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The final disposal of lowevel radioactive wastes will be using
concrete barriers. Due to the long service time, it is likely to encounter
adverse envinoments and thus the service life of the concrete barrier
needs be explored.

In this study, two concrete mixes possibly used for fabricating
highly integrated containers, namely mixes C and M, will be tested by
ASTM C1556 standard procedures to determiheirt diffusion
coefficient under the attack of chloride irons. The profile of chloride
concentration at various depths will be determined for concrete
specimens at 28, 90, and 183 days of age after immersing in NaCl
solution for oV e rsecB8nd law eay be. used toe n , F
obtain chloride diffusion coefficient and surface chloride content
using norlinear regression technique. And the experimental data will
be used to estimate the change in diffusion coefficient with time for
the two concrete mixes.

Finally, a computation scheme will be developed to calculate the
time required for chloride irons to penetrate 35 mm (approximately
onehalf of the thickness of containers) of the concrete barrier and
reaching a concentration level of 0.05% by weightanfcrete. The
calculated results can be compared and verified with those derived
from Program Life365 to validate the effectiveness of the program.
By using the computation scheme, the service life, in terms of

resistance to chloride attack, of the twamo@te mixes can be found.
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"3z (%) | 0.00~15.00 | 4.11 | 16.14| 4.60 | 16.18
"H | Nébxd -uZz | <YK
nm NMA N4 £ N)YHpvn™ sp
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qT L

n Life-365w1 | XA I JuW £
AY €E®N | <71 Cmax Chwy €1V,
T Y t®23t | C @ | D WL
W I €1 €1 A~ Yix +t )
p A D Y B E®Y I =1 A £t 17
3 307}
® 237 | N I D u €ni I = @
Build-up rate . 0 Time to max
(%lyear) Maximum (%) (year)
Marine tidal zone instantaneous 0.8 1
Marine spray zone 0.10 1.0 10
Within 800 m of the oceat 0.04 0.6 15
Within 1.5 km of the oceal 0.02 0.6 30

~ N Life-365A A MY BZMFloridaA, bd
N sAy O, bd Q. ® 24Hy Y© % 800e
€BA QY B €1+ t 15TYWtH @Y |
- B €71As 5 11

® 24y ® Florida, bd ( 8 )

X

1 2 4 7
N 3 > 6 8 o 10 11t  12%

b b b b b b b b b d

y @ 195 20.0 21.8 241 26.2 27.8 289 28.7 275 257 233 205|245

'\gi?('jzf 19.6 20.3 22.1 240 259 27.4 281 28.2 27.7 257 231 20.6 | 24.4
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NG - ) Bz & N

1

( £ 0.05% wt.conclt +viuTIYviTYFQ

3 ° YA vi o Life365¢ N

T Y (Service Life) 2.9

End of service life

Damage

resistivity

Cl, CO, penetration

O, diffusion,

Initiation period, 7; Propagation period, Z e
- i >
290 TY WO o t+ > t)
rPyo TY K N
1k <
Ann etal. (2009), Song et al.(2008) I
1M1 Y | AdYH 1’ A
BX Y RA =11 210y 21% t0 Y
| £1 "HYAa A =134 Y-~ /b
1Y, 1Y B |l =49 LY JAvad A
19 3 Jy@Y TRON | -
11
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-+———— Surface chloride
9~ -‘-_‘ in modelling

Surface chloride

measured

Chloride content (%, cement) 1

N L L
} t t

o 5 10 15 20

Depth {mm)

2.10 K £MN <4Ywn (Annetal 2009

s
-—
Surface chloride fitted for model

4T T Duration: 400 days
E - Concentration of C1: 4M NaCl
5
3
= F
k=
=1
=
51
= 2
E }
= PR VTELL Y
[&] - - -

1

Lo}

Depth (mm)

2.11 K £ =1k (Song et al.2008)

K GO
V. AASHTO T259'H N YZ I =1

g 3 J¢V" UNYW HXCAE &Y |
(Co)uy .. (D)1Y .. t .. (Dapp ,
apparent diffusion coefficient) t 2.12M
(ttotal , total timeY Z + £ ( 1+ "H )|

tfJc o n e Yo @ b
X1 1 (te, effective timeY 4 X [ 1+ (teff)T M

t e b
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Effective time Total time
S %
“ ---Hﬁ"i A in
Chioride Exposure Perlod
Curing Period
0 10 20 30 40 50 60
Time (Days)
2.12 o (Nokken et al.,2006)
Stanish et al.(2003)Y (Dapp)1 U B¢
l:lJ 1 ’ l:) 1 Y L - II (Dapp)
offc ¢ N Y N(2.6) ZM Dy
terll Mt Y~E 1 GO n QK&dytn
(2.7, K2 nn(2.7) n (2.8A YE Xi1 A
COh Yt n(29)
"2 D (Pt
D=t (2.6)
app fttf dt
D._t™ ﬂ 01
refref (1-m) (1, 1,) s
Dapp = 111(:—2) (27)
Dreftrr'nefi m=1
_ teg (T
Dapp_Dref(teff) (28)
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1-m)(t,-t
[ 1/ m+0,1
Leff= 9 taty B (2.9)
ta I’I]—l
In(2)
Drebe 81 trefl_I e
mdor |
ty t Oy b
teﬁmx |, 1

n Life-365 P& T K1Y 1T+ 360w

Y

uw 30wt €M+ E Y28w/ W 141 E (30
1A . T D .1 1 m ed: E A
1Y Life-365M”~ . Y/ 25Tt
EMoWiAYyud>Ar YbP 4 257L, RoydVYa
ngB Y .. 1NgB Y't D@25T)A
1)

D(t)=Dyee(Z)™
(2.10)

Drefd 8 1 tref [l e

D(t)db (+ tn v

maos o
33 .1 KGO

Nokken et al.(2006) M ( 28y +
Ho 1)

A
_<

1
<
H e
[T
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Z ﬁ Y g ﬁ I_I ( 1 N I Y mtotaDY

N 1" 90 (2.10LE p, M X1 Y
X - = A Y
BC+ Il my 11 W T mq 1"H
R ¢ Xin | Yq T YE A
ny"™ 1E '3 den A |
- A 17T LAY~ | mVY £ X1 1
I (Mer)y T AX | U X1 1 !
1 I mt 1 F~1aA Y
t vinTY Koo Y VAA Bt m2sy

i+ .1l m _,H FA6wW DNA~ uz /N -~

n° QT WA | 94— Y FN'oz 0
6W DN 1+ | A YWy F 6W D
N + 1A Y C® 25

Mangat et al.(1994) E ‘O 0V Cc

Y B wt 058>t 6W DNAaA' HRaY

P 2TA Y @ l z Y ZXi1 1Y
Ko p EW6W DNAa' HaKw 1Y
3 .. t1A i

Stanish et al.(2003) W wk+t 0.50¢ "HO

| B Y P 90wy 180wy 1Ty 47 Y
l 2z Yu ZXi1 1Y F z A
NaYr 1 €]
Nokken et al.(2006), HA Wt 0.30Y "H 1.0
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mol/lLA o B MY "H t 28wy 90wy 140
wy 1Ty 37TY z AGBGW DN&a' YXXK
1,117 ®25A Q yYa'  H Few

DNKXI™ F1 _ 1 m1VYyv .. TYTA
FY z ABGW DNYX F Ar I m
1)
®» 2543 | 94— E. 1 K
W B A 1.1 m
OPC 0.53
2594 3 a° 1.34
Mangat et al.(1994 T
J (1994 50% v & 1.23
15% J & 1.13
OPC 0.32
Stanish et al.(2003] 25%4 3 f 0.66
5694 3 F 0.79
4% J &' 0.88
4% J 4"’
. 0.96
Nokken et al.(2006] 25% Y a
8% J A&
N 1.19
25% Y a
4.0 | K GO
Chalee et al. (200 F 6W DN E'O U
Y PXTA | Y @ ® |
1 A oY BnRIIAD I en,1my

o« R WH z AGW DN&' Y X
VO a | d—- 2]
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Cg =aln(t) +y (2.11)

ZMYZy ©OdbDN

X V. t Life-365
(2015)Y xd Ayl 1Ay CAt CJHAY P

viaTIYMN <1Y9 Y WK 1 (Standard Error of
Estimat¥ m L SEEp GO  Life-365 QM 1 (
SWW ¢t Life-365 QMNd. Y GCHAtL
N (2.12)Y SEE @V 1 1 d. |
Anp | d- E <4191 b Yo
ER wn . t 0.25-050Y W WOV Y K Wk 04
> W4Q A - B55mMmM-63mMNY % D&Y Y
A 0 55 mm > D5% @ Ju AY’

H
4 Mu Life-365 Qwm | W W40D55t WY O ® 2.6K

W " ZMWwIJ 1AL . Life-365 n CGA]
¥Y(¥Y—rn?2
Goer = | - (2.12)
ZMYYd 1
Yab 1
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J 1AL G Ow3 30wWw)A & | <1

(0%)L L. 1Y 9 3 3¢V q LR E (30
w3 60w )A Y | < F1u .. 1Y 9 s
YV W Y '3 LG+ Mo | -
Flu o AYT 9 3 3V LY THY | =0
o F wYwn FA =49 3IvrnIYY
€11  LY&M- RN | <Al 1y
1Y 9 3 3¢V Yn v /Y €11 Y
€11 3IvaTYIA | < FLY®WA FI15
Y B A <49 LW1A KR koA 4 < 55mm
MQA (W40D55) P <1 Y Q 21O MXKHS
"H A1 17A t Life-365 Q71 d, |
® 2.6 =19 CHAW
COA | SEE (%) Y
d A | 0.0469 | 10-60 mm'Y 0 Life-365 Q
I 1A | 0.0138| & ' Q Life-365 'Q
C’A | 0.0690 | 5-60 mmY 0 Life-365 Q

Life-3654% %

o
0

o EfEixk

o
o

o
'S

Chloride content (%)

SEE=0.0138%

o
o

o

o} 20 40 60 80 100
Depth {mm)

213  W40D554 1A N Qmw
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Xy F | n

F | (ACMT)YL - € 3 A > N
ASTM C1202A ¢ | (RCPTYHBO ~ 2| ° #
B ) F | O E yM Y WL
(NaOHY , + T | <« o) F | (ACMT)
u | (RCPON" N Ly i 60 VBB
3 24VY Z b 250ml 3 4500miY 1 i L
Y M PI "V <pcCoy I

- B HEHY 4 o E £ 3cmMg+ 5
cmY , 2.14

>N | N K .. XK M
DDN i efn L] Y (2012)ACMT QY Y
Q Na' Hay e N z FrMaYoyzZy
n Toa Mz Q@ NYvi ACMT K i €
i O RCPT | av (2002 p OF |
K 'Y N Wi DN | PLu®n v
in Y Nin € YN o)
T Y DOf¢ I | Yang (2004 n £ I
3 E B W Fo Y. A
F =§:! NB 3 “Yuonm E M
Y F M y Zz 1Y Y Q@ NXK
B Ea" v M T
215t 1 F F | y L ¢ et

Y uf 'Y 1 -9 EB 1YZ
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| PL L WiY-dn a...M H I Y =
Y9 en ]y ot Y EffCcuf
Yv B 3 W WU ‘AR ¢ O z/
I YvZ | O B = g YV o N
| YK K I ED N r] | t 9
t Yv : | q u’
oY T 3 Y > B I
=dCY"1y Y t W
nj
Recorder
(60V DC)
# 20 mesh bras scre\en #j 20 mesh bras screen
Cathode Anode
3.0 % NaCl 0.3 N NaOH
Concrete sample
(G200 mmi 50 mm)
2.14F | y @av 2002)
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4500 ml
0.3 M NaOH

OH"

Na

(Diffusion process)

4500 ml
3 % NaCl

cr

Na*

(24V)

(24V)

(+)
| 4500 mi
g 0.3 M NaOH
g Na—
(Migration process)

4500 mi
3 % NaCl f

RN
T
2

o g
Na'—»

(b)

( (24V)

1 4500 ml
# 0.3M NaOH

(Diffusion+Migration process)

4500 ml |
3% NaCl

<« CI

(c)
2154 f  F ¥
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= N} ¢ ~pYZ3yf A AT A

2025% tMbBYD Uudy¥ T A 5060% ~ CT

B Ud?}x T A 7585 %Y | 1 = 1

TYS ~p EA| nYVzZwin  ANT YKut
twt
1 Al

ARl 6 & 3 | (capillary shrinkagey) W

’ E UdA® Yo~ WAA, t E®oY %

3 MAmuMY, n Hg* ., A o

LYV AAMKH A3 N As 2 ( negative

capillary pressure¥)~ F E®OYA 2Y ~»

E®MA | Y | Vv E®
n |
2:5 |
E 1° -f A RHRtY o Wi A
PY Eos B ARMGYv E WNis
> | Y ts o LT Z NAA, Y
> | Knt ks | (DehydrationShrinkaggy o |
(Carbonation Shrinkage y o | ( Conversion
ShrinkageYWeot | d 0o | |
C ~pY E. £t R K Y'™HW, + o Wi

v & 3 "H MA 3 2YKO|® va B
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HoA | Y W= P1 Y Y
Af R B pvy ATd Yy
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AvnHy n ARGt 6 | £RAYOy mde @

n A 7 LA Raucn - Yu 2B
b A A% 93 zn |
CPAR
NMat 2 A QY 0V6W DNAGC

L AUNnMHYnANMIL F MIYZo~™ 0QdG
(SiOx Al.O3 FeOs)t 91.07.Y . CNS3036 A b
1T70% EL ZW tvy 2e @AYy Mm2 | W

a4 ufwhz | YDN- &l

t) ¥y

Vi ) "H NA ;¥YX 06w
DNAC JAYAMH/nA Yt YYOM e
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x) 3

~ ~

It z X" Q7 M'H A
;L1007 3K md BRo MO QMA 0 Nnew

4y ~ndz QY N*YA |, 207 3
mROL YK 3:0 N nMag Y F
EA A |

® 3.1 DNAo 2w

o- DN
o Ju (% — - -

I £°A FRQ Mg y BN
SIO 19.98 54.09 33.34 94.61
Al-Q 4.74 28.94 14.36 -
FeQ 3.00 8.04 0.59 0.54
CaO 63.70 3.28 41.35 0.01
MgO 3.58 1.46 6.18 0.29
SO 2.29 0.17 0.99 0.12
NaO 0.28 0.57 0.23 0.14
KO 0.51 1.54 0.20 0.11
GS 59.00 - - -
GS 12.00 - - -
GA 7.50 - - -
CAF 9.10 - - -
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6 3.3 E wC M( 8 dkg/mnm
A | £ L R water(ssd)
W/B%a ¥ y T N N (z ) N7
C 0.24325.2 133 81.3 26 747.2 936.1 117 1357 23.7
M 0.26603.4 - 200.8155.2 - 1094.3 253.0 10.9
n 0 + N~ A 0.7%~09% Ly -
"H Mt ®nM water+water(ssd) -
(3 )G WA
A¥no~™ .. @ OAR Q F
E K N Ry~ T MM | 4-YZ | 9 -
A 3 X-€EA AY, 1 K vao™H o0
A QA Az 1) mWC 2 I DN W
MY Kk N WS G Y T &HyY
Z3 L
& 3.4 FRa WA
|l ERI® NI %A Y %SC ™ 3 %SERR  w
CSF4.6 57.5 23.5 14.4 4.6 0.24
MSF16.] 629 0.0 20.9 16.2 0.26
OM, A (V2
Pb' &G F (%) SFb" ®" 31 F (%)
FAD' ®&MJ3 F (%) CSF4.6b& 33 E wCN NJ
SGh' @ Y F (%) MSF16.2b® 33 E w MM NJ
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