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ABSTRACT

To reach the short-term goal specified in the “Sipbdluclear Fuel
Final Disposal Program (proclaimed by the AtomiceEgy Council in
July, 2006)” — the “Preliminarily Technical Feaslity Report for
Final Disposal of Spent Nuclear Fuel- 2009 Progre&eport
(SNFD2009 Report),” integrating available and upsthtresults of
technology development conducted over the years-edtegorized
research efforts as three different working itemispose are “Potential
Host Rocks Characteristics Investigation,” “Devetognt of Disposal
Technology,” and “Performance and Safety Assessm&EnRepository
Facilities”.

For characterization of potential host rock,compariavailable
data of deep formations about granite, mudrock, amtthers from
investigation works, we present recent developmehttechnology in
investigation for deep characteristics of granitiost rocks. Granitic
rocks also present better performance on long-tetability than other
host rocks. Besides, downhole measurements andsemnose tracer
testings in granite test area, as well as labomatexperiments of
radionuclide transport with buffer/backfill matelsa have been carried
out. These data provide the basic geological framdwwith domestic
data for case study of the Performance Assessment.

For the retreatment method, this study focuses @& topics of
reprocessing of spent nuclear fuel. The variouscpsses available for
spent nuclear fuel reprocessing are also studiedchs as the
generalized commercial PUREX process and the impdogeparating
technologies and processes of UREX and UREX+ seriesthe
laboratory scale. The results of this study couldwpde the knowledge

and applications on spent nuclear fuel reprocessimghe future for



Taiwan. For international disposal information aysbk, this study,
mainly focus on the analysis of waste managemestés proposed by
IAEA and the country report for the different count It completes the
demonstrated table about the management of HLW.

For the basic and alternative cases of the totaltem performance
assessment. The basic cases of the total systehompeance assessment
estibalished from 2001 to 2007 will be analyzed perform the
required contents in SNFD 2009 report. In the fetuthe domestic data
for investigation and experiment will be compilearf probabilistic
analysis integrating the components of near-fielthr-field and
biosphere. The dose rate of deterministic analysisbiosphere is
compared with 0.25 mSv/yr, which is proposed as therrent

regulation limit.
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TOTAL MAGHNETIC INTENSITY MAP
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[ﬂ] TOTAL MAGMETIC INTENSITY MAP after RTP
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{d} 1ST VERTICAL DERIVATIVE OF RTP
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[E} REGIONAL MAGNETIC MAP (Cutoff: 1 kmi)
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(f)  RESIDUAL MAGNETIC MAP (Cutoff: 1 km)
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{ g] MAGMNETIC MAP OF ANALYTIC SIGNAL
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(h) TILT DERIVATIVE MAP
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32 p-14% & 2 i 7 8T RRE AR RS BE G

Well DistancgTravel Hydr_auhc K (m/s) _K(r_n/s)
pairs (km) time (yrs) g'rad?[ent calculated | Situ
("10°) testing
N03-1-N02-2 10.7 5447 1.98 3.14x%0 6.97x10°
N03-2-N02-2 11 1803 1.68 1.15x10 6.97x10°
N02-1-N01-1 10.7 764 0.99 4.48x10 -
N09-1—-N08-2 10.1 2949 2.81 3.86x%10 2.08x10°
N09-3—-N08-3 9.7 3195 1.47 6.54x%0 2.16x10°
N08-1-N07-1 6.7 5369 0.23 1.72x10 6.05x10°
N08-2-N07-3 7.5 1497 0.88 1.80x10 2.13x10°
N12-1-N11-2 8.5 428 0.52 1.21x70 1.95x10°
N12-2-N11-2 8 424 0.56 1.07x10 1.95x10°
N12-2-N11-3 9.3 899 2.46 1.33x10 3.12x10°
N11-1-N10-1 13.2 5076 0.1 8.20x10 4.84x10°
N11-2-N10-3 13.3 3559 negative . 4,960
N11-3—-N10-4 13.6 5936 negative . 5.57%10
N10-4-N13-1 10.4 5733 0.37 1.55x10 1.88x10°
N10-4-N13-2 10.5 5495 0.52 1.16x10 2.22x10°
N22-1-N21-2 5.9 351 5.06 1.05x10 4.70x10°
N21-2-N20-2 12.5 9402 negative . 1.63%10

T kR © Luetal. (2008)
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32# /% 2=

RFBERPM 2 53 B A GU Y ST BRFES TRl i

W R (s 7 ERAEE X RERE S R
Bl) > il MR ph PEMALD PRE - K2k
FEr ARG VT APl N BRI PR el R
BT Bl RBE A BT L X REBE Hd RE A RN T
i R AR B i e iR 5 A Y - i B PR
8 s &k o

Je B Hr R 2R FRIL IS RFE A S B2 = B
AAIE RN o T H(F AR AR H AR H)1 B AP
BalAREIAZ YR R BREHF DTHEB L BE S
(%*”WE’®%WIw#ﬁ”' 4*%V*®% EAE L Rl T
BN G ok 2 ik s (IAEA > 2003) A 4 4 5 B H R % 0 EF A
GPATEITRAE L A PG R B AR 200% K F 7
FRWL L XEREHAIG N E S F P T SR AN P
F2 LM 8 R o AAIE1190~93F B F v HF B 2 - AES
% B F 2R RS ¥ (P A A f 9 0 2002~ 2003~ 2005) 0 2t %
i F R TN N SR 2 94~068 B E B E TS &
B A AHFH2ZTH R F 2 AP B AR AL
2008): 11 94~96& B A TLATRE T -~ RB Rk B FAN
A CRFEERF D AEBERAFRNGTEHFL 2 Sy 2
TH S F 2 A PBBREZAATS IO FTEEE A T o

3.2.1: 4
32114 AHH G2 THPE BN K
1 AERRAE A AL AE B S EHRAEA AL 2 - TR P hh g itk

SRR P AR B X AR Rt o N ENEFPAESS Y
FERRAE AHL 22080 ho R FTHRRE 2 P TR
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P35 RISERR ilﬁil‘fi‘lé’i?iéil‘ﬂl‘if%“‘%‘?ﬂk’i’@ﬁﬁli@ﬁiiﬁéﬁé
i LR Fit3 (DAIF A2 PETEQR D 2 F 4

(& # # 2 &2)(3)@%1 WAl (st i PRESF 28
W)(4) AR E X ORI AL (T kIR TR BT
s HHE)5)1 M2 x AR EFHT(X)E o

B3 5 R Rk it T 8% > i (safety assessment)s #5 1
LA T2 e @ﬁ?‘]ﬁ;' AR L4720 4o 2 (NAGRA, 1994) 53
£ (SKI, 1996)~ 4 B (Luhrmann et al., 2000 p 4 (JNC, 20001 - 7]
o> 20001 2004F ¢ 2 2 P A p 1 2R T F o2 T B
(Zhou- 2000; & 4m Mk % > 2002; # @& % & > 2003)% & & 5% ~ ¥
RN BTNz 22 s 2 E gy %N (deterministicyr % & N
(probabilistic)ys 47 (4% & & o & &£ 3 > 2002; 4 & L v & =F >
2003)~ % & A 47 % (4 2 & > 2002; 2003; j % % - 2005)-

FE-HFHIFEARMAESTE A TS RR R PP
%> 20051 2007+ # B A L E ¥ 2 dhe e g 5k 2R
11 (Zhou, 2004; Ju, 2006) 2 A @K T E R F > 22 EMA
Bz AR e R > A K MF(Zhou, 2005) 2 2 7 F BT H AR
gL BRI E R e AT RIS T Y
B Sd ghiie P BMAERIT N EHFHPEHE N (R
UPAMEFER2Z1IEARBEETFA ERB T NE L o

AL TO0~93F B EF E L TH AL X 2T N 94~96
ERVPEFRZIHMWM/EE TN AA EFRAFE B2
THEPRAIRBTFRELAT o HENF R R R DTSR AN K
BITFPFAIRLAF*%RHT %A FRT-NV - ART-NVZ ART-NH %
ZHEES AR AR R T
(1) RT-NV#;* (Radial Transport Model for Radionuclide Near-field

Release with Canister Vertical Emplacementd 3 # 4 5 & & %

O RPRBE S v S FRPFELY S v (0B 3-12) 47

B 2305 4258 5 INPAG-N(Zhou, 2000; 2002);
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(2)

(3)

(1)

(2)

(3)

ART-NV#: ;¢ (Axial and Radial Transport Model for Radionuclide
Near-field Release with Canister Vertical Emplacere & &
B2 ARE TRPAGR 2L TR BRI

w (40 B 3-13) & * 2 F= i A2 5 INPAG-NV2(Zhou, 2004)
ART-NH#: ;¢ (Axial and Radial Transport Model for Radionuclide
Near-field Release with Canister Horizontal Empla@nt)é #
kT R ’Jf}'},%%’?%;ﬁ_@ﬁ%]‘% v eir ERERRPTEMS BT

w (40 B 3-14) st * 2 3 & 4254 5 INPAG-NH(Zhou and Apted,
2005)-

RT-NVH 3¢ 5 4 g éne & fF & 5
BB BB S B TORERTE N REE R B S BE ATE
B R b bl B3 15 100,0008 Flx > A a & 2 0 R
Al P

T EF(O05E L AR TRESELFEFT > KHFE
2 B R A H 51.5%226cme kAR AL MA BRDFE
h K d¥ 41 55 cmo R fde I YJIT-95% & BKMBHO1-W2- +
BHERAE* FERT  RAFEOABE S BT HF R P
R RELES

AR RTBAAAF BRI FBRR LA b L E 2

FEALLEOPERE - | wmAT R EFAY

FE o

BRAEFIES Ac("RAFERTN A" BT ORE 4B
VIS -

BA Y A A S & E R (grain boundary) 2 @ M (gap)f % %
2SR FR R WA 2 B fER U IE R A R R e T K
P

BARASFEFIF AN A B T RBEFI AR A T A
HHEEERFHZE GRER 2P E o ET BB A R
PEREFRELERYER TR G R AT E L SFHEERRA
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Z (IRF) - ¥ 95 European Commission SPA project-topical report 2
(1999 m @ 4L & % 2 1% f& (volatile species)-| ~ Cs% & 3 #i&
s S oot o mE s IR RZ B KT M

O TEES FS SR T 10 LI SRR FY SN LT
R E A e S L

(5) i3 fi&»t ke T ok ek b 48 B4 A (diffusion)d 1 A A2 B A R 4
AR T AhEH

(6) g TokY 2 Al RPN AT A A L RB

(7) PRI REBEZEH I BB LA FTHICREZ A PHEERS
Jo B o~ m A s B s AT 2B ER S E TR

(8) mMHE - BERAFEL T AAS

(9) @ W HEAFHELAFZEPTE  REFERASG KRR I AR
e BHAREAE w3 T RAEIAPFIANERAHEPRAEEIB AP E -
T HART-NV 2 ART-NH £ #05% 2 b ff i & o & 5 3 RT-NV#E

ﬁwkﬂ’i%@rﬁﬁgéW%ﬁﬁ%’@?%

?,‘Q

I H el #
i F%}J LHEEFRT I RELTAHFT AR

FRORIE R R AZFHBIENR E LG FACE R

INPAG-N-~ INPAG-NV2Z% INPAG-NH#Z ;% 2_ 4= 4o 0% 2 % 27 % 1§
%R i B P2 15 f8 5 £ (mol/canister) TR 2 A4 B 0 B B4
Foi 2 AKEREINPAG-NAzs 2 f R g i 2 % BB A+
AFHURTHBEIRN ¥ - F R RS T H (advection) B #7 3E
A2 A B E A INPAG-NV22 INPAG-NHAZ ¢ 2. B /15 2 F 3
PR RRAFATHA DRI - F R el
FE R RERER RAT L RRARER -

EFFER A T2 éﬂ\%udp\ LWL 4o T
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(1) ~ 4 F6(l): A2 47 0% % 4 5 5 RT-NV-ART-NV 2 ART-NH
B Fe AR A/ T R &oRT-NV-(l) = & 17 % &)
(D" - A KAE # TILA-993% £ (Vieno et al., 1999) =3k E & {7
R

(2) A+ EeI(): A0 ()2 S8y il gz 2
4 Sex Cspi bz A fe Bl 1 A2 i Bcdh (B F T % > 2005)%
N R TR AN AT mﬂi;] NFR O R A TR RGN
"1, e 0 &eRT-NV-(I) = &4 % 6] (1)~ ()2 A fie fafic £ B 4
% 3-3% 5% o
T H A AZTHTG S S4B 3-15~B 3-200 4 RT-NV-(l) &

RT-NV-(INZ A48 % > P fad RRASF 2B B NET AL PBF

1.0E+7# ¢ > % # ¥ (1.0OE+05~1.0E+0@& A )f = ## I F chpi 84 &

SAHEM AP A SRR S ¥ (1.OE+06~1.0E+0% ) 2 & § O

P LA AP fE e L AR T 4 AP fE L e B s A

CAPPRORLI2BHE R N BRPAS T THLE R TN

&2 2464 4 5 Cl-36~ Se-79~ Zr-93~ Tc-99% [-129- # ¢ » Cl-36-

Se-797 [-129+: # Flps ¥ » F (IRF)f * ¥ > S i 4 2 B 24 & F

M d omoz s ks R 4 8 4 sk B (1LOE+052 ) AR § R+

opE B o Zr-932 TC-OM FI P A b T E R B 0 R AR W

SRR b2 4 0 @ F1Zr-93% Tc-992 % 2 B 'L & 2 Cl-36 -

Se-7¥ 1129 fa M P ¥ R 2 B e+ 1 FHERGHERS -

FZr-938 Te-999 fE 2 B~ IR R @ E G K Cl-362

Se-79- B # ¥ & o
d Ak b2 B EE A ETLO0E+OSE » X i e A A/

FUPAPPRAAAERPPFBEEEF T £ R4 (W0C-14- Ni-63 -

Sr-90- Cs-13A%f6) » @ M ix AL 2 Pifaz P Fd RP 5 2 FTE o
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#03-30 AR pl(1) ~ ()2 & pe il &

% frh LA e i

=R DS

RNs (mkg) (mlkg)
C c-14 0 1.0E-03
Cl Cl-36 0 1.0E-04
. Ni-59
Ni o 5.0E-01 2.0E-01
5.0E-03 5.0E-04
Se Se-79 [5.5E-03] [1.9E-03]
RD RD-87 3.0E+00 2.0E+00
S SR-90 2.0E-01 1.0E-02
Zr 2193 1.0E+00 4.0E-01
ND ND-94 1.0E+00 1.0E-01
Mo Mo-93 3.0E+00 2.0E+00
Tc T¢-99 1.0E-01 2.0E-01
Pd | Pd-107 1.0E-01 1.0E-01
Sn|  Sn-i26 2.0E-01 2.0E-01
| -129 1.0E-03 5.0E-04
ce| Cs135 1.0E+00 1.0E01
Cs-137 [6.5E-02] [3.5E-02]
Sml sm-147 1.0E+00 4.0E-02
PU-238
PU-239
Pu Pu-240 3.0E+00 2.0E+00
Pu-241
PU-242
U-233
U-234
U U-235 5.0E-01 1.0E+00
U-236
U-238
Th-229
Th|  Th-230 3.0E+00 5.0E-01
Th-232
cm gm:gjg 3.0E+00 5.0E-01
Am-241
Am | A2l 3.0E+00 5.0E-01
Np | Np-237 1.0E+00 5.0E-01
Ra|  Ra226 5.0E-01 5.0E-01
Pa|  Pa231 2.0E-01 2.0E-01

é_‘-

(1) al* T KARTILA-99 : Vieno et al., 1999

(2) #238[[} 5 % F T % (2005) 7 2 2 3% & o
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EHEF T % (200587 7 2 12K E)
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3223 H A 5% 63Tk Sk
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(TILA-99 ~ SITE-94~ H12)#E # £ = £ B 72 R L& SR> F3
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AT CB PR T LR Rtk g S Sk 5y A
BBFZBAE I IF o HichEEy T ok o oA ok g (HK)
'tt%.‘ré@ﬁ%]ﬁ&%ﬁ~%Fﬁiﬁ“ﬁﬁ\ﬁfﬁip\%\%ﬁiﬁﬁzﬁ&’ﬁi}iéﬁ(%
3-4); AT L TR LY AR GEP Y p X TILA-994F £ 2
% T % (2005)-

32243 FAF R EE

B A T % )2 1 B RT-NV ~ ART-NV 2 ART-NH = 46 # 5

SRS LA R L S RO

(1) A% ol(): 42 2972 Slclyms 5 £T 703 AHHE
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(2) AHExel(): A4 x o))z $8cByp ii o Bz 2
$0Ser Csn 2 2 A Gl Rl 1 k3 Bchhde & 333 F T
£ 02005)0 ki FE T 355 BB G~ BRI Sk
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FIR0 A P A B B 4 4 B (inventory)? R F 2 BEA F o A
RT-NV-(I) » 7 % {2 465 i 9 % 2L 4 p5 (9 1.0E+5 ym) » 1 46
BEEEPFp R BFEFHEBEETEFARLE AR EFFLY
1.01E+5 yiF)» H = 4 vt 5 7 "% (B 3-25) @ ¢h @ F £ & At 8 R
(1.0OE+5~1.01E+5 yrf & & d Se-79-1-129-~ CI-36~ C-14% Rb-87%
B e 2t B s pFE R 9 1.5E+5~6.0E+5 yE R ¥ - 4 £ H %

‘t B FF A & d Tc-99- Zr-93~ Cs-135- Np-237% 5 48 & i % 2 1t
Bl oA A B E e AP Y L2.3E+6 yra B e b @ > 4 2.3E+6
~1.0E+7 yi¥ 2 & d 4 % 24 U-238+ U-234- Th-230- Ra-226% +: &
g A B o F ek s d b ® RT-NV-(1) 2 RT-NV-(Il) % ] % % (B
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%40 B & &% o 2 Np-237~ U-233~ Th-229- Ra-226% & & 5 #& f
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% 34 sk GRS Sdk

B S #iw PP
4 %R 2650 kg/n HE % » 2005 pp.106
al Ui 0.58% HE % » 2005 pp.106
e RTQRS o 3.1536E-6 myr TILA-99 > pp.253
R RE 3.16 m/yr Wi ile% > 2006 pp.4-42,4-100,4-16
(Ki& 3! * SNFD-EEL-90-253
BHO1 - BHO2 - BH042 58 F 43+ &
TaE s R4 H R FT K L0.1)
8| ey 1000 m BlER k2 R B2 BERE
k| HHEEE | 317 465 3L BHOLE A EELZ %k E (%A% » 2006°
tl =++186-196 m: i+ ik A pp.4-100,pp.4-168)
i (249,82 %) M ¥ % - 21198 i3t ¢ (2006)
0.081m BHO1_186-196 (249,82)0.081m
BH02_158-176_(248,70)0.038m
BHO04_50-75 (43,82) 0.185m
AN 4.73E-3m EEL > SNFD-ERL-90-220,pp.3-39
i taik 6.3072E-2 miyr Philip et al., 1994, pp.122.
TR 75 m EEL:E 3% &
2/198 i3t # € (2006)
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3.2.34 ¥ B

AAIEOTE BRI TR F94~96& B - E T ATRIE TR -
RRAAF TMAKLA REFRFALEREZ AFRTGRL
W Sl EFAFBRBEZAITEENLATEBZE ST 0
3.23.12 # BRI F S

AHEHEEGR A EAEF IR LA A B g
PRGMRLZ S HAgTE Y DB HAE TR REN
Poo FE T Rk H i 2 AL ETA FEPA @% I
o 2ok g 2 OREET AR AR D% - B RS (BIOMOD-1)
B TR P A BRRETLIE S kY Pk R
IAEAZ %4 % & ERB1A(IAEA > 2003); % = B #i£ ;' (BIOMOD-2) i
Hd BB ERAE SEkE HT Rk k2B R
7 k& 2 at s st IAEAZ %% % 5|ERB1B(IAEA> 2003)-
AATEZ A P BAANZTHFTLG R HEY BIOMOD-2# 5% » 3= 5 42 7% Bl %
* AMBER#2 ;* (AMBER, Enviros and Quintessa Ltd.2006)-

BIOMOD-1 2 # Bl#r: 2 B 4 & § »e @ EH* 7 0 7358 ¢

He, =C,, x| xDCF, (3-1)
P
He, - PRSP 1 ahaE G5 548 & 5 (Svlyr) «

C, ke omstipfd ik (B -
AR ok end L&A 3 (milyn) o
DCF : *cétiiiifa i il » &2 f 3 % 4(Sv/Bq) -
BIOMOD-2 # 4 B fis 2 @ ¢ & § »e Ml & enih Bt de ™
He, =C,,; xI xDCF, xD; (3-2)
R

D, PRELikE?BHZHFEFF(RE )



Hep 28l = (3-1)7 o

Cw,i (x,t) = A (X,t,%y) X F(X,)

R

Coi(xt) @ estiipife i

B3k () E ik B (Bg/m?) o

A(xtx) 8 KR S F Ry -

F(x) SR D § ok s Balyn -
N PSP B ok his B (m) -

) Dok # ehi g (m)

t S PER(Yr) -

32324 % EAEVE Sk

BIOMOD-2# # B #i- ;% P i ¥ Bl 3% % % #k (&

2

3-5)(5 & &

(3-3)

AL

F ’

2008): 1% # #& » & £ # #% 2 i DCF (dose conversion factord{ 3-6)

S ARERE M ELE 2HRE(R N g 0 2007)% ICRP-72 3% £

(ICRP - 1996)-

# 3-5: BIOMOD-2 #i5" #icdy

$E LA e i*
A B L PR S 4 0.726 m/yr
Fok R IV H 0.25 -
KA BE KK 1.0E-05 m/yr
¥ B.(compartment & 180 m
TS kYA T -
WEATR 180 m
TokABAR 2000 kg/nd
EETNE 90000 nilyr
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% 3-6: {f8DCF i

#&P~(ingestion) #&P~(ingestion)
P DCF & (Sv/BQ) P DCF & (Sv/BQ)
C-14 5.8E-10 Am-241 2.0E-07
Cl-36 9.3E-10 Pu-241 4.8E-09
Ni-63 1.5E-10 Np-237 1.1E-07
Ni-59 6.3E-11 U-233 5.1E-08
Se-79 2.9E-09 Th-229 4.9E-07
Sr-90 2.8E-08 Cm-246 2.1E-07
Zr-93 1.1E-09 Pu-242 2.4E-07
Nb-94 1.7E-09 Pu-238 2.3E-07
Tc-99 6.4E-10 U-238 4.5E-08
Pd-107 3.7E-11 U-234 4.9E-08
Sn-126 4.7E-09 Th-230 2.1E-07
1-129 1.1E-07 Ra-226 2.8E-07
Cs-135 2.0E-09 Am-243 2.0E-07
Cs-137 1.3E-08 Pu-239 2.5E-07
Sm-147 4.9E-08 U-235 4.7E-08
Pu-240 2.5E-07 Pa-231 7.1E-07
U-236 4.7E-08 Mo-93 3.1E-09
Th-232 2.3E-07 Rb-87 1.5E-09
Cm-245 2.1E-07

(i ¢ » 2005)

32332 5 BIHE F
AP BERRIBFPAIBLEEIEF RN A L P BEER
% 4§ 3-31~@ 3-36 & d 4 EBIOMOD-24- ;% A 47 32 & 91 {8 chH

4

5 EciE o REFHAEHE T K-S "ﬁ B4 kP A o A 1E+06# % d

A

{54

Se-794 1-129% B F R M R F 2 i & f146 > 1E+061 1E+072 B 0 F 4,

-~

# R %2 P AR 5 Ra-226% Th-229- %t & & % 6 ()2 % 6 (1) 2
k% % (B 3-32 Bl 3-34% B 3-36)> F|Se@ CsPfhzii & 4 o B A

P2 B PP AEMAMEEY RELBE B P ESes v RE
SRR B SR AT B PR B LR R CsPfe 0

BrEEFRS 4 HEXEET AR F LR GHZREVR ZH7F
TR N2 A AKT DA P B AE S S ESR M2 R E2.5E-4

Sv/yr -
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10° F 10°F
S10v| S100)
2 2
o 10_12 | ° 10-12 |
I o
o 101 @ 10|
2 3
S10%} Q10
0% F 107}
20 -20
10 10* 10 10*
Time (yr) Time (yr)
Q)5 A E T At (b)ie s v 48
Bl 3-31: 2 4 By a4~ 45 2 RT-NV-(I) % &
10° 10° g
Se-79: RT-NV-(1) F Cs135: RT-NV-()
ok Se-79 - RT-NV-(Il) F Cs-135 : RT-NV-(Il)
10° |

Dose rate (Sviyr)
=
o
T

Dose rate (Sv/yr)

Ll L ol — v
. 10° 10’ 10 10° 10° 10"
Time (yrs) Time (yrs)

(a)Sef: & (b)Cst: 48

-
S

Total : RT-NV-(1)
Total : RT-NV-(1l)

= = =
< < e
T T T

Dose rate (Sv/yr)
B
o o
T

-
e
T

107 —

10—14 t L L
10* 10° 10° 10’
Time (yrs)

OLE ERE F

(RT-NV-(I)% 6] # 2 f8Kd & 5 TILA-9948 2 2_ 2% 3% & ; RT-NV-(Il) % & ¢ 2 6Kd
& 4K T % (2005)7 7 2 1% 3% )
Bl 3-32: 2§ B P AE A 152 RT-NV-(I) 22 RT-NV-(I) % 1] £ & #5101
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10° 10°
10° 10°
5.0 S A
% 10 10 | 3 10 10 |
~ . n12 | ~a1012L
@ 10 @ 10
e ‘14 | S 4L
() 10 () 10
3 3
Q10" 010"
10'18 L 10—18 L
10-20 10-20
10* 10*
Time (yr) Time (yr)
(CVAE RN X (b)a k& 48
Bl 3-33: 2 ¥ El¥ a4~ 47 2 ART-NV-(I) 5 ]
10° 10° g
F Se-79 : ART-NV-(I) F Cs-135 : ART-NV-(I)
10’7 L Se-79 : ART-NV-(Il) I Cs-135 : ART-NV-(Il)
10° —
i; 10° — V‘\;T
3 11 b 2 11
§10' 3 élo' -
10-12 ;_
w0 |
10-14: L Ll (RN 10-14: Ll Ll I
10 10° 10° 10" 10 10° 10° 10’
Time (yrs) Time (yrs)

(a)Se 1 (b)Cst* f&

10°
Total : ART-NV-(1)
Total : ART-NV-(Il)

[N
<
T

Dose rate (Sv/yr)
B

2 2 5 5
5 5 3 5

i
e,
T

107 —

10—14: [T el Ll
10° 10° _ 10° 107
Time (yrs)

(©)F: .4 ° 1
(ART-NV-(I) % 6] # 2 f8Kd & 5 TILA-9948 2 2_ % 3% & 1 ART-NV-(Il) % 6] ¢ 248
Kd i 3% % T % (20057 § 2 1% 3% &)
Bl 3-34: 2 B 4a A 152 ART-NV-(I1) 2 ART-NV-(I) % 6] £ B |24 i
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10°} 10°F
10°+ 10°F
:i 10"+ :i 10" F
25 25
P 1092 | s 102 |
o 10,14 | o 10'14 |
g 3
S 10%} Q10™°F
10" 107
10'20104 10'2104
Time (yr) Time (yr)
Q)5 A E T At (b)ie s v 48
B 3-35: 4 4 BI¥:4EH f§ 4 47 2 ART-NH-(I) 3 &1
10° 10°

Se-79 : ART-NH-(l) 3 Cs-135 : ART-NH-(1)
Se-79 : ART-NH-(Il) F Cs-135 : ART-NH-(Il)

Dose rate (Sv/yr)
=
o
T

Dose rate (Sv/yr)
=
o
T

10t L 10t L
10-12 - 10-12 -
10 L 100 E
10 L L Ll 10 Ll Ll L
10 10° 10° 10" 10 10° 10° 10’
Time (yrs) Time (yrs)

(a)Se 1 (b)Cst* f&

10°
Total : ART-NH-(1)
Total : ART-NH-(ll)

[N
<
T

Dose rate (Sv/yr)
B

2 2 5 5
5 5 3 5

107 [

10" —

10—14: [T el il
10° 10° _ 10° 107
Time (yrs)

(©)F: 8.4 ° 1
(ART-NH-(I) % 6] # 2 f8Kd & $ TILA-9948 2 2_ % 3% & : ART-NH-(Il) % & ¢ 248
Kd i 5% % T % (20057 § 2 % 3% &)
B 3-36: 4 4 B fh A 457 2 ART-NH-(I1) 22 ART-NH-(I) % 6] £ £ 514
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3.3 H g B
3318 At =6
éi%@ﬁﬁﬁ;zsw&&ggzyﬁgﬁﬁ,u%¢g$%
‘ﬁﬁ%ﬁi@*’i?? BAh HalE >R L R o
?ﬁ*ﬂﬁﬁ’*?%
- HBATFEF ORI AT L R A d BT A5 2
REMH—— TS EC R AFRBERN AR AR ESE R
FRER B ¥ AT 2 A R LZMEAETR -
&”f*ﬁ%%@%&&ﬁA%ﬁeAW?#@@$ﬁ+%ﬁ$$
B

=

F_*

R L R T

i;—,jgﬁﬁ'rmy%‘r\f?fé\ P~ pofv rfﬁ‘r A i
o BREmEEe NO6E RV A B2 FAS TR R LS
ZARM S EFAE od TR E LT AN E B RS KRR T

Wlcdh o A k4 BE G 430101010 misee. B 5 Tt
BRIGEE L it o R EEE0E AN R EHE KA FR K
3l ABE B s 43107010 misec B 0 B Mook 4 b E 4k
BrEPREEFAEM e R MG o
A FY94-967F ¢ %= & H - AW Z2 i & AHKF B imﬁ—ﬁ R E
A#EAT OTERILZALEF AL RRIEEF LB EHPFRRE
AT R R A R R R DY A1 T A R 2
R R R AT TR s A B e
(1) TREZFRFEHE I B LRI R R
kAR HMKA Z U A Y 2 i (Connectivity): 3+ 5 H i@
# 4% (Transport parameters) | * 25, 2 4548 & 5 i34 + 3§
WA MR B ma s FFAALFTHERTREC)
A48 M N 150mMELE ok N B 0 B E ok F 5500 2 /A
& o 25042 M B 2z Schlumberger Divel sz -k =3+ -
Mok $ TR (ECHEM M 2 %1 o d 25 2 45402 5 7 k= %
CAR T A o ] 0 25040 o T R B TR B AR < 2§



at prgcle o BT 25040 B K R i A I A F (Fracture media)
kA e o @ A8 4R P g 4R i3t 4 F (Porous mediak 4 #

oo F 8% 2 4 ki (Recharge) i & b -k 3 "F % i jAg ¥ o

Ed B TR FE%R S (R 3-37)FE A2 AR 4Y TG W

AR eI B LR R% S s o

(2) P 2H AR EBIFRBRER A 1T

F1% 1502 45402 T ehisit f AP R T HBBEHR L 5 AR
Bed B A eh B 12 3 gt I e 4T
PR ERIZ kY TMEARS - A RFp AR FEFE oR
3-38% v ) AW RERFZHFHAERE I LT FAR 2T JIr » FF
RP PP FHFERZERD ) RERZRI G TN 2 (R
3-39) X FP-L1EL 2 45 4 B 36 + £330-360 mi A % & ch =

i

LI W

AW EREASTEA e - H R AR FEZE A
B B IE (B 3-400T ) T BT - HIFEFE R
ﬁﬁ@ﬁ%&%ﬁ%%%ﬁ%$’§@?@@®ﬁgﬁﬁﬁ,ﬁ
fRd 152 45 F Bl MR 3 Fert o RET NS
FAp T E Y R DR ES ] RERRF L ARRIFREE D
# Al
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level(cm)

KMBHO04 pumping at 150m Q=50 L/min and KMBHO2 monito  ring
‘ —e— KMBHO2 level monitoring —e— KMBHO02 EC monitoring I
6000 0.7
5800 "— ra
5600 \\ ‘-\ 0.6
5400 \‘ / \
5200
/, \ 0.5
5000 3 y 4 A N
Iﬁl - i : y 4 ° \
4800 £
4600 \ i / \‘ o
4400 \ /
\ /
4200
4000 \ II \\
3800 02
v4 \
3600
3400 0.1
3200
3000 0
2008/11/15 2008/11/15 2008/11/15 2008/11/15 2008/11/15 2008/11/15 2008/11/16 2008/11/16 2008/11/16 2008/11/16 2008/11/16 2008/11/16
9:36 AM 12:00 PM 2:24 PM 4:48 PM 7:12 PM 9:36 PM 12:00 AM 2:24 AM 4:48 AM 7:12 AM 9:36 AM 12:00 PM
date and time
B 3-37: 45 . 3 kT 282 ki 2 ECH (* B
Frequency (%) Frequency (%) Frequency (%)  Frequency (%)
012345 012345 012345 012345
Op T O CE‘I LA LU A e )
s =
100 100 100 100}
- - E
—200 —200} —200F —~200F
3 ETL ETT
o o=y L =3 o =
-— -~ - ot &
o Q. | Q. -
@ i1} E o)
0O 300 300 0O 300 O 300}
. i
400 400} 400 400,
500 500 500L 500
All data Low angle (dip <= 30°) Medium angle ( 30°~60°)  High angle (dip > 60°)

Bl 3-38: | AR Eu s A WA IEER B L B
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X b
0
100
200
E
N
-300
1400
@ Cluster1
500 Cluster 2
10 @ Cluster3
D Cluster4
@ Cluster5
@ Cluster6

Ho1 BHO4
330

335

355

(I SR N [ S RN TN N TN SO NN [N TN SO S MUY T | ]
L 0 2 4 6 8 10

Horizontal Distance(m) form BHO01

B 3-40: 152 45.# 25 + 330-360 Ml 4 % 2 il B o f B B %
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332% By TAE R Y HAHE B
ARPEPF AR RS AL FREHA RN E T RR SRR
EXLFE P TRBAEAALTF L r TRE-BERFTR B2 FRE
BB HE TSR EFE TRT R G Ao FIPE T ok d T
WIS LB 2T RE - £ L
FEWL S AT E AL T HERERRREE T AEREHR
o AP T YHEERARFETGHIF AERELEE TRE R L HIFT
LB A S ABEBERS YRR 2 A MRS BB E T
RRLA S HBEE TR GRS 2 RE R
k2
%)% (Recharge (= £ Zh/7 7 > 1 0% 5 18 § i©

TR ENE TR I EHE R TR E (Storagep AL (»

=

BAEETRENG
FRARBNET e X L AT SRR R TR RER
k

e
BT L?;}g*@%i—ﬂdw%élpp(gfg_ﬂz_;;f;]lm,gc ) EB L

,-\

B4 Wy 8l

CROE S R 2 AP M T P e

“-’%

T oo B2 M K § ooxat i ¥ (Effective Porosityfp 7 0 7 d T 544

Q:VX/7 (3-4)

Vo ARy TEEREE ) > B4 EHEE (Confined
Aquifer)® <R =3 @ k& > 2 & Kk p a3 FAmBA 0 (1)F >k 4
(Effective Stressk 7 FROXHERETR 4712 (Compressibility}:

15 ()% KBRS AR XM T RGHEH - A E aRw
d T ;¢ % i (Freeze and Cherry, 1979, p.59)
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Q=VxS= ogB(a +np) xV (3-5)
P

S =p¥-k % #(Storage Coefficient)

B =@ & & 5 A (M)

=R E AT REA

B =T RER

Q

7 % -k § (Safe yield): ¥ % # ¥ T -k @& ¥ (Storagep # i
(»3)B2 £ &Mtk 7 34 & f < & (Scale) #1kE T

A u ok E Ak E (Well yield) ~ 7 ok & 8-k £ (Aquifer yield)~ 2 -k
# 1 -k € (Basin yield)® = & -

1980+# 4~ #p p| & WA 4 41 -k £ (Sustainable yield}y # > 1 & 3% 2
PTORTREAME P AFEF - 1987 Bl d £ ® World Commission
on Environmental and Developmenit 1 2 7 3F & > #- b B 4 v { &
ZfER TR RE TAAFTREBEF AL R T - AR PaoAArF kR
AR AR 19928 T F BT xR FEERY LI RERH 2 F A
FRAFeod 7 AT LE

45
AN

B #d AL EpRBREAELRZ FRETNZ - B E &7 H 2

ERE LS

(1) # k27 LEFH 2

(a) 4 &3 -k(Step-drawdown test)

4k F &% (Pumping test) £ 2 — > 2 p i RBH 2 v %
‘k £ (Safe Yield)r -k # »z 5 (Well efficiency)e - 4+ A& = =
Bosw s i T RE o d M AR R E P AR R R E
T_o B ¥ g ¥k E (Pumping Rate, Q) == = & » d /| @ %
(77 7 Q1<Q2<Q3<Q4) & & k& L 4p % (7 Q2-Ql=
Q3-Q25 Q4-Q3)- B B ALY B 41 % § 8 BRIK & 1245 & 5
POk EH B2 FE ()2 3% E (draw-down)y 3 % £ 5 &k =
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(b)

(Dynamic water level¥ # -k = (Static water levellff 2. £ &

(*h1l-h2-h3%2 h4) & - % @EZHEmY FTHRBS E £ T8
EAERKEI T -m o B EFTHIEREEE R
TR ®Hm L A ERM R R R

R EIEN S R
BE R R o M IR R R
# f = ;= (Hill method):

T oRE e

G E T e BT ORI 0 B E T kR S

MEBE A 0 BB TR M E T g

B
W
kS

T Rk E T

BTORGKUERY 2 - o A S AR~ B F

IR T kKA AR TR R TRT R KR T A BT kA

Qs =Qnr + % +Qap (3-6)
e,

Qs SE Tk % p oAk B

Qnr =k Tk

CE (e ok )

O
>
o

|

A B W Bk E BN R F R A B¢
GMS-MODFLOWR| = W p P & * BB L2 F ¥ 4 o
MODFLOW £ 4 % B # 7 # & *7 (USGS)% B = &
GMS(Groundwater Modeling System): - & § it
(Visualization)z # #c# > 2 & 2 MODFLOW i % < > 3 4 F

L %] ~ (Pre-process) fi-#t = % E 3 (Post-process) # i
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i B B B AL ATAE R 2 PR - MODFLOW 5 - 3k

—=\

"1 L & ;2 (Block Centered Finite Difference Approach)z 3
#] *Z ;% ;% (Strong Implicit Procedure, SIR {7 # & & f# -
GMS: £ H#mirt &4 2 M7 &+ FBYU)*r % B » 5%
* k5 2 B W% (Department of Defense, DOD)i & p &
AV HRAPPEE RS (o~ TSR RS
By FRFE)EF TR E AT R R
(b) » #% o # 2
A R F R FE(LI 108
2%~ %o F(A)Z50% T E R B X
AR FRFHEEEARE I FHFE o F B R
Ao @ EREFA G FELS D DR E S
TREFBEAR G e B a T2 b FHFE - LG AR
EoFSr e THAELA S 2 BT FAEE A
G e R BB A > R R AT LR TR R
40% -k g A L TRk S EFWR AT S KR & § 4 F B

;’:I
DR pFE > T 5 50%2 A ok g AL TR o R

AN

HEFEEREFFLIFTHEAELRL TE- H A7 o

PR TE T RFRERE (TN (34)2 R ES 3
P E R N TR AR F B R BT > TP B R RHRSEIRY
ﬁﬁﬁﬁ%%&iﬁ%’uaﬁﬁfia%%@ﬁﬁawﬁmﬁ%

HonE A ETHEREF TAAERERF ORHEBEL 2ELG A

3IIRNHEPAEH HE TFHFER
PRASSBZ IRBBREEFEryE L0y L EHF BREESR
B R E R T2 - > AP W HR b REF EFEDLEFRRE

MBAL A AT REPNEFRRET R A FE p 90FE A TR 1
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WA REBELE2CWWEIZ FERLEFEryESN S F 5D AR
PR HRE R KR ONREG R PR E L 1
FRMLEE Y 2 @RS 2 2 A R E S R AR
B e B pren® 2325 2 20 P B & ViR EALTEEPEBES
LR T B S I o °
7&#FF R AL EHP RIBET HFHAUEI HH ARG
e T NP fie £Cs-Sel TR N Ap s A1 E B T oREA
I EFEk S RY hEEHRLEEL o s 57 fe £ SNFD2009
FENFROBRESETAFETETEE DTN E 2 8RR
15 By % HKd i (972 %) -
(1) $HEPEAR BT 2 AT X 2):
(a) #+=x# 4 F &
FEHRBEBE R BR L D TEFHFRBRLHERT R - F
B ORSERBRE LR TR B HRET RS R FBE
3 (MX-80) & & =& /& -k 2. Sex Csz =t # 4 = W F % -
pHZ2 Ehficdg » 17 % % 4o Bl 3-41- 9 % B 5 5 bf %A
104 415 » B 3 4 7 Css Sesp s 273k ? » 3pHZ Ehig
A E 2 oA SHRY RE T R AERE (<200ppmyk 5
BT AE(CsE Se) fr e 4 MG F H 0 LB I R
PP e KA 0 $F 37 R R 2 B a4
(b) & B b RF
F B L RF (<200ppmyk B T 0 0 FiR ot 1gt 30mL >
ok R 310°7-10° 10" 10°2 10°Mehig 2 T > i 7R
2P R S P o P fAE * CsE Ser AR F 45 £
Bk E LA B TR PR FEkRMPESS o
() BAMP A= 2 ET(FF BH2)
AF A MIOCHF R EFR T & T F R P E R
oo D A A FRAR SRR RE o R E NP
een- B R AFI B Sfice AP HRILE I F R R E D
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(d)

ol -5 A2 AP EFEFF RN BFRARZHR
W (1009/3L) fU* B A FLE BRI AEY - Fooom ¥ - Fo
Bl * BRI % 4 BEMCE R BRI b F %S
oo AFEET P EF R R B E R kst
BF AP 27 A 8FT AR EBFERET E#HES R
e MX-802 Bt F Bk 0 & % 4o B 3-42%7 7 o F BB EF
Moo B HF i EMX-80E B E-F o R F 5 € 104
g P T fE s M pEF 2 A ek BT 125 mL/igx: £ oo R %
* Bor Rt R s AT FHER R
(SLpp)r oot oo drd = £ 2 L& R A P
BRE > @I E D Ry B EILRELR R
AR F e BT R ERTHRFE D ARER LR &
FE 4 B FIO0C &£ ‘¥ - ) PFIS > £ 4 » 10092 MX-804 &
B A BENEIBIR L PN TR A
FrEPHR o d N E B MAIImML FHYRT G
P4 15~20% > Flpt A0 At L PR EARHE R KL AR
o § (P20 mLY & & 3 % 3000 mLe0.66 %) BB R F
B HmeSss B35 EF ki 2 (B 3-43) » ﬁf‘u{ﬁ“ﬁﬁ & €
w104 p R T fredm P gk o AgRFERE I
A S 3 925 mLig: + o ﬁ-%%’\/»\ﬁafﬁﬁﬁxé 7R
20% - p BH X BT 0 B F R P 0 MX-80% 3 & 1 2 o
A EF P EST R o LI RA & P A90CHE o
BN A F R S B P B A ARE R T
L2 E a0 TR E BT M 3 U SR E -
5 00 P 2 A fe thodic oo

FAR MR P A R A T

Al XRDA 45 4 & 47 MX-802 % # > 2 By f2 MX-8

—_
B

H

FAEF Lk ] o d S MX-804 5 Fl i 4R 4
Moad Ffi e > @#~MX-80%¢ F &g Baps v 3 K&
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(2)

BF kY {rMX-80%& & T AT 1 F MX-80% i 4 4
g B g T AP ET M EF KRR DRI DR §
F s e XRDz 6t k38 ¢ o o] 3-44% 7 » AP g m e
Fool BAEZ2 &N 0 § 210~15 2017 3] - AL 2 M
%;w%ﬁ’%?@%1ﬁ§ﬁ%’ﬁlgﬂm&@%%o
B AR SR B Ak P AR S A D PR R 2
s oA FREN T FRAGDEEE D AN
MX-80# & e 5 » Flot X% 5 47 & MX-804k &+ - ff ot & &
THRERHE TR TR S RREEED O P R E
ﬁiﬁ%ﬁ’§“§44%m% B Vi ERH
MX-80d & 5 # 1+ RIS O JEA SRS Y

A EE rﬁvr%ﬂ%fﬁé@?%]K KdE :

P TR R (SDB)E# it ¥ 2R M T A4 hE B £

A
23S

PRSPy > A NFRIEFF TR & KT AR
% fc(Kd) > 17 L P A v eh 1 % #ic - OECD/NEAR 1981& B 4
- BREEFFH AEFERALE =G M PEAL Rk
KdE h - g % TR FEF R KAEEF 2 A - pH-
Eh~F % ER ~HF %R ~ER AL APHEEF %K
22k @Gty EL R o AREOECD/NEAGS ¢ A W > @ &5
d P F b2 Nagrag ¥ 2 & T g 0 A RS B F
OECD/NEA# % FH R ehp 5 > 5d F &2 7 i 7 kg 4
M TR EE Y 2 s 93 T P E TR ST B
BoR R e S FREOR RS A AT EP R A
BrREVFEAFDOL S o B 3455 TR AR HBER TR L
GE G MR R A G Gl FEAERH LTI EEFY
MEE RS PRI ERFTELPE AT HEY LR~ A
B S R B ATH 2 AR R R TR TREY o TR
AR TR E R AR ) B REA G BT HRER TR
REREVEREFPRAXGERTHELZEAT L Wik -
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10.0 10.0
Absorption Desorption
9.5 4 95 4
—@— CsSW —@— CsSW
—O— SeSW —O— SeSW
9.0 A —v— CsSeSW 9.0 —v— CsSeSW
5 85 L 85 1
i ey | 0 s
7.5 1 7.5 1
7.0 T T T T 7.0 AT T T
0.1 1 10 100 1000 0.1 1 10 100 1000
Time (h) Time (h)
300 - 300
Absorption Desorption
250 A 250 A
200 - 200 4 :: '
z z
~ 150 4 ~= 150 A
ey ey
| w
100 1 —8— CsSW 100 + —e— CsSW
—O— SeSW —O— SeSwW
—v— CsSeSW —w— CsSeSW
50 4 50 4
0 LLBLLLLLLL rrrmmr LLBLLLLLLL LLLLLLLLL 0 LBLRLRLLLLL LBLRLLRLLLLL rrmmr rrrmm
0.1 1 10 100 1000 0.1 1 10 100 1000
Time (h) Time (h)
Bl 3-41: B3 AdF g & s kPP 4 g %2 pHE Ehs 47
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200

@ room temperature
il n B CsGW1/3
e ¢ ® CsGW2/3
150 e ™ n
= ®
) n "
g 100 '0‘ 3
— - [} ®
é ] " g o® L [ ] - -
g | ' :
50 4
0 IFhIl 1 1 Illllll 1 L} Illllll L} L] I|I|II| 1 1
10 100 1000 10000
IEFfE] 43+-(min)
Bl 3-42: CsGWz f 7 2 # 4 g &
100 -
@ 90°C
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[ |
50 -
o
£
ke i
X
3 n n =
l % - -
0+
| ¥ | ! I 1 I ! 1 ' | ! | ! | ! I I I .
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Ief] Z3(min)
Bl 3-43: CsGWg g T 2 & 4 & htig %
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{2 search - Windows Internet Explorer |Z“D?H§|

T — S — () ()
e - ] htpetocalhost 1 345:2008051 1_pedGiraphlADSS_V2/(5 (bo33pouoild3e2Somupli¥Dbese lmport oepox o [ [ 3] [Live Seach =)=
P REER BHE wR0 EEREG TREOD SHS®

DN | Windows @] WindowsMedin @ | EIETHE £ | READ Hotmail

U S| e [7| - B & EATe- GIAg- T

2|

=

QEFEN
ORHHEA  EREI MR B E R 50 oot 2008

| W TRAAEI A B R AEERH |

0423 mdk

Bl 3-451 {2 e i E s AL~ A d

3-70



33.4% 2IEEHN L BE NN

AR L3285 XA A EO L M ENFLEER(F FUFE B
B REEm el P B HAETR) S &2 FP LR
B FERY TRl 2 2 R% 2FRad NEBFHFN LI DFE
e* e  NTHMERTPERFERP 2B FAFRFESE

ERAREFTFETFHFEB TN Ay 2 §YMP(Yucca
Mountain Projecty* & & TSPA¥ ™ & T F 4 3=k » FHWTSPAX
HeEz L2y FRENS (B 3-46)2 A& 2 R PR
@452 45 () 3-47) Waste form@ # + i) - EBS(x &1 B) -
UZ(A & 4o % @ 85) ~ SZ(4& f= %) ~ 7IBIOS(2 4 Bl)# B & 1 TSPA%
#7 i 7 A 45 (DOE, 2002)- # # % & A 45 % 5/ 4% * Monte Carlo* %
5 % # P 4% 3002 F M @ (Realizations) & 47 2 3R 1 48 2 & & £ F
W 4 (K 3-48)> B ¢ 12 5th~ 50th~ 95th 7 & = #c % T35 & 7 & 47
g 0 40,000 & 5% H B E F 9 A1 mrem/yr; 260,000
£ X 50 % F ¢ M1 mrem/yr. £100,000% pF 50 %4
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p oA~ H124F 2 (JNC, 2002 * = 347 2 W * B #i ;% (Discrete
Fracture Network; DFENfic st & 17 3 F Bl @ g 17 > o4 3 7 Bl ]
* 5 200Mx200Mx200miz > R H A 0 H ALk Wi 2 BRER T BB
BB K ot AR Y o B FEHE A S 100me B T kGRS % 4 H -
G opz- Mmoo P TR SRR E SR (B 3-49) AW S8 ( i
TRESERCEARE ST E)EY B F AT A2 3D-DENZ A K
MR i 7 A 47 Se-79% Cs-135(F 3-50)% 161 2 48 2. 50% 4 B &
(Realizations). *t f# ¢ 2 % 2= > T B¢t B4 R A50F F M E P
2 Ty (B 3-5l) s & 2R 2% o

Bl B 358 4 45 s B p 902 91& B B 4512 GoldSimit 48 # &
a1 T 5 5 938204-96F R PE 2 > AR M AN X TR
% H(TSPA) 1 i& 7 7 FEEM LT E SRR RTR A7 17 28 &%
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& % PR

90-91

" GOISIMACRE L 17T & o 4 B il Hrehd k5% 2 A 47105 o 4 o
R AT REC R P AT 236 KT AE H A B
| ¥ &7 4g > g8 (Latin Hypercube} % ¥ + % (Monte Carloys 483~
ﬁq TV }_/,J\*frffﬁg;ki){mw]i SR RANTE T BN e
ﬁ@%xﬁflfiﬁﬁ@ P& 2Pl - (BRAEEE > 2001)

91-92

GoldSimif 1 £ 5+ a2 = i3 ﬂ’L#ﬂ B ARRRERS PRS0 S

ﬁi%gﬁggAﬁﬁﬁﬁvlﬁmﬁm#ﬁéﬁﬁﬂ,i Bl
PR A B e AT R R BaE R R S
Bl g R AT E RIS L 2o R RFEE S B2 kg RS kS B
Pedios 3 T ok K 2ok Bl T 2 EAME AR 20T R Sk
Hifel £ € 2 R 2R - (KAIKE > 2002)

92-93

R AR IAR R RIS B %ﬁ@ﬁﬁgi#s@]ﬂ SR Ha e
FEBAFTE & S0 B EH NS 204 T BRI S HEA S B
WHBER BT B3 P R EL P iSRS A T 3 Sk
gt @RISR AR B AR BP AT B Tk A
REE~ HHP 38y TR S8 BT %3 FAFROT mTLE -
(36 455 > 2005)

94-96

BYBEF A EHBSE S Ay TG AR AR BE
fie & Bl3# % 2 Bcdp 45 B > 12 Latin Hypercub@~ 1 100 #icdy - &g e
T & 4 700 % (e (Realization) ¥ j&|-129% /8% = e o 2 47 A KU
EH R R BER Pe TR PR
2 5fgo a AN R RIERE Y R Y 2 BRIV F 2 < T
PR E I RT B s A AR (FA Y & 1 512008
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(DOE, 2002)

(DOE, 2002)

429"
Saturated Zone
Transport

424
Waste Package and
P S Crip Shield Degradation
- = 425
- Water Diversion
kd 1r ' Performance of the
8 Engineered Barriers

426
\Waste Form
Degradation ane
Radionuclide Release
427
Engineered Barrier
_________ System Transport

-
I
i

Effects of Decay Heat
on Water Movement

3
In-Drift Physical and
Chemical Envirenment

Drawing Mot To Scale
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1 0‘ SE01_006nmb.gsm; FEIS_ Section_5_Figures. JNB
T T 1 B || T 1 1 1 T | T 1 1 T 1 T | T 1 TF
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£ | ™ Mean
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- | —— 5th Percentile
5101
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L 1014
8 3
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2
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10.3 ! Lt ||! -I-. i | B3
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Time (years) HE- e
(DOE, 2002)
B 3-481 {5 5 & 41 2 WA E T ¥ 4
Emplacement i
tunnel + EDZ Muclide I'EEE?SE from the EBS
I:.Irlﬂ b / i2
S 919?;;% e Downstraam boundary
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Groundwater flow | A 4
direction | 1 0 | S
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1
I : _r_
pE— al

Fr i frdrrrrrnsredrs

Mo flow boundary
200m

7

Constant hesd boundary

(JNC, 2000)
Bl 3-49: BREZ Kinif Rk
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10 i X average of 50 reaizations
7

average of 50 reallzations.

Nudide release rate [Bgy ']

5

e

'

Nudide release rate [Bg y'|

o
U‘\
+

§ing 1 4
107 1 x
1wy bl |
w0y Lt
10471 g
10 i : s }
li 10 10 10° 10f 107 flig 0
Time after disposal [y] Time after dispesal [y]
(a) Se-79 (b) Cs-135

(JNC, 2000)
Bl 3-50: Se-7% Cs-135fa2 6% N3 4 &
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=
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Nuclide release rate [Bg y'1]
=
rrrmm—r e

11 L L L1 |"I " ol L S A } n
10° 10° 10 10° 10° \ 107
Time after Disposal [y] Pu-242

(JNC, 2000)
B 3-51: B~T3miEis2 2P R
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FR &P HREIRNFPEFRARTI ZIIFAIBEIFT A

ToApd P HHT R REFHET S N EARE T2 DE

Foo TP M A G EP G RN RESE

(1) 7 %8 & HPUREXL Al® = 2 42 &
b &b 3 B~ & 3 L R 3 > 2 (Plutonium Uranium Extraction
PUREX) 4 P # B £ @@ A2 HARRAE X RV i
AT 51161 % B (B 3-52) PUREXZ & 354 554 4 h 2
EEEGASHFRMNER(R 38 e s BT 2
AHAY  NEPEPSH B o B RE LI £ RS T A

R RBPEESF DR FTRRRIRZE D RS FE G
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RAF VR AL DA F b gPF o

(2) UREXZ2 UREX+% 7| £ @ * 2 /2 R
& 3 P~ (Uranium Extraction / UREX} A2 2 5 £.4 £ W ® K 3%
B 77 %= % (Argonne National Laboratory / ANLY i& # 4] %2 {5
%+ ¢ 3+ % (Advanced Fuel Cycle Initiative / AFCHy# & » 2
PRELED RN ANKREFTTAE - HEPL REREFE
% 4 41 3 UREX~ UREX+1 (* UREX+)+ UREX+la UREX+2
UREX+3% 42 5 » @ UREX+442 B ™ & o ¥ 77 7 IF £ o
UREXE e f@ 2 2w ) F B A 5 b Hdz 228 @ 748
(6 engh ¥ o M SRR P R BT RREL I o (B
3-53; Baisden and Choppin2007)-
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A (KRR F) HiEAE A% 3-9(Chair, et ab

2006): 17 it % UREX+E Ad® 4 7|42 5 hi & p & ©

(A) & (U)w 4o F F % 3 90% » * @ {8 ahdh & ¥ it (enrichment)
(600 A (UsOe) ¥ » B 7 A R BAFERA Y 0 e
FE Rl 0 MH R R MO MR ER S CH RS

(B) 4 (Tc)w fc & f 42 18 95%

(C) # (I)w o & %k 3 36 42 4 42 i 95%

(D) & (Cs)& 46 (Sr)shw o § JF i 97% " Mk 3¢ g |

(E) 4 (Pu)2 45 (Np)ehw e F F & #H99% # i 42 & £ # & MOX
WAL R hE R

(F) 45(Am)2 456 (Cm)ehw Jo % JF £ 99.5% M B A kv 3
F & ® (Fast Reactor/FR): 2 & *

(G) MUREXHEA ¥ #7 ¢ § 7 ipchan HA ¥ (& ~ 4 45
fedf s~ E) AFREHEE TN EFAY

UREX+1 (®UREX+)Z i@ 42 & #£ 4 (B 3-54)7 A & T 5] 7
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=
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d 2 UREX+1{E A 42 5 ¢ drCyanex 3017 £ rF B 5 4 £ < o7 %
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Lanthanide Separation by Phosphorus Extractants ahgueous
Komplexes)z % » 2 ¢ TALSPEAK#& & 1 & p 04 & jEpHE §2.5-3.0
kg R Y s = A4k~ % (Moyer» 2006)-

UREX+3f# i@ 42 5 (B 3-57)2 UREX+laz B ei & £ 8 8§ 12
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)¢ :Cs/Sr(Laidler, 2007}
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Irradiated fuel

v

Step 1 Off-gas Step 16 ‘EE};’I‘J;’:":
Preparation for » Off-gas ~ [-=-=-=m=mmmmeeee »
dissolution treatment
F 3
Fuel &
eladding
A 4
itricimen Step 2 - Recovered
Nitric acid Fu]ZI Off-gas Step 15 nitric acid Solid
—_— > q s
dissolution NOx absorption high-level
W
Cladding o
hulls »
Dissolver »
solution
Chemicals
to adjust y
valence and
acidity 5;313; S‘::p 13
(=< asle
preparation solidification
Feed to Recovered 4
solvent nitric acid
extraction
3 v
b bl;l\':;nh . . Conenetrated
tributyl phosphate High-level high-level
in hydrocarbon Stgp 4 aqueosus waste Stcp n m."-guus waste Step !2 .
e » Primary ¥ Nitric acid P Interim liquid
decontamination recovery waste storage
solvent Impure H""'-._‘ Stripped
uranium & "-.,E"IV‘!M
plutonium T
W in solvent T
Impure Impure
L“‘f"'"““' Step 8 uranyl Slep 5 plutonium Step 6 L""‘"lﬂ‘:"l
LA U P _ nitrate Uranjum- nitrate =+ P waste
ranim 5 utonium
Reeycle T : plutonium e Recyele
for U P s partition » PUt for Pu
recovery recovery
Purificd
uranyl Plutonium
nitriate reductant
r
Recovered .
nitric acid Step 9 Stripped P .
H solvent to urificd
4—  Conversion cleanup plutonium
to U()3 nitrate
v,
A 4 v v
Cleaned Cleaned
Step 10 solvent SteP 14 solvent Step 7
Conversion Solvent Conversion
to UFg cleanup to oxide
Pure Pure
UFs PuO;

(Benedict et al: 1981)

Rl 3-52: PUREX{ iS22 A 24 & ) 3R AR
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Kr, Xe

| Atmospheri
LFuel Chopping | ik
Acetohydroxamic | i Off-gas
Acid (AHA) | Nitric Acid Dissolution ; Traatmnert Iy
First Extraction Cycle
TBP org) | Scrub | terad | Te Strip | _tore) U Strip
Extraction | U, Tc | HNOJJAHA | U, Tc | Conc. HNO, u Dil. HNO,,
@a) @a)] (aq) (aa)|
Raffinate
Pu Pu Tc u
Most FP, e .
Pr::-tn 'f?;h TRU RoRTa TR 1 U Purification
99.9% Tc
OR >85% Denitrification &
Calcination
Further [

Storage

Processing

Vitrification

(Baisden and Choppin2007)

uo,
>99.9%

Bl 3-53: UREX{ /2425 4 & % 2R AL
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(Monica - 2007)

UREX —>
—p
'
CCD-PEG [
v
NPEX —>
v
TRUEX —>
!
Cyanex 301 [
Rare earths

Cs/Sr

Np/Pu

Zr, noble

metals

Am/Cm

B 3-54: UREX+1L mJ® 42 & #L 4 i 42
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Dissolved Fuel

Co-Extraction Np/Pu
Cs/Sr (
< K CCD-PEG ION Exchange
an |
] U Te
l An/Ln Separations
\ /
—_——— — —
! l
i I
v v
Am/Cm FPs
(Monica- 2007)
B 3-55: UREX+2E /&2 42 i #E 4 i 42
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Clarified . e
Chopping and Dissolver ranyl Nitrate
% T 2 i Solution Product
LWR Spent Fuel Nitric Acid Solution UREX Process Corarsish
Dissolution
Cladding Hulls,
. Slud:
Alloying (hulls + 4—‘” % ) UsOs
. Technetium y
Tc) / Compaction ;
(balance of hulls) (IS ‘ Uranlgm Storage
or Disposal as
CsfSr UsOg
_ Decay Storage |Aluminosilicate CCD-PEG
of Cs & Sr Process
Cs/Sr
Aluminosilicate )
Geologic
- R it Al
CRoSlOny Remaining Transgr_anics_plgs
* Fission Remaining Fission Products
Products
= High-Level except
Cladding Hulls Waste Form | o Lanthanides TRUEX Process
- — Production
Residual Fission
RrHUcts Transuranics plus Lanthanide
Fission Praducts
Recycled
Actinide Lanthanide Fission
ABR Spent Fuel Elements Products TALSPEAK
Processing Process
A
Spent Fuel 'groallr;tsig;anics in Nitrate
Fresh TRUs (oxide Product
Advanced Fuel . . or metal) 5
Fuel Fabrication = Conversion and
Burner Reactor :
Interim Storage

(Moyer > 2006)

B 3-56: UREX+1lal w2 4% K PL 4 i A%
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X, Kr, €O,

Clarified
LWR Voloxidation/ e Dissolver Urany! Nitrate
Sparit Tritium Nitric Acid Solution UREX Process Solution Product
Dissolution (Balance of Conversion
Fuel Recovery Uranium)
- Cladding Hulls, Uranium
Alloying / : Sludge ‘ Oxic
Compaction Technetium t’;ﬁér:a;ﬂ;:;e G
(hulls+ Tc + sludge / ) UREX Product ' Uranium
balance of hulls) IOdel it U:L(UPF:;"NNPD Storage or
T truex| | TRUEX Process Disposal as
ng t* gve Raffinate UO; or U30g
el TALSPEAK FPs
Production b
~ ¥ F’iE: | Am/Cm plus Lanthanide
it Geoiogic: Fission Products
Repository FPEX
Process TALSPEAK
Process
Cs/Sr Storage Cs/Sy
Form Production ARICHI
U-Pu-Np ‘
M‘xedrv‘w_de Blending and
Fuel Fabrication fe— """ Product
Conversion
Makeup U
AmiCm
o Irll:ﬁi;[?' Product Am & Cm in Laclic Acid
Fabricgtion Conversion and Soluion

(Laidler » 2007)

Interim Storage
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% 3-8 1R AJLRTR

TBPY Pl ~ firf il e 3

7 & IR R TBPZ | #fH A 3 (%)
£ (%) BT | BT | R | T R%
ENE) a5 30 T+t = 100
(WVDP) e
& 787 (SRS) 30 =R | 95~98 1~-5 0 0.1
&P
AR 30 =R | 95~98 1~-5 0 0.1
(Hanford) L ¥
p A T~} 30 &+t 100
(> #7H) &
2 & | CogemalAreva] 30 gitp
#iﬁl ’f%' JTJF .8 %x/\
La Hague v &4
UP2-800
Cogema/Areval 30 ain
EMR L g R
La Hague v & 4
UP-3
R BNFL 20 2
EEul S
Sellafield
THORP
*if32 : THORPS # B Thermal Oxide Reprocessing Plantz &
% 39! BHAUNGEPL AIISE R AP AR E
Suite of UREX+ Process
Process Prod#1 Prod#2 Prod#3 Prod#4 Prod#5 Prod#6 Prod#7
UREX+1 U Tc, | Cs, Sr| Other FBs TRU+Ln
UREX+1a U Tc, | Cs, Sr FPs TRU
UREX+2 U Tc, | Cs, Sr| Other FBs Pu+Np Am+Cm+Ln
UREX+3 U Tc, | Cs, Sr FPs Pu+Np Am+Cm
UREX+4 U Tc, | Cs, Sr FPs Pu+Np Am Cm

Note: (1) in all cases, iodine is removed as argaff from the dissolution process.
(2) processes are designed for the generatioa liquid high-level wastes

U: uranium (removed in order to reduce the massvahdme of high-level waste)
Tc: technetium (long-lived fission product, primentributor to long-term dose at Yucca Mountain)
Cs/Sr: cesium and strontium (primary short-ternt lgemerators; repository impact)

TRU: transuranic elements (Pu: plutonium, Np: nejton, Am: americium, Cm: curium)
Ln: lanthanide (rare earth) fission products
FP: fission products other than cesium, strontii@ohnetium, iodine, and the lanthanides

(4% p Chair, et al 2006)
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# 3-11: p AL P Rl MR TR EE 2

] Z p & Japan

Nuclear and Industrial Safety Agency

Ministry of Economy, Trade and Industry (NISA/METI)

Ministry of Education, Culture, Sports, Science dred¢hnology (STPB/MEXT)
ERAE B Ministry of Health, Labour and Welfare (MHLW)

Nuclear Safety Commission, Cabinet Office (NSC)

Japan Nuclear Energy Safety Organization (JNES)

Nuclear Safety Technology Center (NUSTEC)

3-89



,P‘ Nl—. % _qv <\_

H.‘]A)I‘E‘ﬁ"i =

B PR

Nuclear Waste Management Organization of Japan (UM
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