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Framework & Functions of Configuration Management (CM)
in Nuclear Power Plants (NPP)

Kang, Mi-Yeon', Jung, Youngsoo®
!College of Architecture, Myongji University

Abstract : In the 1950s, the concept of configuration management (CM) was started by the US Department of Defense
(DOD). Later, it has begun to be applied in aerospace, software, engineering, construction, and nuclear power
industry, However, configuration management (CM) in the Korean nuclear industry was firstly utilized in 2006 only for
selected parts of facilities, while the US nuclear industry has applied CM for the facilities” entire systems since 1990s,
Furthermore, configuration management (CM) is in its conceptual stage in the Korean nuclear industry because of
ambiguous CM concepts, lacks of CM professional manpower, non—computerization, and inadequacy of CM procedures
and processes, In order to address this issues, seven industries (including defense, aerospace, software, engineering,
architecture, civil engineering, nuclear power) that utilize the concept of configuration management (CM) were compared
and analyzed based on the CM purpose, technique, and life—cycle perspectives, By an extensive literature review and
expert interviews, this paper developed a framework of configuration management (CM) for the nuclear industry., And
also, a list of functions based on life—cycle stages and CM techniques are developed for clarifying CM framework in
order to promote practical applications,

Keywords : Configuration Management (CM), Change Management, Requirement Management, Information
Management, Interface Management, Nuclear Power Plants (NPP)
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Fig. 1. Framework of Configuration Management (CM) in NPP
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Table 2. Configuration Management (CM) Functions by Project Life Cycle
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O,

Planning Engineering Procurement Construction Commissioning O&M
PRE'.A.1 . ENG.A1 PRO.A1 CON.A1 CMS'N
Definition of technical e ) ) Establish procedures | OPR.A1
Definition of licensing and Manufacture of Work Breakdown o

bases about Reactor . . for commissioning Training

) design bases equipment Structure (WBS)
Design and O&M
PRE'.A? . ENG.A2 PRO.A2 CON.A2 CMS.A2 OP.R'A2 -
Definition of technical o ) , Maintenance, Periodic

. Building layout and drawings | QA for procurement Installation Turnover Process ) )

bases about facility layout Testing, and Inspection
PRE A3 ENG.A3 PRO.A3

i Design change process and | Documentation of CON.A3 CMS.A3 OPR.A3

Composition of project
team

Verification & Validation
(V&V)

related data about
manufacture

QA for construction

Pre—QOperational Test

Ageing Management

ENG.A4
Definition and

Documentation of design
margins & operating margins

CON.A4
Construction Inspection

CMS.A4
Startup Test

ENG.A5
Detailed drawings for

manufacturing equipment

PRE.A1~PRE.A3

ENG.A1~ENG.A5

PRO.A1~PRO.A3

CON.A1~CON.A4

CMS.A1~CMS.A4

OPR.A1~0OPR.A3

= This table is overall results by literature review (EPRI 2011; IAEA 1996; IAEA 2006; EPRI 2008; IAEA 2008; IAEA 2012a; IAEA 2012b; IAEA 2014)
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2012a).

AlFetA o) A= Work Breakdown Structure(WBS) AF
9] work item¥} oz} Apolo] WAL sty 9|
Responsibility Assignment Matrix(RAM)E ZHdslok gt
(CON.A1), (IAEA 2012a), T3H 4 25, 75, 717
(SSCe)7} 5415l AlgAE 9 FAEZ Axje] whet A2}, 4=
A, =R FRlslioF 5hH(CON.A2, CONLA3), o &
Aol A= pressure test, loading and leak tightness test,
functional test@} Z-& construction inspection®] 4=g=Ich
(CON.A4), (EPRI 2008, EPRI 2011, IAEA 2012a).

Al dAofA = AR E 2GS Sl AAE sl
ofsh e Qe HiX|RITHCMS, Al), [AEA 2012a, IAEA
2014), TS o] THAof| A= Pre—operational test”} 3= =
g, construction teste}il e S|, HFAA0] 12E, AlE,
7171(SSCs)7t AAAREA ol 714 = W art A7) 52
FeYSh=A] AlFSk= AoltHCMS, A3), (TAEA 2014), AlH0]
k=¥ Solli= owner/operatoro|Al &2 o= WA
& 2E historys HL Y= FEE 5=(turnover) 3HA|
H(CMS.A2), & A7 & A Y222 SESSH A
E 4 AP I3t performance testE 4=3HA Hck
(CMS.A4) (IAEA 2012a, IAEA 2014).

npAete g2 eofetAlo = Qb wE e S d
27} SEstaL QA WA = 7] EE
2P| ffell AEAoR Y=L Ql=A] ERIsk] a4
H](Maintenance), %7]A]& (Periodic Testing) ¥ A7]7AAF
(Inspection)& =35hH, o|¢} TH HE 7|52 A3
a1, AR F3l| EAlE ook FItHOPR, A2, OPR.A3), E3F
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Slol AFANIRS: T el WAISloReHOPR AL, (EPRI
2011, TAEA 2006, IAEA 2008, IAEA 2014),

Faeke, £ Aol YA Framework 7S
AR $I9) Tl SHTEE Fa) AolTIgA 7]
SelaES Agslglon], 7|2 3] 3%, AARA 57)
3=, pojzge o) 4, ARHA 4] 35, Aed B
A 44 3%, 2GA ) JEE BBk

5. YT |HE VIsE2E

A FFoflA == LA FATE Framework 84 5 3
7] Bz 5o 7Y 75 e AES Table 33}

o] =Esl e, %ﬂ?oﬂ A e, s, gE

elo] 49 217} 67) ), QlEflolapelo] A% 7Y o
o MAElT)

Table 3. Function Lists of Four Techniques for Configuration
Management (CM) in NPP

Maintain the conformance of 3 elements
MCH1.|(Design requirement, Physical configuration,
Facility configuration Information)
MC2. Analysis and documentation of planned
change
MC. Change MC3. Chang§ process baged on safety,
Management regulations, economics
Engineering analysis such as Probabilistic
MC4.|Safety Assessment (PSA) and Probabilistic
Risk Assessment (PRA)
MC5. |Linkage and Control with cost and schedule
MCB. | Traceability
MR1. Documentation of design bases, licensing
bases
MR2.|Industry codes and standards requirements
MR Requirement |[MR3.|Economic impact and PRA, PSA results
" | Management |MR4.|Owner’ s requirements
MRS. Defihwtion and documentation of design
requirements
MR6.|Margin management
MD1. Documentation of facility data throughout the
entire lifecycle
MD2.|Linkage with SSCs by numbering
MD. Information {\p3. [Document management system
ARG MD4. | Traceability
MD5.|version and rivision management
MD6.|Reconstitution of design documentation
MI1. |Organization management
MI. e MI2. |Process control
Management
MI3. |Program interface

= This table's contents is overall results by literature review (IAEA 2003; INPO
2005; EPRI 2011; KINS 2013)

LA HMTE| MBS S Framework X MOHF7|THAIE, Ha|7|HH

JIs2AE B

5.1 HHA 2| (Change Management)

LA FAEof| Qlo] WA 7| eAES BES] ¢
3 AR Yo, B, 74%, AL Yoz 3 W
H 531 vl E A1 o, o] Table 49} 2t}

WA AU oly AFele] L Carnduff et al. (2004)
e JATZE 7HA A @ WAL ¢S FAF
(configuration)o]2} g2t om, ol gAto] Zsls =
Aeh= 7S WA = wAwalat Aolsleint o3t i
& o2 AATHIE SR W] THoA A
24Tzl digt e S o °‘°‘E}

Aol A o] T EeS A EH =5
ohulg 9 Ae|e] FaAdS Fxsal i’l?iofﬁ EIL RS
Aol A EATE] T WATe = T
ek, T HAEEE Ageke A HT7]°ﬂ A= A
A H AlgEA o SetE]o] Qlglom, A AoljEr]o] AA =
WA S 2851 QA g A o= vEhit

Lrarol| A= A7 vlg, F Fgat oluet E3] ¢
AygolA AR, B4, FA RJE'QH URHE
FAE] S8l WA E Fxshar e, AofFrd
oA AAGA R ?LUHX‘,%}, A, ARA, SFTA7
A ZGA Agskar L, B3] SFTAllA 2] AT
a4 7ixsta ‘il‘ZiD}

wheba] B Ao Ae 9 gAY 5 wF
off 2lo A7, W, FREE ohyzl E3] U o
< Sl 718 AN w27 A AYolFr1E s
R Hokth T3 A wATe|e] 7R Al 59l
AR, EElGA, FAEES 3940 gt XA B
ZHIAEA 2003, INPO 2005, EPRI 2011, KINS 2013)& &
3t A AoflFrol Azl MATEls 3] SgtAellA F
‘6]— t”-X—]/\ Z-IE ol tﬂo]]—ja D:E]—_g_?‘?j ]_'12.140] 011‘;}]_ EOP
t}, o1& 93l WA itemo]l et numberingS F3l 524
A(Treaceability)e Ala-5to] HMALAY A] FAF T= FA9)
statusS AA|7He 2 =A81= A o] 2 Q3ICHIAEA 2003).

T3 A W] Z2AAE AuE AilFg, 3), WA
oA 17891 Ao qistar sgagle] WA wE
QFA, B YIRS A U grislo] dijke: EAERlokst
CHIAEA 2003). ¢371A4] 2u|sh= oA} 17daglolet IARA
(003)0l A= A7, F=¢, B4, 3 T2 aglof whE ¥
off sl o % ‘Zioﬂfl TAEA (20019 A= W54 /2 5]
a9log HEsl] Wiz acle] ¢ Akl Soll e
“741“475& SRA 8 919] 79 WA =GR olf

QI w7, A} Fofl wh2 ¥l sl chAlc

E}% A2 Z2AE 7 F HAARR o] HAYHS

o, o] digt H7prt K Ew AReA R WA
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Table 4. Literature Review of Change Management

5 fc‘;‘;‘;s;‘; Carnduffetal.| MBTA | Leeetal. | Zhaoetal. | Keane | Steinberg | IAEA | INPO | EPRI anﬁaj‘fng
O mentioned (2004) (2011) (2005) (2010) (2010) |etal. (2010)| (2001) | (2005) | (2011) (2015)
Area Engineering ,CMI ) Architecture | Architecture | Architecture | Architecture NPP NPP NPP NPP
Engineering
Time - [ ) O @) [ [ O - - [
Purpose Cost O [ @) @) [ ] [ ] @) @) - [
Quality @] - [ ] - O - @] O O [ )
Safety - - - - - — [ [ [ [
Planning - - - - - - - - - [
Engineering . ¢ (] (] - ® ® L] - [ ] ([ ]
(version mgmt.)
Lifecycle Procurement - [ ) - - - - [ ) - [ ) [ J
Construction - [ ) [ ) [ J [ ) [ ) [ ) [ )
(Commissioning) - - - - - - [ [ [ [ )
O&M - - - - - - * * * *
Disposal - - - - - - - - - [ ]

Qtell et A9l A B WA Tetol| ot gt
o] o]Fojxjokgit} (TAEA 2001, TAEA 2003), WA, 7y
Qhofl thet A=) Aol qlo] SFRA, WS, Al &
A, &9 AAV, H171E A7 o ARE dE 9 &8st
of Btk thgt SA1E91E A slioReith (AEA 2003).
o|% glAIEANGA o= HA HAIRJIAE A5}
Probabilistic Safety Assessment(PSA), Probabilistic Risk
Assessment(PRA)E B3l =29 A3 A= tigh g
23 7R, =, v IR A4 0] o]FoiXin
IAEA(2001)of] wt2™ Safety, Environment, Operational
Conditions, Customer Satisfaction, Commercial
Performance, Technical Capability, Public Perception,
Legal Compliance, Social®} #HH % 97}4] 7| ate]o uk
2} = QRS Ak s A Ofseirt

olgfgt 2|27} AvE nigo = A tokS AAstaL
Change requestS 'I3451A| EH(IAEA 2003), 0% #1744
Slof| w2t HZARY A2 Sol= W7E AISAL SAlsH]
A|52Q1 m|uuls: Faf HIHZEA|AG] ThAo] o] Foj A of
RITHIAEA 2003).

Step1

Definition, Analysis and
et el e

Docur

change

Step 2

Assessment of - Prioritizing change altematives

change alternatives - Risk analysis

Step 3 ‘

Selection of change
alternatives and
Issues of change Request

Step 4 l

Development of change plan
and Implementation changes

Step 5 ‘

Monitorchanges and
Improvement of change process

Fig. 3. Change process
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oebA 2 Aol Hold et 3R SRaEE 5
s 3 BT F WAdE ] AlRlselaERA
MCI~MC6714] % 67} 852 A48t Table 3).

o1 =

22| (Requirement Management)

Aol glo] A Awe Tl AES £33

SHES toz she 2luzds o ey

5.2

o4 Sfujsie a7
sh, WEAF QAR T
57] Sl 2202 27]7]8EA) W AARARIA WAt
[N Aostar ofof whet A Xd ] wE He|oh=
AEZ AoJstar QItHCho et al. 2007, Yoo et al, 2006), 1

¢

2L ol= iAol eulshs axiwe] ide] So] &

HEo|| sdsh= AR, o9 /dS A8sP]oe olge
o] {3t

A P o R she adE EHS
THTable 5), Ryu et al. (2013)= A2
tis) d7g e S5 =EYlon,
Tejeks HEE QoA e 7o R 8
NIbel= )

a3 F5Ho 9lo] FAfHE| et 5
T7F 7R Eokon, ok oAbk A%/SWE
Tejo] E854 F 7P Wlwr) okd WEaka Ao
sl ¥ e oME Fawrt Ao ettt
E3F . ATRE B A Aol A 979 dAAE
FASEAL, WA Al QPHA FF| w2 E47)
FO A NEAS ] ¢ e 9 7iEsdde]
ool anaeE d=xs et

87& Holsh= ozt THoME A AollFr]o AA
AL -8B A W EPC, Supplier”} B 208 9] 9
EAgslorslY, 8718 E8ah= Fofrl Po A= Aold

yAru
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o
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Table 5. Literature Review of Requirement Management

@ focused
INL EPRI Ryu et al.
© covered oo | PO | iy | gy
O mentioned
Area NPP NPP NPP NPP
Owner-Req. ° o o B
Mamt.
Objective |  Safety Mamt. - [ ] [} [ ]
Change Mgmt. - [ -
Baseline Mgmt. — - - ()
Partici Owner/Operator . [J [ J
EPC O [ ] -
pant -
Supplier - -
Planning - - - -
Engineering @ (Develop) - @ (Develop) -
Procurement O(-) - O(VaVv) -
Lifecycle |  Construction O(-) - O (Vav) -
(Commissioning) | O (V&V) - O (ITAAC) -
0&M @ (Use ) - ® ((Use ) -
Disposal Oo(-) - - -
Mission
Need
Program Owner
Top | End User .
Level |~ Public Requirement
—Private
Partnership Top—Tier
Regulatory
- . ) Requirement
Functional Design Basis |Design Bases
) (-,
Requirement : : 7|8
- Licensing = =
RM Cla_SS|f!cat|on - Bases
Criteria
Industry
- Codes/
Standards
Economic
Impact
Technical
Requirement Design Design SSC
/ Design Requirement | Requirement | Requirement
Requirement
Operational | Operational
Configuration | Configuration
A7 2L 53] OgMEANA FERAG AT A 2]

A7 A e 13t A IEPL e I e e e
o] aoleh= Ao EAHrt

Q7] AYollr7] Bollxfs B oA A 9
FANA axTEe] S xRkl g, ES
ARG 80 8-S el 7] AATA A
84 Aostar o]& wAISIste] iR, Al Al
AR AA| et @ AR AR|Sh=A] ERlsk
Venﬁcatlon&\/ahdatlon(\/&\f)o FTI= S Y
At

TR 3] ER7eo] lojAls thaee] E@loA] &
&9 Q02 A Wy QIE17E ARsEET 2 a7l
A St AREAL 87, WA AHE Qs ¥
—Z HEUA 84 5 ZFEskL lgleH, HytAu
A3|7F AT} 22 A9l e e Esial QlA] etk
ufeba] 2 Aol Al ml=re] FAdkE] o Hek tfAAA

_.H_W.l
S~

ol
o ffr o Jr gx Ho

=¥

of fr o

sl HAIAE T 3= 10CFRS 283 EPRIQ2011)941A]
o] £7E 7R AFE Xastg o, d FAEel
Qlo] “Q@ AT (Requirement Management) &, g79] ot
A FEE el AA D QIs7 e A 9 5, 7
A Gk A AR WA QAR aesto] A
ALE o] 9 ZAstskaL, A AYoliEriel A4 24y
At FAAEeR] ARG FAIsHESE Helsh= 7¥olet

ox
1o
gl‘l
L xR
_\1

Zﬂo}x}‘ﬂ, A YA g4 Framework 708 4
slel7] S8l | H EevEs Fof Y A7)
W 3 e o A7 e AEZA MRI~MMROZ7HA] £ 6
7l -2 AASHACHTable 3).

5.3 M Ea&zZ| (Information Management)

HM Global(2010)0]] wh2H, Aryte]= EATe]e} A}
AT E B ekl Qls v e o Fatee
Qlo] "AH | (Information Management)'+= %1 AJoll5=7]
of AA HHAel P BE FAYHE Holslal, F4
G A8 AT AR FAAT I AR, 9 <F
AE TACE A5 B2, ARAA D AAHIE &
3] WA A] 2237} 75 3lloITHIAEA 2003, EPRI
2011).

E3] YA AR 9

il

Qo] 7Hf Fatk Zke A7 U
[e)

A7t ARE 27 AAGARE agz oz we|st
= o] 58351, o5 F3f| Operator’} H4%t HEA &
AzF aas BAskL ol F vl oygho=A v

|43 33 7S 4= QITHEPRI 2009). E3t AAGA|
ol AE B2 RS Al FHA = 40-6099] A
Z oj=ot ¢ e oJ3ke u|z|7| W&o Information
Handover ¥ Interoperability”} %2351 (EPRI 2009), ©]=
3l numberingS F38l WA SSCse} wA12Fe] AAI7F &
TETHIAEA 2003). olet tlEe] EATAIA RS 155}
o] ARGl thafl £A19] 2= W&} revision, history=
At SAlo] A Al SR E FofsflolRitHIAEA
2003), mpAero 2 WU A] QAFAA XS fsl A
20t T BE AR U EAE O Fa = ueh Al
& A7sk= Aol 8351 (EPRI 2009), IAEA(2003)0] wh
2 Fig, 4o|4 & 4= g1%o] P $8%, 2|23 FA %,
AEHIE, B, AR, 2 03?_}74] F 80| wet
P4 I BE 249 ZBE B7sto] AAREAS] A
T4 (reconstitution) 2 3=kt

TRASIAbA, Sh 9 /4] Framework 7HES A
slel7] Slsf ek E3ae Sl 9 4]
W F Ao A7 AEZA MDI~MMDE7HA] & 6
N =S A5 THTable 3).
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Sat Risk SSCs Numberof Operational
Signification Significance Number of Accesses Complexity Modification Significance
safety Risk Number of Accesses ssCs Number of Modification erational
Pocument | signiicance | Significance | perpay | porontn | pervear | SOMPESHY | permonth | pervear Shnicare
System Description
_ System
Diagram/P+ID.
Calculation
thlgﬂllﬂlk
e
Ping rabricaton
Civil Plans.
Steel Structure
Plan
ional
l:l’:l:‘buk
1&C Diagrams
‘Component
Specification
Weld Inspection
Spegfulzliun
X-ray Diagrams
Ultrasonic
Inspection Results

Fig. 4. Reconstitution of Design Documentation
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