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CHARACTERISTICS OF ALTERNATING CURRENT BETWEEN
SOUTH AND NORTH BASIN IN LAKE BIWA

By Yoshio Muramoro and Masanori MICHIUE

Synopsis

It is very important for engineers to know how the alternating current between the south and
the north basin in Lake Biwa occurs there. There are seiches and density currents in main flow
patterns which control it. The period of Ist mode of the seiche is about four hours, but it seems to
change by water level.

The probability for occurence of seiches is related to both wind speed and wind direction.
That is, when daily mean speed of wind exceeds 2 m/sec, the probability for occurence of seiches
becomes 0.5. Moreover, wind directions of NNE and SSW components contribute especially
to the occurence of seiches.

The density currents occasionally happen in fall and winter season. The discharge due to the
developed density current, which flows from the south to the north basin, is about 2,000,000 m®/day.
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Table 1. Numerical condition for spectrum computation.

Name Duration I Flo_w Velocity -~ .,»‘,’.‘f"EF ,Lf_‘ﬂ .
[ N | m AT (sec) N m T (sec)

1 2~ 9 Aug. 1976 576 58 900 864 86 600

i 12~17 Sept. 1976 576 . 58 900 864 86 600

m 10~ 15 Nov. 1976 576 58 900 864 86 600

v 7~12 Dec. 1976 576 58 900 864 86 600

v 16 ~20 Sept. 1976 480 48 900 720 72 600

A% 10~ 14 Nov. 1976 480 48 900 720 72 600

VI 19~23 Dec. 1976 480 48 900 720 72 600

#iTable 2 (T LHTRINTEY, SROOHMAY I av—va v ERBNISHIBEL TV S, 51T,
CH L EBAME BRI T 270D, HEBLUKMEDORRY FAfl%E Fig. 4 lZRT., ZhiTkD L,
Mode 1 D#RIS, KMOR <7 FANTREECHAN T ENIDO H 5, HEDORRI PV TRERE
NTHEY, PEVREFEOBAIOTHLLvi LD, RIZ, Mode2 L 30#HiEIZ, 4RSOHEPH
HHERTH 220 -7 ZABINTwIghE d, EBFOBRTEBLOT LAWBICHEIN LD 5 T,
INRGDERDP S, WIOMMHEIL 22D — FORBESHFLET 204, H$50niIB——-FTHI00E
- %D LA, Mode 3 (66.2~68.65 D) DHIRO A DIFERICENL LI TH B, Mode 4 £ 51
LT, v—7ERSRSOBTEHL, KEZDWTEBSEHED, HKEIZ>»TRIKHEGFHEDRAM
O—BEH Mode 1~3 ICHNTHS RV, HUELD, BT L3RELTRALHIEORMIZH 240
BENOFREDENZELI,

v, Mode 1 OBBEORB 2 HMOEER L LcRIRT Merian BHOARTHET L EIZLE S,

T=4ﬂL/(2n+l)»/gh (=0, 1, 2,3 ) oo (1)

cciz, T: AWM, L: BE, g: BHMEE, h: FHKE, B: RRATEAONIHERKTH 2,

Table 2. List of studies on seiches in Lake Biwa.

Period (min.)

Year AuthOl‘S Method - T 'r”"”" T T s e e

| Mode-1 | Mode-2 | Mode-3 Mode—4 @ Mode-5

— et i .

' Nakamura, §. ! Observation | 231.0 72.0 30.0

1902 &
- Model

\Honda, K. | Baperiment 72.0 31.0
1926  Suda, K. ctal. | Observation 70.0 [ 300
1931 ' Takatani, S. = Observation 236.2 70.0
1935  Nomitsu, T. Observation |  250.0 !
1938 g;‘gé‘lf;f};“} Observation | 220.0 66.0
1938 E{;’gﬁ:“ﬁ Y. | Observation 66.0

Imasato, N. | Numerical
1071 | lmas ' Simulacen 255.5 79.8 69.1 38.7 31.9

; |
1973 g“:l““” No Observation | 229.8 727 . 651 | 401 30.5
¢t al, 1
i )

1976 | Muramote, Y. opeervation | 217570 74.8—75.8{ 65.5-72.0 2 40.0-41.1 | 30.0-31.9
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Table 3. Amplitudes for seiches of Mode I.

Name | Toriigawa ,  Katada Mihogasaki |  Hikone
I 1.55 T (0.463) 1.33 |
o I (0.668) * * { *
3 m 1.23 0.355 .15 (0.159)
2 \' 0.853 0.255 0.530 (0.174)
& \'4 * * * *
< v 1.25 0.381 1.16 (0.162)
VI 0.787 0.229 0.699 (0.114)
< i 117 T (0348) | 100 O *
*i I * * * *
Tg m 1.07 0.309 1.00 (0.138)
< v 1.61 0.481 1.00 (0.328)
"6 v * * * *
2 Vi 1.08 0.328 1.00 (0.140)
& VI 1.13 0328 1.00 (0.163)
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Model OBED T A AF—BIKEL, IWIANIL 25 LEMTHEET S, —F, B#AORR IO
LS RBRIZH TV BEERIZZIANEICH L, T, TOMHEDOE—7fHid Mode 1 @3 DITHANT,
ZDIFANF-EBRBRDEVEITH L, CNBEABBAPO = 2 v F - HBZOBHEBBTRYPOE B
B3N F—hEZETHDTHAI,

25 BERRFMORE

KRB bRELMR L & CBET 5, Fig 12 CRT £, BMNRRRRA D E LTI L
T2, T, BERE 1) H2VREAMEEAS, BEMEABRICE > THRET 2 BBERL
LADLEA BN,

M4 HRMOBEEHSICLT, Wnt 1RkERNEGEL, Fig 13 #BRT K, EBFERIRO
kS EEND,

%¥=_g§%+7K&TG$_%J ............................................................ (5)
ceie, U Wil Faikd, ¢ #kms ) OKRELLR, w010 ENENRES X FEEOE AWIES,
BEU o HHEELRT. ST, A BIUCHBARTHRI LTV H0T, 7=0 2REL, (6) &
OEDE 2Rk



270

S

. S(f)ent/s)

G

REKEHKAEFEHRE 21 5B-2 (| 53. 4)

Aug. '76
— 2-7th
- 3-7
— 47
- 5-7

| S W ——
260 120 60 40 0 (min}

16l L )
1o°® 107 f(Hz) 10°

Fig. 10(a). Spectrum of flow velocity.
IO}

2 g

® Nov.’76

= ——10-15th

S

5 ——— 11-15
4 ——12-15
10+ o 13415

8
|

10}
19}

zfﬁa_J_J_‘m tmin.)
I6IO'5 lb‘ f(Hz) T@

Fig. 10(c).

Spectrum of flow velocity.

1
B
® v Sep. ‘76
2 ~
= & —— 12-17th
= |
ol - 1317
\\\ —— 14-17
6k N\, 15-17
To]8
idk
| 6040 30(min)
| 10°
Fig. 10(b). Spectrum of flow velocity.
10%
< ¢ Dec.' 76
8 ‘1" — 7-12th
S A I -
Y S
e S T 10-12
\,
\\(
1ot
10+
i‘y‘.
24010 @ 403 ain)
T L _
10 10" fHgy O
Fig. 10(d). Spectrum of flow velocity.



A - EL BB - ORI 271

Aug.' 76
2-7th 3-Tth 4-7th 5-7th 6-7th
Sep.'76
12-17 th 13-17th 14-17th 15-17th 16-17th
)< )& A
Nov.’76
10-15 th I'1-15th 12-15th 13-15th 14-15 th.
500(171’/:‘)
N w
Dec.’76
7-12 th 8-12th 9-12th 10-12th f1-12th

=
Fig. 11. Diagram of wind direction.
OEIRXHFLIDET S, CTIT, fFREBRETH D, (6) Rid EHARED 1 RICHHTEENWIH

®T, TIZTHRICLT»SHNTIE Reynolds $4: 100~10° TH 2 DT, TOLD ARBRILT20ED
PREMTHD, ERRAEANZTREZ 5%,



272 FAKZ B BIRT R 21 5 B-2 (R 53, 4)

Ulemssec)
Cn,:iec Surface z
[ v"'/\‘ ]\/( '—Bv"on\
N :
8 2t ] 3 6 9 2 15 %
23rd Apr 24m X
U {em/sec)
20]; NS A ) h
SN
9 2 5 8 21 0 3 3 ~r ~r
13th Moy 14
Fig. 12. Examples of damping seiche. Fig. 13. Sketch for notation.
T EUTUL s
ph T ok M

Lirl, () Rz 6) RKITHAT 2BAKE, TORFRRESNEZDT, CCTR (6) REEHAL
LTREL, ZOoBABHE*ERTICLILEI, COLSRERETIE, ERKX B) TAVIT LR
&b, (5 Kli&ﬁﬂ);ébtﬁéhéu

0E B U 0 o,
at Bx =0 (8)
2 2
aatg/ 7OV g U (9)
zzT, vﬁatx‘u‘%}; LTwa0T, UtLTRRERET 5,
U= = Upe @8 COS KX SITL G +vrvereemeeaae oo (10)

T, e RRRE, kB, BRU o BEBTH B, (100 X% (9) RRKRAL TEFOHA LTS
LROMFEED bo

f=2a } .................................................................................... (]1)
k=[(c*+0)/ gh]"/?
TRk, BEBERE, ERERO 2T, WK
O o3 a5 X (0 i31am ey RESTERLECHA LET S LAERE
nks,

(10) Rz () RIRALT, { kDB L
{=U,(h/g)*/%e =" sin kx cos (at =0
etZl, O=a/o=fT/4r |

U temssec)

S

DEITE 2B,

. FPEBREROMERM S LB, 47— =

|IEEREXES (IERNFTEY (> DB R &R L T 85
Fig. 14 KRENTWDH, CROORRITE, Br

DORBID $ DHEEF 51T BH, hsiZiIEn

® Velocity N—=§
© Velocity S-~=N

. e BETHY LT be Th& D BEOBBAERE
op ¢ I SN FTHMMERD S E, BEORBPEAL & D%
[ . ° Tk - TRZ DA, WS REREIRE 5,
() ROEE 1 1 (un/ U £ ELIBOTH
o D, f&rd OBBRRROE S IT% 5,

(e}
bz 469 oIS o2z 4 68 1012IEK

Fig. 14. Damping factor of seiches.

— 10 —



A -l R - MO R 213

Table 4. Calculated results of friction factors.

a P 7 ? A 7]

Date : (sec™1) (sec1) 7t (m) (cm/sec)
T 23 Awg 1975 | 38Bx105 77x105 1 12% 107 1 26
24 Apr. 1976 2.3 x10-5 4.6x10-5 1.5% 10-8 4 12
13 May 1976 4.8 x105 :  9.6x10-5 6.4x103 | 4 6
14 May 1976 2.7 X105 5.4x1075 | 22x108 | 4 10
9Oct. 1976 | 2.3 x10-5 46x10-5 ' 15x10- | 4 12

HBEZLTAr—2D & 7! OB Tabled DL x50 ThH D, Ril'd T 3% e Lo 2IZEY
HEET,

COMRIY, r=(12~64) X107 T, HRBEEPLHETCHASNTND 1! =26X107% L — & ~MIT
H—B+2, COEHIT, T LAEMEAERICL > CLBHERRBOLEERLOREARNRNCES
£9th2,

Wk & KBLOMIME 0 LT, FEE, f=77x10"%(sec™), T=144%X10'(sec) THVKD 3 &,
0=0.088 (rad) O &S IRHBITNE L, MHLS 24 - FOUMAETH 5,

Co THMTOKMOFHEDRE L L, U & L TAEBIEOPREZBOREICH T 5 FHRED
FEEEA, »Da=0 LEETIE, (& UOMIZIBA2)RE Y ROBEBIRILT %o
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Fig. 18. Records of water temperature and flow velocity at Biwa-ko bridge.
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Fig. 19. Records of wind, flow velocity and water ~ Fig. 20. Isothermal lines of water temperature close
temperature on 16th December 1976. to Biwa-ko bridge at 1 m under water sur-
face at 13: 17 ~ 14: 33 on 16th December

1977.
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Fig. 21. Profile along center of lake of water temperature close to Biwa-ko bridge at
13: 17~14: 33 on 16th December 1977.

5. # ES

REMOHE « LHOREXEZ 558, BRIXEHEER <2 - v BBRLERBRTHIEERL, £
NENRZ D TORRERIT Lico TOER, HIRICHEL T3 Mode 1 O B 4 BO BRI HBICE
CHEFRLTED, CORBOEBMIBI 2ERPLZOBHEBBEBVHS LTSN, £, T LEBIEROR
EREGE - BT KE S EAS N, BEYRED 2m/sec ¥ A 2 &, TOREMBBIIS0%ICE D, 5m/sec
AL LBRIBRBLEST L, SO, HHORBFAORSEROBLECHROIERATI ENHHL
1o

—H, BELEERICK 2B SIHICH S KR 2Xx10'm* /B T, 5 LEKniRkd o HITH
FCRERHRIND NS 22, B2 EONTRILOAEARE » TChBH#EINZ LS5 20T, 4
%, BEEREROMBRERHTILESNSAS.

RHIT, AFRERTTH1H7-T, BHEMETRELTTEI - @RE - FROHBRE - BBHET
FHEBFTRENAEAR, FAREARERRS L VOKERARZAD - BEEHARFRBABBRBALER
RRHATZL LT, AREBRZ RO D LIRBREREREERARREBICEH LI,

g2 £ X #

1) 48#AA - ERBE— - BAFYW : COHOKOKBICHET 2 HIELBROME, FEEKEHEHERE
#, ¥145 B, 1971, pp. 451 ~464.

2) BREEEHNTIHRELH - KEFRRALAHAEEHNFERIS - R AHS : Mol EEESHEN
OKE L BETRICET o8RG BRES, 1977,



