NH:keHepHO-CTPOUTENbHBIN KypHa, Ne 6, 2018

doi: 10.18720/MCE.82.21

Numerical modelling of tides and tsunami waves propagation
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Abstract. Modelling of tides and tsunami waves propagation is important problem for the hydraulic
engineering practice since it allows to predict characteristics of these phenomena (load, values of run up
and flooding zones, propagation times to structures and so on) and to make reasonable choice of design
solution for coastal structures. Numerical modeling is effective way to simulate tides and tsunami waves
propagation. Results of simulations of tides and tsunami waves propagation on the basis of shallow water
model are presented and analyzed in the article. It was considered explicit and implicit numerical scheme
for solution of shallow water model equations, which were verified on the number of experimental results
including experimental data on distribution of dam-break wave propagation on a dry and sloping bottom. It
is shown that the numerical data of tides in Persian Gulf are well co-ordinated with the data of tidal tables,
both on time and on level of tides in various points. Numerical results of tsunami waves propagation in the
Krasheninnikov Bay and Kozmino Bay are presented at various angles of tsunami at open boundary of
computed area. Numerical results of tide currents for Krasheninnikov Bay are presented for various
velocities of a wind. Developed programs may be used, particular, for numerical calculations of impact
characteristics of tsunami waves on structures in coastal and offshore zones according requirements of
Russian normative documents.

AHHOTaumAa. MogenupoBaHve NPUMBHO-OTAMBHBIX TEYEHWA M PACNpPOCTPAHEHUS BOSH LyHamu
ABNSAETCA BaXHOM 3ajadyein ANs NPakTUKW TMAPOTEXHUYECKOro CTPOMUTENbCTBA, TaK Kak no3sonset
npeackasaTb XapakTePUCTUKN 3TUX ABMEHWI (Harpy3ky, BEMMYMHBI 3anneckoB U 30H 3aTOMNSIEeHNs], BpemeHa
poberaHna 0o COOpPYXeHUn U T.n.) U caenaTb 060CHOBaHHbLIN BbIGOP KOHCTPYKTUBHBLIX PeLUeHWUiA Ans
NPMBPEXHBIX COOPYXeHMn. YncneHHoe modenupoBaHue sBnseTcs 3PQEKTUBHBIM MHCTPYMEHTOM ANS
onpeferneHns XapakTepucTUK MNPUITMBHO-OTIIMBHBIX SABMEHMA U pacnpocTpaHeHus BOMH uyHamu. B
HacTosilen paboTe npvBedeHbl U MNpOaHanM3MpoBaHbl pesynbTaTbl PacyeToOB MPUITMBHO-OTIIMBHbIX
TeYeHU 1 pacnpoCcTpaHeHUs BOSTH LyHaMu Ha OCHOBE YMCINEHHOro peLLeHUs ypaBHEHUN MENKOW BOAbI.
PaccmMoTpeHbl siBHasd 1 HesiBHasA YUCMEHHbIE CXEMbl PELUEHNS] YpaBHEHWI MENKOM BoAbl, KOTopble 6binn
BepudmumpoBaHbl Ha 6GOMbLUOM KONMUYECTBE 3JKCMEPUMEHTAlNbHbIX Pe3ynbTaTtoB, B TOM YMCMEe M Ha
3KCMnepvMeHTarnbHbIX AaHHbIX MO PacnpoCTpaHEHUIo BOMH NPoOpbIBa MO CYXOMY W HaKNOHHOMY [HY.
lMokasaHo, 4YTO [JaHHble pacyeToB NO MoAenupoBaHuoo npunuesoB B [lepcnackom  3anvee
YOOBMNETBOPUTENBHO COrMacylTCcs C AaHHbIMW MPUNMBHBIX Tabnuu, Kak No BPEMEHW HaCTynneHus
NPUIMBOB, Tak N NO BEMUYMHE NPUNMBOB B Pas3fnnyHbIX ToYkax. [lpeacTtaBneHbl pesdynbTaTbl pacyeToB
pacnpocTpaHeHMs BOMH UyHamu B akBaTopusax OyxTbl KpaweHuHHukoBa u OyxTbl Ko3bMmuHO npu
pasnuuHbIX yrnax nogxoda BOSMH LYyHaMW K OTKPbITOM rpaHuue pacyeTHonm obnactu. lNpvBeaeHbl
pe3ynbTaTbl pacyeToB MPUMMBHO-OTIMBHBLIX TeyeHun Ansa O6yxTbl KpalleHWHHMKOBa MpW pasnmnyHbIX
3adaHusx ckopocten BeTpa. Pa3paboTaHHble nporpaMmmHble CpeacTBa MOryT, B YAaCTHOCTU, MPUMEHATLCS
AN NPOBeAEHUS YNCIIEHHbIX pacyYeToB Mo orpeaeneHnto XxapakTepucTuK BO3OEeNCTBUSA BOMH LiyHaMu Ha
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COOpPYXEHUs!, pacnosioKeHHble B NpubpexHon u 6eperoBon 3oHe, cornacHo TpeboBaHusM Poccuinckux
HOPMaTUBHbIX JOKYMEHTOB.

1. Introduction

Numerical simulation of tidal currents and tsunami wave propagation is an important problem for the
practice, allowing predicting the characteristics of these phenomena (loads, run up, propagation time to
structures and so on), creating warning systems for tsunami waves and making a reasonable choice of
design solutions for the design of various offshore hydraulic structures. Tidal currents and tsunami waves
are traditionally referred to long-wave processes, since the lengths of tidal waves and tsunami waves are
estimated at tens of kilometers.

The study of tidal currents and the modeling of tsunami wave propagation have been devoted to a
significant number of publications, for example, [1-21]. In [1-4] fundamental theoretical studies on various
mathematical models describing long-wave processes, shelf effects for long-wave processes, the
interaction of tidal waves and tsunami waves with islands, the energy of ocean tides, and the resonance
phenomena of long-wave processes are presented. At present, the model of shallow water has been most
widely used for numerical modeling of tides and tsunami waves [7—13], which makes it possible to efficiently
calculate marine areas with characteristic dimensions, measured in hundreds and thousands of kilometers,
to take into account the movement of the flow on a dry bottom, to simulate flow in multiply connected areas,
while providing an acceptable for practice accuracy of the calculation results. Large-particle models (SPH)
[14, 15] and three-dimensional models under the assumption of hydrostatic pressure distribution [5, 6] are
also used to simulate the tides and propagation of tsunami waves, and even one-dimensional models [16]
that allow for warning systems give a rapid assessment of tsunami waves transformation. In [17-21]
guestions of physical modelling of tsunami waves and their interaction with hydraulic engineering
constructions are considered. Different types of tsunami generators were used: pneumatic generators [17,
20, 21], landslide generators [18, 19].

Now it is represented that the most perspective direction for calculation of tidal currents and tsunami
wave propagation is using procedures of parallel calculations on the computer together with using
processors of graphic cards [22], thus time of calculations can be essentially reduced and consideration of
3D models of a currents for water areas of the big sizes is possible.

In connection with intensive development of the Russian shelf and construction in coastal tsunami
dangerous areas (see, for example, [23]) the purpose of this paper was to develop the effective algorithms
of numerical simulation of tides and tsunami wave propagation including flow movement on a dry bottom
for solving shallow water equations constructed on a conservative explicit and implicit numerical Roe
scheme of second-order accuracy in space and time. In addition, the possibility of numerical modeling of
tides and the propagation of tsunami waves at different angles of long waves to the open boundary of the
calculated region was considered.

2. Methods

2.1. Governing equations

The equations describing unsteady two-dimensional shallow water flow with account of bottom
friction, wind action, Coriolis forces and viscosity may be represented in the following conservative form
(see, for example, [24, 25]):

6_U+6_F+§:@+ﬂ+QS. (1)
ot ox oy ox oy

Here
h Qx Qy
U=|Q |, F=|Qi/h |, G=QQ,/h|, @)
Qy QQy /h Q7 /h
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The depth-averaged shear stresses 7, Zxy, Tyx, Tyy may be written as [24] (here the indices I, |
correspond to X, Y):

hz;j v, a(hui)+5(huj) |
Pw 8XJ aXi

®3)

In the equations (1)—(3), h — the water depth; H=h+Z}, — the water surface level; Zp — the bottom
surface level; Ux , Uy — velocity projections in X, Y directions respectively; w — turbulent kinematic viscosity;
0. = 2w sin @ — the Coriolis parameter; @ — Earth angular velocity; ¢ — latitude of the locality; g — free

fall acceleration; pw — water density; pa — air density; x , Thy — projections of bottom friction force in X, Yy
directions respectively, C — the Chezy coefficient; N — bottom roughness coefficient; Ceur — coefficient of
bottom friction; zwx, Zwy — projections of the wind tangent stresses in X, Y directions respectively, k¥ = 0.4
— the Karman constant; W — wind velocity at height zw relative to the surface elevation; 8y — angle of
inclination of the wind velocity vector in X direction; Zo— water surface roughness parameter; ¢(X,y) — mass

source intensity in the point with coordinates (X, y). The wind shear stresses (see (2)) were determined
according to [25].

2.2. Numerical algorithms

2.2.1. Explicit scheme

For solving the set of equations (1), select the variables h, Qx, Qy, H as the unknowns, and consider
the extended set of equations [26] by formally adding the equation for H to the set (1):
oU oF oG _oR, oGy

ata Ty T Ty ™ @

Here
h _Qx ] _Qy |
2 .Q, /h
g Qx’ﬁ: Q2/h ,G:QQy |
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It is assumed in (4) that the temporal variation in the bottom geometry in each point of the

0L
computation domain is known and described by the function 6_tb =f(t,x,y).

In the further analysis the subdivision of the computational domain into the finite volumes (FV) will
be considered as an arbitrary quadrangular node grid. The computational curvilinear node grid is formed
by assigning the coordinates of the apexes of FV; the coordinates of the computation points are determined
in the gravity center of FV.

Using the finite volume method, obtain for the explicit scheme:

U < En_ g0y L5
_+Z(Fk 'Fv,k)gk'QSSCVZO' %)
k=1

Here Ifkn = Ifknx +ékny, Ifn

vk = 'Ev,knerC_':‘v,kn — the convective and the diffusive fluxes

y
respectively, normal to K-th edge of FV; Ny, Ny — projections of the external normal to the edge of FV in the
X,y directions respectively ; Sy — the finite volume area, /| — the length of k-th edge of FV.

The computation of the convective fluxes F" at the edge of FV is made using the second order
accuracy Roe’s scheme over the spatial variables X, V:

0000
Q. _ . _ 4 _ l000c
FnZE[Fn(UR)"'Fn(UL)'|A+AH|(UR'UL):|' Ay = 00 Ocznx .c=4/gh. )
y
0000 |

Here UL and UR are reconstructed values of the variables on the inner and outer side of the edge

of FV respectively; A= alf”/aU — the Jacobian; AH — additional matrix accounting of the components
hoH/ox, hoH /oy in (4).

The matrix A+ 'L_\H may be represented as (see [26, 27]):

1000 4000 1 01 ¢

—_ _ . = On n, O 0 00 u,-c Ou,+c 0

A+ Ay =TAT A =RARLT=| 7 | A= & JR=| " " @
0 - -ny n, 0 00 40 u -1 u uc
0001 000 4 1 0 1 u?

Here T — the matrix of transition from the coordinate system X,Y to the local coordinate system n,l at
the edge of FV; 21=Un-C, A2=Un, A3=Un+C, 14=0 — the eigenvalues of the matrix A"; R — the matrix of the

right-side eigenvectors A" U, =uyn +uyny, u =-u ny +uyn
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The matrix |K+ A, | in (6) has the form |K+ A, | :T_1R|A| R7T , in which the matrix |4] is the
diagonal matrix with the modules of the eigenvalues on the diagonal.

Due to the fact that the normal specific discharges Qn can be prescribed at the boundaries of the
computation domain (e.g. for the solid boundary Qn=0), the relationship (6) may be conveniently written at

the boundary of FV using the variables V =TU in the local coordinate system n,|:

F" =%[|EHNR)+IEn(VL)'T_1A*(VR 'VL)] (8)

In (8) the reconstruction of variables V (and not lj) is making for the boundary of FV.

The reconstruction of the variables V for the edge of FV in case of quadrangular computation grid
was performed in the following way [26]. For the computation point with number (i,]) considered were the
four nearest adjacent points with numbers (i#1,j#1) and the derivatives a)lf = 8V/8X, ﬂxlf = 8V/8y
(k=1,...,4) were determined by turns for four combinations of point ((i,j) with two adjacent points (e.g.
(i,j+1) and (i+1,j). The determination of the slopes @y, B, in FV for the computation point (i,j) was made
by applying one of the known limiters (minmod, superbee, van Leer, van Albada [26]) to the computed
values of the slopes a)lf ,ﬂ{f . The reconstructed value of variable V| at k-th edge of the inward side of FV
for the computation point (i,j) is determined using the relationship (Xk,Yk— the mid coordinates of the K-th
edge):

V=V o (X=X 5) + By (Y- Vi j)-

The reconstructed value of variable Vg at k-th edge of the outward side of FV for the computation
point (i,]) is determined in a similar way.

It should be noted that the computation of the slopes «,, ﬂy of FV adjacent to the boundary of the
computation domain is made using the non-reflecting boundary conditions [26].

The computation of the values Un, Ui, C at the boundary of FV, required for the determination of the

elements of matrices R, A, R (see (7),(8)), was performed with the aid of Roe’s averages with entropy
correction.

The approximation of the component h@H/&X was made using the following scheme. From the
reconstructed values of h, hr, Hi, Hr the expressions h, 6H /dx ,hg 0Hg /06X were computed by the
central-difference way, and their half sum was assumed as hoH/0x. The derivative hoH/dy was
determined in a similar way.

The selection of additional variable H and the extended set of equations (4) makes it possible to
obtain a trivial solution for the Roe’s scheme using arbitrary curvilinear grids for any bed geometry, i.e. at
Ux =uy =0, it follows that H=const.

It should be noted that the above computation scheme of convective flows at the edges of FV also
permits to make reconstruction in terms of the velocities Un, Ui [28, 29], and not the specific discharges Qn,

Q. As noted in [29], the choice of variables Un, U for reconstruction permits to enhance the stability of the
algorithm, especially in the presence of dry bed.

The diffusion flow vank is computed by central difference scheme.

The temporal integration of equation (5) was made with second order accuracy using the predictor-
corrector scheme.

The condition of calculation stability for the considered explicit scheme of equations (1) has the form:
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Cr= At <1.

mln( AX J Ay 9)

e, oglee )

Here Cr — Courant number, At — differential step on time, 4X, Ay — differential steps on spatial
coordinates X, Y.

The condition (9) means that for transition to the following time level (p+1) from current time level (P)
the time step At is taking on the basis of above presented relation taking into account the specified
parameter Cr <1.

The following procedure was used for making consideration of the dry bed flow. With the condition
h < hmin (hmin is selected in the range of 10-6-1012 m) satisfied in some point (i,j), the flow velocities Vx, Vy
at that point were assumed zero. During the computations of convective flows at the edge of FV for which
the adjacent FV is dry (h < hmin), there was made the analysis of probability of the water entrance into the
FV through the edge. In this case, if the water level in the adjacent dry volume exceeds the one of the
analysed volume, the condition of solid-wall was imposed ((Un)r=-(Un)L, (U1)r=(Ur)L, hr=hr,HrR=HL).
Such approach to the dry bed problem made it possible to perform computations for the bed drying and
submersion of the dried bed as well as for multiply connected domains.

2.2.2. Implicit scheme

The integration of equation (4) over FV area gives the following equation for the implicit scheme:
a p+l +1 ~
scv ez[Fk Pk | v e)Z[Fk "] e +[0Q8 +@-00Q8 s, =0. o)

At =1 we receive the Euler implicit scheme of the first order accuracy with respect to time; at 6=1/2
we receive the Crank-Nickols implicit scheme of the second order accuracy with respect to time.

Equation (10) linearized with respect to time with the second order accuracy of temporal step At may
be represented as:

L1915 AT; +6 Ls,AT; = RHS

Ls,A0;  =Bs A0,y j +Cs AT} + D ATpuy j, Ls,40; j = Bs AU; 4 +Cs, 40, | +Ds, 40 1, (11

RHS =- { Z[Fk . Vk] zk—QS]

cvkl

Here ALTLJ- ZJiI?jH _Uil,oj — difference of variables vector in a point i, j of considered FV during
time At.

The matrices le,Csl, DSl correspond to the components from the convective and diffusion
fluxes along the opposite edges in one direction, the matrices BSz’Csz' DS2 — in another direction.

Matrices le, Csl, DSl for rectangular coordinates in direction S1 = X have the form:

[(A+AH)R A+ Aul] s s

81 2AX
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1
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The matrices 852 , C52 , D52 in direction Sz = Y for rectangular coordinates can be written in similar
form.

The right-side part of (11) is determined in the same way as in the explicit scheme.

After partial factorization (11) with the second order accuracy with respect to At, we receive (I -
identity matrix):

(1+0tLs )(1 +04tls, ) AT, | = ARHS. (12)

Equation (12) can be effectively solved using the Thomas algorithm for block three-diagonal matrices

in one and another direction successively [30]. Note that in (12) the values of temporal increments of

variables in points located outside the calculation domain were determined with account of non-reflecting
boundary conditions.

The choice of time step for the implicit scheme does not require implementation of condition (9).
However, keeping in mind that the stability analysis of difference schemes is spent on a basis of linearized
equations, in practice the Courant number, at which stability of the implicit scheme is observed, is limited
and it is defined by selection way. It is necessary to notice that the implicit scheme has the increased
stability in comparison to the explicit scheme and Courant number, at which stability of this difference
scheme is observed for a specific object, can be much more 1.

Boundary conditions on the open boundary of calculating area for simulations of tides and tsunami
wave propagation were taken according [31] and were considered angle of tsunami wave on open
boundary.

Verification of examined numerical algorithms was made on the basis of comparison of calculation
results with experimental data and with analytical solutions for examples presented in [32]. Let's notice that
verification of the presented algorithms included also comparison of numerical solutions with experimental
data on distribution of dam-break wave including wave propagation on a dry bottom and sloping bottom.

3. Results and Discussion
3.1.Tidal currents in the Persian Gulf

The computation of tidal currents was made for the Persian Gulf water area. The boundary condition
was described as water surface level in Ormuz Strait in the area of Jask Bay (the right-side open boundary
in Figure 1) according to the Tide Tables [33] per 02—04 July 1996.

The computations were made with 201x140 mesh, N =0.012, the Coriolis parameter —
Q¢ =0.0000685 1/s, wind speed — W =0 m/s. For the explicit scheme it was assumed that Cr = 0.5, for

the implicit scheme — Cr = 1.5-2.5. The computation time was 10 cycles of diurnal tides which provided the
periodic regime. Figure 2 presents the results of computations of dynamics of water level in a number of
localities on the shore of Persian Gulf under calm conditions for one tidal cycle. The comparison between
the computed data on the water level and the available data on the tidal level variations in Dubai, Bender-
Lenge, Shat-Al-Arab [33] indicated their good agreement. In particular, the computed time of approach of
the higher high level (HHL) for Shat-Al-Arab with respect to the HHL time for Bender-Lenge (= 12 hours)
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practically corresponds to the data of [33]. For Shat-Al-Arab the difference between HHL and lower low
level (LLL) was computed as 3.5 m; according to [33], this difference amounted to 3.5 m; the difference
between the lower high level (LHL) and higher low level (HLL) was computed as 1.6 m and according to
[33] — 1.4 m. Figure 1 shows the vectors of depth-averaged flow velocity under calm conditions at the time
corresponding to HHL in the area of Jask Bay.

Figure 1. Distribution of velocity vectors in Persian Gulf
at the time corresponding to HHL in Jask Bay

AN
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N =T
SR

25 5 10 15 20 th

Figure 2. Water level tidal dynamics in Persian Gulf (—e—— Jask Bay, —a—— Shat-Al-Arab,
—«&——Dubai, —0— - Bender-Lenge)

3.2.Distribution of tsunami wave in Kozmino Bay

Calculations of the tsunami wave propagation in the Kozmino Bay were made with the direction of
the wave from the west. The period of the tsunami wave was set equal to 35 minutes, the wave height at
the entrance to the bay was 0.845 m. The calculations were made on a rectangular grid of dimension
343x293 (the difference step on the coordinates was 5 m). The order of accuracy of the difference
approximation with respect to spatial coordinates and time was equal to 2. The Courant parameter was
chosen equal to 0.4 for the explicit scheme. The roughness coefficient was chosen to be N = 0.035, the
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Coriolis parameter — £ = 0.0000987 1/s, wind speed — W =0 m/s. The initial conditions were given as
H = 0, Vx,y =0.

In the calculations near the shore of the Kozmino Bay checkpoints were set, in which the dynamics
of water surface levels during the tsunami wave propagation were recorded. The coordinates of these
checkpoints (coordinated with the coordinate system in Figures 3-4) are presented in Table 1.

Table 1. Coordinates of Kozmino Bay checkpoints

No. of

checkpoints L 2 3 4 5 6
X, m 770 675 590 820 955 1200
y, m -120 -190 -300 -445 -600 -880

The results of calculating the tsunami wave propagation in the Kozmino Bay with the direction of the
wave from the west are shown in Figures 3—6. Comparison of Figure 3 and Figure 4 shows that coastal
line changes at various stages of tsunami wave impact. From Figures 5—6 we can calculate the time when
tsunami wave can reach checkpoints. For example, for checkpoint 1, which was initially on the shore, the
time of tsunami reach was 0.08 hour after tsunami reached the open boundary (inlet of the Bay). From
Figures 5-6 we can see that the maximum of shore level where tsunami wave can run up was about +1 m.

e
AN
L 6N

a2 04 1.8
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Figure 3. Distribution of tsunami current vectors in Kozmino Bay for the time corresponding to
the minimum tsunami wave level at the entrance of bay
(colour background — module of average velocity)

.8
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Figure 4. Distribution of tsunami current vectors in Kozmino Bay for the time corresponding to
the maximum tsunami wave level at the entrance of bay
(colour background — module of average velocity)
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Figure 6. Water level dynamics during the tsunami wave propagation in the Kozmino Bay
(checkpoints 4—e,5—m,6—- A)

3.3.Tidal currents and distribution of tsunami wave in the Krasheninnikov Bay

Calculations for the Krasheninnikov Bay were made on a rectangular grid of dimension 251x226 (the
difference step in the coordinates was 40 m). The order of accuracy of the difference approximation with
respect to spatial coordinates and time was equal to 2. The Courant parameter was chosen equal to 0.5
for the explicit scheme. The roughness coefficient was set to 0.035, the Coriolis parameter was

€ =0.000133 1/s.

Calculations of tidal currents in Krasheninnikov Bay were carried out by specifying the water levels
at the open border (I-1 in Figures 7-9), corresponding to the daily tide. The range of the water levels at the
open border was 4.85 m.
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Figure 9. Distribution of tidal current vectors in the Krasheninnikov Bay at the moment of time
corresponding to the maximum value of the water surface level at the open boundary I-1

(W =40m/s)

The results of calculations of tidal currents in Krasheninnikov Bay in the absence of wind (W=0 m/s)
are shown in Figures 7-8. Figure 9 shows the results of calculations of tidal currents in the presense of the
northeast (NE) wind with a speed W=40 m/s. Comparison of Figure 7 and Figure 8 shows that coastal line
changes at various stages of tide. Comparison of Figure 7 and Figure 9 shows that impact of wind speed
on current velocity can be conciderable.

Tsunami wave calculations for the Krasheninnikov Bay were carried out by specifying the water
levels at the open border (I-1 in Figures 10-13), corresponding to wave with the height 6.54 m and period
1800 s. The initial conditions were given as H = const, Vxy = 0.
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Figure 10. The distribution of free water Figure 11. Distribution of tsunami current
surface levels in Krasheninnikov Bay for the vectors in Krasheninnikov Bay for the time
time corresponding to the maximum tsunami corresponding to the maximum tsunami wave

wave level at the open boundary I-1 level at the open boundary I-I

Figure 12. The distribution of free water Figure 13. Distribution of tsunami current
surface levels in Krasheninnikov Bay for the vectors in Krasheninnikov Bay for the time
time corresponding to the minimum tsunami corresponding to the minimum tsunami wave

wave level at the open boundary I-1 level at the open boundary I-I

Figures 10-13 show the results of tsunami wave propagation calculations for different time moments
in the absence of wind (W = 0 m/s). Comparison of Figure 11 and Figure 13 shows that coastal line changes
at various stages of tsunami wave impact. We can see from Figures 11, 13 that currents in the
Krasheninnikov Bay had very complicated character. A considerable vortex arised near the open boundary
I-1, where current velocities were about 9-10 m/s. The maximum of shore level where tsunami wave can
run up was about +6.5 m (see Figure 12).

4. Conclusions

1. Conservative explicit and implicit numerical schemes Roe of 2nd order of accuracy on space and
time for shallow water model are developed.

2. The presented explicit and implicit numerical algorithms make it possible to model both subcritical
and supercritical flows in multiply-connected domains taking into account the movement of the flow on a

Klimovich, V.I., Voronkov, O.K., Davidenko, V.M., Ivanov, S.N. Alkali-activated slag binders from rock-wool
production wastes. Magazine of Civil Engineering. 2018. 82(6). Pp. 228-242.
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dry bottom including the computation of tidal currents and propagation of tsunami wave. In a number of
cases the implicit algorithm proves more effective compared to the explicit algorithm, since it permits to
make computations with larger Courant numbers and requires only one step of integration with respect to
time. But in some cases expenses of machine time for implicit scheme can be more than for explicit
scheme, especially it concerns cases of application OpenMP algorithms of parallel programming

technology.

3. Numerical results of tides and tsunami waves propagation for various angles of long waves on
open boundary of computed area and for various wind velocities are presented. The obtained numerical
results for tides show good agreement with the data of Tidal Tables both on time and on level of tides in
various points. Developed algorithms and programs may be used, particular, for numerical calculations of
impact characteristics of tsunami waves on structures in coastal and offshore zones according

requirements of [34].
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