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demands and the transit patronage projections developed 
for the AA/DEIS were thought to be adequate for prelimi-
nary engineering. It was soon 'discovered in conceptual 
design that these needed to be better defined and specified 
in more detail for design engineers to establish appropriate 
geometrics. For example, projected turning movement 
volumes for the design year were needed for proper evalua-
tion and design of at-grade intersections. 

It was also discovered that (a) at-grade intersections 
of major arterial streets with the Guadalupe Corridor 
would have to be designed for greater capacity than that 
envisioned in the planning process; (b) levels of congestion 
on a segment of existing street along which express transit 
services were to run would be higher than anticipated or 
considered tolerable in the earlier planning efforts; and 
(c) the use of preemption and preferential signalization for 
transit would not be as feasible as originally thought. 

These discoveries helped make the transition from 
planning to design. 

Several findings of the conceptual design study related 
specifically to transit services. In the AA/DEIS study, 
there were some indications that the busway/high-
occupancy vehicle and expressway alternative would in-
volve some serious operational and safety concerns, espe-
cially if the busway or expressway were adjacent to heavily 
congested automobile lanes. These concerns were con-
firmed and clarified in conceptual design, and an investi-
gation of the busway/HOV and expressway engineering 
design options was undertaken. Agency staffs were able to 
agree on the most acceptable design option, although the 
solution was not as initially planned nor was it felt to be 
the ultimate answer. As a result of the exercise, the 
facilities required for the successful operation of the 
busway/HOV alternative were more precisely defined, and, 
therefore, better cost estimates could be prepared. The 
trade-offs between level of service (speed and reliability) 
and operational and implementation costs were more 
clearly revealed. 

Another significant finding related to transit services 
involved the relationships among the total fleet, the 
number of revenue vehicles deployed, and transit service  

reliability. The planned transit vehicle deployment was 
found to be incompatible with the ctirrent bus deployment 
policy of the Santa Clara County Transit District. A 
greater percentage of the total fleet was proposed to be in 
revenue service than district operating experience indi-
cated was possible if the district's 99 percent service 
reliability level were to be maintained. This issue has not 
been resolved. The conflict, however, is now widely 
recognized, and agency staffs are more aware of the 
capital cost differences between bus fleets of different 
sizes. 

SUMMARY 

Conceptual design proved effective in making the transi-
tion from AA/DEIS planning to engineering and design 
implementation. Many of the concerns and issues identi-
fied in conceptual design were taken into consideration 
during the decisionmaking process. 

Conceptual design is a sensitive tool; it can enhance or 
destroy the balance between planning and decisionmaking. 
Conceptual design is best performed by individuals inde-
pendent of the planning efforts. Planning and conceptual 
design staff or consultants, however, should report to the 
same person to ensure coordination between the two 
activities. 

Conceptual design is a demanding exercise. It cannot 
begin until the planning process has reached a plateau in 
the definition of problems and the description and analysis 
of alternative solutions. The conceptual design staff then 
has a short time to assimilate what has gone on in the 
planning effort and to evaluate the engineering implemen-
tation aspects. 

Conceptual design provides the opportunity not only to 
question and refine the planning efforts, but also to direct 
the start of the engineering design activity. Months of 
engineering preparatory time are saved, and the designers 
can become familiar with the project by the time the 
preferred alternative has been selected for implementa-
tion. 

A Case for the Reevaluation of Subsurface Power 

Collection for Light Rail in Sensitive Downtown Areas 

JOHN P. EDGAR, Louis T. Klauder and Associates 

Because of rapidly increasing costs and the disruption of 
the urban environment during construction, a subway is no 
longer the automatic choice for light rail operation in 
downtown areas. As a result, street surface alternatives 
are more frequently being considered. 

In the past, streetcars powered by overhead wires 
were in widespread use. However, objections were raised 
on aesthetic grounds to the use of overhead wires in 
environmentally sensitive areas. To meet these objections, 
an alternative power collection system was developed that 
used conductor rails located in a ductway below the road 
surface. Extensive subsurface power systems functioned 
successfully for many years in several cities, including New 
York, London, and Washington, and smaller systems were 
operated in Brussels, Berlin, Paris, Budapest, and Dresden. 
Several new subsurface collection systems have since been 
built using modern materials and construction methods. 
The success of the subsurface power systems for light rail 
in such cities as Calgary and San Diego, where careful  

planning has blended the light rail operation into area 
traffic patterns, points the way to greater use of such 
systems in the future. 

Construction economics and concern for the quality of 
urban life have made the subway a less desirable alter-
native as a means of meeting the growing transit demands 
of cities. At the same time, the lower capital costs and 
greater flexibility of the light rail system have increased 
its attractiveness. In the past, most light rail systems 
were powered by overhead wires. To meet objections to 
overhea4  wires in areas of special significance, an alter-
native, the subsurface power supply system, was developed. 
Several such systems functioned successfully on a large-
scale in London, New York, and Washington for many 
years. Small installations were operated in Brussels, 
Berlin, Paris, Budapest, and Dresden. Several new sub-
surface collection systems have since been built by using 
modern materials and construction methods. The success 
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of the subsurface power systems for light rail in such cities 
as Calgary and San Diego, where careful planning has 
blended the light rail operation into area traffic patterns, 
points the way to greater use of such systems in the future. 

THE PRIOR ART 

The various subsurface power collection systems of the 
past were constructed by using the best available materials 
of the day and, apart from variations in detail, were 
similar in design and operation. 	 - 

Power was distributed by two conductor rails of op-
posite electrical polarity. The rails were spaced about 
6 inches apart and housed in a concrete subsurface duct 
that ran along the center of the guideway. The conductors 
were supported by insulators suspended from a specially 
shaped steel section, the top edge of which formed a 
durable lining to the edge of the access channel. A current 
collector suspended from the vehicle made contact, with 
the conductors through a continuous slot-like channel in 
the duct. 

The entire guideway substructure was formed from 
concrete. Additional reinforcement was provided by cast 
iron members, which also served to stabilize the assembly 
during construction. Figures 1 through 6 show details of 
some of these older systems: 

. 	Figure 1 shows details of a conductor, insulator, 
and steel section forming an access channel and 
insulator support. 

Figure 1. Half cross section of subsurface power supply assembly, showing 
insulator (a). "Tee" conductor rail (b(. and '2" guide rail. Positive and 
negative conductor rails were used, making the other half section a mirror 
image of this section. 
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Figure Z, a cross section of a completed guide-
way, shows the track structure and the supply 
rails in the duct beneath. 
Figure 3 shows one of the cast-iron reinforcing 
members. 
Figure 4 shows an actual section of a subsurface 
installation under construction. The various com-
ponents described above can be identified. 
Figure 5 shows the position of the current col-
lector and the enlargement in the ductway to 
accommodate the insulators. 
Figure 6 provides a three-dimensional view of a 
complete subsurface system. 

Switches for subsurface collection were equipped with 
two interconnected orientation systems, one controlling 
the direction of the wheels on the rails and the other 
deflecting the current collector in the same direction. 

The surface finish of the guideway area was in keeping 
with the surrounding roadway. The width of the access 
channel was approximately 1 inch. Thus, the subsurface 
collection provisions, although evident, were in no way 
obtrusive. 

Figure 7, a photograph of a guideway in London, 
illustrates the low visual and physical profile of the subsur-
face system in its finally developed form. 

THE DESIGN ADVANCE - FROM PRIOR ART TO STATE-
OF-THE-ART 

Technological advances have changed greatly the tech-
niques for construction and operation of the subsurface 
power collection system. The discussion below will com-
pare the past construction and operating methods with 
current practices and state-of-the-art techniques. 

Construction 

Several construction features could change as a result of 
technological development. 

Excavation and Concrete-Forming 

In the past, excavation and concrete preparation and 
placement were performed by manual labor. Now, the 
hundreds of laborers with their shovels and the expensive 
and time-consuming manipulation of formwork have been 
replaced by advanced power excavating and semiautomated 
continuous concrete-forming techniques. Excavation for 
subsurface power systems often requires realignment of 
public utility lines. Rather than posing a problem, this 
offers an opportunity to consolidate underground utility 
lines, as substantial ductways for utilities can be readily 
incorporated into the power collection infrastructure. 

Guideway and Ductway Metal Constructional Members 

In the past, iron castings or rolled steel sections were used 
in the guideway duct. Although the quantities of iron and 
rolled steel used were large with respect to a particular 
subsurface installation, they still represented a small part 
of the total production of the industry. Consequently, unit 
costs were high, particularly for rolled sections, where the 

Figure 2. Original form of subtur- 	48fc,.9 - 

face installation, showing the con- 	
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cost of the special rolls had to be amortized. 
Modern automated cutting and welding techniques, 

which permit the production of long special sections from 
off-the-shelf materials, could save both time and cost. 
Figure 8 shows how such materials can be used for con-
ductor and access channel rails. 

The need for massive iron castings can be reduced by 
use of continuous concrete-forming techniques, but where 
such equivalent members are needed, units fabricated from 
standard steel sections or from reinforced concrete can be 
used. Figure 6 shows such units in place. 

Insulators 

Insulation made of iron and porcelain components 

Figure 3. Cast-iron reinforcing members used in original construction. 

cemented together by hand is still used for third-rail and 
overhead trolley wire and for public utility power lines. 
However, one-piece insulators made of synthetic resin are 
gaining in popularity because of their superior electrical 
and mechanical properties and lower cost. 

Similar one-piece insulators could be developed for the 
subsurface or insulators could be fabricated from modern 
line components. Figure 8 shows such an insulator in place 
in a subsurface assembly. 

The Current Collector 

Figure 9 shows typical subsurface collectors used in the 
past. They were constructed from hardwood and rubber, 
with steel wearing surfaces and organic varnishes as the 
impregnating medium. 

Now, collectors can be made of a one-piece molding of 
insulating resin with deeply embedded conducting ele-
ments. Low-friction plastic can be used on the wearing 
surfaces, and carbon contact surfaces can minimize wear 
of the conductor rails. Such new construction could lower 
initial costs and subsequent maintenance requirements 
significantly. 

Switches 

The track switching elements in the modern subsurface 
system would be identical to those used in a regular 
overhead power system. However, profile cut and welded 
elements can be used for the access channel orienting 

Figure 4. Completely now subsurface installation under construction in 
London in 1950. (Photo: Julian Thompson) 

Figure 5. Cross-section 
position between conds 
dence of insulator failu' 
removable covers in lati 
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Figure 6. Three-dimensional view of subsurface system. 

71. 

S;\ 

:• 

L 
,n-.c, s.'•  

Figure 7. Newly completed subsurface track in regular service, London 1950. 
Note the absence of insulator covers. (Photo: Julian Thompson) 

' 

Figure 9. Typical subsurface current collector used by original systems. In-
stead of the flexible conductors shown at the top here for connecting to the 
vehicle, the London version used spring loaded contacts. This arrangement 
enabled the collector to slide sideways from beneath the vehicle without its 
stopping. (Electric Railway Handbook) 

-- ii' 

QE 	 — 

Figure 8. Half cross section of subsurface power supply assembly showing the 
use of current off-the-shelf materials. 
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mechanism instead of high cost, specially cast components. 
In place of the earlier mechanical linkages, electrohy-
draulic actuating packages can be used. These require less 
special excavation and concrete work and could be used as 
part of an automatic signalling and control scheme. 

Operations 

Overall Complexity of Light Rail Systems 

The transit operations for which the subsurface collection 
systems were installed "just grew," essentially as electri-
fied extensions of animal- or mechanical-powered street-
car lines. 

To meet the need for interconnecting and intersecting 
routes, the subsurface and the overhead systems became  

quite complex. As a result of this complexity, installation 
and maintenance costs—particularly for subsurface sys-
tems--were high. 

The modern light rail systems operating in San Diego, 
Calgary, and Edmonton and planned for Portland, Buffalo, 
and several other cities are far simpler. These light rail 
systems operate along primary corridors. Secondary cor-
ridors are served by alternative transit modes, and their 
operations are integrated with service along the primary 
route. 

The simplicity of the new-generation light rail makes 
subsurface collection an attractive option for downtown 
areas. The simplicity of the system would be reflected 
both in construction and maintenance costs. 

Maintenance Requirements of Subsurface Systems 

Operating records of early subsurface systems indicate 
that, given reasonable inspection and maintenance, few 
serious problems arose that were attributed to the system 
itself. The subsurface equipment was simple, rugged, well 
engineered, and located out of harm's way beneath the road 
surface. The main problems were the current collectors, 
which received much wear and tear and frequently needed 
attention, and the ductway, which had to be cleared 
regularly of normal street detritus that had passed through 
the access channel. (In the older systems, it was usual to 

include a weak link in the collector assembly designed to 
fail and release the collector when an obstruction was met. 
This cut off the power supply and stopped the vehicle, but 
permitted it to be moved to gain access to the collector 
for removal.) Over the years, the problem of foreign 
matter lodging in the access channel has been reduced by 
changes in the street surface and the types of vehicles on 
the road. 

In the past, street surfaces were often poor; the track 
area was frequently the best part of the street, and much 
other traffic used it, with consequent damage and dis-
ruption. Street surfaces now are less prone to deterio- 



TRB Special Report 195 
	

93 

ration, and the light rail right-of-way is segregated from 
all other traffic. 

The road vehicles themselves have changed. Animals 
are no longer used for hauling, and attendant pollution 
problems have vanished. Inspection laws have relegated 
the ramshackle automobile or truck shedding odd items of 
hardware onto the street to the world of vintage movies. 
The loads carried have changed; rather than loose, inse-
curely tied piles of miscellaneous goods, loads are now 
packed in containers and shipped in box trailers and vans. 
Even garbage trucks are more sophisticated. 

Weatherproofing of Subsurface Systems 

Good drainage in a subsurface system is vital to prevent 
flooding, although the effect of flooding is no worse than 
with regular overhead supplies. 

In the past, it was usual for the subsurface ductway to 
be tied into the regular sewer system, and this technique 
can still be used today. The application situation is ideal 
where both the subsurface guideway and the utility require 
upgrading, as construction for ductway drainage can be 
integrated into the general street drainage improvement 
program. 

Where substantial snowfalls occur, the same snow 
clearing procedures—frequent sweeping or plowing to pre-
vent excessive buildup—would be used as for all types of 
light rail operation. Icing, a frequent problem in overhead 
line systems, is not a serious concern with subsurface 
systems. However, compacted ice can be a problem in 
subsurface collection systems when road traffic forces it 
into the access channel, where it sometimes freezes solid. 
To solve this problem, rod-like electric heating elements, 
developed for rapid transit, people mover, and railroad 
systems, are now available. These could readily be in-
stalled in areas of high vulnerability directly under the 
upper surface of the access channel lining, as shown in 
Figure 9. The heat input required would be quite small, 
since preventing ice buildup is the only objective. 

Changing from Subsurface to Regular Overhead Power 
Collection 	 - 

It is unlikely that subsurface collection would be adopted 
for an entire light rail installation; rather, it would be 
confined to the area where it was most appropriate. 
Several techniques have been developed to perform the 
transition from subsurface to overhead wire: 

The collector can be winched up into the body of 
the vehicle through a hatch in the ductway. 

A worker in a subterranean chamber can manually 
insert or remove the collector from beneath the vehicle. 

The collector can be ejected or inserted at street 
surface level. 

Methods 1 and 2 have been of particular interest 
because the collectors can be circulated easily through 
inspection and repair procedures if there are a larger 
number of collectors than vehicles in service. 

The third technique is the most highly developed and 
well tested in practice. The old London transit operation 
had about 2000 streetcars operating over 246 miles of 
subsurface collection track and 18 locations where the 
change was made from subsurface to overhead collection. 
The overhead collector was the traditional trolley pole, the  

time for the performance of the complete procedure was 
only about 20 seconds. 

Even if manual insertion were retained in state-of-
the-art designs, the time gained by using an automatic 
pantograph rather than manual manipulation of the trolley 
pole would be considerable. 

In practice, both methods 1 and 3 would be candidates 
for use in a modern installation. 

ADVANTAGES OF SUBSURFACE INSTALLATIONS 

Subsurface power collections have a number of advantages. 

Immunity to Damage 

Although normal overhead line construction is now highly 
reliable, it is still vulnerable to accidental damage. 

For example, a defective pantograph can quickly cause 
failure on the best overhead line; in fact, a minor overhead 
line defect can trigger a °snowball reaction in which the 
line and the pantographs damage each other slightly until 
one or both components fail. A truck with an overheight 
load can also present a serious problem if it strikes the 
wires. 

The equivalent vulnerability in the subsurface system, 
obstruction of the access channel, is less of a problem. 

Elimination of Electrolysis Problems 

Most older subsurface systems used two conductor/fully 
insulated power supplies, and none of the metalwork 
forming the guideway was included in the circuit. This 
resulted in complete immunity from electrolytic damage 
attributable to the system. 

Construction of the modern system offers the same 
advantage. No special precautions would be required--even 
for certain soil conditions or vulnerable subsoil utility 
installations. 

High Power Delivery Capabilities 

Current collection at 750 volts DC by regular pantograph 
and trolley wire occurs across a surprisingly small contact 
area in overhead collection systems; in busy downtown 
areas where starting cycles are frequent, the limit of 
collecting ability is likely to be reached. Where a service 
is heavy, the high overall current demand must be met by a 
suitably proportioned overhead line structure with frequent 
feeding points. 

In a subsurface system, the power-conveying elements 
are located in a right-of-way below ground. Thus, they can 
be made as substantial as necessary and fed at frequent 
points from the cables carried in the ducts without any 
visual or physical impact on the guideway surface. 

Vehicle Identification and Location 

Although there is no precedent in the systems that have 
been built, the subsurface collection system could be 
equipped to provide data to an electronic information 
system. 	The collector would act as the transmitter, 
perhaps carrying information on vehicle fleet or running 
number and even data on loading, while sensors located in 
the access channel at strategic points would convey the 
information to central control for analysis. 


