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Simulation of Unsteady Flow in Rivers
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l Abstract

Because of the development and improvement of digital §
computers, the procedures for computation of unsteady flow
in rivers have progressed from much simplified routing
methods to more sophisticated simulation models using
numerical methods. Unsteady flow simulation in floodplain

. channels is still a relatively difficult problem. Proposed
herein is a “THREE-TUBE MODEL” in which the main
channel and the two floodplains are treated separately so
that the exchanges of momentum and of mass between
main channel and floodplains can be taken into consideration.
The implicit scheme of numerical method was employed in
constructing the MODEL. Calibration and verification of
the MODEL has been carried out for South Yamhill River
in U. S A, Cho-Shui River (Meopu-Chichi) and Potzu River
(Neuchaochi Bridge-Potzu) in Taiwan.
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1. INTRODUCTION

The unsteady flow problem in rivers is generally the problem of determining
the shape and timing of a flood wave as it propagates downstream. The solution of
this problem is of great importance to engineers in planning, design and operetion of
engineering projects such as regulation of stream flows and flood control.

The procedures for computation of unsteady flow in rivers have been developed
mainly to study flood wave propagation through channels with or without various
types of man-made structures. The need for knowledge concerning flood propagation
is highlightened by a great number of structures being built along river channels.
These structures may modify the movement of flood wave to such an extent that
the nature of the flood propagation is totally different from that in its natural state.

Unsteady flow in rivers is a relatively difficult problem to treat mathematically.

Basically, the difficulty arises from the fact that many variables enter into the
relationship and that the differential equations can not be integrated in closed forms
except under greatly simplified conditions. However, the resulting solutions for these
simplified cases have limited pratical applications. On the other hand, even if the
solutions are based on full unsteady flow equations, one should recognize that the basic
assumptions and simplitications made in their derivations so that the reliability of the
resulting solution can be assessed in light of these basic assumptions and simplifica-
tions. Distinction is usually made between flood routing by simplified approaches and
by the theory of wave movement in channels, generally called free-surface unsteady
flow. The latter case is referred to as unsteady flow simulation. However,
they utilize basically the same physical principles and differ only in degree of
approximation. In the past decade, a great deal of advances have been made in the
area of unsteady flow simulation because digital computers with larger and larger
storage capacity have become available. The large computer capacity has made it
possible to handle problems with greater complexity.

Unsteady flow simulation in channel-floodplain complex is one of the many
difficult problems in hydraulics. - The difficulties arise from the fact that there
exist large differences in roughness and flow depth between the main channel and
floodplains. There are two- types of approaches to this problem: (a) the entire
cross-section is considered as a whole unit, and (b) the cross-section is divided into
conveyance and storage portions. In the first approach, usually an equivalent
roughness is used to account for the differences in roughness and depth between
main channel and floodplains (2]. The inadequacy of using equivalent roughness
has been pointed out [11). Furthermore the exchanges of mass and of momentum
between the main channel and floodplain. which have long been recognized to exist
(5}, can not be computed by taking this approach. In the second approach, the
floodplain is treated as a storage reservoir without longitudinal velocity (1]. This
assumption of no longitudinal velocity on the floodplain portion can result in significant

errors in flow computations when the floodplains have relatively large wetted cross— .

sectional areas.
In this paper, an overview of methods for unsteady flow computations is given
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first. It is then followed by a discussion of implicit method and its solution technique
for general unsteady flow problems. A simulation model (THREE-TUBE MODEL)
for unsteady flow in floodplain channels using the implicit scheme is presented. The
model is calibrated and verified for three river reaches - two in' Taiwan and one in
Oregon, U. S. A.

II. OVERVIEW OF FLOOD ROUTING METHODS

There have been a large number of flood routing mehtods developed since the
beginning of this century. This large number reflects the desire for routing flood
flow accurately from one location of a stream to another. These methods can be
grouped into three categories: (a) Storage Methods based on storage-dischargé
relationhip; (b) Diffusion Methods based on convective-diffusion eqnation; and (c)
Finite Difference Methods based on numerical solution. of the full equations of
motion and continuity. Each of these methods has its own assumptions, advantages
and disadvantages, which are briefly discussed in the following:

1. Storage Methods: The methods in this category are generally the simplest
of all. They are called storage routing because they are based on the concept of
storage of flood water in the channel reach or reservoirs. The effects of flow
resistance and accelerations are not taken- into account. So, the storage routing of

flood flow in a river reach utilizes the continuity equation which can be written as

LS (0 Q. cereerrreneenrennie st srese st ese et ss s sassenene S
G- = W-Q (1)

where —:lﬁs-— = rate of change of water in storage; Q;= rate of inflow; Q.= rate of
outflow; S= volume of water in storage; t = time. Normally Q,(t)is given, but Q, (t)
and S(t) are the unknown variables to be solved for. Obviously, a second relationship
between storage S and the rate of outflow Q, and/or inflow Q, is required in order to
solve for the two unknowns. One of the most frequently used method of this type
is the well known Muskingum Method [7] which uses the relationship
S=K (XQ;+A—=X) Q,) ssreseersevescsrenas L U PRI eserrirtreeiaaasetnacns «(2)

where K = average wave propagation time; and X = a weighting factor, Other. symbols
are the same as those in Eq. (1). The actual values of K and X have to be determined
from past flood records or channel characteristics. : ‘

Equation (2) automatically assumes that the relationship between discharge and
storage is unique. However, the fact is that for a particular storage (i. e., given stage)
the discharge is greater when the flood is rising than when it is falling. Furthermore,
the Muskingum method does not predict attenuation of flood peak in prismatic channels.
Although Muskingum method ignores dynamic effects on the flood wave, Cunge [3] has
shown that it is possible to improve the method so that its solution is a good
approximation to the Diffusion Methods.

2. Diffusion Methods: The Diffusion Method was first proposed by Hayami (4)
based on a linear convective-diffusion equation as the following: '

Oy LOY L DB e st eneenens
at + Vw ax =D axz . sesscs wen P (3)

where y=depth of water; Vw = propagation speed of flood wave; t = time; x =distance
along the direction of flow; D = diffusion coefficient. In deriving Eq. (3), Hayami’s
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reasoning was that the flood propagations in rivers are affected by the irregularities
of channel boundaries. The effect of these irregularities is the diffusion of flood wave
as it moves downstream. Because there is no direct way to calculate the diffusion
coefficient. Hayami suggested that D should be determined by the trial-and-error
method from previous records of flood in the river under study. Once the diffusion
coefficient is known and the propagation speed defined, Hayami’s method of routing
will yield reasonably good agreement with actual floods. However, the uncertainty in
diffusion coefficient remains as a major shortcoming of the Diffusion Methods.

By treating a flood wave as a kinematic wave and by including modification to this
due to the diffusive action of the water surface slope, Lighthill and Whitham (6] were
able to arrive at the same Equation (3). However, the Lighthll and Whitham’s
diffusion coefficient takes into consideration only the effect of water surface slope
while Hayami’s diffusion coefficient include the effects of both channel irregularities
and water surface slope. The irregularities in channel boundary is viewed in effect
as a series of small reserviors which increase the storage capacity of the
river through which the flood wave propagates. This effect is accentuated particularly
when the flood flows out over the floodplains. Recently Price (9] has shown that the
effects of channel irregularities in natural rivers can be quantified- So, the diffusion
coefficient can be determined without the trial-and-error procedure suggested by
Hayami. -

One major problem in using the Diffusion Methods is the inclusion of discharges
from major tributaries. The problem is how to prevent the discrete lateral inflow
from upsetting the stability of the governing equation. The simplest solution to the
problem is to route a flood from tributary to tributary and then sum up the hydro-
graphs from both the main river and the tributary. This procedure assumes naturally
that the flow from the tributary has no backwater effect on the main river.

3. Finite Difference Methods: Because of the limita;cions in various flood routing
methods proposed in the past and the availability of high-speed digital computer,
increasing attention is being paid to numerical solutions of the full equations of motion
and continuity. There have been a number of finite difference methods of flood
routing developed since 1960. These methods differ from each other primarily in the
techniques used in solving the differential equations. There are basically two types
of methods for the solution of the governing equations: The methods of characteristics
and fixed-grid methods.

The method of characteristics is based on the characteristic form of the governing
equations and has been known for many years. The basic principle is to fill the x-t
plane with characteristic lines so that the dependent variables are defined at intersec-
tions of the characteristic lines. In fact, this method has been used for graphical
integration and for overland flow studies. However, there remain difficulties preventing
wide use of this method for unsteady flow simulation in natural rivers. For example, a small
change in continuity to account for off-stream storage will result in changes in characte-
ristic formulation and solution to a large extent. Also the stability criterion requires
the time-step of the solution scheme be limited to a relatively small size. Particularly
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when the spacings between river sections are very uneven, the size of time-step is
almost always controlled by the smallest spacing. As the size of time-step. decreases
the total computational time increases. This is another major reason that the
method of characteristics is not widely employed in dealing with practical problems.
In contrast to the method of characteristics, the fixed-grid methods are based on
the original differential equations from which the dependent variables are solved for
at a finite number of prescribed rectangular grid points on the x-t plane. There
are two different schemes; tne explicit and the implicit schemes.. In the explicit
scheme, the equations are arranged in such a way that the solution is advanced to a
new time level one point at a time. In other words, at the new time level the
solution for each section is found independently of any other. points on the same
time line. This is to say that the solution for the new time level is only dependent
on the conditions at the old time level, without referring to other dependent variables
which are also tobe solved for. Thisis the reason for calling this scheme as explicit
scheme. .
On the other hands, the implicit scheme solves for a group of points on the advanced
time level by using simultaneous equations which contain the unknown variables for
all the points. Naturally the simultaneous equations also include the conditions at the
old time level which had been solved previously. The explicit scheme,-like the
characteristic methods, requires that the time interval be small enough so that the
stability criterion can be satisfied. The implicit scheme has préctically no limitations
on the size of time-step in its solution. This scheme is always stable if the weighting
factor in the time-direction is greater than 0.5. However, it should be realized that
as the size of time-step increases the accuracy of the resulting solution decreases.
So, there must be some sort of trade-off between the computational time and accuracy-
As the storage capacity of computer increases with the advances in computer
technology, the Finite Difference Methods can be e:gtended to include as much details of
geometrical properties of the main channel and floodplains as may be required. However,
the problems of great dlspautles in boundary" roughness and in flow depth between the
main channel and floodplalns, as well as problems of mass afid momentum exchanges
as flood rises and falls, are some of the.. .many. major difficulties that need to be
overcomed in order to make phys1cal and mathematlcal treatilents of unsteady flow in
rivers comparable

III. IMPLICIT METHOD AND 'SOLZUTION"TECHNIOUE

1. Governing Equations

The equations governing unsteady flow in natural rivers are basically the same as
those governing any open channel flow. Because the geometrical properties in natural
rivers vary greatly from section to section, these eduafions are usually written in
terms of total discharge and cross—sectlonal area. They are as the follows

66% ' 6ax )+ A- ,v.__ ——gAS - qu et e ;.(4)
and oA 5 , : . o
—8T- —-a%— = q LRI L Y e R T T I Y --;-’ ...... ssevensevees sssnusnn Sescccrssrcene _..(’5) -



= total flow rate at a section;
= flow cross-sectional area;

.where

= water surface elevation;
distance along flow direction;
gravitational acceleration;
frictional slope;
= lateral inflow per unit length of channe]; and
= x-component of lateral flow velocity.
The second term of Eq. (4) should carry a momentum correction factor which is
considered to be unity in the treatment in this section. The product q.u in the
last term on the right handside of the same equation is the longitudinal momentum
due to lateral flow. The meaning of all the other terms in Egs. (4¢) and (5) can be
found elsewhere [2]
2. Finite Diference Scheme

Of many implicit schemes developed for solution of unsteady flow in open
channels, the “four-point” schemes are more advantageous since they do not require
equal space-intervals nor equal time-intervals. Many investigators [8] have shown
_that this type of schemes is quite satisfactory. A description of the implicit four-
point finite difference scheme follows.

The x-t plane, on which solution of water surface elevation E and flow rate Q
are sought, is divided into rectangular grid of diserete points as shown in Fig. L
The grid points are defined by the intersection of straightlines drawn pararell to
x-axis and the ones to t-axis. Those pararell to x-axis are time lines having
spacing At and those pararell to t-axis represent different locations along the river
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Fig.1 Finite Difference Grid

The time derivative of any variable is approximated by a forward difference as

P _ 1 B4l T DY P Jerererrrrrrieascrnenreesseneessannsnnenns
_‘at e 2At (PJ+1 +PJ P 41 PJ ) (6)

where P represents any variable; j designates x-position; and n designates t-position.
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The spatial derivative is approximated by a forward difference operator located
between two #djacent time lines according to weighting factors 6 and (1-6):

P 6 <1 0) reeesenesenerenssnesessrenes
ox = Ax (P,l, L2 (P P) ()

And any vanable or functlon other than the denvatlves mentioned above is
approximated by its value evaluated at the time level defined by the weighting
factors 6 and (1-0), i. e., that :

+1

P = __(p +P Y+ _(%Q(P;l +p:) .................. ceerenaans '......(s)

Since the computation always proceeds from the old time line to the new one, the
superscripts n and (n+1) will be dropped from now on. Instead, a variable with
_superscript “0” represents its value at the old time line and the one without stands:
N for the new time level.
Application of Eqgs. (6), (7) and (8) to Egs. (4) and (5) yields:

l 1 0 _ 0
W(QJ+1+QJ_QJ+1 Q,)
Q. qQ @, @
+Ag Ax O3 =3 )+A-0( S 1}
JH1 3

+gax 8 [0 (Bpui=E)~(1-0) B ~E e
P00 (At AD+(A-0) (A° +AD)
+ € [0 SurtS+(A-0) (A + AN
"0 (At AD+(1-0) (A +A))
+ 10 @uta)+A-0)a, ~a )l
. (0 (upatuy)+(1—0) (u(,)“_“ j)]=o... ......... eetesiseesesssranaseans (9)

0 [
and ’ 2At (A-J+1+AJ J+1~Aj)

a0 Qu-Q)+A-0@ Q)
__%_[0 (Qar+q)+(1—6) (qu_ q:’+1)] Y | DR veeessane verevessanns (10)

Eqgs. (9) and (10) can be expressed in general form as

Fy (Qu Epy Qo E-‘)=0} .................................... repeerersesssssenesasisrs an
GJ (QJ+17 E;+1; Qyp EJ)=O
In the above equations, the cross-sectional area A is a function of water surface
elevation E, and the frictional slope S is a function of E and flow rate Q.
If there are N locations along x-axis, then there are (N-1) number of rectangular
grids. Now, writing 2 equations for each rectangular grid, there will be a system of
2(N-1) equations as follows -
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"~ Fi-(Qu En Qu -Es )=01
: Gf (Ql, Eb 4Q2’ E2 )=O
F, (Qy» “Es Qi Ep)=0

et eeeer s eee deereeeresreseeass arnanaee (12
GJ . (QJ’ EJ’ QJ+1’ EJ+1-)=0 ( a)

FN-—I(QN—D EN'—li QN’ EN )=O
R Grn-1(Qs~1, Ex—1, Qn, Ex )=0|

Except the first and the last, each grid point is common to two adjacent rectangular
grids. Thereforethere are altogether 2N unknowns contained in the 2(N-1) equations.
In order to solve for the 2N unknowns, there must be two additional equations
describing the boundary conditions.. The boundary conditions are mnormally a
hydrograph (discharge or stage) at the wupstream end and a hydrograph

or a rating curve at the downstream end. They can be written in
general form as

F, (Qu, E;)=0

Gy (Qw En)=0}
The system of Eqs. (12a) and (12b) comprises the simultaneous equations that are
needed to determine the water surface elevations and discharges for all the N
locations in the river reach under-consideration. - All other associated quantities such
as areas, velocities, bed shear stresses, flow depths and surface widths can readily be

computed from the discharges and water surface elevations.
3. Solution Technique

The set of simultaneous equations mentioned in the last Section can be solved by
many different methods. In this study, the. Newtons iteration method is employed.
Basically the set of non- hnear simultaneous equations is transformed into a set of
linear ones in terms of the differentials of the original unknown variables as the
new unkowns and then solved for these new unknowns. Suppose there is a set of
estimated values for the original variables Q; and E;. Substituting these values into
the simultaneous equations yields a set of residue R’s. The residues will have
non-zero values if the estimated Q; and E; are different from the true solution. Let
the differences between the estimated values and the true solution be dQ, and dE;
The relationship between the differences and the residues can be expressed as

ago dQl + gg h dE1 = Ra:o
—g% dQ, + —gEl‘ dE:. + ggl dQ. + gi:l dE: =R:.-
_gg;:_ aQ, gl;:.q dE, + aaQF 3 dQ,+1+ 6E dE sir=Ry,y besereerenen (13)
0Gy—1 aG’N—l 1 0GN— Gy = ’
mdQN—l'l' aE dEN'—l"' 6Q dQN 6EN dEN R27N
3Gy _0Gx_

Qs dQx + FEy =—dEx =Rax
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In the above equations,.all the partial derivatives are first evaluated using estimated

values of Q; and E;. The objective now is to solve for the unknowns dQ, and dE,
such- that the left handside of each equation equals its respective residue. This is to
say that if the Q; and E; are corrected by the amounts dQ; and dE, respectively, then
the residues should become zero. However the solution here is only approximate
because the coefficients of the set of simultaneous linear equations are evaluated with
the estimated values of Q; and E;. As the new values of discharges and water
surface elevations are substituted back into Egs. (12a) and(12b), a new set of residues
will result. This means then the solution to the set of linear equations has to be
revised. This iterative process continues until the differences between two successive
solutions reduce down to within a prescribed tolerance. After obtaining the solution
for dQ, and dE,, the discharges and water surface elevations can be computed using

IV. THE THREE-TUBE MODEL

As stated earlier in this paper, there are shortcomings in the presently available
techniques for flood routing in floodplain channels. In order to overcome these
shortcomings, a computer model called “THREE-TUBE MODEL” [10] has been
developed. Here the “three tubes” refer to the main channel, the left and the right
floodplains. There are two versions of the “THREE-TUBE MODEL”. In the first
version, the method of characteristics has been used to solve for flow velocities and
water surface elevations at various time levels. The exchanges of mass and of
momentum arising from the interflow between the main channel and the floodplains
are then computed based on the inequalities of water surface elevations between them
at a cross-section. As stated earlier, the method of characteristics usually requires
small time-steps and consequently a large computational time is needed for most of
the practical problems. This requirement makes it uneconomical to use the method
of characteristics for routing in floodplain channels. Therefore this method will not
be discussed any further in this paper. For those who are interested in this particular
scheme is referred to Reference 10.

In the second version of the “THREE-TUBE MODEL”, the implicit method of
finite difference scheme presented in the last Section is employed to solve for
discharges and water suface elevations for all predetermined locations in a river
reach at a time, In the process of computation, it is assumed, as the first approxima-
tion, that the water levels in all three tubes are the same at a section. The total
discharge is then expressed in terms of the discharges in the three tubes, each of which
in turn is a function of the flow depth, cross-sectional areas, and the Manning’s
coefficient of its respective tube. With these one can easily evaluate the coefficients
in the simultaneous linear Equations (13) and can solve for dQ; and dE, and
consequently Q; and E; as stated in the last Section. It should be pointed out that

the solution so obtained is only an approximation because the water surface is assumed
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to be at the same level for all three tubes. Adjustments have to be made now to
account for the effect of uneven water surface across the section.

As the total flow increases with time on the rising side of a hydrograph, at
certain stage the flow is going to be overbank running into the floodplains from the
main channel. On the other hand, as the flood receeds some water flows back to the
main channel from the floodplains. To maintain the interflow between the main
channel and floodplains as flood rises or receeds, there must exist differences in
water surface elevation between them. Now as the interflow goes on the continuity

equation for the left floodplain alone can be written as
9Q, 0A,

Qo = =gt = g s (152)
and similarly, for the right floodplain, it is
@ = - 3638 - 65? .................................................. veeerevasnenaaes (15b)

In the above equations, q: and q; are interflows per unit channel length for the left
and right floodplains, respectively. The conventions are negative for flow from main
channel to floodplain, and positive for the reverse. Qi and Q; are flow rates in the
left and right floodplains, respectively. A, and A; are flow cross-sectional areas for
the left and right, respectively. For the main channel the interflow is the sum of
those for the left and the right floodplains. So, one can write |
Qi = —(Qa + Qg)eeeeeerressnssnnrenes O P cersnerisinarnavarssase (16)

Consider the uneven water surface as comprised of a number of small surges
propagating in the transverse direction across. This propagation of small surges
will produce a flow in its direction of propagation, which should be equal to the
interflow obtained from Egs. (15a) and (15b). For the left floodplain, one can write

q: = CZ.AEZ .......................................................................... eerssesnes (17)
and the for the right floodplain
qs = C3'AE3 .................... Geetenscenstrenstaseasases .00 P T T T Y Yo (18)

where c; and c; are wave celerities for the left and right floodplains. respectively.
They can be expressed in terms of water depth in its respective floodplains. AE.
and AE; are the differences in water surface levels required to produce q: and qs
respectively.

By substituting the q. and qs obtained from Eqs. §(15a) and (15b) into Eqs.- (17)
and(18), one can solve for AE; and AE;. With these differences in water levels, the
water surface elevation in each tube can now be corrected so that the three tubes
have different water levels. Since the quantities q. and q: are only approximate
answers at this point because they are computed using Q; and E, obtained with the
assumption of same water level at a section. Therefore, the resulting AE: and AE;
are also only approximate corrections to be applied. So, the process of computing
4z 43, AE; and AE; should be repeated until the change in each of these quantities
between two successive iterations falls within a prescribed tolerance.

A schematic flow chart showing the major computational steps for the THREE-
TUBE MODEL for unsteady flow in rivers is given in the flow chart shown. A more
detailed account of the MODEL and its program listing can be found in Reference 12.
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V. MODEL CALIBRATION AND VERIFICATION

In dealing with simulation model of unsteady flow in rivers, one must recognize
the fact that it is impossible to reproduce a river reach or a system exactly. One
has to proceed with various simplifications such as linear variation of geometries
between two river sections, and with various assumptions such as resistance law and
its associated resistance coefficient. This idealization of real system, simulating
an infinitely complex situation by a finite number of computational points, can

_ never truely represent the actual situation. Hence the calibration and verification
(or validation) of the model are necessary. Usually when a simulating model is

—_11 —



built the resistanee, coefficient such as Manning’s n is the first element that needs
to be calibrated bedause the resistance coeffieient can not be measured directly.
Another element needs to be callbrated is the spatial and temporal distributions of
the lateral inflow to the river reach under study. Although the lateral flow into a
river system can be measured, it is'almost never done. Therefore the determination
of its- distributions must rely on calibration. The work of calibration often takes more
time than anythlng else.

Since both the Manning’s coefficient and lateral flow distributions affect the
resulting sxmulated hydrograph, and since there is no clear-cut point as to where
the influence of one of them terminates and the other begins, it is very difficult to
decide when one should stop adjusting the Manning’s n or when to begin adjusting
the lateral flow distributions. Fortunately, the range of n values for a river with
given condition is usually known. So, the calibration is based on the observed
‘hydrogaph which should be reproduced by the model as closely as possible first by
adjusting (within the given range) the n values. At this point the lateral flow
distributions are assumed to be uniform along the river reach and to be of the
same (percentage-wise) time-distribution as the inflow hydrograph. Upon obtaining
the n value, the lateral flow distribution is then allowed to vary until a better fit
between the observed and simulated hydrographs is obtained. ‘A more reasonable
way of distributing the lateral flow space-wise is to apportlon it according to the
contrlbutlngharea along the river. The importance of the lateral flow distribution
becomes trivial if the volume of lateral flow is only of a small percentage of the
total volume of outflow hydrograph. ’ ;

Verification is a step that must be taken to validate a simulating model for a
-particular river reach after it is calibrated. The procedure of verification is to
simulate other flood events of the same river reach. Strictly speaking, only the
values of roughness coefficient and the lateral flow distributions resulted from the
calibration run can be used in the verification runs. If the simulated results
obtained from these verification runs agree well with the actual records, the model
is considered verified for the particular river reach concerned. Objectively,
there should be a set of criterion against which the results of the verification runs
can be measured. However, such a criterion has not been established yet for the
present study. So, it is relied upon the judegement of the investigators, which can
not be completely free from subjectivity.

The THREE-TUBE MODEL is calibrated and verified for the followmg three
river reaches: South Yamhill River in Oregon, U. S. A, Cho-Shui River and Potzu
River, both in Taiwan. The selection of these rivers is based on two major
considerations. First, the exsistence of floodplain and occurence of overbank flow
were reviewed. Second, the availability of data necessary to run the model and
against which to compare the results was checked. The basic needs include inflow
and outflow hydrographs, cross-sectional geometries and their locations. Presented
in the followings are the results of the cahbratxon and verification runs for these
three river reaches. '
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South Yamhill Rwer The South Yamhill is a relatWelyimlld river in the State of
Oregon, U. S. A. Geomorphologlcally, South YamHﬂl River 15 very stable. The river
reach selected is of 4:03 mlles long-and has very distinct mam channel and floodplain
portions. The plan VileW of th1s reach is ehown 1n Elg 2j ?here is practically no

SY-62 , . e N TP

AV

Fig:2- Plan of South Yamhill River T T T S VU TRR AT TR I o
{SY56—SY 82) R .

' lateral flow coming mto thxs reach ’I‘he Manmngs n values have been well callbrated
by the U.S. Soil Conservation Service (SCS) using the backwater computation method.
So, it is felt that there is no need for another cahbratlon by the THREE—TUBE
MODEL. The n values, 0.05 for “inain channel, 0118 for’ left floodplam and 0.125 for the
right, obtained by the SCS are adopted dtrectly for the verlflcétlon run simulating the
1972 flood. The recorded inflow hydrograph and simulated ohtflow hydrograph are
shown together in Fig. 8(a). There is no recerd.of outflow hydrégraph to check against,

r .

b

{cts) I

15000

10000
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—_ L
60 62 Gl. 65 68 70 72 % 76 78 80 82 84 86 88 90 T
(hr}

Fig.3(a] South Yamhilt River 1972 Storm Hydrographs

but’there is a record of hlgh water levels durmg the flood event. The!s1mu1ated Water
surface levels at the peak flow is plottéd in F1g 3(b) together with the recorded
high water levels. They are in very good agreement.
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7 SQUTH YAMMILL RIVER, OREGON
1972 STORM
268
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F3g.3(b} South Yamhill River Water Surface Profile at
Peak Flow of 1972 Storm

Cho-Shui River (Meopu—Chich_{): The Cho-Shui-is located in central Taiwan and has
a total length of 1846 kilometers. The reach selected for calibration and verification
is from Meopu to Chichi having a length of 12.8 kilometers. The plan view of this
reach is shown in Fig. 4 Cho-Shui River is noted for its high rate of sediment transport

% % 22 w
Meopu Chichi
t§ W 2 % YY)
Fig. & Plan of Meopu—Chichl Reach "“
Cho-shul River{X4if) .

and is goemorphologically very unstable. Channel cross-sections can vary greatly from
time to time. The flood event of October 9, 1973, as shown in Fig. 5(a), was used for

a Oct. 98,1973
{cms) " chichi(% )
4000 Qp = 4,000 cms
3000} 7 > Meopu (& W}
2000} (7 \' Qp = 3860 cms
\.
100057 —~

! L 1 1 1 L 1 1
26 30 34 38 42 46 50 54 58 (hr) T
Fig,5{a} Cho-Shui River 1973 Storm Hydrographs

calibration. The cross-section survey of 1968 was adopted because this is the nearest to
the flood event. available. The. Manning’s n values for the Cho-Shui have been calibrated
by Taiwan Provincial Water Conservancy Bureau (TPWCB) using also backwater
computation method (3]. The n value of 0.02 and 0.041 for main channel and floodplains,
respectively, are taken. The lateral flow for this particular flood event is only 19%.
So, its spatial distribution is simply assumed to be uniform and time-distribution to
be the same (percentage-wise) as. the inflow hydrograph. There is no need for
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calibrations of Manning’s n nor of lateral flow distributions. However, because of the
ever changing channel cross-sections, it was thought that the rating curve at the
downstream end of the reach may need some adjustments.

The first trial run without any change in the rating curve yieded no good results.
It was then decided to subtract some amount from the depth of the rating curve [14].
After several experimental runs with different amounts of subtraction, it was found
that by subtracting an amount of 1.5 meters from the depth coordinate of the rating
curve the simulated hydrgoraph has a reasonably good agreement with recorded one.
As can be seen from Fig.5(b), the simulated peak flow is 4,478 cms while the recorded

0 recorded (4000 cms)
(cms)t S "{ i )
o ,\*\/’\ shift 15m{4478 cms)
2 3000 —— recorded
2000 x—x Shift 1.5m

1000

° 1 L 1 ! J I ! | .
26 30 34 38 42 46 50 54 S8 (hr) T
Fig.5(b) Resuits of Calibration of Cho~Shui River
is 4,000 cms. The simulated peak occurs 15 minutes earlier. Another flood event, of
1970 as shown in Fig. 6(a), was simulated with the same subtraction, but the results
Q September 6, 1970
{cms)
6,000
5000 Chichi(£4)
4000 Qp=6160cms
3000 Meopu (3 )
2000 Qp =53%0cms
1000
1 1 i 1 1 1 ]
20 24 28 32 36 40 44 48 {hr} T
Fig.6(a) Cho-Shui River 1970 Storm Hydrographs
were not good. Again, after several experimental runs, it was found with a subtrac-
2 . s o
- tion of 11 meters reasonably good results can be obtained as shown in Fig. 6(b).
Q
> {ems)
6000 recorded  (6160cms}
50004 p{shif‘f 1.1m (5,8690”\5)
4000+
3000} . -~ recorded
2000k x—=xshift 1.1m
1,000+

1 1 1 1 1 1 1
20 24 28 32 36 40 44 48 (hr) T
. Fig.6(b) Results of Verification of :Cho-Shui River
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. The possible explanation for shifting the depth coordinate of the rating curve is that
}}.dur(ing the intervening years between the cross-section survey and flood events the
“reference point of the rating curve might have changed without taking notes of it.

. Potzu River (Neuchaochi Bridge-Potzu): The Potzu is a relatively small stream
located in South Central Taiwan and is quite stable geomorphologically. The reach
“‘selectled, shown in Fig. 7,has a length of 26 kilometers. The flood event of June 11, 1974,

QA -
G2 k1] b / Y [Po(zlu

Fig.7 Plan of Neuchaochi Bridge—Potzu Reach, Potzu Rivet (1 F7£1

as shown in Fig. 8(a), and the cross-section survey of 1974 were used for calibration.
The volume of lateral inflow is 118% of that of the wupstream inflow. So, it is

(cmos)[: June 11,1974
500 /
400 /' \. Potzu (4 F)
i ! \ Qp =530cms
300 \ Neuchaochi Bridge( 145
200 . Qp =445¢cms
100~ / ~—

: n:__l —1 . = | I
11 15 19 23 27 31 35 39 thr) T
Fig.8(a) Potzu River 1974 Storm Hydrographs

obvious that the lateral flow distribution will play quite an important role in
determining the simulated results. The resulting simulated outflow hydrograph
obtained after several trials of the calibration run [14) is shown in Fig. 8(b). The

Q_

{cms) p{recorded (530cms)
5001 Log 1™+ @ { 580 cms)
400,

300 —— recorded
200 x—=xLag 2™ + @

100

/] | L ! 1 r 1 :
1M 15°19 23 27 31 35 39  (hr] T
Fig.8(b} Results of Calibration ot Potzu River
results of this calibration run are: (1) Manning’s n values are 0.041 for the main
channel and 0.074 for the floodplains; (2) the spatial distribution of lateral flow is
linear with the upstream end to downstream end ratio of 3:1; and (3) the temporal

distribution is the same as that of the upstream end inflow hydrograph but with one
hour delay. These results are applied to the flood of August 24 1973, shown in Fig.
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9(a). The resulting outflow hydrograph is shown in Fig. 9(b) along with{the recorded.
They compare fairly well.

Q] August 24,1973

Potzu(# ¥)
(ems) ‘ Qp=271cms
400
300k Neuchaochi Bridge
L, {472 45)
200 .. Qp=348cms
~ \'
100 —e—

12 % 16 18 20 22 24 26 28 30 32 34 36 (T

Fig. 9{a) Potzu River 1973 Sforn‘; Hydrographs

Q recorded {271cms)
fems) Lag ™ +©(310cms)
4001
—— tecorded
300 //-"\)c »—~Lag 1+ ©
200}
1004 /_/ N

1 L o 1 {4 1 1 L 1 1 1
12 % 16 18 20 22 24 26 28 30 3’2 34 36(hnT

Fig.Q(b) Results of Verification of Potzu River

VI. CONCLUSIONS

1. Procedures for computation of unsteady flow in rivers have progressed in the
past decade or so from the much simplified routing methods to sophisticated simulation
models using finite difference methods- Of the many finite difference schemes, the
implicit mehtod is considered to be the most adequate one for simulating unsteady
flow in rivers.

2. For Channel with floodplains, it is very difficult to constructa simulation model
because there exist large differences in flow depth and in roughness between
floodplains and the main channel. The THREE-TUBE MODEL has been developed
trying to overcome this difficulty by treating main channel and floodplains separately
and allowing interflow to take place between them. In this way the mass and
momentum exchages arising from the interflow can be taken into consideration.

3. The MODEL has been calibrated and verified in three river reaches: South
Yamhill River, Cho-Shui River (Meopu-Chichi), and Potzu River (Neuchaochi
Bridge-Potzu). In the case of the South Yamhill, the roughess coefficient has been
well calibrated by backwater method. So only a verification run was carried out. The
resulting water surface profile agrees well with the recorded. In the case of Cho-Shui,
after adjusting the downstream rating curve, reasonably good results were obtained.
Fairly good agreement between simulated and recorded results can also be seen in
the case of Potzu river.

4. From the above, it appears that the MODEL can be used in Taiwan’s streams
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to simulate flood flows. However, it is recommended that more calibration and
verification works be carried out before it is adopted for wide use.
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