Technical Paper https://doi.org/10.7733/jnfewt.2017.15.2.161

Improvement of Safety Approach for Accidents During Operation
of LILW Disposal Facility : Application for Operational Safety
Assessment of the Near-surface LILW Disposal Facility in Korea
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To evaluate radiological impact from the operation of a low- and intermediate-level radioactive waste disposal facility, a
logical presentation and explanation of expected accidental scenarios is essential to the stakeholders of the disposal facil-
ity. The logical assessment platform and procedure, including analysis of the safety function of disposal components,
operational hazard analysis, operational risk analysis, and preparedness of remedial measures for operational safety, are
improved in this study. In the operational risk analysis, both design measures and management measures are suggested to
make it possible to connect among design, operation, and safety assessment within the same assessment platform. For the
preparedness of logical assessment procedure, classification logic of an operational accident is suggested based on the prob-
ability of occurrence and consequences of assessment results. The improved assessment platform and procedure are applied
to an operational accident analysis of the Korean low- and intermediate-level radioactive waste disposal facility and partly

presented in this paper.
Keywords: Operational accident analysis, Safety function analysis, Hazard analysis, Risk analysis, Operational accident

classification criteria
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Safety Assessment of the Near-surface LILW Disposal Facility in Korea

Sinwolsung NPP #18&2

Disposal Area : Approx. 67,490m?
1+ Disposal Capacity : 100,000 package
2" Disposal Capacity : 125,000 package

Surface Facility

(a) Development of 1* and 2™ stage disposal facility

Waste package transport/disposal period

Underground gallery

(b) Operation of the 2™ stage near surface disposal facility : radioactive
waste transport, disposal in the vault and radiation monitoring in under-
ground gallery

[ Coversystem installation/maintenance period "

(c) The 2" stage near surface disposal facility after closure : monitoring
for cover system and disposal vault performance

Fig. 1. Development plan for the 1% and 2" stage of Wolsung Low- and
Intermediate-level radioactive waste disposal facility in Korea [8].
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Definition of Safety Function

!

A

L . .. Operational
Acquisition of knowledge(phenomenological, humanities and Safety Function
sociology, engineering etc.) Analysis
JI \\
Feed back of risk ”
remedial measure Normal Fond|t|on of ) Design (system/
(design/ EES R D N Structure/components)
management) assessment

h 4

» Hazard analysis/Risk analysis
/ / j \ Operational Hazard/
High Low Alarge Asmall Risk Analysis
probability of probability of influence on influence on
occurrence occurrence theresults the results
\ J
1
Concept of accident

}

Definition of accident scenario

Definition of accident

scenario and accidental
l assessment
Assessment on operational accident
T
J
Fig. 2. Procedure of operational safety assessment based on Safety strategy [11].

7717159 98 B 75 S48k o vt o] A IRt B )o] A AR, 3719 o] FE R Y Eo
A 37]¢] b 715 (Safety Function, SF) 2 & 73t QAH17]. o] F 4= mhe L A=Zd2FEH Xt W 84K s 5572
wrekal FEE R AlRElslrt. /b7 )5S SF3(EAHEH 7
* SF 1: Ao AP #7115 3 F A st e B3} et o] B5)o] A5 AR ol uh2 g3}, o F
« SF2 AP 27 E SR A vlee] 4T QIZF AT, T4 = B I E o3 HY)E B S
B3 AT RE R BRstal 7 R B4 of 5| MlEstat it
* SF 3 AMIH 7| =3 St o Be P75 ol thHeh A& 2etA B3 AR
PAAEA BAA17]] 7] Eo] Jon, E =wdXs
AEAE P75 TAEAN3-16]00 whet 2 Aeg Y T AT EA T SF25 £ o]F AR WE &
P71 E HA 2A ARgEo R AEFET byl GEAEHE AT FHES(SF 2.5 Protect people and
5 SF 1(AEA WA H 7= sl ek Fa))e] 73S & environment from contamination by water pathways) -
9 245 @At H8l w7l EE QS AL ARl g 2Eske] 7Sttt Table 164 = 39 4 7152
olF, W, AR A T 10709] SH7 s o R AlEst  HAE 2] flal Badh AdAld 840 93]
STk, P71 SF 20 M Asl 25 A A vlge] & & AAEY &9 F Ve AT, 9 Fole

164

JINFCWT Vol.15 No.2 pp.161-172, June 2017



Hyun-Joo Kim et al. : Improvement of Safety Approach for Accidents During Operation of LILW Disposal Facility : Application for Operational

Safety Assessment of the Near-surface LILW Disposal Facility in Korea

J0J0B} UOHNQLSIP UIRJA]
[eameu jo joedun apeSnrupuI]  T-SAS
uewny Jsurese wajsks 10jo1d  J-sAS

Surpeol-Jjos jsurede wysAs 109j01]  S-sAS

AR
IN-JUT
INUT
oq oq
-upy -upy
0d-puI oq3uL

se 10y 30730 9[qe[[0Nu0d 9p1A0Id pue NPy  DH-UPY
9)SEA UT SOPI[ONUOIPLI J[QeZIIqOW U] T-Upy
JolLIRq [BAI50]003 PIeMO}) JOJSUeI} SApI[anUOIpeI AB[op JO SZIIqow] 0(-Upy

wa)sAs-qns aexoed ur saprjonuoIper azijiqowr]  [-Uupy

od od od

I AT ey -upy

od od od
-upd -upy -upy

Iy ddu tdHgug

UL AU AU L

WAJSAS WOIJ SSLI[aI JojeM [0IU0I/IONUO[N  N-JU] Suraq uewny jo amsodxa jopuopy  A-dxg

9)seM oy J9jsuen Jajem asoddo/Aefdq  og-jug

9)Sem pIemo) Jojsue) Joyem asoddo/Aepg  1q-Jur

oq
-upy

od
-upy

Id-Jur

UONBIPE.I JO UOISSIW Juur]  T-dxg

UONIPEI JO MOJj OfenuaRy  v-dxg

WaJSAS AU OJUT UOHEN[YUT IJeM U] T-Ju]  Surdq uewny Jo amsodxa pmsay  Y-dxg

oq-upd
[-upy

og-upd
[-upyd

Id-Jug

s1oLeg paoduisuy pue ofesoed 0)sem 109)01d € AS

o

WRJSAS U U (NY) SIFeM POJRBIYUL I0NUOIN L TS AS
(woysAs Surddeo

AJ1e10adsa) weysAs Juotuageuetu 10Jem JO JOIARYSq
) pI003I PUB [O1UOD “IOYUO 9°1°S'Z S
JuduIeaI)

J0J WY} JO9[[09 PUE SIOJEM PIJBUILILIUOD PUB
SIOJEA\ [NIGNOP JO JUNOWE Y} 2NPAY S 16T AS
I911IBq (891307003 1) PIEMO)

uonjeSIw SapINUoIpel 3y} Ae[d +'1°S°Z S

WOISAS SIOLLIEq Pa1oouISud oy pue afexoed ajsem
oy SPISUI SIPI[ONUOIPEI AY) UIEIUOD) €'1°S'T AS

(waysAs ynea
y3noiy) a3exoed aisem pIemo) Iojem pajejyul
JO MOJJ 90NPAI JO ST} JISUBT) 3SBAIOU] 7' 'S’ AS

(waysAs Surddes ySnouy) xd) aysem
PIeMO) UOHBIYUI JOJeM UTel 20npay ['[°G'T AS

JoJeM UIel Aq JJSUEI) SpIjOnuOIpey 3JeSNIA 1'6Z AS

shemuped 1o1em £q UOIBUILIBIUOD WOIJ JUSWUOIAUS pue 9[doad 1091014 §'7 AS

skemyyed 1re Aq uoneurweyuod woly o1jqnd 303014 +'7 AS

(pourad euonnynsul SuLIp SANIANIL SULIOJUOW/QOUBUIUTEU PUE SHI0M FuIr[eas/a1nso[o) skemyjed Jre Aq UONRUTIIERIUOD JSUTESe SIONIOM 193}01d €7 S

a1nsodxd uonerper woly o1qnd 303014 77 S

21ns0dxo UOLBIPLI WOIJ SIONI0M J09}01] ' AS

SYSLI 9A1OBOIpRI Jsurede ammng pue jussald yuowuoiaud oy pue jdoad 109014 ‘7 4S

K1ojuoAur ageyoed ysem asodsi(q ‘| AS

(ss9008 WAISAS WAISAS Iy

[01u0d pue

Quoz Joyng

Sur Ilem 1999ys
[eorskydjo  WIBAPUOR - -OMAS [y Jddeq o QEIS (1Y [euIa) ®S e
| 0ATIOB -B[UOA QJRI0  Yoeg -UNA jooy  yorg 100 ogexyoed
o : R ' jneA -Xd S[IQON 2ISeM
funoss ayg) OEY AV -U0D
A19][e3 punoigdiopun) 19A0) WA)SAS I neA

sampadoid
2 so[nI
SuneradQ

uonouny £10Jes
juouodwo))

(.sAemyyed 193em £q UOHRUIWIEIUOD WOIJ JUSWUOIAUS pue d]doad 3093014 'z S, UO s[1e1d() Anjioey [esodsip jo sisAjeue euorjouny Ajoyes [euoneddQ ‘1 a[qer,

165

JINFCWT Vol.15 No.2 pp.161-172, June 2017



Hyun-Joo Kim et al. : Improvement of Safety Approach for Accidents During Operation of LILW Disposal Facility : Application for Operational
Safety Assessment of the Near-surface LILW Disposal Facility in Korea

This is the process to find the risk factors (hazard sources) that caused the event in disposal facility during
operation period.

1. Find components and systems by location that has risk factors according to event type.

2. Check the initiating event leading to undesirable event that may have radiological consequences
3.ldentify the existing barriers to defend the risk design and management measures.

Operational
Hazard analysis

Operational risk analysis is based on risk analysis sheet for composition and ranking for the each of event
scenario as follows.

1. Identify the location and components that the event can occur.

2. Assign the scenario number that is made up of the location and event type.

Operational 3. Analyze initiating events leading to the undesirable event and subsequent radiological consequences
Risk analysis 4. |dentify the existing barriers to defend the risk that is considered as design (D) and management (M)
measures

5. Consider the probability of occurrence of the event.
6. Define the event level in accordance with existing barriers and occurrence probability.
7.Consider both worker or/and public as target group depending on event.

Select the scenario 1. Select the representative scenario depending on the level of events

!

Safety assessment

I

Future remedial measures

1. Introduce the assumption for quantitative assessment such as damage ratio, source term and so on
2. Compare assessment results with the regulation criteria

1.Improve the additional design and management measure (barriers) when the evaluation result exceeds the
safety objectives

2. Optimize disposal facility by the feedback on design/management measure and repeated safety
assessment

Fig. 3. Detailed procedure of operational safety assessment.
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Table 2. Event type and hazard source during the operation of disposal facility

Event Type Hazard sources

Electrical
Thermal
Open flame
Fire Flammables
Combustibles
Explosive material

Chemical reaction

Electrical
Thermal
Open flame
Explosion Flammables
Explosive material

Potential (pressure)

Chemical reaction

Kinetic (linear and rotational)
Potential (pressure)

Potential (height/mass)

Loss of containment/

Internal flooding sources
confinement

Physical
Chemical reaction

Hazardous material

Direct exposure Ionizing radiation

Nuclear criticality Criticality

Non-facility event
External hazard
Vehicles in motion

Natural phenomena Natural phenomena

2.3 29 T A¥=EA
‘Safety Case T3 ZZ 13 [11]19] o]d]of] whE 24|

d o] 7317 (robustness) A gk A LA 28 7 A 84

=
So] o3 7P5dt o4 el aclst BEAHolE BFea,
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Table 4. Qualitative risk category of operational safety assessment [1]
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Fig. 4. The operational accident classification criteria by means of risk barriers and probability of occurrence : D (design measure-engineering
activity), M (management measure-managerial activity).
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Table 5. Results of operational risk analysis for accident scenarios of surface disposal vault (IVAU) in operation

: Improvement of Safety Approach for Accidents During Operation of LILW Disposal Facility : Application for Operational

Scenario number IVAU1-1 IVAU2-1 IVAU3-2 IVAU3-4 IVAU7-1
Drop and loss of
Fire caused by Drop caused by ?orr?tz iilﬁelnotsz ? ; containment of a
Scenario title electrical risk factors electric risk factors & . disposal container Earthquake in vault
. . isposal container .
in vault in vault due to failure of
due to human error .
equipment
Location Disposal vault Disposal vault Disposal vault Disposal vault Disposal vault
Element or Crane All component
(Radwaste handling Crane Crane Crane (Mobile crane shelter,
component
system) Vault concrete)
Initiating event Short circuit Failure of equipment Human error Failure of equipment Earthquake
1. Structure destruc-
tion
Undesirable event/ ' Drop and loss of Drop and loss of Drop and loss of 2. Drop and loss of
. Fire containment of the containment of the containment of the .
propagation containment of the
drum drum drum
drum
3. Fire
(D) Design of the .
Existing barriers (D) Fire protection crane for insu- .. (D) Design of the (D) Earthquake-
. . (M) Training and crane for drop . .
(D:design measure, equipment lated and shock- o . resistant design
) . qualification of protection
M:management (M) Emergency re- absorbing cable ST (M) Emergency re-
..o workers (M) Periodic inspec-
measure) sponse process (M) Periodic inspec- tions sponse process
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Off:“i‘r’fe 2x10%yr~2x10%/yr 107 fr[li X107 1x10%yr [1] 1x10%yr [1] 23x10%/yr [17]
quency [3] : Boundary ¥
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Low Low Low Moderate
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Screening Y Y Y, Y, Y
Yes/No IVAU3-2 +IVAU3-4  IVAU3-2 +IVAU3-4
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