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FE FE3 TAFE F 1,078 kwol o, Ak BHFE oF 9,443 MWhell o] & Ao = HEHS

Abstract — In this study, the applicability of the discharge gathering type hydropower generation system in the
nuclear power plant drainage channel was examined using the 3D numerical model Flow-3D. We reviewed two
types of the hydropower generation system. Case 1 is to install 6 units of 300 kW(1.8 MW) and Case 2 is to install
12 units of 200 kW(2.4 MW). As a result of numerical analysis, it was simulated that the water level in discharge
channel in Case 1 and Case 2 was increased by 1.1 m and 0.4 m, respectively. Therefore, Case 2 was selected to
minimize the backwater effect because of the rise in the water level for the operation of the nuclear power plant.
The discharge water of 23.8 to 27.3 m’/s(average 26.5 m’/s) was flowed into each generator. The velocity at the
exit was simulated to be 2.88 to 3.32 m/s(average 3.23 m/s), it was 2.4 times higher than the inlet. From these results,
the calculated total power generation amount was 1,078 kW and the annual power generation was estimated to
reach approximately 9,443MWh.

Keywords: Discharge gathering type(+-%%] % %), Hydropower system(2>5=2 28 A] A &), Flow-3D(%| 3114),
Discharge channel(¥]5*%), Annual energy production(317P24%)
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AFHEAL Uukz o7 dul-g-aFe] 10,000 kW 1|9 A
o2 YA UAE A7 A 2 HEsle] AFHE PAksl= 14
o2 ouix] W7} Fot -85 Ao HrkE, AAPeiA]
ok ohe} 3187 oA Po R o] gt sk #le] wig- 2
t}. 1980dt] °]F- ol &Y ALEAL FAPIE F 47
= S A8 =T, Sl E A o UelelM
ksl 9= glen Z|EAde] on] FrET AlAH)
A5 3 EE3 52 T AAA ] U2 HF I JTHKISTI
[2003]). AT 2A7HE =S 913 AR F_Ae) tiFH
I aFAQl T2 E8 SN 257 W] dig Aol A
A3 k. SHARE AT AL BE pgeg] nig] FAdo] *
£ 202 Wrise] side] vl o, HIel= AGNA] AL
At AAB 278 L A AL AEueldr} 2wy
AR} 9 B oo ojde] SHHYUG. Eg 7|E A2
B 794 9, s eAEd, FEAKRARY 857, W'Y
S8, GoiA W, TATEY WS 52 o] 88k vkt
2 7)e70 2l dis] =35k3 JIth(Cheon ef al[2017];
Hwang and Choi[2013]; Jeong and Lee[2016]; Lee and Park[2005];
Park and Kim[2017]).

) WAL e E5E W o) g3t el 1007 kW
7 2L 1719 85 AL oF 50~60%/secol] 0|2 RAO0E
HE 3 QL™ (CNI[2012]), 25842 (Once-through system)
o] ¥ AT AAH e R BiEEE B4 §50) 95
o] o]F &8st A5HEA 7ol 5 A o= usgth
AL R A5 WFE FEAE, 994 el o Ajo]
£ QAR AukE 0 2 0.5~2 m/s WS YEFITHKEI[2013]). ¥
T 50 2m/s?! diF SEERLE oF 3,000 kW 03] 9
NIRE BHsh= 202 oAbge e viE U 253k &
£ etel] o3l chekst =L HATKCho ef al[2006]; Kang et
al.[2005]; Kim and Kang[2008]; Cho ef al.[2011]). A 72\F3}e]
gt $2ie} 7 Co, WiEF A7 T3 AAgAA] o e
Z(RPS) Al 3ol o}g 257 di§ Bt F SR A NS
£ 28 sl digh o] et vilrE £ TR E9d
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#F A7 O 3Rl INGEAAE o 43
Sith. MOCIE[2004]¢] 743 virRe]] 258d7S 2835151
& A4 AAAC] A= Ao Agsigitt. 457 WA A F
£02 WAL AT vl 9ol Uit 7= =90 Cho
et al.[2006)2} Kim and Kang[2008} 52122 43S 3l 319
SAL vjeR ) E54 A5 YHA LS A RSjrE i
Aol 9L A goix et ol E =9 AnE &
A FU) ge] AR E B8 RS 883 deo) &
8 $HAT A Foll 3LoH(Table 1), F7H 02 24
HiFE ] 458 BAAAY AL vkle] dis HES R gict

) A EAL )5 Yy AAEEe) YA v A
B} B ¢k 52 WZEE o) g8t} g Azt Wz
2 olg F vjEEE R ok 97k 227291E0% A 319
Wzl BlEEE okl 19898 B} WohKEI2013]). ¥ 2
F7t viEE s viEE ZL 3wl wd ulg §o) wE
of W ol oF 1.0 misec I Z 2 daise] via] 2 &
&8 HoTh B4 R ] 259 A AEe] AAAL 2k
7] SEiM = Yo E A2 Ul f550) 2.0 misec O] H|oJok
grla BT Qi) 09 2L olfE A M= W &5 2
AN AE A 4o FAA o] Y Ao wosial 9ok 12y F
= Y 2FLA 7 1T A AR 2 M E HEAY
AY P GEAYS AT F e TS 2573 7)E0)
s 1 glo] €A viFE Ul 459 24 7FsAE O] kR
o} b £ AT B fE@EFoluR )RES: 0] 85t
A7)NARE e 254 2F2H0] 7F53es A48 +
FAAY 25T FAE AR B9, 33 FEHY
FLOW-3DE °]&€3}o] 914 w2 ) A4 74l dis] ZEst
QI o] T AT WHFE A3 AAET

2.ME R a

2.1 ChYXIS MF

4 vierE 28 A2 ATl viAlE 9% 18
3to] B A8 Wkl dis) AESSIG. £ e =
4 & B3] 2L A9 iR s e A5E 8

Table 1. Power generation of small hydro power generation plant at power plant

Sites Facility Capacity Power Generation (MWh)

(kW) 15 16 17 18
Yeongheung 12.6 40,333 42,852 44,232 34,599
Samchenpo 3,000 32,268 31,202 30,341 28,379
Shin-Boryeong 5,000 - 957 12,127 13,931
Boryeong 7,500 19,416 19,482 19,106 16,311
Taean 2,200 4,439 3,601 3,445 3,378
Samchuck 3,332 - - 3,074 10,987

Namjeju 90 49 21 7 40
Dangjin 5,000 32,335 24,678 23,472 24,617

*Data from EPSIS(Electric Power Statistics Information System)
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Fig. 1. Study sites for small scale hydropower generation system at nuclear power plant (NPP).

S3131ckFig. 1). W= Wl 522K Seaguard RCM(Aanderaa,
Norway)2 HIFE %3 4 1.0mell AF3le] #3351, 0|2
vigo R AFEibd dx] gt FRAE Adssid
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Flow-3D= Flow Science, Inc.(USA)IA] 7tet 3x-el B4 A
AbFA| G5 2 o), o] Ry e M AMS-SHs Aupg A A
29| sink/source’} Gl HIUFHA FA19] 35S s 918 &
IHEA(x, y, 2)°1H4 3 £ RANS(Reynolds Averaged
Navier-Stokes) 7 2]¢|thFlow Science[2019]).

ou, (19}
A et ®
A7|A, 4= AXAR A 2} B3] fAVE B8 5 e HA Y
ARE, U 83 /%, £ AR v ARBEAE A1 F &
A7t A= ATE, pe 9 UK, PE 99, F= 90|tk
A2 (grid system)®] 74 A] HAF Y (mesh)?} =¥ (geometry)
E¥A o2 Q1HEt}. Flow-3D 2382 3k (Finite Difference
Method) 7]¥EC = & 2] FANE-E F¥Y3] Adsh= vl A7t
Sit}. e]¢] Fig. 29} 7] FAVOR(Fractional Area/Volume Obstacle
Representation) 71"]2 =948t AP 2] SAA AApEe] 72E,

@ -0 @ B T AP ARV P, BARES o B3] A
X
AFtoD 1
VF
AFISR Heat Transfer Area AFrEght
T A
¥~ Obstacle pottom

Fig. 2. FAVOR method.
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Table 2. Roughness coefficient and height of structure (Chow[1959])

Type Roughness Coefficient (n) Roughness Height (%,) Remark
Drainage structure 0.013 0.0014 Concrete
Submarine topography 0.030 0.2072 Natural bed

g £ S i 7Yt AE, 9 53 2L ArE 5
9 71&& $30l= AAE AMSshe 2t (Lagrangian)
e 74 2 U2 Eulerian) WHE ARE-SH= VOF(Volume
of Fluid) ®*e] Yxk&o|t}, Flow-3D E&ejA AMg3H= VOF ¥
A Ags 4 9 2584 FAxd s 83 3o, £
AREA] ZAAES] SmearingS WAISHA S8l 58 FX 7S AN
A F FAEASY I7NY A 2E ATTEHeE R
Alele] 58 71€8 4 = F71He]cH(Flow Science[2019]).

2 ool FHR-E32 RNG(ReNormalized Group) k-8 £82 ©]
£3519131, 8 At (wall shear) BAZZL Bwolx] w22 o] o3
Z o] EAEHA] W= FZNo-slipRa< o] &313ch

TZ229 A5 sFsk= Z=A S (roughness coefficient)?} =
31(roughness heighty= Table 28} Zt}. o]u] 3= FLOW-3D &
YoM 2] AAIE el 2541 diil ARSsH= wi7ha
4% Christensen[1984]°] AAI§ 2] (1) AHE-3lo] Fil3}qict.
7|M, ne Z2AF, g TSRS, kT E(m)E YE
U, FA2de) AM-E d UE, 34 2 SRS 4
1,030 kg/m?, 0.001 Pa/s & 9.81 m/s*S ZE3}3Tt.

1/6
= 3 = 1/6
" 0.039%! 3)
B A7E iR AE52ARE Tl A5 AR HA 4
AF22 AR E ] miFAIAEE AutoCADE ©|8-3) 2|3,
TEE B4E AR FHT] FARE 4Y AnE 283}

Aot FA Y A4t AL dEd AR H e Hf5HZ (culvert),
B2 & (discharge structure), B2 (discharge channel) & 2]
l(sea) T7HE EFSIH 0T, 258 WHA|AH x| A YERS
F A HiEE Ul £4HEE Bl 24 S0 viAE 9
A Rgict 18]3 FAAHSE » WO R 970 m, y WO E 468 m
AN FAZLE 9% AT 725 F2 A1 580 &
992 03 m 2719 =Y AAE FE3I31aL, vz e} 2ol
ZEo] i3 3Fe] FHQ 99 1.5 m 719 420 FAE F
£-3131tHFig. 3).

BAXAL iFBECT)O AR W35 AHEF
3182 m¥s, BEF)N AolF oz B2 faab FAATIE
1%%(high water level) EL.(+)0.298 m3 %-8-3}3ic}.

QA a2 ) A5 Al {3 J3% (@]9, discharge
gathering type)?] 478 HRFAE FEsh= WM HESRIG
(Fig. 4. 72 33 A= 795 932 30 m(I= 6 m, A=
smpeld, FE5E 9.1 m? (P=nx1.7)0E H5UES 247
A FE5E FTRIFIE BAe|t o¢} 22 FAe A}, BT
A 281 o] T F an] GAIE AlFE F uleR
AFsHA AAE 5 U= BHe] At & AN = vie=
300 kW 2387) 671(F 1.8 MW, Case 1)} 200 kW 23 7] 127]
(24 MW, Case 2)5 ¥ dA3to] AX 5= 2714] <ol tfstod
A=l A8F AL £ AR Jeid @3] 47
2 fY=EE 79 275 99 37 452 Telgen, oA
F 2] (2)F o83l A o714 P ERREW), O

[Grid information]

* Block: 1
+ Total ber of real cells: 35,824,833 EA
- X-axis: 1,473 EA (cell size 0.3~1.5 m)

7 EA (cell size 0.3~1.5m)

Fig. 3. Nested domain of grid cell resolution bathymetry and boundaries at study site.
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Fig. 4. Schematic diagram of small hydropower generation system (water gathering type) in this study (a: 300 kW, b: 200 kW).
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Fig. 5. Temporal variation of current speed at each discharge channel (a: Hanbit, b: Hanul).
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T ms), Ve 2558 947]) 95 99 37 #5ms)ed e
A G8E ou)ditt YAAES 5 FEY 45y EAr] ¥
FE(0.65)% ©]835it)

P =30V @
3. du W o

3.1 CHAX|Y 4%

iR U] 208 2R 292 A virRe] 724 5
Ago] 25 AR M| Al FIA o] folsta AlFdo] d5
slejof gitt, olejdt =S g o HES A7 & ATelXe
4320 97 F e} AS9H w2 E WIoE 4R 7FeA S
ARSI F 94 25 AAA 0] Wzha g o] g3l 3
& FHHlrsta 3lom 242 7RFESZ(PWR) o/l 7171 7Hs
Foll slek. AA @2 sl ghglddo] F 354.6 mYs(137] 2
B 59.1 m's), TEAAL F 3428 m¥s(157) F FF 57.1m's) ©]
o, W52 ol ZHzt oF 1,200 me} ¢k 700 mel] ©)ErhFig. 1).
e A #eo] FHFsHM.S.L)S EL(-)0.130 m, H33L
ZSHHWL)E EL(9)4.366 m, HFAZ(L.L.W.L)= EL()
3.764 m= Z3Ktidal range)?’} 2 A o], ]3] v|3| L A
12 3] FEEAAMSL) EL(+)0.140 m, HSTZE(HHWL)

£ EL.(1)0.922 m, AZAZS(LLWL)E EL.(-)0328 mo & =
27t 3R] & et

ZAPIZE B iR O] 23PN 58 A5 AsE A
R gl AeA 8.9~80.9 cm/s MSIE HH 50.6 cm/s 13,
AN E 62.4~93.0 em/s FHHZE B 79.7 emyss 13t g
194 w2 el §52 24 Asle] g JIo] HAEL &
A 2o e 24 dslel] o# 8-S 33 YdhFig. 5).
iR U] 298 DA AEL A3% o359 A 55
o] F235p7| wiiel & ATl g 47 virEE A5y 2
48] A7) dpdA|gos A5t

3.2 HiPA|AE] A

TS ER vjFEA A FEEA A= ol a9 gk Ut
o7 WA 37 AlBolM Al B5E FAAFI] Sl Al
FHE Seal pit 59 TEEC] HiFAIAF Aol BolA] ook
on, 1379} 237) WjET LRRE Agjstd Autzo= vt
& AAEE fRshs 72A 5498 B3t(Fig. 6).

3.3 £X|2E A
FEEE oijeg U A5 AR A Ao e WE w5
ol317]¢l] YA] FLOW-3DE ©|83lo] @A w2 U A5EE 5

Culvert
(unit 1, 2)

B il
ELOSHmo
/ ELBO0

(c)

Fig. 6. Structural analysis of the discharge channel system (a) and outlet structure at terminal region (b: unit 1, 2, ¢: unit 3~6).
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Unit 3, 4

(a)

free surface elevation
3.50
230
1.10

(b)

Fig. 7. Flow characteristics at the surface layer in discharge channel without small hydro-power generation system (a: current speed (m/
s), b: free surface elevation (m), c: depth (m)).

9] B4& A3 Wi E Ul RSEXE AA 9914 o
0.9~1.2 m/sZ FFZAL 238} FARISIAL, 9= °F EL.(H)0.4m
o3l Z X Qi) vl U L v Fol FrawEd
9] J23] gtij=lo] ZH-2 07 2 (vortex)7F LABHAI T HHA
o2 iFALH U 35 7#UE5IT 9JF S IR E
2 F 0= JeEPtH(Fig. 7).

1, 237) WiFBRE g 0% 99 BALE 7Y, 2
o] 57.14%2] F7AP} Qlo] Fr>19]l E80& A7) Jo)
Z)ujZR1 AN (supercritical flowy’} 95 B3It} 67)4, Fr&
Vigy, y= 01tk & 1/450 2 3159 o] AF 55
FEE FA = WA 3, 45719} 5, 637] WiFHEE 0~1.54%
9] ¢aksk AALE 7RI Q1] Fr<idl 3807 FEo| o] 7|
HRZ Q1 ¢ (subcritical flow)?} 871 ¢4 5o FAHH. =
82 3F o] el TS F ZFZU0I. A H
F2 A &5 BAAARE XSS B 3, 47719} 5, 6
719 vlETE st AAREE 7T Q7] wiEel] a5 A
A 2E Ao ohE JEgL wirEE o YXT W& 9k
EL.(+)0.4 m) ¥13}5 &3 Z=E3}31tHFig. 7b).

3.4 A3 WEA|AHY| ojft ElAtH S}
B AFNME 32 €A W2 o)l 300 kW A7 671(F
1.8 MW, Case 1)} 200 kW 237] 127](2.4 MW, Case 2)5 ¥4

= wjxIste] A3k el dhste] HESISITHFig. 8). Case 1]
75 wiETel WREE F R 3182 mYs 7R B A
ALS 33k 240.0 m¥/s(Ek 75%)5 45Y LA o) gE=
202 73853, WAoo 857 4 782 m¥se £FY W
AALH F2ES AW} S8 HAHE 4m 0|9 upd
(rubber dam)2 T3 WHEE= 2 o= FA3I5I. ¥, Case 29
% wiETelA UREE T UREE BT o83 2oz 7t
Zgste] ¥A4315i

300 kW 37| 718 AT A9 259 PR 259 o
g3} Ao o] §EHA ¥ FF 782 mYs7t ElulES HI=
523 (hydraulic) S22 3 vir= AR f452 oF 1.2m/
s o812 F-¥3I 3 79+ oF EL.(H)1.5 m °J3}2 253 daA
87} ol 22 oiM] ¢ 1.1 m A538He Zo® el v 8t
Fie 2579 Y718 S8k oA S5radze] 40
e} fEo| wela w2 Ulo] oF 3.0 m/s 713e] mhE f&o] B
315 o0u 9= EL.(H0.3 mz A2 W3l=EA] ok9kthFig. 9).

200 kWi 278 37 1715 AAsE B¢ A/ & 7%
HEE Case 13 FARSIGARE 915 ¢F EL(H0.8 m ] &
X3 JloH, A% wadurt e 24 O] o 04m S
e R22 Yeht). 8% vl Ul 752 oF 2.0 mss ©)3
01213 oF EL.(+)0.3 m 5] ¥XE B 3{ch(Fig. 10).
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(b)

Fig. 8. Schematic diagram of the small hydropower generation in discharge channel (a: Case 1[1.8 MW], b: Case 2[2.4 MW]).

Unit 5,

Unit 3, 4

free surface elevation

Fig. 9. Flow characteristics at the surface layer in Case 1 (a: current speed (m/s), b: free surface elevation (m), c: depth (m)).

3.5 gdg oKy

2 ATl 258 DALY dX] o) wE A BEL: 7}
Foll F3Fo] 2L Case 2 ATt #4511, TARDE B
3 37 ETEE S99 A 2o 2] e 3
o] {45 Altele] dAa%Ss FY3.

200 kW 259 B47] 12718 4A890e 3¢ TH7= §4
EHE 532 23.8~273 mYs HYE BT 26.5 m¥s7) F-U3HsH
(Table 3). 258 TAAIAH HX] A viF2 152 oF 1m/s
o] F2E BYA A8 HHAIAY AR R EA7] e
5L F 1.3 msE F7BISA, HAY |7 AR HE Eelas

ATHHL) oF 244 =2 2.88~3.32 m/sCAT 3.23 m/s)E LFERSE
tFig. 11). 018 53 34Y WARE 37]3 B 89.9kWE F
AL 1,078 kWo ] om, AZF 8- oF 9,449 MWhe]|
o|F Zo= FHr}

48 E
2 A7 33H FA Y Flow-3DE o143t 4l u

F2 ) 25 AL 59 Pl il HEskch. 8
o) ST HEARS} FAEO) A}E GO BLA W5
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N <Longitudinal section>

velocity magnitude

dropower

Unit 5, 6
Unit 3, 4

free surface elevation

(bj (c)

Fig. 10. Flow characteristics at the surface layer in Case 2 (a: current speed (m/s), b: free surface elevation (m), c: depth (m)).

Table 3. Model result of the flow rate at the inlet area of small power generation system

Unit #1 0 #3 7] #5 #6 #7 #8 #9  #10 #11  #12  Total
Flow rate(m’/s) 260 273 273 271 270 27.1 269 268 267 264 258 238 3212

Velocity Inlet 131 136 137 136 135 136 135 135 134 132 130 120 .
(m/s) Outlet  3.18 332 332 330 329 330 330 323 324 322 314 288 z

*# 1 : left side, #12 : right side

INLET 0.17 0.43 0.69 0.96 1.22 1.48 1.75
(Right side) (Left side)
6wgnmﬁiiiuﬁuu-
’ #12 #11 #10 #9 #8  #7 #6 #5 #4 #3  #2 #1
OUTLET 0.00 0.73 1.46 2.19 2.93 3.66 4.39
(Right side) (Left side)

.00
Qﬁiiiiﬁéiiiﬁ

#12 #11 #10 #9 #8 #7 #6 #5 #4 #3 #2 #1

991.59 1009.65 1027.71 1045.77 1063.83 1081.89
Fig. 11. Flow speed at the inlet(a) and outlet(b) area of small hydro power system (unit: m/s).
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2E W) AYo g AHsIgT, viFE U AR=HE 258 ¥
AJAELE Case 1(300 kWa 67](1.8 MW))H} Case 2(200 kW 12
71(2.4 MW)) 23] ¥Rt di3] HESISS

x84 A} Case 298] A9 258 LHAAE AF 9 A
%9] 0.4m °|3I= Case 1(1.1 m) Bt} o} ¥4 <8715l
A s Y-S A2 A0E Yt 200 kW A5E A7) 12
718 A E A5 A2 FYUEE S 23.8-273 m’s
HHE F 265 mi/wt FYERCH, TAI A HE 275
&S TR B 249 2 2.88~3.32 m/s(BT 3.23 m/s)
S B3t o]F o] &3f A WEFS F 1,078 kW= A7
¢k 9,443 MWhel| ©]& 22 AEFHITH

B a7 2 AAr)Ee 2713819 FLOW-3DE o] 4314
27U A 7FsAdel disl] AE Stk &% vir® | &7
g dAAARE £U5P] M E vigE Jl A3 8 A 75
X AL S upE WFF ¥ 9] 54 W3 el o
FFFA R FE5E TR F U AE3REY A8 kd
A AR FF WA e toFet SRS B HAsE T
ARY 79, &9 1719 87 45 €L AT dANRE 281
ZAS EAjo] A= ojof & Ro|t.
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