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Abstract (] The prediction of changes in the tidal regime due to the sea dike closure in the -
Saemankum area was performed using the nonlinear finite element model, TIDE. Based .

upon an overall comparison of calibrated model results with available field data, the TIDE

model behaves well and is good representation of the hydrodynamic of the Saemankum

tidal project area. It is shown that the TIDE model does an excellent job of computing the
changes of tidal characteristics resulting in sea dike closure in an estuary area.
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1. Introduction

The tideland

counterplan for Increasing demand for the

reclamation 15 vwvital to

land and water resources in Korea. However,
it is known that seadike construction for the
tideland reclamation may significantly affect
the water circulation system around the
neighboring water body not only resulting in
changes of the coastal geometry but also
causing the environmental problems. There-
fore, it is necessary that the resultant effects
of seadike construction must be carefully as-
sessed. In this study, it i1s intended to investi-
gate the various effects due to the seadike

construction by comparing the simulated tidal
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velocities and elevations before and’ after the
construction of Saemankeum seadike:

The simulations were made by TIDE, which
is a nonlinear two-dimensional ~harmonic

model formulated by finite element method.

II. Description of the Model
1. Governing Equations

The equations used to describe tidal charac-
teristics are the shallow water equations
which are derived by integrating the continu-
ity and momentum equations over depth, and

are expressed as;
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where u and v are the depth averaged veloci-
ties In the x and y c¢oordinate directions,

respectively, 7 1is surface elevation above

mean water level, h is mean water depth, t

18 time, g 1s accleration due to gravity, o is
the density of water, f is the Coriolis parame-
ter, 7, and 7, are surface stresses and 72 and
zl}’, are bottom stresses in the x and y directions,

respectively.
2. Finite Element Formulation

The spatial dependence of the shallow
water equations will be resolved by using the
finite element method. Applying Galerkin's
method, the weighted residual governing equa-
tions are obtained by weighting the associat-
ed errors with the residual elevation and ve-
locities, and integrating over the interior do-
main.

The differential time dependence in finite
element formulations are resolved by reducing
them to sets of harmonic equations. Substitut-
Ing into finite element formulations for each
of the responses and load vectors, taking ap-
propriate time derivatives and grouping terms
lead to sets of time independent linear equa-

tions of the following type.
iw[M, {7} —[DH{U}=—{P, o+ {P,}ul (4)
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1 Myl{U}+[Mr{U} +[McI{U}
+g[D1T{n}={Pw}ir+{Pp}a—{Pc}?l  (5)

where {7} is an elevation vector, {U} is a
velocity vector, [M,] 1s a continuity equation
coefficient matrix, [D] is a derivative matrix,
{P,}» is a load vector for flux prescribed
boundaries, {P,,}nl is a load vector for finite
amplitude effects, [M,] Is a momentum equa-
tion mass matrix, [Mr] is a linearized fric-
tional distribution matrix, [Mc] is a Coriolis
matrix, {Pw}i" is a wind stress loading vec-
tor, {Pr}l is a load vector containing differ-
ence between linearized friction and full
nonlinear friction, and {Pc}™ is a load vector

containing convective acceleration effects.
3. Iterative Solution Procedure

The iterative solution starts out with the
assumption that the nonlinear loadings .are
zero and {U} can be expressed from equation

(5).
(U} =M1 ({Pw}~g[DIT{(#}) (6)

in which, [Mig]1=iw[My]+[Mp]+[Mc]
Substituting for equation (6) into the associ-

ated continuity equation (4) as follows.

(10[M,]+g[D][ M ] 1[DIT) {7}
=—{Py} +[DI[ Mot I {Pw} (7

Hence {7} is solved for using equation (7)
and subsequently {U} is solved for using
equation (6).

Computed velocity and elevation are used
for evaluating {Pp}® and {Pc}® which are
added {Pw} in equation (6) and compute
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Fig. 1. Schematic flow chart with iterative so-
lution procedure for the TIDE model

elevation and velocity repeatly until conver-
gence within given values.

The iterative algorithm for the TIDE model
would be shown in Fig. 1.

M. Model Calibration

The model calibrations are carried out on
the area of huge Saemankeum Comprehensive
Reclamation Project located at the western
coast of Korea. The seadikes with its total
length of 33km are under construction. This
area covers the Dongjin and Mangyeong

river basins in the east, Gogunsan islands in
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Fig. 2. Layout of Saemankeum project area
and gauging site for model calibration

the west and Byunsan peninsula in the south
as shown in Fig. 2,

A numerical mesh is designed to represent
the Saemankeum Reclamation Project area
including neighboring sea by using automatic
mesh generator as shown in Fig. 3. The
mesh consists of 948 elements and 532 nodes,
that may allow the accurate representation of
currents for the variation of tidal characteris-
tics.

Current meter data for 6 locations at the
neighboring area from the proposed sea dike
line are available and obtained from the
Rural Development Corporation (RDC) for
the period of August 1993 and July 1995 as
shown in Table 1.

Input data consist of water depth, friction
Coriolis  factor

factor, and gravitational
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Fig. 3. Computational mesh for the Saeman-
keum project area

constant. The water depths and friction fac-
tors in each mesh are used for model calibra-
tion.

Boundary forcings in the TIDE model con-
sist of 10 tide components (Mp, So, Kj, 01,
Nz, L, Ks, P, My, MSy), freshwater inflow
and winds. Freshwater inflows are prescribed
at the river mouth of all major tributaries.
As all of these flows are quite small, they
are neglected. Wind factors are not included
for the model calibration because of heyond
of this study.

In the calibration phase, various model pa-
rameters may be adjusted within the limits of
their uncertainties. For achieving the best
results, it is necessary to compare with the
measurement data.

Fig. 4 presents the comparisons between
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Table 1. Tidal velocity and elevation measure-

ment
Station| Location Observation period Remarks
35°54"19"N . ]
A 126°30 32'F 1993. 8. 16. 00:00-24:00
B 35°53 01N [1993. 8. 16. 00:00-24:00
126°30° 24"E{1995. 7. 12. 00:00-24:00
35°48' 17'N T
C 126° 29 04"F 1993. 8. 16. 00:00-24:00
D 35°45" 05"N [1993. 8. 16. 00:00-24:00
126°31" 07"E|1995. 7. 12. 00:00-24:00 .
35°46' 00"N Tidal
E 126°24' 00"E 1995. 7. 12. 00:00-24:00| velocity
| 8554 30°N -
F 126°26 30°F 1995, 7. 12. 00:00-24:00
35°48 00'N o
a 126° 36 55" 1993. 8. 16. 00:00-24:00
35°50" 18"N
b . 8. 16. 00:00-24: 5P
126029 147|129 8 16- 00:00-24:00] i)
35°517 30"N ] ' elevation
¢ 126°19 00°E 1593. 8. 16. 00:00-24:00
15 ‘
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Fig. 4. Model calibration results

the simulated tidal velocity and observed one.
Magnitude of the computed velocity agrees
well with the observed data. Note that the
magnitude and time of the maximum velocity

are particularly in good agreement.
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IV. Model Results

With the boundary forcings and the param-
eters calibrated previously, computations are
- made to see the effects in changing tidal
characteristics due to the seadike closure.
Computed tidal elevation, tidal wvelocity and
short term pattern of flow circulations for six
locations(stations 1, 2, 3, 4, 5 and 6 in Fig.
2) are compared between before and after
the seadike closure. Due to space and time
limitation, only a few of these results are

presented.
1. Tidal Elevation

Fig. 5 presents the comparisons for the
tidal elevation changes between before and
after seadike construction during 24 hours on
August 20, 1990. The maximum elevation dif-
ferences at flood tide and ebb tide between
before and after seadike construction are also
presented in Table 2 on the same day. Con-
sidering that differences of tidal elevation
changes due to the seadike construction are
msignificant, we can conclude that there
would bhe very little influence even n con-
structing a huge Saemankeum seadike. How-
ever, it 1s seen that the tidal ranges have the
tendency of decreasing due to the maximum
sea water level come down and minimum sea
water level rise after seadike closure as
shown in Table 2.

2, Tidal Velocity

Comparison of tidal current velocities be-
tween before and after seadike construction
on August 20, 1990 for 6 locations are pre-
sented in Fig. 6 and Table 3. As was seen in
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Fig. 5. Comparison of tidal elevation differ-
ences

Table 2, Tidal elevation at flood and ehb tide

Station Flood tide{m) Ebb tide(m)

Before | After | Before | After
1 T 3.51 3.50 -3.40 ~3.39
2 3.42 3.38 -3.30 -3.28
3 3.31 3.28 -3.19 _3.17
4 3.34 3.32 -3.21 -3.22
5 3.46 3.40 -3.34 -3.30
6 3.57 3.50 -3.45 -3.41

the results of tidal elevation, tidal velocities
betweeen before and after seadike closure
shows only a little changes at the station 3
and 4. However, in the adjacent area to the
proposed line of seadike such as station 5
and 6,

duced as shown in Fig. 6.

tidal velocities are significantly re-

Current velocity vectors are presented for
the comparison of current circulation pattern
due to sea dike closure. Fig. 7 presents cur-
rent velocity vectors at 18:00 for the flood
tide on August 20, 1990.

Based upon an analysis of overall circula-
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Fig. 6. Comparison of tidal velocity

Table 3, Tidal velocity at flood and ebb tide

Flood tide Ebb tide

Station|Veloeity(m/s)| Direction("} |Velocity(m/s)| Direction(")

Before| After |Before| After |Before| After |Before| After

0.8 [ 071 ) 19 | 38 | 0.74 | 0.66 | 202 | 218
124 | 113 | 58 | 82 | 1.01 | 0.89 | 232 | 250
0.97 [ 085 | 27 | 47 | 0.74 | 0.71 | 208 | 226
105 | 089 | 33 | 44 | 085 | 086 | 211 | 224
131 [ 059 | 24 | 26 | 1.08 | 056 | 208 | 208
0.72 | 0.36 | 348 | 69 | 057 | 033 | 168 | 242
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Fig. 7. Current velocity vector before and
after closure at flood tide

tion pattern, it must be able to conclude
there is no further changes in flow pattern

due to seadike construction except the south-
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ern and northern area adjacent to the

Shinsee island.

V. Conclusions

The general conclusions of this study are
summarized as follows :

(1) Based upon an overall comparison of
calibrated model results with available field
data at 6 locations, the TIDE model behaves
well and is

good representation of the

hydrodynamic of the Saemankeum tideland
reclamation area.

(2) An inspection of the simulated tidal el-
evation before and after Saemankeum seadike
closure shows the tendency of becoming
smaller tidal ranges, however, there is no sig-
nificant tidal elevation changes.

(3) The magnitude of tidal current velocity
after seadike closure would become smaller
than before closure in the area adjacent to
the seadike during both flood and ebb tide

period.
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(4) The simulated overall flow pattern in a
certain time shows that there is substantial
changes In current velocity vectors due to
seadike closyre in an estuarine area.

(5) The TIDE model does an excellent job
of computing the changes of tidal characteris-

tics from resulting in seadike closure in an

. estuarine area.
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