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Introduction 
This document, PRIIA Recommended Practice 305-200, Equipment Acquisition and Ownership, 
reviews, in detail, the steps necessary to conceptualize, initiate, perform, complete, and close a 
major passenger rail rolling stock equipment acquisition project. The information herein was 
collected and assembled by Amtrak representatives and transportation department staff of 
member states of the PRIIA 305 Next-Generation Equipment Committee as they navigated and 
completed each of the steps discussed. These tasks were performed in an effort to complete joint 
or solo projects where passenger rail cars and diesel-electric locomotives were designed, 
purchased and placed into service. The stated railroad equipment was obtained to expand, 
supplement, or initiate passenger rail service in states around the country. This document lists 
and explains the following four key stages involved in the passenger rail rolling stock acquisition 
process: 

• Planning 
• Implementation 
• Revenue Service  
• Sustainability 

The chapters explain how to proceed through each of the four stages, noting the order of 
important steps within each stage, and identifying points that must be considered. This 
document addresses other points that need to be well thought-out to have a successful project 
with as few problems as possible. Actions that will allow the Customer to both avoid project-
stopping-issues and address problems that might surface during the project are also included.  

This document identifies typical problems experienced during recent and on-going acquisition 
programs, observations made, and lessons learned.  
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Abbreviations 
The following is a list of abbreviations in this recommended practice.  The list is not intended to 
be all-inclusive. 

AAR Association of American Railroads 

ADA Americans with Disabilities Act 

AEI Automatic Equipment Identification 

APTA American Public Transportation Association 

ASME American Society of Mechanical Engineers 

ATOR Above Top of Rail 

BAFO Best and Final Offer 

BTE Bench Test Equipment 

CAD Computer-Aided Design 

CBM Condition-Based Maintenance 

CFR Code of Federal Regulations 

CPM Critical Path Method 

DBE Disadvantaged Business Enterprise 

DCR Document Change Request 

DEF Diesel Exhaust Fluid 

DMU Diesel Multiple Unit 

DVBE Disabled Veteran Business Enterprise 

EPA U.S. Environmental Protection Agency 

FAI First Article Inspection 

FDA U.S. Food & Drug Administration 

FDR Final Design Review 

FMI Field Modification Instruction 

FMP Fleet Management Plan 

FRA Federal Railroad Administration (U.S. Department of Transportation) 
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FTA Federal Transit Administration (U.S. Department of Transportation) 

GAO Government Accountability Office 

HEP Head End Power 

HSIPR High-Speed Intercity Passenger Rail 

HVAC Heating, Ventilation, & Air Conditioning 

IDR Intermediate Design Review 

IEEE Institute of Electrical and Electronic Engineers 

ISC2 International Information Systems Security Certification 

ISO International Organization for Standardization 

ITIL Information Technology Infrastructure Library 

KPI Key Performance Indicator 

MRB Material Review Board 

MU Multiple Unit 

NDF No Defect Found 

NEC Northeast Corridor 

NIST National Institute of Standards and Technology 

NTP Notice-to-Proceed 

OEM Original Equipment Manufacturer 

PA/IC Public Address/Intercom 

PRIIA Passenger Rail Investment and Improvement Act 

PLD Programmable Logic Devices 

PM Preventive Maintenance 

PM Program Manager  

PTC Positive Train Control 

QA Quality Assurance 

QC Quality Control 

RFI Request for Information 
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RFID Radio Frequency Identification 

RFP Request for Proposal 

RFQ Request for Quote 

S&I Service and Inspection 

SAIPRC State, Amtrak Intercity Passenger Rail Committee 

SB Small Business 

SME Subject Matter Expert 

SOW Scope of Work 

TF Total Float 

TLC Trainline Complete 

TSA Technical Services Agreement 

TSSSA Technical Support Services and Supply Agreement 

TTCI Transportation Technology Center, Inc. 

UMLER Universal Machine Language Equipment Register 

VAC Volt Alternating Current 

WiFi Wireless Fidelity (Wireless Local Area Network protocol, IEEE 802.11b, 
802.11g and 802.11n) 
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1.0 Planning 
Chapter 1, Planning, reviews the planning necessary to prepare for and support a new fleet of 
equipment as well as an existing fleet during the equipment’s entire service life. It includes the 
actions required to manage the fleets noted and each aspect of an operation that must be 
considered in order to have a successful passenger rail operation. 

1.1 Overview 

Planning for a new fleet, and/or an addition to an existing fleet is an on-going process which 
occurs over the life of the rolling stock and continues into succeeding generations of new cars 
and locomotives.  This chapter outlines the basic requirements for fleet planning and planning 
for a procurement.  It was adapted in part from a Fleet Management Plan developed for the 
Midwest states (Illinois, Michigan, Missouri and Wisconsin), which covered their acquisition of 
33 “Charger” locomotives from Siemens; and, a planned 88-car fleet of passenger cars. It also 
incorporates materials from Amtrak experience as well as that from the consultant field.    

The steps outlined in this planning document have been written as generically as possible, since 
not every operating entity is structured in the same way or bound by the same contractual 
regulations.  In addition, it is recognized that many operating entities have long-standing 
operations, so are familiar with the process of replacing rolling stock and rebuilding older 
equipment, while other operating entities are new to the field and may not have a knowledge 
base or experience on which to build their fleet planning process. 

A major decision is whether a maintenance and storage facility is owned, shared with another 
operator or if maintenance services are contracted out with the consequent use of an existing 
yard and shop, which may or may not be shared.  Regardless, the challenges are the same: each 
operator must have enough rolling stock to fulfill service requirements and to provide sufficient 
spare rolling stock to cover maintenance needs.  In addition, the flow of maintenance work 
through the shop must be structured to avoid tying up too much equipment at once, as well as 
ensuring that there is enough properly-equipped shop space and employees to expeditiously deal 
with the maintenance requirements of both running repairs and programmed maintenance. 

Projecting future demand is another continuous process.  The Owner may have specialty sub-
consultant traffic forecasts for specific future years, or a forecast estimate of growth over a 
specific time.  Alternatively, the Owner may base its forecast on recent data regarding ridership 
and revenue.  Introduction of new rolling stock can have a positive effect on ridership and 
revenue, with some corridors experiencing on the order of a 10% increase due to this occurrence.  
Frequency of individual services and/or the ability to connect easily to other 
corridors/destinations can also enhance demand. 

Another factor affecting demand is reduction in running time, making the rail service faster or 
more competitive with respect to other travel modes in a specific corridor.  Improvements like 
this can have considerable effect on demand.  However, major infrastructure capital 
improvement programs may require significant construction efforts years in advance of the 
service improvements taking affect, necessitating rerouting, truncation or delay to the existing 
rail service, which can soften demand in the interim. 

Corridor demand can and will fluctuate over time.  The Owner needs to be able to adjust rolling 
stock assignments to deal with these changes.  This is especially true if the owner is acting on 
behalf of a group of cities or states.  In this instance, mutual agreement of the parties will be 
required before any redeployment of rolling stock can occur. 

Every rail corridor has its peak-demand trains and there are certain periods of the year where 
corridors will experience exceptional demand.  Start or end of school terms, as well as the breaks 
for holidays may spur demand for rail service.  In addition, summer or holiday travel seasons 
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can also increase demand for non-school travelers.  The challenge for the Owner is how it will 
meet this exceptional demand – will it be by reassigning rolling stock, or by leasing equipment 
from other operators?  Careful scheduling of rolling stock Preventive Maintenance (PM) and 
overhauls may allow for an enlarged “effective fleet size” during what are often short intervals of 
a few days. If rolling stock is to be leased short term, will it be compatible with the corridor’s own 
equipment, or will it be best to restrict the assignment of the leased equipment to unique 
consists? Will special training be required of the operating crews, service and maintenance staff? 
These are some of the key questions to be addressed in the planning process.1  

It may be that the Owner has unique fleets of equipment, which it has acquired over time.  These 
fleets may or may not be compatible, or car configuration may be such that it is undesirable to 
mix the car types in a single train.  These factors can lead to higher spare ratios than might first 
be anticipated and should be reflected in the fleet plan.  Another factor that may affect spare 
ratios is the need to cover fleet modifications or warranty work associated with the 
implementation of a new fleet into revenue service.  Over time, these new vehicle “growing pain” 
activities will settle down, though as the fleet matures it may be necessary to increase the number 
of spare vehicles, such as when equipment becomes unavailable when undergoing overhauls. 
Since grade crossing accidents are not uncommon and when they occur often result in 
considerable rolling stock damage, the long-term spare ratio should take this into account so 
that there is still enough equipment to make service. Cab cars as well as locomotives, fall into 
this category. In addition, grade crossing accidents, as well as derailments, can result in 
permanent loss of equipment, since damage may be irreparable.  

Events can occur which may lead to a determination to retire a piece of rolling stock due to the 
extent of the repair work required.  In this case the Owner must have a process for determining 
when the repair is no longer cost-effective, as well as a means for salvaging all useful parts or 
assemblies from the rolling stock to be retired. Note that different types of equipment have 
different values for the service: it is possible to run a train with one fewer coach, but not without 
a cab car if operation is push-pull. Thus, even if very expensive, it may still make sense to repair 
a badly damaged cab car because this outweighs the loss of not running the train or using two 
locomotives.  

A challenge for the rail service operator is to continue to offer amenities and keep car interiors 
safe and attractive over time. This may also include additional modifications due to regulatory 
requirements, or issues such as Americans with Disabilities Act (ADA) accessibility. The required 
periodic refurbishment and rebuilding (remanufacturing/overhauling) of the rolling stock is 
another equipment outage that must be planned in the management of the fleet as it ages.  
Funding of these improvement programs, as well as the funding strategies for acquisition of new 
or replacement rolling stock are also key elements of the planning process. While the details are 
owner- and fleet-specific, overhaul typically involves removing/replacing worn components in-
kind, while a remanufacture is more extensive, replacing whole systems. Overhauls occur over 
periods of a few years, while generally a remanufacture occurs only once, around vehicle half-
life. 

1.2 Fleet Management Process 

The Fleet Management Plan (FMP) (also refer to Section 4.2) discusses the rolling stock 
comprising a fleet of equipment available to operate a service, or a group of services.  Cars and 
locomotives are considered in this context, particularly if there are multiple orders of cars or 
locomotives in the fleet, which may introduce unique operating and/or maintenance 

 

1 Note that typically there is not much equipment available for lease; one exception may be some commuter 
operators, who often operate limited service during holidays and weekends and may have equipment available. 
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considerations, depending on age, specific systems or equipment or restrictions in operation and 
maintenance of a specific group or order of rolling stock. 

At the start of the High-Speed Intercity Passenger Rail (HSIPR) Grant process, the FRA had no 
specific format or table of contents required for the Grantee’s FMP, so the contents and 
organization were adapted from the FMPs being submitted by Federal Transit Administration 
(FTA) grant recipients.  The fleet planning process addresses not only the rolling stock then 
comprising the Grantee’s fleet, but also equipment on order or being planned.  The fleet planning 
process must consider expected ridership, how to accommodate increased ridership on peak 
demand days, provisions for operating during inclement weather and other factors that affect the 
utilization of the fleet.  Although not a fleet planning topic, capital improvement plans for the 
track infrastructure, which will affect either the maximum authorized speed of operation or the 
utilization of the rolling stock fleet should be considered in the fleet planning process, as well.   

Maintenance details for an existing fleet, including planned overhauls or re-equipping should be 
addressed as part of the fleet planning process, especially if it will be necessary to temporarily 
operate with a lower spare ratio or to hire/lease equipment from a third-party to have sufficient 
spare equipment to cover service requirements throughout the duration of the overhaul or 
rebuild program.  Sometimes the fleet planning documentation must be issued coincident with 
the design or construction phase for new equipment. For example, as diesel engine exhaust 
emissions standards advance, new procurements will be affected.  In this instance, maintenance 
details related to the new rolling stock may not be available, requiring that the 
operator/maintainer provide a general response as to its expectations with respect to these 
requirements (e.g. “…intend to follow industry best practices, along with the original equipment 
manufacturer’s recommendations in terms of equipment maintenance...”).  Subsequent issues 
of the fleet planning documentation can then provide additional details on the specific 
maintenance requirements as those details are developed. 

The fleet plan should provide a multi-year (five year minimum, with annual updates) vision for 
the rolling stock fleet, tracking expected ridership trends on the line or lines the fleet serves, 
major maintenance or overhaul/rebuild activities expected to occur in that period, as well as any 
major physical plant capital improvements that will affect the operation or utilization of the fleet.  
The multi-year vision of the plan may also be useful when the operator/maintainer is in process 
of implementing a new car or locomotive order, which may extend over several years, considering 
not only equipment delivery, but also the end of warranty coverage, for example. When 
considering a new equipment order, a logical starting point is to take an inventory of the existing 
fleet – what equipment do you have, what it is the age and condition of each piece of equipment, 
what is the cost to maintain, (are there are upcoming overhauls or refurbishments and what is 
the cost?), what are you using and not using and does it work for the services you have, what is 
an appropriate spare ratio, what needs to be replaced?  Next, determine if additional equipment 
is needed beyond replacing the existing fleet – how much more equipment do you need based on 
near-term future (five year) growth?  Based on what needs to be replaced and/or added, identify 
potential funding sources and timeline for procurement.  Determine what equipment would work 
best for the services operated or proposed - bi-level vs. single-level, train sets vs. individual cars, 
diesel-powered vs. Diesel Multiple Units (DMUs) vs. electric powered, high-speed (200 mph or 
higher) vs. up to 125 mph. 

In some cases, the funding agency may have a specific requirement for the term the fleet plan 
should cover, which may extend through the expected service life of the rolling stock.  In this 
instance, the fleet plan will need to consider routine annual maintenance activities (to the extent 
they are known), as well as major overhauls expected throughout the equipment’s service life.  
Planned dollar amounts on an annual basis should be considered (again, to the extent they are 
known).  It may be that the funding agency will also require the grant recipient to demonstrate 
that it has a plan for sustaining the investment in the new rolling stock over its service life.  A 
plan for addressing these future funding requirements may be all that the operator can 
demonstrate when looking two or three decades into the future. 
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Managing the maintenance workflow for the fleet should also be addressed in fleet planning.  
This can include the plan for the staggering of the due dates for major inspection, periodic 
maintenance and overhaul dates for the various pieces of rolling stock, to ensure that there are 
sufficient cars and locomotives available to cover revenue service requirements. Shops prefer a 
reasonably uniform flow of rolling stock to operate efficiently, especially with regards to effectively 
using the workforce.  The time and labor impacts of moving rolling stock to/from backshops 
needs to be included in the down-time calculations, as this can be significant. This may be 
complicated by how the deadheading equipment gets moved to the shop, such as, for example, 
a limit of moving no more than three cars at a time on the back of a revenue train. While not 
actually a part of the fleet plan, determining where equipment will be serviced, repaired, undergo 
PM and overhauls should all be carefully considered, as moving the equipment to/from these 
locations can be very expensive. For example, if servicing, PM and running repairs are done a 
mile from the end station, it is a completely different equipment utilization than having to move 
the equipment to a backshop 60 miles away, or more. Likewise, to the extent practical, it is very 
desirable to keep the consist intact- not uncouple the locomotive(s) -at the end of the trip. Then 
the consist moves from final station to service/inspection site smoothly, minimizing equipment 
downtime. This has the added benefit of making the equipment available for servicing/inspection 
and minor repairs for almost the entire time it is there, rather than having to wait to be parked, 
get Head End Power (HEP) applied and suffer loss of power again when the consist is awaiting 
the locomotive shortly before departure from the yard to go back into service.  

Equipment assignment details should be addressed in fleet planning.  If there are certain trains 
or lines which require multiple locomotives, either due to physical requirements, consist length 
or for other reasons, these should be addressed, as well as those consists which require only a 
single locomotive.  Some host railroads require a minimum train length (number of axles) to 
ensure reliable operation of their signal system. Rotation of the locomotives and the consists 
throughout the operating day and longer-term (to demonstrate how, when and where inspection 
and servicing is handled) is an important consideration of the fleet plan.  Spare locomotives, 
including their distribution around the network, or concentration in a single operating location 
should be addressed, as well. 

In a similar context, the assignment of the passenger cars comprising the fleet should be included 
in the fleet plan.  If there are distinct groups of cars with configurations that do not allow them 
to be operated in a train with other cars in the fleet, these restrictions should be discussed in 
the fleet plan.  It may be worthwhile to consider if the cars can be made interoperable, though 
specifics may make this impractical. Car requirements by train and the rotation of those consists 
throughout the operating day is an important consideration of the fleet plan, as well as the 
longer-term rotation which provides for that equipment to be inspected and serviced.  Utilization 
of the rolling stock is an important consideration not only for the operator/maintainer, but also 
for the funding agency.   

Equipment requirements for planned lines or services being added to or removed from existing 
lines also should be considered in the fleet planning process.  The timing of the implementation 
of these new or additional equipment requirements may affect decisions on leasing (including 
the term of the lease) or selling of surplus rolling stock.  The converse is also true, in that the 
operator/maintainer may have identified the need to buy or lease rolling stock from another 
carrier for either a short-term need (the previously mentioned major overhaul event) or as a 
longer-term addition to the fleet, until new equipment is delivered.  In the latter case, 
reconditioning or re-equipping of the second-hand rolling stock also needs to be considered in 
the fleet plan. 

The following sections address specific contents of the fleet plan.  It is important to consider that 
future readers of the planning documents may not have a history with the operator or the 
services, so some context on the line or network is beneficial. 

PRIIA 305-200/Recommended Practice Initial Release  
 

Copyright 2021 NGEC All rights reserved

16



 

Planning 1-5 

 

1.3 System Overview 

This section of the plan would describe the route or network of routes over which the rolling 
stock operates.  Service or branding names should be provided as well as a map or schematic of 
the system.  Current daily service requirements in terms of the number of consists, quantity of 
cars (by car configuration, if multiple types are involved) and the number of locomotives required 
should be included.  Planned system or service expansions should also be discussed, noting the 
increases in the number of consists, cars and locomotives that may be required, as well as the 
timing over which these service expansions are envisioned to occur. 

If a line or the network is undergoing a dramatic transformation as part of a multi-year 
infrastructure capital improvement program, it may be beneficial to provide some background 
on the stakeholders participating in the improvement program (including identification of the 
host rail carriers) and the timing of key events (e.g., filing of environmental documents) leading 
to the implementation of the capital improvement program. 

Similarly, if the infrastructure capital improvement program will result in a substantial reduction 
in running time, this should be discussed in the fleet planning documentation, as well as noting 
the expected impact to passenger demand and rolling stock requirements due to the improved 
service.  If there is equipment in the fleet, for example, locomotives or cars that have maximum 
operating speed lower than that allowed for the track, this needs to be addressed. Likewise, there 
needs to be a plan for assuring that the restricted equipment is not accidentally operated above 
its authorized speed. 

1.4 Rail Service Requirements 

In this section, historic ridership and revenue trends for each of the lines in the network should 
be considered, as well as projecting trends forward to the introduction of the new cars or 
locomotives on each line.  Ridership and revenue increase due to introduction of the new 
equipment, as well as those associated with a decrease in travel times (where applicable) should 
be discussed.  Text and tabular information for each of the lines in the network should be 
provided. 

Top revenue trains for a specific route corridor should be identified in this section, noting how 
these trains may drive the car requirements for all trips operated on that line.  Growth trends by 
the peak-loaded train should also be considered as part of the development of future projections 
for the trains/lines.  These projections can be superseded by specialty-consultant prepared 
ridership forecasts, if available, for a line or for the network under consideration.  If a line within 
the network is in process of substantial capital improvement and the expected outcome of those 
capital improvements will lead to an increase in ridership, this outcome should be discussed in 
this section, in addition to noting if these anticipated increases are reflected in the line’s ridership 
projections and how this may affect the rolling stock deployment for the entire network. 

Criteria for determining when additional cars are required on a train (e.g. percentage of train 
capacity expected to be occupied) should be included in this section. How load factor is defined 
must be used with great care, since many, though not all short corridor routes have numerous 
intermediate stops. Each segment has its own load factor. Quite often the maximum passenger 
load is somewhere in the middle of the route. Using overall load factor may well result in standing 
room situations mid-route.  
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1.5 Customer Service Standards 

The operating entity’s Customer Service Standards should be articulated in this section, noting, 
for example, that the goal is to provide a higher level of comfort in all classes of accommodation 
on the trains compared to the current equipment.  This may be accomplished by using more 
generous seat spacing in all classes of accommodation, and by providing other amenities on the 
trains, including at-seat convenience outlets, free WiFi, interior and exterior variable message 
signs, as well as an on-board automated announcement system.  Inclusion of bicycle racks in 
the passenger cars is also an attractive amenity. Light food service may also be considered.  The 
owner will need to balance the advantages of enhanced amenities with the possible loss of 
revenue seating space. 

1.6 Rail Corridor Operations 

Current car and locomotive requirements by line are considered in this section.  The information 
can be presented both in text and tabular format and will illustrate the overall network 
requirements.  Consist capacity (number of seats by class of service) and service frequency (e.g., 
time between departures) can be presented in this section.  An average capacity per car can be 
used if there are different seating capacities associated with different orders of cars and these 
different car types can be intermingled.  If there are specific host railroad requirements that affect 
car requirements, these can also be addressed here. 

1.7 Peak Traffic Days 

School breaks, start/end of the school season, holidays, sporting events and summer peak-
season traffic generators may result in ridership on a line or network which is substantially 
higher than the typical day.  The frequency and distribution of these days throughout the year, 
based on historical data, should be presented.  In addition, the agency should discuss its plan 
for meeting these exceptional needs, whether it is operation of additional cars or trains, or 
operation of short-turn trains to augment the standard operating pattern between heavily 
trafficked stations.  The source of the additional cars or trains to be operated should be identified.  
Data from prior peak-traffic days can be used to forecast the loads per train (by class of 
accommodation) for a line or network, as well. 

1.8 Inclement Weather Working Assumptions 

The Customer, the service operator, the maintenance contractor and the host railroads are in 
the best position to ensure that procurement specifications accurately identify the inclement 
weather conditions appropriate for the line or network on which the new rolling stock will be 
used. 

Of course, specifications alone are no assurance that the new rolling stock will deal successfully 
with the extreme weather conditions encountered in service.  The Customer should assure that 
its maintenance contractor and the host railroads maintain the rolling stock and physical plant 
to the appropriate FRA standards, as well as to ensure that all ancillary equipment along the line 
required to assure continued inclement weather operation is maintained in top condition. This 
also includes having “snow plan” for stations, shops, yards, and outlying locations so equipment 
is in place for when a storm comes. Likewise, for warmer areas, plans should be in place for 
hurricanes and other extreme weather.  
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1.9 Unusual Occurrences 

The Customer must consider potential impacts of service operator and host railroad operating 
procedures, as well as the experience of other authorities operating similar rolling stock.  The 
Customer and the service operator should also make sure that they provide considerable input 
to the Original Equipment Manufacturer (OEM) on the operating environment in which the new 
rolling stock will operate.  They should also assure that this information is used to ensure that 
the new equipment includes appropriate safety features.  In the event of unusual occurrences 
after revenue service has begun, (e.g. door operator, brake system, traction shutdown, etc.) root-
cause analysis (and changes in operating practices, consequent design/equipment revisions, 
possibly training) will be a focus of the Customer, the service operator, the maintenance 
contractor and possibly the OEM. These occurrences may be due to component failures, 
misunderstanding of how the use the systems and/or operator errors.   

As the new rolling stock enters revenue service, a higher spare ratio may be warranted as part 
of the fleet planning process to allow for training, field modifications, or other design diagnostic 
activities to take place in the wake of unusual occurrences. There is also a learning curve in 
learning how to use, efficiently service and maintain the new equipment.  

1.10 Anticipated Future Traffic Levels/Demand 

Building on the historic information presented earlier, this section will present the basis for 
assessing future growth for the lines/network under consideration.  Expected shortfalls of the 
car and/or locomotive fleet in meeting the expected demand should be noted and a plan for 
addressing these shortfalls should be included. 

Data on ridership increases experienced due to introduction of new rolling stock by other carriers 
should be included, however, they should be used with care, since each market is unique.  
Anticipated increases in ridership due to capital improvement programs affecting specific lines 
should also be discussed.  Ridership trends and car requirements should be considered over a 
longer term in this section, no less than 10 years. 

Unmet car/capacity requirements for specific lines or for the network should be identified in this 
section, noting the year when this is expected to occur.  The car deficiency by line, as well as the 
cumulative total for the network should be presented.  If necessary, a plan for redeployment of 
rolling stock to cover priority assignments should be included. 

1.11 Current Maintenance and Improvement Programs 

As rolling stock matures, planned maintenance or improvement programs become a greater focus 
for the operating entity and the maintenance contractor.  From the beginning of the program, 
industry best practices should be followed.  Among the “best practices” strategies to be 
considered are: incorporation of fleet management into the rolling stock fleet maintenance 
practices; application of data analytics and life-cycle analysis to enhance the maintenance and 
repair decision-making process; and, application of decision-making support systems to aid in 
maintenance scheduling with the goal of balancing maintenance and operational requirements. 

When considering future maintenance/improvement needs, the rolling stock should conform to 
typical industry expectations by providing an economical service life on the order of 25-30 years. 
Based on year of delivery for a given order, first and second overhauls can be expected around 
the 7th and 14th years of service, while the final heavier maintenance cycle would occur around 
the 22nd year of service.  Equipment which experiences heavy use may require shorter intervals 
between overhauls. The maintenance contractor and the service operator should work together 
to develop a schedule that staggers the inspection, repair and overhaul cycles for the rolling 
stock, to spread out the demands for shop space and employee time/tasks. 
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If multiple owning entities are involved, an equipment ownership agreement between the entities 
should provide for joint ownership of the rolling stock.  In the absence of any other agreement, 
each entity’s ownership share would dictate the portion of the maintenance/improvement 
program cost that entity would have to cover. 

1.12 Scheduled Maintenance Programs 

For an established operation, a good basis will exist upon which to assess and improve the 
requirements for scheduled maintenance of the new equipment.  That is, unless the new rolling 
stock introduces substantial changes in equipment/systems compared to previous deliveries.  A 
new operator will have no database to draw on, but with the help of experienced Subject Matter 
Experts (SMEs), the operator can assess the adequacy of documentation provided by the OEM 
and identify any unexpected requirements in life-cycle cost submittals or the like.  In addition, 
the new operator may be able to draw on experience of other entities operating similar equipment. 

Sharing of performance and reliability data between Customers purchasing similarly equipped 
products of a given Contractor widens the database available to a Customer, allowing it to make 
better-informed decisions about its experiences with the new rolling stock.  Systematic reliability 
data review processes are also essential to ensuring that a program of sustained reliability 
improvement for the new rolling stock is achieved.  Fundamental to this reliability improvement 
is rigorous attention to detail in the performance of the routine maintenance tasks. Data must 
be accurate, detailed, easy to report and access.  

Risk evaluation should also be a part of the on-going review and analysis of the scheduled 
maintenance programs. Sources of risk should be considered for rolling stock maintenance, 
including component availability, component exchange and vehicle overhaul.  This effort should 
also include a risk minimization review with the objective of determining possible revisions to 
training and competency-development programs.  This process may result in revision to 
maintenance activities and/or future engineering design changes, requiring that the process 
provides for informing the entities responsible for those activities. 

1.13 Unscheduled Maintenance 

With a well-written procurement specification and sound procurement documents in place, the 
Customer has every reason to expect that a generally accepted spare equipment ratio (13%), 
enough to support scheduled operations, can be achieved. Early-year warranty requirements 
may affect this ratio in the first years as the new rolling stock enters service, since it is common 
for new equipment to be out of service for field modifications shortly after being put into service 
as manufacturing and design defects become known.  The level of spares would then settle down, 
and gradually increase as the fleet ages. With good tracking and follow-up, equipment reliability 
can remain good for many years as adjustments are made to systems and maintenance practices 
to enhance their reliability. 

Sharing of performance and reliability data between rolling stock Customers, as described above, 
also has applicability to the unscheduled maintenance activities. Similarly, risk analysis with 
respect to unscheduled maintenance activities should be undertaken, with information fed back 
to the entities responsible for the generation of maintenance procedures as well as to those 
having responsibility for the updating of engineering specifications.  It is essential that defective 
equipment conditions and remedial actions are carefully reported and tracked and that the root-
cause analysis is doggedly pursued. 

  

PRIIA 305-200/Recommended Practice Initial Release  
 

Copyright 2021 NGEC All rights reserved

20



 

Planning 1-9 

 

1.14 Maintenance Facilities 

Current and planned service and inspection, running and heavy maintenance facilities 
responsible for car and locomotive maintenance should be discussed.  If capacity expansion for 
either existing yards or shops is required, the planning and implementation process and timeline 
for these improvements should be considered.  If a new yard and/or shop is replacing existing 
facilities, the reasoning leading to this decision, as well as the plan for transition between 
facilities should be described.  The location(s) where rolling stock will be stored between runs, 
as well as when awaiting various servicing and repair/ overhaul work, must also be considered. 
It may even be cost effective to run an extra train trip rather than park a train in a major station 
between runs. 

It may be that the planning efforts for a new yard and shop facility are conceptual in nature.  In 
this case, the fleet size assumptions and expansion estimated for the new facility should be 
described.  If the transition to a new yard and shop also means a change in the entity providing 
the maintenance services, this impact should be discussed along with the steps envisioned to 
accomplish this change [e.g., issuance of a Request for Proposal (RFP) for these services]. 

1.15 Rolling Stock Utilization 

Of necessity, maximized utilization is based on normal trafficked days, since there are about 300 
of these per year, historically.  Meeting demand on peak-trafficked days may require adding other 
cars or locomotives to consists or operating extra trains.  Commuter and intercity corridor 
historic data indicate that there are about 50-60 peak traffic days per year.  A high number of 
universities/colleges or other similar institutions, as well as on-line employment concentrations 
may lead to operation of short-turn trains around the key holidays (Easter, Thanksgiving, 
Christmas).  It is possible that the service operator will come to the table with supplemental 
operating plans for these key holiday periods.  In the absence of that prior operating experience, 
a new service operator should look at on-line traffic trends to determine stations that may 
warrant these additional services around the key holidays. 

If the operator has a network of lines, run-through of consists between corridors may enhance 
utilization of the new equipment.  High utilization would mean that the equipment is operating 
in revenue service and at close to capacity for a greater portion of the operating day.  The owning 
authority should establish network load standards which spell out when additional rolling stock 
needs to be added to a consist, or when additional frequencies are required on a given corridor.  
For example, one rule of thumb has been to add an additional coach to a consist when a train is 
regularly seeing 80% of its total coach capacity used. 

Returning to the subject of run-through trains, the corridors sharing the consists will both need 
to have reasonably frequent service throughout the operating day, to avoid having excessive 
dwells before continuing with the next leg of the journey.  In addition, similar loadings on each 
leg of the network on which the train is operated will help to maximize/balance the utilization of 
the equipment.  Other ways in which high equipment utilization may be achieved are if a corridor 
has quick turnarounds and a comparatively short journey time, allowing one or more sets of 
equipment to make multiple journeys over the corridor throughout an operating day.  

Once new equipment arrives, it typically must undergo various activities before it is ready to 
enter revenue service. There is often qualification testing and training for: operating crews, on-
board crews, shop personnel for both service and inspection as well as running repair. All these 
activities can consume considerable calendar time, even when well-planned. This needs to be 
considered when planning the deployment into revenue service.  Also, manufacturing and/or 
design defects often do not become known until the equipment enters service, or it experiences 
seasonal changes.  In some cases, design defects may not become apparent until the equipment 
has been in service for a few years.  Depending on the severity of the issues encountered, 
corrective action to address these issues may require some portion or (in extreme cases) all of a 

PRIIA 305-200/Recommended Practice Initial Release  
 

Copyright 2021 NGEC All rights reserved

21



 

Planning 1-10 

 

given equipment order to be removed from revenue service until modifications have been 
completed. This learning curve can be kept to a minimum if effective planning is in place but 
must be recognized as a real risk for deployment.  

1.16 Funding of Fleet Acquisition and On-Going Maintenance 

The Customer should be guided by the fundamental goal of ensuring that the best level of care 
for the rolling stock is provided, regardless of the specific maintenance contractor (or yard/shop 
location).  The maintenance contractor will be expected to maintain the rolling stock to the 
owner’s requirements and manufacturer’s recommendations, at a minimum, as well as ensuring 
that industry best practices are followed.  Funding for the on-going maintenance of the rolling 
stock is a major expense item, but one that pays considerable dividends if scrupulously adhered 
to.  State Appropriations or capital bills can be crafted to include a rail funding line item, which 
could provide for the upkeep of the existing fleet. 

When multiple entities are sponsoring the service, a joint ownership agreement may stipulate 
the joint ownership of each car or locomotive between each of the entities.  In the absence of any 
other agreement, each party’s ownership share would dictate the portion of the acquisition 
and/or on-going maintenance cost that specific entity would have to cover. Be sure to address 
what happens should one of the entities not live up to their responsibilities. 

The fleet planning process should include the development of an Asset Management Plan to cover 
the new and existing rolling stock.  That plan should include an inventory of the assets as well 
as an assessment of the condition of the assets.  The resources and processes required to keep 
those assets in a state of good repair are to be a fundamental part of that plan. 

In addition, active management of obsolescence is essential to the success of any operating 
entity’s service, regardless of the entities contracted for the various services.  Equipment 
obsolescence may occur in several ways: 

• Technology renders a component or system obsolescent 
• A supplier may exit the market or no longer support a component or system, rendering it 

obsolescent 
• Cost to produce a spare component or system may become prohibitive 

A process for identifying risks due to obsolescence should be included in the on-going fleet 
planning activities.  This plan should also identify management/risk mitigation strategies. 

1.17 New Rolling Stock and Procurement Process 

Planned purchases or orders for new cars or locomotives are presented in this section, along with 
a timeline of the relevant activities leading to assignment of the new rolling stock to revenue 
service.  Fleet planning is an on-going process and there may be developments or circumstances 
that require an operator to cancel a planned order or re-channel funds into an option order for 
rolling stock or the like. The process of defining a fleet plan should identify the specification that 
is needed. 

1. A logical starting point is to take an inventory of the existing fleet – what equipment do 
you have, what it is the age and condition of each piece of equipment, what is the cost to 
maintain, (are there are upcoming overhauls or refurbishments and what is the cost?), 
what are you using and not using and does it work for the services you have, what is an 
appropriate spare ratio, what needs to be replaced? 

2. Next, determine if additional equipment is needed beyond replacing the existing fleet – 
how much more equipment do you need based on near-term future (five year) growth? 

3. Based on what needs to be replaced and/or added, identify potential funding sources and 
timeline for procurement. 
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4. Determine what equipment would work best for the services operated or proposed - bi-
level vs. single-level, train sets vs. individual cars, diesel-powered vs. DMUs vs. electric 
powered, high-speed (200 or higher) vs. up to 125 mph? 

5. Examine the marketplace – does the desired equipment design already exist (or something 
close to it) or must it be designed from scratch? Are there funding requirements that will 
determine what can be procured and how? What is the timeline for getting the new 
equipment? 

6. Develop procurement plan. 
7. Identify key personnel – what expertise is needed, are there qualified staff in-house 

capable of overseeing all phases of the procurement, and if not what supplemental staff 
and subject matter expertise must be obtained, what is the cost of the additional 
personnel? 

If multiple sources of funding are to be used to purchase cars or locomotives there may be 
constraints on the funding (deadline for expenditure or commitment) which should be considered 
in this section.  The risk that a planned procurement cannot be completed by the funding 
deadline must be addressed, along with possible plans for alternative expenditures that are 
expected to be acceptable to the funding agency. 

The new car or locomotive procurement may be structured as an option to another agency’s order 
or it may be a joint procurement between agencies.  These arrangements should be noted, as 
well as whether a lead agency for the procurement has been identified. 

If multiple states or operating entities are involved in the network the fleet is serving, any 
ownership and governance responsibilities or agreements covering the fleet should be described, 
including ownership shares, as well as the basis for determination of that share.  Maintenance 
responsibilities for the new rolling stock should be considered in the fleet plan. 

It may be that the new car or locomotive order will be phased-in over time, including the conduct 
of various on-corridor testing.  Testing and commissioning can be a significant time and 
monetary commitment, and requires considerable coordination with the service operator, the 
maintenance contractor, the host railroads and regulatory agencies.  For these reasons, a 
detailed plan for the testing, commissioning and implementation of the new rolling stock should 
be included in the fleet planning, indicating the basis on which this phased implementation was 
decided.  If the new rolling stock is insufficient to cover all network needs, the plan by which 
priority assignment of the new rolling stock was decided should be described.  If multiple states 
or entities support the operation of the network, the fleet plan should demonstrate that these 
entities agree with the new rolling stock deployment priorities. 

Text and tables should present the plan for deployment of the new rolling stock by line/consist, 
as appropriate.  In addition, if the car configuration or capacity is changing with the new order 
of equipment a comparison of existing and planned consist capacities by class of service is 
required. 

The information compiled as part of this planning process should help develop the Request for 
Proposal (RFP).   

An example of “Best Practices” to develop a procurement specification for new passenger rail 
rolling stock is shown in the following Figure 1-1. 
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Figure 1-1: Which Specification Is Right for Your Corridor? 

 
 

Multiple factors must be considered in determining which type of equipment to acquire for your 
specific application. This section is designed to help guide you through some basic areas to 
consider for the options available through the NGEC’s specifications. It is important to recognize 
that every corridor has unique conditions that may impose requirements on which equipment 
type(s) can be used. Table 1-1 provides a summary of the six different NGEC intercity passenger 
rolling stock specifications and identifies several of the factors that drive their applicability for a 
given corridor. Following the table is an explanation and discussion of the trade-offs between 
them. Note this discussion is not all inclusive of issues that may affect the decision.  

Following are definitions of these specifications. 

Diesel-electric Locomotive 

This is the traditional intercity locomotive, operable anywhere in the US other than the extended 
tunnels in New York City. A diesel engine drives an alternator which provides power to electric 
traction motors.  

Dual Mode (DC 3rd Rail) Passenger Locomotive 

Basically, a standard diesel-electric locomotive with additional equipment included to allow it to 
operate into the New York City tunnels with the diesel shut down when powered from 3rd rail. 
(Diesel-electric or 3rd rail electric mode) 

DMU (Diesel multiple unit) Passenger Locomotive 

These are single-level passenger cars equipped with diesel engines to provide power & traction. 
Type A and B cars each have an operator’s cab, while type C does not. Type C may be powered 
or a passive coach. They can operate anywhere except into the tunnels in New York City. They 
are compatible with both high- and low-level station platforms. 

Trainset 

A complete set of single-level passenger cars of various types, semi-permanently coupled 
together. The cab car incorporates an operator’s cab to provide control of the train in push-pull 
operation, operating with a locomotive on the other end. They are compatible with both high- 
and low-level station platforms. 

Single-Level Passenger Car 

Discrete single-level cars of various types. These cars can operate anywhere in the US. A cab car 
type is included to allow consists to operate push-pull. They are compatible with both high- and 
low-level station platforms. 

Bi-Level Passenger Car 
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Table 1-1: Which Specification is Right for Your Corridor? 

 NGEC Specification 
Issue Diesel-Electric 

Passenger 
Locomotive 

Dual Mode (3rd 
rail/ diesel) 
Passenger 

Locomotive 

Diesel Multiple 
Unit (DMU) 

Trainset Single-Level 
Passenger Car 

Bi-Level 
Passenger Car 

NEC Clearance envelope Universal 
operation 

Universal 
operation 

Universal 
operation 

Universal 
operation 

Universal 
operation 

No 

NYC Tunnel operation Clears, but no 
operation 

Universal 
operation 

Clears, but no 
operation 

Universal 
operation 

Universal 
operation 

No 

3rd rail territory  Clears, but no 
operation 

Universal 
operation 

Universal 
operation 

Universal 
operation 

Universal 
operation 

No 

Catenary territory Universal 
operation 

Universal 
operation 

Universal 
operation 

Universal 
operation 

Universal 
operation 

No 

Platform height: low-level NA NA Yes Yes Yes Yes 
Platform height: high-level NA NA Yes Yes Yes No  

ADA boarding NA NA Slow if low-level Slow if low-level Slow if low-level Easy 
Performance See discussion below NA  NA NA 

Consist variability to meet 
passenger load 

Yes Yes Yes No Yes Yes 

Single-level vs bi-level NA NA See discussion below 
Car types A: Coach bag 

B: Coach 
C: Coach 

Coach 
Business coach 

Café-lounge 
Cab/bag./coach 

Coach 
Business coach 

Café-lounge 
Cab/bag./coach 

Coach 
Cab/bag./coach 

Café-lounge 
(opt. business) 

Seating capacity per car 45/56/61 61/61/21/29 61/61/21/29 89/74/33 
Passenger amenities See discussion below 

Interoperability No No Yes Yes 
Economics by car types See discussion below 
ADA interior movement Limited Limited Limited Lower level only 
Movement between cars Limited Limited Limited Lower level only 

Shop requirements Traditional loco Traditional loco Custom shop  Custom shop Traditional car Traditional car 
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Primary Corridor Plans 

Since passenger rail rolling stock typically has a useful life of 25 to 30 years, there are two 
primary corridor plans an agency should first develop before attempting to select equipment 
specifications.  

Service Development Plan  

The Service Development Plan typically has a five to ten-year horizon, so rolling stock will far 
outlive it. Elements to consider include: 

• The ridership forecasts, both by train as well as over the day, week and longer 
• On-board service requirements (e.g. food service) 
• Accommodation requirements (basic coach, business class, etc.) 
• Baggage/ luggage requirements (hand baggage, luggage, bicycles, etc.) 
• Current and future timetable requirements for travel times between stations as well as 

dwell time at end points 
• Servicing/ maintenance requirements 

To use equipment efficiently, short turnaround times at the end points are important. 
Accordingly, in most cases and especially at stub type terminals, operation should be push-pull, 
so that the inbound train becomes the outbound train and simply reverses direction after a short 
dwell time at the platform. Moving the consist to a wye or around a loop to turn it around wastes 
a great deal of time if the train will be spotted in the station again afterward.  In some situations, 
especially on busy through-type stations such as New York Penn, platform dwell time is critical, 
and the inbound train terminating there after unloading is moved out in the same direction to 
minimize platform time. In this case, push-pull may not make sense, depending on how the train 
is handled on the opposite end of the route.  

Infrastructure Improvement Plan 

Obviously, any new equipment must be compatible with the existing infrastructure when service 
begins. However, there could be any number of infrastructure improvements on the corridor, 
ranging from minor issues such as a new station platform, to track capacity improvements, route 
relocation, speed upgrades and even passenger terminal redevelopment. Since much of the US 
passenger rail system operates on privately owned host railroad infrastructure, coordination with 
any of these changes likely will involve their participation. Infrastructure generally has a much 
longer life than rolling stock; accordingly, selection of rolling stock should take into account the 
state of the corridor infrastructure well into the future so that decisions made now do not limit 
future choices unnecessarily. Likewise, development plans, such as use of air rights over track 
must be coordinated with the rolling stock needs so as to not restrict them needlessly. (For 
example, reducing over-track clearance to prohibit use of bi-level equipment, or placing building 
structure where it interferes with facility track plan would be imprudent.) 

Once the Service Development and Infrastructure Development Plans are created, it is time to 
determine what rolling stock will best meet the need. 

Discussion of issues of Table 1-1 

1. Clearance envelope (overhead and to side and below) 
Any equipment chosen must meet the existing clearance requirements of the intended 
route (as well as the route that will be used for equipment delivery). This is the most 
restrictive combination of those of the host railroad(s) as well as the authority. All the 
PRIIA specifications except bi-level coach allow the equipment to be operated throughout 
the US as far as clearance is concerned. (Note: Equipment built to NGEC standards would 
need evaluation by Metro-North if it would operate into Grand Central Terminal, as it has 
very tight clearance requirements.) Since the bi-level car is higher, it cannot operate in 
the NEC, due to both catenary clearance as well as tunnel heights in New York City and 
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Baltimore. Note that clearance also involves lateral dimensions, and these must account 
for curves and turnouts.  

2. Tunnel operation 
Tunnel operation often imposes clearance issues, but diesel locomotives and DMU 
equipment are not allowed to operate into the Penn Station or Grand Central Terminal 
facilities, as well as possibly other underground locations due to lack of suitable 
ventilation. Thus, any equipment operating into these locations must be move by either 
electric or dual mode (diesel/3rd rail or catenary) power.  

3. 3rd rail territory 
Some rail lines radiating from New York City receive their traction power from a 3rd rail 
source. For these routes, NGEC has developed a Dual Mode (Diesel/3rd Rail) locomotive 
specification. The locomotive draws power from the 3rd rail when that is available and 
operates as a traditional diesel-electric when it is not available.   

4. Catenary territory 
The Northeast Corridor, Boston to Washington, D.C. and with a branch to Harrisburg, 
PA operates under catenary. Trains operating from and through New York City are hauled 
with electric locomotives. While NGEC does not have a specification for electric 
locomotives, they are commercially available, owned both by Amtrak and several 
commuter railroads which share Amtrak’s railroad. Likewise, there are diesel/catenary 
dual mode locomotives in use on routes which extend from the NEC; NGEC does not have 
a specification for them. 

5. Platform height: low-level 
The majority of stations in the US are equipped with low-level platforms. They vary in 
height with 8” above-top-of-rail (ATOR) being common. Since most intercity passenger 
operations are on host railroads, these impose lateral clearance requirements which 
require wider clearance from track centerline for levels above 8” ATOR to allow passage 
of freight cars.  Many older locations have the platforms well below top of rail. Low-level 
platforms at 8” ATOR or lower can be close to the track shoulders, which allows easy 
boarding for bi-level cars without a lateral gap. Some newer platforms have been built to 
17” ATOR. This allows level boarding with bi-level cars, since the car floor height is at 
approximately that level.  This is also approximately the level of the lowest step of the 
boarding steps of typical single-level cars. However, since 17” is higher than 8”, the 
trackside edge of the platform must be set back from the rail centerline, resulting in a 
larger gap for the passenger to traverse.  

6. Platform height: high-level 
High-level platforms, 48” ATOR, are used primarily in the northeast though many routes 
have a mix of high- and low-level platforms. There are also a few high-level platforms on 
commuter lines in the Chicago area. High-level platforms are generally used on lines with 
limited freight traffic, since they limit the clearance for wide freight cars to pass. (While 
normal-width freight may pass, many intercity routes, especially in the west, operate on 
“STRACNET” routes, which require clearance for wide cars for military purposes.) This 
platform height allows “level boarding”, where the car floor height is approximately the 
same as the station platform, allowing rapid step-free boarding.  Some new station 
platforms incorporate “mini-highs”, in which a short section(s) of 48” platform is located 
along an otherwise low-level platform. They are intended for loading wheelchair users 
without the use of a lift. They are set back from the track to provide freight car clearance 
and require the use of a bridge plate between platform and car. 
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7. ADA boarding 
The Americans with Disabilities Act requires that new or reconstructed platforms provide 
“level” boarding.  “Level” boarding can be achieved for wheelchair users in several ways: 
• High-level platform to single-level car, using a bridge plate 
• Low-level platform to bi-level car, using a bridge plate 
• Low-level platform to a bi-level car, using on-board wheelchair lift (used where there 

is not sufficient platform space to allow the low-pitch ADA compliant ramp) 
• Low-level platform to single-level car using on-board lift 
• Low-level platform to single-level car using wayside lift 
Boarding using only a ramp takes very little station dwell time, whereas use of the on-
board lift takes longer. There are also reliability issues to consider, as car-born equipment 
is not used very often on a given car. The lift is interlocked with the train traction system 
and the train cannot move unless the lift is fully retracted and secured, thus a 
troublesome lift can result in a train delay. Also, they may have issues dealing with the 
wide variety of station platform heights, as well as loading cars when the car is leaning 
on super-elevated track when the station is on a curve.  

8. Performance 
The acceleration/deceleration rate of the new equipment must be considered with regard 
to the ability to operate on the intended schedule, especially on routes where stations are 
closely spaced. DMU’s may offer an advantage, though excellent performance is also 
possible with loco-hauled trains. Factors to consider include: 
• How many cars are required to carry the intended passenger load? If locomotive 

hauled, more cars mean a heavier train and a lower power-to-weight ratio, meaning 
slower acceleration. 

• Single-level versus bi-level cars (since there are fewer cars required if bi-level) 
• Use of one or two locomotives (Use a locomotive on one end with a cab car on the 

other, or two locomotives, one on each end.) 
When studying the proposed schedule, consider if the consist may become longer (and 
heavier) in the future, which could result in a slower schedule unless this was included 
in the initial planning. Also, be conservative in the calculations, since the locomotive may 
not always perform quite up to specifications (especially if older), and track conditions 
(such as slippery rail during precipitation or from leaves in fall) can limit performance.  

9. Consist size variability to meet passenger load 
If ridership demand varies significantly by day or week and/ or season, the ability to 
adjust seating capacity by adding or dropping cars from the consist is desirable. There 
are approaches to this issue: fixed consist and variable consist.  
Trainset 
The trainset is a fixed consist, meaning it is always the same length and seating capacity, 
regardless of whether that is oversized, undersized or just right for the required passenger 
load. The trainset approach has the advantage that all trains are the same, and there is 
no switching involved. This works well for applications where the passenger load does not 
vary much over time. Keep in mind though, it is very difficult to make the consist longer 
at a future date unless the extra cars were purchased as part of the original order. This 
is because technology changes rapidly, system suppliers change their products (and even 
availability), and an order for “more” cars is likely to be small, quite expensive and may 
not be of commercial interest to the original Contractor. Another issue to be considered 
is that a trainset is “all or nothing”; if a car has a defect preventing it from running, the 
entire train is out of service. This also applies when the equipment is undergoing 
scheduled maintenance, such as PM and overhauls. This compares to a discrete consist, 
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where a defective car can be removed and the train run either with a substitute car in 
place, or short a car.  
Discrete Cars 
All NGEC specs except trainsets consider discrete consists, allowing the flexibility of 
changing consist length to match expected passenger loading, to accommodate defect 
repairs, PM and overhauls. This flexibility is useful, but care should be taken to avoid 
excessive switching; it may be cheaper to run a slightly oversized consist if it turns for 
one requiring more capacity, say later in the day. With discrete cars, it is easier and likely 
cheaper to add more cars that are interoperable with the existing fleet at a later date.  

10. Single-level versus bi-level 
Quite a few factors affect the decision of whether to employ single-level or bi-level rolling 
stock.  
• Height: Foremost is the station platform height; PRIIA bi-level equipment is 

incompatible with high-level station platforms.  
• Clearance (will bi-level fit?) 
• Ease of boarding and dwell time: 

o Bi-level equipment has essentially level or one step up boarding for passengers, 
which makes boarding very easy, especially for those carrying luggage. Doors are 
wider, also helpful to those carrying items, or with small children. Normally, 
passengers can carry their own luggage unassisted. Bicycle loading is convenient. 
Crew does not need to attend each boarding site to aid passengers on/ off. Station 
dwell time at busy stations is short since the boarding process is brief. While 
seating is primarily on the upper level, there is still significant amount of seating 
on the lower level for those who have difficulty with steps to the upper level. Steps 
to the upper level are wide and easy to use. Those using wheelchairs can be 
boarded easily with a small ramp, or with an on-board lift which only requires a 
small lift distance.  

o Single-level equipment operates from both high- and low-level platforms. This is 
achieved through the use of folding steps, which are deployed for low-level 
platforms and otherwise retracted. For high-platform boarding, a trap door folds 
down to cover the steps, providing the door opening with a compatible floor height. 
Single-level equipment requires all passengers to climb steps to board (except on 
high-level platforms), which makes boarding more difficult, especially for those 
with luggage or with small children. Doors are narrower, also hindering carrying 
items. Generally, crew must attend doors to aid passengers boarding, especially 
those carrying items. Station dwell time is typically longer, since it takes 
passengers more time to board. For those with difficulty with steps, boarding can 
be a challenge. Those boarding with wheelchairs must be boarded with an on-
board or wayside lift, unless a mini-high is available. Since the lift distance is 
much higher, this takes longer. Boarding bicycles is less convenient since they 
must be lifted up to the car floor level.  

• Seating capacity: Bi-level equipment typically has up to 45% more seats per car than 
single-level, thus allowing shorter trains.  

• Station platform length (bi-level uses shorter platform for the same seating capacity)  
• Yard space to accommodate cars 
• Bicycle loading, ADA boarding, Interoperability, economics: see below 
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11. Car types 
A variety of generic cars types are available in any of the NGEC specs. They include: 
• Coach 
• Business coach  
• Café-lounge 
• Cab-baggage coach  
The Customer can specify some or all of the car types, depending on his particular need. 
Likewise, individual consists need not necessarily have the same makeup. Trainsets 
generally all have the same makeup, though this is not a requirement in case the 
Customer has specific needs for such. However, this does complicate the calculations for 
spare equipment. 

12. Seating capacity per car 
Generally, all single-level car equipment and trainsets have roughly the same seating 
capacity per car. DMU’s are slightly lower. A bi-level car typically seats up to 59% more 
passengers than single-level of the same type, e.g. coach or café. Thus, a shorter bi-level 
train can achieve the same capacity.  

13. Passenger amenities 
Coach & Business Class 
Depending on the demographics of the passengers and duration of the trips, the 
Customer may choose to include business class cars for the consist. Business class 
generally offers greater seat spacing and may include other amenities, such as a snack 
area, for example. Since the business class fare is higher, the service operator must offer 
features to make the passenger experience justify the extra cost.  
Luggage  
All cars allow carry-on luggage, incorporating both overhead luggage racks and luggage 
towers, located near the entrances of the car for heavier/and or bulkier items. The bi-
level cab-baggage car includes a lower level baggage room allowing optional checked 
baggage or passenger-stowed baggage. All types of single-level equipment also include a 
baggage room; however, it requires lifting the baggage into the car if it is loading from a 
low-level platform. 
Bicycles 
Bicycles are becoming a popular means of transportation for seamless connections with 
passenger trains, as well as recreation. Bi-level equipment easily accommodates carry-on 
bicycles. The passenger simply rolls the bike on the car and either hangs it on the rack 
incorporated into the entrance area of the coaches, or racks in the cab/baggage car 
baggage room. Bi-level equipment and single-level equipment at high-level platforms are 
particularly friendly for bicyclists, since there is level boarding of the bikes. Loading bikes 
from low-level platforms onto single-level cars requires awkward lifting of the bikes to car 
floor level.  

14. Interoperability 
Interoperability is an important concept, especially important for future planning. For 
example, once the authority selects a specific car type, it is difficult to change to a different 
type in the future, except for possibly DMU’s. For example, if bi-levels are selected, it 
pretty much establishes the precedent for future equipment to be bi-level. Not only are 
there many equipment flexibility issues, but passenger expectations, crew training, etc. 
are a factor as well. The equipment interacts with the infrastructure differently between 
bi-level and single-level, for issues such as train length and location of the doors relative 
to the length of the station platform, as well as shops.  
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15. Economics by car types 
Operating and maintenance costs vary by car type and should be considered in the 
decision of what equipment is best suited. Much of the maintenance cost is vehicle-based, 
rather than seat-bottom based. For example, quite a bit of the cost is for trucks and brake 
systems. Accordingly, bi-level equipment is likely cheaper to operate than an equivalent 
capacity train of single-level cars since fewer cars would be required per train. Bi-level 
equipment of equivalent capacity would also require less yard space, and station 
platforms need not be as long. It is cheaper to operate a consist with a locomotive on one 
end and a cab car on the other (assuming there is enough power to meet required 
schedule). Locomotives, DMU’s and cab cars have FRA mandated periodic inspections, 
so these vehicles require more frequent shopping than basic passenger coaches.  
Determination of whether DMU’s would be cheaper to operate than loco-hauled consists 
requires careful route-specific study, which takes into account the differing infrastructure 
requirements between the two approaches.  The historic “rule of thumb” was that for 
trains of more than 4 cars the loco-haul equipment was cheaper, however, than may well 
no longer be true.  
One situation where DMU’s would appear to have a clear advantage would be on routes 
which split (i.e. Y-shaped). Since they can operate independently, a consist of DMU’s 
could initially operate as one train, then easily split into two shorter consists, with some 
cars serving one leg and the remainder the other leg. Another variation would be to 
operate the entire consist to a specific point and split it into two, with one portion 
continuing onto an end point with a lower passenger load requirement. One caution with 
DMU’s, though; some railroads require a minimum number of axles in the consist in 
order for the signal system to properly detect the train. This could limit the operation of 
very short trains.   

16. ADA interior movement 
All single-level equipment (trainset, DMU and single-level) allows passage from one car to 
the next through the vestibules. However, it may not be possible for wheelchair users to 
pass through the car itself. Since the inter-car passage on bi-level equipment is on the 
upper level, it is not possible for passengers on the lower level to do so.  

17. Movement between cars 
Trainsets operate with semi-permanently coupled cars, which allows very wide inter-car 
passages since the diaphragms never have to interface with other car types. All other car 
types have an inter-car passage width of about 32”.  

18. Shop requirements 
Different types of equipment require different types of maintenance facilities to some 
degree. DMU’s have diesel engines on each car, so require suitable ventilation as well as 
facilities to service the engine and drive systems, as well as passenger car portions of the 
vehicles. Efficient operation of loco-hauled equipment generally keeps the consist intact 
(i.e. loco coupled to cars) during daily service and inspection activities. Generally, 
locomotives and cars have maintenance and repairs done in separate parts of the facility. 
Single- and bi-level cars generally have minimal differences in shop requirements, so 
most shops can handle both types easily, as long as there is sufficient vertical clearance. 
Since trainsets are much longer than single cars, they require a different form of 
maintenance facility than one originally built for discrete car consists. For example, often 
a wheel true machine is located in a stand-alone building which can accommodate only 
a single car. Thus, moving a trainset for wheel true of one car means the rest of the 
consist will protrude out the shop. Trainset shops are often organized to bring the shop 
tool/equipment to the car while leaving the train always in a specific place, whereas 
discrete car shops move the car to the site. 
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1.18 Long-Term Equipment Design Goals 

A challenge for future rolling stock orders is to ensure that the design, styling and equipping of 
the cars and locomotives continues to remain attractive, cost-effective and at the same time, 
takes advantage of technological advances.  For example, re-engineering of the locomotives to 
meet future emissions standards is one example of such an improvement project.  Interior 
refurbishment and upgrades for the passenger cars is another improvement program likely to be 
undertaken in the life of these assets. 

Depending on specific corridor/network demands, the equipment owner may wish to increase 
premium class capacity on its trains.  Flexibility in the construction and interior arrangement of 
the cars will make these future revisions easier.  Other generational changes in car 
design/equipment are possible on future orders. 

As future orders of rolling stock approach, staff of the service operator and the maintenance 
contractor should work directly with the engineers preparing the new rolling stock specifications 
and bid documents, to ensure that people with direct experience in the day-to-day operation and 
maintenance of the rolling stock, understanding of what the passengers of the network have 
come to expect, and bringing knowledge of the roles and responsibilities of on-board staff to the 
table are involved at every step in the process. 

1.19 Major Wreck Rebuild/Retirement of Equipment 

As would be expected with any fleet of rolling stock, there will be accidents which destroy or 
damage a car or cars and/or a locomotive beyond the abilities of the maintenance contractor’s 
shop or heavy overhaul facility to repair.  In this instance, the equipment owner and the 
maintenance contractor should apply industry standards to determine whether the car or 
locomotive has been damaged beyond these limits and if the car or locomotive can be 
economically repaired by an outside contractor.  Following this determination, bids for the repair 
of the car or locomotive should be solicited. Note that different types of equipment have a different 
value: it is possible to run a train short a coach, but not short a cab car if operation is push-
pull; thus, even if very expensive, it may still make sense to repair a badly damaged cab car 
because this outweighs the loss of not running the train, or using two locomotives.  

It is also possible that the cost to repair accident damage may exceed the limits of a wise 
investment, given the age or condition of the car or locomotive involved.  In this instance, the 
rolling stock owner will authorize retirement of the car or locomotive, after which all usable 
components should be salvaged and used to keep other cars or locomotives in operation.  The 
equipment owner may decide to solicit proposals for an additional order of cars or locomotives 
(subject to funding availability) to replace the equipment lost due to wrecks/retirements. Note 
that Contractors are generally not interested in very small orders, especially if the order is for a 
vehicle not currently in production, and even if they are, the cost is likely to be very high and 
with a long delivery time. Locomotive Contractors may be more flexible, especially if the unit is 
similar to something currently in production. Due to these factors, the owner should consider 
ordering “extra” vehicles (beyond that required for normal maintenance, etc.)  with the initial 
order, anticipating a given percentage will be lost over the years due to accidents. 

With a minimum 25-to-30-year economic service life, the equipment owner will need to develop 
a locomotive and car replacement program.  Use of algorithms and dynamic scheduling to justify 
the timing of this replacement program will be part of the analysis.  Technological change may 
advance the retirement date for a given piece of equipment sooner than was originally 
anticipated.  Regardless, a major challenge in the rolling stock replacement program will be the 
advance notification to the owning entities to be able to make the necessary funding requests of 
their respective state legislatures. 
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2.0 Implementation 
Chapter 2, Implementation, discusses the actions that need to be taken and the points that need 
to be considered as the Customer prepares to and initiates its rail equipment acquisition 
program. This chapter identifies the important documents that must be generated, the roles that 
must be covered, and the actions required to administer the acquisition program.  

2.1 Solicitation Process  

2.1.1 Purpose 

The Customer must use its own procurement procedures and ensure that they reflect applicable 
local, state, and federal laws and regulations. The procurement procedures must ensure a 
competitive, open, and fair procurement. In the event of a joint procurement, all parties must 
develop a joint agreement describing the processes, roles and responsibilities that will be used 
to jointly implement the procedures to be used in the procurement.  

Rolling stock procurement can be conducted by a single Customer, or as a multiple entity 
undertaking. Some considerations to consider when making this decision include:  

• Multiple entity procurements typically have a lead agency running the program, while the 
other members may or may not actively participate.  

• If there is one lead and other members are inactive, there is a risk that the other members 
may not be getting what they expect to meet their unique equipment needs. 

• With a single lead, there needs to be clear understanding among all agencies that the 
costs of running the program are borne fairly among all the members.  

• Multiple entity procurements are typically larger and achieve economies of scale, and so 
have more weight in attracting the interest of the Contractors. Larger procurements will 
require more experienced and skilled staff to manage project complexity. 

• Sometimes, one agency procures rolling stock, and another is allowed to exercise options 
from the first Customer’s contract (if so included). 

2.1.2 Areas of Interest 

• Scope of Work 
• Technical Specification 
• Research/Cost Estimate 
• Solicitation Methods 
• Federal Flow-down Language 
• Submittal of Proposals 
• Evaluation 
• Selection 
• Contract Award 
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2.1.3 Questions 

1. Has your agency developed a clear and achievable scope of work and project schedule for 
the overall program? Has your agency reached out to all stakeholders and evaluated the 
impacts and coordinated efforts? Are the objectives of primary planning documents (e.g. 
State Rail Plan, Fleet Management Plan) supported by the scope of work to ensure 
consistency with agency goals? 

2. Has your agency conducted research on market trends, similar products and services to 
estimate the project cost accurately?  Has your agency secured enough funding to award 
the Contract? Has your agency researched the availability of federal or state grants to 
help fund the procurement? 

3. Does the solicitation method your agency selected achieve the goals and objectives of your 
agency’s new equipment acquisition? Has a joint procurement with another agency been 
considered to achieve cost savings due to economies of scale? 

4. Does the procurement document [Request for Information (RFI)/Request for Proposal 
(RFP)/ Request for Quote (RFQ)] include all required terms and conditions including the 
“flow-down” provisions from grantors? How does your agency ensure that Contractors 
comply with federal requirements when making procurements with federal funds? 

5. Has your agency developed the necessary tools, such as evaluation criteria, scoring 
methodology, and bid evaluation sheets to ensure a competitive, open, and fair 
procurement selection process? Do the evaluation procedures and documents include 
consideration of federal contract provisions in the evaluation? 

6. Who are the members of the bid evaluation team? Do they have adequate knowledge, 
experience and expertise to evaluate all bids objectively? Does the evaluation team 
represent all stakeholders that need to have input into the evaluation? 

7. What policies, procedures, and requirements does your agency follow to ensure award to 
responsible Contractors possessing the ability, willingness and integrity to perform 
successfully under the terms and conditions of the Contract? 

8. Do you have a qualified Risk Assessment team in place, and will they evaluate the bids? 
(Note that the procurement and bid evaluation teams may provide risk management 
activities during the procurement phase thus eliminating the need for a separate [or 
dedicated] risk management team.) 

9. Does the purchase specification accurately define what you really want?  If not, fix it now, 
because if you try to do so later, it will have severe consequences: cost, delay, change 
orders, etc. Individuals not familiar with the procurement process may fail to understand 
the gravity of this. 

10. Selection of the Contractor: are they technically competent to do the design? Has the 
Contractor designed a vehicle similar to this before? If not, this is a cause for concern, 
because they do not know what they do not know. 

11. Is the Contractor capable of successfully integrating all the different systems into the car? 
Has the Contractor designed a vehicle similar to this before? If not, this is a cause for 
concern, because they do not know what they do not know. 

12. Does the Contractor’s engineering department understand manufacturing tolerances? In 
recent years, with the advent of 3-D modeling, the idea of tolerances has been lost to 
many. How does the Contractor work with its suppliers (esp. those supplying interior 
modules) to ensure the manufacturing tolerances of both companies are taken into 
account in the design? 

13. What drawing software does the Contractor use?  Since the Contractor must share some 
drawings with system OEM’s, the suppliers need to be able to use the Contractor’s 
software, or somehow be compatible. This can be a problem because different companies 
use different software, which are not compatible. This is especially important with the 
interface between carbody and interior modules, since they are involved in potentially 
complex 3-dimensional interfaces.  
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14. Do they have an existing design on which to base the new order? If not, what will they be 
starting with?  

15. Do they have a suitable manufacturing plant(s) for the job?  (The carbody might be from 
a different plant than vehicle assembly.) Is it a new plant, or one that has produced 
products similar to the new order before? If a new plant, there are potential delays from 
the learning curves of starting up a new facility. 

16. Do they have suitable tooling and fixtures? If new tooling, there are potential delays from 
the learning curves of starting up new tooling.  If they are using robotics, is this a tried 
and true system or a new start? Learning curves apply here, too, and can be significant.  

17. Is the Contractor familiar with the materials specified, such as stainless steel? If not, 
there are significant learning curves.  

18. Do they have a qualified manufacturing workforce? Do they have personnel who have 
worked on similar projects before? 

19. Do they have a qualified Quality Assurance (QA) program? Is the QA group of sufficient 
size to control the program? Is it organized appropriately? How does the QA group interact 
with the manufacturing personnel?  

20. Who does the QA department report to?  It should be co-equal to manufacturing; QA 
needs to be able to stop something which is not right and not be overridden by the 
production department who wants merely to deliver, whether it is right or not. This needs 
to be how things really work, not only how they work on paper. 

21. Does the Contractor have an established base of system suppliers in North America? 
(This is more an issue with Contractors new to the continent.) This is important both to 
ensure the design is appropriate for the application, and also for support if there are 
problems either in initial manufacturing, or later post-delivery. 

22. Will the Contractor listen to the Customer, or just “do it our way because we know better”? 
23. Will the Contractor listen to the system OEM, or just “do it our way because we know 

better”? 
24. Method of shipping: it may be possible to move the equipment on existing passenger 

trains, such as via Amtrak. Shipping by freight railroads as part of freight trains must be 
avoided at all costs. 

25. Commercial questions: cost, cash flow, liability, liquidated damages, financial condition 
of the bidder (e.g. are they on the verge of bankruptcy?) 

2.1.4 Helpful Information/Tips/Examples 

 Scope of Work (SOW) 

A well-written Scope of Work (SOW) must be clear, complete, logical and concise enough to be 
understood by the Contractor and the Customer Project Manager that will be administering the 
Contract and managing the project. The SOW should include the agency rationale and benefits 
from the procurement, the type and quantity of vehicles to be procured, where the vehicles will 
be deployed, and how the procurement benefits other stakeholders (e.g. the Federal Government). 
The SOW must describe in detail the expected performance of the Contractor, converting it into 
contract deliverables for the Project Manager. The SOW must be prepared with help from 
corresponding internal and external partners that will eventually take part in the development 
and acquisition process.   
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 Technical Specification 

The technical specification is the cornerstone of the Contract’s technical requirements. It is 
critical that it incorporate thoughtful input from all affected parties. The parties need to 
understand that their input is required at the time the technical specification is written, and 
changes may require a change order which can be expensive and may result in a schedule delay. 
Individuals not familiar with the procurement process may fail to understand the gravity of this. 
During affected party reviews, minutes should be taken and circulated so participants who didn’t 
speak up cannot say “that’s not what I wanted.” Some key criteria to address include: 

• How will the equipment, especially non-traditional vehicles, such as trainsets, fit into the 
existing infrastructure: stations, yards, Service and Inspection (S & I) buildings, car wash, 
wheel-true shop and back shops?  

• Compatibility with typical locomotives in service on that railroad? (In case new equipment 
breaks down and needs to be rescued.)  

• Definition of all interfaces between vehicles, own kind to own kind, as well as other cars 
and locomotive to which it may be coupled, such as electrical trainlines and mechanical 
connections (including coupling, curving, diaphragms, and air brake hoses/locations). 
This must consider that any vehicle can be facing either direction with regard to its 
neighbor. 

 Research, Cost Estimate and Securing Funds 

The Government Accountability Office (GAO) defines a cost estimate as “the summation of 
individual cost elements, using established methods and valid data, to estimate the future costs 
of a program, based on what is known today.”  

The basic cost estimating process includes the following steps:  

• Subdivide the design into basic elements, such as vehicle systems or vehicle components.  
• Develop costs, based on similar recent projects, market surveys, or other valid 

information. Adjust for project age, duration, complexity, and geography.  
• Total costs by category. Apply additional costs for professional services (e.g. project 

management, procurement support, engineering support), sponsor management, and 
contingency.  

• In addition, the following three additional points need to be considered: 
o The estimate needs to reflect the political and project management contexts, 

including conditions associated with the host railroad, funding entities, and 
stakeholder organizations. 

o The estimate needs to reflect time. The project schedule, inflation, financing costs, 
and the intervals for release of funding have a tremendous impact on project cost. 

o To develop a comprehensive, accurate, and credible estimate, the estimating team 
needs to extrapolate—create a “total picture” of the project. Typically, this is done 
before all of the design and project management decisions are made. 

The Customer must have the financial capacity to carry out the equipment acquisition. In 
addition to the capital costs to procure the equipment, all mobilization costs necessary to place 
equipment in revenue service, such as testing costs, insurance/indemnification, training, spare 
parts, consumables, and material management must be considered. Also, potential 
infrastructure costs must be considered. These include any costs to build new, expand or 
modernize maintenance facilities, development or augmentation of maintenance or operating 
agreements, and any other infrastructure costs, such as station infrastructure, throughout the 
impacted rail corridors to accommodate the new fleet equipment. Once enough funds are secured 
for acquisition, as well as mobilization activities, the Customer must expend and account for all 
funds in accordance with local, state and federal laws and procedures for expending and 
accounting for those funds.  
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 Solicitation Methods 

RFP and RFQ are two types of bid requests utilized by purchasing agencies when soliciting bids 
for significant purchases of goods or services. RFI are often used by Customers to announce a 
later RFP or RFQ. RFPs are used to determine the feasibility of each potential Contractor's bid. 
RFQs are used to compare costs/quotes between competing Contractors. RFIs are used to learn 
about each supplier's capabilities and qualifications. RFIs can also be used to gain supplier 
insights and reactions regarding potential Contract provisions or technical specifications under 
consideration by the procuring agency. 

Piggybacking (option orders) can also occur for equipment acquisition. The Customer that 
obtains contractual rights to procure vehicles through assignment of options may use them after 
first determining that the Contract price remains fair and reasonable, and the Contract 
provisions are adequate for compliance with all local, state, and federal requirements. 
Sometimes, if a specific type of rolling stock is developed for a Customer and options allow 
another authority to purchase subsequent vehicles, the originator may receive some recovery of 
the developmental costs, provided this arrangement was incorporated in the original Contract 
conditions. 

 Federal Flow-Down Provisions 

If the Contract is funded with federal funds, Contractors also must comply with relevant federal 
third-party contracting requirements when procuring goods and services.  These required 
provisions “flow down” from the Customer to the selected Contractor. The Customer is 
responsible for making Contractors aware of the requirements and for ensuring that Contractors 
comply with the requirements. This includes provisions that prime Contractors must “flow down” 
to their subcontractors and suppliers. Note that FTA and FRA requirements differ, including 
issues such as “Buy America.” 

Buy America provisions are federal requirements that ensure that projects using federal funds 
meet specific requirements for including content provided by domestic suppliers and 
manufacturers. Buy America requirements can either be based on:  

1. A specific percentage of systems, components, and materials that must be manufactured 
in the United States (FTA requirements), or;  

2. Requiring a list of specific systems and components be manufactured in the United States 
(FRA requirements).  

The Customer is responsible for conducting audits to confirm that the Contractor meets Buy 
America requirements. 

It is also the Customer’s responsibility to work with their federal partners to ensure that the 
Customer’s procurement provisions are properly aligned with any related federal provisions. Any 
potential issues should be reviewed and resolved prior to finalizing the bid documentation.  

The Customer should provide clear direction in the bid documents how any federal provisions 
will be implemented during the course of the project and what actions will be required from the 
selected Contractor to fulfill the federal provisions.  

 Submittal of Proposals 

Prospective contractors must submit their proposals by a specific due date to be considered. 
Normally, there are one or more meetings (bidders’ conferences) prior to the bid due date in which 
the prospective contractors can publicly ask questions of the Customer. In addition, during the 
period after advertising the RFP but before the proposal due date, prospective Contractors can 
ask questions or propose changes to the RFP (including the technical specification). Typically, 
Contractors’ questions must be answered in writing by the Customer and are formally published 
in addenda to the RFP for the information of all prospective Contractors. These addenda may 
include clarification of technical and commercial points, and consideration of changes and 
alternatives to specific aspects of the technical specification and other Contract documents. Prior 
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to the bid due date, all communication between the Customer and prospective bidders must be 
public, (though the source of the questions is typically withheld). The question itself and the 
Customer’s answer must be shared with all potential bidders. The Customer must not show any 
bias in responses to Contractor questions or comments. For issues which would require changes 
to the technical specification or other Contract documents, the Customer must consider whether 
it is willing to make the changes, which may even result in extending the submittal due date 
since the amended specification must then be reissued to everyone. There may be multiple 
addenda created during this process. The better prepared the Customer’s technical specification 
and Contract documents, the less time will be spent in this clarification phase. Rushing out an 
RFP which is not quite ready will result in more questions and a much longer question and 
answer period, thus easily losing more time than that potentially saved.    

Once bids have been submitted, the Customer will likely ask questions of the respective 
Contractor, such as to clarify aspects of its technical and commercial proposals. This 
communication remains between Customer and that Contractor. This process is likely to include 
several iterations. 

 Selection Process 

When public funds are utilized in a procurement, the Customer must conduct all procurement 
transactions in a transparent manner providing for full and open competition. Agencies are 
prohibited from restricting competition in federally supported procurement transactions. Some 
situations that restrict competition include, but are not limited to: unreasonable qualification 
requirements, unnecessary experience requirements, excessive bonding, noncompetitive pricing 
practices between firms, non-competitive awards to firms on retainer, organizational conflicts of 
interest, “brand name” only specifications, inconsistent application of procurement rules, or any 
arbitrary action in the procurement process.  

Typical evaluation criteria for selecting a Contractor include: response to technical requirements 
in the Technical Specification, price, delivery schedule, production capability, viability of 
company, history of making similar products, company reputation for making quality products, 
history of projects’ timeliness and quality, proposed staff, and Customer legal and administrative 
requirements. When developing the evaluation criteria to rank the prospective Contractors, be 
careful not to put too much weight on the price. Prospective contractors that propose a price far 
below others may not understand the requirements (and have bid an overly optimistic price) or 
may be trying to win evaluation points by underbidding the Contract.  There has been a history 
in passenger rolling stock procurement of problems resulting from underbid contracts.  

In an effort to improve a Contractor’s proposal and/or to negotiate favorable cost terms, a 
Customer often employs a “Best and Final Offer” (BAFO) procedure, or “confidential discussions” 
with the Contractor. The BAFO negotiation is typically with the leading bidder(s) to find 
agreement on price or technical and sometimes commercial issues that may potentially improve 
the final offer afforded the Customer by the bidder(s). Confidential Discussions are used to review 
draft proposals with potential bidders to clarify ambiguities and improve the quality of the 
proposals to promote a larger number of compliant final proposals. 

After the selection process, a formal evaluation report must be developed to formally announce 
the recommended Contractor. The evaluation report is a public document that provides a 
summary of all bids/proposals, the reasons for any disqualifications, compares qualifying 
technical and cost proposal scores, provides a scoring summary and ranking, and provides a 
formal recommendation of award. 

It is critical to retain the evaluation report, all evaluation forms, final consensus worksheets such 
as scoring sheets, records of conversation, letters of clarification, records of agreement, and any 
other documents or information relating to the evaluation, in case the award is challenged by 
one of the unsuccessful Contractors.   

All documentation relating to one Contractor’s bid/proposal shall be kept separate from that of 
other Contractors in binders or folders.  
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All submissions from Contractors prior to the final bid/proposal must be kept in a secured area 
until final bid/proposal opening.  Documents requiring such treatment include conceptual 
proposals, detailed technical proposals, resubmissions, discussion agenda, discussion 
memoranda, draft bids/proposals, final bids/proposals, and correspondence relating to a 
specific Contractor’s proposal. Often commercial issues such as cost or price proposals, or 
delivery schedules are separated from other proposal/bid documents and stored in a different 
location, to be opened after the technical proposal is evaluated. Use care with this segregation, 
though, as there may be cases where a higher cost is justified by a much better technical score, 
and this cannot be considered unless both technical and commercial reviewers are aware of the 
details. The final bid opening may or not be open to the public, depending on the laws governing 
the Customer. 

 Bid Evaluation Team 

The credibility of an evaluation depends on the expertise and independence of the evaluation 
team members and the degree of transparency of the evaluation process.  Evaluation team 
members must be competent and must also have the required set of skills for conducting an 
evaluation for equipment acquisition. Evaluation team members will include those with expertise 
in technical aspects, procurement requirements, administrative procedures, and legal aspects, 
and will review proposal sections accordingly. 

The evaluation team lead should provide each team member with a copy of the solicitation 
documents, all addenda, and any document that describes the Customer’s procurement. 
Specifically, each team member needs to receive the bid evaluation process, samples of the 
evaluation forms/scoring sheet to be used during the evaluation process, and any other pertinent 
documentation.  

The lead should also give preliminary directions to all members regarding procedures to be used 
and advise them of the confidential nature of the evaluation and selection process.  Most agencies 
require each member of the team who will become familiar with the procurement at any time 
during the procurement process to sign a Confidentiality Statement and/or non-disclosure 
agreement.  

 Contract Award 

Contract award should be made only to the responsible Contractors possessing the ability, 
willingness and integrity to perform successfully under the terms and conditions of the Contract 
and who have met all bid requirements and received the highest score during the evaluation. The 
following are typical requirements that are often included by the Customer to ensure the integrity 
of the awardee: 

• Integrity and Ethics. Has a satisfactory record of integrity and business ethics, in 
compliance with 49 U.S.C. Section 5325(j)(2)(A). 

• Debarment and Suspension. Is neither debarred nor suspended from Federal programs 
under DOT regulations, “Non-procurement Suspension and Debarment,” 2 CFR Parts 
180 and 1200, or under the FAR at 48 CFR Chapter 1, Part 9.4. 

• Administrative and Technical Capacity. Has the necessary organization, experience, 
accounting, and operational controls, and technical skills, or the ability to obtain them, 
in compliance with 49 U.S.C. Section 5325(j)(2)(D). 

• Licensing and Taxes. Is in compliance with applicable licensing and tax laws and 
regulations. 

• Financial Resources. Has, or can obtain, sufficient financial resources to perform the 
Contract, as required by 49 U.S.C. Section 5325(j)(2)(D). 
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2.1.5 References 

• 49 U.S.C. Section 5325(j)(2)(A) 
• 2 CFR Parts 180 and 1200 
• 48 CFR Chapter 1, Part 9.4 
• 49 U.S.C. Section 5325(j)(2)(D) 
• 2 CFR Part 200 
• FTA Best Practice Procurement & Lessons Learned Manual 
• FRA Capital Cost Estimating Guidance 

2.2 Contract Administration  

2.2.1 Purpose 

The purpose of this section is to provide Contract Managers the guidelines for managing rolling 
stock acquisition contracts.  

This section includes the steps necessary to manage contracts. Also included are the roles and 
responsibilities of Contract Managers in monitoring and managing those contracts, including 
amendments, change orders and Contract closeout.  

2.2.2 Areas of Interest 

• Contract execution 
• Communication plan 
• Monitor Contractor’s progress to ensure work is on schedule, complete, and acceptable, 

within scope and budget 
• Approve milestones  
• Review invoices; monitor expenditures  
• Authorize payments  
• Timely request for Contract amendments when necessary  
• Change orders 
• Contract closeout 

2.2.3 Questions 

1. Does your agency and whomever signs the Contract have the delegated authority to enter 
into a contract from statutory authority (e.g. federal and state laws)?  

2. Have your agency’s Contract Manager and Contract Administrator completed all 
necessary training (e.g. Contract Manager’s training, ethics and conflict of interest 
training, basic financial management training)?  

3. Does your agency have manuals, guidelines and other resources available for Contract 
Managers?  

4. Has your agency accurately determined the proper contract process for rolling stock 
procurements?  For example, in California, if 50% or more of the total expenditure is for 
service and labor, as opposed to the product, then a service contract must be written. In 
cases where the product is 50% or more of the total expenditure, a purchase order must 
be written. When in doubt, contact your agency’s contract and procurement office.  

5. Is your agency’s Contract Manager familiar with all the steps and timeframes required to 
process and execute contracts?   

6. Has your agency developed all the necessary tools to keep track of all milestones, 
expenditures, and schedule?  
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2.2.4 Helpful information/Tips/Examples 

1. Contract execution/authorization to start work 
A Contract is considered to be executed once all parties, the Contractor, and your agency 
have signed and dated the Contract. In the case of a multi-agency Contract, all agencies 
must participate in signing the Contract. 
A Contract Manager or a designee shall send a letter to the Contractor (sometimes referred 
to “Notice to Proceed”) to announce Contract execution; a copy is sent to all parties that 
need copies (e.g., Accounting Division, Contract and Procurement Division)  
Work may not commence until proper authorization to “start work” is obtained.  
It is a Contract Manager’s responsibility to authorize the start of work in writing only after 
notification that an executed Contract is in effect. A copy of the written notification must 
be retained in the Contract file.  
If a Contract Manager authorizes a Contractor to start work before the Contract is 
executed, the responsible Contract Manager may be subject to disciplinary action.  
Contractors who begin work before the effective date or Contract execution date do so at 
their own risk. Accounting cannot process invoices without an executed Contract.   
No additional work is to be authorized after Contract expires. 

2. Communication plan  
A critical part of the Project Manager’s role is to ensure proper communication is 
occurring among all the parties of the program, including external stakeholders. While in 
direct control of only some, the manager needs to ensure all the following communication 
paths are established and function properly: 
• Within Customer team 
• Between Customers, if a multi-agency order 
• Between Customer(s) and Contractor 
• Between Customer and relevant state and local government stakeholders 
• Between Customer and relevant federal stakeholders (particularly the FRA and/or 

FTA) 
• Between Customer and host railroad(s) 
• Between Customer and Amtrak 
• Within Contractor (between PM, design, production, quality) 
• Between Contractor and system/component suppliers. The Contractor must provide 

suppliers with complete project information (there have been cases where the 
Contractor did not furnish suppliers with relevant parts of the Customer’s 
specification, resulting in an inadequate system design, and preventable program 
delay).  

3. Monitor Contractor’s progress to ensure work is on schedule, complete, and acceptable, 
within scope and budget. 
The Contract Manager is responsible for monitoring Contractors’ performance to ensure 
that work/services are being provided and are in compliance with the terms and 
conditions of the executed Contract. Issues to consider when monitoring the Contractor 
include, but are not limited to, the following:  
• Timeliness of work/service/delivery of the product(s) 
• Quality of work/service/product(s) 
• Reasonableness of charges/invoices  
• Use of required DVBE (Disabled Veteran Business Enterprise)/DBE (Disadvantaged 

Business Enterprise)/SB (Small Business) firms (if applicable) 
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The Contract Manager and supporting team must monitor the work site as work is being 
performed. Contractors’ poor performance or use of poor-quality materials must be dealt 
with immediately. The Contract Manager must order correction of problems by 
Contractors prior to payment approval. 
The following are methods by which the Contract Manager should monitor Contractors:  
• Ongoing review of the Contractors’ work/service through regular on-going meetings, 

weekly/monthly/quarterly/annual progress reports 
• Ongoing technical and contractual review of deliverables 
• On-site visits to Contractors (by Customer SMEs, QA and PM) as work/service is 

being provided (e.g. design review meetings, First Article Inspections, quality 
inspections during production, various type testing, acceptance testing, and warranty 
oversight) 

• Resident inspectors at Contractor’s plant, who also conduct inspections of suppliers 
at their plant(s) 

• Periodic focused meetings with Contractors regarding specific topics 
• Timely review and processing of invoices  

4. Milestones 
Milestone planning is one of the most important aspects of project planning, because 
project milestones are the most visible indicators of project progress. Milestones typically 
mark critical decision points, the completion of major project tasks and the ends of 
various project phases. Senior stakeholders who are not involved in the project on a daily 
basis become more engaged and attentive as milestones approach. In some cases, 
milestones even determine when progress payments are made to Contractor. 
a) Identify the proper milestones 
The project plan will set the tone and pace for the entire project, and the milestones 
included in the plan will serve as indicators that work is proceeding on schedule. 
Choosing the right milestones is critically important, because all parties involved can only 
get an accurate view of the project’s long-term health if they are looking at the right signs. 
Along with obvious milestones such as the official beginning and end of a project, at least 
some of the following events must be considered when planning milestones: 
• Completion of major project tasks 
• Go/no go decisions and other key decision points 
• Design reviews 
• Major tests (compression test, climate test, qualification test) 
• Major inspections (first complete car first article inspection) 
• Initial delivery/shipment of a product or service 
• Completion of testing 
• Conditional and final sign-off/acceptance 
• Transfer of title  
• Beginning and end of warranty 
Milestone information should be included in the Contract and tied to the payment 
schedule, so all parties involved clearly understand what to expect throughout the 
project.  Proper milestone planning also helps with schedule management of the project.  
b) Milestone Payments 
Milestone (progress) payments are established to determine cash flow throughout the 
project. The breakdown varies with project as well as Contractor. Holding a large part of 
the payment until final acceptance can be used to motivate an uncooperative Contractor 
to complete the final detail work. Some money is held back to ensure the Contractor 
delivers all the required materials, such as manuals and training, and not just the rolling 
stock. The following Table 2-1 is an example of such a milestone payment schedule. 
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Table 2-1: Example of Typical Milestone Payment Schedule 

Payment Event Payment Percentage 
Submittal and Customer acceptance of program documents (per spec) 10% 
Completion of first carshell and successful completion of carbody 
structural qualification tests (each car type, as required) 

10% 

Successful completion of supplier qualification tests and First Article 
Inspection (FAI) [for trucks, couplers, Heating, Ventilation, & Air 
Conditioning (HVAC) and temperature controls, lighting and brakes] 

10% 

Issuing pre-shipping report for each car 30%-unit price 
Final acceptance for each car 35%-unit price 
Completion of project, including all deliverables, such as manuals, 
drawings and training 

5% 

 
c) Track and manage milestones throughout the project 
Once milestones have been identified and defined, and actual project work begins, related 
oversight obligations will begin. As project work is executed, identified milestones and 
related deliverables will either be achieved (in whole or part), or determined to be 
incomplete.  Sometimes milestone definition may even need to be modified as needed to 
suit changing project needs and circumstances. The Contract Manager must consult with 
the legal division and the contract and procurement division to ensure that proposed 
milestone modifications can be made without changing the scope of the original Contract. 
The key to milestone management is to be informed and prepared, so the Contract 
Manager can act swiftly if and when problems occur. If the Contract Manager knows that 
one or more milestones will not be achieved as intended, the goal will be to minimize the 
negative impact while adhering to all previously approved Contract requirements. 
Responding to unachieved milestones will best be determined based on circumstances, 
capabilities and Contract priorities. No matter the response, communication is the key. 
Stakeholders must be kept fully informed to minimize negative perceptions, establish 
realistic expectations, and obtain important feedback to solve problems and/or re-
negotiate previously established priorities, if necessary.  

5. Review invoices; monitor expenditures  
Payments to Contractors must be consistent with Contractor’s bid rates, Contract’s 
payment provisions and product(s) and services provided. When invoices are received, 
compare them with the relevant Contract provisions. Review invoices for all required 
information, including any supporting documentation necessary. Every effort should be 
made to pay all allowable costs by working with Contractors for clarification or backup 
documentation of billed items and milestones.  
Copies of all invoices (annotated, as needed) and all back-up documentation must be 
retained in the Contract Managers’ Contract files.  
Contract Managers should: 
• Reconcile, at least quarterly, a Contract balance with the Accounting Division.   
• Request Contractors to submit invoices in a timely fashion and as provided in the 

Contract.  
• Promptly review and forward approved invoices to the Accounting Division for further 

processing.  
• Follow your agency’s prompt payment requirements and deadlines.   
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All invoices must contain:  
• Contractor’s name, address, and telephone number  
• Invoice number  
• Invoice date  
• Contract number  
• Invoice period, specified with beginning and ending dates  
• The beginning date must not be sooner than the Notice to Proceed/start work date 

for the Contract, nor within any previous billing dates  
• Description of services, product(s) or work being billed for  
• Charges, itemized, if applicable for each milestone or task order or each 

subcontractor, including identification of Disabled Veteran Business Enterprise 
(DVBE)/Disadvantaged Business Enterprise (DBE)/Small Business (SB) firm(s)  

• Summary of total dollar amount billed to date  
• Total dollar amount billed with invoice  
• Total amount due with this invoice  
• Discount or credit, if offered by the Contractor  
In reviewing invoices, Contract Managers must:  
• Verify they are not duplicating of any previously paid invoices  
• Check for accuracy, timeliness, and compliance with cost and payment terms and 

conditions of contracts  
• Cost rates are limited to those annotated in the Contract or cost proposal (where 

applicable) 
• Check for mathematical accuracy 
• Ensure personnel shown match those listed in the cost proposal and/or Contract 
• Conduct a technical review of the invoice, as necessary, to determine the 

reasonableness of charges 
• This evaluation shall be based upon the Contract deliverables–did we get what we are 

being charged for?  
• Review DVBE/DBE/ Small Business (SB) requirements of the Contract and determine 

if invoices reflect proper percentages and dollar amounts for those subcontractors, if 
applicable 

• Ensure receipt of progress report, if required by the Contract  
Contract Managers must verify and approve all invoices before submitting them to 
Accounting Division for further processing. Contract Manager approval signatures certify 
that all charges are appropriate, and all work was satisfactorily performed according to 
the provisions of the contracts. 

6. Timely request for Contract amendments when necessary  
Equipment acquisition contracts are often for product(s), work, and services that will be 
required over a long term with a specific end date; however, since contracts for some 
Customer agencies are not written for more than a fixed maximum period (e.g. 60 months 
depending on procuring agency regulations), they may need to be renewed to allow for 
the needed services to continue uninterrupted.  
Neither amendments nor renewals occur automatically. Contract Managers must monitor 
current contracts while keeping in mind the need for an amendment or a renewal, as well 
as the processing time it takes for their execution. 
a) Amendments  
Amendments are formal modifications to contracts. Contracts may be modified or 
amended only if the contracts so provide. Amendments must be requested and executed 
prior to the expiration date of the most recently approved original or amended Contract. 
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“Time only” amendments are only possible in order to complete a project which has been 
delayed and are not permissible for recurring, on-call, and/or as-needed services. 
Contract amendments should not materially alter the fundamental objective of the SOW 
of the original Contract. Major changes (such as significant changes in Contract scope) 
must be accomplished by new contracts using required bidding and Contract award 
procedures. Care must be taken to ensure that amendments do not contradict 
information in original contracts and that all needed changes are specified.  
Amendments are subject to the same reviews and justifications as original contracts.  

7. Change orders 
a) Contractor initiated change order 
Any change order must be formalized in writing utilizing the change order form to be 
developed and agreed upon both by your agency and the Contractor. This form is 
normally developed and adopted early in the execution of the Contract. Change orders 
will be paid upon completion of the work as defined in each change order form (e.g. per 
car, lump sum). Verbal change orders are not permitted. 
To propose a change in the work, the Contractor must submit a proposed change order 
to your agency for approval prior to starting such proposed work. The notice should 
describe the proposed change, identifying the work that it proposes to change and stating 
the reasons for the change, including relevant circumstances, technical justification and 
impact on design, impacts on the schedule, and estimated cost impacts. 
Upon receipt of the proposed change order, your agency may choose to either reject it, or 
request the Contractor to submit a detailed change order within a specified time period. 
It is highly recommended that the Contract Manager consults with the legal division and 
the contract and procurement division to ensure that proposed changes can be made 
without changing the scope of the original Contract.  
The Contractor shall be liable for all costs resulting from, and/or for satisfactorily 
correcting, any change order work which was not formally approved by the Contract 
Manager.  
b) Agency initiated change order 
Your agency may make changes to the Contract by notifying the Contractor in writing, 
using the standard change order form. Again, it is highly recommended that the Contract 
Manager consult with the legal division and the contract and procurement division to 
ensure that proposed changes can be made without changing the scope of the original 
Contract. The Contractor shall advise your agency on the practicability of the proposed 
change order. Your agency may issue a proposed change order. Upon receipt of the 
proposed change order and as soon as possible but no later than thirty (30) days, or a 
date agreed to by the parties, the Contractor shall submit to the Contract Manager a 
detailed price and schedule proposal for the work to be performed. The Contractor’s 
proposal shall set forth any changes to the total Contract price, Contract delivery 
schedule, or any technical requirements of the Contract. This proposal shall be accepted 
or modified by negotiations between the Contractor and the Contract Manager. At that 
time, a change order shall be executed in writing by both parties.  
Often, the Customer may audit the costs associated with the change order to verify that 
the added costs are justified by actual costs of materials and labor. The right to do an 
audit is normally in the wording of the change order documentation or in the Contract 
itself.  
Verbal change orders are not permitted. 
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8. Contract closeout 
Contract Managers are responsible for closing out Contract files. Actual closeout 
procedures are contract and agency specific. Variables that will determine specific 
closeout procedures may include:  
• Type of services provided  
• Specific performance requirements  
• Payment provision and funds utilized to pay for the invoices 
• Local, State or federal property assigned to Contractors  
• Specified deliverables  
• Contract language related to closeout requirements  
Closeout activities may consist of, but are not limited to, the following: 
• Remind Contractors of Contract expiration dates and that no payments will be made 

for any work, materials, or services provided after that date  
• Notify Contractors of any unmet compliance or performance requirements that must 

be met before final payment can be made under the Contract  
• Send Contractors closeout instructions, if necessary  
• Request and review final deliverables, documents, and services from Contractors 

(including training, car history books, test reports, maintenance and training 
manuals, final revisions of drawings and any others) 

• Ensure completed delivery of spare parts 
• Request and review final invoices  
• Notify Accounting Division and authorize final payment of invoices  
• Disencumber unused funds  
• Complete Contractor evaluations  
The Contract Manager should document, in writing, all closeout actions taken in the 
Contract file 

2.2.5 References 

• FTA Best Practice Procurement & Lessons Learned Manual 
• Caltrans Contract Manager’s Handbook (Rev. Jan 2018) 

2.3 CPM Schedule Management  

2.3.1 Purpose 

There is a significant difference in the approach to scheduling between a construction-based 
contract/project and a manufacturing/production-based contract/project.  Although the Critical 
Path Method (CPM) scheduling technique is well suited for both, there are differences in the 
approach that need to be addressed.  Each industry (manufacturing and construction) 
approaches the contractual requirements very differently.  The essence of the lessons learned is 
that the project needs to recognize and accept the differences and work with what is appropriate 
for the project.  The manufacturing schedule is a resource-driven linear sequence of activities 
usually represented by a collection of Work Orders or grouped at a workstation on the assembly 
line. 

  

PRIIA 305-200/Recommended Practice Initial Release  
 

Copyright 2021 NGEC All rights reserved

47



 

Implementation 2-15 

 

2.3.2 Areas of Interest 

• Critical Path Methodology 
• CPM vs. Shop Floor Schedule 
• Schedule Float 
• Schedule Risk Management 

2.3.3 Questions 

1. Does your agency have expertise and fully utilize a CPM schedule?  How does your agency 
plan to use CPM as project management tool?  

2. Is the schedule representative of the actual project activities?  
3. Does the schedule allow the project team to identify schedule risks in the future?  
4. When problems are identified, what course of action will the agency take to address them?  

2.3.4 Helpful information/Tips/Examples 

A successful project relies on the sincerity of the schedule tracking throughout at each stage of 
the project.  A thorough assessment of the proposal should spend a substantial effort in 
evaluating the project schedule as well as how that schedule fits within the culture of the 
Contractor.   

• Is the schedule simply a submittal, another “check in the box”?   
• What aspects will reveal if the Contractor really expects to meet the milestones and the 

deliverables at each stage?   
• The Customer should pay attention to those schedule items that most impact the 

Customer, such as design reviews, FAIs, tests, shipments and major production 
milestones. 

• Understand the critical path (Note it changes if some items in the schedule slip outside 
the float). 

• Check that the dependencies, durations, and float make sense. 
• Is this schedule realistic? Does the Contractor have the engineering, manufacturing and 

quality assurance resources available for this project that will enable it to achieve the 
schedule? Likewise, does the Customer have the resources to meet the tasks in the time 
allocated? This is especially true for design reviews and other associated tasks. 

• The Contractor needs a highly detailed schedule to design and build the vehicles, 
however, much of this is irrelevant to the Customer.  

• It should be noted that Contractors who only provide an attempt at meeting the 
specification requirements are less successful than Contractors with a schedule-centric 
culture.   

 View of the Actual Scheduling Practices of the Contractor 

There is no one-stop CPM schedule system that can realistically be submitted which reflects the 
complexities and integration of the work orders in the manufacturing of rolling stock equipment.  
The Customer needs to visit and evaluate the systems employed at the Contractor’s facility.  The 
evaluation should focus on the integration of the schedule and the deployment of the various 
tools and practices that are used throughout the industry.  It should evaluate how the project 
utilizes those tools.   

An initial review should be conducted to review the project set-up.  Subsequent reviews are 
required to determine the accuracy of the reporting.  Internal and external constraints should be 
identified within the sequencing of work orders or purchase orders. The CPM may only 
collectively summarize like work orders into tasks/activities within the project’s CPM.  The logic 
should only be available in the work orders associated with each workstation in the 
manufacturing.  This may not be reflected in a CPM at the task or activity level, but more of a 
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group of Work Orders within a group of workstations as an activity.  Additionally, engineering 
tasks may prove difficult to illustrate due to the complex logic in the engineering phase(s). 

Do not ignore the warning signs.  There are certain practices, applications and software which 
are used for CPM scheduling which are committed to providing a level of discipline within the 
scheduling process. Insisting that a Contractor utilize a specific application or software without 
reviewing the practices of the Contractor regarding scheduling practices is more focused on the 
tool rather than the deployment of sound fundamental CPM practices and may ignore some 
underlying issues that need to be tackled.  It is far more important that the process and 
methodology employed by the Contractor be evaluated in determining its management culture 
than to focus on a software product itself. Specify the output/reporting requirements and the 
level of detail and what types or responses the Contractor deploys in response is really what 
seems to matter.   

It is recommended that the management team and the Contractor: 

• Set variance thresholds and the requirement to produce recovery plans at certain levels 
of a negative trend. 

• Make the specification performance-based requiring legitimate evaluation of the tools, 
and methods utilized by the Contractor.   

• Ask the difficult questions during the evaluations prior to the award of the project by 
experienced scheduling professionals similar to having Subject Matter Experts (SMEs) 
evaluating certain portions of the technical proposals.  The scheduling industry is well 
developed, and qualified SMEs are needed to accurately evaluate this aspect of the 
project. 

Construction is essentially a self-contained project occupying a work site.   

• The crews and the work are determined through contracts or subcontracts.   
• Materials also feed into the construction project through Contractor and supplier 

agreements.   
• The project logistics may be coordinated through a schedule.   
• Typically, pre-construction and commissioning of many construction projects is relatively 

straight forward and predictable. 

Rolling stock manufacturing integrates the assembly through work order (type) packages 
repetitively for the same assembly line work.   

• Materials and subcomponents are fed through the purchase orders which are then added 
to the work orders.   

• The work orders can be scheduled through a work order (resource management) process 
or through a schedule.   

• All aspects come together on a relatively rigid production line which is metered through 
the pace of work packages (orders) which may be hours or only a few days in duration.   

• The schedule is usually very linear when in production.  Pre-production and 
commissioning can have the most significant effects on the delivery and will tend to be 
somewhat fluid. 

• The evaluation of the Contractor/manufacturer schedule culture must take place during 
the proposal submittal phase by experts in scheduling and that evaluation should be 
reflected in the overall evaluation of the Contractor properly weighted with the technical 
aspects of the product. 
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 Use of Schedules as Forward-Looking Tools 

Total Float (TF), sometimes referred to in manufacturing as “buffer”, is time in the schedule that 
can be used to absorb critical schedule delays. TF and the management of that float is an 
indicator of a viable CPM schedule and the manufacturer’s culture and can serve as a valuable 
management oversight tool.  TF is objective and quantitative and gives relative importance or 
urgency to activities on or near the critical path.  The activities with low TF values should be the 
focus since any delay could affect delivery of critical items.  It is important that the Contractor 
manage the schedule with focus on managing the TF; and that the Customer be kept informed 
of TF values of each activity and changes in TF values on a regular basis.  If TF values are not 
available, this may indicate a serious problem with the project schedule, or that the Contractor 
does not have a CPM based production delivery culture.  This needs to be considered when 
evaluating the Contractor’s proposal and commercial prospects prior to award.  If the funding or 
delivery is time sensitive, the full consideration should be given to time management through a 
CPM centric manufacturing environment. 

2.4 Risk Management 

2.4.1 Purpose 

Risk management is implemented in programs and projects to identify imminent or potential 
risks that may hinder the goals and objectives of a program or project and develop the means to 
mitigate the impact of those risks so as to maintain the program or project goals and objectives. 
The process of risk management is a team approach of program/project team members and 
stakeholders with a thorough understanding of the program/project goals and objectives and a 
diverse set of backgrounds and skills so as to be able to identify all risks regardless of source. In 
some instances, this may require a business culture change while ensuring the Risk 
Management Plan remains efficient and current. 

2.4.2 Areas of Interest 

• Risk management team formation 
• Risk identification 
• Evaluation and analysis of risk impact (to budget, schedule, quality, scope) 
• Likelihood of risk occurrence (low/medium/high) 
• Prioritization of risks 
• Development of risk mitigation strategies 
• Implementation of risk management process 
• Differences between locomotive and railcar procurements 

2.4.3 Questions 

1. Does the project management team have the skills and experience necessary to establish 
a Risk Management Team capable of determining all the risks that may impact the 
project? If not, are there other resources within the organizational structure that can be 
brought to the Team? Have all relevant stakeholders been considered for inclusion into 
the Risk Management Team? In particular, Customer agency legal staff should be 
considered for inclusion on the risk management team to ensure legal issues are properly 
considered. 

2. Has the risk management team conducted meetings to identify the initial list of risks to 
be mitigated by the team? Has the team established regular meetings to conduct regular 
assessments of existing risks, add new risks as they arise, and close those risks that have 
been resolved? Have the risks been assigned an owner by the team (usually a member of 
the team)? Has a risk management log been established that is available to all Team 
members to track and update each risk from identification through resolution? 
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3. Have risk owners evaluated the risk in terms of impact to the budget, schedule, scope, 
and other aspects of the project? Have these risk evaluations been discussed with the 
entire team to arrive at consensus of the risk impact? Has the risk log been updated to 
reflect the latest evaluation of the risk? 

4. Has the risk owner established the likelihood that the risk will materialize? Has this been 
shared with the risk management team and consensus established on the likelihood? 
Has the risk log been updated to reflect the likelihood? 

5. Has the risk management team determined a system for establishing risk prioritization 
(a comparative score to show risk seriousness)? Has this priority scoring system been 
applied to all risks in the risk log? Has a risk prioritization been established based on the 
priority score? Has the team reviewed and changed the risk prioritization based on known 
factors not included in the priority score? 

6. Have the risk owners developed a risk mitigation strategy for each risk to either avoid the 
risk, reduce the impact of the risk, or accept the risk and develop a path forward? Has 
this mitigation strategy been discussed with the risk management team? Has the 
mitigation strategy been recorded in the risk log? 

7. Has the risk management team implemented the mitigation strategies identified by the 
risk owners? Does the team regularly discuss the risks and progress made in mitigating 
each risk? Are priority risks reviewed frequently to ensure the risk status is known and 
given proper consideration? Are high priority risks with an imminent impact to the 
project shared with the project management team and executive bodies that will be 
impacted? Are risks being brought to closure? 

2.4.4 Helpful information/Tips/Examples 

 Risk Management Team Formation 

Within the project team are likely most (perhaps all) of the staff that will form the risk 
management team. Project management should review the candidates for participation on the 
Team and determine if there are any skills or experience that is not represented. If so, project 
management should look within the wider agency organization, or in partner organizations to 
determine if the skills and experience exist. Also, key project stakeholders should be considered 
for membership on the risk management team to ensure that all necessary perspectives are 
represented, and all relevant risks considered. There should be a balance between team 
exclusiveness and inclusiveness so as to maintain diverse viewpoints without sharing risk 
information beyond the legitimate need to know. Also, consideration should be given to including 
legal counsel in the risk management team. Including agency legal staff with deep knowledge of 
and experience with the Contract documents allows for rapid response to issues with legal 
ramifications such as liquidated damages, termination, Contract claims and disputes, Contract 
amendments, legal interpretation of terms, conditions, and specification, and many other aspects 
of the Contract. 

 Risk Identification 

The risk management team, or an executive subgroup of the team, should hold a preliminary 
meeting(s) to establish an initial risk list as a starting point of team discussions and 
consideration of risk issues. Early on in the process, a regular (e.g. monthly) meeting date and 
time should be established for ongoing risk management meetings. These will likely be conference 
calls for projects whose participants are dispersed geographically. The initial meetings of the full 
risk management team should verify the initial risk list and expand on the list, reflecting the 
perspectives of the diverse membership of the team.  Early meetings will be devoted to assigning 
risks to team members as “owners” who will develop a description of the risk, a mitigation plan, 
and an evaluation of the impact of the risks. Following the establishment and prioritization of 
the risks, a risk log will be established (likely an element of a shared project management 
database or system) that is accessible to all team members to update the status of their owned 
risks throughout the project. Upon agreement of the team, risks will be added or closed 
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throughout the course of the project as the project encounters new risks and 
addresses/mitigates existing risks. 

 Evaluation and Analysis of Risk Impact (to budget, schedule, scope) 

Each risk will have a potential impact upon one or more aspects of the project. In particular, the 
risk management team must pay attention to the potential impact of a risk on the key project 
management areas of budget, schedule, and scope. In addition, important risks often emerge 
from other factors, such as key political issues or stakeholder concerns, that must also be 
incorporated into the evaluation of the impact of a risk.  Risk owners will be tasked with reviewing 
each risk and evaluating the risk based on its potential impact on budget, schedule, scope, and 
other key factors.  Often, a scoring system is developed to assist in comparing the potential 
impact of different risks. For example, scores could be established based on estimates of the level 
of budget impact (e.g. impact of less than $100,000 = 1; $100,000-$1,000,000 = 2; over 
$1,000,000 = 3). These scores can later be used when developing risk prioritization lists (see 
below). Upon completion of a risk evaluation, the team will review it at an upcoming team meeting 
and suggest any changes to the evaluation to achieve consensus among the team members. The 
risk owner will update the risk evaluation in the risk log as needed until the risk is closed. 

 Likelihood of Risk Occurrence (low/medium/high) 

Some risks have a greater or lesser likelihood of actually impacting the project. The combination 
of potential impact to the project (see risk evaluation above) and likelihood of occurrence help to 
establish the priority of a particular risk. For example, the potential change of the prime 
Contractor, although a very high impact, is a low likelihood, whereas the potential change of a 
supplier has a lower impact but is more likely to occur. The risk owners should estimate the 
likelihood of a risk occurring as either low, medium or high. The risk management team will 
review the decisions regarding the likelihood of each risk and come to a consensus agreement, 
after which the risk owner will record the decision in the risk log. Throughout the course of a 
project, the likelihood a risk occurring can change based on team knowledge and changing 
project circumstances. These changes should also be recorded in the risk log. If the trend of a 
risk occurring increasing or decreasing, but not to the extent of changing the likelihood of 
occurrence, this trend can also be captured in the risk log as a flag for future consideration of 
the Team.  

 Prioritization of Risks 

The risk evaluation and likelihood of risk occurrence discussed above are key parameters for the 
risk management team to consider when establishing the prioritization of risks. Establishing a 
scoring system for potential budget and schedule impact as well as likelihood of occurrence can 
provide an initial “priority score” which can be used to compare and rank risks in order of 
priority. But a scoring system will likely not be able to capture all of the various project nuances 
and political considerations that must be taken into account by the Team when comparing risks 
and deciding which risks will receive primary focus. By establishing a representative team with 
diverse perspectives, these non-quantifiable factors will likely be recognized and can be brought 
to the Team for consideration within the risk management process in time to create manageable 
mitigation strategies. After considering these factors, the risk evaluation score can be adjusted 
up or down through consensus decision-making by the team to establish a risk prioritization 
that more clearly reflects the true risk priorities facing the project. 

 Development of Risk Mitigation Strategies 

The core of the risk management team’s approach to managing each risk is clearly established 
in the risk mitigation strategy. This strategy should be based on the agreed determination that 
the impact of a risk is either avoidable, can be reduced, can be transferred to another party 
(assuming agreement by all parties), or will have to be accepted. For example, to avoid or reduce 
the risk of a change in suppliers of critical vehicle components, the prime Contractor can be 
required to provide the service and delivery history of the chosen suppliers for review by the 
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project team, with follow-up discussions with the prime Contractor regarding any concerns about 
the planned use of unreliable suppliers. This determination can change over time, and these 
changes must be reflected in an evolving risk mitigation strategy. The Team must review each 
mitigation strategy and agree on the initial strategy and changes to the strategy as the risk 
evolves and circumstances change. The initial mitigation strategy and all changes should be 
recorded in the risk log. 

 Implementation of Risk Management Process 

Implementation of the risk management process is an ongoing effort of the risk management 
team, the Project Manager, and, if needed, agency executives. Each risk management team 
meeting should include review the highest priority risks and review each risk at least once within 
an agreed upon schedule (e.g. review/update each risk at least once every quarter). As risks are 
identified and mitigation strategies developed, the relevant project team resources must be 
utilized to perform any activities necessary to implement the mitigation strategies. Most risks 
will not rise above the level of the Project Manager and can be mitigated by the project team. But 
for those high priority risks that will impact the agency or other stakeholders, agency executives 
may need to become involved to help develop and implement the risk mitigation strategies. Also, 
a continuous effort should be maintained to identify new risks as the project circumstances 
change. Each team meeting should include time for proposing new risks to be added to the risk 
log. Lastly, as mitigation strategies are implemented and the likelihood of individual risks is 
reduced or eliminated, the risk log should be updated regularly, and risks closed as appropriate. 

 Differences Between Locomotive and Railcar Procurements 

Risk management is somewhat different between locomotive and railcar procurements, because 
most locomotive orders are for a design that already exists to a large degree, even though the 
new product may look quite different from the existing product line. Very often, railcar 
Contractors start almost from scratch with the design. Another important difference is that in 
the case of locomotives, the Contractor controls almost all aspects of the design, and makes most 
of the locomotive themselves. Railcar Contractors are more of a system integrator, since other 
than the carbody, most of the systems and components going into the railcar are supplied by 
outside vendors. Thus, the railcar Contractor is more of an integrator/ assembler. 

2.4.5 References 

• International Organization for Standardization https://www.iso.org/iso-31000-risk-
management.html 

• Institute of Risk Management https://www.theirm.org/ 

2.5 Design Review 

2.5.1 Purpose 

Design reviews are intended to verify that the vehicle and its systems will meet all relevant 
requirements from a project’s technical specification, the Code of Federal Regulations (CFR), the 
American Public Transportation Association (APTA) PRESS standards, the American Association 
of Railroads (AAR) standards, and any other applicable industry standards.  Design reviews 
include system level, integration with other systems and complete vehicle level. Most design 
reviews are conducted to review a specific system, such as Heating, Ventilation, & Air 
Conditioning (HVAC), however, there should also be full-vehicle reviews.   

The design reviews should address the operating environment that the vehicle will encounter 
including operating temperature, shock, vibration, debris strikes, power interruptions and 
inspection/maintenance facilities.  All interactions between the various systems must be clearly 
addressed and resolved.  The equipment’s reliability, maintainability and safety must be 
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addressed individually as well as the equipment’s interaction with the vehicle and other 
subsystems. 

Design reviews should begin at the conceptual phase, sometimes identified as preliminary design 
review.  Intermediate design reviews/working sessions should be conducted which lead up to a 
final design review.   The number of intermediate design reviews/working sessions should be 
determined based on the maturity of the system being proposed.  A new or immature system will 
require more attention than a mature system.  The number of reviews should be at least three 
(preliminary, intermediate, and final) and should be determined based on the conceptual design 
review contents provided.  

The number of different design reviews should be determined based on the systems identified in 
the technical specification. A typical design review format is as follows: 

Step Phase % Design Completion 
1 Preliminary Design Review 30% 
2 Intermediate Design Review 60% 
3 Final Design Review 95% 

Some projects include a “conceptual design review” added at the beginning which is typically for 
advancing the design to 10% design completion.  Also, a mockup of the vehicle or some of the 
vehicle’s systems/components can be included, typically following the completion of intermediate 
design review. The requirement for mockup(s) is normally included in the specification. The 
mockup allows the Customer to interact with a full-scale physical model and provides the 
perspective needed for final adjustments and decisions prior to entering final design review. 

It is important that other aspects such as vehicle schematics, reliability, maintainability, and 
safety have separate design reviews for an overall vehicle perspective and also be incorporated 
into each system design review. 

2.5.2 Areas of Interest 

• Design review team 
• Design review packages 
• Meeting minutes 
• Drawings/models/software 
• Contractor and Customer perspectives 
• Understanding real world operating conditions 
• In-person, on-site experience 
• Understand adverse conditions 

2.5.3 Questions 

1. Are the subject matter experts sufficiently knowledgeable and experienced to adequately 
advise the Customer? 

2. How has the Contractor documented compliance with the technical and regulatory 
requirements? 

3. Are documents/calculations/simulations provided to estimate the vehicle performance? 
4. Are the documents/drawings provided clear and concise? 
5. Are the mechanical, electrical and data communications interfaces clearly defined and 

understood? 
6. Have the human machine interfaces been reviewed against the 5th percentile female to 

the 95th percentile male? 
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7. For system design reviews: 
• Do design review participants understand how the system is used in the larger context 

e.g. by the passengers, crew, how it is serviced, maintained, overhauled, inspected 
and tested? 

• Has integration of this system with the rest of the car been well considered?  
• How buildable is the design? Does it require an excessive number of parts and/or 

require critical assembly? A good design is generally simple.  
• Have tolerances of both the Contractor and system been properly taken into account? 
• What are the roles of the OEM design team versus the Contractor’s design team? Do 

they both understand the expectations of the other? This should include integration 
into the overall design.  

• Has the system OEM received ALL relevant technical specifications from the 
Contractor?  

• Does the Contractor understand how the OEM’s system works, and what it needs 
from the vehicle design to work properly? 

• How is revision control/configuration management conducted?  
8. Is information provided (e.g. manuals and training) to train crews and maintenance staff 

meaningful and beneficial, resulting in the proper actions being taken during inspection, 
service, maintenance, and operations? 

9. Are special tools/diagnostic software identified and provided for the first and second level 
activities as appropriate based on the contractual and technical specification 
requirements? 

10. Have all hazards been reduced to an acceptable level? 
11. Will the vehicles meet the reliability and maintainability requirements? 

2.5.4 Helpful Information/Tips/Examples 

 Design Review Team 

The design review team should consist of the following personnel at a minimum: 

• Project Manager for Customer and Contractor 
• Customer subject matter expert for each system 
• Contractor integration engineer 
• Contractor RMS (Reliability, Maintainability, Safety) engineer(s) 
• Contractor subject matter expert for each system 
• System suppler [Original Equipment Manufacturer (OEM)] engineer 
• System supplier (OEM) Project Manager 
• Operating and maintenance personnel based on the respective system 
• FRA liaison 
• Primary stakeholder representatives, if applicable 

 Design Review Packages 

At a pre-defined time in advance of a scheduled design review, the Contractor should submit a 
design review package which provides the Customer with specified information to review in 
advance of the meeting, so that a productive review can take place.  The Customer subject matter 
expert comments should be provided to the Contractor subject matter experts prior to the design 
review.  It is the Customer’s duty to thoroughly review the package in preparing for the meeting. 
Likewise, the Customer needs to take care to ensure the appropriate individuals are in 
attendance.  A spreadsheet format may be useful in the comment preparation and response and 
become part of the meeting minutes.  All comments must be structured so that actions can be 
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tracked by the Contractor.  It is essential that at least some of the design review attendees be 
fully familiar with how the system operates and is serviced once placed into service. 

 Meeting Minutes 

Design reviews require an agenda, among other things, to establish what will be discussed during 
the meeting, as well as who should attend. A formal process for recording detailed minutes of 
the design reviews must be established so at the end of the meeting, agreements, questions, 
comments, and action items with date and owner are all documented clearly. Actions identified 
during the meeting should be documented.  The meeting minutes must be circulated to the 
appropriate parties, typically, the Customer, system OEM and the Contractor for agreement. 

 Drawings/Models/Software 

Drawing/model revision control is a critical aspect of design and should be addressed during 
reviews.  Interface control is an important aspect. The Contractor and supplier drawings must 
be consistent in the control of mechanical, electrical, pneumatic or other connections to assure 
that future problems do not occur.  Where items from one supplier interface with those of another 
(usually the Contractor), the drawings and/or 3-D models of both must be the latest revision, so 
both groups are working to the same assumptions.  

All manufacturing drawings by both the Contractor and system suppliers need to include 
manufacturing tolerances. All parties need to fully understand the impact of how these 
tolerances will affect their interfaces.   

Very early in the program, it is essential to establish drawing standards, for the Contractor, 
Customer and system suppliers. Everyone must be able to read the drawings/models. This has 
become much more difficult in recent years with the advent of Computer-Aided Design (CAD), 
and especially 3-D modeling. One method to approach this is for the Contractor to provide 
licensing to those who need access to the software it uses. Another critical requirement is 
establishing a configuration management system so that the Contractor and the system 
suppliers are all using the same revision level of the drawings, so if drawing changes must be 
made, that they are conveyed in a timely way to everyone concerned.  

As many systems contain software and data communications with other systems and the vehicle, 
the interfaces and information transferred must be clearly documented.  

 Contractor and Customer Perspectives 

Design reviews are conducted to verify the various vehicle systems are well-designed, will meet 
the specified requirements and are well integrated into the overall vehicle design. It is important 
to keep in mind that the system suppliers and Contractor see the design needs from a different 
perspective than the Customer, as well as have different interests than the Customer. Often the 
system Contractor is not familiar with how the equipment operates in the “real world”, such as 
power interruptions, environmental factors, and operating conditions. Historically, many vehicle 
failures came about because of this, such as failure to make undercar system enclosures 
waterproof under the severe weather conditions they actually experience. Another area is failure 
to understand the mechanical abuse systems must endure, from routine vibration and shock, 
debris strikes and typical intercity railroad operation.  
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 Understanding Real World Operating Conditions 

The subject matter experts on the design review team should be very familiar with the world in 
which the new equipment will operate:  

• Operating environment  
• Day-to-day operation: How does the on-board crew use/ operate the vehicle? How do 

passengers use and interact with the equipment? How do cleaners and maintenance staff 
interact with the vehicle? 

• Daily and periodic maintenance 
• Daily/ trip servicing 
• Failure repairs 
• Back shop and overhauls 

 In-person, On-site Experience 

It is essential that Customer, system supplier and Contractor engineers actually ride on existing 
(or similar) equipment in the Customer’s current operation, visit yards, service and inspection 
facilities, running maintenance facilities, wheel true shops and second level maintenance 
facilities, as required, to better understand these points. 

 Understand Adverse Conditions 

Familiarization with the operations and facilities should take place not only on bright, sunny 
days, but also at night, and preferably during bad-weather conditions, especially during heavy 
snow and ice storms, blowing sand, and other adverse conditions when the project design review 
team can see how snow and ice builds up on the equipment, how sand intrudes into the 
equipment, and other impacts. Many equipment deficiencies over the years have come about 
because the design review team did not understand what the equipment was really expected to 
do.  

 System Integration 

A critical part of the design review of a system that is often overlooked, or done superficially, is 
how it integrates with the rest of the vehicle. This should explore issues like how the system 
components mount to the carbody, maintainability, and clearance for items on/around the 
system components, such as sufficient room to allow service doors to open without obstruction, 
as well as room to allow access to service personnel.  

 Servicing and Maintainability 

Another essential aspect of design review is to identify system requirements during daily use, 
trip-based servicing, periodic maintenance, and preventive maintenance, and what actions must 
be taken to do each of these tasks. A technique employed by at least one Customer was to 
incorporate maintainability tests into the test plan, in which specific maintenance tasks were to 
be demonstrated, and conducted within a prescribed time interval.   

 Manufacturing Tolerances 

Design reviews need to address manufacturing tolerances, including carbody camber, to show 
that the tolerances of the interface points between items are consistent between system supplier 
and Contractor. Failure to properly review this can lead to major program delays.  

 Buildable Design 

Another point to be considered in the design review is “How buildable is this design?” Generally, 
a good design is a simple one.  Sometimes quality control issues, such as poor fit, arise not from 
poor workmanship, but because a deficient design created them. This often occurs due to poor 
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understanding of realistic manufacturing tolerances in the design. The designs also need to 
account for the ability to access (with tools) the mounting fasteners, when all neighboring 
equipment is also in place. 

 Document Change Requests (DCRs) 

As the various system designs develop, it is common to find errors and/or conflicts in the 
specification, or situations where the Contractor wishes to offer an alternative to the specification 
requirement to improve the design. A standard form to be filled out is normally used to record 
these requests, which are then logged on a spreadsheet and tracked. The form includes the 
original specification wording, the proposed alternative, and justification for the change. The 
Customer can either approve, reject, or approve with revisions. Approved or approved with 
revisions are formal Contract changes and need to be treated appropriately.  

For projects using PRIIA technical specifications, the NGEC Executive Board has established 
formal procedures for document control (PRIIA 305-100). These procedures require that 
proposed changes be submitted formally as a document change request (DCR) to the NGEC 
Document Control Manager. They are then distributed to the appropriate technical working 
group for consideration.  Once the DCRs have been adjudicated in the technical working groups, 
they are submitted to the Technical subcommittee for its consideration.  Upon approval by the 
subcommittee a summary of changes is provided to the NGEC Executive Board.  The Board then 
convenes the appropriate specification Review Panel which reviews the proposed changes against 
the specification Requirements Document for compliance.  The Panel provides a report with 
recommendations to the Executive Board for its consideration and final approval. 

Another situation which may develop occurs when the Contractor wishes a waiver from 
conforming to some aspect of the specification, but not change the specification itself. Following 
a process similar to DCRs, the Contractor employs a standard form to identify the deviation, 
proposed alternative and justification for the change, The Customer can either approve, reject, 
or approve with revisions the request for waiver. 

 Manuals and Training 

Design reviews are required to review draft manuals as well as the training process by which the 
Contractor and suppliers train the Customer (and their maintainer and operator, as appropriate) 
on the new equipment. In addition, during system level design reviews, there should be 
discussion of how the system supplier will provide the necessary information to the Contractor 
for inclusion in the manuals and training.  

2.5.5 References 

The following information must be readily available for a proper design review: 

• Contractual agreement reached between the Customer and Contractor which may impact 
the technical specification 

• Technical specification 
• Code of Federal Regulations that impact the vehicle and systems and which impact the 

disabled community and food service 
• APTA PRESS standards and recommended practices 
• AAR standards and recommended practices 
• Industry standards such as American Society of Mechanical Engineers (ASME), European 

norms, Institute of Electrical and Electronics Engineers (IEEE) or others as applicable to 
equipment being provided 

Note: Foreign based Contractors utilize other than US based norms.  Subject matter experts 
must be familiar with these norms as applicable to the US environment. 
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2.6 Production/Quality Assurance 

2.6.1 Purpose 

The most important point to remember about Quality Assurance (QA) is that it is proactive, not 
reactive. This comprises administrative and procedural activities implemented in a quality 
system such that requirements and goals are fulfilled. This is accomplished by systematically 
monitoring various phases of the manufacturing process and comparing these against a 
standard. As appropriate, this includes taking measurements. When deficiencies are identified, 
feedback is provided, either to improve/ clarify the process itself, or ensure it is being followed. 
This may include review of the manufacturability of the assembly.    

Quality Assurance covers three basic areas: 

• QA of OEM system suppliers 
• QA of materials purchased by Contractor 
• QA of Contractor itself 

The Contractor is responsible for all three areas above, while the Customer QA acts as the 
oversight to ensure conformance.   

2.6.2 Areas of Interest 

• Customer QA presence at Contractor plant 
• Customer QA participation in FAIs 
• Customer QA personnel expertise 
• Relations with Contractor 
• Contractor QA program and organization 

2.6.3 Questions 

1. Who is involved? Stakeholders? 
QA is the responsibility of the Contractor and Customer. Stakeholders may be involved 
but must work through and support the Customer’s QA team. This support is critical, 
without which the Customer QA’s authority to oversee the Contractor may be 
compromised and possibly nullified.  

2. How frequent is inspection? 
This is dependent on the build pace, but the Customer typically employs a full-time 
resident QA inspection team at the Contractor’s plant. The QA team normally begins its 
work before manufacturing begins, to review Contractor QA processes, manufacturing 
processes, documentation, tooling, calibration of instruments and gauges, and other 
activities such as surveillance for reporting. This coverage may include one to three shifts, 
dependent upon the pace of build and inspection requirements. Customer QA also does 
site visits at major system/ component OEM plants, including leading the FAI process 
inspections and supplier audits. This may be the same resident team, or others as 
appropriate. QA personnel should include members familiar with the systems/ processes 
they inspect, such as welding experts, electrical experts, and other qualified staff with the 
specialization required for the project. Customer QA also generally witnesses Contractor 
acceptance testing of the completed vehicle. To some extent, the depth of Customer QA 
depends on the standards of the Contractor; if the Contractor has tight, visibly effective 
controls, less Customer presence is required. This is typically evident through the number 
of Customer inspection hold points, defect findings and quality level of the vehicle.    
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3. What documentation is needed and helpful? 
The Contractor should develop and present to the Customer the necessary and 
appropriate documentation.  The Customer and Contractor need to work together to 
ensure appropriate documentation is in place to conduct and track QA activities. 
Tracking methods need to be in place to track trends or Key Performance Indicators 
(KPIs), good or bad, regarding QA findings. It is also important to have a clear structure 
for documentation of defects and what corrective action has taken place to remedy the 
defects, including methods used to relay this information to the Customer. This may 
include Customer re-inspection, in some cases. The Contractors QA needs to ensure that 
production work instructions are in place, inspection check lists are used and followed, 
and hold point work orders are reviewed and signed prior to presentation to the Customer 
representative.  

4. What do you do with a defective finding during QA? 
Various types of defective findings occur in typical QA inspections: 
• Reject and scrap 

o Example: bolt is too short 
• Reject and repair or rework to required standard 

o Example: Rework – a part is mounted crooked, but can remounted so it is straight 
o Example: Repair - a repair procedure is created by the Contractors engineering 

department that will need to be reviewed and approved by the Customer prior to 
implementation   

• Does not meet specification, but can still be used upon specific approval of Customer 
o Example: a part is welded in place slightly outside of acceptable tolerances. 

Depending on the severity of the problem, with formal written Customer 
engineering approval, the Customer may accept the situation, with the written 
understanding it does not happen again  

Generally, rejected work will require re-inspection by Contractor quality staff and the 
Customer QA team once it has been corrected. 
Usually, a defect occurs due to a process problem. Customer QA staff must understand 
that the critical result of finding a defect is not the defect itself, but WHY it is defective. 
Knowing the root cause and applying corrective measures is what QA is about. Ensuring 
that the Contractor has containment measures included and Material Review Board 
(MRB) process in place is key.  

5. What can the Contractor do to lessen the QA and deliver reliable information to lessen 
contract owner work? 
A point sometimes missed, especially when there are serious QA issues in play, is that 
there are QA deficiencies because the design caused them.  A good design is easy to 
assemble correctly the first time, because care was taken in the early design phases 
regarding the manufacturability of the design. Sloppy design results in a vehicle which is 
difficult to assemble properly. A good design team understands how his product will be 
manufactured and incorporates features to ensure manufacturing will be as easy as 
possible.  All tolerances involved with fit-up must be attainable and considered in the 
design. Well-designed tooling, such as drill fixtures, aid in accurate assembly. The 
technicians conducting the assembly should be experienced in the tasks they do, and as 
appropriate, specifically trained. Supervision and QA oversight should monitor when 
initial assembly occurs to verify the process is effective and efficient, as well as producing 
the desired product per specification. Processes need to be revised or even reworked until 
they work smoothly. This manufacturing review should happen from the first pieces 
assembled, until the last step, if the Contractor expects to have a quality product. The 
Customer QA should encourage this activity and monitor it throughout the process from 
vehicle assembly to delivery using agreed to Customer inspection hold points. 
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2.6.4 Helpful Information/Tips/Examples 

1. Customer QA presence at Contractor’s plant 
The Customer normally has a significant QA presence at the Contractor’s plant during 
the entire manufacturing process. This helps ensure proper oversight for the quality of 
parts, assemblies and inspection processes. In addition, Customer’s QA personnel 
typically visit major system OEMs to ensure those companies have adequate QA programs 
in place for consistent repeatability of product. It also reinforces to the Contractor that 
the Customer expects a high-quality product. 

2. Customer QA participation in FAIs 
Customer QA participates in all First Article Inspections (FAIs), unless its agreed not to 
attend, or if there is a supplier change mid-production to a new supplier that is trusted 
and known by the Customer. QA is typically the official scribe for the Customer during 
these FAI events. One basic principle that should always be employed is “Fit for purpose” 
(e.g. that the product is maintainable and will function reliably in the actual working 
environment), as well as ensuring that the product is built to the specification 

3. Customer QA personnel expertise 
Expertise for Customer QA personnel includes a formal background in QA, particularly 
in rail transit. It is desirable to have considerable and broad experience in passenger rail, 
light rail, heavy rail, or similar relevant rail or transit experience.  Various small QA 
companies exist which can be contracted to provide QA on-site service; alternatively, 
larger rail consultant companies often have employees suitable to perform QA work. 

4. Relations with Contractor 
An effective QA inspector must be able to gain the trust of the Contractor, management, 
manufacturing personnel and inspection staff, so that problems can be identified and 
discussed freely, and solutions identified. However, the QA personnel must not be 
regarded as “friends,” because they need to be objective and able to hold the Contractor 
accountable to high standards and ensure total quality management is maintained. 

5. Contractor QA organization 
The Contractor QA department needs to be of sufficient size to be able to conduct a 
meaningful level of inspections. Typically, specific “inspection hold points” are jointly 
agreed upon by the Contractor and Customer at which point work on the vehicle stops 
until it is inspected and approved by the Customer. Care needs to be taken with this both 
by the Contractor and Customer: the Contractor should self-police the work to make sure 
it meets or exceeds high standards to ensure that the product presented is truly ready 
for inspection; likewise, the Customer QA needs to be ready to go when the inspection is 
scheduled or after notification, to not delay production unnecessarily. It is the industry 
norm that the Contractor provides the Customer QA with an advance notification, varying 
from a 24 to 72-hour notification. It should not be the role of the Customer QA to find 
defects; the Contractor QA team is responsible for that, and if they do their job well, the 
Customer inspection will go quickly. The Contractor should strive with support from the 
Customer QA for “constant improvement”. It is essential that the Contractor QA has the 
authority to reject work and even stop manufacturing if necessary. There is a natural 
tension between manufacturing, who “never wants to stop work” and QA, who “holds 
things up.” Even if this is true on paper, this QA power must exist in actual practice, as 
well. Therefore, it is essential to ensure that Contractor QA department be situated so 
that they are completely independent from production. 
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2.7 First Article Inspections (FAI) 

2.7.1 Purpose 

First Article Inspections (FAIs) are the last Customer opportunity to verify the design and 
workmanship of a component, system or completed vehicle meet the Customer’s requirements. 
Once any issues identified in the FAI are corrected and the FAI is accepted, the supplier/OEM 
or Contractor is released to manufacture the rest of the products. 

FAIs are conducted as follows: 

1. Component/system-level FAI at OEM plant (at component level, and if a system, also as 
an integrated system) - FAIs are conducted on components/systems on a stand-alone 
basis. 

2. Component/system-level FAI installed on the vehicle (at Contractor’s plant) - This is the 
second part of the FAI. They are conducted on components/systems as installed on 
vehicle to verify fit with the vehicle, as well as function as installed.  

3. Completed vehicle FAI. 
4. The FRA also conducts an inspection for Code of Federal Regulations (CFR) compliance, 

with special note on safety appliances (often referred to as a Sample Car Inspection). 

FAIs are conducted on a completed vehicle to verify: 

• That the component and/or system is built in accordance with the Customer-approved 
design and drawings. 

• Workmanship of the component/system meets requirements. 
• Configuration management and document control meet requirements. 
• Ability of OEM’s QA program to maintain high quality product. 
• Ability of Contractor’s QA program to verify OEM’s product meets requirements. 
• In-person review of aspects of the design which cannot be considered merely from 

drawings. 
• Maintainability of components/systems (both stand-alone and as installed on vehicle). 
• That the component/system meets specified design requirements (both stand-alone and 

as installed on vehicle). 
• Demonstration of OEM acceptance test. 
• Demonstration of OEM qualification test (depending on component/system, this is 

sometimes outsourced to a qualified lab, such as a climate room). 

2.7.2 Areas of Interest 

• FAI plan  
• FAI documentation package 
• Who participates? 
• When and where? 
• Responsibilities: Customer/Contractor/system supplier 
• Test procedures: review and approval 
• FAI results, status and follow up 
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2.7.3 Questions 

1. What is the Contractor’s plan to support FAIs by its QA and engineering staff? The FAI 
plan needs to be specific for OEM supplier FAIs as well as Contractor-level FAIs. This is 
partly a staffing level issue.  

2. What immediate pre-FAI does the vehicle-Contractor plan for FAIs to ensure the 
equipment to be inspected is ready? What documentation will be required to be provided 
to the Customer prior to the FAI to demonstrate readiness and provide the opportunity 
for preliminary comments and questions? 

3. What is the procedure and system to follow-up on open FAI issues, defining each type of 
issue? 

4. What is the Contractor audit plan for involvement regarding site visits to the OEM during 
the development and manufacture of the component/system? This will vary somewhat 
according to the component/system involved. 

5. What is the Contractor’s standard FAI document? Does the document meet all the 
requirements of the technical specification? 

6. Does the Contractor have sufficient qualified staff to do what the FAI plan requires in the 
required time? 

7. Is the pre-FAI package received by the Customer complete, per technical specification 
requirements?  

8. How far in advance of the FAI should the pre-FAI package be provided (e.g. 15 business 
days?)   

9. Is the BTE (Bench Test Equipment), if provided, demonstrated on the system and/or 
components to verify they interact as intended as well as that the BTE fulfills the 
specifications and expectations of the Customer? 

10. Has the Contractor performed a pre-FAI inspection prior to inviting the Customer to the 
FAI? 

11. Is the Contractor satisfied with the pre-FAI package and considers the supplier ready? 

2.7.4 Helpful Information/Tips/Examples 

The key to successful FAIs is diligent design review from the beginning of the project, both by 
the Customer and the Contractor. This will ensure there are no unanticipated issues when the 
product is presented to the Customer. Likewise, QA review of the manufacturing, also by both 
the Customer and the Contractor is essential. It is much more difficult to correct design or 
workmanship problems when the sample part is inspected than earlier in the process; also, there 
are more likely to be schedule impacts.  The First Article Inspection results in a baseline design 
and demonstrates the minimum level of quality expected. Generally, this approved sample part, 
sometimes referred to as the “golden module”, is kept at the OEM manufacturing facility as a QA 
reference until production is complete. Should QA issues arise during production, it is then 
possible to go back and review the issue against the approved “standard.”  The “golden module” 
is then delivered as the last part. Depending on the part/system, the FAI may require installation 
of the component onto the vehicle to demonstrate the form/fit/function of the installed 
equipment. This is to prevent problems which might arise from overlooked details, such as the 
inability to open service doors on the component once it is actually installed on the car. 

Note that the FAI process is not complete until the component/system is successfully installed 
on the vehicle and its functionality is demonstrated. Occasionally, something is overlooked or 
hard to visualize from drawing reviews, and a problem is only first identified when the equipment 
is actually installed. 

Pressure to adhere to the original schedule may cause the Customer to consider accepting 
something which is not quite right rather than impact the project schedule and/or production. 
This is generally not prudent, often leading to more issues and a greater project impact. Not only 
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is there the issue of considering items that do not meet the Customer’s expectations, but it also 
can create a precedent which makes enforcing requirements more problematic in the future.   

1. FAI plan 
A complete list of all FAIs for the program should be included in the technical 
specification. This needs to be thorough.  A program deliverable should be a plan 
identifying all items subject to FAI, site of the inspection, scheduled dates, documentation 
requirements, pre-FAI requirements, and other essential FAI items (exact dates can 
determine later, but the general timeframe of each FAI should be identified as soon as 
possible).  The Contractor must supply the Customer with a formal, specification-defined, 
FAI package of necessary documentation in advance of the scheduled event to allow 
review of design, drawings, tests, and all other items necessary for the Customer to 
properly prepare for the FAI.  

2. Who participates?  
FAIs should be conducted/witnessed by the following Customer, Contractor, and 
component/system OEM staff:  
• OEM QA and responsible engineer for system 
• Contractor QA and responsible engineer for system 
• Customer QA and responsible engineer for system 

3. When and where?   
FAIs are conducted at the OEM’s and Contractor’s plants. The FAI is normally conducted 
on the first completed production component or system; it is supposed to represent the 
product the OEM is delivering to the Contractor. Generally, the component on which the 
FAI is conducted is retained as a master example of what the product should look like. It 
is often installed on the last car built. Likewise, the first completed vehicle is subject to a 
detailed FAI, which may last several days. 

4. Responsibilities: Customer/Contractor/component or system OEM 
The Contractor is responsible for supplying the Customer the notification information 
and documentation necessary to conduct the FAI. The Contractor, in turn, works with 
the component/system OEM to provide the necessary materials/procedures for the 
Contractor. It is the Contractor’s responsibility to review these submittals for 
completeness and accuracy before submitting to Customer within the specified and 
agreed to time, which is typically 15 business days ahead of the FAI. Late submittals, 
incomplete documentation or other deficiencies are very common reasons for delays in 
conducting FAIs which can impact the overall project schedule.  

5. Test procedures: review and approval 
It is desirable to have three-party discussion(s) of the acceptance and qualification tests 
to expedite the process, so all parties have the same expectations. If this is done face-to-
face, on an informal basis, it may be possible to have the procedures approved with only 
one or two cycles of minor markups. It is Contractor’s responsibility to verify that OEM 
test procedures meet Customer-specified requirements. It should not be the Customer’s 
role to have to review procedures which clearly have not yet been vetted by the Contractor 
before submittal to the Customer.  

6. FAI results and follow-up 
The Contractor QA and engineering departments should visit the OEM in advance of the 
FAI, to verify the OEM is ready to conduct the scheduled FAI. They may well conduct a 
pre-FAI, including practice tests, in advance of the formal FAI, to verify the product meets 
requirements and can pass the required tests.  The FAI is conducted in accordance with 
the Customer QA format. Deficiencies of any type: design, workmanship, procedures, 
function, maintainability, or other issues are all formally recorded and at the end of the 
FAI, a meeting is held to review the findings and agree to all open items from the FAI that 
must be addressed by the OEM and Contractor. Generally, the results are one of the 
following: 
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• Passes with no changes required (rare). 
• Conditional approval: passes with correction of deficiencies. Depending on the 

severity of the problems, this may require a re-inspection at OEM, or possibly at 
Contractor’s plant with Customer concurrence.  

• Failure: deficiencies are so severe that the most of or the entire FAI must be repeated. 
This generally happens when the OEM was not well organized, or the Contractor has 
not performed an adequate review of the OEM component in advance of the formal 
FAI.  

In addition to the physical inspection, the acceptance and qualification tests conducted 
as part of the FAI will also fall into the three general categories above, with corresponding 
follow-up required. 
Failure of a FAI is a severe embarrassment for an OEM and Contractor and can result in 
considerable delay to the program. It is also costly, as it requires considerable 
documentation, wasted travel time and associated expenses. Typically, the Contractor is 
responsible to the Customer for extra costs resulting from having to repeat a FAI.  

2.7.5 Resources 

See Figure 2-1 – Sample FAI form with instructions.  

2.8 Testing 

2.8.1 Purpose 

Testing represents an important step in the design review as well as QA processes. Historically, 
testing has often been contentious, as the Customer’s intended requirements may not always be 
clearly identified in the vehicle technical specification. Not only must the specification clearly 
identify all the systems to be tested, but it must also provide details of exactly what the test 
should demonstrate. The Customer requires the authority to review and approve/disapprove the 
test procedures not only at the Contractor level, but also for component/system OEMs. Some 
qualification testing, especially those tests related to Federal/FRA CFR requirements will need 
FRA review prior to being conducted. In some cases, the FRA will need to witness tests, such as 
dynamic 49CFR238.111 road tests and 49CFR213.345 running dynamics. In addition, the FRA 
will require test reports, including data, for its review and approval. Without FRA approval of test 
results, the new rolling stock may not be able to operate or must operate at restricted speeds. 
Early in the program, the protocol for communicating and working with the FRA, including 
identifying the FRA’s requirements and expectations as well as representatives on the project, 
needs to be established to ensure a constructive partnership with the FRA.  

Because some testing is labor and time intensive, some OEMs and Contractors may be reluctant 
to conduct testing they feel is unnecessary. For this reason, the Customer must make clear the 
requirements and expectations in the specifications and be prepared to enforce them.  

During the design review period each system design review should include a section for validation 
and testing requirements. At a minimum it should identify the test requirements, responsible 
parties, conditions, logistics and possible location. The test planning should be an interactive 
process between the component/system OEM, Contractor, Customer, FRA and 
operator/maintainer (if different). During the development of a test plan the FRA as well as any 
other responsible authority or stakeholder needs to be kept informed of the plan to prevent delays 
later in the program.  
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2.8.2 Areas of Interest 

• Testing categories 
• Operator and manufacturer equipment requirements 
• Testing schedule 
• Operator and Contractor personnel requirements 
• Class qualification testing for each system and each host railroad 
• Federal CFR testing requirements 
• 500 Mile “burn in” testing requirements 
• Positive Train Control (PTC) system requirements and installation requirements for each 

corridor and each PTC system 
• PTC system testing requirements 
• Brake data testing for equipment type 
• Interoperability testing with each host railroad 
• Equipment startup and commissioning requirements and schedule 
• Examples of railcar and locomotive testing 

2.8.3 Questions 

1. Where will the compression (“squeeze”) and other carbody structural tests be conducted?  
It is desirable to do these at the Contractor’s plant. 

2. Where will the climate room test be conducted? It is desirable to do it at the Contractor’s 
plant. There are climate room facilities available for use if the Contractor does not have 
one. 

3. Does the Contractor have a physically isolated test area? It should be isolated for safety, 
as well as practical reasons. It is important that manufacturing does not have access to 
this area to prevent them from using the test area as a place to finish building a vehicle 
which is undergoing testing. For the most part, the vehicle undergoing testing should be 
complete. 

4. Who will write the test procedures? This is often a combination of component/system 
OEM, Contractor and/or possibly an outside Contractor.  

5. Who at the Contractor is responsible for creating the test requirements (i.e. the step-by-
step test procedures)? Sometimes it is the engineering department, though some 
Contractors use their test department for this task. Either is fine, as long as the 
engineering department is held responsible for thorough review of the requirements. The 
test department should not write their own scope because it is in their own interest to 
reduce scope and hours. 

6. Who will conduct these tests (squeeze test, climate room test, road tests)? 
7. What is the plan for the Contractor engineering department to review/revise 

component/system OEM’s test procedures before being submitted to the Customer? 
Historically, a lot of time has been wasted in many projects by the Contractor simply 
passing along the OEM documents without thorough (or possibly even any) review to 
verify they meet requirements. 

8. For road qualification tests, who is responsible for instrumentation?  
9. Who is responsible for providing required instrumented wheelsets (if required)? 
10. How will the new vehicles be transported from the Contractor’s facility to the testing 

location? Freight shipment or with a carrier such as Amtrak? The type of coupler and 
passenger vs freight onboard systems need to be considered.  

11. What is the plan to prepare the vehicles for testing? This includes addressing such items 
as installing and removing instrumented wheelsets.  
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12. What are the FRA’s requirements for 49CFR 238.111 testing, and other road qualification 
tests? These vary somewhat between passenger vehicle orders. It is essential that all 
parties have a clear understanding of the requirements and expectations, or this testing 
may take a very long time. The FRA needs to approve test procedures, which must be 
taken into account when making test plans and schedules. 

13. Will the vehicles be transported to the Customer location once testing is complete or 
return to the Contractor’s plant prior to acceptance? 

14. Making arrangements for conducting dynamic testing, and regulations compliance will 
require extensive planning (especially on a new vehicle type in North America). Will the 
Customer or the Contractor be responsible for maintaining the written schedule/plan? 

15. How will changes to vehicle configuration performance be validated once in service? Many 
software and other performance changes occur after the vehicles have been accepted. A 
plan for regression and safety-related changes needs to be identified, validated and 
documented.  

2.8.4 Helpful information/Tips/Examples 

1. Testing categories 
Terminology is not consistent throughout the industry regarding test categories, but there 
are two basic categories of testing: 
• Qualification tests (aka “type test”) occur at the beginning of a program. 

o OEM qualification testing is engineering testing conducted on one sample of each 
unique completed component/system at the OEM’s plant, to verify that the 
product meets all the specified requirements. For example, an HVAC unit would 
be tested to verify it functions properly at the minimum and maximum ambient 
temperatures, produces the rated cooling capacity, heating capacity and humidity 
control. In a few cases, the system is multi-car, such as Public Address/Intercom 
(PA/IC) and needs to be tested while simulating several cars coupled together. 

o Contractor qualification testing is engineering testing conducted on one sample of 
each unique completed component/system at the Contractor’s plant, to verify that 
the product meets all the specified requirements as installed. For example, the 
HVAC system would be tested to verify it functions on the vehicle to maintain 
specified car interior temperatures at the minimum and maximum ambient 
temperatures, and produces the rated cooling capacity, heating capacity and 
humidity control, all as part of the complete vehicle. These tests show not only 
that the OEM’s product itself works as required, but that the integration with the 
vehicle is correct. In a few cases, the system is multi-car, such as trainlined power 
side doors, and needs to be tested with several cars coupled together. 
Some qualification tests can only be conducted dynamically, such as brake 
performance, ride quality, noise and wheel/rail interaction. These are typically the 
most complex to conduct, since they take place off the Contractor’s property, on 
the Customer’s or a host railroad, or even at a test facility such as the 
Transportation Technology Center, Inc. (TTCI) at Pueblo, Colorado. Vehicle(s) are 
normally instrumented and may require some modifications to be made in the 
field before conducting the test. An example of this is the installation of 
instrumented wheelsets, for wheel/rail interaction tests. Also, scheduling with 
host railroads is often a challenge since the test train is not part of the normal 
operation. Locomotives and other rolling stock may need to be borrowed, and extra 
crews called to properly perform testing. Careful coordination with the host 
railroad operating department is required. Often, these tests are conducted at 
night, when there is less rail traffic. Some road testing is also weather dependent 
and cannot be conducted with wet rail and snow. Scheduling should also consider 
the many other uncertainties, one of which is availability of FRA test witnesses. 
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• Acceptance tests (aka “production test”) occur throughout the program. 
o An OEM acceptance test is performed for every completed component/system at 

the OEM’s plant, to verify as a QA exercise that the product functions as intended. 
It should demonstrate the proper function of each of the controls, operation in 
each distinct mode of operation, and other required functionality. The acceptance 
tests should be based on a combination of the results of the system Qualification 
tests and tests which validate proper assembly and configuration. In a few cases, 
the system is multi-car, such as PA/IC (Public Address/Intercom) and needs to 
be tested in an appropriate simulation. 

o A Contractor acceptance test is done to every completed component/system at 
the Contractor’s plant, to verify as a QA exercise that the product functions as 
intended after installed in the vehicle. It should demonstrate the proper function 
of each of the controls, operation in each distinct mode of operation, and other 
required functionality. The acceptance tests should be based on a combination of 
the results of the vehicle Qualification tests and tests which validate proper 
assembly and configuration. In some cases, measurements are recorded such as: 
current, power door cycling timing, door forces, and other required 
measurements. In a few cases, the system is multi-car, such as PA/IC and needs 
to be tested in an appropriate simulation. 

2. Operator and manufacturer equipment requirements 
The technical specification must include a complete listing of all planned tests, as well as 
identify test expectations of: 
• System/component OEM: acceptance and qualification at OEM plant 
• System/component OEM: acceptance and qualification at Contractor plant 
• Structural testing, such as the compression test (this may be performed by a third 

party) 
• Climate room testing (might be conducted off-property) 
• Multi-car system: acceptance and qualification at Contractor plant 
• Maintainability tests: mostly at the Contractor’s plant, but some may be at 

Customer’s facilities. These are used to verify certain specified maintenance activities 
can be conducted, such as removing/replacing a brake valve from the car air 
manifold, removing an HVAC unit from the vehicle, and other maintenance tasks.  

• Dynamic testing: at Contractor’s test track (as applicable) 
• Dynamic testing: on Customer’s track or hosting railroad track 
• Dynamic testing: at test center, such as TTCI in Pueblo, Colorado (as applicable) 
• Commissioning testing (at least one Customer performed commissioning test 

concurrent with shipping the cars to the receiving point.) 
• Receiving testing, post-delivery to Customer 

3. Testing schedule 
Early in the program, the Contractor should provide a complete test matrix, identifying 
all tests required of each of the above types, and showing where and at what stage of 
production each of them will be conducted. There must also be a matrix or flow chart to 
identify the planned sequence of tests, since some systems have other systems as 
prerequisites. For example, a pressurized water system test requires first successful 
testing of the vehicle brake and auxiliary air system, since that is the source of the 
compressed air for water pressurization. The test matrix needs to clearly identify the 
known logistic and environmental requirements for each test. For example, certain 
braking tests or clearance tests may require several different types of vehicles from the 
Customer’s existing rolling stock. This needs to be identified early as possible to ensure 
proper equipment availability. During each design review phase, the testing matrix 
should be reviewed to ensure it remains a valid and continues to present a complete 
picture of the testing requirements.  
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4. Operator and Contractor personnel requirements 
Different phases of the overall testing program have different personnel requirements. 
Typically, the Contractor has a testing department, which conducts most tests. It is often 
the Contractor’s engineering department that is responsible for writing the test 
procedures, although sometimes the test department has this task. In either case, the 
tests need to be a joint responsibility, as the engineering group understands the design 
and normal operation of the systems, whereas the test group has the task of physically 
conducting the tests. Sometimes, the system OEM host writes the test procedures for the 
Contractor. If this option is used, the Customer must ensure the Contractor spends the 
time to thoughtfully review the procedure before forwarding it onto the Customer for 
review and approval. Historically, many hundreds of hours of Customer time have been 
spent reviewing documents that the Contractor clearly did not review. The specification 
should require thorough review of test procedures by the Contractor before submittal to 
the Customer. 
The following table identifies the typical personnel requirements for various types of tests 
for the new equipment. This table is a representative sample only, and details will differ 
for specific contracts. 

Table 2-2: Personnel Responsibilities by Test Type 

Test  Customer System 
OEM 

Contractor Other Operator FRA 

OEM Factory Engineers 
QA 

Engineers 
QA 

Testing 

Engineers 
QA 

NA NA NA 

*Contractor 
Acceptance 

Engineers QA Engineers 
Testing 

Engineers 
Testing 

NA NA NA 

Contractor 
Qualification 

Engineers QA Engineers 
Testing 

Engineers 
Testing 

NA NA NA 

Structural (may be 
subcontracted) 

Engineers QA NA Engineers 
Testing 

Subcontractor NA Yes 

Climate room 
(may be subcontracted) 

Engineers QA Engineers 
Testing 

(optional) 

Engineers 
Testing 

Subcontractor NA NA 

Dynamic:  Required by 
Specification 

Engineers Engineers, for 
some systems 

only 

Engineers 
Testing 

Subcontractor Rep. NA 

Dynamic:  Required by 
CFR  

Engineers NA Engineers 
Testing 

Subcontractor Rep. Yes 

Commissioning QA NA QA or testing NA NA NA 

Receiving QA NA QA NA NA NA 

*Engineering required during first acceptance test; assuming the test procedure and test results are 
satisfactory, engineering is not required after the first test. 
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5. Qualification testing (sometimes referred to as “Class testing”) for each system and each 
host railroad 
There are several areas of testing required. Specific Customers may have unique 
situations which differ from those identified here. 
• CFR required tests: such as Operational Compatibility: 49CFR 238.111; Truck 

Stability: 49CFR 238.227; Cant Deficiency: 49CFR 213.57 and -.329; Instrumented 
Wheelsets: 49CFR 213.333 and 345 

• Specification required system tests 
Tests to demonstrate vehicle systems operate correctly on vehicles in operation. This also 
includes items such as curving, stop distance, ride quality, internal/external noise, and 
others.   

6. Federal CFR testing requirements 
49CFR 238.111 (a and/or b) testing requirements for each corridor for this Operational 
Compatibility test will need to be identified in discussions with the FRA, in advance of 
preparing the test procedures.  49CFR 213.57 and .329 cant deficiency tests are also 
required. Instrumented wheel set qualification testing in accordance with 49CFR 213.333 
and 49CFR 213.345 is required for equipment which will be operated at or above 90 mph. 
This testing is required on the actual track upon which the equipment will be operating. 
These tests require very high involvement from the track owner where the testing is 
conducted, the operator and FRA. This planning should begin very early in the program 
to prevent delays later in the program. 

7. 500 mile “burn in” testing requirements  
Locomotives often have a “burn in” test requirement in the specification, with the intent 
to exercise all features of the locomotive dynamically, as well as work out any early 
failures before the locomotives are in revenue service. Sometimes this mileage is 
accumulated on a test track at the Contractor’s facility, although the requirement may 
be met in other locations, such as on the actual railroad where it will be used. One method 
of conducting load tests on new locomotives is to couple a pair of locomotives back to 
back and operate one in dynamic brake to provide a drawbar load while the other provides 
traction. The specification should identify the details of what is expected to be functioned 
in the test. Part of the testing should be validation of the event recorder and camera 
system downloads, to verify each channel and input is performing correctly and is 
calibrated. 
Passenger cars may have commissioning tests performed in a variety of ways. One 
technique is to have the Contractor test department staff and Customer QA accompany 
the equipment during the shipping from the Contractor site to the Customer receiving 
site. The testers then exercise the car equipment to simulate revenue service, cycling 
doors, flushing toilets, using food service, and performing other activities as the train 
progresses.  This technique is most effective if the shipping distance is relatively long (e.g. 
1,200 miles or longer). The extent of these tests is somewhat dependent on whether the 
vehicle is a new design (and/or produced by a new Contractor), or an existing design. 
Another technique is to run the vehicles in a non-revenue train for one or more round 
trips on the corridor in question, again cycling the vehicle systems as they would operate 
in revenue service. The commissioning test needs to include a detailed listing of all the 
activities that must be included in the test, how often and when they are performed, as 
well as the method to record the results. There must also be pass/fail criteria. Defects 
identified should be flagged and corrected before the vehicles are presented for final 
acceptance. 
A short test procedure should be developed to verify basic functions of each system 
following burn-in testing. This procedure should also include an inspection for 
pneumatic, electrical and fluid connections which may have become loose during initial 
operation. Fault logs should also be downloaded and reviewed for indications of 
intermittent failures.  
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8. Positive Train Control- design and test requirements (PTC system requirements and 
installation and testing requirements for each corridor and each PTC system) 
The Customer, working with the operator and host railroad(s), must identify the PTC 
system requirements for operation in each corridor on which the equipment will operate. 
Likewise, specific testing requirements on these corridors must be defined. These 
requirements must then be incorporated into the vehicle specification.  

9. Brake data testing for equipment type 
Brake testing typically includes stop distance, as well as wheel slide protection 
performance tests. Instrumentation is carried on the equipment being tested to monitor 
brake air pressures, time of brake application and measured stop distance. Generally, 
the testing is conducted always traveling in the same direction, with brake application 
occurring at the same mile post each time. The location for the testing is on flat (no 
grades), tangent track. This test is very weather-dependent. When new equipment is 
tested, it is generally coupled with other equipment, such as locomotives. Since the rolling 
stock other than the new vehicles has its own brake characteristics, an appropriate 
method of taking this affect into account in measuring the new vehicle performance is 
essential. The specification should clearly identify test requirements, with pass/fail 
criteria. Normal practice is to stop from a variety of speeds, to create a family of curves, 
starting from approximately 20 mph. Testing needs to include equipment operating all 
the way up to its rated speed, usually 125 mph. Tests normally include both full service 
and emergency stopping rates. The specific speeds from which stop distance tests are 
conducted should include those relevant to the service, such as those associated with 
cab signal enforced speeds: aspects of restricting, approach, approach medium, clear and 
others, as appropriate. Note that low speed tests are important since at low speeds the 
brake system reaction time can represent a considerable part of the distance traveled to 
stop.  
Wheel slide protection performance tests are generally conducted at several speeds, 
ranging from low to medium and high speeds. A method of lubricating the track to induce 
wheel slide must be developed (such as applying a spray of soapy water). Measurements 
of the car brake system then verify that the wheel slide control system functions as 
intended. 

10. Interoperability testing with each host railroad 
Tests to verify interoperability with legacy cars, locomotives, shop facilities, and other 
circumstances should be identified in the specification. The new equipment must be 
mechanically and electrically compatible with whatever existing equipment with which it 
will operate. This includes coupling the new and existing rolling stock, connecting inter-
vehicle cables, moving the equipment through the most restrictive trackwork, and 
exercising any trainline functions, such as power side door operation and trainline status 
indications. This should include items such as two locomotives coupled together so all 
combinations of F-B-ends are included; likewise, with a locomotive on both ends of the 
consist. Care must be taken in defining these tests and especially in developing the test 
procedures, as it can be complicated to identify and test all the combinations of conditions 
of vehicles being coupled to others. Examples include items such as whether the vehicle 
is at the end of the consist or not, the orientation A/F versus B-end facing, and others. 
Vehicle compatibility with infrastructure should also be verified, such as 480 Volt 
Alternating Current (VAC) ground power, water and waste system connections, whether 
the vehicle fits into service buildings, compatibility with vehicle jacks, machinery, such 
as a wheel truing machine, and other circumstances involving infrastructure. Tests 
should also verify that there is sufficient clearance to open vehicle service doors/panels 
on the outside. Vehicles must also be tested for operations through the train wash rack. 
On Amtrak, a train is normally washed daily. Compatibility with grade crossing circuitry 
and signal systems in the corridors of operation should also be tested and confirmed. 

  

PRIIA 305-200/Recommended Practice Initial Release  
 

Copyright 2021 NGEC All rights reserved

71



 

Implementation 2-39 

 

11. Equipment startup and commissioning requirements and schedule 
Normally, before shipping, cars or locomotives undergo thorough testing at the Contractor 
plant. However, this is usually done statically, since only a few Contractors have suitable 
test tracks. Commissioning tests can be conducted in a variety of ways, somewhat 
dependent on the Customer’s operations and geographical location. Likewise, locomotives 
and cars may have quite different test programs. It is likely that the Customer needs to 
develop the basic content of the equipment startup and commissioning test, since the 
Contractor is unlikely to have the institutional knowledge to do this effectively.  

12. Examples 
Railcar testing: 
• In one case, new railcars were shipped from the Contractor in a special move, with 

passenger locomotives on both ends, for HEP and operational issues. The new railcars 
were occupied by test personnel, who proceeded to test all the various car systems 
enroute. In this case, the shipping distance was approximately 1200 miles, which was 
the specified requirement for this test. A written procedure was followed, to ensure 
rigorous testing. It included a water-tightness test of going through the receiving 
facility car wash. With this approach to testing, relatively little testing was required 
once the railcars arrived at the formal receiving facility. After arrival, the railcars 
underwent a thorough inspection, both against shipping damage, and a final check 
against any manufacturing defects.  

• Another approach is to conduct commissioning tests on the route where the new 
equipment will operate. Here revenue service is simulated with the test train (such 
as cycling the doors) and operating it over enough round trips to accumulate the 
desired mileage.  Regardless of the method employed, the important point is to try to 
exercise all the railcar systems as they will be used in revenue service. Some items 
may settle in a bit, such as the suspension, or perhaps the power doors.  

Locomotive testing: 
• Some locomotive manufacturers have a test track associated with their facility, where 

the new equipment can be tested. For diesel-electric units, one method is to couple 
two locomotives together back-to-back and use one as a brake (employing dynamic 
brake) against the traction of the unit under test. This tends to only allow lower speed 
operational testing; however, it can still provide reasonable testing of the traction 
system under those conditions. After testing at the Contractor, if done at all, the 
locomotive will need to have higher speed testing conducted, either on the Customer’s 
territory, or elsewhere, depending on the availability to run at rated speed. This 
testing should exercise all the features of the locomotive itself as well, including its 
connections to passenger car(s) for HEP, brake, communication and Multiple Unit 
(MU) trainlines, with every feature/function demonstrated. Downloading of event 
recorder and video recorder systems is essential during this testing to verify that they 
accurately record the activities. It is a common practice for new locomotives to be run 
double headed with older in-service units, for a few trips to watch for issues, before 
they are operated in the lead position on their own. 

2.8.5 References 

Code of Federal Regulations 

• 49CFR 213 
• 49CFR 238 
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2.9 Insurance and Indemnification  

2.9.1 Purpose 

During delivery, testing, acceptance, revenue service and warranty, insurance beyond that 
established for standard revenue operations will be required. As each procurement is different, 
insurance and indemnification requirements should be discussed early in the program. These 
discussions should include the Customer, Contractor, operator, and other relevant stakeholders 
to ensure that all insurance requirements are considered. 

Some of the insurance issues depend upon when the new equipment is accepted by the 
Customer. For example, if the Customer does not accept title for the vehicles until they are 
received at the Customer’s facility, insurance for transportation and testing prior to delivery is 
the responsibility of the Contractor. However, if the Customer accepts the vehicle at the 
Contractor’s facility, that insurance is potentially the Customer’s responsibility. The technical 
specification and other Contract documents should be written so as to clearly assign the 
responsibility for the cost of insurance. 

Insurance requirements changed under the 2015 Fixing America's Surface Transportation Act, 
or FAST Act. “The FAST Act authorizes $305 billion for fiscal years 2016 through 2020 for the 
U.S. Department of Transportation's (USDOT) highway, highway and motor vehicle safety, public 
transportation, motor carrier safety, hazardous materials safety, rail, and research, technology, 
and statistics programs.”2  The FAST Act “adjusted index factors for the rail passenger 
transportation liability cap... The index methodology ensures that the allowable awards to all rail 
passengers… arising from a single accident or incident is based on current dollars and is 
adjusted for inflation from the $200,000,000 cap that went into effect on December 2, 1997. 
Under the FAST Act, the index is adjusted to the date of enactment of the FAST Act … to calculate 
an inflation adjusted amount of $294,278,983.” (from Federal Register / Vol. 81, No. 6 / Monday, 
January 11, 2016 / Notices page 1289) Due to increased exposure to liability implemented by 
provisions of the FAST Act, the cost of insurance has also increased. This makes it particularly 
important that responsibility for these costs is clear and understood by all parties. 

2.9.2 Areas of Interest 

• Insurance and indemnification requirements for delivery to and storage of equipment at 
testing and operating locations 

• Insurance and indemnification requirements for 238.111 testing 
• Insurance and indemnification requirements for cant deficiency and instrumented wheel 

set testing 
• Insurance and indemnification requirements for 500 mile “burn in” testing 
• Insurance and indemnification requirements for Contractor access to and use of 

Customer, operator, and/or maintainer maintenance facilities during testing and 
warranty period 

• Product liability insurance and indemnification requirements for post-acceptance 
equipment operations 

  

 
2 “Fixing America’s Surface Transportation (FAST) Act, Highway Research, Technology Deployment, and Education” 
United States Department of Transportation Federal Highway Administration, December 2, 2019, 
https://cms7.fhwa.dot.gov/research/legislation-budget/legislation/fixing-america%E2%80%99s-surface-
transportation-fast-act 
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2.9.3 Questions 

1. Who is responsible for the cost of the insurance during each phase or activity? Is this 
responsibility clearly described in the Contract? 

2. Who is responsible for escalation in insurance costs whether due to operator, owner or 
regulation changes? Has notification of potential changes in insurance costs been 
provided to the Customer and/or Contractor? 

3. Is the operator and maintainer known? Does the Customer have an ongoing contractual 
relationship with the operator and maintainer? Are the insurance responsibilities for 
operating and maintaining the new vehicles documented and understood? Will a new 
operator and/or maintainer be required? 

4. Are specific host railroad requirements known in regard to insurance and 
indemnification? Is responsibility for insurance determined in formal agreements with 
the host railroad and/or other stakeholders? 

5. Is the general time frame and amount of exposure to risk known (approximate amount of 
time on track and number of vehicles) that would be used to determine cost for 
insurance?  

2.9.4 Helpful information/Tips/Examples 

1. The Customer must work with the Contractor, Amtrak and other operators, the host 
railroads, test centers (such as TTCI), and any local agency stakeholders to arrange for 
insurance/indemnification of new equipment during shipment and after arrival of the 
equipment at testing and operating locations. This often includes lengthy discussions 
with many parties (and their risk management and legal offices) to develop insurance 
terms and conditions acceptable to all parties. To meet contractual deadlines for 
shipment and testing, these discussions should begin as soon as possible after Notice-
to-Proceed (NTP). 

2. 238.111 corridor testing (from 49CFR 238.111) typically occurs prior to transfer of title 
and therefore requires the Customer to ensure that adequate insurance and 
indemnification is in place beforehand. If the operator is Amtrak, insurance for 238.111 
testing will often be included with the agency’s pre-revenue agreement with Amtrak. In 
circumstances where the operator is not Amtrak, the Customer and the operator will need 
to negotiate how all pre-revenue testing and other activities will be implemented and who 
will pay for these costs, including cost of insurance during this period. 

3. High-speed dynamic testing, including cant deficiency and use of instrumented wheel 
sets, is federally required (see 49CFR 213.345) for operations over 90 mph. Depending 
on the speed at which the testing needs to occur, this testing is often performed on the 
Northeast Corridor (NEC – for speeds up of 125 MPH or more) or on local corridors for 
lower speeds. If testing on the NEC, which is owned and operated by Amtrak, 
arrangements will need to be made with Amtrak for the testing and associated costs, 
including the cost of insurance. The Customer will need to work with the Contractor and 
Amtrak to determine these costs and agree to the terms and conditions for providing 
insurance during the testing.  

4. “Burn-in” testing (also known as “shakedown testing”) is often a requirement of a new 
vehicle procurement. Burn-in testing typically occurs prior to transfer of title and 
therefore requires the Customer to ensure that adequate insurance and indemnification 
is in place beforehand. If the operator is Amtrak, insurance during burn-in testing will 
often be included with the agency’s pre-revenue agreement with Amtrak. In 
circumstances where the operator is not Amtrak, the Customer and the operator will need 
to negotiate how all pre-revenue testing and other activities will be implemented and who 
will pay for these costs, including cost of insurance during this period.  
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5. Following delivery and acceptance of new equipment, the Contractor typically provides 
warranty services for a period established in the Contract (often for two years, with a 
longer warranty period for items such as carshell, trucks, and others). The Contractor 
will be required to access the operator’s and maintainer’s facilities to perform warranty 
services. The Contractor will work with the operator/maintainer to develop a facility 
access agreement that will include terms and conditions for insurance during the 
warranty period.  

6. Although many Contractors already have product liability insurance, recent changes 
implemented through the FAST Act (see above) have greatly increased the exposure of 
operators and maintainers of equipment. In particular, Amtrak requires insurance 
coverage of $325,000,000 per incident/$650,000,000 aggregate to ensure that Amtrak is 
covered for any liability in relation to the increased liability limits of the FAST Act. The 
Customer and Contractor will need to work with their operator/maintainer to determine 
how to best provide the levels of insurance required by the FAST Act.  

2.9.5 References 

• National Academies Press “Guidebook for Intercity Passenger Rail Service and 
Development – Appendix A: Liability/Insurance Requirements related to Intercity 
Passenger Rail Service” (2016) link: https://www.nap.edu/read/23535/chapter/12h 

2.10 Cyber, Communication, and Control System Security 

Rail operations, both freight and passenger, are reliant upon computer-controlled systems now 
more than ever before. Computer-based wayside control and monitoring systems communicate 
with computer-based systems onboard rail rolling stock equipment to facilitate the asset 
management processes that can include, but are not limited to driver-less operations, 
maintenance procedures, troubleshooting activities, and locating of assets.  

With this kind of reliance upon computer-controlled operations, communications, and control 
systems, rail transportation companies must take the proper precautions at every level to protect 
computer-oriented vulnerabilities. The possibilities of having these systems breached or violated 
must be taken into consideration when writing technical specifications and RFP for all hardware 
and software associated with a rail service provider’s operation. In addition, the Customer must 
also have safeguards in place in case a system(s) breach does occur. Breaches for consideration 
should include but not be limited to viruses and hacking using various methods. More details 
regarding points for consideration will be addressed later in this section. 

Such considerations should be analyzed during the design process to safeguard against intrusion 
from outside forces like vandals and hackers to protect against service interruptions, accidents, 
and potential injury or death to passengers and staff.  

In addition, the staff members of companies that are responsible for managing equipment 
acquisition programs and/or asset management processes should also make themselves familiar 
with the following groups within the rail transportation industry as well as the listed standards 
and recommended practices associated with cyber, communication, and control system security: 

• The Rail Information Security Committee supported by the American Association of 
Railroads (AAR) 

• The AAR’s Railway Alert Network 
• Cybersecurity related recommended practices from the American Public Transportation 

Association (APTA): 
o APTA SS-ECS-RP-001-14 Recommended Practice - Cybersecurity Considerations for 

Public Transit 
o APTA SS-CCS-004-16 Securing Control and Communications System in Rail Transit 

Environments Part IIIb - Protecting the Operationally Critical Security Zone 
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o APTA SS-CCS-RP-001-10 Recommended Practice - Securing Control and 
Communications Systems in Transit Environments Part1: Elements, Organization 
and Risk Assessment/Management  

• The Federal Railroad Administration’s Cyber Security Risk Management for Connected 
Railroads 

• The International Organization for Standardization (ISO) standards 
• The National Institute of Standards and Technology (NIST) standards, and  
• The International Information Systems Security Certification (ISC2) or Information 

Technology Infrastructure Library (ITIL) standards 

The contractor’s designs should also be compliant with the latest version of the above noted 
standards and recommendations available at the time the designs are made and finalized.  

2.10.1 Vehicle Communication and Control Systems 

For vehicle communication and control systems, the purchasing company should require that 
the OEM or contractor make sure that the systems designed are secured against unauthorized 
access and attack, both from the vehicle itself and from the wayside. The security requirements 
should apply when the rail equipment is in revenue service and when it is out-of-service for 
maintenance, etc. Ensure that security measures followed by the OEM are consistent with 
industry best-practices.  

2.10.2 Vehicle Communication and Control System Vulnerability Assessment 

To ensure compliance with the requirements listed in Section 2.10.1, have the Contractor 
generate and submit for approval a Vehicle Communication and Control System Vulnerability 
Assessment identifying all potential system vulnerabilities, associated risk (including exploit 
likelihood and consequences), countermeasures applied, and resulting mitigated risk. 

The OEM should examine system vulnerabilities and present them to the purchasing company 
as part of the different design reviews that are included in the project management process for 
the program. Further this analysis should be considered a contract deliverable. 

Once the new equipment is delivered and the Contractor’s vulnerability assessment is approved, 
it is recommended that the purchasing company perform its own rolling stock and infrastructure 
systems assessment. This assessment should verify that the security controls designed and 
implemented into the new rolling stock operate as designed. The noted test should also be used 
to locate any weaknesses associated with the new equipment and the wayside system 
infrastructure with which the new equipment communicates (like poor configurations and 
insufficient computer system patching) during operation and then formulate countermeasures 
to combat the issues found. 

2.10.3 Vulnerabilities to be Considered 

The vulnerabilities that should be considered by the OEM during the design process should 
include, but are not be limited to, the following, as necessary: 

• Vandalism; 
• Eavesdropping; 
• Device/user impersonation; 
• Dictionary attacks; 
• Message modification; 
• Session hijacking; 
• Buffer overflow; 
• Denial of service; 
• Jamming (physical layer denial of service); 
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• Virus/worm infection; 
• Unauthorized software installation; and 
• Unauthorized root/administrator access. 

2.10.4 Security Measures 

Security measures considered by the OEM should include, but not limited to, the following, as 
appropriate: 

• Restricting physical access to communication and control system components to all 
but authorized personnel; 

• Use of Access Control Lists (ACL); 
• Use of device and/or user authentication; 
• Use of encryption; 
• Use of hardware keys in conjunction with passwords/passphrases; 
• Access logs; 
• Intrusion detection/prevention; 
• Antivirus; 
• Proper isolation of security-critical system functions from other functions; 
• Application of secure coding practices; and 
• Use of secure operating systems. 

The OEM for the project must be required to utilize security measures that are designed and 
implemented such that their effect on reliability, availability and system operation is minimized. 

2.10.5 Additional Cybersecurity Related Requirements  

The requirements noted in Sections 2.10.1 through 2.10.4 should be applied to all hardware, 
software, and firmware that are included in the contractor’s final design for the new rolling stock 
program. This includes equipment or systems resident within a microprocessor-controlled 
system, provided as part of test or interface equipment, provided for the purpose of post-
download data analysis and processing, or incorporated within training technology and manuals, 
and Bench Test Equipment (BTE) as defined in the Technical Specifications of each product. The 
noted requirements should also apply to all systems that include processors or other 
programmable components such as Programmable Logic Devices (PLD).   

The security requirements by which the contractor must abide by must also be complied with by 
all subcontractors and sub-suppliers, regardless of their supply chain tier. At a minimum, the 
purchasing company should also require that the contractor comply with the following 
requirements for all contract related design: 

• Removal of all software components that are not required for the operation and/or 
maintenance of the product. If removal is not technically feasible, then the Contractor 
shall disable software not required for the operation and/or maintenance of the product. 
Contractor should also be required to provide a list of all disabled software for continuous 
cybersecurity monitoring purposes. The noted software removal should not impede the 
primary function of the top-level product.  

• Provide all required technical documentation, and specific detail of software/firmware 
that supports the product, including scripts and/or macros, run time configuration files 
and interpreters, databases and tables, and all other included software (identifying 
versions, revisions, and/or patch levels, as delivered). The noted data should also include 
all communications ports and authorized services required for normal operation, 
emergency operation, or troubleshooting.  
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• Removal of and/or disabling, through software, physical disconnection, or engineered 
barriers, all services and/or ports in the product not required for normal operation, 
emergency operations, or troubleshooting. The noted data should also include 
communications/network ports and physical input/output ports (e.g., USB docking 
ports, CD/DVD drives, video ports, and serial ports).  

• Providing all required technical documentation and specific detail of the product’s 
security features and security-focused instructions on product maintenance, support, 
and reconfiguration of default settings.  

• Documentation of options for defining access and security permissions, user accounts, 
and applications with associated roles. Contractor shall provide all access configurations, 
including any access credentials used (e.g., maintenance account or default system 
usernames and passwords) and out-of-band support interfaces (e.g., remote service 
connections, and automated software update/patching interfaces). 

• Require that the contractor provides all hardware, software and firmware in the parts 
catalog for each individual system found within the new rolling stock. 

2.10.6 Additional Insurance Coverage 

As part of the RFP requirements, make sure that the contactor gets additional technical error 
and omissions liability coverage to cover any accidental negligence, errors, or omissions coverage 
for the term of the acquisition contract with extended reporting for one year to further protect 
the noted coverage. This coverage will protect the purchasing company against any cybersecurity 
related issues failures accidentally overlooked or omitted by the contractor. Limits should be 
based on the service in which the new equipment will be operated and should be reviewed with 
and by the purchasing company’s risk management department. 
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Figure 2-1: Sample FAI Form with Instructions 
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3.0 Revenue Service 
This chapter addresses activities involved in preparing for and commencing revenue service, 
including legal agreements, documentation, the overall shipping and acceptance process, 
deployment and field support of the new equipment. Considerable advance work is required 
before actually shipping the new rolling stock and placing it into revenue service. Many of the 
activities are multi-party, iterative and deliberative, so should be started well in advance of the 
anticipated shipping dates. Considerable planning with attention to detail is essential if the 
overall process is to be timely and successful.  

The discussion addresses the following basic areas: 

• Agreements with Amtrak 
• Documentation required for service 
• Training 
• Shipping, conditional/final acceptance and commissioning 
• Deployment 
• Spare parts 
• Contractor field support office, FMI and warranty support 
• Miscellaneous, such as Universal Machine Language Equipment Register (UMLER) and 

road numbers 

3.1 Agreements with Amtrak 

This section addresses the relevant issues to be considered when working with Amtrak as either 
the operator and/or the maintainer of the rolling stock. 

Depending on the specifics of the acquisition there are several areas that may require the 
assistance of Amtrak personnel during the acquisition, design, manufacture, shipping, testing, 
acceptance and placement into revenue service. The equipment owner should contact and engage 
Amtrak as early in the process as practical to allow the relevant contractual agreements to be 
negotiated and to enable Amtrak to plan, acquire and deploy the resources necessary to 
effectively assist the equipment owner with all the pre-revenue service tasks necessary to safely 
place the equipment into service.  

Amtrak’s goal is to assist the equipment purchaser in integrating the new equipment with 
existing services and equipment to enable a safe and successful deployment of the equipment 
into revenue service.  

Following is a list of issues, at a minimum, which will need to be addressed in agreements: 

• Use and location of use of equipment 
• Record keeping 
• Inspections 
• Ownership 
• Insurance and indemnification 
• Compliance with regulations 
• Delivery and acceptance 
• Return of units 
• Renewal terms 
• Lease term 
• All Disclaimers, representations and warranties 
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• Requirement to follow OEM prescribed maintenance requirements 
• Others, as needed 

The owner of the equipment should enter into a pre-revenue agreement with Amtrak that will 
establish: 

• Limited scopes of work 
• Labor rates 
• Estimated not to exceed costs for ancillary services that include project management of 

the specific equipment project including: 
• Testing and deployment 
• Rolling stock engineering review of critical interface and deployment issues 
• Equipment storage requirements, capabilities and costs 
• Capital, and consumable spare parts acquisition, cataloging and storage 
• Operating and maintenance manual review and maintenance plan development 
• On corridor regulatory testing requirements and insurance requirements 
• Corridor specific PTC equipment requirements and PTC testing requirements 
• On board system requirements including train communication data, forward and 

inward facing cameras and event recorder as well as communication modem and 
antenna requirements. 

It is crucial to ensure comprehensive training for all operating and maintenance personnel occurs 
and that adequate time is allowed for this and for all necessary pre revenue testing. This can 
present a logistical and scheduling challenge.  It is essential to allow adequate time for planning 
and executing testing as well as training when starting new service and/or integrating new 
equipment into existing service.  Amtrak Training Department personnel can be made available 
to assist with implementing the training program designed by the Contractor and developing the 
overall training plan required for all operating and maintenance personnel.  

Amtrak Rolling Stock Engineering personnel can be made available to assist with the design 
reviews for railcars and locomotives specifically with how the new equipment will interact with 
existing Amtrak locomotives and railcars and with the equipment, system and infrastructure 
requirements for operating and interfacing with Amtrak systems. Amtrak risk management 
personnel can be made available to assist the equipment owner in understanding the unique 
insurance and indemnification requirements that exist for shipping the equipment, testing the 
equipment, placing the equipment into revenue service, Amtrak facility access for third party 
personnel during the warranty period and product liability insurance requirements necessary 
for operating on the Amtrak system.  

The equipment owner will need to work with Amtrak Mechanical personnel to assist with 
developing a plan for deploying, storing, inspecting, accepting, testing and commissioning the 
equipment. All these requirements are site specific and depend upon existing operating and 
maintenance agreements, existing facility requirements and capabilities, existing labor 
agreements, Host railroad operating requirements, existing Amtrak, State and commuter 
equipment fleet deployment and Amtrak Long Distance Service requirements and fleet plans. 

Amtrak can amend existing equipment, operating or maintenance agreements as needed to 
accommodate the acquisition of new equipment in State supported or commuter rail services.  

Amtrak Material Management and Control personnel and Maintenance personnel can be made  
available to recommend appropriate stocking levels of equipment material, identify the amount 
of parts storage space available,  assist with receiving, cataloging and inventorying spare parts 
and consumable parts purchased and supplied by the owner, developing and implementing 
warranty parts procedures and effectively managing the spare parts Inventory during testing 
commissioning, deployment in revenue service, warranty and beyond.  
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Amtrak IT and Transportation Department personnel can be made available if necessary, to 
assist with ensuring that the equipment is entered into the appropriate systems of digital record 
(UMLER, Amtrak’s WMS, ARROW) as needed prior to shipping. 

If the Contractor holds title to the equipment at the time of shipment from the factory, as in most 
cases, the Class 1 freight lines have the right of first refusal for shipping the equipment to the 
operating or maintenance facility. However, if there are no objections by the Class 1 freight 
railroads, Amtrak may be able to provide shipping services on a case-by-case basis. If the owner 
holds title to the equipment at the time of shipment Amtrak may have more flexibility in being 
able to provide shipping services on a case by case basis. 

Amtrak recommends that the equipment purchaser enter into a long-term Technical Support 
Services and Supply Agreement (TSSSA), or similar agreement with the Contractor in conjunction 
with the equipment purchase agreement. This will enable the purchaser to negotiate the most 
advantageous terms for this agreement, ensure a seamless transition from warranty phase to 
post warranty phase for the equipment and maintain an expeditious supply of parts throughout 
the life of the equipment. 

Agreements with Amtrak are normally done on a work order basis.  Work is quoted by Amtrak 
and approved by the Customer. Amtrak’s invoices reference the work order.   

At a minimum, work orders are typically generated for: 

• Testing 
• Commissioning 
• Insurance 
• Storage 
• Materials/parts 
• Set up 
• Storage 
• Handling 

There has been an existing operating agreement between Amtrak and the states for many years.  
This previously covered the Amtrak equipment.  In bringing the new equipment on Amtrak added 
the following: 

• Defined what was allowable as payable costs 
• Referenced the lease agreement 
• Diesel Exhaust Fluid (DEF) costs 
• Billing language- mirrored what was in the maintenance agreement 

3.2 Documentation Required for Service 

3.2.1 Basic Requirements 

Prior to shipping any production vehicles, the Contractor provides documentation to verify the 
vehicles are complete, specification-compliant and factory testing was successful. (Production 
vehicles are those delivered after all qualification testing and FRA compliance is demonstrated 
on the preproduction rolling stock.) It also gives the Customer the necessary materials to be able 
to use the equipment shortly after it arrives, as well as maintain it.  

Some materials apply to the entire new fleet, while some to an individual vehicle. Generally, these 
fall into the following categories. 
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 Technical 

3.2.1.1.1 Program Level 

This material applies to the entire fleet and typically includes qualification test reports, 
verification that all regulatory requirements have been met, FAI reports and drawing approvals. 
These are required before any vehicle can be shipped. 

3.2.1.1.2 Individual Vehicle 

This material applies only to the vehicle(s) about to be shipped and typically includes QA punch 
list, authority to ship, production test reports for that vehicle as well as the vehicle history book. 

 Training Materials 

Customer-approved training manuals and associated materials are required so training can 
begin as soon as the new rolling stock is received by the Customer. It may be appropriate to 
conduct some of the training on the Contractor’s property prior to shipping. 

 Manuals 

Customer-approved preliminary operating, part and maintenance manuals are required to allow 
the Customer to properly plan these activities and arrange suitable training. Typically, these 
documents require some last-minute adjustments as part of the learning curve of introducing 
new rolling stock.  

 Field Support Plan 

The Contractor will have a field presence on the Customer’s property to support the new 
equipment during final acceptance, implement any Field Modification Instructions (FMIs), and 
support warranty including spare parts. A Customer-approved detailed plan describing how this 
will be accomplished is required. This identifies the process of how the Customer (or operator) 
and the Contractor will communicate to ensure timely reporting of problems identified on the 
new equipment, how corrective action is tracked, executed and reported back to both Contractor 
and Customer.  

 Shipping Plan 

Safely shipping the new vehicle from the Contractor’s plant to the Customer receiving location is 
a complicated process. The Contractor, Customer and railroads over which the equipment will 
move are all part of the planning process. This plan identifies all parties involved in the process 
and their respective responsibilities, including hand-offs between parties and communication.   

3.2.2 Areas of Interest 

Since a large amount of documentation will be provided by the Contractor during a new vehicle 
procurement, it is critical the specification defines not only what must be provided, but when. 
Some documentation is developed through multiple iterations and requires many months of 
development, such as training and maintenance manuals. Much of the material also requires 
Customer approval before being accepted. The specification should include a listing of all 
documentation deliverables, as well as schedule of due dates, which should be part of the master 
schedule. The vehicle specification should clearly identify exactly what deliverables are required 
prior to shipping production vehicles, as well as identifying the final deliverables.  
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 Technical Documentation 

Technical documentation includes materials which must be provided prior to shipping any 
vehicles, even for offsite testing. Items here are those which show the vehicle is safe to move 
through interchange and is FRA compliant.  Since road testing is sometimes done to rolling stock 
which is not complete, the list of materials required of pilot vehicles may be different from that 
of production vehicles.  

 Program Level (Fleet Wide) 

Before shipping production vehicles, the Contractor provides the contractually required 
documents which show that new equipment meets the spec, passed all required qualification 
tests, meets regulatory requirements, all relevant FAI’s have been completed successfully and 
drawings have been approved. 

 Individual Vehicle 

In addition, documentation is required to show that each individual vehicle is ready to ship. This 
applies only to the particular vehicle in question and typically includes QA punch list, acceptance 
(production) test reports for that vehicle, the vehicle history book and authority to ship. 

3.2.3 Manuals 

In order for the Customer (operator) to properly plan for implementation of the new equipment, 
various manuals are required. All manual requirements should have a detailed description in 
the specification. These manuals need to be written with the actual end-users in mind, using 
appropriate railroad terminology: 

 Operator Manuals 

These manuals are provided to all crew members and provide information to help familiarize 
them with the new equipment, and very importantly, to provide help to troubleshoot when 
something goes wrong. The manuals must be kept as small and light weight as practical and be 
very well organized for quick reference if there is a problem.  Manuals are to be provided for: 

• Operating crew (engineer and conductor) 
• On board crew (café staff, sleeping car attendant) 

 Inspection and Service Manuals 

These address procedures for daily inspecting and servicing the train at terminals, such as how 
to service toilets and fill water tanks.  

 Running Maintenance Manuals 

These address procedures to inspect, adjust, lubricate and conduct basic tests. They include 
activities which generally occur on a daily basis, or on a periodic basis, such as filter change-
outs and lubrication. They also include procedures for conducting repairs with the vehicle in-
line or moved to a shop for repair there. Mechanics should have easily access to these manuals 
in the shop, either in hard copy or electronic form. 

 Heavy Maintenance/ Overhaul Manuals 

These address procedures to conduct major work on the vehicle, done in a back shop, or with 
equipment removed from the car and moved to a specialized shop, such as an HVAC unit. 
Mechanics should have easily access to these manuals in the shop, either in hard copy or 
electronic form. 
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 Drawing Manuals 

These are generally electrical schematics in a bound book, although additional drawings should 
be provided for pneumatic and water/waste systems and locomotive fuel and cooling systems. 
For trouble shooting, these books are carried by the mechanic when working on the 
car/locomotive and should be arranged to be user friendly with regards to size and font size, so 
they can be easily read when working.  

 Parts Manuals 

These manuals must identify parts down to the lowest repairable unit level. The manuals are a 
composite of the input from the Contractor and his suppliers, especially for passenger cars.  This 
applies more to car Contractors than locomotive Contractors, because the former purchase most 
of the systems from suppliers, while the latter provide most of the systems themselves. The 
manual should be organized in the same basic chapter structure as the maintenance manuals, 
for ease of cross reference. It is important that the rather large manual data base is structured 
in a way that functions with the Customer’s (operator’s) own material control system for a bulk 
transfer into it. In order for this to occur, the Contractor and Customer material control 
personnel will need to develop the process by which this will occur.  

Later, after the new equipment has been in service for some time and latent design and/or 
manufacturing issues have come to light, some documentation, particularly manuals, will need 
revision. This allows drawings, part and maintenance manuals to be updated to incorporate any 
changes that result from FMIs, which have occurred since the vehicles were built. Likewise, 
operator and training manuals may need updating to incorporate lessons learned. It is at this 
time that these manuals are revised and released in their final configuration.   

3.2.4 Questions 

1. Does the specification identify all the required documents, what is expected in each and 
when it is due? 

2. Do the Contractor and Customer have the same understanding of what each deliverable 
will be? 

3. Is there a system in place for accurately tracking the status of each deliverable? 
4. Where is and who controls the archive where the Contractor maintains all the deliverable 

documents? 
5. Where is and who controls the archive where the Customer maintains all the deliverable 

documents? This must be maintained for the life of the vehicle. 
6. For operator and maintenance manuals, exactly who will be responsible for the 

Contractor engineering review of the manuals? The Customer must ensure this actually 
happens. 

7. Is there structure in place for the Customer (and/or operator) to conduct meaningful 
review/markup of the operator manuals? To be successful, this cannot be rushed, or 
passed off to someone as “busywork.” 

8. Do the operator manuals explain what to do when something goes wrong, or components 
fail? For example, procedures should be included describing how to cut out a defective 
piece of equipment, such as cab signal.  

9. Is there a structure in place for the Customer to conduct meaningful, detailed 
review/markup of each iteration of the various maintenance manuals? This should 
include “hands on,” as well as engineering personnel. To be successful, this cannot be 
rushed, or passed off to someone as “busywork.” This is typically done chapter by chapter, 
or even section by section, for complex sections. 
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10. For maintenance manuals, identify exactly who will be writing each topic: Contractor or 
system supplier. For example, will the HVAC supplier ghost write that section, or will the 
Contractor himself? 

11. Is English the first language of the technical writers? Because many system suppliers are 
offshore, this can be a serious problem. Supplier manuals written in poorly translated 
English have been submitted. This includes not only sentence structure, but odd 
technical terms, units of measure (metric), procedures conducted differently offshore 
than in the US.  

12. How will the database of the parts manuals work with the Customer’s (operator’s) 
material control system? Since a typical passenger car has many thousands of parts, it 
is essential that the Contractor data be provided in a form the Customer can use directly. 
Plans for this interaction should occur before the parts manuals are written. 

13. Manuals are provided in both hard copy as well as electronic formats. Is the software 
used for the manuals one which will be supported for the life of the rolling stock? Manuals 
which are unreadable after a few years due to phase-out of the software are not of much 
use. There is software available which addresses this issue.  

14. What is the procedure for updating the manuals by the Contractor during the warranty 
period and afterward?  

15. What is the procedure for the Customer (operator) to update manuals both during 
warranty and post warranty? 

16. Does the Contract include a method to enforce timely delivery of manuals which meet the 
requirements of the Customer? For example, 5% of the Contract value is payable upon 
delivery of final documentation. 

17. Do operator manuals include a trouble shooting section which is thorough and easy to 
follow? Conditions addressed should be those likely to occur, such as cab signal failure, 
HEP outage or defective power operated side loading door.  

18. Is the parts manual designed and executed with the end users in mind? This includes 
both mechanics as well as material control personnel. 

19. How will the data in the parts manual database be moved into the Customer (operator) 
material control system?  Will there be a trial data transfer of a small number of parts to 
check that the system functions as intended? It would be wise to do this so that any 
problems can be caught early. 

20. Is the level of replaceable unit in the manual consistent with the level at which the 
Customer will service the unit? For example, the Contractor might view a complete power 
door operator as the LRU, where the Customer maintenance department might just want 
to replace a single relay rather than the entire unit. This is obviously a great difference in 
the level of detail required.  

21. Are the actual OEMs of the parts identified? The Customer can normally get the parts at 
a much lower cost by going direct to the OEM, rather than through the Contractor, who 
will likely add a sizable markup. 

3.2.5 Helpful Information/Tips/Examples 

Most interest in the project tends to concentrate on manufacturing progress, which is visual and 
easy to understand. However, if the necessary documentation is not in place when needed, the 
new vehicles cannot ship and/or cannot enter service. Accordingly, the Customer should take 
care to ensure all the documents are in place on time so there are no surprises at the last minute.  

High quality manuals are required to support the equipment, so it performs reliably for its 30 
years or more of life. Detailed, unambiguous explanations and instructions are essential. A 
common problem area in documentation is maintenance and parts manuals. This is primarily 
an issue with passenger cars, rather than locomotives. This is because car Contractors are 
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largely system integrators, with most of the car systems provided by outside suppliers. This is 
unlike locomotives, where the Contractor is responsible for most of the design in-house. Manuals 
must be written by technical writers who both understand the equipment they are describing, 
as well as the audience. One method to achieve this goal is to develop the manuals in 3 steps: 
preliminary, draft and final. The various chapters of the manuals are delivered for formal 
Customer review and response. The process occurs until the manuals receive final approval. Note 
that if the manuals fail to meet the Customer requirements, they can be rejected until they do. 
Multiday one-on-one meetings between the Customer and manual writer are helpful, especially 
in the preliminary stage. There needs to be mutual agreement on the scope, form and content of 
what will be delivered. This includes the structure of the manuals: 

• What is covered in each manual, for example, running maintenance versus heavy 
overhaul. 

• Structure of each chapter or subject described. To the extent practical, each chapter 
should have the same organization, and procedures that take the same form.  

• Who will actually write each topic? While the Contractor is responsible for the overall 
manual and its content, often a system supplier, such as HVAC, will ghost-write that 
respective content. Thus, there is tension between the format of the HVAC supplier and 
that of the Contractor for overall uniformity.  

• The structure of how the Contractor’s engineering department conducts a meaningful 
review of the manual before it is submitted to the Customer for review.  This is important 
so the Customer does not waste a lot of time working on a document that is really not 
ready for his review.  

• The Contractor needs to truly understand what the manual should describe. It should 
not go into great detail to describe the self-evident, like how to open the lens of a light 
fixture, nor should it go over with little detail something more complex like how to 
correctly evacuate and charge an HVAC system. 

Operator manuals for the engineer often do little to prepare the engineer for what to do when 
something goes wrong. Many train delays result from the operator not knowing what to do for an 
easily corrected situation. While typical manuals describe throttle and brake functions, as other 
fairly obvious ones, such basic issues as how to recover from a penalty brake application, or how 
to correctly set the brake controller when shutting down the active cab to change ends are not 
described. The writer of the manual needs to be familiar not only with the new equipment and 
how it works, but how it is actually used “in the real world.” This needs to be in close coordination 
with the Customer’s Operating Department so as to not violate any of its operating rules and 
safety practices. Another area of concern is what to do when head end power problems occur in 
the field, such as loss of trainline complete (TLC). The conductor’s manual needs to address 
operation of car doors and what to do when there is a problem. Of special importance, is how to 
cut out a defective door. 

Content and writing quality of manuals has historically at times been confrontational. Sometimes 
the Customer and Contractor did not adequately discuss the expectations, and sometimes the 
Contractor’s attendees at these meetings did not convey the agreement back to those actually 
writing and illustrating the manuals. The Contractor may subcontract developing the manuals, 
but whether written in-house or not, the Contractor engineering department needs to conduct a 
meaningful review of the manual content before it is submitted to the Customer for review. This 
has not always been the case, and some draft manuals were clearly not reviewed by these 
personnel before submitting to the Customer. As a result, the Customer spent considerable time 
reviewing poorly developed material. There have also been cases in which the Customer did not 
conduct timely and/or meaningful review of the draft documents, either because “they were too 
busy with other things” or because the review was assigned to personnel who were not skilled or 
appropriate for this type of review. Since the new equipment will need to be maintained for many 
years using the content of these manuals, it is critical that they clearly and accurately describe 
what should (as well as what should not) be done.   
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One method sometimes employed to ensure the Contractor provides all the required 
documentation (especially manuals) is to include a hold-back in the project payment schedule 
of say 5%. 

3.2.6 References 

None. 

3.3 Training 

3.3.1 Basic Requirements 

The Customer (operator) needs training to prepare for implementation and deployment of the 
new fleet. This includes familiarization for both management as well as all the individuals 
involved with the rolling stock. The purpose is to provide sufficient knowledge to safely operate, 
inspect, service and maintain it. Some, if not all the training must take place before the new 
equipment can be put into service, so the training program should be ready to go by the time the 
rolling stock arrives. Customer trainers must visit the Contractor plant well before shipping to 
become familiar with the equipment and ensure the Contractor training program is appropriate. 
Training includes the following areas: 

• Operating department 
• Mechanical department (service and inspection, running repair, back shop) 
• On-board services (food service, as appropriate) 

3.3.2 Areas of Interest 

With the many different departments and staffs involved, detailed plans of who will do what when 
and to whom are needed. A detailed training plan should be in place well before the new 
equipment is to be placed into service. The Contractor may conduct all the training himself or 
may supplement this with system supplier assistance. Likewise, integration with the Customer 
training department is needed, both when the new equipment is introduced, as well as once the 
Contractor is no longer involved with the program. Scheduling is itself a challenge, since training 
takes trainees away from their normal work, which still needs to be done. Training is very 
manpower intensive for everyone, so effective planning is required to make it effective. Some 
training should be conducted in the classroom, while some should take place on the new 
equipment.  

The rolling stock should be located in a suitable location for the class to observe, operate and 
inspect it consistent with their job roles. For example, it may make sense for the running 
maintenance class to have the new vehicle over a pit in the shop environment. Training should 
occur so all personnel from all locations will have the necessary exposure. This might require 
moving the rolling stock among several locations.  

Various types of training materials may be appropriate for the situation: videos, slide 
presentations, handouts and manuals. The Customer should review each in advance of their 
use, to ensure the information does not violate any company policies/practices. (This is especially 
true for offshore produced materials, since safety rules internationally are often different than 
those of the US. [e.g. blue flag rules].) Likewise, the material must meet Customer expectations 
for content. Customer training department critique of the first training classes is critical. Class 
attendance should be tracked, and a completed evaluation from each attendee collected.  

Since at some point the Customer training department will be taking over training, copies of all 
Contractor materials must be provided in editable format, so they can be revised as needed in 
the future. Generally, there is also a training manual(s) used as a guide for the training staff. 
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3.3.3 Questions 

1. What are the responsibilities of each party for training: Contractor, their system 
suppliers, Customer, operator (if different from Customer)? For example, will the 
Contractor do all the training, or will he employ his system suppliers to do some of it?  

2. After Contractor training is completed, what happens to the training materials?  
3. Have suitable locations, room facilities, audio/video equipment requirements for each 

location been clearly identified?  
4. Have the classes been structured so only appropriate personnel are present? For example, 

training for the Operating Dept. makes no sense for Mechanical Dept. personnel. 
Likewise, running maintenance training does not make sense for heavy repair personnel. 

5. How is training scheduled so the trainees show up for the classes? This can be a problem 
with lean staffing levels common today, where management decides that individuals 
performing their normal assignments is more important than attending training.  

6. What plans are in place to ensure that everyone who needs training actually gets it? This 
must take into account vacations, multiple work shifts and sick days.  

7. How does the Customer monitor the early training sessions to ensure they deliver the 
required information? This should include a method to correct problems identified, both 
with materials and instructors.  

8. Does training include all personnel who will be involved with the new equipment? For 
example, sometimes Contractors are employed to service trains at end point locations, 
rather than Customer employees. 

3.3.4 Helpful Information/Tips/Examples 

One railroad received new cars which would eventually be deployed on multiple routes. The first 
of the new cars was first sited at one of the Customer’s running maintenance facilities, where 
service/inspection, PM and running repair training was conducted. Operating Department as 
well as Mechanical Department personnel were trained separately. Several sessions were 
conducted to allow for multi-shift facility operation, as well as 7-day-a-week operation. When 
training was complete there, the car was moved over several days to various locations in the 
system along the first route of deployment where training was conducted, consistent with work 
done to the car at that site. As the new cars were introduced into service, similar training was 
conducted at corresponding sites for the additional routes until all locations eventually received 
training.  

3.3.5 References 

None. 

3.4 Shipping, Conditional/Final Acceptance and Commissioning 

3.4.1 Basic Requirements 

Before any production rolling stock can be shipped from the factory, various contractual 
preconditions must be met, not only including vehicle QA inspections, but also program-level 
documentation, training, notifications and establishment of Contractor support at the receiving 
site. Operating agreements, such as those identified above in the beginning of this section, must 
be in place as well.  
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 Pilot Vehicle(s) 

To expedite the program, it is common to ship a pilot car/ locomotive from the plant to the field 
to conduct dynamic track testing. This may also be done for climate room tests. Due to the 
requirement for higher speed testing (up to 125 mph), testing may take place in the Northeast 
Corridor, the Transportation Technology Center (Pueblo, CO), and/ or on the Customer’s railroad 
or elsewhere. Currently there are limited places in North America to conduct this type of testing. 
Often, pilot cars leave the Contractor’s plant in an incomplete condition, to allow dynamic testing 
to be conducted sooner. This is a potential time-saver, as it allows the testing to be earlier than 
on a fully complete car. Early testing is useful in reducing risk, since if any problems are 
identified, there is more time to correct the issue(s) before it impacts manufacture of the 
production equipment. Dynamic testing typically includes instrumented wheelsets, brake system 
performance, ride quality, traction performance (locomotives) and noise.  

Pilot vehicles typically follow this sequence: 

• Preliminary acceptance (at Contractor plant; to verify car is ready for the dynamic testing) 
• Shipping to test site (there may be more than one test site) 
• Qualification testing (there may be more than one test site) 
• Shipping back to Contractor plant (if manufacturing is incomplete, or modifications are 

required) 
• Remaining work as well as any modifications required done to car(s) 
• Five-step process below 

 Production Vehicles 

Production vehicles can be shipped after successful road qualification testing. When the 
Contractor has completed manufacturing and testing each piece of production equipment, it will 
undergo a 5-step process, after which it will be ready for revenue service: 

• Conditional acceptance (at Contractor plant) 
• Shipping 
• Commissioning (in-route, on Customer’s routes, or elsewhere) 
• Final acceptance (new vehicle is now ready for revenue service) 
• Deployment 

While details of each contract are different, the above points are typical.  

 Formal Notification of Railroads  

Before vehicles can be shipped, the railroads on which new equipment will be operated must be 
formally notified. This is normally done by the railroad liaison officer of the authority.  

3.4.2 Conditional Acceptance 

 Basic Requirement 

Conditional acceptance is required of each vehicle before it can be shipped from the Contractor’s 
plant to the Customer. This formal process verifies that it meets contractual requirements, has 
been successfully statically tested, inspected by the Customer and is fit for service. The Customer 
QA inspector conducts a pre-shipping inspection, which identifies any defective or deficient 
components (punch list). Conditional acceptance allows the Contractor to ship the equipment 
with these minor issues, with the legal requirement that these items will be corrected before final 
acceptance. A progress payment is often due the Contractor when a vehicle receives conditional 
acceptance.   
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 Areas of Interest 

The exact step-by-step process for determining conditional acceptance should be established 
between Contractor and Customer. This should identify the various functional responsibilities, 
who actually does each of them, and deliverables.  The process should also establish the method 
by which the pre-shipping inspection punch list is transmitted to the necessary parties, and 
follow-up so they can be quickly addressed after the new rolling stock is received by the 
Customer.  

 Questions 

1. What is the commercial impact of receiving conditional acceptance? Is there a progress 
payment, and if so, how much? 

2. What documentation is required? Minimum includes acceptance test reports for all 
required tests and pre-shipment inspection report  

3. Who is involved in the approval chain for the Contractor? If a particular individual is 
unavailable, who, if anyone, can sign in their absence? 

4. Who is involved in the approval chain for the Customer?  If a particular individual is 
unavailable, who, if anyone, can sign in their absence? 

5. Who needs to be apprised of the pre-inspection report findings?  
6. What is the process for the pre-inspection report (punch list) to be delivered to the 

necessary recipients, both Contractor and Customer, so necessary follow-up, inspection 
and approval can be affected?  

 Helpful Information/Tips/Examples 

The specification or the terms and conditions of the Contract should clearly define Customer 
expectations for requirements for conditional acceptance, commissioning and final acceptance. 

When conditional acceptance status allows the vehicle to be shipped and a progress payment 
then due, there is often considerable pressure by the Contractor to allow a car to be shipped. A 
reasonable balance must be established between the Customer wanting a perfect in every way 
car, and the Contractor who may inclined to ship something not quite ready.  

Progress payments are often tied to conditional acceptance and also final acceptance. Typically, 
these two payments represent a sizable part of the vehicle value, say 30% and 35% respectively. 
The argument in support of this approach is that it encourages the Contractor to complete the 
vehicles in a timely way, while still providing some of the Contract value to ease cash flow costs. 
The significant payment at final acceptance is intended to encourage the Contractor to finish off 
correcting the outstanding minor defects/deficiencies and executing FMI’s expeditiously so that 
the equipment can be placed into service in a timely way.  

It is much easier logistically to correct any known vehicle defects at the Contractor’s plant than 
after arrival at the receiving location. Not only does the Contractor have parts and skills to correct 
the problem(s), but the Customer does not have to worry about logistics of tracking cars and 
moving them to locations at the receiving site where Contractor warranty staff can execute the 
work.  

 References 

None.  
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3.4.3 Shipping 

 Basic Requirements 

Shipping the rolling stock from Contractor to Customer is a complicated task, involving many 
areas of expertise. Considerable planning is required ensure this process works smoothly and 
begins months in advance to allow all the necessary parties to complete their roles in a timely 
way. A detailed shipping plan is necessary to identify all the participants, their individual 
responsibilities, timing and sequence of events. It should allow for contingencies. Shipping cost 
is borne by the Contractor.  

Typically, there are two types of shipping: pilot vehicles and production vehicles for delivery. Pilot 
rolling stock may be shipped to and from a testing location(s) for conducting various dynamic 
and possibly other tests; this requires a completely different set of arrangements than those 
made to periodically ship production equipment.  

Various contractual requirements must be met before any production cars can be shipped, as 
defined in the Contract documents. Generally, they fall into two categories: 
procedural/documentation (refer to Figure 3-1) and equipment requirements (refer to Figure 3-
2).  Likewise, sample preparation for shipping requirements are included in Figure 3-3. 

 Areas of Interest 

Vehicles are shipped from the Contractor for several purposes, including, but not limited to pilot 
vehicles for road qualification and possible other testing, and completed vehicles ready for use. 
Some restrictions apply to each case.  

3.4.3.2.1 Pilot Vehicles 

One or more vehicles are shipped from the Contractor to suitable test track for road qualification 
testing. Since the rolling stock has not yet been qualified, it is limited to 79 mph or less maximum 
speed. Once testing is complete, even if the FRA track dynamic tests appear successful, the new 
vehicles are not authorized to operate at higher speeds until the FRA is satisfied with the results 
and issues a formal letter. This can be a lengthy process. Once the testing is complete, the 
vehicles may need to be returned to the Contractor for further work, or could be shipped to the 
Customer’s receiving location, as appropriate.  

3.4.3.2.2 Completed Vehicles 

Once the Customer is ready to receive the new rolling stock, the recurring shipment process can 
begin.  

For any shipments which involve special moves, shipping cost is generally driven by crew costs 
of moving the new equipment, so the total cost of shipping one or 20 cars/locomotives is similar. 
There is a natural tension here since a progress payment is often due when a car/locomotive is 
accepted, the Contractor would like to ship as soon as possible, but it is cheaper to ship in bulk. 

Additional considerations are: 

• Method of shipping, e.g., how will the new vehicles be moved: freight train, special move, 
in revenue train, some combination of these? 

• The number of cars/locomotives the Customer can accept in a shipment. 
• Days of the week can the Customer accept shipment.  
• Any restrictions on the size of the shipment with regards to train size? For example, if 

new cars are moved deadhead on existing trains, there may be a limit as to how many 
can be added to the consist for operating reasons.  

• Availability of a special crew (if required) for the shipment. For example, special crews 
might not be available at holiday times. 
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• Since many shipment arrangements require special moves, crew issues can be quite 
complex, since they may span several railroads, each with its own qualified crew. Crews 
from all railroads involved need to be available to execute the move. 

• A qualified Contractor representative should be on board during shipping to monitor 
progress, verify the equipment is being handled appropriately, to be able to make 
arrangements if something goes wrong, such as having to set out a car, and to be a 
witness to protect the Contractor’s interests if problems occur. 

• If possible, it is generally best not to move new equipment in freight trains, as damage 
can easily result.  

• Insurance 

A detailed shipping plan is essential to identify all the parties involved in the process, as well as 
each party‘s responsibility and contact information. Separate plans are required for moving pilot 
equipment and production car shipments. At a minimum, the following subjects should be 
included: 

1. Origin and final destination 
2. Detailed routing, identifying all carriers involved 
3. Written orders for conducting the move(s) 
4. Contact person responsible for each railroad involved 
5. Shipping dates and duration 
6. Consist make up and any limitations on it 
7. Any special restrictions placed on shipment, such as maximum authorized speed of new 

equipment, or clearance issues 
8. Who will accompany the new equipment: Contractor, Customer, operating crew (if special 

move), special passengers (system suppliers, officials) 
9. Sequence of events in making up the train at the Contractor’s plant 
10. Conditions which must be met on the equipment before shipment (attach checklist) 
11. Communication plan for shipping overall: who needs to be told what and when? This 

includes intermediate points, too. 
12. What safety training is required for anyone accompanying the equipment on the move, 

and who is responsible for conducting it?  
13. Security of equipment during shipping process. E.g. Contractor may hire security 

personnel to protect equipment when in yards along route.  
14. For locomotives, is fueling required and if so, who does it where? 
15. Insurance arrangements 
16. Public relations events, if any. This would likely only affect the 1st shipment but might 

include leaving the Contractor’s plant and arrival at the receiving location, and 
photography along the route. The railroad enthusiasts are surprisingly well informed 
about this and will know where to be to get and post the best pictures. 

 Questions 

1. What are the criteria to be met before a car can be shipped?  
2. Specifically, who signs off for the Customer that a car is ready to ship? 
3. Who exactly is included in the Contractor’s approval process to authorize shipping each 

vehicle? 
4. How much advance notice is required to commit to or cancel a shipping date? 
5. How often will shipments occur? For example, first Monday of each month. 
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6. Which direction must the cars be facing, say, cab car facing north? It may not be possible 
to turn them around after they leave the plant. (This should be addressed when the 
assembly process is established at the Contractor’s facility.  Keep in mind the consist 
may change direction of travel during the shipping process). 

7. Sequence of vehicles in the shipping consist. 
8. Special preparations for the vehicles, such as removing the diaphragm on the end-most 

car. 
9. Vehicle preparations before shipping: i.e., should the car water tanks be empty? Should 

the toilets be functional? (cars may be occupied by crew and Contractor representatives 
during the shipping, especially for longer trips) 

10. Are cars/locomotives required to be “cabled up” car-to-car? If yes, the various types of 
cables need to be available. Some may have to be supplied by the Customer/operator. 

11. Will the consist be on HEP during shipping?  
12. Who will do the FRA required train inspection before leaving the plant? This requires an 

FRA qualified inspector. 
13. What plans are in place to address problems which could occur in-route, such as having 

to set out a defective car? 
14. Who needs to be informed about the upcoming moves, and when?  
15. Who needs to be informed at the receiving location of the shipping status? 
16. Does the receiving facility have plans in place for what to do with the new equipment as 

soon as it arrives? (Refer also to Deployment, below.) This will avoid “No one told me it 
was coming.” 

17. Do the intermediate facilities have plans in place for what to do with the new equipment 
as soon as it arrives? This will avoid “No one told me it was coming.” 

18. Will commissioning occur during the shipping process? 

 Helpful Information/Tips/Examples 

Three examples of shipping: 

1. Case 1: Ready-to-use consist 
The Contractor was located in New York State, with the delivery site in California. The 
Customer determined the delivery should be a five-car discrete-car trainset since the new 
equipment could only be placed into service with this consist. The consist included four 
unique bi-level car types (one car type had two cars). The Customer sent a light locomotive 
with HEP to the Contractor’s plant to pick up the new cars. The majority of the route was 
along existing Amtrak routes, so Amtrak crews were able to operate the special train 
(locomotive plus the five cars) relatively easily to Buffalo. There the cars were added to 
the rear of existing Amtrak trains, which carried them the rest of the way to California in 
several legs. This process was repeated as each five-car consist was completed.  
Commissioning tests were run in California on the routes in which the new equipment 
would operate.  

2. Case 2: All cars same type, shipped once a month 
The order included four distinct car types, however, the Contractor manufactured them 
a car-type at a time. The Contractor was in New York state, and the shipping destination 
was Miami. In this case, cars were shipped once on a month with however many were 
complete. An Amtrak operating crew would bring a locomotive with HEP to the 
Contractor’s plant to pick up the cars (typically up to eight) and move them to Albany, 
New York in a special train. From there, the cars were moved to New York City on the 
rear of a scheduled Amtrak train. In New York City, the cars were transferred to the rear 
of existing Amtrak trains going to Florida, however, a maximum of only three cars could 
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be added to each train due to maximum train length limitations. In this case, 
commissioning tests were conducted by Contractor’s test department with Customer 
witness during the entire trip of about 1,500 miles. 

3. Case 3: Locomotive shipping  
The Contractor was in California, and the shipping destination in Delaware. Locomotives 
were shipped singly. The Contractor moved the completed locomotive to the local Amtrak 
station, where it was added to the scheduled Amtrak train behind the existing 
locomotives. In Chicago, the new locomotive was moved to another Amtrak train to take 
it to the Northeast Corridor.  

 References 

None.  

3.4.4 Commissioning 

 Basic Requirements 

Commissioning is the final step in verifying that each car or locomotive is ready for revenue 
service. Depending on the Contractor’s facilities as well as those of the Customer, commissioning 
can take many forms. Commissioning tests are done on every vehicle. These are not to be 
confused with Qualification Tests, which are used to determine that the new equipment meets 
all the performance requirements of the Contract and are typically conducted on only one or two 
pieces of rolling stock of each type. 

For locomotives, few Contractors have sufficient test track availability at their plant to conduct 
much dynamic testing under load, especially at speed. Testing is done off-site, either at the 
Transportation technology Center in Pueblo, CO, and/or on the Customer’s route. For each 
locomotive, a battery of detailed tests is conducted, including operating it with a consist load all 
the way up to its rated speed. Proper traction, friction and dynamic braking are all verified, as 
well as HEP performance. Generally, the specification calls for a minimum mileage the locomotive 
must accumulate in testing, which acts to show there are no infant mortality defects. In addition, 
event recorder, alerter, track camera, radio, interaction with the local cab signal system (if 
equipped), PTC, and any other authority requirements are validated on the actual property.     

For passenger cars, commissioning is usually done on the Customer’s route(s). Cars are operated 
in a representative consist and operated in non-revenue service, also for a specification-
prescribed distance. Following a detailed test procedure, all car systems are operated to simulate 
revenue service, such as cycling doors, operating HVAC and waste systems. It should also include 
operating through the car wash to verify water-tightness. Cab cars should be tested both in 
leading and trailing modes, verifying all train control functions: traction, braking, event recorder, 
alerter, track camera, radio, interaction with the local cab signal system (if equipped), PTC, and 
any other authority requirements are checked on the actual property. 

 Areas of Interest 

Commissioning is conducted in the “real world”, on moving rolling stock exposed to weather, 
which is quite different from the factory testing which is done on static vehicles. Some systems 
and components settle in or wear in a little once the vehicle moves and may require adjustment. 
Likewise, this test helps identify infant mortality failures before the new rolling stock actually 
enters revenue service. Commissioning tests should be thorough, but not exhaustive. They 
should try to exercise the new equipment simulating how it will operate in revenue service, and 
functionally test all systems. A written test procedure is to be followed, with carefully defined 
pass/fail criteria identified. In some cases, the initial test requirement may not be met, and that 
system will need to be readjusted and retested. Results should be recorded and delivered to the 
Customer. 
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Commissioning requires considerable logistical planning if it is to be conducted smoothly. Face-
to-face meetings should be held to ensure all parties involved fully understand their 
responsibility and have their say in planning.  

 Questions 

1. Where (on the railroad) will the commissioning testing be conducted? 
2. Where is the Contractor test support site?  
3. What is the makeup of the consist undergoing commissioning? Is this flexible enough to 

address special situations, such as the last vehicle to be delivered? For locomotive testing, 
what will the source of the trailing load cars be?  

4. What plans have been made with the Operations Dept. to actually run the tests? For 
example, there needs to be a crew to run the test train.  

5. Are there operational restrictions as to when the testing can be conducted? (For example, 
they may not be conducted during rush hours) 

6. What safety training will be required in advance of conducting the test? Contractor 
personnel may not be familiar with the critical safety issues surrounding working on an 
active railroad.  

7. What training, if any, is required to operate the new equipment? This is especially true 
for new locomotives and cab cars. 

8. What impact, if any, does weather have on conducting the tests?  
9. Who is in charge when the test is underway, that is, who is the test director?  
10. Is there a master contacts list so if a problem develops the person to contact is identified? 
11. Who from the Contractor conducts the test (e.g. test department, field service)? 
12. Who from the Customer witnesses the test?  
13. If adjustments are required during the test, where will they be made and by whom? This 

may need an agreement with the Customer’s shop personnel.  
14. What is the availability of spare parts that might be needed to support the tests? Where 

are these parts located? 
15. What documentation is required supporting the testing? 
16. If the new equipment is added to the rear of existing trains, are there train length 

restrictions which limit the maximum number of cars that can be added? 
17. What is the fee structure by the railroad to the Contractor for operating the tests, shop 

support (if necessary)? 

 Helpful Information/Tips/Examples 

Commissioning testing depends on the cooperation of many individuals from different 
departments. Thorough planning is essential if the test is to run smoothly. Especially for cars, it 
may be feasible to test them by adding them to existing trains. These tests can require 
considerable manpower, especially if a special train is required. Likewise, running a special train 
on a busy railroad has significant operational impact due to track availability.  

In one passenger car order, commissioning testing was conducted concurrently with the shipping 
process from the Contractor in New York State to Florida. Since the Contractor is located on a 
freight-only route, part of the test was a special move, consisting only of the new equipment. 
However, most of the test was conducted with the new cars being added to the rear of existing 
trains in revenue service. This worked well, as the only extra personnel required were the 
Contractor test team and Customer witness. 

When special move trains are required, there may be issues with availability of operating crew 
as well as locomotives to pull the new cars. Likewise, there may not be track time available to 
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conduct the commissioning, such as if track maintenance is going on. The special train has a 
lower priority to the operator than providing normal revenue service, so scarce resources issues 
may occur.  

 References 

None. 

3.4.5 Final Acceptance 

 Basic Requirements 

Final acceptance is the formal final approval of the vehicle. This normally occurs once the 
Contractor has satisfied the Customer that all outstanding open items for that vehicle have been 
closed. Generally, this includes correcting any deficiencies as identified on the pre-shipping 
inspection “punch list” which lists any manufacturing/adjustment defects found on that vehicle, 
any shipping damage, or any problems identified during commissioning. It may also include 
completion of any field modifications which are due before the rolling stock can enter revenue 
service. Final acceptance acknowledges the Contractor has delivered the vehicle, fully tested and 
free of known defects to the Customer. It also initiates the warranty period. A progress payment 
is usually due to the Contractor upon final acceptance. At final acceptance, the new rolling stock 
is available for revenue service.  

 Areas of Interest 

The exact step-by-step process for determining final acceptance should be established between 
Contractor and Customer. This should identify the various functional responsibilities, who 
actually does each of them, and deliverables.  The process should also establish the method by 
which the issues identified in the pre-shipping inspection punch list have been corrected, as well 
as any additional items resulting from the Commissioning and shipping damage. Also, there may 
need to be field modifications executed. The Customer will need to verify that all issues have 
been closed to his satisfaction before final acceptance.  

Generally, the Contractor has a staffed field office at the receiving location. This staff is 
responsible for correcting any punch list items, conducting field modifications and providing 
warranty services (see below). Face-to-face meeting(s) should occur to establish how the 
Contractor staff will work with the Customer site personnel to coordinate how to make the new 
equipment available to the Contractor to conduct this work. In addition, it needs to establish a 
process by which the Customer communicates with the Contractor and vice versa when the work 
is scheduled, where it must take place (for example, a pit may be required), and reporting back 
when the work is complete, and the new vehicle is again available.  

 Questions 

1. Where will final acceptance take place? This is normally specified in the Contract.  
2. Is there a hand-off between different Contractor departments, for example, its testing and 

its field service personnel which occurs at final acceptance, or when the new equipment 
arrives at the receiving site?  

3. What is the commercial impact of receiving final acceptance? Is there a progress payment, 
and if so, how much? 

4. What documentation is required? Minimum includes pre-shipment inspection punch list 
item closeout, commissioning test report (with any follow up addressed), receiving 
inspection report, identification of any field modifications required and their closeout.  
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5. Who is involved in the approval chain for the Contractor? If a particular individual is 
unavailable, who, if anyone, can sign in their absence? This should be a person from the 
project team.  

6. Who is involved in the approval chain for the Customer?  If a particular individual is 
unavailable, who, if anyone, can sign in their absence? 

7. What is the process for the pre-inspection report (punch list) and other items requiring 
Contractor action to be inspected by the Customer for verification?  

 Helpful Information/Tips/Examples 

When the Contract is being developed, the location of the receiving site should be considered and 
identified. Each Customer has its own needs; however, it is desirable that the site have the 
following characteristics: 

• New equipment can be delivered there with minimal switching required. 
• Adequate space to store the new equipment, not only once it arrives, but once it is in 

service.  
• Location where incoming inspection can be easily conducted.  
• Location where cars/locomotives can be placed for Contractor warranty and/or field 

modifications to take place. 
• Location where periodic maintenance for the new equipment occurs; this allows a new 

car to undergo the normal PM work, and if necessary, to be easily accessed by the 
Contractor field support group to conduct warranty work as well as any field 
modifications.  

• Location where there is sufficient space for the Contractor field office and attendant spare 
parts to be stored. 

 References 

None.  

3.5 Deployment 

3.5.1 Basic Requirements 

Deployment is the placing of the new equipment into revenue service. Once the new equipment 
has undergone Final Acceptance, it is ready to use. Entry into service requires considerable 
planning so that not only is the new equipment itself available, but all the infrastructure, physical 
as well as manpower, is also in place. Training of operating crews and maintenance staff must 
have taken place, and appropriate training and maintenance reference materials need to be on 
site. Storage of new as well as any displaced equipment will need to be identified.  

Once new equipment arrives, it typically must undergo various activities before it really goes into 
revenue service. There is often qualification testing, training for: operating crews, on-board 
crews, shop personnel for both service and inspection as well as running repair. All these 
activities can consume considerable calendar time, even when well planned. This needs to be 
taken into account when planning the deployment into revenue service.  Also, manufacturing 
and/or design defects often do not become known until the equipment enters service. Corrective 
action then often removes the new equipment from revenue service until any modifications occur. 
This learning curve can be kept to a minimum if effective planning is in place but must be 
recognized as a real risk for deployment.  
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3.5.2 Areas of Interest 

Well before deployment is to take place, the Customer needs to create and execute a deployment 
plan to address all these issues: 

 Training 

Many types of training for many areas of the operation need to be in place before service begins, 
including but not limited to operating crew, station staff, service and inspection, maintenance 
and marketing. Depending on the complexity of the route structure on which the new equipment 
is to operate, it may be appropriate for the training to be phased in, such as taking care of route 
#1 first, followed by route #2.  

 Public Relations 

Putting new equipment into service is an excellent public relations opportunity. It can take many 
forms, from television, newspapers, press releases, ceremonies with local officials and posters in 
stations. Since new rolling stock is often the result of public funding, this is an opportunity to 
let the citizens know their money has been well spent. 

 Consist Makeup 

New equipment can be placed into service in a variety of ways. For cars, new and existing 
equipment can be intermingled, or can be kept in pure consists. This needs to take into account 
whether the new is directly interoperable with the existing, including not only electrically, 
mechanically, seating capacity, trainline door operation and amenities (if applicable). Generally, 
new locomotives are simply substituted for the existing fleet, with minimal impact. In any case, 
interface items, such as jumper cables (car-to-car and loco-to-car) need to be available to support 
the new equipment; the new equipment, especially locomotives, may require different 
components than are currently in use. 

 Calendar/ Schedule 

A master calendar, identifying all aspects of the deployment, is essential to efficiently placing 
new equipment in service. This needs buy-in of many departments so there are no last minute 
surprises. Since there are many events than need to happen serially, it is best to establish the 
calendar well in advance of the expected commencement of service.  

 Rate of Delivery 

Rate of delivery of the new equipment affects how it will be incorporated into the operation. Since 
rate of delivery and dates can fluctuate from the schedule, deployment plans should allow for 
this. 

 Storage 

Typically, when new equipment arrives, it does not go into service immediately, and accordingly 
requires storage space. Depending on various factors, such as: 

• How the new equipment will be integrated with current fleet (co-mingled or as pure 
consists) 

• Sequence of delivery of equipment (This could be all coaches, then cab cars, then food 
service. However, for the new service, perhaps all new car types are required for the train 
makeup) 

• Training and other perquisites in place to allow new equipment to operate 
• What happens to the existing fleet: is it retired, moved into service somewhere else, or 

does the new equipment simply increase the total fleet size? 
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Usually, the new equipment is segregated from the current operational fleet, at least initially, 
until it is operating satisfactorily in revenue service. The Customer needs to plan how all these 
factors will be addressed. Should some problem develop preventing the new equipment from 
operating, storage of a growing fleet at the Customer’s site could become difficult. Storing new 
equipment at the Contractor’s plant may be appropriate, though this might create problems with 
milestone payments.  

 Impact on Fare and Reservation System  

Introduction of new equipment may have an impact on both fare, reservations and schedule. For 
example, introducing business class where there was none before would result in a new fare 
category. Alteration of all these requires updating various back office and public information 
sites, which must occur well in advance of the change.  

 Sites of Maintenance 

Planning needs to be in place to identify where each type of servicing, maintenance and overhaul 
will occur, with a general idea of scope of work for each activity. Once the equipment is actually 
in service, this will likely need to be refined. 

 Physical Infrastructure 

Well before new equipment is deployed, the physical infrastructure should be reviewed to ensure 
any new equipment or adjustments are in place in a timely way. This may affect stations (eg: 
ADA issues) as well as end-point locations and shops. Items to review are all those which contact 
the new equipment, such as compatibility of water and waste hoses and fittings (and their 
location), fuel and urea fittings. For shops, issues such as requirements for pits, compatibility of 
wheel true machines, wheel profile and jacking sites need to be reviewed.  The Contractor should 
work closely with the Customer to identify any special tools and test equipment (with cables) and 
maintenance software which may be required, and ensure they are in place in a timely way. For 
shop-based Bench Test Equipment (BTE), all functions of this test equipment should be 
demonstrated on the new rolling stock and/or components to verify they interact as intended as 
well as that the BTE fulfills the specifications and expectations of the Customer. 

 Bench Test Equipment 

Bench Test Equipment (BTE) should be specified in the procurement documents. BTE allows the 
maintainer to troubleshoot, repair and test the lowest level replaceable units in the shop 
environment, or possibly on the vehicle, to identify failed equipment as well as to ensure repaired 
or refurbished equipment is performing to specification prior to re-installation into the vehicle.  

It is important for the BTE designer/provider to understand how the test equipment will be used 
by the Operator, including:  

• Big picture of process(es) in which BTE will be used 
• Exactly what it is expected to do and what it does not do 
• Where it will be used (on board vehicle, in back shop, in running repair shop, etc.) 
• What utilities are needed to make it function (compressed air, 120VAC power, 480VAC, 

3-phase power, etc.  
• Who will use it, including the technical abilities of users (there may be password-

protected levels of access, such as for mechanics and another level for engineers)?  
• How it will be maintained (such as software updates, etc.) over the expected life of the 

equipment on which it will be used  
• Any security issues with the software 
• Training and manuals 
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 Warranty Support 

Deployment also requires the field support and warranty process be in place and functional. It 
is critical to have the process in place so when the Customer identifies a problem with the 
equipment, the sequence of what happens next is clearly identified: 

• How, when and by whom it gets reported to the warranty group  
• How and when the warranty group will have access to the equipment to correct the 

problem 
• What action then occurs to correct the issue (This may or may not require Customer 

approval of corrective actions) 
• What records the warranty group keeps of the repair 
• What records the Customer keeps of the repair 
• How, when and by whom the Customer is informed the defect has been corrected and the 

vehicle is ready for service again 
• Whether the Customer needs to inspect the vehicle to verify the corrective action was 

acceptable 

Timeliness is essential in this process, to avoid unnecessary down time. Often, the issue can be 
corrected the next time the vehicle is in the yard, with it still in consist, thus having no availability 
impact. This requires a serious coordination effort to work.  

 Spare Parts  

Appropriate spare parts need to be in place in advance of deployment to avoid unnecessary down 
time of the new equipment. The types of components/systems likely to fail can be identified well 
in advance of a problem and should be in stock locally. Note that this a distributed responsibility 
between Contractor and Customer.  

 Operational Impact 

• Train length versus station platforms: The new equipment could affect the train length. 
Longer trains may require longer station platforms, and different stopping points for the 
consist. Possible special loading/unloading situations might occur if the consist is longer 
than the platform, such as only boarding from the middle portion of the train. If the new 
equipment has the loading doors in a different location than the existing equipment, this 
may affect stopping sites. Training needs to address this. 

• Yard storage capacity: If the fleet grows in size as a result of the new equipment, is there 
sufficient room to store it in the yards and/or end points? If new equipment is to replace 
older, is there capacity to store both as the new is being phased in, but the older is still 
on property? 

• Schedule: New locomotives may have higher horsepower than existing units and offer 
shortened schedules. Adding cars to lengthen existing consists will make them heavier, 
which could impact schedules in a negative way. Implementing push-pull service where 
it was not previously used could allow more frequent service due to much quicker turns 
of trains at the end points.  

3.5.3 Questions 

1. When will each specific piece of new equipment be placed into service? 
2. Is the new equipment directly interchangeable with the older it is replacing? If not, what 

restrictions does this place on the deployment? For example, a new 60-seat coach would 
not be directly interchangeable with an 84-seat coach; the length of the consist might 
need to change. 
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3. Are there operational impacts of introducing the new equipment? For example, if the new 
equipment includes cab cars, which were not previously used in this service, the train 
will be handled differently at the end points.  

4. On what train will it be used? 
5. What safety training is required? 
6. Are training manuals and classes suitable for the need? 
7. What is the hand-over of the training materials to the Customer training department? 
8. Have all personnel been trained? 
9. Where will the new vehicles be stored, both before entering service and once in service? 
10. From where will the new equipment enter service? This could be multiple locations.  
11. If the new equipment replaces older equipment, what becomes of it, both short term and 

long term? 
12. Is there sufficient room to store the new and old equipment simultaneously?  
13. Will any of the old equipment be stored serviceable for a while, until there is confidence 

in the new equipment? If so, how much and where? 

3.5.4 Helpful Information/Tips/Examples 

New equipment may be quite different from existing and will therefore require more intensive 
training than new equipment very similar to existing. Training should be arranged for all 
personnel who will have contact with it, including all end point and maintenance/ servicing 
locations. This may require night time training for non-daylight employees. Training classes 
should be structured for each specific department: Mechanical, Operations, On-board Service (if 
any). Classes should be conducted in a culture consistent with the students, including use of 
appropriate railroad terminology. Likewise, training materials provided to students need to be 
appropriate. Classroom as well as hands-on classwork is appropriate. One overlooked but very 
important point is that the training should address what to do when something goes wrong on 
the road. What should the crew do to diagnose the problem and then what corrective action to 
take? How does the operator reset something? Too often, operator manuals talk about the self-
obvious and normal conditions, while ignoring the unfamiliar. Another particular challenge is 
the availability of students; it can be difficult to schedule personnel for the classes while still 
“running the railroad,” especially on a day when something has gone wrong. It is important for 
the Customer management to understand the importance of training and to ensure it takes place 
as planned, with very few no-shows. The Customer training department should participate in 
the training classes, both to address issues that might come up that the Contractor is unable to 
address (such as Customer company policy) and also to learn the equipment themselves. They 
can also address with the Contractor the adequacy of the training so adjustments can be made 
if necessary.  

When new equipment is first introduced, multiple learning curves begin. Some involve personnel, 
while some are commercial. The better the planning between groups, the more efficient the 
processes will be. Establishing communication between departments and the companies involved 
is fundamental, not only for identifying who needs to talk to whom, but also who is in authority 
to make decisions. 

3.5.5 References 

None. 
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3.6 Spare Parts 

3.6.1 Basic Requirements 

Spare parts are necessary to keep the new equipment in operation and represent a sizable cost. 
Some of these materials are purchased by the Customer as capital spares, very early in the 
program. Warranty parts are provided by the Contractor, but only during the warranty period. 
Routine spare parts, the low-level replacements, are purchased by the Customer and are required 
to support the new fleet long-term, both to cover normal wear and tear, as well as replacements 
for defects. Finally, consumable parts, also purchased by the Customer, include items such as 
brake pads, wheelsets, lubricants and filters which need replacement, either by time, or 
condition. In advance of receiving the new equipment, some of the spare parts should be on 
Customer property so there will be no delays waiting for parts once the rolling stock is on site.  

Some programs today use an alternative approach to provisions for spare parts, a TSSSA 
(Technical Support Services and Supply Agreement), in which the Contractor arranges to provide 
spare parts for the life of the vehicles. If this option is exercised, the Customer should fully 
understand what is provided and what is not, as well as the cost impacts. Of special concern is 
who will identify and supply replacement parts for components, systems, software and test 
equipment (including software) for equipment which has become obsolete. Engineering 
requirements for this can be considerable.  

3.6.2 Areas of Interest 

 Capital Spare Parts 

Capital spare parts are those purchased by the Customer as part of the Contract. Many 
components/ systems (e.g. HVAC units, trucks, doors and operators, some carbody materials) 
are designed and specifically made for a given car or locomotive order. It may be hard or even 
impossible to get these components at a future date, so they must be ordered by the Customer 
while OEM production is still underway. If available at all later, these types of parts will be very 
expensive with very poor delivery times. Accordingly, the Customer should identify capital spare 
parts required for the program and purchase them in a timely way.  When the list is compiled, 
the long-term maintenance of the vehicles should be considered so as to include “pool” stock of 
these items (such as HVAC units and trucks), to allow for quick change out to minimize vehicle 
down time. Many of the capital spare parts are purchased via the Contractor; there are normally 
deadlines in ordering these items so that the OEM can simply extend their manufacturing run 
to make a few more units, such as HVAC units. If these dates are not met, the OEM has startup 
costs which can add considerably to the price, and possibly the quality.  

 Warranty Spare Parts 

Warranty spare parts are those which the Contractor must supply to provide warranty support 
to the program. The Contractor desires to keep minimal material on hand to reduce costs, 
however, the Customer does not want to suffer vehicles out of service waiting on parts. The 
Customer and Contractor should negotiate this at the beginning of the program; the Contract 
should address in detail the parts of this inventory, delivery time and include serious penalties 
for failure to meet the requirement.  

 Routine Spare Parts 

Routine spare parts are those needed to maintain the vehicle long-term, to replace items that 
typically wear, require overhaul, or fail. These parts can often be purchased by the Customer 
directly from the component OEM rather than through the Contractor. The Contractor should 
provide a complete recommended list of these items as well as suggested inventory quantities as 
part of the part manual. There is potential overlap between this part list and that of warranty 
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spare parts, however, the routine part list is far larger. For example, the warranty part would be 
a complete door operator, whereas routine spare parts would include components at a much 
lower level of subassembly, such as door limit switches and relays. During the warranty period, 
the Contractor is responsible for many of these parts, however, when the warranty term expires, 
the burden falls to the Customer.  

 Consumable Parts 

Consumable spare parts include items such as light bulbs, brake shoes/ pads, wheelsets, 
refrigerant, lubricants and filters. A list of these parts should be developed well before delivery of 
the first vehicle. An agreement of who will supply these parts must be developed. 

For rapid accessibility, storage for these different types of spare parts needs to be established 
where they are most likely to be used. Since there are different owners of the materials, they will 
most likely be stored separately. Considerable money can be tied up in spare parts, so a 
thoughtful balance should be reached between having spare parts for everything and storing 
only parts likely to be used. The cost of having equipment out of service waiting for parts can 
become very expensive quickly when compared to the cost of having parts in stock. Parts 
expected to be used often should be locally available, while those infrequently used can be stored 
semi-remotely, say in another part of town. An additional factor to consider is the availability of 
parts from the OEM; some items may be off-the-shelf from OEM, but others could have very long 
lead times. Some may not realistically be available ever again after the original manufacturing 
run is complete, such as some of the special alloy steels used in the carbody, which have very 
large lot sizes. Since passenger equipment has a very long life, the company which made the unit 
may not even be still in business, such as those for trucks, HVAC units or door operators. 

3.6.3 Questions 

1. Is the specification clear regarding the Contractor’s responsibility for spare parts? 
2. Does the Customer understand the ramifications of the agreement? 
3. Does the parts manual identify the actual OEM for each item, as well as OEM part 

number? 
4. Has the Contractor provided a list of suggested spare parts, as well as recommended 

quantities? (This may be difficult to do, since the Contractor may not have much 
precedent for supporting the new equipment if it has not built something similar before.) 

5. Does the parts manual identify the lowest level of repairable parts, or does it only show 
high-level assemblies? For example, for a piece of electronic equipment, does the manual 
only show the complete unit, or does it identify each circuit board?  

6. Are the expectations for the Contractor and Customer aligned for each of the types of 
spare parts? 

7. Has the Customer set aside funds to pay for the capital spare parts? It can amount to a 
considerable sum.  

8. Has the Customer ordered capital spare parts in time to meet the Contractor’s deadlines?  
9. For each maintenance site, is the spare part inventory of each type appropriate for the 

expected needs?  
10. When ordering spare parts, has the planning taken into account part usage during 

overhauls, which will be quite different from day-to-day rates? Is there pool stock for 
appropriate components? 
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11. Can the Customer’s material control system accommodate day-to-day inventories, as well 
as those needed for overhauls, since the turnover of inventory is very different? (For 
example, in day-to-day support, parts are required occasionally over a long time period, 
whereas during an overhaul, there is often a complete change out of some components 
over a short time frame. A case for this is window glazing: only a few are used over a year, 
but in overhaul, all glazing is typically replaced.)  

12. Does the Contractor’s warranty part inventory match the agreed upon quantities? 
13. Is there a functioning, reliable system in place to track the time between when the need 

for a part is identified and when it is actually available?  
14. Are there penalties for late delivery of parts from the Contractor? 
15. After the Contractor warranty period expires, the responsibility for providing spare parts 

is transferred to the Customer. Has the Customer planned for this handoff, and made 
arrangements to buy the necessary inventory? 

16. Is there a system in place to track quantities of parts used, so trends can be identified to 
determine appropriate levels of inventory to support the fleet long term? This is especially 
important leading up to the transition from Contractor warranty to Customer 
responsibility.  

17. Is the manning of the spare part inventory available when the parts are needed? For 
example, if most running maintenance is done during nighttime shifts, they will be unable 
to do their work if the replacement parts are only available during day shifts.  

18. Are the spare parts located appropriately for where they will be used?  

3.6.4 Helpful Information/Tips/Examples 

The Customer and Contractor need a clear understanding of exactly who is responsible for what 
parts. For example, wheel wear is normal, and not a warranty item unless car brake systems are 
the cause of abnormal wear such as flats.  

3.6.5 References 

None.  

3.7 Contractor Field Support Office, FMI and Warranty Support 

3.7.1 Contractor Field Support Office 

 Basic Requirements 

The Contractor will need to establish one or more field sites, as defined in the Contract, on the 
Customer’s property to support the new equipment during final acceptance, implement any 
FMIs, and support warranty. This site(s) needs to be established and staffed well in advance of 
the new equipment arriving. The field site typically includes an office, often a trailer, and spare 
part inventory, often in shipping containers. 

 Areas of Interest 

3.7.1.2.1 Contract 

The Contract identifies the location(s) of the field office(s) as well as the hours during which it is 
staffed. It is the Contractor’s responsibility to provide and staff the office as well as spare part 
storage, while the Customer generally provides space on its property. The Contractor is 
responsible for providing utilities to its office, including power, heat and sanitation, as well as 
security.  
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3.7.1.2.2 Siting 

Since the field office(s) will be supporting the entire fleet of new rolling stock for multiple years, 
the site should be thoughtfully selected. High availability of equipment is achieved only when the 
field office has good access to the equipment to do its work, but this is carefully coordinated with 
the Mechanical Department to make the vehicles available as well as returning them to service 
as soon as this is completed. Track space may be semi-permanently assigned to the Contractor 
for field service.  

Effective communication between the Customer and field office is fundamental: 

• Establish a clear reporting structure so communication is consistent, and participants 
held accountable 

• Alert the field staff of defects on incoming equipment so parts, tools and appropriate 
manpower can be in place 

• Determine where the defect will be repaired: in-line, or shopped 
• Determine the time when the vehicle will be available  
• Report in a timely way that repairs are complete, and the vehicle is again ready for service 
• Accurately track all defects and corrective actions so trends can be identified, such as 

design defects. Share this information with the Customer. 
• Accurately track time of events to verify compliance with contractual requirements  

 Questions 

1. Where will the field service building be located? There may be more than one location.  
2. Who provides the space and building?  
3. Where will the warranty spare parts be located?  
4. What are the hours of staffing by field service? They should be consistent with the 

Customer needs, rather than just what is convenient to the Contractor. They should also 
be flexible, so that if there is a critical need, field service will be available. 

5. What safety training will the field service personnel require? Who will provide it? (This is 
especially important if those personnel are from offshore, as those safety practices may 
be quite different.) 

6. What are the qualifications of the field service personnel? They should be technically 
proficient on railroad equipment.  

7. What training have the field service personnel had to acquaint them with the new 
equipment and also how it will be used once in service? 

8. What will be the communication structure between field service and the Customer 
(operator)? This includes daily operations as well as status tracking, at a minimum.  

9. If field service/warranty work is done in a designated area, how difficult is it to get the 
rolling stock there in a timely manner? What are the arrangements for actually moving 
the equipment, and at what time(s) of day will it occur?  

10. When new vehicles are undergoing warranty repairs, FMIs or other work, where will this 
occur? 

11. What are the agreements between field service and Customer (operator) labor personnel 
for actually doing work on rolling stock? What rate will be billed? This may include details 
of labor agreements with unions.  
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 Helpful Information/Tips/Examples 

It is often desirable to site the field office where the Customer does the PM for the new equipment, 
usually a running maintenance facility. It is particularly helpful if this is also the receiving 
location for accepting the new equipment. Selecting the PM location offers the advantage of 
convenience:  

• Central site for acceptance, FMIs and warranty 
• It allows FMIs to be done in conjunction with the scheduled PM program, which 

minimizes vehicle out-of-service time 
• Parts are readily available 
• Equipment is accessible for warranty work 
• Shop is available to support field office for conducting heavier activities  

Hours when the site must be staffed must be established. To keep vehicle downtime to the 
minimum, this needs to be coordinated with railroad operations so that the field service staff is 
available when the vehicles come into the shop. For example, if the inbound equipment arrives 
in the shop at 8:00 pm and leaves the next day at 8:00 am, an entire day is lost if the field service 
staff is available only during daylight hours. 

Obtaining accurate reporting of defects is a challenge, since those reporting a problem may not 
be technically inclined, nor may not take the time to clearly state the problem. Incomplete and/or 
poorly explained problems can result in “NDF” (no defect found) and wastes a lot of time. Crews 
should be encouraged to take the time to carefully report problems. It is helpful for field service 
staff to occasionally ride the equipment to experience how it is used in “the real world”. Some 
“defects” are really operator errors, resulting from the user not understanding exactly how to use 
the equipment properly.  

It is essential to have a good working relationship between the Contractor field service team and 
the Customer Mechanical Department. Mutual trust is a must. Frequent communication 
between these parties helps to create a good working situation in which it is a team effort, rather 
than “us versus them.” Everyone must do their best to keep promises. Logistics play a big role 
in field service, since the team needs the skill, instructions, materials, manpower, tools and 
vehicle all to be available at the correct time.  

 References 

None. 

3.7.2 FMI (Field Modification Instruction) Support 

 Basic Requirements 

Field modifications are those changes made to the new equipment after it has been shipped from 
the Contractor. They may be required due to the following: 

1. Contractor design/manufacturing defects  
2. Subcontractor design/manufacturing defects 
3. To correct problems for things overlooked in the design, which are identified once the 

vehicles are actually put into service 
4. Customer desire to modify the vehicle, say to add an amenity, or improve signage  

It may be appropriate to execute Field Modification Instructions (FMIs) at the field location as 
well as at the Contractor’s plant, depending on how many vehicles are yet to be delivered, as well 
as logistics.  
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The need to conduct a field modification may be identified by the Customer, the Contractor (or 
subcontractor), or occasionally, a regulatory agency. Often, they are discovered by the 
Mechanical Department conducting daily inspection of the equipment. A process should be in 
place by which this communication can occur. The impact of a defect can range from minor 
inconvenience (e.g. screw coming loose on a door hinge) to critical (e.g. crack in truck frame), 
which might require removing the affected vehicles from service immediately.  

FMI’s are the instructions followed to make the required changes to the rolling stock. Normally, 
it is the responsibility of the Contractor’s field service team (and possibly the subcontractor) to 
execute the work as well as track the progress. The work must be coordinated with the Customer 
to have the vehicles available for the work to be done. Depending upon the tasks involved, 
support from the Customer shop personnel and/or equipment may be required, for example, to 
jack a car off the truck. Logistical issues may come up, as the Customer wants to use the new 
equipment, whereas the field service staff wants it available so they can do their work.  

 Areas of Interest 

3.7.2.2.1 Design/Manufacturing Defects 

When Contractor design or manufacturing defects are identified, as well as those of its 
subcontractors, it is the Contractor’s responsibility to create an FMI to correct the problem.  The 
procedure identifies the problem, population affected, the cause and detailed corrective action. 
The proposed FMI should be subject to Customer review and approval. Likewise, the Contractor 
and Customer must coordinate how and when the corrective action will occur, such as can the 
correction occur during vehicle layover, or must it be shopped? Who will execute the necessary 
work? Materials must be provided; training of the individuals conducting the action may be 
required. The severity of the defect, especially with regard to safety, dictates urgency of repair. 
In extreme cases, vehicles with the defect may have to be removed from service until the fix takes 
place. The specification generally defines failure rates of items which, when exceeded, require 
the Contractor to do a redesign and FMI. This is complicated in that some items are critical, and 
no failures are acceptable, while most systems can allow for occasional failures. Other items have 
large populations (such as light fixtures and seats) which call for different allowable failure rates.  

In cases where something was overlooked in the design, there may need to be negotiation to 
determine who is responsible for the modification required. This could be Contractor, Customer 
or a combination. 

Sometimes, the cause of the problem is obvious, as is the corrective action. However, this is not 
always the case. There may be times when the exact cause is unknown, or perhaps suitable 
corrective action is not clear. It may be necessary to study the problem before any modifications 
are executed. It may be necessary to try a prototype modification, run the modified vehicle(s) for 
an appropriate period to verify the problem has been corrected before committing to modifying 
the entire fleet.  

3.7.2.2.2 FMI Content 

FMIs should have a standard format identifying at a minimum:  

• FMI number 
• Descriptive name of the problem 
• Date issued 
• Who identified the problem? 
• Urgency of issue: critical, urgent, next maintenance cycle 
• Which vehicles affected 
• How to identify if defect is present 
• Detailed, step-by-step corrective action 
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• Materials required; who will provide 
• Labor required; who will provide 
• Test procedure required after fix (if applicable) 
• Sign off of Contractor field service 
• Sign off of Customer  

In addition to the procedural document, the FMI should include tracking of each individual 
vehicle which includes: 

• FMI number 
• Vehicle number on which it was executed 
• Date corrective action executed  
• Test checklist and findings (if applicable) 
• Sign off of Contractor field service 
• Sign off of Customer (to verify work done to Customer’s satisfaction) 

3.7.2.2.3 Tracking FMIs Spreadsheet 

The Contractor should maintain an FMI tracking spreadsheet showing all fleet FMIs, status of 
each vehicle affected and dates.  The Contractor should provide updates at prescribed intervals 
to Customer. The Customer should keep a shadow record to compare with the Contractors. 

3.7.2.2.4 Record Keeping 

The Contractor should maintain complete records of all FMIs including the tracking spreadsheet 
as well as copies of all the FMI procedures. In cases where tests are required as part of the FMI, 
test results should also be included. These are important records and the owner should maintain 
them for the life of the car. When warranty expires, these documents should be turned over to 
the Customer.  

 Questions 

1. Is there communication structure in place to identify the need for FMIs? 
2. Is there structure in place to conduct thorough but timely review of draft FMIs? 
3. Is there organizational structure in place at Contractor and Customer to address the 

need, develop the FMI, execute the modification and track the entire process?  
4. Has the Contractor developed a generic FMI form, approved by the Customer?  
5. Has regular communication been established between field service and Mechanical 

Department at that location so that when an FMI has been developed that it can be 
executed smoothly? 

6. Is there a system in place for field service and Customer to accurately track the status of 
each FMI, including which equipment has been modified, and which is still due for the 
work?  

 Helpful Information/Tips/Examples 

1. Example # 1 
A problem occurred in which a sizable piece of roof-mounted shroud came off a new car 
at track speed. This was discovered when the train came in for daily inspection. The entire 
fleet was removed from service. It was determined that the equipment could run safely 
with the offending shroud removed. A short-term modification was done to do this, and 
the equipment returned to service within a few days. A study was conducted to determine 
why the panel was coming off, and how to reinforce the mounting to correct the issue. A 
companion modification was then done to re-install the modified shrouds.  
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2. Example # 2 
A new car fleet experienced problem with the support structure of the diaphragm buffer 
in that the nuts supporting it were working loose, and even coming off. This was serious 
but did not require immediately removing the equipment from service.  The initial 
corrective action was only successful in delaying the failure of the support, not preventing 
it. The diaphragm OEM rode a train incorporating two new cars, monitoring and even 
video recording how the diaphragm performed while in actual operation on the railroad. 
The OEM then reviewed the original design and determined the support structure should 
be changed. A prototype new design diaphragm was built, and cycle tested on a machine 
designed to replicate car-to-car motion. When this proved successful, the necessary new 
parts were manufactured and delivered to the cars’ preventive maintenance shop. The 
new cars were shopped a few at a time and given over to the Contractor field service team. 
The diaphragm OEM sent a team there to remove the diaphragms, conduct the 
modification and reinstall them onto the cars. The cars were then released for service.  

 References 

None. 

3.7.3 Warranty Support  

 Basic Requirements 

Warranty and the need for field modifications are related, though not the same. Warranty action 
is required for two reasons: 

1. Replacement of an item which fails randomly before the warranty period is expired. 
2. Design or recurring manufacturing defect causing a failure which results in the need for 

an FMI. This may affect the entire population of that item, or only a portion of it.  

Warranty is the requirement for the Contractor to replace components, at no cost to the 
Customer, which fail within a prescribed period of time after the new rolling stock receives final 
acceptance. Warranty repairs are customarily conducted by the Contractor field service team. As 
appropriate, the Contractor may call upon the actual component OEM to support the process. 
Depending on the type of failure, the corrective action may take place on the vehicle, or have the 
defective equipment removed and repaired elsewhere.  

 Areas of Interest 

Normally, the Contract and/or specification defines the requirements for the Contractor warranty 
of the new rolling stock. Warranty definition typically includes: 

1. Identify exactly what is subject to warranty. This generally includes:  
• “Universal” warranty over the entire vehicle, say for 4 years  
• Longer term warranty for trucks, say 10 years 
• Longer term warranty for carbody, say 20 years 

2. Identify the technical and managerial requirements of the warranty employees (the team 
must be qualified to correct problems in a timely way as well as keep good records). 

3. Identify how much time the rolling stock can be out of service before the repair is 
completed. This needs to take into account that most failures are such that either a part 
is in stock at the warranty location or is available within 24 hours. However, it is 
expensive to maintain an overly large population of spare parts everywhere, so there are 
some items which can allow for a longer downtime. There is a balance between the cost 
of maintaining inventory, versus cost of having equipment out of service waiting for parts.  
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4. Identify penalties for the Contractor for failure to meet warranty repair requirements. If 
this is done as a credit against parts, keep in mind the Contractor typically has a large 
cost markup on spare parts. 

5. Identify requirements for tracking warranty and sharing this information with the 
Customer 

6. Handoff of documentation and any spare parts when the warranty expires (The Contract 
should specify whether the parts are simply handed over, sold, or another arrangement 
will take place.) 

 Questions 

1. When does the Contractor’s handoff occur between acceptance of the new equipment and 
start of warranty? Different departments within the Contractor organization may be 
responsible and it is important that everyone understands just when this occurs. 

2. On what date did the warranty commence on each vehicle? Accurate records of this are 
essential. 

 Helpful Information/ Tips/ Examples 

In effect, warranty is an insurance policy taken out by the Customer: you pay for having the 
Contractor provide this service. It is cost effective only if the Customer:  

1. Keeps accurate records of failures: vehicle number, date/time of failure, accurate 
definition of item that failed 

2. Reports defects to Contractor warranty group in timely way 
3. Tracks Contractor warranty corrective action, including timeliness of part availability and 

repair 
4. Mechanical Department makes vehicle available for Contractor warranty group to 

conduct work 
5. Accurate database maintained including date of failure, what failed, why it failed, what 

was done to correct it, time defect reported to warranty, and time vehicle repaired. It must 
also identify trends and recurrent failures. 

6. Periodic meeting (such as monthly) held between Customer and Contractor warranty 
team to track success/failure of warranty activities and goals 

Since the warranty period is normally only for a few years for most vehicle systems, the Customer 
must have in place plans for how to support the rolling stock after the warranty period expires. 
Planning for maintaining a spare part inventory after the warranty expires is essential. Likewise, 
those who will be taking over the work will need to understand how to do it. All too often, the 
Contractor warranty period expires and their warranty team leaves, with the Customer totally 
unprepared to take over the work and ill-prepared to maintain part inventory.  

 References 

None. 
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3.8 Miscellaneous, such as UMLER and Road Numbers 

3.8.1 Basic Requirements 

3.8.2 UMLER RFID Tags 

The Universal Machine Language Equipment Register (UMLER) information is part of the AAR 
database and identifies car number, owner, as well as some of the vehicle properties: car type, 
weight and length. Before the new car can be moved in railroad interchange (such as in shipping 
from Contractor), this number must be provided to the AAR. Cars and locomotives are equipped 
with two UMLER RFID (Radio Frequency Identification) tags, one per side diagonally, 
programmed to contain this information. As part of the final test procedure before shipping, the 
Contractor should test that both tags on each vehicle read correctly and that all the numbers on 
the vehicle are the same and match the tag. Incorrect reading tags can interrupt shipment of 
rolling stock route.  This can be done either by the owner, or Amtrak. (Note: AAR has strict rules 
for access to this data base, to ensure that it is not corrupted.)  

3.8.3 Road Numbers 

The assignment of car/locomotive road numbers should be described in the vehicle specification. 
While these numbers can be applied to the carbody anywhere in the manufacturing process, it 
is recommended that they be applied very early, such as when the underframe is completed. 
Likewise, the vehicle serial number should be stamped into the underframe at an agreed-upon 
location where it will survive the life of the vehicle. Early assignment of the road number is 
helpful to the Customer in tracking progress through manufacturing. The number stays with the 
vehicle for its life and if ever changed, causes massive confusion, because it appears in so many 
places in records.  

3.8.4 Areas of Interest 

The assignment of the new vehicle number blocks should take into account not only Customer’s 
existing road numbers, but also those of Amtrak so there is no duplication. Amtrak operations 
track car/locomotive numbers systemwide and cannot easily deal with the same number on two 
different cars/locos. When these numbers are selected, the number blocks should be chosen so 
if additional cars are planned, they can easily be incorporated into the number sequence.  

3.8.5 Questions 

None. 

3.8.6 Helpful Information/Tips/Examples 

When the incorrect information is applied to rolling stock, it results in operational problems. In 
one case before tags were widely used, different car numbers were accidently applied to opposite 
sides of a baggage car. As a result, both car numbers would appear and disappear unexpectedly 
in different cities (depending on which side of the car was read). One day, by accident, someone 
noticed that the numbers did not match, and the mystery of the missing cars was solved.  In 
another case, the tags installed were preprogrammed and not tested once applied. When the 
locomotive was moving from one host railroad to another, they were stopped by the new railroad 
since they were tagged as “autocarrier flatcars.”  

3.8.7 References 

None. 
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Figure 3-1: Procedural/Documentation Requirements for Shipping 
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Figure 3-2: Equipment Requirements for Shipment 
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Figure 3-3: Vehicle Preparation for Shipping 
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4.0 Sustainability 
Chapter 4, Sustainability, discusses the tasks necessary to support a newly acquired fleet of rail 
equipment once it has been delivered and each unit is entered into service. This chapter revisits 
several documents discussed in Chapter 1, Planning, and closes the completed acquisition 
project using those documents while also reviewing important maintenance activities and other 
actions key to the remainder of the new equipment’s service life. 

4.1 Fleet Management Team 

Before entering into a rolling stock acquisition, it is vital that a team is formed that will be able 
to provide oversight of every aspect of the process.  This process is set out in the various parts 
of this section, but is essential for the sustainability of the fleet, regardless of its size and 
complexity.  The fleet management team will consist of several permanent members and others 
from time to time who will be used for their respective expertise which may not otherwise exist. 
Prior to any vehicle acquisition there must be an analysis of need which is covered in this section.  
The decision to acquire rolling stock will follow from this analysis and will determine what is 
procured and in what quantity. At the same time that equipment is procured consideration must 
be given to the ongoing operation of the vehicles and how they will be maintained.  This is vital 
as the planning, budgeting and contracting for these subsequent aspects can be lengthy and will 
all need to be in place prior to the rolling stock arriving.   

The skills for team members may vary depending on the type of rolling stock procured but will 
certainly require expertise in project management, cost benefit analysis (and life cycle cost 
analysis), contract management, technical engineering relative to fleet, railway operations, host 
railway and Amtrak knowledge and negotiation skills.  The different functions the team will need 
to perform in the initial stages are covered in the following sections in more detail.  

4.1.1 Contract Oversight 

This may be the oversight of several contracts, depending on specific circumstances.  It is 
possible that passenger cars and locomotives may be purchased from different suppliers, and 
even at different times.  In addition, there will be contracts to provide operating services, 
maintenance, and maybe food service.  Some of these contracts may be with the same provider, 
in fact that is very likely with Amtrak and major players in this arena.  It is important that the 
person/team taking the lead in this area have a knowledge of contract law, Federal Regulations, 
State Regulations and specific issues relating to the operation of rolling stock.  It is important to 
protect the interests of the purchaser that these elements are clearly understood.  With 
Contractors coming from many different cultures it is also important to be clear on the meaning 
of words and phrases as their meanings are not always universal.  If necessary, provide a glossary 
of terms that clearly sets out the meaning of potentially ambiguous words and phrases to avoid 
any conflict later in the process. 

4.1.2 Budget Management 

Train operation requires an understanding of the complexities of railway operations. This has to 
be a multi-year process that takes into account the life of the equipment, the need to budget for 
planned and unplanned maintenance, and the need to provide for overhauls, and 
refurbishments.  The purchase of rolling stock does not involve a one-time payment and as can 
be seen from the later elements in this section there is a need to understand that in some 
circumstances there will be a need to budget for spending on maintenance facilities and other 
infrastructure.  
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4.1.3 Creation of a Suite of Fleet Management Tools 

The management of a fleet is complex and requires good planning based on best practice.  From 
the outset of the Fleet Management Plan which requires the ability to analyze traffic levels in a 
variety of situations and make a decision on the size of the fleet needed immediately and for 
several years in the future, to the management of the Contract and then ongoing support will 
illustrate how important it will be to provide a sound structure.  The tools required must include 
the requirement to audit any maintenance facilities as well as capital spares held meaning that 
the skillset will vary over the lifetime of the fleet.   

The team will need to possess or bring into the team a knowledge of all of the following: 

1. PRIIA 209 and State, Amtrak Intercity Passenger Rail Committee. (SAIPRC) requirements 
2. FRA/FDA regulations (CFRs) 
3. OSHA regulations 
4. Amtrak operating practices and requirements 
5. Amtrak maintenance practices and agreements 
6. APTA/AAR standards and recommended practices 
7. Alternative practices    
8. Requirements of host railroads 
9. Knowledge of State regulations  
10. Customer needs and expectations 

Therefore, the skills that the team will need to bring to the table will have to handle these issues 
in addition to standard ones of running a fleet.  These will consist of working with Amtrak/host 
railroad to plan a timetable, work on fixing and managing fare levels, work on 
trainset/locomotive/passenger car rotation and planning for service/ inspection, defect and 
scheduled maintenance, overhauls and other out of service events.  It should also include plans 
for additions to the service at holidays, peak travel seasons or other special events.  These events 
are planned on long-term and short-term basis, which may include daily updates.  In the event 
of a failure there has to be a contingency plan in place to handle this occurrence and this should 
not be left to chance.  If the fleet is large, white boards may have to be displayed in the 
maintenance facility and be kept updated to advise everybody of changes that are needed on a 
day to day basis. It will also be important to plan in advance the location in a facility where the 
work is handled so that trains that are required out first on the following day may be readily 
accessible.  

4.2 Creation of a Fleet Management Plan   

The Fleet Management Plan (FMP) is one of a suite of plans that will include ones that look at 
transportation trends in a state and the movement and growth of populations and economic 
changes.  It may address adding to existing service, replacing equipment in-kind, addition of a 
new route, as well as planning for the existing fleet. This larger vision will generate a knowledge 
of transportation needs and derived from this will be a projection on future needs for rail services.  
This master plan of service needs will demonstrate goals and timescales to implement service. 
The plan should predict service growth needs over several future years and based on this; 
projections may be made of service levels. These service level projections may consider the 
number of passengers by year, by day and possibly by time of day.  The FMP should be developed 
in conjunction with a staffing plan, infrastructure plan, station plan and training plan.  
Consideration has also to be given to the impact on the host railway, starting from the early 
stages.  
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4.2.1 Service Development Plan 

The Service Development Plan is the first step to planning how the demand may be met over the 
coming years.  Naturally the further into the future the plan is projected the riskier it becomes. 
If it is periodically (say monthly or annually) updated early projection assumptions can be 
corrected and the plan will become more accurate.  With the long lead times to procure any rail 
rolling stock, it is very important that projections are made far enough into the future to be 
meaningful; ten, years would be a minimum but 20 or 30 more realistic.  

4.2.2 Assess Ridership Capacity and Growth 

Once these projections are known plans can be developed for the number of trains per day, the 
times of day, and the capacity of each train.  Several scenarios should be developed as small 
changes to service times can provide better rolling stock and/or crew utilization but may have a 
downside in revenue projection.  Surprisingly, it may be more cost-effective to run an extra trip, 
since it might provide better equipment and crew turns. Therefore, a sound cost benefit analysis 
should be developed.  

4.2.3 Accommodate Future Growth 

There has to be realism in the plan for the future.  Acquiring ten units now and two more in ten 
years later is not usually a sensible approach.  It is more costly, and also will mean that two 
different generations of the vehicles will be operating side by side that will likely have many 
different parts and require multiple spares to be held in stock.  In addition, Contractors are not 
particularly interested in taking small orders, especially if for equipment different from current 
production. Therefore, from a cost basis, and an operational one, the decision to buy in tranches 
is not usually wise.  It is far better to make one purchase initially that will accommodate future 
growth.  New rolling stock often undergoes teething troubles and having more spare vehicles 
initially can be helpful in maintaining the service.  

With the plan for the size of the fleet it is important to consider the site that will be needed 
depending on which maintenance option is chosen. Decisions will need to be made on the 
facilities if these need to be created (new operations), expanded or be modified to accommodate 
more modern rolling stock.  Can they be expanded within their existing footprint or will a new 
location be needed?  Maintenance facilities should be near to terminal stations to minimize dead 
head/empty (non-revenue earning mileage) running, though often the cost of land near centers 
(which can be expensive) has to be offset in the business case with the longer running (which 
can also contribute to increased crew costs and extra vehicle downtime over the life of the 
equipment).  

If the fleet changes type, say from locomotive hauled to DMU, then there will be a need to make 
significant changes to the facilities.  While examining the facilities consideration has to be given 
for the location of heavy maintenance.  Will that be done at a different location?  Will it be done 
by the OEM?   

Most maintenance and repair work may have to be performed indoors, not only because of the 
need for appropriate working conditions for employees but with sensitive electronic and electrical 
parts working outside in poor weather conditions is not effective.  The intervals between 
overhauls will usually be recommended by the OEM and these periods can be used to help assess 
the size of the facilities needed for a given fleet size.  

Within the plan, there should be a section that deals with the history of major systems, such as 
HVAC Unit Modules or Waste Management. Items such as these are often maintained on a pool 
basis and may have modifications conducted over their lives. Sometimes, trial modifications are 
done to validate desirability before the change is made fleet wide. Accordingly, system history 
“books” should be kept to track these alterations, including outright replacement of equipment 
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that has reached end-of-life. Thus, the status of all individual units is known, including which 
are due for modifications.  

Each vehicle will have its own Vehicle History Book to record what has been done, but the plan 
should augment this to show when changes (such as interior updates) are planned and when 
overhauls are due. 

4.2.4 Flexibility in Fleet Utilization 

The plan has to include the methods by which long term growth will be accommodated.  This 
will almost certainly require an increase in train capacity, a way to handle peaks and how to 
handle service pattern changes (additional trains or timetable changes) in the future.  It is 
important to take into account the extra cost involved with adding or removing vehicles when 
compared with fixed formation consists. This cost can be significant when labor and the need for 
additional locomotives is included. 

What should be included is the number of cars that are needed each day; how many operational 
spares are kept; how many vehicles are to be in planned maintenance at a time; what will be the 
attrition rate due to accidents and other mishaps; and how these will be handled..  It is vitally 
important that all these issues are thought through fully prior to the acquisition of new rolling 
stock, or incorrect decisions could be made.  A business case should be developed around the 
correct number needed. Other issues to consider include obsolescence of equipment due to 
technology evolution and changes to U.S. Environmental Protection Agency (EPA) emissions 
requirements.  Also keep in mind that generally, cars have a longer life expectancy than do 
locomotives. 

4.2.5 Create Individual Plans for Equipment Types Covering Full Life Cycle 

It is likely that several different types of rolling stock will exist alongside each other, at the very 
least, locomotives and passenger cars.  However, it is more likely (for a large fleet) that a variety 
of each will exist and so for each type, individual fleet management plans should be created 
covering their whole expected life.  In a Master Fleet Plan these should be examined side by side 
and future decisions should not be made without reference to these plans.  It could be that the 
cost effectiveness of extending the life of one vehicle fleet may then coincide with the expected 
useful life of another and make a single new purchase of that equipment type much more cost 
effective.  Running one type of equipment manufactured at the same time is usually more 
efficient, especially from a maintenance perspective. It also has the strong advantage that all 
vehicles are fully interoperable, which may not be the case when vehicles of different vintages 
could be run together. This is more an issue with cars than locomotives.  

4.2.6 Budget Projections 

It is very important that at the same time as projections and plans are made for future fleets, 
together with associated infrastructure and facilities, that budgetary provision is made.  The 
further out this provision is made the more subjective it will be; however, this does not mean 
that it is not useful to do.  With State legislators, most will appreciate knowing the projections 
for fleet requirements for the next 20 years.  With realistic planning of all the elements that go 
into the plan (fleet size expansions - maintenance – overhauls – repairs – staffing levels – spares 
– fleet replacement) a very high-level budget will demonstrate the level of funding needed to 
maintain and grow service levels.  

4.2.7 Evaluation of the Purchase/Lease Options 

While the most common practice may be to purchase rolling stock, this is not the only way to 
proceed and at the outset it is worth considering that lease or lease to purchase may be options 
that should be evaluated.  While it is possible to consider leasing the rolling stock after purchase, 
this is usually not as cost effective as having first entered into this arrangement.  The advantage 
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of leasing is usually the spreading of the capital cost over a longer period, which may be the 
whole expected life of the vehicles.  The total cost is likely to be more, and it is unlikely that early 
extraction from the lease would be possible without a penalty. The lease agreement will also 
contain stipulations on the condition and maintenance of the equipment, which will likely require 
that at the end of the lease, vehicles have to be up to date with all their maintenance and fit for 
future use for a certain number of years.  This aspect could be costly if the vehicles need an 
overhaul just prior to the time that they come off lease.  If they were owned, a choice may be 
made to retire them early to avoid the overhaul cost, but with a lease, the terms may prevent 
that. 

4.2.8 Evaluations of Different Maintenance Options (Traditional/TSSSA/TSA) 

There are a number of different ways that rolling stock may be maintained and the traditional 
way is no longer used in many parts of the world, so the alternatives should be considered.  It is 
important that these alternatives are considered prior to any agreement to purchase because 
this could impact the terms of the Contract(s).  

The traditional method of maintaining vehicles is having a separate agreement with the 
maintainer (usually Amtrak) who will use the maintenance manuals provided by the Original 
Equipment Manufacturer (OEM) coupled with any Federal regulations and Amtrak practices. 
This will place a number of responsibilities on the owner and the maintainer.  It will mean that 
when the original order is placed for the rolling stock that a decision will have to be made about 
buying capital spares (so called because they are bought from capital funds at the outset).   The 
reason to buy capital spares is to be able to maintain the fleet in future years when parts may 
no longer be manufactured.  These items can range from relatively small parts to very large 
components, such as traction motors, AC units, and trucks (bogies).  Budget has to be made 
available for the purchase of these items at the outset and in addition provision has to be made 
to store the items and audit them on a regular basis to ensure they are still available if needed.  
With the traditional method of maintenance either the maintainer or the owner will be required 
to ensure that all parts are ordered and available when needed for maintenance. The owner will 
also be responsible for managing obsolescence which can be a major issue as fleets age.  Often, 
the biggest and hardest change to handle is software updates. This includes not only train-level 
software, but also issues like having laptops which run operating systems compatible with the 
equipment with which it interfaces for maintenance, such as wheel slide control units.  

When traditional maintenance is used (and with the other types of maintenance) there are two 
different strategies that may be employed.  The more usual is time/mileage-based maintenance, 
as the title says, on a prescribed distance travelled or time in service/or time elapsed.  These 
may be set down by the OEM, be incorporated into Amtrak procedures or have to conform to the 
Code of Federal Regulations (CFRs). An alternative methodology may be agreed with the FRA and 
the maintainer which is “condition-based maintenance” (CBM). This relies less on the actual time 
passed or the mileage accumulated and can lead to longer times between maintenance windows 
as experience is gained related to component wear rates.  When a Technical Services Agreement 
(TSA) is in place the OEM will almost certainly use the CBM method as the basis for its 
maintenance intervals, providing it meets federal regulations or waivers have been granted where 
applicable.  

More equipment around the world today is purchased using a TSA or Technical Support Services 
and Supply Agreement (TSSSA).  These bring certain known costs in advance but can seem more 
expensive.  

The TSSSA is usually made with the OEM at the time of the purchase agreement, though it will 
almost always be a separate Contract (because the purchase agreement will be funded from 
capital funds and the TSSSA will be funded from operations/revenue).  As the name says the 
OEM agrees to provide technical support (usually 24/7) and to provide spares when required for 
some contractually agreed upon time period.  This will eliminate the need for either the owner or 
the maintainer to order parts and ensure they are in stock when needed.  However, there will be 

PRIIA 305-200/Recommended Practice Initial Release  
 

Copyright 2021 NGEC All rights reserved

126



 

Sustainability 4-6 

 

an onus on both to check that the OEM is keeping to its commitment, both in the time taken to 
provide out of course spares (which should be stated in the Contract) and the availability of 
regular spares.  The TSSSA will provide a cost of the parts and their availability for the life of the 
Contract, which could be for the life of the vehicle concerned.  This has the advantage of providing 
the owner with a precise cost of parts for the life of the vehicles.  Such contracts normally have 
an inflation index built into them.  The TSSSA will usually require the owner/maintainer to 
provide a location to store the spares which should be in or very near to the maintenance facility.  
The TSSSA requires good liaison between the maintainer and the TSSSA provider for the most 
advantage to be obtained.  The TSSSA Contract can stipulate the service levels as a commitment 
from the OEM and it may be that if this is robust enough, a Warranty of the equipment may not 
be required. 

The TSA is becoming more common in Europe and is a comprehensive purchase and 
maintenance agreement. With this type of contract, the RFP would set out the service levels that 
are required to be met and manufacturers would bid the number of their trains that would be 
needed to maintain this level of service for the specified period. This type of plan removes the 
purchaser’s need for any maintenance facilities or provision of maintenance staff, and the OEM 
will deliver the necessary number of trains each day of the Contract period and provide all 
facilities and servicing.  The Contract will have penalty clauses if the service provided by the 
OEM falls short of the contracted level.  Complete fleet management and maintenance would be 
in the hands of the OEM.  With the TSA the equipment is not usually purchased.  What is 
purchased is a Service providing “x” trains a day at the required times to deliver the required 
service levels.    

Whichever of these options is selected will determine the style of RFP and the final Contract.  It 
is important to consider these alternatives prior to any RFP. In view of the length of these types 
of agreements it is very important to ensure that future needs are identified that will cover the 
life of the agreement. It is also important to be realistic on the number of units that may become 
unavailable through accident or other mishap such as vandalism. In addition, it is also vital to 
account for the number of units that may be unavailable due to   overhaul or refurbishment.  
Failure to realistically assess this can result in acute shortages in future years. 

The OEM will issue maintenance manuals. These need careful Customer/operator, formal review 
by qualified personnel of all those affected: mechanical, operations, etc. to ensure they are 
adequate for the need and do not conflict with shop and/or railroad safety rules and operating 
practices. The RFP and Contract should stipulate how many are purchased and how and when 
they will be updated if these are hard (paper) copy, and/or when electronic updates will be issued 
if in that format. The owner and maintainer have to ensure that these are kept up to date with 
modifications and having proper document control in place is vital if the proper maintenance is 
to be performed.  There should be a formal structure by which owner/maintainer as well as OEM 
participate when changes/updates of the manual are proposed. Likewise, a similar process 
should take place when changes to the equipment itself occur (such as changing interior). The 
manuals will set out the different tasks and the expected time that each will take to perform so 
that it is possible to plan the maintenance in the window available.  Tasks will not all need to be 
performed each day but should be performed at the recommended frequency.  If OEM-
recommended maintenance is not performed during the warranty period, claims are likely to be 
rejected. If the manuals are issued electronically it is much easier to keep them up to date; this 
however requires a clear process to ensure all users have the same, current revision.  
Maintenance staff can then be issued with a tablet (iPad or similar) that will show them exactly 
how each task is to be carried out.  It will allow them to carry this with them to the work site and 
have diagrams, pictures as well as words to describe the work to be done.  This can lower training 
costs for the maintainer.  
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4.3 Budgeting for Through Life Support 

4.3.1 Creation of a Full Life Cost Model 

The cost of sustaining a fleet can significantly outweigh the initial acquisition cost.  To be able 
to support the provision of service, the creation of a full life cycle cost model is necessary, in 
order to be able to support the budgeting process and to avoid reductions in service or deferred 
maintenance activities.  The life cycle cost model must address all of the elements of planning, 
acquisition, operations, maintenance and support.  It should include line items for: 

1. Planning costs   
2. Development of requirements, specifications, business cases and acquisition documents 
3. Payment profiles for vehicle acquisition 
4. Project management costs for acquisition programs 
5. Spare parts 
6. Maintenance facility upgrades associated with acquisitions 
7. Operating budgets 
8. Maintenance activities (vehicle as well as building) 
9. Disposal of previous equipment 
10. Fleet management team 
11. Modification development and implementation 
12. Periodic overhaul of vehicles and systems 
13. Obsolescence management 
14. Document control    

4.3.2 Budget Forecast for Operating and Capital Requirements 

The life cycle cost model can then be used for the creation of budget projections for operating 
and capital budgets.  Creation of long-term budget projections should be used to support the 
legislative processes to ensure that advance notice is provided to funding partners of the expected 
costs of future service.  Avoiding last minute surprises in budget requests can be achieved 
through this process.  Contingency budgets should be included as there will be arising issues 
that were not predicted. 

4.3.3 Annual Budget Updates 

Updates to the budget should be undertaken on an annual basis.  There should be little variation 
by year if the process has been managed well, which should increase confidence of funding 
partners.  

The long-term budgeting for fleet maintenance needs address changes in fleet size and to include 
anticipated costs due to overhauls, which are substantial. Back shop overhauls are shorter-term 
large capital expenses, while progressive overhauls may even out somewhat this expense of the 
years. 
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4.3.4 Time Phasing of Key Capital Investment Requirements 

As described above in the life cycle cost model section, the time phasing of funding requirements 
needs to be addressed.  Rail equipment has a long acquisition cycle.  The acquisition process 
itself will take many years but the planning ahead of the procurement increases the lead time 
significantly.  There are also progress payments that are needed.  Therefore, the following items 
should be included in a master schedule and the budgeting for them included in the appropriate 
fiscal years. 

1. Requirements development funds 
2. Procurement process 
3. Pre-delivery payments 
4. Oversight support (consultants)  
5. Project Management costs 
6. Investment in facilities 
7. Spares 
8. Training 

4.3.5 Disposal Costs 

Disposal of existing equipment can be cost beneficial or cost negative depending on the 
contamination of the equipment.  Most modern equipment avoids the worst contaminants (such 
as asbestos), but the budgeting process should consider the condition of the equipment and 
whether it will cost to dispose of it, whether it can be sold in the secondary market or whether 
scrapping will provide revenue. 

4.3.6 Management Team 

The management of the fleet will need a fleet team.  The size of the team will depend on the size 
and variety of the fleet.  However, the team should have capacity to manage the commercial 
relationships with vendors, address acquisition needs, budget for the service and track the 
individual fleets from a technical perspective. 

4.4 Prioritization of Investment Process 

Modifications and overhauls require a consistent management over the life of the equipment.  
The modifications management group should be established within the fleet management team 
to develop, evaluate and implement modifications.  This team should develop a consistent 
approach to creating cost benefit analyses of modification programs.  This process should be 
consistent not only within a fleet type but across fleet types.   This should allow investment 
decisions to be made across types. 

A “wish list” of potential modifications should be generated ranked by the benefit that they 
provide to the service and their priority if safety/maintainability related.  Besides the obvious 
cost of the making the modification, the cost impact on spare parts (both old and new), updating 
manuals, training, etc. should be included. Likewise, a risk analysis should be included. This 
list should support the budget request process for modifications but should also allow rapid 
justification of implementation of modifications should additional budget become available. It is 
good practice to follow up with the modification to see if the anticipated benefits actually occur. 
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4.4.1 Modification Process 

The modification of rolling stock is an ongoing occurrence that can be both planned and 
unplanned.  Modes are typically: 

• Safety, such as adding markings “pinch point”, etc. 
• Regulatory mandated 
• Service enhancement (improved lighting or addition of WiFi) 
• For warranty, or to correct a recurring failure, such as defective pressure switch 
• Obsolescence 
• Interior refresh, to make the cars look almost new 

Many modifications are the result of recurring equipment failure, which usually needs to be 
addressed fairly quickly, and could, in extreme examples, take the equipment out of service 
immediately until the repair is made (such as a crack in a truck). Depending on the urgency, 
ease of execution, availability of parts, etc. the time frame of when the modification is made can 
vary considerably.  

An example of planned modification could be that brought about by changes in legislation.  If, 
for example, the CFR were updated to require crash resistance edges on passenger tables, this 
work could be planned to be performed at the next major overhaul, or that if this is a long way 
off, to do it earlier. Usually, legislation will either give grandfathered rights to existing vehicles or 
set a time limit when the work should be done.  

Unplanned modifications may come about as a result of technological advances or Customer 
needs. An example in recent years has been the growth in demand for Wi-Fi.  Not envisaged in 
rolling stock built prior to about 2007, it is now demanded by passengers and must be provided.  
It is very likely that in the 25 – 30-year life of passenger cars that similar features will come along 
that have to be treated in an identical way.   

4.4.2 Development 

Once the need or requirement for the modification is known it is important to produce a sound 
development plan to cover when and how the work will be carried out.  

Depending on the nature of the modification this may involve the development of a full-scale 
business case to demonstrate the justification for the modification.  

4.4.3 Approval 

Either based on the business case or other justification (such as a legal requirement) it is 
important that full approval is obtained for the modification which will mean a budget estimate 
and project plan should be developed.  The modification will involve many of the same aspects 
as the case for the original rolling stock and as a result it is important to handle this in the same 
(albeit scaled down) way. 

4.4.4 Budgeting 

The development of the detailed budget once the project is approved is important so that the 
modification project can be correctly managed.  It is important that the budget includes the 
project management costs, spare parts inventory, manual updates, etc. as well as the cost of 
material and labor. The budget may need to be staged over more than one budget period (year – 
biennium). 
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4.4.5 Cost Benefit Analysis 

As with all investments it is very important to undertake a cost benefit analysis before proceeding 
with any changes. This should always be an integral part of the business case that is submitted 
for approval. (see Section 4.4.3 above) 

4.4.6 Procurement Process   

The procurement process is often lengthy.  The rail industry places certain obligations and 
regulations upon the owner and operator of all equipment.  Therefore, having a system in place 
is much more than a purchasing exercise, but is also an approval process involving more time 
and effort on behalf of the purchaser.   

4.4.7 Oversight Requirements 

The oversight of the purchase of equipment is an important element as can be determined from 
the section above. The oversight will include: Design Reviews, usually at three different stages of 
design; first article inspections; Buy America Inspections and verification (if applicable); QA and 
Quality Control (QC) inspections; testing and commissioning and final acceptance which 
includes receiving FRA approval to operate. 

4.4.8 Value Comparisons Across Fleet Types 

When making comparisons across different platforms and types that are offered it is important 
to examine the whole life costs and not only the purchase price of the equipment. (It may 
ultimately be cheaper to purchase more expensive rolling stock because life cycle costs make up 
for it.) Items to take into account should include: The cost of maintenance (helpful if a TSA or 
TSSSA is part of the procurement); depreciation; expected useful life of the vehicle; cost per 
passenger mile; life expectancy of parts. All these are important to ensure that good value is 
obtained.  

4.5 Vehicle Replacement Cycle Evaluation 

When it comes to planning for the replacement of rolling stock, while some decisions may have 
to be based on the availability of funds, the plan should set out when is the best time to make 
the vehicle replacement decision. 

It is always important to recognize that it can often take many months to produce an RFP and 
then go through the bidding and selection process.  Therefore, this lead time must be built into 
the planning considerations.  Once a Contractor is chosen it may be three to five years before 
the fleet is delivered.  For practical purposes the process should be started four to six years 
before the vehicles are needed.  To expedite developing an RFP, it is very helpful for the Customer 
to have done advance work, so the basic content of the technical specification and legal terms 
and conditions are already established before the authority determines to go-ahead with a 
procurement. That is, does the organization have a good idea of what it wants when it starts the 
formal process? 

The useful life of equipment will depend on a number of factors which are set out below.  

4.5.1 Commercial Life of Equipment 

The Commercial life of rolling stock is often not the same as the useful life.  This is because 
mechanically an item of rolling stock can often be maintained to a level that makes it fit for 
service, but its age means that its commercial use has diminished to the point where it has lost 
appeal to Customers, even with refurbishment.  Conversely there have a been a few cases where 
vehicles have become so unreliable or expensive to operate that though they appear to still be 
commercially attractive, their performance makes their continued commercial use unacceptable.  
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Therefore, when making a decision on the sustainability of the fleet it is important to bring the 
revenue impact into any business case.  It will usually also be cheaper to maintain new vehicles 
than older ones, especially in the early years up to the first overhaul, (around seven years), as 
there will naturally be fewer parts to replace and wear will be minimal.  

There can be an upward bounce in ridership when new trains or equipment are introduced as 
they usually bring an awareness of the service through marketing and advertising, plus casual 
users want to try out the new trains to do a comparison.  This revenue increase can be included 
in early revenue gains for fleet replacement.  

4.5.2 Sensitivity of Life Cycle to Changing Out of Service Date 

When planning the replacement of the fleet, or elements within it, there should be some 
sensitivity to the timing as the useful life of a vehicle may fall within a wide window, say 25 to 
30 years.  Therefore, flexibility in working out the optimum time to replace the rolling stock is 
important.  It is ideal to find a time when the commercial life of the fleet and the useful life 
coincide.  

4.5.3 Alignment with Other Service Goals 

Changes in service patterns and the additional needs for equipment for those changes may also 
impact the out of service dates that are planned.  Combining acquisitions of equipment among 
two or more states and/or operators may be used to gain economies of scale and to support 
future sustainability by minimizing sub-fleets. This may require out of service dates for 
overhauls, etc. to be modified to align with the availability of equipment being acquired for service 
development. 

4.5.4 Impact on Costs of Technology Changes 

The speed of technology changes can be one of the biggest challenges in running a fleet today.  
Vehicles which a generation ago, had few if any electronics are now full of them, and WiFi 
monitoring will mean that the real time condition of a vehicle can be readily known.  This makes 
planning for maintenance, especially repairs, much easier as in some cases the maintenance 
crew no longer has to spend time finding the defect, or not seeing it until it fails, but the part 
can be ready at trainside when it arrives on the facility.  This requires diligent timely health 
monitoring as well as dispatch of staff and materials to the site in a timely way. 

Changes in technology may call for updating rolling stock, however, proposals for such 
modifications should address a careful study of whether the benefits are worth the expense, risks 
as well as operational impact during the transition; “Don’t fix something that isn’t broken”.  

4.6 Overhaul Cycle Planning 

Overhauls occur at planned intervals, when the rolling stock is taken out of service for certain of 
its components to be replaced or to be stripped down and rebuilt.  The OEM will advise when 
this should take place and the maintainer will be aware when this is expected to take place.  
Sometimes taking equipment out of service is not for overhauls.  Examples of out of service times 
that are not overhauls would be a mandated federal inspection; a refresh of seats/carpets or 
other items; an updating of facilities – such as catering equipment. Planning for overhauls is 
crucial for continuity of service operation.  Overhauls can see the equipment out of service for 
several days to many weeks.  One technique which may be helpful is “progressive overhauls,” in 
which activities which would normally be done remotely all at once on an annual basis are 
organized into quarterly intervals at running maintenance facilities. With this approach, each 
quarter specializes on only certain systems: say HVAC, trucks, brakes, etc. Thus, the car is out 
of service for only a few days at a time, rather than a single, longer interval. If condition-based 
maintenance is employed, often overhaul outage intervals can be shorter as many of the items 
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replaced or serviced have this done in a more continuous way and it is only for major items that 
a loss of availability for revenue service may occur.  

4.6.1 Timing of Overhauls 

The timing of overhauls can always be planned into the maintenance schedule. In this case, it 
will depend whether the overhauls are to be performed at the same location where the daily 
maintenance is carried out or remotely in a backshop. If they are done in conjunction with daily 
maintenance, it will mean that the facility will have to be large enough for this to be done.  If it 
is too small, it could mean a constant moving of the vehicle(s) to allow for the regular 
maintenance to be performed.  At a minimum, overhauls should be done in a dedicated location, 
preferably a separate building. Some contracts for purchase provide for the OEM to perform 
overhauls.  This will reduce the need for maintenance facilities to be provided but will almost 
surely make it longer to perform the work as the rolling stock will often have to move (usually 
not under its own power) over freight railroad tracks to the OEM and this could add significant 
time to the process, with some risk of shipping damage. This should all be taken into the balance 
when making an assessment of where the overhauls will be performed.   

Some operations have different service levels at certain times of the year. For example, if the 
service handles passengers making vacations, there may be seasonal variations in ridership and 
the number of trains/cars running each day may be less.  This is a very good time to plan for 
overhauls as in normal circumstances, there will be spare equipment available for the period of 
overhaul.   

If the service levels are the same the year round, then overhauls can be spaced throughout the 
year alongside other reasons to take the equipment out of service. 

4.6.2 Goals of Overhauls 

Overhauls are performed to keep the equipment running in prime condition, both mechanically 
and cosmetically.  It is usual for the timing of overhauls to be around every seven years though 
this may change on equipment that is used very heavily when it may be shorter or conversely on 
lightly used services it may be extended.  At the time of an overhaul major components are 
replaced or stripped and refurbished.  Typical items include trucks, brakes, HVAC, waste system, 
catering equipment, seating, interior panels, etc. The time should be considered as appropriate 
for heavy cleaning of internal parts, and/or replacement of carpets and other passenger facing 
items. Very often while the vehicle is out of service these items may be worked on.  Modifications, 
which are not part of overhauls may also be carried out at this time (see next part).  Care must 
be taken with the planning to ensure that modifications are not planned to take place that cause 
a conflict of working groups or the work could extend beyond the planned time.  

4.6.3 Relation to Out of Service Dates 

Overhaul requirements will be associated with the potential out of service dates of equipment.  If 
equipment is due to be sold, overhauls may be continued with full scope but, if disposal may 
include scrapping, there will be no need to carry out some overhaul activities.  There is always a 
risk that disposal may be delayed by external factors so the scope of overhauls should include a 
risk assessment of the timing for disposal.  For example, it is not uncommon for new 
procurements to miss delivery dates by considerable margins. Also, consider that when new 
equipment first enters service, it sometimes suffers growing pains which reduce its availability 
until resolved. However, scope should be reduced to avoid wasted effort without creating issues 
with the fleet that will impact reliability and/or Customer experience. 
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4.6.4 Capacity to Deliver Service During Overhaul Program 

When buying new equipment, one factor which might be overlooked but must be planned for, is 
the need to undertake overhauls.  As stated above, overhauls will remove a vehicle from service 
for several days, or weeks, especially if it is a larger piece of equipment such as a trainset.  
Therefore, when planning for fleet size, capacity has to be built in for overhauls to be carried out.  
In a small fleet this can mean a large number of spares in relation to the size of the fleet.  Large 
passenger operators may have sufficient fleet to allow for spares that can be moved around the 
system to cover overhauls, modification and other unplanned absences of availability.  (With a 
small fleet there may be a case to contribute to a shared pooling with other operator(s) if a 
common type of product were purchased.)  

If the fleet is not of a fixed formation, it may be possible to run several trains in short consists 
during certain times of year, or on certain services.  Another possibility to reduce the need for 
extra rolling stock is if a mixed fleet is owned.  Some owners cascade (newer vehicles are allocated 
to premier service with the next tier using older vehicles) equipment through their services and 
if this is the case, some vehicles that have been cascaded may be brought back to front line 
running to cover overhauls.  This will still result in the service that received the cascaded fleet to 
be covered but, in this case sometimes a substitute bus service may be an option for some lightly 
used daytime services.  
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