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SUMMARY

I. Project Title : Environmental Impact of Metallization for Disposal of HLW

II. Objects and Importance of the Study

The mass balance in the Advanced Spent Fuel Management Process is
made to secure the basic information on the unit processes. Based on this
mass balance, the change in decay heat and radioactivity of spent fuel due to
the metallization in the high temperature molten salt system is estimated. The
decay heat and the radioactivity are calculated by the ORIGEN-2 computer
code. It shows that the heat and the radioactivity of the metallized spent fuel
ingot reduces to 24.27 % and 24.24 %, respectively of those of spent fuel.

The impact of metallization on the volume of a repository for HLW
disposal is studied. Results show that by metallization the volume of a
repository 1s reduced by more than half. In addition, by eliminating gap
inventories, the metallization process enhances radiological safety of a HLW
repository. Domestic experts state that despite the burden of cost compared

with the direct disposal, still the metallization might be favorable.

III. Contents and Scopes of the Study

The assessment of inventories of radionuclides in metal forms as well as
molten salt are identified by literature surveys, etc. Using information on
inventories, radioactivities and decay heats from metal and solid forms of
molten salt are identified. Then, ufrom the information on the decay heat, the
optimum layout for disposal of metal HLW 1s decided. Radiological safety
assessment is performed to find out the additional merit of the proposed
system. Experts recommend that to achieve the R&D target within the time

table, more broad international joint study is needed.
IV. Results and Future Planning

Results show that the metal process reduces the repository area by more

than half. Also, removal of gap nuclides enhances the safety significantly. In

_iv_



the future, the systematic assessment on the financial aspect of the process

base on the pilot scale design is required.
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3t 1. Fuel Reduction Equilibria of AM, AEM and RE Oxides

Element Chemical Reaction

BaO2(-1) + 2Li(2) + 2LiCI(1) = BaCly(1) + 2LiO(1)
BaO(-1) + 2LiCI(1) = BaClx(1) + Li:O(1)

CsOz | CsO2(-1) + 3Li(2) + LiCl(1) = CsCI(1) + 2Li20(1)
EuwOs3 | EuOs(-1) + LiCl(1) = EuOCI(1) + LiEuO2(-1)
Rb,O(-1) + 2LiCI(1) = 2RbCI(1) + Li:O(1)
RbOy(-1) + 3Li(2) + LiCl(1) = RbCI(1) + 2LixO(1)
SrO SrO(-1) + 2LiCI(1) = SrClx(1) + LixO(1)

SeO; | SeOq(-1) + 6Li1(2) = LisSe(1) + 2Li2O(1)

TeO, | TeO(-1) + 6Li(2) = LigTe(1) + 2LiO(1)

Ce02 | 2Ce02(-1) + 3Li(2) = CeO(-1) + 1/2Ce03 + 3/2 LiO(1)
Gdz03 | Gd:0s(-1) + Li2O(1) = 2LiGdO2(-1)

La:Os | LaxOs(-1) + LiCl(1) = LaOCI(-1) + LiLaOx(-1)
Nd:O3 | Nd20s(-1) + LizO(1) = 2LiNdO2(-1)

Pr:0s | ProOs(-1) + LixO(1) = 2LiPrOx(-1)

Smy0s | SmpOs(-1) + LixO(1) = 2LiSmO2(-1)

Y203 | Y203(-1) + LizO(1) = 2LiYOo(-1)

BaO,

RbO

x*phase 1 : LiCl-rich phase
*phase 2 : Li-rich phase



*phase -1 : invariant solids
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X 2. Free Energy of Formation of Rare Earth and Noble Metal Oxides

Oxide AG(k]/mol-0) Oxide AG(kJ/mol-0)
CeOq -447.0 NiO -155.9
Gd20O3 -520.7 CdO -164.3
LasOs -509.8 MoO: -209.9
Nd20O3 -515.1 PdO -19.7
Prs0s -5155 Rh2O3 -39.1
SmyOs -517.8 RuO» =749
Y203 -545.6 ShoOs -154.5
EUZ03 -455.8 Sn02 -194.4
Li2O -480.7 TcOs -133.4

3 3. Density and Solubility of LiReO, in LiCl at 650 C

Densit, Solubility Densit; Solubility
Compound | fglem’) | " (ppr) | CmPound | Golem” | (ppm)
LiNdO- 5.54 3.7 LiLaOCl, 421 -
LiYO, 3.93 - LiPrO, 6.08 -
LiGdO, 5.86 0.69 LiSmO; 6.21 -
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3 5. Mass Balance of the Advanced Spent Fuel Management Process

. HEA wSEd =QdFA 54334 Lig] &34
T+ =
() @ | ® @ ® ® @ ©) ©
LiCl 4200 96.6 | 41034 | 966 4200
Li 460 1560 | 66.262 |1560| 417.657 | 21.10
L0 4490 | 190.739 | 4.490 9511
0, 118
U | 70678
U, | 70.749 Us05 [23.583 SoToom
Am | 0.062
AmO; | 0.066 0.066 50003
CmO: | 0.004 0.004 Cm | 0.004
TR Np | 0.036
NpO: | 0.037 0.037
U | NpO: Np:O; | 0.001
PuOs | 0620 0.620 Pu_ | 0614
e : PwO; | 0.006
BaO, | 0.248 0.248 BaCl, | 0.006 | 0242 |0.006 0.248
CsOz | 0276 0.276 CsCl | 0.006 | 0270 |0.006 0.276
EuOCl
AM | Eu0; | 0009 0.009 Jod | oos
M [RbO | 0037 0.037 RbCI | 0.002 | 0072 |0.002 0.074
| se0, | 0.013 0.013 LisSe | 0000 | 0013 |0.000 0.013
S10 | 0.159 0.159 SiCl, | 0004 | 0155 |0.004 0.159
TeOs | 0.065 0.065 LizTe | 0.002 | 0063 |0.002 0.065
CeO +
CeO, | 0.285 0.285 o | 0285
Gd:05 | 0.008 0.008 LiGdO: | 0.016
Lax0s | 0.079 0.079 LiLaOCl| 0.004 | 0154 |0.004 0.158
Nd:0s | 0.252 0.252 LiNdO; | 0.504
RE [Pr,0; | 0072 0.072 LiPrO, | 0.144
Pm:0s| 0.000 0.000 PmCl, | 0.000 | 0.000 |0.000 0.000
Smy0s| 0.050 0.050 LiSmO; | 0.100
ThO, | 0.000 0.000 TbO, | 0.000
Y,05 | 0047 0.047 LiYO, | 0.094
Kr | 0074 |0.074
Br | 0.002 |0.002
VPSI T 0017 [0.017
Xe | 0731 |0.731
Ag:0 | 0004 0.004 Ag | 0008
Cdo | 0014 0.014 Ccd | 0014
MoOs | 0634 0.634 Mo | 0634
PdO | 0.244 0.244 Pd | 0244
Rh-0s | 0.036 0.036 Rh | 0072
NM R0, [ 0382 0.382 Ru | 0.382
Sby:05 | 0.001 0.001 Sb | 0002
SnO, | 0.007 0.007 Sn | 0007
TcOs | 0.150 0.150 Tc | 0.150
70, | 0.731 0.731 7Zr | 0719
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¥ 6. Mass, Radioactivity and Thermal Power of Elements Removed in

the Advanced Spent Fuel Management Process

] Radioactivity Thermal Power
Nuclide -
Ci % W %
Te 2.18E+02 9.36E-02 0.23 2.13E-02
Se 0.41 1.38E-04 1.02E-04 1.20E-05
Br 0.00 0.00 0.00 0.00
Kr 4.90E+03 1.7 7.3 0.86
Rb 2.16E-05 7.26E-09 1.80E-08 2.11E-09
Sr 5.78E+04 19. 67. 79
Y 5.78E+04 19. 3.21E+02 38.
I 3.16E-02 1.06E-05 1.46E-05 1.71E-06
Xe 291E-32 9.79E-36 5.33E-35 6.24E-36
Cs 8.84E+04 30. 1.48E+02 17.
Ba 7.83E+04 26. 3.08E+02 36.
Pm 9.36E+03 3.2 3.4 0.39
Total 2.97E+05 1.00E+02 38.54E+02 1.00E+02
Total/SF 715.7557 75.7345
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19, 2. Thermal Power of a Reduced Metal Ingot as a Function of Cooling Time.
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3 1. Mass, Radioactivity and Thermal Power of Elements Included in a
Reduced Metal Ingot

) Radioactivity Thermal Power
Nuclide
Ci % W% %
H 3.12E+02 0.33 1.05E-02 3.84E-03
C 0.57 5.98E-04 1.67E-04 6.09E-05
N 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00
Si 1.95E-08 2.05E-11 2.42E-11 8.80E-12
P 1.95E-08 2.05E-11 1.97E-10 7.21E-11
Fe 0.69 7.22E-04 2.32E-05 8.47E-06
Co 43, 4.54E-02 0.67 0.24
Ni 1.6 1.63E-03 1.56E-04 5.69E-05
Zn 0.00 0.00 0.00 0.00
Zr 1.8 1.92E-03 2.12E-04 7.74E-05
Mo 0.00 0.00 0.00 0.00
Tc 13. 1.40E-02 6.66E-03 2.43E-03
Ru 5.50E+02 0.58 3.27E-02 1.19E-02
Pd 0.11 1.18E-04 6.67E-06 2.44E-06
Ag 0.16 1.71E-04 2.69E-03 9.83E-04
Cd 34. 3.56E-02 5.70E-02 2.08E-02
Sn 0.95 1.00E-03 1.32E-03 4.82E-04
Sh 1.14E+03 1.2 3.6 1.3
Eu 5.62E+03 59 38. 14.
Gd 3.64E-04 3.83E-07 3.29E-07 1.20E-07
U ol 3.91E-03 5.30E-02 1.94E-02
Np 20. 2.06E-02 5.71E-02 2.09E-02
Pu 8.27TE+04 87. 1.10E+02 40.
Am 1.80E+03 1.9 59. 21.
Cm 1.61E+03 1.7 56. 21.
Rh 5.50E+02 0.58 5.3 1.9
La 1.11E-10 1.17E-13 8.15E-13 2.98E-13
Ce 1.49E+02 0.16 9.88E-02 3.61E-02
Pr 1.51E+02 0.16 1.1 0.40
Nd 1.57E-09 1.66E-12 0.00 0.00
Sm 3.50E+02 0.37 4.10E-02 1.50E-02
Total 9.50E+04 1.00E+02 2.714E+02 1.00E+02
Ratio 24.2444 24.2655
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H 3 Avs 2 g WMol e WEUeE Hu &x

Eq.Num.Ass. |Heat power(W)| layout(m) |Max. Temp.(C)
40x6 99.26
1 958.7 60x10 72.1
60x12 69.5
40x6 132.0
15 1438 60x10 90.95
60x12 86.9
40x6 164.8
60x10 109.9
2 1917 60x12 104.5
80x10 105.7
40x6 230.5
3 2876 60x10 147.7
60x12 139.5
40x6 296
60x10 185.6
4 3835 60x12 174.8
80x10 177.1
ABATUS
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1. JEKuh et al, "Development of Thermal Analysis Method for the Near
Field of HLW Repository using ABAQUS”, KAERI/TR-1163/98, 1998.

2. FAEE 9, “MAAZFAHEA 2= KAERI/RR-2013/99, 3= AxE A F 4,
1999.
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F-=Z MASCOT-K 7t A Abgd F2 <1z}

Title 'MASCOT-K 2001 Problem’
# Modified on 06 Dec 01 by Y S Hwang

HHRHHHHHE

#

B 4ot e + PR PR +

# lcll => lcandu_gap | ——--> | dis t| -> |buffer | ————-—-
§ 4t Ammmmmmee S i

# /

§ 4mt Ammmmmmee Ly

#1c2l > | pwr_gap |-/

e +

U +

# Ic3] => Icandu_cong| ————=--——--—--mmm e

# +——+ o +

# +——+ o +

# lc4l -=> | pwr_cong | e

S — +
<INCLUDE> nuclides
HHHHHHE

submodels

HHHHHHE

cl containment;

candu_gap backfill with gap;

c2 containment;

candu_cong congruent ;

¢3 containment;

pwr_gap backfill with gap;

¢4 containment;

pwr_cong congruent ;

dist DISTRIBUTOR
INLETS candu_gap pwr_gap
OUTLETS TObuffer;

buffer POROUS GEOSPHERE;

# INLETS TObuffer

# OUTLETS TOdistl;

distl DISTRIBUTOR
INLETS candu_cong pwr_cong buffer
OUTLETS TOrock;

rock FRACTURED GEOSPHERE
INLETS distl. TOrock
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OUTLETS TOwell;
well DOSES
INLETS rock. TOwell;
end
TREERE
options
TREERE
number of cases 1;
maximum talbot points 256;
minimum talbot points 32;
small 1le-6 ; invert tolerance 1.0e-6 ;
printing consequences 1;
complexity 22;
end options;
HHHE R
parameters
HHHE R
<INCLUDE> inventory
##
<INCLUDE> chem
##
in candu_gap
set backfill_thickness=0.38;
# set position_to_outlet = backfill_thickness;
set position_to_outlet = 0.0;
set gap_volume=0.4537;
set cross_sectional_area_bg=16.83;
set porosity_1_bg=0.3;
set porosity_2_bg=0.002;
set diffusion_coefficient_1=0.00126;
DECLARE rho;
set retardation_coefficient_1(x)=1 + (1800
set retardation_coefficient_2(x)=1 + (2700
set coef_total_flux=1.0;
##
in candu_cong
DECLARE backfill_thickness;
set backfill_thickness=0.38;
set outlet_position = 0.4+backfill_thickness;

set pore_velocity=0;

* kd(*))/porosity_1_bg;
* rock_kd(*))/porosity_2_bg;
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set
set
set
set
set
set
set
set
set
set
##

porosity=0.3;

cross_sectional_area=16.83;

initial_matrix=2.63e4;

diffusion_coefficient=0.00126;
retardation_matrix=1+(1800 * 5e-2)/porosity;
retardation_nuclide(+)=1 + ( 1800 * kd(*))/porosity;
solubility_of_matrix=3.7e-5;
radius_of_waste_form=0.4;

concentration_coef=0.0;

flux_coef=1.0;

in pwr_gap
set backfill_thickness=0.38;

# set position_to_outlet =backfill_thickness;

set position_to_outlet = 0.0;

set gap_volume=0.6107;

set cross_sectional_area_bg=16.83;

set porosity_1_bg=0.3;

set porosity_2_bg=0.002;
set diffusion_coefficient_1= 0.00126;

set retardation_coefficient_1(*)=1+(1800*candu_gap.kd(*))/porosity_1_bg;

set retardation_coefficient_2(*)=1+(2700*candu_gap.rock_kd(*))/porosity_2_bg;

set coef_total_flux=1.0;

##

in pwr_cong
DECLARE backfill_thickness;

set
set
set
set
set
set
set
set
set
set
set
set

set

backfill_thickness=0.38;

outlet_position = 0.4+backfill_thickness;
pore_velocity=0;

porosity=0.3;

cross_sectional_area=16.83;
initial_matrix=6.96e3;
diffusion_coefficient=0.00126;
retardation_nuclide()=1 + ( 1800 * candu_cong.kd(*))/porosity;
retardation_matrix=1+(1800 * 5e-2)/porosity;
solubility_of_matrix=3.7e-5;
radius_of_waste_form=0.4;
concentration_coef=0.0;

flux_coef=1.0;

HHHHHY
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in dist
R
set fraction(from candu_gap to TObuffer) = 1.0%2529;
set fraction(from pwr_gap to TObuffer) = 1.0%x11375;
RS
in buffer
RS
set PATH_LENGTH=0.38;
set FLOW_VELOCITY=0.0001;
DECLARE poro;
set poro=0.3;
set DISPERSION_COEFFICIENT=0.00126;
DECLARE rho;
set rho=1800.0;
set RETARDATION(x*)=1+rho*candu_gap.kd(:)/poro;
FRESEEEE
in distl
FRESEEEE
set fraction(from candu_cong to TOrock) = 1.0%2529;
set fraction(from pwr_cong to TOrock) = 1.0%11375;
set fraction(from buffer to Torock)=1.0;
ARt
in rock
ARt
set path_length = 100;
set flow_velocity = 0.7;
set dispersion_coefficient = 35;
DECLARE poro;
set poro =0.002;
set retardation(x) = 1;
set fracture_aperture = 0.0001;
set matrix_diffusion_distance = 0.5;
set matrix_diffusion_constant(*) = 3.15e-7;
set matrix_capacity_factor(*) = poro + (2700 * kd(x));
set kinetic_sorption_rate(*) = 0;
set kinetic_desorption_rate(*) = 0;
##
it
in well

<INCLUDE> bio
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it

END

it

output times

( 1e0 1.25e0 1.4e0 1.5e0 1.6e0 1.7e0 2e0 2.5¢0 2.8¢0 3.5¢0 4e0 4.8e0
5e0 6.4e0 8e0 )
times 9 until lel2;

end
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