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Lake Current of Kasumigaura (Nishiura)
) by ‘
Kohji MURAOKA' and Takehiko FUKUSHIMA'

Abstract

Lake Kasumigaura is the secondary large and a shallow sea relic lake in
Japan, of which main basin, Nishiura, has 167. 7km? of area with about 7
m in maximum depth and about 4m in mean depth. It was a brackish water
lake formerly, but since a regulating gate was built downstream in Hitachi-
tone River from the lake in 1963, the lake water became independent of the
tide. The broad coastal zone of the lake has been developed as the farm
land for a long time, but the demand of fresh water for industrial use and
others has been surprisingly progressing since 1970 because of the increase of
industrial area in the vicinty of the lake. Consequently, the quality of the
lake water turned so bad that the annually averaged value of COD reached
up to 11.5 ppm in 1978, besides the eutrophication affects every year not only
on the fishery activity but also on the water supply system, It is the :mportant
subject how to restore the lake environments in early time.

Limnological surveys on Lake Kasumigaura have been continued from of
old, however, little interests were paid for the viewpoint of physical limnology
because this sea relic lake is so shallow and flat. Therefore, some researchers
have been lacking in the hydraulic knowledge like the lake current or.turbulence
structure, while the information about fishery circumstances in this lake
would be rather rich. Nowadays, ‘this lake is regarded as one of the important
reservoirs for water resources. As well as biology, ecology, and water quality
engineering, we need the physical approach to solve the current motion and
the convective and diffusive transport of materials related to the water
quality. The ways we could take for the study are the approach from theoretical
consideration, field survey, model experiment and numerical simulation
technique, which were all tried to study the current of Lake Kasumigaura,
as summarized as follows;

1. EyrEfsesr KEDSRSS T 305 FERELIEE 4 H B 168 2
Water and SoiI‘Environment Division, The National Institute for Environmental
Studies, Yatabe-machi, Ibaraki 305, Japan. ’



1. Theoretical consideration of current in .;shallow lakes

In shallow lakes the wind force sheared on the water surface takes dominant
part in the formation of lake current and mixing motion. Some fundamental
theories and consideration make it possible to estimate the magnitude of
momentum and kinetic energy transmitted from wind to water body, referring
to the mechanism of surface friction and wind wave generation. The vertical
and horizontal characteristics of velocity distribution of wind induced current
may be also theoretically discussed. Long term oscillation in the closed water
region, which is called seiche, occurs in case the wind starts or stops to blow.
The period, wave height and velocity of seiche and their decreasing rate are
also one of the objectives to analyze theoretically. From the mathematical
presentations of energy supply, energy dissipation, and energy content for whole
lake water body, the balance of energy in the lake may be quantitatively
discussed. The following results were obtained;

1} In the lake of which depth is smaller than the several meters, the term
of Coliolis force is negligible against the term of bottom friction. In
such a condition the vertical velocity distribution may be estimated
by applying the mixing length theory resulting that the mean vertical
eddy viscosity is defined by eq. (1. 2. 23).

2) In case the water depth is uniform in wind direction but varies in
traverse direction, the horizontal circulation in the water basin occurs
in a manner as the wind makes progressive flow in the shallow part
and does back flow in the deep part. The velocity of the flow may
be formulated from the terms of wind stress and vertical viscosity
(or bottom friction factor). .

3) The characteristics of seiche are fnathematically presented by the
wind stress and topographic parameters of lake.

4} The energy supply, dissipation, and content for the lake water body
may be estimated, as shown in Table 1.3, referring to the terms of
wind and lake topography. According to this estimation, both energy
supply from wind and energy dissipation due to wind wave seem much
superior to other factors in general shallow lakes.

2. Hydraulic survey of Lake Kasumigaura

Some kinds of field surveys were practiced in Lake Kasumigaura, as follows;
pursuit of floating marks, flow observation on the section of strait, long term
observation of current at fixed points with electro-magnetic current meter
and supersonic flow meter, long term observation of water level variation
at several stations along the shore line, time variation of vertical distribution
of water temperature and dissolved oxygen at some stations on the lake, and
spacial variation of conductivity at some stations on the lake. The
characteristics of the lake current and mixing process obtained the above
surveys are summarized as follows;

1) Current speed faster than 10 cm/s is scarcely observed for any season,
but surface layer has sometimes faster flow than 10 cm/s and its
speed is corresponding to 1—5 % of wind speed. The change of wind
speed affects easily on the surface flow, but in the lower layer the
flow direction and speed do not show good response to wind performance
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because the time of momentum transfer downwards in the water body
is longer than the time scale of wind speed variation,

2) At some water region the typical flow pattern of wind induced vertical
circulation is clearly observed, but a large scale of horizontal circulation
is commonly generated in the central basin, In this region, turbulence
structure seems isotropic in horizontal space and the mean scale of
eddies is 10— 100 times larger than the scale of depth. Energy dissipation
rate in unit water volume is estimated to be several percents of energy
supply rate, where the latter is calculated by dividing the rate of energy
supply from wind on unit area of water surface by water depth. This
dissipation rate shows one or two orders of magnitude smaller than
those off shore in ocean and other large lakes.

3) Seiche originates from the water set up due to wind and its dominant
period is observed to be 141 minutes in whole [ake basin. The amplitude
of seiche seems to be 1 cm in general, and its current speed is 2 cm/s
in the strait and less than 1 c¢m/s in the broad basin. The friction
factor on the lake bottom is larger than those of the seas or other
lakes because of the shallowness and complicated shape of Lake
Kasumigaura, and its value is calculated to be 0.0202 from the decreasing
rate of seiche amplitude.

4} Displacement rate of water at the strait due to the inflow from rivers
is supposed to be 0.1 ¢m/s and negligible against wind induced flow and
seiche flow.

5) Coefficients of dispersion estimated from the horizontal distribution of
conductivity in a basin seems to be 10'—10° cm?/s and this value may
be equivalent to several percents of circulaion intensity in the basin,
l.ake Kasumigaura has three main basins, and the exchange of water
volume between the basins is simply regarded as linear to the magnitude
of river discharge, but, in the strict sense of field data, it may be
also related to seiche, horizontal circulating flow induced by wind,
and dispersion phenomena due to the vertical circulation flow.

3. Experiment of hydraulic models

Three kinds of experiments were prepared. The first serves the observation
of vertical circulation flow using rectangular hasins with uniform depth set
in 2 wind tunnel. Wind friction factor on the water surface and vertical
distribution of current, turbulent velocity and energy dissipation rate were
measured, and from these characteristics the energy balance in the closed
basin in steady state was made clear, besides unsteady flow due to the

.wind variation was also touched upon. The second experiment dealt with

horizontal circulation and diffusion in the rectangular basins with non-uniform
depth as linearly as varied on the lateral direction. The last one made clear
the characteristics of wind induced current and seiche by using a model of
Lake Kasumigaura with 1/8000 and 1/50 of horizontal and vertical scales,
respectively, which is set upon a turning table with 4 m in diameter in the
wind tunnel. Under a series of wind speeds and directions, some characteristics
were obtained such as flow patterns in the model basins, period of surface
oscillation, decrease of its amplitude, exchange of water volume between



basins, etc.; they were able to be useful for discussing hydraulic mechanism
and comparing them with the field data.

It is necessary to describe the similarity law in the hydraulic model study.
In this case, the Froude similarity law is available for seicke phenomena, and
the similarity law got from the equation of motion in which the term of
inertia is neglected was available for representing the horizontal circulation
in the basin. The similarity for the mixing process is difficult to define, but
it is possible to devise the special similarity law considering if both convective
term and diffusive term in the equation of motion are equivalent, or which
term is more dominant to present the mixing in the water region.

4. Numerical analysis

With respect to the numerical simulation method of lake current ever
reported, some kinds of calculation schemes and coefficients used in them
were rearranged., The scheme adopted for numerical simulation of lake
current in Kasumigaura is horizontally two-dimensional and vertically one-
layered meodel, of which details are as follows; the finite element method is
adopted as discretization procedure, the slip condition is applied along the
shore line, both the term of inertia and the term of viscosity in horizontal
direction are taken into consideration, either of central or backward differential
scheme is used properly for time integration, and so on, The results of the
application of this model to the real lake and its hydraulic model, and another
application of the Ekman type medel to a rectangular model basin are
summarized as follows;

1) Flow characteristics resulted by the Ekman type model are agreeably
explained by the theoretical consideration.

2) The central differential scheme has good reappearence of seiche current,
while the backward differential scheme applied to the steady flow is
superior in calculation stability to the former.

3} Seiche and horizontal circulation in Lake Kasumigaura may be almost
completely reconstructed by the numerical model if the Manning's
roughness and coefficient of viscosity in horizontal direction are
adequately selected.

4) The numerical medel has the good applicability not only to the real
lake current in horizontal direction but also to the hydraulic model
one, however this model cannot serve so far as to explain the vertical
velocity distribution. This fact means the necessity to develop the new
but more complicated numerical model in future to solve the three-
dimensional structure of lake current.
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Fig. 1-1 Schematic drawing of air and water motion associated with wave
on water surface
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Table 1—2 Estimation of energy dissipation rate by wind wave Eu.. and
energy content of wind wave E.. in steady state
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and its speed measured by supersonic current meter
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Fig. 2--14 Kinetic energy spectra of flow fluctuations obtained by electro-
magnetic flow meter (V9, V10)
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Table 2—3 Relation between wind and current

No. % . B amss B arms Tu’.lag w
(deg) (deg) {min) {m/s)
v1i | —0.22 0.45 21,8 71.0 9.2+ 57.3 70 2.66
VZ .41 0.52 —16.6x 94.6 —11.6% 89.6 i10 4.74
V3 —0.27 0.35 1.6x113.4 — 0.3%£113.8 200 4.74
V4 —0.03 0.10 — 3.5%112.2 110 1.28
V5 0.35 0.22 14,0x123.7 75 1. 34
Vo 0.16 0.31 24.1+109. 4 15.5%£116.5 80 4. 82
V7 0.27 0.34 —57.9+% 92.8 —112.5%+24. 4 31 314
Vs . 0.18 0.16 —53.7+1104.3 —1156.6x25.0 62 3.14
Vo 0.08 0.28 23.0% B4.8 16.5+ 87.7 195 3.15
Vio —0.09 0.24 27.8%+114.6 | 44.0% 94.5 182 3.15
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Fig. 2—15 Relation between wind energy supply rate and energy dissipation
rate obtained by supersonic current meter
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Fig. 2—16 Relation between wind energy supply rate and energy dissipation
rate obtained by electro-magnetic flow meter in central basin
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Fig. 2—17 Relation between wind energy supply rate and energy dissipation _
rate obtained by electro-magnetic flow meter in Takahamairi Bay
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Table 2—4 Ratio between increasing rate of potential energy E, and wind
energy supply rate Ewind
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d ..
_dt_'Ep(t)/'Ewlnd (%) (m/s)

Time

StJ ! StL | St.N
13:00~ 14:00 3.7 3.5 7.2 6.0
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15:00~ 16:00 24 —~ 24 5.5
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Table 2—5 Cross correlation between flow velocities at two statiens in
central basin
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Fig. 2—19 Long term continuous record of water level fluctuations at shore

line at Tsuchiura
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Fig. 2—20 Wave energy spectrum of seiche oscillation
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Table 2—6 Long term record of water level variation at 5 stations along

shore line
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o | 18 87.4 165 70. 8
5D 87 8.6 1.56| 1.25 0.69 87 12.0 0.49 | 0.83 0.67
: 64 7.4 ) 60 6.9
g | 144 10. 4 138 14.5
étE 87 4.2 0.68 | 0.60 0.27 69 2.8 —1.23 | 0.46 0,32
. 60 2.6
wm| 1 87.4 144 89,1
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Fig. 2—22 Variation of wind velocity and speed during seiche observation
at 5 stations along shore line
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Fig. 2—26 Horizontal distribution of Conductivity in Takahamam Bay
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Table 3—1 Conditions of wind, surface drift current —experiments for
observation of vertical circulation
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4.83mf)| B 10.4 | 0.13 | 0.36 | 0.050 | 4.2 |5.77x10~*| 12.6 |2.9 | 1.2
I A 105 | 0.13 1 0.37 | 0.64 | 46.3 |1.12x107°| 10.2 [3.3 | 0.97

(3.13m%) [ g 7.3 [0.064 | 0.25 |0.063 | 3.1 |5.40x10*] 8.8 l2.8 | 1.21

5 21.0X107 2R L HEROHE L kEL W,
KICHOREE RS — 210RT, BOBBEOKE LIV L0 3L 72 e B Ak
MEBNDARZ PNEN L En, Hlc AFEEAZEHROZOHEER L (Lwvs, ¥®Run
TLRIA>1/2TH N, A 0cmBETHENTENROEKRETH L I Eobm b, SEHEIR
BIBERL WA, [, DTS THINDE NI LD 3D E bbb, BEEEL 2Bt
L2442 2k A—0.14Hz, B~—0.17HzdBRHE % 9 (1.4.3) i B X { —L 72,
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Table 3—2 Characteristics of waves—experiments for observation of
vertical circulation

Wind Type h Z (cm) x=180cm
W {m/s) (cm) | ¥=40cm [x=180cm |r=320cm | f. (Hz) | c. (cmfs) |ABi#Rlem)| A= Tc,
8.8 0.110 0.164 0.305 4.2 37.5 10 8.9
i 18.8| 0.124 | 0.124 | 0.192 2.4 31.9 13.3 13.3
.53 8.8 0.093 0.095 0.117 2.8 - 26.7 5, 11.5
18.8| 0.099 0.098 0.100 2.2 25.4 7.5 9.5
3.13 8.8| 0.038 0.042 0.033 2.8 23.2 6.7 8.3
18.8 0.059 0.049 0.051 2.6 21.1 i0 8.1

RICEREFEIT =70, 130, 190, 250cm N Wj30cm-> % 1 60cmAD K TRSE L 722¢, 1, 11
Tix=70cm Tl 3 Moo B~ 2 MIRERRRELN R (, MTi3x=250cmPfE THISER & %
oz, BEKT Py —H—OESRRIRE bSO TR o KB FICHE TR 26, sy
Fro—H—@OFRICH~NT 2, 3T ENR LI, '3 -LICHEV Sy FI2 X B x=1%0cm
(BT B RETE 2o Z FRUNT L ITHT, sour/tee TEET B L oIz L 53055 104 5 2
FEWURETFRENT— 22 L HEBTHEL T 357, ZolIc kN5 &S RDERIEIT
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Fig. 3—2 Longitudinal change in vertical distribution of mean velocity &,
and intensity of flow fluctuations v 22
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BEHHEBL Twa AT L, MM TRERSFROMICAET ZET, LI RIEBL L > T d
rEbhd, Brb0RAKC LK TOBMAEOREZRHL T Plate® »REHRER
RILT, W 2pDEDETL) itk VBE L LT 5, BREP T—ED BEEHEE
BKFRETHZ 0L 1BLN 3 BHERAE CHOREIE e &EREE SOKE T RNE
iz (3.2.1) T, MREHOBEENE K % kw6 (RIZER) T T 2BUERNIEEZ
Ao an u, s BRI 3.2.2) THILNE, Tibb,

8(x) =7-13('08—0)—”3::”3W‘2’3K;2f3
P
o (1) = Wx const. . (3.2.2)

Silx) = 1.7kx {#t/usur =0.1, at &)

(3.2.1)

Plateid EBI £ 1) wer 0 x HEEAL2BT, & (3.2.1) (3.2.2) rOEETL > T3,
LaLatbst 3.2.1) (3.2.2) #HwTLkRIchi: VBB RET 250 5 DEEEH
FT52r3, BREFEROEFREE h>ori@rd3uwl, F 12 8 Fih & L~ BfE -8
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B 3-312id x =180cm DM TH & L7z u DEEEF A % % Run T 25T, BenTd—Fidy
=—10, 0, W0cmOREMBAOTHTH B, FAIBERE o> TB2HR (1.2.13) OHIE &
R aafBE LT3, IPOEBRIIBAEFREL 2 & 228U BIC L > T LB ELIK
BHETHTHD, HRL @) Th~5, ZonE2 2 X i, EROKRITIZIIHHNES-T W
3. % MROBKFRILA TAES~8cm, BTl6cmBEE TH 2D ThOMHIZ0.18~0.35TH
2,

K3—4ic I, Mo+ 2kEmEHEORETHEENE 7oy FLALOERT, B
FoTwbEIICRZ Y, 21=0.5cmb 72 ) TRET, HAicizTNTw2, Z0HEEE AR
KHTIIDHT, t, 22, Rex?2 b EONRRELEI-3I2TT.

Hsur ;:H{Zl) =*1—ln£+8.5 (3.2-3) .
* x a -

R3-1EHNT, maldu ENEFREWZ Ldthd ), BEHREFN»LEZ TLBRPLV



ol—A
*|-B
all—A
al—B

U
2 4 6 (cms)

B 3—4 KEELEEOWKEHHE S A

Fig. 3—4 vertical profile of wind driven currents near water surface
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Table 3—3 Friction velocity u#a, roughness height 2z, Reynolds number
Re:, and correction facter C

Wind Type h Us 2o Re: c
W{m/s) {cm) {cm/s) (cm) =i zaly
3.8 1.18 0.112 13.2 1.12
6.67
18.8 1.18 0.278 32.8 1.12
‘8.8 0.69 0.102 7.0 1.32
4.33 :
18.8 0.58 0.056 3.3 1.47

IEPbhhBE, vua kD) 2R L EDHTARBE, B33V il ERITEIA—F—&(, [T
FEITE L, 72 ReddiRe D HAVNEC, BRARNIEETHS 2 LA HES NS, Wy,
Shemdin, Dobroklonsky® TIfE & & REHTEN FEMHHEH THRbE NS 2 k £ EHBICTE
T bd, TAWUEATOBRBFEEAHNOL O & HrWE 2L NIz 2 L EHEEL T BY
zo= 23 EIRET I Re/Re. S ufva) Voloa 5202 % b TR v b F 2 bl s, BEDAE
WA EEORD ML TH S S .

Usar — u(ZI)
s

rraTH (3.2.3) Xiix (3.2.4) ARETLIOBESELR (1.2.20) TB=1¢tEwi
BRI LT A, KEETETHRENDDEINEIE NS L2, R wm<u bt bE
Bz s LR L Tn 52595 2° B<LOOTWEEME L 4% 2 b5, 2% ) Van Driest 7
LR (1.2.19) OBOWMEHEEZEZ 52, B= 1N TdudzdkE 8ERCITAR
TEH3INL.

L (3.2.4)
F 4 V.
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Van Driest i3 Ai2 26.0, Ueda i2MABOERERESHE AV T304 3E2B TV, 2=
0.1, A=304: LT a=lemic B} BCHEERI-BITRT, UK LHREET L Lo
bip, FLZOMMEL 200 QIS L AWK E L L 2D T, KBRETE COREDES S L D
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Fig. 3—5 Vertical change in energy spectra of flow fluctuations
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3-5%H2E, FOKETH 2~SHzLI TR EM T -5/ 3FNBERXRLNG, =20
FRBFEORESZETRET LI, LB T 20 /SPEETHA2HTR (2.3.3) &0
wabs 3cm/fs E ¥ B Efex10Hz &% 3, 1, Wiz kv T LAEERAEREE S 1A R EBREIL fobr
FENEBETDECREEI TTH 2, KEFKROCEBTIE -53RENERERICENE—72%
N, FRUEOSEAEMIIZ -6~ —TEROBHE L HWALHRONE, ZOFBAFERICHEL Ty
2O —RRIc L 27 4= L A0, WEE TR, TG CoiEdnn
2T FLOEERT A, BOC—23 %% 5,

KIDZOART FAEAIVTR (2.3.2) THESRATALF iR : Ju? DES T E
F3—7 a,bicit, eDREEHFEBLIVEFTTRREL Y, THTIE X 3013 B bHA
HRLEILThHD. /0t B EBTTRBOM2ETH S,

(4) BEFEEREOLE

£ (1.2.21) 2R (1.2.19)  (1.2.20) #MAvTRCTBLN - REMEEERS - 30ERT
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Lh )k Eo—EE A, EROBA L % BRI RY -T2y —Ab hD, RAROEE
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r0/ue, KdskRknorzs,

/ﬁwﬁ—z] | (3.2.6)
Ke=1 g—"z“ | (3.2.7)

3—-8i213, I~-BORMNT 2 BEHEIC L VB LN [ Va2 K, OWBENM% T,
Ju? DI EBEEAN0.5~ e bV Lk EZ 2 L0, SHH TR TE TR, £3
— 424 Runic it L BIEET BT b 107z », Ka, SERESFICLNETE2HHNOKEE D
B FTEEDI2, Koo TiR (1.2.24), Dac2wTizR (2.6.7) TFHENAEIEL R
+, nOMEIZEBRIED. 18~0, 351 B FIE v, K.SK E I EdLRTHEH, D
D, OB 2T O HHIKEORIMIC E VRS 22 2 4 TFHRENS,
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Table 3—4 Values of n, K., D. obtained by numerical calculation in the
aid of mixing length theory

Wind Type h K. Ds K. D;
H
- W(m/s) {cm) {cm¥s) (cm¥s) |=0.043u. k| =7.49u, k
8.8 0.10 0.33 107 0.3 59
6.67 -
18.8 0.08 0.70 257 0.61 106
8.8 0.13 0.17 61 0.18 32
4.43
18.8 0.11 0.27 105 0.29 51
8.8 0.15 0.12 49 0.14 24
3.13
18.8 0.13 0.19 76 0.20 L 35
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OEfE, Keulegan, WuZ FOEBRRELXICLD e 270y FLALOTHE, B39
(b) 121z Rl 2 BRI TT, R(L2.2D KL% ww DTFRAHLGAEZ O RBE THRET
BB rhbhd,
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Table 3—5 Kinetic energy balance in steady state —experiments for obser-
vation of vertical circulation

Wind Type | k| Ei | Eo | Ewea | Eur | Eies | Esieh LE Erot

W{m/s) (cm} (2/s®) (g/s)
8.8 93.7 | 15.9 15.2 |2.28 8.54 | 0.265 | 2.67 13.8
6.67 18.8 | 134.2 1 22.5 10,7 11.55 4,94 1 0.153 ( 0.90 7.54
8.8 39.0 5.4 2.65 [0.419 1.34 | 0.042 | 0.28 2.08
#4 18.8 75.2 7.3 1.52 |0.337 0.56 | 0.017 | 0.19 1.10
8.8 32.0 0.5 1.25 [0.0082| 0.58 | 0.018 | 0.019 | 0.63
313 18.8 43.6 2.8 | 0.50 (0.032 0.19 | 0.006 | 0.042 | 0.27

Ei= 5o wiz)de
1 (3.2.8)
E= Epf_hu’z(z)dz

Edzid u(2) DERBIHE TOMEIKRE (DT, 2(8s) = usur =5 8:=5v ) RUR (3.
2.4) PAVTEBHOudN 2L FRLTHLEORELFT L >, 3D Evnid
E wind = Twind ~ tsur 7 (3.2.9)
ENbED. VBN Ew:ld e DEEESZAT & £ AKBIZHIZ VHEGLTL EMH 2, 5, 6D Edirs, Edin
REBEEGRICE 22 AN¥—REETH ), ERER»LLEDHLN LD 2D TR(1.5.18) &Y

Fairs = ptts3 Ren
' (3.2.10)
Einv=puw’Res = p(0.32: ) Rex
TRe=11.65%MwCHEL:, THOE 22 EKEE LT (1.5.20) &9
Eoe= %Pgaoz(x=”Co/l (3. 2. 11)
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T1=320cm& L THEL 2, B0 Eoa @O HTH Y,
Eowt) = Eur + Edies + Edirt + Buwe (3.2.12)
0B,

INELY, Ewds Fow DIIHN S5 TwB I ENh 3, BESHEE213E Boul/Eud
13/N& { 2 B¢, BITHNCIE 2aue AFEFISANE { o T2 2 EEFEBTIE, ZoBRITHBTE S,
37 Bl D9 5T Eiirs D —FKE {, EacBFNZEKRE (L WI Edbd 5, B, PR
BEBENTER 2 L D12 B PR2BUCHMT 2 2 L 21 TRL P ZOEROBAICRENOHEIL
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12 21=1.0, 4.0, 10.0, 17.0cm 4 KB BV, £2[T L, BOVGERME, BLHERE
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5, (TIE2HRBRFICE ), FEENLEHC BT AT lR Ry 2 2T 2, 22 /utd =
ZTIR U EET)

(1) BRZ—FETIRTD To, BA L v 7B TT STl L), 2 AVEF—DEANFICE
EERRTLLEVL B,

*® 3—6 HRunicBITATver T
Table 3—6 Values of T/ and Tc—experiments for observation of vertical

circulation
41 T1se{sec)
Type
{cm} I-A|I1-A |@I-A | 1-B | 1-B | M-B
1.0 14.7 15.1 15.4 18.7 3L9 34.0
Ustart
8.0(10.0) 13.0 95.0 24. 4 42,4 57.1 45.1
x=180cm
17.0 - - - 35.5 70.9 49.0
1.0 4.0 5.2 19.6 4.2 15.4 20.5
Usto
"o 18.000.00 | s | 272 | 169 | 321 | 298 | 26
x=180cm
17.0 - — - 32.2 33.1 28.9
) 1.0 15.6 19.0 | 36.1 17.5 | 28.6 | 23.5
Zstart
8.0(10.0) 13.6 7.9 8.5 3.7 5.8 3.4
¥=180cm
17.0 - = - 2.6 4.0 3.1
) 1.0 11.2 14.8 28.0 9.5 15.4 17.8
Ustop -
8.0(10.0) | 15.4 28.9 25.0 27.9 18.1 46.0
x=180cm
17.0 - - - 28.0 22.0 22.6
T1ve {tsean ) 13.9 20.1 19.1 32.2 53.3 42.7
Te=(Eu+E.) [Ewina 7.2 14.6 54.3 14.6 54.3 92.1

(2) FA—DRunicHWTid, WEKFICE Y Ton> T s DERE LD, 2210k BBV
RBRF— FEHZ BT Trms00 > Tamrs0 > Tamao o 7277 L FB T Tamao > Trmso 70D, —HREYIC
(17% { PR IEMEL T D WIEFTIT VL EEICET D,

(3) KENEEIuIZHL T Those> Thess &%), RWIZERERISET 2,

(4) BEOKEEZOUEZu, & LR v 7RETEEI/NEWIETIZAE W, T2 uT
I3 — BT ZOEED H B,

(8) Tw>TwTHN, BWICEFRulc 2 AIN¥—, EHBEIEEEND,

(6) Tuop> Toane

ZITeKERVEODRy 7 A EEZ T, EFRBICL->TW L1V —I2ET LT,
Ewind DEBIZE DT ANF DR SN L BISREE L & L TLEE 2N LEH T2 k0 5



L EDHT, XI-BKTT,

_{(EutE))
Te= Fors (3.2.13)

3 2KBEHND T (BAZ— ) 2F0LIcTT, ShERS ETE»RABERICHYD, Tu.
5 (0.5~2) T:ThHbZ rdbhrd, 2% NEFREBCBTCETIRERIZANVE—DD) 5
WEHZBZETLEDLNZDOTEL VI EHFL LMD, ERICEF AN X—DREL L )
m?:ﬂ%ﬁbt%f%ﬁf&gf%éﬁ.%mﬁﬁﬁuF=%mmﬁﬁ)th.e%%&n'
YFOBEE¥LLE,

pVAE

dt
DFTH/L Z e HTE D, 22 TVIREEM, ARKROREMTH 2., 7(F) DB TAT
Y, yEKLEEL TLHEGBABRRTHIOTH Z LR>ATERTHL, L L E AL BER
LTRGBS EHEIC LD, HIREER~OBMEL LHE I EHTEDLEELD
s,

F o ot AW —py( F) AF™ (3.2.14)
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HERA, BE, WEHEOFMIIREHICRS
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em, FTRIZETLN0.8~1.0ecmnfrEZE®RT S, M3 -112R3E, 1.3.4THRLAL &
WEEIR TR 3 NIRRE B RIAOFiL, BOWERTHEROKFERIEL Tl b b,
B3 ~11h0 A~ Lo fic 513 5 BEREI N2 E 3 — 122RT. MRLGEICH 5 A0HE
AMNITEL WAE TR LD L 55, BodE—RE, REO#E, EWT E&REL Ty
2E5ThHE, —RKED Type— I NBESHEIZON-A L KEIFETRL HHTHS,
SHFRADLITEL ¢, ZORROEVETRELHELTL Tw3, ZOEBRIHEE S |
74N LAERCTERL 2126, ERUNOFENOBEIFEE L T 2N H 5,
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Table 3—8 Characteristics of decrease rate of seiche amplitude in Kasumi-
gaura hydraulic model

219 theo as(cmfst | @ Tem™
IE E . ﬂ".’. ‘5 ann oz 2wz -~ or .- i
=X Tv/ah? =2aw B/T | a:T*(s/cm)
St. L | 0.164 0.031* 0.345 0.794* 0.207*°
b, 4 7
St. O | 0.145 0.031*! 0.305 1.60% 0.418**
St. A | 0.142 0.031"" 0.299 0.05" 0.146
"2 st N | 0.109 0.019°2 0.484 0.05 | 0.308

%1; h=8cm, T =7.6s, *2; h=10cm, T =4.5s, *5: L=3.4m
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Fig. 3--26 Variation of bottom friction coefficient as with seiche period T
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Fig. 3—27 An example of record of concentration in experiments of ex-
change rate between three main basing
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Fig. 3—28 Logarithmic plot of variation of concentration
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# 3-9 RAERLIVELALTHRER
Table 3—9 Exchange rate between three main basins in Kasumigaura hy-
draulic model

I, W=6.24m/s 0, Ww=3.0lm/s
X WA R A LA B i A

B | Qeleefs) | Qulecfs) | /@ & Qu Gh/ Qu (4} Q
N 49,1 234 0.21 20.2 47.5 0.43 16.7 14.2
E 67.6 375 0.18 11.5 42.5 0.27 18.2 2.58
S 26.4 131 0.20 37.7 112.5 0.34 18.1 5.26
W 82.5 319 0.26 5.99 60.0 0.10 30.2 3.68

3.5 +HEHR

3.5.1 Hhaomiila s

AT & 1R 2 B > RO BERORERIGE T b TH S, £OBHE NFERIE
B FR. EHENFAONOD) HWOHERE N EH B, FABTOEA, L, Wk
DA ERFREAIER (1.5.2) (1.3.3) £ 0FR, R LISk0 L5 128 3,

g—;‘=ff—g§f—fg—;‘— v%‘ﬂ{wzu—#—: -

. 5t . . (3.5.1)
W _ g% s S gy T T

o fir gay Zw vay LVU+p o

af Jit ov

g5 _ 50U v ‘ 3.5.2
al h3x+h8y ( )

%, TRETENTETHS, MEL L2034 NE5H TR (3.5.1)(3.5.2) TERT S
FTHEDOPENSI ZETHDL, 22 VEE, BETHEBTAIHAOKEZIOUIFL VWAL,
HELTWABREBERLENTELL, FORENKEZNEEIBREITLZIeMTEE, 2
ITREANFROr—AZ R, FOMBREZEZ TR izl LS, UTHRULRROLE
BFEOrTELTIERLT S,

3.5.2 &4 i 2O

COBEIIR (3.5.1) KBWTRECARIRNELLE EDEHTHZOT, WMEKL &L
B ¢ BB NIZENE (EHHE) THH, X (3.5.1) LBV THMR, JeEWmE, ENH,
EERHEEA D) HoTWa I Lhthbh b, ZOLRHINLOBENRE, BRTHMIHEL W
T3¢k,

urZXr/tr (3.5.3)

—110—




48= urxr/trgr (354)

rbrzprhrur/tr (355)
»iELNE, 2R (3.5.2) kY
o= hetefre (3.5.6)

Thd, WEEKExy, ke, Tor, ur, b, 480, pr, 00) TH DD, KTEBRPIT LI 2 EE2F 20T
ee=1Rg=1Th D THRBERI6 L4 5, R(3.5.3)~B.5.6)n4RZA NIRRT LE
Bii2or w3z eiohd, — W, ML LD 2EZ 20T, TREHROERIZRD X
JILEHENS,

te=xchi¥gr®  —  Froudef) (3.5.7)
Thr=grgc P2 % , (3.5.8)
48:=h (3.5.9
1e=hi2 gl (3.5.10)

w4 Bz oWTIER (3.5.7) #AGTHER2ITL 21 XL ko b, kicA (3.5.8)
PR HRTORANKREE D BRLBELRIZ L - T TEE ’;:isL’C?sJ: Je

(1) JEf, B L BROES
wlipufaz TEHLHEINLZDT,
g i rewe=1 — Proudman A (3-5711)
(2) A FER X & CELiie
nice=r FREBWLESICIR, nspgrinl/h'PL
nh=h"xg. ) (3.5.12)
ZORHBET D E B, WEETOEBHFELNEL L LS ic, BEESRECET S
ALY 20 Th- T, EFESHLMINE 220013, R (1.1.5) THR#s M+ Eb
Tt Zur/hrzl (Zo; *E.E‘E-I%E) Oi 0 Tbr/ﬂle, nlrmﬁ;‘f-§< tnﬂ/h}’:’:l?ﬂ‘ﬁkj’lll_,?;fl']’ﬁ(f’l
Lirwv, & (3.5.12) rAb¥THEZ UL
Xe=h: - (3.5.13)
THbLBEATORWHERITLIFNE L LW Edthad,
JEEHELH, BAARERTHIERIEME 220 TER TS B0 EH),

3.5.3  WORFUKTHE RO MR

CIOBSCRANERECAM TA L, BEEIERTE BB E TE L WRHIST THEBMZ
ELTAHES,

—-111-



(1) BE ETE 2185
R (3.5.1) TizERMEEAKS, EEBEE, FHHE, HESE IS8T 2, & (3.5.2) ¢ d
b ThkDLE I L 4P BLNS,

Twr= Thr (3.5.14)
m%%=i% . (3.5.15)
%}:;g; 4 (3.5.16)
%%z%hr (3.5.17)

SERRKEDFEF DL ORI £ H Ha&cid, R (3.5.14), (3.5.15) DA EHETHIT
v, ZoXEEBIT (2, Re e, Tur, Tor, A, pr, ge) THD p=ge=15 L TH62H B LIS
45, BRERDEN 2 OTHEOTL2NBEIEREIFET S Lot b, & (3.5.14) 2 EiR,
LT TETIE,

O B h=pvduldz or vv=pasi & LT

ur:fwrhr/PrVr or ur:Twr/Prﬂ'sr (3.5-18)
@ Al n=paed’ or m=pguinl/hEL T
= rur e e Or 2= T PRV 0V nyy (3.5.19)

L b, hLxDEHFBRI N, KHEREHEL 2IRETHNT, reidw IIBEL W
EFbdrd, 23 (3.5.15) BENCAMACZE N AL AKRENRNKEE 40 /x 2 FFET
B EERLELIIFTEREN L BBRL Tyrv, ZoBfFRiER (1.3.15) 28L& 2
Bl T, EAAAS L KEANTOAOFRNERIZNDABEL > TWAERELMGLTWwW5, £
EHTHRDBE, (2, he, twr, Tor) FBLEHT (ur, AL) 2 REBERE L L, SO EEo0
—BOBNEROFERE D 12, EBATEED W, (BETORE) 2 2HL T, 2ORET
Ditr, AL DWEDTFRETHHZ ¥ EHRT 2,

EEHE LR S BHEIciE (3.5.16), (3.5.17) #HWTFHET LT L2 iche 258, 4L
DEHERE~OBTHN LML U4 T Juaicid, R (3.5.16) et

. fr:Prurhr/fwr (3.5.20)

AL, AN (3.5.18) i (3.5.19) u AT L EARET LI EHTEL,

L AMAOEMGIIERICIATETH ), FENEROBRN A v M ThHS, BEHE I ERER
TERIEFENMLTLEIDIT, FERTL W ENEGLHEY, BRI EHL L 2HRE
BRI EHEFCHLCESICE, BETHLN L % CICHT 2L AR T 2

—112—

b



BRAD2bDEEILND,

(2) EMEEERTEL VB

% (3.5.14) ~ (3.5.17) ek (3.5.4) »Mib 5. BEE (xe, ke, e, br, tur, Bor, A, pr,
0) To=go=1 & LTHERIE 5 AHENT, MTBEOMIZ2 O LS, x he BB ET
BER (3.5.7) ~ (3.5.10) oMz <

fwr:Prgrhf/xr (3-5.21)
AT B,

3.5.4. KFEEAOIHEIA
SAE MR C oM s AR kN L 5128 3,

aC, _3C, _oC _ (
at+“ax+”ax =

*C ﬁ)
ax? oyt
D TDIRATHEE S, SSETERMGIC & AR KL EBRL T B, waC/oxTs KD
H & DO OHRTIL L Y

(3.5.22)

Di=ucx: (3-5.23)

ABLNG, DELTRDE I A 200 EFE L TA LT, BRI & EUED AR B
YHLpHRECTERL I 2HEF B L LTHEZTAHAL I LTS, e L TIIRERE
HEL, MNOREBIERTHE T 5,

(1) 3 (3.5.23) LDH4BFRTROENDES
LEAEZS—N, e L ANLX—BHEEREL L TDR
D= (3.5.24)
THEbLTIEHNTE S, el INGERTIZ
€=/ twind Usar/ph = B rwina YY" B (3.5.25)

THEUTELNT (A, B BIIEH), HEA (3.5.23) LHbUT
Ur= TerZer/hrmprhz (3-5426)
ELN, xe, hAZWITTIIWiTR {, Hidred Froude il % ¢ A HbEiid,

xe= e (3.5.27)

4B,

—113—



(2) R (3.5.23) & DAMBROMERESAICL 2GR TELINEES
D=Biurh= Patv hip" (3.5.28)
DRERTERINB T2 (B B8
Ue=tur hefps 22 (3.5.29)
&% 0, #iho FroudellE Hhe b &
xe= b (3.5.30)
tk b,
(3) iR, HEGH S EHROBE
ZOBSIZREERHLEOON LN, L2onToOBERAMELNS, D DR & ED
TEBT HRENBENEL T, BEOFEI KDL FIZEF-2E N LT REEICIIRM R r—

Lt iAo EIA] & FBR L kb icEES RS,
D BHOLOEE

tr=ar/ur = o x0T (3.5.3D)
@ ELFinENADEE
tr:sz/Dr:xrz/( l'wuzxr‘”slpruzhrus) =Pr”2hruaxr2’3/7w”2 : (3.5.32)

@ HETEHOADEE

2 2
_ X

- ¢ _ Xz
' Dr Twr Uzkr/‘Pruz

@ KEFHRDAZDHE
KSR BT GE MO K G BT R K cu h 5 lET 2 &,

:pruzxrz/fwr vz hr (3 533)

D=gu.L’h (3.5.34)
TEbINDZNT (B EH)

2
tr=% ZPrUZhr/Twruz (3.5.35)

® THREHEYFRHEEEETEL WSS

2 12
_ Xr hr _ X — Pr Xr
tr_xrhrur_ Ur Twrl"z (3-5.36)

DED~@x=hNEEALHL(LD, Bilxth THIHBITRRYEREBTO~O

—114—




DHBEFENFENREEN B >TVHIILEEHRL T3,

3.5.5 IRMEREER L B BMEREEBRON H
A2 FM, BEOHE S, MEAROKPFERRE, RUWESHEL SicML, Bt R (3
FERL, I050) LH BENVERER (58, 2%m) #HON2RBLTIEELTAL I,

(1) 442 RH .
- 141, 101, 63, 474, E£B-7.6, 4.4, 3.1, 2.0 THY, EBEFLK 3.5.7 D
Froude HI) T%&#T 2 » 143, 83, 58, Vo sk s X (—%T 2,

(2) 24 2DEENES aw, a
o DMEFTEE—0.239, B —0.14~0. 17 OB AR 3 WREL T, 22 VENTOER
MM D BETH 12 EZbND, 6 DREZTHD L, FE—0.0202, EBE—0.15T4Y,

E-Y (358) Brw=prasur UR (353) TEEEI
b
G'Gr:hrIXr (3.5.37)

INBLENBIBDICH~NEREINCANZI W EHh S, mOETH G R 3.5.12) £ 5 Froude
HzmET272010id 0, =4.8FRHICKRE L, EHNBE, BnryrBRicEVWwC L2 b8 T
FEILHE, MMEMNTIIID e ZRMERLZ LIITRETH B,

(3) WREWOAFEE R

(2) T2z & 5 1 #EE Froude BIZ IR L Ty iews, TORHH 1O L TEMEE 4
Bl 2R (3.5.19) THELTALY, @r=7.43L 0 ce=122 N Cr,=1&F 5 &, EE
R EED BRI KA RIERE L B & 0, =0.375 %5, EBW =6.24m/s T ttra 53.5
cm/s, W=3.0lm/s Tu,=1.5cm/s LN TWENT, u:=0.37%Hv3 & FNFH9.5,
4.1cmfs &% %, B SV TIRARICRAKFERKEOKRE 22 HALB T wbhlF THE,
241 L XORRLAL 1 BemsEELLNENT, IO LS LFLHTLEBITEE T 2w
EEZLLILE,

(4) BHAHZ

FEA & LB ERREER TOTHREROKRE & 208 TAL 5. #FA#ES~10mYs, EBEW
=6.24m/s T6 ~40cc/s, W =3.0lms T3 ~ldccsTh b, 3.5.4 @ (3) n@D~B#% Qcti=
W BT QMU E B TAR L,

DR=x:krttr, D=2 ue, QQe=hP2tr, DQr=x"ttr, @Q:=xcheu:
Fbe we=1, 2:=1/8000, Ae=1/50-F2 ¢ Q.!2

—115—-



M1/4x10° @1/2.2x10° D1/2.5%10° @1/6.4%10° ®1/4x10°
Ehrh, EEOQ,i21/3.3%x108~1/1.3xX10° Th 5, 2F VRIS TOKEHRITKTF, HETER
WENEFNOGEOEEE S 1TT, FOFEOKEISOHUMTCENENE - Ed5bd 5,

3.6 38

BONRBERPEERILICTIEDTADLERNDE I TH D, £ TRERNMEBREICHT
LEBR, LI,

(1) CiREZRZLOXIOEETREW ORME L LIC BT B, wee/W 383U TH
%,

(2) HROBBIIZDEBROBEIIIARDS ~10EEE I #EEZNS,

(3) KEEMLEOFESFFEHEATHEZ N L DL &L TESFKREL, ZOETD
BERII= x2’ (z; KAL VOB THEEINLLI PSSV EHTFEEING,

(4) ZAN¥—A_Z i LlHzZ U FOREMT—5/30BMHRE2HF T 5. eD A3 KK
INETFTTRAELVTRTIEY,

(5) R (1.2.21) 1= (1.2.19){(1.2.20) 2B TH6N3TE, Jur gt ks S3%E
By BB L w—BERY, IRERHYRE g, ke Y3 Re=uh/y TEHTE 3,

(6) ERMOZINF—IEED Lo, xALE—HBRANCAMTE, WHIL I,
EBRAERRCTECLZLNEERLL, FORBRREI DN H -T2 L, GLFEE/ 8
KEBEHEHBALAL 5 ~15BBETHZ Z Lhtbr o,

(7) BAF—F, 2 by 7CHIEL 2REROVBHEMEL ERTIT L v, Tue 2FELL,
FOHER Tyl Te =(Eu+ EV) /Evins & WHIBIRICH B 2 Edbiro 12,

KICHEFEEHFZ L - 22T AEICE W TREKO KR/ BRI W TERSITEVWAD L
I kR ESL,

(1) Ve THEFRICEAICKRENS HBAICIIAGED R VEITIREEH Mo R,
FEOH T FROKFFRIEAEL B,

(2) KEHEBRNOKE SFK=0.043uh £ FVTR (1.3.22) 12 & MIITHETE 3,

(3) Kul3ZEBTRELTETIEw, EEEBEELO T WIBAIIEWT Ky id K. =0.043
wh D3~ 8ETHY, HEHACRBESINI LN TV I ER2TREL T2, HEELN S
2EAITIE, VB AOREREVWENIB LN, ZOBERAICRBEEORK, ok kE vl
DERICE2RABEONKL EVEZ LR,

(4) ETLHLEDORBRENEREIL, HBICHL ) KTHERKD < F—ic L VB3N 5,
HFZEbD 2 ¢ SRTEE B AR T 2B A MR AEEMIE T LYKa TEbEN D, K
KRR R A B AL, ToLl/ua THY, KFREFEEIER (L Xure) 12
THIEETT,

KB BREREHCTRER, AL anEBETL o2, 2RI,

—116—



(1) HATHOFIMIARF, NEBREVEESHE - 2BILE 2 - TV 50°, KTEERIH
HETLIARTIEE, B, TBELIIRF—ORETRFMICHRNL TV,

(2) BLBCELZBERIIGUNRBIZHB>TELZBICE N ETRENLTWE, 22 YW, N
DRPITEEIEIY, S TREETN Y Ths, FOWRBNEIEIW=6.24m/5 T3 ~4cmfs, W=
3.0Im/fs TL.ocm/s Th - 7z SIEA TIIEEFFED O 7 — > 2%, 2R A T BB
->2E, WMo & %, $hEBFERHEL LD, S, NoORMTIE 2L kK FERRiAEL L,
HiRA, LHATOHOBREEZEHOROZ LS THE, ZokE S35 (1.3.22) TTM
BNAREICH~NF TS, BBV DERLEEIRRFFRO—FKRIBEL Tn5d &5
ZbhiLd,

{3) &4 2EME7.6, 4.4, 3.1, 2.0s % EAIRT B, KEEBHNOKREZDMALIC L BIE
frii 2, 48, S, EROETH - T, RUBAER L 35 2, Ko EHERASC L
A EERE —BT 5,

(4) 4 22 DRWFIRAFED BRI LR, FHHIVNE (%> TR - 72,
BRI oHE S a0 13 Keulegan & ORTESBEICH~, 14—F—KawfliEn -7, BoiliBic
BeTL ooz Ren, & (1.4.17) PRIET 2 :h0REVFHENBMIBTIIBREEATY
HWHRTHLEEZLND, RICELHENERTH 20 b0 ISEE LFEFICREV-HEL % -
7z, TR, OBRELSNOEEIAL, QB ROBE, QKEIFENZE, RENEALZL
DrEZLASE,

(5) BWEA, LMAZLE -2 REFMEHKE X 32 KIRBORSICES: D TRERET
ral, ZOFHRBESFORAEL, SBNTOERAHE(, BHEOTRICET ZRBOH L
EEICKEWZ 2R, 220Ky 7 AMOTRKEOBMEIFERALI A2 2T LAE, =
ORBFERIINOWTORRHANRRN & 5ITKE L, BRFEORN & 58V, TGN
DREETVI E0.10~0.40 LHMREL HE NV Eb L 12,

B4 2, RER, BREARCETIHAUMNZECL, TofRELILHE L,

(1) 42 2diEIBE Froude iz L NEREI NS,

(2) BRERFEOHEIAIZEEEL ZEIC AT Froude AlICHES Lok, EEHE Hog | 72288
Ron2fiENLcborEz Lns,

(3} ARFRAOHURNIFRR, HAEOE—E LT 5 L, BYEEIRNOESIC ]
DBl b=k, ZRICHLIDZ2HEND ) L EL LApFEBT5GICR, 208003
e REAoREIC L DB ERORASME Ay — L T 2,

(4) BliR#E r EREBREELHIMNZHCTRELL, 24 2B W TR I
Th, €4 L aDBFEOHE LY, HRUOHEMIIVETH 722 Edtbhr oz, KFEFRIK
DREZISB|ARZER L v L 30BN L DILITHIIND, BRENOKI I THRERT
FEA L 72854, KF, SEERIICE 20BOMEE T, TOHM0E ) RRREAREF S
NH:E25L) LHMMNTHEATS 3,

—117—



£ £ X

1) Keulegan, G.H. (1951) : Wind tides in shallow clesed channels. J. Natl. Bur. Stand,,
46 (5), 358—381.

2) Baines, W. D. (1965) : Wind driven water currents. Proc. ASCE Hydraul. Div., $I
(2), 200—221.

3) Plate, E. J. (1970) : Water surface velocities induced by wind shear. Proc. ASCE
Eng. Mech. Div.,, 86(3), 295--312,

4) Wu, J. (1970) : Laboratory studies of wind—wave interactions. J. Fluid Mech., 34,
91—-111. .

5) Wu, J. {(1975) : Wind —induced drift currents. J. Fluid Mech., 68, 49—70.

6) Shemdin, O.H. {1973) : Modelling of wind induced currents. J. Hydraul. Res., 1,
281—-297.

7) MEERE (1975) @ MEAROVGERC MY B HHEOHE, LAYSRREE, 239, 3746,

8) Dobroklonsky, $. S. et.al. (1972) ! A study of near surface layer of drift currents in
laboratory conditions. Izv. Acad. Sci. Atm. Oceanic physics, 8, 1177—118&7.

9) Wu, J. (1973) : Prediction of near surface drift currents from wind velocity. Proc.
ASCE Hydraul. Div., 99, 1201—1302.

10) Ueda, H. et. al. (1977} : Eddy diffusivity near the free surface of open channel flow.
Int. J. Heat Mass Transfer, 11, 1127—1136.

11) HEEE - BR&E (1979) | RuMowGERic T 5 KRR, BroEmemrfids, 6,
231—244.

12) v ¥ (RBEAHEER) (1975) © ELR., Hikd#s, 226-—228.

13) Elder, J. W. (1959) : The dispersion of marked fluid in turbulent shear flow. J.
Fluid Mech., 5, 544--560.

14) Li, C. et. al. (1975) : Physical model study of circulation patterns in Lake Ontario.
Limnol. Oceanogr., 20, 323—337.

15) &mE— (1979) © BRORIFRS & MEEE, KUBRAROFE I >wC. Jen. J. Limnol,
40(2), 102—109.

16) BEOEAA (1974) @ EIFKERERER. HARYSI1T4EATY RS aMEEB -1, 1 -2

—118—




4. B E &

41 @& L & IC

KERHEBORIEL & Lo, FRERE, BE0H4 LOMBILEEL AL T, BHTkE
LAKEORB R RARE 2 HEFAFC LV H L LTI 5 &S BAas, Bt $ (%
S TET VD, BEFHELZAVEA Yy FELTIE, ROLSI A EHELLND, HEIEER
R, AE, RAHSFZEMMICELIONS, FoRBRENITEN Y, B, B
TRBRTTRE LA ITRENBEIC LEHHE LI, & LICROBEIZ L 2MAKO LR, Lw
AOTH, FAERAKORAL Y, SRICHEINATOLEEICL N 725 SN ARRS
WME~OVEIBT LM AN & 4 B, SHEBRE R TAH5 &, KBEFTRREE 20
FENRETINS, EROBUMEE LD EEFRL LW TTERD I EATE, $23 )
) IEE PR CRBERETELZVAE SH LR OR AT TH B, 3 AR LR PBTR
BRETETL, ERTREPOTNETETHEDTEL WRBEELILNE I E L AE LN
Thd, TAENLTEFRE LT}, Boh2BEFTNHRLHLEHOTNEL T %
FETHD, BICBE—BoATE TN TRBETHLIAL LD LML N2, SHETE
Wift, MERRLLCN L TEEALEDE R TLE ). SLIER, A v 29Uk BAR
Gff, BEMMETEL XV MBRICIEL Ve VA BHRITELL T VEIEL B T T, 38
EFHE & b b TRECKI L LT L b v a b %, BRTIIETHEEY 7 F 0850
REHMAL, FAENTEFNOHE CREHE LT 4> TOEBEEVLL S,

I I TR 5T ARERE P CBECHT L bN L BIERAF O T 2 8T 5. KICHE
RRIGE & 7 R RMAE, BRGNS ZH, EREL Y, BELTETFALENRIC OB LT
i 5. WEICEBEORKMEHEN > LT, =7 Lo+ 2 Ekman-type model, & » B
B, B BB OB KT ETANEMEIT A, 2, 3 TERL - B, G
EB - DB 21745,

4.2 HMEHEICBAT 3 —f#EM)EER

4.2.1 FHEHFEOHE

WIRIC BT BUEROBIERITERR 2 DERFRRS L RT, SNEL DS TR &4
EERTE, BETL TN T2 REFRICANERAE LI1IIR L TH L, HERY
HETORRBICBEL Tt Cheng 5V 1n 8LV, HLRFREANL I CMHED ¥ { 7I23HL T
5, (1) layered model, (2) level model, (3) Ekman-type model, (4) three-dimentional
model THY, ENEFNOHAOFHRRIUTOL I :Ha2 &fJ""CfE‘ 5.
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(1) layered model

WA NES IS BE AT LB, CHT T, BROERREEET, BHTHRESH
BOREEEITTHB LV EHENL LT, TNFAOEKE TOFERE (7, 7) RUHEH
ROGE (C) 12T 2 EB RSN SR SAKEREZFHALT, AUIRECHI LI
INEELLDD, SEREwREHESTRBEOE I YL tb 6 s, K, BMOENE
BHEZHP, BEEDIZRBREENFICL2BHEICBRATRAY 2 v E V) REICRHED

5, —BETNCRESCHBEH»H N, ZHNLDEL T Yuen i X % Ontario #l€ 70
PHDY,

(2) level model

MEMBIOMBEOELL 2 VBIiomT, &8I OBREFHHE (@, 7). RUZ7) » FA
SrOBEFERS (w), EH (p) %, HEMILLEHENER, EEARUBKEOAE
MERBC ZEICEN L&D, BEFER, 2RALX—FEREALZHEVWIIEE (p), BE(T) %
FLET) Y FIEOEREALFTIELTE, BERLRVIRI Z XL TH S, Simon” iz
&% Ontario MITH4BEFNHHELTH L, (1) LEBCER, BETHOBBRENSZH
REEYSH B,

(3) Ekman-type model
IOERIIA A TERBICHGWTOHEX* T I HORL  T0FELE~NE, EHLKET,
WMETH, AEREES I NS W ERET UL, RO L) 2 EAHERIBLNL,

2—*
—r=-Xp 28 (4.2.1)
= — 54’ c+Er az i (4.2.2)
g“. +§; +ay =0 (4.2.3)

. . . S ke A b . -4 ._ g'é'
FhFNOTEIRDL JIZEATLINT N5, 2° L‘ yr= L’ z* =5 ¢ = TLun

g‘:g:' 9:7” E=K./fH:. ZZTLIZMOKERr—nN, HIIKE u, 1 BEBERETH

b, WMREMHL L TRIAKET

@=d"=w'=0 at z*=-h'(x, y) (4.2.4)

& (h*=hix, y)/H), KETH

_ % —%
%:ﬁx, gg.:r:,, at z°=0 (4.2.5)
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’C';)& (T:x:fwa/PKzun T;yszyH/PKzur)a :lf’kﬁa)%ﬁﬁ#{ﬁﬂ—‘\%ﬁi“ﬂii,

w_wyiox a0t 88"
W*=ag"+ii*, p _ax*+16y’ (4.2.6)

ERD ((iy=-1, R (4.21) (4.2.2) BxOSHICHFE» 260, WL THCZ L0
ks,

2 *
:‘;z—u./z—iW‘=p* (4.2.7)

o_sinhA(k*+2*) (ehtizd,) _i(cosh/lz*_l)p.

cosh(Ah*) A coshAi® (4.2.8)

TLTASGEND THD, N {4.2.8) TREEE p*TH D, ligid ld DTEER TEHEF
Bt ko L iIcEIT 5,

w1, 1 a¢
u "h*-[_.h‘u dz =73 oy*
{4.2.9)
-’l_i_ ° pr) __1 a’ab*
v _h*.[,.*y dz= h* ax*
IEAVTR (4.2.3) oERARERHETHLNT
a * = a x =k __
?(hu)-i-ay.(hv)—o {4.2.10)

EZ N, T (4.2.9) (R L B ¢t A E vy, X (4.2.8) 2 -k —0 THRPL, p* %
MELTICHETIEOMNOTERIHLLL,

» *
gf.+bz;'.. te (4.2.11)

vigt=a

a, b, ocidcd, iy, Ef R OEEFLTELILN2DT, ¢*=const. DERFHFLHILT
@ HRETED, KIZK (4.2.8) 2EMBGLE P OFETIHNCRALT p &L DB,
PALEERER (4.2.8) &) @, COFKRTOEILEEE, w IR (4.2.3) Fa=h
FTHTLTEOL, 3 VIHEEB L2 30R(4.2.11) 3R (1.3.22) THRLTH 5.

Ekman-type £ 7% = k3 A TR 201 Liggett ¢ Hadjithodorou® T 5.
Z ok Liggett 12 & DIEEHUEREIZ, Lee & Liggett™™ (o & ) #UHKEEIZ, Tomas™iz kY
K. O%EZTLEEELLRICEEIN TV, ZOFEDORMIINEREI ML LTS
Ak, FEEHEZ I VLHHENEETHL LI I ETH LA, FARISHEHBEE K
SERSMEHAFE CE L e ERPHEET 2,

(4) three-dimentional model
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(1), (2)DERETNICEWTIE, u, v DHESN, wNBELTRETIEH L4, HE
Thbu, v IIBEREINAHELTLEF S, SHICHLZZTWIZRTETVER w, v,
wRAH LIt x, vy, z FARRSCRES E¥2HETH B, REWELT Liggett™ 12X 3
CILENH L, TOHETIIABRE RTMCLLTHEIL, u, v, wlid staggerdgrid ¥ &
FURIC AR FH LICRBE NS, x, y FAOESRABRBELLIEEZTLHA, W
BET A E LU TOENESTE L TEREND, 372, ZORZTNFLBERSL, 2, ¥
TR L7 LN2RLbbEEI EIC L VEAHFEREZH ATV, KE Tt ligid lid #{R
ERAGTREEIZEZT, CZTHwETRvors (. QEOESRARER, EAHER
(BKENMEELERLT), EHERNFIEREC L0 (1, v, w, p) 2LEHTO(FHE
Thd, CORFRRINVBESLVWHBERE VIBRTIIEILLNEEL LN Y, HEILE
T Ae)—, BRGSO TREOCERM TRERNAKBICHL TKRTEVERY S DHE
AnTwin,

4.2.2 BFICHIRETHEG

R4V ICRITHARTIT e b, :ﬁﬂ?ﬁ’cmﬁxx&mm%&fﬁﬁﬁfﬁﬂkﬁﬁt’c REH, FE MR
K, EFADFA T, BEHEHA, KEHERH WHIEOHE (Y77, N—E®), Ci,
BEREEOE, BREMGOGELIHETILEH bm%fﬁ'o AR Y DB ED 2T
KEREFEROKEZSZRT. HBLDLORZAEENRE LT3, 2LEERANTWS
ZrizkN, RUBOLDLDEZRTTFE (%ﬁ%’* [BEE RT) RFEAL TWa:mBAT

# 4—1 FEREATIT b lREEdENE LD
Table 4—1 Rearrangement of reported numerical simulation models for
wind driven current in lakes in Japan

pas | MRawnel 3770 (B 8| EPEE (T conzs FRRERRMY c ok
BEhf | 1974 | BrW | —BEFA | 2R Y{(1°83) Y 0.0013 2 non-slip

B OV 1974 HEE | ZBET | E4 N N 0.0026 3 slip
4 B(A)2| 1975 EEH | —RBeTn | B4 N Y 0.0013 1 |nonslip
4 BB 1975 | IEE# | ~Be7a | #y | Yd0em¥s)| N 0.0013 N [nonslip

W il * 1197 | BB | Ekman-type| 4 N N 0.0013 nonslip| slip [ K,=162cm’s
Hilfh'® [1976| =i [k, 0B #4 Y(AE} Y 0.0032 ton-slip | non-slip

wEle | 1978 |BEMEN) —B € 7L [RERE N Y 0.0013 2 |non-slip

Ao (1977 |2 Pl ZRTETA] BG4 | Y(00Pems)| Y 0.0015 2 e

B | 1978 |[RENEN] —HE T | B N Y 0.0013 1 slip

£ | 1978 | MW | Ekman-type[HREERSE N N [(1+007W)x10°¥ non-slip| A8 | K,.=560X10"*/ChW
NE = | 1978 |8+ Wt — € [ERERE Y(0%em®s)| ¥ 0.003f2% |nonslip| slip

2
Y fEfE+ 3. NTELLV. BEREOE 1; nv=pure VIVI—O.S%rs. 7=0.0026, ri=0.0013,

Z;

ro=1RVi¥l, W#=00026. 3; nn=puK W V—0r,, B=1, Ku=26X10"{cmfec).
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IOPTRIRERAUE, FFSESL (A) IEME KEHEBHOEESS, KERP—FICL
EENBREL LORBETES>TWE, 8 (B) RIS LERFOLTHIL-EFLTH
5, BELIGRMBCHEFERZHCT2, $LHEES, BRAS, Eo L nkEeEwE it
SIBHBERLMAELETVE, RIS 2, Alt4 2 (REBrLE#) ol
BLTUHMTZEDT WS, R&TIERLLEHOEES 2 VIZHENKE RISV TIZL.3 TF
BLOERFTNERTE SICHE#TE I 2 EICT 5,

43 HREFZrHER

431 #HE—RB_KRTETNL

421 1KLL S, MRFCRBAROHERFRCEIEEO L), TR
BT, GERL TS, R23BIcBiT 2SR, L4 20BBRVIALDRLICL D&
Y OIH - REHROFHE L HBE L TwT, Bl I av—baritBnTi, Bkiicid
WG 2 2HEHKESERTRAROHL L HFEL L T3, HEEnE 2 2o ETRLI3BER-
REIHET AEERRZT T OO T I I LR ER L2, B42ICFNOHEPTT,
BB TEICIT e » 2L id Step 2 @ Ekman-type model * Step 3 TH AN TINEHEHT
4. Ekman-type model i 2\ TIE 4. 2.1 (3) ICH L FOHRERLEDT, 22 Tid Step 3
DHE—F RTETN (LHE—BET L ERET.) IL20Tik~N2d, ZHOETADEHIINE—
B HWGRIKORERR, BRL XLV HERNL, SHFECETHREBoAL 2w
TETEL DL, BRTEIRRE LTEHEEL, 204 A licd 2 kK ERRK: REOEH
BIAMEL2F N4 a2 Thd, EREHFENIN(1.32) (1.3.3) THEAYERTL L,

%g=fv;g(w+ma§—(h+t){i( Y )*a ( = )}

ax ax \(R+Ty/ " ay \(R+ L)
AR (4.3.1)
+K¢vqﬁh%g5%? | {4.3.2)

%gz_(%%+%§) (4.3.3)

U, ViZSEMSRE, CI3KREL AEKER, £33 04 MR, KA BEASEEL, T,
Twy (XIS & B REEBEIG S, T, o BETEBRIE N TH B, R&-1P0—BETFLRT~NTS
DL HBIEDREAFRERLERHBERE LT, (U V., §) 2D LTENTH 3,
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= 4—2

W - BEHROEEBROLHO TR 7T L4

Table 4—2 Program for numerical simulation of wind driven current and

mixing process in lakes |

% € F N E I OB
BETKTEFNL ® 2IF1LI & B N OB
Step 1 | ok 2WEn# [ (x, z) €T NEH BEKEER
fFt i ® 2 DR IE ) ¥
£ B B Ekman-type & AR R E IR - MG s
Step 2 I~ model Pp)=d H—
. I gnE—BE T | @ EETHNEE 0
T BT BW | o | @ ATERRO A Ty BRI
Step 3 | BHL, €4 am g?» - o0 BHEIC L 2RSS | AR, 3
AR BnF g i
AN ' _
| FRBEBIOR Tk | @ SR L BN EROE |
Step 4 | ®RF, /=2 T o k| E
WAERRAT
OSBRI, BEMOLELHD
et
AE— B RTC
Stey 5 | ERBEBI B i;»gggz o EMREEFUWE (COD, |
7 emmomtimr || D0 T Chlak ), BT (S5
7 X)), SAEHBME (DO %
¥y oFHE NosEt
4.3.2 FREZEHICE >ENME

R (4.3 1) ~ (4.3.3) 2EBOMBTHE CITETH 2 CIEZIEL 2 AREO &5 S
DEEL EHBIE LD, ORI IESEE HREREIE 2 SNT W5, &I TRER
Bk BER LDV IFER L OFRERE (MEFEM e, ) # vz, FEMaER
fhizd 7 Tid, WA I —fmic BV L1 3 Galerkin 3 Bz, 2% N EHFRERN+ &8
RO EAREw(x, p) #HLRICRSL, wir o) CREERTOMERNT 5K
BAACTWD, 29 L CEHARICET 2 ERE I HRERESBLN b ThEY, £
Witk kBRI L L0 LTH I EHTE D,

kﬂ%?+1A]¢+b=0 (4.3.4)

it di=(uiy vi, L) #BHET 275, [ClIRIFERHIC 2 2HBATH, [A] 3 ARTHHE
YH, EAEEERT AREAT], b I HE, B REEEE o)A HEPEKRT . R (4
3.4) OMESRURMESHEIC OO TRBRTERNS & LT, BFEGHE, BREEOHAE LT
B, EFLLTEB - #ooME4200kbE900, 4ARSHEEZLHCTWA, fEAR
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7N FEM 13 3 fif 6 i SRR A HHI T » 12 df, T EORIE, BRBOMEBEN TR
N P EMEC RS, 4 A8 AERE Ll vy T IR L0k R, TR (R
RS &, BFN4 AXER P EHRERICEELHRTIBIAC L SZEHAMECR LD E
BREVITAVNT AL o 2RER BT D L FECBETHED, Rk ELT
TRNDLNDEHNT S,

4.3.3 KFEBEMEFEKL, BECEREEEY twid,
(431 ~ @3NFPTLELFRKLNAKES, toid, nDERLEDWTELHTASL,

(1) Ko

FA-LGRL 2 4 FRBENTTL, KERMETHIMZ STV 25688 AHIFER I ATV
Br—Ab kb, DENKNOREE VI TRAINEBELBRHN £ TuaWI e hb
PLEHBEBLTWELDEELGRE, LaLid sl Twd KL kid, B TR B
ANBEKLERRY 7LD THE, 2 VEXRFHNE V) FHETERSALERLFERITH C
ETLEENERMSLTHLNBLNT, KED(u, v, ) LI IOBEEAr — AL TFHER
S NEErEZARETHDL, 2 LAERCBVTL, KLREZEOROFRICINELT B &%
AL NDRETHBEEZLNLD, Z0L I hBEADPL, JITRERAr—LERERAY
—nELGRY, VFe—FYoo4/3RNEERLTKLEEEL 2.

KL =R{4A )" {4.3.5)
SITRIERE, JAREBEOEMTH S, B DEREBORBIEKERNELEZLTTHY,

(2 ) Twind
Twind @ﬁt'ﬁ} Twx, Twy 5= Irw| ‘b"ﬁﬁi@ 2 ﬁiiltﬁlﬁ-% b L'C;)(mct "j J:fﬁ;??%‘i 126

tm=PaC(va Wx2+Wy2 (4 3. 6)
Twy = e CiWyv W+ W7 (4.3.7)

We, Wy REEDOERSTH B, BHFIIIL LS b~k i Gl B, Byl 57
D H 2D, FOBRMCRERCAK D BT IERGI L TLHBNTI I L2BELA,
CiNRE SIMEFLENEMEL L 2HBATNTERTELZ L 244 TFT,

(3) =

nNERIC 2O TRBEAOREIZ L IR (L3.5) ~ (L3 L) LU s A 7THEILN, 12
ERICL RS LISREAL LI EHEO LD HV LT E L, Z 2 TR EBORTHRIIRS
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LTv 5, Red ¥RARDVERENL FICHESHEHEL, TOERELNL RN THWEZ
iz L7,

_ PRUS/U+ V?E
S R L

_ RV VT,
A VRS 9% o

krwx (4- 3 8)

(4.3.9)
E=025, Oz TII KL FE#IC4 4 TR~<BZ LT 5,

4.3.4 HIREMH

HRATHENERI A DAL O EBE, BERAIC VW TRERFO~ORFEE LYo & ¢
Aslip FfEE, B BHES L LICE0 L3 5 nonslip &fE4% 2. BELERMEMEL LT
7 AEAICIE nonslip FEE E LRI L WS, T2 TLEHTWE LI L HWETHEL YT
EEFRFH DM, nonslip FETIIBARNOHEBICLAREHHESITLEIZ L, 228
REKRImOENCE T 240, ERCEEOMICLENYIFLETLZ oL Y 2EB L Talip
FHEFBCLIZ LT, BRINLEBFEFERNCIBVT, IOBEREHLRN L LS
ot el ricHLST 5,

aw ., _ dv, _
Lw%ds—f’:w ands—() {4.3.10)

j;w(ulirvly)ds:O (4.3.11)

QISR dsiIMBR BB TOWMSEE, 9/on BEROEBH ~DWRIBEL, I35
R ST BT RO RN TH B, N {(4.3.10) i2slip #Em L, KX (4.3.11) 3HF2H
LTOREDHANH LI L 2FRL T2, FRZHMBHTRLLL I, BERCEY
T3, WA L B, WRER, 420 E~ERLIDZREXEITHENT, ZTITH
FWAFNISERL T EETE - 72,

4,3.5 EpRMaEk

(4.3.1) (4.3.2) 2HH L2 HERIEEREIFET 20 (U, V, §) ICBLT—8IcIER
Frid, JREEEECIEFHBICNE LT Newton-Raphson #, HEhki L 4% 55
Eafy AT RN ICHERESBRRE L), ERTIE v, EFEICE VTS explicit 5
KT, PERELBIT 2 0HCBERANREZIEEOHEIHAVLILTWS, FERLIIERAER
DBBAFIOERMGE L 212, BEENZESHAZREL T35, Simon {2 Lax-Wendroff
type K4 ONHRLHEL T3, £ T LAWK EICH VTV ADLE: L3, xF70,
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YHAERRIZLEDTOHRTHLY, ARERBICBWTL, BHBSRES BV TLE
ENBIEHED BFEIIE S OBEESA X —LEBAREN T B E LTIt Kawahara 2
12 & % Finite Element Lax-Wendroff method 7% 2f8E Th 5, =2 Ti3R 4.3.4) 2k
&I UBTRIL 2.

¢t+d: _ wt

(eI

+ [A]d)e+bs:0
¢a=5Qz+(1_6)¢c+At

r(4.3.12)
ba=Bbi-d¢+(1—6)b¢

0=4s1

=0 Tt implicit &, =1 Texplicit i2% 3, be % AN L F B2 FICIEEY S 2 55,
ZOHERATH 61 TL {[Cllat+0lA]} oiTH & 1 RIS ET L sy, 3
HEEMOEENTEE & 2 30 TRW i,

4.3.6 EOBBCHT MRl ARORYE

RS HRE L TR (4.3.12) 2BV HITTHDY, TOBINEVHEOL I el
PRIITAHALECIIEEERBICLIVHLMIL TAL I, =0 implicit T3 —H%IzBEHI £ A4
PRE(INDETHHNTHD EEZ LT3, L» L Simons®® 3@ xLTiL =05
HPREG—BIEN TV LML T3, ZOMEICEL TIEHRRIZRO LS T HFETRED
BREMOBHET A>T 0™, KB EZLT, 22 TORHRARE ELREIFRAT
R B N B S RN /N

1
at . 9ox
{4.3.13)
ot _ _,du
A kax
FEznEn G, 6 THMCHMLoRESEITL I E, (026, §,51)
u."“-—u? _ g n __ y¥n _ n+1 n+l
At - 2AI{01(§!+1 '::—1)+(1 81)(§:+1 g }
(4.3.14)
n+l_ pn
& a7 £ = 221 {az(uz-n ui—1)+(1_32)(uf++11_un+l)}

corv={¥} e Ta e, UEMETIG(R) tHOTXO L 518 5, (=1
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Url:f%(;n(k)ei(mx)(géﬁ;) (4.3.15)

ZZTA(R), B(R) I3 A=0 DM EL NES S, GE) 3N (4.3.14) DA, KDL IIC
Fzb¥E b,

G(k)=

1 1—gha®(1-6,)6, —iga )
1+gha*(1—31)(1_ez)( —iah 1—gha*6,(1—d;)) (4316

I Il a=dtsinkdzfdt THL, 6, GOHEIZLEN GE) OEHIE AL, A OKREERUTOL
JckE B,

f+o=1lnk = (1—20.) gha’=4 T |A|=1
(1—28. Y gha*>4 T mazxji|>1

fi=8:=1/20k % Hiz|A=1

fi=G=0n%r & |Al<1

fi=8=1nrx  |A>1

8,=1, 6,;=00& % (or 6,=0, 6,=1) At/Axéﬁ < |Al=1

F(4.3.17)

1 .
At/dx>\/g—h’c [Al>1

A (4.3.15) S VBALAL L FIZ A, A DB L DRDE Y ICEBOEEEIHEEN D,

max|d| <1l — HE
max|d| =1 —hir (4.3.18)
max|A <1 — %H

ERZHAHL ToR (4.3.17) OHEEME, ERICR (4.3.14) 2HMEFEIC L ) B LgEE
LAEMI SNz, Ty WICHEE L CARERETTLICEWTYL §=1/2 T, 4t BRI
V10U FThILE BRAHIE L 200 & 2#ash iz, =5 L 1-#RIER (4.3 12) 25 < BA10,
G=1/2 TIEHPITTHHIE, =0T CICHTLTLE 5 2 2 2L T 3,

4.3.7 HRELEE
LRZ =N dx FEZ LRI L &, Bl Ay~ 48 IR, BEOZEERMIC LD ST
313, EHEOREBEFOFREL TRRA L.3.14) T6H=1, &=00%HIZu, Lt it
7w ¢ explicit HRAZ DT, FDEEMD £ KDL S % CourantFriedrichs-Lewy @
g (CFLE&MN) sEEh s THRLENE,
4% 2V 2ghnes (4.3.19)

2T hoo BRBORRAKE, ZOFESEED EHDLBRICITASE, KRERTSEANT
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S Twinied, FREIIAPERICANT, HOEFHRICHGTA.3.6 T L 7 BIGTH o
BAHEFHET 5 FE2EAL T, ROL I 0 EBHLEGTV23,

4EF .
z-gh(jx)ﬂ le’| d¢ '
{4.3.20)

e =

AU/ h+E)) Y. VIth+8)) | HyU+V?
ox dy (h+&)

ZOHRE L HEE, EEEREOTEI LY, 4 O&HIER (4.3.19) LR~<EL TS
ZEnbhr b, —RENCIER (4.3.20 125 VREREL D EHD I EIE, BRI AENFE
DREL VOB L TL, BEOORErELN I BE 9,

4.4 BUERTHESE

4.4.1 FEHEETNLHIZHNT 2 Ekman-type model #iEE SR
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Fig. 4—3 Simulation results of water level fluctuations at Tsuchiura (St.A)
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Fig. 4—4 Wave energy spectrum of seiche oscillation in 5t. A-numerical
simulation
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Fig. 4—6 Cross correlation between water level fluctuations at a few points
along shore line (numerical simulation)
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Fig. 4—7 Flow patterns obtained by numerical simulation for proto tyvpe at
W=9.0m/s.
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Fig. 4—11 Wave energy spectrum of seiche oscillation in Kasumigaura
hydraulic moedel - numerical simulation
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