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BACKGROUND & INTRODUCTION
CALIFORNIA HIGH-SPEED RAIL SYSTEM PROGRAM
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BACKGROUND & INTRODUCTION
U.S. INFRASTRUCTURE & TRANSPORTATION INDUSTRY X
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BACKGROUND & INTRODUCTION

U.S. INFRASTRUCTURE & TRANSP. INDUSTRY EFFICIENCY & PRODUCTIVITY@

Unlearning by doing

United States, gross value-added*
Per hour worked, 1947=100
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Efficiency eludes the construction
industry

American builders’ productivity has plunged by half since the late 1960s
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BACKGROUND & INTRODUCTION A~
ADVICE FOR SYSTEMS ENGINEERS NEW TO THE INDUSTRY W lly, N |

Disincentives for Systems Engineering: Any design & construction firm proposing additional‘,

unsolicited work (i.e., SE as an upfront investment) in a firm-fixed price and low-bid environment will
be at a competitive disadvantage due to increased bid costs and may consequently lose the bid.

Nomenclature & Terminology
Systems Engineering

Systems Engineer Position/Role
Stakeholders

Operations & Maintenance
Requirements

Architecture

Integration

Verification & Validation (V&V)

Firm Fixed-Price, Low Bid Contracts

Progress, Progress, Progress

Advice, Common Infrastructure & Transportation Observations

Learn the language to communicate effectively

Considered not applicable (misunderstood as the engineering of systems)
Does not exist. Expect highly functional / stovepiped organizations
Other/third parties requiring coordination with (e.g., regulators, utilities)
Happens after design and construction, taken care of “by others”

Are expected “to be known” or “to be familiar with” (“I know what | am doing”)
The art or practice of designing and constructing buildings

Happens after design and construction, taken care of by an integrator
Confusing to industry, use of quality mgmt. instead, avoidance of transparency
Expect delivery of fixed scope and low bid quality, every change — big $$%
WISCY syndrome (“Why isn’t Sammy constructing yet”)



BACKGROUND & INTRODUCTION A~

INTENDED AUDIENCE: OWNER & OWNER’S REPRESENTATIVE(S) 1

There are five key players in the U.S. infrastructure industry: (1) The owner, (2) owner’s
representatives (program/project management consultants), (3) design consultants, (4)
construction managers, and (5) the construction firms. Owners can be private or public entities,
such freight railroads, utility owners, state departments of transportation, public transportation
agencies, port authorities, etc.

As the infrastructure bill calls primarily for investments into roads, bridges, rail, ports, airports,
power, water, broadband, and other major public projects (the “infrastructure”), this paper is
written from a public owners’ (and owner representatives’) perspective.

Owners have great leverage in determining the scope of work and required proposer qualifications
for their projects, and have therefore the power to introduce systems engineering requirements
into their procurement contracts.

Owners have the opportunity and authority to level the playing field, by making Systems
Engineering a mandatory contract requirement for all proposers to comply with.

www.incose.org/symp2023
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LESSONS LEARNED

INITIAL SYSTEMS ENGINEERING REQS. (“VERIFICATION & VALIDATION”) &

California High-Speed Train Project

Agreement No. HS

California High-Speed Train Project

Agreement No.: HSR 13-06
Book 3, Part B, Subpart 1

Verification, Validation and Self-
Certification

(SE) MANAGEMENT PLAN

REQUIREMENTS MANAGEMENT,

INCLUDING TRACEABILITY
DESIGN MANAGEMENT
INTERFACE MANAGEMENT

INSPECTION & TESTING

VERIFICATION & VALIDATION
CHANGE MANAGEMENT

Revision No. Date Description
0 01 Mar 12| Initial Rel RO
1 04 Jun 12 | Interoperability Items List updated, R1
2 23 Aug 12 | Third Parties and Self-Certification addressed, R2
3 13 Dec 12 | Minor Clarifications, Updated Interoperability Items, R3
4 31 Jul 13 EXECUTION VERSION

California High-Speed Train Project

Agreement No.:

RFP No.: HSR 14-32 California High-Speed Rail Project

=-{22 10 Contract _A_] Name ] Type
Table of Contents o HE 5] P1357 -1.8.02 - CP X General Provisions  Formal
#-{3 20Book 2 28] P1357 -1.C.01 - CP X Scope of Work Formal
@3 30Book3
+ {3 40Book 4
[+ {1 20 Requirements
1 1 |INTRODUCTION (3 30Final Design
2 1.1 Reference Standards ... ... #-{3 40 Construction
3 1.2 Scheduling o +{13 50 Certl!ca’tuolnﬂlj Ll—] L]
4 1.3 V&V Submittals
5 1.4  Self Certification Process Overview .. Figure 4: RM Tool — Sample Folder and File Structure
6 1.5 Terms and Acronyms
= DCM CHO4 C rack Geomelry Rev :]
. 1 o -
8 21 Verification and Validation Plan 3 DEM.CHA-2 4.1 Scope
9 211 Verification and Validation Process. B ‘."f“im*‘" DCM.CH4-3 This chapter provides design o/ria of geometric desin requirem=nts fx maii
10 212  Requirements Management........... 42 Readons. Cob 1o ey a0 cromsovers on il highv e
11 213 Design Management ipptiebtprissnnill [SYIT I 4.2 Regulations, Codes, Standards, and Guidelines
214 Interface Management = 45 Vertical Algnment DCM.CHA-S Refer to the Ganeral r—\ac'w for ra'wnrrem- ;evh;mnj to regulations, codes, an
215  Inspection and Testing Program Management .. E e e ;
216 Change Management..................oooooooee e 5 48 Low and Medum Spaac e
2.2  Requirements Management Tool ................................ Q. .. il _‘(‘j;;j}z/”:l’j;j‘g;“'-‘ g and Mantonince-of-ay Association (RE
221 Parse the Contract for Technical Contract Requirements 4.3 Types of Rail Corridors
222 Capture Technical Contract Requirements T ) 4.3.1 Dedicated High-Speed Rail Corridors
22053 Document Technical Contract Requirements ... . :::*::’:TL“‘“" Yaid | pom.cH4-11 Dedicated High-Speed Rail Corridors are segments of right of way within the
224  Analyze Technical Contract Requirements... ¥
225 Derive Technical Contract Requi{emems ) E a'a'x’ij -'-u'n_cv.e« ram_c._aa zr_a:»», Th:;(e . no 0 ration :-lfr_e‘q'.t_r:am; '
. ; . senger trars within these corridors. The operation of traks and equiprre
226  Apportion Technical Contract Requirements ..... for Mantenance of Infrastuctre work | permited n these corridors.
227 Trace Technical Contract Requirements ... <l | 24 | _»r'
L Mar_\age Technlcal Contract Reguwements Figure 5: RM Tool — Sample Contract Document
229  Verify Technical Contract Requirements
55:? \ézl;)%?{i?‘;’echnlcal CETIEEIRE TENE B Do not change or edit the original Contract documents.
2.3 Requirements Verification and Traceability Matrix
231 Submittals 223 Trace Technical Contract Requirements
24  Certifiable Items List - B ) Il Ihes e .
o o Provide full traceability as depicted in Figure 3 and specified below using the RM tool:
25 Contractor Verification and Validation Report v P g P 8
2.6 Contractor Verification and Validation Submittal .... e Supporting Documents (see Section 2.2.4 for definition) to Typical RVTMs and CILs (general
32 3 EXECUTION clarifications or changes)
33 31 Self-cert!ﬁcatFon . _()ver\{lew ; - e Supporting Documents (see Section 2.2.4 for definition) to Submittal Specific RVITMs and
34 3.2  Self-certification Process involving Third Party Entities e (e cific darificsti :
35 3.3  Contractor Verification and Validation Requirements ... s (site specific clarifications or changes)
36 3.31 Contractor V&V Key Personnel... e Typical RVTMs and CILs to Submittal Specific RVIMs and CILs
37 332 Verification and Validation Plan ..
38 333 Requirements Management Tool e Submittal Specific RVTMs and CILs to Final Design submittals
ig ggg (F:Z:(r]t};r:;irlréelrt]ésm\;egfsl;:; tlonTraceablIlty Matrix.. e Submittal Specific RVTMs and CILs to Construction submittals, including inspection and
41 336 \Verification and Validation Reports ... test submittals
42 3.4 Independent Checking Engineer and Independent Site Engineer .. «  Submittal Specific RVTMs and CILs to Certification submittals
43 341 General ICE/ISE Requirements

RFP No.: HSR 14-32 - Addendum No. 2 - 10/09/2015




LESSONS LEARNED

INITIAL SYSTEMS ENGINEERING REQUIREMENTS (TRACEABILITY MATRIX)

X r 4
vi CP1 £
Table 1: RVTM Template
Final Design
Technical Contract Requirement Requirements Design Construction Testing/Acceptance
Req. | Doc. Document Derived Apportioned
ID ID Section Requirements Text Requirements Requirements Allocation Doc. ID/Name Section Doc. ID/Name Section Doc. ID/Name Section
1 Design | 4453 The maximum unbalanced N/A N/A Track Drawing Set Drawing
Criteria | Unbalanced superelevation (Eu) shall be limited Geometry | (e.g., Plan & #
Superelevation to 3 inches Profile)
2 Design | 5.8.2 Subballast | The thickness shall be determined | The thickness shall | N/A Track Report ... Section# | ...
Criteria | or Asphalt by analysis of the support required. | be xxx inches. Cioss Sechion Drawing | N/A NA
Underlayment X # )
(Typical)
Cross Section Drawing | Drawing Set Drawing
(Site Specific) # (Released for #
Construction)
Inspection Section #
(Plan, Procedure, Report)
Drawing Set Drawing
(As Constructed) #
Test/Acceptance Section
(Plan, Procedure, #
Report)
3 Design | 1.9 Climatic Climatic conditions necessary for | The design wind Wind loads on Structures | Report ... Section #
Criteria | Conditions design, including those that are speed shall ... structures shall
site-specific, shall be researched consider the design
and considered by the designer wind speed (velocity)
as defined ...
4 PHA d-151a Perform hydraulics analysis and Hydraulics analysis | N/A Geotech
Derailment due to | incorporate results into sub-grade | shall ... Sub-arade shall Track
Washout design, slope protection, and b-g — —
setting of profile. Slope protection shall Civil
Setting of profile shall | Track
Geometry
Install appropriate drainage. Drainage system Drainage
shall ...
Inspection and maintenance of O&M
drainage systems.




LESSONS LEARNED

RESULTS: SAFETY REQUIREMENTS (MITIGATIONS FROM HAZARD ANALYSIS) &

[11INF:

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

ID Hazards & Mitigations Cl g
- ﬁ 1 Infrastructure -1
2 B 1.1 R-0-W Generally No
2 § 1.1.2 Collision No
26 o 1.1.2.7 Object thrown from overpass No
176 ﬂ 1.1.2.7.1 Mitigation #1 ¥ Yes
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| LM L
1a'—gy"
|
seg |
l/
100" 70" / 120" X
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LESSONS LEARNED
RESULTS: SAFETY REQUIREMENTS (USING CERTIFIABLE ITEMS LIST [CIL])

California High-Speed Train Project

Construction Packace 1

Certifiable Items List (CIL) as input into

Safety & Security Certification Report (SSCR)

Table 1-CIL

|
| ‘ "/
| P Lo 4

Tuolumne Street Overhead Construction Submittal
Safety & Security conditional Certification Report

o i Hazards & Mtigations Cl g
1 ¥ 1 Infrastructure No
2 < 1.1 R-O-W Generally No B
2 § 1.1.2 Collision No
26 ) 1.1.2.7 Object thrown from overpass No
| 176 1.1.2.7.1 Mitigation #1 ¥ Yes ]
Install i;ltrusion prevention fencing at overpasses.

] | (CEHL167) 1.1.2.2.1 Mitigation #1
CIL65 1.1.2.7 Object thrown Mitigation #1
(CEHL176) from overpass [1] INF:
1.1.2.7.1 Mitigation #1 Install intrusion prevention fencing
at overpasses.
|
1.1.2.5.1 Mitigation #1
\ CEHL CIL65 1.1.2.7 Object thrown Mitigation #1 N/A N/A Civil Yes, CEHL 176 is ST-K1102-TLM Type 3 (Mod) & Type 7 (Mod): Fencing is installed atop
(CEHL176) from overpass [1] INF: Guideway satisfied by chain link 2017Jun28_TLM_LookingNorth.jpg barriers
2 1.1.2.7.1 Mitigation #1 Install intrusion prevention fencing Structures Type 3 (Mod) and
at overpasses. Type 7 (Mod) fencing
as shown on sheet ST-
K1102-TLM
CEHL CIL100 1.1.3.1 Fire and/or smoke | Use of non-flammable materials on RFI-00196: The Authority N/A Guideway Yes igSouth2.jpg Photo shows concrete
(CEHL203) on at-gr. S f t concurs with the following Structures Reference & TraceS structure
1.1.3.1.; alre definition: . . .
ety Flammable solids are solid to Objective Evidence
Requ”-ement ammable solids are solids
CIL106 1.1.3.2\ that are readily
(CEHL208) and/or smoke adjacent to combustible, or may cause
an at-grade alignment or contribute to fire
ClL191 1.1.3.2.2 Mitigation #2 through friction. Readily
(CEHL262) combustible solids are
1.2.1.7 Fire on elevated powdered, granular, or
ClL273 structures pasty substances which are
(CEHL317) 1.2.1.7.1 Mitigation # 1 dangerous if they can be

4 N TN Ciem tew b lmiss

easily ignited by brief

et ot ca bl e v il e




LESSONS LEARNED

INITIAL SYSTEMS ENGINEERING REQS. (INTEROPERABILITY, |NTEGRATION)

/ l'/
—e /e y

‘&

RFP No. HSR 11-16

RFP No. HSR 11-16

California High-Speed Ti

3.1.21
3.1.2.1.

Track Alignment. .
Interface between SYS TP Maximum Grade @ Phase Break Requirements an|

E 8 uppo ng re Location Red
Interface between SYS OCS Foundation & Supporting Structure Spatial Requ
Conduits & Cables...........
Interface between SYS OCS Conduit, Duct Bank & Manhole Requirements an
Dead & Live Loads ...
Interface between SYS OCS Dead Load, Additional Load & Capacity Protectig
3216 Protective SCreens ...
3.2.1.6.1 Interface between SYS OCS Protective Screening & Barrier Requirements an
Automatic Train Control ...........coooeiiiii e

3.3.1 Interfaces with Operations & Maintenance ...........ccccceeeeeeiieeneenn.
3.3.11 MaiNtenanCe ... .o

3.2.1.3.2
3214

3.2.141
3215

3.2.1.5.1

3.3

ID Interface Document Reference(s)
WITH THREE HIGH-VOLTAGE TRANSFORMERS
Drawing DD-TP-D201, CONCEPTUAL LAYOUT SWITCHING STATION
Drawing DD-TP-D301, CONCEPTUAL LAYOUT PARALLELING STATION
Maintenance of Infrastructure, 2, CHST Infrastructure System And
Maintainability
Maintenance of Infrastructure, 2.5, Structures
Maintenance of Infrastructure, 2.6, Electric Traction
Maintenance of Infrastructure, 9.4, Right of Way Access
Maintenance of Infrastructure, 9.6, Electric Power Transmission System (TI
3.1.2\ Interfaces with Guideway (excl. Trackwork)
3.1.2.1 \Track Alignment
IF 80 3.1.2.1.1 Interface between SYS TP Maximum Grade
@ s o [06M 20 TRcTon Pk Reourenes |
Infrastructure
Purpose/Scope: DCM, 20.7.2, Spacing of Traction Power Facilities
Ensures that the SYS TP system maximum grade @ phase ~ | DCM, 4.5.1, Maximum Grades
break requirements have been addressed by the INF
3.1.2.2  Traction Power Facilities & Wayside Power
Cubicles (Sites)
IF5597 | 3.1.2.2.1 Interface between SYS TP Facility & WPC

Site Location Requirements and GWY
Infrastructure

3.3.1.1.1  Interface between O&M Mol ATC Interlocking & TCC House Site Access Reqy

Purpose/Scope:

Ensures that the SYS TP facility & WPC site location
(where to install, not size) requirements have been
addressed by the INF team.

DCM, 13.16.14, Overhead Contact System Motorized Disconnect Switch
DCM, 13.16.4.1, Traction Power

DCM, 13.3.10, Equipment Requirements and Tunnel Niches

DCM, 20.12.1, Wayside Power Control Cubicles

DCM, 20.7.2, Spacing of Traction Power Facilities

DCM, 20.7.3, Additional Location Requirements

Drawing DD-TC-004, STATION INTERLOCKING LAYOUT-TYPICAL
Drawing DD-TC-005, UNIVERSAL INTERLOCKING LAYOUT-TYPICAL
Drawing DD-TC-025, TYPICAL INTERLOCKING AT STATIONS

N " NIN T AN, TVOIIAAL LIAINIFEFDC AL IAITEED AASIZIALZ | ANZANDL 1T



LESSONS LEARNED

RESULTS: INTEROPERABILITY (INTERFACE CONTROL DOCUMENTS

CALIFORNIA
RAILBUILDERS

INTERFACE CONTROL DOCUMENT (ICD)
IF 80 - Interface between SYS TP Maximum Grade at
Phase Break Requirements and GWY Infrastructure

California High-Speed Rail
Construction Package 4

Agreement No. HSR 14-32

Revision 00 Previous Revisions
Date [0 L Number Date
Doc. No. CP4-6.27.37-0001

Prepared By Cindy McLeod

Califomia High-Speed Rail Construction Package 4
INTERFACE CONTROL DOCUMENT (ICD) 1F80 - —
RAILBUILDERS
DocNo.: CP4-6:27.37-0001 Date: .
2, EXECUTIVE SUMMARY
‘This report contains the Certifiable Items List (CIL) specific to all design packages (CP4) that IF 80 is applicable to and
provides documentation on how this interface requirement was met. The allocation of this interface is for Guideway
(Civil) only.
The CRB Interface Lead worked with the V&V team and the Deg
assess all contract documents inclusive of manuals, reports, di California High-Speed Rail Construction Package 4
to demonstrate submittal compliance to the Technical Contract 9 causrcmux | INTERFACE CONTROL DOCUMENT (ICD) 3 sisT tPhase d GWY I [ verson B
77 e
The Interface Control Document Certification Report includes tf] v | Doc No.; CP4-6.27.37-0001 [ oate: 2 . C | L Wi t h Tra ces to
) Certifiable items List (CIL) table for Interface Req| . . .
IV, Part E.1- Verification Validation and SelfCerti O bJ e Ct lve E VI d ence
I} Drawings and; or other relevant documentations Table 1: CIL
requirements have been met.
With the completed certifiable items list(CIL) and associated T R Bect N [ U | FOuesmerSacies RS Scsion LR e
Document Certification Report, CRB is using this report as a |
Submittal. 1008 | 30CPAIFREG | IF80 |DCM20.7:2 Purpose/Soope: o. TPSS locati i i i TF-D1047t0 Yes
ta. 1.03% grade at 2500 feet 1o | TPSS location (sta. 15555+00) and | vl and Profile TED1065
By signing below, the following CRB staffs certify that ICD for | . "m o
and the Design Lead. The signature provided by the Design Leal WA N/A Guideway/North | North Civil Segment A1 TI-D1006 Yes.
for each critical i ined in the CIL matrix fully satisfies ¢ e Tack Alesncot Flr and
Profie
Note: IF 80 s not applicable to South(Civil) of CP4.
Reason: There is no phase break at South(Civl) desig]
L — Galfornia Figh-Speed Rail Construction Package &
9 E— ‘ INTERFACE CONTROL DOCUMENT (ICD) i sy tPhase d GWY Infy ‘ Version:
1 D1006)
Interface Lead:

3. Excerpted
Objective Evidence

WWWw.incose.org/symp2
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LESSONS LEARNED
KEY LESSONS

Challenge(s) Lesson Learned, SDLC Updates

SDLC: SYSTEMS DEVELOPMENT LIFE-CYCLE REQUIREMENTS

(UPDATED V&V REQUIREMENTS BASED ON LESSONS LEARNED) X | 1 /

Ability and
willingness to
implement SE

“Leave it to the
contractor”
mentality

Governing
requirements

Breakdown
structures,
allocated
requirements

RAM

Incomplete, incorrect,

inconsistent, and/or delayed

SE implementation

Each CP developed
differently, inconsistent SE
implementations

Continuous discussions of
applicable requirements
Moving targets
Uncontrolled changes

Incomplete and changing
breakdown structures
Late discovery of system
elements

Requirement allocation

See first bullet (SE)

Additional training requirements

Additional process detall

More detailed technical guidance

SDLC milestones tied to payment milestones (Enforcement)

SDLC as CHSRS standard
RM tool handbook and model (CHSRS, 2022)

SDLC phases & associated requirements baselines
Strengthened configuration management

SDLC phases & associated deliverables
System breakdown structure

Site breakdown structure

Submittal breakdown structure

See first bullet (SE)
SDLC phases & associated engineering analyses (including RAM)

www.incose.org/symp2023 16



LESSONS LEARNED
KEY LESSONS (CONT'D)

Challenge(s) Lesson Learned, SDLC Updates

V&V during — Lack of appropriate — SDLC phase with associated (early) verification & validation and
Construction inspection & test planning inspection & testing deliverables
— Lack of detailed traceability to Strengthened V&V requirements
specific objective evidence

Independent V&V - Specificity of ICE/ISE scope - CHSRS bulletin with further detailed ICE/ISE scope
subject to independent V&V - SDLC invoking bulletin

Frequent — Number of RFls, DVRs, DLs, - Strengthened requirements & configuration management

changes DCNs, FCNs

— Continuous changes to
requirements, design, and
construction baselines

Certification, — Lack of certification planning - SDLC phases & associated certification deliverables
acceptance & — Moving targets — Added certification management
handover — |ICE/ISE certifications — CHSRS bulletin (ICE/ISE scope)

www.incose.org/symp2023 17
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— Advice for Systems Engineers New to the Industry
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RECOMMENDATIONS: REFINING & TAILORING
PROVIDING STANDARDS: IMPLEMENTING THE SDLC (HANDBOOK & MODEL)

California High-Speed Rail Authority Agreement No.: [e]
=R 4 020 Contract Requirements “HOW’
3.31 Level 1 Requirements =3 010 CBL
3.3.1.1 Contract Requirements Baseline =-{Z3 010 Book | - Contract Requirements
The contract requirements baseline (CBL) is defined as the executed Contract documents ; L 010 Part A - S"gnat'-"'e Document
captured in the RM tool including their attributes and allocated attribute values, as presented in |+] {3 020 Part B - Provisions
Figure 3 and described below. P | 030 Part C - Scope of Work
Create the CBL including the following: “:, {3 020 Book || - Third Party Agreements
e Confirm the correct and complete set of executed Contract documents and revisions. |;J {3 030 Book Il - Design Criteria and Directive Drawings
¢ Identify the executed Contract documents subject to management in the RM tool, Lisffess ( Hl_ L] 010 Part A - Dés:gn Criteria Manual
otherwise agreed to in writing by the Authority, this includes all ex Contract i a3 B Tr _
documents with the exception of reference documents. : -3 020 Part B | Directive Drawungs
AWVl | Capture the executed Contract documents in the RM tool. #-_3 040 Book IV - Qupplemental Contract Requirements
¢ Additionally capture files that may be electronically embed in the executed Contract
documents, including the (1) Preliminary hazard analyses ( ), (2) Threat and

vulnerability assessments (TVA), (3) Interfaces, and (4) environmental fdquirements.

e The executed Contract documents are configuration items. As the execut®™{ Contract

forms the basis and starting point for requirements management, the executed tract 0
documents must not be changed in the RM tool. For change management throughout ID 08/02/2021 Rev. 4.5-BOD 0 _TCR/CI
project life cycle (e.g., directive letters, design variances, etc.) refer to the CfM section 4.3. DCM02.18 2 Basis of Desi gn Heading
e Perform technical contract requirements (TCR) and critical items (CI) analysis and = = = 1~ -
allocation. For definition of TCRs and CIs refer section 4.1. In general, all TCRs and CIs DCM02.20 2.2 DeS|gn Criteria Elements Heading
are to be labelled as such. Only when a TCR or CI invokes an engineering analysis, label DCM02.23 2.2.3 Train Operation > Heading
the TCR or CI as an EA. - . > -
e Perform regulations, codes, standards, and guidelines (RCSG) analysis and allocation, to DCM02.29 2.2.3.6 Operatl ng and DeS|gn Speed Heading
be further analyzed as part of the design and code analysis report (DCAR, section 3.3.1.2). DCM02.30 The System design speed shall be 250 mph. » TCR

Allocate each individual RCSG requirement to the DCAR, including the ones listed in

RCSG summary sections as well as individually referenced RCSG requirements STANDARD / MODEL r
throughout the body of text. All identified RCSGs are considered TCRs or ClIs. )
For flow down and tracing of the allocated CBL requirements refer to the DCAR (section
SDLC 13.3.1.2) and TCR and CI masterlists forming the system requirements baseline (section Se'org/ Symp2023 22
3.3.2.1).
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RECOMMENDATIONS: SDLC MODEL
SYSTEMS DEVELOPMENT LIFE CYCLE (SDLC) MODEL

SDLC
Phase n

SDLC
Phase 1

DEFINES PROJECT
PHASES & MILESTONES

Work Breakdown

SDLC
Phase 2

Structure SDLC
Phase ...
Deliverable 1 X

N

SERVES AS FRAMEWORK Deliverable 2 /
TO ALLOCATE PROJECT _ O
DELIVERABLES TO Deliverable ... X

4
\

PROJECT PHASES

/X

Deliverable ...

Deliverable n

/
YXO

Submittal & Review Milestones

Schedule

Task Mame

~
3 SDLC Phase 1 1day |

4 [D] Deliverable 1 1day
[A] Activities .., 1 day
] [M] Milestone 1 0 days
T
B 4 [D] Deliverable 2 1day
[A] Activities ... 1day
[M] Milestone 2 0 days

11 SDLC Phase n 1day |

4 [D] Deliverable n 1day
[A] Activities ... 1day
[M] Milestone n 0 days

INPUT INTO PROJECT
SCHEDULES, MILESTONES



RECOMMENDATIONS: SDLC MODEL
SYSTEMS DEVELOPMENT LIFE CYCLE MODEL (CONT'D)

Contract Certlflcatlon& ------ Certification Y y
Requirements i Handover Plan & Handover “CHR
NTP 1 | cBL {
P Requirements s
HASES Analysis ;
— : Master Review, i
SRR 1 | SBL |- Inspection&Test =
i Plan i 5
Design
i Analyses A Demonstrations
ARR | [ ABL + l Analyses S ».
; NP | Inspections CSR
C ¥ k] . W
o Preliminary Inspection & Test Testing ; T
DESIGN J 3 " Design Plans j 2 @ BuiLD
PDR 1 || PBL P l |
i Ready for ; Inspection & Test ; E
i Construction i Procedures
f |  E— T
1) S | — | FBL | 4 l
REVIEWS T BASELINES Manufacturing M&C Certifications,
& Construction | Inspections & Testing
[ mcL
 S— ittt OSSO
Legend: Baselines:
Milestone Reviews: CBL Contract Requirements Baseline
NTP Notice to Proceed FDR Detailed Design Review SBL  System Requirements Baseline
SRR System Requirements Review  CSR Construction Stage Reviews ABL Allocated Requirements Baseline
ARR Allocated Requirements Review CHR Certification and Handover Reviews PBL  Preliminary Design Requirements Baseline
PDR Preliminary Design Review FBL Final Design Requirements Baseline 25

MCBL Manuf. & Const. Requirements Baseline




RECOMMENDATIONS: SDLC MODEL

SDLC MODEL: DOCUMENT STRUCTURE, PHASE, DELIVERABLES

1 INTRODUCTION
1.1 PUMPOSE ..o
1.2 SCOPE oo
1.3 Project Description..
1.4 Reference Standards .....
1.5  Acronyms and Definitions .....................................
2 TECHNICAL MANAGEMENT
2.1  Systems Engineering Management Plan ..................
2.2 Scope Management....................o..
2.3 Time Management............
2.4  Organizational Management ...
25 Risk Management................
26  Subcontractor Management................ ...
2.7 Qualificationand Training .............. . ...
3 SYSTEMS DEVELOPMENT LIFE LE PHASES.......
3.1 Systems Development Life CyfCle Model ......
3.2 _Mobilization Phase_....__._#
33
34 DesignAnalysisPhase ...
3.5 Preliminary DesignPhase...................................
3.6  Ready for Construction Phase ..............................
3.7  Manufacturing and Construction Phase ....................
3.8  Certification and Handover Phase..........................
4 CROSS-CUTTING SYSTEMS ENGINEERING METHOD
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4.2 Interface and Integration Management......................
4.3  Configuration Management.....................................
44  Verification and Validation Management ...................
45 Inspection and Test Management..........

46  Certification and Handover Management .....
4.7 Independent Verification, Validation, and Certificatiol
5 SPECIALTY ENGINEERING INTEGRATION..................|

6 REVIEW MILESTONE DELIVERABLES
6.1 ilizati
6.2
6.3  Design Analysis Phase
6.4  Preliminary DesignPhase....................................
6.5 Ready for Construction Phase ................................
6.6  Manufacturing and Construction Phase ....................
6.7  Certification and Handover Phase...........................

Table of Contents

| Construction Package X, Part X |

3.2

///,

Mobilization Phase

3.21 Project Plans

Provide the Contractor SEMP as defined in section 2.1. Provide otl{
as specified in the Contract. Refer to section 6.1 for other mobiliza

3.3

The
regffiirements phases of a typical systems development life cycle (

The RA phase applies to both design bid build (DBB) and desig]
during preliminary engineering (PE), environmental clearance (E!

| Requirements Analysis Phase |

irements analysis (RA) phase represents the combij

6

This section summarizes the key SDLC deliverables described in this doq
not all deliverables are listed. It is the Contractors responsibility to devq

Review Milestone Deliverables

and consistent submittal list of all Contract deliverables.

6.1

Provide the following SDLC deliverables for the mobilization phase revi

Mobilization Phase

Table 3:

Milestone Submittals — Mobilization H

Milestone Submittals / Deliverables Section | Subjec
design (FD) stages in conformance with the Authority stage )
procedure TECHNICAL MANAGEMENT

» Systems Engineering Management Plan 2.1 Revie
The key purpose of the RA phase is to (1) Capture the executed o Technical Work Breakdown Stru 22 Revie
contract requirements baseline, (2) Perform applicable engineeriy + Technical Schedule 23 Revie
and code analysis, (3) Create the system requirements baseline, (4) — " ]
(5) Develop certification and handover plan, as figuratively prese| * Organizational Breal(dAown Structure 24 Rere
afortolsactinnaln ¢ Technical Risk Mitigations 25 Revie
CROSS-CUTTING SE METHODS
’ T | | « RM Tool License 411 Revi
* RM Tool Installed 411 | Revif
Contract A Eng. TCR&CI .
D A Annfys. Masterlists ¢ RM Tool Implementation Plan (CRIMP) 412 Reie
» Configuration Item and Baseline (CIBL) Log 4311 Rﬁde
D ogz"m‘:‘?” 1 — Technical ¢ CIBL Naming Convention 4312 Ievie
Design Contract  CIBL Revision Numbers 4313 ﬁ{evie
Contract TR || oear & Code TCR Requirements - - .
Document #2 || CI | Analysis ci & » Configuration Release Control Strategy 4351 I Revie
Report Critical
,Wl | it SPECIALTY ENGINEERING INTEGRATION
Document #n * As required by specialty engineering process 5 Revie
( CcBL | | EA | | SBL
G, i e |_6.2—»] Requirements Analysis Phase|

are listed in section 6.2
ents baseline, (2) Engineering analyses, (3) Sy
Master test plan, and the (5) Certification and Handover Plan.

The key deliverables for t
Con ¥

The review milestone for the RA phase is the system requiremen
is completed when all RA phase deliverables defined in the Cont|
Authority (i.e., approved or a Statement of No Objection).

The RA phase deliverables listed below are configuration iter]
executed Contract documents, the RM tool version of each deliv]
copy. Manage any change following the configuration manageme|

Provide the following SDLC deliverables for the system reguirements re

Table 4: Milestone Submittals — Systgim Requireme|
Milestone Submittals / Deliverables ’ection Subjec]
SYSTEMS DEVELOPMENT LIFE CYCLE

o Contract Requirements Baseline sshll Revie
* Engineering Analyses - DCAR 3.3.12 Revie
¢ System Requirements Baseline (Informal) 3.3.2.1 Revie
¢ System Requirements Baseline (Formal) 3.3.2.1 Revie
® Master Review, Inspection and Test Plan 3322 Revie’
o (Cortificatinm and Handavrer Plan 22912 Poie

Additionally, RA phase deliverables are considered technical contract submi
the deliverables as a TCS following the Verification & Validation (V&V) proce

3.31 Level 1 Requirements

3.31.1 I Contract Requirements Baseline I

and signfd version of the Contract that was agreed to by both the Authority a

Create fhe CBL including the following:

Confirm the correct and complete set of executed Contract documents
Identify the executed Contract documents subject to management in tl
otherwise agreed to in writing by the Authority, this includes all
documents with the exception of reference documents.

Capture the executed Contract documents in the RM tool.
Additionally capture files that may be electronically embedded in the
documents, including the (1) Preliminary hazard analyses (PHA
vulnerability assessments (TVA), (3) Interfaces, and (4) environmental

® The executed Contract documents are configuration items. As the
forms the basis and starting point for requirements management, the
documents must not be changed in the RM tool. For change managem:
project life cycle (e.g., directive letters, design variances, etc.) refer to th

e Perform technical contract requirements (TCR) and critical items
allocation. For definition of TCRs and CIs refer section 4.1. In general
are to be labelled as such. Only when a TCR or CI invokes an enginee:
the TCR or CI as an EA.

* Perform regulations, codes, standards, and guidelines (RCSG) analysi:
be further analyzed as part of the design and code analysis report (DC/
Allocate each individual RCSG requirement to the DCAR, including
RCSG summary sections as well as individually referenced RC

throughout the body of text. All allocated RCSGs are considered TCRs
e For flow down and tracing of the allocated CBL requirements refer to
3.3.1.2) and TCR and CI masterlists forming the system requirement
3.3.2.1).
3.3.1.2 Engineering Analyses — Design and Code Analysis Report
The design and code analysis report (DCAR) analyses the current design, indus

design and construction codes for applicability to the design and constructio
Prepare the DCAR as required in the Contract.



RECOMMENDATIONS: SDLC MODEL
SDLC MoODEL: APPLIED & TAILORED TO INFRASTRUCTURE

System Breakdown Structure (SBS) Applied System Breakdown Structure STEUE(T)ERE
T UPAL € UPAL
_{Pad : 25-0" MIN 25°-0" MIN |
2"?3 Wall M anei I & VARIES " & VARIES
: I Il
System -1 Typical L L Strap
| ] B |
|
Embankment Subgrade ST ¢ $2 ¢ A
Sub- Sub- Sub- i _E :
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RECOMMENDATIONS: BY SDLC PHASE —~u_

MOBILIZATION PHASE 18 TEA

— Key Purpose:
o Mobilize the project team & establish project resources (e.g., office space, equipment, etc.)
o Occurs immediately after project award (“Notice to Proceed” [NTP])

— Key (SE) Deliverables:
o Systems Engineering Management Plan (SEMP)
o Other planning documents associated with the mobilization phase & review milestone

- Review Milestone:
o Mobilization Phase Review (MPR)

— Key Recommendation:

o Do take advantage of the early goodwill (“honeymoon”) project phase

o Do request detailed management plans, describing how the Contractor plans to execute the project
(i.e., planned deliverables, activities, timelines, processes, templates, etc.)

Do get all Contractor commitments in writing (e.g., the Contractor SEMP)

Management plans indicate Contract understanding, document commitments, and serve as the basis
for future audits

o Do not allow the Contractor to shortcut or skip the planning efforts (“failing to plan is planning to fail”)
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RECOMMENDATIONS: BY SDLC PHASE —~u_
RA PHASE: OVERVIEW rinrp,
— Key Purpose & Activities:

1.
2.

3.

4.
5.

Determine the governing (executed) contract documents (“baseline”)
Perform initial engineering analyses such as the design and code analysis

Establish a system requirements baseline (i.e., masterlist of all formally managed TCR and CI
requirements, using the requirements management process & tools)

Plan for design reviews, inspections, and testing
Plan for the infrastructure certification and handover (e.g., to the next Contractor)

— Key (SE) Deliverables:

1.
2.
3.
4.
5.

Contract Requirements Baseline (CBL)

Design and Code Analysis Report (DCAR)

System Requirements Baseline

Initial Master Review, Inspection, and Test Plan (MTP)
Initial Certification and Handover Plan (HOP)

- Review Milestone:
o System Requirements Review (SRR)
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RECOMMENDATIONS: BY SDLC PHASE A~

. 9
RA PHASE: OVERVIEW (CONT'D) e
]
Level 1 Level 2
Contract Analysis Eng. e TCR & CI A Planned
Documents | | & Allocation Analys. Masterlists Acceptance
Contract | | 3 _ Master Review,
Design Contract Test Plan
Contract TCR | & Code TCR Requirements | | MTP V&YV Strate
Document#2 | | ¢ || PAR Analysis Cl 5 & HOP ( 2
Report Critical .
Contract ltems Certification and
CBL EA SBL MTP /HOP

“SYSTEM” LEVEL REQUIREMENTS
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RECOMMENDATIONS: BY SDLC PHASE
RA PHASE: SUMMARY

- Key Recommendations:

©)

©)

O

O O O O O

Do insist on formal requirements management

Do not let anybody convince you that they “know” or are “familiar with” with thousands of contract
requirements, including all (100s to 1,000s of) contract changes over time

Do ensure the use of the correct contract document versions

Do use a risk-based approach selecting the contractual requirements subject to formal requirements
management

Do clarify all referenced regulations, codes, standards, and guidelines

Do lock down the requirements (baselines) subject to requirements management
Do enforce strict configuration management

Do not allow uncontrolled requirements baseline changes

Do define for each requirement an initial verification and validation (V&V) method for both the design
and construction phase (i.e., inspection, testing, demonstration, analysis)

Do require the contractor to think ahead of how the completed structures will eventually be transitioned
and handed over to the owner, or to the next contractor

Do not accept any design submittals before the requirements analysis has been completed
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RECOMMENDATIONS: BY SDLC PHASE —~u_

DESIGN ANALYSIS (DA) PHASE: OVERVIEW {2 T
— Key Purpose & Activities:

1.

o s wN

Decompose the system level (SBL) requirements into smaller, typical requirements subsets, incl.:
Develop a system breakdown structure

Analyze and allocate the system level requirements to the system breakdown structure elements
Create requirements subsets using the allocated requirements

Develop a site and submittal breakdown structure

Perform infrastructure typical engineering analyses and incorporate the resulting requirements

— Key (SE) Deliverables:

. System Breakdown Structure (SBS)

Site and Submittal Breakdown Structure (SSBS)

Engineering Analyses (EA)

Allocated Requirements Baseline (ABL)

Updated SBL (requirements allocations) and MTP (planned objective evidence)

- Review Milestone:
o Allocated Requirements Review (ARR)
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RECOMMENDATIONS: BY SDLC PHASE ﬁ\

DA PHASE: TYPICAL STRUCTURES AND PLANNED SITES
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RECOMMENDATIONS: BY SDLC PHASE

DA PHASE: SITES & PLANNED DESIGN
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RECOMMENDATIONS: BY SDLC PHASE
DA PHASE: PLANNED CONSTRUCTION STAGES
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RECOMMENDATIONS: BY SDLC PHASE

DA PHASE: SITE & SUBMITTAL BREAKDOWN STRUCTURE (SSBS)

Level 3

Site Breakdown Structure

Submittal Breakdown Structure (Typical)
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RECOMMENDATIONS: BY SDLC PHASE
DA PHASE: SUMMARY

Key Recommendations:

©)

O O O O

O

Do decompose the system level requirements into smaller, better manageable and typical requirements
subsets aligned with the planned design and construction submittals

Do break down the project (“system”) into subsystems, system elements, and lowest level replacement
units using the system breakdown structure (SBS)

Do identify all planned design and construction sites and associated submittals using the site and
submittal breakdown structure (SSBS)

Do use the SBS & SSBS as the basis for system level requirements analysis and allocation, resulting in
the allocated requirements baseline (ABL)

Do integrate the resulting (derived) engineering analyses requirements (e.g., from hydrology &
hydraulics reports, type selection reports, RAM analysis, etc.) into the requirements subsets (ABL)

Do update the initial MTP (developed during the RA phase) with planned objective evidence
Do use the ABL as the basis for design (by the Contractor)
Do use the ABL as the basis for performing design reviews, inspections and testing (by Oversight)

Do lock down (baseline) all breakdown structures (e.g., SBS, SSBS), engineering analyses,
requirement baselines (e.g., SBL, ABL), and other key deliverables (e.g., MTP)

Do enforce strict configuration management, allowing only controlled changes
Do not accept any preliminary or final design submittals before the design analysis has been completed
www.incose.org/symp2023 41



RECOMMENDATIONS: BY SDLC PHASE —~u_
PRELIMINARY DESIGN (PD) PHASE: OVERVIEW AN |

— Key Purpose & Activities:

1. Develop the preliminary design in conformance with the allocated site and submittal-specific
requirements

2. Preliminary design may range from anywhere in between 10% to 90% design development
3. Perform infrastructure typical engineering analyses and incorporate the resulting requirements

— Key (SE) Deliverables:
1. PD phase specific engineering analyses (e.g., draft construction specifications)

2. Preliminary design requirements baseline (PBL, site & submittal specific requirements subsets)
3. Updated MTP (inspection & test plan [ITP] allocations)

4. Submittal log & repository

5. Preliminary design submittals

- Review Milestone:
o Preliminary Design Review (PDR)
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RECOMMENDATIONS: BY SDLC PHASE
PD PHASE: OVERVIEW (CONT'D)

Level 4 Level 5

Site & Submittal

Specific Requirements Preliminary Design
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DI:S|gn | Design
Submitta )
#1 Req. Submittal #1
Site #n SuLbOm |§cal
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Submitta )
Library of Typical Submittal #n
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RECOMMENDATIONS: BY SDLC PHASE
PD PHASE: REQUIREMENTS TRACEABILITY TO SUBMITTALS

Requirements Verification Traceability Matrix (RVTM), Certifiable ltems List (CIL)
Requirements Planned OE (per MTP) Actual OE (Submittal)
ID [ Doc | Sec. Req. V&V Method | Obj. Evidence ID| Name Reference| Rev.
1 |GP 1.0... | TCR#1 Inspection Cross Sections 1 [Subm. U [ |DG-CS-01 | 1.0 p»
2 |SoW |20... | TCR#2+< [Analysis Calcuation 2 |Subm.V ||SectionX | 2.0 P
3 |DCM [3.0... | TCR#3 Demonstration [Witness Report 3 |Subm. W | [SectionY |3.0 Pp
4 [EA 40.. | TCR#4 Test Test Report 4 |Subm. X ||SectionZ [4.0 P
n | Other [x.0... | TCR#n< O m ?

Technical Contract Requirements
(TCR), Critical Items (ClI)

Planned Objective
Evidence (OE)
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RECOMMENDATIONS: BY SDLC PHASE

PD PHASE: REQUIREMENTS TRACEABILITY TO SUBMITTALS (CONT’D)

" : ’[l
g Subm-ID | Subm-Name | Drwg-ID Drawing Name Drwg-Rev| - >
1 Design Criteria
1.2 Basis of Design
1.2.2 Design Criteria Elements
ET- i Operzftlon s Submittal Reference & Trace to Drawings, Document Sections, etc. '
1.2.2.3.6 Operating and Design Speed ) )
The System design speed shall be 250 mph. *l14060 GDwo1 | | TT-D0O001I  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 , 1 — 3\
& : i Drawing # g | Drawing Name \
1.29.2 Design Criteria Elements CE-DOOOL ¥ COVER SHEET \
1.29.2.6 Earthworks i
TT-D0001 TRACK GUIDEWAY - HORIZONTAL ALIGNMENT DATA TABLE
: 0 !
Submittal Log g | Subm-ID Sub Nameﬁort) Sub Name (Full) TT-E6001 ® TRACK CHART - SHEET 1 OF 13
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 = ---

RFC ¥ 14060  GDWO1 |——Guideway-Rackage-irRiG—b

1.4 HSR Aerial Structure

1.4.1 AS-VD-SITEO1
RFC # 11893 FRV, RFC Fresno River Viaduct, RFC
Drawings #
V&V Submittal g
»>

Certification of Compliance

Submittal Log [ Submittal Repository
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RECOMMENDATIONS: BY SDLC PHASE
PD PHASE: SUMMARY

Key Recommendations:

O
O
O

Do develop site & submittal specific requirements from the typical requirements set (by Contractor)
Do not accept any design submittal before the RA and DA phase have been completed

Do not accept preliminary design submittals for elements (e.g., HSR aerial structures, bridge bearings)
and sites (e.g., Fresno River Viaduct) that have not previously been identified in the SBS and SSBS

Do require preliminary design submittals to be accompanied by a V&V report including completed
RVTMs and ClLs (see prior slides)

Do insist that RVTM and CIL references and traces are being provided to the lowest practical level
(i.e., to a specific drawing number, document section, page numbers, etc.).

Do check that the referenced and traced objective evidence (design submittal) demonstrates
compliance to the respective requirements

Do not allow objective evidence “data dumps”, where more evidence is provided than needed, with the
burden on the owner to search for relevant evidence, having to identify potential errors and omissions

Do not allow references to other submittals (“spaghetti” tracing)
Do require a well-organized and hierarchically structured submittal log in the RM tool

Do require a submittal repository in the RM tool, containing for each submittal a digital RM tool
representative in form of a simple document outline (e.g., table of contents), drawing list, etc.

Do define the maximum number of submittals allowed at any given time
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RECOMMENDATIONS: BY SDLC PHASE —~u_
READY FOR CONSTRUCTION (RFC) PHASE: OVERVIEW 34 A

— Key Purpose & Activities:
1. Advance the preliminary design into the final design documents required for construction, including:

a) Construction plans (drawings), and
b) Construction specifications
2. Provision of RFC certifications

— Key (SE) Deliverables:
1. RFC phase specific engineering analyses (e.g., final construction specifications)

2. Final design requirements baseline (FBL)
Updated MTP (inspection & test procedure allocations)

Updated submittal log & repository
RFC submittals

6. RFC certifications

G-l O

- Review Milestone:
o Final Design Review (FDR)
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RECOMMENDATIONS: BY SDLC PHASE

RFC PHASE: OVERVIEW (CONT’D)

Level 4 Level 5
Site & Submittal Desian

Specific Requirements 8

Preliminary Design )
Site #n : , Submittal

Req Log_&
) Repository
RFC
Submittal R.FC
Submittal #n
3| #n Req. KN
FBL Log & Rep. Submittals
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RECOMMENDATIONS: BY SDLC PHASE A~
RFC PHASE: SUMMARY ey

Key Recommendations:

©)

©)

Do apply all preliminary design phase recommendations

Do expect Contractors to declare “ready for construction” early with only partial design submittals (e.g.,
early start of construction [ESOC], early foundation packages, early construction work [e.g., demolition],
or similar)

Do ensure that “early construction” submittals have been identified in the SSBS (DA phase), the
corresponding typical requirements subsets have been prepared (DA phase) and are being used as the
submittal specific requirements for the early RFC design submittals (RFC phase)

Do require RFC design certifications (by both contractor and independent V&V, if available), certifying
compliance with all contract requirements

Do apply a “trust but verify” approach, whereby the certifications (“trust”) are supported by objective
evidence (“verify”), in the form of V&V reports containing the completed RVTMs & ClLs

Do have the certification reports developed directly from the CIL, by attaching the referenced objective
into standalone certification reports (e.g., safety & security certification report [SSCR], interface control
documents [ICD], environmental certification reports, etc.)

Do not allow any critical engineering analysis (e.g., RAM) to slip beyond the PD and RFC phase(s).
Once construction begins, there is practically no way to “check” new design requirements into the
constructed structures
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RECOMMENDATIONS: BY SDLC PHASE —~u_
MANUFACTURING AND CONSTRUCTION (M&C) PHASE: OVERVIEW rin.r;,

— Key Purpose & Activities:

1. Manufacture and construct the project in conformance with the RFC design and contract
requirements, followed by the construction certification.

2. Manufacturing may occur in a/the factory or in the field (e.g., pre-cast concrete), while construction
typically occurs on site (e.g., cast in place concrete)

3. Provision of Construction certifications

— Key (SE) Deliverables:
1. M&C requirements baseline (extended/updated FBL)
2. Updated MTP (traces to inspection & test plans, procedures, and results)

3. Updated submittal log & repository
4. M&C phase and stage submittals (representing the constructed infrastructure)
5. M&C certifications

- Review Milestone:
o Construction Stage Reviews (CSR)
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RECOMMENDATIONS: BY SDLC PHASE

M&C PHASE: OVERVIEW (CONT'D)

Level 4

Level 5

Site & Submittal
Specific Requirements

Design

& Construction

Site #n | Submittal
Req Advancing from | LOg-&
. RFC Phase Repository
M&C
S| submittal P> > Ma&C
Submittal #n
#n Req.
MCBL Log & Rep. Submittals
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RECOMMENDATIONS: BY SDLC PHASE
M&C PHASE: SUMMARY

Key Recommendations:

O
O
O

Do recognize the project delivery method (e.g., design-bid-build, design-build, etc.)
Do facilitate a knowledge transfer from the designer to the builder (typically different firms)

Do clearly define the construction stages and associated requirements, the planned objective evidence,
and the planned construction phase submittals demonstrating compliance to these requirements

Do expect that during construction requirements, breakdown structures, baselines, various test plans
and procedures, and RFC designs will be subject to constant design and field changes. Establish and
enforce a strict configuration management process

Do require all construction phase and stage submittals — including all inspection and test plans and
procedures — to be accompanied by a submittal specific V&V report

Do create logically organized construction quality records in the format, order, and content as required
to readily demonstrate compliance to the allocated requirements

Do assume there will be 1000+ construction quality records per structure. Establish a commonly shared,
structured, and hierarchically organized construction quality record repository based on the system
breakdown structure, making the quality records easily locatable and retrievable for V&V purposes

Do not wait until the end of construction to receive any official construction quality record submittal,
including the as-built drawings. Require interim construction stage submittals

Do have enough “boots on the ground” to confirm that the construction quality records reflect the state
of construction, and that no changes have occurred after the as-builts have been submitted.
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RECOMMENDATIONS: BY SDLC PHASE —~u_

CERTIFICATION AND HANDOVER (HOP) PHASE: OVERVIEW 14 TENA

— Key Purpose & Activities:

1. Certify to the owner and/or any authorities having jurisdiction (AHJ, e.g., fire marshals) that the
designed and constructed infrastructure:

a) Meets the contractual requirements
b) Is safe and secure, and
c) Is fit for purpose (e.g., operation, handover to other contractors in larger programs)

— Key (SE) Deliverables:
1. Final/updated certification and handover plan

2. Contractor certifications of compliance (CoC)

3. Independent V&V (ICE/ISE) assessment reports & CoCs
4. Updated submittal log & repository

5. Certification metrics

- Review Milestone:
o Certification and Handover Review (CHR).
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RECOMMENDATIONS: BY SDLC PHASE
HOP PHASE: SUMMARY

Key Recommendations:

©)

Do plan ahead. Create a certification and handover plan, starting at the beginning of the project
(RA phase)

Do not use this phase to identify certification stakeholders, discover late requirements, or review design
and/or construction submittals for the first time

Do track the requirements subject to certification using the certifiable items list [CIL], starting at the
beginning of the project (RA phase)

Do determine any particular certification report deliverable requirements (e.g., standalone safety &
security certification report, interface control documents, environmental certification reports, etc.)

Do align the structures/elements subject to certification with the SBS and SSBS
Do consider that the project may not be certified and handed over in one activity at the project end

Do plan for partial use and possession prior to final completion, possibly even applied to individual
structures (e.g., early openings), requiring partial or conditional certifications

Do enforce the “trust but verify” approach for certifications (see RFC phase)

Do include in the certification and handover plan any applicable operations and maintenance
requirements (e.g., O&M documentation, procedures, training, asset management considerations, etc.)
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SUMMARY & CONCLUSION

MOTIVATION: MEMORIAL]ZING 10+ YEARS OF PRACTICAL EXPERIENCE sy U.S. INFRASTRUCTURE & TRANSPORTATION INDUSTRY E.l.\ ADVICE FOR SYSTEMS ENGINEERS NEW TO THE INDUSTRY sy
| &
d THEPOSSBLE HE MPOSSIBLE : — d Disincentives for Systems Engineering: Any design & construction firm proposing additional, o
En!ering a Brave New World oy l”\ 27 cose |- 5YSTEM ARCHITECURE & CONCERT OEE. fCM.m_ =2 unsolicited work (i.e., SE as an upfront investment) in a firm-fixed price and low-bid environment will
Gase Sty Cattorma High Specd Train Project On Motivating People to Implement W be at a competitive disadvantage due to increased bid costs and may consequently lose the bid.
Systems Engineering 1 DON'T NEED REQUIREMENTS — - Advice, Common Infrastructure & Transportation Observations
Getting from the Necessary to the Impossible | KNow WHAT I’'M DoING!
Nomenclature & Terminology Learn the language to communicate effectively
L Ls CA-HIGH-S Ral 8 INCOSE i
cisj:riicm?:g:ﬂ;s 1,2/‘3‘.’2 (235?202%) ﬁ zwgg o, Uik Systems Engineering Considered not applicable (misunderstood as the engineering of systems)
REFINING SE PROCESS BASED ON LESSONS LEARNED "y . = . . . . o
THREE NEW CONTRACTS ISSUED IN 2022 Systems Engineer Position/Role Does not exist. Expect highly functional / stovepiped organizations
CHANGE IN HSR ENGINEERING CONSULTANTS . . -~ S . o
;’115?.:m%ﬁﬁ%ﬁxﬂ;ﬁd;ﬁ?ﬁ? EXPERIENCE SAN DIEGO, WE Do NOT HAVE A PRoBLEM! TE RassiEre e Stakeholders Other/third parties requiring coordination with (e.g., regulators, utilities)
SELtammt A Te Conarmion b Do StEMITIAL REVIEW,CHECHLISTS MODEL BASED SYSTEMS ENGINEERING (PLANNED) 5, | B Operations & Maintenance Happens after design and construction, taken care of “by others”
; 2021 - o - = = =
(’:/\ 3?/ . ‘EWTSE EEET Al 3T cumaucose BT Requirements Are expected “to be known” or “to be familiar with” (“I know what | am doing”)
% u"" R st Architecture The art or practice of designing and constructing buildings
July 22, 2020: 17:50-18:30 South Africa Standard Time (Track 2, S-mvaZ’V July 20, 2021: 04:45.05:30 AM Hawaiian Standard Time (Track 5, Session 4.5.2)
e e . : . ) ;
S‘ﬂriigsmﬂtempemhlmy g Iarge o of| 25mme Pmkssio:zl";"::d}dff'g’:;E"Q'"”""Q — - Integration Happens after design and construction, taken care of by an integrator
Systems (SoS) June 30, 2022: 1045-11:25 EDT (Track 5, Digtal Enginoering, Session 11.6.2) % e Verification & Validation (V&V) Confusing to industry, use of quality mgmt. instead, avoidance of transparency
o Case Study: Using Digital Threads in a large System of . ~
L 7 L i = Fi Livad Dri, 1 Rid Conty $? =t t dali f fivad v-u hidl ity b, hin CCQ
LESSONS LEARNED A~ LESSONS LEARNED ~u |L° LESSONS LEARNED
i ” /\, /\ DLC. D
— | INITIAL SYSTEMS ENGINEERING REQs (“VERIFICATION & VALIDATION ) !g‘.l. " RESULTS: SAFETY REQUIREMENTS (MITIGATIONS FROM HAZARD ANALYSIS) rgmss KEY LESSONS 0
Saaa: e — D [rasr s o 3 s Top Challenge(s) Lesson Learned, SDLC Updates
CP1 . o = [ 1 Infrastructure e Firs — - = = =
California High-Speed Train Project g 1.1 R-0-W Generally No —— Ability and ~ Incomplete, incorrect, ~ Additional training requirements
IRBSEConsat 2 1.1.2 Collision o — willingness to inconsistent, and/or delayed - Additional process detail
0§ % .7 Object thrown from overpass _ No r = il= implement SE SE implementation ~ More detailed technical guidance
b e Sariars 3 | ; : '
Agreement No.: HSR 13-06 3 B s M & 112,71 Miigation #1 i = | ~ SDLC milestones tied to payment milestones (Enforcement)
Book 3, Part B, Subpart 1 318 sl efesun P Gricn Figure s: R Tool - Sample Folder and File Structure 7 ileaveltiothe _ Each CP developed _ SDLC as CHSRS standard
Verification, Validation and Self- | : | Vo wavimre = contractor” differently, inconsistent SE - RM tool handbook and model (CHSRS, 2022)
Certification w| 2 E?ﬁ;mm % mentality implementations
ACH § Governing — Continuous discussions of - SDLC phases &assoclated requirements baselines
z requirements i quil It = 1ed cor 1 management
5 - Moving targets
§ = E ~ Uncontrolled changes
o ol § == > F——— Breakdown ~ Incomplete and changing - SDLC phases & associated deliverables
e - = i / structures, breakdown structures - System breakdown structure
1223 Trace Technical Conract Recuirements ; =g ig? / allocated - Late discovery of system - Site breakdown structure
3| 28 com 8_TLM_LookingNorth.jpg 1 requirements elements — Submittal breakdown structure
> 1 / | - Requirement allocation
P » 2 fcnzmvmvm.mvmﬂ e - RAM - See first bullet (SE) See first bullet (SE)
RECOMMENDATIONS: SDLC MODEL —~uL RECOMMENDATIONS: BY SDLC PHASE A~ RECOMMENDATIONS: BY SDLC PHASE A~
W 3 .
SYSTEMS DEVELOPMENT LIFE CYCLE (SDLC) MODEL ‘ﬁ-’ " RA PHASE: OVERVIEW (CONT’D) ‘5'!:' > RFC PHASE: SUMMARY ‘?»'!r
- Key Recommendations:
Level 1 Level 2 o Do apply all preliminary design phase recommendations
pply all p ry gn p
o Do expect Contractors to declare “ready for construction” early with only partial design submittals (e.g.,
Contract Eng. TCR& CI Planned 2?:iymsi}::; of construction [ESOC], early foundation packages, early construction work [e.g., demolition],
Documents Analys. Masterlists Acceptance . . ) A
o Do ensure that “early construction” submittals have been identified in the SSBS (DA phase), the
— corresponding typical requirements subsets have been prepared (DA phase) and are being used as the
INPUT INTO PROJECT Contract (- . Master Review, submittal specific requirements for the early RFC design submittals (RFC phase)
SCHEDULES, Mi Document #1 Technical Inspection & . . P f p . e
Design Contack pe o Do require RFC design certifications (by both contractor and independent V&V, if available), certifying
Contract TCR & Co%e TeR Requirements | | MTP v T\e/SSt Plan compliance with all contract requirements
: Document #2 DCAR | Analysis || ¢ & HoP | L (V&V Strategy) o Do apply a “trust but verify" approach, whereby the certifications (“trust’) are supported by objective
. = ‘ o - I Report Critical evidence (“verify”), in the form of V&V reports containing the completed RVTMs & CILs
Deli ble 1 H e :

SRE e ‘%\ ¢ ::;::f\‘::::.} S 41 Contract L Items Certification and o Do have the certification reports developed directly from the CIL, by attaching the referenced objective
SE“XES = F"';’{E““‘"’f“ Deliverable 2 X )\ SDLC Phase 1doy Document #n Handover Plan into standalone certification reports (e.g., safety & security certification report [SSCR], interface control
T()DELE;??E}’AELEZflJFLT FE—— | 7 >f my‘:...:‘:.‘:: e documents [ICD], environmental certification reports, etc.)

PROJECT PHASES p— Y X e ‘ CBL l ‘ EA ‘ SBL ‘ ‘ MTP / HOP ‘ o Do not allow any critical engineering analysis (e.g., RAM) to slip beyond the PD and RFC phase(s).
S ; ‘ \?T ﬁi .mm:.w.:: : n “SYSTEM” LEVEL REQUIRI ‘C:)Onncsetrzz?:érgtcrtlijc;?ut:eegins, there is practically no way to “check” new design requirements into the
0 (Mimiestnen 0cars o
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