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EESE b, FRAEIE AW O KR PR A2 R, FRE D “IZIR A (tdal flushing),
w5 “BNIE 4" (tidal mixing),

BRATEMPR, TRTESER b, AR AT L b, WREREWE L, BEMN
B2, 4P 2 A SERESA AR (45 51 8 A T2 TARBOSR A0 R 00, SR B 0 T IR 53R BETS
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(Stommel, 1953; Pritchard, 1960)M1 3477 M A A B SR X AUBNIE A B, Bl =
PRI Bobi M R XA 45 A, B ER M,
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Fig. 2. Mean width, mean depth and mean tidal amplitude along longitudinal axis in the
estuary of Hangchow Bay,
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ﬂg%&x% ﬁqmiﬂ“ﬁﬂ&ﬂ%m, %gﬁ. Fig. 3. V.ariati.on of mean salinity with depth at three
shore stations in the upper estuary of Hangchow Bay,

AEAE BB E (B 4); KRFIF

et b B Ze AT MM B AL BE AT L /KGR BRI, $4 533k T)o HEE HHBEM—&

Bl kBB RB B B R EAB R, HIEER, I T ARBIAMNE T ERaBRA



124 Fi:3 =3 5 yii| 3 6 4%
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Fig. 4. Typical surface salinity distribution in the lower

estuary of Hangchow Bay,
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WS RMEEEY, B—4MH, Ketchum (1951)°! Arons and Stommel (1951)M1 LDIE
Maximon and Morgan (1955)"188 A SeT5R1R A BY O RIS AENZIE A 285y, AIEREA
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FIRAEREEN,
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RIRTAT , A 30 T 22 U KSR —— NS RS, ENEESELIEITE 240, S iR
iR, 2h BRI B R, LT 2B E NS X BB A UN BT RR AT, B, HM
P SRR T— T TR A 2R O KR A0BNE A 3 e A K 0N F &,

B AT, %5 T o 1R A 20 O DS TR A T L KA A TR AL BB e, B, NSE DS
i (Ban, Bk Bk B AR ) ¥E, EEENE  ZRkRS B RE/KMA R LRI
T e Th PR B AT H IR & AR A S R 1T S5 SR bR RO A W SE 5 1, T AAEE AR 5 T
F i, M EBE RN £PT TR A SERA S, DUIRTETR 1 Kig et i .
Tk Fh i B IR 6055 B SR S50, R MBINE A SfE B Ry Lt Ketchum YRR (K
ERIHE) , BN BT AT—Fh AL 558 T Arons FiI Stommel HIEEE (TR S K BFHER) LA K Maxi-
mon I Morgan #IEEFy (Arons Fl Stommel {84 FEFRRHOHE ™), IR T 5 —Ph b X0

Ketchum( 1951 ) AR HSeF“ B O KRl PR/KBZCHR "X — /e, # T H.E
] O TR 5 F1BT AL A A9 “BNEE” (tidal prism VS, FHRETIN N K3 P 7KARRIBNIZE 3 7T
HB R BB B E, 3 T 3SR AT O B3R AR K Ze R g — 1 RE B R o

154 Ketchum BORRBREN 3y , xHE— SR IRA T O B3k, AZWOSmBR (ep
RLFFRER O BoH &) FHE , A RRABIGL 0T MG =B, BT “15ER
FEHL” B8 e RS 20T 1 B SR AT A R B (X —2B 8, 7T LGE I il S8 A B B eS8
BL), F T A FAL A B2 070 1 b BT/ AR B 5 T 24 ) 1 B34 Bk BE D B i, RUBE AT
TS IR R FE A, RIS —BESR, 1R & RFLBL B JC N S5 Tk #1 H 7K B A2
¥ LR B — AP, R ik, BT ) STk BE I R AR T A BAFIE AT LIARFETT 1 X
3 SE RS B B R, B R X — R R ER AR TS H AT B AR

Ketchum!®! 1 Ketchum and Keen'”! 25555 — Wy, NATHEMMER
SR T B ARAREA S RO O (K8, #RR B T BB B AR R

S APt B R R 3K — R BR B Ay, SRR E RN BT BAE (2) 4 KK (HEE—3B). (b)
— R B (B ZE—iB) | (o) ZETHRHRE R (d) fkErs GuEs I
AR VE AL B ) SR U Fh i 20 T W R A 1R A IR FER A B K (A RAR A, BRAR B A7
FeEEE A H AR AR EY 2 K SR I TR, e B4, HE A HFHEMER, 319
Sspplgte iR Rk, AP EE, RIS EEE BT () X2, ABRIER
RN — R ARE L RSB E, LREKR, MAYTRENPERE 517K
AR & , MRS L HE L, B2 BFR, BRI, AR S, TR RZKALRIEh B8
Ak, HRFEIEF AR, BERR—B, (i) 3X—BEa 4 5 20k, S A RLE L
FYIR AR, {88, IERMIFEH0X— KR, Bk aitE BRI ARSI R, WA
JE AR SR E s , I R R AT/ N MO A 5 T AR RL A A/ b B g B oL
AR R AR A BB B , B B, Bl h B AT BRI ST, R R
MEWMZBE, (i) Ketchum A9EEH, S2E L& & IR A NS & F AR —BE

1) BB — S0 T S AT 1 K, 7 BRI , A M AT BT MR K B A B0 5 AR — T ) O
WA AR SEPARZ 2. SR EERE “BRE” HHLH “BEEH AR (local intertidal
volume),

2) &T (2/m)x (EAMRIEMGTEE) x 0.5 CGHEID,
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1H7E, TERMFTA R, B AR AR kA E,

REEZHE Y : Ketchum 3X— B33y, 75 i #Ui8{0] 0 K /KRS sh 5 G A
FRAE O, 3T O KR RIS HE TR ARTE, A48 BB ARFHB 2 B Xk SEIRTE
IR, Bk, BMEERERRLEEHE BFES ) WRIMALET, 7 2T 20
FHFE MBI, XAX—HRAEEL L — [HEREHREAE: 1E Ketcchum BIHEER
i, S TFERASE BIR GREFEN O ERAT O M) BRI T IEWAEL, BH)
M3x— 5 LR, R BT _kABR/KERE R, T — D ask 3 2, BD B 1 K3k
W AN, SHRSHIRE EEA—NMRAMNERE; MERSALEH
AL BRI _ERIERREA, XU, MR A LA RKRE AR M e, T
X EARERAEN, RMBAR,EX—REERH D, R A—F AR R EEER
SRR ARG TR HL, AU AT B R BT R s UK SRR A B R, St k, RERH: £
B, WK AR RBREX—B T, B T X — B, X — R AR AR
I, A POKT AR, BETHEIHAPRANEHE, ZEHMN, SX—BE% 3 E
B 28 L FORAE S BOALE; [FIER, TEKAR LR THME RSB HAIR, LR
— RN 3, XX, BIABE LAPRKRESR, ELEEN T, Hik, £
X ERIUNRE ST H : Ketchum S— S 77 & SURITR ARTB R ARRL A& TR, 2
X T EBERT S, TASE BT HAEN s,

Arons F1 Stommel (1951)™ — 5 H %T Ketchum 3% —fff 3 AR ER BREHAE Raritia &=
A O RXBRBIN A, B—5ER R E X R R e MBS ESmE—1
W R B A SR R X — E KRR , B T AN EKE Ketchum BOEAMP RIS, , Wz A2 |
RS KENS, hMETHRRAKE SHWRBEHFIREE, BET—P
T BORE, FoREELLRI DR BMOELEY B R 2, BT - ENGERASAE
oo X—HR, A BIZRAKEER,

Arons Fi Stommel B REGZE— DR, FH . IR LA 22 518 SH5RIE
A BIBRBGRTT O K, XM O KR, 2hERMIRsSATR LA &5 8,
B, EREBAT, H— P ST MRS E S AT, 7 am TRRMNLERT
R R

ek, * 39 HEPKA S LR (R BT 0 ZEBOAT O A ) RS AORE 3, FF LA F
WHIE; u = const, EIMCERIT O BRI AL A, J9 9\ B2 Ry BOR 2o

A A M S B TR M3 RIS 3y, Al s B ARA AT T 4, 5 (1) e
(Y BORSE 4, TN

Ax = 2BE(2)Uy(x), (2

3R, 260(x) F/K B AEE— R A PR K S S ES EE B (O B AR )5 Uo(e) o MApte e
RIRIE; B J— ToHE 7R3

AT ARERA, FESE (HD |, S5 (W) DARBHEIG (C) FPIALAE(a) R 0 8,
#15R(2) TR L A, TR -
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A, = 2BClwx/H?, (3)
ekt o JgHHT 0 FA SRR
ALK B, RESZHS Y, B B A B iy £0(x) Tl Uo() BOSETR , B fMIT BISE
4, = 2B v, (2)

w
s, Uix) AT BE RN FRABHR SRR — D E, HSLE EEEHE H , AR FET i
A, REBIRASIRERIE e #ER(2D(3) 4B RE TN IR AR RS8R
BERSIE Hsx—E 5k,

Arons il Stommel P 4, 8355 ROGURASB(L), AR E BRI

S/S{L) = expF(1— 1/3), 4
o,
A=ux/L,
= uH*/2Biwl ;

SXBLA4 L, 7] AR 9B ) B3 KA1 K BE 5 Arons AT Stommel #34 F FrJ9“IZ 4" (flushing
number) , A& FRANT O KIRBNZ IR &80 — D 4EEE

Arons Fll Stommel € FIP7#3BIR0fE (4) R Raritia SFFH{ O K B P9 A9 SE £k
BESAT A, 5 T O AW EARE R, HAN S AZEFAE, PR X F AR RR O
KEFH R RIN B, ER A — T REEZE,

EF BHAEFRAWNDXIRZ T U4 BEXZE S 2 RHA, B B Maximon fil Morgan
(1955) AN G EESTAYEEAR B 1B T — 3 B SXIBEALAEE AN T SRR R IR E ]
ORISR & RN RAESE2NBEERA LB, AKERUES IFHEA(TRAE
RN o, EENERR 02), MIBREEHERE, TUERESH 0 XKE 4 ENT
B R; TAX— BN, TUSH BNERE K EER PR ENTHEREB 5 L TH
KBEHTEIRZ IERIE (B = 61/n0,), BT O KRB HTE RS SHR R M,
ERFRE O RKIEA, kTR ERZIERZERK, RIE 27T R ; Jusl, RABERT AFE H
A SRS [ KR R & e A AR A AR, R E A T 4, 3R (2) si(2D)FERE B A
% O R R A9 A4 a(x) B— B2k B(a); B M, X TR RIS A Bk 3, Rk
BAEFTAR, EE 285, bR LR BT EEM,

B RS A A AL BB 5 B, 3T T bh e i 2o (BN P ZE T T ) WS R A Hh RO 25 B
WALAR R AR ST 1 B3R, M PT BUR A TR AR & P a5 12

2 (ous) = 2 (04,25, ("
b, o FRAI O KERENT R E L, T o« B) AR E; 4. BR(2)MQ2DEX, BH
th g FeHER F B #4409 @ BB i, MR IERIERSR Eo WA KRS, FHARSE LM &
#

s(0) = [A,,is—] =0,
Ox Jr=0

S(L) =5,,
SRS YR S=EN: A0k N EP i)



128 B ¥ 5 @ B 6 %

515, = e || (a1 | S || raax | = exo|={ (w/arax . (5)

el R METR HH , ST 10 O 48 9 SR 8 | SR B L KRR AR B ZE AR 4R, RIISR(S) U345 A Arons
F1 Stommel FE(4) .

{HSR AL , B RTERPIM A KK A S EIRGVLEIFEL, LRI 30 B4 i
SR B SR BERL, TREAE, Hik, RBZEA K EERAREEEAKEREN A,
ZF Maximon Fil Morgan B3y, SB4AHEH T FHEPT 22T mEF O Kl mEh B2 Aag T
Ve, T BXT T A8 RS T AR R O RO Bl 1k BE A A g i T — D28
SRR A, TRk ERE R, L TRFAKBRSR R EER, 1£—MRRIBARSHE T A
B 7E , K I, FE SCBRRL F 33X —BEER I, SRR ME, (R, M9, TE B RTER T, 5 T MPA
MU B LB AR A RIE, (RS P — 7K 3043 B P U A2 L 00k A 8 B2 LRI
FREAT, AT B SEHEE A XK /K A _ERRAGALIE , AIRT 3 — B 48 P9 iz 1R A #2 84
AAH T BT,

=, XTARRWNKAE LRI EZIES S BL 00

HYELAER R R TFIFF AR P 155 aXKE _LFMFRIBEIRNESFA—IR
YT X — K 200 2 BRIKIEA, BRABEMEBY BT _ LFRRENIEKTE B E
FIEEAL, T BX— A B e B B B, TRREZE T IR T 5 o LR BE B f By M IR FIE B2 R
B, BANUUMNE, TR A, 3 AW —— EER T EEK,

LB A, RERBBY R FIEERE RO N, £ IER BN
W, A ETCREHAEOBY EE: (KBIBRTERER /N, SEIRRMHERER K, E
EHOKH ], TR E AT, IR A e B/, RERBY A ERHE,
BTAK LFEENENIEEARY, SUKBHRETE, A Sk/MaE L, T AT
15 BIWEIRES, BT RAK AWM, EXBFET-AKIFRENL, BHRER, XA
IR FZE TR, Eik, HERERFNTHTIRIFEREE, L ESc TR
R AW EAAE— 8 A AR, BRTE—LERT5, B2EFHIE
—HARKEA BB, 8 A E KM BB X FHIEME R E R R R
AEAT, LERKRE, AN, B, ZE7 B e B AR W T H B B /S RIEEfL,

AT TER , BE MM MIE(L, EE2 WS MEmaiE sl , S (KT meE
DR mAIB N, fEXE, BEREA MR A REN AMREA, EZ, A /NHMR
EEFOABE, W, & T T 8K avRgim R EBK, 5 R EW kb, oG & # e s i
FIRR E 510, AR FEANZEL, FSESEE DL EARTT, T BT RKILARAE
me , R I AIAR AL, 5 Lk BB A LA TARI L, B - BRI RS, B R b
(REIRORRTE , RER K, BT TEBEEARESM, BRMKIL RSB # RN EN
AHEHEK, WE—ERRo B, 3LV R T FAb B8 O ML H E AT, FE 68
BETL PRI , B ) T 15 38 0 5 ABLAE KT B T , U8 R A a2 BB PR IR o

AR , S THHLN IS DX I A 8 BE A3 AT TN AR A 32X — R AR, W T A8 /K B T /KRR 2 WP 2 BT
& T A SBBIFIAGE T, £k, TG T X NBHT T AR oK e fniliZiE A
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AYEERHE 4 T4 SXBURINE A, IETE AT g vb, SR I B 2o B FEX B, B MR
H BB A LA By 0k 0 5 B AR S, T R K N A R B v R e BB R A T, 1
—E

WAVRYE 1958 F£ 5 3 1959 4 4 F3X—A/KERERN, HME LK gsh il A
PR EE L ERL, S B i 78 A= DK 3 B B /- AT O RE B 7k 30 s R SR 320 3R — 40, TG
{LLH FR A0 (8 B R S B TR dh 4 e o, B :

InCI(x') = :'b + In CI(0), (6)

a x’
i, ¥ A E _BIEFREA LA S — I R AR, LB R TN IE; Cl(x") & CI1(0)
S BIRIREE 2 B x’ = 0 AR @ B o AR EREG 7T xR E SRR 2
F(6) KM

M 5 = 0 W, Cl(x") = C1(0);
My = — a/bi, Cl{«") = 0;
Ay — o0 W, Cl(x") = Cl(0)eY?,

BT S AE TR AR5 BUR RIS, ' = — a/b K —H0R, B IR AR BRI
VIR T b BRI, MK e
(

0x/Eroy |

1 ) T T 1 Tt

20

Ci(x’

In [C_I((ﬁ]
HMRES AT Y AESBESR, AF
@R E T R()FREH e R b,

Bl 5 R R ERSSR (7) FIsgil A
YR BRI EE LIS,

HE s A URND: . B fl{giE
BRHMAT, KEEELLT HRL TR
& (7) P E ML, IRBIEE
SRR A B BT A BE TR RURRZE,, BRAM
A DA, F FHAR B oc 3R (7) AL L fi
sk B RS REAERSN, R UER
Mo RLazfs, RAIWESK ER(7) BT $
a, b, FEHK TINHNEETEEAT
Mo

R YE4% BB IR AR S £ B Hesk (6) BB MEIERR
s F 5, ﬁ{ﬁﬂ@ﬂﬂﬂ’fﬂﬁ&#éﬁﬁﬁﬁ{% FJ(@ Fig. 5. Linear coorelation as determined by eq.(6),
IRAE LIRETTHIE (RN A = —a/b)o FHEHR, IE 6 FriR. NHLEBEAE,BH6 Lk

%.:j:_‘iﬁg Cl(o)ellbo L r2 Cl(o) j
FETERAEAE R, WPUG L s -[10 . - -
KR(6)JE R TIER 0 ’ _ nf %

=g+ bx', (7) m
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& B 89 AfE, Yot 9 A — B SRR S B BE 50
FHERH, WG

- 1 R EEGEEASAA., FATHE
P / / {  FEKAE ERAEERXE AR
al / 1 (1), 5 LS PtsmiE i e s prm

! r/ ) 1 o BRI O Kk 8 2 8

| . ] R, 2T U

P B N O
1 44444;:4 R S N x=x’+A,L=l+Aﬁ7\(ﬁ
I n m v v v voviin X x Xlﬁl (xu - B, [ =04F LBEXREFK

B 6 HMEHRAR EREE(A) (B EHEHR) MEEL — Bl EE ) Eh BE S FEE Cl
Fig. 6. Annual variation of the position of salt water intrusion ﬁ%,#ﬁ&fﬁjjﬁmﬂ&,@pﬂ

(A)(measured from a certain station) of Hangchow Bay, B

InCI(x') = F(l—l>+1n01(L)= F<1——’i—é> + 1nCI(L) (8)
A '+ A )
=0, XfF:
In CI(0) = F(l— ’+A) + InCI(L), (9)
A
MR8 FN(9)HIHFER S In CIC(L), 1E1S:
AN l + A JC’
InCl(x") = F( R )(x,+A>+1nc1(o), (10)
&
x’ Alx'+A) ,
= =a+ 1
W [QGD] T FGE ) @ o (D
Cl(0)

BT R, RO AR ERSC RN (7)) BB 2 — B 1 E 2, BB R (6) 5EIZEA

X RGO T H AR SR 1 K3 - AR AR (4) B S5, L, RFTAEBLEEN N #se

KRN P EE/RAGE LREX A5, EA BN H B RERQUTSE
a=(AYWF(U+Aa), b=na/F(I+ A)

P ZE—RR B A EIZE Fo

BT B, R PITEER A — K38 rb , BYZ IR A3 R PT DA (L e g BRAR RS SR 90] 10 (X
BABZIRAKEER RV, %, EHOHE, 2K NRARUBRAE#FH, 5
mIZEFEF RS BE A AL SEAEK YR EA MR SR,

Y EE MR BRSO A BN, RIIPIAENA AN AEETHRAERES
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A PRELIMINARY STUDY OF THE TIDAL FLUSHING IN
HANGCHOW BAY (I) UPPER ESTUARY

Mao Han-ree Gan Zi-jun  SuEN Hong-sau

(Institute of Oceanology, Academia Sinica)

(AssTrAcT)

Hangchow Bay (the estuary of the Chientang River) is the largest bay of the south-
east China. It is well known for its world famous bore (the Chientang-kiang Bore). Re-
cent observations revealed that tidal currents here are also considerably strong. It is
therefore reasonable to expect that the tidal flushing here ought to be very strong, and
thus this area affords an ideal location for studying the flushing problems (the exchange
of fresh and salt waters, of dissolved and suspended materials, the distribution of plank-
tons, etc.). This papet, however, only intends to deal with the exchange of fresh and
salt waters in the upper part of the Bay, i.e. the upper estuary. It is the wish of these
authors that this preliminary study may give some insight into the detailed mechanism
involved in the tidal flushing of the whole Bay area. Such knowledge, particularly if
combines with the knowledge of estuarine circulation, no doubt, will have great interests,
both theoretically and practically.

The main body of this article is divided into three parts. In the first section, the
essential features of the three fundamental types of mixing in a tidal estuary—i.e. the
negligible mixing type, the moderate mixing type, the strong mixing type—are briefly
reviewed, and the general characteristics of salinity (or chlorinity) distributions of Hang-
chow Bay are outlined. It is found that the distribution pattern of chlorinity in the
upper estuary is rather simple——the vertical as well as lateral variations are small com-
pared to the longitudinal variation——and, for a good first approximation, this area may
be regarded as an estuary of strong mixing type. On the contrary, the salinity distribu-
tion in the lower estuary is much morc complicated, therefore, further studies should be
made and those results will be reported later.

In the second section, the existing theories of strong mixing type are critically re-
viewed and their applicabilities to the upper estuary of Hangchow Bay are discussed in
full detail. Results show that the empirical theory of B. H. Ketchum cannot be applied to
this area, though Ketchum claimed that his theory fitted remarkably well to the observed
data of five estuaries of different nature in North America. It is these auther’s opinion
that the inapplicability of Ketchum’'s theory in this arca may partially be accounted for
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by the large fluctuation of the fresh water flow of the Chientang River, the lack of de-
tailed informations on topography and tides of the investigated area, etc. The mixing
length theory of tidal flushing advanced by A. B. Arons and H. Stommel for a model
estuary (of constant depth, constant width, and equal tidal range) may, in principle, be
extended to a real estuary through the introduction of a certain working formula. By so
doing, however, the upper limit of salt water intrusion (which is the origin of the co-
ordinate system in the fundamental equation of the mixing length theory) must be known.
Owing to the lack of sufficient observations of chlorinity in this area, this upper limit
cannot be ascertained. Under these circumstances, in order to examine whether the
mixing length theory can actually be applied to this area or not, we must first determine
location of this upper limit.

In the third section of this paper, we first derived an empirical formula (in the form
of logarithmic deformed hyperbolic curves) for expressing the longitudinal chlorinity
distribution in the upper estuary of Hanchow Bay, by employment of available chlorinity
data at shore stations (twelve months in total). By so doing, we are able to determine
the approximate location of the upper limit of salt water intrusion of Hanchow Bay, by
means of extrapolation.

It can be shown that our empirical distribution of chlorinity is analogous to the
analytical solution of Arons and Stommel's mixing length theory for a model estuary. It
is rather striking to find that with exception of a few points, all of our twelve calculated
curves fit the obsetrved data so well. It proves that Arons and Stommel’s mixing length
theory for a model estuary is applicable to our investigated area, and that the means which
we used to determine the upper limit of salt water intrusion is justified. Following this,
we are also able to determine a ‘local flushing number” describing the monthly tidal
flushing in the upper estuary of Hangchow Bay. The variation of this “local flushing
number” with fluctuation of fresh water flow and tidal regime is under investigation.



