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Introduction to TH Design

m Course focused on TH design of the reactor
core and heat transport system, and
Interrelated

m systems, such as steam generators, turbines, etc.,
and

m components, such as valves, pumps, pipes, heat

exchangers, etc.
m Disciplines involved

m Reactor physics

m Heat transfer

m Fluid mechanics

m Thermodynamics

m Stress analysis, etc

March — April 2008 UNENE TH Course — Nik Popov



Introduction to TH Design (cont’d)

m Important aspects to consider and optimize

Safety
Cost

Material limits (temps, mechanical stress, erosion,
corrosion, etc.).

Regulations

Past experience

Standardized design requirements
Quality insurance

Marketability

m “Good design process is evolutionary”!
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Course Overall Scope Diagram
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The Design Process

m Design principles
m Establish improved design practices
m Take into account feedback from previous designs
m Design more margins into the new designs

m Design methods
Analysis concepts
Design guides
Design tools
Verification

m Training of staff

m Design Development
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The Design Process (cont’d)

m Design Development
m ldentify specific correlations and methodologies
mPerform-laboratory-testing
m Take into account feedback from sites

m Design
m Establish main ground rules
m Optimize design
m Interaction between different design groups and disciplines

m Produce design documents
Design Requirements (DR)
Design Description (DD)

Design Manuals (DM)

Technical Descriptions (TD)
Generic Design Deviations (GDD)
Commissioning Procedures
Equipment Dockets
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Linkage Between Design and R&D

Conceptual Design P

Informal requirements

Preliminary Design

Informal/formal test report

Informal/formal requirements

Proof of
Concept Test

Final Design

Informal/formal
procedures and reports

CVS, EQR

Development Test

i

Formal Procedures, Test Plan,
Test Report
Witnessing/monitoring

Component Verification Report
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Design Verification Process

: DR Design Requirements
Designer CVS Component Verification Specification
v
R&D MITP Manufacturing, Inspection & Test Plan
Procedures Test Procedures — includes witnesses
R&D Test Report Test Results
Designer CVR Component Verification Report

Verification Testing at AECL carried out under specific
procedures to meet N286.2 Clause 6 requirements.
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Generic Design Process

/ Input \ / ACR Product Development \

Generic Input

/

High Level Project & Performance
Plant Requirements

Concept Definition

A

Regulatory Requirements & Codes
and Standards

Col tual Degign Do I& . .
Meeptua N RIS / CNSC Licensing x

Feedback from Previous Projects, \

Operating Plants, and Regulators

Generic Design and
_ Basic Engineering Analysis documents
= Program

P

Design Requirements from Other
CANDU Systems

Pre-licensing

_ Feedback,|Comments
and Status| Reports

(ETy——

Statement oflLicensability

Site specific input

Detailed Engineering

and Deployment Site Spfeci ic Design§
. Analysis documents
Planning

Site Data

Contractual Requirements from
Customers

—— - )\

Operational Policies and Practices

Site Acceptance

Manufactural Data from Suppliers Design and Andlysis documents
_ Construction

Approval

—/

V rp——

Contract Effective Date Final Site-specific . .
Design and |Anglysig Operating Licence
documents &
colypletion assrange

\4

ACR Project Engineering, Procurement,

Construction & Commissioning K j

Final Site-specific Dgsign and Analysis
documents & completion assurance

ACR-700 Unit in Senice
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Generic Design Process (cont’d)

Generic Input

/

r

)

Concept Definition

4.2.1 Develop Preliminary
Design Requirements

4.2.2 Write Safety Design
Guides & Perform
Preliminary Safety

Other CANDU Systems

&

: : (ASD type documents) Assessments
4.1.1 High Level Project & (SDG and ASD type documents)
Performance Plant Requirements ) | |
4.1.2 Regulatory Requirements & )
Codes and Standards .
= > 4.2.3 Perform Conceptual Design Assessment
4.1.3 Feedback from Previous N (iterative process w ith safety, PSA, all design groups,
Projects, Operating Plants, and sizing, layout, marketing, cost engineering, R&D, etc.)
9 Regulators y
a . . —\
4.1.4 Design Requirements from JJ

4.3.1 Conceptual
Design
Documents

Basic Engineering Program
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Generic Design Process (cont’d)

Generic Input

~

5.1.1 High Level Project &
Performance Plant Requirements

5.1.2 Regulatory Requirements &
Codes and Standards

.
|
|
[

Projects, Operating Plants, and

5.1.3 Feedback from Previous
Regulators

\

5.1.4 Design Requirements from
Other CANDU Systems J

Site specific input

Site Data

Contractual Requirements from

Concept Definition

Conceptual Design

Documents

Customers

Operational Policies and Practices

|
[
|
(

Manufactural Data from Suppliers

)
%
)
J

March 2003 - February 2004

Basic Engineering Program

CNSC

5.3.1 Finalize Generic
Design Requirements &

Descriptions

5.3.2 Finalize Generic
Analysis & PSA
Reports

5.3.3 Finalize Generic
Project Documents

Phase 1 Review

Issue Screening I
Report

E . i i i |Formal

i | 5.2.1 Dewvelop Preliminary E '|5.2.2 Dewelop Safety Basis | | 5.2.3 Develop Other | |Documents
E Design Requirements i and Methodology | E Project Documents i [Review &
1 (DR type documents) b (AB & ASD type documents) d ! (FS, TED, ASD type documents) :‘ Status
ey p———— i 5 ________________________ E [esspsssmseympesmpeseys Sy i |Reports

| March2004-2004 <+ ] . - «s T [

! . - o i

! | 5.2.4 Dewelop Preliminary |1 !|  5.2.5Dewlop Interim ; !

! Design Descriptions 5| Analysis & PSA Reports | 5 i

] (DD & 230 type documents)  |1@i| (AR&ASDtype documents) G| i

) gl 18p i

! + = L = 5.2.6 Update and Develop | | oy

E 5.2.7 Update Design 1Sl 1&) | Other Project Documents Documents
: Requirements & 1811 5.2.8 Update Analysis & |3| (TS FS CSS TED ASDiype

) - &0 X e documents)

! Descriptions 1S PSA documentation | gf

] (230 docs and DCD :EE (AR docs & DCD sections) EE:

] sections) vl ' i Review &
i L v l ! Iy Status

] > Reports

Detailed Engineering and Deployment Planning

Phase 2 Review

Licensability I
Statement
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Generic Design Process (cont’d)

Basic Engineering Program

Final Generic Design
Requirements &
Descriptions

Final Generic Project
Documents

Final Generic Analysis
& PSA Reports

Detailed Engineering arjd Deployment Planning
A 4

6.2.2 Dewelop Site/Project

Site specific input 6.2.1 Develop Site/ Project 6.2.3 Dewelop Site/ Project

Licensing

=" r=-=
1 h 1 |
1 h 1 |
1 h , I
1 i 1 |
1 i 1 |
1 i ! |
1 i . . ! |
i ' S Specific Analysis & PSA . g
( 6.11 Ste Data J 1S | Specific Design Documents P Repgrts Specific Documents 1.2 i
(e (e
6.1.2 Contractual Requirements from 2 i = i
Customers 2 l 121 | Detailed
—{ 1 T i :
6.1.3 Operational Policies and i § ] [ i § ! Design
Practices 18 i [ & | Inputs
! @ !
6.1.4 Manufactural Data from EE i Site /Project Specific ACR Documentation EE i
Suppliers - including PSAR = Lo
N N
] h — ] |
1 h ! |
Ll | L
A
Contract Effective Date -

Construction Licence
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Key Design Activities

DESIGN VERIFICATION
Key Inputs Key Outputs Key Inputs Key Outputs
m Design Concept = Requi m Acceptance
: quirements P
= Requirement ., t5rmation N = Desian Criteria
s (& Bases) Requirements and ] g = Information
= Relevant R&D Specifications = Data Requirements
Experience = Design Drawing /‘—] = Tools and R&D
= Acceptance = Design \— - Codes Specifications
Criteria SpeC'f_lcat'O"‘S_ - Correlations = Verification
= Technical Basis - Methodologies  Reports
Report
BN @ 2O\
b 1
R&D
Key Inputs Key Outputs
m Information Requirements m Test Data
= Design Concept; Design m Qualified Tools
m Verification Strategy
m R&D Specifications (e.g. CVSs)
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Design Process

Information
Requirements Development
and —> Tests
R&D Specifications *Data -« Report

Y

— Design Tools

Design \

Requirements

l y

Acceptance
Criteria

Design Concept

Design
—» Assist
Assessments

Relevant
Experience

Detaliled
Design

Design
Description

Design
Drawings

Design
Specifications

Design
Assessment
Reports
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Verification

Process

Requiremen

o
y
Design }L

|
Assessments
Acce_pta_nce L . CVRs
Criteria . AB Reports
‘ « Analysis
Verification L Reports
Strategy

Verified
Design

» Verification
Report

Information
Requirements and
R&D Specifications

Qualification Tests
* CVSs

» Test Plans

» Test/Data Reports

v

Qualified Tools

* Codes

* Correlations, Models
» Methodologies
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R & D Process

Specifications/CVSs

R & D Requirement
e Design, Concept
 Verification

Tests/Expts.

e Qualification

—> * Development —>

Development Data
e EXpt. Reports

Qualification Data
e Test Reports

Computer Code
—> Development —

> & Qualification Design Support
Correlation, Model Tools
—  Development | ¢ Codes
» & Qualification e Correlations

Methodology
—> Development —
L3 & Qualification

 Methodoloqgies

Qualified Tools

e Codes
e Correlations
 Methodologies
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Example of Process for Preparation of Design
Documentation & Multidisciplinary Interfaces

- X I Product Definition I
High Level Project

&
Plant Performance
Requirements

A 4

Establish a Set of
Preliminary Design L — Conceptual Design
Requirements used for = Assessment

Conceptual Design
]

Design Concept Decision
(Major Systems/Items)

Regulatory
Requirements
&
Codes and Standards

Safety Design
Guides

Basic Engineerinig Program (BEP)

Safety & Risk
Safety Analysis Engineering Assessment

Feedback from
Previous Projects,
Operating Plants and

Regulators Design Assist Design Assist Preliminary DR/FS/ Safety Input From
Safety Analysis [—»| Safety Analysis DD/ASD/TS /3D Assessment Other
Data List Document (AB) Models/Dwgs. Document (AR) Disciplines
[ [

put from Safety / Licensing
Other Eng. Disciplines,
R&D and Marketing Groups,

Updated DR/FS/DD/ASD/
TS/3D Models/Dwgs.

Y

......... | Final DR/FS/DD/ASDITS |

\
y

Design Requirement
from Interfacing Systems

Updated Project
Requirements,
SDGs, etc

Project Final Design Phase

A
. s Project/Site Specific DR/
iz SEETE RELE) FS/DD/ASDITS/3D
Contractual Requirements
Models/Dwgs.
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Design Iterative Process

Conceptual Design

l

l

R&D
Loops are
similar

Discipline X Discipline Y Discipline Z
Requirements Requirements Requirements
o 4
Discipline X Discipline Y Discipline Z
Design Design Design
Discipline X Discipline Y Discipline Z
Verification Verification Verification
Kth Lth Mth
iteratio iteratio iteratio
v oy v
_ Design Stage 1 _
v v

Design
levels for
alignment

v
Design Stage 2
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Design Process — Cascading Steps

A | Project Phase 1

Project Phase 2 || Project Phase 2

Design Level 3

Design
Detall

—

Design Level 2

i

Design Level 1

Design L
¥ g

evel 0 (concept)

Time
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March — April 2008

Questions?
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