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Evaluation of the Safty for the Disposal of High-level
Nuclear Waste in the Granite

Chang Whan Oh*

ABSTRACT : All the radionuclides in high-level nuclear waste will decay to harmless levels eventually but
for some radionuclides decay is so slow that their radiation remains dangerous for times on the order of
tens or hundreds of thousands of years. At the present time, the most favorite disposal plan for high-level
radioactive waste is a mined geological disposal in which canister enclosing stable solid form of ra-
dioactive waste is placed in mined cavities locating hundred meters below the surface. The chief hazard
in such disposal is dissolution of radionuclides from the waste in the groundwater that will eventually ca-
rry the dissolved radionuclides to surface environments. The hazard from possible escape of the ra-
dionuclides through groundwater can be delayed by engineered and geologic barriers. The engineered ba-
rriers can become useless by unexpected geologic catastrophe such as volcanism, earthquake, and tectonic
movement and by fraudulent work such as careless construction, improperly welded canisters within the
first few decades or centuries. As a result, dangerously radioactive waste which is still intensively ra-
dioactive is directly exposed to attack by moving groundwater. All the more, it is almost impossible to
control repositories for times more than 10,000 years. Therefore, naturally controlled geologic barriers
whose properties will not be changed within 10,000 years are important to guarantee the safety of re-
positories of high-level radioactive waste. In Sweden and France, the suitability of granite for the mined
geological disposal of high-level waste has been studied intensively. According to the research in Sweden
and France, granites has the following physio-chemical characteristics which can delay the transportation
of radionuclide by groundwater. First, the permeabilities of granites decreases as the depth increases and
is 10°~10"" m/s at depth below 300 m. Second, groundwater at depth below 300 m has pH=7~9 and reduc-
ing condition (Eh=-0.1~0.4). This geochemical condition is desirable to prevent both canister and solid
waste from corrosion. Third most radionuclides are not transported by low solubilities and some ra-
dionuclide with high solubility such as Cs and Sr are retarded by absorption of geologic media through
which ground water flows. Therefore, if high-level waste is disposed at depth below 300 m in the granite
body which has a low permeability and is geologically stable more than 10,000 years, the safety of re-
positories from the hazard due to radionuclide escape can be guaranteed for more than 10,000 years.
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Fig. 1. Water-dilution volumes for radionuclides in

spent fuel discharged from a 1-GW(e) pressurized-wat-
er reactor (from Choi and Pigford, 1981).

Water dilution volume (m’lllO/GW yr)

1 10 100 100 10 10° 10° 10" 10° 10° 10
Decay time (yr)

Fig. 2. Water-dilution volumes for radionuclides in
spent-fuel reprocessing wates formed by operating a 1-
GW (e) pressurized-water reactor for one year (from
Choi and Pigford, 1981).
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Final Repository
for Spent Fuel

Spent Fuel

Bentonite
Clay
Fig. 3. Schematic design of a final repository for spent
nuclear fuel in crystalline basement (from SKB, 199b).
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Fig. 4. Regression curve based on geometric means of
hydraulic conductivity in the rock mass (excluding in-
terpreted fracture zones) Fly for the northern and Fls
for the southern block in the Finnsjon area, and e-
quivalent curves for other areas (Andersson et al.,
1991; Ahlbom and Smellie, 1991). Based on results of
water injection tests with 20 and 25 m measurement
sections. GI; Gides, KL; Klipperas, KM; Kamlunge, SV;
Svarhoberget.
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Table 1. Chemical analyses (in mg/I) of groundwater from granites in Sweden and from the granites and granitic

gneisses in Korea.

Sweden* Jurassic** Cretaceous** Precambrian**

Granite Granite (7) Granite (18) Granitic Gneiss (8)
pH 79 7.2~9.41 8.38~9.80 8.50~9.38
Eh -0.32~0.04
Ca 10~40 4.70~70.6 1.28~7.96 0.85~12.70
Mg 1~10 0.05~20.3 0~0.24 0.00~1.81
Na 10~100 6.77~58.7 117~84.80 21.00~165.20
K 1~5 0.64~8.49 0.30~0.97 0.6~12.70
Fe(I) 0.02~5
Fe(Tot) 1~5 0.01~0.22 0~0.26 0.01~0.06
Mn 0.01~0.5 0.0~1.1 0~0.01 0.00~0.01
SO0, 0.5~15 1.81~18.1 2.14~66.10 0.41~12.20
Cl 4~15 6.00~65.8 3.2~34.60 5.40~49.80
Si 3~14 10.70~41.6 21.3~40.30 13.6~23.00
TOC 1~8
NH. 0.05~0.2
NO; 0.01~0.5
P 0.01~0.2
F 0.05~5 0.00~8.50 0.35~15.0 0.30~26.30
HCOs 90~275 19.20~210.6 13.3~50.4 12.25~304.90
H:S 0~0.5 0.00~1.08 0.0~0.54 0.00~0.09

Data with * and ** are from SKB (1992 b) and KIGAM (1993), respectively. The numbers in parentheses are the numbers

of samples.
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o] e FUE F $8% Yo]2S Na'9) Ca™'2
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Fe*olch. A3lle] a3 2ol &9 77182 HCO,
(90~275 mg/)¢} SO (0.5~15 mg/l)o]H |5 thao
2 F28 20|22 Cl'7 Folth. A% A3l5E o5 &
7184 ol9jol iz el FRol= Yabel 1~5 mg/l B
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A H71E Ao dg dFA 221

Table 2. Solubilities calculated for reducing (-200 mv)
and oxidizing (f0,=0.2 atm) conditions.

Oxidizing Condition

Reducing Condition

Solubility Solubility
(mol/)  Dominant (Mol/))  Dominant
Limiting  Species ~ Limiting  Species
phase phase
U  3x10° U0:(C0Os),” 2x107 U(OH),
Schoepite UOz(COa)a‘- UOz(fuel)
Pu 3x10° PuO* 2x10° Py* PuSO*
Pu(OH), Pu(OH),
Np 2x10°  Npo* 2x10°  Np(OH),
NpO:(OH) NpO.CO:  Np(OH).
Am 2x10% AmCOs’ 2x10°® AmCO;*
AmOHCO; Am* AmOHCO; Am™
Th 2x10™ Th(OH), 2x10™ Th(OH),
ThO, ThO,
Ra 1x10° Ra* 1x10° Ra*
RaSO4 RaSO4
Sn  3x10° Sn(OH). 3x10® Sn(OH),
Sn0. Sn0;
Tc  high TcOs 2x10® [TcO(OH).].
TcO.
Zr  2x10™ Zr(OH)s 2x10™ Zr(OH)s
Zr0. Zr0,
Se  high SeO, 1x10° HSe’
FesSe.
Ni 9x10° Ni** 1x10* Ni**
NiFe;0, NisS,
Sm 1x10™ Sm** 1x10* Sm**
Sm»(C0s)s Sm:(COs)s
Pa 3x107 Pa0,(OH) 3x107 Pa0,(OH)
Pa,0s Pa.0s
Pb 2x10° PbCO; 2x107% PbCO;
PbCO; PbS
Nb 1x10° NbCO; 1x10° NbCO;
Nb-Os Nb.Os
Pd 15x10° Pd(OH).(aq) 1.5x10°  Pd(Oh)a(aq)
Pd(OH)(s) pd(OH)x(s)

molecular weight fulvic acidsel™ 0~6%2 §7]%o]
humic acids®]t}.

s2etUel x|etAHQ] Bl =oll 98 ehE Y

BEAACE fFd9 FH2 A2E A T
AE &Y 42 H71EUe PF o] e 99gty
o8 B3 BRAACE fado] SaHe AH
Al Hr1E2 e 2do. ddaguds U0
transuranic 945-E AU £ 5o = Cs, Sr, 1
3} -2 fission productst ZF WMol E3H o] 3R] @&
AL R Azt ety Axte] PFEe A7 o] 435
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Table 3. Retardation factors for important radionuclides in rock materials being considered for repository siting.

Element Granite Basalt Tuff(volcanic) Shale or clay Salt
Sr 20~4000 50~3000 100~100000 100~100000 10~50
Cs 200~100000 200~100000 500~100000 200~100000 40~100
1 1 1 1 1 1
Tc 1~40 1~100 1~100 1~40 1~10
U 20~500 50~500 10~400 50~2000 20~100
Np 10~500 10~200 10~200 40~1000 10~200
Pu 20~2000 20~10000 50~5000 50~100000 40~4000
Am 500~10000 100~1000 100~1000 500~100000 200~2000
Ra 50~500 50~500 100~1000 100~200 20~50
Pb 20~50 20~100 20~100 20~100 1~20

These data are from Krauskopf (1986).

L A 2o £58 #7122 2E wauon Iz
HFE5L 439 g3l FHgle] mA Tt nEd 4
71B2 RE #AUe FESo] FdvlElgeln et &
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248 wEx] Esled 6k U, Np, Pu, Th, Ra, Sn,
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FES PAsta] A3 (Table 2). §3) U, Np, Pu,
Am# Tc 59 AFL &35 42 USNRC (1976)°l
93] AR Ao &&71Fx B} gk wEiA olg B
£49] FAEL B HFEL JAH Al o
3 A o|lFHA ekerh AU olE ERAY HF F
Ted] al5E AHgl @7oM e i o™ Am7A-+
pH7} 718k a7}t Aol 887]1FX] B} golA7]
w} 2ol (Krauskopf, 1986, 1988a, b) ©1& #F2 &84
o A% AL FR3] AaM e Aek ol o
a7t BLPAL FA8e Zo| Fasieh el
AFHYR0] 3L A oA FAE = Fof o7t
W3l Ao ukz] gho} H7|E HEFE s7rele] A
e AEL Fg7ledE B oE /fAHY] o
Fof] Tcot Amell gt Exlgo] sl448 4 ok

o

sl2ketiio] X|stonA|el &0 ot otey

I!

373t Aol FEL 33 A s AR
Aol 7R o] Fd 271 Y3l H7IE FHe WEVe|E
NES Fstaiof dln] L3 A3} ute] EAE B3
oo} &t} A skprt o5 ket Bt Askruiel
Z2 NEYC|E FE, A5} oite] FA3E a8ln
A8t gt B 24 A FAE FHd & AU
o] 8)Fo] ekt sl FEU] o]F st
o] 2w #HHS (jon exchange processes)¥, A|sHv] %

ox
i

2

& Askret FEshe mAUol Hg, Agot #Zo] Zolg
(complex)& QT £ = Y2E0] AFE FAsl=
318t F2 (chemisorption processes), 12| %o]&
2o 24 complex’} @3 nAERHA FAH = &£
2] &2 (physical adsorption phenomena)©] 1ct. Cs,
Sro] o] 2w#t Wk o)ate] FaE e thEAHQ AFol
o 1, Tt C= Atst@Astol A ety F448 3p 84
Fele] Tee 232 F238 ek o] Ludtgd o3t
FRAL A v O F FENEE o] il
Cs® Sre 28 F34& zhed el 1, Ted Ce 93t
FHA4E et F24L 1Al gon Ag FAH
g Fo] 1 o) o] FH oL dFol| 9 X|g=|o] thA] A
B o]l Atk wekA FAEH e o5 F3-9]
so| #4-& s o)A Hx A|3krel ulF olF
&£57}1 =#AH "k o] & Asigel tig AF o] 5]
AAPEE $AZ EAG Ao] o|FAAUR (RE, re-
tardation factor)o|™ tha# & 2 02 FA|€r}

R=A8}F | BE /AT 0| 5ET
=1+K X (0] A/ F38) 2

Rf 3ol 10018 &Fe] olg&Ert A3ke o|F5&HEY
/109 % ouidth Kde FAAFEA 443 153 2
Ae) 2o e Sl HFe] $PILR UE
grelt}, Krauskopf (1986, 1988a)< pH7} 7~90]3 g4l
373 (Eh=-0.2~-0.3)3}ol A A|&€ o2 4B2HE F5
glo) oJ] GAUolA FZol ot A F ojFAA <
AgkE Table 33 Zo] AA|SIGTE Table 3904 Wehd
#Eo) 3 ol A AdA gk M I7E &3] Wk 1 o]
FE o)A AR o] of ] WSol] o3 ] w ol
o} AgS Fe dpdE 5, o, uA e 2]
A7, gdlo] pHe} Eh, o] 27 % (ionic strength), ¥&}
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Table 4a. Disribution coefficients for cesium and stron-
tium on minerals from batch experiments.

' Kd, m*/kg
Solid pH Sr Cs
Calcite 6~8 0.002
8~9 0.003 0.001
Hornblende 4~6 0.002
6~8 0.005 0.156
8~9 0.018 0.213
Biotite 4~6 0.004 0.925
6~8 0.016 0.61
8~9 0.024 0.624
Muscovite 4~6 0.013 0.684
6~8 0.071 0.591
8~9 0.114 0.765
1llite 8~8.5 0.335 >5
Bentonite 8~9 35 11
Quartz 4~6 0
6~8 0
8~9 0.001 0.001
Orthoclase 4~6 0.001 0.007
6~8 0.002 0.013
8~9 0.005 0.011
Plagioclase 8~8.5 0.004 0.011
Microcline 8~8.5 0.012 0.177
Laumonite 8~8.5 0.029 0.117
Prehnite 8~8.5 0.01 0.013
8~8.5 0.016 0.048
Stripa, granite 3~7 0.089
79 0.006 0.152
9~11 0.057 0.152
Finnsjon, granite 3~7 0.007 0.264
7~9 0.02 0.49
9~11 0.259 0.639

Table 4b. Influence of ionic strength on the dis-
tribution coefficient of cesium and strontium.

) Tonic Kd, m*/kg
Solid medium Cs Sr
Fi Groundwater 0.331 0.014
0.1M NaCl 0.135 0.016
4 M NaCl 0.005 0
Str Groundwater 0.043 0.006
0.1M NaCl 0.16 0.007
4M NaCl 0.015 0

Fi; Finnsjon granites, Str; Stripa granites, these data
are from SKBF (1983).
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A o] BAIARJAAL Fho] R AL G A o] ¥ X3¢
A& o5 A A&l AFTH & sited AAB] A3
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A 2o 10%~10° FE Fold S & & Atk & A-E A
Ho] AAHE Afole o]FAAJUA} Table 39149) 3t
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t} olg BAIE At 35 Qe Fe3E9]
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