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Hydraulic Experiment for Pollutant Discharge Characteristics
in a Wolseong Nuclear Power Plant Port
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In this study, the dispersion process of pollutant substances in a port under wave and current environments was evaluated by
a hydraulic experiment. Once the contaminants washed ashore into the port of Wolseong nuclear power plant, transport pro-
cesses of pollutants were investigated by tracking the tracer according to the variations of experimental condition through a
hydraulic experiment. Several hydraulic experiments were performed to analyze the pollutant discharge rate of the surface
coming from the different coastal environments. From the hydraulic experiment results, the tracer concentration decreased
exponentially. These results suggested that, after the tracer was transported to the open sea, a different gradient was shown
under different conditions. For the case of a diluted condition, the half-life of flow rate was 2.70, 10.40, and 26.39 days for
30, 20 and 10 rpm in the left-side, respectively. The decrease of the tracer concentration under conditions of 30 rpm was
much faster than that under conditions of 10 rpm. For the wave condition, the half-life of flow rate was 4.59 and 15.35 days

for the right and left side of the port in a hydraulic scale prototype, respectively.
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Table 1. The maximum and average significant wave height data from KORDI

Month 1 2 3 4 5 6 7 8 9 10 11 12
Maximumsignificant 4 s¢ 477 556 297 429 371 406 573 1203 467 515 534
wave height (m)
Mean significant
- 1.42 1.12 1.15 1.09 0.97 1.07 .17 1.16 1.52 1.12 1.27 1.40
wave height (m)
Wave direction NNE NNE NE NE NE SSW SSW NE NE NE NNE NNE
21 Year Mean Surface Currents & SST (1993~2013)
— —— — Spring
SE . e 1PE. TE. BRE. W4E
(a) 21 year mean surface currents (b) Wave environment of East Sea
Fig. 1. 21 years mean surface current and wave environments.
EEE Hdvk AEAQ] Het frejutal 54 ASHA 5wk bl o) op7|He 351 siNlFe HeA gl
B oA QAleke Thdo] 127 ~ L2 m AEE M QASHE TR A% BEX] BEog =t duFe
4 pom, oFdols Aol YARkE gt BBl PP, FEADN YA e T dFelA
A QAFSHE Shepe] 107~ 117 me] BEE Mol gk, How smt slMFE F45 Hek YR 41
Fig. 1(b)= 2010014 2012837k4] 717334 9] sl k718 shdTdeelMe L9t da 59 33 siwl o] a7
HSARE S8 Tt FH o Fevtu AREAS H AR B5S S siilF 23E 2 3936
WolFm ek, frolshare] Adss Ahol we tha 4 AL dEAdel vigto] YAHo] BEow Bt SR
o glout, Ao R Ao /b B, M, B, olE  FASYOH, 08 119 BEADY uhge] ¥
o2 7 vepth salal e AEYE Fit frofvtas 02 52+ NFE FetH7). daluE dSAH
B 115~ 1.34m, 615 0.79 ~0.95m, 7F& 1.25 ~ 1.55m,  A] k310,32 m, F7] 8.5 sec =] 3H(6E)o] YA o,
79 1.6~ 1.92me] REE BTH6) 71392 BE ol ANFe] FFEEE 0.16 m/s0l 2, F3sh F717F 0.4 m,

shan sk Ut 1s] 4710 4

A8 Hol3 Yeg & 5 9k,

AL AL} 908 Fohere sherilo] hEH S

o2 e} SIAa e,

gAslol glorl 5%

2 5o
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4.4 seco] T(99)o] YA wle] fHF P& EE 0.18
~0.20m/s Aot} 18]ar w317} 1.3~ 1.6 m, 5717} 10 sec
Ao g11g)o] Yare o, Hat fWlFo] SE+0.26
~0.28 m/sZ AZEJACHT.
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Table 2. Hydraulic experiments of properties based upon a Froude's similarity law

Prototype Scale Ratio Conversion Conversion Method Model
Parameter
length X, /L,
®) 2,400 m 1/400 2.400/400=4.00 6.00 m
Ll’
basic width Y./L,
variable ) 1600 m 1/400 1,600/400=4.00 400 m
depth h/Z,
) 20 m 1/60 Z, 20/60~0.33 033 m
velocity n \JFAL
W) 10 m/s 1/60 Z, 10/6012=1.29 1.29 m/sec
. wave height H/Z
hydraulic () 10m 1160 Zi 10/60=0.16 0.16m
parameter
iod 1/400 5 = o7
ey 67 sec : X,/ Z" (L./Z.%)" (400 / 6012 1.3 sec
(S) 1/60 ’
=1.3 sec
— S BEE Holu], 5L 2N Fo] JPurks drEon
AEA e Tt a7l 711s Ao 2 AL ETH7I.

4 U AP 22 gk 27| wdho] AL, 5

o] Ehste] f&o] W
T He o] B9 FxAr
Al o]} B 2 T
Helth Az7A Fa&
&2 AAE, Aol weba ~0.15 m/s o™, -
237]% 0.30 ~ 0.76 m/s, 27N HFFEL ¢k 0.29 ~
0.38 m/so|m, Holf427]= F 0.29 ~ 0.78 m/s= LHE}
st AdH o2 FalQtellA] fr3o] thA vh2 A vEhtaL
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W2 A S Froude “dAPE A S 2-8-3ke] A=,
AA A e RYARE A 28999 Z 1.6 km, Zo]
2.4 kmE

of JH% 6,62 % Table 237} 2
=1

3o W

AFeE Ag Sttt S, A2tk BE ol v7t 4F
A US A= ACEX, Y, 25 dA3 L] V|7 =45
AL AR olet shr, AALEF Ho| v|&H 3|k
Zo] v go] FU3A F= 2y S g o)z} g} 53],
o] RPAP A= | eF TR E A EH = At
+ A2 ofE]S] i A e RE AT A A% 5H
I FHEHS GEEle dFe=FHEH/FHH5E &
Yate] Fgn) e} A4 E 95381 Erts]
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Table 3. Scaling ratio by Froude's similarity law

Scale ratio
Parameter Unit
Froude law  Distortion Model
Geometric _ ength m L X.Z,
properties Area o L ]
Velocity m/s VL, NA
. . Discharge  m?%s L5? 77X,
Kinematic
X,
Time S VL

VZ,

Table 4. Summary of experimental conditions

Experimental conditions

Wave generator(mm/s) 50

Current generator(rpm) 10-30

Observed 10 cm below the surface

Aquadopp Cell size less than 3 cm

Flowtracker Observed 10 cm below the surface

Experiment time Each experiment 15 mins

Open sea: 30 cm

Water depth Inside of the port: 15 cm

A7 o) 58S WU A 2Y ARE g5
171 $3ke] 2+ A Aquadopp profiler 3 Flowtracker
& olg o] B3 AR E £ Y3t Aol A1LH T -
<4 =48 Aquadopp profilerMHz) <3} AlA 17]¢}

ofr

Flowtracker2 2% 313 gb-S #=319), 2 239 =4
AhE BFolA 9] o]F E Fko] AujHolng 15 A 4
= A8 Fig. 3 | A7 AR 3o, A7
2 AL 30 cmolth, S 5SS e 3 em (HE o2
T s #E5S TP F e AR BAeE AA
sto] Fote 5 em AHFH #ASS FYst o, Bl

¢

Aquadopp profiler?] ¢2|& K oF1 B2& Flowtracker?]
A JEE BolFa1 9ot

7} 2 A o] RGB #& B8 TR FI=& o] Fo]x o]
0] 2] 22X S 0] 83ke] 9 o|u x| Fuje] 4
A2 AW, A T F2E0] AET ZHE olu A= 1%
vtk G55u, 74 HAlo] Feo] Qe AR RGB
oz FE9 o, 339 RGB FHg o] FA Hrh
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6.00m

Tttt

4.00m

Fig. 3. The layout of the experimental component and equipment.
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Fig. 5. Outflow rate of pollutants in the port for dilute conditions.
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Wind Rose
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N

Fig. 6. Current rose and profiles of average velocity for the dilute conditions.
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Fig. 8. Wave rose and profiles of average velocity for the wave conditions.

Table 5. Fitting-curve parameters in the experimental conditions

Wave Condition

Wave Condition

Wave Condition

Wave Condition Wave Condition

Left Area Left Area Left Area .
(30 rpm) (20 rpm) (10 rpm) Left Area Right Area
t 1~15000
d 330 1750 4000 2000 800
Parameter
m 4
r 12 1 2 1.5 12
R2 0.8787 0.8427 0.8223 0.7062 0.7124
WE £4L AkstaAgich, B Aol WME A0k B35 Ju) 298] s FEE mdkehs AR Y-
o &3k A FEEN)S AlLst7] Qg &4291 21(2) 2,70, 10.4, 26.39 daysE H k. ZEQ] 3A&E7} 30
£ AAsH T Sl AN FrEEE A FA7E 7P s vEr e
M, 3d&E 109 AFlA 7|&7]= evtketint. 2E|la
Vi 1-exp[ () ] ) 7 AR FEE 71871 AFHQ FREES ehn,
L AE] 95% FEE mHsle AR 3HEE 30, 20,

Astol| A o] AIZHE <]

J%= (R2)7} 70% o] 42

tS wi7bA] whE

& el fittingS 3+ AI}FE Table 591 Zﬂ ]0]'
A A A L] ghdjof 2.

AAAE HEA AT o]F Bl Q’é} 55 7l ost 2=

doo] FEE Y fitting curveE Fig. 9ol HejFa1 9t} &5

AZe] A FrdEe 2o 3 £ 30, 20, 10 pmel|4]

120

10 rpmellA] ZHzE Y= 36.87, 180.30, 448,40 days= Bl 2]
= A34E Bk

v Ad 230 A9 FW Fetd e 5
= 999 FEF ¥ fitting curveE Fig. 100 H o531
sick, kel $2gede] o Aol s E B EEE
AR Y= 4,59 da y€§ Uepston, #5d9e] e d=ol

2Y=15.35 days«l A7} 7} e}
FalEo] @ A&l 95% FrEEol
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Fig. 9. Fitting-curve of exponential function for dilute conditions.
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Fig. 10. Fitting-curve of exponential function for wave condition.
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