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Rlysical i;e:ocesses of ootflow and gi: 匹 it:atimalspceadi.ng of the Yodo Bi霰 !E"in the Osaka Bay 

立e~by means of a tlu:ee--iliw呻 rinn;,1 , pdmi.ti: 匹句匹出.enmodel. '.I.be rl匹 'IBl:er

spreads out radiately over the sea匹 tercontrolled切『 horizontalpressure gradients 

zesulting fi:an the di: 匹五切.cJjfiー• Ql a迫巧ehari匹 'ill length scale in the ar:der of 

the a: 玉切 defonuatial:radius, the earth's :rotation四皿む,a sbxnJ influence en its ootflow 一.'.I.bemodel pr:edi.cti.cn WIii庄碑 wellwith the satellite血 dU!dimage. 年 model
smly indicates that the defOOlatial of OUば止戸.ttemand the fomation of a coastal 

curxeot a:re U[山 匹 細 皿:esof the rl-ver pl.uaeーinoases of high ri-ver di立加＂四•
Since the日 :terquali切 af面 loeedba匹 Oi'p'呻 lugel.yCD the inpJt of pollutants through 

rl"VerS, it is of great紐 Lduceto won-stand the out匹 dyrl;町 i("flof ri-ver phne. 

:Int.Lull鳳え血

紐 utants血 thecmsta1 ¥'Bters CBn廷 g:mrally出哄 1nre trc11~ 巴 担 い 可 thetidal芦 arrlthe 

1cn;rtetm average;1 airnnt S']Sl:.am such as the tidal在吋ni"Al日Oilarrl the面立平:venar b. 巧虚℃y-driven 

匹. In e:r1函 l:B']S,Jn.iever、the磁年匹ty平ヰ匹逗呻亨y01. the stratif:L呻血曲わ

西紐圧血 arrlsalinity diffetaXlSS arrl the平 ofC.Ullall血ヰs血屯μriversas叫 asthe芦ー'll'iatis the :i;m:u.em hydnxiyrlamic:ally cmoe口:ierl泣:ththe density匹. In pmia.llar, sime m:n:e 

呻 W:lSl:eefflue:Il:s enter the寧血咲jhrivers, the血 tialdilut.:im of river磁 arthe曲匹

泣:thsea wrt:eris of IDl1Bー :fl:ana: 血 llI旺 italarrl~ 蕊•証――ofthe river血 '1tlis usually叫 迫 aplute. 加 lnn:i"ilyof the pl¥匹 facm3a 
fmlt against the cp:!'l sea.'Im river pl呻 is¥'II坦 kr:nnな）四出泣tvarirus 0. 土匹戸出:ems血ー

わ如西曲平 arrltheお逗:tydiffeteJCe. OJ:tflr:w dynamics naar the river nrul:h血西西 of1畑

is nainly a:n血迫i切血血 arrlthe acticn of gravity. 匹 river砥年平函sa:rl: 国拭西西 the

see. 泥む~cx:nt:ヰ四切'mri2cntalpcessuce gm'li吋 s,泣 itd::les like a jet匹 un:Erthe sb:ag 一.Iaヰ'Jevaヰ盆:i.crJsa.i;p珀ヱ泣:thinthe tidal cycl.es. 憧Blthe h:lriz:ntal 1En;Jt:ll scale of river 
＃四 attainsthe attler of the脳均逗OlllB血四ius函曲tthe density diffecences keep an曲西

呻函rthe西皿逗豆直王わ tidal趾涵叫四函1rur写芦， theriver pl¥匹垣西わ逗底tヰ i-

匹 oally血 theN:ict::batJ1 ISl'li.sJ;mre affect:e:i切如 eirth's:rotat.i.cn. ~ties like the ab: 桓

証~lead to signifiamtl.y diffennt a.xtfl0¥7 prt:tenis oopen:lirg 01. the river —· 
In this sb.rly, 琴 ofthe tlu."ee-dinels:i..a structure of the Ycxb River p1me~m the函注

函 arern.neri叫 lyー・ 匹 is01. the density structure arrl its血西 sp:rt:.i.alvariability 
as it is a tracer far the ait:fla-t.i.tg river窯 rt:er.

畑 flowof the Yodo Ri~1ltt:er in the Osaka Bay 

Figure 1由 :x,sthe distrihit:im of sea surface垣 I巴 dll.n:eof the函涵函由芦点年 the血平点坤

taken切 anair血 t¥:larrl the砒 血te皿 Figurel(a) darcnstrates the t.Y.!; 血 1匪逗nat avera;ie 

曲 01.13逗垣年 1函．（ぽ紬1Bet al., l知） Hi担垣1四心咋四血平函s血 thenrul:h 

of the Ycxb Riverわ the血曲立血 a1.cngthe El3Sl:em o:ast1..im直:than曲血血年血tthe sea 

血函戸血• 油 seen血 Fig.l(b), the la牙 tennaverage;1 airnnt system .lll the竿函紐

一切bPtidal四如趾血匹i切 thesb:ag tidal匹 血 哄 thestraits of転年

arサー Olamel..加them 廿止ヰ~平 dぷ :KWise砒 蕊 益 c:i.mJ迫は〇字日坦yg:,yecIIS the 
ain:e:it system arrl西学ter呼 :ty. In sumer, 年中垣た卵西区皿:!SIllJJ:e a:nplicat:ai affect:e:i切

如 stratif血血 函 ゎ river'¥IBterirq:uts an:i 函t~at如 surfacs. Gererc西甲或如如

Ycxb River'11B写誌せロヰ士江）日o,,~al.cng せ巴毎武em o:ast1..im drcwl切 せ clcx:加年はヰ辺年

timas吐:oorve::'i担 Fig.l(a). 
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Fig. 1 血平函血igeof SU1'. 毎ヱ垣1四 dtureat~disc:.naJ:ge al 13 Sept. 1985 (a) 1 an:1如

:J.cnrt.ecln averagerl om:ent syst:an of the函担 Bay(b) fmn臨血aet al.(l却）， an:1年 血 平 辺

血 ofsur血細:atureat fl.c:cd西曲写 m 2西.1982 fmn痴 :tsujiet al. (l窃）．

()1 the otl芦涵rl,the血平式畑 ofFig. l(c) is the case of a血 fl.otl,血由 istaken after cnly 

6 h::ms fmn 出~oc:x:m:ren::,a of the nexi.nun disdlar<;e of匹 70m3/s m 2西丞 1982. It Eh平 a呼 te

different J;Bttem fmn that of Fig. l(a).'!hat is, 如 riverwater can be辺ヰ迂iedto 庄.,,,~

屯 如 af血 cx:ast.at first an:1 to deflect切西年血函:direct.i.cn匹 如 cmstli.mof細 ji

亨.It is如呼年初四adifferen:e can be seen年西 y曲 Riverpl呻平函均．

匹 i冨 nn;il CcllpJtati.cn 

血 せn:ee-d:inelS:i.m坦 a:pc北江匹 amderi沢rlfmn the gere:a1izJ=rl o::aservatim for ness, IIUIEl.1Wll, 

平 CEr!Si.tydif:li毎血ぽ虹 theB:u3s:i.res:;I arrl叫屯tatic幸一・ 如 ap:lti.cnset誌咄函 by

叫 the直匹,ntt: 一 幽 匹t匹出.ti.esto the OJL-i: 咀 m血 'J1ooal gra:lients by the use of血皿祉

visc:os:i.ty or diffusivity ooeffici.ents. By dn::g;rln:J the vertical aJ"TYlPra血血 fmnthe vertical 

叫 IB虹 ne:paticn, the血立血西砥血捻口四坦切芦fac:t匹 aness固平ヱ血 thevertical. 

紐 thevelocity grc立 祉sa:nta:inrl in the cxntm.li.ty叩 ti.ena:ce血写a国一c:allyusin;r an 
.inplic:i.t finite s:b韮:!, the血 9lrfaceelevatim can be e, 匹己苓Erlin the fann of a~ 
邸如勺平.ai. 証年呻加:iis userl far its鋼血.Al出屯lthe surf咋 el命 ticn誌ヰ

S) large, its grcrl1畔 scan eirert a signif血 infl写 !Cleen the i;resst咋 field. 加述血 scmreis 

explicit in tine ei≪Ept far the丘蕊 aェ血祉匂式血呵mlatim. Details of a:I!plta血玄エ

descr:i垣 :iin the auth:Jr's pa祉西宇 (Nakatsujiet al., 1: 函）．

四 m::rlel's匹述ヰ血 amfr/:. = 41 = 2 km, 位=6s, arrl the 8 la匹 rthidmesses & a:ce dD9en as 0.4 m 

to幻 mfmn匹 to血四． ＿]ヂ,.of叩 tinearrl st.arage l:imi.taticn of o::npiter, tidal匹 a:reヰ

碑甲血0 a::x: 血函.~. the血 transi.ticnat the straits of痴鉱誌口祉五函血 the

皿呵that西 straitsis treate:'l as a述坦ぬ土町畑西 sea砥 ofH3rinara:la Bay血傘

血 0如竿 Bay血呻如 sb:ait血 itis as an叩 seaぬ泣町泣匹如忘ttine寧 0

西—of tidal variaticn. 血~of如 Ycx:b River is given四ー一 to
加呻立叫U坦 中 苺ir13E!11st arrl 4th of迦喋， 1982. 泣均 that芦遥，加函 8210立西

Sl~i屯頂函ァ,. of出恥 atllcs.[:hricp:essure hit出心蘊adi.strict to Cl:11.139 a玩 li祠 tarrential

cblnp:Alr of出:!naxiirun~of 6Z70 m3 /s. 四 CEr!Si.tydiffen血 ~river 恒写 arrl sea恒写

担 0.022池 岱 ． 四 国,erooi;til arrl arrl width of river~at西 IlOlth a:ce assmrl to be 0.8 m arrl 
3 2,CXX> m .t: 琴叫ively. O:r写匹立y,如 river西曲呼sm::u:e than立 X)m /s might berave as a jet如

日立廿士一匠 IUlter:excee:ls unity. 

証一valuesof由:!pr:esent a:npitaticn a:ce as :Ii四：証 O:riolis四工印王 fis 0.8296•10―り
s-1・匹 valuesof h::u:i2art:al arrl vertical西 visc:os:i.ties四 takento be 20叩/sarrl O.COOS記/s,arrl 

s::, am廿四diffusiviti.es. 'lley a:ce am四 yused valuas far m.mric:al批江辻奎〇 o:a:式祉＃一・

如 vertical西 ooeffici血 s,匹向王，年— to decrease with :in::reas:in:J gra:liaxt. 臨桓西エ

中匡碑匹西 sb:atificatimeffects血 0ー・ 回血血J如 sb.dyof M.n:ota et al. (1988), 西

幽 's虹 (1970)誌吐炉:rlto如 vertical西曲匹ityarrl如 M.mkarrl証 ers::n'sfuヰ icn

(1948)誌 to西 vertical西 diffusivity.

CmpJtat-i匹 1Results 

Effects of Bi: 血•s Ratatial on Risver Ph皿e母m叫 i町

Figul:e 2 slD1S加 虹 訟 血 veloc::i.tyarrl血 tyfields :in如 surf年 la芦 of0.4 m血改芦3after幻
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ぬ匹伝mthe te;Jimirg of flcx:xi匹丘 thecases with ani直出止如年如sヰ at:ial. 匹弔吋面手
3 

ani the d:nsinetric Fct西 nJli:lerat the river nwt:h are 3100 m /s arrl 4. 7, 苧 四lively. Cl::ntairs of the 

de!'lsity differaxie n::lll!fl 1 i吋切 theinitial diffen: 血 血 這 叫 切 丘 細 江 血sin :intervals of 10 ,. 

In the case直出ヰヰ血 theYcxb River p1me虹芦わ b:mvelike a~ 匹 :fJ..cMin the near 

field p-R-"!ihly a:Jユ巨血i切血写蕊血西 withsea .,,a写．血中面匡写,still of relati: 叫 y血写

de!'lsity differaxie, then平呻匹西rthe sea祉 erin the :cadial diJ:ec:t.ims i'II I_IJl!.HI血 i切.a血血巧

in its vert:.i.cBl extent. It is a typical plme-like己 . It is和叩<lethe lxlruJ:ntal p:esa.Ite gi:mi A炉<Iー伝mthe b.x,yaocy tAnn=直ヰ血匹西 IIUI已 ll.unwith :iix:reasm,J d:ist:arX2呵血theriver 

nwt:h. 血 ~a:ntairs ten:iわ fan匹 witha a::n:Sit:r.i.c cil: 土 anithe veloc:i.ty vectar:s cross at 

廿 rightargle tD the~ ー・
0 如中芦面:rl,in如 case砥th如 Earth'sヰ aは n,如 velcx:.:i.tyvec匹 'b.Imto西学，幻叫y

辿心虹一己叫oci.ties平. '1he~cxntOJrs 如 to l:e stretc血匹担四枷lto西

ーコ函廿 n寸臼m:fiし10も a:utcur.is a:ri五.rm:ins出込廿lee>由ョtof ab:ut 10畑直工主:a.l:!. It 

.is a血エーaf西 riverplme l:einJ a ga: 止 L― 一.'1hera:lius of lb: 向逗— t:i.cn
一丘由:!p:e立 m:xlelrrey l:e v'U函亭f=lOkm屯咋勾v'P.is西 initialdemity differenJe 

匹:rlh .isせ迫11&ー ofriver pl.me. It mli.cates that せ offi虹工e~m of river pl匹

:fues如 limitsof西 m式 r冴 brn西工立ius.'1heplme :r:eatt:aches to西 right坤 sidea:ast 
fCIDl匹 aa::ast:al a.xrreit. 虹ha 血~am l:e血 visiblein迦 river砥 eret_11西 e<,/81 frcm如

air plain dE toせ CDlaJra:ntracts inせ diffE!l:alt証而百送．

It am l:e d:E的国学lyfrcm血，可虹flti: 蕊 l¥'8E!l'OOl"T"Jb=rt.ialalresults that如年血s:cotat.:im 一出 riverpl呻中一 to deflect all:ic和丘血illy匹 ito facm a畑ヰ血C lnnmy cm:cent 

that kl平せ工匹北匹 (Dits right: 坤 side.

涵叩tof the Yodo R:i."Vel:'P血巳

如 3(a) 由平如立盆:evelcx:.:i.ty西 demityfields after 35 ln匹=匹点直th如年如s

m国如，四匹苓巴r.lsto西山血c:U.!:tl:iliage taken fron出:!satellite匹込由:wiin Fig. l(c).'1he 

Yax> River plure at this t:ille― たコ h9Flin'tllyせ王血2李 thatd::servai in Fig. l(c}. It血 catesthat 

如 O:lriolisfOCO:l呵 signifi呻 yaffect西 Yax>River plme 平芦血:l'•'1he匹 of intecest here .is 

血 t如垣研ヰla:ntrurs have a clcse d.ist-rih寸imcna年匹砒如 tipof river pl匹・ ー一正 af

西ー址L― a:i坪 Oll:Ut,西 :cotat.:im呵建四直辿―:e5 芦血J血 n("n'>l Prnte ― 心 虹 一 已 平 吐

匹血t迪お如 famat:i.alof frcntal sb:u:±ure IlB1t:imed later.'1he血 aml:e seen to p:q:81声
~alag 年。::ast1.ire of ae.ji IslaIXi as a nan:CM an:::r:mt with its width of 6 km. It .is に一thatits Sf哀迂担 al:o土 0.4m/s蕊 55km fr:onせ riverm::uth. Its 一町固五苓

.is a:nsiderabl.y迫ヰ芦比匹 cna's叙邑::ta.t.ials.

Figure 3 I.B!UlStrates如 t:ine--vnri所 i_mof西 Yax>River plure~after 35 mirs to印五匹血

せ—of flcx:rl. Al廿呻せ江匹ticn写~a slight de::! 忘迫:1,せ1eriver pl.me ant::i.nEs 

to IlD厄吐巧如 a:ast直th涵西 afrcntal一.It .is皿年迅血Jthat如 Yax>River祖写

呻西如—ClBrn:!lafter 叫ya) mirs. 紐匹如西taooe涵字如 riverno. ヰ叫如

Fig. 2 SIi: 血 veloc::i.tyam d:tlSi.ty fi.el.as of the Yc:xx> River曲匹平函均柔eral lnn:s frcm 

the b:gimirg of flcxrl1 the left side (a) is the case直:thearth'sヰ血西theright side (b) 

is the C8Se wi.tlnlt earth ISー.~a::rrt:oors are ci五カ式切'd::心坦 lines.in int:ez:vals 

of 10もofthe initial CSJSity di.ffere立 :B,0.022 l<l]/m3. 
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