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ABSTRACT

A Sensitivity Study of Post—Closure Safety Assessment
by Considering Uncertainty Input Data

Jung Kang 11
Advisor : Prof. Song Jong Soon, Ph.D.
Department of Nuclear Engineering

Graduate School of Chosun University

Spent fuels that arise from both PWR and CANDU reactors will be directly
disposed a deep depth in a suitable host rock as a basic policy. In performance
assessment of spent fuel, it is anticipated that the nuclide from which no
retardation caused by sorption and solubility limit can be expected dominant dose.
Therefore it is important not only to select a site of slow-moving in ground-water,
but also to construct a robust engineered barrier under such nuclide characteristics,
taking into account a safety margin of the system

In this study, the sensitivity analysis method developed by KAERI was applied to
a Korean geological disposal concept. Such a study will offers insight into
Post-closure disposal safety assessment program and decide a dominant input
parameter and will conduct a sensitivity analysis of dominant input parameter.

Using the Goldsim is a highly graphical, object-oriented program for carrying out
dynamic, probabilistic simulation. In order to quantify a nuclide release and
transport through the possible pathway in the near- and far-field of a repository

system as well as the dose rate with various exposure pathways in the biosphere

_Vi_



system, robust program capable of an assessment of various possible release
scenario are needed.

Through chosen 5 dominant, independent input parameters(Canister failure time,
Early time failure, Waste dissolution rate, Instant release fraction), carried out
nominal sensitivity analysis.

Based on result from sensitivity analysis, ranking of 5 input parameters, ranked
parameters preferentially will consider to evaluate safety assessment.

A program developed by utilizing Goldsim, by which nuclide transport in the
near- and far-field of a repository as well as farther transport through a biosphere
under various natural and manmade disruptive event could be modeled and
assessed has been developed and demonstrated.

Through current study, arbitrarily chosen dominant, independent parameters are
evaluate of sensitivity analysis and it was important to improve an safety and
uncertainly of the near— and far-field.

It also seems useful and suitable enough for further in depth feedback to refine a
repository design and helpful to improve an appropriate safety assessment even

through there still might be many more thing to be developed with proper input

data
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= mass of nuclide s in cell i [M]

denotes for parent of s

s P
AA = decay constant for sand parent nuclide, respectively [T ']
NP = number of direct parents for s
f; = fraction of parent which decays into s
§pos = stoichiometric ratio of moles of s produced per mole of parent
decayed
WS p . .
w = molecular weight of s and parent, respectively [M/mol]
N, = number of mass flux links from to cell i
¢S = influx ratio of s into i through advective and diffusive mass flux
I—i link 1 [M/T]
Sis = rate of direct input of s to i from source [M/T]
o] Hrth
- Definition (pipe dimension, medium,
input, source, matrix diffusion, suspended, and ete.)
- .ﬂ.|wﬂ~f: needs Reference fluid
INFIOWS e P "_ mdp Qutflows (advective fluxes)
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fluid medium Matrix diffusion & retardation
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¢S = flux of s leaving the pipe pathway [M/T]
css = concentration of the suspended solid in the mobile zine [M/L?]

\»
Il

volumetric flow rate in the pathway [L?/T]

sorption coefficient between the suspended solid and the fluid for s

K
YL/ M

Ds = effective diffusivity of s in the mobile zone [L?*/T]

(O, = dispersivity of the pathway [L]

[ = length of the pathway [L]

X = distance into the pathway [L]

cs = dissolved concentration of s in mobile zone of pathway [M/L?]
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A = diffusice area of the matrix zone per unit length of mobile zone [L]

9 = porosity for s
R R’ _ . . . .
g = retardation factor for s and parent in the mobile zone, respectively
P = perimeter of the pathway [L]
f;m = perimeter fraction occupied by matrix diffusion zone [L]
Dlin = diffusivity of matrix diffusion zone for s [L?%/T]

NMD = number of matrix diffusion zone

C = concentration of s in the rock matrix diffusion zone im
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effective diffusivity of s in the matrix zone[L?/T]

>
|

= porosity of the matrix zone

s p
R’m Rim = retardation factor in the matrix zone for s and parent, respenctively

s
Il

diffusive area of the matrix zone per unit length of mobile zone [L]
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@ Based on conceptual model for nuclide transport process in accordance
with the mass balance among the compartments &behave as points!)
Compartment ;
Mass of nuclide N: V; (mass)
Decay loss of nuclide N: A, N; (mass/v)
Increase of nuclide NV due to ingrowth from A4
P M (mass/y)
| {IT'II]SS.'Y] ‘ | (m[]gg‘,'y]
Source term: S(1) (mass/y) ' Compartment ;
Mass of nuclide N: V; (mass)
for Mass, not for concentration!
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. Fresh ) .
Intake Pathway Farming re.S Water Marine Fishing
Fishing
Grain n/a n/a
Rice n/a n/a
Crop Green Vegetables n/a n/a
Root Vegetables n/a n/a
Fruit n/a n/a
Beef, Cow liver, FW fish Marine Fishi
: is arine Fishin
Ingestion Animal Cow milk &
Produce/ | Pork FW crustaceans | Marine crustaceans
Aquatic Mutton n/a Marine crustaceans
Chicken, Chick lLiver,
Foodstuff . n/a Seaweed
Chicken eggs
Others Water Water n/a
Soil Sediment Sediment
Inhalation Dust Dust Dust
Aerosol
.. Water Water Water
External Irradiation Soil Sediment Sediment
" et
S-.-r'acc ;L:Il arvmal prosduct
Famming

T

[EA
River Sasdirment
B [
I—

MBarine Water
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0
Early Time Failure % . 0.5 Triangular
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2. Canister Failure Time(CFT)
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3. Early Time Failure(ETF)
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4. Waste Dissolution Rate(WDR)

Waste Dissolution Rate™ 3134 (#7]&)9] 422 Vel gl WDRES # %
ko] Akl daE 7P Avka deA vk <

Sk Aol WM lE 1E-5elA5H 1E-12
THAL AR e ko] AdEe oSStk olRlel 9] CFT+ 1000, ETFL 0.1%,
PM2 0052 A7 5 Altbe AAslth
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Dose to Farmer

Dose to Farmer

Dose to FisherFresh Dose to FisherFresh

Doss to FisherMarine Dose to FisherMarine
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o2 ¢ 5 9l o]+ Actinide®] A% &=} 3}
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5. Porosity in MWCF(PM)

o

Porosity in MWCF= ®AMY 3lFo] ARG omNH FEA Astlle Fa oF
29 MWCF(Main Water Conducting Fault)®] &= % (Porosity)2 YWEFJ a2 Atk

SES BT AV A7 aEFH AHLETE & @& HA L U MWCFY &
= FAHoRZ 0.06(56%= AAsE e, CFTE 1000, ETF2 0.1%, WDR<
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7}. Instant Release Fraction(IRF)

Instant Release Fraction(IRF)2] ®3}o w& &l [-1299] ik A= A4 514
t}. Waste Type PWR+CANDUS] A& dlAg s A@gaR & 7-Foth
3% 4.1 Instant Release Fraction(IRF)e] ¥ 3o w& [-1299] A= w3}
IRF-003 | IRF-004 | IRF-005 | IRF-0.06 IRF-0.07 IRF-0.08 IRF-0.09 IRF-0.1
e gy 1129 1129] [1129] [1129] 1129] 1129] 1129] 1129]

[MREM/yr] | [MREM/yr] | [MREM/yr] | [MREM/yr] | [MREM/yr] | [MREM/yr] | [MREM/yr | [mREM/yr]

0 0 0 0 0 0 0 0 0
10|  250E-08]  3336-08]  417E-08]  5.00E-08 5.84E-08 6676-08|  7.50E-08 8.34E-08
100|  466E-05 621E-05|  776E-05|  932E-05| 000010871 000012424] 000013977] 00001553
200]  7.526-05| 000010031 000012539 000015046| 0.00017554) 000020062 0.00022569| 0.00025077
300  9.02E-05 000012032| 0.0001504| 000018047| 0.00021055| 0.00024063 000027071 0.00030079
400  9.97E-05| 000013291 0.00016611] 000019938| 0.00023259 0.00026582| 0.00029908]  0.0003323
500| 00001058 0.00014107| 0.00017633| 0.0002116] 0.00024686] 0.00028213)  0.0003174| 0.00035266
600/ 0.00010944| 000014592 0.0001824| 000021888| 0.00025536] 0.00029184) 000032832  0.0003648
700/ 000011115 00001482 000018525 000022231] 0.00025936] 0.00029641 000033346| 0.00037051
800/ 0.00011137| 000014849 000018561| 000022273| 000025985 0.00029697| 000033409 0.00037121
900| 0.00011044| 000014725 000018405 0.00022087| 0.00025768| 0.00029449  0.0003313| 0.00036811
1000] 0.00012467| 0.00016622] 0.00020778| 000024933 0.00029089| 000033244|  0.000374|  0.00041555
1100, 0035648 004753 0059412| 0071295  0.083177 0.09506 0.10694 0.11882
1200, 0061512] 0082012] 010251 0.12302 0.14352 0.16402 0.18452 0.20503
1300, 0078867 010516 013144 015773 0.18402 02103 0.23659 0.26289
1400 00908 012107 015132 0.18161 0.21186 024214 027239 0.30264
1500, 0098737 013165 016456 0.19747 0.23038 0.2633 0.29621 0.32912
1600] 010363 013817 017271 020725 0.24179 027633 0.31087 0.34541
1700] 010619  014158] 017698 021237 0.24777 028316 0.31856 0.35395
1800 0107  014266] 017832 0.21399 0.24965 0.28532 0.32098 0.35665
1900 0.1065 0.142 0.1775 0213 0.2485 0.28401 0.3195 0.355
20000 010507  014009] 017511 0.21013 0.24515 0.28017 031519 0.35021
3000, 0075948  0.10126] 012657 0.15188 0.17719 0.20251 0.22783 0.25314
4000  005079|  0.067726]  0.084651 0.10158 0.11851 0.13545 0.15237 0.16929
50000 003395 0045267|  0.056583|  0.067905 0079214 0090536 0.10185 011317
6000, 0022828 0030438]  0.038053 004566  0.053272 0060883|  0068484] 0076094
7000, 0015467 0020622] 0025776| 0030934 0036091  0041242] 0046399  0.051552
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8000 0.010572 0.014095 0.017619 0.021144 0.024666 0.02819 0.031716 0.035238
9000| 0.0073008| 0.0097346 0.012168 0.014601 0.017034 0.019468 0.021901 0.024335
10000 0.005101| 0.0068012| 0.0085015 0.010202 0.011902 0.013603 0.015303 0.017003
20000{ 0.00034179| 0.00045572| 0.0005696| 0.00068354| 0.00079725 0.00091132 0.0010253 0.0011391
30000 4.81E-05 6.41E-05 8.02E-05 9.62E-05 0.00011223 0.00012826 0.0001443 0.00016033
40000 8.03E-06 1.07E-05 1.34E-05 1.61E-05 1.87E-05 2.14E-05 2.41E-05 2.68E-05
50000 1.37E-06 1.82E-06 2.28E-06 2.73E-06 3.19E-06 3.64E-06 4.10E-06 4.55E-06
60000 2.33E-07 3.10E-07 3.88E-07 4.65E-07 5.43E-07 6.20E-07 6.98E-07 7.75E-07
70000 3.97E-08 5.29E-08 6.61E-08 7.93E-08 9.26E-08 1.06E-07 1.19E-07 1.32E-07
80000 6.77E-09 9.02E-09 1.13E-08 1.35E-08 1.58E-08 1.80E-08 2.03E-08 2.26E-08
90000 1.15E-09 1.53E-09 1.92E-09 2.30E-09 2.69E-09 3.07E-09 3.45E-09 3.84E-09
100000 1.70E-10 2.34E-10 3.14E-10 3.73E-10 6.50E-11 5.26E-10 5.37E-10 6.02E-10
110000 9.39E-11 1.29E-10 7.83E-11 1.71E-10 2.11E-10 2.46E-10 2.16E-10 4.92E-10
120000 2.51E-11 3.19E-11 4.04E-11 5.48E-11 5.59E-11 791E-11 6.23E-11 147E-10
130000 4.32E-12 4.66E-12 1.57E-11 1.23E-11 1.05E-11 1.50E-11 1.75E-11 1.69E-11
140000 6.94E-23 7.49E-23 2.85E-12 1.60E-13 1.01E-13 241E-22 2.67E-12 2.71E-22
150000 0 0 3.71E-13 4.84E-13 6.04E-13 0 6.99E-13 0
160000 7.93E-14 1.15E-13 1.61E-13 2.28E-13 2.29E-13 0 2.90E-13 0
170000 2.70E-14 2.78E-14 3.88E-14 5.64E-14 3.74E-14 0 6.58E-14 0
180000 4.34E-25 4.46E-25 6.23E-25 9.06E-25 6.00E-25 0 1.06E-24 0

Goldsimel| A 232 2 A

W oARE T 1 Agke] AR &

~ LOE8EZIA &2 U5 ®diste] 0 ~ 189 7HA]

0
23kt

04
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0.0
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1}, Canister Failure Time(CFT)

Canister Failure Time(CFT)¢] ¥3lo] mE )& [-1299] gt
Waste Type< PYRO &% #7]&9 A 4-f-olth

el

¥ 4.2 Canister Failure Time(CFT)2] W3l w& [-1299] A& H3I}

CFT-10 CFT-100 CFT-1000 CFT-10000
Time (yr) [1129] [mREM/yr] [1129] [mREM/yr] [1129] [mREM/yr] [1129] [mREM/yr]

0 0 0 0 0
10 6.19E-12 6.19E-15 6.19E-15 6.19E-15
100 2.77E-07 2.83E-10 2.77E-10 2.77E-10
200 1.50E-06 3.60E-07 1.50E-09 1.50E-09
300 3.38E-06 1.66E-06 3.38E-09 3.38E-09
400 5.64E-06 3.59E-06 5.64E-09 5.64E-09
500 8.09E-06 5.88E-06 8.09E-09 8.09E-09
600 1.06E-05 8.34E-06 1.06E-08 1.06E-08
700 1.32E-05 1.09E-05 1.32E-08 1.32E-08
800 1.58E-05 1.35E-05 1.58E-08 1.58E-08
900 1.83E-05 1.60E-05 1.83E-08 1.83E-08

1000 2.09E-05 1.86E-05 2.09E-08 2.09E-08
1100 2.34E-05 2.11E-05 3.82E-07 2.34E-08
1200 2.58E-05 2.36E-05 1.68E-06 2.58E-08
1300 2.83E-05 2.61E-05 3.61E-06 2.83E-08
1400 3.07E-05 2.85E-05 5.90E-06 3.07E-08
1500 3.31E-05 3.10E-05 8.36E-06 3.31E-08
1600 3.55E-05 3.33E-05 1.09E-05 3.55E-08
1700 3.78E-05 3.57E-05 1.35E-05 3.78E-08
1800 4.01E-05 3.80E-05 1.61E-05 4.01E-08
1900 4.23E-05 4.03E-05 1.86E-05 4.23E-08
2000 4.46E-05 4.26E-05 2.11E-05 4.46E-08
3000 6.52E-05 6.34E-05 4.46E-05 6.52E-08
4000 8.36E-05 8.20E-05 6.54E-05 8.36E-08
5000 9.98E-05 9.84E-05 8.38E-05 9.98E-08
6000 0.00011396 0.00011276 9.99E-05 1.14E-07
7000 0.00012646 0.0001254 0.0001141 1.26E-07
8000 0.00013745 0.00013652 0.00012658 1.37E-07
9000 0.00014712 0.0001463 0.00013756 1.47E-07
10000 0.00015562 0.0001549 0.00014721 3.30E-07




20000 0.00019948 0.00019927 0.00019701 0.00015251
30000 0.0002125 0.00021244 0.00021182 0.00019939
40000 0.00021607 0.00021605 0.00021588 0.00021241
50000 0.000217 0.00021699 0.00021694 0.00021598
60000 0.00021719 0.00021719 0.00021717 0.0002169
5 = 510 =

ol st W= CFT <1 AR F43] Aol 7tgha & o otk A9

gho] whe Ao £4 23 CFT 01 ~ 1097hA= 5 U3k el vehsth

a4 CFT 0.1 ~ 10874 = CFT 109 S thigtoes A4 siinh

0.00025 Canister Failure Time(CFT) Peak of CFT
2ATE-004
o 217E-004
—Peak
£ 00001 g 2w
2
2 E
¥ € 217E00
% o000t £
g —CFT-10 8 amewy
© 0000s —— CFT-100
—— CFT-1000 2.17E-004
—— CFT-10000
om0 217E-004
y OO0 200000000 000050000 TFTTO T CFT 00— CFTT000
Time(yr) CFT
19 415 CFT WHlol we [-1299] @ws 9@ w=4e]
Y 4159 A% Ye X 445 vEd g Zelth 2E2FKo] v 1YL Ak
Walo] wa Mol wWalo|td CFTY A= AAAAL AFoz Hio| FAEH
F7keks 2 2 4tk CFT 10,100& 719) wah vhem, 100003 whd % $-o =
Fo] HolA zpolE& vebfar 9tk o822 e 7 Qe A Fo s Had
Ak ARGt BolFEa =g AYUAEH AAA Aol Zojdsfs Adko] 7Fidls
ek 9l olRAe® JUAE AFo AAAEE HAHE 7+AEA H A= A
A9e % Qo
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). Early Failure Time(EFT)

Early Failure Time(EFT)1AFe] W sle] ojsf| A [-1299] H#E FA sttt Waste
Type< PYRO &4 #H7|2=2 AASA

¥ 4.3 Early Time Failure(ETF)e] ¥ 3lof| w2 [-1299] M= W3}

ETF-0 ETF-0.1 ETF-0.2 ETF-0.3 ETF-04 ETF-0.5
[1129] [1129] [1129] [1129] [1129] [1129]
Time (yr)
[MREM/yr] [mMREM/yr] [MREM/yr] [MREM/yr] [MREM/yr] [MREM/yr]
0 0 0 0 0 0 0
10 0 6.19E-15 1.24E-12 1.86E-12 248E-12 3.10E-12
100 0 2.77E-10 5.54E-08 8.30E-08 1.11E-07 1.38E-07
200 0 1.50E-09 2.99E-07 4.49E-07 5.98E-07 7.48E-07
300 0 3.38E-09 6.75E-07 1.01E-06 1.35E-06 1.69E-06
400 0 5.64E-09 1.13E-06 1.69E-06 2.25E-06 2.82E-06
500 0 8.09E-09 1.62E-06 2.43E-06 3.23E-06 4.04E-06
600 0 1.06E-08 2.13E-06 3.19E-06 4.25E-06 5.31E-06
700 0 1.32E-08 2.64E-06 3.96E-06 5.28E-06 6.60E-06
800 0 1.58E-08 3.15E-06 4.73E-06 6.31E-06 7.89E-06
900 0 1.83E-08 3.67E-06 5.50E-06 7.33E-06 9.16E-06
1000 6.19E-12 2.09E-08 4.17E-06 6.26E-06 8.35E-06 1.04E-05
1100 3.59E-07 3.82E-07 4.96E-06 7.26E-06 9.56E-06 1.19E-05
1200 1.66E-06 1.68E-06 6.50E-06 8.92E-06 1.13E-05 1.38E-05
1300 3.59E-06 3.61E-06 8.53E-06 1.10E-05 1.35E-05 1.59E-05
1400 5.87E-06 5.90E-06 1.08E-05 1.33E-05 1.58E-05 1.83E-05
1500 8.34E-06 8.36E-06 1.33E-05 1.58E-05 1.82E-05 2.07E-05
1600 1.09E-05 1.09E-05 1.58E-05 1.83E-05 2.07E-05 2.32E-05
1700 1.35E-05 1.35E-05 1.83E-05 2.08E-05 2.32E-05 2.56E-05
1800 1.60E-05 1.61E-05 2.08E-05 2.32E-05 2.56E-05 2.81E-05
1900 1.86E-05 1.86E-05 2.33E-05 2.57E-05 2.81E-05 3.05E-05
2000 2.11E-05 2.11E-05 2.58E-05 2.82E-05 3.05E-05 3.28E-05
3000 4.45E-05 4.46E-05 4.87E-05 5.07E-05 5.28E-05 5.49E-05
4000 6.54E-05 6.54E-05 6.90E-05 7.09E-05 7.27E-05 7.45E-05
5000 8.38E-05 8.38E-05 8.70E-05 8.86E-05 9.02E-05 9.18E-05
6000 9.99E-05 9.99E-05 0.00010271 0.00010411 0.00010552 0.00010693
7000 0.00011408 0.0001141 0.00011656 0.0001178 0.00011904 0.00012027
8000 0.00012657 0.00012658 0.00012874 0.00012983 0.00013092 0.00013201
9000 0.00013755 0.00013756 0.00013946 0.00014042 0.00014138 0.00014233
10000 0.0001472 0.00014721 0.00014888 0.00014973 0.00015057 0.00015141
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20000 0.00019701 0.00019701 0.0001975 0.00019775 0.000198 0.00019824
30000 0.00021182 0.00021182 0.00021195 0.00021202 0.00021209 0.00021216
40000 0.00021588 0.00021588 0.00021592 0.00021594 0.00021596 0.00021597
50000 0.00021694 0.00021694 0.00021695 0.00021696 0.00021696 0.00021697
60000 0.00021717 0.00021717 0.00021717 0.00021718 0.00021718 0.00021718

G

o HolMAHHA ETF7F 02%64 4ol 23d th& CFTYW WDRel 238 Fa&
ol W= A2 HTh 27| CFT7F 10009 22 HA 5o §17] wlio] ETE7F 0%
(& &7 MU= 5o 74 g5 Azd)d 4% CFTe J3Fez 1000
FH Aol S7kghe & 4 ok ETFe] ®iste] m& Ad#ke] W} A4 gow o

o Early Time Failure(ETF) Peak of ETF
—rS 217E-004
—— ETF-0.1
R I 2 47E-004
—— ETF-0.3)
~ - ETF0.4 <
‘E‘% o000t ——ETF-0.5 ‘g 217E-004
u o [—PeaK
[
% 0.0001 % 217E-004
3 8
0.00005 217E-004
0.0000 217E-004
0 0000
Time(yr) ETF
29 416 ETF H$lol wp& [-1299] Azds 9 w34
Y 4169 945E % 479 AFHE uEkkl afZelan LEFHE 74 A e
A3 Ak Agste] el Aolth ETF 02014 0302 ol EAld] wWabe] &
BojFa stk ETFE 71534 ggelr] mid ofF & & 445 Al9s
=

Zo] Mk W3l 9o Agtm oAy 9t}
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@}. Waste Dissolution Rate(WDR)

Waste Dissolution Rate(WDR)<]

Waste Type< Pyro &4 #H7]&E=2 A3 h

¥ 44 Waste Dissolution Rate(WDR)2] ®H3}of| u}& [-1299] A= H3}

WDR 1E-12 WDR 1E-10 WDR 1E-8 WDR 1E-5
Time (yr) [1129] [mREM/yr] [1129] [mREM/yr] [1129] [mREM/yr] [1129] [mREM/yr]

0 0 0 0 0

10 6.19E-15 6.19E-13 6.20E-11 6.20E-08
100 2.77E-10 2.77E-08 2.77E-06 0.0027669
200 1.50E-09 1.50E-07 1.49E-05 0.01494
300 3.38E-09 3.38E-07 3.38E-05 0.033737
400 5.64E-09 5.64E-07 5.64E-05 0.056282
500 8.09E-09 8.09E-07 8.09E-05 0.080731
600 1.06E-08 1.06E-06 0.00010627 0.10604
700 1.32E-08 1.32E-06 0.00013199 0.13163
800 1.58E-08 1.58E-06 0.00015771 0.15721
900 1.83E-08 1.83E-06 0.00018328 0.18262
1000 2.09E-08 2.09E-06 0.00020869 0.20783
1100 3.82E-07 3.82E-05 0.0038166 3.8147
1200 1.68E-06 0.00016828 0.016833 16.829
1300 3.61E-06 0.00036141 0.036142 36.108
1400 5.90E-06 0.00058989 0.05899 58.908
1500 8.36E-06 0.0008363 0.083629 83.478
1600 1.09E-05 0.0010908 0.10908 108.83
1700 1.35E-05 0.001348 0.1348 13443
1800 1.61E-05 0.0016051 0.16051 160
1900 1.86E-05 0.0018606 0.18606 185.37
2000 2.11E-05 0.0021137 0.21137 21049
3000 446E-05 0.0044558 0.44558 441.55
4000 6.54E-05 0.006542 0.65419 644.83
5000 8.38E-05 0.0083768 0.83766 821.06
6000 9.99E-05 0.0099905 0.99902 973.52
7000 0.0001141 0.01141 1.1409 1105.1
8000 0.00012658 0.012658 1.2657 12184
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9000 0.00013756 0.013756 1.3755 13155
10000 0.00014721 0.014721 1.472 13985
20000 0.00019701 0.019701 1.9699 17404
30000 0.00021182 0.021182 21177 17143
40000 0.00021588 0.021588 2.1581 1589.8
50000 0.00021694 0.021694 2.1686 1448.7
60000 0.00021717 0.021717 2.1706 13133

¥ 4109 9AFe] wWale] w t

Eol vla] 2719 Ao FAI dueE 2§ oodrh e dEE QA

Wb Ao AR dAT 1AS Fa Adtele 2 4§ QU o] Awke] HEkE
A 3}

s AAbe] Watel] whE el WEhrt o

e 2 oddd = vk
Waste Dissolution Rate(WDR) = Peak of WDR
180
160 160
140 140
= 1208 g 120
§ 1001 = 100
& 80! IE.I:EJ o
£ —— WDR-1E-12 T
g 60 —— WDR-1E-10 8 8o
8 —— WDR-1E-8 -
. WDR-1E-5
201 20 [—Peak
20 200—wpR=TE WOR-TE-TO WOR-TES WORTES
T TO000 20000 30000 40000 50000 60000
; WDR
Time(yr)
1% 417 WDR W 9o m& 1-1299] Aawsl 4 sz
a9 4179 9% E 4109 ATE el 2eTeln, oEme 7h Qlxke] WSl
o AnA@e AAste] 79 Y melth WOREE 49t 14 B GUEHY 4
T A & SUMEE RSl vk aelal 1 ARk Xl =g g Atk A
% 5 9tk FHEo mol Abg GFel B Anm A & or
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v} Porosity in MWCFEF(PM)

Porosity in MWCF(PM)ell

Type< Pyro

a4 HA7le2 dAs

e QA
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T

1 3o

S

w2

=

Aot Waste

¥ 45 Porosity in MWCF(PM) 2] w3l upE 1-129¢] A= H 3

Porosity 10% Porosity 7.5% Porosity 5% Porosity 2.5%
Time (yr) [1129] [mREM/yr] [1129] [mREM/yr] [1129] [mREM/yr] [1129] [MREM/yr]

0 0 0 0 0

10 6.27E-15 6.25E-15 6.19E-15 6.03E-15
100 2.78E-10 2.77E-10 2.77E-10 2.74E-10
200 1.50E-09 1.50E-09 1.50E-09 1.49E-09
300 3.38E-09 3.38E-09 3.38E-09 3.37E-09
400 5.64E-09 5.64E-09 5.64E-09 5.63E-09
500 8.09E-09 8.09E-09 8.09E-09 8.08E-09
600 1.06E-08 1.06E-08 1.06E-08 1.06E-08
700 1.32E-08 1.32E-08 1.32E-08 1.32E-08
800 1.58E-08 1.58E-08 1.58E-08 1.58E-08
900 1.83E-08 1.83E-08 1.83E-08 1.83E-08
1000 2.09E-08 2.09E-08 2.09E-08 2.09E-08
1100 3.83E-07 3.83E-07 3.82E-07 3.79E-07
1200 1.69E-06 1.68E-06 1.68E-06 1.68E-06
1300 3.62E-06 3.62E-06 3.61E-06 3.61E-06
1400 5.90E-06 5.90E-06 5.90E-06 5.89E-06
1500 8.37E-06 8.37E-06 8.36E-06 8.35E-06
1600 1.09E-05 1.09E-05 1.09E-05 1.09E-05
1700 1.35E-05 1.35E-05 1.35E-05 1.35E-05
1800 1.61E-05 1.61E-05 1.61E-05 1.60E-05
1900 1.86E-05 1.86E-05 1.86E-05 1.86E-05
2000 2.11E-05 2.11E-05 2.11E-05 2.11E-05
3000 4.46E-05 4.46E-05 4.46E-05 4.46E-05
4000 6.54E-05 6.54E-05 6.54E-05 6.54E-05
5000 8.38E-05 8.38E-05 8.38E-05 8.38E-05
6000 9.99E-05 9.99E-05 9.99E-05 9.99E-05
7000 0.0001141 0.0001141 0.0001141 0.00011409
8000 0.00012658 0.00012658 0.00012658 0.00012657

_47_



9000 0.00013756 0.00013756 0.00013756 0.00013755
10000 0.00014721 0.00014721 0.00014721 0.00014721
20000 0.00019701 0.00019701 0.00019701 0.00019701
30000 0.00021182 0.00021182 0.00021182 0.00021182
40000 0.00021588 0.00021588 0.00021588 0.00021588
50000 0.00021694 0.00021694 0.00021694 0.00021694
60000 0.00021717 0.00021717 0.00021717 0.00021717

E 4139) 9Abe] wale] mE M) WIE %
sha ek <lAke] WSS 10269 25% 4 A
¥

shoh Aol & GFL FA 23 U A0E 4"

Porosity in MWCF(PM) Peak of PM
0.00025 1

0.0002: 08
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0.00015 0

0.0001
02
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o

04
0.00009

06

0.0000(
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i 0000 70000 0000 0000
Time(yr)

1% 418 PM W9l wE [-1299] AFRist 2 s34
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3 46 7t 1A= digk ANOVA(F-test) 2 7}
Parameter DF SS MS F-value H]
IRF 7 0.1386 0.0198 2.34 PWR+CANDU
CFT 3 3.78E-8 1.26E-8 2.27
ETF 5 1.24E-9 2.49E-10 0.04
PYRO
WDR 3 5.98E+7 1.99E+6 20.73
PM 5 6.36E-16 2.12E-16 0

F#el vlwE 53 WDRY ztel 7V A 4o Atk &, WDRY kel 7}
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% ANOVA(Analysis of Variance)

O A E(Degree of freedom):FolZl 28l A AF-EFA Watd = = AEE YU 752
= dfgts BAETE AbelF Nola SAR ez Agerde] +7F M7b ol Afme] duk 32
df=N-Me] #t},
O A5 (Sum of square):FFEFI} FEFEFe] WHFE Fobe T4 neHe A4 Fol we}
[ Rt
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SS _ 2 4 S U ]
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