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Abstract

Safety analysis models paly the essential role on safety assessments (SA) of waste
disposal sites because they not only provide quantitative simulations of FEPs but also
support technical progresses of disposal works. Task 3 first studies main issues involved
in the near-field SA of tunnel disposal applied in international cases and proposes key
factors required in the near-field SA of tunnel disposal sites. This is expected to link
with studies of Task 1 on site characterizations and Task 2 on engineering barrier
degradations. On the part of far-field SA, we focus on main issues involved in potential
nearshore site and offshore island site. On the nearshore site, possible radionuclide
release into the coastal area and nearshore ocean should be considered by far-field SA.
On the off-shore island site, potential radionuclide release into terrestrial and ocean
should be considered by far-field SA due to location of site is under sea bed. These are
expected to link with studies of Task 4 on dose risks. Climate change and evaluation
will alter hydrological environments of both nearshore and offshore island sites and
affect the flow fields and radionuclide migration. For the case of nearshore site with
high surface elevation gradient, effect of se level variations on radionuclide migration
is insignificant. For the case of offshore island site with flat terrain, effect of se level
variations on radionuclide migration is significant. Options of integrating near-field and
far-field SAs for tunnel disposal were proposed with discussions of advantages and
disadvantages of different approaches. We perform a series of far-field numerical SAs
for a hypothetical nearshore site with considerations of sea level variations. An
analytical solution of near-field radionuclide release with cylindrical coordinates was
developed which is more realistic to the source term characteristics. A hypothetical
nearshore site was further investigated by total analytical approaches for both near-field
and far-field SAs. Proposed options of integrating near-field and far-field SAs for tunnel
disposal cases can be further applied for supporting dose risk analysis by Task 4 to
achieve comprehensive and systematic SA. Technical achievements and suggestions of
SAs developed in this were employed to modify the Review Guidelines on Safety
Assessment of Low-Level Waste Disposal Repository. Our findings and technical
progresses can be used to support the administration on building the capabilities of
independent review and analysis of SAs.
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%32 45 EPAREE TR LA R

Model compartment  Description

Aquatic

Water Radionuclides in open water of sea basins, lakes and streams, including radionuclides dissolved
in water and adsorbed to particular matter.

PMor' Radionuclides stored in organic particulate matter suspended in the water column.

Prim Prod Radionuclides stored in aquatic primary producers, including radionuclides in pelagic, micro-
benthic and macrobenthic pimary producers.

RegolUp Radionuclides in the upper oxic and biolegical active layer of aquatic sediments, including
radionuclides in pore water and adsorbed on sediment particles.

RegolUpyg Radionuclides incorporated into organic particulate matter in the upper aerobic and biological
active layer of aquatic sediments.

RegoPG Radionuclides in post-glacial aguatic sediments (clay gyttja) below the biclogical active layer,
including radionuclides in pore water and adsorbed on sediment particles.

RegoPG,y Radionuclides incorporated into organic particulate matter in post-glacial aquatic sediments
(clay gyttja) below the biological active layer.

RegoGL Radionuclides in glacial clay (typically overlaid by post-glacial deposits), including radionuclides
in pore water and adsorbed on sediment particles.

RegolLow Radionuclides in till (typically overlaid by glacial clay), including radionuclides in pore water and

adsorbed on sediment particles.
Terrestrial (mire)

PrimProd Radionuclides stored in mire vegetation biomass, including both above and below ground
biomass of bryophytes, vascular plants, dwarf shrubs and trees.

RegoUp Radionuclides in the upper oxic and biologically active layer of wetland peat (acrotelm peat),
including radionuclides in pore water and adsorbed on peat.

Regolpyg Radionuclides incorporated into organic matter in the upper aerobic and biclogical active layer
of peat (acrotelm peat).

RegoPeat Radionuclides in deep, permanently anoxic, wetland peat (catotelm peat), including radionu-
clides in pore water and adsorbed on peat.

RegoPeaty, Radionuclides incorporated into organic matter in the deep, permanently anoxic wetland peat
(catotelm peat).

RegoPG Radionuclides in post-glacial sediments (clay gyttja) overlaid by wetland peat, including radionu-
clides in pore water and adsorbed on sediment particles.

RegoPGay Radionuclides incorporated into particulate organic matter in post-glacial sediments (clay gyttja)
overlaid by wetland peat.

RegoGL Radionuclides in glacial clay buried under wetland peat and typically overlaid by post-glacial

deposits. Inventory includes radionuclides in pore water and adsorbed on sediment particles.

Regolow Radionuclides in till, buried under wetland peat and typically overlaid by glacial clay. Inventory
includes radionuclides in pore water and adsorbed on sediment particles.

' Compartment is also referred to as Watery, in the technical model description (Saetre et al. 2013).
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2009)dc B fE et 2 F T H GRS L B FEPFL 51 &5 5P
R BRIFTEEEHS 4% 0 5.2 & 5 HYDROGEOCHEMA4.5s 5% 41 % » 5.3
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¥%Woﬁ&&54%mﬁwﬁ%ﬁi%%i%ET*ﬁ@ﬁﬁ&kﬁ%J’ﬁ
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fRIE T o 3THINA R 4 00 NUMO enf247 f33% 2> ee 2 5 FlH ik & sefziq
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RARA P P FEF A RR O FERTRRESBR YR LTS E 2 A
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Chen, etal. (2012) =73 B 7% $ 6 % F4af247 8558 > H ¥4 250 4o !

d°Ci(xt) ., 0C (xt

Ly Gy _
D =V = - uRC (1) =R

oC,(x,t)
ot

- 4R, (X,t) +14,R Gy (X't)

i=2.N (5-1)
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Ci(xt)7iFfER [ML]:t ZmF [T]: Di#Hicihdk [L27]

DV OSIVHRE [LT] 45 B i PRl [T R B BB

BFFF [-]5 N &R [-]

O FRATHER (5-1) Y T F R A W AT 2 R i w gl o B g
AEPRBER SRR E Rp - BHRARRORE A - BXE DR
IR e FASIE R SRR EE S - BRI A kR S EG-2)N 0 A

~

'

r g R b * Cauchy-type (5-3)tz i A ix i, H ¢ fi(t) qaE = it’?‘“%_?'}i#f#

™ Bateman-type i #ic % 0P 1 I (van Genuchten, 1985) ¥ e PEY g BT AR
%4 'jif%mﬁ éé& ﬁﬂ:‘—ﬂﬁ?\ﬁ/k}i*;’}ig*? (54)

C/(xt=0)=0 i=1..N (5-2)
oC, (x=0t) .
—DT+VCi(x:O,t):Vfi (t) i=1.N (5-3)

where f; ( Zme“, o= Vot thy

/un P - *r 'éﬁ"( [T_l] :l \ [ _1]

oC;(x=L,t)
OX
Chenetal. (2012)4] * Laplace ###% 2238 * A4 » &4 £f2(5-1) 1 (5-4) ez 4] > =

=0 (5-4)

B2 A i 4o R > iz 7407 0

n=i — 0
-2
Ci(xp.tp) = D _bin-e nfo +> @y, xp)[-Ti(w1.tp) + B (w1.tp)] (5-5)
n=1 =1
X Vit VL — Al
I—L‘}T‘t X = — t = — Al Pe: > = >
AT SRR
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n=i — n=i ~ At —a;t
2 e /n D —e itD
iy tp) = 2. bin-e 0 =43 by = )
n=1 n=1 % = An
n=i—-k-1 e_TntD _e_aifjltD
. : by _
Kei—2 i,k h=ksl & Tikelne g
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0luy)=—Y1 ~ p(y) 2 () =L V0, Pe
)=  ply) = caily) =t —
V2, Pe? ) Ri PeRj 4R,
T+1//| ——+Pe+y
> Pe Hig  —_ pb v r s ogw
— +— ~ O; = N A=Y ‘% iﬂs ﬁi \
Biy1) = Per. 4R VAR / ¥
2
Pe .
w| oty —l/;—'e+7:01 “r% I ends e (eigenvalue) o

5.2 HYDROGEOCHEM4.5s 5% 4 &

HYDROGEOCHEMA4.5s 3= HYDROGEOCHEMA4.5 th— R4 it s A » & o
RILY A GBS 3 & F 183 B ¥ % %4855 4 4 @85 - HYDROGEOCHEM 45 3
EMSTRE JUARCE UL R UREN B S $L sl SR RIS L et AU a2
@B HIR NP ST Rk SRR R 2 F SRR Tk
/;f;ﬁ;’\vwﬁ/aﬁﬂﬁ\ﬁm@\%g‘ift%m@w T AR e i ;,:{'rﬁﬁ% Fp s
25 F il ttﬁ%]»% BEAESR R F B 7 UeRE Sy
HEARAREAE S L RN RS R Rl I Y 7&5;%\# ~ R ER
EAE -~ FoRE I“%‘i‘/}afiﬂifﬁﬁ?%ﬂ RN AR EE &Y NI F O LR
LR %& VELER S AR e s TIRE LA RIS F @R R

LCEONON RO

=(Ly(C,)-QC,)+M, -4 (C, +S,)-0(K,.C, +K,,S,)

ew (9 'ZT ?;jc,:(LA(ci)—Qci)m

+0 4 (Ciy +S,4)+ 0K, 1Ciy + K4S, ) - 04 (C + )

w,i-1

WI 1 WI 1 SI 1

—0(K,,,C +K,;4S,)-04(C +S,)-0(K,,C +K.S,) ,ie{2,M*} (5-6)
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where
L,(C,)=-V-VC,+V:(D-VC,))
Vidhe® DEiufgkRE 0573 k8 [2/%]s h3 R4 kg [L]

v 44

LR [T] o 3 2 AT R '] Q& kp kinaih®sn s M L%

i A E R REE [MUT Y] AR ¥ 0 AR R G [T]
Kp5% | $RBBIZFEBES[T] K, 25 0 HFER s 32
#F [UT] S 5% 0 #RAFFER [M/IM] > 27 soa) ji:

S Si=p*’7f<“ci (5-7)

K,z Ageaic: C %i #MER

% & HYDROGEOCHEMA4.5s ek it &7 5.1 & enfi# 47 f# 18 {7 ki vt 0 47
F12 F2 N (5-6)eie - HERTF (L) Frez kB AV R QAP R RRE
F LR~ QnHLEN X3 mJ%— B¥ R iEe BT -G FTais RE

o

=

53 - AR BRI HFE VR

B EGBRZEG - RN RS2 BT HA T 2R 2 PR
ﬂ&’LMW@ﬁié%’PTéﬂa%mkéﬂ PEA R 4oB] 5-1 0 4443
’?@%}ﬁy SR R RN R R R PAT R T BT ER%RE -

$- BHEEEOAe BE L R 238Pu — 234U — 230Th — 226Ra
Z PR T %ﬁﬁxﬁr% 5-1 477 » 3730 BB f3an B S S AR g v &
(4c®) 5-2 2 B 55) %= BHHI 6|5 ¢ 7 10 B B3R 4% % % (Chen et al.,
2012)2_ vt > & # 5&3/:%1\ 5-2 757 > Beld fR 2 fRIT A2 BB S kL A &
4c ) 5-6 ~ 5-7 #7577 o
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# 5-1 2§ ¥4 5 ¥ (Higashi, 1980)

4{. tﬁ_ 238Pu 234U 230Th 226Ra
==l
HFk pF " 1 1
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EE [m] 5 5 5
FLHn R
100 100 100
[m/year]
o AR
e 4000 4000 4000
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B&F TS
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R F R 4 . 3 3 3
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[1/year]
* % ik
7.9x10°° 2.8x10°° 8.7x10° 43x10™*
[1/year]

% 52 £ % % 10 4 f4arit * %% %% (Chen,etal., 2012)

34 10 # 16 34
FEE PR [year] 20

£ A& [m] 250
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it §¢ e [m? lyear] 50
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—D%Jrvq =VE(t),i=1.N

o _
oy

0,i=1..N

B 5-1 - ‘3’&@%?11“%,{5 -3
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(8) - E & ARk senfrd] > f250 8 Kz
YR AR RERT 0 P B 250 (5-8)

[e+(1-¢)K, p]% = De aaxf ~[e+(1-¢)Kp]AC (5-8)

HY s e E¥FrRzitHEF (1) KdEAspetilic M3Kkg) s p T8 % 2 %
R (kg/m3) ; C 2 7% 2 ik & (kg/m3) 5 t £p¥ 7 (year) ; De 2% (7% 2
$¢ e de(kg/m2) 5 x EEEdE (M) 5 A 2% % F #ic(Uyear).

et(1-eKd) p 24 BBk B 3 st A3k 4 o Gk R eh& T o
Bk e EARLE o I B R ER G il

C(x=K,t)=Cy (5-9)

C(x=Lt)=C, (5-10)

oo K EAEEY < T8 s P Rl R4 (M) L EARE Y < 1% s
hipl2 EdE (M) Ck &p 2 kA& (Bg/m®) 5 CLA iz k& (Bg/m?),
#-31(5-8) “f [5+(1—5) de] :
oc De oC
ot [e+(1-2)K,p] X
De o°C

= B >
1{1+ (1-¢) de} OX
€

_ Db, &C
eR, ox°

AC

AC (5-11)

(5-12)

£ C=exp(fx)* »5%(5-13) :
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D, f?exp( fx)—Aexp(fx)=0
=D, f?’-1=0

#eif R 05 5 (5-9)fr 1 (5-10) 1% » 5% (5-15) :

C(K,t)= Ae 1 Be ™ =C,

C(Lt)=Ae" +Be ™ =C,

X (5-15)r ;8 (5-16)m = fofiz » B hEc Ao B

Cc C 1 1
A_e’ﬁL glaK “h, "h

e gt b h
el B oAk h, h
B— eﬁKeﬁL CLeﬁK _CKeﬁL _ Cth CKhz
el el h_h
glal gk h, h

He o, rH:eJa'K , hz=(;/f=7L , pl:ﬂ__z

#7% (5-17) o 3t (5-18) & w 3¢ (5-12) :

C(x)=£{[CK 1 ¢ %Jef —hh, (CK %—CL

R h,
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1

2

]

(5-13)

(5-14)

(5-15)

(5-16)

(5-17)

(5-18)

(5-19)



(b) = AL A & Seehiyd] =
-3¢ (5-13) 17 {4k #f  BEI

D 13( @J—zcw

ror\_ or

DE Rﬁ—zc 0
or? r or
2

0C L2 Ao

g N ‘}\}‘{4;

(5-20)

(5-21)

(5-22)

+34% Modified Bessel Function of the First Kind :

xzy"+xy'—(x2 +v2)y:0

B jgenay s

y(x)= Al (x)+BK,

Flet 18 534 (5-20) 2 2 &

C(r)= Aly(v/ar)+BK, (+ar)

(5-23)

e B 2 0 (5-21) e 3 (5-22) & ~ 3 (5-23) :

C(K)=Al,(VaK)+BK,(JaK )=C,
C(L)=Aly(v/aL)+BK,(VaL)=C,

(5-24)

(5-25)

X (5-24)fr 3t (5-25) = Fj2 0 B B AfrB:

CK, (VaL)-C K, (VaK)

) 1, (VaK ) K, (VaL ) -1, (VaL ) K, (VaK )

(5-26)
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Clo (VaK)-Cy14(alL )

B::%(JEK)mAqEL)—%(JZLy%(JEK) 527
29 =1,(VaK) = 1,(VaL) - ng=Ky(VaK) > n, =K, (<aL)
#3% (5-26)fr 3¢ (5-27) % w 3¢ (5-23) :
C(r) = Al, (Var)+BK, (Var)
(5-28)

_ Cn, —Ciny | (\/ar)+CKn4_CLn3 K (\/al’)
n,n, —nn, ° n,n,—n,n,  °

(2) ZHfzi72

B PiRAT IR Y I LR A PN R Y g R el i =
+ fﬁ@ﬂi%ﬁsf;“ P 75#3‘;??“ A2 3Y B fR4T R ] H gy if o

F B E R (LXWxH) ez M3 ok %5 B BB E kLIS X i g
(uniform flow) # i % i (steady state) - 1 & fé;ﬁis?lﬁ&ﬁﬂ%é 3= #% o (advection) ~ %
z£ 7 (longitudinal dispersion) ~ ] & 2t 7 (transverse dispersion) ~ — F¢ % 7 * J&(first-
order decay reaction) £2 & {# - =% *t(linear adsorption) & - P = &, & & % $4a17 48
f;*;ﬁi?]‘% A

2 2 2
0°Ci(X,Y,2,t) N 0°C1(X,Y,2,t) D 0°Ci(X,Y,2,t) _Vacl(x, Yy, Z,t)

D

Dy

2 y 2 z > 5
OX oy oz X (529
oCi(X,y,z,t
~HR(Cy(1,y,1) = Ry SN2
26 2. 2~ _

D, 0°C; (X,Zy,z,t) N Dya Ci (X,Zy,z,t) +D, 0°C; (x,2y,z,t) _,Cilxy.z.b)

Ox oy oz ox

oCi (x,Y,z,t

—KiRiCi (X, ¥,t) + ki 1R _1Ci_1 (X, y,t) = R; %
i=2..N. (5-30)

p R CINZO g gk R ML) R4 5 | Brmls A
[dimensionless]; Dy wo%_w (kv * » ) 4 47 % #k (longitudinal dispersion

- D . . NP ,,
coefficient)[L2T-1] 5 Y &= D; S9eY 2 %222 %2 ) af g5 % B (transverse
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dispersion coefficient) [L2T-1] ; V 3 3t F4. -k i :# A& (pore water velocity) ; ki FSE N

P #E2_ - FE % % #c(first-order rate constant) [T-1] ; Ri w0 BfA BEF R
v LB

(retardation coefficient) [dimensionless] ; X ~ Y ~z 4 % @ aE[L] : 4 BERF[T]

N 24 -

7(5-29) ~ (5-30)/F tif F e hp i B AE 1 R fR 0 AvdniEE
Ci(xy,z,t=0=0 i=1..N (5-31)

@R E

F g T iy 0 B AR R o B RS W g K s R E
i (Dirichlet £2 Cauchy) > ® ## # if i+ ¥ 5gpF F iz £ % 1 > Cauchy if i ¢ /% &L &
= & » Dirichlet i% i p| & » Cauchy i 2 v £ 3

(X = v (t <y<y,,1<2<12
_DLaC,(x a)(()’y’z’t)+vCi(x=0,y,z,t)={ |(0) Y1<Y<Y9,71 2

otherwise (5-32)
i=1..N

pa SO L rmamr st R e NSYSV2U5252, 5.
SR 8 RN
oCi(x=L,y,z,t) _
OX

0 i=1.N (5-33)

- S
Yz @R inFaR:F 45

oCi(x,y=0,z,t)

0 i=1.N (5-34)
oy
Cilxy=W.1) _, i=1.N (5-35)
oy
oCi(x,y,2=0,t) -
-0 i=1. -
~ i=1..N (5-36)
oCi(x,y,z=H,1) -
-0 i=1. -
= i=1.N (5-37)

pEWN Y s e iR RH RIS e A
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i 7% Chen et al. (2012a; 2012b; 2015)F if * % %4aix &+ ¥ 0] F 8 g £ 7 ¢

2 AR s T
ci(x,Y,z,T)=Ui(x,m=0,z,T)+2m§oui(x,m,z,T)cos(m7rY) (5-384a)
m=1
Ui(X,m,Z,s)=Vi(X,m,n=0,s)+2n§ovi(x,m,n,s)cos(n;rZ) (5-38b)
n=1
Vi(X,m,n,T) = f;(T)®y (m)D,(n)
&x 0 (5'380)
+e 2 Y N(GKEG X)pi(&,mnT)+qi(§ mnT)o, (md,(M)6(4)
1=1
(5-38d)

.
pi(&,mn.T) = fi(T)-gie " [ fi(cp%"dz
0

—aI_J TT al*J T
3 Ie 8 fi_jl_l(l')df

h=i-2 j2=h1 Ja=hitl ]
G&.mnT)= 3 Ay I oij, Jo (5-38e)
j1=0 2= j3=0 II (aJ _ai_j
ja=i-kLjg#i-jg ’
x=X y_Y ,_2 Yl:ﬁ Yz:ﬁ leﬂ 2222_2 TV
g Lo WL HOT WA WL TR TR L
vL vL vL
_vL e VL _vL L L kiRiL
Pey D, . y Dy . Pe; D, . PY:W . ,Oz=ﬁ . K= IVI
2m2 2 2.2 2 2
. mer 2
ai(§|1m7n)=ﬁ+py L2 P, ﬂi(§|)=ﬂ+—§'
Ri Pey Ri Pez Ri 4Ri Pe|_ Ri 4Ri PeL Ri
Pe 2
| OF) = — oL N(&) =
Aig Pe,® .2 Pe,’ 2
Oi =" +4& X+ Pey +&
Ri . 4 .
Dy (M) =1 sin(maY, )—sin(mzY; ) m-123..
mz
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ZZ_Zl n:0
(I)Z(n)= sin(nﬂzz)—Sin(nﬂzl) n=12.3
nzx B

})izH & i’@ﬁ‘év”!@@?ﬁﬁﬁ W
ﬁii*‘f—k\’i‘éii*ﬁ@ﬁﬁtﬁ@ﬁ%‘ NErod THErEERTRFRSLT g

Birgaakad £ o ket g tumas () pa e
RACTH WP i g 48 5 S5 P € 5 @ 41347 B 5" o
B R RAcR 528 i 0 L d B R R T i B s 2RH > g R R

7ZF
f(t)="21
ﬁﬁé”ﬁ’mwwaﬁwww@éVmFM:’&%?@ Vo

f(t)— v ]L gt (5-38a) % (5-38e) 2 {247 {27 2+ FAER S 2 ;}é}iC(x,y,z,t)o
PURUE R R e AT SRS fRiTH R R A T A - R B
ﬁ%gwpﬁuﬁ—+ﬁﬁﬁ@%’m3%m 3 E i%%?iﬁﬁmé%o*
i T w"’riiﬁf%’*f«ﬁ - 3 ﬁ;fé ERA %*;férm m@ﬁ%ﬁi;{\ 18 R
5 2 ﬂf#-‘-;: JEF g i i E E‘}%

}5—,‘]

i
jﬁ

55.1 &3+ F #°3% £ Numo #3582 1t i

D R L g N = PR o S - T@ﬁ%%ﬁ;‘ 2 Numo #hE & & - &
@%ﬁs—“’ oo WL F Numo ehE b - 13@]1‘3-'\ °

P@SNﬂ(ﬁgaSQ’”@ﬁ%#ﬁ%%’aﬁﬁﬂ&ﬂwi”ﬁﬁﬁﬂ

Foitm By f2E & Ao AR B g B X ] 2 Bt o A o AT
RORAPE FPAPESHRRVREEHET - § L ERAP 2 F2 T
égwumzm@@wemy- 20 f AR R D F 2Rl B R

%7 (%] 5-30a, 5-30c, 5-30d ) » #% i ¥ 21t g1 38 (5-12) e3¢ (5-20) » = 34 ¢ e g
mfﬁ F e e S R S FEMCA IR o v R PR TR R KBRS AR 2 B
FHIT§ 7V RA PP T 0§ A ERA P T ULk D S A R
ARMEC) o F JERCIFE - PBY RS AT DEE LB RS -

- W RE FRA BB ENL DG M FIRF R o L RS
o R L R Redb i BLRERCL S BRI R LSRR
sehpefE o H AR MRER S o

b
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# 5-3 ¥ ibr® p 2 $dc

Parameter Values
Inner concentration 10

Ck (Bg/md)

Outer concentration 0.01

CL (Bg/m®)

Distance from inner boundary 1

K (m)

Distance from outer boundary 10

L (m)

Porosity 0.5

E()

Density 1800

p (kg/m?)

Distribution coefficient 1.0x1073
Kd (m3/Kkg)

Diffusion coefficient 1.87x107?
De (m?/year)

Decay constant of Pu-238 7.92x107
A (1lyear)

Decay constant of U-234 8.8

A (1lyear)

Decay constant of Th-230 9.15x10°®
A (1lyear)

Decay constant of Ra-226 4.26x1073
A (1lyear)
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(a) Pu-238
il 2 4 b & L
10 1 | 1 | 1 1 1 | 1 I
Carisuan Coordnate
— — el Coira
g =t - &
5 - =
t
g i =
1]
4 = =
0 T 1 n
0 8 I
X |m]
(C) Th-230
0 4 f 3 1
16 i L I L I 1 I i 1]
— it it
— —  Cylndnical Coondinats
\
§ = \ ="
4 1 =
i = \ ik
-
E | \ i
2
o N
4 —4
N
g u, o
\\- 3
— u\ [ =
T
- ““‘ r
S
] T . T T T T 0
i 4 f % 1

B15-30 7 I 4~ 46 L H]

| Bg/m3)]

1] 4 [ H 10
10 L | L | L | L It
Carean Coordrate
— = Gyl Comirate
L -
= = i
4 = — 4
0 T T T T T T T L
1] 4 [ H 10
x |m|
Ra-226

WRH et fd 0 B E b B IR R R4 o R4 3 1-10m 2k B i
B HY 28 ¥HKL (@ L=7.92x10° 1/year (b) 1 =8.8 1/year (c) A =9.15x
10-6 1/year (d) 1 =4.26x103 1/year -

54



552 % &i1H 8 ﬁﬂ—mﬁﬁjﬁ:;\ 23 ¥
BoR B R B2 180 HEY PR g REFEF T oA H(ARI53L) YRR
B ToRov & 0.511mlyear > 3K e uf 47R (dispersivity) 5 a) _% v @ e B
B e AT RS B AT B 2 20— o Y s L=1,200m > W =600m
H =600m > & if ft ke | 5 20x25m” > f o 3+ 5 ﬂ:mré’ B4 5 B RRITL R
Fendg F i 2o 230 y=300m,z=300m f® ip Fokont wBBRERR M Himh
Ho3% L) 5-32 0 12 4+ 48 2°Ra 5 b o HCHEPE R t =100000year ¢ 7 1k B EEEEE A
H(ELH 5-33) > =3t y=300m, z=300m | + BLP| X Atk kR T BRI > R
TOURERFRR A G A R R R S 0 & x=400m sk A 2.73x10°
Bq/m e FRRAR SR T @At Tl L K S @
YR 5] x =1200m A - kB & 5 5.55%10°Bg/m? -

Surface

Flow direction

v

~
>

v
v

Solid rock

~
.

X

W 581 PAc S Tl a5 AR E R T ok )
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600 m

&\
600rn

B 5-32 AR EEFRE » FF2 7 3B

226Ra
0 400 800 1200
106 1 | 1 | | 106
8x10° — — 8x10°
§6x105 — — 6x10°
=
g | N
§
8
§ 5 5
S 4x10° — — 4x10
Q
2x10° — — 2x10°
0 1 | 1 | | 0
0 400 800 1200
x [m]

W] 5-33 %°Ra z_ fE4Ek & & S F) > >ty =300m, z =300m 21 &
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