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Cost Estimation and Efficiency Analysis of Korean
High-level Waste Disposal Alternatives in Consideration
of Future Price Volatility

Sungsig Bang® - Yanghon Chung™* - Dongphil Chun***

< ZREXE >

Spent fuel is temporarily stored in storage tanks or facilities at nuclear reactor sites in Korea
and it is predicted to become saturated between 2020 and 2024. For this reason, in Korea, to
this day four disposal alternatives (KRS-1, A-KRS-1, A-KRS-21, A-KRS-22) have been
developed in order to carry out the direct disposal of the CANDU (CANada Deuterium Uranium)
spent fuel. The objective of this study is to conduct cost efficiency analysis for the disposal
alternatives in consideration of current price and price volatility to the construction cost of
radioactive waste repository. To derive future price volatility, this study used the ARIMA model.
As a result, A-KRS-1 is the most efficient in terms of price per bundle using 2015 price. The
results using ARIMA model, except in the case of KRS-1, the cost per bundle of A-KRS-1,
A-KRS-21, and A-KRS-22 is decreased. Cost estimates using ARIMA model show little change
or decreases in cost while cost estimates using inflation rates for 2020 resulted in
approximately 7.2% increases compared to 2015 for all options. As for the results of scenario
analysis, A-KRS-1 earned 8,160 points for 35.4%, while A-KRS-22 followed closely behind with
7,980 points for 32.9% among the total 24,300 points. The results of this study provide
invaluable policy data for any nation considering the construction of spent nuclear fuel
repository.

Keywords: cost estimation, efficiency analysis, disposal alternative, high-level waste, price
volatility, price forecasting, ARIMA
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AAANA TAE AETAATE A 72 Y9
wata ok =e] A9 olHE AEFI &l;
ANE AA L FAg = ok 3 3§t DS ARSI ART) oF 700-750E ]2k
7HE A, 2 FA W AARAAE &% 16,500-17,000E°] 7+

2010 2012).

A CANDU(Canadian Deuterium Uranium Reacton)d 9229 A$ 94 1,2,3,4357]7}
7Fs ZFoll Atk & 3 @ASs oF 700-750% Fmo] ALgFaAg oA, oF 3905 A
=7} CANDUE dAZolA HAG A3 5 o|tHKAIF 2010 2012). €4 ddEe] 4
£ 2009d T J|Ee®E AF A £32 508,752t42H9,372 tons)olH, AA| AT
311,4140h4H(5,737 tons)E 2020130 A 20241 Alolo) EZ3tE HoZ o AHTHKAIF 2010,
Kim et al. 201D.

CANDUE A= A% FFtehgEol oid HAsahss ARt wahA AAEE
Bl dolAl= AAAH &go] A] W AH AES nHska vkKim et al. 2012).
olo we} AFE AT AT e S nfdsy] fste] A dA-FAE A8
< A% A BA AA T F-d7] d4F ks 2AEkaL ITHKAIF 2012).

gh=mo| A= CANDU AHESAARE £ 1O 8308 AHAEs] st dAA71A 4
7HA A B oS sl tHKim et al. 2011). 1997 F-E] 7|3k x&71d-e KRS(Korea
Reference System)ZHE] AlZtste] @A) A-KRS-22 7d7HA 7dek AejolthKim et al.
201D).

St AR IAASE AEY e digk A7+ Cho et al.(2007) 59 A7 It
(Cho et al. 2007; Kim and Choi 2006; Kim et al. 2009; Lee et al. 2007). L&} A &4 A
A ekl gk AAA B4S Kim et al.201D)2] IF2 A Q)staA Ao o] Folx|A] ¢
I 9k Kim et al.(201D9] Aol gh=olA 7dd 4714 kel tisted 20108 7
Ag 7|02 IR EAAS v BA3 T

QAR AR ARA AMe] A GF weel] dojd Yoly] W] me A7t WE

4 ER A% Bt el At A ERd M) me v W7k 81
FsES HHFste ALkt mekA mEdrie i@ EVPSSERE ASH R FUls)
H, AT Z FIFs7] W&o Akl AEFE 714



oo Wt B ATE BIFES o1F W o|9lol, UA HA AREF °|§F F
sh2 WP ALgste] WElel A7) MBS dZ5w, A BANSES ST W

B AT O 2ol 7AE Stk 280Me 2 ATelM AR 2Es
izl 7=ttt 3elAE B o
ANAR el el A 7] &Rt

1l

21 AlBSEH0IZ XAt

St AR AT AAT XHEF AT THI 471K HEUFS A)esS tHKim
et al. 2011). 19973 K& 73k &3-S KRS(Korea Reference System)ZH-E] A 2Fs}o]
A A-KRS-22 7N E7HA] st “dejo]tHKim et al. 201D).

CE De 7 AR k] 5ol

<E 1> HE0oISe| 53

KRS-1 A-KRS-1 A-KRS-21 A-KRS-22
S= stztel 500 m X|5}
XNEZ 4 m 5 m
ST 5 cm SE2 1 em
HEZ7|
MES steoll 71 174 MES St 71 27
St A9 = 49
HIELIOIE HIELIO|E 50 st 49| HIELIO|E 40 cm HIELIO|E 20
cm cm
M2 HIELIO|E 30%




ZF dijke] Fao 5AE& Ay RH, KRS-12 AMEFAASE A3t 500m 3H3etel 42
] &3t= 7ldel™(Saanio and Kokko 2007, Kim et al. 2011), A-KRS-12 KRS-1 7l\d ol A]
B2e HEE AASe 9587 FEFAE T3 ScmollA & lem=E FAA1Z1 Jldo]
o} 283 A-KRS-217 A-KRS-22& A EL7]) Y AgTadlds $838 =
AEE719] wolE AA st sl AHEFA HEE7] 2ME 2 AEste Adelth
(Kim et al. 201D. ©o]& 9I3ta, A-KRS-213} A-KRS-22+= A EF 4L Yo, g5
HEUEX g Hol 50cmollA] HEFH o2 HIEYUCE 20 cmE F Ho=Z AHE3tATh

2.2. MECHOI| 2IUIE2A BA giE

W7 E8A4S BAE] eiME gubzow HEATV} AEE AR, B A
FQ s BAHE A3 tHBaek 2015; Kim et al. 2015, Mowen et al. 2015). ¥
AFolA AFEA7E AL iAol =2 A7l B4 ARSshe olfre AA, T8 dVHE
Aol AIZF Hlgo] AA AREY, 24, T8 ArtEd o9l ArtEleA Taste
H|-8-2 w9 Ha, A, AA AR Ado] oflr] wjEe MdAdA e oEs)ofstr]
o] AAME 47F TS BT 2he g glth olEldt ol fE F8 drtE]l o9l tE
W7Hsels &R ZstAY, & drbsdEe] oo A9 IS vIXA| Kl ol
o WA Fo A7bEl BAHE AFES] HdlAe T8 dAUFeS EEe Alo] v
T F8% ZAV Eo

B AFoM e A& drtasAds £457] fsted AHEHE =30, AEE =3
H], A3 dSAZAS HEUCIE, H& &7], AZEE AAMZFe 79 F8 ks
< FAHFFTHKIm et al. 201D).

F7H o2 AE87] HlEe 7 UdtellA FEH o2 AHEEE FH I, KRS-1oA47E A
S5 T8, UHA bijtelA AMSEE & SRHOE FESIT olF FPsHE A
2t

L

Cet + Ceh + C’b(‘—’_ Occ+ C;)f
UMC;, = v )
b

0

A71NN, UMC,,~ARUL 9] (AN ME T A7k N-ME F C,-HERE
228, (,=AET 2HE, G AET $FA V8, O =AESY) WG 7

s P2, =R g



UER AT IR i) A &71011 #eE F Sl AeRd

KRS-1 A-KRS-1 A-KRS-21 A-KRS-22
X E2F (bundles) 297 420 240 240
HEEY 20| [m] 40 40 40 40
. D 224 x D 225 x D 208 x D 208 x
125 AOIZ [em] H 783 H 663 H 799 H 799
HMES HEl [m] 4 4 5 5
HELIO|IE S 20
2] E S| [em] 50 40 40 (Sand 30%) 20
D 102 x D 1244 x D 128 x D 128 x
=2
E71 ALO|= [em] H 483 H 412.9 H 2745 H 2745
SIS [m] 114.76 114.76 71 7

2.3. 714 o=2 28t ARIMA model

ARIMA(Auto Regressive Integrated Moving Average) 28-S ElJAZ]Z HoJEH S A&
st 2R &S T Aol 7P dE] AR EI e 2y dhuelth
ARIMA 232 AR(), (@, MA(QE F4= Utk A7 p & A78A 2o, d
2HE, g & ols® e Z1olth ARIMA EFo|A Wiz Solgk A& 43, AR, H
o2 0ol 7MgaL, 4, B4k el AFREE sk a0, AR, M2 5H 3

olglx 713t} AFAISH ARIMA B8 2 o33 ZtHGreene 2003; Jeong 2009; No 2012).
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AREHolg} Egle= A|gARFY A to] Hees AFE t—18H t—p7HRA 9SS
iy 9= Aolghar 7P stk
Y=ty Tyt e ey, e )

webA] s WA-S(White noise)elztal & W, x(t)7F t—1AFAFRE t—pAIH7A
FFES v o Zo] yepd ¢ ok AAE p=1018t AE A, ARD BY
o

tes go m@E 4 ook

=ptmny -1 te 3

ged 2ol BAE & Ak

Yy =p—01, 1 — by — o o o —be,,Te @

yy=p—0e_1+e )

ARMARH S SlolA A vhsh 2ol B AAY dlolESe] AWl ARZH}
$7) eaRrEe] ARusel MARRS @Aolth ARMA male] 74 A dARol
g w4 waolth arlo] MAAAAY ARE Aea7] AT AR Aol Soizt w3
o] ARIMAZ o]}, mehA ARMARE& % Mﬁlgm—w ohje, M AL w7}
4w @ 2Rt 1 ARE 4O go| TAY + 3k

DAYy =Y — Y ©)

meb ARMAR &L (03 o] EHHT:



a, _ d
Aty =pty ATyt .+’YpAdyt7p+€t_91€tfl_. L %

v 7F4 HEAS =& H5hy, ATl A= Box and Jenkins(1970)l <]3}eq
E ARIMA 2 A8dt =8 F4e Box-Jenking F4UHE ol Sahdu, WA
dolele] A7l g 0 REIWS BHs] W b mPS FHHL, A
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H 2gs9 A

dAE Eofe] v A7l FAHL AAEAdALFE- A (Notification No. 2015-132: WA
H7lE #gnl§ 9 ASFAdsRY Rt HE o Ag7IEd B A wE 71
FsES sty v Ve FAR vl @A el =7HdeE S w5
A A= vl 3 @A Q7kEn w4 FEEM, 7] A2 A9l of
d Az S7Hn

20159 thH] E7HASES 1HT 7 =22 203 2o

UMC,, = UMC,, (1+7)" " (8)
A7IM, UMC,,=E7V3%5E
2015, r="3AMEH 7| & Hev&o w3

25. ARIMA 2EES ARSH AlLE|2 24

B AFAe] 27 B4 r|EdsE 20159 Zo|th
Ty AA AR - A FF vl dold dolr] wiEel me A4vF ¥

54
& Za% BAlolth olo] weh ¥ ATt Ax A ARE olgdtel, mes A7} WE
e AZsa, olgA AZE HolEE Agstel g 7 AUYes WE F, 7 U

2 ATdAE oldd WE sHsAS EA5HE WY ARMA s AT0e
olgste] EEATE & ATolA ALE AFTrhe] ouls UA| vlolEE B & A%
HF WEZo| A T3F o] 20e FES jnlRr)
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¥0, o oot

HEEe] Al tiRk Al 9o, &/ dAFelM = ZEH R HEF
2 68% AT AT 68%e A(NS ondtt TS 68%= 27

Fo AT AP 2 WEFo] UF Yol ov] gl ANE sHAS

o]

Ay ok ok

=
FP—1-2- < FP< FP+1-2— )

A S713F A A5, FTAHEL A =
ole} I o|FoE TheAel wom, FXAFAILY Ae A RS fF Aol
oilet= A& 78T wl, Hojx I AAo] 5 bl o]FojHof & Zlo|t} wehA E
AFA = 201597141 9] AARE o]83dte] 5 $21 2020d9] 7HAMES 1H sk, WUt
BEAH A4S AN

AVEle AL b3 Aok WA AEEEH AEE, HEYOIES} AAE, 74, F
o YT 47 57EA el s EA R olH % 571A] ¥t <91 ARIMA A4S F
3k o =x], “sHUpper Confidence Limit, UCL), 3}3+ (Lower Confidence Limit, LCL)2] 3
AR 74 WE s 7EAA o, 39 55309 Aueledl 243749 AUl e g A
.

2.6. A= =g

B Ao AREE dlolE& 200005 20153 L7bA| 9] 714 kR0 |t

B AFoAe v /M fE &S flste] MlEUe|Ex 2004d5E 20159744, Y
HA = 20008 =5 2015971A12] 2SS FRSIGT AREdY AEF F3
ool 201095 s 7|2, S dAYHAF Fd = SHE
Ftglon, b2 s E/MEA A5E AHESITh BE %]
AHEEATE (E DL YrtEEA BS99 AR EAS YeRd Zojth

s (ADFFEIFES ADAEPER ARE AMESIATE (AD@=ETFE S 9}
(Ah&FFEZIH RS BV R 7GR T 7s 713 ARA o] wiiel, Hr]
Aol i = A7 It 28 9 AR S AdET

BaZaty B2 A$ 2000 el 138%, T 110%] Z71eS 712sgon,
HEYo|E] A9 mlud A 271%2] F714S 7| =319

>
ol



— o
A=z EN
H7tsel 7|2 Xz 2=
2000(2004) 2015 =
E{d =%} [USD/m’] 22.74 54.18 138% 2000-2015 | Half-yearly
HES [USD/m’] 561.45 1,337.62 138% 2000-2015 | Half-yearly
#HIELIO|E [USD/ton] 432.94 551.78 27% 2004-2015 | Half-yearly
= 1.44 2.55 76% 2000-2015 | Half-yearly
ey =
[éSD /kg% S 3.48 731 110% 2000-2015 | Half-yearly
S& 22.07 45.84 108% 2000-2015 | Half-yearly
SIZl=2 [USD/kg] 148.44 189.18 27% 2004-2015 | Half-yearly
m |+ 2%
3.1 2k chete] 2015 lVieE2A 2AM

<F 4>9]- [ 1]& 471/ AHEOIgke] £
5 7 742 KRS-19] 79 626.20 USDe]ar, A-KRS-1¢] 73
73-%- 471.90 USD, A-KRS-22¢] 73-¢- 468.43 USDo] Tt

4747 dijte] 7k A b &3]l tg2 A-KRS-1e2 =EHglen, F i
A= A-KRS-22, 718 &&/do] WHE ok KRS-10]ith o]2]3k xto]= A-KRS-1¢] 29
AZ EE&AQ0 ikl A-KRS-22¢F 4, ] 7Aool A 27.86 USD, 36.01USDe] €7} #lo]
£ Hola Q7] WEelH, A FRUATFERINA 7 =& HlE] AVFE AASE AR
/71914 7P AL ARAREE BU957] W&oty 1Eu 7 ke Apole AEHE,
AEE, HEUC|E, SiAfg2 740l st otk 11.78 USDE] zlolihs B #olth
ol 3 A= FF ATEEoIY HEYC|ES] THAC] il FHoluy FEle] 7HA<]

A7+ 284 ﬂ%ﬁolﬂr. Z; tigkEe] |

- 456.65 USD, A-KRS-21¢]

r—r’ "‘0{'

ey T odieke] w97k vk & 9lee HelRt Ase & 4 gtk
KRS-1¢] €¥71E 100%2 714E 749 A-KRS-12 ¢F 27.1%2] ¥71E, A-KRS-212 <F

24.6%°] A71E, A-KRS-22+= 25.2%2] ¥7V& = A= Yeyth mebs A-KRS-1
o] A-KRS-22¢] ®lste] of 1.9%H &&#<l tiete= Yepgth

7%71-‘5



<E 4> 47X XMEZcHetel 2 UtSeld ATt =& ZAnt - 20154 7t
. - HMES7| .
SE== MES HELIOIE =5 =ET M=
KRS-1 20.94 138.99 79.37 135.87 177.93 73.10
A-KRS-1 14.80 83.95 55.24 51.24 199.73 51.69
A-KRS-21 8.02 75.52 45.52 79.10 235.74 28.00
A-KRS-22 8.02 75.52 42.05 79.10 235.74 28.00
[USD]
200.00 - 626.20 (100%)
600.00 -
456.65 (-27.1%) 471.50 (-24.6%) 46843 (-25.2%)
500.00
400.00
300,00 -
20000 -
100.00 -
P
2 : ./

KR5-1 A-KRS5-1 A-KRS-21 A-KRS-22

[OZ 1] 47}X] X2 cijete] 27F £& Zat d|m — 20154 7+A

< 5 olgd dAE AAH 42 ARIMA =0l EH?E Aoty FHS AT =
A T 2 9 & 0,052 FostHen, frol<F 0.0592 A &
Ae St 2y A=l Ljung-Box Q 7L«l ‘n‘«] TEZ 0.0501F o= e}
e Aoz UEuTh <& SellA d5d 2&3} 20143 =744 9
= S 53 Ay, BE=ES -32%, AR -3.2% HE
UolEx= 0.1%, 4L 0%, 3 -9.8%, &2 2.9%, S 0.1%2] zelE B ¢
T3 FAE ATshe Aoz 24EHAH. 2000099014 20149 % w774 o] ARE 7HA

_\,L
)
o1



3, AA 20159 T ARE A5G AT AA FS BF B5%olA ST WEE o] =

AsHet.

<HE 5> It SS9 714 olFEE 28t ARIMA T Y

Model parameters Ljung-Box Q
Model type .

Coefficients tig?éu)e Stitslsu DF Sig.
AR Lag 1 0.984 (100660609)

HMEEE ARIMA(1,1,1) 17380 | 16 | 0.361
MA Lag 1 | 0862 ((3)'(1)(9)‘3‘)
AR Lag 1 0.984 (100'060609)

MES ARIMA(1,1,1) 17.380 | 16 | 0.361
MA Lag 1 | 0862 ((3)'(1)8‘3‘)

MIELIO|E | ARIMA(1,0,0) | AR Lag 1 0.999 (3038660% 3.848 | 17 | 1.000
=% | ARIMA -1.961

e O,1,1) | MA Lag 1| -0338 0050y | 5479 | 17 | 0996
Constant | 7,299.22 (3"0‘83)

= =3 | ARIMA(1,0,0) 7765 | 17 | 0971
x| 19.069
27 AR Lag 1 0.946 (0.000)
Constant | 43,434.73 (g'ggg)

S&2 | ARIMA(1,0,0) 9.616 | 17 | 0919
AR Lag 1 0.929 (15‘68055‘)

sz ARIMA(1,0,0) | AR Lag 1 0.999 éfgﬁ 3848 | 17 | 1.000




<H 6> ME[FZF 68%2 7tA O|F Zur - 20201 7+A

Cl(confidence interval) 68%
HEZ (%)
UCL Forecasting LCL
XHEE{ [USD/m’] 69.62 63.32 57.02 9.9
&S [USD/m’] 1,718.77 1,563.28 1,407.79 9.9
HIEL}O|E [USD/ton] 625.80 544,91 464.02 14.8
= 3.03 2.55 2.06 18.8
HEE7| [USD/kge] S 8.86 6.84 481 29.5
SE 51.56 41.16 30.76 253
SIZH2 [USD/kg] 214.56 186.83 159.09 14.8

[19 2]= ARIMA EE& AHESt] 39 ghs AHERL 2 dikse] ¥t 4 Aol
o KRS-1¢] 739 626.20 USDellAl 639.58 USDE 2.136%7} Z7lstdem, A-KRS-12
1.119%, A-KRS-21-2 2.326%, A-KRS-22+ 2.335% Zr4stigitt. 7h4o] zZA|vv} 7Haste
o4+t ARIMA RFo|AN FE3 &, HEUOIE, SAz2 4, 7H4o] Faste Ao
2 dqFHU7] dEoltt

[USD]
70000
650.00 -
BaE 20 s . [ E e W--------= M 63958
600.00 -
--m--KRS-1
- AKRS-1
330.00 - - ¥ -AKRS21
AKRS22
500.00 -
47190 46092
R Sm—— Jevrs—— w——. sy, gt et LD BT
45000 - 436 65 FETT T : - W iiasiaiaaianes v _151“5_1.
400.00 ’ : : : : :
2015 2016 2017 2018 2019 2020 [year]

[O12] 2] ARIMA ZIE 0|8

rol

FZh MEdiet=e #7t 8 22

(29 3] AAdEAARL R T A(Notification No. 2015-132)o W& E7M44E 1.40%E



G

o

A7t FA4A 2k ARIMA FHAE AR AZHitEe] 47 FAAE Blud Aol

£

[ 3]eA A-KRS-212 A-KRS-22¢} Ae] Apol7} §la, A-KRS-22Rt} 717 &4
=7 71557 el B4olA AlLdsiitt. 2423, ARIMAS A3 97F F4%)¢] 4
- —2.335%°1 A4 2.136%°] WES 7HA= v, dleS 37 202099 A7EAA Y] A
¢ EE tiEo] 201561 hHl oF 7.199%7F S7Fsked, ARIMA =P tin] FHo) 9.95%°] <«
7 27 e Ao® yEieth ek 71Ee] 27PsES AHE 4%, ARIMA =¥
of Hls| A77F I ALtEE Aom Uehstth

[17 4]= ARIMA EA =28 A0S ol 8ste] A=l ZF tigkse] d7tas
d& A8t KRS-12 20200 o gk 755.54 USD, A % 523.59 USD= 2015 7}
Aol wlst] 20.7%, -16.4%°] W37F AJTE A-KRS-12 16.9%, -19.1%, A-KRS-22+=
16.5%, -21.2%°] WMEZE& A& o2 EAFHI

[USD --M--KRS5-1 (Inflation rate)

800.00 - —=— KRS-1 (ARIMA)
_’ --&-- A-KRS5-1 (Inflation rate)
750.00 - —a— A-KRS-1 (ARIMA)
3 - === A-KRS-22 (Inflation rate)
700.00 4 4 AxRS22 (ARIMA)
< I SP— W 67128
650.00 - e W----mmT - —n—————u £39.58
eonon - 626.20
550,00 -
w 502.15
500G 4 G e e
46%43 ___%&_.---F--%——:::::::,,l::::::::_...-.d}----------f489_52
A—maccc==gp———cemto A% " L 457 49
45000 4 & & A 45159
400.00 . . . . . .
2015 2016 2017 2018 2019 2020 [year]

1

(1% 3] ARMARE W} E7H35ES 183 A2uRbEs A7t 4 23

(23 414 BE Z2HY ARMA 234 S50 AHTHL oot WEZS ¥
o A1 B840l B AKRS-13 F AR o B8AL 2

ol AAle Ao® yepar vk 20208 ll= A-KRS-229] 7P w2 gho] 369.04 USD
= AKRS-19] # 36936 USDE @xishs 2o uehgeh oldd Ane 2 tjorsd
A7h WEHE BAFo] A e met A7t B4 297t nHE S 9ee B



[USD] --m--KR5-1
200.00 - --m--KR5-1

*- AKRS-1
- | -#-AKRS1 . ___ | 75554
750.00 o AKRS22 giman -—--
200,00 ®—A KRS 22 T
i e
650.00 - 626.20 -~
=
60000 - s .
T z
550.00 T 54505
SR s = St ey LECUP
@ pnEEE SRR 52359
500.00 - 468434
45000 | e
45665 g
400.00 - s
e e 36936
350.00 : : : ; : — 369,04
2015 2016 2017 2018 2019 2020 [vear]

[ 4] ARIMA 239] A#F2E2 o] 88 A7te] WEE F7

3.3. HECHoI=9| ALl BAM Zo}

(E DS AU 42430t Augles 7o) drks]le] HA, oA, Haef 37t
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