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Abstract

The vast volumes of data that are generated during site characterization and associated research for the
disposal of high-level radioactive waste require effective data management to properly chronicle and
archive this information. The Swedish Nuclear Fuel and Waste Management Company, SKB, establi-
shed the SICADA database for site selection, evaluation, analysis, and modeling. The German Federal
Company for Radioactive Waste Disposal, BGE, established ArbeitsDB, a database and document
management system, and the ELO data system to manage data collected according to the Repository Site
Selection Act. The U.K. Nuclear Waste Services established the Data Management System to manage
any research and survey data pertaining to nuclear waste storage and disposal. The U.S. Department of
a OPEN ACCESS Energy and Office of Civilian Radioactive Waste Management established the Technical Data Mana-

gement System for data management and subsequent licensing procedures during site characterization
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F-mail: kmj1438@eartheng.co.kr surveys. The presented cases undertaken by these national agencies highlight the importance of data

quality management and the scalability of data utilization to ensure effective data management. Korea

Received: 23 May, 2023 should also pursue the establishment of both a data management concept for radioactive waste disposal
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Accepted: 13 June, 2023 that considers data quality management and scalability from a long-term perspective and an associated
data management system.
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Fig. 1. Site selection procedure (MOTIE, 2021).
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ATHSKB, 2011).

ARlof A QAN 7| B A& 7 5= SKB(Svensk Kirnbrinslehantering Aktiebolag)ollA ©dskal Q)
O SKBOA A&t A A, ZARS Foll B2 k== Fig. 29k Zo] A|7asH] Hlo]efH|o] A SICADA(SIte Ch-
Aracterization DAtabase)°ll =3, A% %=|11 ITH(SKB, 2000).

Manual -li On-line

2D presentation and 3D modelling
interpretation with WellCAD with RVS

Fig. 2. SKB SICADA database and its associated functions (SKB, 2000).

SICADAC] <=4, A== 2F=+= = 173(Biota, Canister technology, Chemistry, Environment, Flow and Transport,
Geodesy, Geography, Geology, Geophysics, Geotechnics, Hydro Monitoring System, Hydro chemistry, Hydrology,
Material science, Meteorology and Climate, Oceanography, Rock mechanics)(Stigsson, 2019).0.2 ¢2]& o 2 = =}
T g Ao r Aol H, s 915l 18 W o= 7R A= SICADAC] A7 4= QIFH(SKB, 2000).
SICADA®| .8 5212 3Rt Ahmof] et f2 o Stk o] Ao etk 210 2 SICADA ] A== ZAL 24,
B2}, o 9 Bl RS alohs e ARARIAl B-F-Eth SKB+= SICADA O] AHizofl tisii] FE 8 S e 2
FREAEE 2, T18] 31 SKBOA rofches AERAM 7 e At whd e AL A, Alseo] o] E-85h= 7]
Z b= BEEA] SICADA &) AF=RkS ARgoflofgt ghth= A2 7| 92 2 & 5 QI SKB, 2000). 1817 SICADA
£ B17] $J5te] GIS(Geographic Information System) H|oE{H|o] A7} L2 ZX|Stc}, FH HE #4sH= GIS
tloJeH|o] = Tt HlolefHo] A7t ohet 2] Bl - A|ARI O R F7t A1 e Bl rellFlof] ARRETH(SKB,
2000). o|EA =5 SICADA, GIS Hlo|ElE E-8§-5to] ARZFASIA A (Rock Visualization System, RVS)E 5ol &
dlg], Algdlo] A2 -3 4= th(Fig. 3)(SKB, 2015).
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Fig. 3. Data transfer to RVS (SKB, 2015).

SKB+= @A #2]= A7 H Forsmarko]] thet ZAMS BT 2 @At 52| Reld 7]dto] b= =5 st &4
5}7] $J5ll FORSIDE(FORsmark Site Interpretative Database Environment)2}1! k= EA4] d|o]g{H|o] AE Zd39ict.
FOR SIDE+= PostGIS Extension©] Z3HH @ Z 44 ORDBMS(Object-Relational DataBase Management System)<?]
PostgreSQL= 7l o] SiA] ZA4-S A ¢ok= 37 24 715 A1 2 22t d ™ (Discrete Fracture Network, DFN)
Telof it P25 Alst o 24 Fig. 491 0] Cold storage’ 0] HZ-S Shi= SICADALF AREAF Aol F2 0]l 417
A AT 4= Q= FTE A ESk= ‘Hot storage’ 2] G- HEHSKB, 2021). @7 FORSIDE v0.1°1= A5 2 ©d
ZI(core, percussion logging, crush zones), &4 &4, <~2|8H4 2t Mt 9 3D ES- 95t 57 277} okt

(SKB, 2021).
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Fig. 4. Flow of information and models between cold storage archives (e.g. SICADA) and modelling groups (SKB, 2021).



DEYAGLZ |2 A= B A= H2| IR =Y - 327

ol
=

592 19601 A (Atomgesetz, AtG) Y8 F TETAMIHIE A SRt A5 AlRtelsl o™, 20134
AP H F2] A H(Standortauswahlgesetz, StandAG)-=2 201730 7R oHHA EAZA 0 2 B2 AALE AlRtsteirt
(WNWR, 2019).

Zd e U7 B GRS At U E 3] (Bundesgesellschaft fiir Endlagerung mbH, BGE)& 54102 H2]%
7 AAE RSl Lo, Stand AG AJ12% 33¢0] whet 21407 7 el ool B ash 21 dA=, 5] o =21z
Aol At 2] Aoha] 9l 2] 2| ot Afm= BGEOA Fa= AR = A= A5 E ofok §Hk(StandAG, 2017).
BGE= Al A== ol & 915l 7 dlofef|o] A Bl A ] AR ArbeitsDBE -ofl Y] =1 Jlow, Als5
2tz Qo] 2k Hr} o) Ao g AR E 5 THAE 4 = AtmE §A] ArbeitsDBOY A4 th(Fig. 5)(BGE, 2020b,
2021).
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Fig. 5. Screenshot of the ArbeitsDB data management system (BGE, 2021).

Alae 217 F txda} 2o] Q7] & AE = ArbeitsDBO]| Bk The 22| 2F2(Georeferencing) 2 HE|21S 21
YoMl =1, BE 2] 2t3 = A=A 2] ELO(Elektronischer Leitz-Ordner)oll 715511 =3 k. 2k2 &= -8 2
FHofl wet Fig. 63 2©] GIS Hlo]€], 3DH|°]E, Raster map, A7 Y H 114 5 71 ] BE O] 47 A 2 /=1, 11
Z GIS H|°o]El= ESRIjit2] EnterpriseDBE, 3D H|©]E+= AspenTechjit 2] EposS %3l 2|3 HBGE, 2020b).
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Fig. 6. Data classification for BGE data management (BGE, 2021).
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Fig. 7. View of the “Areas form” in the evaluation module, which is provided with fictitious entries as an example (BGE,

2020a).
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=-22008'd V=AM o7& AE-S S5l 214](the White Paper) S &7 o}l (Defra et al., 2008) I AHFE 4=
P 7130 2 NDA(The Nuclear Decommissioning Authority)E 275192 ™, NDA= o1& $oll RWM(Radioactive
Waste Management)= A5tk o]¢ wiA=2014, 2018 T 2ol A4 714 =] 2L H(DECC, 2014; BEIS, 2018),
2022 12 RWM-2 NWS(Nuclear Waste Services) = 7HHE]|o] Tl ARE oJofiho} 42885131 QITHNWS, 2022).
NWSE= 242191 T & ASHES 213t 975 FalstiA ol A HUshr| 915t Af= ] A 2AH]
(Data Management System, DMS) ] AA| 2} AfFE 71T oh= 2Fd-2 21386 2008 58 A2 DMS O] 72 %]
H7|HEe] B AL T o]F0] Bz] EASLE F9 2= 7} 24 (Environment Agency, EA)2] 2| % o] w2} A& A]A
4 o}x—]/ﬂ o 31}01- 2~ o]gﬁ z{x} 7]&5452 2] OHFJQiOUﬂ(RWM 2016) DMSJ 7Ha1:7qo] :rLzl— Flg 99,]. 7}\—4_
(NDA, 2011).

of 08

DMS Services Core DMS Services

Usar
Irterace

kIdmln

Intarface

T T

@ Digital Presenation j—

Site Porial

DMS Client Side Toals = c ication

e @ |Puhkslwd¢orrrwﬂl i I @

|8sue Tracker
Evant Loo BuMdr [ ronmavms | [ o e ]

@ Enmarsnas Sesrcn |

Fig,)

"2 T Expert Tools (Data Providers)

Inerpretatian
Teals

Bupuk- Modelling Dslmplfam-

. Barshoie Log
TW' Craation Tool

GI5 Modsling

KEY Ir’;'\]
— s Outof Scope | in Soape w2 Inteligent Customer
= =00

Public Websile

Fig. 9. Schematic representation of the DMS (NDA, 2011).
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sAog 244
E -2 gefsiof ettt TP ARSAP L RAIE A7 g 4= L= F24A| 2 |lo| Alg =] ojof ShH ARBARE 215l DMSO| H
oF LA HE 2 o5 ARBAT 4SSl 8olloF Rttt TR A AR B A K 41 279} 2|t} ZAtet T A4
= A Yofjof gtk TR DMS= Hlo] | et felsto] A|ARR U85 7|50 2 oo slal, HlofE HES Hof
oF opH, = ZAUE-2 42+ 91| o] vl E|ojof sfar, AT A K= Ao & ARESle] Z1FEolof flthe e
42710 2 THNDA, 2011).

E!

0]=-2 1982 Al H ARSI H|7 24 A5 (Nuclear Waste Policy Act, NWPA, 1983)]| w2} oL 2] 5 Department of
Energy, DOE) 9] 4to}7|3Q1 RI7HiEAMA] 7] 234 2]=H(Office of Civilian Radioactive Waste Management, OCRWM)
o] T o] Flo] ML PAMIH|7E A SRt HAA HAE g6l o™, 1987 7178 AV #1712
(Nuclear Waste Policy Amendments Act, NWPAA, 1987)°f th2} UJHFcH=2] Yucca Mountain F-2]5 ¢ HAMI o]
71E AR 2 AAe § B2 0] Pt 41212 g 5] 915t YMP(Yucca Mountain Project)E A1}, 1987
HE] 2002 A7HA] EAEAISE ZARS =34513ItE DOEE RAIEAIS) ZAL A1hE vieho 2 20080f 744 <1517} 4174
= 9]3]of| Al&o1 2 2009 Yucca Mountain F-2]447 o] FA st = 75 -0] wdo] ujet YMPE= SHE
OCRWMPo] SfjA|=|o] e A= YA = Office of Nuclear Energy, NE).C.2 o= 101 AR v]=2] 1= HFAM
7= A-s ek T 5= XYER] 9441 QIEKCRS, 2021; GAO, 2021).

YMP 218 GA| BAEAJSt ZALS 918t YEAR R AlFE]AY FRAEAS A Atz dojxl Ai=5 weshr] 9
519] OCRWM 3| A= & 7| H|©]E](Technical Data) 2 7 2J5}31, YMPoI|A A 2 ALES|= 7]< dlo]E| <} Hlo]
ElHjo]A QJIAAES Zotol= Ho|EHo]A AJAHIQI 7] Hlo|H a] A]AH|(Technical Data Management System,

TDMS)-S F=5190th =% TDMS 2] %= Fig. 107 ZTHOCRWM, 1989; Statler et al., 1992).
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Fig. 10. Technical data management system (Statler et al., 1992).



DEAYAELZ |2 A= T A= 22| SR =4

TDMS+= A Y A, 57152 5ol @017 715 Hlo|EE Table 13 o] A 2 F-E5H] 2175}= TDB(Tech-
nical Data Base), AF=.2] 4], A&, 2912|532 F24517] $13F ATDT(Automated Technical Data Tracking), AF=.2]
QoF B = Al F5h= RIB(Reference Information Base) 522 135 o] JITHOCRWM, 1991).

Table 1. Components of the technical database (OCRWM, 1989, 1991)

Database name Type Description Parameter and topic list Tool

Geologic Stratigraphy and Lithology,
Thermal/Mechanical Stratigraphy,

Geological, Lo
Site and Engineering hydrological and rock Geohydrf)logy, Rock Matrix Mmeralogy,
Properties Database Table property data from core Fracture Mineralogy, 'Whole Rock Chemistry, INGRES
(SEPDB) sample tests and in situ Frac.:ture Che@sﬁy, Geothermal,
measurements Chemical Analysis of Water Samples,
Rock Physical Properties, Rock Mechanical
Properties, Rock Thermal Properties, Faults
Geographic Nodal Descriptive data that Administrative Data, Infrastructure Data,
Information Study and Spatial are best characterized Site Characterization Activities, ARC/
Evaluation System Data by spatial or Physiographic Data,Geologic Data, INFO
(GENISES) geographic features Hydrographic Data, Biologic Data, Index Map
Compositional Data for Minerals,
Geologic and Compositional and Gases, or Aqueous Species,
Engineering Properties: thermodynamic data Reaction Data for Aqueous Dissociation of EQ3/6
Bibliography of Table for over 2,000 chemical Minerals, Gases, or Aqueous Species, N GRE’S
Chemical Species species associated with Thermodynamic Data for Minerals,
(GEMBOCHS) Yucca Mountain Thermodynamic Data for Gases,

Thermodynamic Data for Aqueous Species

A=) TEIAMS |7 1 E 2 P s 71 AV 712423 114(a)(1) cdoll whet thisollAl 5715k Fof
.21 10 CFR Part 602] 60.72(a)°ll 2} DOE= A5 2 29 A9 9] 14 715-& vl A& 19t 78482 B4
S A0 2 §AjofoF o1 214 1ol Aol A1 23, 4 B2 2 Aol tf 2L A e} AR, 3
S50 Ix|et &, 7171 1A, =gk 2 24 5] S ZRtolA| Ho] QIFKDOE, 1981). Z12]1 DOE+= 1983 %o
Z %ﬂ"ﬁﬂ-ﬁ]—ﬂ%ﬂ@uclear Regulatory Commission, NRC)2}2] @A 2 19841 9] gto]of w2 OCRWM, 1990) H
2] EAS AV Bl 92 Abm, 4ol ARSRE 2t R 52 F3ok Technical Data Catalog= & 2]oto] E7]of §FE HF
Z¥stal o5 Fof O]Oié] A4 RIS17HAIA Al 715 2tm = E-8-517] 9o HAIA] 7] H|o] B 9] 555 Fig. 113 20|
AASHAT

o|gA #5% TDMSE= 20094 F]=12] Yucca Mountain F-A417 o] Wiz]st=] 17 2|41 9 OCRWMe] 20104
oAl & dlofe] 2 A AIAH] FA AT EQo] 9l HHlg] Avt 2|k AR, H|H @ 52 DOE AFske] G4 =i(Le-
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Fig. 11. Technical data flow (modified after Acree and Young, 1991).
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