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A Case Study of SFR Disposal Facility in Sweden to Derive

the Total Disposable Amount of Radioactive Waste Containing
Cellulose in Low and Intermediate Level Radioactive Waste
Disposal Facility in Gyeongju

JaeChul Ha'*, MyungGoo Kang' and SeHo Choi’

'LILW Technology Team Korea Radioactive Waste Agency, Chunghyochung-gil-19, Gyeongju-si, Gyeongsangbuk-do,
Republic of Korea

There are various factors that have a negative impact on safety over a long period of time
after the closure of a radioactive waste disposal facility. In particular, it is important to limit substances
that accelerate radionuclide migration while inhibiting adsorption between radionuclides and the
subsurface medium. Through this study, a method for deriving a quantitative criteria evaluation method
is proposed for cellulose among materials that accelerate the movement of these radionuclides after
closure of the disposal facility. Since Sweden’'s SKB is representative worldwide for preparing criteria for
cellulose in disposal facilities, it analyzed Sweden's acceptance criteria method and presented a method
that can be applied domestically. The decomposition characteristics of cellulose and the adsorption and
dissolution characteristics of ISA among degradation products were reviewed, and quantitative analysis
of cement materials that create a high pH environment favorable for cellulose decomposition was also
included. In addition, the total amount of the finally disposable cellulose material can be derived by
using the volume information of the waste containing the cellulose material. Through this methodology
for calculating the total amount of cellulose, it is expected that subsequent studies will be conducted to
secure data reflecting the environmental conditions of radioactive waste disposal facilities in Korea. In
addition, it is expected to be utilized as a good method to evaluate the impact of other complexing agents
other than cellulose and to suggest the amount of disposal.

Key words: Radioactive waste disposal facility, Waste acceptance criteria, Waste containing cellulose,
ISA characterization, Cellulose degradation
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Fig. 1. Location and aerial view of the Swedish disposal facility.
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Table 1. Waste management chart for 1 and 2 BMA repository on the SER disposal facility
Number anticipated Cellulose
Waste package Type of packaging at clf)sure that Waste conditioning Tereckag™)
contain cellulose
1and 2BMA 1BMA 2BMA
B.23 Steel and concrete lid 33 0 Concrete 44
B.23:Dsec Steel and concrete lid 0 122 Concrete 44
C.01_cell Steel 61 0 Cement 20.5
C.23 Concrete 63 98 Concrete 30
F.17_cell Concrete 195 0 Bitumen 4.3
F23_C Concrete 57 0 Concrete 29
F23_S Steel and concrete lid 220 250 Concrete 150
0.01_cell Concrete 278 0 Cement 20.5
0.23 Concrete 509 100 Concrete 30
R.23_C Concrete 338 0 Concrete 11
R.23_S Steel and concrete lid 172 96 Concrete 44
21 Steel 488 0 (Concrete betwe.en inner and 29
outer containment)
S.23 Concrete 113 605 Concrete 29
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Fig. 2. Sorption isotherm of a-ISA on Portland cement at equi-
librium.
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Fig. 3. Sorption isotherm of a-ISA on CASH- and CSH-phases
at 13.3.
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Table 2. Definition of concrete properties of SER repository in Sweden

Parameter Component Value
Mass of hydrated cement in concrete Concrete conditioning for scrap metal and refuse 0.38
(kg kg_l) Cement conditioning for other waste types 1
Construction concrete 51§
Mass of hydrated cement in concrete Concrete packaging S1S
(kgm™) Silo/BMA grout 691
BTF grout 528
Construction concrete 15
Concrete packaging 15
Steel packaging 0
Silo conditioned waste 15
Porosity (%) BMA conditioned waste 15
Forsmark bitumen-conditioned waste 0
BTF concrete/cement conditioning 20
BTF ion-exchange resins 40
Other BTF wastes 0
Cement conditioning 2,000
Bulk density Concrete conditioning 2,000
(kg m™, applied to BTF) Concrete waste 2,300
Ton-exchange resins 1,000
Table 3. Total amount of cement and void volume in 1 BMA
Hydrated cement, kg Pore and void volume, m
Waste Construction Grout Total Waste Construction Grout Total
packages concrete packages concrete
6.31x10° 2.12x10° 2.11x10° 1.05 X 107 3.08x10° 6.19 % 10° 2.77X10° 1.49 x 10*
W B3 BuE AMeldti[12). o] % 1BMA ARTE o] RIS Arix o Has} gickn Tk 4 9

) F Al £, Table 391 A5k

2.4 HASERA FHE U ISA+E
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2o B o &9 7|E 24

olE|E A=
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Z-LQ_O],OC]_‘&

3| A= SKB

SKBOlA] AEE QA Hallag F617] sl 83t A
AL AT AHE T34 2K 4712 AER QA B
2 (Aldrich cellulose, Cotton, Paper, Tela tissue) = 12 &
@ el Aaelst 14 | 49 W 93
EZQOA _,_OHM 3 7].11- Z]'7]7J =
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(celdeg)t =14+e ™ [? . (@
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Table 4. Summary of pH changes at SFR disposal facilities

Date after closure (yr)

1BMA-cement 1BMA-Bitumen 1BTF Silo
pH 1BLA Ash 2BTF
Waste Wall Waste Wall section Waste Wall

13.0 2000 2000 2000 2000 2000 2000 2000 2000
12.5 7000 6000 7000 8000 2000 4000 7000 26000 34000
12.0 22000 22000 8000

11.5 58000 50000 9000

10.5 9200

9.0 11000

7.5 21000

% Areas predicted to remain unchanged for 100,000 years or more are grayed out.

Table 5. Reduction factor and no effect concentration of RNs for ISA

Radionuclide (oxidation state)

No-effect concentration for ISA

Reduction factor for ISA*

Ag(I)

'C, carbonate species

'4C, CH,, simple organics
Ca(11), radioactive isotopes
cd(m)

CI(-1), 1(-1)

Cs(I)

Eu(III), Ac(I11), Am(III), Cm(III),
Ho(III), Pu(III), Sm(III)
Mo(V1), Se(VT), Tc(VIIL)
Nb(V)

Ni(II), Co(II)

Pb(11), PA(1I)

Th(IV), Np(IV), Pu(IV), U(IV),
Pa(IV), Tc(IV), Zr(IV), Sn(IV)
Np(V), Pu(V)

Pa(V)

Se(-II)

Se(IV), Po(IV)

Sr(I1), Ba(II), Ra(1II)

U(VI), Pu(VI)

No effect expected for ISA (see Table 3-3 for conservative values)
Isotope exchange, no effects expected

Not relevant: Kg=0 assumed

No effects expected

Reduction expected for [ISA] > 10mM

No effects expected

No effects expected

Reduction expected for [ISA] > 1 mM

No effects expected

No realistic value proposed for ISA, (conservative values)
Isotope exchange, no effects expected

Reduction expected for [ISA]>0.05 mM

Reduction expected for [ISA]> 0.1 mM

Reduction expected for [ISA] > 1mM
Reduction expected for [ISA] > 0.1 mM
Not relevant: K4 =0 assumed
Reduction expected for [ISA] > 0.1 mM
Reduction expected for [ISA] > 10mM
Reduction expected for [ISA] > 0.5 mM

1
1
Not applicable
1
10
1
1

10

1
1
100, constant

100

10
100
Not applicable
10
10
10

* The proposed reduction factors will increase by a factor of 10 with each 10-fold increase of [ISA] above the indicated no-effect level, except for Pb/Pd. Le. with
an indicated no-effect of 1 mM [ISA] and a reduction factor of 10, sorption values are expected to be reduced by a factor of 10 between >1 mM to 10 mM [ISA],
and by a factor of 100 between > 10 mM to 100 mM [ISA], etc

(Gr)o=§_7]°ﬂ ZA6+= sk 2
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Table 6. ISA concentration limit for SFR disposal facilities

Dissolved concentration limit

Type of material or substance

Recommended dissolved Maximum dissolved

in WAC 3.0 concentration limit concentration
ISA 107*M 107*M 107*M
(mid-chain reaction)= AR&-SF WA Ao| 1, & AR = 7 7t ~99% EH = 714 Stof| AR AT (Tela tissue 7]
L4 (peeling-off reaction) & AH&oh= WA lth A% &) A HF2] o] F5 el Q1o Table 59} 2ol ZF
g7t iAo g A8 7Hsdo] w2 WAYFoIA, AT 1SAS] FEERE FFe B HA = 279
S AR Adhs EZedohs WAl A7t AA A4 no effect concentration AAZAIE Ef2 HE3HS 17
S|, AE2 A7t & Eofishr| 712 9] vEg& Eeleitt. glsto] Hapdog et At 1sAd] His & 7Hset
wEbA o]t AE R A0 AA| & Zofl S AIM7E Y 58 FEE Table 67 Z°] 107t ME =EH3IT
A FAT 4 Q7] "ol sKkBollA«= F1F Ake A [13,17,18].
et AR A (4)E ARgste] AR Aol wE AE
2o FoleS EESIAT14].
ISA &2 Tt AE2 e~ Hojits 5 A4 3. 2n} gl nxt
& AF AR 285t 1SAY] HlE2 UEdl= A%
o]7] Hlwoll AER A A T 4FEo] Alo] HIEA] el SiFolFoll AR FF= vAl= ISAE Al o=
o] Wagk ¢lxtolct YA o7 MEZ QA Hof 4HE F AER AR AUEE A7 TF &= i &
ISA= 2F 80% o] F & 7H W2 = AHAsHH, ZE4L, Al F8 RS2 TESHE 4] (5)9F Eol g 4 Stk

ox O
o,
i
=
<

O EAL, 24t 52 5~10% 1THo]
2.5. SFR MEA|Q| AE2A
pH 12.5 o141 Z a7/ SollA o=l AERQ

2 EA wl2of|[17], SKBOI A= 2,000 pH 13 (Table

4)°] H9lo] diFst= SFR W AE 1BMA, 1-2BTR U

AL 2E AAste] FAdH7H(SR-PSU)E 53T

[13].

IBLA A&119] ¢ SAa-S AlLfstar Haf2 oA o]
M 7] &7 2745k fIste] B oH-ol2 W=
AHE ofo] BF ottt T3 21,0008 ol pH7} 7.57}
2] ozl S 2 glom H7|Ee] & WA ©f
Z Aol wrol(SFRY] F HAMS F AL ~0.2%)
HAA BIE /ol A Alelsklet[15]. A=A ] pH &
AL AER AT Eoli=]7] 913 7HY 12H4 %1 AAlx
Zo]7] wzol] AEFollA 7§ 7Fsd AERA &
LEote dlof] ¥tEA] Bagh @ Aol TR 7| oS
B2 flol AlEdlolae] #8717k AA sk a40]
7] % S}t

H B7HlA 1SA 7 5,000 T AEZ A

Opt
of
=
rot

[t

Q

MLoHC
o

- m
’%%EE& %—Eok = [[SA]@(] + 7V * [[SA]sorbed
+2olE - FE X SAZAF x T3 HI (8)

o 2 m
>~
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4.2 B

oA HAYsH= AER oA BHS EF5H= Hi
=9 Ai7ts T 55 floke] 299 skB9| 157
F EE AHEE BAsHI B4 w0 A8 Q54
£ d%e] A ol FHRE gt At tjgo], 7]
oS 2po] mdly Pt e ojof gt} oyt A9
S ARt A AAH 0 2 th4-9] S7FE0] of A2 Al
E29A0 T BEaibE]l 1SAS] FFS A elstal
AR e Atstolth AER 9 A Hall & A =L 1SA7}
g0l ol FAHA JFE vl Fi-2 vt
wA AAH o & tfrlstal okl & 4 Qi o] =gt =
Hollxlo] AEZ QA H7|Eol tigt dlFols JFd 1
HE ARAA 71 Sl Qlojd F8HeR |
oAt 2 AFE Fofl RAT AEROA 7 EEI
A 42 2 AUl S A E HEA LA A
i 7tsd AERe A WUHE T &0 2 S

& = =ollu A7 87 (KETEP) oA s}
+ YA HE PRI e AR o] <A ShA]
o

W 71480 BRA Ao AR 9% Ht A%
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