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In accordance with the classification system of radioactive waste in Korea, all the disused sealed radioactive sources
(DSRSs) fall under the category of EW, VLLW or LILW, and should be managed in compliance with the restrictions for the
disposal method. In this study, the management and disposal method are drawn in consideration of half-life of radionuclides
contained in the source and A/D value (i.e. the activity A of the source dividing by the D value for the relevant radionuclide,
which is used to provide an initial ranking of relative risk for sources) in addition to the domestic classification scheme and
disposal method, based on the characteristic analysis and review results of the management practices in IAEA and foreign
countries. For all the DSRSs that are being stored (as of March 2015) in the centralized temporary disposal facility for ra-
dioisotope wastes, applicability of the derivation result is confirmed through performing the characteristic analysis and case
studies for assessing quantity and volume of DSRSs to be managed by each method. However, the methodology derived
from this study is not applicable to the following sources; i) DSRSs without information on the radioactivity, ii) DSRSs that
are not possible to calculate the specific activity and/or the source-specific A/D value. Accordingly, it is essential to identify
the inherent characteristics for each of DSRSs prior to implementation of this management and disposal method.
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Table 1. Summary of notice [3] on the disposal method for classification of radioactive wastes in Korea

Study of Classification and Disposal Method for Disused Sealed Radioactive Source in Korea

Near-surface disposal

Classificati Self Deep geological
assthcation disposal Trench type Engineered vault Rock-cavern disposal
disposal type disposal type disposal

EW (0] - - - -
VLLW X (0] (0] (0] 0

LLW X X (0] (0] (0]

ILW X X X (0] (0]

HLW X X X X (0]

Notes) EW: Exempt Waste, VLLW: Very Low—Level Waste, LLW: Low—Level Waste, ILW Intermediate—Level Waste, HLW: High—Level Waste

Radioactive
Concentration

High-Level Radioactive Waste
(HLW)

(VLLW)

Exempt Waste
(EW)

» Radioactive concentration : 4000 Bq/g
(Radionuclides emitting a-ray that half-life > 20 years)
* Heat generation rate : 2 kW/m?

3 Reference : Article 3 of NSSC Notice No.2014-34"

Limit on the radioactivity concentration for LLW
% Reference : Attached table 2 of NSSC Notice No. 2014-3%

100 times the radionuclide-specific allowable concentration for self-disposal
3 Reference : Attached table 1 of NSSC Notice No. 2014-3

Radionuclide-specific allowable concentration for self-disposal
% Reference : Attached table 1 of NSSC Notice No. 2014-3

Notes) " NSSC Notice No. 2014-34, “Standards for radiation protection, etc.”
2 NSSC Notice No. 2014-3, “Regulations for classification of radioactive waste and criteria on the self-disposal”

Fig. 1. Classification system [3] of radioactive waste in Korea.
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Table 2. Classification system for radioactive waste and principal criteria by countries

Country Classification scheme Principal criteria
* Very Low-level Waste (SL)
* Low-level Waste (SL) * Radioactivity
Sweden * Intermediate-level Waste (SL) + Half-life (on the basis of 31 years
* Low- and Intermediate-level Waste (LL) * Dose rate on waste package
* High-level Waste
. ) Low-leve} Waste * Radioactivity concentration (after 500 years)
Finland * Intermediate-level Waste + Half-life (Activity concentration of which after 500 years)
* High-level Waste X .
* Very Low-level Waste
¢ Low- and Intermediate-level Waste (SL) * Activity level
France * Low-level Waste (LL) + Half-life (on the basis of 100 days and 31 years)
* Intermediate-level Waste (LL) * Acceptance criteria : Activity of °Co and '¥'Cs, Thermal power
* High-level Waste
* Low-level Waste * Radioactivity concentration
United States ’ ngh-leve! Waste + Half-life (on the basis of 5 years and 100 years)
* Transuranic Waste
* Very Low-level Waste (LV)
* Very Low-level Waste (HV) * Radioactivity concentration
United Kingdom * Low-level Waste * Total activity of single items
* Intermediate-level Waste * Volume (in case of VLLW)
* High-level Waste
* Very Low-level Waste (SL)
. * Very Low-level Waste (LL) + Initial radioactivity level
Spain * Low- and Intermediate-level Waste (SL)  Half-life (on the basis of 30 vears
* Low- and Intermediate-level Waste (LL) Halt-lite (on the bsis of 30 sears)
* High-level Waste
* Very Low-level Waste
Japan * Low-level Waste * Radioactivity level

* Transuranic Waste
* High-level Waste

Russian Federation

* Very Low-level Waste

* Low-level Waste (SL)

* Low-level Waste (LL)

* Intermediate-level Waste (SL)
* Intermediate-level Waste (LL)
* High-level Waste

* Specific activity

« Half-life (on the basis of 30 vears)
* Phase of waste (Solid/Liquid)

Hungary

* Low-level Waste
* Intermediate-level Waste
* High-level Waste

* Radioactivity concentration

« Half-life (on the basis of 5 years and 30 years)

Republic of South Africa

¢ Very Low-level Waste

* Low- and Intermediate-level Waste (SL)
* Low- and Intermediate-level Waste (LL)
* High-level Waste

* Radioactivity concentration

+ Half-life (on the basis of 31 years)

* Thermal power, Intrusion dose

Notes) SL : Short—lived, LL : Long—Tlived, LV : Low Volume, HV : High Volume
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Study of Classification and Disposal Method for Disused Sealed Radioactive Source in Korea

Categorize

disused radioactive source inventory

Sources that could decay »
to safe levels during |
arelatively short period |

(afew tens ofyears) \

storage

Are there

facilities?

exempt levels within short-term

available and/or planned disposal

Consider short-term storage |

Consider disposal as exempt waste |

Consider this disposal option |

Consider the development of
anew national or regional facility

Decay to safe
YES

disposal

L

Consider disposal in
near-surface boreholes or shafts

limits with in institutional
control period for near-surface

3

Consider disposal in
disused intermediate depth or deep
mines or caverns boreholes, shafts

Fig. 2. Identification and screening process [5] of disposal options for disused radioactive sources.
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Table 3. Possible disposal options [5] for radioactive sources based on half-life of radionuclide

Near-surface disposal

Half-life (T,,)

L . . Decay in storage Geological disposal
{Principal radionuclides} Y ¢ Without special With greater depth and/or ¢ P
requirements barriers
T, <100 days
{ 1251 19211. } O
100 days < T, <30 years (0] (0]

T, > 30 years
{ 9051,*’ 137Cg, 8Py, 6N, 0 0
24[Am 226Ra 239Pu }

* Although the half—life of *Sr (i.e. 28.79 years) is less than 30 years, it is categorized into this group because of its high activity.

Table 4. Grouping of disused sealed radioactive sources (proposed in this study) based on half-life of radionuclides in Korea

Half-life (T ,) Number of radionuclides Radionuclide contained in DSRS

T, <100 days

200R; 125 ~ 192
{ Very short-lived } 4 Bi, I, Sb-Be, ”Ir

100 days < T, <30 years 738e, 210Pg, 18Gd, %Ge, 'Co, Cd, *Cs, 2Na, “’Pm, 22Cf,
{ Short-lived } $Fe, 9Co, 1¥Ba, ¥Kr, °H, '2Eu, 2Cm

‘)Osr* Qﬂsr/gﬂY* 137CS 63Ni 241Am Z4lAm/Be 226Ra 226Ra/Be 14C
13 50, 28U, Mixed sources (such as three (3) nuclides including “Co,
and three (3) nuclides including *°Sr)

Ty, = 30 years
{ Long-lived }

* Although the half—life of Sr and *Sr/*Y (i.e. 28.79 years) is less than 30 years, it is categorized into this group in compliance with TAEA recommendation [S5].

Table 5. IAEA categorization system [6] for radioactive waste based on ‘A/D’ value

Category The activity ratio of A/D Relative radiation hazards
1 A/D > 1,000 Personally extremely dangerous
2 10 <A/D < 1,000 Personally very dangerous
3 1<A/D<10 Personally dangerous
4 0.01<A/D<1 Unlikely to be dangerous
S (Exempt quantities)/D <A/D < 0.01 Not dangerous
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Self disposal

Disused Sealed
Radioactive Sources

Possible
to reuse or

YES

Study of Classification and Disposal Method for Disused Sealed Radioactive Source in Korea

____________ Reuse or
Recycling

recycle?

l

_____ .

| Decay in Storage E

:: Consolidating Separate AN
storage contatiner (| storagecontainer |
(such as ™I, etc) ||(Other radionuclides)) n

Less than
100 times
the clearance
level for the
nuclideZ

A/D<0.01

Exceeds
limit on the
radioactivity
concentration
for LLWZ,

Less than
the clearance
level for the
nuclide?

Very short-lived Short-and Long-lived

Trench type
disposal

Engineered vault
type disposal

3.1.2 t;]-H]-7l-7] 111 ;g-u]-7l-7] *8_]!%

Very short-lived radionuclides Short-lived rationuclides Long-lived rationuclides
(Half-life < 100 day) (100 day < Half-life <30 yr) (Half-life > 30 yr)

l l

Neutron or Qad
a-emitter?

Exceeds
limit on the
radioactivity
concentration
for ILW?

Rock cavern type or

Borehole disposal EIEE SREEE

Fig. 3. Optimum method (proposed in this study) for management and disposal of disused sealed radioactive sources in Korea.
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Table 6. Management matrix (proposed in this study) in accordance with the classification system for disused sealed radioactive source

Half-life and A/D value

Classification system of radioactive wastes in Korea

EW VLLW LLW ILW

A/D=1000

10=A/D<1000

Very

short-lived 1=A/D<10

0.01=A/D<1

Not

Applicabl i
pplicable Decay in storage

A/D<0.01

Self disposal Trench type disposal

A/D=1000

10=A/D<1000

Half-life Short-lived 1=A/D<10

0.01=A/D<1

Long-term storage

Not

Applicable Rock-cavern type (or borehole) disposal

Engineered vault

A/D<0.01

Self disposal i,

A/D=1000

10=A/D<1000

Long-lived 1=A/D<10

0.01=A/D<1

A/D<0.01

Not

Applicable Rock-cavern type (or borehole) disposal

Engineered vault
type disposal

A/D=1000

10=A/D<1000

Alpha emitter 1=A/D<10

0.01=A/D<1

A/D<0.01

A/D=1000

10=A/D<1000

Neutron sources 1=A/D<10

0.01=A/D<1

A/D<0.01

IJNFCWT Vol. 14 No.3 pp.253-266, September 2016
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Table 7. Change of quantity (in unit of EA) by each management method for disused sealed radioactive source

3 Engineered Rock-cavern type LJJa g-term|storage
Year Dsfgfg Ln dissecl)gal Trg?sclgg?e vault type (or borehole) F{Eg
g P P disposal disposal pé& Neutron
0 37,560 13 1,759 1,908 49 464 201
2020 41,954
(0.00%) (89.53%) (0.03%) (4.19%) (4.55%) (0.12%) (1.11%) (0.48%)
0 37,756 0 2,010 1,759 15 464 201
2035 42,205
(0.00%) (89.46%) (0.00%) (4.76%) (4.17%) (0.04%) (1.10%) (0.48%)
0 37,940 0 2,035 1,666 6 464 201
2050 42,312
(0.00%) (89.67%) (0.00%) (4.81%) (3.94%) (0.01%) (1.10%) (0.48%)
0 38,129 0 1,906 1,608 4 464 201
2065 42,312
(0.00%) (90.11%) (0.00%) (4.50%) (3.80%) (0.01%) (1.10%) (0.48%)
0 38,198 0 1,890 1,555 4 464 201
2080 42,312
(0.00%) (90.28%) (0.00%) (4.47%) (3.68%) (0.01%) (1.10%) (0.48%)
0 39,222 0 1,431 1,019 0 464 201
2180 42,337
(0.00%) (92.64%) (0.00%) (3.38%) (2.41%) (0.00%) (1.10%) (0.47%)
Quantity Volume
[EA] [L]
45,000 45,000
40,000 e b g % g 40,000
4 = t—| 4 (L
35,000 | A A | A | 35,000 Long-term storage (Neutron)
N Long-term storage (a)
30,000 +— n N % I || [30000 [[T] Long-term storage (B/y)
25,000 7, 7 7 25,000 [ Rock-cavern type disposal
["] Engineered vault type disposal
20,000 L 20,000
[[T] Trench type disposal
15,000 +— H H H H 115000 [ ]selfdisposal
10000 || | | | 17 | L 110000 [ Decayin storage
5,000 5,000
0 0
Quantity Volume Quantity Volume Quantity Volume QuantityVolume QuantityVolume Quantity Volume
Year 2020 Year 2035 Year 2050 Year 2065 Year 2080 Year 2180

Fig. 4. Change of quantity (in unit of EA) and volume (in unit of L) by each management method for disused sealed radioactive sources.
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Table 8. Change of volume (in unit of L) by each management method for disused sealed radioactive source

; Engineered Rock-cavern type LchL o-term|storage
Year Dsfgg 1en dissecl)gal Trg?sclgg{)e vault type (or borehole) T[OIE?I
g P P disposal disposal f& Neu tron
0.0 8,296.6 0.0 11,265.1 13,575.7 5,498.2 926.1 2,253.5
2020 41,815.2
(0.00%) (19.84%) (0.00%) (26.94%) (32.47%) (13.15%) (2.21%) (5.39%)
0.0 8,593.5 0.0 18,097.7 8,218.2 3,883.9 926.1 2,253.5
2035 41,972.9
(0.00%) (20.47%) (0.00%) (43.12%) (19.58%) (9.25%) (2.21%) (5.37%)
0.0 8,759.4 0.0 19,5423 8,386.0 2,178.4 926.1 2,253.5
2050 42,045.7
(0.00%) (20.83%) (0.00%) (46.48%) (19.94%) (5.18%) (2.20%) (5.36%)
0.0 8,986.7 0.0 21,415.0 7,241.7 1,222.7 926.1 2,253.5
2065 42,045.7
(0.00%) (21.37%) (0.00%) (50.93%) (17.22%) (2.91%) (2.20%) (5.36%)
0.0 10,047.5 0.0 21,4344 6,161.6 1,222.7 926.1 2,253.5
2080 42,045.8
(0.00%) (23.90%) (0.00%) (50.98%) (14.65%) (2.91%) (2.20%) (5.36%)
0.0 24.801.9 0.0 9,430.6 4,859.2 0.0 926.1 2,253.5
2180 42,271.3
(0.00%) (58.67%) (0.00%) (22.31%) (11.50%) (0.00%) (2.19%) (5.33%)
3.2 3§ 74 ZE(Case Study) A5 )4k A= o] 7o) 6ol Subels sz o 2 27}
cEFAR mE FEAR PPAde $F V1FEo2 )
2015 39 71522 RI #)7]& #H7|Ad o] AAA% 2F 8~9% oA, A AFs o2 QI3 AF VL
2 AURALL PO R B ATE Fo) BT AR 2= oF 60-65%5 A7 1 ¥, 21809 Aol A = A
TAduRor =& A3 (Fig. 3 2 Table 6)¢] 28 7Fe S HE AT 7 A S7EE SJs) oF 34% FE7HA] FHas
shoict. AR Lol A9 wels|zke] uhe WAs Y Fol A AH 7)1 FEo = 202090l FZAE A ol
Hslste s A 7)ol whef olgh el Eghd 4 Qi 71 WA, o] % A1 (2035~20801) ol A= EF A
A AlolA B D] AT ARATVE S 8 b o] A o] Mk A% (43.12%~50,98%) 5 2}A]
ARk, T - AFAEAPE A= AR &471RH60) « 7147 3 °H T B A 7122 AT
9 A=A B 7)17H1009)S aLeske] ohaksk A4 (2020, uhe} A& o2 A 7|FE 1.71% — 1.57%, Al
20354, 20504, 20654, 20803, 2180%d)oflA] HLE-A1 L 2 7)% 20.75% — 7.52%)8hH= B F, WAVs 24
E4 BN 598 F 20 EFo dE AR oy 5 o wheh S W02 AR A1
F 9 A= Gsterk AR AP WE BF FF DA F015E 38T A1) ADRAAL B
3 A2 W3} Fo]= Table 7~8 B Fig. 49k 2o, o] tj O 8 8= 3¢ eldA71oh FasiAl B A A e v
3 F9 BN A% thet et YYAE BAe 9, FF 0 AURAAY B
Aol whet Adietow e de
AAAE AR 5F 7 F O 90% 9l E 2
SEANE, e Whabs o 2 Rl Al A TE o mE 20% H 7 71l o] BrbEdE FE B AT AN =E
T2 A STV B, 2180 Al = Al E AERES 21807HA] AR oAl 7)ok e A A
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Table 9. Quantity (in unit of EA) by each management method for disused sealed radioactive source as of 2020

Classification system in Korea

. Subtotal Total
Half-life and A/D value W VLLW LW W [EA] [EA]
A/D=1000 0 0 0 0 0
10=A/D<1000 0 0 0 0 0
oy | 1SAD<I0 0 0 0 0 0 35,551
0.01=A/D<1 0 0 0 0 0
A/D<0.01 35,538 13 0 0 35,551
A/D=1000 0 0
10=A/D<1000 0 4 8 12
Half-life Short-lived 1=A/D<10 0 0 \! 4 7 3,491
0.01=A/D<I1 0 0 42 165 207
A/D<0.01 2,022 188 945 110 3,265
A/D=1000 0 0
10=A/D<1000 3] 37
Long-lived 1<A/D<10 0 0 0 28 28 2,247
0.01=A/D<1 0 0 40 402 442
A/D<0.01 0 0 544 1,196 1,740
A/D=1000 0
10=<A/D<1000 0
Alpha emitter 1<A/D<10 Q 36 36 464
0.01=A/D<I1 &) 30 300
A/D<0.01 ¢ 4 3 105 128
A/D=1000 0)
10<A/D<1000 0)
Neutron sources 1=A/D<10 (0) (201)
0.01=A/D<I1 194 (194)
A/D<0.01 7 ©)
Total [EA] 37,566 205 1,591 2,391 41,753 41,753
Fraction (%) 89.97 0.49 3.81 5.73 100.0 100.0
Legend)
Decay in Self Trench type Engineered Rock-cavern Long-term
storage disposal disposal vault type type (or borehole) storage
disposal disposal

Note) * Ratio to total quantity (i.e. 41,753) of sources that can be categorized in accordance with classification system in Korea and A/D value at the time of management and
disposal; Since neutron sources cannot be classified into specific category in accordance with the Korean regulation, these are excluded from calculating the total quantity

to be managed.
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Table 10. Volume (in unit of L) by each management method for disused sealed radioactive source as of 2020

Halflife and A/D value Classification system in Korea Subtotal Total
EW VLLW LLW LW (L] (L]
A/D=1000 0.0 0.0 0.0 0.0 0.0
10=A/D<1000 0.0 0.0 0.0 0.0 0.0
ey | 1SADSI0 0.0 0.0 0.0 0.0 0.0 49618
0.01=A/D<I1 0.0 0.0 0.0 0.0 0.0
A/D<0.01 4961.8 0.0 0.0 0.0 4,961.8
A/D=1000 0.0 0 0.0
10=A/D<1000 0.0 1,01816 24378 3,456.4
Half-life Short-lived 1=A/D<10 0.0 0.0 4,961.1 147.8 5,108.9 25,160.2
0.01=A/D<l 0.0 0.0 1,291.9 3,392.1 4,684.0
A/D<0.01 3,334.8 3493 74522 774.5 11,910.8
A/D=1000 0.0 0.0
10=A/D<1000 0.0 2,04 2,041.8
Long-lived 1<A/D<10 0.0 0.0 0.0 396.9 396.9 8,513.6
0.01=A/D<1 0.0 0.0 6404 2,355.5 2,995.9
A/D<0.01 0.0 0.0 153122 1,547.8 3,079.0
A/D=1000 0.0 0.0
10=A/D<1000 0 0.0
Alpha emitter 1<A/D<10 149 149.6 926.1
0.01=A/D<I1 463.3 463.3
A/D<0.01 243 340 03.6 22214 3132
A/D=1000 (0.0)
10=A/D<1000 H} (0.0)
Neutron sources 1=A/D<10 &v 0.0) (2,253.6)
0.01=A/D<l 2,238.9 (2,238.9)
A/D<0.01 14.6 (14.6)
Total [L] 8,320.8 3523 16,959.0 13,929.5 39,561.7 39,561.7
Fraction (%)" 21.03 0.89 42.87 3521 100.0 100.0
Legend)
Decay in Self Trench type Engineered Rock-cavern Long-term
storage disposal disposal vault type type (or borehole) storage
disposal disposal

Note) * Ratio to total volume (i.e. 39,561.7 L) of sources that can be categorized in accordance with classification system in Korea and A/D value at the time of management and
disposal; Since neutron sources cannot be classified into specific category in accordance with the Korean regulation, these are excluded from calculating the total volume

to be managed.
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