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The Japanese geological disposal program has started researching disposal of spent nuclear fuel (SF) in deep geological strata
(hereafter “direct disposal of SF”) as an alternative management option other reprocessing followed by vitrification and geological
disposal of high-level radioactive waste. We conducted literature survey of dissolution rate of SF matrix and constructing materials
(e.g. zircaloy cladding and control rods) selected in safety assessment reports for direct disposal of SF in Europe and United States.
We also investigated basis of release rate determination and assignment of uncertainties in the safety assessment reports.
Furthermore, we summarized major conclusions proposed by some European projects governed by European Commission. It was
found that determined release rates are fairly similar to each other due to use of similar literature data in all countries of interest. It
was also found that the determined release rates were including conservativeness because it was difficult to assign uncertainties
quantitatively. It is expected that these findings are useful as fundamental information for determination of the release rates for the
safety assessment of Japanese SF disposal system.

Keywords: direct disposal of spent nuclear fuel, safety assessment, source term, fuel matrix dissolution, dissolution rate,

construction material, corrosion rate
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Fig.1 Schematic illustration of the microstructure of spent
fuel and the distribution of actinides and fission
products following burn-up in a reactor [8]
Red labels indicate nearly instantaneous release
upon contact with water; blue indicates slower
release rates. An = actinides and Ln = lanthanides in
solid solution in the UO, matrix.
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Table 1 Projects of interest for spent fuel disposal

. . publication year
country implementer name of project . . reference
(project duration)
Sweden SKB SR-Site 2011 [23]
Finland POSIVA TURVA-2012 Safety Case 2012 [24]
. Project Opalinus Clay (EN2002) 2002 [6]
Switzerland NAGRA —
Preliminary safety assessment (PSA) for SGT-E2 2014 [25]
France ANDRA Dossier 2005 Argile 2005 [26]
Yucca Mountain Project Repository License Application:
USA DOE . 2008 [27]
Safety Analysis Report (SAR)
Canada NWMO APM (Adaptive Phased Management) Fourth Case Study 2012 [28]
SFS: Spent Fuel Stability under Repository Conditions 2001 - 2004 [22]
NF-PRO: Understanding and Physical and Numerical
Modelling of the Key Processes in the Near Field and their 2002 - 2006 [29]
EC EURATOM Coupling for Different Host Rocks and Repository Strategies
MICADO: Model Uncertainty for the Mechanism of
. . . . 2006 — 2010 [30]
Dissolution of Spent Fuel in Nuclear Waste Repository
REDUPP: Reducing Uncertainty in Performance Prediction 2011 - 2014 [31]
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Fig. 2 Corrosion rates of alpha doped UO,, non doped UO,
(0.01 MBqg/g) and spent fuel and comparison with
literature data summarized in the SFS Project
(data taken from[32])




JRAT18y 7 2 RIFSE

'8 T T T T T T T T
—— MAM model
d O Experimental values

T 9r
w
o
E
°
£
g -0+t

-11 1 1 1 1 1 1 1 1

pH
Fig.3 UO, dissolution rate calculated using the MAM
model compared to results from flow-through
experiments with unirradiated UO, at various pH
values with [H,0,] = 1 x 10 M[33]
See Merino et al.[34] for details
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Table 2 Comparison of spent fuel dissolution rates at 1,000
years for granite, clay and salt porewaters [33]
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Medium Water  Radiolytic Surface area uo, r (mol m?
chemistry  vyields alteration )
scheme
Granite  2x10°M  water specific noCl,  570x10™%
HCOy (T0cm?g?)  reaction
0.01MCI
Clay water specific noCl,  32x10%
(T0cm?g?)  reaction
Salt 5MCI, brines specific  withthe Cl, 7.70x 10"
no COy’s (T0cm®g?)  reaction
1 04 F T T E|
I: —8— Granite
—+— Clay 1
— g —&— Salt
5 107 Wy - E
@ : T ]
g i - ]
g 10% E y l\.\'\\‘ 3
g Best estimate X—I— '—-—;l
= B (e ==
S F A A4
© Esti d
E 107 | frslrhm::?:erirr?;grﬁs |
C with H, and ]
radiolysis
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Fig. 4 Comparison of fractional dissolution rates calculated
using the MAM with the range of values estimated
from experimental studies of dissolution of alpha-
doped UO, and spent fuel in the presence of H, [33]
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2.3 MICADO (2006 - 2010)
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Fig. 5 Roughness factor of uranium oxides [30]
The diagram includes bulk and powdered samples,
an average surface roughness factor A 35
(uncertainty 2.6 to 9.0) can be deduced for irradiated
fuel.

2.4 REDUPP (2011 - 2014)

REDUPP (Reducing Uncertainty in Performance Prediction)
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Fig.6 The evolution of calculated [?®U] in brackish
OL-KR6 groundwater at higher specific surface area
(12.5-15 m?) [31]
The slopes from linear fitting to the initial 67 days
are included.

TRH#LZ Table 3 127”7, (HERR) (2 &k oC, RBHA MR B
DRFHEILZEB L TWDHEE L, RTNIC—ElE 5 %
TWDEENRHDZ ENDND. LT, SEOREMRIIC
DUVWTHERLT 5.

3.2 R z—F> (SR-Site)

SR-Site [23)iZ 31T D RBHAME LI DV TIE,  FEZEERIY
A 2 FEhi % 72 012, i B (best estimate) & LC 107 y7,
FEPA L LCFRRME~ ERR{E & LT 10°8~10° yt oos st
R — VD =554 %L (triangular distribution) % 5% C
WB[35]. 2 S DOfEIE, SR-Site D& ORTDZEEFHN T
& % SR-Can[36] TR L 7=, Werme et.al.[9] D fx B 4 X 107

June 2016

yr B LU (108~10° vy THB. ZOREMEIL,
Grambow et al.[37]33 L OF Loida et al. [38]2%& H L7=, A b
I s (BERAFERENS YT v LRfNICEET 5 2
ENFBN TN AI39]) ORI <1x107° day ™[9], $7¢
bbb, <365x107 y'o2HB &Y EF7-b oL Ebh
5 WY EFIZonTIEELOHERITHS). E7-, HiPH
IZOWTIE, Table 4 [9]iC7R L7 fiefi i iy O#GPH 106~10%y
DOWFNBHELND.

SR-Site Ci, Werme etal. [9]DIE4>, SFS 7m ¥ =7 b
[22] DR BB E 2 T, HAAIIC SR-Can [36] & [A] CIAEHE
fRFRE DR B LR A RE LTV 5.

VRIRHE RN 372 o TR ST\ % e EBRIFE &
LTIE, Hy W A TIZRNTE E S E BN 506
7N (corrosion potential: Ecorg) I RE B & TBAALFHY
5V K BRI & 3206 L 7= King and Shoesmith [40], AKFR
FHREIN L v M X TONU-233 Z B0 L 72 U0, 1%t LT i
L 7z iR ie s BifE B4 £ & 7= Ollila and Oversby [41], SFS
FuYx s M2210 5 B U-233 IR L 72 UOL()x4 %
VR RIE T KRBT AOEBICRET 2082 L0 LT
Carboletal. [42)72 EmdH 5. ZdH 5, King and Shoesmith
[40] TIXIE BB LR E 2 EH L TPV, Fig 717
T LY, KFEHAGED BRI GC b A MREE 1
107y LAF, H1F 500 m DALy EREE (KFEH A5E 5 MPa
IZFY) T 108~10" y  oFH TH D EHEE L TS,

F7-, h—NANV—iffFEr & — (FzK ; BIfED 5 —
SV A —ZHARFET (KIT)) CTEM Sz EZRED S0
7 Z DR MRS R[42]0 51X, Fig. 81T B0, K
FHAMGRE N 108~10° y' (0T L4 OfiPHICE £
NTWNWDZ ERDLND.

Table 3 Selected dissolution rates of spent fuel in various safety assessment reports

Ay =TV | 74T R AA A AA A 7T A KIE 1 H
(SR-Site) | (TURVA-2012) (EN2002) (PSASGT-E2) | (Dossier 2005) | (YMP-SAR) (4CS)

[23] [24] [6] [25] [26] [27] [28]
|07y 0'y? oy oREREICE |07y (1~2)x10%y* | 267x10%y (25 °C) | I O RSTIRBICIS
& FAsEAr | 0°~10%yY | U, fla (HtEeEa) |113x10°y" (85°C) | Ur-akiett, filzid ;
il — v - A0k after 10°y: 24%10°y? 10%y* after 10°y: 6.9x10°y*

%, 10°~10%y") after 10*y: 5.3 107y (o 2 1) after 10*y: 25108 y?
after 10%y: 4.0x10%y? after 10%y: 1.7x107y?
after 10°y: 1.6 X108y after 10°y: 80X 10%y*
*RBEHE AGMWH/tHM O *EET ML D
UO, k¥ R
Zl-ECO7rV= |- ECOTnV= |- WEHARET L - SR-Site 0 DL |+ U ABKICLD |- MEHARRET V|- BEHERET )V
z| 7 b (SpentFuel| Z N(MICADO (HO1mol 2U(IV) | i< Ollila0 » | VARt % ZJE (pH, CO, O, KO B3 R
J7|  Stability %), 8 | %), WPEERGE | 2 UVNICEILLU | EBREREZE |- =T UOWT | FORELREZE. (0,B,7#0) %HIE
MEBER GF | R GEN—T7R | PBMET2LKE G| 1o, EEZ | AT pHAS O ETFTH | L, MEHERE T
R =75k, B, U233 F— | fEZHEH) % C XV E 2T | RAETVER DR OR FiffEF
U-233 k=73 | 7k}, AR DWTHEMAR | H) \ZLLB LR 5 E
B, GEGEREL | REER IR TV, RifiHEED
AEORER | R AL, HEo L
5) - TURVA-2012 C 7T—=4 (K, U0,®
© SR-Can TXCik | kL E=2— BLIEAES) %6EM)
LEa—
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Table 4 Estimates of minimum lifetime for spent fuel in
millions of years [9]

YD Y — AL — LG - (2) EHFERENS X OREIEM OV iR

Source of data Basis of estimate Minimum
lifetime, 10°y

VTT experiments  UO, with and without 2°U 136
FzK experiments  Spent fuel long-term rate 2.7
Electrochemistry ~ Model for dissolution 10 to 100
~—~ 1.0E-06

s L.

g NI

2 qoE00 | | A el

£ \ JRREE

c N T T e

2 Noa H

2 1.0E12 A *

b} N .

] AN o

o ~

= ~ *

S 1.0E-15 ~o

L =~

Q T~a

Y S~

L 1.0E-18 —

0.001 0.01 0.1 1 10

Partial pressure H, (MPa)

Fig. 7 Range of predicted fractional dissolution rates for

UO, based on the measured Ecorg Values in
H,-containing solution[40]
Plotted data are @ King et al. (1999) (no gamma), ¢
King et al. (1999) (gamma), < King et al. (1999)
(gamma (H2 stage 2)), [0 Stroes-Gascoyne et al.
(2004) (w-activity of 1 Ci kg™), B Stroes-Gascoyne et
al. (2004) (e-activity of 10 Ci kg?) and A
Broczkowski et al. (2004). See [40] for detail.

JFE R

y1E G2 TWHO T L, Fig. 9 127w Ollila [43] 0 5k
FERAKICREINTWD. Fig. 9 L, (&g - skifE
T COBRBHAMGEEIZIE 107 vy LT Th D Z &R bh
4. F T, SN MEFEL TWARWEASTY, CIEEDS R
F (0.1 M) &I 0 TEMFEEEA 107 yTLL RIS D 2 &
WD RO RHEENE L LTEZ BN LD
¥ v = AFZNTHEAFERE A B ET 272D O8A v —
NEDOBEIZE VAU DKBET AOBFEITE ) OFE, BRE
D EBRBEEAL, ERREOFEIEE VST bORH S, A
VY — NEOBRICE Y AE L BKFEN AOBEIE S DR
13, SFS 7'm ¥ = 7 M5 E[22] 70 & THERR STV B 08,
IREHRFRERE ~ DO BIZ OV T STy, £/,
PREF D ERBEEALIZ WY, BB Ly RINTTRPTINIC
PREEFEDS BV U SRR & JRE Ll O RE R f HY 28 B (B
RENRWVERT — D HONTWDL 2 EaHEL TWD.
%ﬂvkuyx®ﬁ%EW®Mﬁ:owfm U0, i D
Fefb & BUBIZ DT KO BRI IRIC L 2B RS D70
Tﬁ%@ﬂmwebfmé._@T%%r_omfm,ﬁ

;LE@*#TW%éﬂt%ﬂw@%Ef BT 5T —
ZDLE 2 —[44]iC & 107 yr OREENR TSI L
LTWa5.

3.4 RA R (EN2002 5 & Uf PSA SGT-E2)

EN2002 [6]CiZ, #REl~ R U 7 2h b T B EFED K
H=RIZ2U T, Johnson and Smith [45]ME R L7-ET L %
BWHLTWS., ZOETFATIE, KOBFHRS L0 A
U7z 1 mol @ H,0,73 1 mol @ U(IV)% U(VIDIZER LT 5 &
WETDH. ZOFEFMIAILL FORNEREENS.

REWEERS (U haA) OE
KO U fR

il PR R D Vs i

IR ¥ = A X DJF R
fefbEic 7 vy hotEE

ZOETMILBIE S R bOTH Y, FINFHHEOZRT

10 I I E
pH=4.9
};106 - E
o 'pH = 6.5 ) = T
o - e 1
= i
2 107 @ o i
= F pH=7.7
s FP o pH=7.8 4
ko) - pH=6.3 1
s | pH = 7.71
R 3 PH=6.34 E
109 ! ! ! ! !

0 200 400 600 800 1000 1200

contact time (d)

Fuel dissolution rate taken from uranium fraction of
the inventory in the aequeous phase (FIAP) obtained

Fig. 8

during wash cycles and corrosion of spent fuel pellet
K8 under 3.2 bar H, overpressure (FIAP data taken
from [42])

3.3 74252 F (TURVA-2012)

TURVA-2012 [24]1Ti%, BB~ b U 7 X ORI X
SR-Site [23] £ R U< 107yt & 5.2 T\ 5. BRBHAREE D
BRI ZZE B S Tuveu. SR-Site [23)121i~ T 107

TERMEOND LWV O RN D . WERLKE DA B A
P. (mol y' tHM™) 3 J OMRERAMGEEE D (mol y* tHM™) 1%
KATRIAIND.
- . 3.156x10 (s/a) )
P = QG P 10T 006w 01 !
D =P X [238 (g mol™)] X [10° (V/g)] ©)

ZIT, Q (W tHM™Y) IBEIOE I TH Y, kO
B (U0 2> MOX %) RBRBEE Z&ICH 2D, 7z, Rl
B R A S S ZTRELOEIG (=0.004) THDH.
DT, Ger (3325 Gl & METHL, K DB I S Fl
DO %E G D T- ETHEMRT D H,0, DEIS (molecules (100
eV)™) %757 Johnson and Smith [45]1%, 0 Gy lZ-OUNT
BEFEMSEDO L B 2 — %1 To>TEY, @VMEZE 1 molecule
(100 eV)t &L\ D HEERH D Z & BIRTH LTV 5728, Fig.
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Fig.9 Dissolution rate of 2*U-doped UO, under various conditions (Data determined by Ollila [43])
Name “a_b_c_d” in x-axis denote (a) content of doped °U, (b) electrolyte, (c) electrolyte concentration and (d)
nitrogen atmosphere with and without iron (“Fe” and “N2”, respectively). Different color indicates different sample

under the same experimental conditions.

10 IZRT & B, PRERAMEERE OFERE & FE 2 D Gy & A
WBTFVHEMEZ B LT, Gg = 001 ThH0ITEsT
BB CTH D LiEmSIT T 5.

Gerr = 0.01 IZBWTHEAE SN DB OFER (U0, b L < 1T
MOX) 3L UYRBEE (33,000, 48,000 33 L T8 55,000 MWd
(tHM)™) = & okl o2 k% Fig. 11 127
TIVT 7 RO LN MOX RO D J5 75 U0 BREHZ L~
TREMIZEVEZ RT3, BREEEIC L2883 h $ 0l
ETIIRNZ LR D5,

B, AA AT, YA NEEFEE 2 BRI T
MM ZZ 2Rl (PSASGT-E2) D7=diT, Y —AKX—LRT
A =4 ORE LT TWA[25]. BREHARREE 2D
TIE, SR-Site [23]D k=0 Ollila [43] D EBrfE R & Hlc, &
FRREE & 107y A IRR LTV A[25]. 238, T OWEF[25)

T, EN2002 [6] Tl L7= &5 VA5 B9 5 E Kid 7.

Dissolution Rate (ug/cm?/day)

[H,0,] (M)

Fig. 10 Dissolution rate of the UO, electrode and estimated
values assuming different G values as a function

of H,0, concentration in the cell (after [45])
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104

—/— U0, 33,000 MWd (tIHM)-1
—O— U0, 48,000 MWd (tIHM)-1
—{1— U0, 55,000 MWd (tIHM)-1
—&A—— MOX 33,000 MW (tIHM)-1
—@—— MOX 48,000 MW (tIHM)-1
—— MOX 55,000 MWd (tIHM)-1

107

Fractional dissolution rate (y1)

105
time (y)

104

108
103

Fig. 11 Fractional dissolution rate as a function of time for
a G-value of 0.01 molecules of H,O, per 100 eV
using the model by Johnson and Smith[45]

3.5 725 >X (Dossier 2005)

Dossier 2005 [26] Tid, #AEF~ R U 7 2 DIEMREE 2 2X
10° Yy MZREL TV, ZOBRERIICONTIE, LUTFO
LOITRHS TV S [46].

¥ v = A X OWE%, SRBERICH S KETADRAEIC
£V 10,000 HEHZICF ¥ = AL NEFIL, 2RO 90 %% HE
2 DIRBHEAIRICH K BT~ %. ZORERT, B MR
SOy BITAMICHER Z LD, FORIT afROEELE
=B,

AR X DIEIRA I = ALK, RUy M3
ACEMRET D72 DI T IR L I TF LT 80,000 4~
100,000 4F2303 5. BREHEMRIL o O A LRI L - C
MEESND Z E#EBCEETD &, B L Y F2IK
1% 50,000 FEFLEERRM L 7=tk 1A fiE T 5 2 & 1272 5 (Fig. 12).

DL EZBEE 2, 50,000 FER TR L NIRRT



AOMENT H 1T D BT IRBHEL BRI 7y D Y — 2 2 — LG - (2) IR X O 1A D VA ik P R AT

% &9 VRIS 2 D TR B 2X 100yt L 7 B

HAHGR IR £ DU A B = R APMETE L7 WA,
N Ly b OBRIIIER OV & 0 HIfR S 7o BV 7
L. ALy MRERNERFET S ETITE, 272< 8 100
TEBRIETH D, SRR %4 U IGaR oSt
ThY, WHEOHEMIZLY AMMOT T U NEfELIZE L
T, ZERLBF A IR GR OB AICAEL 5.

R ORENARREIE ORI ClE, ¥y =AX ORI
S THRKT DKFES A DK IEEHRD IR, OV Tl
REL OB LR Z B35 L\ 9 NF-PRO F'r Y =7 b
[29] DR RN EBE SN TR, LTEEN-T, RESNTE
PRBHAIREFE 2 X 10° y 3RS IC BN AR ETH D B
L5,

Rupture of container Dissolution without
(~ 10,000 y) radiolytic effect

100 - ¥ {

90 | \

80 - h
70 | ‘Il‘ﬂ
60 | I\
50 . . . \ |
40 4 Dls_solut_lon with | "‘.‘
30 - radiolytic effect \
20

10 + \
0 . . ‘ —

1 10t 102 10% 10 105 108 107 108
Time (year)

Pellet fraction of undissolved oxides (%)

I
=)

.12 Simplified representation of the evolution of the
dissolution of oxide pellets with time for the long
type CU, UOx3 spent fuel [46]
French notes were translated into English and some
modifications were made by the authors with
permission of ANDRA.

3.6 XE (YMP-SAR)

“Safety Analysis Report (SAR)” [27]Cl%, PR 7-/F TH
B LTfl A OFEREIRENI S LT, 7 VKR (pH
7~10), {RLEE 20~77 °C, RIRFAIE 2X10*~2X 107 M 2
B ARIEE R S v T NARA T — A L—ETEREL,
7 DR R S IRERA IR E D 7 L& T > TV B,

BB~ B U 7 205 ORFE | OWIREE R, WATHE
PEND.

R =IMxF, )

22T, M RBXORIE, TNTERE I ORE~ b
U7 ARDA = kU (g), B (d7h), BRI (g
dh) TH5H. FIZLLFOXNLEHESNS.

TNF Y EH (pH>6.8) :

log(F) =log(A)+ag +a x1/T +a, x pCO; +agx pO, (5)

Fetk et (pH<6.8) :

log(F) =log(A) +ag +a; x1/T +a3x pO, +a4 x pH (6)

T Z T, pCOzILRRIIREDADREL, pO, IXFEFE 7T
DEADOXE, TITHEHEE (K) , AXREIOB 2R mE
(m2mg™h) , ag~ay IZEREDOEIFIHT THOEND T A —
2THD.

ZOEFILTE LN 253 L1885 °Clzsi) % *sr, ¥Cs
BEO ®Tc O b F2ME 2tk L7- 45 % Table 5
([ZRY. Table 5128 A EEDOHAIL dt 2T, H
iz yHCHET 5 &, il E O T OLVEEEIL 25 °C T
2.67X10*y?t, 85°C T1.13X10%yt LB, v v
T RSB EE SRR CTH D Z e h, EIC AT
BHORENE N LIRS THD. BrRELZHET LD
DEDHEBELSY >V AT LORE DBED BN /255 (21378
LRNWEEZBZLNDHDOD, FBLETREOZEDO KX X
WITER T RETH D.

Table 5 Summary of the NNWSI Series 3 fractional release
rate (d™*) results for last sampling period (data from

[47])
H. B. Robinson Fuel Turkey Point
Isotope
(25°C) (85°C) Fuel (85 °C)
gy 5.79x107 4.82x107 4.79x107
¥Ccs 9.29x107 1.07x10°¢ 8.67x107
*Tc 6.87x107 3.09x10°¢ 1.71x10°
Average 7.32x107 1.55x10¢ 1.02x10°
Base-case model
calculated fractional 7.32x107 3.02x10° 3.02x10°®
release rates
Error Metric 0.0 0.3 0.5

3.7 A7 4 (Fourth Case Study)

Fourth Case Study (4CS) [28] Ci, MR fRIC & 2 ke
BRET A E LT, aft, B, v#d L ORI a5
DI RVRMREE (Rror) ZLLTFORTER L TV5[48).

Rror =Ry +Rg + R, + Ren X Acont )
Rr = Acont X Gy x fr[Dr(t+to )P (r: 0, B, y) (8)

ZIT, Ry RgBIURIFEZNZEN aft, BMRIBLDy
MR X B IR OISR IR X B (mol-U yY), Re,
A7 OKDIEHR FRAFEAE L 72 \WGE D) Tfifis
BE (mol-Uy™h), Dyt+1t), Dt +t)&B LDt + t)IFE4
ZH o i, BB X Oy MOBEIKIF OBER (Gy yh), G,
Gy B LG, ITFNEI o, B IRB Ly U OVTOR
B2 RS (mol-U Gyt m?), f, fyB KO, 1ikEzn2
oo, B LUy BUC DWW COEBMEEL, 7 LT Acont
T2 7 LRH 720 OBEREMROABIRE (m), tidE
E % ORI (y), t (TEEATOLPELNE (), a, a
BLWa lZEREEHK (UCS THLEKE) THDH. 2D
INT A—Z E A TR IRE T L OfER & LT, MExt
B & PR HEIA O RPN R ER TS (Fig. 13).
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210 1 3
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(0] (0]
2 103 >
E 10 0.1 E
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104 001 3

10 10t 102 10%® 10* 10° 108 107

Time After Placement (y)

Fig. 13  Fuel Dissolution Rate[28]
Relative Dissolution Rate is the ratio of
time-dependent  fuel

the
dissolution rate to the
maximum fuel dissolution rate. The maximum
dissolution rate is 3.12x10° [mol m? y*] where the
area is the surface area of the fuel in contact with
water. A contact area of 1570 m? per container is
used in this study which assumes the fuel is highly
fragmented. The maximum dissolution rate is
therefore 4.9 mol y*.

F7o, R L o JHEE & OFEBIICOW T, Fig. 2 1
RUTZSFS 7' ¥ 7 R[22] D5 12 Muzeau et.al.[49] DT
— X EMMZ Tz ETREF L. (Fig. 14[48]). EDFER, ot
SFHREDYKI 1 MBq gt 12 a BRI K B KD I BRI iRIC L 5 5%
BOMMERH Y, ZILEY o BETHEN @RI CIRE R
JE & o BRI FTREOR TR INDIEOFHEANRSH 5 Z & A
ot

g (mg(UO,) m?d?)
= 4.35X10°% X o St HE (MBq g(UO,)™) 9)

F 72, Tait et.al.[SO]DEEREA > X2 b U 2> 5 R ATRE 2 ik
SHRED DIREIR T O o MOMEBEEEZFHET L LU TFTDO LD
W27 %.

D, =4.2X 10" X o JitHtHE (MBq g(UO)™) (10)

D 2 50X G, EEAEEE LR E O o SROM R
LORRIL,

Rror (Mg(UO,) m? d™) = 1.4X 10X D, (Gy y*) (11)

T7bb, G,=14X10" mol m2 Gyt #158%. &5,
Fig. 14 (R LTz —F DXL E BB L, BTIELERFE
(GSD) 6 (#iPH & LT 3.5X10%2~2.1x10° mol m?Gy™?)
DX R E 52 TV 5.

F77, ALFRIEEIRESE Ry 12OV T, Fig. 15 1Tk L7
FHED L & = —[48] 21T - 7= LT, Fikfi 4.0Xx107 mol
m? yt & FiBH 4.0 X 108~4.0 X 10° mol m? y* o it e R4y
bz, ZOLE2—[M48JIcB W\ TIE, %< DT
1% Rep D D720 O FBR A HLUICEER & HEBR L 727210 O
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104 10°
Fig. 14 Corrosion rates measured as a function of specific
alpha activity [48] (data compiled mainly by
Poinssot et al. [22])
New data are identified using the * symbol. The red
lines show the selected chemical fuel dissolution
rate and its bounds.

TEHERR (T 70 HIEREKFE BRI 6 2 MR i BT
DEMNIE) TIT>TEY, KOBERIIFNE LR 25
RITEMICHAT Ry BEL R ZEBEHRIN TV 5.
L7257, Fig. 15128\ Th, ®BILEME TG SNZT
— XD Ry & OAMEFERFFAZHE LTV 5.

104
a
> Brunoetal. Grambow and Salah et al.
o 1991 Giffaut (2006 (2006)
E10s 19D ¢ (2008) .
©°
£ Oliila |
[©]
< 106 (2007) Poinssot
o etal.
S (2005)
5 A
S 107
[}
(%] N
o Ollila et al.

(2003)
108
Fig. 15 UQO, corrosion rates from various literature sources

(after [48]).

The literature data likely overestimate the chemical
dissolution rate, as explained in the text. The
dashed lines are the selected upper and lower
bounds and the solid line is the median chemical
dissolution rate. See [48] for detail.

4 BAEICETIRNBREEDOREMEICHT 5T
SR D
41 B=E

ELHALGy DFENE, 7T ABEULKRITHEA~T, ek
DIEIE (RBEEE, BREHIMZR L) TR DBEERERDITS
DENRRKELRDIEME, Y—AF—LRFA—=HDAR
MESMERH S HE L 22> T< 5. AHTIE, ATEHE TTH
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I LTNE O R EED 9 B, & ATRHEEMEFE
flIZOWTERENTNWDI AT =2—FT >, 74T K,

x%xﬁi@ﬁfﬁw%@%%b’%@ﬁ%%i&%k
BV % 5 R EMEICOWTIE, IREIC B RBL DN

Vx— g v LS OBRES ﬁﬂd)/ﬁ@u‘: Lt F7o, W
FERAIRHMIZ OV T h AR L7z,

4.2 FERBAGFTE

IREHAFERIE I BT, MR RFHE O 72 D ICFRE
EDIEZE 5 %2 THWDH D70, SR-Site [23]14 L U TURVA-2012
Bl TH 5. Wy, 107yt oREMEICK LT 108~10°

yIOWEEZ 5% TWh. 72721, SR-Site [23] Tk =4 454
o (A=) EELRLTWVWDHOIER LT,

TURVA-2012 [B1] CIZHICH o L 7> T\ 5. £z, [FH
U107 y' 2R L TV 5 PSA SGT-E2 [25] Tl, XEMED
MRIZOWTIEE LS TVen,

4CS T, WENAMGEEEIZ 95 %O EHEXME 52T D

(Fig. 16) [48]. F7=, FEECMRHT & U CIRBRAMRRIE 2 7R E
D 10 fFIC LT3R 2 3E LT\ 5 (Fig. 17) [28]. & ®
FERL, BARBEITO LN ER T2 000, ZaiHh R
REBERIETLO TRV RSB\,

> 101

ol m2
T =
© o o9
H w N

A
o
&

UO, Dissolution Rate (m
=
Q

=
o
=

102 108 10 10°
Time since discharge (y)
Fig. 16 Calculated total fuel dissolution rate. The solid line
gives the best- estimate dissolution rate [48]
The lower and upper dashed lines show the 5th and
95th percentiles of the fuel dissolution rate.

43 BEICEHEEORMYEKL

RN E SR O 5 & & bicm < e A DV
T, W< O OIRHIIIFE Tl STV 5[47, 52-54].
LsLR 6, AR OFRER G CRREHRMR L O IR K
FEHEEZPRL TS DIE, YMP-SAR [47]0HTH 5.

3.6 Hi T/~ & B Y, YMP-SAR [47] TiX, 20~77°C ®

IRERPH CHEMBEREIORMREE L FER L TR, Zok
AT 25 °C B8 L1885 °C I8 1T DR EHAMEH E 4 Table

S5DEBUVRELTWS. 727201, YMP-SAR[4T|Z 5 ®,
PRRHARREE O ERIFIEZ IR L T2 EN T D
RIEEFAKT (TRbbHELFEMTIERY) ToT—4
ThHhoLILIBETRETHD.

4CS [28] T, Gy B LV G IZOWVWTHOATIEH L H DD,

DY —AZ— LR - (2) IR X UWEER O v iR
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Fig. 17 Result summary for defective physical barrier
sensitivity cases [28]

Jﬁk@ REME LTWAD.
70 °C \Z8IT 2 A HGHREL OV fRR s

70 °C 2T D 1E
SR-Site [23] T,

HIE wrmf%f@#ﬁ%ﬂ@mot_k 70 °C %
B2 D5 COBRITEMITH T DIRERBRO AT — & 23
QAN :::Nc T %ﬂ@%@ﬁ@ R 107 y1iZ 70 °C

quiﬁwfkéaﬁﬁoTrm[m 7,
Emmﬂﬂfi 50~60 °C |Z331F 2 BRBRA 1 25 °C
BT DMED 2~3 512725 LFHINLTND DD, ZD
%@%%%Lf%sw_om1+“ %?%&ﬁf%ék
FEERSUF T 5 [45]. Dossier 2005 [26] Tl, L5341
:X&@W@Kﬁwmﬁﬁﬁ%%ﬂkﬁﬁﬁéﬁﬁf®%
EHEEEIL 50 °CLLFTH Y, Z OIREESMETOMRENAfR 2
HOZEIEBER TH D LB HI TV 5 [46].
TURVA-2012 [24] Ti, BREHA AR EE O IR BN D\ C
@ /XTA@%@ FhbB LU L IEE L. FEP[55]
WEHY | LWIHIRRIZHDEHLOD, TOEBELEH
mm WM LB 22, $£72, SGT-E2 [25] T, Bk
TRIEHEE DR FE B OV TILE B A2,
bz ent, RRETHA LB E O E
EIZONWTIE, ZOEL NREREBEZEELLLLOTHD
LEZD.

4.4 BMHEONJI—2 3 OMmMYHFEL

BRELO AN =— 3 0 (RS LOYWRNEE) #&ELC
TR A H LTV 5 013, Fig. 11 TR L 7= Johnson and
Smith [45] CTH 5. BIED LBV, affmEDOZE MOX RE
DAEDFT A U BREHZ e~ T RN SV ME 2R3, R
BEEIC L2 BT EVBETIT RN Eb0 5.
EN2002 D A A > LR — h[6] TiX, Fig. 18 IZ/R7 4 FEOMK
BEOFAA DRI HOW Tl Z 7> TV 5.

Z DM E O RFAN TIL, BRBHAME R AT T8k
DONY = 3 VIEEBEL TRV, EBETDHEN RN
B & LC, SR-Site [35] TIELA T O LD EZEITFT TN D
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Fig. 18 Fractional dissolution rates of spent UO, and MOX
fuel (data taken from Johnson and Smith [45])

FAFERE (b L< 1T Vo, stk # @R TRt s
B R AR OB E LTt LR RIC K
FULE, PRBEEEIT IR S B0y R R & O E TR DOHEN
i, BRI LIZ< < T 5.
SRR 7o RBHIRE E O IR AR T LT, R
DFHEIZ L > T U0 B~ N U 7 ZADEALIEfFE~DR
B3R S .
EREERE U0, VRS MOX k2 F L 7238 oSk
DORFFETIE, BB ORI L TR 3N & 28T
RENTWR (FEHVE :SFS YrY=” FTIT,
PR D BRIEEE % 33~60 GWd (tIHM) ™ % TEHE L 7=
LA, 10° y BRE% THI 5 % L2ER 22 & D i R
NELRTWB]22)]).
SR-Site Tfft |l L7275 — #[9]/3 2003 4E 4 H ¢ Clab 4]

Wy st OEE R DA R R VSN TERDY,

Mz TEE I E R OREE, BIIERK, BRIEES
EELTND.

PRBFOBRBERE & AR IL AN 51206, TR E
FricBIF 2 H DO k- T, EEHMOBYIcHK
18 L7z SF OPRBEE DS, WIENCERE L7zb D L0 HRGE
EREL ROV EFRLZ2D. L, W21
RERAFIEIZ & - C, BB O X > CIRAREE )3
EL 72D XD RFHLIE LN TV RWNZ EARARENT
W5, 20X ) 2B X0 BREHA RS O Z2 [ 72
WEITERSND. ZR51E, BE~ b Y 7 2 O%SE
HEOARHEEOHIICEEND

F 72, TURVA-2012 [24]Ti, ¥k~ N YU 7 A DU E
WZDWTHE, BBy hoSMEER (U AfEIL. RO R
DERE D B 2~3 [FHRBEEE DS B 20 BRI L7230 5 o
KERERCH S, BB L2 HERE U 7= it ot il &
DHEL NI LD, 107y OBRBHARTEE & SR
RENCEA T2 Z ENZETHDH E LTV B[55].

¥, 4CSIZOWVWTIL, BEIONY =— =9 VBT 5
L AT (AR

June 2016

4.5 NHFOREBEHOESORY HKLY

SR-Site [23]3 & T TURVA-2012 [24] T, ER{biE ki
R DML IGIZZA LT HERICOVWTE R IR TN D,
SR-Site [23] TiX, F v =AFNITR A LIZH PR K&
o5 L ARUE LIz BB AR EHAMRREE  (10°5~10% y?)
NEZLENTIEND L OO, ZEFHBITAVSR T
VY. E 72, TURVA-2012 [24] Tl 100yt 24 E LTV % 23,
=B BRI 2T ORPENICE TN TV AT,
FERIZ2EL D M T e STz [61).

728, EN2002, PSA SGT-E2 33 L TIV4CS 12 oW\ T, #
BRI E DBREES DA BN L 2 BTV TR &
IWTWedoto, Ziud, BREREET — & S U PEEZFE O
VRIS PSS BAR R O £ 5 ISR SN T b 1 0
THRNWZ ERFRTHL EEZXDND.

5 FENEICHITHEEMOBREICH S BRI

51 =

R RERD B I SN DR OZETIZ OV T, 1 &
TR~z LY TRt ) & TRENEM K355, B
O KEIIE - E Clob_C & AR~ R U 2
R L ORI REFEB TH D0, HEE e EREHM O
BATPE S B BN SOV T B MR L ETH 5.
FANENC BT DHEEM OB S Wl B DR EE &
DR ERME Table 6 (2777, LUT, FEORERMIZH
WTHERET 5.

5.2 R x—F> (SR-Site)

SR-Site [23] Ti%, BEIEM T DO+ X TOREEM 2> b DGR
DRI Z —EME (1,000y, § 72 HIsAREE I L
T10%yY) LLTWa. ZofflE, SEZERESEL
OEEM DS B, IbEOA VI FILAR—TFOES (0.3
mm) ZHWTHEHLTWSZ b, EEMRETHS
LEZBD. Z0D03 mmDA—YDmMAH S 0.15 pm y?
DHEETHE AR 5L LT, BEEAM 1,000y BiRE
INTWAH[B]. BERFHEONE CREEEMN) 1220 Ti,
0.01~1pmy' ZFEL TEY, ZDIEH» HiEHHEOE
1.5X10%~15X10'y L 526N 5%. Zhaiie, B0z
HIE OE % 102~10%y, 3-70do b Iafigi i (b L ¢ 107
~10%7yt & L, 2 HIE % H SR L D = A4 55 A7 B
HCORBL B,

JE R DI BB 0.45 um y* &, ZOifE 0.01~1 um y*!
DBREIZOWTHE, MEAMRETHEZ L, BLUMEIZ
DUNTEEEY H OREEM O R CEEEHENRHNAT LA
WERE L, BHOIXMOEEELZ EICHE LD
2TV 5[35].

70%, SR-Site TiE, HAEFEIZOWT, &1 X~V
W B4 (M B L O RO ES5y % RN
oY TE AR ES (corrosion release fraction; CRF) | &
L TRLTWA[35].
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Table 6 Selected dissolution (corrosion) rates of construction materials in various safety assessment reports

Ay xz—Fv | T4 TUR AA A A A A 7T A P3| Vit
(SR-Site) (TURVA-2012) | (EN2002) | (PSASGT-E2) | (Dossier 2005) (YMP-SAR) (4CS)
[23] [24] [6] [25] [26] [27] [28]
Z10%yY W 10ty? 3x10°%y! 33x10°%y? W 3x10%y? TAI=0 0G4 [5imy?
RE| AR (C-14,CI-36, ATV A:AX10y! [04~110 my? ERR20nmy*
| 10*~10%y* Nb-91, Nb-92, Ay Az 2x10y!
A5 | Nb-93m, Nb-94) 316L A7 > L A
0.0007~14.8 ymy*
ZOM4e R 10%y!
(C-14, M0-93, 304L 272 L A
Nb-94, Ni-59, Ni-63) 0.001~39.1 pm y*
Z| MR | MEORMRE | BEOKRMERT | UV oA 8EE | BROBINEIIEEN | Ve ATV | Ve BEE
Z|EMORNES L | EMORNES L | OV InAE | OEPEEN PR | OR/NES LIEEE | LA L O RBIREE | ORFERE L, HR
| ERRENDEE. | IMEEENCHEE, |EORS LEMR | bR LN, | DORE. RIS, UL | #ER L VRE.
BYRA VRV N | VNI nAEE | EEPOEE. | REORILE L | YV oA HEE AT | EERIREMEKC | UL oA EE
V) HIRRER | EEOMBRBIZK | YA ABE | SUBRIZEN2002 & | v L AREER, A v a | . Ne T A
2% CRF #8% | . EUNOEBED | [k IVEEEMIZIX. Fy = 24NOH | I L HBEE A
A. VR 1TV Fwﬁé’a%ﬁtm FHEL, EA~OF
BRERRIL, A7 Jro A W L In-Package model T | G-AVh 72\ =i
/ L ASDE %% il UL ARE. M L3 E. RERTAT D AARHT 72
E (PRSFRILE). HITBRAL.
A BWR-I ° PWR-III
v BWR-II PWR-MOX
CRF = I constr.mil + I cirl.Rods 12) ° EWS :\I/:OX . EWEBEEE
1ot A PWR- @ Average-best
v PWR-II
ZIZTC, b WD EA X R Y constemn VERIEIAELL wbrT T T rrrrr o1
S DR P OIERRD A 222 b Y, |gnpos EHIEHET O °r AN X }
DA X2 MY (Ag-In-Cd 84 %k<) Thb. 0.8 |- ® -
S0 CRF 25U C, REHOIH (KA ST (BWR) ool o 1
b L < IEMEAREKS (PWR)), #REHORER (U0, & L 5 @
<IE MOX) HREEEER S v = 2 & 1K 7= O OILARL % 04 7
HxICRRE L7 830 O v = X 2 10 B1 BREHLA 02 | ? i
EYW= =) - [ ]
]\UaJrﬁ-n%ﬁ'%[SG]ﬁ% %«fz@ CRF &Fm%ema_ ol Lot i i1 g1 g M
mwmz:w& Lﬁﬁfﬁ%%tﬂbfu\é %«a@ﬂwm 0 g2s2zzgdeiN
$51F % CRF &2 A 972 CRF OHERRE % Fig. 10 1257 z @

Flg. 19 ITTRENTWARWERICOWTIE, 72 & 2 &minfE
HEEZEBMICEEL 72 LTH, CRF Ci372< IRF T
P S4B R E L OFERE STV B [35].

7233, HEEM OVEMRER B FIZ IR O EIT O\ T,
WY LIEHBESN TV EH00, MR LTV HIRE
HPH CITMECE B L fmm S T\ 5 [57].

5.3 24142352 F (TURVA-2012)

TURVA-2012 [24] i, P71 1 A BeiBAE O YR fEFE X
WHEEDOES LIAET HIEMHENLREL TS, #E
& DIE X1, VVE-400 35 L O EPR ORI DS DIE &
M, FNE10.65mm, 0.57mm THHZ &5 05mm &
L. ZOWBENEMNSEET D EEL, EaHE
1~20 pmy™t CBERME S pmy ™) 25 EIREZ BT 5 &3
fREEIL 8X 10y & 2%, ZOED LHTHE 2810 LT %
L10tyt B,
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Fig. 19 CRFs of some radionuclides for the type canisters
with the best estimate values
Data taken from[35, 56].

FOMERBIZONTIE, REMIZAT L AHZRIG L
L, 0.01~1pumy* OEEEE T, FES 2mm OEH 2GR
T2 LMUE LIZHA, AL 10°~10° yt Lo . 2
O FRMEEZ#EATS & 103y LD,

TR, AT OVEMLE I RIZTIRE OB OV T,
HELHY LERMENTIIWA[24]b 00, HREHIZREY
UMZ DWW TEREIR A 22 0.

5.4 XA R (EN2002 5 & UF PSA SGT-E2)

EN2002[6] T, #REHE D O A O Al B L 7= 72
TrtEAL LTUTERTTND

O Ve A #@EE (C-14, CI-36 Z0HH L)
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@ Ni B&IC XV SN DBEHEARE D Z DM e )E
(Ni-59, Nms%@m%m%)

Kb L IIKRELRDIFIEID UV H v A R
ﬁi@ﬁw%wﬁmwﬁ%ibé.ﬂ?ﬁ*@/wwn4
DFFAIEEIT< 0.01 pm y1[58] & H#EE STV 5. Johnson
and Mcginnes [58]1%, J& &4 600 um 0 )LH 11 A YA D
WSR-S D ERE LT, % 3X10° yt & L
TW5.

BETHEEINZZEDOMERIZONTD, HITFKHFIC
B ABAEEIT< 001 pm yt EHEE SN TWA[B9]Z &
DD, UG A PEEEUSNOREEMII L TH U e
A WEE L FIL 3X10° y! OIRMREE SR E SN TN D

723, PSA SGT-E2 D= DR EM D, H%@ﬁ(ﬁm
10%yY) L 72T 5[25].

TRE, ARG OV KT IR DR
RBUVAANAN

DT

5.5 752X (Dossier 2005)

Dossier 2005 [60] ClE, ABHES AT D4R KL 2

O Araxn

@ ATULA

@ VLA WEE

WKL, ENENDHE L SRR O TR EE L D> O TR AR
HWELZBREL TS, ENTNOERMEIORMEERE, ¥
iR, 2B % Table 7 |OR 7. R ENO&BMEC
REFEM M AZED T, BHMHEREL TWDHLOTH
DN, HHIIRHTH . B, WHIEM OBEHEEEICKIE
FIRE DI OV TR RRR A 2.

Table 7 Corrosion parameters for construction materials
proposed in Dossier 2005 [60]
Metal Release rate  Corrosion rate  Release lifetime
v (um y™) )
Inconel 2x10° ca. 107 5 10?
Stainless steel 4x10* ca. 10 2.5x10°
Zirconium alloy™ 5x10° ca. 10°® 2%10*

180 % of the cladding's activity; labile activity for the remaining 20 %.

5.6 XE (YMP-SAR)

PR 4R O BBt O BAE OB E I X hm A T
HDN, BLERED 1L %O EWREICIEAT v L 280
WEEZEA LTS, Il BIOAT LR,
KREPIAFET DL EREERAITERL S, Tl EOJE
BICBITBHENELS RY, DA D7 vHRIZLDHE
B, AT VL ADISHIEREINE ST/t NS T E 72
7. BREIZOWTHE, BRICE YA U@ bekicas
LER SN D ATREMEN & 5 [27].

TGRS DO VPRI LI AT T IRE O BIZ SOV TIHIRTY
ICEBENTEY, 25~100 °C (2331} 2 IR FE o F2HIfE
[L1& %, RERBICLAEMEEOELEHNET S L
) REMOFH P ED N TND

HTAKE FIZF ¥y =AZ %F %@“%ﬁﬂil@;o , &)
%=y ié#@%&%%r»kbtio@%%iﬁ T &
TR,

June 2016

5.7 #F+4 (Fourth Case Study)

4CS [28iIcRB\W\NT, TvhuA WEE OB EEEL, ¥
Ve A RKEOBALEEOME I LY, KEHEMmT 25
FMHEFTHH-TH 1~5nmy?, HFRKTH 20nmyt & v o3k
FIZBWHETHD.

Shoesmith and Zagidulin [62]1%, Zr OB L EEIE, 7K
kb L <id ZrO, OKFM N B ik 5 RS8O b %8
ERERAEERIETHDNREO 2 FEORBN LD &
LCEBY, NEBOBIDIZOW TR pH MR 50
fife i B A& SCHRIE 2> B Fig. 20 [2R 27T 7 (28 L 7. [
O P RER CHUAS S A7 B A B OGP I 5~20 nm y! T
bb., ZOrI7Ey, BEFEEOREMNS nmy?!, L
FRAEAS 20 nm yH 272 % & LTWB[62]. 7eds, HEiEs o
R LIE TR OFEI DV TEFIR 3 220,
”wﬁm4wﬁﬁ®m%¥ﬁ ITRENTWD HOD,
ACS |28 B LT TIE, DA A WEEICE TN
MRBOEEIZOWT, Fig 2L ITRT &80, MESEDE
HRb7a N & 2B EIZERI L T 5 [48].
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Fig. 20 Dissolution (passive corrosion) rates of anodically
grown oxides on zirconium as a function of pH[62]

6 BEEOAEIZEITEIRFA—2BRE~DRE

6.1 FRMIBREERE

Table 3 |27 U7z PRBHAAEH FE OB EEIZ OV T, iz 2
FEREREfER L LT ry L7 b D% Fig. 22 1277 26
BBYRRE % LT % Dossier 2005 [26] 135 23 < BBk
BT HDRERE 2> TVDHO0, FIRDOERY F v =R
2 DFENM > TRAET HKEN AL > TKOFRHR Y
FRDPIHI SN D BIEBBEEINTNRNZ E D, FEBLSE
RIRBRELEZOND. LEEBN-T, EFETIZ 107 y Uk
ERECREIN S RIEMRT 2 L RENTEIRTH DL Z b
73%. EN2002 [6]& 4CS [28ICDVNTIE, RBHAMRISE I
R R 2 B 2TV D Y, RSFIIC—EEZE & > T
% SR-Site [23]° TURVA- 2012 [241{Z b, ELEREA FL MR
OBRENAREEE R E OISR E SN TV ARE T, RHMIC

IXRIFREE DS, To LAIERSFMZRREE L o TNDH T &N
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Fig.21 Radioactivity of used fuel (220 MWh (kgu)*
burnup) as a function of time after discharge from
reactor [48].
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Fig. 22 Time dependence of cumulative fuel dissolution
calculated from dissolution rates evaluated in
foreign countries listed in Table 3

VOYIRVR

EN2002 [6] TI3AEFOFERECRRBERE TG U T2 BRBHA 7R
FE SN C & BRI 72T T V[45) 2 DTz A A A7
23, I O TR L 2 Td 5 PSA SGT-E2 IZM]if7=/¢
5 A— BB E Tl SR-Site [23] DR E E 107 v A BEEE L T

%[25]. BREIOZERIEIZ BT 5 4 E DR il s o
%ﬁ%%f%,%ﬂ%%ﬁ&uowf@%ﬁmﬁﬁféé
FECICIEERT B EELTE LY, REEE RAALE
BEIZE X2 2SRRI U 55 . Dossier 2005 [46]
R WVREHAIEEE Z R EL CWDHHOM, SFS Fudx
7 N2217x EoEhm &EsE 2 5 &, SR-Site [23], TURVA-
2012 [24]4 &L T PSA SGT-E2 [25]723%E L TV 5 107 yi a8
ERIZIR VDo HDEWVWIHISRNHS.

DREOFIMNSy ORIy AT > 3 » ORFFO O E D
THDHESEASY T AT A TIHIETCEREZEE L TV 52,
WLy R E L TR 69 LB ILOiEES & € OB EM D%
(LITRMERTH S, L=n->T, MbEITEREDEEIZ-

DDV =R — KT - (2) ffHFRENS X O EM o sl
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JFE R

WTHZOEEMNZRLEZFNINWEEZD. £, 1_1%
A5y DIE AT O 72 9D VR BHE SR A 3 B T~ D BRIT

XY =AZBHIY DA B )%’ﬁ%kwxﬁ%nniﬁ&%
maﬁﬂéﬂ%&mﬁ@ﬁbkif S A R T
LHIENMETHD. ZODITIE, ENARGERE % 1
Lk%ﬁ?~&tow1,ﬁﬂ@@ﬁ%ﬁ&ﬁ&,wam
Saen U< ITRBEE 2 E R IRRINICERT S L L biT, b
DEOEFFEIREE AW TR T — 2 O BUSOREER
HORHEFHEZR ENEETH DL EBLABND. EBIL, b
NEDFAMTy DIRFEIY AT 2 3 ORI OO E S TH
DEBLIY Y AT AT, F v =2 Z BRI sor
WCHER T 2K R IRR/K) W O RIEBIRE 23565 E I
BRTEWD ERbroTWAD. BRMICIE, BREHAME
FEZ 107 yHITRRE LTV D [E 2 OFEEF IR (T K2
TR & i L C 2 O 6 A RN Bt B B ok) 107
M F2ETdH B[6, 24, 28, 36, 46] DK LT, HAETIX L7
X102 M [5]& 1HTBAEE L Ae o TS, 24 i THiR~ 7z
LBV, RBIRENEWEEEEENRS L 2D SHEsh
TNWB[BLZ &G, BRBHAIRIE R RIAE TR BRI D
BRI OWTCHEZHNZMERNH D B2 bD.

¥, HAEBRENT, H T AERIC R TEEEN G
WZ EMH, REDUPP 7 v= 2 MBI THRARLATND
RV, REHAMEEICH 705 ORHIEMENEZ SN T
Wb, Lo T, BRENEHHEEE O RHEEME DR E IOV
T, #ANEOFHEESEIC Lo ofE OB EICT H M3
BhHDHEZZBND.

6.2 HEEMOBERIZHS KERHY

RIS DI ETAE O BRI TIE, YMP-SAR [271% Br &
—EDRMEE & 52 T\ 5. SR-Site [23] TlX, AT L
AL DT v A B KR, PRSP O iR

NRESN TS, TURVA-2012 [24]F L T8 Dossier 2005
[26] Tix, AT L RE%EL AN D%%&%Hﬁ@{aﬁ@%ﬁ
NREBIEN TS, EN2002 [6]TIEIC, BENENI L
ﬁm%%@ﬁﬁ%M@E#m@ﬂﬁ_%ﬁménfw
Flo, WFETEIN I GEDOHEFTMLTEBY, M
BICKHT DRGNS NT 2B, il TG
M OBFEHRBE I E N THZR.

DRETIE, TRU BEEML S H A REE3]I2 BT
&I DRV E T AR AT ST D, Z
OEIZVIaATI1,400 y, AT LVAFIBLOA =2
LT 8500y Th Y, IERIEE IR 2 & £ 8.77
X10°yt B LN 118X 10%yt L 725, Z S DOfEIE, Table

6 127 LTS ME OB EER, oo R WsRAE R[64] &
BORESGLTWAZ EE, bREONREAT a0
Wate L COESLS OREFHMEIC b EAMETHD L5
2bhd. ok, DAEICBITHIMATS, WG OWRM

HEICKETREORENRRE SN TND Z L0 b, R
EMEOFMICBWTHREEDORELEZETLHZ ENNLETH
HEERD.
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DOMENCRT 2 By ORI A7 > a » OffETE
LT, AR E BB LT E OREFHE D 12512
ISR ETDOIBEND D ) — AL —LRNTA—=EDIH b,
PREHARREE & 4 BB OISR FE D WABEE I DN,
WICK A [ D o O 2 A FTAf i F ISR STV SRR EE
B IOZE DRI & NS A M DWW TR L, 3
SMEOFEHRE —BETEDLLIBH L. RREICLY, b
2N E O FHFF IR ORI IS U 7o RBHARRIS T 6 & O
M OBEEITLE S IR IZ DWW T, B0 BB 3T
T 5720 ORMEEROELICE O A TE b D L&
ZH5.

#E

AR O—HNE, TRk 26 FRERRFPEEL it TH)E
S EATR A E 2 — (BB B AL Ay H AT B 5% ) T 52
L7ZbDOTHD.
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HOKEBUR: e BB BE 35 O B #AL53 Z B 9
A, ERREZEANACHEREE LS (BEK
1E PR A SEAR A = BIEEE S HILE) (2014).
HAEBOF: %L % — KA. (2014).

HOKEBUR: e BB BE 35 O B AL 2 B9 2
FEARJTEE. VR 27 45 5 H 22 B BERILE. (2015).
=0, B SR, F WA, AR, AURBZ,
FRILBCE: T AFEGAR D DR OB L ZEE) & A
TR 7 ZE K T OV R EERFAT. PNC TN8410 92-161
(1992).

RKEFHEE, TIRFEGL, T4 TR, TG, A E—
BR, B, KW, AFFE, Aame, AHX
N, NGRS, T E L, ARATBE, NSRBI R,
BB, SR, REAGR, HEE, SEHER, 1R
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