Chapter 50

ON THE PROCESS OF CHANGE FROM SALT WATER TO FRESH
WATER BY EFFECTIVE CONTROL OF OUTLET GATES
FOR A LAKE OR RIVER DISCHARGING TO THE SEA

Isao Minami')

1. SUMMARY

In previous studies, the mechanisms for changing salt
water }ake to fresh water were analysed by Dr. Jansen?’ and
Ckudal/, But in these theories, the effectiveness of the
structure of the outlet gate and its control ger salinity had
not been considered. For this reason, tne avove studies are
not precise enough to estimate the necessary time required for
changing salt water to fresh water in the actual sea-reclama-
tion planing., Tne author nas propesed a new method to calcu=~
late the necessary time. In this paper the mechanism of
transport of salinity in water is also considered.

2. INTHRCCUCTION

In general the lake with a narrow opening at the sea side has
vertically stratified salinity distribution. The upper water contains
little salinity, but the lower water near the bed has much salinity and
high density. The mechanism of transport of salinity in stratified
turbulent flow must be applied to the water exploitation plan for the
change from salt water lake to fresh.

Fig. 1 shows an example of the lake that is separated by the gate
from the outer sea. At the gate, the outflow velocity must have greater
value than the flow in velocity which is produced by the water density
difference between seaside and lake.

1) 4ssociate Trofessor, Agricultural “ngineering, Kyoto Univ.
¥yoto Japan
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The progress of cuange from salt water to fresh water could be
classified as follows;

lst step: The salt water goes out to the sea through the lower part
of the gate. In this case, the salt water exiting near the gate plate
in the lske will be almost entirely diminished. Put the salt water
below the elevation of the sill of gate cannot diminish so fast because
of its vertical density difference,

2nd step; The salinity will go out with discharge by vertical mixing
from lower salt water and this is strengtiened by wind force or flow-
ing upper water. But in these types of mixing, the salt content mixed
with upper fresn water would be negligiblly small. These pienomena are
seen in the lake having deeper parts than the elevation of the sill of
outlet gate,

3rd step: The salinity in the soil will go into upper water from its void,

We must take into consideration the above three hydraulic steps
in planning,and precise analysis of diffusion or movement of salt water
must be effectively used for reclamation planning.

3. CATE EJUATICNS

In Fig.1l, to flush out the salinity from the lake by the gate man-
agement, the critical difference of water elevation must exist between
the outer sea and tne inner lake as follows:

aAfR > ..ﬁ'_;—fH' )

At the sluice in Fig.2, the lost sa-
linity mixed with discharge from
sluice are supplied by the movement

of salinity in the lake. At the upper
open gate, as Fig.3a, the salinity out
flow is smaller than that lower the
open gate, Therefore, the time neces-
sary to change the salty lake to fresa
is surely cdependent on the structure of sea

fresh water
sea
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the gate and its management. At the upper open gate, the mecnanism

of vertical transport of salinity in the lake is an important control
factor. At the lower open gate, the mecnanism of horizontal transport
of salinity is most important. 1In small discnarge the horizontal
transgort of salinity by the density action is larger than the vertical
transport.

The discharge from the outlet gate is calculated by the next
equation by "r., Kuwano,

@ = CiBa{ 23a% (2)
% % -

The salinity mixed in the discharge can be written as follows
due to dimensional theory:

fam £+ KCUREES R g (-0

To determine the index. th, ¢z, olg, o4, o5, & %9, the author performed
the experiment in the laboratory. Fig.4 shows the model of the cutlet
gate.

The dimensions of all hydraulic
factors are as follows:

Pl = mi?
el = L.
r_ﬁ] = |
[R] - t
%%13 = 2T
[p-fl= M52
41 = LT

The dimension equation is

NIC BPSR AT A o {15 o) (8 o 1t g i T it O
about the dimension ¥ | =dn
about the dimension L -3z o, +tha+dg + P4+ 2oy ~ ok +dq

about the cimension T 0= ~dp ~ 29
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By dimensional anzly:is, the next eguation is given:
o ! & H3g \o4 \
fy= v kG- (B (B P (b

By the data from exyerinent, we can decide tne value of index as
follows:

fa= §+ 02793 (P~ pI(By (jéi)mw (Byoeeset (%)*o'omu (5)

By tne equaticn (5), we can calculate the salanity of discnarge tlow-
ing through the gate.

In the gbove equation )’ }, the relation between dewlsity and salinity
was given as fcllows:

= 1+ 755 (~0.089 + |.4748 €4 ~ 0,001 CQ*+0.0000398 (2% ) (6)

4, STERITITY CF PCUWTAXY I4V7R IN T ° STUMRY

The vertical distribution of salinity of lake water in the estuary
has the following characteristics, namely upper fresh water anc lower
salty waterexist as Fig.5,and in boundary of two layers the spring
lzyer of salinity is developed. To know the stability of the boundary
layer or diffusion from the lower water, we used itlchardson's nuuber.
But Hichardson's number is not so convenient to calculate vecause it
demands a gradient of density and velccity that is ditricult to know.

Therefore, we should modify Richardson's number as follows:
L 9f

B \Z

S (7)

Ri - (PR
IV

Ry =

APm=P'~f  4ZX=HR, ayUy=u-Uu
This number is useful because the shape of vertical distribution
of salinity has always a typical style, as Fig. 5, and the depth of
the upper layer is generally about 3m to 5m, and the value of density
is 1,C0C--1,025,
When the modified Richardson's number has the relation,

Rwm > 1 (8)

the boundary layer is stable, but when thenumber has the relation,
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Rim < 1 (9)
the boundary layer is not so stable.

In stable conditions, the vertiecal
diffusion of salinity from lower selt 10 Fig.6
water is very small, but in unstable XXX
conditions, the diffusion is actively XKy
developed by the wind or flowing water.

1. Stabilaty of boundary layer ,_‘8 N
against the wind., 3 .
gl "
The modified Richardson's number = .
is deduced by the following equation: 0n
RD’” . "y ! f)ﬁ— .‘:6 ® X
“Ca .z o) ®
, In equation (1D), resistant co- a
efficient ¢; is taken as follows: '24‘ X *
x
G %= o0.001 (11) o . x
3]
-

These data were given by the “ X . x .
ocboorvation of Nakm.un:.'fr‘ an Simane ? | x
Prefecture in Japan. Fig. 6 shows = | < ' x
the modified Ricnardson's number 1 |e ¢ . .
of the boundary layer during Feb- e T — e —
ruary 1964. L 8, o

0 'Aw L ". -
(The depth of boundary layer was 1964 Ja 26 Feb,.26

during 5m or 3m from water suface)

In Fig. 6, about few days per month, the modified Richardson's
numberwas smaller than 1, and the other day it was larger than 1,
This shows that the vertical diffusion exists only in strong windy
days. In calm days, the vertical diffusicn is very small.

Yow we can show the value of ¢ against the difference of density.

f=1.004 water surface

Table 1. Om =
¢~-f Ce ’
go0o0 / ®.00375
0,002 0,00106
010063 8,000772 2
<
0. 004 0, 00088 2
0,008 0.0008 6 it
0.013 0.00068 4
6

Figos
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2. Stability of boundary layer due to flow of upper fresn water,

The stability of boundary layer is given by modified Hichardson's
number as follows:

i aP
T A% 1 g(p-pIR
RM" (f_xu)z f U2 (12)

If the Richardson's number is larger than 1, the boundary layer
is stable and in the case of Rim<l, the boundary layer is unstable
and mixing between upper water and lower water is actively progressed.

5. HCRIZCNTAL TRANSPORT OF SALINITY IN STRATTFIED TURBULFNT FLOW
The horizontal transport of salinity in the stratified flow is

shown in Fig. 7. If the loss of salinity is produced in a part lower
than the elevation of the boundary layer near the gate, the lost

863

salinity will be supplied from the neighbour by the velocity of the inter-

nal wave, In general, the sudden loss of salinity makes the local
deformation of equi-salinity line on the horizontal plane as Fig. 7.
The discontinuous deformation of the equi-salinity line will propagate
as internal wave and by this movement the transport of salinity is
completed in horizontal direction. Then the value of the horizon--
tal transport of salinity is calculated by tne next equation:

- [ t.e’ 3"&'&' ?“"f

S=(s-s)(R ﬁz),,ﬁ+ﬂ,~?~_ (13)
If the out flow discharge is very large, the internal equi-

salinity line would be much deformed near the gate surface, but the

water surface would not be so deformed. In this mechanism of hori-

zontal transport of salinity, fluctuation velocity is not important

and the transport energy is supplied by density difference in the water.

The critical transport velocity of salinity is given by the next
equation:

S= (s'-S)R'Y 3e.'f.;i (14)

But these phenomena are only seen when there is small discharge.
In the case of large discharge,
the upper layer would be mixed
with lower water,

h-d Y
8 b, 48 8.f 8f
T T
o B © s/ p’ I LY
Fif’ f%—%JJ_LL;_B_
: P's !
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6. VERTICAL TRANSPORT OF MCMENTUM IN STRATIFIED TURBULENT FLOW

The vertical eddy viscosity in stratified turbulent flow is a
function of Richardson's number. Z, is eddy viscosity when there is
no stratified turbulent flow, but the eddy viscogity { would be chang-
ed by salinity distribution as the next equatioﬂsshows:

N =N (1+eR1 )% (15)

Namely the vertical transport of momentum is given as follows in
unit time and unit area:

7= 138 = N Giveri) 3% (16)

Fig. 9 shows the above relation coincides with experimentsl re-
sults, The value of index(—i) and e are decided by experiment.
The turbulent diffusion coefficient in no salinity flow is shown as
follows:

= 1.8+ 10% cnmYs

a7
Ty = 1.2 *10* cniys (Okuda )
At the vertical section;
'y
0.01 L¥ cuys (H.Stommel)(g)

But we ean estimate tne eddy viscosity from tne feolllow equations;

- 4
C 6 (19)  (by water flow)
40.—"—'- 1.02 Ws W(é% (TﬁorMe, MM—)
N, = 43 w? w>éb %‘ (20) (by wind velocity)
* (Bkmam ,1908)

By Munk's ,by other's and
by the authear's experiments,
the following value is deduced.

o

M MeoeTf.of Eddy Diffusion

6:8—13 (21)

But in this paper, the author
used the modified Richardson's
number expressed as equation (7)
and (10). If the modified
Ricnardson's number is used, tne
transport of momentum is given
as follows:

OoOH N £ N

[«]
.

o0
e o

\A
0,01 2 % 70124701 2 &
Modified Richardson's Number
Fig.9
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s ®)
7= Mo (1+€ Rim Y224 (22)
7. VERTICAL TRANSFCRT OF SALINITY IN THE TURBULENT FLOW

The coefficient of vertical eddy diffusion and diffused salinity
is also a function of Richardson's number and Fig. 10 shows that the
tendency of equation (23) coincides with experimental results.

8)
-3
Vls="[,(|1‘b?i) % (23)

(i) by flowing water

If we use the modified Richardson's number, the vertical trans-
port of salinity in stratified turbulentﬁflow is shown as follows:

5= 1523 = o (1T bm Ry =25 (24)

In upper equations, the writer used the modified Richardson's
number instead of Ri and the constant bm is decided by the experiment,

20
3=
bw &= 10 (25) ggb .
, < % &
(i1) by wind action <
b
S = o (1+ bmwRuwm) 225 26) , 8
[
In equation (26), the modi~ £
fied Richardson's number must be 18
used, b Z
& 10000
This is d:édced from field survey
of Nakaumi Then the value of 7, 5 \
was calculated by Thordde’equation. 0.1 \

0002 & 70.12h
Fig.10 Modified Richardson'

Number
8, THE CALCULATICN OF ICNGITUTINAL TIEVATICKN CF TuE BCUXTARY LAYER

To know the vertical salinity distribution,the elevation
of the boundary must be calculated for all discharge. In
hydraulics, the shape of that boundary is called the salt wedge. The
elevation of the salt wedge 1s a very imgortant factor in understanding
the progress of fresh water from salt water, Tne salt wedge may be
calculated by following fquations: The following equations are deduced
by Prof. Dr. Schdnfeld.®
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The nomentur equaticn are

—L+8% 2% D Uiy, Ll .
LtEs v 5% +d~,—a-{(_i§_)+ 3% tit o

L+ Q-e)25 428

- (27)
'ax 31"""53"'( )+3Fa,_.’*""f ©

The continious equationsof discharge are
af %% E&L
6t-1°u + A =

‘ ' (28
3wt g0 |

These equatlons are modified as follows

a#)[ﬂ‘ g {k"' R(H‘U)l(1°u'f %ﬁ,u(m,ﬁ;ﬁ,(uﬂnuﬂ'ﬂ
A% %{CJ‘M‘”) 4«"36“ wu’)fﬁgr(u-—u)/wul —(Hi)fa. i-{(w-u’)lu-u.' ]

(29)
I L T
I T T T3 (30)

If we assume the values for salt wedge as follows:
we=o, fi = 0.0

£=-ﬁ;‘i=0\025 (31)

¥e can write equation (29) as follows.

4E L

ax (32)
Aft_ =9

In the equations (32) the values of f and g are calculated for
many values of depth of fresh water, depth of salt water and velocity
of upper fresh water. Table 2. shows the value of f and g. By the

Table 2, we can calculate the salt wedge and the elevation of water
surface as follows,

(1) The simplest calculation method
X= Xo+aX
J&: fot afL = 'ﬁ.o“"‘f‘ﬁx (33)
£'= Bi+ aB'= Rot F.ax
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The values of ¢
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(ii) By Runge - Kutter's method
Xx=XpTAX , fi= Rot &k

- Ro+
R= o (34)

%:é—(%mzﬁzﬁ- 2R3+ &a)

ﬁn'—:’f(xo, B0, o JaX

fa=§ Clotax, Rov B, gg+r % )ax

ﬁs"f (101'% fot+ Rz ﬁ,f,-r%&)dx
2z - £z Iy

'%4.‘ f(XbTAX; ‘ew't‘ﬁg, ﬁa_r ‘?3>Q1 23“3(10"“9%" ﬁp“\"—-'z—" %o‘r"i_)dx

L= 300 +ax, Rot Rs, figt+R3)ax

i-"—"j“’(lt +2£2'+ 2!3'1‘24)
L= 3 (Xe, fo, B0 Jax

,ezzg. (Xo‘t‘é}, exo“'—-g'—, ﬂ;’f’%*)AX

U/a——

boundary layer

_ ; )
W’i’% — x_; Fig.1l

In the place furtner from tae salt wedge front D in Fig, 11, tne
flowing water will directly contact trae soil surface and the salinity
has vertically constant value. The point T is given by the front of
the salt wedge. But in the case of small water velocity of the upper
water, the elevation of point D is nearly equal to the elevation of
the sill surface of the gate. But in actually, the wind velocity is
also an important factor in deciding the elevation of the boundary
layers.

9. THE WQUATICN OF THE CdAANAE OF SALINITY CF THE LAKF IX THE
ESTUARY

2
The fundamental Aifferential equation is given by Prof, Jansen).
RBut in this equation the value of the ratio r between ocutflow salinity
and original sslinity is not exactly considered.
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&

Q o=
8“/ p 2 sh% w estM
Fig.13 /3 s-f

In the case of r=const., the solution is given by Prof. Jansen's
equation as follows:

-re
S=&- 1+ (So-P)e” T (35)

= =
r Sm . { R
After these studies Prof, Ckuda assumed the next equation for

the value of r, r=1-k (Sm - a)

(36)

and the solution of the salinity in the estusry is given as
follows: a

5%'»-a.e x

S =

c- o Bax 371
where

P=i- k&

c.. Kso_. Ka (38)

In Fig., 12 and Fig. 13, we can understand tnat these equations
are only effective for the snallow lake as Fig. 13. +hen the eleva-
tion of the sill of the gate is higher than the bed of lake, the

equations (35) and (37) are not so effective.

The above two equations are not so precise because of following
reasons:

(i) There are no equations to calculate the value of r,

(ii) They neglect the density effect against the eddy difiusion
coefficient, The vertical sslinity distribution changes the modified
ficaardson's nurber and this also changes the diffusion of salinity.
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(iii) They neglect the vertical diffusion from tne lower salty
water.

(iv) They don't consider the effectiveness of the structure
of the outlet gate and its control.

10, ILUGITUDINAL SALINITY PISTRIBUTICON IN TAE URPER
WATRR BRIUG Cit TnE BOUNDARY LAYERS

The salinity mixed the upper fresh water may be calculated by
the equations below: 1In this case tne coefficient of vertical turbu~
lent diffusion is calculated by the next equations,

M= Mo (it Gm Row ) % (39)
=0 C1+ bmRim )72 0)
wiere
Rom = _&(_i.&;flf‘_ (for water flow)  (41)
Riwe SE(F—PIBH (for wind action)  (42).

Ca

Because the shape of vertical salinity distribution has the same
form below the water surface in the lake., the above equations would
have practical use. Namely, the fresh water is sitting on the boundary
layer between fresh water and salt water. In the part below tne boun-
dary layer, there is salt water and its salinity is an almost constant
value.

(1) AT THE SALINITY MIXED IN FRESd WATER Frli LOWER SALT ~ATER

If there is a flow of upper fresh water, salinity is diffused from
the lower salt part only very sligatly. Then tne salinity of the upper
water is changed from the mouth of the river to the outlet gate as

Fig. 14,
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The differencial ecuations of the caange of salinity are led
as follows:

t4
W = s T ’%f 5 (43)
—;—LSI— = Q,(l*mem>%—ﬁ% (L)
1 (g-s)
The boundary equations are;
= - (45
L= R . S= S, ’

From the upper boundary condition, we can deduce the next egua-

tion of salinity-

S = So{\— e smh B ~X) }

som 8 2 (uo)

where
»

d=—4 . NuWireTg (47)
2'& ’ (3 27?5 R

(2) FUNTALENTAL DIFFUSICN EQUATION FRCY SOIL

The fundamental differencial equation is led as follows:

1f these conditions occur, that is, the mean velocity U is const, ,
mean water depth h is const., and turbulent coefficient of diffusicn
is constant, then, the equation of diffusion of salinity is given

as follows by Okuda®

871
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-+ _é_(s -S) (48)

u ’71'5 d.xz
The boundary condltlon of differential equations are shown as
follows.

X= o0, 5=0 (49)

'X:.Q, S = S,

By the boundary condition, we can deduce the solution as follows:

dax
=St 1 - e smBB(L-X) o
{ simfi3 ¢ ! (50)
where
M (51) - ..__._____W % (52)
o = z’Vls (3 27($

11, THE CAANGE OF THE SALINITY IN DEEP ESTUARY U'EAR THE CUTLET
GATE

If the outlet gate is open at the lower part, and the modified
Richardson's Mumber in the lake is larger than 1, the required time
to replace old salt water with fresh water is calculated as follows,

1st step

The outflow salinity through the gate is calculated by
equation (5).
Ag’\,f;Q = AV, af

f. Am
We can assume the following important facts by thefield survey and
experiments of salinity distribution:

(53)

(1) The boundary layer exists on the same level as the sill of
gate. (at the start of calculation)

(ii) The decrease of salinity happens only in the upper region of
the boundary layer in the deep estuary,

If the vertical salinity distribution and discharge from the out~
let of the gate are given, the outflow salinity mixed in the discharge
is calculated by the equation (5).

The decreased salinity of the lake is given as follows:

P-ap= %ﬁ%‘; (54)
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The sunk depth of the boundary layer is calculated by the next

equation:
af = ftf%;i— (55)
2nd step

“e must modify the salinity distribution of the upper lsyer by
the following method: , ,
£=5

P=Lref
But if the elevation of the boundary layer is lower than the
elevation of the sill surface, the escape of salinity from tne estuary

is very difficult. This c¢alculation metnod was verified vy the follow-
ing experiment as Fig. 162

3rd step
we must modify the salinity distrabution by wand action oy
equation (26).
1.000 l.01 1,02 1.03 l.000 1.0l l.02 1.034E
0 . ‘ ' J)P Y 1 + 4 >
5 5 ﬁ
10 s 10 Q
S20 £ 5o RN
-] 2, =
%22 ® 25 Z
3 £ Fig.16=2
35 )
ini fter 60 min.
Figel6=1l —c—u- salinity a .
- i after 30 min. .
T .g?%égig salinity distribution
1.800‘ 1,01 .02 l.oiﬁ
5104
sl W
[ 15 * ~
© 20
4th step

e must calculate the salinity in the discharge by equation (5)
and return to the 1lst step.
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12. MNODEL TEST OF ISAHAYA SEA RECLAMATION PLAN

The author made the model of Isahaya bay in Fig. 21. The bay
opens to Nagasaki bay through the gate. The hydraulics factors of
the model are as follows:

lean sea water elevation T 0 em

Amplitude of water surface * 3.5 em

Salinity in Nagasaki Bay f'=1.028

The elevation of sill of the outlet gate ~-18 cm
The effective total width of the outlet gate 10 cm

The structure of the outlet gate and V-H,A-H curve of Nagasaki
bay are given by Fig. 18 and Fig. 21, Fig. 16 shows the changing
process of vertical salinity distribution in the pool inner the embank-
ment. _In this experiment, the discharge from the outlet gate was
200 cm3/s. Before the reclamation works in Isahaya bay, the distri-
bution of salinity had the same value in vertical directions. This
shows that there was intense mixing by wind friction on the sea
surface and tidal actions of total amplitude of 3 m. Tut after the
reclamation works, the wave in the pool would be very small and the
vertical distribution of salinity would abruptly change at the same
elevation as the sill. The upper fresh water would have a density
i??ug féo=l.C02 and the salt watér would have a density about

=1.020.

To chase out the salinity by tne outlet gate, we .nust constantly
operate the gate on the condition that the difference of water surface
between outer sea and inner pool has the value of equation (1). 1In
this case the salinity distribution in the pool will change as Fig. 16
and has stratified salinity distribution, In tnis case the boundary
line between fresh water and salt water has the elevation nearly equal
to the height of tne sill of the outlet gate. This is first step for
making the change in salinity. In the 2nd step, the salinity lower
than the spring layer or in the bed soil would be transported by mixing
with fresh water flow., If the strong wind vlows on the sea, the sali-
nity of the fresh water will increase and the depth of the spring layer
will be deep.

In the sea reclamation, the most important factor is to make the
elevation of the boundary layer deep. The method to make the boundary
layer deep is shown as follows:
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(a) The gate must work to flow out the flooding discharge.

(b) The gate must work to flow out the salinity from the deepest
part of the gate on the embankment. To accomplish the above, we must
open tae lowest part of the gate. As an example in Fig. 17, it is
best to make the one deep gate for chase out the high salinity water,

outlet gate for flood discharge

772
4 11 I 1 [ Illf
Fig.l? TToutlet gate for
salinity

If the elevation of the boundary layer is sufficiently deep, at
the strong wind or flooding flow, we can constantly gain fresh water
from the lake.

-2

b\éﬂbankment

gate

4

-6 ]

ko6 BG6 860 Llooo

-8 . Fig.1l8a
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.l.l/. SYEMLLEG

Initaial condations

h=g m , f =028, B=300m, ot = 0432):/0;
H=gm, § = 028, C=08 , Q=5808 my ,
C = 425 m, B = Lo, g=126% By= 5000 m .,
A= o85m, sh= 0.3m,

1lst step in calculation,

elevation of boundary layer {: eievation of sill) ~80m

sal:mlty out flow through the gate
=Q(h-D = 5808Cl025 —1) = 1452 tem
wq_ter vofume existing on the boundary layer(in Fig.18)
aV= (658~90) (0% = &8 ~i0f m?
lost salinity from the upper region
152 —
4 = I At = ooues
modification of vertical salinity distribution
P = 025 -~ aotio§ = LOBIS
FP'= Lot
water velocity of upper region
uaO% = $80% fpegoo0 = 0, 0145275
modified Richardson's Number 7 9P
Ro = (FLIRG . (L0285~ Lo3?) 218 o,
U coolesa )2
salinity mixed into u ;’per fresh water

Pm oy (1110 Ry )% Tﬁ.)
1, £hITAC

gradlent 061’ water surface(bz Manning equation)

i= (0.0(#%2-0‘09 = 0,363 rs6F

,{ - o«a?w?;«ruﬂm'zr'f = 2.f63xi0-%
-]

P = o000 ?-6’6-3 Cer (01'4-/?&) ”»——-—""’S'E co3zriad 4 o
le.m;q:

’

2 (.028
mixing by the wind velocity

Ta® 2bxwd=x12Ex 1073 WY o ey ® Tom/o,
mod:.fled Rich rdson s Number

Rome L LLIAG _ o0002Co0.0ito8) zEPb o | ¢ Pop
WHx,06

q = 100x43 2 22032

~3
* %, Gt vooee Rend EE2F 2 22032 (1+ Loooontl por) % 284198, o 3201 02 0, 0028
=hoeld3f4noo2z =y oilss
fay ol
he= 2502328 o o 226 m

A= Pro.034 = &.796 m (elevation of boundary layer)
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2nd step in calculation
The outgoing salinity through the gate is calculated through

the next equataion. ~o.00l0}

10,038 ~0.0030 H§\ 0o
f= P+ 02073CF ~F) & & “(7’% "

Hx @+f=/2m C=420m L= 3,246 m .
F= le2as J A= 05 m 4 Z =——-————-{;€:’08 = /u?’ém_;/m

f = 1.0'1523‘ 4 -ﬁ = &730’»1’

736 \~ 000 fol (4 (2036 ; g8 \0O030E L 2 oy 000023
Fy=loliasr 0app3(laass i zs) (Bhe) " (Aake)™*T () T (et

=/ 0l8%

Return to the calculation of the lst step.

14, SYMBOLS

A hieritical difference of water surface between lake and sea,
fiwater density of the upper region,
fl;water density of the lower region,
s3salinity of the upper region,
sjsalinity of the lower region,
hijwater depth of the upper region,
hiwater depth of the lower region,
kjexperimental constant,
Qitotal discharge through the gate,
qidischarge through the sate of unit width,
giacceleration of the geavity,
ajopen height on the sill,
sisalinity mixed in discharge outgoing through the gate,
j;density of the water of discharge outgoing through the gate,
ugwater velocity in horizontal drection,
zsvertical coordinatey
x3horizontal coordinate,
tjtime,
7 ;eddy viscosity,
%,;eddy viscosity which is no salinity,
jeddy coefficient of diffusbn,
n ;Karman's constant,
i;gradient of the water surface,
cjvelocity of the internal wave,
o sconstant of momentum distribution,
f, jresistant coefficient between upper fresh water and lower
salt water,
f, sresistant coefficient between salt water and soil,

AV i;water volume of the lake,

871



878 COASTAL ENGINEERING

r;ratio of salinity in discharge against lake,
H;total water depth of a lake,
Hithe water depth of the sea,
Cj;discharge constant,
Biwidth of the outlet gate,
Bj;width of the lake,
csheight of the center of the open part ,
Clj;content of the chlerinity,
Rij;Richardson's Number,
Rim;Modified Richardson's Number,
J s;velocity of salt water,
c”coefflcient of resistance by wind velocity,
T.3shesring force acting on the sea surface by the wind,
Si3density of the air,
Li;water depth,
wi;wind velocity,
ejexperimental comstant,
e experimental constant (Modfied Richardson's Number),
bi;experimental constant,
bm;experimental const.(water flow),
bmw;experimental const.(wind ),
i ,1§°constant for resistant,
fg?f.,re31stant constant,
2 j;salinity ratio in flow in discharge,
8. joriginal salinity in the lake,
kismolecular diffusion coefficient,
Am,area of the lake at the optional elevation,
Ab;sunk depth of boundary layer by the vertical diffusion of salinity
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