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A Study on the Salinity Variation of
Salt Water in an Estuary
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Abstract

Since the estuary is a very complex place in which the sea water and the fresh water
meet, it is very difficult to make a general analytical description of salinity distribution in
the estuary.

As an attempt to investigate the characteristics of salinity variation in the estuary of the
Geum River, the field observations were continuously carried out at three points near the
Gunsan New Harbor at the time intervals ] to 1.5 hours during one tidal cycle and the
data were analysed.

The following results were obtained;

1. It was' reconfirmed that most of the ratios of the salinity to the conductivity were

widely distributed between the range of 0.5 to 1.0.

2. The salinity showed the peak at the high water, and then it began to decrease gradually

and had the lowest value (0 to 2 hours after the low water.

3. The density current was generally the intense mixing type and when the river disch-

arge was very large it was of the moderate type.

4. The vertical salinity distribution was not significantly affected by the wave height.

5. The maximum vertical salinity differences were generally less than 10 g/l and the time

of the occurrence of the minimum value was 0 to 3 hours after the low water when in
the spring tide and in the neap tide it occurred 2 to 3 hours after the high water.

E E

A= ks Azl whvhe ofF S Mo 2 Wnhol A BES A W KEBR
—HERY] RIS A i@l W Bl A& WA= BpENE Ealel HES Sk
&7l fAste] Wi € BU AT 3Bl A MW--EHIS U 1~1.547 BA oz Bl
fre = BUtBNE AAstg e SRER oot 22 974 Kwe 49

1 St A7) A =299 b 0.5~1.0 Aol Aol AntstAl HAislol glgo] FHER
s ek

2. BET Wl H =23 fEld A TR dd o2k gd oA A Tk 0~2 wEh

* ERA - WP TRAR MK




Atolel 744 Zskeh

3. SHLMRS HENE B4 2 BRABIAL i 2 A€ BRARCII.

4. SHEEIEES T FE J ¥ Hlz 9

5. BAMEHEEE AAZ 108/ MTEeq BMEZ Jebbe BllE kel & T
th o~2 Fsk g o Aol = WEtE 2~3 W el e

1. # &

AOE ket A shie KB o

B3] BAa pEse 24 RTINS WD A
dx9 43, dFLre BEs BMY Tl
t}.
A=Al G TL v BEFEo2E WA
Wik, Bk AR, 455t 259 BEE,
Wi, W, WY, MAEHS AAE B4
et ol % B AHM vl wetd dx9
S A FHEe) SARE rED T,
A 2049 7] PRE R AL EkEAC]
$ahe] Bk BACH A2 Baol 2 Ho g
A ke RMi(stratified flow)o] ol 3 #EHTRY
(5),(10), (14) 3“: ﬂ‘ﬁzﬂ m%uw,(m)g‘_ ﬁﬁﬁﬁﬁ“(‘”’
®,09,00] g sted H on F Fo] A (mixed
flow)o] Tht o Frb s #fTE 2 Y@@
Qan,a,an, a8

KiRsrel ksl BB HEL o %8 (pred-
ictive) Bt 33T (descriptive)o] o} ®. =}
A wE olshe mEle AREME Este
dold Agu AFANA dolA Age] 27
3 AdAe 54¢ Ldstzm gy =Ee] @R
% (estuary regime)s] #hikol =3 HESMFaol
oA e JFE dEE Aol Py o =AY
RATHESA TE

Hel A o) BESHY —iMe e 3%
T RER #e FTHke et WhEstt. 3
KT AEH 23 v EHER] LA U
E sAT oby BuEMERe HEFERE HeA
o2 KEMED 448 & A dAdAAE
ol2x EHc}

oA % ERES MEFOl TR 949 RE
Wol F3 WRE T BUFHES A
2 en o Ak =3 WKAKS d¥ g4
g P ANEe 22 qEe AFEst 23

p--%
5T

2 " oprh

webA & AN AR AT B
WSk Rl A 457 BYHHE G A%
BN d=9 HNES bLor 429 WY
of WE iRy MERBE Sftd RaA
gt

2. Ane| —jkay KBS

ke BmESL ke mERY 2] W Ed
BRI K ez BAstd Zoistz W)l
Ke 2 9F &84 ®Eoz e, o 7
< BWEE BESS WK ®AH Hem
fgel ez st ArE WRYZe
W (density current)els &hel,

FOFZE 9 AV FEdT dor M
%9 B4 (mixing) & F3 8 fFH A 4
= BEe A HReE 2 o sl B
Ke &9 A7 (salt wedge) & qHET®.

EA&S FAA7 = HENQ FHL 28y #
MEmEel Bshe AEMECT XBE s de
RS A8 FRoRE WY, A7 ¢y
BB, AEe wGR, RAKWES x, FEY F
W, FA9 4, FMRHEES F7F Sl o,
Wwe Gl g adx A7z Yo,

EOEERe Bk wKe BEERREN =
g 2y 13 Fo] 3704 Hoz stz 9l
THD, @), (8,

=, B4 (negligible mixing) : HASH WK
7t BEEA g3 4749 ReE BRIt £F
Atololl k78] ko] o] FojA Tz KEFHEA
o} W (density gradient)l A=A A oz ¥
Ag F ek ol# g e zrt B @R
ey 4o

ZBE A (moderate mixing) : BELS BES
o FEMe 2 WE T K, dAHEd o
7ol FEgch.

- PRSP 3 EE

= [«]
52Eg



Down Stream

=y
>

Up Stream

Fresh Water

Salt Wateré\((
>\ Y

{a) Negligible Mixing

(b) Moderate Mixing

Av4
Y 77T
Salt Mixed "-.-| Fresh
Water Water - -] Water

///ﬂ

(c] Intense Mixing
a8 1. EEe BARE

il & (intense mixing) : ¢ 578} kKol o] 7
g Aol A7 W Fol dojrbe o] Aol
FEE AR Fmerys 2A3%% god dx
Tl AFEHEo 2z FEEA EA4 g

Lo & RN A v —8WFs] Aol
FRFZ QlolA A 53] 7 A7l ghel B
&9 Zeist vehbA] @m, @ 3 g Eol
RSl ek (turbulence)o] v 2% Zz: RBE
o] & o] FolAr}®,

3. BFRH

3. 1. BEF (salinity) 2} BEMIEE (conductivi-
ty)
3.1. 1. BBk 3 (i
A LR Qe RStk st
o 34 HwERIA AAstges HAE 29 2
o el

EIR EIM-19814 12 7

3

q4A=x

a8 2.
3.1.2. BURHAH 5k

AsAA FHke WYBEY =t & 12 B
@B dF7)e ZAA 1~1L.56H 14 oe
A4 oz g 11E 4Asgdcr. & AHA 0}
oh Kige] Watmz 27 33 o]l k¥ hE ¢
Forste] Az vhee 2@ 5Bl A HifTsl
Grt. Al 243 & Nansen @7 Water Bottle

< fiAsHg o

h

N~ W
o—e
~T

!
OB 3. AlsA g4

3.1.3. RESHHE
AA=" Rpe A 1M E %A (B4 DENKI K-
AGAKU KEIKI &iite] DKK Model Ao~g)o]l £
ste] A/ AEE(25°CE 249 e 2439
gem, BB 50cc & HMR¥:(105°C fER Oven
& HASE-2) fsted #iE Q% (salinity)
& WEs o
3.2 M B s
WIS BLA R e HErTe B
71 53} 1980 EMWRE FIESIG on Fie
SRR BREY KERBEEII oloy 1980

F8AMAE A nAor BE7F0] gloo
97 ol F& WEmBNA 5L glo AzAHA



o WEt —FeHA 2= A 2ol o4 %
%t
3.3, X % RE

SO e WEst 27 o Fol Bl A
FAS ERS BAESE <7 487 = Ed
F79 9 ke s oA A3 Ate
R KA QA FEFd2(@paYE
o 63km)e] 49 WEAZVEE FIARA
(g 4).

20}

—t
n
¥ T

Stage (m)

&

B smnncle s

Discwgrge( m¥s)

10

a8 4 74 £ LAFAGEEAA)
HE9 49 AzE 4=k # 19 2.

4. DHER W BR
4.1. BES WEWEEA] 2HA

dx ()¢ A/HMEE (O M (s/e)=d
F 0.64% e glow 0t o] RE KHE
o wel 0.5~1.002 MikalceEn,

28] 5% & 479 FHHERE 29 Aol
o] 2¥olA el EES BEMYESY HE
0.5~1.0 Atololl # 93 %7+ ZHigo] oyt 2
ez s/fc 0.16~1.638 UHe) B A

4

¥l ExsAL

N 2

A4 A AFzs o 19y 3. )
n o \'n’ll L":.\lSI”

80. 2.20| No.2[s]=16.55| 60/0.81] 48/vln%g
80. 3.29| No.31%2!5.00{ 600.90| 56/5&
80. 8.31| No.2ich £6.00] 40[2.95/% 454 &
80. 9.27| No. 1l £(7.00| 40[1.86] 140\=}s%S
80.11. 1| No.3|4=%(2.50] 39/0.96] 62/4-&
80.11.15| No.2|4-=[3.50| 390.92 = 5732
80.12.22| No.1l|Hl &(7.10] 311,03] 66/53&
81. 1.23| No.3ls] =16.67| 401.47| 125)s}2&

Salinity {g/1)
W
(=)

nNo
o

10 20 30 20 50
Conductivity (mUgml

dxgl A TE sl DA
3] AutelA SAist 9ot

28 5.

4.2. (S| WRhiss

HiEo] BE)2 2880928 Mol Nol, No.2
9 No.3. o Az F3q Ho)& BRAT &
A o= @iz, WiE EEgcl MEY WEd
WA e e A48 S#std AAE £ 94
o2g ol & FTHIA o HEshed Rl

4.2.1. HiEES] A F7) el WE

A= ¥ 18 Aoly] MEIREE 4o
W HEE K2 ETHEA fAgel 989 4
Fol A33] A vdehviz e TEEGE
LRgel A2 A% Az Jelyddg. oA o
%ol Adnd i HRsE Ao
2 olAE & kel Wit 23 Mol & 2
ol7] W Folztz Azg ).

2 6~11¢ 29 95+ K= MW—EH
Ayolel FINMER, Wi, S dAgol W
#esel 714 ZA Ve, WA TWEY
Aol olet WEE A FolAd A TWig 0~2 A

KRB



Tide Water Levelin)

Tide Water Levelim)

0 NO3(8032Y §g;§
= 30 - R /o
; 7N
5 7 N/
Bof v
8 /;’ ' [e
/ o le
§10 / T Ly
ST TN
8 9 0 1 22 B 1 B BT B BD
Time({hr)
18l 6.
¥
t / T8
E N éo—o
Q— % L e
FES ’// : E
e -~ T
T e 3
9 204
2 8
5T Py
B 10 A A - P
(R \\‘ /// 2 E
! — - 5
i
"900n 283 % s 61U oBow
Time'thr)
g,
\ Jet
o] /\ . NO.3(8of) 5o
.~ S
5304
B
8
é 8
6
Bo e — bt
0
S 0 1 1213 % 1516 178 B
Time{hr}

I8 8.

HIBHIM- 1814127

Tide Water Level{m)

Tide Waler Levelin)

@ NO.2(80nss) e
S Lo:v;
G oo
&
9 20
: !
<X T [e
vy \\\-\ ffffff // [2
0
T T R S A A
Time {hr)
I8l 9.
iy NO.1{80.12.22) s
) ;)—>
(ic £iTe
1 BN 3
5 ' H
EZO \ R
: / B \\\ ; g
=10 1 .
& ‘\_/ \ 2 ;8‘
0
S 10 % 2 WK B BT BB N
Time (hr}
8 10.
104
) NO3(811.23) 25
& R
S
B
i
8
© 6
ﬁwo- “~ /_\ ‘
. 2
\_/ 0
9 0 M 12 BB BW
Tirme (hr
a8 1.



7k Atelel A4 FAA =z 2 e BEE o4
Wi t2) Fobste g4 YeEi ik
o] &t7te]l A=l HERl J =ZA HE A NO '3 {80.111)
£+ WEREel = FIKS] o Fo ofF wlvwldElA Tme . e e el i

A @0 24t fksk 2 H7] o Eolw § R e o T e
el A Tz 9 9 E WY SEHmel K 1 J

e @RS HiACl ks = fie] A I I R
ADz ke ke BAMERHC 2w o
A Hoz BEY Sfiv 224 59, @8 a8 14
EAd doixe Aoz 4744
Fiol A WMz 2 e oA @il Hiel N2 (80.11.15)
K=l A ke o Fol AXz @K H sn ew om o wewm s wew e
#Weyd v gL AW AdAEz dee FAs 1 L RS SIS S S
A =HE Aolrh ( i k X 5
1.2.2. HES SHEST s auLl BT — D 3\.; '
18 12~17 & BES $ESHE 23 A 7
E 2o R Bol TH 957 k@9 9= I8 15

Hrhe 97 & A¢ ¢ e 29 12F
A &) st e W — AR Mg o4 ShkEe

mmoﬂ A:I :Fmi % KH(O] UHJE 'Fﬂﬂ‘] m%‘ﬂ ﬂ 55 1103 1:03 12:50'1 (?2.312.221)6‘25 1730 Timelnr}
) dFd =Tt FA EAdE BRARE . 2 \ ' 20 30 Saen
2 Ve e 490 ot ki BiES $iE
Fisk Ad dE BEARESE Yehz gl

L 1 1 . ! ! 1
020 0 10 20 30 02 3
218 16
No.2 {80,831} T
813 1110 1231 1:’.0‘3 15»32 17:00 wﬁ Timelhr)
1.2 10 %29 Saltigr) N2.3 {81.1.23)
/ 830 943 1105 1255 Wiz 1840 1700 1750 Time{hr}
YIQ_& 3e ; \‘0 2'0 K[o} : . “" 2‘0(30 v { 7P 20 3 ; e gt
lJ T R T j % ( S ( j E
[ £ L E ! ; 1 A 1 /
10 20 30 1920 3 0w N 10 20 30
Jﬂ 12’
a8l 17.
17}1—?* #|IL Dot Wsl S 2y 98 4
Ho.1 80.8.27) Y o Vel 4we aA = feks Wk
830 930 11:06 122 1408 15:30 17:00 Timethe} }. ] .‘ ﬁA{/rmo1 tﬂ ﬂ-%] %%8, % O‘] ‘,}7] q
10..20 30 1020 30 19020 30 10 20,30 _Salt{g)

r_-,}.(l) 6y, (1)

TH 23 12604 & 4 Sl uksh o] o)y
© Yol ML W A2 WG W
18 13 3 W) AR BES) ATt ol AE

- 6 — KR st

YN\ PR g mEE @RAN =: BRANCE I

L | -

10 20 30 10 20 30 10 20 30 10 20 .Z;O




EA st AL B F 3 Qo

ol AL WHe #E 433 Ao st
A HARS & W7 E Aa7 38
A gkol BEMQ AL A AUAPE &
ReaiEs does Ae ¢ FlaH oA |
kel ARl FRe wmEN EARRE v
AE g ol 2de AL E3 MK, FEE®
% @, Hg09Y Hass —H

NO.1
350
75
G40 1
330 (0.9.27)
320 (80.12 22) /’
X
<] /
S0 M
8 Q o 1 12 13 % 15 1% 17 18 19
Time (R
8 18.
= NO.2
o
o S0r
s
<
[
%40
30
&
220 (80.8.31)
Q
b4
i Ww\
) 80.11.15)
8 9 1w 1 12 13 1w 15 1% 17 18 19
Timelhr)
A8 19.
& sof No.3
@
£ uop
2
a 3g-
lé20
x N \
© N \ (B0.M.1) 180,354
210 130,17 N
)8 9 10 11 12 13 16 15 6 17 18 19
Time (hr)
T8 20.-

w1 EIM 10814 128

7

w3 ¥R detd Al wEe =l
de BAGel v d4E2zE Yl
B AR ol Wil 2 A 2t X @
3 RS AR E e 2 o] g Ao
2 A7grct, :

4.2.3. $EHAS BABER:

EES TRA)Y BABEZXE 29 18~20
A & & Q& vheh Zol Bk E BobEA
K 108/l T2 #Est gos BAHE
27t B He AL 19 6~113 v 2dlq
B oo kiRl & Tk 0~2 A7 Fo Vet
o ROl & W% 2~3 A7 ol et
A 7t

8 Pk (80.8.31)0] = BERAKES 58
she RS 24 vdehdE A @K ¥
Aol Wyl o Eol dekel Woke WETEHC)
F23] o] Rl A 9] HE o2 Alzbyrias,

5. K W

A T A @Es 3] & #HustEe B
HRPERE o3 BN BR G 2L &
#e A

D WE BRMEEESS K s/ce 0.5~1.0
Atolo] ¥ 93 %7t srdislel o, s/cy 2
HoZ 0.16~1.639 WHle] AA sbaksiA &
fiEl o] et

2) BEY WIIME, W2 Ea%d #Ad¢
o] Miginol EHEEECL M A Wil A TEE
W gtel] wel W WA FolHA Tk 0~2
B Abolol 74 #Fgkct.

3) WWS —Efel wE HRES RERIAY B
< 29 HEe WEho] 498 A detgten
TREEYGE LRl dAz 43yt

4) SREEME S fiv KiEE TR HE/ -
JEuc 42k 2A velds AoEERs 28
Moz BREAREE bl glovt 443 f3e
% e BREANEE by oo

5) $AE A =aqe MEe 43¢ Jlz v
o}
6) BASAEEEEE KiE 108/ LT
= BMEZE eV BEE KEIRd e T
#® 0~2 A7t el Vet ARl = Wi



~3 A7 ol vrebyteh

EoE K Wie MUMESEDRERZ@EH 10
RMEE : ATk BFELF) RES —Hel
o, dFu8 —{E wHstel E dgA g 1
ZH A gt

UILLE BLANCHE/N® 1/2~1974.

ASD, B, KEYE, “K@IIEncbl5
BADOEA” 2 BB L REME Mg 1974,
HEEE, WMRIEM "B XA TR
(2 “prER TERRE 1975,

Bl R TR RTE 1971,

. Harleman, D.R.F., and M.L. Thatcher, “Long-
itudinal dispersion and unsteady salinity intry
sion in estuaries,” Staff Pulication 302 LA HO

12.

EE#ES, ik, SoBEF “SUEROMWM LMK
B, BATCHITAHEQ)" #H225E BRTEREE

#nes HiscHs, 1978,

. Takeshi Ito, Sei-ichi Sato, Tsutomu Kishi and  13. i, FEFEE, “BERERETOEAZRE
Masateru Tomina, “On the Density Currents MBS AWHE” H26E R TBNEE R
in the Estuary” Coastal Eng. in Japan Vol. 3, 1979.

1969. 14. Agnew R. “Estuarine Currents and Tidal Str-

. Wiegel, R.L. “Oceanographical Engineering” eams” Proc. of 7-th Conference on Coastal
Prentice-Hall, 1964, pp.384-421. Engineering” Vol. 2, 1960.

. Hisao Fukushima, Masakazu Kashiwamura, 15. M8y, HdgEL, “EERCHTD s OSE S
Isao Yakuwa and Susumu Takahashi, “A St- oW, HI2ENRTRMNGWESE 1965
udy on Salt Water Wedge at River Mouth by  16. fER{E, |UHEK, LR, FUHE, “HREKZ
Ultrasonic Method,” Coastal Engineering in FREAECHL A KERSTOWT” H21EERT
Japan, Vol. 7, 1964. BEMaRIE, 1974,

. MRTR, “ToBERR” B-gRgm=--x, 65 17 PR %, “VoEERCHT -, =ofME", %
ATEBHT? EURSaRss, DELRREe 17E M TR B B SRS 1070,

KEEBAH 1965, 8. 18. FHEEH, MHNEM, “EogFofkEgEon

. Ippen, A.T., “Estuary and Coastline Hydrody ¥ O ERR TRBEGRTE 1978,
namics” MGH, 1966, pp.598-629. 19. MREM, HHES, “KEloWnBgER”, 523

. WMIRIER, HFEBB, “WoBERORE", H14, Bl TR E R R e 1976,
WETBEEEHMEE 1967, 20. Thomas, R.C. and L.M. Robert, “Water and

. HFHk, “Estuaryd KE” KT8 Y~ X" 70- Its impurities,” 2-nd ed. Dowden, Hutchinson
18 HA& /KEE 1970, 8. ' & Ross, Inc., 1974.

. BRER, SHBS, “FEoie#y e, 18 21, A, 34, ‘AR FHeady &Fse

2R EA” A 28 FEALA S0 G BRCEE
#, o|4r=-=-33] 1976, 10.

(5 1 1981.9.23)

- KEREAR R



