creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Development of Integrated
Work Breakdown Structure for

Small Modular Reactor Project

4% REYdEAE ZRHEE 4

o

ZSRABFA A Y

2016d 1€

AMedista ot

CIEERERCEL A

e 4

It



Abstract

Development of Integrated
Work Breakdown Structure for
Small Modular Reactor Project

Sangrok Park

Department of Energy System Engineering
The Graduate School

Seoul National University

Due to negative perception increased about nuclear power
generation after Fukushima Daiichi nuclear power plant accident in
2011, the importance of advanced nuclear reactor development is
emphasized for innovative safety and security. Among Generation—
IV systems, lead cooled fast reactor (LFR) has attracted most
researchers because of safety characteristic of lead coolant. Lead
coolant has inherent stability due to chemical inertness with
air/water and high boiling point. Moreover, The Russian Federation
has released impressive experiences of lead cooled reactor
operation with ALFA—class nuclear propulsion submarine as well as
key knowledge for the safety of LFR. Those experiences serve as
one of principal bases in the commercialization of LFR. Small
modular type of LFRs that are one of reference types of Gen—IV
systems is suitable for load—follow operations for distributed power
grid systems. Furthermore, LFRs can prove high maneuverability
when they are employed as power sources for low—carbon ship
propulsion, because of its excellent innate safety and long lasting

core operation life.



However, when an R&D team plans a project to develop safe
Small Modular Reactors (SMRs) and to carry out their commercial
production, work breakdown structure (WBS) can be utilized for
systematic and efficient approach. Main functions of WBS include,
but not limited to, 1) defining the project scope, 2) schedule
adjustment and 3) budget management. However, reference
standard WBS for nuclear power plant (NPP) is not yet proposed.

Literature review and analysis about the earlier WBS studies
were conducted for development of standard WBS for NPP. On the
basis of product oriented WBS system, NPP WBS of Korea and
other country were searched. Based on these results, study about
WBS for SMR project was proceeded. As a result, integrated WBS
(IWBS) for SMR is suggested and IWBS coding system for this
IWBS is defined.

To verify IWBS for SMR, URANUS (Ubiquitous, Rugged,
Accident—forgiving, Non—proliferating, and Ultra—lasting Sustainer)
that was designed by NUTREK (Nuclear Transmutation Research
Center of Korea) is selected for application of IWBS. URANUS is
100MWt conceptual reactor that adapts lead—bismuth eutectic
(LBE) coolant and natural circulation at primary system for inherent
safety feature. In addition, IWBS is applied on pool—type mockup
facility of URANUS construction project for more specific
verification of usability.

Through this study, ongoing study about WBS is analyzed and
standard IWBS for SMR is proposed. Therefore, this study will give

unity direction for SMR projects.

Keywords: Work Breakdown Structure, LFR, LBE, URANUS, SMR,
Mockup facility

Student Number: 2014—-20534
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Chapter 1. Introduction

1.1. Background

Low carbon dioxide emission and sustainable energy source for
human being are source of growth for the future. Nuclear power is
most promising candidate of that. Fukushima Daiichi accident in
2011 calmed down this expectation for a while, however, alternative
energy source did not appear. Furthermore, concepts of advanced
nuclear power plant (NPP) which is strengthen the safety feature
are proposed. Generation—IV reactor types are advanced nuclear
reactor for next generation.

Generation—1IV international forum (GIF) suggests four goals ;
sustainability, safety and reliability, economic competitiveness,
proliferation resistance and physical protection and GIF selects six
systems as generation—IV technology [1].

Lead cooled fast reactor (LFR) is one of these six systems.
LFR uses lead or lead—bismuth eutectic (LBE) as coolant and
operation pressure is atmospheric pressure. Lead and LBE have
several excellent properties. They are chemically inert with
air/water and have high boiling point, high heat capacity and low
neutron moderation capabilities [1]. Due to these characteristics,
LFR could adapt natural circulation for reactor primary and
secondary system such as steam generator which is integrated in
reactor vessel. However, several obstacles should be surmounted,
such as oxygen control technology to prevent lead erosion—
corrosion, reactor in—core inspection during reactor operation and
coolant solidification [1]. In the early 1950s, LBE coolant was
selected for the development project of Russian Federation’s
nuclear submarine. As a result, LBE cooled reactor was used in
ALFA—class submarine. Russian Federation has LBE reactor
facility, and its operating experience in all modes is ~80 reactor—
years [2]. Although this experience is valuable reference, vital
problems are needed to be solved for generation—IV system.
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Figure 1.1 ALFA—class nuclear propulsion submarine [2].

Small modular type LFR is one of reference type of GIF.
SSTAR (Small Secure Transportable Autonomous Reactor) which is
designed in USA is being developed under this program. Small
modular reactor (SMR) is rational power source for distributed grid
and suits to developing nations and meager infrastructures [3].

Electronic power of SMR is less than 300MW and several
types of SMR are developing in worldwide, such as light water
cooled reactors, high temperature gas cooled reactors, molten salt
reactors and liquid metal cooled reactors [4].

The conceptual reactor URANUS (Ubiquitous, Rugged,
Accident—forgiving, Non—proliferating, and Ultra—lasting Sustainer)
1s LBE cooled 100MWth SMR adapting natural circulation and was
designed by NUTRECK (Nuclear Transmutation Research Center of
Korea). Bird view of URANUS is shown in Figure 1.2.



S/G Modules

Reactor

Primary
vessel

control rod
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Distributor

Figure 1.2 Bird view of URANUS [5].



Technical problems of LFR are actively studied. In addition to
these activities, new NPP development project and commercializing
project are needed to inaugurate the era of next generation nuclear
power. Well defined work breakdown structure (WBS) is key part
of these projects’ management. WBS is defined as a product—
oriented hierarchical structure that identifies the all deliverables
required to obtain an end project objective [6]. PBS (Product
breakdown structure) and ABS (Assembly breakdown structure)
are base elements of defining WBS. PBS describes the complete
configuration of the product and ABS is sequence of activities
needed to be taken to complete. To achieve goal of project, WBS

need to working organization is assigned to OBS (Organizational

breakdown structure) that is detailed framework of organization [7].

Through this process, whole project planning and schedule is

determined.

ABS OBS

wps b phase

time

Figure 1.3 Relationship of PBS and CBS [7, 8].
Benefits of using WBS follows [9];

1. Defines scope of project and facilitates for effective scheduling.

2. Segregates a project item into its component parts, clarifying the
relationship among the parts and the relationship between the
tasks to be completed both to each other and to the end product.

3. Aids status tracking of entire works of project, risks, resource

allocations, and cost/schedule/performance.

However, WBS research for next generation reactor is under

just preliminary step and standard WBS is not founded.
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LEVEL 3

LEVEL 4

LEVEL 5

Project

Element A

Element B

Element C

Sub-element A

Sub-element B

Sub-assembly A

Sub-assembly B

Figure 1.4 Hierarchical structure of WBS.




1.2. Objective and Scope

The main objective of this thesis is defining the WBS for SMR
and verifying the effectiveness of this proposed WBS. The LBE
cooled SMR called URANUS and scaled mockup facility of this
reactor were used in this process.

WBS is common element of project management and applied to
many fields like spaceship, shipbuilding and military projects.
Selecting the common WBS elements applied to nuclear field is
preceding work of this study. In addition, existing WBS studies for
next NPP are searched and unique WBS elements are chosen.

URANUS is the reference reactor to develop standard WBS.
First step of WBS is dividing URANUS project to specific parts.
This work could be defined as two structures. Partial breakdown
structure (PBS) is hierarchy structure of NPP components and
common elements breakdown structure (CBS) is hierarchy
structure of supporting activity part of project. These breakdown
structures are integrated into one structure shown in Figure 1.5,
and it is called Integrated WBS (IWBS). This IWBS arrange WBS
elements based on PBS. This approach could make diminishing
missing parts and make possible an intuitive cognition.

In order to verifying applicability of IWBS, project for mockup
facility of URANUS is selected. This project is ongoing project and
its purpose is to test thermo—hydraulic, material and design based
accidents by constructing integrated LBE test facility of scaled
mockup facility of URANUS. Processing of this project is based on
IWBS for SMR and more specific WBS elements defined.



WBS

PBS

Mgmt 9.k

Ops

CBS

Work to integrate the
components into a system

Figure 1.5 Relationship of PBS and CBS [8].




Chapter 2. Literature Review

2.1. Generic Product—oriented WBS (GPWBS)

GPWBS is developed for generic application of WBS to various
shipyards. This GPWBS is consisted with three—axes which are
respectively product structure, stage and work type. Combination of
element of each axis makes work package of shipbuilding project.

Product structure of GPWBS is a eight level hierarchical
framework that arranged to identify interim products and their
related components [10].

Stages are divided into two main categories which are non—
construction and construction that include whole cycle of
shipbuilding stages [10].

Work type identifies the work by components relating works

and general requiring efforts for shipbuilding process [10].

Product S_trucrure Work Type
Ship — Construction Non Construction
Lone — Electrical Administration
Subzone' Grand Block — Hull Outfit Engineering
BlockTnit — HVAC Material Handling
Assembly ] Joiner Material:
SubAssembly ] Machinery Orperation: Control
Part — Paint Production Serv.
Component' Commadity Pipe QA
)Méi,/ %Ie Test'Trial
; Stage %
XNon Construction Conslrumim
Desizning Lannching Fabrication On Bloc\
Planning Testing Sub Assembling Grand Block
Procurement Delivery Azzembling Erection
Material Mgt. Guarantee On Unit On Board

Figure 2.1 GPWBS system [10].



Product Structure—]

Stage

Figure 2.2 Interim products with multiple stage and work types
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2.2. Generic—Yacht WBS (Generic—YWBS)

The Generic—YWBS is developed for assisting sailing yachts
construction and arranging contents about product and process—
oriented information of sailing yachts [11]. The Generic—=YWBS is
determined by WBS development processes and various rules for
sailing yachts such as preexisting sailing yachts’ equipment
information, ISAF (International Sailing Federation) equipment rule
and IRC rating rule, and common project elements which is
considering sailing yacht life cycle [11]. As a result, five WBS main
categories that are shown in Figure 2.3 are selected. Detailed WBS
elements are determined by cross point of maximum three WBS
main categories. In addition, detailed code system (Table 2.1) for

Generic—YWBS is proposed to manage contents of this system [11].

Table 2.1 Item code system of Generic—YWBS [11].

Code Digit Description
Group )
1 Represent the group number of target item
number

Represent the type of target ship

] C Common vessel
Ship type 1 —
S Sailing yacht
P Power yacht

* Three—letter code
Level 1 Item 3 .
» Represent the category (Lv.1) of target item

* Three—letter code
Level 2 Item 3 )
» Represent the category (Lv.2) of target item

* Three—letter code
Level 3 Item 3 .
» Represent the category (Lv.3) of target item

Serial ) ..
6 » Six—digit number code
number

10 2] ul




G1: Project

G2: Management

Estimation — Integrated
Management
Negotiation — scops
Management
| Time
Management
L] Cost
Management
. Quality
Management
| | Human Resource
Management
| | Communications
Management
| Risk
Management
L] Procurement
Management
G3: Activity G4: Object G5: Support
: Electric .
- Business — H Material
System
Propulsion Classification
— Development .
System Society
— Manufacturin — Gutiidng Rating Syst
g System ating System
L] — || Piping Relate.d
System Industries
| [Hull and Appendage
System
|| Sail
System

1

Figure 2.3 WBS elements of Generic—YWBS [11].
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2.3. NASA WBS

The WBS is the key part of NASA project management and this

is developed as part of the activities to characterize the complex

project and scope of the project in early phase of project [12].

NASA WBS is divided into 11 main components and these main

components divided into 7 levels. Level 1 is name of the project and

level 2 and below elements, which is correspond to the product

deliverables plus other related common elements for completing the
[12]. The standard

project, are determined by project manager

WBS template is defined up to level 2 as shown in Figure 2.4 and

meaning of each WBS element is described in WBS dictionary.

Example of WBS dictionary is shown in Figure 2.5.

Space Flight
Project

Project
Managerment
01

Systems
Engineering
0z

Safety & Mission Science /
Assurance Technology
03 04

Payloadis)

0&

Spacecraft

05

Mission
Operations
07

Launch Vehicle ¢
Services
08

Ground
System(s)
03

Systems Integration
& Testing
10

Education and
Public Outreach

1"

Figure 2.4 NASA standard WBS template [6].
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WHS Dictionary

WEBS Element Title WEBS Element No:
Develop Prototype Code 123456.08.05.09.01.03
Parent WBS No:  123456.08.05.09.01 WBEBS Level 6

Parent WBS Title Dewelop Pototype Scope Def. Ref: 02.01.01
Project Originator:

Project XYZ Software Development Samuel L Kates

WBEBS Elem ent Description:

The scope of this element nciudes the development of all necessary software code
requred to satisly the functional requrements established for prototype softwane. This
efiort will nciude the deniification of all prototype use-case fundions, code
development for all dentibed use-case functions, nformal use-case testing, ntegration
of all usecase code, and software preparation for full protolype user testing

Technical Specification Docum ent
SPEC-SW-AA000765-1

SPEC- SW-ABOOO767-2
Procurem ent Packages: None
Related Work Excluded

1) Associated supervision

2) Prototype requirernents validation
3) PPE&C planning and control effort

Requirem emts Doc. No:-

NASA SRD-BR549-01

WHS Index- See pages 16-13

Revision No: 01c Page 15 of 31

Revision Date: 117302000 WES Element Mo: 123456.08.05.09.01.03

Figure 2.5 NASA WBS Dictionary [6].
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For organizing and controlling the WBS, NASA defined WBS
numbering system. This numbering discipline is named the NASA
Structure Management (NSM) system. For each project processing,
the WBS defined by the project must use this NSM system and also

must correlate exactly through level seven [6].

Partial WBS with Numbering System

Vehicle Project

Level 1
123456 Additional
‘ I I : I I T=""- -+ Standard
- Level 2
Level 2 Project Mgmt Sys Eng Safety & MA Science & Tech Payloads Aircraft/Spacecraft Elements
123456.01 123456.02 123456.03 123456.04 123456.05 123456.06
Level 3 Business Mgmt L L L L [Thermal Control Sys (TCS)
= 123456.01.01 L L L L . 123456.06.01
T
Level 4 Schedules Mgmt Resources Mgmt L Active TCS
123456.01.01.01 123456.01.01.02 123456.06.01.01
Active TCS-
i Radiator
Level 5 123456.06.01.01.1
Active TCS -Radiator
Level 6 L Controls
123456.06.01.01.01.01
I
] T 1
Active TCS - Radiator Active TCS - Radiator Active TCS - Radiator
Level 7 Controls - Instruments Controls - Electrical Controls - Software

123456.06.01.01.01.01.01 123456.06.01.01.01.01.02| 123456.06.01.01.01.01.03|

EXAMPLE: 12345(%.02.03.04.05.06.07

Y N
Project WBS 2-7

Figure 2.6 Partial WBS with numbering system [6].
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2.4. Nuclear Power Plant WBS

2.4.1. Previous Nuclear Power Plant WBS

TAEA describes importance of WBS in project management of
NPP construction. The WBS and the work orders resulted from it, is
applied as a tool of project management. The concept of
responsibility assignment matrix (RAM) that is shown in Figure 2.7
clarifies the association between WBS elements and contractor
organization working for project [13]. There are two approaches
suggested for WBS; product—oriented (fuel, primary / auxiliary
systems, etc.) and discipline—oriented (core analysis, safety

analysis, etc.) [13].

Contracted project scope

Plant or plant portion

Work Breakdown Structure

Hardware Software

!—‘—\!—‘—\

System
analysis

System 1 System 2 Design

I - —

System Transients
Comp. Pump. design Safety

Confractor organization
|
Line functions
|

IIIII/N ) f——--*:-_'_‘:'_‘::‘_f_'li'__'____f__—__'—

task orders

[

‘ Projects ‘ ‘
ro
s

Figure 2.7 Responsibility assignment matrix [13].
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D.O.E. (US) provides suggested direction and various practices
on the development of product—oriented WBS applied to all project
of D.O.E. [14]. WBS system of D.O.E. is consisted with three
fundamental WBS levels that define the project scope by level of
responsibility and detail: the PWBS (Project WBS), the CWBS
(Contract WBS), and the SWBS (Subcontract WBS) [14]. These
three WBS systems observe guidelines which are the same
product—oriented approach at varying levels of detail [14].

The PWBS includes an entire effort which meets overall project
objectives and CWBS is the approved WBS structure for the
contract scope [14]. The SWBS is sub—element of CWBS for more
specific contract and responsibility. The relationship of these three
WBS system is shown in Figure 2.8. In addition, D.O.E. gives some
WBS templates for system breakdown and common elements are

related with energy power plant part.

»| PROGRAM
|
PWBS PROJECT 1
[ I ]
| SYSTEM A SYSTEM B SYSTEM C
s CONTRACT 1
CWBS | |
—— | SUBSYSTEM A SUBSYSTEM B SUBSYSTEM C
|
" SUBCONTRACT 1
SWBS I

NN A B C

Figure 2.8 Relationship of PWBS/CWBS/SWBS.
16 A



In case of R.O.K., WBS for NPP is under development as part of
NPP construction management system. Based on the project
information in the progress and performance measurement system
(PPMS) of UAE’s Barakha Nuclear Power Plant (BNPP) projects,
an attempt was made to make a new WBS. This new WBS provides
5 hierarchical levels of the total project scope of NPP construction
and it is opposing to project numbering system (PNS) in Korean
NPP projects that is considered as the WBS [15].

Project
Pre-Project y
Procurement Construction
Plan
Operation : ’
Engineerin Fuel Suppl
Support System g g PPYY
Project Operation g
: Decommission
Management &Maintenance

Figure 2.9 Main WBS elements of developing [15].
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2.4.2. Next Generation Nuclear Power Plant WBS

Preliminary study about WBS for SMR was conducted based on
large NPP project arrangement. This study distinguishes similar
points and different points of large NPP and SMR. Significant
differences are related with innovate technology and different usage
of SMR [16]. This study just show conceptual WBS for SMR as
Table 2.2.

As a part of next generation nuclear plant (NGNP) project that
is focusing on high temperature gas—cooled reactor (HTGR), more
specific project WBS is developed up to four level [17]. This
project WBS is shown in Figure 2.10.

18 .__:lx_g _'k.::_ '|: ;-



Table 2.2 High—level conceptual WBS for a SMR [16].

Site

Reactor — Megawatt—Class SMR

1-Site selection

2—Site preparation

3—Ante—reactor

module

4—Reactor

5—Post—reactor

module

1 Business

case analysis

1 Excavation

1 Construct module

assembly building

1 Nuclear island

1 Rad waste
building

2 Environmental
impact

statement

2 Utilities and backup

power generators

2 Reactor system
and C/V
procurement and

module fabrication

2 Internal
concrete/steel

modules

2 Functional

tests

3 Data collection

3 construction

3 Auxiliary building,

3 Set primary

3 Fuel load

spent fuel pool equipment
4 Design and 4 Construction 4 Site security 4 Control 4 Startup period
engineering support room/building
5 Financing and 5 Heavy lift 5 I&C, HMI 5 ITAAC

contracts

equipment moved

on site

6 Early site

permit

6 Switching station

7 License

application

7 Transmission lines

8 Laydown buildings

9 Firewater

protection system

10 Fuel rail

Power generation/Decommissioning

6—Power

production

7—Decommissioning

1 Commercial

operation

1 Decommissioning

planning

2 Refueling

2 Used fuel removal/

management

3 Maintenance /

spare parts

19

6 Turbine island

6 Simulator and

training

7 Set turbine

7 Emergency

generator management
and response
8 Diesel 8 Maintenance
generator building
system

9 Cooling tower




NGNP

Owners Engineer |

Design

Construct

Program Management

R&D for Design

R&D for Construction

Project Development

Conceptual Design

Project Licensing &
Permits

License & Permit to
Operate

Preliminary Design

Construction

Project Engineering

Project Construction

Final Design

Waste Management

Mockup Testing

Environment, Health &

Safety
Project Initial Acquisition Strategies & ]
; Security
Operations Procurements
Project Operations Long-Lead ltems Training

Project DD&D

License & Permit to

Construct
Initial Ops Operate
P - . Post-Ops & DD&D
& Inspection Commercially
R&D for Initial Operations Program Management
Operations Management
Commercial Design I License & Permits to
P R&D for Operations DD&D
Maintain License & Maintain License & Environment, Health &
Permits Permits Safety
Environment, Health & Environment, Health & Security
Safety Safety
Security Security Training
Training Training Plan & Design DD&D

Pre-commissioning

Commissioning &
Startup

Commissioning &
Startup

Operate Plant

Operate Plant

Maintain Plant

Maintain Plant

Shutdowns &

Inspections
Shutdowns & Refuel & Spent Fuel
Inspections Management
BELOCN S SEENE FUC] Plant Modifications
Management

Plant Modifications

Waste Management

Waste Management

Figure 2.10 NGNP WBS [17].
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Chapter 3. Rationale and Approach

3.1. Rationale

Previous WBS for gigawatt class NPP is defined by discipline
paradigm which leads to complicated WBS. Complicated WBS
system causes management problem. For example, one project
management team cannot manage overall project process by using
previous WBS. For that reason, it is difficult for gigawatt class NPP
project to solve clash problems of interface boundary. Considering
WBS for gigawatt class NPP to be applied directly to SMR, SMR can
suffer same problems with gigawatt class NPP during project
process. For that reason, needs of new WBS for SMR are arisen for
efficient project management. Demanding characteristics of WBS
for SMR are 1) human cognition friendliness, which means that
project manager can manage through overall life cycle of SMR
project efficiently, 2) functional module paradigm which reflects
modular design to reduce interface problems.

To satisfy these demands, WBS which applies new paradigm is
necessary based on previous WBS for gigawatt class NPP. For
example, Generic—YWBS that is described in previous chapter is
developed for needs of proper WBS for small sailing yacht building.
Generic—YWBS is based on GPWBS that is for large ship building,
however, characteristics of Generic—YWBS is very different from
GPWBS.

Previous researches about WBS of SMRs just have been
focused on sorting the common elements for project management.
Actually, SMR has different features when compared with gigawatt

class NPP as followings;

1) Superior quality control: One—site factory fabrication under

controlled environment
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2) Unique modular design: Module concept design based on

functional sorting (not by discipline)

3) Passive safety design: Adapt passive safety measure in

normal operation and accident situation for sustainability

4) Economic construction; Financial cost is reduced because of

small number of SMR components to fabricate and shorten

construction time compared to large NPP

5) Reduced site work: Except building construction, SMR

modules are transported after fabrication, then they are

assembled in SMR site

Simple comparison of large NPP and SMR is shown in Figure 3.1.

S/G Modules

\-_,‘& v =

Reactor

Primary
vessel

control rod

Guard

Distributor

+ Simplified design
- Modular design

- No pipe, etc.

- No pump, pressurizer

Characteristics of SMR design

+ Use of only few simple drives for control and safety rods

+ Elimination of A-class control room
» Reduction of required emergency power by natural circulation cooling

Figure 3.1 Comparison of large NPP and SMR [18].
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SMR projects need new approaches, because they have many

challenging issues compared to gigawatt class NPP. Especially,

WBS of SMR needs to aid in identifying new module concept design,

due to SMR adapts passive safety measures and modular design.

Specific differences of SMR are shown in Figure 3.2 based on final

safety evaluation report (FSER)

of gigawatt class NPP.

Previous NPP is divided into sub—system by discipline. In contrast,

SMR is divided into modules by integrated function. For this reason,

demanding of well—defined WBS is bigger than ever to organize

SMR project.

Large NPP

Reactor

Steam & power conversion system

Auxiliary systems

1&C system

Nuclear safety system

HVAC system

Electrical power systems

Buildings

Y

Reactor module

T/G module

Auxiliary module

1&C module

Containment module

Electrical power module

Building module

Figure 3.2 Modular feature of SMR.
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3.2. Goals

The main goal of this thesis is defining the IWBS for SMR
project and verifying the effectiveness of this proposed IWBS. To
achieve the goal, URANUS and scaled mockup facility are utilized in
this corroborative step. The necessary tasks are defined as follows.

The common elements of IWBS for SMR are defined. In order
for proper adaptation, existing WBS elements are considered and
some of that are modified for SMR project.

The proposal for method of integrating common elements and
partial component to define work packages is one of main goal of
this thesis. Through this processing, the frame of well—defined
IWBS is established and IWBS coding system is also proposed.
Features of IWBS are friendliness for human cognition, supply chain
and life—cycle QA management.

Verifying the utility of IWBS is key objective. To proceed this
work, LBE cooled pool—type reactor called URANUS is used. First
step of this work is dividing URANUS project to detail parts. Well—
defined hierarchy structure of real components of URANUS and
common elements of project are presented. The scope of this work
is up to the level that could be standardized. Whole application of

IWBS is shown in mockup facility construction project.
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3.3. Approach

The thesis study approach is shown in Figure 3.3. To define

IWBS for SMR and prove its utility, first of all, existing WBS is
analyzed and problems that can be occurred when these WBS is
applied to IWBS is distinguished. Based on this work, appropriate
IWBS and its coding system are confirmed.
After that, proving process of IWBS is conducted with project for
mockup facility of URANUS. Up to work package level, whole IWBS
is defined. In addition, adequacy of definition of IWBS elements and
applicability of IWBS will be checked.
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» Defining IWBS and hierarchy structure
 Defining IWBS coding system

v Human cognition friendly
v Supply chain friendly

r v Life-cycle QA management friendly '1

« Defining CBS of IWBS [ﬁ r + Defining PBS of IWBS

» Defining proper IWBS elements

b

« Applying to mockup facility PILLAR

-

» Verifying the applicability of IWBS
» Advanced SMR design optimization

Figure 3.3 Diagram for IWBS defining study.
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Chapter 4. Integrated Work Breakdown Struct
ure for Small Modular Reactor

4.1. Design feature of URANUS

A pool—type SMR called URANUS is designed as generating
100MW thermal power. URANUS is suited to regions where wide
energy grid system cannot be constructed in. Transportable
characteristic gives versatile application of URANUS, such as
electricity generation for region, desalination and commercial
ship/warship propulsion power source. Long lasting operation
period of 20 years per one fueling strengthens non-—proliferation
feature of URANUS.

In addition, URANUS adapts natural circulation as primary
system cooling mode by removing primary cooling pump. This
design is based on excellent natural circulation ability of LBE
coolant. Due to this fully passive cooling ability of primary system,
safety feature of URANUS is strengthened than forced circulation
system and insures accident resistance ability in normal operation
and accident condition. Furthermore, this simple heat transport
system reduces production cost and relaxes safety concerns. Key

design parameters of URANUS are shown in Table 4.1.
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Table 4.1 Key design parameters of URANUS [5].

Design parameters

Values or characteristics

Thermal power

Average core power density
Refueling interval

Plant design lifetime

Primary coolant

Primary heat transport system
Core configuration

Primary normal cooling mode
Normal decay heat removal

Abnormal decay heat removal

Fuel
Cladding

Steam generators

Secondary water/steam cycle

Feed water temperature
Steam outlet temperature
Steam flow rate

Seismic design

Inner diameter of shell
Wall thickness of shell
Total height of inside
Total weight with LBE and
internal structure

100 MWt
19.42 (MW/m®)
20 years
60 years

LBE
Pool type
Open hexagonal array

Fully natural circulation
Primary: natural circulation
Secondary: forced circulation
Reactor vessel auxiliary cooling
by air

uo2

HT-9 or T—91 overlaid with Al
containing ferritic steels

8 modules of straight shell—tube
type

Rankine cycle with superheated
steam

252.0 (°O)

356.0 (°C)

188.1 (kg/s)

3D based isolators
3,741 (mm)

50 (mm)

9,860 (mm)

758 (ton)
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4.2. Development of IWBS

4.2.1. Development approach of IWBS

Previous NPP projects are huge and complicated projects. For
that reason, many contractors are associated with one project and
project management is also complicated process to project director.
However, in many points, scale of SMR project is smaller than that
of large NPP project and SMR pursues simple design feature for
safety, adaption of new technology/modular concept and various
using purpose. In that point, WBS of large NPP project is not
suitable to SMR project.

SMR project needs proper WBS to achieve project objectives.
Goal of SMR project is constructing, managing and decommissioning
SMR without minor and severe accident. This goal is similar to
NASA space flight project that uses WBS since 1962. NASA WBS
handles from project planning to spaceship disposal. Therefore,
IWBS for SMR is developed based on NASA WBS considering
characteristics of nuclear power plant. Scope of defining WBS
elements is from project planning to decommission.

SMR adapts innovative system and new designed system needs
to clarify relationship between components and remove missing
components. For intuitive understanding and simplifying of WBS,
IWBS uses component centric arrangement. Based on PBS, CBS
elements are integrated into matched PBS elements. IWBS coding
system is also related with this concept.

Complicated 3D model like SMR can make missing parts and it
is hard to manage construction schedule. This problem can be
overcome using WBS method. According to modular design feature,
SMR parts are divided into main components. As shown in Figure
4.1, modularized concept construction allows parallel work process
possible [20] and 3D design programs are used in this process.
Combination of 3D model and WBS elements is efficient tool for

designing and project management.
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In building engineering, this approach attempted for organizing
3D building information model [21]. As a result of this attempt,
WBS performed key role in clash detection of 3D model (Figure
4.2). IWBS uses this approach for WBS elements and reactor design

management.
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Standard design
Detail design
Civil
. Mechanical +
Conventional Electrical Instrumental
construction &Control
Commissioning
«——— Convention duration ———
Standard design
Detail design ‘

Module fabrication ‘

Civil structure modules ‘

Fully modularized

construction ’ Structural modules ‘
‘ Mechanical modules ‘ Schedule
<« Convention duration reduction

’ Commissioning

Figure 4.1 Gains in modularized construction plan [20].

Average number of clashes based on different CD forms =308 B (organized)

H3DBIM A (unorganized)

B 2D drawings

" 2Ddrawings
3DBIM A (unorganized)

" 3pBIM B (organized)

Figure 4.2 Average number of clashes based on different Clash

detection forms [21].
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4.2.2. IWBS concept

Defining CBS and PBS is previous step to define proper IWBS.
Each CBS/PBS elements are defined for generic applicability. IWBS
tree 1s divided into maximum five levels as shown in Figure 4.3.

Defining IWBS elements to manageable level is key point.

| IWBS Scope |

Level 1 SMR

[ \
Level 2 | System | | Building | | General Item |
Level 3 | Component | | Building Section | | Main Item |
Level 4 | Sub-Component | | Area | | Sub-Item |

L . Document/
Level 5 | Activity | | Activity | | Activity |

PBS CBS

Figure 4.3 IWBS scope.

IWBS for SMR is defining IWBS elements from project planning
to decommission. In that point, NPP life cycle [22] and generic
implement stage of project [13] are considered to select proper
CBS. Based on this, SMR project process flow (Figure 4.4) is

selected.

Project Preliminary Design / — Manufacturing/ :
s | — . Licensing — Construction
planning study Analysis Procurement W
t Test Operation — Start-up — Operatlonl — Decommission
Maintenance

—

Quality Assurance / Document / Assessment / Administration

Figure 4.4 SMR project process flow.
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Level two categories of CBS are selected from SMR project
process flow. There are seven categories (Figure 4.5); project
planning, project management, system engineering, procurement,
construction, operation & maintenance and decommission. Detailed

definition of lower level categories is described in next chapter.

CBS

Project Project System

Planning Management Engineering Procurement

Operation

. Decommission
& Maintenance

Construction

Figure 4.5 Level two categories of CBS.

In IWBS concept, PBS has flexibility. According to wvarious
developing system of SMR, PBS level categories and elements could
change. In this thesis, PBS is defined following URANUS. URANUS
1s developing concept SMR and many specific components are not
defined yet. For that reason, seven module categories are defined
following developing status; reactor module, turbine generator
module, auxiliary module, containment module, electrical power

module, instrumentation & control module and building module.

PBS
Reactor Turbine generator Auxiliary Containment
module module module module
Electrical power Instrumentation Building
module & Control module module

Figure 4.6 Level two categories of PBS.

33 3



IWBS have integrated structure to arrange IWBS elements. CBS

elements that are related with PBS produce new IWBS elements.

These are expanded to demanding level for project process.

For example, primary system thermo—dynamics analysis and

fuel rod heat transfer analysis can be expressed like Figure 4.7.

Through

these

arrangements,

work

components can be recognized easily.

IWBS

to do for

system and

I o o e o g
t Thermal-hydrauric
Reactor ___an_at.ys'_s__-j
module r _________ -
g Etc. =
R e e s s s e s
Reactor system Reactor
Coolant system
] Heat transfer :
analysis 1
Fuel Assembly o o o e e 2 i hy
]
Etc. :
T S SO SO . SO - o
Fuei rod Spacer

T/G Auxiliary Containment
module module module
Electrical power instrumentation Building
maodule & Control module module

Figure 4.7 Concept of IWBS hierarchy structure.
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Relationship of IWBS and supply chain is shown in Figure 4.8.
IWBS describes work package for SMR project. To actualize IWBS
elements, designated work packages are connected to supplier and
contractor by contract IWBS (CIWBS). IWBS gives frame for
contract activity.

Below elements of CIWBS are achieved by suppliers and
contractors and this CIWBS also has hierarchical structure

determined by suppliers and contractors for accomplishment of
IWBS elements.

| IWBS |
| EleantA | [ ElementB | | Elemlentc |
| Sub-elementA | | Sub-elementB |
| Sub-assemblyA | | Sub-assemblyB |

| contract IWBS |

Element A Element B Element C

l Sub-element A l [Sub-elements l

Figure 4.8 Concept of IWBS and contract IWBS relationship.
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Using 3D model for IWBS is preliminary considered. CATIA® is
used in this thesis. Coupling of IWBS concept and 3D model is
inserted into extra property to 3D model parts of SMR. During SMR
parts design, defining IWBS elements of system and parts in the

same time makes IWBS—3D model coupling clear. This approach is
shown in Figure 4.9.

s= =02
URA-COM-FRI-THA
URA-CON-PRI-FACO1-HTR

L

—ZESE =JE &

URA-CON-PRI-THA

URA-CON-PRIFAQDL-HTR

Jes=m= 5o |

K& -ﬁﬂ Outer Vessel (Outer Vessele——

BFEHS ) BRI fe®-

Figure 4.9 Concept of IWBS and 3D model coupling.
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4.2.3. Detailed definition of IWBS

IWBS for SMR consists of CBS and PBS. IWBS elements are
defined, based on life cycle of NPP and features of NPP project. In
this thesis, four stages are defined based on life cycle of SMR

project as shown in Figure 4.10.

>

: ] i Prelimina
gl Project planning ¥
Project planning study
Stage B: Design/ : :
Project organization Analysis Licensing
Manufacturin
8/ Construction
Procurement

Stage C:
Project execution

Operation/

Test Operation Start-up Wisintenarcs

Stage D:
Project closing Decommission

b

Figure 4.10 Four stages of SMR project.

Main objectives of each stage are as follow;

Stage A: Project planning
» Judge project feasibility

» Define project scope and objectives

Stage B: Project organization
* Define system and estimating resource

e Conduct system design & analysis
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Stage C: Project execution

o NPP construction

« Start operation & maintenance
Stage D: Project closing

e Decommission NPP

o Terminate NPP license

Following project management guidance [12, 13] and previous
NPP WBS and CBS that define activities about SMR, project is
divided into seven categories as shown in Figure 4.11; project
planning, system engineering, project management, operation &
maintenance, procurement, construction and decommission.

Each main category has subordinate CBS elements. Sub—
elements that compose the third level of the IWBS for SMR need to
identify all CBS elements associated with the upper level elements
[12] and subordinate elements related with hardware, software and
project activities. In this thesis, CBS will be defined up to level 3
and more specific sub—level elements are needed to be developed

following each feature of project.
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CBS

Level 1

Project Project System
Planning Management Engineering

SMR planning Planning 1 Hardwa.re
study engineering

. Organizing
Feasihility study l Coordinating ] engineering

Legal & Quality assurance [

System

L izational T
organizationa development

framework
Operation
Procurement Construction p_
& Maintenance
Reactor - Start-up
module Mecha.mcai ]
erection Simulation facility &
imulation faci
/e Electrical training
~|  installation
BOP
and 1&C -«I Operation & Safety ]
| ruet | i .
construction ”{ Maintenance ]
Site work Inspection I

Decommission

Decommissioning
planning

Decommissioning
activity

License Termination
planning

Waste disposal

Figure 4.11 CBS of SMR.
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Main objectives of project planning are preparation of SMR
construction and conducting feasibility study. Based on project
management book [13] of international atomic energy agency
(IAEA), level 2 elements are defined. Level 2 is consisted with
SMR planning study, site survey, feasibility study and legal &
organizational framework.

SMR planning study evaluates requirements of new SMR
considering national energy supply plan and electric power system
plan, etc. Another element is capability of country. To construct
SMR, enough infrastructures of nation, financing condition and
technology status are needed to be considered.

Site survey is important part of project planning. Via
environmental assessment, characteristics of site, suitability of
additional construction and cooling capacity, etc. are considered and
site candidates are selected. Another item is public acceptance.
Amicable perspective of residents is one of key factor. After

determination of SMR construction, feasibility study is needed to be

conducted. This study sets up a specific action plan for SMR project.

Preliminary analysis, cost estimation, research & development and
vendor selection are big four parts of feasibility study.

Based on previous study about SMR project, preliminary
analysis is conducted including SMR size, site consideration, project
development and human resource. Cost estimation considers whole
cost related with from SMR construction to decommission. Research
& development is activity related with new technology development.
Vendor selection is ready for procurement of SMR. Bid invitation
specifications and potential vendor identification are included in
vendor selection.

Legal & organization framework provides an institutional
strategy for SMR. New legal & organization framework for SMR is
needed as preceding conditions. Simple structure of project

planning is shown in Figure 4.12.
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CBS

Level 1
Project . .
Project Planning Procurement Managjement Decommission Construction
System Operation
Engineering & Maintenance
Level 2 Level 3
SMR planning Requirements |
Sty - | Capability |
] 4 Environmental assessment |
Site survey  |—
- | Site selection & evaluation |
Preliminary analysis |
o Feasibility Cost estimation |
study : | Research & Development |
|
| Vendor selection |
Legal & Legal framework |
organizational —
framewetk —| organizational framework |

Figure 4.12 CBS of project planning for SMR.
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Project management is main part of SMR project. During overall
processing of SMR project, proper project management activities
are demanded. Key parts of project management are planning,
organizing, coordinating and quality assurance. Planning about
process, resource, cost, information and licensing is important. This
planning gives direction and scope of project management. In the
organizing process, subordinating activities of planning are
actualized. Coordinating prevents interference of each part. Quality
assurance (QA) is important activity to achieve objective of SMR
project. Through QA, quality of overall activities related with SMR
project life—cycle can be managed.

Level 3 elements of each level 2 elements are as follow.
Process element controls administration, contract, construction, etc.
Resource element has subordinating items such as human resource,
material and infrastructure. Cost element is related with financing
activity for SMR project. Information element manages document,
drawing and 3D modeling produced during SMR project. Licensing
element includes planning licensing strategy and methodology.
Licensing SMR is challenging section of SMR project [23]. Simple

structure of project management is shown in Figure 4.13.
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Level 1

CBS

Project
Management

Procurement

Project
Planning

Decommission

Construction

Level 2

System
Engineering

Operation
& Maintenance

Level 3

Planning

Process

I

Resource

Cost

information

Licensing

A e S NE ST

Organizing

Process

Resource

Cost

information

Coordinating

S 1

Process

Resource

Cost

information

Quality
assurance

Process

Resource

Cost

A G I G [

information

Figure 4.13 CBS of project management for SMR.
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System engineering 1s a defining approach for the design,
integration of sub—systems, configuration management, operations,
and decommission of a system [8]. SMR system is composed of
elements to meet requirement of SMR project. Main activities of
system engineering are system defining and system realization.
Level 2 elements of system engineering are hardware engineering,
software engineering and system development.

Hardware engineering is related with overall activities about
obtaining SMR hardware components. Level 3 elements of hardware
engineering are as follows. System design is for defining
configuration and specification considering requirements of SMR
and technical problems. System analysis is for analyzing
characteristics of design and distinguishing potential problems.
System documentation is for proposing management tool of
information which is produced in hardware engineering process
such as drawings, reports, etc. Configuration management is for
managing form and information of system, structure and
components. Software engineering has same level 3 elements.

System development is for analyzing and coordinating activities
to obtain system and level 3 elements of system development
including system defining, system design analysis, system safety
analysis and interface management. System defining is for defining
system configuration to achieve goal of SMR project. System design
analysis is for evaluating integrated system and modifying design to
satisfy system requirements. System safety analysis is for
evaluating safety of integrated system for SMR licensing. Interface
management is insuring proper interface infrastructure between
hardware and software. Simple structure of system engineering is

shown in Figure 4.14.
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Level 1

System
Engineering

CBS

Project
Procurement roje_ Decommission Construction
Planning
Project Operation
Management & Maintenance
Level 2 Level 3

4| System design

Hardware
engineering

Software
engineering

System
development

—| System documentation

_4| System analysis |

| Configuration management

—| System design

—| System documentation

—| System analysis |

—| Configuration management

—| System defining |

| System safety analysis |

—| Interface management |

Figure 4.14 CBS of system engineering for SMR.
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Procurement is related with supply chain of nuclear power plant
industry. Through procurement, construction of SMR is conducted.
Considering conventional NPP supply chain and new suppliers,

supply chain for SMR project can be determined correctly.

CBS
Level 1
System Project . .
Procurement y ) ) A Decommission Construction
Engineering Planning
Project Operation
Management & Maintenance
Level 2 Level 3

—{ Reactor system ]

Reactor module | Reactor coolant system l

»{ Etc. l

—{ CVES system I

BOP | HVAC system [
{Balance Of Plant}

Etc, l

e _‘Mi Main steam supply systeny ]

{Turbine Generator) ;.{ Condensate system [

% Etc. [

Fuel assembly l
Fue!
Ele. ]

Figure 4.15 CBS of procurement for SMR.
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Construction is important and complicated work. In SMR project,
modular manufacturing in construction factory is expected. This
way will reduce on site work and product price. Specific works
related with construction which are reference TAEA construction

management guide [13] are divided as Figure 4.16.

| CBS |
Level 1
. S\,'s"tem | [ Proj'ect ||| } | || i S
Construction . . k Procurement Decommission
Engineering Planning ‘ [ ||
Project ' Operation
Management 11 & Maintenance
Level 2 Level 3

—| Components activity |
Mechanical erection T |

HVAC activity |

| Piping activity |

Electrical installation 771 ElcGtcal et |
and 1&C s
— 1&C activity
—| Civil activity |
Civil construction  [—
| Architectural activity |

| Yard construction activity |

—| Site preparation |

Site work -

—-| Site construction |

Figure 4.16 CBS of construction for SMR.
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Operation & maintenance is for including overall activities about
SMR operation & maintenance and training people for SMR
operation. Level 2 elements are start—up, simulation facility &
training, operation & safety, maintenance and inspection.

Start—up 1s for checking the operation readiness condition and
consisted of system test, power ascension test and start—up
preparation. System test is for confirming integrity of SMR system
and distinguishing flaw after construction. Power ascension test is
for checking the safety and integrity of SMR after nuclear fuel
loading for commercial operation. Start—up preparation is level of
efforts such as administration and quality assurance activities for
start—up.

Simulation facility & training is related with training activity for
SMR operator. Simulation facility operation is activity for
maintenance and scheduling the facility operation plan. Human
resource training is activity for SMR operator education / practical
training and human resource management.

Operation & safety is for managing reactor system and material
without severe accident. Managing reactor system is related with
activities about operating SMR and checking safety. Managing
material is related with activities about checking material code &
standard and material condition.

Maintenance is consisted with managing repair part and
planning about maintenance. Managing repair part is for managing
extra parts for repairing and planning logistic support of repair
parts. Maintenance planning is related with activities about planned
maintenance system and temporary repair.

Inspection is an important activity for SMR operation. In—
service inspection is for checking the safety of SMR during normal
operation. Periodic external inspection is planed inspection

activities for safety.
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48 A1 =1H ¢



CBS

Level 1
i Project ' . .
Op'eratlon Procurement . ) Decommission Construction
& Maintenance Planning
level 2 Level 3 System Project

— Systen test | Engineering || Management
Startup _L{ Power ascension test |
L{ Start-up preparation |
Simulationfaclty m“«} Simulation facility operation I
8 training »-1 Human resource training |
M} Reactor system |

Operation & Safety [
‘»«% Material I
Maintenance —W] Repair parts I
*i Mairlenance planning |
In-service inspection |
Inspection
Periodic external inspection |
Figure 4.17 CBS of operation & maintenance for SMR.
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Decommissioning of SMR is one of important parts of SMR
operation. Based on regulatory guide documents [24, 25] of U.S
nuclear regulatory commission (NRC), specific CBS elements are
defined. Level 2 elements are divided into three elements by time
phase of decommission activities.

Decommissioning planning includes overall initial activity such
as permanent shutdown and post shutdown decommissioning
activity. Certificate of permanent shutdown and fuel removal,
considering decommissioning method of SMR and preparing
decommissioning are conducted in these elements.

Decommissioning activity is main phase of decommissioning.
Overall activities related with decontamination and dismantlement of
SMR are included.

License termination planning focuses on evaluating residual
radioactive material. Site characterization/dismantlement, radiation
survey and environmental evaluation are included in this element.

Waste disposal is making framework for radioactive waste and

managing activity about radioactive waste.

] CBS |
Level 1 W
System Pro-‘ect \ .
Decommission y . ) R Procurement Construction
Engineering Planning
Level 2 Level 3 Project Operation
Management & Maintenance
Per shutdown
_— Decomnmissioning
decommissioning activity

PSR D inati
Decommissioning econtamination

activity

planning LI Post shutdown }
Dismantlement I

r[ Site characterization

License Termination Site dismantiement }
planning
4 Radiation survey I

Environmental evaluation

Waste disposal framework l
B Waste disposal

Manage radicactive waste l
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Figure 4.18 CBS of decommission for SMR.

URANUS is LBE cooled pool—type SMR utilizing natural
circulation. Specific system design of URANUS is not determined
yet. In this thesis, draft PBS of URANUS is described shown as
Table4.2. Based on FSER [19] of gigawatt class NPP, features of
URANUS are reflected.

Main modules of URANUS can be divided into seven; reactor
module, turbine generator module, auxiliary module, [&C module,
containment module, electrical power module and building module.

Reactor module controls fission reaction and transfer core heat
to coolant system. This is consisted of reactor system, reactor
coolant system. URANUS uses natural circulation for heat removal
and operation pressure is atmospheric pressure.

Turbine generator module is related with generating electric
power. This is consisted of turbine system, main steam supply
system, condensate system and auxiliary system.

Auxiliary module supports overall NPP operation and coolant
control system. LBE coolant has different feature compared with
water coolant, so URANUS needs substantially different auxiliary
system related with coolant control. Chemical & volume control
system (CVCS) including polonium removal & decay, LBE heating &
supply system, fuel handling & refueling system, spent fuel storage
system and heating, ventilation and air conditioning (HVAC) system
will be needed in auxiliary module.

Containment module insures safety of NPP. This module is
including passive safety cooling system, steam depressurization
system and seismic isolation system.

Instrumentation & control (I&C) module is monitoring NPP
operation and controlling instruments of NPP. [&C is consist of plant
control and monitoring system, protection system.

Electrical power module is supplying electricity to SMR in
normal operation and accident situation. This system including main
power system and emergency power supply system.

Building module is used for supporting and protecting reactor
structures. Reactor building, auxiliary building and turbine building

3 o i
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are needed.

Table 4.2 General description of draft PBS of URANUS.

PBS

Description

Reactor

module

Reactor system

Reactor core

Reactor coolant

system

Reactor internals and S/G

Turbine
generator

module

Turbine system

Converting the thermal energy

of reactor

Main steam supply

system

Supplying steam to T/G system

Condensate system

Controlling water condition and

flow

Auxiliary system

System for ensuring safety and

water feeding

Auxiliary
module

Chemical & volume

control system

Controlling LBE purity, volume,
etc. of the reactor

HVAC system

Air conditioning of SMR site and
controlling ventilation of

radionuclide

LBE heating & supply

system

Conditioning the LBE coolant

temperature for operation

Fuel handling &

refueling system

Installing and refueling fuel

assemblies

Spent fuel storage

system

Management onsite spent

nuclear fuel condition

1&C module

Plant control and

monitoring system

Controlling SMR operation and

monitoring instruments
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Protection system

mitigating emergency condition

Ensuring safety of SMR and

PBS

Description

Containment

module

Passive safety cooling

Decay heat removal system for

normal operation and accident

system
Steam )
o Relaxation system for S/G leak
depressurization )
accident
system
System for eliminating or

Seismic isolation

system

significantly reducing seismic

damage

Electrical
power

module

Main power System

Supplying electrical power
(A/C, D/C) for SMR operation

emergency power
supply system

Supplying emergency power

when accident condition

Building
module

Reactor building

Including containment and
shielding building

Auxiliary building

Including control room and fuel

storage system, etc.

Turbine building

Including T/G system and
related with T/G
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Reactor
module

PBS

Reactor system

Reactor coolant
system

Instrumentation
& Control module

Plant controf and
monitoring system

Protection system

Building
module

Reactor building

Auxitiary building

Turbine building

Aucxiliary

module

Chemical & Volume
Control system

LBE heating &
supply system

Fuel handling &
refueling ystem

Spent fuel storage
system

HVAC system

Containment

module

Passive safety
cooting system

Steam
depressurization
system

Seismic isolation

system

Figure 4.19 Draft PBS of URANUS.
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4.3. IWBS Coding System

To manage IWBS elements, IWBS coding system is needed and
this system must include all information as hierarchy structure.
General coding systems are divided into three categories as listed
in Table 4.3. Each coding system can use number, alphabet for

coding information fields.

Table 4.3 General description of coding systems [10].

Coding system Description

» Hierarchical code and tree structure
Monocode * The digits at one level determine the
subsequent digits of next level

Polycode * Non—hierarchical code
» Each digits is matched in the fields of

(or chain code) . )
information

. « Combination of the mono/poly coding
Hybrid code structures

(or mixed code) |+ To arrange mixed associative and non—
associative information

To include all information and relationship of IWBS elements,
hybrid coding system is adapted and this system is divided into
three main aspects as project phase which is following project life—
cycle, partial component information and common elements related
with SMR project and partial component. Every IWBS element
needs to match coding system. Level of coding system is maximum
seven levels and distinguishes each level by dash. The specific
explanation of coding system for IWBS for SMR is as follows.

IWBS coding system has seven level and component centric
structure. Three figure alphabet code of project phase and five level

of hierarchy structure of SMR system which is combination of each
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maximum three figure number/alphabet is defined. Last of three
figure alphabet code is common elements of project/SMR system.
Detailed coding system is listed in Table 4.4 and example is shown
in Table 4.5.

Plant code is indicates SMR type and unit number and first level
of SMR product structure. Stage code is divided into four stage
from project planning to project closing and each stage has own
objectives and product. Island code is second level of SMR system
and system code is sub—level of island code. Structure code
indicates sub—level product of system and number figures are used
for distinguishing when having many same components. In addition,
only alphabet figures are used to express generally applicable
components. Component code expresses devices that are used in
component and this code applies same coding method with structure
code. Information code includes information of common elements
related with SMR project and SMR system and this code can be
related with from plant code to component code to show information
of IWBS elements. From code level 3 to level 6, “GEN” code can
be inserted when information code (level 7) expresses information

of upper level directly.

Table 4.4 Coding system of IWBS.

Code Description Digit
Level 1 Plant code SMR type and unit number | AAA(NN)
Level 2 Stage code Following project life—cycle AAA
Level 3 Island code Island indicator of SMR AAA
Level 4 System code Indicator of sub—level AAA

product of island

Indicator of sub—level
Level 5 Structure code AA (NNN)
product of system

Indicator of sub—level
Level 6 | Component code AA (NNN)
product of structure

Level 7 Information code Common elements related | AAA(NN)
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with project and SMR

Table 4.5 Example of IWBS coding result.

SMRO1 - PRE—PRI-REC—-FA001-CO001-TAN

Level 1 Plant code SMRO1 SMR 01 unit

Level 2 Stage code PRE Project planning stage

Level 3 Island code PRI Primary system

Level 4 System code REC Reactor vessel

Level 5 Structure code FAO0O1 No.1 fuel assembly

Level 6 Component code CO001 No.1 fuel of No.1 F/A

Level 7 Information code TAN Thermal—hydraulic analysis
SMRO1— PRX—-PRI-GEN-GEN—-GEN—-ONM

Level 1 Plant code SMRO1 SMR 01 unit

Level 2 Stage code PRE Project execution

Level 3 Island code PRI Primary system

Level 4 System code GEN -

Level 5 Structure code GEN -

Level 6 Component code GEN -

Level 7 Information code ONM Operation & Maintenance

activity

To define correct IWBS element contents, IWBS dictionary is
used. This dictionary
elements and additional information for management activities such
as related IWBS elements and work to achieve objectives. In this
thesis, format of IWBS dictionary refers to NASA WBS dictionary

[6] and Generic—=YWBS sample specification document [11].

includes clear statement about IWBS

Example of IWBS dictionary is shown in Table 4.6.
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Table 4.6 Example of IWBS dictionary.

IWBS Dictionary

Level 1 | Level 2 | Level 3 | Level 4 | Level 5 | Level 6 | Level 7
IWBS code
SMRO1 PRX PRI REC FAO001 CO001 TAN
IWBS
i Fuel rod thermal—hydraulic analysis
Code title
Effective date
(origin)
IWBS
i Thermal—hydraulic analysis result report
deliverables
Originator S.R. Park
Related . .
Design requirement report
Document
Analysis Primary system thermal—hydraulic analysis
Related
Procurement
work
Install
Revision date Description
Revision
history
Note
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Chapter b5.Application of IWBS for mockup fa
cility

5.1. Mockup Facility of URANUS Design

A pool—type mockup facility of URANUS named as PILLAR
(Pool—type Integral test facility for Lead Alloy cooled small
modular Reactor) has been designed to verify natural circulation
capability of URANUS and to conduct design basis accident (DBA)
experiment. In addition, computational fluid dynamics (CFD) code
and experiment results of this facility will be compared. To satisfy
these mission of PILLAR, an area—averaged scaling law [26] is
adapted to design this scaled mockup facility and design constraints
are decided as listed in Table 5.1.

Table 5.1 Design constraints of PILLAR.

Constraints Values / Requirements
Thermal height ratio 1:1

e Satisfying thermodynamic similarity

Flow area ratio o
e A limit on LBE stock (< 1/100)

LBE stock 4 ton
Core outlet velocity > 10 cm/s
Pressure proof 10 bar

Key parameters such as mass flow rate, area scaling ratio,
temperature difference, etc. were decided preliminary as 1:200
scaling ratio of thermal power and flow area. Scaling results of
design parameters are shown in Table 5.2.

Based on scaling results, design of specific parts and validation
of overall design results are proceeded. MARS—LBE code will be
applied for validation of mockup design [27]. Accuracy of this code
has been validated by a benchmarking program under OECD/NEA
[28]. Additory mutual verification of mockup design and MARS—
LBE code will be conducted to determine final design.
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Table 5.2 Design parameters of PILLAR.

. Proto; | Mockup; Scaling
Item Unit .
D m ratio; m/p
Thermal power kW 100000 411 37/9000
LBE stock ton 470 2.32 1/200
Thermal height m 5.21 5.21 1
Inlet/outlet temperature
] K 153 133.8 0.88
Difference
Core inlet temperature K 304 304 -
Core outlet
K 457 439 -
Temperature
Core rod number - 9000 37 37/9000
Core rod diameter m 0.0135 0.0135 1
Core outlet velocity m/s 0.3123 0.2924 ~0.94
Pressure loss Pa 9743.5 8456.5 ~0.88
LBE mass flow rate kg/s 4546.0 22.63 0.00468
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Figure 5.1 Schematic of mockup facility PILLAR.
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5.2. Application of IWBS

For PILLAR project, IWBS for SMR project is adjusted to
achieve objectives of project. To apply IWBS for SMR project,
PILLAR project process flow is determined then IWBS for PILLAR
project actualization process work is conducted to define IWBS
elements. IWBS code and documents are also defined. These
process is described in this chapter.

Based on SMR project process flow, PILLAR project process
flow is determined as shown in Figure 5.2. General process of
PILLAR project is same as SMR project, however, licensing is
merged into design/analysis step and operation & maintenance is

changed as test/test results analysis.

Project Preliminary Design / Manufacturing/ .
g — — M Construction
planning study Analysis Procurement
l—ﬁ Test Operation H Start-up f— Test/ Decommission
Test results analysis

Quality Assurance / Administration

Figure 5.2 PILLAR project process flow.

Actualization process of IWBS for PILLAR project is related
with design process. By project planning, preliminary IWBS is
determined. Detailed components and specific PILLAR design are
determined through interaction between designer and supplier.
Concretization of design and actualization of IWBS are conducted in

parallel as shown in Figure 5.3.

Detailed
Design

Conceptual
Design

| Preliminary WBS |—> > Modularization

Revised WBS

Conceptual WBS [——— Detailed WBS

Figure 5.3 Actualization process of IWBS for PILLAR pr_(l)jegt.
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Stage A: Project planning Preliminary
Project planning study

_ StageB: Design / Vendor
Project organization Analysis selection

Manufacturing/ -
Construction
Procurement

Stage C:
Project execution

Operationf
Maintenance

] Test Operation H Start-up l

Stage D:

Project closing } Decommission {

>

Figure 5.4 Four stages of PILLAR project.
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Based on CBS of IWBS for SMR project, CBS elements are
determined. Level 1 elements are same as following; project
planning, project management, procurement, system engineering,
construction, operation & maintenance, decommission.

Almost level 2 elements are same as SMR project, however,
some elements have difference with SMR project. In project
planning, standard criteria is determined by considering constraints
and requirements for achieving project goal. Procurement is divided
into PILLAR assembly, electric power system and [1&C according to
contract with suppliers. Operation & maintenance is including test
result analysis. Specific CBS elements of PILLAR project are shown
in Figure 5.5.

PBS of PILLAR project selected based on PBS of IWBS for
SMR project. PILLAR is more simple facility than SMR. In this point,
PBS elements are categorized into five categories; primary module,
secondary module, 1&C module, electrical power module, supporting
structure module. Components of primary module of PILLAR is
actualized through judging assemble feasibility and manufacturing
feasibility. This process is closely connected with supply chain.
Other PBS elements are also determined by this process. Detailed
PBS elements are shown in Figure 5.6.

IWBS for PILLAR project is defined by CBS and PBS elements.
This IWBS elements are including general information, technical
information, documents, etc. Overall defined ITWBS element of
PILLAR project are listed in Appendix. During defining IWBS, using
assembly concept to reduce unnecessary [IWBS elements. For
example, thermocouples of core are too many repeated parts. For
that reason, using assembly concept, thermocouples are bound into
one assembly. General information is entered into assembly level
and specific information is entered into sub—level. Identifying works

and documents to accomplish IWBS elements.
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CBS

tevel 1
Project Project Procirement
Planning Management
| Feasibilty study Planning | PILLAR assembly
Level 2 PILLAR Organizing | Electric power
planning study
Coordinating system
i Standard criteria i
Quality assurance 1 1&C
System c . Operation
onstruction :
Engineering & Malntgnance
Hardware Mechafﬂcal Start-up
engineering erection
- Operation &
Software . Electrar{al Maintenance
. . installation
engineering and 18.C
Test result

e System Site work analysis
development

Decommission

Decommissioning
planning

Decommissioning
dismantling

Decommissioning
termination

Figure 5.5 CBS elements of IWBS for PILLAR.
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Primary module

PBS

Secondary module

- Core

Upper plenum

Riser

H/X

Instrumentation
& Control module

Cooling system

Chilter

Downcomer
{upper}

Electrical power
module

Downcomer
{lower)

R/V lower
structure

Circult breaker

Transformer

Wire

Extra material

1&C DAC system

1 I&C DACPC

& power control
system

Supporting

. structure modlue

Section 1

Section 2

Section 3

Figure 5.6 PBS elements of IWBS for PILLAR.
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IWBS for PILLAR project is determined. Through IWBS
elements, project manager and stakeholders such as supplier could
have unity conversation passage and IWBS elements are revised for
accomplishing objectives of project. Schematic of this interaction is

shown in Figure 5.7.

Project manager

l » Conceptual design I l * Sensor numbers l

l * Requirement I l « Sensor station I
........................................................ IWBS elements XIIILIICIIITITITTTTIPPRTPIPITY. PRITTT TN
Supplier

I * Manufacturing feasibility I l * Assemblefeasibility |

I * Code & standard l I « Cost estimation I

Figure 5.7 Interaction relation of project manager and supplier.

Benefits of IWBS for PILLAR project are as following;
identifying works/products and suggesting PILLAR project guideline,
identifying components and instrumentation of PILLAR and
estimating evolving resource easily. For project management,
PILLAR project process flow can be determined through IWBS
elements as shown in Figure 5.8. In addition, CATIA® 3D model of
PILLAR and IWBS can be connected for better management of
PILLAR.
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Chapter 6. Conclusion

Generation—IV reactor systems are considered to have
outstanding safety and efficiency features than present NPP. SMR
receives attention due to its features of versatile application and
safety features. For that reason, many conceptual SMRs are
designed in worldwide. However, researches about WBS for SMR
are just first stage of development. Therefore, needs of proper
WBS are increasing to push ahead SMR project.

IWBS is based on product—oriented WBS. Features of IWBS are
1) human cognition friendliness 2) supply chain {riendliness.
Hierarchical structure based on functional module of reactor
components is backbone and common elements are integrated to
this structure. Definition of IWBS elements is proposed and proper
IWBS coding system is also presented. IWBS coding system is
based on defined parts of URANUS. This functional module based
approach is unfamiliar in gigawatt class NPP project, however, SMR
is smaller project than those huge projects and new developing
parts and technologies are adapted. In this point, functional module
based arrangement is good to check missing parts and reduce the
difficulty of understanding whole project. In addition, lowest level of
IWBS is connected to WBS of supply chain and IWBS act like
interaction channel for achieving objectives. In this thesis, IWBS is
defined up to generally applicable level about SMR and more
specific parts are treated in mockup facility part.

The scaled mockup facility of URANUS called PILLAR is used
to verify IWBS. This full height mockup facility uses LBE as
working fluid. From design to operation of mockup facility, IWBS is
applied. Based on 3D design of mockup facility, PILLAR is divided
into five modules. To define the work packages, IWBS is used to
each hierarchical component level. Actually, PILLAR is not reactor
system and much smaller than reactor, so perfect application of
developed IWBS is not possible. However, due to application of
IWBS, mockup facility project is well organized and pract_licallity of
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IWBS is proven as project management tool.

IWBS for SMR project is one of preliminarily study for SMR
development project. Through this study, standard IWBS is
proposed and applied to mockup facility project. Further application
of IWBS to other projects will improve this research result and

contribute to strengthen the basis of SMR projects.
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Chapter 7. Future work

IWBS for SMR project is developed under design of URANUS
and its mockup facility. IWBS have some problems needed to be

solved for general application.

1. Generality of IWBS
A. Agreement of expert group needed for IWBS application
B. More case study about IWBS demanded to check
generality of IWBS

2. Management system
A. Suitable IWBS electronic management system

B. Suitable document management system

3. Enterprise Resource Planning (ERP)
A. Define ERP system for SMR project
B. Introduction of concept of earned value management
system (EVMS)
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