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A Buoyant Combined Solar-Wave Power Generation and
Its Application for Emergency Power Supply of
Nuclear Power Plant

Kyungho Cha* and JungTaek Kim

This paper presents a Combined solar-wave Power Generation (CPG) concept that the CPG unit is maintained
as buoyant at the level of sea water and it is also supported by a submerged tunnel, with the aim of supplying emergency electric
power during the station blackout events of nuclear power plants. The CPG concept has been motivated from the 2011
Fukushima-Daiichi Accidents due to the loss of both offsite AC power and emergency diesel power caused by natural hazards
such as earthquake and tsunami. The CPG is conceptualized by applying different types and different sites for emergency power
generation, in order to reduce common cause failures of emergency power suppliers due to natural hazards. Thus, the CPG can
provide a new mean for supplying emergency electric power during station blackout events of nuclear power plants. For this
application, the CPG requirements are described with a typical configuration at the ocean side of a submerged tunnel.

Combined Solar-Wave Power Generation(e} 8- E3P%4), Buoyant(F4]), Hukushima—-Daiichi Accident($-F-A|t-t}
1101 O|R AbaL), Submerged Intake and Discharge Tunnel(2Hj<: 3|4 Ed), Nuclear Power Plant(¥A2¥A4), Station Blackout
(FAA AA), Emergency Power Supply(H]AFEY)
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Nomenclature

AAC . alternative alternating current PV : photovoltaic

COTIS : commercial-off-the-shelf SPG : solar power generation
CPG  : combined solar-wave power generation WPG  : wave power generation

2011. 12 Vol.7, No.4 | 37



LME

L=

Ao =844 Ao ek AYeIUA (renewable
energy)o] o3t ARA} AnkETHIE S]] T 4
53 Qe £ =R Hf ARl o 44 ejor

Y-uke BPRACIS), B4 B AL A,
AR ALC]3, AR AU A AN $-4
S SR AT 9 A4S D

Qs e AL A3 e eAlslel Sidels

AXS Smsiolol $a A, AW, 1)1 (elgzol B
WS 4 97] whie] Aol Tie AA|ES 485
5 AR} B 3ot ) o

s AAED WZEEE A, :RM A7z
THsh AR ao] ofs) Ao] 29 LR offsite AC
power)o] AHAEE A9ol= 2 o gi] HlAa7)
(F2 DATA|E A4S A5 Y 108 o]
1MW 0] 34 mio] FEh 20114 o] A
3 ff—:wur chol A QAARLE 4A71% ol4e] X\ o
0] A AT A0 olgt 2julz) HAb A

7,<j7]9,] —T'o—%-%]_‘ﬂ_’%(common cause failure)& - ]'?ELO.

e 2 fo 12
ifod
2
£
o

H

=]
(defense—in—depth), 11]-0kM (diversity) ¥ thsAS AA
oﬂ HIHo=z zl—}la—].cn] %\Lq. X{Ei.u—l/\]img Oﬂi =

v oHd

0] mRA] A B ASols HAT A

ﬂ.l-‘-‘
iz g
rN
N
il
N
o

Sltjol AL REOE A

bl B =Bol A 9o FHAIe] dulat Ao
chop S A7) et s Wy oR naa Bk
A e 2 0 RAFRE A, AF uadele] $4
< 93] 1ASIYTE A2 A= o4 BakHbd sy 9
1 ZAFz Hete] 7]estl Oﬂﬂl Aol A= A
ZHE A FE UGS wiAIst] I gAY
SRA FHA SETAEA %o Gl R = ey

38 | AlxHAdof| x|

e

N

==

o OW [

(
==

<

S

O:

2,
v

=

1
“

o2
o
il
2

ifkes
o

<

o A e

g i )
[

H
jgrp'ld"b'

mE?‘H%‘

é_l}ﬂ.l

o

o
S 2L

N

o

roxooou

(]

k1

[}

SO
=
[N
Hu)
o2

e =)

i)
ot
=,
1o

£ 9
o2
[
)
1o
-
<

IO ol3t 0
ST
TR 25

Al BB HOIHS| TR

r=
=)
of
S
=2

rie e

03
JHU ot

lop b

o 4>




DO
p—t
-z
Jo
£
u)
ol
off
U
e

ful
ol
ofd
e
r>~l
rlo
=
oQ

—
1o
e

I K Jl-m’
i
()
i
]
o
N
il
ok
£

Jo
oxl

T oflt —Hz
2
=
o
K
ol
I
)
=
o

i
(e
N
Ry
N
o
QL
I
Ju
_OIL
Iy
o 2
7
N
flo fitad
w
%l =
=
la
i
g
o,
ok
=

N
)
=

2
rir
ol
s
g
o
-
do 4
ek
ool 4y S
Jo %0,
4 lo
=
rl:l
@
=
;2
1o
H
o,
)
t‘l/ oM,
N

= M
ot
oX o
_O|L

SR

2stofof gttt FipA] HHd el sty o=

oo
_O‘L
rlr
o
Jo
Hu
rlr
=
O
A
o
=2
rlr
>
L
=
rlr
Hz
Jo
>,
i
3
o>l

BEY FHAAE T o]fslE Al WY
o5t gt oo} FYoRRE meg W
t}. Fig. 2+ Fig. 19 4] B34
F4 B3 259 NdrRE Yehdct
HRA B30 giofdA] BES shee He
3t

= L
2 AR sk, SYAE PV BES of%

i

<o

o XN

N oh

T

9 o
o op ot off
o Lo 2

T
(o3
1~ o

50~60% 40,2 QAT Hehy B4 B nE
o A5 2ES a4 Zol ~5m ol Altate] 554

2P BES THUL, GoPaA BE o) ke
HEe Qe 9 ZAAE AR wisd] B8 4 Un
# mRo 4 244 Babid wEo) HopHA 2 A4
e A% 9L sEas|zie Es 1RAdY 23

sYse 2

otell S
(&4

232t

8215

BEx e’

AL

(regulation) ¥ #4 5o BafjA= FF st gt

38(C0TS) AlES] AH7171E

sepude o lele] shepolulA) W, shkEA slel,
Ayt A2, aen Al B4 U SR

03 9% 5 velefer gt

SFEAL Fig, 13t 2] S5} o] 58 4 ol B2
F70 917ol o) w2712 jH G (o] o), TR P
349 BReE WAlo] e WAVIZ ASIY sgo]
Ot 2FOIUAZ e o188 4+ 9lch) WA S-EelAE
Fig. 29} o] 344 B BES FA5T, 4T 42
wpoll whet 27} olAe] N4 HEWH BES AR 44T

i H.]—Tﬁi_

3. ¥H vPgHAgY 5§

3.1 58 84

SHYE 3 R S9] AdAs=

3 AHARLL] ZRA4L 20114 3Yo] WS SFA|u}-
ttoln YA A ot 4= it} &, SFAJut-T}olH|

ot o
i
n)
o
é

™ 0}1]
ol
rir

oy
o,
1
JH
a2
ro,
e}
rd
o
.
4
o
s
o,

2011. 12 Vol.7, No.4 | 39



s
i
B
=
10
=2
[
ol
zj
[

g5 4714, Behoe

o
'S
9
=
o
a

w
2 o oii o
>
=]
o,
o
—
(e
M
)
=
2
s
o)
of
ol
!
20
2
ox
i
2
s

N
4>
pacs
rlr
ofj
Ehs
st
oo
o
™
F~
£
&
(@)
o
=
=
o,
o
filo
AL
Bl

[
=
1o
o
ofx
)
)
olr
sl
[ulis
r)“'
S~
K

i)
E
rN
N
uj
it
o
K=
kl
n
o]
o
N
N
1y
129
ox
o
ol
u=)
o[
=
1o

i)
o
oft
il
[

L E il

<
Is
QL
e
2

JH o ofN O & oo & 10 4N @ @
1
o
>
= :
lo
R
[
o]
e
I
H
()
1%
of
ol
)
offi
=
>
b

e

o
b
n
>
1%

ol
zj
=
rir
o
E
ot
o
N
Jr
Of
ol
v

LRSS EAY6) pul
7\#ox AelEEs dit

o EAUOR aof Al Kol Ot MAlS
o5t Aol 9 A% Ao, W] 2 gsuie] 5
O} v

aoF Aol Aol ofg Bg4) Baae gy mEHde
2 283t BAL (6)9 37b ¥ LAY Bl 4F
3 22 Aol 5] wjo] FFAm-choln] PAAkie}
| o

T

SRS 231 4 o)) WlEolh, mebA 7|2 Y] IR

Aelo] AR} 2 sjof RO Rle] ofg WAl

Aeist, T2 A/ EAE4 5 AR g

8719} THE RS RpA] B A site) 2 BT
S

oM FAIe] MRS MoK 4 9k

:

¢

3.2 ¥ 9

s W olgshs dde 2HlE fRt siAEE
L

= o83k Aol Wol AREo] gtk =lollA e 28] ¢

40 | AXHHO|AX]

Solar. High
Tem. Vib-
Sel-Powered

oA offet siAEdE H22 dA3to] 28510 Tt
SHAEEL oF —10 ~ —40m Zofof mjH=IL Fo= A

7] mize], FiA S BES iAo 14D
Ak, ol sjAE e AAste 4 HEd e
DL AGASH 77k 7=l §iAIsh7] w2 2
U AATI HEe At AeAolES siAEE Wil
AA7E 7hs e Aol vk FA S REs diA v

BAYeR B8] el Fig. 3% Zo] HiAT ¢ .

3.3 7|8

204 Mg RES AR A BRAUCE B8]
A3lA= o] 5All(vehicles or movable objects)o]] &gt Tk 7]
Fago] PHA W 5 A HAS T o B e

3 487 Bbh Sutsolol i), B3, AAVIES Zuse
)

S, FRA B BES AHAD BAA 420
QP-4 752 Sie A 717] ) MK Hgaslos

2 weolAe A A ol 2k MYt 7edR




(e
_\3_1‘
ol
fru
tlo it wlo
2k
o o

T ol L oj

Lo

-]
I
e
ﬁt‘
I
i
4>
%0
.

References

[1] Lim, H. J., et al., 2007, “Analysis of World’s PV Visions
20307, J. of KSPE, Vol. 3, No. 1, pp. 5—12.

p. 183—186.

[3] Cha, K. H., et al. 2008, “A Concept of a Combined
Power Generation Unit”, Conf. of KSNRE, Busan, Korea.

[4] BXIE 2, 2010, “7|HE AEH A0 2ot LR X259 A
718 EMHEP, MM XIES] K], Vol. 6, No. 1, pp. 38—45.

[5] Yang, Yong—Rhim, 1982, “Optical Properties of Sea
Water in the Sourthern Sea of Korea”, Bull. Korean Fish.
Tech. Soc. 18(2), pp. 63—69.

(6] R&T, 8718, d52, dd=, 2009, “oHE =400 OHE ot
HUNYR O IS ED U ahFol| et 77, =d-HY
Yo R er2] 2009 = EA e 3 ==2Y, pp. 615-619

(7] 29¥ 2, 1993, A ATTAYH M0 i HHAS

EMEIF, URL=http://img.kisti.re.kr/originalView/originalView.jsp?
url=/soc_img/society//kiee/DHJGAD/1993/y1993m07a/D
HJGAD_1993_y1993m07a_140.pdf.

SRS, 2011, "oty s XS5 RAE /g
SEHTHOE2T 7|2y, |XEATHLAMY I-NERI &
O] SHSSAT HLHAA.

Nuclear Emergency Response Headquarters of Japan,

=)

roh

=)

2011, “Additional Report of the Japanese Government to
the IAEA — The Accident at TEPCQO’s Fukushima Nuclear

»

Power Stations (Second Report)

1982\ &gt HAtget) Fshat
19854 St al7ael HAksk FoHAAL

W BT AT
(E-mail : khcha@kaeri.re_kr)

1980 QhehetaL URtelgehat Bob
19864 oot fxjelEelt Fabat

s

2004 Feist At} uklabg SR

) GRAATY AZA AL FHATH. AT
(E-mail : jtkim@kaeri, re kr)

2011. 12 Vol.7, No.4 | 41




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


