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Critical Success Factors for Nuclear Power Plant Construction Projects

Shin, Gisung' - Bang, Seongdeok® - Kim, Kyeongseok® - Kim, Hyoungkwan®

'Corporation of GS Engineering and construction
“Department of Civil & Environment Engineering, Yonsei University

Abstract : The construction of the first nuclear power plant (Kori #1) in Korea started in 1971, Korea operates 24 nuclear
power plants and is constructing 4 in 2015, During about 45 years of construction experience, insufficient studies have
been investigated for the identification of critical success factors(CSFs) for nuclear power plant construction, Based
on literature reviews and focus group interviews, this study presented a list of CSF's for construction of nuclear power
plants, A survey for validating the results of CSFs was conducted with 164 experts, This study indicates that attentions
should be placed upon the lowest price—based contract awarding policy, the need for reasonable pricing standard
implementation, database development, and deployment for experienced nuclear power plant construction workers,
identification and nurturing of competitive subcontractors, and minimization of lag times in construction activities,
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Focus group interview

Date and Time | 20 October 2011, 15:00

Hlee, 2007). ZEA 15 QlE]HO] tjAtR|Q} AlA] STk Location Conference room in A construction company
Table 2&]- Table 30" L}EP‘/—]—E]— Interview time 2 Hours
) Critical Success Factors for Nuclear Power Plant
Subject

Table 1. CSFs from existing research Construction Projects

X . 8 peoples who engage in project management
Section CSFs Intervieyses and construction management
+ Education and Training program
« Motivation program (Encourage membership)
» . iﬁlministralor’s calibrate and problem—solving 3.2 EHE Ay}
abor ski
+ Building of smooth manpower supply system AL QQEH Ay =25 29714]9) CSFsE ¢lg /x4,
+ Clarification of role sharing - - Al - =
« Promotion of a sense of membership X]’ZH/XOI'H], /\]Zl"?‘_]'a, %‘A]'H], ’6‘%‘/7]§, A]’ﬁ%%‘ o 67]']9—]
= IER=8=
Hd‘[‘i Table 49’]‘ 71_:} O] *mo]'ﬁr/]‘.
« Efficient distribution of resources
« Development and application of new material ) )
« Building of smooth material supply system Table 4. CSFs from interview results
Resource « Enlargement and modernization of equipment
« Building of smooth equipment supply system Section CSFs Code
+ Understanding and accumulation of resource )
information « Securement of experienced workers al
« Securement of certificated workers a2
+ Reasonable field deployment planning « Building of smooth manpower supply system al
+ Efficient method of construction + Capabilities and problem—solving skills of a4
: ’ Manpower managers
- Efficient organization of work task / o ) ) .
+ Efficient working order plannin o « Training program for improving construction ab
g P g Organization | apjlity
+ Reasonable process planning o - ) -
« Accurate and timely work order and approval « Efficient composition of field organization ab
Management + Mechanization and automation of construction ) Etﬁengltheng? OI relat|onsh|ptyv|th sta{keho\der ag
« Development and application of new technology riendly and tast communication system a
+ Building of smooth communication system . . .
.C terizati ’ tructi ; « Securement of multiple material suppliers b1
+ Application of scientific management technique Materials | * Effective management of carry=in materia b3
. / and owner supplied materials
+ Reinforcement of safety management ) Devel licati f ial
Equipment | * Development and application of new materia b4
Risk + Building of smooth equipment supply system b5
IS mahagement o o + Effective planning of equipment use b6
« Rationalization of regulations in construction site
Extra factor .c o f busi
omputerization o gsmess.support + Reasonable process planning o
+ Improvement of working environment ‘ + Minimizing standby time caused by inspection | ¢
Time and interference
Management | . Appiication of scientific management c3
Table 2. Interviewees of focus group interview technique
NEG AT SreesatEl del + Arrangement of optimal construction cost di
Construction | * Effective disbursement of total construction d2
Project Management, Cost cost considering workability
Mr. Gong 30 years Construction site management + Proper payment of construction cost d3
Mr. Kim 28 years Construction site management « Selection of effective method of construction el
(new technology)
Mr. Kim 24 years Construction site management Method Pf - Grafting automation and IT onto construction e2
] construction | . tjlization of historical technology data e3
Mr. Park 20 years Project Management / « Preparing alternatives after benchmark of el
Project M ; Technology previous construction
Mr. Yoon 18 years Cfri?ruct?;naiﬁz:nr;}wagement + Performance of subcontractors eb
Mr. Yoon 18 years Construction site management « Planning of reasonable arrangement in field f1
i « Improvement of working environment f2
Mr. Choi 17 years Construction site management Project : Strengthgning of relationship with local f3
Environment community
Wi Heo 20 years Project Management, + Strengthening of safety and environment f4
' y Construction site management management

H0 st=zmalss =25 Hi8H A1S 20173 12

.



3.3 CSFs Z5g 23t HEII HETAL 28

BAL T8 el tpgo] AEHol T 202 A
Aol e o RRE UL AEO]| uhe] ATl L
B 4 Sk Ak} A1) Felstolof HokPark et al.
2000). ] £ QoA B ATE BE5L BY
o CSFse] 043 S wESP] Si) A el
HONF W1, AL DA L B B A
BRI o AR2AE AXET, B8 Case)
FRwoh @) SYEE T A=A ikert scale}
Apg-atol 2galgint. o4 FRmE 2 8ol 4 214
of 352 A3 oI Uoht FRTAE ehh, @
AR B gme] A AN 1 A8l 4 A
Fofl o] Fvht B % HBET YEAE ehhi H
o],

ARE 230 AH AATHEM, F 2308 )
18458 3 80%9) S8 Rk Ay d2
712 5078, AN 407, 7} 82, A 125
ol ST, e T A 02 M-S A3}
YA 24 POl U ARAES o AN
ol Aol et off} Bk, 2, oA, 4%
2 oju] 52 A2AS A 16437} 3% 4 24 o
SE, Mol SY e AUARS B 1644
oo} 1% YA A4 o] A HE 2.4doIL A
24 7] T olel AR L] BlES 71.3%ck

|
i

2

re
Of

]_

=]

fr
X L

A

5
Mo

£

344
3.4.1 =EE CSFs2| YFE 32 W o4FE 24

=~
Aeddte] mEw ZAXTE AEFE 3l =T 671

=]
21 24

Mo

Table 5. Importance and present level of CSFs

Section Code {-\verage of | Average of
impotance |present level
é”rg’;ﬁ.%ﬁﬁéé al, a2, a3, a4, a5, a6, a7, a8 |  6.065 3.899
Materials / b1, b2, b3, b4, bS5, b6 5.885 4.061
Equipment P Y : .
Man;‘grgﬁqem cl, 2, ¢3 5.996 3.917
Construction d1, d2, d3 6.240 3.392
Cost P ' )
Method of
construction / el,e2,e3,¢e4,eb 5.871 4.020
Technology
Epiect f1, f2, 13, 4 5.805 4.384
Average 5.977 3.945
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Importance(High)

Concentrate Here
(The quadrant 2)

Keep Up the good work
(The quadrant 1)

Performance(Low) Performance(High)

Low Priority
(The quadrant 3)

Possible Overkill
(The quadrant 4)

Importance (Low)

Fig. 1. Importance - Performance matrix
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Table 6. Differential of priority order

Ranking | Code iﬁ:’;;?gig; p’?::;??es; Differential
1 di 6.317 3.250 3.067
2 d3 6.274 3.335 2.939
3 a3 6.110 3.463 2.646
4 d2 6.128 3.591 2.537
5 c2 6.134 3.695 2.439
6 al 6.220 3.841 2.378
7 e5 6.110 3.805 2.305
8 a2 6.098 3.817 2.280
9 a8 6.162 3.988 2.165
10 b4 5.549 3.421 2.128
1 b2 6.122 4.104 2.018




12 a6 6.055 4.055 2.000
13 a7 6.043 4.049 1.994
14 c3 5.652 3.659 1.994
15 a4 6.232 4.250 1.982
16 b1 5.945 3.988 1.957
17 el 5.738 3.799 1.939
18 ab 5.610 3.732 1.878
19 cl 6.201 4.396 1.805
20 e2 5.500 3.787 1.713
21 e4 6.061 4.366 1.695
22 b3 5.970 4.329 1.640
23 b5 5.793 4.183 1.610
24 el 5.945 4.341 1.604
25 b6 5.933 4.341 1.591
26 f1 5.646 4.128 1.518
27 f2 5.665 4.159 1.506
28 f4 6.140 4.799 1.341
29 f3 5.768 4.451 1.317
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Fig. 2. Result of Importance - Performance matrix

4. Alg| A+t
4.1 CSFs #EE et WEII EE=AL Y
B Aol A= EEDE CSFs 5 o4 =<l

aff Ab] A B ool uh et -, AT Al

= u}

o6 =

3E NCREYAHILA) LA 5} AHE E4510] A3
afo] AgolA

s7]9] BARS BRIsH YA F=

CSFw/ 268 % Gl 7Rs S B11sHck

# Afelo] ZRAEL XK

21 27] 740} Fofek BAAALY] A1 Fojio] chaf oF 5
H

b AR NCR AE 24813t Al 242 24 A7
CEZ S A A, AE] Wehd Bl 24| 48 7]

4.2 A2 §1H2| NCR w3 &%t
2 Qo)A EEF CSFso] 847 B8uRLe ol
54 9 ol okl g

7] $1all A5 Ada/ A Al gl
T A8Ys7]2] NCR 2 |3 Alels 248kt Al
B9 A7, B 5, 1A 9, AE] ikl
4 22| 287|710 57HA| = E5sto] AAsiTt

421 WM A7 2M

A5 7] A4A] 2% NCRO] B4 AT} 7)) Z24E 4
3 Al oF 4 20091742] NCRo| "A35t3irt. NCRE HAY A
7R BRE A H2ETEE e $ 3WA} 9 4dfe] 7t
% o] Bt FAL BHIIRE 7] Bolol| ] IFH o2
HAES U 4= QtHTable 7).

st=zANmeIss| =27 Hisd Al 207 18 H3

ie



NI A - 2y e

Table 7. Categorization of NCR by season

Section | Structure Civil Architecture gfrizcr:;rtiiin Total
1st year 51 11 - 36 98
2nd year 134 17 10 39 200
3rd year 94 19 56 130 299
4th year 99 20 26 256 401
5th year 26 5 22 169 222
Total 404 72 114 630 1,220
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Table 8. Categorization of NCR by process

Lack of worker's skill 4 - 5 327 336
Violation of work 174 35 4 o 234
procedure

Negligence of supervision 10 2 - 107 119
Work without notice 33 2 26 5 66

Insufficient of management
and activity identification 15 2 3 18 38
after construction

Damage and flaw 2 - 3 34 39
Besides - 1 2 22 25
Total 404 72 114 630 1220
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U3E NCRO| A7 §3& Avid 1258 23R &
719] 74-9- =)} 2A)] 59071] 64%%1 37871019 71%2] 7
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ARLIo] 47921 2957 0.2 LRt Table 10),

Section Structure | Civil | Architecture | Total
Concrete work 212 47 ] 260 Table 10. Categorization of NCR by disposal method
Rebar/Cadweld work % 2 - % Section Structure Civil Architecture Electn‘c Total
generation
Steel frame and iron work 1 - 86 87
Use—as—is 104 24 29 325 482
Utility work 55 13 4 72
Repai 265 46 67 188 566
Waterproof work 19 - - 19 epar
Cut—off plate installment work 12 4 - 16 Rework z8 2 7 107 154
Painting work - - 13 13 Reject 2 - - 6 8
Besides 11 6 10 27 Besides 5 - 1 4 10
Total 404 72 114 590 Total 404 72 114 630 1,220
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Table 9. Categorization of NCR by cause of occurrence

Section Structure| Civil | Architecture Electrl.c Total
generation
Violation of plan drawing,
specification and supplier | 166 30 71 96 363
guidebook

) QLR
62%, 37WQ ode] o) oF 38%E A k= AR et
YtHTable 10).

Table 11. Categorization of NCR by lead time

Section Structure | Civil | Architecture gfr:ee(r:;rtii%n Total
Under 1 month 120 23 22 172 337
Under 3 months 129 24 40 228 421
Under 6 months 112 12 33 135 292
Above 6 months 43 13 19 95 170
Total 404 72 114 630 1,220
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Table 12. Pre-construction problems and improvements

) Main problems of
Section ) Improvement
preconstruction
Violation of , . + Securement of certificated
. « Lack of workers experience
plan drawing, - A experts
. « Insufficient understanding )
specification ) + Accuracy instruction
of plan drawing = .
and « Sufficient education of code
. + Excess of allowable error P
guidebook of ) ) ) and specification
) + Unsatisfaction of design .
equipment : « Perpect supervision and
. requirement
supplier management
+ Lack of construction . . .
- . « Education for improving
workers specialized in h .
nuclear power plants construction ability
Lack of 'p ; p « Building of smooth
L « Excessive fluidity of
workers skill manpower supply system
manpower . .
. ) « Reinforcement of quality
« Insufficient education of ) .
) education for new hires
new hires
« Insufficient understanding |+ Education for improving
N of work procedure construction ability
Violation of . .
work + Lack of awareness for * Reinforcement of quality
rocedure quality education for workers
P + Occurrence of repeated « Active utilization of
mistakes corrective action report
+ Lack of safety + Reinforcement of preventive
Carelessness ; .
) consciousness and activity
of quality and o . .
safet responsibility for workers |+ Responsible construction by
y. . + Lack of responsibility for reinforcement of inspector's
supervision L : :
quality inspection discretionary power
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Table 13. Examples of available items on CSFs

Section Examples of available items on CSFs
« Building the management system about labor/staff of
nuclear power plant
« Deduction of optimal injection ratio of experienced
Manpower / | manpower

Organization |« Builing the communication & control System
(a1~a8) |+ Multifunctional manpower utilization & Operating the
cooperated work crew consisted of individual technicians
« Obliging completion of training center during a certain
period for technicians

« Tracing materials using RFID
« Improving the availability of domestic materials
Materials / |+ Construction ability improvement of large—diameter rebar

Equipment | such as N14(43mm), N18(57mm)

(b1~b6) |+ Review about Arrangement of tower crane

« Review about utilization of large salvage equipment(above
2,500t)
« Time management using RFID (Commuting, work input, etc.)
« Active application of duration reduction plan from material
Time supplyers and construction specialty companies
« Active utilization of corrective action report
Management ) . .
(c1~c3) « Time lag occurrence in change of plan drawing due to

security of nuclear power plant
» Reduction of inspection time by computer aid inspection
and simultaneous inspection

« Proper proposal for technical proposal bidding system

« Setting a criterion for reasonable construction cost
disbursement of each package

« Reinforcement of approval system for susbcontract

Construction
Cost
(d1~d3)

» Expanding PC and modular system
+ Application of open top construction and SC(Steel Plate
Concrete) method
Method of |+ Minimizing welding and expanding use of automation
construction |« Construction monitoring using 3D/4D
/ « Sharing the case of previous constructions
Technology |« Building the knowledge management program about
(e1~eb) nuclear power plant
« Program development of fostering subcontractors
+ Reduction rework due to update delay of previous projects
and non—reflection of error

« Reasonable site utilization considering work movement
and transport distance
« Improvement accessibility of sealed or containment
Project structures
Environment |- Reinforcement of patrol operation for safety/environment
(f1~f4) « Regional activation and developing a service program to
the public relationship program
« Building the manpower training system of nuclear power
plant for local economic activation
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