SoSECIE Webinar

Welcome to the
2022 System of Systems Engineering Collaborators
Information Exchange (SoSECIE)

NDIN MITRE

We will start at 11AM Eastern Time
You can download today’s presentation from the SoSECIE Website:

https://mitre.tahoe.appsembler.com/blog

To add/remove yourself from the email list or suggest a future topic or
speaker, send an email to sosecie@mitre.orq
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NDIA System of Systems SE Committee

* Mission
* To provide a forum where government, industry, and academia can share

lessons learned, promote best practices, address issues, and advocate
systems engineering for Systems of Systems (SoS)

* To identify successful strategies for applying systems engineering
principles to systems engineering of SoS

* Operating Practices

* Face to face and virtual SoS Committee meetings are held in conjunction
with NDIA SE Division meetings that occur in February, April, June, and
August

NDIA SE Division SoS Committee Industry Chairs:
Mr. Rick Poel, Boeing
Ms. Jennie Horne, Raytheon

OSD Liaison:
Dr. Judith Dahmann, MITRE



Simple Rules of Engagement

| have muted all participant lines for this introduction and the briefing.

If you need to contact me during the briefing, send me an e-mail at
sosecie@mitre.org.

Download the presentation so you can follow along on your own

We will hold all questions until the end:

* | will start with questions submitted online via the CHAT window in
Teams.

* | will then take questions via telephone; State your name,
organization, and question clearly.

If a question requires more discussion, the speaker(s) contact info is in
the brief.



Disclaimer

 MITRE and the NDIA makes no claims, promises or guarantees about the accuracy,
completeness or adequacy of the contents of this presentation and expressly
disclaims liability for errors and omissions in its contents.

* No warranty of any kind, implied, expressed or statutory, including but not limited
to the warranties of non-infringement of third-party rights, title, merchantability,
fitness for a particular purpose and freedom from computer virus, is given with
respect to the contents of this presentation or its hyperlinks to other Internet
resources.

* Reference in any presentation to any specific commercial products, processes, or
services, or the use of any trade, firm or corporation name is for the information
and convenience of the participants and subscribers, and does not constitute
endorsement, recommendation, or favoring of any individual company, agency, or
organizational entity.



2022 System of Systems Engineering Collaborators

Information Exchange Webinars
Sponsored by MITRE and NDIA SE Division

September 20, 2022
Towards Mission Engineering in a MOSAIC Warfare Context using Explainable Al
Daniel DeLaurentis

September 27, 2022
Multi-Disciplinary Insights into Measurement and Assessment for SoS
Jaci Pratt and Stephen Cook

October 18, 2022
Framework for Complex SoS Emergent Behavior Evolution Using Deep Reinforcement Learning
Ramakrishnan Raman and Anitha Murugesan

https://www.mitre.org/capabilities/systems-engineering/collaborations/system-of-systems-engineering-collaborators



international symposium

bR 3zﬂd Annual INCOSE
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" - N 7 hybrid event
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Detroit, MI, USA
June 25 - 30, 2022

June 30, 2022: 10:45-11:25 EDT (Track 6, Digital Engineering, Session 11.6.2)

Case Study: Using Digital Threads in a large System of
Systems (So0S) for System Certification

Oliver Hoehne, PMP, CSEP, CSM
Technical Fellow, Systems Engineering
WSP USA

oliver.hoehne@wsp.com

www.incose.org/symp2022
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Introduction

— Brief System of Systems (SoS) Overview
— California High-Speed Rail System (CHSRS) Program
— Use of Digital Threads in the CHSRS Program

SoSE Challenges Faced

— Systems Engineering Challenges
— S0S Engineering Challenges

SoSE Activities Performed

— Certification Strategy
— Step by Step Process Description

Summary, Achieved Outcomes & Conclusion
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INTRODUCTION: SYSTEM OF SYSTEMS
SOS DEFINITION & CHARACTERISTICS

ISO/IEC/IEEE 15288:2015(E) ISO/IEC/IEEE 15288,
Annex G 2015, ANNEX G
(informative)

Application of system life cycle processes to a system of systems

G.1 Introduction

A system of systems (SoS) is a system-of-interest (SOI) whose elements are themselves systems. A SoS
brings together a set of systems for a task that none of the systems can accomplish on its own. Each
constituent system keeps its own management, goals, and resources while coordinating within the SoS and
adaptmg to meet SoS goals In the context of termmology discussed in subclause 5.2.3 (as shown in F|gure 3),
constltute an SoS Where there are concerns that affect the composne set, the system of systems becomes
the SOI, which is considered to satisfy some business or mission objective that cannot be satisfied by the
individual constituent systems, or to understand emergent behavior of the combination.

This annex addresses the application of system life cycle processes to such SoS. It describes general
characteristics, the common types of SoS, and the implications throughout the life cycle.

G.2 SoS characteristics and types

SoS are characterized by managerial and operational independence of the constituent systems, which in
many cases were developed and continue to support originally identified users concurrently with users of the
SoS. In other contexts, each consttuent system mself is a SOI; its existence often predates the SoS, whlle its
Ll c e UCS Weie Oy d e

the|r consideration is expanded to encompass the Iarger needs of the SoS. ThIS implies added complexny
particularly when the systems continue to evolve independently of the SoS. The constituent systems also
typically retain their original stakeholders and governance mechanisms, which limits alternatives to address
the needs of the SoS.

SoS have been characterized into four types based on the governance relationships between the constituent
systems and the SoS (Figure G.1). The strongest governance relations apply to directed system of systems,
where the SoS organization has authority over the constituent systems despite the fact that the constituent
systems may not have originally been engineered to support the SoS. Somewhat less control is afforded for
acknowledged SoS, where allocated authority between the constituent systems and the systems of systems
has an impact on application of some of the systems engineering processes. In collaborative SoS, which lack
system of systems authorities, application of systems engineering depends on cooperation among the
constituent systems. Virtual systems of systems are largely self organizing and offer much more limited
opportunity for systems engineering of the SoS.

Emergence is a key characteristic of SoS — the unanticipated effects at the systems of systems level attributed
to the complex interaction dynamics of the constituent systems. In SoS, constituent systems are intentionally
considered in their combination, so as to obtain and analyze outcomes not possible to obtain with the systems
alone. The complexity of the constituent systems and the fact they may have been designed without regard to
their role in the SoS, can result in new, unexpected behaviors. Identifying and addressing unanticipated
emergent results is a particular challenge in engineering SoS.

Definition: A system of systems (SoS) is a system-of-
interest (SOI) whose elements are themselves
systems.

A SoS brings together a set of systems for a task that
none of the systems can accomplish on its own.

Each constituent system (CS) retains its own
management, goals, and resources while coordinating
within the SoS and adapting to meet SoS goals.

SoS Characteristics: SoS are characterized by
managerial and operational independence of the
constituent systems, which in many cases were
developed and continue to support originally identified
users of the constituent concurrently with users of the
overall SoS.

Www.incose.org/symp2022 8



INTRODUCTION: SYSTEM OF SYSTEMS

S0S EMERGENCE

ISO/IEC/IEEE 15288:2015(E)

(informative)

Application of system life cycle processes to a system of systems

G.1 Introduction

A system of systems (SoS) is a system-of-interest (SOI) whose elements are themselves systems. A SoS
brings together a set of systems for a task that none of the systems can accomplish on its own. Each
constituent system keeps its own management, goals, and resources while coordinating within the SoS and

adapting to meet SoS goals. In the context of terminology discussed in subclause 5.2.3 (as shown in Figure 3),

the composite set of systems including the original SOI, enabling systems and interacting systems, together
constitute an SoS. Where there are concerns that affect the composite set, the system of systems becomes
the SOI, which is considered to satisfy some business or mission objective that cannot be satisfied by the
individual constituent systems, or to understand emergent behavior of the combination.

This annex addresses the application of system life cycle processes to such SoS. It describes general
characteristics, the common types of SoS, and the implications throughout the life cycle.

G.2 SoS characteristics and types

SoS are characterized by managerial and operational independence of the constituent systems, which in
many cases were developed and continue to support originally identified users concurrently with users of the
SoS. In other contexts, each constituent system itself is a SOI; its existence often predates the SoS, while its
characteristics were originally engineered to meet the needs of their initial users. As constituents of the SoS,
their consideration is expanded to encompass the larger needs of the SoS. This implies added complexity
particularly when the systems continue to evolve independently of the SoS. The constituent systems also
typically retain their original stakeholders and governance mechanisms, which limits alternatives to address
the needs of the SoS.

SoS have been characterized into four types based on the governance relationships between the constituent
systems and the SoS (Figure G.1). The strongest governance relations apply to directed system of systems,
where the SoS organization has authority over the constituent systems despite the fact that the constituent
systems may not have originally been engineered to support the SoS. Somewhat less control is afforded for
acknowledged SoS, where allocated authority between the constituent systems and the systems of systems
has an impact on application of some of the systems engineering processes. In collaborative SoS, which lack
system of systems authorities, application of systems engineering depends on cooperation among the
constituent systems. Virtual systems of systems are largely self organizing and offer much more limited
opportunity for systems engineering of the SoS.

ISO/IEC/IEEE 15288,
Annex G 2015, ANNEX G

Emergence is a key characteristic of SoS — the unanticipated effects at the systems of systems level attributed
to the complex interaction dynamics of the constituent systems. In SoS, constituent systems are intentionally
considered in their combination, so as to obtain and analyze outcomes not possible to obtain with the systems
alone. The complexity of the constituent systems and the fact they may have been designed without regard to
their role in the SoS, can result in new, unexpected behaviors. Identifying and addressing unanticipated
emergent results is a particular challenge in engineering SoS.

Emergence: A key characteristic of SoS — the
unanticipated effects at the systems of systems level
attributed to the complex interaction dynamics of the
constituent systems.

In S0S, constituent systems are intentionally considered
In combination, to obtain and analyze outcomes not
possible to obtain with the systems alone.

The complexity of the constituent systems and the
fact they may have been designed without regard to their
role in the SoS, can result in new, unexpected
behaviors.

Identifying and addressing unanticipated emergent
results is a particular challenge in engineering SoS.

Www.incose.org/symp2022 9



INTRODUCTION: SYSTEM OF SYSTEMS

INCOSE S0S PRIMER — FURTHER READING oy

SoS Pain
Points

Have a clear set of stakeholders

Have clear objectives and purpose R . . = What does a systems engineer
SoS Authority SoS Principles riaati 16 Biiw alioiit 8087
Have a clear management structure and clear How do we handle collaboration and What are the Kev SoS Yhmkmg principles? & 30S.
accountabilities agreement when there is no overall director? Surv
Effective patterns for collaboration are needed, areas where basic pri
3 S, N A n but are often difficult to recognise or establish. The These inciude: lack of fc
Hawmm priorities, with escalation ti defense sector tacklies this with a focus on finding
to resolve priorities { ways to balance the values & needs of constituent and information abou
. systems with those of the SoS. Other application more research on SoS working contexts
domains tackle this through incentivizing 1S ded to develop a body of
constituent systems, creating an environment nized best practice
where they can meet their own goals whilst
Have clear ownership with the ability to move collaborating to support SoS goals
resources between elements |

Types of SoS LeaderShip

A taxonomy has evolved (proposed by Maier 1998, and extende What are the roles & characteristics of
been widely used to categorise SoS into four different types basi ! effective SOS leaders? The increasingly complex
noting that SoS are often complex, and may be classed different

are viewed at, or their current operating mode at any one time E - et v ¢ 9 domains,
perang ’ boundaries, and each

mﬁﬁmﬁ"s{ﬁ mem Autonomy,
AR o o S sl e e W B 'nterdependence

Nl ' e . ) \ SoS, and other methods are needed to ensure
action in order to part i cofierence and direction. & Emergence

Ack dged Sos have objectives recognizeq - +t an system engineering address the complexities
manager, and dedicated SoS resources. Constit C on st |t ue nt < inter-dependencies and emergent behaviors?

# objectives, funding, development and sustainme| / | ent, uncoordinated evolution of constifuent systems
are based on agreed collaboration. Air traffic co Syste 11553 y | nanticipated emergent effects at the So$ level, often
and safe airspaces giobally all recognise their st ) g TN vable until the SoS is simulated or tested. Canplén(
adhere to regulations and protocols How to integrate constituent systems? Each /= g ( Jencies are common between constituent systems

constituent system has its own agenda and : P stages of maturity, often not well understood or

goals, and can act autonomously. Some may be The scale, diversity & independence in an SoS
legacy systems not designed for SoS contexts, - : . o 3 :

not easily adapted, resulting in interoperability
challenges. Operating an SoS means finding means to
coordinate, incentivize and manage muitiple separate
constituent systems, with separate working cultures,

Virtual SoS have no central authority, nor an exj schedules, processes and working practices, as 1.2 3
SoS can exhibit large-scale emetgent behavior well as coping with technical challenges such 1,2,31
The Internet is an exampie. The Internet Engine| as communications and data exchange. f
standards and protocols. Independent service pr Mismatched assumptions and
products. No management or governance is eitt expectations are a real risk
there is no central purpase for all parties

Have a single lifecycle

INCOSE-TP-2018-00G-(

INCOSE-TP-2018-003-01 0

SE Systems of Systems Primer INCOSE-TP-2018-003-01 0




CALIFORNIA HIGH-SPEED RAIL SYSTEM (CHSRS)
BRIEF INTRODUCTION

\\\ I) WHO WE ARE WHAT WE DO INSIGHTS CAREERS Investors ~+ News + Contactus Q GLOBAL - ENGLISH

CALIFORNIA HIGH SPEED RAIL

& & & ! &N = 1 LB el



https://www.wsp.com/en-GL/projects/california-high-speed-rail

CALIFORNIA HIGH-SPEED RAIL SYSTEM @.\\.
PROCUREMENT STRATEGY / CONTRACT PACKAGING Wiy

EXHIBIT X.X IMPLEMENTATION AND DELIVERY STRATEGY

OPERATOR
.|
[ Ceoar visovcr [ oGO

RAIL INFRASTRUCTURE

CIVIL WORKS
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Interfacing Systems
& Organization

CALIFORNIA HIGH-SPEED RAIL SYSTEM
CHSRS AS A SOS (PROGRAM OF PROJECTS)

Interfacing Systems
& Organization

Program Level

Project #1
(Constituent System)

(SoS)

SYSTEM
OF SYSTEM

Project #2
(Constituent System)

CONSTITUENT
SYSTEMS

Program Level

Project #n
(Constituent System)

P

L
(So0S)

SYSTEM OF
SYSTEM

Wwww.incose.org/symp2022
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Environmental Review & Final Design & Construction Final Integration, Testing & Revenue
Preliminary Engineering (Design, [Bid,] Build, P3) Certification Service
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CHSRS: USE OF DIGITAL THREADS (TRACEABILITY)

] 4r"<|l||‘i>‘-=. T~
o | NN R
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PROGRAM PRELIMINARY FINAL | CONSTRUCTION CONTRACT | INTEGRATION, TESTING SYSTEM
PLANNING ENGINEERING DEsiIGN | & INsPECTIONS | CERTIFICATION |l & COMMISSIONING CERTIFICATION



CHSRS: CONTRACT VS. SYSTEM CERTIFICATION N
="

SYSTEM CERTIFICATION

SYSTEM IS SAFE, SECURE
AND READY TO OPERATE

LZeZallly

OBJECTIVE §
EVIDENCE

PROGRAM PRELIMINARY FINAL | CONSTRUCTION CONTRACT |l INTEGRATION, TESTING SYSTEM
PLANNING ENGINEERING DEsiGN | & INsPECTIONS | CERTIFICATION [l & COMMISSIONING CERTIFICATION


http://en.wikipedia.org/wiki/File:US-DeptOfTransportation-Seal.svg

CHSRS: FOCUS OF THIS PRESENTATION ey

SYSTEM CERTIFICATION
CONTRACT CERTIFICATION
ACCEPTANCE & HANDOVER SYSTEM IS SAFE, SECURE
- - AND READY TO OPERATE

— INFRASTRUCTURE IS READY TO OPERATE
o EXAMPLE PERFORMANCE REQUIREMENTS
— |INFRASTRUCTURE IS SAFE & SECURE

=

o EXAMPLE SAFETY REQUIREMENT EVIDENCE |
CoNTRACT |
CERTIFICATION

7| N
| N A~ TR
s

FINAL @ CONSTRUCTION
DEsicGN [ & INSPECTIONS


http://en.wikipedia.org/wiki/File:US-DeptOfTransportation-Seal.svg
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Introduction

— Brief System of Systems (SoS) Overview
— California High-Speed Rail System (CHSRS) Program
— Use of Digital Threads in the CHSRS Program

SoSE Challenges Faced

— Systems Engineering Challenges
— S0S Engineering Challenges

SoSE Activities Performed

— Certification Strategy
— Step by Step Process Description

Summary, Achieved Outcomes & Conclusion

www.incose.org/symp2021
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SYSTEMS ENGINEERING CHALLENGES FACED
REQUIREMENTS QUANTITY

PROCUREMENT
CoNTRACT (CP1)

CONSTRUCTION PACKAGE 1 (HSR 13-06)

EXECUTED AGREEMENT: H5R 13-06

General Provisions

« B2 -PtA-Subpart 1 - Signature Document
- Sl VIS 234 Pages, 1,334 Shall Statements

=y A _ hoan & _ S 2l S TOVISIONS

B2 - Pt B — General Provisions
BZ - Pt C - Subpart 1 — Scope of Work

P - DL S Oy oenets Agreement
» B3-PtA-Subpart 1 - Basis of Design

* B3 -PtA-Subpart 2 — Organizational Conflict of Interest
* B3 -PtA-Subpart 3 — Revised Small and Disadvantaged Business Enterprise Frogram
« B3 -PtB - Subpart 1 —“erification, Validation and Self-Cerification

* B3 -PtB - Subpart 2 — Reliability, Availability and Maintainability

» B3-PtB - Subpart 5 — Design Variance Request Process

» B3 -PtB - Subpart & — Safety and Security Management Flan

* B3 -PtB - Subpart 7 — Aesthetic Guidelines for Mon-Station Structures

B3 - Pt B - Subpart 8 — Cost and Scheduling Controls Prc Design Criteria Man ual
1,279 Pages, 7,951 Shall Statements

Scope of Work
97 Pages, 447 Shall Statements

= B3-PtD - Subpart 4 — Mitigation, Monitoring and Reporti .
- B3-PtD - Subpart 5 - Design Variance Report Third Party Agreements

= B3-FtD-Subpart 6§ — CP01 Transportation Mitigation 551 Pages, 1,819 Shall Statements
* B3-PtD-Subpart ¥ — Draft Engineening and Con im0 -

» B3-PtD - Subpart ¥ — Caltrans and Railroad Agreements Caltrans SR39 r

» B3-PtD - Subpart 3 — City Fresno Design Guidelines Clarifications

» B3 -PtE-Subpart 1 — Directive Drawings .- .
- B3-PtE - Subpart 2 — Preliminary Ground Motion Data Standard Specifications
434 Pages, 2,274 Shall Statements

* B3 -PtE- Subpart 3 — Record of Survey and Control Mo

* B3 -PtE - Subpart 4 — Right-of-Way Acquisition Plan

* B3 -PtE - Subpart & — Geotechnical Baseline Report West Clinton Avenue to East
American Avenue

* B3 -PtE - Subpar 5 - Geotechnical Baseline Report Avenue 17 to West Clinton Avenue

Environmental Documents

19



SYSTEMS ENGINEERING CHALLENGES FACED
PROGRAM OF (INDEPENDENT) PROJECTS

SED IMPLEMENTATION

Merced-Fresno-Bakersfield
Valley to Valley

Phase |

Phase 2




NUMBER OF DESIGN/CONSTRUCTION ELEMENTS

RIVER CROSSING

UNDERCROSSING

F




SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS (CONT'D)

LEGEND \ ez | g .
mmsemmmm  CHST Alignment at Grade L : : Tutor Perini ‘ l‘ ZACHRY PARSONS
s Bridge/Viaduct N, ; : a joint venture
mmmmmm— CHST Trench Section s} ¢ BEGIN PROJECT
W \Vork By Others %o, B : S 9772+35.08
SmmmmEE  Caltrans Scope of Work ‘;)"5‘;.,7;\ %
e Highway 04,@&"’ % MAJOR STRUCTURES
—  Local Road 41’6‘ )“7& ' I FRESNO RIVER VIADUCT
e River/Creek 4. 4/(’6‘ - Raymond Rd
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------------------------------ County Limit 6\{? - SR 145
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SYSTEMS ENGINEERING CHALLENGES FACED (:\
NUMBER OF DESIGN SUBMITTALS ‘df Y
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN V&V REPORTS SUBMITTAL CERTIFICATIONS
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SYSTEMS ENGINEERING CHALLENGES FACED s
NUMBER OF SUBMITTAL RECORDS 4

Submittal § P v Bl 004 I = NG Y e el | PCM_TPZP_03282 COF Relocations s PCM_TPZP_03882_COF_Retocations.pdf
Log | ——

—_—r § _:." 004 Signed Plan Set 201BMay14_DCNO31_Avenue_10_OH_Plans_Signed wee 2018May14_DUNOS1T_Avenue_10_0OH_Plans_S
vame the JODMItLa - - . . ' 2 -
17699 «e« FCN 227 Avenue 10 HST INFO & o004 CHSRA trans 05027 CHSRA_trans_05027_Signed_Plans_DCN_081_Avenue_10_OH_Design_SW04_13.00.019.4 ... CHSRA_trans_05027_Signed_Plans_DCN_081.

Box Culvert Signed Plans DCN
- . 081 Avenue 10 OH
17621 o« Avenue 10 OH Joint Seal INFO .
Design
. SW04.13.00-019-4
17536 «es  Avenue 10 Pavement INFO .
Remediation Plan ._“ 004 Authority’s SW04_13_00_019_4_RFC_Ave_10_OH_Design_Response oo SWO04_13 00 019 4 RFC_Ave_10_OH_Design

Response

17469 «o« Avenue 10 OH Construction SONO

Design Change

. B 004 DCNO81 Avenue 10 I 20170ct31_DCNOBY_Ave_10_OH_DCN_Form I 7 wes  20170ct31_DENOST_Ave_10_OH_DCN_Formy
—_ Safety & Security Overhead Design Notice (DCN)
15564 «ss Easem ifi . = — Sl S e et i et s s A coo e
Avenii Cer“ |Cat|0n epOI’t ot 004 DCNDST Avenue 10 20170c¢t31_DCNOST_Ave_10_0OH_ISC_Statement_Resolution e 20170c131_DCNO81_Ave_10_OH_ISC_Stateme
Overhead Design
14656 «ss Avenue 10 OH MSE APPROVAL

Bl 004 DCNO81 Avenue 10 20170ct31_DCNO081_Ave_10_0H_ISC_Book e 20170c131_DCNO81_Ave_10_OH_ISC_Book.pc
Overhead Design

Structure Pkg

14435 wos  Avenue 10 HST Box Culvert  APPROVAL = 004 DCNO8T Avenue 10 20170ct31_DCNO81_Ave_10_OH_GEDR wee 20170131_DCNO81_Ave_10_OH_GEDR.pdf

REC Overhead Design
11795 s Avenue 10 HST Overhead SONO :_‘1 004 Submittal Cover 2018May16_SL_Cover_SWO041300_019_4_DCNO81_Ave_10_OH_Design v 2018May16_SL_Cover_SW041300_019_4_DCN
SSCR Page
S 4 > 0 | 00 CNOS1 Avenue 10 2018May14_DCNO81_Ave_10_OH_CHSRA_Response sov  2018May14_DCNOB1_Ave_10_OH_CHSRA _Res
11774 e 060% Avenue 10 HST Box SONO = i Ej.r'C' xithoniie yit SRS Sl 20TEMayHDCNDE ] Ave10.0HCHERACRE
e Overhead Design
Culvert g
Bl po4 DCNO81 Avenue 10 2018May14_DCNO81_Ave_10_OH_ICE_Cert v 2018Mayt4_DCNO81_Ave 10_OH_ICE_Cert.pd

11368 «ss  RFC Avenue 10 Overhead APPROVAL

Overhead Design

Design
) = 004 DCNO8Y Avenue 10 I201eMay14_DCN031,Avc_lo_OH_Pfans I Plans (Design Drawings) s 2018May14_DCNOB1_Ave_ 10_OH_Plans.pdf
10926 «es Avenue 10 Grade INFO Overhead Design
Separation Design B 004 DCNO81 Avenue 10 2018May14_DCNO81_Ave_10_OH_QA _Cert1336 wee 2018May14_DCNOS1T_Ave 10_OH_QA_Cert13!
10814 «oe Avenue 10 Overhead GEDR  SONO ,
[ 000 RFC_AVenue_10_Overhead Design [2015Dec03_Ave_10_OH_RFC_VV_Cert_Compliance ificati idati FN
10699 s« 90 Perc Dsgn Avenue 10 0H  SONO = -Avende TR Dverhead _esign I - _ I Vgl’lfblCa_.E::O:’](fL \ii!ld&tt-lon, '
Bl 000 RFC_AVenue 10_Overhead Design 2015Dec03_Ave_10_OH_StcrtRpt_ICE_Assessment vlalmiiizl SEriieEen |- .
10065 «s« Avenue 8, Avenue 9, and IRDPARTY = - - - T P )
Avenue 10 .
61 - 81 I 81 Files



SYSTEMS ENGINEERING CHALLENGES FACED
ALLOCATED REQUIREMENTS & OBJECTIVE EVIDENCE

Submittal

Avenue 10
Log

17699 « FCN 227 Avenue 10 HST INFO
Box Culvert

17621 o« Avenue 10 OH Joint Seal INFO

17536 « Avenue 10 Pavement INFO
Remediation Plan

17469 «s« Avenue 10 OH Construction SONO
SSCR

15564 « Easement T1-091 (AT&T) - APPROVAL
Avenue 10

14656 « Avenue 10 OH MSE APPROVAL
Structure Pkg

14435 « Avenue 10 HST Box Culvert APPROVAL
RFC

11795 « Avenue 10 HST Overhead SONO
SSCR

11774 « 60% Avenue 10 HST Box SONO
Culvert

11368 «es  RFC Avenue 10 Overhead APPROVAL
Design

10926 Avenue 10 Grade INFO
Separation Design

10814 «oe Avenue 10 Overhead GEDR  SONO

10699 eos 90 Perc Dsgn Avenue 10 0OH  SONO

10065 «« Avenue 8, Avenue 9, and IRDPARTY
Avenue 10

k41 000

=1 000

Californis High-Speed Train Project
Construction Package 1

RFC_AVenue_10_Overhead_Design

2015Dec03_Ave_10_OH_StrtRpt_ICE_Assessment

1] Doe. ID

Contractor V&V Report

California High-Speed Train
Design-Build Project

Construction Package 1

;.'_VV_Cert_Cov

M [tRpt_ICE_Assi

Avenue 10 OH RFC Dasign Submiteal
Verification & Validation Report

| Overbaad Standard |
Construction
Drawings 57-
KS020-5TD, ST-
¥5021-57D, 5T-
5022.5TD

%0. | Scopeof | SOWE0d

1222 Review of

AvVeNUE 10 OverHEAD RFC DESIGN SUBMITTAL
VERIFICATION AND VALIDATION REPORT

86, | Design | COPt22SRS69 | 22 : ; S
Criteria &4 (Including Requirements Verification
Traceability Matrix [RVTM])

87. | Design ' COPHO3SR1963 | 3.3.1 Vertical Minimum vertical clearances should |
Criteria | Clearances laterally from the centerline of the

£8, | Design i CDPtO3SR24 3.3.1 Vertical Minimum vertical clearances shall be
Criteria | Clearances of rall (TOR).

89, | Design CDPtO3SHAG | 3.3.2 Horizontal Minimum horlzontal clearances shall
Criteria Clearances centerfine (TCL) of the clossst HST s

ST-K1100-A10,
Cales. Section 2.3 |

ST-K1100-A10,
Calcs. Section 2.3

cleared. ) |
Compliance with all Final Environmen|

Allocated Requirements
(Technical Contract Requirements [TCR])

Work | Environmental demonstrated through preparation of
| Documents reports, to be submitted with each d¢
91 Design COPtDESASS | 6.3.2 Protection The overhead structure shall be desig]
Critaria | Against Intrusion of | railing with sufficient strength to with|
| Highway Vehicles
| over the HST
| Operating
| Infrastructure
92. | Design CDPIOSSRS6 | 6.3.2 Protaction The vehicular raifing shall extend to tf
Criteria | Against Intrusion of | feet beyond the end of the averhead

' Highway Vehicles
| over the HST
| Dperating

taper to redirect vehicles that may trg
embankment and into the Authority's

b keeping the roady
ating Infrastructura,)
nt contact with the
, and to reduce the ri

| Operating

| onto the HST operating infrastructure|

August 2015

Agreement No. HSR 13-06

Objective Evidence

Prepared by:

TutorPerinl  Ji zacuny PARSONS

(Reference and RM Tool Traces)

ST-K1100-A10

Environmental
Certification

ST K1100-A10, 5T |
¥3350-A10, Cales-
Section 3.2.2

ST-K1100-A10




SYSTEMS ENGINEERING CHALLENGES FACED
CONSTRUCTION CERTIFICATION: QUALITY MILESTONE (DATA PACK, QMIDP)

MADERA COUNTY

- ,
(END AR FENCE
STA S10200+11.61,
S-RW1-176.835A
E 10 GRADE SEPARATION
PLANS FOR DETAILS)
AR FENCE
R FENCE ANGLE POINT
STA S10198+84.81
97.39' LT

"

AN~

59.91°LT

YPE-
YPE

OO+1 1

T

QMDP 21: STROS,

Avenue 10

10 GRADE SEPARATION
PLANS FOR DETAILS)

>

E ANGLE POINT

)198+86.82, 41.40°

POINT
8+96 46, 44. 03 RT

| END AR ENCE -
STA $10199+80.65, 4387° RT ‘ylﬁ

ayYPg-1

/
AY GRADE SEPARATION AL T/#)

SEPARATION P'LANS

SmeIttal Avenue 10 x
Log

17699 « FCN 227 Avenue 10 HST INFO
Box Culvert

17621 e Avenue 10 OH Joint Seal INFO

17536 « Avenue 10 Pavement INFO
Remediation Plan

17469 «o«  Avenue 10 OH Construction SONO
SSCR

15564 « Easement T1-091 (AT&T) - APPROVAL
Avenue 10

14656 «ss  Avenue 10 OH MSE APPROVAL
Structure Pkg

14435 «ss  Avenue 10 HST Box Culvert  APPROVAL
RFC

11795 « Avenue 10 HST Overhead SONO
SSCR

11774 « 60% Avenue 10 HST Box SONO
Culvert

11368 « RFC Avenue 10 Overhead APPROVAL
Design

10926 Avenue 10 Grade INFO
Separation Design

10814 o« Avenue 10 Overhead GEDR SONO

10699 eos 90 Perc Dsgn Avenue 10 0OH  SONO

10065 «ss Avenue 8, Avenue 9, and IRDPARTY
Avenue 10

2

ofeoc ='1?0.¢ :

BEGIN AR FENCE
STA S10200+48.06, 59.93" LT

S-RW1-176.835B

/

/

/

(SEE AVENUE

/

PLANS FOR DETAILS)

AR FENCE ANGLE POINT
STA S10201+42.63, 59.58° LT

AR FENCE ANGLE POINT \
STA $10201+52.32, 56.84" LT

///-3 3'X5' RCB

10 GRADE S%PARATION

\ o \
CULVERT PLANS FOR DETAILS) /.

~S-RS1-176.917
. (SEE DWG NO. ST-G1225)

AR FENCE
; (CBO)\

\

b, 4
S-RW1-17& R71
(

QMDP

v \ —‘-./_-—-_'_———_-———-_'-_—————W_

Guideway Pkg 01

01: GDWO1, . ‘
g © $10205+00

CYPE-2

c j il
——f ” 7
L - " ! AR F\ENCE |
AR FENCE ANGLE POINT
STA S10201+30.90, 78.21" RT 10 0 10 20
S-RW2-176.8298B ——— . ;
/ (SEE AVENUE 10 GRADE SEPARATION I"'IO_’VEFF

! PLANS FOR DETAILS)

\

AVHNUE 10/ 1k 4 R BEGIN 100-YR FLOOD ELEVATION SCALE APPLICABLE FOR FULL SIZE ONLY
i\ & (SEF DWG NO. TT-YB002 AND = R . .
UTll 1TV IMENADUIATIANM
NO.|FACILITY CON&%‘CT SIZE OWNER QMDP 54: DESIGN PLAN SET
(D] ox power £1-92 12KV PG&E 3RDP002, PG&E TBD
- m— TRRTGAT TRICT R i
@ IRRIGATION | IRR2-03 30 MID RELOCATE TRELOCUFRON oF ?sgm[g?r%hls AT TFELS RT%%TAlI?N .AzN-Du.o
6.2-9.2-5.0 N UADERA" CODN
(3)] teLEcom T1-91 UNKNOWN AT&T QMDP 53: PROP. AT&T DUCTRANK
(4)|sToRM DRAIN| SDA-030 2-36" | AUTHORITY 3RDP001, AT&T [k A"S SREDING AND_DRAINACE  PLAN
(5)lsTomm DRAIN| sDA-032 | 3-3'x5 | autHORITY | —rworusev A L PG 100, DA RAgk, PLAN
(&) | 1rricATION | 1RR2-004 18" MID RELOCATE RELB‘@?%?&N 'gsems?r”gﬁ"rPé&rRAEIrLR%CE%NS'ARUCTlON “2”014 0
e mn‘g TG glszrn?? 3 %ADStTRRA ”0‘? D
MADERA IGA N N AN
(7)| 1rricaTioN IRR UNKNOWN MID PROPOSED RELOCAF ON 'OF  TRRIGATLOR. FACIL IFER'T AYERAL 2-14.0
ND LATERAL 6.2-9.2-5.0 IN MADERA COUN




SOS ENGINEERING CHALLENGES FACED
INDEPENDENTLY MANAGED (& OPERATED) PROJECTS (CONSTITUENT SYS.)

Milestones & the Field Engineers responsible for th

GDWO1 MADERA COUNTY GUIDEWAY - Litto
GDWO02 SJRV TO FRESNO TRENCH GUIDEWAY - Litto
GDWO03 FRESNO TRENCH TO AMERICAN AVENUE GUIDEWAY - Litto|

NEO1 ROAD 26 BKatfina

NEO2 SCHMIDT CREEK HST SKaffina

NEO3 SCHMIDT CREEK CULVERT BOX FKatfina
NEO04 WILDLIFE CROSSING MP167 4 BKafiina

NEO05 ROAD 27 EK&tring
NE 06 AVE 17 EKafiing

STRO1 FRESNO RIVER VIADUCT (FRV)
STR02 AVENUE 15-1/2 OH EKatring

STRO3 AVENUE 15 OH BKatfina

STRO4 COTTONWOOD CREEK BR EKaffing
STRO5 AVENUE 12 HST OH SKatrina

STR06 AVENUE 12 BNSF OH FKatfina

STRO8 / Ave 10

STR10 AVENUE 8 OH SKaffina

STR11 AVENUE 7 OH EKaffina

STR12 SAN JOAQUIN RIVER VIADUCT (SJRV)
STR12A W HERNDON AVE HST OP
STR12B W HERNDON AVE UPRR OP HE
STR13 SHAW AVENUE OH - Sri

STR14 MCKINLEY AVENUE OH = Sri

STR15 OLIVE AVENUE OH - Sri

STR16 BELMONT AVENUE OH - Sri.

STR17 FRESNO TRENCH [ijlEi8

STR18 TUOLUMNE STREET OH — Matt K
STR19 FRESNO STREET UP

STR20 TULARE STREET UP

STR21 VENTURA AVENUE UP

STR22 E CHURCH AVENUE HST
STR22A E CHURCH AVENUE BNSF OH

QCTR2? JENSEN TRENCL TEEEE

STR 24B
STR25
STR26

3RDP001
3RDP002
3RDP003
3RDP004
3RDP005
3RDP006
3RDP007
3RDP008
3RDP009
3RDP010
3RDP011
3RDP012
3RDPO13
3RDP014
3RDPO15
3RDP0O16
3RDP017
3RDP018
3RDPO19
3RDP020
3RDP021
3RDP022

E MUSCAT AVE HST
CENTRAL AVENUE OH
AMERICAN AVENUE OH

AT&T - Juan

PG&E - Bianca

CITY OF FRESNO -
COUNTY OF FRESNO -
COUNTY OF MADERA -
UPRR - [REEY

BNSF -

CALTRANS -

MADERA IRRIGATION DISTRICT - [
FRESNO IRRIGATION DISTRICT -
FMFCD - [E9

KINDER MORGAN - [ReRIey

LEVE Il -

COMCAST -
SPRINT -

TW TELECOM -
TIME WARNER- [XEE
QWEST -

CVIN -

SEBATIAN KERMAN TELECOM -

QeI A ddison

SIERRA TELEPHONE -

List of Quality Milestone

Data Packs (QMDPs)

California High-Speed Train Proje_ct CP1

Key Map

S L L — BEGIN PROJECT HAI0h STRUCTVNS
— 5T At ot Grase Y r SWT?’”&‘V 500 R Al
— WO e y' Haywond e
— G T G > || a Freama v
— 0y Oy - ) y ' i
(L1011 U S, . ‘5\, ‘l a @ B AVTE 1803 O

T N | 5 p ¢ B AVTRUE 15O

W COTTOMNOO0 CRIES M7 SRIO0E
W AVENUT 2 ST O
W AVENUE 12 Bnsr O
W AENUE T D
W AVEN S Ome
- T e
- AT B O
B A T O
W AN AU AV VUG
L v Hive
- LR
R W EROO0N AN T e
W W ITOON AVE U e
B VR TERANS B VD O (SITY OF PRI,
B WA A O
B W ABHLAR AVE O (CAL TRANE)
W TN AV Ot (AL TRANG |
W W LY AVE O
WO A O
B W SELMONT AVE O
B PRESNO TRENCH
N t A
W
DOry Comate
Arm
LU
vasww U
W TUCLUME BT O
W, o uT
Foown 35081
« 0 M DG & Fosase
| RIEEE
Tudarw U HET U~
G 9OC = Toan B
+ Tukaew 31 IFRR LB
. VUnA M e
Vartuse B sgd L
G 3 DG o Veiss
< Veriats M LPOS LS
R © Cranon AV On
B SN TR
P B
B OOLOEN BTATE B4V0 AT P
I COWNTOWN FRESNG VIADUCT

TATH ..!i:
iy rment

_GOLoeN S

SR
Ry et
- e
,Cv'wu Progect |

/

GOLDEN STATE VD
Reagnment |

B £ USCAT AVE ST
T 5 COTRAL AVE O
B 7 ANERICAN A O

v —




S0OS ENGINEERING CHALLENGES FACED

INDEPENDENTLY MANAGED (& OPERATED) PROJECTS (CONT’D)

QUALITY MILESTONE ID

QUALITY MILESTONE ID

H-TRACK STRUCTURES STATIONING T-CIVIL TRACK
Management Segment 1 (STA 587+30 to 1595+00)
Start Segment 1 587+30| S1TN1
1R-62 |Lincoln (Cul-de-Sac) 630+30| ROW 1
End ROW 2 636+90| ROW 2
e Tt r R e e
1R-02 [Adams OC 683+06| ROW 3
_______________________________ EndROWS) . SEGRITROW S
Start ROW 5 689+68| S1TNS
Start BNSF 707+00| ROWS
1R-03 |South OC 735+89| ROW 6
_______________________________ EndROWS| . ... 782383 isis
Start ROW 7 742+73| S1TN7
1R-04 [Manning OC 788+82| ROW 7
1R-05 |Manning Change OC 788+83| ROW S
_______________________________ EndROWS|  795:34| =
Start ROW 9 795+34| S1TN9
End BNSF 869+00| ROW9
End ROW 9 830+16
R oo R e
5159 1R-06 [Floral OC 895+45| ROW 10
- __._._._.__ EaROW1O| 922425 _
Start ROW 11 922+25( S1TN13
Start BNSF 932+00| ROW 11
51511 1R-07 |Nebraska OC 953+20
End ROW11 990+69
______________________________ ey R e
51513 1R-08 (M) View OC 1004+61| ROW 12
End BNSF 1062+00| ROW 13
End North Track 1075+00
Start South Track 1075+00
S1TS1 | 10185 ft
ROW13 | 1.93 mi
S1TS3 | 5782 ft
ROW 14 1.1 mi
[
ET
ROW15 | 8026 ft
ROW16 | 1.52 mi
Start ROW 17 " 's1Ts7 | 8007 fr

O 00 N O & W N =

MIL_1285
MIL_1290
MIL_1295
MIL_1145
MIL_1300
MIL_1305
MIL_1310
MIL_1315
MIL_1115
MIL_1320
MIL_1155
MIL_1325
MIL_1330
MIL_1335
MIL_1105
MIL_1340
MIL_1345
MIL_1350
MIL_1185

P4

;

MIL_1360
MIL_1085
MIL_1365
MIL_1195
MIL_1370
MIL_1270

QMDP 01
QMDP 02
QMDP 03
QmMDP 04
QMDP 05
QMDP 06
QMDP 07
QMDP 08
QMDP 09
QMDP 10
QMDP 11
QMDP 12
QMDP 13
QmMDP 14
QMDP 15
QMDP 16
QMDP 17
QMDP 18
QMDP 15
QMDP 20
QMDP 21
QMmDP 22
QMDP 23
QMDP 24
QMDP 25
QMDP 26
QmMDP 27

Activity Name

EOP to County Line

County Line to S Scofield

S Scofield to Garces Abutl
Garces Hwy Underpass

Garces Abut. 2 to Woollomes Ave

Woollomes Ave to Pump Station
Pump Stat ion to S. Magnolia

S. Magnolia to Pond Rd. Abut. #1
Pond Rd Underpass

Pond Rd. Abut. 2 to Peterson Rd. Abut. 1

Peterson Rd Underpass

Peterson Rd. Abut. 1 to EImo Hwy
Elmo Hwy to Sherwood Ave
Sherwood Ave to Poso Creek Abut. 1
Poso Creek Overpass

Poso Creek Abut. 1 to Taussig Ave.
Taussig Ave to Canal 9-22

Canal 9-22 to McCombs Ave.
McCombs Ave Overpass
McCombs Ave.to SR-46 Abut. 1

SR 46 Underpass

SR-46 Abut. 1 to Pedestrian Underpass

HST Pedestrian Underpass
Pedestrian Underpass to Poso Ave
Poso Ave Underpass

Poso Ave to Wasco Viaduct Abut. 1
Wasco Viaduct

Stationing

14769+23 - 14822+00
14822+00 - 14877+00
14877+00 - 14931+21
14931+31 - 14932+23
14932+23 - 14989+50
14989+50 - 15055+00
15055+00 - 15096+50
15096+50 - 15119+73
15119+72 - 15120+94
15120+94 - 15182+09
15182+09 - 15183+11
15183+12 - 15242+00
15242+00 - 15294+50
15294+50 - 15329+88
15329+89 - 15332+27
15332+27 - 15375+50
15375+50 - 15426+88
15426+88 - 15505+00
15501+55 - 15501+95
15509+00 - 15560+89
15560+89 - 15562+12
15563+00 - 15587+00
15588+25 - 15590+25
15590+00 - 15614+00
15613+83 - 15614+43
15614+00 - 15660+00
15660+20 - 15679+73



SOS ENGINEERING CHALLENGES FACED o
CERTIFICATION APPROACH: PUTTING IT ALL BACK TOGETHER wy %

SOURCE/CREDIT:
HTTPS://GARAGESIMEONE.CH/P
ORTFOLIO-VIEW/ORIGINALTEILE/
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PROGRESS

4

4

L)

4

Introduction

— Brief System of Systems (SoS) Overview
— California High-Speed Rail System (CHSRS) Program
— Use of Digital Threads in the CHSRS Program

SoSE Challenges Faced

— Systems Engineering Challenges
— S0S Engineering Challenges

SoSE Activities Performed

— Certification Strategy
— Step by Step Process Description

Summary, Achieved Outcomes & Conclusion

www.incose.org/symp2021

32



SOSE ACTIVITIES PERFORMED s

5 I
HIGH-LEVEL VERIFICATION, VALIDATION & CERTIFICATION STRATEGY =7

[V —

Progress

Measurement

Using Digial Threads
B
= 1] ]

Lt

Lo w1

| et s
| S - memttos 22

CONSTRUC TVOM PACKAGE | (MSR 1396 l
EXECUTED AGREEMENT: MSR 13-06
: Gentmlv Provisions
o . i Scope of Work S
v ! v : < ,;:‘:_;::".- :..:“‘;?\’“"tfa‘."“!!l?‘."f!" - 4]
5.5 S Black Box Approach, e ST Sk Y Oreees
L E3TID- St 1 - o Desion Criteris Manuat Deflne_d_ Interfaces, Pro_1ect
L IBLTE T —1 R A Specific Implementation
Y o

e Tat b I [T
IR  Third Party Agreements

. B 55 Pages 1819 Shal Staemoncs
s s Aatoed Aowemerts Carers DB

Standard Specifications

§ Pages, 2.274 Shall Statwenery

Demonstration of
Compliance (V&V)

Emsnunmems (O urwety

—

Certifications with )
Supporting Evidence

Individual Project
Requirements



SOSE ACTIVITIES PERFORMED o
VERIFICATION & VALIDATION APPROACH ‘d""&"

SYSTEMS ENGINEERING CHALLENGES FACED SYSTEMS ENGINEERING CHALLENGES FACER SYSTEMS ENGINEERING CHALLENGES FACED SYSTEMS ENGINEERING CHALLENGES FACED "’~
855,
REQUIREMENTS QUANTITY NUMBER OF DESIGN/CONSTRUCTION ELEMENTS s NUMBER OF DESIGN SUBMITTALS ALLOCATED REQUIREMENTS & OBJECTIVE EVIDENCE i

.

Contract | . s - ) ~ r _ -
- ; TCR : 2 = gule SLSi ok e AIIC = = 0 SO B -_ _— Qbje
JQ ENTS Attribute e eEments A D e CITIC TS A D e - IS A " — '

Contract
Document #1 AFEM J L(J)tcéls : - -
L | Earih\_n.rurks #1 Submittal #1 Submittal Req. #1 Submittal #1
RM Tool = Earthworks Earthworks #1 —  Requirements Submittal #2 Submittal Req. #2 Submittal #2
— Modules Requirements | Earthworks #n
o Reguirements i
Provisions _ AS SYRCEINRAEE | Aerial Str. #1 & Submittal #n
Ves ng{:‘i':;“;' (Digital Threads)
Scope of Work — ]
MNo Requirements Trench Str #1
(TCR) R Trench Structure -
; S Requirements
Desﬁ" C”lle”a I - Overhead #1 Submittal #1 Submittal Req. #1 Submittal #1
anua .
on Roadway Overhead || Overhead#1 |— Requirements Submittal #2 Submittal Req. #2 Submittal #2
Requirements [~ Overhead #n
l -
Requirements Submittal #n
Contract




SOSE ACTIVITIES PERFORMED A
. VERIFICATION & VALIDATION APPROACH: 6 KEY STEPS

!w ..
vy
SYSTEMS ENGINEERING CHALLENGES FACER ] SYSTEMS ENGINEERING CHALLENGES FACEI SYSTEMS ENGINEERING CHALLENGES FACEI ""'..
N R OF DESIGN/CONSTRUCTION ELEMENTS = el NUMBER OF DESIGN SUBMITTALS ALLOCATED Reoumeneurs&Oa.ecnv& Ewoen»ce
S ———— —T— - T [—]
m B
==

Contract i

J o : ‘ s ['- : V » X
- 2 TCR : ontra Allo enera 3 -
Do ents Attribute =P aments z

g - Allg _' iy Ob
A hite Red g ents A hite - e
Contract | |
Step 1 Step 2 Step 3 Step 4 Submittal #1 d Step 5 Step 6
Contract Technical - Type ’ Site-Specific - Submittal-Specific Objective
Requirements Contract Req. EW Ny | | Eerthworks #1 Requirements Submittal #2 Requirements Evidence
General r\m.{urrmlr'slna . """-.._ﬂ Earthwﬂrks #n .
L Reguirements i
Provisions _ AS Aerial Structure || Aerial Str. #1 & Submittal #n
v -'g‘chi"'c?' Requirements |
es ontrac|
Scope of Work ||\ * = o irements oo = Digital
_ — (TCR) TR sg{fuirenq];n?sm ———— RNGEECS
Desﬁ" Cf'lle“a - ] J—bvemead 41 Submittal #1 (== Submittal Req #1 {e=f Submittal #1
dhnua .
on Roadway Overhead || Overhead #1 | Reguirements Submittal #2 Submittal Req. #2 Submittal #2
‘é Requirements —  Overhead #n -
Requirements Submittal #n
Contract




SOSE ACTIVITIES PERFORMED o
PERFORMANCE REQ EXAMPLE: STEP 1 — CONTRACT REQUIREMENTS ¥ Yy

Chapter 2 - Basis of Dasign

SYSTEMS ENGINEERING CHALLENGES FACED

REQUIREMENTS QUANTITY ! -G:

MCHSR&&!'"M"M*W D 080272021 Rev. 4.5-BOD E _TCR |

aha'or regulations = - .

hieve Interoperabiiity by s — 2 Basis of D&Slg“ Heading

pilway systerns, rolling stock, i i - s 4 :

Hileve Intesoperabilty by aiso 20 2.2 Design Criteria Elements Heading

i Sub-System elements i i o .
document ntestace requ 23 2.2.3 Train Operation Heading
e oo ieracea el 29 2.2.3.6 Operating and Design Speed

br once awarded shal conduct 30 The Systemn design speed shall be 250 mph.

i account a San Francisco o - [ _____]

DA lader s8age) 10 determine W

s mWCsystmmemeﬂmbsmMmm

- " , . - Submittal -Specific S
Contract e oa s oy B sepnt | 08 shared Kack sogment WA be govemed by sn areement - IENNTRYS Site-Specific Submit Alloc. Requiremzm Objective
Documents ibute Disgitcn and senvice:wal b esfonmes by he shaes conteo acily operating e shared vack segment TR Requirements Atiribute (RVTM) Evidence
unger rules described into a hostienant agreement A /
19 The System in the shared-use comdor shall safely accommodale maintenance activiies withowt '
20 dsruption to calty operations =
Contract | |21 2235  Policy Consideration
Document #1 22 The Authorfty will establish new policies and/or upgrace the Authority pofcies that were established
2 m:&m;gmmmmmmm'“mmmw e Earthworks #1 Submittal #1 Submittal Req. #1 Submittal #1
o e e it st ypgperovns it works #1 —7  Requirements Submittal #2 Submittal Req. #2 Submittal #2
21 2236  Operating and Design Speed
General 28 The CHSR System operating speed shall be 220 mph [ E{a m:lxltgrrl’lk;nﬁg -
Provisions 29 Inareas of shared-use rack. operating speed shal be 110 mph Jfiusing e tollowing 3l Str #1 eq Submittal #n
30 e« Pennsua Cormdor from San Francsco to Glroy
Yes 31 = Burbank 1o Anahewm project section n Phase 1 ggffe project
Scope of Work —] 32 e Los Angeles 10 San Diego in the Phase 2 gigfie project
No sl The System design speed shall be 250 mph h Str. #1
34 In areas of shared-use rack, desgn spesd shal be a4 follows
Design Criteria /_ o I R s Overhead #1 Submittal #1 Submittal Req. #1 Submittal #1
Manual 36« Burbank fo Anaheim project section n Phase 1 of the project: 125 mph ]
T o Los Angeles 1o San Diegoin Phase 2 of the project. 125 mph ead#1 |—7 Requirements Submittal #2 Submittal Req. #2 Submittal #2
38  The CHSR System cesign shall incorporate the needs for a testing speed of at least 110 percent of the
38 speed.
B bl —  Overhead #n
Calfioenia High-Spaed Rai Authorty Desgn Crilenia Manusl Reql'“rements Submittal #n
| CDﬂtra Di | 17 September 2021 Rev. 50 2N
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~ PERFORMANCE REQ. EXAMPLE: STEP 2 — TECHNICAL CONTRACT REQS. Wy

REQUIREMENTS QUANTITY

1A

' (A LI

Contract
Documents

TCR
Attribute

Techn. Contract
Requirements

Contract
Document #1

General
Provisions
Yes
Scope of Work e

Design Criteria
Manual

Contract

>4

Technical
Contract
Requirements

(TCR)

| 2

0]

Technical Contract Requirements (TCR)

TCR.1

TCR.45
TCR.47

| 1 General Provisions|

1.44.2 Requirements

k. The Contractor shall provide Environmental Product Declarations from its suppliers and
manufacturers for concrete mix designs used in elements of the Project, including pre-cast and
cast-in-place concrete, and all steel. The Contractor shall enter and upload Environmental
Product Declarations in EMMA for concrete and steel.

0

]

¥
1.44 Sustainability >

>

>

2 Scope of Work |

2.4 PROJECT SCOPE OF WORK

2.4.9 Design Reports
2.4.9.2 Hydrology and Hydraulic Reports

Contractor shall prepare Hydrology and Hydraulics Reports to support the drainage design of
the full build-out of the CHSR trackway, as well as the temporary drainage system for the
interim condition.

Contractor shall contact and coordinate with State (NOAA Atlas 14, Volume 6, Version 2) and r PW
local (City of Bakersfield - Subdivision & Engineering Design Manaul, Division 7) jurisdictions to
obtain necessary information for preparation of its reports.

Fa¥ AF 4F ¥

= = = |
- 3 Design Criteria |
- = 3
R A N — Design Analyses/050 ABL/010 5Y5/010 PW-TCR >
/ 3.2.2 Design Criteria Elements Design Analyses/050 ABL/020 SUB-SYS/020 EW-TCR >
—| Tcr.76 .2.2. i i
3.2.2.3 Train Operation 040 Design Analyses/050 ABL/020 SUB-SYS/030 AS-TCR >
TCR.B2 3.2.2.3.6 Operating and Desi
| TCR.83 The System design speed shall be 250 mph. Digital Threads r'E P
AS
| | TCR.87 3.6 Reliability, Availability, and Maintainability “B
[ | TCR.256 3.6.2 Design Criteria Elements "B

— o p—

—_ o o o 2r e § mles. P om -l B == 3
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PERFORMANCE REQ. EXAMPLE: STEP 3 — TYPICAL (EW) REQUIREMENTS Wy

Nuvem o;»‘ D[.SOG;‘(.:G;SI'RUCI;ON E.LEM;MS e .
HSR Earthworks (Type) Applicable (Subsets) TCRs =
. ] E3
3 Design Criteria
3.2 Basis of Design
3.2.2 Design Criteria Elements :
3.2.2.3 Train Operation IAclll,of:(?t'()lnss,:O
= - naividual sites
3.2.2.3.6 Operating and Design Speed :
IThe System design speed shall be 250 mph. I EW-EMB-SITEDL
Techn. Contract | Alloc. General / Typical - e
Requirements Attribute Requirements 3.29 G'Eﬂt‘E‘Eh““:ﬂl
3.29.2 Design Criteria Elements
3.29.2.6 Earthworks
5 3.29.2.6.1 Earthwork Materials
3.29.2.6.1.3 HSR Prepared Subgrade
BT The required minimum thickness of the Prepared Subgrade is as follows: ¥ EW-EMB-SITEO1
EW Requirements » Ballasted track on embankment or in a cut: 14 inches. EW-CUT-SITEDZ
€d » Slab track on embankment, where embankment height is equal to or greater
- than 6.5 feet {as measured from the top of the prepared subgrade at the side edge
Aerial Structure of the embankment to the existing ground surface): 6.5 feet.
Technical AS Requirements -
Contract 5 Supplemental Contract Requirements
Requirements 5.2 Engineering and Construction UPRR Agreement
(TCR) ™ Trench Structure ) §
Requirements 5.2.3 Design and Construction
K (d) Except as may be permitted in UPRR-approved Final Plans, at any location where the centerline ™, EW-EMB-SITE0L
of CHSRA tracks will be designed to be 102 feet or closer to UPRR's property, CHSRA must design,
Roadway Overhead o : . c
OH Requirements construct, and maintain intrusion barriers between the CHSRA tracks and UPRR's property. UPRR
K acknowledges that CHSRA will seek many such exceptions when it reasonably believes that
approval of an exception would not have an adverse impact on safe or efficient operations.
|m I .




PERFORMANCE REQ. EXAMPLE: STEP 4 — SITE-SPECIFIC REQUIREMENTS

NUMBER OF DESIGN SUBMITTALS

General / Typical
Requirements

"VA'I &
La 3

HSR Earthworks #1 (Site-Specific Applicable (Subsets) TCRs

H Submittals

1 Design Criteria
1.2 Basis of Design
1.2.2 Design Criteria Elements
1.2.2.3 Train Operation
1.2.2.3.6 Operating and Design Speed

Allocations
to Submittals

The System design speed shall be 250 mph.

" IEW-DES-60%
EW-DES-90%
EW-DES-RFC
EW-DES-DCN

%

e

o

Earthworlk
Earthworks ‘ Earthworks #1 |-—]  Requirem
Requirements |\j ——
- Requirem
Aerial Structure Aerial Str. #1
Requirements
Trench Structure || Trench Str. #1
Requirements
Overheac
Roadway Overhead || Overhead #1 —  Reqguirem
Requirements . R
Requirem

1.29 Geotechnical
1.29.2 Design Criteria Elements
1.29.2.6 Earthworks
1.29.2.6.1 Earthwork Materials
1.29.2.6.1.3 HSR Prepared Subgrade

The required minimum thickness of the Prepared Subgrade is as follows:
» Ballasted track on embankment or in a cut: 14 inches.
» Slab track on embankment, where embankment height is equal to or greater
than 6.5 feet (as measured from the top of the prepared subgrade at the side edge
of the embankment to the existing ground surface): 6.5 feet.

3 Supplemental Contract Requirements
3.2 Engineering and Construction UPRR Agreement
3.2.3 Design and Construction

(d) Except as may be permitted in UPRR-approved Final Plans, at any location where the centerline
of CHSRA tracks will be designed to be 102 feet or closer to UPRR's property, CHSRA must design,
construct, and maintain intrusion barriers between the CHSRA tracks and UPRR's property. UPRR
acknowledges that CHSRA will seek many such exceptions when it reasonably believes that
approval of an exception would not have an adverse impact on safe or efficient operations.

¥ EW-DES-60%
EW-DES-90%
EW-DES-RFC
EW-DES-DCN

¥ EW-DES-60%
EW-DES-90%
EW-DES-RFC
EW-DES-DCN I



PERFORMANCE REQ EXAMPLE STEP 5 — SUBMITTAL SPECIFIC REQS.

1A : ! |
'v!.-.

Auoc,\ren Reomasueurs & anrruve Eunwca

M [ — HSR Earthworks Submittal (Requirements Verification Traceability Matrix
?E (R Y ) Subm-Mame | Drwg-D Drawing Mame
Lo
= anewsnen | 1 Design Criteria
Ounige Buskd Praject
- 1.2 Basis of Design
S~ 1.2.2 Design Criteria Elements
1.2.2.3 Train Operation . . .
= pe - . Submittal Reference to Objective Evidence
e 1.2.2.3.6 Operating and Design Speed
2 The System design speed shall be 250 mph. 14060 GDWO1 TT-Dooo1 TRACK GUIDEWAY - HORIZONTAL ALIG
fimilial Scecic TTE6002  TRACK CHART - SHEET 2 OF 13
Rem:;:;?r',:enh TT-E6003  TRACK CHART - SHEET 3 OF 13
( A TT-EGO04 TRACK CHART - SHEET 4 OF 12
1.29 Geotechnical
1.29.2 Design Criteria Elements
- Submittal Req. #1 Submittal #1 1.29.2.6 Earthworks
3 Submittal Req. #2 Submittal £2 1.29.2.6.1 Earthwork Materials
1.29.2.6.1.3 HSR Prepared Subgrade
The required minimum thickness of the Prepared Subgrade is ¥ 14060 GDWO1 TT-D3001 TYPICAL TRACK SECTION - SHEET 1 O
as follows: TT-D3002 TYPICAL TRACK SECTION - SHEET 2 O
» Ballasted track on embankment or in a cut: 14 inches. TT-D3003 TYPICAL TRACK SECTION - SHEET 3 O
e Slab track on embankment, where embankment TT-D3004 TYPICAL TRACK SECTION - SHEET 4 O
height is equal to or greater than 6.5 feet (as measured TT-D3005 TYPICAL TRACK SECTION - SHEET 50
from the top of the prepared subgrade at the side edge of TT-D3006 TYPICAL TRACK SECTION - SHEET 6 O
the embankment to the existing ground surface): 6.5 feet. TT-D3007 TYPICAL TRACK SECTION - SHEET 7 O
4 Submittal Req #1 Submittal #1 B IR e e
- - TT-D3009 TYPICAL TRACK SECTION - SHEET 2 O
- Submittal Req. #2 Submittal #2 TT-D3010 TYPICAL TRACK SECTION - SHEET 10
TT-D3011 TYPICAL TRACK SECTION - SHEET 11 1
TT-D3012 TYPICAL TRACK SECTION - SHEET 12 1
TT-D3013 TYPICAL TRACK SECTION - SHEET 13 1
TT-D3014 TYPICAL TRACK SECTION - SHEET 14 l




PERFORMANCE REQ. EXAMPLE: STEP 6 — SUBMITTAL LOG & REPOSITORY

H Subm-ID | Subm-Mame | Drwg-ID Drawing Mame Drwg-Rev
1 Design Criteria
1.2 Basis of Design
1.2.2 Design Criteria Elements
1.2.2.3 Train Dperz!tmn : Submittal Reference to Objective Evidence
1.2.2.3.6 Operating and Design Speed
The System design speed shall be 250 mph. Fl14060 Gbwol | [TT-DO001  TRACK GUIDEWAY - HORIZONTAL ALIGNMENT DATA TABLE |0
TT-E6001  TRACK CHART - SHEET 1 OF 13 0
TT-E6002  TRACK CHART - SHEET 2 OF 13 0
TT-E6003  TRACK CHART - SHEET 3 OF 13 0
TT-E6004  TRACK CHART - SHEET 4 OF 13 0
1.29 Geotechnical ; o \
= G - Drawing # g | Drawing MName \
1.29.2 Design Criteria Elements GE-DOODL ¥ COVER SHEET \
1.29.2.6 Earthworks .
TT-D0001 TRACK GUIDEWAY - HORIZONTAL ALIGNMENT DATA TABLE
: 0 ¥
Submittal Log g | Subm-ID Sub Mame gbhort) | Sub Mame (Full) TT-E6001 ® TRACK CHART - SHEET 1 OF 13
1 Submittal Log TT-E6002 " TRACK CHART - SHEET 2 OF 13
L » _
1.3 HSR Earthworks TT-E6003 3 TRACK CHART - SHEET 3 OF 13
TT-E6004 TRACK CHART - SHEET 4 OF 13

1.3.1 EW-EMB-SITEO1 — e

RFC 14060 GDWO1 i TT-D3002 * TYPICAL TRACK SECTION - SHEET 2 OF 14

1.4 HSR Aerial Structure TT-D3003 : TYPICAL TRACK SECTION - SHEET 3 OF 14

TT-D3004 TYPICAL TRACK SECTION - SHEET 4 OF 14

1.4.1 AS-VD-SITEO1 TT-D3005 ¥ TYPICAL TRACK SECTION - SHEET 5 OF 14

RFC > 11893 FEN, RFC Fresno River Viaduct, RFC TT-D3006 » TYPICAL TRACK SECTION - SHEET 6 OF 14

Drawings r TT-D3007 " TYPICAL TRACK SECTION - SHEET 7 OF 14

V&V Submittal pr TT-D3008 ¥ TYPICAL TRACK SECTION - SHEET 8 OF 14

Certification of Cﬂ,mp“ance > TT-D2009 b TYPICAL TRACK SECTION - SHEET 9 OF 14
! ) . ; TYPICAL TRACK SECTION - SHEET 10 OF 14
CP2-3, CP4: Submittal Log | New CPx: Submittal RepoSitory Jey N e e Py

— | g R (Example: Drawing List)

T"TT1-03013

TYPICAL TRACK SECTION - SHEET 12 OF 14
" TYPICAL TRACK SECTION - SHEET 13 OF 14



SOSE ACTIVITIES PERFORMED o ——
- Project :m:" agl;Tr&Hgn Spead Rail Train Progact, CP1
ERFORMANCE REQ. EXAMPLE: STEP 0 — UBJECTIVE EVIDENCE | ===
. . st
Drawing # 2| Drawing Name Rev Page # (o ——
GE-D0001 COVER SHEET 0 1 [Sores oy V&V e |
TT-D0001 * TRACK GUIDEWAY - HORIZONTAL ALIGNMENT DATA TABLE 0 8
TRACK CHART - SHEET 1 OF 13 0 9
TT-EB002 TRACK CHART - SHEET 2 OF 13 0 10 Nichmers o 8 Roaty o Consvcsan 0y bt
TT-E6003 ¥ TRACK CHART - SHEET 3 OF 13 - i ] 11 Carfcaton, o comments foceved (i he 60% Desgn Submilroyaw, Subr
Digital Thread | ey e e veprssoiod . b, PG Suoouia et o ma b oo
20175ep28_Gewy Plg_ 1 REC Unsis X |+ - o X Pokcies, pamas: and adreements > demonss comphance of s RFC Suamitl wih
the Tachnical Contract Requirements.
= C QO B hetps/teams dowdhsricom i\ | af fwy Pra 1 RF Plars pdfepage ¥4 @ = T T I o o e P st and
fitness for purpose
of 3 - Page Ft v OsSstB R » . e .
SEE g T . R Submittal Certification
Page 9 of 340 | T - of Compliance (CoC)
1 prvT—— E'-"f"-'n"..'ﬂ.‘ ;.:‘-- \
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SOSE ACTIVITIES PERFORMED
VERIFICATION, VALIDATION & CERTIFICATION

Tutor Perini a’ ZACHRY PARSONS, A Joint Venture

Project Neme Calfornia High Speed Rail Train Progact, CP1
Project Number HSR13.06

Document Tite: Guideway Station 9772+35.08 1o

10304+00 00 Ready for Construction
09V1112017

Dale

27
28

29

30
31
32
33

34

35
36
37
38

2236
The CHSR System operating speed shall be 22

Operating and Design Speed

In areas of shared-use track, operating speed sl

e Peninsula Corridor from San Francisco to G

e Burbank to Anaheim project section in Phase 1 of the proj

e Los Angeles to San Diego in the Phase 2 of t

IThe System design speed shall be 250 mph. I

In areas of shared-use track, design speed shall be

e Peninsula Corridor from San Francisco to Gilroy: 110 mph

e Burbank to Anaheim project section in Phase

e Los Angeles to San Diego in Phase 2 of the project: 125 mph

The CHSR System design shall incorporate the needs for a testing speed of at least 110 percent of the

operating speed.

}‘
== S

CHSRS: FOCUS OF THIS PRESENTATION

WATON

CONTRALY CERTIF

— INFRASTRUCTURE IS READY TO OPERATE
EXAMPLE PERFORMANCE REQUIREMENTS

- INFRASTRUCTURE 18 SAFE & SECURE
EXAMPLE SAFETY RECUIREMENT

e —

ConaTRuC TIoN
K Insrecrions

Submittal Verification

Prapared By )
Verified By {1
Signed off by V & V Manager. |

The TPZP V&V tsam has reviewed and assessed the contract documents including
Attachment 8 for ol Ready for Construction (RFC) submittals

The TPZP V&V team confirms that, with the inclusion of the Ready for Construction
Certification, a8 comments received during the 90% Design Submitial review, Submittal
rederence SWO04.11.03.034 have been satistactonly resoived and venfiad by the Design
Lead and are represented in e RFC Submetal herein. The submittal is complete
contains the requed documents inclusive of manuals, reports, drawings, procedures.
policies, permits, and agreements to demonstrate complance of this RFC submittal with
the Tachnical Conlract Requirements.

TPZP therefore se-cemtifies the submittal for Guiklewsy Stabion 9772+35 08 o
10304+00 00 Ready for Construction 1o be compliant with Contract Requirements and
fitness for purpose

B Submittal Certification
of Compliance (CoC)

1 of the project: 125 mph

[SUR + N ey} w @
e « ol <
o oo o o =]
0 ww [t ©| ~
TR w wl w1

= N T
8 —————— ) X
< 250 MPH 1 el ettt )
— _\ [ v 4
H ]
! :
: 1
|
L .
1 1
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A~ 4 R
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250 MPH I =
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Trust but Verify |
using Digital Threads | 43
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SOSE ACTIVITIES PERFORMED -
SAFETY REQ. EXAMPLE (CRITICAL ITEM -> CERTIFIABLE ITEMS LIST [CIL]) Wy

D Hazards & Mitigations Cl : 4
1 H1 Infrastructure No P e RN
2 9 1.1 R-0-W Generally No
12 1.1.2 Collision No
6 H 1.1.2.7 Object thrown from overpass No 1 : = l—|

176 ﬁ 1.1.2.7.1 Mitigation #1 ¥ Yes | A
[171INE: i

Risk of Thrown Objects | I Install intrusion prevention fencing at overpasses. I A e =

oo

B
—
§ SAbeE
! Tiw L
[P,
sa-yr |
9 o
10-0" 798 -
e WD AN
va L =
L o =
| - .
| pwaym g o ==
Biz  TeE 1 (wo) < L3S P - ~ ¥
roeex S S s - o =7 e 5
| A PMEL, TYP A T S A R /
Lot e - R S T -~ £ 2w . i » 5
- 1 e T S A S St < , V
: = L o L S i -
Y e ! g T 5
. / |
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Ay e e g 117Jun28_TLM_LookingNorth.jpg f
Rt % e Fhe ) { Z
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SOSE ACTIVITIES PERFORMED
PROGRESS MEASUREMENT

SOSE ACTIVITIES PERFORMED
PROGRESS MEASUREMENT  ____ ..,
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SOSE ACTIVITIES PERFORMED

MoDULE OF METRIC (MOM) -

2013 IBM Webinar

AIR
LAND
SEA
SPACE
CYBER

INSPIRATION

Raytheon

Customer Success Is Our Mission

DOORS® Module of
Metrics (MoM)
Approach

Jerry Huller

Senior Principal Systems Engineer

15 November 2013

Copyright © 2013 Raytheon Company. All rights reserved.

Customer Success Is Our Mission is a registered trademark of Raytheon Company.

(\;,{ .
Overview (2 of 3) mm'mw

= Basic concept:

— Create module level DXL attributes that can provide desired data, equivalent to
running a simple or compound filter query in DOORS

Create once and copy to all requirement modules

~ Use layout DXL to "pull” the attribute values into a master module called the
Module of Metrics (MoM), which is accessible at any time by any DOORS user

Module 1 module attributes

MoM module ‘
Module 2 | module attributes
fayout DXL i |
Module n  module attributes
| 1182013 | 5
Inteltigence, Information |
Overview (3 of 3) and Services
= Example of MoM view
S| = ’ . |
] (MY r—— =] [ i I BT <BTPAD ‘
| Corturn 24 prdet o ot ﬂn Torsbeandvo | 1162 Taan? 00 | 51 TinatnattuTings | Tmadiad ewrdm o | ‘—:t
1. L1 Segment Interface Requirements T 0 4 3
Specification (IRS) - A28
1.1.2 Segment Performance " w 1 = i
Specification (SPS) - AD25
1.2.1 GB Element Development a4 1 n o
Specification (EDS) - AO11
1.2.2 MZ Elerment Development - " » 0
Spocification (EDS) - ADIL
1.2.3 YS Element Development T i ™ o
Specification (EDS) - A0 1 y

o 1 ‘ o




SOSE ACTIVITIES PERFORMED
PROGRESS MEASUREMENT

SOSE ACTIVITIES PERFORMED
HIGH-SPEED RAIL MOM

Raytheon
o Intelligence, Information
Overview (3 of 3) and Services
= Example of MoM view
| 483 > s = | ) P 3 - - ¢
| Viow [Mecht Metrcs View 8ok ] |[anvete =] || i, & | %37 < BT P Ao
Cortarn o e ilmm}m I el ':‘:{
1.1.1 Segment Interface Requirements 189 0 a1 3
Specification (IRS) - AD28
1.1.2 Segment Performance o 1 = ©
Specification (SPS) - AD25
1.2.1 GB Element Development Y oa 1 23 o
Specification (EDS) - AO11
1.2.2 MZ Element Development Yo 0 B 0
Specification (EDS) - AO11
1.2.3 YS Element Development s 1 ) 0
Specification (EDS) - AO11 | o i
— : Eelll Module of Metrics

Using Digital Threads |

Submittal-Specific

Contract TCR Techn. Contract | Alloc. Submit Alloc. Requirements
Documents Attribute Requirements Attribute Attribute (RVTM)
Contract
Document #1
Earthworks #1 Submittal #1 Submittal Req. #1 Submittal #1
EW Earthworks Earthworks #1 — Requirements Submittal #2 Submittal Req. #2 Submittal #2
Gonoral Requirements —  Earthworks #n
b R i t i
Provisions Aerial Structure || Aerial Str. #1 eauremen Submittal #n
Technical AS Requirements
Yes Contract
SEICE LI No Requirements
(TCR) TR Trench Structure || Trench Str. #1
i - Requirements : - -
Des;ggnﬂugllerla Overhead #1 Submittal #1 Submittal Req. #1 Submittal #1
oH Roadway Overhead || Overhead#1 |— Requirements Submittal #2 Submittal Req. #2 Submittal #2
Requirements —  Overhead #n
Requirements Submittal #n
Contract




SOSE ACTIVITIES PERFORMED sy

i
DEFINING THE 100% CONTEACT CERTIFICATION SCOPE (BY QMDP) wy

California High-Speed Train Project CP1 Milestones & the Field Engineers responsible for them L
Ry e § GDWO1 MADERA COUNTY GUIDEWAY JLitto STR24B  E MUSCAT AVE HST
T : e R — —"GDWO02 T T A TR AT A TR e T ST DEWAY - Lil STR25 CENTRAL AVENUE OH
= e o = . GDWO03 QMDP 01: GDWO01 \l AVENUE { STR26 AMERICAN AVENUE OH
ISBEAS Cumes Toooe of W \ : ‘(E‘/"‘;L,‘ff .
— N::- \“: m;!:' ‘ READY FOR CONSTRUCTION SUBMITTAL | NEO1 G . Ideway PaCkage 0 1 3RDP001 AT&T - Juan
T p, CALIFORNIA HIGH.SPEED TRAIN PROJECT NEO2 SCHMIDT CREEK HST BiGliig 3RDP002  PGAE - Bianca
e \ TRACK CUDEAY PACKAGE | NEO3 SCHMIDT CREEK CULVERT BOX HiK&ifiig | 3RDP003  CITY OF FRESNO -
| et g NE04 WILDLIFE CROSSING MP167.4 BKafiing 3RDP004  COUNTY OF FRESNO -
R N : ez | NEOS5 ROAD 27 BKGing 3RDP005  COUNTY OF MADERA -
A i NE 06 AVE 17 IKaiting 3RDP006  UPRR - [ERREa
e | b 3RDP007  BNSF -
N F#CR | STROY FRESNO RIVER VIADUCT (FRV) 3RDP008  CALTRANS -
“ s ™ STR02 AVENUE 15-1/2 OH BKaiiing 3RDP009  MADERA IRRIGATION DISTRICT - [EI
3 : STRO3 AVENUE 15 OH BKaifing 3RDP010  FRESNO IRRIGATION DISTRICT -
“ ! | STRO4 COTTONWOOD CREEK BR Biaffiid 3RDPO11  FMFCD -
: | : STROS AVENUE 12 HST oH BKSifing 3RDP012  KINDER MORGAN - [XEETS
Y STRO6 AVENUE 12 BNSF OH BKaiiing 3RDP013  LEVEIl-
A ~—__ AVENUE 11 OH HBKaliina 3RDP014  COMCAST -
SYSTEMS ENGINEERING CHALLENGES FACED '!J!'\ ENUE 10 O SR 3RDPO5  SPRINT - FXEEREE
£ i <] CONSTRUCTION CERTIFICATION: QUALITY MILESTONE (DATA PACK, QMDP) o B U o oH kg 3RDP016  TW TELECOM -
4 ] o [e—] R S ENUE 8 OH SKaliing 3RDP017  TIME WARNER- (Rl
TS5 NUE 7 OH BKaffing 3RDP018  QWEST - [REEEN
odif JOAQUIN RIVER VIADUCT (SJRV) 3RDP019  CVIN -
5t § HERNDON AVE HST OP 3RDP020  SEBATIAN KERMAN TELECOM -
. \ = HERNDON AVE UPRR OP i 3RDP021  MCI - (R
¢ . w— HAW AVENUE OH = Sri 3RDP022  SIERRA TELEPHONE -
g! - ‘ Pz e ' KINLEY AVENUE OH = Sri
il S e T AN LIVE AVENUE OH - Sri CP1: 70+ QMDPs (Quality
: s oot )\ ! — ELMONT AVENUE OH — Sri. Milestone Data Packs)
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SOSE ACTIVITIES PERFORMED
CP4 ExaAMPLE: BUILDING THE MoM

'Module of Metrics' current 1.2 in /CRB DOQORS-DB 2021-01/00_Metrics (Formal module) - DOORS

Eile Edit View

Insert  Link Analysis

Table

Tools

Discussions

User Change Management Help

AR Ff 3a= | FFFFEH (eoFges |
View | 12. MoM Export ~ | Level 2 bt dh b dh g &
Absolute Object | _MoM_GMDP] Metrics 1 MiL_1285
#* 1 4 Site- i rements 2 | MiL-1290
986 2 GMDP 01 4 4.1 QMDP 01 3 MIL_1295
937 2 GMDP 02 4 4.2 QMDP 02 4 MIL_1145
988 2  OMDPO3 4 4.3 QMDP 03 5 MIL_1300
989 2  QMDPO4 4 4.4 QMDP 04 6 MIL_1305
991 2 QMDF 05 2 4.5 QMDP 05 7  MIL 1310
QMDP 06 i =
992 2 3 4.6 QMDP 06 W ETTECTE
go3 | 2 QMDP 07 2 4.7 QMDP 07 =
1050 2 GQMDP 08 448 QMDP 08 9 MIL_1115
004 7 QMDP 09 440 QMDP 09 10 MIL_1320
995 2 QMDF 10 4 4.10 QMDP 10 11 MIL_1155
996 2 QMDP 11 4 4.11 QMDP 11 12 MIL_1325
997 2 QMDP12 4 4.12 QMDP 12 13 MIL 1330
98 2  QMDRIS 4 4.13 QMDP 13 14 MiL_1335
2330 ; g:gi 1; 4 4.14 QMDP 14 15 MIL 1105
2 4.15 QMDP 15 16 MIL 1340
o001 2 - 2 4.16 QMDP 16 = M"_‘1345
002 2 QMDP 17 2417 QMDP 17 Contractor =
1003 2  GMDP18 i MIL_1350
2 4.18 QMDP 18 QMDP Plan
004 2 QMDF 19 4 4.19 QMDP 19 MIL_1185
1005 2  GMDP20 4 4.20 QMDP 20 ! MIL_1355
l006 2  QMDP21 4 4.21 QMDP 21 MIL_1095
1007 2 QMDP 22 4 4.22 QMDP 22 MIL_1360
ﬁ: ; g:gii 4 4.23 QMDP 23 MIL_1085
3 4.24 QMDP 24 24 MIL 1365
10 2 QMDF 25 2 4.25 QMDP 25 =
1011 2 QMDP26 A 4.26 QMDP 26 25| M 1195
1012 2 QWDPZ 4 4.27 QMDP 27 o Pl ST
013 2 QMDP 28 4 4.28 QMDP 28 27 MIL_1270
< 28 MIL_1375

QMDP 01
QMDP 02
QMDP 03
QMDP 04
QMDP 05
QMDP 06
QMDP 07
QMDP 08
QMDP 09
QMDP 10
QMDP 11
QMDP 12
QMDP 13
QmDP 14
QMDP 15
QMDP 16
QMDP 17
QMDP 18
QMDP 19
QMDP 20
QMDP 21
QMDP 22
QMDP 23
QMDP 24
QMDP 25
QMDP 26
QMmDP 27
QMDP 28

- X
Activity Name Stationing Responsible
EOP to County Line 14769+23 - 14822+00 North S.M. Module Linked O ™
County Line to S Scofield 14822+00 - 14877+00 North S.M. -
S Scofield to Garces Abutl 14877+00 - 14931421 North S.M. -
Garces Hwy Underpass 14931+31-14932+23 North S.M. =
Garces Abut. 2 to Woollomes Ave 14932+23 - 14989+50 North S.M. B
Woollomes Ave to Pump Station 14989+50 - 15055+00 North S.M. i
Pump Stat ion to S. Magnolia 15055+00 - 15096+50 North S.M. i

S. Magnolia to Pond Rd. Abut. #1
Pond Rd Underpass

Pond Rd. Abut. 2 to Peterson Rd. A
Peterson Rd Underpass

Peterson Rd. Abut. 1 to ElImo Hwy
Elmo Hwy to Sherwood Ave

Sherwood Ave to Poso Creek Abut i /
Poso Creek Overpass [ ~ INFRASTRUCTURE 1S READY 1O OPERATE

Poso Creek Abut. 1 to Taussig Ave.
Taussig Ave to Canal 9-22

Canal 9-22 to McCombs Ave.
McCombs Ave Overpass
McCombs Ave.to SR-46 Abut. 1

SR 46 Underpass

SR-46 Abut. 1 to Pedestrian Underpass
HST Pedestrian Underpass

Pedestrian Underpass to Poso Ave
Poso Ave Underpass

Poso Ave to Wasco Viaduct Abut. 1
Wasco Viaduct

Wasco Viaduct Abutment 11 to Kimber

CHSRS: Focus of

AP TSy

THIS PRESENTATION

Sratew COnTWCATION

- 5 EXamPLE PERFORMANCE REQUREMENTS
— INFRASTRUCTURE I8 SAFE & SECURE
EXAMPLE SAFETY REQUIREMENT

Cams e Now

& arec nows

D A S

15563+00 - 15587+00 = South S.M.

15588+25 - 15590425  South S.M.

15590+00 - 15614+00  South S.M.
15613+83 - 15614+43  South S.M. B
15614+00 - 15660+00 ~ South S.M. B
15660+20 - 15679+73  South S.M. E
15660+00 - 15720+00 ~ South S.M. =



Third Parties
.2.1 Electric Distribution
4.4.2.1.1 Conflict 12004, PG&E
4.4.2.1.1.1 Design
Issued for Construction (IFC) ust 2018 29 August 2018 02 Utility Evidence Module 292 1F

C Information Retrieved from
B Contractor RM Tool Database

lg-!l,'.'p
[ . [
CP4 EXAMPLE: SUBMITTALS BY QMDP, MEASURING PROGRESS #
ﬁ 'Module of Metrics' current 1.2 in /CRE DOORS-DE 2021-01/00_Metrics (Formal module) - DOORS - >
File Edit View |Insert Link Analysic Table Tools Discussions User Change Management Help
% == P53 | e
View [12. MoM Export V|evz | | g = | T3 < JEIF %l
Absolut] Object | _MoM_QMDP] Metrcs 2| _MoM_RDC _MoM_HSR_3RD Submittal Date | SONO/APF Date | Linked Modhile Linked O *
e i 4 Site-Specific Requirements I i i i
08c - -
M Design Submittals | Eaoldiad B Planned Work Completed Work
1 7 - _ High-Speed Rail HSR i i
- v “ - |4.1.1 HSR Aerial Structure HSR i i i i
! 4.4.1.1.1 Garces R Submittal Dates Jl Acceptance Dates _
7 4.4.1.1.1.1 Design Design HSR B
T —
A Type Selection Report (TSR) Design HSR 05 June 2017 16 June 2017 01 Civil Evidence Module 5.2 TSk
) Geotechnical Engineering Design Report (GEDR) d Design HSR 23 January 2019 27 April 2017 01 Civil Evidence Module 5.1 GEL
4. 60% Design F Design HSR 19 June 2017 06 Movember 2017 01 Civil Evidence Module 5.3 60°
21 90% Design F Design HSR 18 December 2017 26 February 2018 01 Civil Evidence Module 5.4 90°
5{' Ready for Construction (RFC) F Design HSR 12 March 2019 19 November 2018 01 Civil Evidence Module 5.5 RF(
3 . Bearings: Design Calcs i Design HSR 22 January 2019 23 May 2019 01 Civil Evidence Module 19.1 G
7 4.4.1.1.1.2 Construction Construction HSR i § i §
E Construction Stage 1: Foundations, Abutments & Bents ¥ Construction 5 - 01 Civil Evidence Module 5.6.15
3] Construction Stage 2: Wingwall & Approaches ¥ Construction i - 01 Civil Evidence Module 5.6.25
3} Construction Stage 3, 4, 5: Superstructure ¥ Construction - 01 Civil Evidence Module 5.6.35
il
1|
7
1 ;
4
1
7

' e el 4.4.2.1.1.2 Construction - i -

] Consirucuon suomais | SRR - - -

11 - 4.4.2.2 Telecom B - B

813 3 QMDP 04 4.4.2.2.1 Conflict 1000, AT&T = B i B

1151 6 QMDP 04 4.4.2.2.1.1 Design Third Party . - i
389 7 QMDP 04 Ready for Construction (RFC & Third Party 02 Utility Evidence Module 1.30 RF

1152 6 QMDF 04 4.4.2.2.1.2 Construction Third Party - - - -

< >



SOSE ACTIVITIES PERFORMED g/;.\.
CP4 ExaAmPLE: USING THE DIGITAL THREADS -",!«'-

'Module of Metrics' current 1.2 in /CRB DOQORS-DB 2021-01/00_Metrics (Formal module) - DOORS - >
File Edit View |Insert Link Analysic Table Tools Discussions User Change Management Help . [ N
dig B [55= || @ F@FEs [eHXegs b e TR
View | 12. MoM Export ~ | Allevels dJ 42 & = B8 o £ T & AL 4l : 5 - AL By B * Ty B A
. K Rl X FITFT TR s b o ..“ ,-(.‘.y'--.'----‘-‘-.vl-..... :' e . -
Absolutel Object | _MoM_QMDP{ Met ol my |11 e T X o . 3 2 a Linked Ol
st Otjt | MoM. QMDF] ki il 111 e *l (P - d esign Submittals -
5 4 Site-Specific Requirements , P O i $f o — i
989 2 GMODF D4 4.4 QMDP 04 i —— s r I SR A B B
1133 3 GMDF 04 4.4.1 High-Speed Rail 3 i i
130 | 4 QMDP 04 4.4.1.1 HSR Aerial Structure ¢ - -
181 5  QMDPO4 4.4.1.1.1 Garces : _ i
798 6 QMDP 04 4.4.1.1.1.1 Design D& i -
247 7/ QMDF 04 Type Selection Report (TSR) 4 K 01 Civil Evidence Module 5.2 TSt
248 7/ QMDF 04 Geotechnical Engineering Design Report (GEDR) j - o - 01 Civil Evidence Module 5.1 GEL
628 8 GMDP 04 55.A5.GARCES.GEDR.RVTM s e I@ e @=L, e 01 GEDR Garces RVTM -
627 8  QMDPO4 55.AS.GARCES.GEDR.CIL g S— - . 01 GEDR Garces_CIL -
= | M 71 9C Swrren NTAE comart 5.5 ACRE 2OCRS-DR 67100V ¥ Gl Desgs Sobewtnn 08 APC Sebretet /il 1T Agmed Shnscnne (Formoel romshtel - DO - n
249 7 QMDF 04 60% Dmﬂ P Bt gew e Lst gk U ::« Docassmn u.l.- ,u:.-u....m- ey
250 7 GMDP 04 90% Design > & i w s ; .
55 7 QMDPO4 Ready for Construction (RFC) il S ey e S —p T
15 8 GMDP 04 5S.AS.GARCES.RFC.RVTM B R Romse T bR I vviee e e
R e L )
14 8  GMDPM S5. A5 GARLES.REC.CIL P S
W57 G A Covw Twet
807 a8 QMDP 04 I SS5.AS.CARCES.RFC.COC l » " DOMOLE ¥ DM Ol L35 Desgn lpmwam‘w--mmn oot eflecave e whers :ﬂﬂ;l:-'-e-
= . = » ;1‘ mﬁ-mmﬁﬁ‘wx—-nm 8 howd Jaase i
349 7 QMDP 04 Bearings: Desig Ics -~ s T
88 8 QMDP i Sg AC CARCES O > \ y oot o Pty
QMDP i DOMGIIM  ¥1 DoM o sad 5 :!‘.:,’;.":.." -oom-;.;.-:::u ._-:-'v:-mm-w- ~ zx-_‘h:_ ;
L 8 California High-Speed Rail Construction Package 4 e DeaSchon ([0 achirve CrvouTiace of B Aste ey ad Thend Pady. -
799 6 e V&V Report for RFC Design Drawings for HSR Revision: 04
1320 = GMDF o CALIFORNIA Structure over Garces Highway i o R A B by B R ot SV 01 TR s vt
,‘RAILBU!LDERS metmmredin mnhwmm ) 57 A B
59 8 GMDP DocNo.: CP4-6.16.2.1-0002 Date: 3/12/2019 .?3',1 -
58 8 GMDP Sy H e
[y R
320 7 QMDFQ 2. CERTIFICATE OF COMPLIANCE WITH TECHNICAL CONTRACT REQUIREMENTS S
321 ? QMDP " POMOLI 1) DOM O FENETY ,g:mm:c‘n-v“bwnmwm! mz-ﬁn
— B QMDP This certification of compliance includes the confirmation by the Contractor's V&V Manager, as per the VVSC §.;:‘“’
— i QMDP section 2.3.4 and 3.1, that the work described in this submittal is in compliance with the Technical Contract :'.c:““..;..“"s".}'o.-
— QMDP Requirements and fitness for purpose and that the references to the objective evidence provided in the RVTM g BT e — e e Gt T o e
—r — Certificate of thecked by the Contractors QA/QC process, and have been confirmed as : Requirements Verification
= = AMAE Comp”ance (COC) Traceabl'lty Matrix (RVTM) L,




CP4 EXAMPLE: REPORTING CERTIFICATES OF COMPLIANCE (COC) PROGRESS

‘Wi

letrics’ current 1.2 in /CRB DOOQRS-DEB 2021-01/00_Metrics (Formal module) - DOORS

v Insert Link Analysis Table Tools Discussions User Change Management
g B = = - t =
CERT: DES & HSR ~ | Alllevels  ~ 4h =
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Help

g oF £ [F |7/ A 4

@ ‘Module of Metrics' current 1.2 in /CRB DOQRS-DEB 2021-01/00_Metrics (Formal module) - DOORS

File Edit View Insert Link Analysis Table Tools Discussions User Change Management
GB#% | === P gt | e
View | 07. MoM CERT: CONST QM ~ | Allevels Hh (=

Help

S|
[E]

"< BT P A

Jpsoid Obiect | _Mom_amDP# | Metrics

MoM View(s)

3 General & Typical Requirements

D] _MoM_HSR_3RD

|t 4 Site-Specific Requirements

GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP
GEN / TYP

GEN / TYP
GEN / TYP
GEN / TYP
GEN # TYP
GEN # TYP
GEN # TYP
GEN # TYP
GEN / TYP

GEM / TYF
GEM / TYF
GEM / TYF

GEM / TYF
GEM / TYF

3.1 CP4 Wide (General)

4.1 QMDP 01

;Vz QMDP 01
3.1.1 High-Speed Rail 11 3____QMDF 01 4.1.1 High-Speed Rail
3.1.1.1 Baseline Reports % ol & E——— b 4.1.1.1 HSR At-Grade
3.1.1.1.2 Final Design Report| - 4,1.1.1.1 North
3.1.1.1.2.2 Design 4.1.1.1.1.2 Construction
Final Design Report V&V Monthly Repor _ Construction Stage 4: Access
CP4.BL.FDR.COC 2020 e e 55.AG.NORTH.QMDP01.C54.C0C
3.1.1.4 RAM Reports et =l il | IDP 02
3.1.1.4.5 Final Maintenance ( =19 1 High-Speed Rail
3.1.1.4.5.2 Design L el e 4.2.1.1 HSR At-Grade
Final Maintenance Concept - o | 4.2.1.1.1 North
CPa.RAM.FMC.COC —_— b 4.2.1.1.1.2 Construction
3.1.1.4.6 Maintenance Manua — = — —_r— _ : ~ 28 Construction Stage 4: Access
3.1.1.4.6.2 Design ‘ - 3_- S5.AG.NORTH.QMDP02.C54.COC
Maintenance Manual i = | T TE MDP 03
CP4.RAM.MM.COC o ==t L‘ : _:_ 3.1 High-Speed Rail
3.1.1.4.7 Maintainability Demonstration Test P| =~ ) - B - 4.3.1.1 HSR At-Grade
3.1.1.4.7.2 Design —-m 4.3.1.1.1 NOI‘th
Maintainabi Demonstration Test Plan and Procedure .
cm.mm.mf}?;.coc 1229 & GWDPO3 N 43.1.1.1.2 Construction
3.1.1.4.8 Maintainability Demonstration Test Report (Mg | 1227 7 — ‘;‘;’“ﬁ;";g';‘;:%‘;g;ﬂ: —
3.1._1 .4._8.2 _Design : 989 2 QMDP 04 4.4 QMDP 04
e ey Demonstration Test Report 1133 3 QMDPO4 4.4.1 High-Speed Rail
3.2 Typical Design Elements / Typical Detail N 4.4.1.1 HSR Aerial Structure
3.2.1 High-SpEEd Rﬂil 181 3 QMDF 04 4.4.1.1.1 Garces
I e p—— 79 6 QMDP 04 4.4.1.1.1.2 Construction

H5R
H5R
H5R
HSR

¥ Hsr
HSR & Third Party

HSR
HSR
HSR
HSR

¥ HSR
HSR & Third Party

HSR
HSR
HSR
HSR

¥ Hsr
HSR & Third Party

HSR
HSR
HSR
HSR
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CP4 EXAMPLE: SAFETY & SECURITY CERTIFICATION REPORTS (SSCR) PROGRESS‘

\“

@ 'Module of Metrics' current 1.2 in /CRE DOORS-DB 2021-01/00_Metrics (Formal module) - DOORS — >
File Edit View |Insert Link Analysic Table Tools Discussions User Change Management Help

& B B = = 9 off [ gX tl Gy e e e @

View |08 MoM S85: CONST (SSC ~ || Alllevels  ~ £ B ¥ = 7 & BT+ % 4l
Absolutq Object | _MoM_QMDP# | Metrics D] _MoM_HSR_3RD | _MoM_RDC | _MoM_Cert Submittal Date SONO/APP Date Linked Module 2
e i 4 Site-Specific Requirements I i i
986 2  GQMDPOI 4.1 QMDP 01 ] i )
1153 3 QMDFD 4.1.1 High-Speed Rail HSR . I i i
6 4  QMDPOI 4.1.1.1 HSR At-Grade HSR MoM View(s) - : i
46 5  QMDRO1 4.1.1.1.1 North HSR F i i
797 6 QMDF 01 4.1.1.1.1.2 Construction HSR Construction B i i
315 7 GQMDP 0 Construction Stage 4: Access ¥ Hsr Construction - - 01 Civil Evidence Module
3358 8  QMDPO1 5$5.AG.NORTH.QMDPO1.C54.55CR HSR & Third Party Construction - - -
989 2 GMDPO4 4.4 QMDP 04 CHSRS' CONTRACT VS. SYSTEM CERTIFICATION =

) - ML RS : oe 2
1133 3 GMDP@H4 4.4.1 High-Speed Rail HSR ;
130 4 GMDF 04 4.4.1.1 HSR Aerial Structure HSR
181 5 QMDF 04 4.4.1.1.1 Garces HSR
799 & GMDF 04 4.4.1.1.1.2 Construction HSR
321 7 QMDF 04 Construction Stage 3, 4, 5: Superstructure ¥ HSR \ | Evidence Module
3364 &  GMDPOD4 55.A5.GARCES.QMDF04.CS3.55CR HSR & Third Party - '
= O SR 4.7 QMDP 07 e ~ ' —
1163 3  GMDPO7 4.7.1 High-Speed Rail HSR '
1032 4  QMDPO7 4.7.1.1 HSR At-Grade HSR ﬁ: |
1061 5 QMDP 07 4.7.1.1.1 North HSR
1063 6 GMDP 07 4.7.1.1.1.2 Construction HSR

Proanas Pary semany Coms Thie Now Cowmmacy WTROAATON, Ths e

1647 7 QMDF 07 Construction Stage 4: Access * HsR m & Couisonns m{ | Evidence Module
3359 8 GMDFP 07 55.AG.NORTH.QMDPO7.C54.55CR HSR & Third Party .
994 2 QMDPO3 4.9 QMDP 09 ; - i
1167 3  GMDPO9 4.9.1 High-Speed Rail HSR !
gop 4 GMDF 03 4.9.1.1 HSR Aerial Structure HSR i
133 5 QMDF 09 4.9.1.1.1 Pond HSR B
B45 6 QMDP 09 4.9.1.1.1.2 Construction HSR Construction i i -




PROGRESS

4

* Introduction

— Brief System of Systems (SoS) Overview
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SUMMARY

INTRODUCTION: SYSTEM OF SYSTEMS
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ACHIEVED OUTCOMES & CONCLUSION @.\
% Large System of Systems "'&"

— SoS Authority & Leadership: Program verification, validation & certification approach with tailored
project type implementation (i.e., civil works, track and systems, trainsets, etc.)
— SoS Architecture: Program as SoS with projects as constituent systems

— So0S Autonomous Constituent Systems & Emergence: Projects as black box with defined interfaces:
inputs (requirements) & outputs (construction certifications)

\/

% Use of Digital Threads enables Convenient Access to:

— Technical contract requirements and critical items (i.e., RVTMs, CILSs)

— Design & construction submittals and individual submittal files (drawings, calculations, etc.)
— Design & construction certifications (e.g., CoCs)

— Safety and security certifications (e.g., SSCRS)

\/

% System Certification
— Trust but verify: Provision of certifications and supporting objective evidence

/

s+ Conclusion

— Verification, validation & certification provides high transparency and trust that the final California
High-Speed Rail System will be Safe, Secure, and Ready to Operate.

Wwww.incose.org/symp2022 56



international symposium

S
V' Detroit, MI, USA
/4 June 25 - 30, 2022

www.incose.org/symp2022

3zﬂd Annual INCOSE




