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ABSTRACT

This report is a summary for technical program achievements of
“Spent Nuclear Fuel Final Disposal Program Plan” in 2010. The
program plan has demanded major implementation of the technical
program focusing on three principal parts: “Disposal Environment
Investigation,” “Development of Disposal Technologies,” and
“Performance Assessment of Spent Nuclear Fuel Disposal.”

On the “Disposal Environment Investigation,” significant
technical achievements in 2010 include: geological stability; deep
geological characterization; and regional distribution of granites. In
order to assess geochemical stability of granites, a long-term
monitoring technology has been established for groundwater chemistry
of a 500 m deep water-conductive fracture for 6-month continuous
monitoring. In addition, this project also continued to develop
technology for fracture network modeling, i.e. the Fractured
Continuum Model (FCM) as well as the Discrete fracture network
(DFN) model, to assess conceptual models based on in-situ results from
crosshole tracer testing within fracture zones of granites for deep
geological characterization. Furthermore, airborne magnetic survey
data have been used to depict 3D distribution of deep structures and
boundaries of granites.

On the “Development of Disposal Technologies,” significant
technical achievements in 2010 include: block testing on thermal
conductivity; regional groundwater quantitative analysis; and
laboratory nuclide transporation and retardation testing. This project
continued to develop and assess laboratory-scale rock testing on
thermal properties by conducting thermal measurements in a granitic

block associated with numerical simulations. This project also develop



regional water-conductive fracture networks based on geological and
geophysical survey results. Combined with in-situ downhole
measurements of groundwater parameters, it is used to estimate
regional groundwater quantity in fractured granites. Moreover, sorption
and diffusion behaviours of selenium (Se) and cesium (Cs) on granitic
samples under aerobic and anaerobic conditions at various temperatures
(e.g. 90 degree C) have been continued to radionuclide transport with
buffer/backfill materials in laboratory scale. These domestic data,
including Kd, provide fundamental parameters for establishing basic
model for development of the performance assessment.

Researches on characteristics of HLW from spent nuclear fuel
reprocessing in 2010 were focused on radioactivity and decay heat of
HLW which generated from PUREX reprocessing processes are
estimated based on the projected SNF inventory in Taiwan. The results
could provide a basic understanding and application on fuel recycling
and SNF reprocessing in the future in Taiwan. Otherwise, by
referencing to the international HLW disposal concept, a disposal
concept suited for our domestic HLW is proposed which includes site
design criteria, design requirements and concept demands. Based on
our domestic site environment, geology and preliminary reference
disposal concept in Taiwan, a virtual HLW repository is proposed to
estimate the disposal facilities requirements, tunnel configuration, and
site ground space required. The research result is helpful to the
domestic R&D on HLW disposal in accelerating technology upgrading
capacity and ensuring the security of disposal in accord with the
international standards.

In the performance / safety assessment items for the total system
performance assessment (TSPA) and the case study of SNF disposal,

the one result of this year is the sensitivity analysis on the total dose



rate in biosphere. The more sensitive parameters which affect the total
dose rate are obtained by the stepwise regression analysis technique.
Another result is to develop the probabilistic safety assessment
technique for the axial and radial transport model for radionuclide
near-field release with canister vertical emplacement. The vertical flow
fraction and the buffer material porosity are two new parameters added
in this model. They are sampled for probabilistic assessment and the
uncentainty range of radionuclide release rate can be obtained.

The AEC held review of the “Preliminary Feasibility Assessment
Report for the Spent Nuclear Fuel Final Disposal Technology
(SNFD2009 report)” for three times in 2010. Based on the review and
the recommendations of the AEC referees, the “Spent Nuclear Fuel
Final Disposal Program Plan(2010 edition)” has been revised, on which
the scientific and technical research works relevant to the current stage
of “Potential Host Rock Characterization and Evaluation (2005-2017)”

will continue to be carried out.
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Eh (mV, S.H.E)

500
400
300
200
100

-100
-200
-300
400
-500
600
=100
-800
900
-1000

==Eh {mV¥, $.H.E) in POZ@500m
= [pH 1n POZ - 71*206@500m
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Eh (m¥, £.H.E) in POZ®&0m

[pH in POZ - 71*20@0m

[EC {mS/m) in POZ - 0.2]*50@0m
Temp{C )@0m

Water pumping cycle: OnfOff time = 10410 min ; Water pumping force = 2~2.5 keffcn®2
Water pumping rate from POZ = 80~170 milli-literfewele ; 0.24-0.51 liter/hour
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JEC =0.3007 mSicm | |EC =0.3529 mS/cm |[EC = 0.2939 mS/cm EC = 0.2304 m8/cm |[EC = 0.2876 mSfcm
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324178 BieN 2Bz LBt

AERGE-HHFFAILFRARMEAESHPANTIRA
BAPE > T AR ELE 2 phe S /g kiR
(Zhou, 2004 5 Ju, 2006) » 2= = 7 T H K A H H L3 B 22 it v P A
RIS AT

T H - Bd/E e @ i # 5 (ART-NV) 5 T RA PG LB Al
oL RPRBE S SRR Eme R e o - BT B
B (RT-NV)dp v g > 3 B A F B %25k 523 mimsd Tk
5 B B~ % BB (Compartment model) &z £ & 4 5 > ® ART-NV#
PP Y REPEACELI EDZ REF € F - BT b e T kR
B I ke wHE LY R 0 7 T FH 3-31¢ 2 Tunnel Backfill (n+4) %
Boo i B FleA BB TR BRI PRI MR * 2R
Boo A Ee B B 3-32TH P e Tk EDZ RAEMEA ML
P P EH BAZ THA E A A R A F (LR T A
W B)T A T A e B2 TR R R RN R et B o F]
BOFOR A GEW Gl 501 A Tk E EDZ PF o F 10% L fh e i AT
A T 0%y AR e R S n e kB A Facdhed At
TR%HZIRFDAAABERTEET > BV RLA TR 2 Fa

AR L 0 RIS S SCAE AR e B O T
T3 A FE T E e B2 TR E R RIER P B i~

TR HEL b TG AN0ELL T AR BB A

AR FEKIREE A F R PR P e ERr PR
(2 3-3)> H 100 f# &1 & & 4 2 % & = (K 3-33~H 3-36) » -k im &
EALFRAZHFPACEALABRNELT P EE R T AT H A

i3y
AR 0 BTk L TRk A HE 2 &P ET
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wHE R g HREY B RE S KRR E SRR
oW At F A E R AL 2 TR EE A AT BT RS v EH

B A A BRERE BRI RES T NEREE R

Moo How R R L R AR B B R el T
Bl H T BRI AR SRR R o A E Y

M2 RKhAEHFEFLRE  HEFaiHR"RBRE-HEIRLEFZRRT v £
AN ERFEERE CEYH-UEIREFZRTG CJIFE P A2
ERE S AREY HPREY 2 ARG HE R~ FLT e L E R(F
i A7 9t 2009b) o

PA HLW S % 3 S5 2 8 28028 28275 mi#
BB HREE vE SR KR HEY30 Wt FH(wt %iEEF A

W) 70 wt%d g 2 R o v A & (B 3-37) (JNC, 2000a) » H =% 7
B3V H % 50680 xR L 2 LM %053
AR RS T AR ERHERY - 2 LA

X2 Pr A (B 3-38)(E 4k 2% > 2002) EHPEFEEE (it I)A

NEHEREREL T ML I RRE NS (B FT
7 > 2009a ~ 2009b) > A~ R F w HE LI KOS 2 Skt ~T‘Q§:l§]

% 0.0038~0.43> 11 pt ¥ Z sz 23T H - AT LR AN FHEBRE L E
EEay L 7 B

AATE A IS R PR L e S A4 B 3-39
~B 3-42 HEawv EPRAEIHEF 2100 bk EAHP AR F 2 #
B A, 0 H ¢ Cs-135P & I F % @ 4 & 4 B 4 > 3.3913E+3 ~
3.4088E+3 (Bq/yr) : 1-1294% & f &1 & % @& A & # B /1 *> 1.4839E+4 ~
1.4870E+4 (Bq/yr); Np-237+: #& f# &1 5 % & & f § B 4 ** 1.7854E+3 ~
1.8160E+3 (Bq/yr) ; Tc-99+ f& f# & = % & & & # [ 4 > 7.4103.E+4 ~
8.2599E+4 (Ba/yr) - EHEMHF 2 L B AR F L

2 g o
o
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30331 BEPEAH

B R BAER R AR
RV A M (High Solubility) (Low Solubility)
3 I _ _
(High Ko) Cs-135 Np-237
(e e . -
(Low Ky) 1-129 Tc-99
Baclktill
n+4
T
2 g Ei2 1 5 1 AR
L2
) Near
Neat Canister | Field
Field : Rock
Rock | |Buffer 1 Buffer
EDZ
N\
N Buffer
n+3 Near-Field Rock n+3
(Ju, 2006)
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3-45




(Ju, 2006)

—p Advection
<«— Diffusion

Canister (1)

v

Bufter (2)

!

Bufter (3)

!

Tunnel Backfill (n+4)

Buffer (n+1) (¢ | Tunnel Backfill (n+4)

!

=

EDZ (n+2)

il

Near Field

Near Field

Rock > Rock
(Matrix)(n+3) (Fracture)(n+3)
" [l

Zero Conc. Boundary (n+5)

Bl 3-32 : 173 Hdhliiw T@@?]i W BT @ﬁ]%}ﬁﬂ

Release rate (Bg/yr)

10*

Cs-135
Probabilistic

10°

10°

Time (yr)

10’
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1-129
—————— Probabilistic

Release rate (Bg/yr)

Time (yr)
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Time (yr)

=
o
=}

[EEN
(=)
»

Bl 3-35: ki E & F$Np-237H a2

3-47



Tc-99
————— Probabilistic

Release rate (Bq/yr)

Time (yr)
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Tunnel disposal ( Hard rock / Softrock)

Buffer
(Bentonite [70 wit], Send [30wi%])

Carbon sted overpack

NN RN
EN N NN CA N A N
At LT
RN NN ., . . _— .
o NN, . Backfill required for radiation shieldng
&R G -
8 . (Bentonite [70 wi%], Sand [30 wt%])
- W w -t AT
P EAF AN
SN NESENENEY
P FAF
IS ALY
ga gy
LR AT
LI "' ALY
E S W SR
= = e A
R AT
Nl NESENENEY
I CA
SR ALY
: gy
L o w LW
s ERNEN
GG
'Rock e . Disposal pit
LT IS
2 = W NSNS
W SR
t :} ERERte I(\r'\"w(\
Pt AR
Nt < Waste package
e PPN
A AT
A gy
r R AT
< LSS
NN EA I
L ALY
—— gy
e LW
e EAF AN
SN NESENENEY
[ S AN A
=) R ALY
=~ W T
ety AR
SN NESENENEY
AN CA
T T T T T T T T e SRR
RN A A o N L e
J\"H".“’-\H"-“’\"H‘;“’"H"“’-\"H"U\'HHD I IS
LN . L RSN e £ v A EA
N N A A N TN AN T N N CN NN
RSN LR SN Cl SN whN LRt SR
190, | |wl120

(JNC, 2000a)
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[-129
Probabilistic

Release Rate (Bq/yr)

Time (yr)
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Tc-99
Probabilistic

Release Rate (Bq/yr)
= = =
2 a2 9

L L |

[HE
o
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T \\\HHI

Time (yr)

Bl 3-42 : wEHFIL I FHTC-P AR DS

325 * EF WP AT A 4 F SRR R L 4T

3251 HLWRER &5

32511 AFHLWE & s Rt &4 8

AR OHLW £ & Pfiir Rt Gt 8 2 1945982 R A7 & % 914
52 39 BHLW € & Pif(4 3-4)> w2 23 * HLW £ &
AR ERE HLW 235 %0 & P ER 2R kP &
H12 4 % (JNC, 2000a) # # ® PUREX £ A &4 > 7 ¥ B 4
99.875 % ¢14h 29 9.452 % hgF o EAE MG E AR A PRABFEFTHE
B (COBST R B )? 3 39 B HLW ¢ i & chfr fb 5 B » ¥ i&

dm
ey

—

N

PUREX £ /@ = 3 ﬁ;“ﬁc‘ Fapzt B AL Gz 4B g 0 T A W
BWR 2] f& (B 3-43)# PWR 3 i (B 3-44): 39 @& HLW 8%
BRA G o 5y ST 2P (2T 2P 0 2006) TR AR
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SNF # & (% 3-5): BWR 7 # (5 % P © fLABWR) 5,714.7 tU -
PWR 4] fi £ 1,632.3tU-0| v 42 & 58 @ SNF 2 & & Fi® 5 2 HLW
BE R AeB 3-45%7 7 o

32512 ARWHLWE R PEAREREFFHLWE R @B R V" R

d 151 NAGRA 3% (McGinnes, 2002)2 p # H12 7= 7 #% 2
g 018 m® ks 7 B oviezy 1 NAGRA 33 &% 100 % #

#£ 58 p A EE 85 %(Y 0.15 md)> AP Rl 2 kPt
EooBR 0.18mP il FEL WM E 85% X U FERE S

FRE P BN EEPAER  EEPAEEARAASNT £ p & HIL2

P faE R v HI2 £ 49 @7 328 v 2 &2 A8
TEH L€ & P4 x4 Ni-59 ~ Ni-63 ~ Sr-90 ~ Sn-121m ~ 1-129 »
Cs-134 ~ Cs-137 ~ Pm-147 ~ Eu-152 ~ U-232 #2Cm-243 2 11 B # #
AR 11 BAE AR ST ML NAGRA 337 2 COGEMA #
BNFL shpifid & T3 » & @4 o) R A% 0.18 m® il 4 & &
¥ A 0.15md R s ER -

39 BERPAEERILE T E B S Ao 346477 0 F E(F A
#0.15 m*) g & 9 5 COGEMA (NAGRAA 45 % ], 4.0E+16 Bq):h
0.48 © » BNFL(NAGRA A 45 % |, 9.2E+16 Bq): 0.39 & » @ 4 %
P& HI12# 3 4 2 (7.71E+12 Bq)#1,514 & - #8 12 NAGRA 3+ 3
P RESEET LB A AP A HI2 P2 hi 8 L8 kp
Sr-90 ~ Cs-134 ~ Cs-137 ~ Pm-147 £ Eu-152 &4 P46 s 8 & B -
BReLPfay s HI2 TR Ha a g Aot H Yy 4
30 2 m#En LYt 2T s HREERANTEAY > 3§
HEMDT 2T £ B v HI2BR B ABEER > 2K
® OSNF 9w 4 #LeFid e BEEpFs 50 &£ & 4%
B9 L 4x10® Bgs @ AR SNF G2 A g 50 £ 12 HLW
EHER 9L 3.7x10"° Bgo - ¥ &

TR LR R

RGN T e TR )
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3252 HLW % ## 4 47

32521 A EFHLWE & H#% 88352 27

PR R%YFHNEEPAERA TR 2HER HLW £ &
fé;f‘”‘&r'l?:%. /:?)f_

FE XN RRANME AL BEE R ELE LA > o FYMP

42 F®AEF HLW 23 202 P A EREH 2
J ¥ 3+ % (Stahala, et al., 2008; Li, et al., 2009) ¥ & 4 A% % 8 4 %
#- 5% (high temperature operating mode, HTOM):i& = SNF & 2 % & %
% # § {*(the long-term integrated decay heat load, IDHL )% HLW
‘B & % % # f { (the short-term integrated decay heat load,
IDHLs)2. # 3 2 dF - R fFdp ML A 2 R+ LRl HE & P

FPEL R EPFRE G R P R R AR B2 B ) Nl
PETFEREEL HLW ¢ E» 23 g v 22 kA d o 2 2 A
S R RPUREX ¢ 460 % 0 AN BRI H AT PR

UREX+ s3] % # it B2 J B> 2 « R REAFAIT1 TR R LB

1
*roe @R S Eh PUREX E As = % 5 23 o

32522 ARWHLWE #4353 2 P&

i s PUREX £ e HLW % #2727 = %34 > p &
H1247 4 (JNC, 2000a) iz 4 ORIGIN 2.1 =& SNF (ik & & 4.5% - %
£ B 45,000 MWD/MTU)#p¥ 4 & & » £ '=d PUREX &4 ¥ B 4
99.875 % 4h 2 99.452 % hdw > X A Frpl Iy H V4 50 £ 152 &
TRl o d Bl 347Tv wE £ B PR EFER AL DI 2 HAEF
(fission products)4- Cs-137 27 Sr-90 +#ri ¥ » A% 100 # {5 p|d
4 % ~ % (actinides) % 1 & % % &£ Xk -

4 NAGRA /A 3 % (McGinnes, 2002)pR] ¢ ;2 B COGEMA
(WA-COG-1) ¥ = B BNFL (WA-BNF-1) £ g 8 22 HLW + o
ORIGIN 2.1 L3R 12 38 0% H 8% %8+ 3-6)-
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Nud

" 4 NAGRA :* % (McGinnes, 2002)¥ p & H12 # 3 4F £
wigr 0,18 m® ikl 3 B oo ovezi 1 NAGRA % % 100 % #
£ m p AW EE 85%(Y 0.15md) o d i E AT op A HI2 %
FIRRFAE GE 7R AT A e E L 50 & 152 iR R (B
LArER L 54 2) HF %A 9L 350W; @ 2 B COGEMA 2 &
Bl BNFL 3 & 2 HLW & fi & 2 4= 42 % % # 0 & 9 9 3
3,000~3,500 W = + -

32523 ARHLWF st 22 2 2 £’

=3 p & H12 4% 2 (JNC, 2000a)H # B~ PUREX £ i if 4% -
TR B 99.875 % b7 99.452 % hidi o bt E A M S d B
BEMFRE(CDBST R E)Y 3 HLW ¢ i & chi 6 % % #
(USDOE, 1992) » # i PUREX £ &L= 3 #'% b3 b A b2
gy o ¥ A wEF BWR 3 ¥ PWR 3| i (B 3-48) HLW = H
P AEERRL PR EERA - # ¢ BWR-Decay Heat #¢
PWR-Decay Heat 4 % % 3 ® SNF# ¥ - og " T 1 4 4 ch % &
# > HLW BWR-Decay Heat ¥ HLW PWR-Decay Heat p] » %] 7 4 &
B4 SNF %5 PUREX £ jied@ s 2 4 HLW ¢ & 8 w4 g pF 7 47
A4 ERH I WY T H N BWR A &% PWR Al HLW(gd
PUREX f A JZ:F 24 % 99.875 % :hdh ¥ 09.452 % :hgi) A 1,000
EF PN B Ry SNF & H e sh 9t 3 4 2 2 88T g LE -
1,000 & {5 Bl Fleel o ~ 62 A HASF ~ B APFEF LA FER

L

TA P (oBT A o7 2006)= 1 2 A ® SNF

# 2 (4 3-5):BWR Al i (7 % & RABWR)®E PWR % & &35 3

5,714.7tU ¥ 1,632.3tU- ¥ da iz SNF &= 5 £ A& HLW "/

A FERRN o doB 3-49¥7 7 o F ik E o HLW =Rk 2 %
2

(AR E AET NP e BY 5,880 @) i Amis 50 £ 2 HLW
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BERAG 4791,602Wo Bl B 5T B AR HLW 543 3 B2 %
FHGL 815W o

3.25.2.4 A FHLWF 2 ZFREBEEREFT AR

BB R EAL I L ET e op AFEF ORIGIN 2.1 # =i
SNF(k 55 & 4.5 %~ %4 & 45000MWD/MTU) i 5] 47 b+ 4 & ie i7
PP is 7 A r I F V4 50 £ 182 B FRE(BAIFERF L B4
#) 2 %55 350W; L NAGRA &k 3+ % (McGinnes, 2002)
pl 4 ;2 B COGEMA (WA-COG-1)# # B BNFL (WA-BNF-1)£ /&
Z HLW # 12 ORIGIN2 12 oI E R :ERETH A
AAsdsF RBP4 B9 5 3,00023,500 W H AL e 40 & (5P A
WK s 540 W & 690 W o

dNARP W HLW i a = MmEEin& o «
BHEPPAEFETHEE CDBS 21 E P I%MEaridd 2 %
BHELGTARE G R R®E{E 50 F2 HLW L # % 8485935
815W o A X #-FARF R EFa R RFTFEEB AL (it P T R

o

™

ABWR 7 fs i) 1+ 2 (L H @ H » 2@ PP+ 2R HE P2
FREMFEAKE PRI RER Y EHREREREE T AR
HLW % % # -
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% 3-4: i HHLWE & P1fd

LR PAziE5E e | BRI | P | HLWE £ g
CI-36 (x)
Ni-59 Ni-59 Ni-59
Ni-63 Ni-63 Ni-63
Se-79 Se-79 Se-79
Sr-90 Sr-90 Sr-90
Zr-93 Zr-93 Zr-93
Nb-93m Nb-93m
Nb-94 Nb-94
Tc-99 Tc-99 Tc-99
Pd-107 Pd-107 Pd-107
Sn-121m Sn-121m
Sn-126 Sn-126
-129 -129
Cs-134 Cs-134
Cs-135 Cs-135
Cs-137 Cs-137 Cs-137
Pm-147 Pm-147
Sm-151 Sm-151 Sm-151
Eu-152 Eu-152
Th-229 Th-229
Th-230 Th-230
Th-232 Th-232
Pa-231 Pa-231
U-232 U-232
U-233 U-233
U-234 U-234
U-235 U-235
U-236 U-236
U-238 U-238
Np-237 Np-237
Pu-238 Pu-238
Pu-239 Pu-239
Pu-240 Pu-240
Pu-242 Pu-242
Am-241 Am-241
Am-242m Am-242m
Am-243 Am-243
Cm-243 Cm-243
Cm-245 Cm-245
Cm-246 Cm-246
34 5 10 39
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2 35 AR FE T R st 4

T PR E(R) £ (kgU)
W AR 1545 2515 18 4 DEE s
ITB\;V% 3,760 3,772 669,280 671,529
EBQV% 5,772 5,772 969,350 974,256
Zﬁvg; 1,917 1,925 815,032 817,201
TR
(ABWR) 6,604 6,604 1,215,136 1,215,136
£i 36,126 7,347 tU

(n8T 4 oF

» 2006)

% 3-6: %iNAGRAé@E ‘\:“L%HLW% %%‘%ﬁ}f@ﬁ F%Fé&%ﬂ‘ 'Tg‘gj

NAGRAZE 2 % | NAGRAZE 2 % 6|
Years WA-COG-1 WA-BNF-1
HLW-= i 1% % % # (WI/flask) HLW-= i 1% % % # (WI/flask)
0 3.0E+03 3.5E+03
3 1.7E+03 1.8E+03
10 1.1E+03 1.4E+03
30 6.8E+02 8.5E+02
40 5.4E+02 6.9E+02
100 1.5E+02 2.3E+02
300 2.1E+01 6.5E+01
1,000 7.0E+00 2.1E+01
3,000 1.0E+00 1.8E+00
10,000 5.2E-01 6.4E-01
30,000 2.2E-01 3.0E-01
100,000 1.1E-01 1.7E-01
300,000 1.3E-01 2.3E-01
1,000,000 1.3E-01 2.3E-01
3,000,000 7.0E-02 1.2E-01
10,000,000 7.5E-03 1.3E-02

(NAGRA, 2003)
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Specific Activity (Bg/tU)

Specific Activity (Bg/tU)

1.E+17
1.E+16
1.E+15
1.E+14
1.E+13
1.E+12
1E+11 ¥
1.E+10 :
1.E+09
1.E+08
1.E+07
1.E+06
1.E+05
1.E+04
1.E+03

1.E+02
1.E+00

1.E+17
1.E+16 ;
1.E+15

1.E+14
1.E+13
1.E+12
1.E+11
1.E+10
1.E+09
1.E+08
1.E+07
1.E+06
1.E+05
1.E+04
1.E+03

1.E+02
1.E+00

1.E+01 1.E+02 1.E+03

Time (yr)

1.E+04 1.E+05

B 3-43:BWRE & {82 F AR % B

1.E+01

1.E+02 1.E+03

Time (yr)

1.E+04

W 3-44 : PWRE & {462 2 B %1 B
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1.E+05

1.E+06

1.E+06

—&— Ni-59
—&— Ni-63
Se-79
¢ Sr-90
—%—Zr-93
—@— Nb-93m
—+— Nb-94
—=—Tc-99
—=—Pd-107
Sn-121m
Sn-126
1-129
¢ Cs-134
9 Cs-135
— 0 Cs-137
- Pm-147
—=—Sm-151
—=—Eu-152
—¢—Th-229
1 Th-230
—#&—Th-232
—>— Pa-231
—%— U-232
—0-U-233
—+—U-234
—=—U-235
——U-236
——U-238
—8— Np-237
—&— Pu-238
—>—Pu-239
—%— Pu-240
Pu-242
—+— Am-241
—— Am-242m
——— Am-243
Cm-243
—— Cm-245
4 Cm-246

—%— SUMMARY

——Ni-59
—#— Ni-63
Se-79
¢ Sr-90
—*—Zr-93
—O— Nb-93m
—+— Nb-94
—=—Tc-99
———Pd-107
Sn-121m
Sn-126
1-129
¢ Cs-134
% Cs-135
—&—Cs-137
- Pm-147
—=—Sm-151
= Eu-152
—&—Th-229
- Th-230
& Th-232
—>—Pa-231
—¥— U-232
—®—U-233
—+—U-234
—=—U-235
—=—U-236
——U-238
—8— Np-237
—4— Pu-238
—>—Pu-239
—%— Pu-240
Pu-242
—+— Am-241
= Am-242m
—=— Am-243
Cm-243
—#— Cm-245
—A— Cm-246
—>— Summary




Activity (Bq)

Ba/canister

1.E+21

1.E+20
1.E+19

1.E+18

LEHT7 N

1.E+16
1.E+15
1.E+14

1E+13

1E+12

1E+11
1.E+10

1.E+09

1.E+08

1.E+07
1.E+06

1.E+05

1.E+04

1.E+03

1.E+02 . . .
1.E+00 1E+01 1.E+02 1.E+03

Time (yr)

B 3-45: A FSNFE L w2 {8 2 HLW A &

—&— Ni-59
—— Ni-63
Se-79
Sr-90
—*—Zr-93
—— Nb-93m
—+— Nb-94
—=—Tc-99
——— Pd-107
Sn-121m
Sn-126
1-129
Cs-134
Cs-135
Cs-137
Pm-147
—=—Sm-151
Eu-152
Th-229
Th-230
Th-232
—— Pa-231
—¥— U-232
—8—U-233
——U-234
—=—U-235
—=—U-236
——U-238
—8— Np-237
—&— Pu-238
—%— Pu-239
—¥— Pu-240
Pu-242
—+— Am-241
= Am-242m
——— Am-243
Cm-243
—— Cm-245
Cm-246
—>— Summary

1.E+17
1.E+16

1.E+15
1.E+14

1.E+13

1.E+12

1.E+11 ——I+
1.E+10
1.E+09
1.E+08 s HHIHIHTHIHI A 1 H -
1.E+07
1.E+06
1.E+05
1.E+04
1.E+03
1.E+02
1.E+01

@ Suggested
OH12

1.E+00 ML

Ni-59
Ni-63
Se-79
Sr-90
Zr-93
Nb-93m
Nb-94
Tc-99
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Cs-137
Pm-147
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U-233
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Pu-239
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Pu-241
Pu-242
Am-241
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Nuclides
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Rate of heat generation [W/package]
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102 g i X
. Heat from activation products N \
\\‘~ /’ s -
4 _[ M \
10 < g \
e :
107 N \
\\ '
s . \
10 : :
\
10-7 : X N
10° 10" 102 10® 1w0* 10®° 10 107 10®  10°

Time after disposal [y]

(JNC, 2000a)
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1.0E+05

—e— BWR-Decay Heat
—=— PWR-Deacy Heat

HLW BWR-Decay Heat
%~ HLW PWR-Deacy Heat

1.0E+04 ¢

1.0E+03

1.0E+02

Decay Heat (Watt/tU)

1.0E+01

1.0E+00

1.0E-01
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05

Time (yr)
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Decay Heat (Watt)
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1.0E+02

1.0E+01
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
Time (yr)
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