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ABSTRACT

A numerical model, which is capable of simulating scouring and deposition behaviors in a channel
network, is developed in this study. The model treats suspended load and bed load separately, and
hence is able to simulate the depositional behavior of the suspended sediment under a nonequilibrium
process. The model solves the de Saint Venant equation, and thus can be applied to unsteady flow
conditions. An interna boundary condition based on the sediment transport capacity was proposed
to distribute the incoming sediment load into the downstream links. An assessment of this model's
performance has been conducted through a comparison to an analytical solution. The application of
this model to the Tanhsui River system in Taiwan, and severa hydraulic model studies gave very
convincing results.

1INTRODUCTION

Evolution of the river bed in alluvial channels has been studied by many researchers using analytical
and numerical approaches. The use of analytical approach alone is insufficient for solving natural river
engineering problems. With rapid growth in computer technology, numerical models have become a
popular means for the study of mobile bed hydraulics.

During the past decade, several numerical models have been developed. Most of the computer codes,
such as HEC2SR (Simons & Li Assoc. Inc., 1980), FLUVIAL-12(Chang &Hill, 1976), HEC6 (Thomas &
Prashum, 1977), IALLUVIAL (Karim & Kennedy,1982), SEDICOUP (Holly & Rahuel, 1990),
BRALLUVIAL (Holly et &, 1985), CHARIMA (Holly et a, 1990),and ONED3X (Lai, 1987), stayed
with a one-dimensional approach, and only few of them, such as TABS-2 (Thomas et al., 1985) and
MOBED 2 (Spasojevic, 1988) are two-dimensional models. The BRALLUVIAL (Holly et a., 1985) and
CHARIMA (Holly et a., 1990) codes were developed for simulating bed evolution of a branched and
looped channedl system. Both models are applicable to subcritical flow conditions, BRALLUVIAL isa
quasi-steady code, and CHARIMA is an unsteady code.

Using the stream tube concept to reflect the lateral variations of the channel geometry, two
quasi-two-dimensional models were developed, namely GSTARS (Molinas and Yang, 1986) and
USTARS (Leeet d., 1997). The GSTARS model isa steady code and USTARS is an unsteady code.

A new model, named NETSTARS, is developed in this article to simulate the bed evolutions of a
channel network. It treats the suspended load and bed load separately, and hence is able to smulate the
depositional behaviors of the suspended sediment under a nonequalibrium process. An interna
boundary condition based on the sediment transport capacity was proposed to distribute the incoming
sediment load into the downstream links. The details of the mathematical basis and numerical
techniques are described in the following sections.  Experimental data and analytical solution are used to
assess the model's capability. The model is applied to simulate the bed evolution of the Tanhsui River
system, which is an esturine channel network, and several hydraulic model studies to demonstrate its
engineering applicabilities. The first is a standard tree-type river system, and the others are shown the
capacity of looped-type channel network.

2 THEORETICAL BASISAND GOVERNING EQUATIONS
The NETSTARS model is an uncoupled sediment routing model. It consists of two major parts, namely
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hydraulic routing and sediment routing. Suspended load and bed load are treated separately in sediment
routing. The governing equations for flow and sediment continuity are discretized by the Preissmann four
point scheme . The equation for suspended sediment movement is solved by Holly-Pressimann two-point
four-order scheme, and T scheme.

A network agorithm was proposed to resolve the nodal point problem same as CHARIMA model. A
node is assumed to be avirtual section that could not accumulate water and sediment, i.e. no scour and no
deposition. A nodal continuity equation was proposed in this paper. Double sweep method is applied to
solve the discharges and the water stages at those nodes. The allocation of the suspended load at the
node is assumed to be proportional to the allocations of the flow discharges, and the net flux of the
suspended sediment due to longitudinal dispersion is assumed to be zero at a nodal point.

The NETSTARS model avails some good ideas of CHARIMA and GSTARS models to develop a
powerful tool for resolving the problems of unsteady sediment process in a channel network. Sinceit is
basically a 1-D model, secondary current and local scour can not be simulated by this model, but the
transverse bed evolution can be computed due to using the stream tube concept to decide the tube
boundary for satisfying equal conveyance requirement across the channel and adding transverse transport
term into the convection-dispersion equation of computing suspended load.

2.1 Equationsfor Hydraulic Routing
The de Saint Venant equations are used in the unsteady flow computation. These include a continuity
equation and an one-dimensional momentum equation.
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where A = channel cross-sectional area; Q = flow discharge; t = time; x = coordinate in the flow direction;
q = lateral inflow/outflow discharge per unit length; a =momentum correction coefficient; g =

- . : i 1
gravitational acceleration; y= water surface elevation; s -qqyk2= friction slope; K :HARZBZ

channel conveyance; n=roughness coefficient of Manning's formula, and R= hydraulic radius.

2.2 Equationsfor Sediment Routing

The governing equations include a sediment continuity equation, a sediment concentration
convection-dispersion equation and a bed load equation. The Rouse number W/« u. , where W =
sediment fall velocity , x =Von Karman's constant and u- =shear velocity, is used to distinguish between
bed load and suspended load.  Particles with W/ x u.>5 are treated as bed load and particles with W/ x
u- =5 are treated as suspended load. The sedi ment conti nuity equation is given as:

Nsize 0 Qb B
(1-p Tt ZQC =0 3

where q,= bed load transport rate and ¢, = depth averaged concentration of the suspended sediment of
size fraction k . aA,= amount of sediment scouring/deposition per unit length and P =channel bed
porosity. The bed load transport rate @, equals to z:‘:egnk. Where, q, is defined as the bed load

transport rate of size fraction k. The concentration C, is calculated using the convection-dispersion
equation shown as:
2C.A 45 o ocC oC
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where k, and k, =longitudinal and transverse dispersion coefficients, therelations k, =5.93 u-h and
k, = 0.23 u-h suggested by Elder (1959) wereused , and s = source term of the suspended sediment of
size fraction k. The second term of equation (4) in the left hand side is the convection term. The first,
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second, and third terms of equation (4) in the right hand side are longitudinal dispersion, reaction, and
transverse dispersion terms, respectively. A similar sediment continuity equation was proposed by Holly
and Rahuel (1990). In their formulation the bed-sediment exchange or resuspension is through the source
term shown in equation (5). Both approaches were tested in our previous paper (Lee et a.,1997). Holly
and Rahuel's equation underestimated the scouring and deposition quantities and Eq.3 rendered a much
better simulation result and hence was chosen in this model.

According to Van Rijn (1984) and Holly and Rahuel (1990), the source term s is the combination of

deposition and resuspension, and can be expressed as:

S = S + S (5)
where s, and s, =theamount of sediment resuspension and deposition, respectively. The amount of
sediment resuspension can be calculated by:

Su = psBW S Cq (6)
where B, = width of the channel; Wy = fall velocity of sediment of size fraction k; B = fractional
representation of size-classk in the active bed layers; and ¢, =sediment concentration in volume close to

the channel bed by using an appropriate empirical expression, which can be calculated by the equation
proposed by Van Rijn (1984)
& Tk1.5

C, =0.015 o 0

where, Dk = particle diameter of size fraction k; D* = particle parameter = DSO{@} ; Tk
v
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sediment particle; Y = grain shear velocity =

=transport stage parameter = ; v = water kinematic viscosity; s = specific weight of

9%°u .

¢' = Chezy coefficient related to grain roughness =

18log(12R/3Dy,) ; R = hydraulic radius, at = reference level above bed; u*cr = critical shear
velocity.

The appearance of By in equation (6) limits the entrainment of grains of class k to their availability in
the active layer. The amount of sediment deposition can be calculated by using the following equation
(Hally and Rahuel, 1990):

Su = —pPsBWCy

8

where C, isthe deposition concentration , which can be estimated by Lin(1984)

Wk
Cy =[3.25+ 0.55In(Ku—*)]Ck ©)
with x =04.
The bed load transport rate Q, can be calculated using the following equation:
1

Qb = z s Bt (10)

where g, = bed load transport rate per unit width, which is calculated using Meyer-Peter and Mueller
formula (1948), and p s= sediment density.

2.3 Armouring Scheme

Most river beds consist of grains with a broad range of size fractions. In an erosion process, fine
particles are entrained more easily and the bed surface will become progressively coarser. Ultimately, an
armour coat of large particles forms, and that stops further degradation. During the aggradation process,
layers of sediment will be deposited on the bed surface and the bed surface will be progressively finer.
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Updating the sediment composition at every time step is necessary and crucial to a sediment routing
model. Various techniques dealing with bed composition variation have been proposed. This model
adopts the sorting and armouring techniques proposed by Bennet and Nordin (1977). In that model the
bed is divided into three layers, and sediment composition computation is accomplished through the use
of one or two layers depending on whether scouring or deposition occurs during that particular time step.
According to this procedure the thickness of the active layer is set equal to a preselected parameter, N,
times the geometric mean of the largest size class used in the simulation. The active layer is defined asthe
bed material layer that can be worked or sorted through by the action of the flowing water in the time step,
t, to supply the volume of material necessary for erosion. Therefore, the parameter N, is related to the
duration of simulation time step. The value of parameter N, should be increased for longer time steps. For
the net deposition case, an inactive deposition layer is used. This layer is located beneath the active layer.
When the deposition of a particle size fraction of certain thickness occurs, this thichness is added to the
active layer. Also, an equa thickness of active layer is added to the inactive deposition layer. The size
composition and the thickness of the inactive deposition layer is recomputed. Finaly, the size
computation of the active layer is recomputed and the channel bottom elevation is updated.

3 COMPUTATIONAL PROCEDURES

The simulation processes consist of three parts in every time step, i.e., flow computations, and sediment
routing. Flow computation is performed first. Then, sediment routing is performed to calculate the
amount of channel bed variations. The computational flow chart is shown in Fig. 1. These procedures
are described sequentially in the folowing sections.

Prepare data:
Geometric cross-sectional data
Bed material data
Boundary condition data
Control data etc.

tiDo loop until the end time E—

Read:
Discharge & Sediment Inflow
Control water stage hydrograph
Links and Nodes arrangement

Unsteady flow
computation for River System

v

— KSIZ-LNSIZE ——] Size fractllon -
computation Sediment Treatment
in Nodes
Separate Treatment Method
(Suspende.d load and Bgd-load L=1 LINKS
equation computation)
Bed computation
revision
| ]

-
Output:
Water surface ele.,New bed form,
Sediment discharge,Concentration etc.
for River System

l

Fig.1 The computational flow chart
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3.1 Hydraulic Routing

Egs.1 and 2 are transformed into difference equations using a Preissmann four point finite difference
scheme. The detail terms of the difference equations had been conducted by the authors in their
previous paper (Lee et al., 1997), and will not be repeated herein.

3.2 Sream Tube Computation

The algorithm for stream tube computation used for this model is the same as that of the GSTARS
model developed by Molinas and Yang (1986). A literature survey has been conducted by the authorsin
their previous paper (Lee et al., 1997), and will not be repeated herein.

3.3 Sediment Routing
The difference equation for the sediment continuity equation, i.e., equation (3), is shown as:

_ant iQQ]k,i _iQQ]k,i—l—i_Qk,i ~Quia — %A

MR R, Ry (AX =X )/ 2 )

where A Z; = variation of the bed elevation for every size fraction and P, = wetted parameter. The
concentration Cy is predetermined by solving the convection-dispersion equation, i.e., equation (4). The
split operator approach is used in solving this equation. The governing equation is separated into three
portions, i.e., convection, longitudina dispersion, and reaction. They are solved subsequently in one time
step. The Cy and CX values, where CX, =0C, /dx, obtained in the previous computation are served

as the known values for the next computation. The computational techniques are described as the

following:
Convection-step - The Convection portion of equation (4) can be written as:
2C, 2C,
+U =0
ot o x (12)

where U = average velocity.

Using the Holly-Preissmann two-point four-order scheme, the difference equation of equation (12) can
be obtained.
Longitudinal dispersion step - The longitudinal dispersion portion of equation (4) can be written as:

2C, 10 (Ak o”Ck]zo

ot Adox\ X ox (13)

Using the Tee Scheme finite difference method, equation (13) can be discretized. The values of C and
CX can be obtained by using Gaussian elimination method to solve the tri-diagonal matrix.
Transverse dispersion step - The transverse dispersion portion of equation (4) can be written as:

°C, 1 oC
- =] Ak k1'=0
( X ax)|f (14

t A
Use the same method as the longitudinal dispersion step.

Reaction step -- The reaction portion of equation (4) is shown as:

oC,

L a, —b,C,

(15)
where a,=a/A and b,=b/A. Thisisareaction equation of source term S in equation (15) for

single sizefraction.
Please refer to Lee et a.(1997) for the results of the difference equations which has been mentioned
above.

4ANETWORK ALGORITHM AND BOUNDARY CONDITIONS

The definition sketch of the channel network is shown in Fig. 2, where the computational point
represents the channel crosssection, the reach is the path between two computational points, the node is
the junction of the river tributaries and the link represents the flow path between two nodes. The network
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algorithm adopted in this model is similar to those of CHARIMA (Holly et al., 1990) with modification on
hydraulic computation, sediment treatment, and some numerical schemes. The algorithm for hydraulic
computation and sediment routing are discussed seperately as follows.

Flow direction

Downstream

Point
Fig. 2 The definition sketch of the channel network

4.1 Hydraulic Routing
The flow discharge at the noda point has to satisfy the continuity equation, i.e., the summation of the
inflow and outflow discharges from all the tributaries at a nodal point must be zero, or there is no storage

at the nodal point. The node continuity equationis:
L(m)

n+1 n+l _ _
Q" +§Qmj =0, m=12,..,M (16)

where [(m)= number of the links at node m, M= number of the nodes, j= identity of the links,
Q= discharge a node m during time n+1 and Q= discharge from link j. Expressing
Qrt=Qp, +AQ,,» Where on isaknown value and Aq  is an unknown value to be solved, and the

node continuity equation becomes
L(m) L(m)

erT11+1+ ;Qm,j + éAle =0, m=12,...M (17)

The nodal solution uses de St. Venant equations along the links between nodes to express the aQ
valuesin terms of corrections to water surface elevations at the nodes.

Concerning the linearized process and solutions which had been mentioned by Holly et a. (1990) , and
will not be repeated herein. A relation among the water level changes at adjacent nodes is established by
substituting some equations into the node continuity equation, equation (17). This leads to the matrix

equation:
[AI{AY} ={B} a8

where [A]=a coefficient matrix comprising appropriate summations of some coefficients, { A Y}=a
matrix represents the water level changes and { B} =a known vector whose elements are imposed inflows,
and sums of latest discharge estimates, some coefficients.

4.1.1 Solution strategy
The solution agorithm comprises three phases for each iteration: namely, link forward sweep, node
matrix loading and link backward sweep. They are described as follows.

4.1.2 Link forward sweep
The detail process had been listed in the paper of Holly et al.(1990) for calculating coefficients at each
computational point.
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4.1.3 Node matrix loading

A. Upstream and downstream boundary conditions

In this model, the upstream boundary condition can be either stage or discharge hydrographs and there
are three different ways to impose the downstream boundary conditions. They are discussed separately
asfollows:
a. Discharge hydrograph:

Impose the inflow and outflow discharge Q™! to the node continuity equetion, i.e., equation (17),
directly.
b. Stage hydrograph:

The downstream boundary condition can be replaced by:

AY — Yn+1 _ Yn

(19)

c. Rating curve:
Using Taylor series expansion method to expand the stage-discharge relation, Q=f(y), and neglecting

the higher order terms, the expression form becomes:
aAY + PAQ =y (20)

Comparing some equations, the water level variation Ay can be caculated. The corresponding
downstream boundary condition can be obtained using the method proposed in previous section.

B. Node boundary conditions
Calculate the discharge, Q,(;, and Q,, at two ends of each link, and corresponding some coefficients.

Substitute these numbers into the matrix A and vector B shown in equation (18), and the water
surface variations at the nodal point can be solved by the following equation.

{AY} =[A]"{B}
The block tri-diagonal matrix technique was adopted in this model to solve this equation.

(21)

4.1.4 Link backward sweep
Substitute the water surface variation Ay obtained at the nodal point into the derived aQ vs Ay

relation to caculate AQ, and AQ,;,. Then calculate Ay and aQ for each computational point,
fromi=2toi=I(j)-1, and then compute Y™ +Y," + AY, and Q" =Q"+AQ.

4.2 Sediment Routing

The bed elevation at a nodal point is assumed to be in an equilibrium condition, i.e., there is no net
scouring and sediment deposition at the nodal point and total sediment flux at the nodal point equals to
zero. Assuming the incoming sediment is fully mixed at the nodal point and then is distributed, according
to the sediment transport capacity, to the downstream links. The bed load and suspended load are
redistributed and treated separately at the nodal point. The definition sketch of the redistributions of the
suspended load and bed load are shown in Fig. 3. They are discussed as follows.

4.2.1 Bed load transport

A bed load equation is used to calculate the bed load transport capacity at the first section downstream
of the nodal point and arating curve to describe the relationship between the flow discharge and the bed
load transport capacity, q - aco= Was established at the first section upstream of each link. Where

Q,=the bed load transport capacity, and Ac and Bc=constants to be calibrated. The outflowing bed

load transport rate is distributed according to the bed load transport capacity obtained from the rating
curve. The noda bed load continuity equation and the corresponding distribution principle at the nodal
point only are listed as follows.
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where, L, =number of the links incoming toward the node m, L., =number of the links leaving the

in(m)

nodemand L, =dischargeleaving node m through link k.

Downtream
Qs
[N
o /
Cs Qs
™~ Q
N v
\%{[
2
K Right bank
C
8 Q

s: Bed |oad
: Suspended concentration
Q: Discharge

Upstream L eft bank

Fig. 3 The redistribution of suspended concentration and bed load at a nodal point

4.2.2 Suspended load transport

The suspended load is calculated by solving the sediment convection-dispersion equation using the split
operator method. There are three portions, namely, Convection, longitudinal dispersion and reaction,
involved in the split operator method and each portion has to be treated differently at the nodal point. The
split operator method had been applied in numerica solution of the one- and two- dimensional
convection-dispersion eguation by Cunge, Holly, and Verwey, 1980. The algorithm used to split the
sediment load at each node was originally proposed by Holly, Yang, et a. , 1990.
Convection:

The sediment concentration C, and corresponding concentration gradient are assumed to be fully mixed
at the nodal point and then redistributed according to the weight of the flow discharge. The equations

are expressed as.
Ck _ zzc::k,inQin (23)
Qu
z CXk,in(?in
CXpout = Sa. (24)

Longitudinal dispersion:
Assuming net flux of the suspended sediment due to the longitudinal dispersion effect equals to zero at
anoda point. Therelation isexpressed as:

Dk ACX, =0 25)

Transverse dispersion and Reaction:
Since the suspended sediment is assumed fully-mixed at the nodal point and hence transverse dispersion
and reaction treatments are not needed at the nodal point.
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5 MODEL PERFORMANCE ASSESSMENT
The numerical scheme for suspended load computation has been assessed by comparing it with an

analytical solution and a set of experimental data (Leeand Yu, 1991). Theresultsare shownin Fig. 4. It

indicates that the algorithm performs well and the overall agreement is satisfactory. Please refer to Lee et

al., (1997) for details of the assessments.

Q=2000cms,B=100m,D=5m,N=0.02
| 5=0.0005,Fx=10 M**2/Sec
i 4-Link, 123-Sec.,12000M

128 3 | Analytical solution:
n { C=6.E-2/Sqrt(T+3600)' Exp(X-U"t)"" 2./4./Fx/(T+3600.)
“| Concentration comparison
for looped channel
. — ---- Analytical sol.(t=0. sec)
= 8.0k 4 | —~—Smulation(t=500.sec) oo
7 - - ~Andytical sol.(t=500. L=
g - _G_Snu)lneltion(stozl(SOO.secsx Width=1/2B
w | —-_Analytical sol.(t=1500.sec) 1_@4
g ] 2 3B
s — L=4000
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0.0E+0 Downstream BC l l l IUpstream BC
0 2000 4000 6000 8000 10000 12000

Distance(M)
Fig.4 Longitudinal variations of suspended concentration,
compared with analytical solution in alooped network

6 APPLICATION TO TANHSUI RIVER SYSTEM
The Tanhusi River system passes through Taipei area, and is one of the most important river in Taiwan.
Itisaclassified study case of tree-type channel network. It consists of of three branches, namely, Keelung

River, Hsindan Creek , Tahan Creek, and one flood by pass channel, is atypical channel network. The
location map is shown in Fig. 5.

Tachi bridge
30

Kedung river

<X
/\/ Direction(North) link 4% 4
/\¢ Laternal inflow
Boundry
1 Boundary conditions
v Gage station

/\/ Tanhsui River System ol VT

Fig. 5 Thelocation map of Tanhsui River
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This network consists of 5 links, 6 nodes and 88 crosssections and is within the estuarine area.  The
skematic diagram is shown in Fig. 6. There are five gage stations, namely, Hsiehchitou (link 1, Sec.3),
Tachi bridge (link 2, Sec.20), Taipei bridge (link 3, Sec.13), Chongcheng bridge (link 4, Sec.10) and the
entrance weir of the flood by pass channel (link 5, Sec.1), in the study area.

Node 1

Tanhsui |
River

Node 2

{ Flood L —"
: bypass :
: channel

Fig. 6 The skematic diagram of Tnahsui River network

These data, including water stages and channel bed variations, can be used to calibrate and verify the
model. Field data from 1989, including geometric cross-sectional data and bed material data, are used as
theinital condition. Data from 1989 to 1990 were used to calibrate the model and data from 1990 to 1991
were used for verification. Past experience and field observations indicate that there is insignificant
sediment transport for flow discharge smaller than 100 m?/sec. Therefore, only discharges greater than
100 m¥sec are selected as the input flow conditions. The upstream inflow suspended sediment
concentrations versus the inflow water discharge rating curves obtained by the Taiwan Provincial Water
Resources Department are used for the upstream boundary conditions. At the downstream boundary,
which is located at Tudigonbi (Link 1, Sec.1), the measured stage hydrographs are used as the
downstream boundary conditions. The model has to be "spinned" before real computation proceeds. A
flow condition was assigned and let the model run until the water stages and discharges are
smoothly-connected in the channel network, and this condition serves as the initial condition. The initia
conditions for the sediment concentrations were then determined by the corresponding rating curves. The
data of 1990 were used to calibrate the model. A time interval of 1 hour was used in the simulation and
the total simulation period is 1489 hours. The N, value of the thickness of the active layer is set to 1.0,
and the tube number chosen was 5. The ranges of size fraction are from 0.016 mm to 16.0 mm. The D,
values of bed material are shownin Table 1.

6.1 Parameter Examination

The measured water stage data from five different gage stations were used to calibrate the Manning's n
value of the model. According to our experience, to independently increase the Manning's value is
especially needed on the estuary, bridge and bending situation in order to response real variance of water
stage. The calibrated Manning's n values are also shown in the Table 1. The agreements are very good.
The simulation results of Taipel bridge are shown in Fig. 7. The dispersion coefficients in both
longitudinal and lateral directions have to be examined for the simulation of suspended load transport.
However, due to the lack of sufficient field data, the relations from the author's previous study (Lee, et a.,
1997) were adopted. The simulated bed elevations for links 1, 3, 5, and link 4 are shown in Figs. 8, and 9
respectively. The transverse bed profile of, link 4, Sec.10 is given in Fig. 10. The water stage result of
real time shown in Fig. 7 is possessed of tidal characteristics, so it is suited to be smulated for using the
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unsteady flow method. Fig. 8 and 9 show that the difference field of longitudinal bed elevation is clearly
stated for the fitting result between measure and simulation. The match condition of bed evolution is good
on some segment especially for link 4. The agreements are satisfactory.

Tablel TheManning'sn value of the Tanhsui River System

LINE 1 LINE 3 LINE &

SECT. DIST. N D50 | SECT. DIST. N D50 | SECT. DIST. N Dso
NO. (M) | VALUE (M) NO. | ( M) | VALUE (MM) NO. | ( M ) | VALUE (MM)
1 6625. .020 .182 1 8920. .030 .169 1 20490. .040 .123
2 7325. .020 .180 2 9830. .030 167 2 21215. .035 .123
3 8045, .030 178 3 10470. .030 .161 3 _|21750. .035 124

4 11170. .030 .153 4 22335. .035 .124
LINE 2 5 11805. .030 L 144 5 23000. .035 .126
6 12435. .030 .133 6 23750. .035 129
1 0. 040 025 1 12900. .030 .124 7 24440 .035 L131
2 820. .030 .025 8 13600. .035 .121 8 25185. 035 L1134
3 1550, .025 .026 9 14250. .035 .118 9 25990. .035 .136
4 2200. .025 .026 10 14940. .030 117 10 26730. .040 139
5 2800. .025 .027 11 15545. .035 117 11 27540. .040 .145
6 3430, .025 .027 12 16400. .030 .118 12 27955, .040 154
7 4110. .025 .029 13 16905. .030 .119 13 28415. 040 . 164
8 5100. .025 .030 14 17635. .035 L119 14 28715. 040 174
9 5830. .025 .031 15 18095. .035 .120 15 29426. 040 . 186
10 6065. .025 .032 16 18930. .030 .120 16 29993. 040 .192
11 6500, .025 .032 17 19330. .030 .121

7130. .025 .033 18 20190. .040 121
7490. .025 .034
8010. .025 .037 ' LINE 4
8330. .030 .040

8690, .040 043 1 0. .040 1.099
9680. 050 .045 2 860. .040 1.099
10300. .030 .046 3 1570. .030 1.099
10930. .025 .046 4 2179. .030 6.090
11600. .025 047 5 2820. .030 11.081
13120. .025 .050 6 3300. .040 | 11.081
13450, .025 .053 7 3799. .035 | 13.540
14040. | 025 057 8 4799, .035 | 16.000
14680. .025 .061 9 5400. .037 | 16.000

15980. .030 064 10 5999. .040 | 16.000
16550. .025 .066 11 6829. .035 | 16.000
17100. .030 071 12 7260. .035 | 16.000

17620, .028 .080 13 7840. .050 | 16.000
18720. .030 .090 14 8510. .035 | 16.000
19410. .028 | -.095 15 9090, .035 | 16.000
19850. .030 094 16 9789. .035 | 16.000
20350, .040 .094
21000. .028 096
21620. .030 .103
22780. .050 .106
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Fig. 7 Thecalibrated water surface elevations at the Taipei Bridge
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6.2 Verification

Using the parameters determined in the previous analysis, the model is applied to simulate the channel
bed evolutions of Tanhsui River System from 1990 to 1991. The total simulation period is 672 hours.
The comparisons of the longitudina water surface elevations, longitudina bed profiles and
cross-sectional bed profiles are shown in Figs. 11, 12, 13, and 14 respectively. Fig.11 shows that using
the calibrated Manning's n value, the model can simulate the tempora variations of the water surface
elevations very accurately. The simulated longitudinal and transverse bed profiles are shown in Figs. 12,
13, and 14, respectively. In the verification process, it seems to be fine rather link 1,3,5 than link 4 for the
simulated results of bed evolution. The overall accuracy is good.
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Fig. 11 Theverified water surface elevations at the Taipel Bridge
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Fig. 12 The verified longitudinal bed elevationsfor links 1, 3and 5
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Fig. 14 The verified transverse bed profiles for links 4, sec.10

7APPLICATIONTO CHICHI HYDRAULIC MODEL STUDY

The Chichi common water intake project, which is currently under construction, is located in centra
Talwan. One of the key facilities in this project is the sediment desilting basin. It is a looped-type case
to be shown herein. It consists of 12 subchannels and is able to perform sediment flushing and water
intaking simutaneoudly. A series of hydraulic model studies were conducted by Taiwan Provincial Water
Resources Department to investigate the sediment flushing efficiency of this layout, and these studies
provide avery good data set to verify the sediment alocation algorithm of the NETSTARS. The layout
of this sedimentation basin is shown in Fig. 15.

It consists of 14 links, 4 nodes and 199 crosssections.  The particles used in the model studies ranges
from 0.125 mm to 4.0 mm and the mean particle sizeis 1.0 mm. The distance between Sec.1 and Sec.4
is about 40 m and an adverse slope, with a slope of 1/50, is constructed to generate a steady flow
condition near the inlet. The elevation varies from 0 to 2.5 m and then drops to -1.2 m, the design
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inflow discharge was selected to be 44.5 cms and three different inflow concentrations, which equals
5000, 3000 and 1000 ppm, respectively, were tested in the experiments. The corresponding
experimental durations equal to 10, 16 and 36 hours, respectively. The deposition process had been found
on the adverse slope in this experiment, but the deposited height and distribution not been measured by
experimenters. That is to say, only the deposition behavior in subchannels is observed and recorded. The
average value of deposition in subchannels is recorded, so the stream tube number chosen is 1 for
simulation in order to reflect the average bed evolution on each section. The timeinterval Atissetto
be 10 min and the measured water surface variations were used as the downstream boundary conditions.
The initial conditions were obtained from the same spinning process as the Tanhsui River study. The
simulated bed profiles of channel F for three different sediment concentrations are shown in Figs. 16, 17
and 18, respectively. The deposition condition is not consistent in the upstream segment for different
inflow concentration. The drop phenomenon of water stage happens due to deposition being formed or
sediment inflow being increased on inlet in the case of the inflow concentration egqualing to 3000 and
5000 ppm. The control flow condition is produced on the sec.3, and it shows that the supercritical flow
condition happens herein in the simulated process, too. The overall agreement is acceptable.
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Fig. 15 Layout of the sediment desilting basin of Chichi Common Water Intake Project
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Fig. 16 The calibrated channel bed variations of subchannel F(C=5000 ppm)
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Chichi common water intake project
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Fig. 17 The calibrated channel bed variations of subchannel F(C=3000 ppm)
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Fig. 18 The verified channel bed variations of subchannel F(C=1000 ppm)

8 CONCLUSIONS

A numerical model, which is capable of simulating scouring and deposition behaviors in a channel
network under an unsteady flow condition, is developed in this study. A state-of-the-art sediment
routing algorithm which is capable of simulating suspended and bed loads seperately was developed in
this model. An internal boundary condition based on the sediment transport capacity was proposed to
distribute the incoming sediment load into the downstream links.  The proposed measure is proved to be
feasible.

The modd's performance and applicability have been demonstrated through an application to the
Tanhsui River system and the hydraulic model studies of the sediment desilting basin of the Chichi water
supply project. Convincing results are obtained.

ACKNOWLEDGEMENT
This study is financially supported by the Sinotech Research Foundation. Helpful comments from Mr.
Hsu, R.L., Mr. Chen, L.M. and Mr. Hsieh, K.C., of the Sinotech Consultant Company and Dr. Yang, C.T.

from U.S. Bureau of Reclamation are appreciated.

REFERENCE
Bennet, J.P. and Nordin, C.F. 1977, Simulation of sediment transport and armouring. Hydrological Sciences Bulletin,

XXII.
Chang, H. H. & Hill, J. C. 1976, Computer modelling of erodible flood channels and deltas, Journal of the Hydraulics

Division, ASCE, Vol. 102, No. HY 10, pp. 132-140.
Cunge,JA., Holly,F.M..Jr, and Verwey, A. 1980, Practical Aspects of Computational River Hydraulics, Pitman

Publishing Ltd., London, 00, pp. 312-349.

International Journal of Sediment Research, Vol. 18, No. 1, 2003, pp. 32-49 - 47 -



Elder,JW. 1959, The dispersion of marked fluid in turbulent shear flow. Journal of Fluid Mechanics, 5, No. 4, pp.
544-560.

Holly, F.M., and Preissmann, A. 1977, Accurate calculation of transport in two dimensions. Journal of Hydraulic
Division, ASCE, Vol. 103, No. HY 11, pp. 1259-1277.

Holly, F.M. ;and Rahuel, J.L. 1990, New numerical/physical framework for mobile-bed modeling. Part I, Journal of
Hydraulic Research, Vol. 28, No. 4.

Holly, F.M., Yang, J.C., Schovarz, P., Scheefer J., Hsu, SH. and Einhellig, R. 1990, CHARIMA numerical
simulation of unsteady water and sediment movements in multiply connected networks of mobile-bed channels.
ITHR Report No. 0343, The University of lowa, lowa City, lowa, U.SA.

Holly, F.M., Yang, J.C. and Spasojevic, M. 1985, Numerical simulation of water and sediment movement in
multi-connected networks of mobile bed. lowa Institute of Hydraulic Research, Limited Distribution Report No.
131, The University of lowa, lowa City, lowa, U.SA.

Karim, M.F. and Kenndy, J.F. 1982, IALLUVIAL: A Computer-based flow and sediment routing for alluvia streams
and its application to the Missouri River, lowa Institute of Hydraulic Research, Report No. 250, The University of
lowa, lowa, USA.

Lai, C. T. 1986, Numerical modeling of unsteady open-channel flow. Advances in Hydroscience, Vol. 14. U.S.
Geological Survey National Center Reston, Virginia, pp. 225.

Lee, H.Y., and Yu, W.S. 1991, An experimental study on reservoir sedimentation. Hydraulic Research Laboratory
Report, National Taiwan University, Taiwan, (in Chinese).

Lee, H.Y., Hsieh, H.M,, Yang, J.C. and Yang, C.T. 1997, Quasi-two-dimensiona simulation of scour and deposition
inaluvia channels. Journal of Hydraulic Engineering, ASCE, Vol. 123, No. 7, July, pp. 600-609.

Lin, B. 1984, Current study of unsteady transport of sediment in China. Processings of Japan-China Bi-Lateral
Seminar on River Hydraulics and Engineering Experiences, July, Tokyo-Kyoto-Sapporo, pp. 337-342.

Lyn,D.A., and Goodwin,P. 1987, Stability of ageneral preissmann scheme. Journal of Hydraulic Engineering, ASCE,
Vol. 103, No. HY 1, pp.16-27.

Meyer-Peter,E. and Mueller,R. 1948, Formulas for bed-load transport, International Association for Hydraulic
Research , 2nd Mesting, Stockholm.

Molinas, A.M. and Yang, C.T. 1986, Computer Program User's Manua for GSTARS, U.S. Department of Interior
Bureau of Reclamation, Engineering and Research Center, Denver, Colorado.

Simons & Li Assoc. Inc. 1980, Scour and Sediment Analysis of the Proposed Channel of the Salt River for Protection
of the Sky Harbor International Airport in Phoenix, Arizona, Howards, Needles, Tammon and Bergondoff, Kansas
City, Missouri, USA.

Spasojevic, M. and Holly, F.M. 1988, Numerical simulation of two-dimensional depostion and erosion patterns in
aluvial water bodies. IIHR Report No. 149, the University of lowa, lowa City, lowa, U.S.A.

Thomas, W. A. and Mcanally, W. H., Jr. 1985, User's Manual for the Generalized Computer Program System Open
Channel Flow and Sedimentation TABS-2, Department of the Army Waterways Experiment Station, Corps of
Engineers, Vicksburg, Mississippi, USA.

Thomas, W. A. & Prashum, A. L., 1977, Mathematical model of scour and deposition. Journal of the Hydraulics
Division, ASCE, Voal. 110, No. HY 11, pp. 1613-1641.

LIST OF SYMBOLS

A channel cross-sectional areg;

Ag  amount of sediment scouring/deposition per unit length of the channel;

a reference level above bed,

B width of the channel;

C«  deposition concentration in terms of solids volume per unit fluid volume;

C«  sediment concentration close to the channel bed;

Ck depth-averaged concentration of the suspended sediment of size fraction k;
Chezy coefficient related to grains= 18I og(:lngR‘J ;

90
Dy particle diameter of size fraction k;

D* (s-1) 1/3
particle parameter = D, [—g} ;
Vs,
G gravitational acceleration;
h flow depth;

i,i+1 indicesof computational points at either end of the reach;
-48 - International Journal of Sediment Research, Vol. 18, No. 1, 2003, pp. 32-49



FERT

—

in(m)

—

out(m)

OO0OT V>

o

Qout,k
1
Qn’
Q n+1
m

identity of the links;

channel conveyance;

longitudinal dispersion coefficients;
transverse dispersion coefficients;

number of the linksincoming toward the node m;
number of the links leaving the node m;
roughness coefficient of Manning's formula;
number of the nodes;

wetted parameter;

channel bed porosity;

flow discharge;

bed load transport rate;

discharge leaving node m through link k;
discharge from link j;

discharge at node m during time n+1;

lateral inflow/outflow discharge per unit length;
bed load discharge in solids weight per unit time, and per unit width;
hydraulic radius;
the amount of sediment deposition;
the amount of sediment resuspension;
energy slope;
source term of the suspended sediment of size fraction k;
specific weight of sediment particle;
(u*l )2 - (u*cr )2
transport stage parameter = T;
Time;
average velocity;
shear velocity;
critical shear velocity;

grain shear velocity = 9 'u;
c

fall velocity of sediment particle;

fall velocity of sediment of size fraction k;
coordinate in the flow direction;

water surface € evation;

coordinate in the transverse direction;
momentum correction coefficient;

weight percentage of sediment of size fraction k;
Karman's constant;

water kinematic viscosity;

sediment density;

the increments of discharge surface elevation for every point during iteration;
the increments of water surface elevation for every point during iteration;

variation of the bed elevation for every size fraction.
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