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Abstract : Water exchange promotion induced by cooling water intake of a power plant were
examined in a small bay, northwest coast of Kyushu,Japan. The plant consists of two nuclear units,
each with capacity of 559MWe (total combined capacity=1,118MWe). Volume of cooling water
of the plant is 37m® (total combined volume=74m?) per second during the period of full operation.
Mean rates of sea water exchange in the hay were estimated based on two methods, a box model
and a numerical simulation. In the box model, the bay was divided into 3 boxes, then the mean rates
at the boundaries between adjoining boxes were calculated using 690nm beam attenuation coefficient
measured by a underwater turbidity meter as a index of tracer. In the numerical simulation, the
transitions of the tally marks placed on the same boundaries were traced for one tide cycle using
the results of numerical simulation analysis of the current around the bay. The mean rates of sea
water exchange at the boundaries were calculated from the volume of sea water movement in each
box estimated by the drifting distance of the marks. The rates of sea water exchange at the boundaries
obtained from the box model almost agreed with the rates from simulation method. The time scales
required for replacement of sea water in each box were estimated from calculations on amounts of
mass transfer in this bay using the above exchanging rates.

Results obtained were as follows. i) Periods required for exchange of ninety percent of sea water
volume contained in box-1, immediately frontal area of the intakes, with 5.25 X 10%me in water volume
and 4.60X10%m in surface area, were about three days in the case of one unit operation, about one
day for two unit operations, though the period was about seventeen days under natural conditions
without plant operation. ii) In the same way, periods for exchange of fifty percent of total sea water
volume in this bay combining box-1 to -3, with 1.05 X 107m in volume and 1.09 X 10%m in surface area,
were three days for one unit operation, one day for two unit operations, and eight days for no
operation, respectively.

If locations of inlet and outlet in the cooling water system are selected suitably for conditions such
as coastal geographical features and sea environmental properties, it is probable that the enhanced
transport of sea water by the intake will contribute to promoting sea water exchange in surrounding
waters of the plant.

Keywords : Power plant, Cooling water, Sea water exchange, Box model, Numerical simulation.
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BREMIET 2 L0 BNE LED T, 48 - RKEA0982) 12 L 2 HED S O Euler-
Lagrange F{E (4 U 0B TR & bk 2cE L HE L 12,



1) By I REFNIZLBEEFE

Ry 7270 2 HER, WRCHEE LS A5 2 L, BioEksty
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EDER T,

Ry 27 227V EHHT 256 CREEORMGEER L T, AR L@ 5% 3

B LPEECH S, BBEHOEATIE, BUIRLIEHIL - BEREOEEY» G, &7
BRLENLOBEREOME #BIHRESCRELL., 361, BETIRy 220K
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TR ILPTES

3 T (@R, ﬁ%@&%ﬁtf«/&xlmfﬁ‘éa%abhé% S RELT
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6, BEROBEAI, Q~DRPHCLIOPRLEITH 2 LEHEFs NI, Lizdi-
T, @~@RN& o, TBTRE L LLEEOHEY A TEEREOERCBRELZEE LT,

<RKRyz21>
Q1 Co— (1—E) @ Ci—E1 @ Ct
—Q:Ci+ (1—-E) Q:Ci+E Q: C:
+Qr (C:=CY) +Q Ci—@i C1
ST (CT T o C0) cvvvreeeeomiie et ()

<Koz 22>
Q:Ci— (1-E) Q: Ci—E: Q: C?
~Q: Ci+ (1—FE3) Q3 C:+Es Qs C3
+Qr (C5—C3) =Va (C5T1=C8) orreremrermrnriiiniiiiii i (3)
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<Ko 7R3>
Q:Ci— (1—E3) Qs C2—E3 Q3 C3
+Qr (Cr—C3) =15 (Cg“_cg) .......................................... (4)

12120, n, n+1 BRERE R 7 » 2°(1 2 5 » 73S RO 128:/)

2) BEFAICLIEERE

BUETRIC & 5 &M IR RIRBOEE I, 48 - %% (1982) ®Euler-Lagrange
FELASGC QB DFEVDH A, FEMCEWEE L L TRIL RS <— 2 — 2%
AL, LagrangeffiZ8854 5 2 L S » THBREHRELRD 2 DT, MEDIHEW,
BEBHT - - CEN BRI TUL BRI B,

ST, 1ENSREE 26 2R L LIGHAE 0T, 48 - IREE(1982) L
PRHECLY, B ECEERE U ABRTHRELEELL. Lk, 48 %K
(1982) ZfE 2 1E, COREORBANTIRE b bOHEZHACLHBACY, == —0&
PEREHERIIRZER L EE L 605,

BiR DFFEMER D &, MBBEROT IR RN TH 2 LEZ L o B12®,
FIR TRl 7 viz, Navier-Stokes®EFHER LERATET LT3, 2h6D
FRAPER(z=—9»06, BE(z=hN:THETL, BREGPEAT LG ~ (MK
PELN S, HRFATOREPHCTE) ~ MR > 6, 2 TREBRRO—RITRIL L TR
L.
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a_§+~_(9x_ ( (¢+h)z¢]+ :y C(EHR)p J=0eeenreenennannns (7)

u, v: —hZz SECFT By, yHROELF®E
Ax, Ay: —h=z SEH Y B, yHFEOFHEIBERGEGRK
b : PERTE D 6 DRI
& PEPRE D & DRMELE
gENMEE f: 2 V)4 VERE r? BEEEGRE

wiz, Ry 7227 TRELLZRICERBEOBUZ 9O ~—%—%, Bz Balik

BREORSCAHIGLTEhENI0, 5EBO~—%—2HAL, RATHEELPH-T
INLD=— K — % 1Y RMREERE L B LI, 361, =—h—OBEIE K
ST, EERRCINEMD CERE P L TER Y 2 APNCTHA LIERAEH, Vil,
VBRI, BB CTEA LIRS SRy 2 AW BE LA, VbR,
HEDMELZHCT, OR» 6Ry 2 227 vOBE LR, REFMPEEIL TOL e
BEOBIRIKEC 3 3 BRTHRELEE L1,

E123= Vies,” Vig eveoeoe e e s e ueetaan e teaees s et eesae e aaataaaranrren srerrereeres (8)
Bz BIERT B 2 i8Kk%giksE

3. Ry I REFMLL BBRTBREETHR
WRZIRFORECRF 1ML L R IEAHAEO T — 2 L EA LIz, F 2 EFHERC
HERATRETESTHOOATH Y, L2 VERFPBRES hiciew, - OHREER
DF—=RiZo-TIRBILI.
FeBNIRLIESIIB U 2E 1R, 3EAEFOMEFRKOBESHT — 2 2
TERyZ7 2L CAEINAEL L, 2hFhd &Ry 2 2NO TR ERK L
LT, B 222 LOPEBERRPE IR, &Ry 72 205H, KEHE, FHk
GREARIORLIL, 36, FIECOLERbOBEFLES TR LILL 412, @)~
WXLy, B3I~S5ROMELACTHE L LERREOBRTIHRELE 6 F IR
B OEOERE B17T120.44~0.65 (7 0.55), EM% b OERE B2T120.26~0.40(F
¥) 0.32), fbERE Y DEREBsTI40.06~0.21 CF¥ 0.13) L g - 72,



Ik 2Ry 2 ANOFHEERK (AL : m™Y)
@mEAR /0 (B ) s B Kys2l Kyra2 FyrsR3

19864E9 /3 (T ) 1.00 1.80 2.40 2.63
198649 /4 (LyE) 1.00 . 1.67 2.34 2.63
198948 /3 (i @) 1.05 1.11 1.17 1.42
19894£8 /3 (F #) 1.22 1.31 1.46 1.51
198948 /4 (i #D 1.05 1.07 1.13 1.39
198948 4 (F ) 1.22 1.27 1.31 1.50

HaRr KXy r AOFM, KEH L PR

7k e R SEHKIE

X | (X10%m%) . (X10%m) (m)
Ky zz1 5.25 4.60 11.4
By A2 2.24 2.12 10.6
Ky 2R3 3.01 4.13 7.3

1) TEOKETOFM

w5% BRRBEROEECACICRAEROBERN

FAEFER B W WMIRRDY  @EIkBED  REFEIUKE

(m) (m/s) (m™) (m3/s)
19864£9/3~4 1.5 0.5 3.0 36.7
19894E8/3~4 1.8 2.5 3.0 37.5

1) FEREC U BB EER Y OHEE LI2iE

BoE Fyr22E2F A LELANLERERAD

SRRk AR R
FEER,H E1 E: E;
19864E9/3~4 (F~_F) 0.65 0.26 0.06
19894E8/3~4 (i~ 0.56 0.40 0.12
198948/3~4 (T ~F) 0.44 0.31 0.21
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BOBEER LT 300, ZRFNIHB LEREREVLETH 2, FHE
PERALT 5 oo B—SfEoA B L TTRET 22 L LT, I 2 TRIIBELREIOR
16 % TR OVERTAMK £ L2 |
(2) AR
0 R O KIE GEEMTY) 3 X VB RILEC SV T, B LIRE KB TR 195
2 (PFERAHE) | LIERABEORERPECRE LI,
(3) HWHRKRM
BEERE FT0 4 S (B3RP D A ~D) 23 ) 2 KA FEKE D & DRILEILE
PORTE 7. 1, HMREOEBORFEIELY EII OV T, Filk 2RO
7 LAREIERC & b RE LT
E=hy cos {wt— (ko= km)}
& BERTORMENE
o B0 AEE (=30°hr)
Iy BERTO M2+ S2) I ELIRE
kb BER TOM S EIDEH
km o ABHERE (BHEEWE) OMS5HIOERA (=267.0)
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AR (BT - @), SHREHEALL—p— 1k, BAIBMHEY» L0 L
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D—EIRIMNED LTI R TILCTHE L, BRICIREL 2o,

== A OBBLE» GHE L0 EF Y 2 2A~OFAMKORKEE L R >
BISNUIR L 7o, 1270L, BISRKNTR L IcRATAREEIL, R0 A% 3 B (131355
BIER) (23507 ARER LR BT 205, BEREHEORIEBE Lo To— % — 08 x
BENETNELLID, 2ARICICRL >0, Thbb, BRHRAGHEHIL~— 5 —
TR, BERE BT 2 BEE405 2 & 4 K305 ORIz, BE5E Be, BaT I 3 BEfI10~
205 ORI S nie, —F, REGEIEEREL b, HALBERIC ST 55—
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ISR L BB RO 2K ERE 2 2 @RP O Vin, Viest L, MEDMEE
B TR RELEE L, &Ry 2R 28505 Via, Viesds L U EOHEIRIIR
RRBTRIORLY. BOMOMEREBITIX0.45, B PiiOERE B2TI20.19, BR
WOWEREBTI0.15L ko 72,

E1R BEETH» CEE LLER Yy 7 ANGRAEKRR
HwHE, RESH L BRRE O PR HEE

7J( ii'ji Vin Vies E

X (X10%m) (X 10°me)
Ky 2721 1.02 4.55 0.45 (E1)
Ry A2 0.62 1.19 0.19 (E32)
Ry 723 0.35 0.52 0.15 (E3)

EIBE ~—H—OEIMIE L GIHEE L 12ER v 2 AR AR D
HReRHEP b R
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Ry 7 AT 1% 6 NSRRI, BREB CIKETREN: & 2 EEEoy
L2fE(Ry 2 257 1 0.55, TR : 0.45), BRE BT WBMETHIC & 2 EEED
#0.9fE (2 e, 0.13, 0.15) L > T, WEDMEILIZE—TL T2, —F, BWREBC
BEETRNC & 2 HEMOMLIE(2heh, 0.32, 0.19) LY, Forzeinist
BHEMDIE N EZLR S kot

W%®ﬁﬁ§¢ﬁﬁtt:&u%tfm,ﬁiﬁ&ﬁi&ot:k,ﬁv?x%?w
L A MEICGRHE C RARMEORRERYE L A1 2 LR ED v A b L EESE
LoNAY, FHIBRE B CH U AMBOEL AEMI oG TRUTO L 5 s n
5.ﬁvix%?»c;éﬁ%@@i%,m%@@@ﬂ?—ﬁ%mvtﬁ%mzwm,
BRRE B ORI CHIRIHES M T o2 RIBC 302 bDTH b, 1989F0 57— &
CHET CRER(0.40, 0.31) ISR A b DTH 5. Lichi>T, KETFHC L 2
fE(0.19) 1255 L T ik, BIEDM(0.26) HSAIET 5 »5, TFHETHEE L1272 £0E 0 A
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Lo LGd 6, WRRMEBEOMIL, BilD L5 CHEHEECL - Trl WiET 2
BROHIEREETAL, JITHOREY 2 2270 LEIETED 0186 N
DIEW, F2ROMAERRLHB L T AR TS 3BEOEL BT 2 LT L5,
Lo T, Bh)FEFTEUK I 1 5 LIBEA OB HEENBOBRID 1 o T, &
VIZART ML o TR O NI REIREDOEEH 52 Lo+ 5.

V. BKERREDR O

1, BAKICHT 2EKENHE

£, EATAMT 3R RHE LT, REMOIUKR 5 ¥ ORED -
AT 50 M LI, Todo, RHELC B RAERIECR £ b 2 50, DT & 5



ERGE L7,

(a) BUKE(Qi)
Qi=37.0ms(1EL1z )

(&) EIZE(TR)
Tr=1.1m

(c) Bi1 Wr@E» & PA D FIROIE I 30 ) 5B DRI (Sa)
Sa=1.09%10%n¢

(d) B Wrm» & Pl 3547 5 FHIKE T OEFE (V)
Va=1.05%10"m’

1) BkTREBICHT ZEKENLE (r)
A DR E (Sa X Tr),
1.09% 108X 1.151.20 X 10%me
gy, FEFEANORERRBUKE (Q) I,
Q1=7.99%x105m s 1 FERRENRE)
@1+2=1.60Xx10%m s( 2 FFREE)
Thalltd»s, MEDOHFRILUTOLS Ik 5,

7.99 X 10°m® 1

= = ﬁ‘ g
n 1.20 X 10%m? 15 (1 Eima@hee)
_1.60x10°m* 1 ~
T = X 10 m? . 0.75 ( 2 FFrEhes)

2) BRKEBLEKEDLLE (6
B: Wi & PHAIOKIE 30 2 KB FTOHKE L, 1 BROXERIUVKE L OLL
g, 13, 2HEBICHLTZRFALUTOL 510k 5,

_ 1.05X10"m? o 7
6= B.ZOXIOSmS/day = 3.3H (l%ﬁébﬂ%‘:)

1.05 % 10"m?
2 = , = . 2‘?‘5 B
Srez 639 < 10°m7day = 1.68 (2 ZEx@y)




P EDREMRCET L, REROBURSEEIL, LSO P2 4580 LK
WRTHRE A LT, 1 EBREMR 13000715, FREC, 2 EBEREIT 1001, 315 /Y
T 5. F1, BREBROADEUKS Nz L 30U, 1A 130338 C, 2 &%
BRI 6 H TR FO2KkEBV ANHb 5 2 Ll 5,

2. BRKOANED Y EE

Ry 7 227w LHE LIRBRERELQ)~ORBEAL, UTD L5 ity
LT, &Ry 2 ANORERLEZTUL, Z2OTFTAEREE» S, REFMPBEHL T2
BIERE, 5L UREFMBIFTO 2R ZNOBA LI 2EPROANMED b HE P
ELI ¥, MEREZEORMELLBHTRT 2 LT, KEWOSM@IMLE) »
BIOBREC D> THEAT 52 LIRBEEMICRT 2. L2 -T, B/RTHRE IR
FACHETE L ICRIR DE % A U, S0 B 0 i i sh A O 8 2 L T,
30H B DRELLE TR L7z,

(a) BRI E(E) 0.55, 0.32, 0.13(RH B1~ Bs)
(b) #ILZE(TR) 1. 1m (B EIRA O EIfr 25)

(c) TNITEE (Qr) 0.0m/s

(d) BRKOWIRIEE (Cy)  10.0mg/ ¢ ((REDRGERWEIRE)
(e) iR DIREE (Co) 2.0mg/ ¢ (RIEDRIERWEILE)
(f) BUKE(Q) 37.0me/s (1 E:ixENmE)

74.0m¢/s( 2 HEEHE)

1) BAYERENREBZEL

EHER v 7 AR SUBERCOCTTH L2 FHBEORAZL 2 E 8 ~11F IR LI,
Ry 221 (F8FR) THIUKE & 2IB/KLH(BENEVTEETH 2, K ITbhTo
ZUBRRETOMEREIX, 5H{1%124.8mg/ ¢, 10803, 4mg/ L 3 TIETFT 20
xR T, HOUKERCIL S B, 2.5mg/ 0 (1 58RE, 2.2mg/ ¢ (2 286, 108744
132.2mg/ ¢ (138D, 2.1mg/ ¢ (2HBE) L 7e» T, Ho 22 1 OBRERINEROR
BE(2.0mg/0) Lzt A FRITRE 2 TIET T 2,

BRI @D S G ERKOMRRANS LD, Fv 222 (FIX)DIOHKIIH S
IREEIL, 5.8mg/ ¢ (ASKIKEE), 4.4mg/ 0 (1F8E), 4.2mg/ ¢ (2 HIEE), 30A%T



i&, 3.5mg/ 0 (B#IREE), 3.0mg/ e (14ER%ED, 3.0mg/ 0 (2R L5, 1A
BOXRy 7 22 DIREEIX, SMNERKBEL 04 1.0mg/ ¢ HviRkEZH 5,
ki, Ky 223 (FELI0R)TIRI08#, 9.3mg/ L (BEIKEE), 8.9 mg/ e (1 2B,
8.8 mg/ ¢ (2 FARfE), 30H14%i2126.5mg/ ¢ (BIRIKTE), 5.9 mg/ e (1XEE), 5.8mg/
L(2ERE) L3, 1, ABROBERRIMNEKEEL 94 4.0mg/ L &\,
BEFOF (F1E) Tk, 1084, 5.6mg/ L (ARKE), 4.6mg/e (1 5BEE), 4.5
mg/ £ (2 ZRME)), 30H%i21%3.8mg/ ¢ (BFAKEE), 3.4mg/ e (1 HERE)), 3.3mg/ 0

(2ETRE) L 5.

BOER KFyrR1iiki) a0 KL EYYERE

(BfL : mg/ L)

BB H 1 2 3 5 10 15

HIRIRRE  8.17 6.88 5.95 4.75 3.41  2.88

2EFRE  2.81  2.40 2.32  2.23  2.13  2.09

20 30
2.63 2.41
213 2.09
207 2.05

BIR Kor22 k08580 K FAMEIEE

e H 1 2 3 5 10 15

B#KEE  9.90  9.52  9.01 7.92 5.84 4.72

2HEBH)  9.42  8.21  7.22  5.84 4.23  3.63

20 30
4.11 3.46
T34z 3.03
333 2.97

BUR K223k 2800 &L POMERE

B A % 1 2 3 5 10 15

HIAIKHE 10,00 9.99 9,97 9,87 9.32  8.60

2 HFfEE) 10,00 9.97 9.89 9.64 8.80 7.92

20 30
7.84 6.50
7.24 5.92




BIE BeRir ) 2580 8L B EEE (BAL cmg/ L)
BB A 1 2 3 5 10 15 20 30
BSRKEE  9.06 8.3¢  7.76 6.90 5.63 .4.92 4.44  3.81

2EME  6.29 5.81 5.54 5.13 4.49 4.09 3.79 3.33

2) EARKDANIED ) R
BEXRy 7 2ANDWKDOANRD hEIZ, BFRy 7 ANOBREBMEIELCLDOLE
L, 19X 6RDIMEDOREH I FE19~22FNR L 12,

i 2 — [1 _ _g_:%] X100 -rerrerereerrereeeeeree 0
G iHBOMERE

Ry 721 (FE19X) Ok H90% Ahieh 2 DIZET 5 B, Ik TFbhTol
CEARHITERM, 1EEERC RS AR, 2ABERFC NI ERTH 5.

Ry 2722 (F20) Di7RH50% Anb 5 DI12id, KBTI T LGB0
B, 1EREFRCI6 BE, 2EBER M5 AIMBRELZEL, Kyrz 1ok
B EHUKEHR D 0EFL L B,

Ry 223 (R 5 EHUKSIFIZ S G255 e b, 50% 0k EY 20
B, BURPITbTe CHEACIR30BLIE, 1 EMHENEC 130300/, 2 i@
CALEI29HR E e B,

—J, BEEEELR) 2T AREACOCTIE, 50%0 RS ANED 2120
I, ghgh, SHRM, 3HM, ZAMPEL, 70%0EKEHRCHL T, 2aZh
2068, 128/, NBM»YEL L3
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3. &

WRKEUCE L TS NT o 2RI REFCIE, SROWKITREIKL L TRER
BAO—E» 6E AL h, fE» B ShTE by, OWEEKERKERE TR
BCFAT st »E L oh s, B%, REMOBBUKDR, BMEBKOBEERZEC
oo, HEBHENAIMECRIONTURHED 2L, LhbUIBLEHLTV2RE
Tk, BA»LEURL, BAMCKRBLTC3FbH 2, 20L& 5 LRBUKER 5
STV BATIHE, HBUKIC L - TEMNERDPBMIZEA S K, HKkiZ L - TERNERD
B~ S T e 3, MBURBREEHOLAREC L b, 210, BHUkiEkOBE
BRI ODOME, FLIOBREBESEOERMFICILI->TEL S, 25 LI AKT
& BEKEA D, FRADNEBOWRGIEEC RS (FET A2 LS s,
rRIEL, WHRAEBROBBORER, REMELONKZ LEG2EZR L THRESNSL
B, HBTC Lo TR, BRBESCHEERORREES 6, 43 L b 2 OHHFEK
DENRBVCFIHTE 5 LIRG o,

AT, BRI CH L TREMOBUEOK O 7K RIEED RS D & B9 75 11
BRI D 5 NEOBARKBELHEL, COHEMPACT, RERIPHEHL TV
CEREBREIT O 2 W E DA B 3 BARREEDE o v TRE L., BukD®
BET 5 XEKIR CPEPKE T O ST 1 5.25 X 10%, 7KK : 4.60 X 105m?) DiE/R MR
RS THROD 5 2 L HFERS e, 72, BUKOD 63F < 7 313 Eilkassfis
FET BEAVDS (Lo tow, EBEECEEYKmORH : 1.05X107m, /K : 1.09X
105me) (23 L T AREEAT b 227 b OIRESE DTS 1z,

e, AFEBROBRETIIAMECL 2 X4 BEPITONTEH Y, BRBA~DA
ROBFMIS N LT, 29 LICIRCROMEEC & 2 (ML R4S, LEmIE
DEFEMECHRLLILOLTUS LD EEEI NS, — ik, BEEERIREENOD
WRZRCETET 5 L 2 AR S, HPFNBOREMLEBRBIZCFL 2 OBIRE
HHI LY, WmEmQ960) s EARSNT v 5, 1, FEHCD 1 AGRER) BREMH
AT AR O—IRE LT, EARSSH/KRZHA L 72 AIEBEEC O o THRET L oS
T, WHRIC L 2RME L TOBRRREE ED T2 -2 Ly, AOBEHBE L
DS ATAHLIBR Y SEEBMOTRENE LN, ThiTlEEL LTEHKD
@EZREFRAT 522 L2E 2 60T a00%, 25 LICBUIOKGE & 3ikDEh s G5
CHAT LD THRA LT BENH A,
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