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VERIFICATION & VALIDATION (V&V)
AGENDA

 CHSTS Program Overview
 Master Quality Plan – Overview
 CHSTS V&V Program – Overview
 Traditional Safety Certification
 CHSTS Safety Certification using V&V
 Walk-Through of Sample Safety Certification
 Practical Value of V&V
 V&V during Construction and Testing
 Summary
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VERIFICATION & VALIDATION (V&V)
PROJECT BACKGROUND

 First High-Speed Rail in U.S.
 Construction has started
 SF to LA in under 3 hours by 2029
 800 Miles, 24 stations
 Operating Speed of 220 mph
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VERIFICATION & VALIDATION (V&V)
PROJECT BACKGROUND (CONT’D)

 29 Miles
 ~ 1 Billion Dollar
 Civil / Structural Work
 Started

Construction 
Package 01
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VERIFICATION & VALIDATION (V&V)
PROJECT BACKGROUND (CONT’D)

Initial Operating 
Segment (IOS)

Initial Operating Segment (IOS)
 Central Valley to San Fernando 

Valley
 “Backbone” of High-Speed Rail
 300 Miles
 First Step Towards a Statewide 

High-Speed Rail System by 2022

Early Investments Underway
 Caltrain Electrification & Early 

Investments in the Corridor
 Regional Enhancements in 

Southern California
 Statewide Connectivity Projects & 

Investments

Early 
Investments

Early 
Investments
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VERIFICATION & VALIDATION (V&V)
V&V PART OF CHSTS MASTER QUALITY PLAN
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VERIFICATION & VALIDATION (V&V)
WHY VERIFICATION & VALIDATION

Basis of Design Rev. 3
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VERIFICATION & VALIDATION (V&V)
WHY VERIFICATION & VALIDATION (CONT’D)

RST

TRK INF

CFR/CPUC/… EIR/S OPS MTC SAF SEC

SYS
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DevelopmentVerification

Validation

Generic 
System Development 

Life Cycle  / “V” Model

VERIFICATION & VALIDATION (V&V)
CHSTS V&V PRINCIPLES
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FTA Sample Design and 
Construction Conformance 

Checklist (Page 25)

Verification Validation

Development

VERIFICATION & VALIDATION (V&V)
TRADITIONAL SAFETY CERTIFICATION
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VERIFICATION & VALIDATION (V&V)
TRADITIONAL SAFETY CERTIFICATION (CONT’D)

Verification ValidationDevelopment
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VERIFICATION & VALIDATION (V&V)
HOW COULD IT BE DONE BETTER?



• …
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Construction / 
Inspection

Final Design Testing / 
Acceptance

Design / Build
Contracts

Final Integration, 
Testing & Certification

Environmental Review 
Preliminary Engineering
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VERIFICATION & VALIDATION (V&V)
CHSTS PROGRAM STAGES & STEPS



Design / Build
Contracts

Final Integration, 
Testing & Certification

Environmental Review
Preliminary Engineering
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VERIFICATION & VALIDATION (V&V)
SAFETY CERTIFICATION STAGES & STEPS

PHA

CEHL

V&V

CP01

RST

CP2-3

…



56

VERIFICATION & VALIDATION (V&V)
SAFETY CERTIFICATION GOALS

Formal Certification 
Program
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VERIFICATION & VALIDATION (V&V)
SAFETY CERTIFICATION ACTIVITIES

Identify

Implement

Verify/Certify
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VERIFICATION & VALIDATION (V&V)
STATE-OF-THE-ART SAFETY CERTIFICATION

Integrated 
Approach



VERIFICATION & VALIDATION
PRELIMINARY HAZARD ANALYSIS (PHA)
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Safety and Security 
Management Plan

Hazard



VERIFICATION & VALIDATION
CERTIFIABLE ELEMENTS AND HAZARDS LOG (CEHL)
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Mitigations

Safety and Security 
Management Plan



VERIFICATION & VALIDATION
CEHL MITIGATIONS IN V&V DATABASE (DOORS)

61CEHL in DOORS

O&M

INF

INF

RST

SYS



VERIFICATION & VALIDATION
TRACKING SAFETY MITIGATIONS
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References to 
Technical Criteria

CEHL in DOORS

CEHL Mitigation
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VERIFICATION & VALIDATION
VERIFYING REFERENCES – OBJECTIVE EVIDENCE

Design Criteria 
Manual (DCM)

Directive 
Drawings



VERIFICATION & VALIDATION
CERTIFICATION PACKAGE
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References to Technical Criteria 
(Objective Evidence)

CEHL Mitigation

Objective Evidence



VERIFICATION & VALIDATION
CERTIFICATION – SIGN-OFF

65
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VERIFICATION & VALIDATION (V&V)
PRACTICAL VALUE USING V&V

CEHL in DOORS

1. Central Repository
2. Side-by-Side Review
3. Increased Awareness of Dependencies
4. Impact Assessment

Safety & Security 
Group

Engineering
Group
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VERIFICATION & VALIDATION (V&V)
PRACTICAL VALUE USING V&V (CONT’D)

New 
Mitigation

Changed 
Mitigation

Change / Configuration 
Management



VERIFICATION & VALIDATION
DESIGN-BUILD STAGE

68

Design / Build
Contracts

Contract 
CP01
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VERIFICATION & VALIDATION (V&V)
SAFETY CERTIFICATION USING V&V

Procurement 
Documents



Requirements

Critical Items

Technical Contract 
Requirements

Design  
References

Certification of 
Critical Items

Contractor 
QA/QC

Audit & Due Diligence Check 
by  Authority’s Representative

Independent 
Checking Engineer

Requirements Verification 
Traceability Matrix (RVTM)

VERIFICATION & VALIDATION (V&V)
DEMONSTRATION OF COMPLIANCE
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VERIFICATION & VALIDATION (V&V)
INDEPENDENT VERIFICATION & VALIDATION

 Independent entity, not associated/affiliated in any way 
with Contractor

 Performs Independent Conformity Assessment of Contractor 
Submittals against Contract

 Full Check of every Technical Contract Submittal prior to Submittal 
to Authority’s Representative:
o Independent Checking Engineer (ICE, during Design)
o Independent Site Engineer (ISE, during Construction) 

 Certify Compliance with Contract and provide Assessment Report
 Reports directly to Authority
 Based on Proven and Internationally Accepted Standards and 

Practices:
 European Norm applied by European Railroads (Notified Bodies)
 Used by International Firms in Taiwan High Speed Rail
 EN 50126 Specification & Demonstration of RAMS
 INCOSE Systems Engineering Handbook



VERIFICATION & VALIDATION (V&V)
FINAL INTEGRATION, TESTING & CERTIFICATION
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Final Integration, 
Testing & Certification



VERIFICATION & VALIDATION (V&V)
CONTRACT INTEGRATION & STARTUP
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Design 
Safety Case

Civil Trackwork Systems Rolling Stock Other

Design 
Safety Case

Design 
Safety Case

Design 
Safety Case

Design 
Safety Case

Operations & Maintenance:
 Rules
 Procedures
 Competencies

Revenue Operation

Operating Safety Case

Integrated HSR System
 Start-Up Testing
 Pre-Revenue Testing
 Safety Procedures
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VERIFICATION & VALIDATION
SUMMARY

Verification and Validation
 Fully Embedded in CHSTS Delivery Method
 Design, Construction, Integration, Testing, Certification

 Used as a Formal Safety Certification Program
 Demonstrates Compliance with Requirements
 Provides Objective Evidence
 Improves Team Communication
 Fewer Claim Opportunities for Contractors
 Facilitates Impact Assessment
 Get it Right the First Time
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Thank you for your attention

VERIFICATION & VALIDATION (V&V)
Q&A


