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Characteristics of the salinity flux at the mouth of

Lake Koyama-ike

Akihiro Mori", Tomohiro Naruoka', Yoshiyuki Hioki’

Abstract: Seawater backflow from the Sea of Japan is controlled by operating the flood gate
on the Koyama River between the Sea of Japan and Lake Koyama-ike, a brackish lake in the
Sanin region. An attempt was made to evaluate the salinity flux at the mouth of Lake Koyama-
ike quantitatively, focusing on the effect of salinity on the ecosystem of the lake. The salinity and
flow rates were monitored using electrical conductivity loggers and Doppler flow meter readings
obtained every 10 min at various depths from August 8, 2021 to October 21, 2021. Based on the
observed results, the salinity flux at the mouth of Lake Koyama-ike was estimated to be 0.09-5.82
kg/m?/s into the lake. When the salinity flux was high, the water level difference between the lake
and the downstream site of the flood gate was large, the opening of the flood gate was large, and
the salinity concentration was high at the downstream site of the flood gate. However, the results
suggest that when the salinity flux is small, the flood gate opening is small, salinity concentration at

the downstream site of the flood gate is low, and backflow time tends to be short.
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Bt is 8O NBTEENC k> TRELWEETNTE
7z (Nomura, 2003) . 7D CYUKMITH - 7275 7 1,
J\EBIE 75 & Tl HE X 1Edic X 0 BIfE Tl iRKik
T (L=, 2020 ; dTBE, 2020), —F, SREET
BT ZEZ S T—HRKEENTzOEHUE
CIE 2 B VK BRESIC R S N5 6 (R - 1%,
2020) 7% &, HAKHIOERKI THETBREN N2
WKL L2 BIN D 5.

SHURAEICAIE T 2inthid, dekK DD
BROBEER/KOKEE LTHRAINTED, #Eic
RIEE NABZE TN T E Tz (Nomura et al., 2009) . N
ORISR 52 e L EZZ BN D NARER
I 5 L, FIHREWIIIITSH 2N OKYER
BOARFENS. TOKMIE 1936 FICEEDHEE
Bk D7z bIciE S Nz (SEUR - BHEH, 2020).
C DKMIE 1963 FITIF AR S FFLE ORI
HEN, BEDIE ko7 & 51T 1983 FEITiEiM
L) D I 2 TFAR 10 B YT 0 g1 1B 2 1
KO, WM TRINZRET 5 LaEEAAR
BeENBc ko7, UL, ZOERICKR
OUFRKPIILHITITHA L, BEANOEENFEL
teizéd, TOHOMILOE LY A A IR IE 330
mg/L LLR &75% X D ITKPMHREIC K - TEAZICE
HEInhsdbkbhol (SHUIR - BHUTH, 2020).
L TAD, FORIFEFEICDIEY VA abEEEL,
EHICE VORBKRWENMRGENECT. T
LIz soh, FUKIFREOKEE mE-> T, B¥
HEDAEDOL L, 2012 FELRIZKFIDRE %
F, AV A R 2,000 ~ 5,000 mg/L O#iFH T
BHINhL kol (BHUR - BHGH, 2020).

T 9 UTeg K A T DN AW I UKD
BRIRZZLE 820, HNKRBIEIC K 5 EH#EN
BHRIZTTldR <, KE & REBMEEERZ T L izM
P75 R 72 8 U TY UK O AEItHIC R & a8z
23T EeDMRENTVS (HA, 2004). F0O
728, VKNS 2 HK OB B 72 iR
5T L, FUKIMOARRRZIRY % L THEEXR
ks,

WL Tl S b 2 b 72 2012 SEB K TZ D
WUEL, EREE T 51 A4 EEE KE L B
% 8,000 mg/L F2E (K 145 PSU ICHIM) £ T FAL,
WL 2 100 AR TREBD W E R & 72>
o USHUR - BE, 2020). @btk -7z
2012 I IX, WIKMED J15 A F5 A Cristaria plicata
lF U &3 B A 2 HAE Unionidae D — L H 503
IKPED KRG 752 EHR LTz (EARIE D, 20155
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AARE A, 2014 5 SHUR - BHLT, 2020). 209
B, BT AHAIE 10 PSU LL O EETIEER
TET (FiEEH, 2017), BKMEOKAEREYTIE
12FEDS B 10 fiE TIX 10 PSU DL FETIREKRTE
TVnEEINTWS (U=, 2014). O XS ICHL
BB A A I X DN ARERICKE &
RAA—IWNEZENEEZENTED, TO%E
CNSOEYDEEICIEE > TWisy (BEUR - 5
Hfi, 2020). O XS RO, Lo 5E
REHEL, HAHFINAIEIERERERY—E X
BEZTEDLXIICTBIHIE, BKkOHEEMZ
=, WEREIKE EARERNESICTE EN
WEThs EeEMENTVS (HB#, 2020). D
Tz BINAM T B &7 DR 2 RS
5T EIFEETANR LS.

Mt 5 DKM FICB U TIERSoks72 ED
ML TavZANEET 5. flZE, HRREKHRO
KT H %700 g TR kR L 7z JE DI
BTHICO28MANEIIC K > THT Ay Migkz
U T EtEn kLR A9 % (Stigebrandt, 1983).
7z, T LU—IVEOF U TR E S A=
DHFIK DT AN FEED 5 0O K8 D PR AL
KXo THIEE N 5D, EFITHMOIKMMEL X5
ENVIIVIBN S DRI AT % (Sarkar et
al., 2012). ENOHFITIX, 7REH (Ishitobi et al.,
1999), /NIEW (PFEH - thik, 1999) ToOHMNC
BNTC, B OR#EIE 2 Hif DKM 2T RbBIK
HABIC K> TIFIEFREINE Z LHRENTY
%. [ARRIC = B0 T E KNI & ERIFEEK D
AHUZmREEOHBENSH 2 & LTWa (Pracoyo
&, 2010). F7z, SEWNCH LS 2 EKORE
ELT, KNEDKE 2% LIRRHTHRO PG ED
fid 5 T & THOHEREOWERIRENC X > T FioH
Wh S EARELRTWEANH S E LT
W35 (FRlpiE A, 2003 5 @RE D, 2004). 51
M T LD IKAL & WAL & DRI & E3 %1
MEERICHENDH S C EERELTVS (HKkE
M, 1998). 72721, TS OHEFNIKMFICKS
IKOBNWNHEE NG VR N TORMETH D, Bl
FEKFHRIEIC X - TIREDHIE E TSl &
IR EE S, LTIk T N E TOMNDE
SAAICBIY 2FE T, HARBOMNN S E5H3
Ze LIS 17238 © TN AR DFRA L, N
WA LTz @ik IS S 238 5 K 5 IS RFET]
DTN DIREICEE T 2 EHAAH S WD
Mo TW5 G5, 1957; @IHIEh, 2012; &iEH,
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Fig. 1 Location of the study site and the observation
point.

A Lake Koyama-ike (Aoshima site), B Downstream
site of the flood gate, C Observation point of lake
mouth, D Doppler flow meter, g flood gate, (L) The
left bank of Koyama River, (R) the right bank of
Koyama River, a Fukui River, b Nagara River, ¢ Eda
River, d Miyamaguchi River.
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ZTOREEHEMMCT A e ZHE L.

AEMESE

WAL RS E R BRI AT 1 9 B AR 17.5 km,
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THHTN WS (GHUR - KEGTH, 2020). &35,
IKPTEMHE USIUR, KREL) kL, HE
WA (202148 A 8 H~[A4E 10 H 21 H) DK
FHOBARIRI, NEFRIH I AR A i E T &
N, IKMOBHMEITRAKTH 9O m® Th-o7z. —
V7, WHREFOFABIETIE, AHEKFNIKP R
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FICEES N T e,

A &

LGOI D FRENS S TIE S B EOE SR
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HU, 2021 48 A 8 HA S [H4E 10 H 21 H O AT
WA D & 7 RS 72 mfe B U 72, Bl
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%50 m RO EAMZIZZAL LWL DO ERR
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m) & U7z (KD, Fs i & @ s m o
RIS & 73 A NIE DFPRICE T 10 cm OZEH 727K
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X CHRERIOE N REZBM L. Xz, #NBX
LK RIROKAL 7 — 2 id TREUR R SEEH -
[ J11 1% ¥, http://tottori.bosai.info/tottori_water_index.
html (2021 4F 12 AFEED 1 KO EG L7z

LA S T RER TSy IV ADEY

F 9, BEMERZN I 2 Wil U7 fRE IOV T,
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Tz BN OWERIOWE ST FRERE 5 IEE X
SERFUTEIC DWT, BEHIHO 0 i 5 24 I
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O FEOMEEEZ HIE W e e Uz, a3,
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BRELUER

HMOADTENS K TIESZE(L

B A O LT (K1, C HigD) Oy,
RER O IR, WA (X 1L, A &IKkFIR
FO( 1, B Hi) DFIKALF K Ol fL D7k AL 2
ORI 2K 2 1R, WLk (X1, g Hig)
O Rt (K1, B #i50) & HARWE & EHERN >
TWB 728, KM TR OIKGLE RS D272 %2
FEAEMHARLNE EEZLEND. —7, WA (K
1, A HS) OKRNMBEEFNE SN S EDDIKM R
FEEDORETREZHIASNT, ZoOKNE (GHN
IKGAE) — OKPTRHUKAD) (& IEME & BfEZ 1 0 R
LTV, X2 X 0K TFIROKMZEENIIN DK
NMZELEHERTRELSZFH LTS T A b, N
DZEEN NS DKM AERERIZL, WL
DFimZROTVEEDEEZ NS, Fiz, W0
TR Z DKM SIS LTz R 50, R
S (Ishitobi et al., 1999) /NI (FHEIE D,
1999) 7% & OIIA T DM & [k D m A iR

Nz (X3). BRI oRm FHafEz R s &,
JER -0 0212 m/s Bk 0585 m/s), SiF
P -0.139 m/s (B ok -0.458 m/s) Tdh - 1= ([X14).
WRRHCERT 2 &, NIEH T OS] (FEH
EA, 1999) T, WFRFEET#EZ -0.28 m/s (FRK
091 m/s), FHEHIOZER] (Ishitobi et al., 1999) Tl
RAR 0.6 m/s EIESNTED, FAEROW L
T HREO/ NN Edlofl AR 5N, SRl
W & AR D gkl EAVE U Tzl REEDE 2 5
N%. iz, WFHRREOFED S, WHRRHCHEKA 7K
FIH S L O & T O 2.5 km O #E % 555
T 5ECHITH SN, RETSE 15 KHEREET
HBT TN, K2 X DK RFROKMD
AN DKL % | [0] 2 JRAEDN TS THY 5.8 KRk
HEEICHBVT, MOToOEEEOR FANES
N, 20 PSU Z#EZ 2R B RNz, ThHD
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Fig. 2 Diurnal changes in cross-sectional flow velocity and salinity at the mouth of
Lake Koyama-ike and water levels at (A) Lake Koyama-ike (Aoshima site) and (B)
downstream site of the flood gate from August 8 to October 21, 2021.

Ah indicates the water level difference between Lake Koyama-ike (Aoshima site) and

downstream site of the flood gate.
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Fig. 3 Relationship between the water level
difference between Lake Koyama-ike (Aoshima
site) and the downstream site of the flood gate and

the average current velocity at the mouth of the lake.
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Fig. 4 Average flow velocity at the mouth of Lake

Koyama-ike during the survey period.
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Fig. 5 Daily change in flow volume at the mouth of Lake Koyama-ike from
August 8 to October 21, 2021.
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Fig. 6 Daily variations in salinity inflow at the mouth of Lake Koyama-ike

from August 8 to October 21, 2021.

The line graph shows the salinity concentration 1m above the bottom of the

lake at Aoshima site.
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Fig. 7 Relationship between various conditions during backflow and the salinity flux at

the mouth of the Lake Koyama-ike. (a) Duration of backflow, (b) Salinity concentration at

downstream site of the flood gate, (c) Water level difference between Lake Koyama-ike and

the downstream site of the flood gate, (d) Opening area of the flood gate.
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Fig. 8 Dendrogram by cluster analysis.
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Fig. 9 Conditions during the backflow in each group of salinity fluxes. (Group A: 0.09-1.17 kg/m?%/

s, Group B: 1.38-2.97 kg/m?/s, Group C: 4.27-5.82 kg/m?/s) (a) Duration of backflow, (b) Salinity

concentration at downstream site of the flood gate, (c) Water level difference between Lake Koyama-

ike (Aoshima site) and the downstream site of the flood gate, (d) Opening area of the flood gate.
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Fig. 10 Relationship between the amount of salinity
passing through the flood gate and the salinity flux
at the mouth of the lake.
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