 72-75, 77), Vu Quang (65-70, 72-75,
77-78) , Son Tay (65-70, 72-75, 77-78), Ha Noi (65-70, 72-75, 77-78), Thuong Cat
(65-70, 74, 77).

- Grain size gradation curve of suspended sediment and table of grain
composition percentages corresponding to grain diameters at cross sections: 2 in Lo
river; 10 and 37 in Da river; 1 in Thao river; 54, 63, 70 in Red river and 2 in Duong
river (surveyed in October 1996).

- Grain size gradation curve of bed sediment and table of grain composition
percentages (%) corresponding to grain diameters (mm) surveyed in May 1996 at
cross sections 63, 65, 67 in Red river and cross section 4 i Duong niver
(downstream of Thuong Cat station).
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3.2 Computational scheme

Depending on  the data
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downstream boundary is Thuong river network (research reach)
Cat hydrological station. The second
tributary of the computational scheme is Lo river reach with downstream boundary
is junction of Red river and Lo river and upstream boundary is Vu Quang
hydrological station. The third tributary of the computational scheme is Thao river
reach with upstream boundary is Vu Quang hydrological station and downstream

boundary is Thao-Da confluence.
3.3 Input data

Input data file of HEC-6 is organized into 3 groups: the first group is
geometric data, the following group 1s sediment data and the last group is
hydrological data. Geometric data is arranged in following order: the position of
local junction and diversion points in the river network, the position of cross
sections in the river network, the geometry of cross sections (coordinate points of
cress sections and the distances between cross sections), the values of Manning's
roughness n in cross sections (include Manning's n values of the main channel and
overbank areas) and convevance limits of channel at cross sections. Sediment data
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includes fluid and sediment properties, the inflowing sediment load data, the
gradation of material in the stream bed, the transport capacity relationship and
unit weights of deposited material. Hydrological data includes water discharges,

temperatures, downstream water surface elevations and flow duration.

3.4 Initial and boundary conditions

Initial condition i1s cross section geometry of river segments in computational
scheme at the time that computation 1s started. Measured geometric data of 82
cross section in computational scheme in 1992 1s used as the initial condition. This
data is represented 1n coordinate point form (stations, elvations) of positions in
cross sections in the order from the left to the right (downstream). The elevations
may be positive, zero or negative. The cross sections are arranged from downstream
to upstream, starting from cross sections of the main river, then to cross sections of

the tributary river.

In a river system there are three types of boundaries: upstream, downstream
and internal. The upstream and downstream boundaries are at the cross sections
that are most upstream and most downstream, respectively, on a stream segment.
There are three types of internal boundaries: a local inflow, a tributery junction,
and a hydraulic control point. There are also three boundary conditions that can ke
prescribed by HEC-6: water discharge, sediment discharge, and surface elevation
(stage). The water and sediment discharges must be defined at each upstream
boundary and at each local inflow point. Stage must be prescibed at the
downstream boundary of the primary stream segment; and it can be precribed at
hydraulic control points. In study river network the upstream boundary conditions
include water discharge, sediment discharge and daily average temperature at Hoa
Binh, Yen Bai, Vu Quang and Thuong Cat stations. The downstream boundary
condition i1s daily average stage (water surface elevation) at Hanoi station. The
computational time step is one day.

3.5 Model calibration

HEC-6 model simulates changes of river profiles combined using three models:
hydraulics model, sediment transport model and morphologic model. Hydraulics
model is used to compute water surface profile at each time step. Sediment
transport model is used to compute sediment transport discharge across each cross
section in computational schema at each time step. Morphological model is used to
compute changes of river bed elevations for scour or deposition. Parameters needed
calibration in HEC-6 are mainly parameters of hydraulics model, that are
Manning's roughness coefficients of Mver bed, left and right over banks.

The study used hydrological and sediment transport data in 1993 to calibrate
hydraulic and sediment transport model.
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The calibration process of hydraulic model 1s carried out as follows:

- Preliminary selection a set of roughness coefficients at all of cross sections in
computational scheme. This preliminary selection 1s carried out on experience;
selection roughness coefficients from 0.1 to 0.15 for over bank part and from 0.022

to 0.042 for river bed part.

- Using HEC-6 model, in turn smulation hydraulcs with the selected set of
hydraulics parameters in condition that the channel is regarded fixed channel.
Input data of hydraulics are daily average water discharge of Hoa Binh, Yen Bai,
Vu Quang, Thuong Cat stations and daily average stage (water surface elevation) at
Hanoi station in 1993. Results of hvdraulics simulation are the stage at all of cross

sections in the computational scheme at each time step.

- Take Son Tay station in Red river (section 34) to make control section. From
hydraulics simulation results with the selected set of parameters, extraction and
drawing on graph computed daily average stage process at Son Tay station 1993.
Comparison it with measured daily average stage process at Son Tay station 1993

and estimation agree level by Nash norm.

After a lot of trv and error times with many different couples of river bed and
over bank roughness coefficients, the study selected a couple of river bed and over bank
roughness coefficients that results in the best hydraulics simulation result: river bed
roughness coefficient 1s 0.029, left and over bank roughness coefficients is both equal
0.10. With this set of hydraulic parameters, effective level of the model computed on
Nash norm 1s the highest (98.9%) and the forms of computed and measured water

suface elevation process graph agree highly each other (Figure 3.2).
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Figure 3.2
Computed and measured daily stage process at Son Tay station in 1993
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Accuracy of sediment transport simulation of river network depends on
accuracy of hydraulic simulation results, on accuracy of definition parameters of
sediment transport model and selected sediment transport function. The study
defined carefully parameters of sediment transport model basing oneself on
collected data, selected Yang's sediment transport function and ran sediment
transport model using the set of hydraulic parameters that selected when
calibration hydraulic model. The simulation results are daily sediment discharges
across each cross section in computational scheme in 1993. From these results, the
study extracted daily sediment discharge process data across cross section of Son
Tay station, drew combinativelv computed and measured daily sediment discharge
process graphs at Son Tay station in 1993 on the same coordinate system, and
estimated effective level of sediment transport model on Nash norm. These results
showed that computed and measured sediment discharges agree rather each other

(Figure 3.3), effective level computed on Nash norm reachs 0.76.
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Figure 3.3. Computed and measured daily sediment discharge process graphs at Son
Tav station in 1993

3.6 Model verification

Morphelogical model 1s simulated based on computational scheme established
for hvdraulic model with ultimate hvdraulic and sediment parameters. River
thalwegs measured in 1994 of reach from Hoa Binh to Trung Ha.and in 1997 of
reach from Hoa Binh to Ha Noi are used to verifv the model. Input data 1s daily

average discharge from 1992 to 1997. The results include: total sediment discharge
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inflow and outflow each river reach for each grain tvpe at each time step. quantity
of scour or deposition sediment on each river reach at each time step, water surface
and river hed elevations at cross sections of computational scheme at each time

step. total sediment discharge from tributaries inflow main river and outflow main

river, total scour and deposition sediment quantity over study river reach.
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Results of comparison between computed and measured thalwegs of Da river
reach from Hoa Binh to Trung Ha in 1994 and Red river reach from Hoa Binh to Ha
Noi 1n 1997 are shown in Figures 3.4 and 3.5. These figures show that computed
river thalweg agree rather with measured river thalweg. Effective level of the
model computed on Nash norm of 1994 reachs 0.93 and of 1997 reachs 0.87.

3.7 Sirnulation changes of Red river bed to 2032

The results of model calibration and verification show that HEC-6 model with
the set of selected optimal parameters can use to simulate changes of Red river bed
in the future.

With intinial condition is measured river bed profile in 1992, the symbolic
water discharge processes (average of 11 years fom 1988 to 1998) at Hoa Binh, Yen
Bai, Vu Quang, Thuong Cat stations are the upstream boundaries and the symbolic
stage processes (average of 11 years fom 1988 to 1998) at Ha Noi station is the
downstream boundary, the study simulated changes of Red river bed to 2032. The
rersults are showed in Figure 3.6. These results show that:

- Deep scour phenomenons resulting from regulating effect of Hoa Binh reservoir
happen almost only in Da niver and transmit only to Trung Ha station.

- The deep scour speed in Da river reduces gradually (See table 3.1). Da river
bed will become gradually stability (to reestablish the new balance state).
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Figure 3.6. Predited result of Red nver bed changes to 2032
(reach from Hoa Binh to Ha Noi1)

Table 3.1 Average deep scour speed at some cross section in deffrent period (m/vear)

Cross section 1992 - 2002 2002 - 2012 2012 - 2022 2022 - 2032
Section 5 0.380 0.168 0.062 0.000
Section 18 0.061 0.003 0.001 ~0.000
Section 48 0.021 0.017 0.014 0.013
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MO PHONG DIEN BIEN LONG DAN HE THONG SONG HONG
BANG MO HINH HEC-6
(Doan song Da tit Hoa Binh dén nga ba Thao Da
va doan song Hong tit nga ba Thao-Da dén Ha Néi )

Nguyén Thi Nga

Khoa Khi tuong Thuy van & Hai ditong hoc
Pai hoc Khoa hoc T nhién, DHQG Ha Noi

Vi hai nhiém vu quan trong hang dau la phat dién va phong lit cho ha du, tu
khi van hanh, hé Hoa Binh da va dang dem lai nhitng lgi ich hét sitc to 16n nhung
ciing dia va dang giay ra nhiing thay 461 kha bat 1gi nhu béi lang long hé, xéi cuc bd
ha luu dap va x61 lan truyén vé ha du... Danh gia, mé phdng va du bao cac thay d6i
sau khi xdy dung cac cong trinh trén séng dé dé xuit cac bién phap han ché cac
thiét hai luén la dé tai cip thiét va c6 y nghia thuc tién 18n. Céng cu hitu hiéu va
kinh té dé giai quyét ciac dé tai nay 1a mé hinh toan.

HEC-6 la m6 hinh s6 thuy déng luc mot chiéu trong long dian hd cé bién di
dong duge Trung tam Ky thuat Thiy van Hoa Ky thiét ké dé mé phdéng va du bao
cac thay déi trong trac dién doc séng do x6i hodc bdi trong cac thoi doan via.

Bai bao nay nghién citu itng dung mé hinh HEC-6 dé méd phéng dién bién long
song Da phia ha luu dap Hoa Binh (doan tir Hoa Binh dén nga ba Thao-Da) va long
song Hong (doan tit nga ba Thao-Pa dén Ha \'6i) Két qua hiéu chinh va kiém dinh
md hinh cho thdy mé hinh HEC-6 véi bd théng sé té1 vu di lua chon c¢é thé su dung
dé mé phong dién bién long song Hong trong tudng lai véi mitc d6 chinh xac ¢é thé
chap nhan duge. Két qua mé phong dién bién day séng Hong bing mé hinh HEC-6
véi bd théng s6 da lua chon vdi diéu kién ban dau la long séng Hong do dac nam
1992, diéu kién bién trén la dudng qua trinh luu luong dién hinh (dang trung binh
nhiéu nam thai ky 1988-1998) cua cac tram Hoéa Binh, Yén Bai, Vu Quang, Thuong
Cat va diéu kién bién dudi la dudng qua trinh muc nudc dién hinh (dang trung binh
nhiéu nim thoi ky 1988-1998) cua tram Ha Néi cho thay:

- Hién tuong x61 siu do anh hudng diéu tiét cia hé Hoa Binh chi yéu chi xay
ra trén séng Da va chi lan truyén dén tram thuy vian Trung Ha.

- Téc d6 x6i ¢6 xu hudng giam dan. Long séng Da din dan trd nén én dinh (lap
lai trang thai can bing méi).



