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

constitute an SoS. Where there are concems 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
S03. In other contexts, each constituent system itself is a SOI; its existence often predates the SoS, while its

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.

So0S 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 net 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 SeS, 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 3



INTRODUCTION: SYSTEM OF SYSTEMS

S0S EMERGENCE

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

(informative)

ISO/IEC/IEEE 15288:2015(E)

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
S03. 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 S0S.

So0S 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 net 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 SeS, 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, u ed behaviors. Identifying and addressing unanticipated
emergent results is a particular challenge in engineering SoS.

wns

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 4
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BRIEF INTRODUCTION
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CHSRS: CONTRACT VS. SYSTEM CERTIFICATION
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SYSTEMS ENGINEERING CHALLENGES FACED s
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS (CONT'D)

LEGEND
Emmeesmmm  CHST Alignment at Grade
m=meesmmm  Bridge/Viaduct
Emmeesmm CHST Trench Section
ESmmesm=N \Work By Others
EEEEEEE Calirans Scope of Work
e Highway
————— Local Road
e River/Creek
- Existing Railroad
------------------------------- County Limit
—s+——v— City Limit
Burlington Northern
BNSF SantaFe Railway \
UPRR Union Pacific Railroad
SJVR San Joaquin Valley Railroad
oC Qvercrassing
OH Overhead [
UP Underpass

Typical / Type

of Structure

TutorPerini = jfi ZACHRY' PARSONS

BEGIN PROJECT
S 9772+35.08

COUNTY OF
MADERA

a joint venture

MAJOR STRUCTURES

E FRESNO RIVER VIADUCT
- Raymond Rd
- Fresno River
- SR 145

28 AVENUE 15-1/2 OH

&8 AVENUE 15 0OH

"BBl AVENUE 12 HST OH
EBN AVENUE 12 BNSF OH
I AVENUE 11 OH
BN AVENUE 10 OH
8N AVENUE 9 OH
IO AVENUE 8 OH

Bl AVENUE 7 OH
SAN JOAQUIN RIVER VIADUCT

- San Joaquin River

-UPRR
B8N . HERNDON AVE HST UP

N HERNDON A PRR UP

Il VETERANS BLVD OH (CITY OF FRESNO)
BN . SHAW AVE OH
I . ASHLAN AVE OH (CALTRANS)
I CLINTON AVE OH (CALTRANS)
B8N W. McKINLEY AVE OH
28l W. OLIVE AVE OH

Roadway
Overheads

18
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SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN V&V REPORTS, SUBMITTAL CERTIFICATIONS
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SYSTEMS ENGINEERING CHALLENGES FACED !
I
NUMBER OF SUBMITTAL RECORDS "y
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Log
T Title SubmittalType ,‘@ 004 Signed Plan Set 2018May14_DCNO81_Avenue_10_OH_Plans_Signed «ee  2018May14_DCNO81_Avenue_10_OH_Plans_S
17699 «ss  FCN 227 Avenue 10 HST INFO [ 004 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 ««« Avenue 10 OH Joint Seal INFO Desi
esign
SW04.13.00-019-4
17536 ««« Avenue 10 Pavement INFO
Remediation Plan [ 004 Authority's SW04_13_00_019_4 RFC_Ave_10_OH_Design_Response «s«  SW04_13_00_019_4_RFC_Ave_10_OH_Design_

Response

17469 ««« Avenue 10 OH Construction SONO

Design Change

SSCR [ o004 DCN081 Avenue 10 | 20170ct31_DCN081_Ave_10_OH_DCN_Form I Notice (DCN) wee 20170ct31_DCNO81_Ave_10_OH_DCN_Form.|
Safety & Security Overhead Design
15564 ««« FEasem e . .
Avenu: Certification Report o004 DCNO81 Avenue 10 20170ct31_DCNO81_Ave_10_OH_ISC_Statement_Resolution e 20170ct31_DCNO81_Ave_10_OH_ISC_Stateme
Overhead Design
THED s e e s APPROVAL Bl 004 DCNO81 Avenue 10 20170ct31_DCNO81_Ave_10_OH_ISC_Book wes 20170ct31_DCNO81_Ave_10_OH_ISC_Book pc

Structure Pkg Overhead Design

14435 ««« Avenue 10 HST Box Culvert =~ APPROVAL
RFC

41 004 DCMNO&81 Avenue 10 20170ct31_DCNO081_Ave_10_OH_GEDR -=s  20170ct31_DCNO81_Ave_10_OH_GEDR.pdf
Overhead Design

11795 ««+  Avenue 10 HST Overhead SONO 1 004 Submittal Cover 2018May16_SL_Cover_SW041300_019_4_DCNO81_Ave_10_OH_Design wee 2018May16_SL_Cover_SW041300_019_4_DCN
SSCR Page

11774 60% Avenue 10 HST Box SONO ,"@ 004 DCNO81 Avenue 10 2018May14_DCNO81_Ave_10_OH_CHSRA_Response «ss  2018May14_DCNO81_Ave_10_OH_CHSRA_Res
Culvert Overhead Design

,"@ 004 DCNO81 Avenue 10 2018May14_DCNO31_Ave_10_OH_ICE_Cert wes 2018May14_DCNO81_Ave_10_OH_ICE_Cert.pd

11368 ««« RFC Avenue 10 Overhead APPROVAL Overhead Design
Design
[ 004 DCN081Avenue10I2018May‘l4_DCN081_Ave_‘IO_OH_PIans I Plans (Design Drawings) I xe  2018May14_DCNO081_Ave_10_OH_Plans.pdf
10926 ««« Avenue 10 Grade INFO Overhead Design

Separation Design
P 9 [ 004 DCNO081 Avenue 10 2018May14_DCNO81_Ave_10_OH_QA Cert1386 «se  2018May14_DCNO81_Ave_10_OH_QA_Cert13!

RFC_AVenue_10_Overhead_Design I 2015Dec03_Ave_10_OH_RFC_VV_Cert_Compliance I Verification & Validation :

= 000 RFC_AVenue_10_Overhead_Design 2015Dec03_Ave_10_OH_StcrtRpt_ICE_Assessment Submittal Certification [

61 - 81 I 81 Files I

10814 ««s« Avenue 10 Overhead GEDR  SONO

10699 «++ 90 Perc Dsgn Avenue 10 OH SONO

10065 ««« Avenue 8, Avenue 9, and 3RDPARTY
Avenue 10




SYSTEMS ENGINEERING CHALLENGES FACED
ALLOCATED REQUIREMENTS & OBJECTIVE EVIDENCE

wns

Submittal

Avenue 10
Log

Name Title SubmittalType

17699 FCN 227 Avenue 10 HST INFO
Box Culvert

17621 Avenue 10 OH Joint Seal INFO

17536 Avenue 10 Pavement INFO
Remediation Plan

17469 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 RFC Avenue 10 Overhead APPROVAL
Design

10926 Avenue 10 Grade INFO
Separation Design

10814 Avenue 10 Overhead GEDR  SONO

10699 90 Perc Dsgn Avenue 10 OH SONO

10065 Avenue 8, Avenue 9, and 3RDPARTY
Avenue 10

B 000 RFC_AVenue_10_Overhead_DesignI 2015Dec03_Ave_10_OH_RFC_VV_Cert_Compliance | Verification & Validation, YRR
@_j: 000 RFC_AVenue_10_Overhead_Design 2015Dec03_Ave_10_OH_StRrtRpt_ICE_Assessment Submittal Certification Rpt_ICE_Ass:

California High-Speed Train Project
Construction Package 1

California High-Speed Train
Design-Build Project

Construction Package 1

AVENUE 10 OverRHEAD RFC DESIGN SUBMITTAL
VERIFICATION AND VALIDATION REPORT

Allocated Requirements

(Technical Contract Requirements [TCR])

ith keeping the roady

rating infrastructure,
ent contact with the
, and to reduce the r

| Operating

| onto the HST operating infrastructure|

August 2015

Agreement No. HSR 13-06

[+] Doc. ID DOORS TCR # Document Section | Technical Contract Requirement
86. Design CDPt22SR569 225t ContraCtor V&V Report .
Criteria & (Including Requirements Verification
Traceability Matrix [RVTM])
87. | Design CDPt03SR1963 | 3.3.1 Vertical Minimum vertical clearances should b
Criteria Clearances laterally from the centerline of the mdl
88. | Design CDPt03SR24 3.3.1 Vertical Minimum vertical clearances shall be
Criteria Clearances of rail (TOR).
89. | Design CDPt035R46 3.3.2 Horizontal Minimum herizontal elearances shall
Criteria Clearances centerline (TCL) of the closest HST tr:
cleared.
90. | Scope of | SOW609 4.2.2 Review of Compliance with all Final Environmen|
Work Environmental demonstrated through preparation of
Documents reports, to be submitted with each dg
91. | Design CDPt06SR55 6.3.2 Protection The overhead structure shall be desig|
Criteria Against Intrusion of | railing with sufficient strength to with)
Highway Vehicles
over the HST
Operating
Infrastructure
92. | Design CDPt06SR56 6.3.2 Protection The vehicular railing shall extend to th
Criteria Against Intrusion of | feet beyond the end of the overhead
Highway Vehicles taper to redirect vehicles that may trg
over the HST embankment and into the Authority’s
Operating

Objective Evidence

Prepared by:

(Reference and RM Tool Traces)

Avenue 10 OH RFC Design Submittal
I Verification & Validation Report

In Compliance [ Reference

with Contract

Documents

Yes Overhead Standard

Construction
Drawings ST-
K5020-5TD, ST-
K5021-STD, ST-

5022-5TD

Yes 5T-K1100-A10,
Calcs. Section 2.3

Yes 5T-K1100-A10,
Calcs. Section 2.3

Yes 5T-K1100-A10

Yes Environmental
Certification

Yes 5T-K1100-A10, 5T-
K3350-A10, Calcs.
Section 3.2.2

Yes 5T-K1100-A10

TutorPerini [ zAcHRY PARSONS

Silad canamoon

F



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

Submittal

MADERA COUNTY

BEGIN AR FENCE

Avenue 10 ; STA $10200+48.06, 59.93" LT
Log END AR FENCE S-RW1-176.8358
— - SibalTe STA S$10200+11.61, 59.91° LT (?;EE Ew,:__woléb: D1E(% ?RS?E SEllPARATION
‘ ibmittalTyp S-RW1-176.835A g /i PLAN AlL S-RS1-176.917
a AR FENCE ANGLE POINT -
17699 FCN 227 Avenue 10HST  INFO 1 G e ALY STA $1030144563, 59,58" LT (SEE DWG NO. ST-G1225)
Box Culvert AR FENCE e AR FENCE ANGLE POINT\ AR FENGE
‘ AR FENCE ANGLE POINT 5 / STA S10201+52.32, 56.84° LT (CBO)
17621 Avenue 10 OH Joint Seal INFO STA S10198+84.81 YPE / [ ~3-3'x5" RCB \
97.39" LT g g s |
17536 Avenue 10 Pavement INFO < CULVERT PLANS FOR DETAILS) / === AN
RemeEditen Pioh ) . I"SZ“ “] 0200+11.89P0C I l'ﬂ) v v ’\\Tﬁ-},/'_—_—_—_—.—————-———————— -
. FAAT AT A ~ PQT ElNC S-RW1-176& R7T1 [
17469 Avenue 10 OH Construction  SONO o ! (SEE T
SSCR QMDP 21: STRO0S8, — L |||:i QMDP 01: GDWO01, |
— HH i - 7 |
15564 Easement T1-091 (AT&T) -  APPROVAL <R Avenue 10 R JEnG il Sy Sl sy PG Ol £ $10205+00 ~TYPE-]
Avenue 10 10 GRADE SEPARATION r HH P _'-———---——-"-'-’7-——_.-'-—- YPE-
PLANS FOR DETAILS) - X : /
14656 «« Avenue 10 OH MSE APPROVAL = By o Jep -/ / /
_ UPAL /CPAL 5-RS2-176.917 __
Structure Pk CE ANGLE POINT . SEE DWG _ ) / AR FENCE-~/ |
2 0198+86.82, 41.40’ o [ - ( ==
14435 Avenue 10 HST Box Culvert ~ APPROVAL B Lomes=meeTT POINT-/ (YPEED-/ AR FENCE ANGLE POINT
RFC T98+96.46, 44.03'RT CPf=2 /' / [ STA S10201+30.90, 78.21" RT .0 0 0 20
| END AR JENCE : e ——
11795 Avenue 10 HST Overhead  SONO STA S10199+80.65, 43 B7° RT « [ ASEE AVENUE 10 | SRADE SEPARATION <10’ VERT
SSCR I AVENUE 1 BEGIN 100-YR FLOOD ELEVATION SCALE APPLICABLE FOR FULL SIZE ONLY
AY GRADE SEPARATION AL NT/ (SFF DWG NO. TT-YR0N0? AND - A - L
11774 60% Avenue 10 HST Box SONO SEPARATION P'L#NS UTIl 1TV INCADUATIAN
Coivent NO.[FACILITY CONQICT SIZE OWNER QMDP 54: DESIGN PLAN SET
11368 RFC Avenue 10 Overhead ~ APPROVAL (D] on power E1-92 12kV PG&E 3RDP002, PG&E TBD
Design m RRIGAT TRICT R TRUCT
@ IRRIGATION | IRR2-03 30 MID RELOCATE RELOCRTION OF  TRAIGATIOR, FACIL THERS WA RAN A0 4 0
10926 Avenue 10 Grade INFO RAL 6. 2= .gTIg I‘g#gim COUNTY
s il I TteLecom T1-91 UNKNOWN AT&T QMDP 53: 2O 8 AND 1
@ STORM DRAIN| SDA-030 2-36" AUTHORITY 3RDP001, AT&T Y 10 s Pooabesh) Tt
10814 Avenue 10 Overhead GEDR ~ SONO : I CK_CIVIL GRADING AND_DRAINAGE PLAN
STORM DRAIN| SDA-032 3-3'x5 AUTHORITY FROFOSED (STA S10192+00 TO $10220+00)
WADERA TRRIGATION DISTRICT RECONSTRUCTION AN
10699 90 Perc Dsgn Avenue 100H  SONO @ IRRIGATION | IRR2-004 18" MID RELOCATE RELOCATION OF [RRIGATION FACILITIES TATERAL 6:2-14.0
WADERA IRRIGATION DISTRICT RECONSTRUCTION AND
10065 Avenue 8, Avenue 9, and 3RDPARTY @ IRRIGATION IRR UNKNOWN MID PROPOSED | RELOCATION OF IRRIGATION FACILITIES LATERAL 6.2-14.0
Avenue 10 AND LATERAL 6.2-9.2-5.0 IN MADERA COUNTY
m




S0OS ENGINEERING CHALLENGES FACED

INDEPENDENTLY MANAGED (& OPERATED) PROJECTS (CONSTITUENT SYS.)

Milestones & the Field Engineers responsible for th
GDWO1 MADERA COUNTY GUIDEWAY - Litto

GDW02 SJRV TO FRESNO TRENCH GUIDEWAY - Litto

GDW03 FRESNO TRENCH TO AMERICAN AVENUE GUIDEWAY - Litto
NEO1 ROAD 26 BKaffina

NEO02 SCHMIDT CREEK HST JKatrina

MEO3 SCHMIDT CREEK CULVERT BOX JKaffina

NEO4 WILDLIFE CROSSING MP167 4 BKaffina

NEO5 ROAD 27 DKainna

ME 06 AVE 17 BKatfing

STRO1 FRESNO RIVER VIADUCT (FRV)

STRO2 AVENUE 15-1/2 OH BKafring

STRO3 AVENUE 15 OH BKSfina

STRO4 COTTONWOOD CREEK BR BKaffina

STRO5 AVENUE 12 HST OH BKainna

STRO6 AVENUE 12 BNSF OH DKaffing

SIROQ7 AVENUE 11 OH

STRO8

STR10
STR11
STR12
STR12A
STR12B
STR13
STR14
STR15
STR16
STR17
STR18
STR19
STR20
STR21
STR22

STR22A
oeTR9%

STRO8/ Ave 10 \

AVENUE 8 OH BIKaffina
AVENUE 7 OH JKafiina
SAN JOAQUIN RIVER VIADUCT (SJRV) ol
W HERNDON AVE HST oP il

W HERNDON AVE UPRR OP il

SHAW AVENUE OH - Sri

MCKINLEY AVENUE OH = Sri

OLIVE AVENUE OH — Sri

BELMONT AVENUE OH — Sri.

FRESNO TRENCH [HiERE

TUOLUMNE STREET OH — Matt K

FRESNO STREET UP

TULARE STREET UP

VENTURA AVENUE UP

E CHURCH AVENUE HST

E CHURCH AVEMUE BNSF OH

JERMSER TREN,L THESE

STR 24B
STR25
STR26

3RDF001
3RDP0O0O2
3RDF003
3RDF004
3RDP005
3RDFP006
3RDP0O7
3RDP008
3RDFP009
3RDP0O10
3RDPO11
3RDP012
3RDP013
3RDPO14
3RDP015
3RDPO16
3RDPO17
3RDPO18
3RDP0O19
3RDP020
3RDP021
3RDP022

E MUSCAT AVE HST
CENTRAL AVENUE OH
AMERICAN AVENUE OH N

ATAT - Juan

PG&E - Bianca

CITY OF FRESNO - [SEilill=
COUNTY OF FRESNO - SEIE
COUNTY OF MADERA - ESNE
UPRR - paXss]i=lely

List of Quality Milestone

Data Packs (QMDPs)

R

__GOLDEN STATE BLVD

SR 99
Realignment
Caltrans Project

7
Roeding Park

GOLDEN STATE BLVD
Realignment ‘\

< VENTURA ST

N
N
@

= "\\ NV

LEGEND MAJOR STRUCTURES
= EGI
s CHST Alignment at Grade \’L& g 977';;@%%501' B FRESNO RIVER VIADUCT
= Bridge/Viaduct %, : - Raymond Rd
=mmmmm——m CHST Trench Section 6’) v - Fresno River
S— Work By Others E 3 & -SR 145
ERMEEEI Calyans Scope of Work by, "q,o M AVENUE 15-1/2 OH
e Highwiay b g I AVENUE 15 OH
Lézel Roed >y 4 B COTTONWOOD CREEK HST BRIDGE
AR % Y% 3 I AVENUE 12 HST OH
e %
— a5 %] B e e
s mmmLc:“ \i_‘lmll % <] W AVENUE 10 OH
V! B i I AVENUE 9 OH
Burlington Northem e, a3 B AVENUE 8 OH
BNSF Santae Raiway KN ]
AVENUE 7 OH
g/ Z
UPRR  Union Pacific Railroad ‘&,0 . I SAN JOAQUIN RIVER VIADUCT
SIVR  San Joaquin Valley Railroad ¢, <7, - San Joaquin River
%,

- UPRR
I . HERNDON AVE HST UP
I W. HERNDON AVE UPRR UP
I VETERANS BLVD OH (CITY OF FRESNO)
Bl W. SHAW AVE OH
B W. ASHLAN AVE OH (CALTRANS)
I CLINTON AVE OH (CALTRANS)
I . McKINLEY AVE OH
I W. OLIVE AVE OH
B W. BELMONT AVE OH
2 FRESNO TRENCH
- Belmont Ave
-SJVR
- Dry Creek
-SIVR
-SR 180
- Divisadero St
B TUOLUMNE ST OH
B FRESNO ST
- Fresno St HST UP
-G StOC at Fresno St
I TULARE ST
- Tulare St HST UP*
-G StOC at Tulare St
- Tulare St UPRR UP
I VENTURA AVE UP
- Ventura St HST UP*
-G StOC at Ventura St
- Ventura St UPRR UP
[ E. CHURCH AVE OH
[ JENSEN TRENCH
- E. Jensen Bypass
I GOLDEN STATE BLVD HST UP
I DOWNTOWN FRESNO VIADUCT
-BNSF
- Fresno Colony Canal
- E.Hardy Ave
- E.North Ave
- S.Cedar Ave
-SR99
- SR 99 Ramps
[ E. MUSCAT AVE HST UP
B E. CENTRAL AVE OH
[ E. AMERICAN AVE OH
*Tempewary shoofy requked




S0OS ENGINEERING CHALLENGES FACED

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

QUALITY MILESTONE ID

QUALITY MILESTONE ID

RCIVIL | S-RDWY | H-TRACK STRUCTURES STATIONING T-ﬂ\ﬂl.TRAcI{
RDWY STRUC STRUC NDKI'HISGUTH
Management Segment 1 [STA 587+30 to 1595+00)
Start Segment 1 587+30| S51TM1
S51R1 5151 81 | Lincoln [Cul-de-Sac) 630+30( ROW 1
End ROW 2 636+90 HDW 2
e B i R
51R3 5153 1R-02 |Adams OC 683+06( ROW 3
End ROW 4 685+68 RDW d
r'_-_-____'_'_-_'_'_'_-___SE{EEJT\FE ........ At
Start BNSF JO7+00| ROWS
S1R5 5155 1R-03 |South OC 735+8%9| ROW &
_______________________________ EndROWE| _ _ 7az73l |
Start ROW 7 T42+73 S:I.'I'N? S1TBN1
S1R7 5157 1R-0d (M ocC JEB+82| ROW 7T
*5158 1R-05 M Change OC J8E+83| ROW S
_______________________________ EndROWS| 79531 _
Start ROW 9 795+34 SlTNB
End BN5F 869+00| ROWS
End ROW 9 230+16
[ s e e A e =
51R9 5159 1R-0& |Floral OC 895+45( ROW 10
_ _ ___ ____Enarowlo| s22:25|
Start ROW 11 822+25 SITNB
Start BNSF 932+00( ROW 11
51R11 51511 1R-07 |Mebraska OC 853+20
End ROW11 S90+69 S1TBN2
______________________________ oWzl " se0ses| criie
S1R13 51513 1R-08 |Mountain View OC 1004+61| ROW 12
End BN5F 1062+00| ROW 13
End Morth Track| 1075+00
Start South Track 1075+00
51H1 1H-01 |Conejo Ave AS 1114+48
1134+25| 51T51 10185 ft
S51R14 51H3 1H-02 |Peach Ave BR 1146+23| ROW 13 1.93 mi
1145429 CP2-3
End ROW 13 1176+85
et R T R S
S51R15 Carkson [ Minnewawa 1175+00| 51T53 5782 ft
1.1 mi
[
et =ty Kt i R R
S1R17 51515 1R-10 |Elkhorn OC 1247+36| ROW 15 | 8026 ft
S1R19 51517 1R-11 |Fowder OC 1276+61| ROW 16 1.52 mi
End ROW 16| 1314+53
r'_-_-____'_'_-_'_'_'_-_'_"j?a-;ﬁ?):ﬁ_i; ....... T R R

MNEW

MEW]

[7=T B I = R ¥ o IR TR U I

19
20

> CP4 I

22
23
24
25
26
27

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

MIL_1360
MIL_1085
MIL_1365
MIL_1195
MIL_1370
MIL_1270

amMpp 01
ampp 02
amMpp 03
amMpp 04
amMDP 05
amMDP 06
ampp o7
amMpp 08
ampp 09
amMpp 10
amMpp 11
ampp 12
amMpp 13
amMpp 14
amMDP 15
amppP 16
amMpp 17
amMpp 18
ampp 19
amMpp 20
amMpp 21
amMpp 22
ampp 23
amMpp 24
amMpp 25
amMpDP 26
ampe 27

Activity Name

EOP to County Line

County Line to § Scofield

5 Scofield to Garces Abutl

Garces Hwy Underpass

Garces Abut. 2 to Woollomes Ave
Woollomes Ave to Pump Station
Pump Stat ion to 5. Magnolia

5. 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 Elmo 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+039
15182+09 - 15183+11
15183+12 - 15242+00
15242+00 - 15294+50
15294+50 - 15329+88
15329489 - 15332+27
15332+27 - 15375+50
15375+50 - 15426+88
15426+88 - 15505+00
15501455 - 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



S0S ENGINEERING CHALLENGES FACED @
CERTIFICATION APPROACH: PUTTING IT ALL BACK TOGETHER “'!f' "4

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

26
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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

o SOSE Activities Performed

— Certification Strategy
— Step by Step Process Description

»» Summary, Achieved Outcomes & Conclusion

®
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SOSE ACTIVITIES PERFORMED
HIGH-LEVEL VERIFICATION, VALIDATION & CERTIFICATION STRATEGY

S

SOSE AcTIvITIES PERFORMED
PROGRESS MEASUREMENT

Oueruiew (3 013)
+ Exampe ol e v

Progress
Measurement

=
Document#1 | Earhworks #1 Submiltal #1_|— Submitlal Req. #1_|— Submiltal #1
- Earthworks Earthworks #1 |- Requirements Submittal #2 [ Submittal Req #2 |—{ Submittal #2
S Earthworks #n
B Requirsments “Submittal #1
e bl #1
!
s — —
Trench Structune
TR
= - Requirements overneaaal || Submii a1 | Sunmial Submital #1 Tutor Perini /f} ZACHRY PARSONS, A Joint Venture
Requirsmants Submittal #2 [—3| Submittal Req #; Submittal #2
Requiements
Overhead én 21 N
[ E— TutorPerini ffj ZACHRY PARSONS, A Joint Venture L
CONSTRUCTION PACKAGE 1 (HSR 13-06) = e
TutorPerini ffj ZACHRY PARSONS, A Joint Venture L
Pr
. 4 Py — Pr)
EXECUTED AGREEMENT: HSR 13-06 De Tutor Perini 'a ZACHRY PARSDNSEAJW'IM Venture L
I Pr
+ B2-PtA-Subpart 1 - Signature Document General Provisions = E
2.0 ISSEIIR-RNEREN 034 Pages, 1,334 Shall Statements D TutorPerini_/f} ZACHRY PARSONS, A Joint Venture
B2 - Pt B — General Provisions 1 L1 [
82 - Pt C - Subpart 1~ Scope of Work =1 [Rey [Pd __ Certification of Compliance
< EZTPTOSTOTIT T C OOy B2t Scope of Work o 5
+ B3-PtA-Subpart 1 - Basis of Design ol 1 = [ Construction Phase
« B3-PtA- Subpart 2 - Organizational Conf 97 Pages, 447 Shall Statements Sq M : =
+ B3- PtA- Subpart 3 - Revised Small and DIEFAVANtIgEq BUSNESS ENETHNSE Progran el D Submittal Identification
. Pt B - Subpart 1 - Verification, Validation and Self-Certification sol 1 = Project Name: California High Speed Rail Train Project, CP1
. Pt B - Subpart 2 - Reliability, Availability and Maintainability vaf [Fd B Fnetite: T T
- Black Box Approach 15 ] e el
) Pt B - Subpart 6 - Safety and Security Management Plan 2 Siof | | Revision No. Rev 4
- Pt B - Subpart 7 — Aesthetic Guidelines for Non-Station Stn. . - I heret vaf [P
tB bpart 8 — Cost and Scheduling & = = D f d I f P J Desigll — [ Verl
Design Criteria Manual erne nter aces1 ro eCt 3?:5. ISig Submital Verification Status.
1,279 Pages, 7,951 Shall Statements 1 H Hhegs Mal  [Prepared By
SR Specific Implementation ared Dol Voriod
checkd hevin Signed off by V& V
s practiq | peret Manager.
B3 - Pt D - Subpart 1 — Third Party Entities Master and Cooperative Agreement Updates corect pupod pegigl L
BITPTD - SUCTAN 2= AP YT OBt = o s o ref] hevin
- Subpart 4 - Mitigation, Monitorin practiq | peref
A ¢ D - Subpart 5 — Design Variance Re Third Party Agreements €1%) purpod pesig
MR Uil 551 Pages, 1,819 Shall Statements haviy
) 15 check
« B3-PtD - Subpart 7 - Draft Engineering an correc] P29 | hereby certity that the Work described in this certification fully complies with the
. - Subpart 7 - Caltrans and Railroad Agreements Caltrans SR99 'Pr:"W Design-Build Contract requirements, final design, and the specifications, including
. B3 - Subpart 8 — City Fresno Design Guidelines Clarifications m“ea’( having been checked for accuracy, adequacy, conformance to the standards of
- 53 PiE- Suopar 1 - Drecive Davinge S e e L T T L
. B3- Subpart 2 — Preliminary Ground | Standard Specifications the references to the objective evidence provided in the RVTM and CILs have been
+ B3-PLE - Subpart 3 - Record of Survey an [EEKVR SR T OV Y BN ET ST TS checked by the Contractor's QA/QC process and have been confirmed as complete and
* B3- Subpart 4 - Right-of-Way Acquis. correct.
« B3-PtE - Subpart 5 - Geotechnical Baseline Report West Clinton Avenue to East
American Avenue
« B3-PtE - Subpart 5 - Geotechnical Baseline Report Avenue 17 to West Clinton Avenue Dem 0 n S t rat I o n Of
Environmental Documents .
« Merced-Fresno Final Environmental Impact Report/Environmental Impact Statement CO | | | p I | an C e (V&V)
= Fresno-Bakersfield Revised Draft Environmental Impact Repor/Environmental Impact
Statement

Individual Project

Requirements

Certifications with
Supporting Evidence




SOSE ACTIVITIES PERFORMED
VERIFICATION & VALIDATION APPROACH

SYSTEMS ENGINEERING CHALLENGES FACED

REQUIREMENTS QUANTITY
PR

EXECUTED AGREEMENT: HSR 13-06

PROCUREMENT [i
ContracT (CP1) i

SYSTEMS ENGINEERING CHALLENGES FACE Rz
NUMBER OF DESIGN/CONSTRUCTION ELEMENTS

\

e |

TRENCH |

SYSTEMS ENGINEERING CHALLENGES FACED

NUMBER OF DESIGN SUBMI'I'I'ALS

F
Row 212

Y/

oo |8

SYSTEMS ENGINEERING CHALLENGES FACED
ALLOCATED REQUIREMENTS & OBJECTIVE EVIDENCE

California High-Speed Train

ign-Build Project

Construction Package 1

T:: = 7;"'/ \ ’v%i(_ AVENUE 10O
Contract |8 m . ¥ - N Types
= z TCR 5 = = Allo enera DIC3 ta Allo [ DE h Allo e '_ _— L] e E
Bls EN1s Attribute Red EMents H D neq SITIETS A D Req SIMETIS A D - .
Contract
Document #1 RM. UeXel
Attributes Earthworks #1 Submittal #1 Submittal Req. #1 Submittal #1
RM Tool o Earthworks Earthworks #1 —  Requirements Submittal #2 Submittal Req. #2 Submittal #2
General o Requrrements —=  Earthworks #n
- Requirements i
Provisions S AS WEISIEITE | Acrial Str. #1 €q Submittal #n
echnica .
Yes Contract (Digital Threads)
Scope of Work —A 3
No Requirements Trench Str. #1
(TCR) TR Trench Structure -
; - Requirements
DBSE" C"ilef'ﬂ l e Overhead #1 Submittal #1 Submittal Req. #1 Submittal #1
anua _
o Roadway Overhead || Overhead #1 —  Requirements Submittal #2 Submittal Req. #2 Submittal #2
Requirements B Overhead #n
| Requirements | sypmittal #n
Contract




SOSE ACTIVITIES PERFORMED
VERIFICATION & VALIDATION APPROACH: 6 KEY STEPS

SYSTEMS ENGINEERING CHALLENGES FACED

REQUIREMENTS QUANTITY

CONSTRUCTION PACKAGE 1 (SR 13-06)

EXECUTED AGREEMENT: HSR 13-06

O : TCR
Do ents Attribute

el

NUMBER OF DESIGN/CONSTRUCTION ELEMENTS

RIVER CROSSING A UNDERCROSSING

~~~~~~~~~

SYSTEMS ENGINEERING CHALLENGES FACEI"—

TRENCH

SYSTEMS ENGINEERING CHALLENGES FACED
NUMBER OF DESIGN SUBMITTALS

SYSTEMS ENGINEERING CHALLENGES FACED
ALLOCATED REQUIREMENTS & OBJECTIVE EVIDENCE

x

Callfnrnii High-Speed Train
ild Project

Construction Package 1

AVENUE 10O AL [l

Contract

Step 1

Contract
Requirements

General
Provisions
Yes
Scope of Work No

Design Criteria
Manual

Contract

-
—
—

Step 2 Step 3 Step 4 Submittal #1 Step 5 Step 6
Technical = Type Site-Specific . Submittal-Specific Objective
Contract Req. o YNl | | Earthworks #1 Requirements Submitial #2 Requirements Evidence
—  Earthworks #n
- Requirements Submittal #
_ AS Aerial Structure Aerial Str. #1 R
Technical Requirements |
Contract
Requirements Digital
Trench St
(TCR) TR Trench_ Structure || TSR OH
Requirements N - : :
—IS—UVETHEM #1 Submittal #1 == Submittal Req. #1 =3} Submittal #1
o Roadway Overhead Overhead #1 Requirements Submittal #2 Submittal Req. #2 Submittal #2
RETLIETELS —  Overhead #n
Requirements Submittal #n




SOSE ACTIVITIES PERFORMED e
. LS
PERFORMANCE REQ. EXAMPLE: STEP 1 — CONTRACT REQUIREMENTS i

SYSTEMS ENGINEERING CHALLENGES FACED =~

Chapter 2 — Basis of Design

REQUIREMENTS QUANTITY Wil
R RSB Wk e CHSR System will operate ID 08/02/2021 Rev. 4.5 - BOD E _TCR |
EXECUTED AGREEMENT: HSR 13-06 and/or regulations. = = d
I BB rcroperanivy by syster 18 2 Basis of Design Heading
‘ gilway systems, rolling stock, infrf . . . > i
|:| hieve Interoperabilty by also pr 20 2.2 Design Criteria Elements Heading
d Sub-System elements. . . > .
document Interface requireme 23 2.2.3 Train Operﬂt“}“ HEEIdIﬂg
agreed upon interfaces betwe| 29 2.2.3.6 Operating and Design Speed * Heading
or once awarded shall conduct b 30 The System design speed shall be 250 mph. # TCR
0 account a San Francisco to G S

n a later stage), to determine minimum design headway requirements,
es, and PTC system performance requirements fo support required

Submittal-Specific

15  Dispatch and service of the different users on a shared track segment will be governed by an agreement SItE _s pEC Ifl c
Requirements

Contract TCR 16  between operators in the segment.
Dﬂ'cum En'ts Attribute 17  Dispatch and service will be performed by the shared control facility operating the shared track segment Req uireme nts

18 under rules described into a host'tenant agreement.

Submit Alloc.

Attribute (RVTM)

19  The System in the shared-use corridor shall safely accommodate maintenance activities without
20  disruption to daily operations.

Contract |21 2235  Policy Consideration
Document #1 22 The Authority will establish new policies and/or upgrade the Autharity policies that were established fig
23  dedicated high-speed operation to cover operation conditions introduced for the operation of highggfeed = T i T
54 rail trains in the blended system cormidor. Earthworks #1 Submittal #1 Submittal Req. #1 Submittal #1

\

| 25 Attachment D presents a summary of the policies that require revision and identifies neyfflicies that works #1
26 may be required to support blended operation within the corridor.

Requirements Submittal #2 Submittal Req. #2 Submittal #2

27 2236  Operating and Design Speed
General 28  The CHSR System operating speed shall be 220 mph.

—— Earthworks #n

Provisions | 29 Inareas of shared-use track, operating speed shall be 110 mph,g#fUding the following: 2l Str #1 RE{]U irements Submittal #n

30 + Peninsula Corridor from San Francisco to Gilroy

31 + Burbank to Anaheim project section in Phase 1 gjgfie project B

Sc[}pe of Work Yes | 32« Los Angeles to San Diego in the Phase 2 ggffe project
N 0 3 The System design speed shall be 250 mph. h St r. #1
34  Inareas of shared-use track, design speed shall be as follows:
Design Criteria / 35 e Peninsula Corridor from San Francisco to Gilroy: 110 mph B : P -
g — o - L Overhead #1 Submittal #1 Submittal Req. #1 Submittal #1
Manual 36 = Burbank to Anaheim project section in Phase 1 of the project: 125 mph

\

37 + LosAngeles to San Diego in Phase 2 of the project: 125 mph ead #1
38  The CHSR System design shall incorporate the needs for a testing speed of at least 110 percent of the
39  operating speed.

| § ——  Overhead #n
Requirements Submittal #n

Requirements Submittal #2 Submittal Req. #2 Submittal #2

Califomnia High-Speed Rail Authority Design Criteria Manual
17 September 2021/Rev. 5.0 P e 21

Contract




!g‘-lrl.:;o
PERFORMANCE REQ. EXAMPLE: STEP 2 — TECHNICAL CONTRACT REQS. v

15 ENGIN G LHALLE CED @ 0] Technical Contract Requirements (TCR)
REQUIREMENTS QUANTITY g

e TR1 |1 General Provisions|
E TCR.45 1.44 Sustainability
TCR.47 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.

¥y ¥ ¥ 9o

2 Scope of Work |

Contract TCR Techn. Contract - 2.4 PROJECT SC_DPE OF WORK
Documents Attribute Requirements - 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 Y PW
local (City of Bakersfield - Subdivision & Engineering Design Manaul, Division 7} jurisdictions to
obtain necessary information for preparation of its reports,

T AT AF A ¥

Contract
Document #1

General = 3 Design Criteria | il
Provisions Technical 3.2 Basis of D'Si_g" — Design Analyses/050 ABL/D10 SYS/010 PW-TCR - |
SCOPE OF WOk et ., COMIract LA S L L e Design Analyses/050 ABL/020 SUB-SYS/020 EW-TCR > |
"o D | || — +.2-2-3 Irain Operation Design Analyses/050 ABL/020 SUB-SYS/030 AS-TCR > |
T (TCR) TCR.82 3.2.2.3.6 0 ratin and Desi = ;

Manual L_| TCR.83 The System design speed shall be 250 mph. [ g

32, A

|| TCR.87 3.6 Reliability, Availability, and Maintainability

Contrad | TCR-256 3.6.2 Design Criteria Elements "B

I — —_ o v o e Em B mles P om -l W ml = {3



PERFORMANCE REQ. EXAMPLE: STEP 3 — TYPICAL (EW) REQUIREMENTS Wy

o e ENCINEEDIN ~ - . =
SYSTEMS ENGINEERING CHALLENGES FACER e  CoS

NUMBER OF DESIGN/CONSTRUCTION ELEMENTS

Techn. Contract | Alloc.
Requirements Attribute

General / Typical
Requirements

HSR Earthworks (Type) Applicable (Subsets) TCRs

Sites

oo

3 Design Criteria
3.2 Basis of Design
3.2.2 Design Criteria Elements

Allocations to

Earthworks
Requirements

Aerial Structure
Requirements

Trench Structure
Requirements

‘ EW
Technical AS
Contract
Requirements
(TCR) TR
OH

Roadway Overhead
Requirements

3.2.2.3 Train Operation w _
3.2.2.3.6 Operating and Design Speed il St
IThe System design speed shall be 250 mph. I EW-EMB-SITEDL
EW-CUT-5ITED2
3.29 Geotechnical
3.29.2 Design Criteria Elements
3.29.2.6 Earthworks
3.29.2.6.1 Earthwork Materials
3.29.2.6.1.3 HSR Prepared Subgrade
The required minimum thickness of the Prepared Subgrade is as follows: ¥ EW-EMB-SITEO1
» Ballasted track on embankment or in a cut: 14 inches. EW-CUT-SITEDZ

» 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.

5 Supplemental Contract Requirements
5.2 Engineering and Construction UPRR Agreement

5.2.3 Design and Construction

(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,

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.




PERFOR

|
=

» ENG

General / Typical
Requirements

NUMBER OF DESIGN SUBMITTALS

MANCE REQ

3 UHA

LLEN rACED

&/

&

EXAMPLE: STEP 4 — SITE-SPECIFIC REQUIREMENTS

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.

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

%

e

Earthwork
Earthworks ‘ Earthworks #1 I/ Reguirem
Requirements |\j ——
- Requirem
Aerial Structure Aerial Str. #1
Requirements
Trench Structure || Trench Str. #1
Requirements
Overheac
Roadway Overhead || Overhead #1 _— Reguirem
Requirements - verhed)
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




PERFORMANCE REQ. EXAMPLE: STEP 5 — SUBMITTAL SPECIFIC REQS.

ALLOCATED REQUIREME

NTS & OBJECTIVE EVIDENCE

Submittal | o
log |\ CEET—

LLT P

HSR Earthworks Submittal (Requirements Verification Traceability Matrix) ‘ i —

Direvg-10

Drawing Mame

(Tecl

Submittal-Specific
Requirements
(RVTM)

California High-Speed Train
i ild Project

Construction Package 1

1 Design Criteria
1.2 Basis of Design

1.2.2 Design Criteria Elements
1.2.2.3 Train Operation

|

Reference to Objective Evidence J|

1.2.2.3.6 Operating and Design Speed

-4 Submittal Reqg. #1 Submittal #1
- Submittal Req. #2 Submittal #2
= Submittal Reqg. #1 Submittal #1
—~  Submittal Req. #2 Submittal #2

The System design speed shall be 250 mph. 14060 GDWO1 TT-DO001 TRACK GUIDEWAY - HORIZONTAL ALIG
TT-E6O001 TRACK CHART - SHEET 1 OF 13
TT-EG002 TRACK CHART - SHEET 2 OF 13
TT-EGO03 TRACK CHART - SHEET 3 OF 13
TT-EGO04 TRACK CHART - SHEET 4 OF 13
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 ¥ 14060 GDWO1 TT-D3001 TYPICAL TRACK SECTIOM - 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
« 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 5 O
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
TT-D3008 TYPICAL TRACK SECTION - SHEET 8 O
TT-D3009 TYPICAL TRACK SECTION - SHEET 9 O
TT-D3010 TYPICAL TRACK SECTION - SHEET 10 |
TT-D3011 TYPICAL TRACK SECTION - SHEET 11
TT-D3012 TYPICAL TRACK SECTION - SHEET 12 |
TT-D3013 TYPICAL TRACK SECTION - SHEET 13 |

TT-D2014

TYPICAL TRACK SECTION - SHEET 14 |



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

H Subm-ID | Subm-Name | Drewg-10 Drawing Mame

1 Design Criteria
1.2 Basis of Design
1.2.2 Design Criteria Elements

e e Submittal | Reference to Objective Evidence |
1.2.2.3.6 Operating and Design Speed ) )

The System design speed shall be 250 mph. *114060 GDWO1 TT-DO001 TRACK GUIDEWAY - HORIZONTAL ALIGNMENT DATA TABLE
TT-E6O001 TRACK CHART - SHEET 1 OF 13
TT-EG002 TRACK CHART - SHEET 2 OF 13
TT-EGO03 TRACK CHART - SHEET 3 OF 13
TT-EGO004 TRACK CHART - SHEET 4 OF 13

L D o Y e Y e Y o

1.29 Geotechnical _ — 3
= i = Drawing # g | Drawing MName \
1.29.2 Design Criteria Elements GE-DOODL ¥ COVER SHEET \
1.29.2.6 Earthworks .
Submittal Log H Subm-1Cr Sub Name gBhort) | Sub Mame (Full) E-[E}Eggi ¥ 'ITEEE gﬁfREiH;HEFI:I—?TZD?:NI; L ALIGNMENT DATA TABLE
1 Submittal Log TT-E6002 " TRACK CHART - SHEET 2 OF 13
1.3 HSR Earthworks TT-E6003 : TRACK CHART - SHEET 3 OF 13
TT-E6004 TRACK CHART - SHEET 4 OF 13
1.3.1 EW-EMB-SITEO1 n - . TT-D3001 T TTPICAL Ak SECTION - SHEET T OF 17
RFC 14060 COWOL  [r—ibiiiiieria ki g | 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 A 11893 FEV, RFC Fresno River Viaduct, RFC TT-D3006 » TYPICAL TRACK SECTION - SHEET 6 OF 14
Drawings g TT-D3007 ¥ TYPICAL TRACK SECTIOM - SHEET 7 OF 14
V&V Submittal e TT-D3008 ¥ TYPICAL TRACK SECTION - SHEET 8 OF 14
Certification of Cﬂ,mp“ance TT-D3009 r TYFICAL TRACK SECTION - SHEET 9 OF 14
. TYPICAL TRACK SECTION - SHEET 10 OF 14
l New CPx: Submittal Repository By s s I T e R 27
—— (Example: Drawing List) TYPICAL TRACK SECTION - SHEET 12 OF 14

ol AR ® TYPICAL TRACK SECTION - SHEET 13 OF 14



SOSE ACTIVITIES PERFORMED

"'y,
Submittal Identification 7

PERFORMANCE REQ. EXAMPLE: STEP 6 — OBJECTIVE EVIDENCE |F= | = |F%

Date: 09/11/2017
Drawing # 2 | Drawing Name Rev Page # — R ———
Verified By
GE-DOOO01 COVER SHEET 0 1 Signed off by V & V Manager
L
-DO001 TRACK GUIDEWAY - HORIZONTAL ALIGNMENT DATA TABLE 0 8 -
[ — ate:
IT-E6001 ~ TRACK CHART - SHEET 1 OF 13 a g
The TPZP V&V t hi d and d th tract de 1t lud
TT-E6002 TRACK CHART - SHEET 2 OF 13 0 10 Atachment  for al Ready for Consiracton (REC) submtls,
" The TPZP VAV t f that, with the I f the Ready for Constructi
-E6O03 . TRACK CHART - SHEET 3 OF 13 .. 0 11 Carification, llcommens fecsived during the 90% Design Submita review, Submital
D I I t al T h r e ad reference SW04.11.03-034 have been satisfactorily resolved and verified by the Design
g Lead and are represented in the RFC Submittal herein. The submittal is complete,
2017Se2e Gy P 1 F6C Unic X+ - x R L T

the Technical Contract Requirements.

TPZP therefore self-certifies the submittal for Guideway Station 9772+35.08 to
10304+00.00 Ready for Construction to be compliant with Contract Requirements and
fitness for purpose.

<« (@] U B https://teams.cloudhsr.com/cp/01/Submittals/14060/20175ep28 Gdwy Pkg 1 RFC Unsigned Plans.pdf#page=8 i

G| ™Mb 9| of 340 — |+ PageFit v oOoab A »

Submittal Certification

~
Page 9 of 340 | e s e T o of Compliance (CoC)
7 — T S— prps— B T
s1en s ""—/—l T :
| I v 22 g 2
‘ [ @
g = o oo o
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SOSE ACTIVITIES PERFORMED

Submittal Identification

Project Name: California High Speed Rail Train Project, CP1
Project Number: HSR13-06
Document Title: Guideway Station 9772+35.08 to

, 10304+00.00 Ready for Construction

Date: 09/11/2017

Submittal Verification Status

CHSRS: Focus OF THIS PRESENTATION Qf}

SySTEM CERTIFICATION
SYSTEM IS SAFE, SECURE
AND READY TO OPERATE

CONTRACT CERTIFICATION
ACCEPTANCE & HANDOVER
= = The TPZP V&V team has reviewed and assessed the contract documents including
Attachment 8 for all Ready for Construction (RFC) submittals.

The TPZP V&V team confirms that, with the inclusion of the Ready for Construction
Certification, all comments received during the 90% Design Submittal review, Submittal
reference SW04.11.03-034 have been satisfactorily resolved and verified by the Design
Lead and are represented in the RFC Submittal herein. The submittal is complete,
contains the required documents inclusive of manuals, reports, drawings, procedures,
policies, permits, and to of this RFC submittal with
the Technical Contract Requirements.

— INFRASTRUCTURE IS READY TO OPERATE

27 2.2. 3.6 Operaﬁng and Desfgn SPEEd o ExAmMPLE PERFORMANCE REQUIREMENTS =
) — INFRASTRUCTURE IS SAFE & SECURE Ty
28 The CHSR System operating speed shall be 22 o EXAMPLE SAFETY REQUIREMENT

TPZP therefore self-certifies the submittal for Guideway Station 9772+35.08 to
10304+00.00 Ready for Construction to be compliant with Contract Requirements and
fitness for purpose.

Bl Submittal Certification
of Compliance (CoC)

29 In areas of shared-use track, operating speed sl

FINAL || CONSTRUCTION CONTRACT ||
DesicN J§ & InspecTions || CERTIFICATION |

NoR28 -
30 ¢ Peninsula Corridor from San Francisco to G g &3 o gi S
31 e Burbank to Anaheim project section in Phase 1 of the proj : T ‘7"\7’ ‘7’_ 4 ”
32 e Los Angeles to San Diego in the Phase 2 of E 25fo MPH\: —— | 1 -----------------

33 IThe System design speed shall be 250 mph. I

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

. 250 MPE-/ 1

250 MPH

| Trust but Verify
using Digital Threads 38

——

35 ¢ Peninsula Corridor from San Francisco to Gilroy: 110 mph

36 e Burbank to Anaheim project section in Phase 1 of the project: 125 mph

37 ¢ Los Angeles to San Diego in Phase 2 of the project: 125 mph

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




SOSE ACTIVITIES PERFORMED
SAFETY REQ. EXAMPLE (CRITICA

_ ITEM -> CERTIFIABLE ITEMS LIST [CIL])

[11INE:

D Hazards & Mitigations Cl H
- ﬁ 1 Infrastructure B
2 o 1.1 R-0-W Generally No
2 H 1.1.2 Collision No
26 o 1.1.2.7 Object thrown from overpass No
176 ﬁ 1.1.2.7.1 Mitigation #1 > ¥es

Risk of Thrown Objects | I Install intrusion prevention fencing at overpasses. I
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SOSE ACTIVITIES PERFORMED

PROGRESS MEASUREMENT

Oueruiew (3 013)
+ Exampe ol e v

SOSE AcTIvITIES PERFORMED
PROGRESS MEASUREMENT

~u
t@h

Progress Measurement
using Module of Metrics

Submittal-Specific

Requirements
RVTI)

Contract
Document #1

General
Provisions.

Seape of Work

Design Criera
Manual

Submittal #1_|—{ Submilial Req. #1 | Submittal #1

1 Requrements
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— 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

S Module 2 | module attributes
layout DXL

Module n | module attributes
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Overview (2 of 3) and Services

» Basic concept:
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Intelligence, Information

overView (3 Of 3) and Services

= Example of MoM view
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DEFINING THE 100% CONTRACT CERTIFICATION SCOPE (BY QMDP)
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SOSE ACTIVITIES PERFORMED
CP4 ExAMPLE: BUILDING THE MoM

'Module of Metrics' current 1.2 in /CRB DOQORS-DB 2021-01/00_Metrics (Formal module) - DOORS
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21
22
23
24
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26
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File Edit View Insert Link Analysis Table Tools Discussions User Change Management
AR Ff 5= | FIFFEH (eoFges

View [ 12. MoM Export v/ |levelz  ~ & &

Absolute| Object | _MoM_GMDP] Metrics

- N 4 Site- i rements
986 2 QMDF 01 2 4.1 QMDP 01

987 2 QMDF 02 2 4.2 QMDP 02

g8 2 QMDP 03 2 4.3 QMDP 03

ggs 2 QMDP 04 3 4.4 QMDP 04

901 2 QMDP 05 2 4.5 QMDP 05

g0z 2 QMDP 06 3 4.6 QMDP 06

993 2 QMDP 07 2 4.7 QMDP 07

50 2 QMDF 08 3 4.8 QMDP 08

904 2 QMDF 09 2 4.9 QMDP 09

995 2 QMDF 10 2 4.10 QMDP 10

906 2 QMDF 11 2411 QMDP 11

997 2 QMDF 12 2412 QMDP 12

998 2 - 2 4.13 QMDP 13

gog 2 QMDP 14 2 4.14 QMDP 14

1000 2 QMDP 15 2 4.15 QMDP 15

o1 2 QMDP 16 3 4.16 QMDP 16

. E R q4.17 QMDP 17 Contractor
ooz 2 QMDF 18 2 4.18 QMDP 18 QMDP Plan
1004 2 QMDF 19 2 4.19 QMDP 19

1005 2 QMDF 20 2 4.20 QMDP 20

1006 2 QMDF 21 2 4.21 QMDP 21

1007 2 QMDF 22 2 4.22 QMDP 22

looa 2 QMDF 23 2 4.23 QMDP 23

1009 2 QMDP 24 A 4.24 QMDP 24

1010 2 QMDP 25 2 4.25 QMDP 25

i1 2 QMDP 26 3 4.26 QMDP 26

01z 2 QMDP 27 2 4.27 QMDP 27

iz 2 QMDF 28 2 4.28 QMDP 28

L4

28

Activity
1D
MIL_1285
MIL_12390
MIL_12395
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
MIL_1355
MIL_1095
MIL_1360
MIL_1085
MIL_1365
MIL_1195
MIL_1370
MIL_1270
MIL_1375

amMDPp #

amMDP 01
aMDP 02
aMDP 03
amMDP 04
amMDP 05
QMDP 06
amMDP 07
aMDP 08
QMDP 09
QMDP 10
amMDP 11
aMDP 12
aMDP 13
aMDP 14
aMDP 15
QMDP 16
aMDP 17
aMDP 18
aMDP 19
amMDP 20
amMDpP 21
amMDp 22
aMDP 23
amMDp 24
amMDP 25
amMDP 26
amMDpp 27
amDp 28

Activity Name

EQOP to County Line

County Line to 5 Scofield

5 Scofield to Garces Abutl

Garces Hwy Underpass

Garces Abut. 2 to Woollomes Ave
Woollomes Ave to Pump Station
Pump Stat ion to 5. Magnolia

Stationing Responsible
14769+23 - 14822400 North S.M. Module
14822400 - 14877+00  North 5.M.
14877+00 - 14931+21 North S.M.
14931+31 - 14932+23  North 5.M.
14932423 - 14989+50 MNorth 5.M.
14989450 - 15055+00  North S.M.
15055+00 - 15096+50 Morth S.M.

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

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

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

Sherwood Ave to Poso Creek Abut) g

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

Wasco Viaduct Abutment 11 to Kimber

CHSRS: Focus OF THIS PRESENTATION

— INFRASTRUCTURE IS READY TO OPERATE

— INFRASTRUCTURE IS SAFE & SECURE
o EXAMPLE SAFETY REQUIREMENT

FINAL |} CONSTRUCTION ContrRACT |
DESIGN & INSPECTIONS | CERTIFICATION

15563+00 - 15587+00 South 5.M.
15588+25 - 15590+25  South S.M.
15590400 - 15614+00  South S.M.
15613+83 - 15614+43  South 5.M.
15614+00 - 15660+00 South S.M.
15660+20 - 15679+73  South S5.M.
15660+00 - 15720+00  South S.M.

CONTRACT CERTIFICATION
ACCEPTANCE & HANDOVER

o EXAMPLE PERFORMANGE REQUIREMENTS

OBJECTIVE
EvipEnce ||
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CP4 EXAMPLE: SuBMITTALS BY QMDP, MEASURING PROGRESS v
. )
|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
A& Eg& || == P23 |ie
View | 12. MoM Export v/ level7  ~ i = 92 oF £ F T F A% 4l
Absolut] Object | _MoM_QMDP] Metrics 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
o8¢ - -
M Design Submittals [ Raatldlad B Planned Work | Completed Work |
L : — High-Speed Rail | HSR I L J -
q o .1.1 HSR Aerial Structure HSR i i i i
i 4.4.1.1.1 Garces Hak Submittal Dates | Acceptance Dates | _
7 4.4.1.1.1.1 Design Design HSR — J -
-_ —
2 Type Selection Report (TSR) Design HSR 05 June 2017 16 June 2017 01 Civil Evidence Module 5.2 TSk
2 Geotechnical Engineering Design Report (GEDR) d Design HSR 23 January 2019 27 April 2017 01 Civil Evidence Module 5.1 GEL
2 60% Design d Design HSR 19 June 2017 06 November 2017 01 Civil Evidence Module 5.3 602
2 90% Design d Design HSR 18 December 2017 26 February 2018 01 Civil Evidence Module 5.4 902
61 Ready for Construction (RFC) F Design HSR 12 March 2019 19 November 2018 01 Civil Evidence Module 5.5 R
k! Bearings: Design Calcs F 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 - - B B
1 Construction Stage 1: Foundations, Abutments & Bents ¥ Construction - - 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
1 Third Parties i ' _
1 15 1 Electric Distribution I Information Retrieved from
g 4.4.2.1.1 Conflict 12004, PG&E - Contractor RM Tool Database
1} 4.4.2.1.1.1 Design - I -
4 P . Issued for Construction (IFC) ust 2018 29 August 2018 02 Utility Evidence Module 2.921F
1} | | | R 4.4.2.1.1.2 Construction B i B
g Construction Submittals Construction: All Stages i i i

S— - 4.4.2.2 Telecom

813 5 GMDF 04 4.4.2.2.1 Conflict 1000, AT&T ¥ i i B
1151 6  GQMDPO4 4.4.2.2.1.1 Design . | i [
389 7 QMDP 04 Ready for Construction (RFC Third Party | 02 Utility Evidence Module 1.30 RF
1152 6 GMDP 04 4.4.2.2.1.2 Construction onstruction Third Party - - i i

F >



SOSE ACTIVITIES PERFORMED
CP4 ExAMPLE: 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
= = 5
A i[5 g B = = 3" 3 F LR 3y e 5
View | 12. MoM Export v || Allevels  ~ i &% = H8 o £ T+ %4l |
§
Absolute| Object | _MoM_GMDP] Metrics Of wf Linked O
e i 4 Site-Specific Requirements i i
98g 2 QMDF 04 4.1 QMDP 04 -
1133 3 GMDF 04 4.4.1 High-Speed Rail i
130 4 QMDF 04 4.4.1.1 HSR Aerial Structure -
181 5  GMDPD4 4.4.1.1.1 Garces R
708 6  QMDPO4 4.4.1.1.1.1 Design bq . -
247 7 QMDF 04 Type Selection Report (TSR) * Dg 01 Civil Evidence Module 5.2 TSt
echnica ineeri n ; ivil Evidence Module 5
248 7  QMDPM4 Geotechnical Engineering Design Report (GEDR d 01 Civil Evidence Madul 5.1 GEI
628 8 QMDP 04 55.AS.GARCES.GEDR.RVTM e 01 GEDR Garces_RVTM -
627 8 GMDP 04 S5.AS.GARCES.GEDR.CIL d 01 GEDR. Garces_CIL §
249 ? Q M D P m ﬂ].% [m'g “ " ‘e'm g;: G;:’R::z::; :u::r;t 32:‘:';:‘25 ijj:s-?:;:l];l:ﬁ;\lfo:;(w&?;s\gg:::;r:ﬁaa\::ﬂgﬁ;iif:ubﬂr:;(:al;/ol HST Aerial Structure (Formal module) - DOORS - X
250 7  QMDPD4 90% Design "D ieFk | cao 5Py e
- > View [ Defauit View || laees ] G E || A CET LAY
35 7 GMDF 04 m for Construction {RFC) > 11D [Rvim D | Documert Name | Requiements Sect] Requiements Text 8 submital PMT | RAM | In Complierce with Cortract Documerts | Reference Document | DCN ~
15 a8 GMDP D4 S5.AS.GARCES.RFC.EVTM 30 DCM.01.47 01 DCM CHOL ;fzr.alwmm Fully grade-separated crossings A EZ’%“E?@?EEE%‘;TM E;;g&e‘l—cm
14 g  GMDPO4 5. A5 GARLES. REC.CIL > il
.. HST Cut & Cover Tunnel
807 8 QMDP 04 I S5.AS5.CARCES.RFC.COC I a5 DCM.01.62 01 DCM CHOL l.E%Deslsn :i des\gn;peed of 1fu mph is Eequ\‘red \:;here cost—ef:elctweda_zd where % E;s;g;{ﬁ}a;in‘%mﬁtm iT;K[I[I[IS—GAR Gen.
407 7 GMDPO Bearings: Designlcales , macgres [ g e, o,
= mph. HST Open Trench
88 8 QMDP SO AC CARCEC i:timr_n L Ropon o otpmton
QuDP DO L s e S o L
809 8 California High-Speed Rail Construction Package 4 by Junsdiction | Jto achieve concurrence of the Authority and Third Party. Jrres =
799 b o V&V Report for RFC Design Drawings for HSR Revision: 04
126 7  QMDP ‘gglt IFORNIA Structure over Garces Highway ' Ve GOMELSS GLOGDI il il [ihecinonen e o s Cutamey i deleey % DB, Egee
consistent with guidelines prepared altrans.
59 §  GQMDP Doc No.: CP4-6.162.1-0002 Date: 3/12/2019 e gunes preprecty Cat s
——— s
320 7 GMDFQ 2 CERTIFICATE OF COMPLIANCE WITH TECHNICAL CONTRACT REQUIREMENTS , S
181 DCM.01.198 01 DCM CHO1 1.4.1 Units of Design and construction drawings shall be developed in accordance with Design Baseline Report CAD Manual,
321 7 QMDP . Measurement | fthe CHSTP CADD Manual. . Section 1.3.5
—— g QMDP This certification of compliance includes the confirmation by the Contractor’s V&Y Manager, as per the WWSC b ’T‘m‘::“ e
section 2.3.4 and 3.1, that the work described in this submittal is in compliance with the Technical Contract e
3364 8 QMDP RDW Overhead (HST
Requirements and fitness for purpose and that the references to the objective evidence provided in the RVTM p— — - - . — b T T —
= i hecked by the Contractors QA/QC process, and have been confirmed as : e : BT AT e b”dﬁsen‘“?.merm
o Ao ’ o in all the sheets, FID .
1131 4  GQMDP Certificate of 8 Requirements Verification L
) = . .
sen = AMDP Compliance (CoC) Traceability Matrix (RVTM) !,
L4 >




CP4 EXAMPLE: REPORTING CERTIFICATES OF COMPLIANCE (COC) PROGRESS

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

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

v Insert Link Analysis Table Tools Discussions User Change Management Help File Edit View Insert Link Analysis Table Tools Discussions User Change Management Help
g B B = ~H t 3 B BN B B ; @ |'_—E—[| g B B S & = 3 B2 B0 By B
CERT-DES&HSR ~ | [Alleves  ~| | 4 E| | gy £ FIFIEA 2 View |07. MoM CERT:CONST @b ~ || [Alllevels  ~| | 4, E | T B TP A
_MoM_QMDP# | Meirics MoM View(s) | Josoidel Object | _Mom_aMDP | Metrics D| _MoM_HSR_3RD
3 General & Typical Requirements n 4 Site-Specific Requirements
GEN / TYP 3.1 CP4 Wide (General) 86 2  GMDROT 4.1 QMDP 01
GEN / TYP 3.1.1 High-Speed Rail 11 3 GMDP M 4.1.1 High-Speed Rail HSR
GEN / TYP 3.1.1.1 Baseline Reports ? 'Eﬁ‘.t'gﬁ? , 4.1.1.1 HSR At-Grade HSR
GEN/TYP 3.1.1.1.2 Final Design Report . 4.1.1.1.1 North e
GEN # TYP 3.1.1.1.2.2 Design 4.1.1.1.1.2 Construction HSR
GEN / TYP Final Design Report V&YV Monthly Repor| Construction Stage 4: Access * HsR
GEM / TYP CP4.BL.EDR.COC 2020 55.AG.NORTH.QMDP01.C54.COC HSR & Third Party
GEN / TYP 3.1.1.4 RAM Reports MDP 02
California High-! dR
GEN /TP 3.1.1.4.5 Final Maintenance ( é‘.’;‘lﬁi‘fi":g:fff 2.1 High-Speed Rail HSR
GEM / TYP 3.1.1.4.5.2 Design 4.2.1.1 H5R At-Grade HSR
GEM / TYP Final Maintenance Concept e 4.2.1.1.1 North HSR
R CP4.RAM.FMC.COC = 4.2.1.1.1.2 Construction HSR
GEN / TYP 3.1.1.4.6 Maintenance Manug — Construction Stage 4: Access ¥ LSk
GEM / TYP 3.1.1.4.6.2 Design 55.AG.NORTH.QMDP02.C54.COC HSR & Third Party
GEN /TYF Maintenance Manual DP 03
GEM / TYP . .
GEN / TYF 3.1 :P:R;:IMMCDC bility De ion Test P| e o
.1.1.4. amtama ility Demonstration Test 4.2.1.1 HSR At-Grade HSR
GEN/TYP 3.1.1.4.7.2 Design 4.3.1.1.1 North HSR
GEN /TYP Maintainability Demonstration Test Plan and Procedure = P : HSR
GEN / TYP CP4.RAM.MDTP.COC — 4.3.1.1.1.2 Construction 1
= = T = 1233 ¢ Construction Stage 4: Access H5R
GEM / TYP
e S Ma'"ta_'"ab"'tv < M= e S BoD 8 GMDP 03 55.AG.NORTH.QMDF03.CS4.C0C HSR & Third Party
3.1.1.4.8.2 Design 9gg 2 CQMDP 04 4.4 QMDP 04
GEM / TYP Maintainability Demonstration Test Report QMDF 04 - =
GEM # TYP CP4.RAM.MDTR.COC 1133 3 441 ngh—spEﬂi Rail HSR
. . - = GMDP 04 5
GEN / TYF 3.2 Typical Design Elements / Typical Detail 130 4 — 4.4.1.1 HSR Aerial Structure HSR
GEM / TYP 3.2.1 High-Speed Rail 181 3 4.4.1.1.1 Garces H5R
GEM £ TYP 231 1 Chrenrdneal Clamante 799 6 e 4'4'1'1'1'2 CDnStrUCtlnn HSR




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

s

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

Eile Edit View

Insert  Link Analysis

Table Tools Discussions User Change Management Help

A@EH || &= F F R FES [[emXee
View |08. MoM S85: CONST (SSC | Allevels  ~ £ B ¥ = 9 o7 £ [F || AL 4l
Absolutg] Object | _MoM_QMDP# | Metrics D| _MoM_HSR_3RD | _MoM_RDC | _MoM_Cert Submittal Date SONO/APP Date Linked Module
e i 4 Site-Specific Requirements I i i
986 2 GMDF M 4.1 QMDP 01 i i B
1153 3 QMDF M 4.1.1 High-Speed Rail HSR . i i B
6 4 QMDPOI 4.1.1.1 HSR At-Grade HSR ‘ - - :
46 5  GMDPOI 4.1.1.1.1 North HSR ' : i
797 6  QMDPOI 4.1.1.1.1.2 Construction HSR Construction _— i i
315 7 GQMDP 0 Construction Stage 4: Access * HsR Construction - - 01 Civil Evidence Module
3358 8 GQMDP 0 55.AG.NORTH.QMDP01.C54.55CR HSR & Third Party Construction - - -
089 2 QMDP 04
1133 3 QMDP 04 — Eh:[;pﬂ[:;h_speed Rail HSR " C‘\f'\"

= v

130 4 GMDP 04 4.4.1.1 HSR Aerial Structure HSR
181 5 QMDP 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 B QMDP 04 55.A5.GARCES.QMDP04.CS3.55CR HSR & Third Party
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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

% SOoSE Activities Performed

— Certification Strategy
— Step by Step Process Description

» Summary, Achieved Outcomes & Conclusion
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SUMMARY

INTRODUCTION: SYSTEM OF SYSTEMS
INCOSE S0S PRIMER — FURTHER READING

CALIFORNIA HIGH-SPEED RAIL SYSTEM @ CHSRS: CONTRACT VS. SYSTEM CERTIFICATION
CHSRS AS A SOS (PROGRAM OF PROJECTS) Wy
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HIGH-LEVEL VERIFICATION, VALIDATION & CERTIFICATION STRATEGY
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ACHIEVED OUTCOMES & CONCLUSION @.\\
s Large System of Systems "W’

— 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, CILS)

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

— Design & construction certifications (e.g., CoCs)

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

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

» 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.
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