Organizing for Efficiency: The Denver

Teamwork Experience

John D. Claflin, Regional Transportation District, Denver, Colorado

The Regional Transportation District’s (RTD’s) first light
rail system, the Central Corridor, is a 5.3-mi-long at-grade
rail line that runs from a southern terminus, through the
central business district (CBD), to a northern terminus in
metropolitan Denver, Colorado. This first line is the spine
of a planned regional rapid transit system and was de-
signed with simplicity and the ability to expand as de-
mands require. RTD modified and accentuated its organi-
zation in order to design, construct, and implement this
transit system to ensure it would be both usable and ac-
ceptable to the Denver metropolitan communities. To en-
hance RTD’s experience in light rail transit (LRT) con-
struction, administration was conducted in-house, whereas
design and construction management were performed by
professional consultants and construction contractors. A
small but very motivated RTD team was created and
trained in construction procedures and standards, quality
assurance, project management, materials management,
and RTD’s procurement and contracting procedures. This
team, which included an operations superintendent,
worked together, communicating and coordinating all ac-
tivities to meet the priorities set by RTD’s general manager
to ensure that the objectives of safety, quality, budget, and
operational effectiveness were achieved. As construction
progressed, a larger integration/activation team evolved
and a small operations start-up team was created. Opera-
tions, training, maintenance, safety certification, and staff-
ing plans were developed, and operations personnel be-
came involved in preparations for revenue start-up by

participating in the integrated systems testing and activa-
tion. All equipment was tested, safety was certified, and
revenue service was simulated to ensure that all LRT sys-
tem elements functioned together to provide a safe, relia-
ble, and efficient service. RTD’s light rail system started
revenue service on October 10, 1994. Typical of all new
systems, the first few months were tests of flexibility and
patience. It was a time of learning; adapting to equipment
problems, customer needs, procedural problems, and train-
ing needs; and preparing for expansion and growth. By
using the experienced professionals, technology, and in-
novations available, RTD has inaugurated a successful
light rail system and now is looking to the future for fur-
ther expansion.

he Regional Transportation District’s (RTD’s)

first light rail system, the Central Corridor, runs

from 30th Avenue and Downing Street through
the Five Points Business District and downtown Denver,
by the Auraria higher education campus, and then
along railroad right-of-way to I-25 and Broadway (see
Figure 1).

The corridor is a 5.3-mi-long at-grade rail line that
meets the Americans with Disabilities Act (ADA) require-
ments, includes 14 stations, and carries approximately
15,000 riders per day. The northern terminus, located at
30th and Downing, is a bus transfer station and includes
a small park-and-ride. At the southern terminus at I-25
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FIGURE 1 Proposed rapid transit corridors.

and Broadway, passengers from express, regional, and
local bus routes also transfer to light rail transit (LRT)
to complete their trip into the Denver central business
district (CBD). There are also approximately 700 auto-
mobile spaces in the park-and-ride lot located here.

This first line, the spine of the planned regional rapid
transit system, demonstrates light rail technology, in-
cluding its efficient and reliable service, its high-speed
and high-capacity characteristics, and the flexibility to
operate within Denver’s downtown city streets. Since its
revenue service opening in October 1994, it has re-
moved hundreds of daily bus trips from the core city
area, reducing air pollution and traffic congestion. It
has provided an opportunity for economic development
in commercial areas along the transit line and has dem-
onstrated RTD’s commitment to rapid transit in the
Denver metropolitan region (Figure 2).

1-70

The LRT line is a conventional light rail system pow-
ered by 750 VDC nominal overhead power. Using off-
the-shelf technology, the system with its 11 Siemens
Duewag Corporation Model SD100 light rail vehicles,
capable of speeds up to 55 mph, provides the ridership
capacity necessary in completing the transfer of
thousands of daily bus passengers as well as hundreds
of new park-and-ride automobile transfers to LRT for
the trip into the CBD. For ease of operation, as well as
safety considerations, most of the alignment is double
tracked with typical automatic block system signals in
the high-speed rail section and traffic control devices or
gated crossings at all intersections.

The system was designed with simplicity in mind
along with the ability to expand and grow. The organ-
ization of RTD was modified to accomplish the goal of
designing, constructing, and implementing a transit sys-
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FIGURE 2 Central corridor light rail line.

tem that would be useful and acceptable to the Denver
metropolitan communities.

ORGANIZATIONAL PHILOSOPHY

Trial and error became the major means of problem
solving for many emerging light rail organizations of
the 1980s, principally because surface trolley systems
were discontinued in the 1950s. Since that time tech-
nology had dramatically changed, and experienced rail
transit personnel were retired and lost to the industry.
In light of this, during the 1980s a new generation of
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transit professionals had to be developed to accommo-
date the resurgence of rail projects. After two decades
of technological development throughout North Amer-
ica, Denver was able to take advantage of both the ad-
vances and the new-generation transit professionals.

RTD organized its design and construction team and
implemented the design criteria for building its first light
rail system with this philosophy in mind.

DEsicN/CoNsTRUCTION TEAM APPROACH

The desigﬂ and construction of light rail was organized
for flexibility. Because of the limited amount of com-
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mitted funding and the lack of sufficient LRT experi-
ence of the staff, project administration was conducted
in-house while design and construction management, as
well as the actual construction, were performed by pro-
fessional consultants and construction contractors. A
new RTD department was formed to provide oversight
of the project management responsibilities. The depart-
ment was basically separated into three oversight man-
agement responsibilities: LRT project coordination,
LRT systems management, and LRT community rela-
tions (Figure 3).

Ensuring minimal costs comparable with other sim-
ilar systems and an aggressive schedule required the
staff to be sized accordingly. As with any major project,
organizing staff requires a clear, concise line of com-
munication internally and with other governmental
agencies supporting the project. As shown in Figure 3,
the structure was formed to facilitate the needed com-
munication and to maximize the efficiency of inter-
agency interface.

To facilitate the evolution of the project, the staff was
trained in team building and partnering strategies.
Furthermore, staff training included construction pro-
cedures and standards, quality assurance, project
management, materials management, and RTD’s
procurement and contracting procedures. This accu-
mulation of training provided the framework for con-
tinuity and uniformity to the efforts of all project team
members.

As a means of ensuring a simple and manageable
project, six steps were integrated into the project:

1. There was one formal point of contact. RTD staff,
the designer, each construction contractor, and all other

parties involved had one formal contact person who
took responsibility for their assignment.

2. All vital communications between project parties
were accomplished in writing and filed for the project
record.

3. The weekly progress meetings had agendas that
were distributed. It was expected that all concerned in-
dividuals would attend and come prepared. Action
items would be assigned with the item completion or
report date, and solutions to problem issues were re-
lentlessly pursued.

4. All projects and contracts had time and financial
constraints. Goals were set with emphasis on schedule
adherence and cost-effective solutions to project
challenges.

5. All project participants understood the extent of
their role, nature of their responsibilities, and the con-
tributions expected and needed for achieving a success-
ful project.

6. All participants held to the win-win partnering
philosophy. It was understood that the successful proj-
ect implementation would be a team effort. A win-win
philosophy ensured that all participants—RTD staff,
designer, contractor, consultant, and other external
agency representatives—would achieve their objectives.

RTD’s Department of LRT Construction was ar-
ranged to see that coordination and integration needs
of all participants were met, and it was sized and or-
ganized to meet the priorities set by RTD’s general man-
ager to ensure that the objectives of safety, quality,
budget, and operational effectiveness were achieved. As
implementation of the project proceeded from prelimi-
nary engineering efforts through design, construction,
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FIGURE 3 Early light rail construction.
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and start-up phases, the organization evolved to ensure
the maximum efficiencies of personnel.

During preliminary engineering, the Director of LRT
Construction assumed the lead management role, re-
porting directly to the general manager with support in
the areas of project controls, technical support, com-
munity relations, and operations.

During final design and construction, the director of
LRT Construction, under the supervision of the general
manager, led the effort with a larger team consisting of
project engineers, system engineers, construction man-
agers, an operations superintendent, and a community
relations coordinator (see Figure 4). The team focus was
on constructibility, system integration, utility relocation
and agency coordination, right-of-way requirements,
value engineering, cost control, and design integrity, all
within the confines of project construction safety and
future system safety.

OprerRATIONS START-UP TEAM

As has been noted, the operations superintendent was
involved as a project team member early in the design
phase of the project. This decision was based on the
new philosophy that future successful revenue operation
of any project greatly depended on designing and con-
structing a system with that goal in mind. The value of
early involvement by key operating and maintenance
personnel was recognized and addressed so that oper-
ating and maintenance requirements appropriate to
RTD were defined and addressed in the system’s design
criteria and efforts. With the fiscal constraints and
schedule placed upon itself, RTD took every precaution
to build a system that would operate efficiently and ef-

fectively. As all of us are painfully aware, the costs as-
sociated with change orders and modifications require
that close scrutiny be given to ensuring that efficiencies
necessary to operate the system are addressed before
start-up.

Whereas it is sometimes difficult to determine the
proper timing to actually establish the initial light rail
operating organization, on the basis of experiences of
projects in the 1980s, it was decided that operations
input was necessary during preliminary engineering.
The position of general superintendent of Light Rail
Operations was filled and became an extension to the
design and construction staff, acting as a project man-
ager for the procurement of rail vehicles, shop equip-
ment, and track/appurtenances. In addition, operations
personnel were involved in the development of the design
criteria as well as the designing process, ensuring that
operational needs and maintenance requirements were
addressed appropriately. As the construction progressed,
operations staff also participated in quality control and
in review of any required design modifications.

Along with these project team responsibilities, the
operations superintendent took on the role of develop-
ing the operations plan, training plan, maintenance
plan, and safety certification plan as well as the staffing
of the operations start-up team. The early preparation
of the operating plan provided the training perspective
necessary to ensure that project managers and engineers
knew how the system should operate as they dealt with
the day-to-day construction questions. The operations
plan finalized the design criteria and, more important,
set the stage for the interaction required from the var-
ious departments and groups within RTD involved in
the project, and it introduced them to the concepts of
how the proposed system would operate.
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FIGURE 4 Light rail construction.
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As the operations start-up team was selected and de-
veloped, several qualifications were considered: (a) ex-
perience and knowledge of light rail transit and system
start-up; (b) flexibility or adaptability to changes; (c)
enthusiasm for the project; (d) strong leadership skills
including team building, a strong sense of vision, the
ability to communicate that vision effectively to other
team members, and a strong sense of the value of train-
ing both as a trainer and trainee; and (e) the ability to
convince through displaying confidence and patience.
The key operations management position selections
were made on the basis of those qualifications. Figure
5 highlights the RTD start-up organization and the re-
porting hierarchy.

Director,
Operations

Richard Reynolds

General
Superintendentof
Light Rait
Operations
John Claflin

In reviewing each of the qualifications noted above,
the one requiring a certain amount of experience in light
rail transit was of utmost importance. To provide in-
sight into the development of the operational organi-
zation and lend credence to the input being provided to
design and engineering, a certain amount of related ex-
perience is required. In addition, a network of contacts
in the industry becomes beneficial in overcoming the
weaknesses in experience based on the different system
operating characteristics. Peer review and property vis-
its are also essential to provide reality checks and add
insight into the needs of emerging organization.

As the system neared its construction completion
date, the semitrained operations personnel began to
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FIGURE 5 RTD Light Rail Operations start-up organization.
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make final preparations for revenue start-up by partic-
ipating in the integrated systems testing and, finally,
activation.

INTEGRATION/ACTIVATION TEAM

The purpose of the system integration was to ensure
compatibility among various elements of the project as
well as with the entire RTD transit system. Although
team members came from various departments, the sys-
tems manager was responsible for coordinating the test-
ing and documenting the results for safety certification.
Integration documentation was to verify the following
project elements:

o Design documents were in compliance with the de-
sign criteria and were consistent with operating plans
and procedures.

o LRT signals, city traffic signals, fare vending, com-
munications, and traction power were compatible.

o The right-of-way, track work, stations, and other
facilities accommodated and functioned with the sys-
tems elements.

o The design documents and as-built drawings were
consistent with what was constructed.

In addition to ensuring compatibility with existing
elements, the integration activities were also to make
certain that project facilities and systems would be com-
patible with future extensions. The final design for these
extensions would be cross-checked to ensure that spec-
ifications would share common characteristics. Some of
the elements considered and carried forth were

o Track gauge, standard 4 ft 81 in.;

¢ Traction power voltage, nominal 750 VDC;

e Communications and signal systems;

e LRV car body characteristics such as crush
strength, anticlimber/collision post locations, clearance
envelope, and weight;

o ADA requirements for station platforms and facil-
ities; and

¢ Other components that may be duplicated for con-
sistency and ease of maintenance.

As noted previously, the operations plan was used to
guide the start-up and systems integration testing and
prerevenue service phases of the project. The operations
plan was a dynamic document, changing as required to
incorporate technical advances, specific design changes,
equipment changes and modifications, and budget al-
terations. The plan was also the guide for staff training
and development needs.

The integrated systems team consisted of systems
contractors/suppliers, construction management, proj-
ect engineers and inspectors, RTD LRT systems engi-
neer, operations maintenance/transportation staff, and
safety compliance officers. The goals of this team were
to ensure that the testing program was completed as
required and the proper documentation presented for
safety certification. The testing program described the
objectives, methodology, management controls re-
quired, and the verification of compliance to ensure the
system’s readiness for revenue operation. The objectives
were to verify contract compliance and completeness;
validate and demonstrate the performance of the sys-
tem; demonstrate the safety certification elements and
service characteristics; validate the training of LRT op-
erations staff; and integrate personnel, equipment, and
procedures into the RTD transit system.

While the integration testing team provided the sys-
tem elements for documentation and revenue operation,
the activation team readied the entire organization for
the start-up. The activation team was assigned a man-
ager for coordination and consistency but included rep-
resentation from every department within the organi-
zation. Through this coordination, the team completed
the preparation required to ensure community accep-
tance and safety and the schedule reliability and per-
formance needed to service the metropolitan region.

In preparation for the revenue service date of Octo-
ber 10, 1994, all equipment was activated, tested, and
safety certified, and revenue service was simulated to
make certain that all LRT system elements functioned
together to provide a safe, reliable, and efficient service.
The activation process, and the team designated, fol-
lowed a comprehensive plan that encompassed all the
activities required for the full integration into the RTD
transit operation (see Figure 6).

Eleven major task categories along with checklists of
many other detailed tasks were identified to complete
the preparation for revenue service:

1. Select and hire the staff required to operate and
support the LRT.

2. Complete all engineering and maintenance pro-
cedures and agreements.

3. Complete all transportation policies, procedures,
and rules.

4. Complete training of all LRT personnel to as-
sume their role in operations.

5. Develop and then complete all safety certifica-
tion elements as well as arrange for ongoing safety eval-
uation and support.

6. Identify and develop security requirements.

7. Identify and complete all required agreements,
ordinances, and so forth with external agencies.



334

SEVENTH NATIONAL CONFERENCE ON LIGHT RAIL TRANSIT

8. Prepare an integrated service plan to include
train schedules and revisions to bus routes and
schedules.

9. Ensure that material management and inventory
control requirements are integrated into the LRT
department.

10. Prepare financial/budgeting requirements to en-
sure completion of capital projects and ongoing oper-
ational needs.

11. Provide public information including safety out-
reach training and marketing of the RTD’s newest form
of transportation alternatives.

As these tasks were actively pursued, the activation
team was broken out into various committees that pro-
vided periodic updates on their progress. Because of the

enormous commitment, enthusiasm, and energy on the
part of all participants of the activation team, the start-
up was a tremendous success. However, with the advent
of this new form of transportation service, continued
enthusiasm and commitment were necessary to dem-
onstrate the effectiveness and efficiencies over the com-
ing years. The newest RTD division of Light Rail Op-
erations prepared itself to accomplish this task.

OprerATIONS TEAM DEVELOPMENT— THE 5-YEAR
PLaNn

As any participant can affirm, the first few months of
operation are a test of flexibility and patience. That pe-
riod becomes a time of learning; adapting to equipment
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FIGURE 6 Activities required for full integration into RTD transit operation. (continued on next page)
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problems, customer needs, procedural problems, and
training needs; and preparing for expansion and
growth. It is truly a time when the weaknesses of the
system and the team are exposed. During this time the
organizational needs must be closely scrutinized and
modified to meet the challenges of the next few years.
As a means of meeting the demands of change within
the operation, it is essential to have a plan for organi-
zational expansion. This plan of expansion is based on
assumptions, projections, and industry examples and

considers the following elements:

o System maturity including warranty expiration,
¢ Additional LRV/equipment procurement,
¢ Modifications or retrofits to existing vehicles or

facilities,

o Extensions/new-start project completion,

o Scheduled service level changes,

o Labor agreement changes,

o Training needs for recertification and apprentice
programs, and

¢ Budget constraints.

As with all other aspects of the project, the staffing of
Light Rail Operations was done with budgeting as a
primary consideration. In addition there was a philos-
ophy that by using minimum staff, the amount of train-
ing and the use of time and energy could be controlled:
cross-training would be given and personnel strengths

- and skills would be enhanced. It was hoped, too, the

challenges that make the job duties more interesting and
rewarding would persist.
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FIGURE 7 Projected growth for RTD’s Light Rail Operations.

Along with these considerations is the requirement
to address the areas where additional staffing may be
needed or redirected. One such area that during the first
year of operation has shown the need for additional
staffing resources is training and safety program devel-
opment. The training needs now emerging are recerti-
fication for both operators and mechanics, external
agency safety training and emergency response, and the
development of future employees to fill positions that
open up owing to attrition or to expansion and growth.
It is important that changes in full-time employees are
noted early and justified thoroughly in order to provide
systematically planned financial impacts.
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The planned growth for RTD’s Light Rail Opera-
tions is very conservative and based on the needs pro-
jected and assumed during the next few years. Figure 7
details the projected growth through 1999 and before
start-up of the Southwest Corridor.

The transit industry should be pleased that the var-
ious teams involved with the RTD in Denver, Colorado,
did not “reinvent the wheel,” but in an effort to be
efficient and effective in its process used the experienced
professionals, technology, and innovations that were
available. This process was accomplished with an open
mind and the intention not only to learn lessons, but to
remember them for future use as well.





