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The system assurance program comprises the organiza
tion and activities required to ensure that the Metro Rail 
system, once operational, provides dependable rail rapid 
transit service. The program is a comprehensive one, 
extending throughout all phases of the Metro Rail Project. 
This System Assurance Program Plan (SAPP) identifies the 
goals and purpose of the program, the program's management 
structure, and the tasks and activities to be accomplished 
by the program during each phase of the Metro Rail Project. 

1.1 AUTHORITY 

In 1964, California enabling legislation, under 
Public Utilities Code Part 3, created the Southern 
California Rapid Transit District (SCRTD). The law 
included the mandate to devel~p a rapid transit system. 

Because the Metro Rail Project is funded in part by 
the Federal Government, all program planning, including 
system assurance, falls under the purview of the Urban 
Mass Transportation Administration (UMTA) and is subject 
to that agency's review. 

1.2 POLICY 

A primary goal of the Metro Rail Project is to 
develop and operate a safe and cost-effective rail rapid 
transit system that provides an acceptable level of 
service dependability. System dependability can be 
achieved by incorporating reliability and maintainability 
requirements in Metro Rail designs, by implementing 
quality assurance measures, and by effectively planning 
for maintenance of the operational system. The SCRTD has 
therefore establ.ished a comprehensive program for managing 
reliability, maintainability, quality assurance, and 
maintenance planning requirements. These requirements 
include: 

• Procuring equipment which has proven 
reliable in similar applications on other 
rail rapid transit systems 
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Applying the principle of redundancy in 
design so that the failure of a single 
component will not be critical to safety or 
operational service 
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Incorporating maintainability principles in 
all designs 

Establishing well-defined quality assurance 
procedures to ensure that materials, 
components, and equipment delivered by 
contractors and subcontractors conform to 
functional and performance requirements 

• Establishing appropriate quality assurance 
and maintenance programs and procedures for 
the Metro Rail system to maximize opera
tional service with minimum downtime. 

The Metro Rail system will, in general, use hardware that 
has proven its reliability in similar applications at 
other rail rapid transit systems. While the use of proven 
equipment is one important system assurance measure, it 
does not lessen the emphasis that must be placed on all 
other aspects of system assurance management. 

1.3 GOALS 

The goals of the SAPP are to define design, construc
t~on, testing, and start-up activities and management 
controls, plans, and monitoring processes to ensure that: 
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Reliability, maintainability, and quality 
assurance considerations, compatible with 
other system requirements, are incorporated 
into the Metro Rail system during the 
design phase. This will minimize the 
potential for equipment failures and 
maintenance problems once the system 
becomes operational. 

Potential reliability and maintainability 
problems associated with Metro Rail equip
ment designs are identified and actions are 
taken to eliminate or minimize the problems. 

Manufacturers and suppliers comply with the 
quality standards established by the SCRTD. 

Steps required to ensure proper maintenance 
management of Metro Rail facilities and 
equipment are implemented prior to the 
start of revenue operations. 

Safety, security, and fire/life safety 
considerations are coordinated with system 
assurance efforts. 

1-2 
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1.4 PURPOSE 

The purpose of the SAPP is to set forth the require
ments for evaluating system assurance needs and implement
ing system assurance measures in each phase of the Metro 
Rail Project. The plan defines formal requirements, 
including _the: 

1.5 SCOPE 

structure of the system assurance 
organization 

Implementation of established system 
assurance criteria 

Mechanisms for identifying and assessing 
system assurance problems throughout all 
phases of the Metro Rail Project 

Methods to eliminate, minimize, or control 
identified system assurance problems. 

The scope of the SAPP encompasses the management and 
technical system assurance activities to be performed 
during each phase of the Metro Rail Project: Preliminary 
Engineering, Continuing Preliminary Engineering, Final 
Design, Construction/Acquisition, Pre-Operational Testing, 
and Start-Up Operations. The emphasis of this edition of 
the plan is on the definition of system assurance tasks 
associated with the construction/Acquisition Phase, and on 
reviewing progress on the tasks conducted during Pinal 
Design. This edition of the SAPP defines the reliabil
ity, maintainability, quality assurance, and llaintenance 
planning activities to be performed in conducting the 
contract award process, and in managing systelll assurance 
activities during construction and acquisition. Tasks 
associated with subsequent phases (Pre-0perationa1 Testing 
and Start-Up Operations) are also identified in this 
edition of the SAPP. 

1.6 UPDATE PRQC!DURES 

The SAPP is updated during each phase of the Metro 
Rail Project (Construction/Acquisition, Pre-Operational 
Testing, Start-Up Operations) to: 

05/89 
Rev. 1 

Assess progress on tasks accomplished in 
the preceding phase 

Refine and improve the descriptions of 
tasks and responsibilities for the present 
phase 
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Identify new tasks which may be required as 
the system progresses 

Define in detail the system assurance tasks 
and responsibilities for the next phase. 

The ana1ys_is, review, and revision process is the respon
sibility of the supervising Engineer, systems Safety and 
Assurance, within the systems.and Construction Safety 
Office .. Inputs for these periodic updates are so1icited 
from SCRTD Systems Design and Ana1ysis, Rai1 Faci1ities 
Engineering, construction Management, the Genera1 Consul
tant, the systems Engineering and Ana1ysis Consultant, the 
Construction KanageJRent Consultant, and SCR'l'D rai1 opera
tions and maintenance personne1. 

1.7 ORGANIZATIONAL TERMINOLOGY 

The following presents a glossary of organizational 
terms used in the SAPP: 

CM CONSULTANT 

GC 

SCRTD 

S&CS 
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Construction HanageJRent Consultant .. 
The CK Consultant on the Metro Rai1 
Project is PDCD, a joint venture of 
Ra1pb M. Parsons Co./Di11ingball. 
construction/DeLeuw cather & co. 

Genera1 consultant. The GC on the 
Metro Rai1 Project is Metro Rail 
Transit Consultants (MRTC), a joint 
venture of Daniel/ Mann, Johnson, 
Mendenhall/Parsons, Brinckerhoff, 
Quade & Douglas/Kaiser Engineers/ 
Harry Weese & Associates. 

Southern California Rapid Transit 
District; an agency created by the 
California legislature and charged 
with the development of a rapid 
transit system. 

systems and Construction Safety 
Office of the SCRTD's Transit 
Systems Oeve1opm.ent Depart:ment: 
responsib1e for estab1isbaent of 
requirements and criteria for 
safety, fire/1ife safety, security, 
re1iahi1ity, '.llaintainahi1ity, and 
qua1ity assurance, and for deve1op
ment of i.llp1eJ11eD.tation p1ans. 

1-4 
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SE&A CONSULT.ANT systems Engineering and Analysis 
consultant. The SE&A consultant on 
the Metro Rail Project is Booz, 
Allen & Hamilton Inc. 

SS&A 

UMTA 

Systems safety and Assurance group 
of the s&cs Office; responsible for 
the systems safety and assurance 
efforts. 

Urban Mass Transportation Administra
tion: an administration of the U.S. 
Department of Transportation, the 
Federal agency that assists state 
and local governments in financing 
transportation, both in capital 
equipment procurements and in 
operating subsidies. 

1.8 APPLICABLE_ DOCUMENTS 

SAPP: 
The following documents were used in preparing the 

M,e.tr,o Rail S,;i;_s:;em Assuran£e criteria, SCRTD Metro 
Rail system Design criteria and standards, Volume I, 
Sections. 

sa.fet.y. Fire/Life Safety. Secu;riti ,and s.xstems 
Assurance--SCRTD Metro Rail Milestone 7, Final 
Report, March 1983. 

M§tro Rail Project De;f'.1nition ,and ,Qbje,ctiYes, was 
13DAH, Booz, Allen & Hamilton, December 1981. 

Revie ot Codes. Guidelines. Regulations. a.nd~Qther 
Information. sµb:syst,ems, WBS 12F, Kaiser Engineers, 
March 1982. 

g_2nt,ertt~·Gui~:l.c-1Des fQ_r:_____the Development of vs~ ,em 
safety PrggraDJ _pl,.,aps f,or Fixa~Guideway Transit 
systems i:n :tbe Acguisi"t:.ion P as,e, Booz, Allen & 
Hamilton, April 1981, contract Number: 
D0TUM-60-80-C071004. 

Baltimore Region Rapid ttans,it System. ~s,tem 
Assµr;,a.nq,e Program Plan., state of -Maryland Department 
of Transportation, December 1978. 

safety, Secur.ity, ancl, system Assurance Plans-
Pittsburgh Light Rail Transit Reconstruction, Booz, 
Allen & Hamilton, April 1979. 
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Ra.pid Transit Sy§tems--APTA Gl.os.sary o,f Reliabiilitv, 
Aya..ilabilitv_ and Maintainabilit:y Te:nn.inology for Rail 
Ragid Transit, February 1978. 

LA0581311R 
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2.0 SYSTEM DESCRIPTION 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2.0 SXSDK JllSCRIP'fJ:Qtf: 

2.1 OVERVIEW 

The SCR'.rD is developing a rail rapid transit system 
planned to run froa downtown Laa Ange1es to the Wilshire 
District, Hollywood, and the San Fernando Valley. This 
systea, called Metro Rail, will be the care element of a 
regiona1 rail rapid transit network which will include 
both heavy and light rail modes. Funding limitations 
necessitate that the Metro Rail system be built in stages. 
Initially a 4-mile segment with five stations and yard and 
shop facilities will be constructed. This initial segment 
is identified as Minimum Operable Segment-1, or MOS-1. 

As shown in Exhibit 2-1, the MOS-1 main-line route 
will begin at Union Station, where it will turn southwest 
and run through the central business district along Hill 
Street. Turning on 7th Street, the route will head toward 
the west side of downtown, pass the Harbor Freeway, and 
continue to the Wilshire/Alvarado Station, where the line 
will terminate. The main line will be entirely in subway, 
with line segments constructed by tunneling :machines and 
stations and crossovers excavated by cut-and-cover 
construction techniques. Three double crossovers will be 
incluC,.ed in the main-line portion of MOS-1: one on each 
side of Union Station, and one on the east side of the 
Wilshire Alvarado Station. 

Additional subway and surface track will connect the 
main line with the yard, southeast of Union Station. 
MOS-1 will include all yard and shop facilities planned 
for the full system, except for a portion of the yard 
storage tracks and some shop equipment that will be 
installed as warranted by system extension and fleet 
expansion. 

Of the :five KOS-1 stations, tour will be of a 
double-ended design with two wzanjnes. The remaining 
station, Wilshire /Alvarado, will be of a 
single-centm:-:aezzanine design. '1'ha station at 7th/Plover 
will be the transfer point between the Lang Beach-Las 
Ange1es light rail syste11 and the Metro Rail systea. The 
stations have been designed tor unattended operationa: 
however, some stations may be attended at certain t:illes of 
day. 
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A barrier-free, self-service fare collection system· 
will be im:ple:mented on a trial basis for MOS-1. Each 
station mezzanine will contain automated ticket vending 
machines. Transit Police serving on fare inspection duty 
will rove the system and conduct randma checks of the 
va1idity of patrons' fare media. The fare structure for 
HOS-1 will be based on a single zone: however, the fare 
col.lection-:equipment will have a llllll.ti-zone capability to 
accmmaodate travel to light rail destinations as we11 as 
expansion of the Metro Rail system.. Escal.ators, stairs, 
and el.evators will provide normal. vertical. circulation 
between surface, mezzanine, and platform levels of Metro 
Rail stations. 

The vehicles for the system will be stainless steel, 
standard gauge, 75-foot-long rail cars which will be 
configured in dependent pairs. They will be capable of 
operating at speeds up to 70 miles per hour and will 
operate on 750 voe power supplied via third rail. 
Present plans cai1 for trains on the KOS-1 system to 
consist of four vehicles, although th~ system is being 
designed to accc:moacxJate a maximm train length of six 
vehicles. Each singl.e vehicle will have a capacity of 59 
seated passengers plus space for one wheelchair, up to 109 
standing passengers at normal. loads, and 160 standing 
passenger& at crush loads. 

Trains will have automatic train protection equipment 
to ensure safe speed and separation of trains. Automatic 
train operation equipment will also be included to 
regulate train speed and provide precision station 
stopping and train berthing verification for trains 
operating on the main line. system operation will be 
centrally controlled· from the Rail control center, located 
in the yard, using communication links with facilities and 
trains involving telephones, radios, closed-circuit 
televisions, and data transmission. 

Ridership on MOS-l by the year 2000 is projected to 
be approximately 54,000 per day.1 An eatiJlated two
thirds of these passengers will transfer to or froa SCR'l'D 
buses serving the five Metro Rail stations. KaX.im 
passenger loading on MOS-1 during peak hours will be from 
Union Station in the 1110rning and ta Union Station in the 
evening. The 24-hour loading pat:tani, however, sbova 
relatively constant loadings on each of the links, with 
the heaviest travel vol.ume occurring on the link between 
the Wilshire/Alvarado and 7th/Plover Stations. 

1 Source: Keith L. Kill.ough, SCRTD llaaorand1m, •station
to-station Trip Volumes-MOS-1 Option,• October 3, 1984. 
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2. 2 PRQPQSlU;> MA.INTQANCE 

During the Preliminary Engineering Phase of the Metro 
Rail Project, general requirements for subsystem and 
system maintenance were developed. During the Final 
Design and Construction/Acquisition Phases, as elements of 
the Matro Rail system reach their final configuration, 
these gener&l requirements will be refined and preventive 
and corrective maintenance procedures will be developed, 
including: 

2.3 

• Development of basic maintenance programs 
for vehicles, train control, communication, 
electrification, track, station, fare 
collection, and other equipment. Included 
will be a definition of work tasks, 
frequency, and shop time for scheduled 
maintenance. 

• Development of detailed maintenance 
practices and procedures, work flows, 
equipment requirements, ·etc. 

Development of work standards and labor-
.hour requirements for preventive and 
corrective maintenance. 

Identification of diagnostic and trouble
shooting requirements and procedures. 

• Development of training requirements for 
maintenance personnel, including the 
development of classroom and on-the-job 
training programs. 

Development of maintenance safety rules, 
procedures, and processes. This activity 
will be coordinated with the safety group. 

• Integration of maintenance reporting and 
management control systems with present 
SCRTO capabilities. 

The organizational structure of the Metro Rail 
Project is shown in Exhibit 2-2. This organizational 
structure was established to direct the Design, Construc
tion/Acquisition, Pre-Operational Testing, and Start-Up 
Phases of the Metro Rail Project. As the Metro Rail 
system becomes fully operational, a transition will occur 
to a new Metro Rail organizational structure encompassing 
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the maintenance and operations functions necessary for 
revenue service. 

within the SCRTD Transit syste11S Development (TSD) 
Depart.aent, the Director of systems and Construction 
Safety has overal.l responsibility for the system assurance 
program~ the activities of the system assurance 
organization. 

Personnel froa the TSD systems Design and Ana1ysis, 
Rail Facilities Engineering, and CaDlil't.zuetion Managuaent 
Offices participate in the syste. assurance program, given 
that their design, construction, and~ decisions 
affect, and are affected by, system assurance 
requireaents. similarly, Metro Rail operations and 
maintenance personnel also participate in the system 
assurance program. 

2 • 4 SYS~ ASSJJRAN'CI OffllANIZA:UQH 

The Director of syst- and canst3:uction Saf'ety 
(S6CS) is responsible for tba averal.l wanage11ent and 
coordination of systaa assurance prograa activities on the 
Metro Rail Project prior to the start of revenue 
operations. 

Reporting to the Director of S6CS, the SUpervising 
Engineer of syateas safety and Assurance. (SSQ) is 
responsible for the day-to-day .anageaent of systea 
assurance progra:a activities. The SUpervising Engineer of 
ssu directs the work of his awn staff and of consultants 
supplying tecbnica1 ezperti.se to the project. As sh0lm in 
Exhibit 2-3, the Ketro Rail systaa assorance organization 
inclwies three consultants: the General Consul.tant (GC); 
the Systm Bnginaer.1.M and Anal.yais (SEU) consuJ.tant; 
and the ·Consb!'W:tion llanaga.ent (CII) consultant. Exhibits 
2-4, 2-s, and 2-6 illustrate the project organizations of 
each of these three cansul:tants. 

The system assurance organization is responsible for 
developing and coordinating the implementation of the 
Metro Rail system assurance program. specifically, the 
organization is responsible for: 

05/89 
Rev. l 

Estal:>lishing reliability, :maintainability, 
and quality assurance goals and standards 

Analyzing procedures, rules, and practices 
to ensure adequate reliability, maintain
ability, and quality assurance practices 
are maintained 
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Periodically collecting system assurance 
information from other properties to 
evaluate reliability, maintainability, and 
quality improvements for the Metro Rail 
system 

_o.eve1oping a failure reporting systea and 
ensuring tbat it is cmapatible with SCRTD 
maintenance :manageaent information systea 
deve1opaent 

Participating in design reviews and 
planning sessions pertaining to safety, 
security, system assurance, and training 

Auditing design changes to the system to 
ensure that they do not degrade the 
dependability of the Metro Rail system 

Overseeing, guiding, and supporting 
activities which may be required to execute 
the system assurance program throughout all 
phases of the Metro Rail Project prior to 
revenue service 

Monitoring problems, failures, and 
corrective actions occurring on Metro Rail 
equipment during the Pre-operational 
Tasting and Start-Up Operations Phases 

Informing management of the status of the 
syst&lll assurance program and of monitoring 
activities. 
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3.0 SYSTEM ASSURANCE PROGRAM TASKS 
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3. o :JXSTEK ASSURANCE PROGRAH TASKS 

3 • 1 GENERAL--

The SCRTD system assurance program is designed to 
ensure that: 

FUndamental reliability and maintainability 
concepts are incorporated into the design 
ot the Metro Rail system 

Effective quality assurance practices are 
used during the manufacture of transit 
equipment and/or construction of facilities 

Maintenance :management functions and 
responsibilities are effectively planned. 
and implemented. 

The System Assurance Program Plan (SAPP) identifies 
activities for each phase -of the Metro Rail Project: 

• Preliminary Engineering 
continuing Preliminary Engineering 
Final Design 
construction and Acquisition 

• Pre-operational Testing 
Start-Up operations. 

The SAPP identifies long-term strategies for 
implementing reliability, maintainability, and quality 
assurance requirements as a systematic process. At the 
same tim.e, it delineates activities to be performed by the 
system assurance organization to ensure their effective 
involvement in the development of the Metro Rail system. 

The SAPP is a dynamic doCUJDent. While long-term 
system assurance strategies remain basically constant, 
short-term tasks evolve as the system and subsystem 
parameters become better defined. The system assurance 
program is therefore periodically reviewed as the Metro 
Rail Project progresses. These reviews will be reflected 
in subsequent editions of the SAPP. 

Exhibit 3-l lists the general system assurance tasks 
presently identified for each phase of the Metro Rail 
Project. Task numbers in the left-hand column ot Exhibit 
3-l correspond to the paragraph numbers in the text. 
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3.3.1 

3 .3.2 

3.3.3 

3.3.4 

3.4 .1 

3 .4 .2 

3.4 .3 

EXHIBIT 3-1 
General System Assurance Activities and Tasks 

TASK TITLI SI I~ 
CRITERIA OEVELCPtiENT 

Develop Syste111 Assurance Criteria • 
Update and Revise System Assurance Criteria 

. 
Develop Syste,a Assurance Input to Milestone Program • 
PLANS ANO PROCEDURES 

Prepare and Periodically Update the System Assurance Program Plan • 
Prepare Contractor System Assurance Submittal Review Procedures 

Develop the Operations Phase System Assurance Organization 

Establish System Assurance Improvement Programs 

ANALYSES ANO STUDIES 

Oeffne Reliability and Ma1ntainability Measures • 
Develop and Update Reliability and Maintainabilfty Numerical Indices 

Conduct System Assurance Trade-Off Studies • 
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3.5.1 

3.5.2 

3.5.3 

3.5.4 

3.5.5 

3.5.6 

3.5.7 

3.5.8 

3.5.9 

3 .5 .10 

EXHIBIT 3-1 (Continued) 
General System Assurance Activities and Tasks 

TASK 11TLI 

=1 
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DESIGN. CONSTRUCTION 1 PROCUREtt:NT 1 AND TESTING SUPPORT 

Provide Gener1l Design Support • 
Provide General Construction/Procurement Support 

Participate in SCRTD Design Reviews 

Identify System Assurance Documentation Requirements for Contract • Specifications 

Develop Guidelines for the Preparation of Safety and System 
Assurance Analyses 

Prep1re Criteria Conforllilnce Checlc.lists 

Prepare Specification Conformance Checklists 

Conduct Coordination Meetings with Contractor System Assurance 
Staff 

Part tcipate in Configuration Control Board MeetinQS 

Review Contractor Analyse~ and Reports • 

PlloJECT PIIASK 

I 

r1 I I! ~ ,a.~ '~, :;10 ~; • I= 
A 1a111= t-< J i to :1 -< ~ 

~u t;o Uf 0-C 0 u 

• • • • 
• 

• • 
• • 

• 
• • 

• • 
• • 

• • • 
• • • • • 

-



---~--~---~--------

w 
I 
~ 

I 

m ... a 
n1 i 

3 .5 .11 

3 .5 .12 

3.5.13 

3 .5 .14 

3.5.15 

3 .6 .1 
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EXHIBIT 3-1 (Continued) 
General System Assurance Activities and Tasks 

TASK: TITLI SI I~ 
Participate in Test Progru Development · 

Review Operating and Maintenance Manuals and Procedures 

Partictp1te 1n Testing • 

Provide Operations/Haintenance Support 

Develop System Assurance Management Reports 

OOCUP£NTAT ION 

Establish System Assurance library • 
Establ tsh System Assurance Documentation and Review Procedures 
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Exhibit 3-2 identifies the organization or organiza
tions having principal responsibility for preparing, 
supporting, and/or reviewing and commenting on each task 
or activity. Within the matrix, task responsibilities are 
defined by the following letter codes: 

P Primarx resppns"ibility--The identified 
~articipant is responsible for the conduct 
of the task and the preparation of the 
necessary documentation. 

s secondar:;y or §Upport respon;:dbility--The 
identified participant is to provide such 
support as may be necessary to accomplish 
and document the task effort. 

Re Review and comment responsibilities--The 
identified participant is charged with 
examination of the data and information 
provided by the primary participant(s). 
Following each completed review, the 
designated participant submits Metro Rail 
review and comment forms to the SUpervising 
Engineer o:f Systells Safety and As&Urance. 

Sections 3.2 through 3.6 outline the system assurance 
activities that relate to all reliability, :maintainabil
ity, quality assurance, and maintenance planning issues. 
Chapter 4.0 addresses specific reliability tasks; Chapter 
5.0 addresses specific :maintainability tasks; Chapter 6.0 
addresses specific quality assurance tasks; and Chapter 
7.0 specifically addresses maintenance planning. 

3.2.1 Da;elop systg Assur:aru;e cri.teria 
System Assurance criteria were developed as part 

of the planning process undertaken during the Prelim
inary Engineering Phase.l The System Assurance 
criteria set forth the requirements to be followed by 
design engineers in equipment selection and facili
ties design. The System Assurance Criteria are 
integrated into all aspects of design, specification 
preparation, equipment selection, construction, 
architectural concepts, procedures, and operations. 

1 Metro Ra,il, sntem___,Assuranca C:itaria., WBS 13DAD, Booz, 
Allen & Hamilton and Kaiser Engineers, November 1982. 
Incorporated into .SCR'l'Q_Met;;g, Rail system. Design 
criteria and St.andar;,ds, Volume I, Section 5. 
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EXHIBIT 3-2 
General System Assurance Task Responsibilities 

l'llANSIT SYS"l'ltr.lS DKYliLOl'Mlla« 

SYSTDIS AND SYSTIMS 

CONSTRUCTION DESIGN 
AND 

SAnTY ANALYSIS 

11 
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CRITERIA OEVEL(J>MENT 

3 .2. l Develop System Assurance Criteria s RC RC RC 

3 .2 .2 Update and Revise System Assurance Criteria s RC RC RC RC 

3.2 .3 Develop System Assurance Input to Mileston~ p s 
Progrillll 

PLANS ANO PROCEDURES 

3 .3. l Prepare and Periodically Update the System s RC RC RC 
Assurance Program Plan 

3.3 .2 Prepare Contractor Systeta Assurance Submittal p RC RC RC s 
Review Procedures 

3.3.3 Develop the Operations Phase System Assurance s 
Organization 

3.3.4 Establish System Assurance Improvement Programs p 
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EXHIBIT 3·2 (Continued) 
General System Assurance Task Responsibilities 
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Measures 
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Maint1inability Numerical Indices 

3 .4 .3 Conduct System Assurance Trade-Off Studies p RC RC s s 

DES1GN 1 CONSTRUCTION 1 PROCUREMENTa AND 
TESTING SlJIPORT 

3.5.1 Provide General Design SUpport p 

3.5.2 Provide General Construction/Procurement p 
Support 

3 .5.3 Participate in SCRTD Design Reviews p 

3.5.4 Identify System Assurance Documentatioo s RC RC RC RC 
Requirements for Contract Specifications 
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EXHIBIT 3-2 (Continued) 
General System Assurance Task Responsibilities 

TllANSIT SYS'"r~IS PKVKLOPMKNT 
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3.5.5 Develop Guidelines for the Preparation s RC RC RC RC 
of Safety and Syste111 Assurance Analyses 

3 .5.6 Prepare Criteria Conformance Checklists s RC RC RC RC 

3.5.7 Prepare Specification Conformance Checklists s RC RC RC RC 

3.5.8 Conduct Coordination Meetings with p s 
Contractor System Assurance Staff 

3.5.9 Participate in Configuration Control Board p s 
Meetings 

3 .5 .10 Review Contractor Analyses and Reports p RC RC RC RC 

3 .5 .11 Participate in Test Progrilll Development p p p s s 

3 .5. 12 Review Operating and Maintenance Manuals RC RC RC RC RC 
and Procedures 

3.5.13 Participate in Testing p s s s 

P ., PrhAarJ RcapuHlbllllJ 
S .. Sceoadary w Supporl llupo1uibililJ 
II(" - II .,"lit1u, •tn,1 f'r~,tn....,.,..y,., 

CONSULTANTS Ol't:RAl'IONS 

i ! 
11 I ' 

11 ti 
~ 
0 

:-.r. .. i e ti tj 

ii ~ 6~ ti~ s-s !o I ~~ 
fa~ u &i H ti8 ii H 1~ A SIC 

~s i~ u8 88 

p RC RC RC RC RC RC 

s p s RC RC 

s p s RC RC 

s s s s s 

s s 

RC RC RC RC RC 

s s s s s s s s 

RC RC RC p p p 

s s s s s 



--------~----------

w 
·• '° 

EXHIBIT 3-2 (Continued) 
General System Assurance Task Responsibil1t1e~ 

TASICIACTIVITY 

3.5.14 Provide Operattons/Maintenance Support 

3.5.15 Develop Syst• Assurance Man1geaent Reports 

3 .6 .1 

3.6.2 

DOCUMENTATION 

Establish System Assurance Library 

Establish System Assurance Documentation 
and Review Procedures 
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J • 2 • 2 D_pdate agd Revise system J\ssu~ance criteria 
During the design process, changes may be made 

to the System Assurance Criteria based on the results 
ot trade-oft studies and alternatives analysis. The 
System Assurance criteria are revised in accordance 
with .the established Metro Rail change control 
process-~ 

J.2.3 Develop System Assurance Ingut ·to, Milestone 
Program 

As part of the Metro Rail community participa
tion and milestone program, a chapter on system 
assurance was incorporated into the Metro Rail 
Project Milestone 7 Report.2 It described the 
SCRTD's comprehensive system assurance program in the 
areas of reliability, maintainability, and quality 
assurance. The Milestone 7 Report was adopted by the 
Board ot Directors in March 1983. 

3 • 3. 1 e~apare and p·eri04ic;a11y Upda.te t;;.he ~ystem 
Ass;uram::e Prqgram flan 

Based on SCRTD goals and objectives tor a 
dependable Metro Rail systell, this SAPP has been 
developed to define the system assurance management 
and technical tasks that must be performed during 
each project phase. The SAPP is periodically updated 
prior to the start ot each phase of the Metro Rail 
Project. 

3.3.2 Prepara cgnt;wct;or systg a,ssurance su1mit;:ta1 
Reyiey ftpcedures 

Procedures ~or revievµiq contractor-p,repared. 
sumaittal.s were devel.oped.3 These procedm:ea 
provide ~or a e~enaive review o~ the 
eontn.ctors1 system assurance docuaentation by the 
SCRTD, the GC, the CM consultant, and other systma 
assurance progrma participants. 

2 Metro, Rail Project Milestone 7 Report, Safety. 
F'irs/Lifg sa;eety. securi;tx ,and svst;ema Assu;;ance, 
Final Report, March 1983, Chapter v. 

3 c.ont;:actgr s@m.ittal. nevi1L1D4 Approyal Procedures, 
SCRTD Metro Rail Project, Rev. o (Dra~t), August 1988. 
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3 • 3 • 3 pewop 1;1).e Ope:rat.ians Phase systg Assurance 
orqaniz·ation. 

For revenue service, the focus of syste11 assur
ance will shift fr0J1 Systems and consb:w:tion Safety 
to Tl:'ansportation, Equipment Maintenance, and Facili
ties Jlai:ntenance. Each of these organizations will 
estaol.ish :pJ:oeedures to JROnitor and evaluate the 
qaality of service and maintenance, and the ~or
:mance and reliability of equipaent; and to identi:fy 
opportunities for improving syste11 dependability. 

J • J • 4 Establish svs;tea Assgrance pmrpyeme.nt. ft"uY:Dlms 

During reliability and maintainability de.anstra
tion testing, opportunities to improve equipment 
performance will be DIODitored closely by the system 
assurance organization as wel.l as by Equipment Mainte
nance and Facilities Maintenance personnel. Data from 
the reliability and .untainat.ility demonstration 
tests will. be used to report on probl- areas or 
deficiencies, and to identi~ opportunities for 
illpmveamt through design cbangaa, proced1Eres 
m.odification, or other corrective action. 

3 • 4 ANALJSES, MP STUDIES 

4 

5 

J.4.1 Define Reliabil.itx and Maintainability Measures 
During Continuing Preliminary Engineering, the 

SCRTD prepared standard reliability and maintainabil
ity definitions. 4 'l'he definitions, developed for 
contractual purposes, established a common baseline 
tor reliability and :maintainability measures prior to 
selection of numerical requirements. 

J • 4. 2 De;zelop :and VPaote Beliabil i.ty _a:nd Mainta.in
abil,i;;tv N)lmerica,l J:.ndio.es 

Following development of the Relial>ility and 
Maintainability Definitions, the system assurance 
organization identified numerical requirements for 
inclusion within contract specifications. Require
ments were identified for passenger vehicles, as well 
as tor other elements of the Metro Rail system.5 

smp Metro .Bail m"iw Bt·J.iability and Haintai.nll?U
ity Definitions, Booz, Allen & Hamilton, July 1984 . 

. suJ;i1ystem Reliability and Maintaina1>i11ty Nwnerica.1 
ftaquirements fgr_Metrg Rail, MRTC, November 1984. 
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The requirements are updated as designs and 
reliability analyses are sul)mitted by contractors. 

3. 4. 3 cong.uc;t system Assurance Trad-e-ott studies 

During the design process, situations arise 
where_trade-otfs between and within safety, security, 
and system assurance must be addressed. The system 
assurance organization coordinates with the safety 
and security organizations, as well as with involved 
outside agencies, to resolve these issues. The 
recommended resolution of these trade-offs is 
presented to design engineers and Metro Rail 
management for approval and design implementation. 

3.5 DESIGN. CQJfSTBVCllQM, PBOCUREMENT, MP 'TESTYNG SWfORT 
The system assurance organization is responsible for 

providing support to ensure that system assurance issues 
are adequately reflected in architectural, system, and 
sul)system designs; in procurement specifications; and in 
the end products which are delivered or installed. 

3. s .1 P;:gyids; Genera.I pesi,gn support 

The system assurance organization is responsible 
for providing information and analyses pertinent to 
reliability, maintainability, and quality assurance 
requirements in system and sul)system design. The 
information provided includes: 

• Documents and data from other transit 
properties on the sul)ject of systems 
assurance as related to facility and 
equipment design 

DocwD.entation of trade-off analyses 
and resolutions taken to coordinate 
safety, security, and system assurance 
considerations in system and sul)system 
designs and specifications. 

3.s.2 E:oY:lda General constrgct.ionLProcurement sug,;ort; 
The systea assurance organization is responsib1a 

for providing in:ror11ation, analyses, and support 
pertinent to systea assurance in the ~on, 
11BD~actura, proc,u:eaeat, and instal.1ation or Metro 
Rail facilities and equipaant. The systea assurance 
organization provides eonatnction and pr0CIU'llllellt: 
support, as required, to the TSD or:tices o:f 
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Construction Management and Systems Design and 
Analysis, and the CH and SE&A consultants. 

3.5.3 Pa;rt;.icipa-t.~ in scam Design Revi ews 
The system assurance organization participates in 

all reviews where system dependability could be 
affected by design decisions. These reviews include 
Conceptual Design Reviews, Preliminary Design Reviews, 
and Final or Critical Design Reviews. The results of 
the design reviews are doCWDanted, and action items 
are assigned to resolve deficiencies. 

3 • 5. 4 Iden:t.ify svstem. Assuranc_e pocumenta.tion Regyire
ments. for c;om;rar;;:t spec:i ficatigns 

From Preliminary Engineering through the Final 
Design Phase, the system assurance organization 
identified contractor or supplier system-assurance
related analyses, tests, tasks, and sub:mittals that 
form part of the procurement specifications.. Within 
the system assurance organization, the GC had primary 
responsibility for identifying and phrasing the 
requirements tor system assurance analyses, test 
requirements, and suc:mittals in the procurement 
specifications. 

3. 5. 5 Develop Guidel inas tar· the e;:epara..tio·n ot 
s1t,,ty a,n,d_iystem Assurance AnaJ.xses 

During Final Design, guidalines6 ware prepared 
to present uniform formats and methodologies to be 
used for safety and system assurance analyses prepared 
by Matro Rail systems contractors. The goal of making 
the Metro Rail system as reliable, maintainable, and 
safe as possible can more easily be accomplished if 
safety and system assurance analyses for all contracts 
are conducted in the same manner and displayed in the 
same format. This approach will result in more 
streamlined processing of the information. 

3.5.6 Prepare criteria contarma.nca Chec;kl.ists 
To ensure that the system assurance criteria are 

properly reflected in contract drawings and 

Guialines tor ;tha eEemarat.ign o:Ca sa.;eet.y· and ayste:m 
Assu;ance Analyses, sCRTO 5-001, Booz, Al.len & 
Hamilton, Rev. 2, March 1987. 
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specifications, the GC developed comprehensive check
lists of items which must be verified during the Metro 
Rail design review process. Check1ists for systeJ11Wide 
ele11SDts and facil.ities contracts have been developed 
to support the Safety certification Progrma. The 
checklists are used by SCRTD system assurance staff to 
ensur11 a comprehensive and consistent review of 
specifications and drawings. Any discrepancies are 
formally submitted to ·the GC and are resolved to the 
satisfaction of SCRTD system assurance management. 

J.s.1 Prg;a;e §Reciti2:1tion conformance Checklists 
Checklists will be developed to ensure that all 

system assurance criteria incorporated into the 
specifications are reflected in contractors' final 
designs and in equipment and materials selection. The 
checklists will be incorporated into the Metro Rail 
design review, audit, inspection, and testing program 
to support the Safety Certification Program. The 
checklists wil.l. be prepared by the GC and used by 
SCRTD and representatives of the CII Consul.tant and 
SE&A Consultant (for passenger vehicle ~t) 
during contractor design raviewa, audits, inspections, 
and tests. Any discrepancies -between the specifica
tion conformance checklist requirements and contractor 
designs or final products will. be resolved to the 
satisfaction of SCRTD system assurance management. 

J. s. 8 ~gnduct coordination Mte:tinqs wU;h c;ontraet;o;; 
system. Assu;:ap,:a s;tatf 

The systea assurance organization will. ,coordinate 
syste1I assurance planning with cognizant representa
tives of Ketra Rail equipaent contractors, facility 
,cantractars, and subcontract.ors. The meetings will 
be held on an as-required basis to discuss designs, 
change requests, and sul:llllittals. 

J • s. 9 fartieiipat;a in conticmra,;t;;Len c·eotml Board 
IJeetinqs 

'1'ha systma asrmce organization is represented 
on the ~iguration control Board (CCB) wtinas by 
the Director of Systaa and Comrt:ruct.ion Safety.1 

C!h;ange CQQtrol Pr,aced\Ire, cons:t;mat.ionJ'Ins;ta11a;tion , 
Prpgyre:m,ent c:ontr;act;s, SCR'l'D Matro Rail Project, Rev. 
1, March 1988. 
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The CCB is the SCRTD group with the authority to 
approve or disapprove all proposed changes to 
established Metro Rail designs. As a CCB :member, the 
Director of S&CS assesses whether changes to the 
design of a facilities or equipment cou1d affect the 
dependability of the Metro Rail systma. 

-
3.5.10 ·Raxi;ew contractor Analyses and Re.ports 

The system assurance organization reviews any 
contractor analyses, reports, and.submittals relating 
to reliability, maintainability, quality assurance, or 
maintenance. such submittals include change 
proposals, failure analyses, critical/catastrophic 
items lists, fault tree analyses, test plans, and 
other relevant Contract Data Requirements List (CORL) 
items. · 

J.5.11 Participate in Test FP-!aAM Development 

During ,ca,natzuction/Acquisi tion, the system. 
assurance organization will assist the systems Design 
and Analysis Office, the Construction Management 
Office, the SE&A Consul.tant, the CH Consultant, and 
Metro Rail transportation and maint.anance personnel 
with devel.oping test plans and pracedures. The test 
progrdJI. encompasses tests o:f :fixed facilities and 
systea equipment; systma integration and pre-revenue 
tests: and a.11 safety-rel.atad tests. The test progrua 
will be illpleaented thraugbm.tt constructic;,n of the 
Metro Rail syste. and during start-up operations. The 
Metro8Rail tests are identified in the Test ;erpgrp 
flu. 

3.5.12 . Review operat.ins,_an.d Maintena-nca Manuals and 
Pr~edures 

The system assurance organization will review 
operating and :maintenance :manuals and procedures which 
relate to system assurance. These include operating, 
maintenance, and repair :manuals; operators' rulebooks; 
maintenance checklists and schedules; standard operat
ing procedures; fault isolation and troubleshooting 
plans; failure plans; etc. 

'l'est Program Plan, SCRTD Metro Rail Project, Rav. 1, 
September 1988. 
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3.5.13 PartictQate in Tytinq 

The system assurance organization will partici
pate in Metro Rail testing activities. The system. 
assurance organization's participation in testing will 
include reviewing, coordinating, witnessing, conduct
ing, gr auditing tests related to systea assurance. 
E:xallples of such tests are production verification 
tests and reliability and maintainability demonstra
tion tests. 

3.5.14 P;;pyide QJi!era;tions/g~ntenapce ,Sgpport 

Daring the Pre-operational Testing and start-up 
Operations Phases, the systaa assurance organization 
will provide input to evolving operations and maint
nanca philosophies. The systma assurance organization 
will review new designs or design changes that illlpact 
operations and maintenance and will also provide input 
to operations and maintenance plans and procedures. 

3.5.15 Develop System Assurance Management RePPrt.s 

The system assurance organization will develop 
reports to ~or.a SCR'l'D :mmageaent of the status and 
effectiveness of the systma assurance prcgrua. The 
reports will include results of syatea assurance 
inspections, tests, and audits. During Metro Rail 
operations, the reports will also identify adverse 
trends in service or equipaant performance and will 
include racaamandations to illlprove syst8ll. 
dependability. 

3.6 CQCQMENTA1'+9M 

The system assurance organization is responsible for 
compiling and maintaining system assurance documentation as 
part of a safety, security, and system assurance library. 

3.6.l E,stat11ish S'Jl§tem i\ssu:rance Lil:lran 

The organization and maintenance of a system 
assurance library of Metro Rail Project and other rail 
rapid transit properties is a continuing activity. 
The system assurance data bases provide: 

05/89 
Rev. l 

Archival data of other properties' 
reports, records, and statistics (as 
such can be obtained) 

Status records of contractors' 
analyses, tasks, test certifications, 
etc. 
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Qualitative data for investigation of 
system assurance problems and quanti
tative data for statistical analysis. 

J • 6. 2 Esct;:abl i§b systam, As~urance pgc;umenta:tig,o and 
- Beyie.w r;oc;eaures 

.,_ -
The system assurance organization prepares 

procedures to review, comment on, and track changes 
to system assurance criteria, change notices, and 
other related documentation. This documentation 
includes: 

IA05Sl3l3R 

05/89 
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Internal and contractor-provided 
systBlll assurance and related analyses 

Status reports on all contractor
provided system assurance and related 
analyses 

The resolution of all failures 
itemized in Failure Modes, Effects and 
Criticality Analyses 

Quality and system verification and 
testing documents, if relevant to 
system assurance 

Training program materials for 
operating and maintenance personnel. 

3-17 
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Chapt~ 4.0 identifies s:yst811l assurance program tasks 
specific to reliability planning, analysis, and support. 

The reliability tasks presently identified :for each 
phase of the Metro Rail Project are listed U' Exhibit 4-1 
and are described in the following sections. Task numbers 
in the left-hand column of Exhibit 4-1 correspond to the 
paragraph numbers in the text. 

Exhibit 4-2 identifies the organization or organiza
tions having principal responsibility for preparing, 
supporting, and/or reviewing and comenting on each task 
or activity. 

4 .1 BEI,IUtLiff PLAN'S MP PRQCEnpg§ 

1 

4 .1. 1 Pr;par,e I wa;;mnty hasun:n;t Plan 

During Continuing Preliminary Engineering, a 
warranty Management Plan was prepared to identity the 
requ.iremm:rts for a successful. warranty program.l 
The plan identified appropriate warranty provisions 
and established the Warranty Provisions working 
Group. During Final Design, the Warranty Management 
Plan was expanded. to review the bus warranty program, 
identify its relevance to the rail system, and 
develop the rail warranty process. 

4. 1. 2 Establish , warranty P;:qyisi2·us grking q;c;ou12 

During Final Design, a group was assembled to 
recommend appropriate warranty provisions for 
inclusion within procurement specifications. To 
carry out its responsibilities, the group reviewed 
warranty provisions for other transit system 
procurements and developed. appropriate provisions for 
SCR'l'D procurements (see task 4.2.1). 

wan:.anty Mana,qemen.t !lan., Booz Allen & Hamilton, 
March 1986. 
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,.1.3 Deve1gp HAG:IPtx Procedures. forms. a,n@ 
Instrgc;tions 

Prior to accapt:a,IICfl o:r equipaant and 
:facilities, the systaa assurance c~on will 
develop speci:tic warranty pracedure9 to ensure that 
Het:ra Rail rec:oqa.iz- the bene:ti t o:r warranty cl.auses 
incl.wied in the contracts. Procedures will assign 
responsil>i1ity and delegate authority to SCRTD staff 
for l!ldmini taring the warranty program. In addition, 
agree111ents will be reached with contractors on 
doCWD.entation, notification procedures, labor and 
material costs, etc. 

4 • 1. 4 JJl!YNop a r:a.il.ura BeP9J:Si:P& :pd RIRestixe 
Acti,cm l:mteP 

The SCRTD baa i.ncl.uded variaas rel.ia!Jility, 
-.intainability, and warranty ~b in Matro 
Rail contracts. To an:torce tb.a-~. a 
consistent and e:rfect:ive ll8thad :ror t:ba reporting, 
analysis, and follow-up o:r failures is required. 
DQring Pinal. Design, an ana.lysis2 o:r lletzo Rail 
.Hanaqaaam: ntrcmaation Systaa (J[[S) ~ was 
~ormed and proposed use o:r tb.a ·scnn1 a Vehicl.e 
lla.Dagtmallt Systaa (VIIS) ta report :railuras and 
schedule co1.recti.ve action for Jlatro Rail passenger 
vehi.cl- and rail-borne · auxili.uy vehicles. The 
SC2l'D's Faciliti- Maintenm Systaa (l'IIS) will be 
used ta report :failures and. schadul.e co:r::rective 
action :for all other Katra Rail equi.paent. 

4.1.5 Qcn,lqp :ut l&M4A P1an 
~ ~an o:r the iletro Rail system. 

and during start-up operations, a cmap,rebensive test 
program. wil1 be illlpl.eaented and wil1 enccmpass tests 
of 'l!ixed :facilities · and systaa equipaent; systea 
integration and pre-revamie tests; and al.1 
sa:rety-rel.ated tasta. '.l.'.be test prograa is designed 
ta ensure tbat :aateria1, equipaant, :racili ties, and 
so~ provided under tb.a varioas ~ and 
C0IIB'tZ'l:lr.:on contracts con:ror.11 to ~; and 
that equipaent, :facilities, sottvare, and peraonnel. 
tunction a:r:tecti.valy together ta provide ~e and 

Eqgi;m@D.t , Maintenance M§naggent Infogati.QD system 
Re;»iregents Analysis, ACEX under subcontract to 
Booz, Allen & Hamilton, June 1988. 
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dependable service. The truaavorlt for achieving the 
test pruqraa objectives is presented in the~ 
P;ggra;a P1an CTPP), vhic:ll was devel.oped during tile 
~OD/Acquisition pba-. The TPP iclenti.:fies 
tbe test p~raa organization, estab1isb- the 
process tor managing test pz:og1aa activiti-, and 
c:la:fines the a.dllini.:st::rve ~ o:t tbe test 
p~raa. Appendices to the TPP also provic:la a 
preliwinaty listing of the tests. 

4 .1. 6 peyeJ.gp ge1.@il.it;y Test Qemonst;;atign 
n;ocedures 

The procedures for the reliability test demon
stration of system elements will be developed by 
contractors with the help and direction of the Matro 
Rail systea assurance organization. The system 
assurance organization will manage the reliability 
test demonstration to ensure all contractual require
ments are met. 

4.1.1 EsbJ?li1b an Incident Evaluation t;;qpittee 
An Incident Evaluation C0Jlmlittae (IEC) will be 

established during the Crmst'Z'Qct.ion/Acquisition Phase 
to investigate failures of Metro Rail equipment. The 
IEC will review failures during acceptance tasting, 
the reliability test program, and the warranty 
period. The IEC will be charged with determining the 
relevancy of t~ilures to reliability and warranty. 
provisions. 

4 .1. a ·neelgp Incident Evaluaticm cem;mi;t;;tet Pglicies 
and Prpcedu;"es 

During the Construction/Acquisition Phase, 
policies and procedures will be developed for the 
IEC. Th• po1icies and procedures will be consistent 
with failure reporting r ,~1;,s, contract 
provisionsr and SCRTD ma.illtenanca: management 
information capabilities. 

4.2 U.Ji\BI;L!TY MALJSZS MP $QPfQBT 

4.2.1 ove1gp 11;:rant;x Prgy;isioos ;or cgn;tns;ts 
During Final Design, warranty provisions were 

prepared for all contracts. The provisions addressed 
warranties for original equipment, spare parts, 
warranty replacement parts, and special test 
equipment. 

05/89 
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3 

4 

4. 2 • 2 Prepare ra.ilura Kan_aaemen;t Analyses 

During Continuing Preliminary Engineering and 
Pinal Design, analyses were conducted to evaluate the 
impacts of perturbations on system operations.3 
Using the Rail Transit Simulator, these analyses 
ax~ed system recovery capabilities, assessed 
whether-the system could achieve h~dway objectives 
for the year 2020, and eval.uated the operational 
effects of North Hollywood. configurations. Another 
set o:t anaJ.yaas4 was ~oraad and described the 
failure ~facts and responses tar cfflPP'mijcatimm and 
Autcmatic Train Control aqu.ipaant failures. The 
amuyaea identified potential. hazards and provided a 
ba_-eJ.ine for the developaant of failure ~ 
procedurae for oparaticms. 

4. 2. J Part,i;iga;ee on ;rnc;ident Eyalua:t;ion cgmmittee 

A qualified mmaber of the system as~ce 
organization will participate on the IEC. The n:c 
~ been charged with determination of relevant 
failures, recammendation of failure analysis on each· 
incident, and determination· of the corrective actions 
to be taken. -

4.2.4 Eya.1u1te tha o;erati0na,1 Impac;ts of Pow§r 
§YCem Fai1m;es 

A power system reliability :model was developed 
during Pinal. Design to eval.uata the operational 
impacts of al.ternative power systam configurations.S 
The 110dal cal.cul.ates the expected annua1 number and 
duration of power outages for traction and auxiliary 
power, based on the reliability and configuration of 
systaa equipment. 

F:a;ilure. Management Analyses, ACEx under subcontract 
to Boaz, Allen & Hamilton, February 1985. 

Failure BiJnagepen;t;, Plan and 1m1,1ysp ror Autgmrtic 
Tra;in c,ontrol and c;a;onmi;:1,ticm syst;M§, ACEx under 
subcontract to Boaz, Allen & Baailton, September 1987 
(Draft). 

s ,0pe;:ati;n11 ;cmpacts--Powe:r sntn failures, aoaz, 
Allen & Hamilton, May 1985. 
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4. 2. s PaPAn sinale-foint failure s1pmparies 

During constructian/Acquisitian, single-paint 
failures which could result in significant delays ta 
service or critical or catastrophic safety hazards 
will be identified based on reviews of failure modes 
and effects analyses. These single-point failures 
will .be .. trac:kad to provide managemant visibility. 
Single-point failures that cannot be resolved by 
design.will need ta be mitigated by operating 
proc:adurea. 

LA0581314R 
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Chapter.5.0 identifies system assurance program tasks 
specific to maintainability planning, analysis, and support. 

The maintainability tasks presently identified for 
each phase of the Metro Rail Project are listed in Exhibit 
5-1 and are described in the following sections. Task 
numbers in the left-hand column of Exhibit 5-1 correspond 
to the paragraph numbers in the text. 

Exhibit 5-2 identifies the organization or organiza
tions having principal responsibility for preparing, 
supporting, and/or reviewing and commenting on each task 
or activity. 

5. 1.1 Qevelop Main_taina.billty :res,t oemonst:ration. 
Proq,edµres 

During the Construction/Acquisition Phase, 
procedures for the maintainability test demonstration 
will be developed by contractors under the direction 
and with the assistance of the system assurance 
organization. The system assurance organization will 
coordinate the maintainability test demonstration to 
ensure all contractual requirements are met. 

5.2 MAfflTAINABILm APLI§'ES ANO, SUPPORT 

5. 2 • l Pa;cticipat,e in the Maintainabil · ;tz Test 
cemonst;c:atien 

The system assurance organization will partici
pate in the maintainability test demonstration of all 
equipment and systems. The system assurance organi
zation, along with SCRTD Equipment Maintenance and 

. Facilities Maintenance personnel, will ensure that 
all contractual requirements are adequately 
demonstrated. 

LA0581315R 
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Chapt~r_6.0 identifies system assurance program tasks 
specific to quality assurance planning, analysis, and 
support. · 

The quality assurance tasks presently identified for 
each phase of the Metro Rail Project are listed in Exhibit 
6-1 and are described in the following sections. Task 
numbers in the left-hand column of Exhibit 6-1 correspond 
to the paragraph num.bers in the text. 

Exhibit 6-2 identifies the organization or organiza
tions having principal resp_onsibili ty for preparing, 
supporting, and/or reviewing and commenting on each task 
or activity. 

6. 1 OQAW!J'.:X ,ASSlJ'RANCE PLANS AND PIQCE,QURE'S 

1 

2 

6.1.1 Qexelop a; Me,tro Rail. Quality Assungnce Praqra;m 
ElD 

l)Qring the Pina1 Design and COmrtt:u;ction/ 
Acquisition Phases, the system assurance oPJcUtization 
prepared a ouali;ty Assurance RrWIP Plan. 1 The 
plan describes the overall quality assurance process 
tor design, equipment procurement, construction/ 
instai1ation, systea start-up, and operations and 
Jllai.ntanance. The p1an also describes the general 
activities and responsibilities of Metro Rai1 Project 
personnel in implementing the qua1ity assurance 
progrma. 

6 .1. 2 oevel.op a Quali,t:L Pre-Award. $ttrV!iY 
1J1nua1--sys,;ems 

During Final Design, a Quality Pre-Award survey 
Manual was prepared.2 The Quality Pre-Award Survey 
Manual is designed tor use in reviewing and verifying 
the quality assurance capabilities of potential 

oual1ty Assuranc;;e Program Plan, SCRTD Metro Rail 
Project, August 1987 (Draft). 

OQali:ty Pre-fiaward S'Uryey Manual, Booz, Allan & 
Hamilton, July 1984. 
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Develop a Qua11ty Pre-Award Survey Manual--Systems 

Develop a Res1dent Eng1neer Manual 

Develop ·a QA/QC Procedures Manual 

Develop QA Rev1ew Guidelines--Systems 

Develop Gu1de11ne~ for Construct1on Inspectors 

Develop Contractor/Supp11er lnspect1on and Test1ng Plans 

Estahl1sh a QA Training and Certif1cation Program for 
Ha1ntenance Personnel 

PROJECT PHASE 

.... ! 
z 

~~ 
..i Ill 

a -c a.z -~, ::io 
g ::i~ i! i:: 

j ES f~ IIC ~ -c le a:8 ~ t;o 3-c 0 

• • 
• 
• 
• 
• 
• • 
• • 

• • 



- - - .. - - -·- - - - - - - - - - - -

0\ 
I 

w 

= 
~I 
0~ 

~ 

6.2 .1 

6.2.2 

6.2.3 

6.2 .4 

6.2.5 

6.2.6 

6.2 .7 

6.2.8 

6.2.9 

EXHIBIT 6-1 (Continued) 
Quality Assurance Activities and Tasks 

n TASK: TITLI 

E1 

QUALITY ASSURANCE SlPPORT 

Participate in Quality Pre-Award Surveys 

Participate in Contractor Oesi!JI Reviews and Milestone Audits 

Part tc ipate in Source Inspections 

Participate in Qualtfication Testing 

Participate in In-Process Inspections and Tests 

Participate tn Quality Audits 

Participate In Acceptance Inspections and Tests 

Participate on Material Review Boards of Contractors 

Conduct Investigations of Quality ProblelllS 
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QUALITY ASSURANCE PLANS AND PROCEDURES 

6.1.l Develop a Metro Rail Quality Assurance Program Plan p RC s s RC s RC RC 

6 .1.2 Develop a Quality Pre-Award Survey Hanual--Systems s RC RC p RC RC 

6 .1.3 Develop a Resident Engineer Manual s RC RC RC p 

6.1.4 Develop a QA/QC Procedures Hanua 1 s RC RC RC RC RC p 

6 .1.5 Develop QA Rev tew Guidelines--Systems s RC RC p RC RC 

6 .1.6 Develop Guidelines for Construction Inspectors s RC RC RC p 

6 .1.1 Develop Contractor/Supplier Inspect 1on and p RC RC RC RC s 
Testing Plans 

6.1.8 Establish a QA Training and Certification s RC s p p 
Pro!J"aiR for Maintenance Personnel 
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EXHIBIT 6-2 (Conttnued) 
Qualtty Assurance Task Responstbtltttes 
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QUALITY ASSURANCE Sll'PORT 

6 .2 .1 Parttctpate tn Qualtty Pre-Award Surveys p s s 

6.2.2 Parttctpate tn Contractor Oestgn Revtews and p s 
Htlestone Audtts 

6.2 .3 Parttctpate tn source Inspections p s s 

6.2.4 Part tc tpate tn Qualtficatton Testtng p s s 

6.2.5 Parttctpate tn In-Process lnspecttons and Tests p s s 

6.2.6 Parttcipate in Qualtty Audtts p s s 

6.2.7 Participate tn Acceptance Inspections and Tests p s s 

6.2 .8 Participate on Material Review Boards of p s s 
Contractors 

6.2.9 Conduct lnvestigattons of Quality Problems p s 
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contractors providing hardware and software. These 
quality assurance capabilities include quality 
planning, control, coordination, audit, and analysis 
activities during the design, procurement, fabrica
tion, assembly, and delivery phases of the contract. 
The evaluation is carried out in two steps: 

-. Review of the contractor's quality 
assurance documentation submitted in 
the proposal to the SCRTD 

• Physical verification of contractor's 
capabilities through surveys of 
contractor's and users' facilities. 

The manual provides the necessary tools for 
SCRTD's quality assurance organization to conduct the 
evaluation by: 

Identifying the quality assurance 
criteria to be reviewed 

Providing a procedure to conduct the 
quality pre-award survey 

Providing a checklist for each quality 
assurance criterion to complete the 
evaluation. 

6. 1. J Deve:l,gc 1, Res.ident Engineer Manual 

Resident Engineers (REs) provide on-site 
monitoring and tecbni.ca1 oversight of Metro Rail 
contractor activities. Daring Pina.1 Design, a manua1 
was developed to provide guidance to REs in the areas 
of contracts, monitoring, .a.mdnistration, and 
dOCIJllentation.3 The procedures are to be followed 
by all REs. 

6.1.4 oe:ve.10p a QALoc Procedures Manual 
During Final Design, the CM Consultant developed 

a Quality Assurance/Quality Control (QA/QC) Proce
dures Manual for distribution to cognizant staff and 

Resident Engineer Manual, PDCD, Rev. 1, .July 1988. 
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5 

contractors. 4 The manual defines a standard 
approach for the conduct of all quality assurance/ 
quality control activities on Metro Rail contracts. 

6.1.5 Dex.lop 0A Review G igeline.s--systems 

Following contract award and during contract 
execution, the SCRTD has the responsibility of 
monitoring the performance of each contractor's 
work. Monitoring work progress is a comprehensive 
process that must address various project elements 
such as technical compliance, schedule and cost 
adherence, product support requirements, and quality 
of the end product. The attention and efforts of the 
SCRTD and its consultants will be directed toward 
ensuring that the delivered product has attained a 
level of quality commensurate with industry standards 
and contractual requirements. 

During Final Design, Quality Assurance Review 
Guidelines--systems were developed for use in 
reviewing and verifying the performance of the 
quality assurance program for contractors providing 
systems, equipment, and software.5 The guidelines 
focus on key items to be covered during quality 
assurance program reviews, such as organization, 
program plans, receiving material control, production 
inspection and testing controls, nonconformance and 
corrective action controls, configuration control, 
supplier control, and internal audit procedures. 

A silllilar set of guide1ines for civil/ 
calUl't:cuGt:ion contracts oriented toward reviewing the 
qua].ity assurance performance of facility contractors 
is included in the Metro Rail QA/QC Praeedm'es Hanua.l 
developed. by the ex Consu1tant. 

6. 1. 6 oey·elop ®idel ines for construc:tion rnspectors 

curing Final Design, guidelines for Construction 
Inspectors were developed to provide a standard frame 

ouali!;7 Assurance1ouality c;n;tr01 Procedures MarJua.l, 
PDCP, September 1985. 

ouali:;y Assuranc;e Review Guidelines, Boaz, Allen & 
Hamilton, June 1985. 
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·of reference for all personnel engaged in inspection 
activities. 6 The manual delineates the authority, 
responsibilities, and obligations of inspectors and 
identifies necessary documentation and technical 
requirements with regard to underpinning, subway 
excavation and backfill, concrete and steel struc
tures~ tunneling and waterproofing. 

6. 1. 7 Develop coptra.ctQr/S;UDPl ier Inspection and
Testing ~Pla .· s 

During the Final Design and Construction/ 
Acquisition Phases, the system assurance organization 
works cooperatively with contractors to develop 
inspection and testing plans as required by specifi
cations. The system assurance organization will be 
responsible for reviewing the quality aspects of all 
inspection and testing plans for systems and facility 
contracts. 

6.1.8 Es,tab.li§h a 9A Tr1.ining_and Ct!rti.figatio:n. 
P;;,ogxam for Maµ,teDODG8:,- Personnel 

The system. assurance organization will assist 
the SCRTD Equipment and Facilities Maintenance 
Departments with development of a qua1ity assurance 
program for Metro Rail equipment, systems, and 
facilities. The program will include indoctrination, 
training, and preparation of course materials for 
maintenance personnel inspecting and repairing Metro 
Rail property. 

6.2 QTJAUTY ASS,QBANC: SUPPORT 

6 • 2 .1 farticipa_te in o ali:ty Pre-Award surveys. 
During the Final Design and Construction/ 

Acquisition Phases, the system assurance organization 
directs and participates in the pre-award survey of 
the quality assurance capabilities of potential 
contractors. Input from the system assurance 
organization is used to select the most responsive 
and responsible bidder. 

6 Ingu2:t2r Guidelines, POCO, Rev. 2, July 1988. 

05/89 
Rev. 1 6-8 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6.2.2 Participate in contractor Design Reviews and 
Mi.Ies.t.9ne Audit,s 

The system assurance organization participates 
in all design and milestone reviews where system 
assurance issues are likely to be addressed. These 
include Conceptual, Preliminary, and Final Design 
Reviews, Mock-Up Reviews, and First Article Configura
tion Identification Inspections. The results of the 
design reviews are documented, and action items are 
assigned to resolve deficiencies in accordance with 
Metro Rail and contractor practices. 

6 3 - · • t ~ -· . 2. Pa+v:io1paaa in source rnspexk,1ons 

The system assurance organization participates 
in source inspections of materials, components, and 
equipment used by Metro Rail contractors. Source 
inspections may be required for components 
manufactured by companies which supply components, 
suoasseml:llies, and assemblies to Metro Rail 
contractors. These inspections take place at the 
"source" of the component (i.e., the plant where it 
is produced) during the Construction/Acquisition 
Phase. 

6. 2. 4 Part:.iej,pate . in oual.i;Cicat,ign Testing 

The system assurance organization participates 
in qualification testing of materials, components, 
and equipment used in Metro Rail procurements. 
Qualification tests take place during Construction/ 
Acquisition to demonstrate that the product performs 
satisfactorily at the d~sign limits, to confirm 
access points and redundant features, to demonstrate 
design life, and to verify interfaces with the next 
highest level of assembly. 

6. 2. s Pa.;ctieipate in In-Process rnspec;tions and Tests 

The system assurance organization participates 
in in-process inspections of Metro Rail equipment and 
facilities. Inspections occur during Construction/ 

. Acquisi t .ion at appropriate points in the manuf actur
ing or installation sequence to ensure compliance 
with drawings, test specifications, process specifi
cations, and quality standards. 

6. 2. 6 farti.9i;a:t;e,_ in ouality Audits 

The system. assurance organization directs and 
participates in quality audits of Metro Rail 
contractors. The SCRTD conducts scheduled and 

05/89 
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unscheduled quality audits during the Construction/ 
Acquisition Phase to verify compliance with, and to 
determine the effectiveness of, contractors' quality 
assurance programs. Audits are documented in 
accordance with Quality Assurance Review Guidelines 
(See task 6.1.5). 

6. 2. T Participate in.,,Acc,ep,tance Inspe:etions and Tests 

The system assurance organization participates 
in the acceptance testing and inspection of Metro 
Rail systems, equipment, and facilities. Acceptance 
tests of equipment are conducted prior to delivery to 
verify proper operation. Additional acceptance tests 
may be performed after delivery to confirm non
degradation during shipment. Acceptance inspections 
and tests are conducted during the Construction/ 
Acquisition and the Pre-operational Testing Phases. 

6. 2. a eart.i.c;ipa;te o,n Mater'ial Reyi.ew Boards of 
cgntractw.s 

During the Construction/Acquisition Phase, the 
system assurance organization participates, as 
appropriate, on Material Review Boards of Metro Rail 
contractors. Contractors are required to establish 
procedures for the disposition of non-conforming 
material. 

6.,.9 cpnduct Investigations of auality Problems 
The system assurance organization conducts 

investigations into quality problems that arise 
during Metro Rail Construction/Acquisition, 
Pre~perational Testing, and Start-Up Operations. 
Appropriate doCUlllentation and reports are submitted 
to senior management. 

LA0581316R 
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Chapter- 7.0 identifies system assw;ance program tasks 
specific to maintenance program planning, analysis, and 
support. 

The maintenance planning tasks presently identified 
for each phase of the Metro Rail Project are listed in 
Exhibit 7-1 and described in the following sections. Task 
numbers in the left-hand column of Exhibit 7-1 correspond 
to the paragraph numbers in the text. 

Exhibit 7-2 identifies the organization or organiza
tions having principal responsibility for preparing, 
supporting, and/or reviewing and commenting on.each task 
or activity. 

7. 1 DINTElfANCE' Pt;.AM MD PROCEDURES 

1 

2 

7 .1.1 Prepare a Prelimio1a Maintenanc,e Plan 

Du.ring the Preliminary Engineering Phase of the 
Metro Rail Project, a Preliminary Maintenance Plan 
was developed. which addresses the conceptual develop
ment of the maintenance program..l Included are 
such topics as the planning for maintenance activi
ties, integration with support !Unctions, the work 
order and control process, and repair philosophy. 

7 .1. 2 Devel.op a.n4 Update the system, Maintenance Jlan 

The Preliminary Maintenance Plan was expanded to 
include the maintenance policies and objectives of 
the SCRTD, descriptions of maintenance facilities, 
preventive maintenance and corrective maintenance 
programs, maintenance organization and management, 
materials management, maintenance manual and training 
program requirements, and operational logistics. The 
basa1ine edition o~ the syst- llaill'tenance Plan2 
was issued during the Construction/Acquisition 

Pre;Liminary Mai ntenance Plan, WBS 14DAG, Booz, Allen 
& Hamiiton, June 1983. 

s;zstam Maints.nance Plan, SCRTD Metro Rail Project, 
April 1988. 
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EXHIBIT 7-1 
Maintenance Planning Activities and Tasks 

TASII: 11TI.K II 
~INTEHANCE PLANS AND PROCEDURES 

Prepare a Preli•inary Maintenance Plan • 
Develop and Update the System Maintenance Plan 

Participate on the Operations and Maintenance Connittee 

Prepare a Staffing. Training. and Hiring Plan 

Develop Training Course Materials 

Develop Maintenance Safety Rules and Procedures 

Develop Pre-Operation Safety Checkout Lists 
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EXHIBIT 7-1 (Continued) 
Maintenance Planning Activities and Tasks 

u TASK TITLK 
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~INTENAP«:E ANALYSES ANO SUPPORT 

Conduct Peer Reviews on Maintenance Issues • 
Establish Yard and Shop Operational Requirements • 
Establish Yard and Shop Functional Requirements • 
Analyze Shop Capacity and Layout 

Develop Shop Equipment Lists 

Analyze Contract Maintenance Options 

Develop Maintenance Cost Estimates • 
Identify Refinements to TRANSHIS/fHS 

Establish Work Standards 
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Maintenance Planning Task Responsibilities 
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MAINTENAr«:E PLANS ANO PROCEDURES 

7 .1.1 Prepare a Preliminary Maintenance Plan RC RC RC RC RC p RC RC RC RC 

7 .1.2 Develop and Update the System Maintenance Plan s s s p RC s s 

7.1.3 Participate on the Operations and Maintenance p p p p p p p p p p p 

Co11111ittee 

7.1.4 Prepare a Staffing, Training, 1nd Hiring Plan s p s s 

7.1.5 Develop Training Course Materials s s RC p p 

7 .1.6 Develop Maintenance Safety Rule~ and Procedures s RC p RC RC RC s s 

7.1.7 Develop Pre-Operation Safety Checkout Lists p RC RC RC s s s 

7 .1.8 Develop Metro Rail Part Nuoilering System p p 
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UI 7 .2 .1 Conduct Peer Reviews on Maintenance 

7 .2 .2 Establish Yard and Shop Operational 
Requirements 

7 .2 .3 Es tab 1 ish Yard and Shop functional 
Requirements 

7 .2 .4 Analyze Shop Capacity and Layout 

7.2.5 Develop Shop Equipment Lists 

7.2.6 Analyze Contract Maintenance Options 

7 .2 .7 Develop Maintenance Cost Estimates 

7 .2 .a Identify Refinements to TRANSMIS/FHS 

7.2.9 Establish Work Standards 
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Phase. Changes to the baseline are subject to the 
SCRTD's formal change control process. 

7. 1. 3 PM;t,icipate on the OpeJ;,tions and Maintena.nc,e 
Committee 

To ensure an effective interaction among the 
Metro Rail system assurance organization, its 
consul.tants, and SCRTD transportation and :maintenance 
personnel, an operations and Maintenance (O&H) 
comdttee was established. Along with ~.ts other 
coordinating activities, the om committee acts as a 
review board for reports and analyses on operations 
and maintenance issues. The O&X COlllJlli ttee, which 
:meets on a periodic and scheduled basis, will remain 
active through the start-up operations Phase of the 
project. 

7.1.4 Prepa~a a Sta:Cfing. Trainings and B1ring Plan 

To ensure that adequate numbers of personnel 
with appropriate skills are available be:fore the 
start of revenue operations, a stalling, Training, 
and_:Hiring ·;e1an3 was developed during tha 
eonstruct.ion/Acquisition Phase. The job positions 
and staffing levels used in the plan were defined in 
the •p:ating an ~Ma.int.ena.ru;e cost JMtiJPata for 
MOS-1. · A core training progi:aa is listed for each 
job position, and provides a basis for the hiring 
schedule. For maintenance personnel, the training 
aethods, technical courses, and source of course 
contents are consistent with the training strategy 
dooaented in the s;zstem Maintenance Plan. 

1 • 1. s Develop Training_ course Material.s 

The SCRTD will have a ,coaprebensive maintenance 
training program to ensure that skilis are devel.oped 
to an acceptable levei. Courses will be provided by 
contractors for their equipment and will al.so he 
developed in-house by SCRTD staf:f. The training 
program. will include certification progrm for 
:maintenance staff, as well as specific training 
courses to enable SCRTD personnel. ta advance their 
knowledge in areas required in the per:tormance o:f 
their duties. 

staffing.fa Training, a.nd. Hiring Plan, ACEx under 
subcontract to Booz, Allen & Hamilton, May 1988 
(Draft) . 

Oper1tinq and Matintenanc;e Cost Estimate for Mps-1, 
SCRTD Metro Rail Project, February 1988. 
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The training programs will cover the major 
areas of rail maintenance: facilities, electronics 
and communications, systems, and passenger vehicles. 
A wide range of courses will be provided perta..ining 
to each area, with the courses varying in scope, 
length, and method of instruction (classrooa 
instruction, practical training, self-programmed 
study, and/or on-the-job training). Tests will be 
part of each course and will range from written 
exa:minations to demonstrations of equipment 
troubleshooting and correct equipaent usage. 

1. 1. 6 oevelo!i! S_a.in:t.enance §afetyJules and Procedures 

Based on CAL/OSHA requirements, operating hazard 
analyses prepared by contractors, operating and 
maintenance manuals, and other documentation, safety 
rules and procedures will be developed during 
Construction/Acquisition for all maintenance 
personnel. These safety rules and procedures will be 
taught as part of the training program to ensure that 
all maintenance personnel are thoroughly familiar 
with the rules and procedures necessary for the safe 
performance of their jobs. 

1 .1. 1 Develop P,re·-Qa~ration safety Checkog.t Lis-ts 

Based on safety requirements and manufacturer 
documentation, daily safety checklists will be 
developed during the Construction/Acquisition Phase. 
The checklists will be used by maintenance personnel 
for pre-departure checks of passenger vehicles, as 
well as for other daily or weekly inspections of 
safety-related equipment or systems. 

1 • 1. s Develop Met;:o Rail Part: HWuhe;ring syst,em 
In addition to the part numbers assigned by 

contractors, the SCRTD Material Management system 
(MMS) requires parts to be maintained by SCRTD part 
number. During Construction/Acquisition, the system 
assurance organization will assist maintenance and 
material management staff in developing appropriate 
part numbers for all Metro Rail equipment. 

1. 2 M:rn'?ENANCE ANALYSES AND SUPPORT, 

1.2.1 cppduct Peer Reviews on. Maiptenanc, Issu s 

Early in Preliminary Engineering, the SCRTD 
conducted peer reviews on issues related to 
maintenance planning, yard and shop layout, and 
equipment requirements. 
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7.2.2 Est:a.9lish Xild a.mLShop Operational 
Requirements 

During Preliminary and Continuing Preliminary 
Engineering, criteria for the operational character
istics of the yard and shop were defined.s The 
crit~ria identify requirements for yard control, the 
transfer zone, fleet storage, maintenance storage, 
car-cleaning, test tracks, tum-backs, shop 
equipment, service and inspection, component repair, 
heavy repair, and materials and parts storage. 

1. 2 • 3 Es:t,abl ish. Yard and shop Functio,na,1 Requirements 

To provide a basis for the design of the yard 
and shops and to coordinate the effort of design 
engineers, a functional plan for the yard and shops 
was developed during Preliminary and Continuing 
Preliminary Engineering.6 The plan identifies the 
elements of the yard and shops, describes each 
function, presents recommended configurations for 
various equipment and facilities, and provides the 
preliminary layouts of yard and shop facilities. 

1. 2. 4 An§lyz·e .Shop capaei ty and Layout 

Prior to finalizing the design of the Main Shop, 
Metro Rail management elected to determine 
quantitatively whether the shop had the capacity to 
handle the maintenance requirements of the railcar 
fleet. 7 This evaluation was critical to ascertain 
if the Main Shop could provide adequate railcar 
availability for peak service requirements. A 
simulation model, called SOCSIM (Southern California 
simulation), was used to examine the interactions 
between vehicle and operations characteristics with 
Main Shop maintenance capabilities and 
characteristics. 

Yarg and Sb.ops ,opera.tional criteria,, WBS 13DAJ, Booz, 
Allen & Hamilton, May 1982. 

FUngti,onal PLan--Jard and Shops, WBS l4AAG, 
DMJ"M/PBQD, May 1982. 

Jvaluation of Shqp Layout and capac;ity, volumes I and 
II, Booz, Allen & Hamilton, October 1984. 
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In addition to evaluating the impact of failures 
on unscheduled (corrective) maintenance workloads, 
SOCSIM incorporated scheduled (preventive) 
maintenance. Inclusion of preventive maintenance 
into the model allowed the user to prioritize either 
corrective or preventive maintenance, and to evaluate 
the effects on maintenance backlogs. 

1. 2 • s pevel:op Sb:09 Egy.imuent~Lis,ts 

During Continuing Preliminary Engineering and 
Final Design, the GC, with the assistance of the O&M 
Committee, prepared lists of all shop equipment 
required to support the MOS-l system configuration. 

1. 2 • 6 Anauze contract Maintenan:ce Options. 

During Final Design, al.ternative ~eaent& 
for maintenance of Metro Rail facilities and 
equipment were evaluated based on SCRTD capabilities 
and cost-effectiveness. Maintenance actions, such as 
motor rebuild, elevator/escalator· servicing and 
repair, and station janitorial servicing were studied 
for potential. contracting agreements with specialty 
firms. 

7. 2. 7 peyelop Maia:tsnanca cost Estiltlates 

During the engineering phases or the project, 
operating and '.Jlilintenance cost estimates for both the 
full 18-mi.le system and IIOS-1 were prepared.a 
Maintenance costs were identified for lal::K>r and 
material.s for vehicle maintenance, ways and 
strw:t:ures maintenance, and subsystems maintenance. 
The cost estimate for MOS-1 was updated during the 
COllStruction/Acqu.isition Phase to reflect refineJD.ents 
in staffing plans and to include contract costs. 

1.2.s Identity Refineme.nts t.o TRANSMI.SlfflS 

The Vehicle Management Systea (VMS) is a 
CClllpOnent of SCRTD's integrated Transit Management 
Information system (TRAHSMIS). The Facilities 
Maintenance system will be linked to TRAlfSMIS through 
SCRTD's control computer. 

a Qgera.t1Ds and Main:t;_gnan;,a cost Estimate, WBS 11BAB, 
:sooz, Allen & Hamilton, June 1983, and Opera:t;.inq and 
Main.tgnance cost Estimate--Mos.-1, Booz, Allen & 
Hamilton, December 1984 and February 1988 (Update). 
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During the Final Design and Construction/ 
Acquisition Phases, the system assurance organization 
will assist the Equipment Maintenance and Facilities 
xaint.ana.nce Departments in developing repair codes, 
job codes, etc., necessary for the enforcement of 
reliability, maintainability, and warranty provisions 
in Metro Rail contracts. 

7. 2. 9 Establish Wgrk Standards, 

Based on data provided by contractors in their 
maintenance analyses and submittals, work standards 
will be developed during the Construction/Acquisition 
Phase for Metro Rail repair and inspection actions. 
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