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FXECUTIVE SUMMARY

The. purpose of this work element is to enable the Metro Rail Project staff
to select preferred design alternatives for the communications system and
its major components. This report includes analyses of the alternatives
and recommendations for wvehicle radio service, telephone service, closed
circuit television (CCTV), and cable transmission service (CTS).

Originally, two other analyses were to be included: an analysis of
lease~vs.-buy telephone equipment, and an analysis of TV camera aperture
control vs., higher levels of illumination.

Analysis of the lease-vs.-buy alternative was discontinied after Pacific
Telephone representatives informed us that a recent court ruling precludes
any guarantee that the telephone company will be in the leasing business
vhen telephone services and equipment are being procured for the Metro
Rail System (see Appendix H). The evaluation of TV camera aperture
control was discontinued after a technology assessment showed that
moderately priced cameras meeting the video requirements with relatively
wide-range automatic aperture control have recently become available.
Thus, one camera design is suitable for all station requirements, without
the need for extra illumination (see Appendix G).

The methodology used in the analyses compares the total annual costs of
each alternative, including capital, maintenance, and operating costs.
Annualized capital costs were developed on the assumption that money can
be borrowed for 32 years at 12% annual intefest. All costs are in 1982
dollars.

The results of these altermatives analyses are expected to advance the
design of the communications system toward a configuration that will
optimize economy, performance, and reliability. Table A and the paragraphs
below summarize the results of each alternative analysis.

PASSENGER VEHICLE RADIO SERVICE

The idnalysis of vehicle radios evaluates three alternatives: nonremovable
radio, removable nonoperable radio, and removable operable radio. For the
first two alternatives a portable radio is needed for each train so that
the operator can communicate while away from the train. The annual
equivalent cost ($74, 153) of the removable operable radio is the lowest.
The additional handling risk during check-in and check-~out and mounting
and dismounting from the vehicle raises concerns that need to be addressed
in detailed design. The removable nonoperable radio has the same risks
and has an annual equivalent cost of $90,327. The nonremovable radio, with
an annual equivalent cost of $100,350, 1is the most expensive of the 3
alternatives. The removable operable radio is recommended for the Metro



Rail System at this time. Bowever, it is also recommended that the
current PATCO system, which is similar to the removable operable radio
analyzed in this chapter, be considered during final design.

TELEPHONE SERVICE

The telephone service covers administrative calling, mainténance
calling, and emergency calling. This analysis evaliates three
alternatives: three separate exchanges, two combined exchanges, and omne
combined exchange. The one combined exchange configuration has a 24%
savings in annual equivalent costs over three separate exchanges, and a
15% savings over the two combined exchanges configuration. Thus, the
one combined exchange comfiguration is recommended for the Metro Rail
Systen.

CLOSED CIRCUIT TELEVISION (CCTV) MONITORS

The analysis of monitoring techniques evaluates three alternatives to
dedicated monitoring. (Dedicated monitoring was eliminated due to the
high cost of providing such a system.) Multiple camera sequencing,
split-screen projection, and split-screen sequencing are analyzed.
Although multiple camera sequencing is not. the least expensive, it is
only 5% more than split-screen sequencing and has a proven track record
in the rail rapid transit industry. It also has the lowest equipment
cost of all three alternatives and implements the fullest potential of a
single TV screen. :

It is recommended that this alternative be implemented. However, during
detailed design certain cameras may be appropriately sequenced in
monitors, while other scenes may require continual surveillance. Thus,
a combination of multiple camera sequencing and dedicated monitoring
might be most effective.

CABLE TRANSMISSION SYSTEM

This analysis evaluates three alternatives for use as the back bome
communications facility: 1) an audio frequency copper wire system using
physical copper pairs for each telephone and audic circuit back to
central control (with coaxial cable for CCTV), 2) a multiplexed coaxial
cable system for both audio and video circuits and 3) an optical fiber
cable system using digitized audio and video multiplexing (TDM).

To enhance future expansion capabilities and to realize expected future
cost reductions and performance capability of the optical fiber cable
system its implementation is recommended even though its present annual
equivalent cost is highest.



COST SUMMARY OF COMMUNICATION ANALYSES*

Table A

VEHICLE RADIO SERVICE

.Nonremovable Radio
" Removavle Nonoperable Radio
Removable Operable Radio

TELEPHONE SERVICE

Three Separate Exchanges
Two Combined Exchanges
One Combined Exchange

" CCVT .Hq_:_’v‘x‘rdns

Multiple Camera Sequencing
Split-Screen Projection
Split-Screen Sequencing

CABLE TRANSMISSION SYSTEM

Copper Wire (Video on Coax)
Coaxial Cable
Optical Fiber Cables

74,153

126,600

923,218

805,142

90,327

140,900

962,907

891,544

100,350

166,400

1,503,435

1,179,669

*&nnual equivalent cost in 1982 dollars



Chapter 1

INTRODUCTION

BACKGROUND

In WBS element L4CAC, Raiser Engineers' contractual responsibility
was to develop engineering analyses, conclusions;, and recom-
mendations on the alternative characteristics of the communications
system where several options are available. KE was to analyze the
alternatives, reporting on the following:

o The most cost-effective components

o Differences in performance characteristics and operating
experience

o Any problem areas for SCRTD application

It was recognized that some design options would have a major
impact on the Metro Rail System's and the communication system's
effectiveness, while others would have only minor impact, or no
impact at all. KE was to analyze only those items that would have
a major impact on the communication system and/or the Metro Rail
System.

KE prepared a list of candidate design alternatives which was
influenced by the District-furnished list of Metro Rail Project
Alternatives, dated December 30, 1981. At a meeting on March 1,
1982 with the Metro Rail Project staff, the proposed list was
presented and discussed. At that time the following six items
were selected for analysis:

o Vehicle radios

o Telephone service configuration

o0 Closed circuit television monitors

o Cable transmission system

o Controlled aperture cameras

o Lease or purchase of telephone system
The first four of these items became the framework for KE's work
effort in WBS 14CAC, and are discussed in Chapters 2 through 5 of

this report. The last two items are covered in Appendices G and
H.

1-1



1.2

1.3

1‘I3I1

1.3.2

PURPOSE/OBJECTIVES

Kaiser Engineers' primary task in WBS 14CAC was to develop
engineering analyses; conclusions, and recommendations on the

‘communication system alternatives in sufficient detail to enable

the District to make the most beneficial choice from ampng the
alternatives.

The output of WBS 14CAC leads directly into later communication
vork elements, and the development of information in this work
element will be used to establish the design criteria called for
by WBS 16CAC.

SCOFE

The following paragraphs summarize the general scope. of the
alternative analyses covered in Chapters 2 through 5.

Passenger Vehicle Radio Service Analysis

Alternatives studied:

o Nonremovable vehicle radio with portable operator's radio
o Removable nonoperable radioc with portable operator's radio

o Removable operable radio

The analysis was based on a fleet size of 142 vheicles made into
71 dependent pairs. The functional requirements of the service
are to provide the train operator with continuocus communication
with Central Control, communication capability when not onboard
the vehicle, and communication with yard control when entering or
leaving the yard.

Telephone Service Analysis

This analysis studied methods which could be used to provide the
three telephone functions: administrative calling, maintenince
calling, and emergency calling. The follqwing alternatives were
studied:



1.3.3

1.3.&

1.4

o Three separate exchanges
o Two combined exchanges

© One combined exchange

Closed C1rcu1t Television (CCTV) Monitor Analysis

Alternatives to be studied:

o Multiple camera sequencing

o Split-screen projection

0 Sequential split-screen projection
Initial screening of the alternatives determined that the
"dedicated monitoring"” alternative, which requires one TV monitor

for each caméra, would be too expensive.

Cable Transmission Service CTS) Analysis

This analysis will be submitted under separate cover in January
1983.
METHODOLOGY
KE made an analysis of the alternatives under consideration. The
following list was developed to define those areas which would
show critical differences between the alternatives:

o Capital Costs

o Operating Costs.

o Maintenarice Costs

o Annual Equivalent Costs

o Technical Risk

o Availability

In some instances, other qualitative factors which showed major
differences between the alternatives were also included. The
methodology section of each chapter details the addition or
deletion of any evaluation factor. -



- 1.4.1 Design Assumptions

' Design assumptions for the purpose of this report were made by
Kaiser Engineers on the basis of the following:

0 SCRID Metro Rail Project Architectural Standards for
Commmication -
o SCRTD Metro Rail Preliminary Operating Plan and Design
Criteria
The particular design assumptions used for each analysis are

listed in each chapter.

1.4,2 Pertinent Literature

In order to obtain the latest information on communication
systems, a literature search was made. Vendors were contacted and
applicable reports, papers, and equipment specifications obtained
and reviewed. Kaiser Engineers' reports on other transit systems
were reviewed for any data that would apply to the Metro Rail
System. For details, see Appendix A, Bibliography.

1.4.3 Vendors, Users, and Associates

Interviews were also ¢onducted with the following:

¢ Equipment manufacturers

o Persomnel at existing rail rapid transit svstems

o Telephone company personnel

o Engineering associates in the rail rapid transit field
For a complete listing of users, vendors, and associates, see
Appendix B, List of Socurces.

1.4.4 Calculations

Cost comparisons were based on preliminary estimates; these costs
will be further developed in later work elements, The cost
analyses include annualized capital cost, based on borrowing money
at 122 interest for 32 years at an annual payment schedule of
$123.28 per $1,000.00 borrowed.

1-4




Other cost values used in calculations were:

o Energy cost - $0.07/kWh
o Operating labor rate - $18.00/hr
o Maintenance labor rate - $19.30/hr

For more details regarding calculations, see Appendix C,
Calculations.

1.4.5 Appendices

Backup data for the analyses is presented in Appendices D, E, F, I,
J, and K. Information on two analyses that were discontinued 1is
included in Appendices G and E.

s .SCRTD LIBRARY
iTransit Systems Development
Los Angetes, CA
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Chapter 2

PASSENGER VEHICLE RADIO SERVICE ANALYSIS

INTRODUCTION

The purpose of this study is to determine the optimim configura-
tion for the passenger vehicle radio service equipment to be used
on the Metro Rail System. The functional requirements of the
service are to provide the train operator with the ability to
maintain continuous communications with Central Control on the
mainline during revenue operation and with yard control when
entering or leaving the yard and operating within the yard limits.
Additionally, the vehicle radio service will be required to
provide communications capability at any other location on or near
the train.

DESCRIPTION OF ALTERNATIVES

In all three alternatives the control head allows the cab speaker
and microphone to be used with the train PA and inter-
communications apparatus. Also, the train number can be set
manually by the train operator.

Nonremovable. Radio (Altermative 1)

In this alternative all radio equipment is permanently installed
on each dependent pair of cars. Figure 2-1 shows the configura—-
tion for a dependent pair. The train operator is issued a
portable radio unit to provide communications while away from the
cab. The following equipment is required:

o A-Car: Transmitter/receiver, quarter-wave antenna in-
stalled on top of the car, encoder, control head, power
supply, microphone, and speaker.

o B-=Car: Control head, microphone, and speaker.

o Poitable Equipment: Ope handheld-type radio per train.
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2.2.2

2.2.3

2.3

Removable Nonoperable Radio (Alternative 2)

In this alternative, the transmitter/receiver unit is removable.

-All other radio equipment is permanently installed, as shown in

Figure 2-2, on each dependent pair of cars. As with the first
alternative, the train operator is issued a portable radioc unit to
provide communication capability while away from the cab. The
following equipment is required:

o A-Car: Quarter-wave antenna installed on top of the car,
ericoder, control head, power supply, microphome, and
speaker.

o B=Car: Same as A-car except no power supply.

¢ Portable Equipment: One handheld-type radic per train and
one removable transmitter/receiver per train.

Removable Operable Radio (Alternmative 3)

In this alternative, the radio transmitter/receiver is removable
and, since it is fully operable outside the train, it can be used
by the operator to provide communication while away from the cab.
The control head charges the battery in the removable radio unit
whenever it is installed in the operator's console. The following
equipment, as shown on Figure 2-3, is required:

o A~Car: Quarter-wave antenna installed on top of the car,
encoder, control head, battery charger, power supply,
60-watt linear amplifier, microphone, and speaker.

o B=Car: Same as A-car except no power supply.

o Portable Equipment: One hand-held type removable operable
radio per train.

APPLICATION HISTORY

WMATA, BART, and MARTA use a nonremovable vehicle radio for train
operator commupications and Baltimore and Miami plan to do the
same. Transit systems in Philadelphia, New York, and Chicago use
a removable nonoperable radio for train operator communications on
the train. CONRAIL and the San Diego trolley use a removable
operable radio service for train operator communication. PATCO
recently modified their existing fleet to have a removable
operable radic in each car of each dependent pair.
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2.4

2.4.1

2.5

2.5.1

METHODOLOGY

The basic quantitative and qualitative evaluation factors
discussed in Chapter 1, Section 1.4, are used in this analysis.

Design Assumptions

For the purpose of this analysis, Kaiser Engineers made the
following assumptions:

o Alternatives 1 and 2 have 6-channel capacity with a rated
power output of 60 watts.

o The handheld radio has 6-channel capaicty with a rated power
output of 6 watts. '

¢ The radio operates in the FCC allocated frequency range of
150 to 176 MHz. '

o Nq coaxial antenna leads would be routed between the cars.
Therefore, an antenna mist be installed on each car that has
a transmitter.

o Fleet size is 142 vehicles made into 71 dependent pairs.

o0 A maximum of 19 6-car trains (114 cars total) will be
operating daring peak hours.

o The remainder of the fleet (28 cars) will be on standby or
undergoing maintenance.

o Annual Metro Rail operating time is 20 hours/day x 365 days

= 7,300 hours.

o Portable transmitter/receivers and radios will be checked in
and out of a secured storeroom once each day.

o 25 portable units will be required to support a peak of 19
revenue trains.

o The operator inserts removable equipment in the cab area of
only the headend car of the train.

RESULTS.

Capital Costs

The capital costs are systemwide. Three battery chargers ($360
each) are required for the portable units in Alternatives 1 and 2.
These chargers will charge the batteries in the pdrtable units
while they are in the store room between assignments to a train
operator. One charger is required for Altermative 3 to charge the

2-6



portable units which are not assigned to train
operators. Those assigned to train operators are charged while
they are pluagged into the train units.

A. Fixed radio.

Permanently installed radios will be required for

each married pair; a total of 7] unite at $2,515 each or $178,565.
Also 25 portable units at $2,595 or a total of $64,875 are

required.

B. Removable nonoperable radio.

A removable transmitter/receiver

will be required for each operating train, 25 units at $2,136 each
or $53,400. One hundred forty-two of the permanently installed
section of the radio are required at $445 each or $63,190.

Alsc 25 portable units at $2,595 or a total of $64, 875 are

required.

€. Removable operable radio.

Removable operable radios will be

required for each operating train, 25 units at $2,595 each or
$64,875. One hundred forty-two of the permanently installed
section of the radio are required at $455 each or $63, 190.

Table 2-1

*
CAPITAL COSTS

(1) (2) (3)
Equipment Nonremovable Removable Removable
Radio Nonoperable Operable
Radio Radio
Permanently installed
radio equipment 178,565 63,190 63,190
Portable radio unit 64,875 64,875 64,875
Portable nonoperable
transmitter/receiver - 53,400
Battery charger (3 units
for complete system) 1,080 1,080 360
TOTAL CAPITAL COSTS $244,520 $182,545 $128,425
ANNUALIZED CAPITAL COSTS $ 30,144 $ 22,504 $ 15,832

*‘Ihsfillitloﬂ costs of permanently mounted equipment are essentially equal
for each alternative and are therefore not included.
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2.5.2

Operating Costs

Operating costs are shown in Table 2-2.

A. Energy. There are 59,830 anhual operating train hours for the
Metro Rail System.” A 110% factor is assumed to allow for gap
trains and wait time before and after rums (59,830 x 1.1 = 65,813).

1. Nonremovable radio. Based on manufacturers' informationm,
the power consumption for each 60 watt radio will be 480 watts
(0.48 kW). This gives a total annual energy cost of:

$0.07 per kWh x 65,813 hr % 0.48 kW = $2,211

2. Removable nonoperable radio. Based on manufacturers'
_information, the power consumption for each 60 watt radioc is
480 watts (0.48 kW). This gives a total annual energy cost of:

$0.07 per kWh x 65,813 hr x 0.48 kW = $ 2,211

3. Removable operable radic. To approximate the power
consumption for the 6 watt radios, 60 watts were subtracted
from the 60 watt radio power consumption to give a net of 420
watts (.42 kW). This gives a total annual energy cost of:

$0.07 per kWh x 65,813 hr x 0.42 ¥W = § 1,935

B. Labor. Since train operators will, as part of their routine
duties, operate the radio equipment no matter which altérnative is
selected, the labor costs are the same for all and have not been
included in this study. There is, however, labor involved with
checking out the portable transmitter/receivers and radio units.
The estimated (by KE) average time to check a unit in-and-out or a
daily basis is 2 hours total per unit per week. Therefore, this
annuval labor cost would be:

2 hours/week x 52 weeks x 19 units x $19.30/hr = $38,137

For option 2 the operator has 2 units to check in and out. An
additional time egqual to 10% of the time for the first unit has
been allccated to the second unit.

$38,137 x .10 = §$3,814

1 See Table 3-8 in the Preliminary Operating Plan, WBS 13 DAA.



Table 2-2
ANNUAL OPERATING COSTS

(1 (2) (3
Nonremovable Removable Removable
Radio Nonoperable Operable
Radio Radio
Energv* ‘ 2,211 2,211 1,935
Administration (check- ’
in and check-out)
Removable nonoperablé
transmitter/receiver - : 3,814 -
Removable operable radio - - 38,137
Portable radio 38,137 38,137 -
ARRUAL OPERATING COSTS $40,348 $44,162 $40,072

2.5.3 Maintenance Costs

For the purposes of evaluating the three alternatives, the cost of
an annual maintenance contract for parts and labor was calculated.
General Electric stated that 102 of the equipment capital costs
are normally asked for parts and labor on an annual maintenance
contract.** Maintenance costs are shown in Table 2-3.

Table 2-3
ANNUAL MAINTENANCE COSTS
(1) (2) (3)
Nonremovable Removable Removable
Radio Nonoperable Operable
Radio Radio
Service contract 1
with radio vendor $24,452 $18,255 $12,843
Replacement of portable
ANNUAL MAINTENANCE COSTS 29,858 23,661 18,249

% The energy costs for the permanently installed radio equipment (control
head, microphone, and speaker) are included with the train PA system, are
very low, are virtually identical for the 3 alternatives, and are there-
fore not considered here.

*%See. Appendix D, Radio Service Data, Meeting Minutes with General Electric,

therefore, there are no spare parts shown separately in the Radio Cost
Analysis.
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2,5.4

Annuval Equivalent Costs

Table Z-4 summarizes the above three costs, and, using the formula
shown in Appendix D, shows the annual equivalent costs.

Table 2-4

RADIO COST ANALYSIS

2.5.5

) 2) (3)
Nonremovable Removable Removable
Radio Nonoperable Operable

Radio Radio
Capital Cost (installed) 244,520 182,545 128,425
Operating Cost (annual) 40,348 44,162 40,072
Maintenance Cost (annual) 29,858 23,661 18,249

Total Operating and

Maintenance Costs . $ 70,206 $ 67,823 $ 58,321
Aonualized Capital Cost $ 30,144 $ 22,504 $ 15,832
ANNUAL EQUIVALENT COST $100,350 $ 90,327 $ 74,153

Technical Risk

All three alternatives utilize off-the-shelf equipment that has
been used in rail rapid transit service., The radio equipment will
be furnished with solid-state components that provide a long life
expectancy, instantanecus operation, and very low failure rates.
The technical risk with the radio is more associlated with having
correct interfaces between the various system elements on the
vehicle, in Central Control, and in the portable usage than in the
equipment itself. The removable radio alternatives have the
disadvantage of additional handling risk during the check—out/
check-in procedure and mounting and dismounting from cars. Both
require repeated installation and removal of equipment with
connectors. Such connectors are subject to malfunction due to
vibration, dirt accumulation, and physical damage. Removable
equipment is also subjéct to loss and damage while being handled
and carried by train operators.
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2‘-5-6

2.6

2.7

Availability

Equipment for all three alternatives is readily available. During
final design the availability of equipment required for the
selected alternative will be determined.

CONCLUSTION

On a cost basis, the removable operable radio (Alternative 3) is
the least expensive. However, the risks (as discussed in Section
2.5.5) associated with the constant removal and replacement of the
radio raises concerns that would need to be addressed in detailed
design. Alternative 2 also has the same risks. Therefore, the
removable operable radic (Alternative 3) is best suited to the
Metro Rail requirements.

RECOMMENDATION

It is recommended that Alternative 3 be selected for the passenger
vehicle radio service for the Metro Rail system. Is is also
recommended that the current PATCO system, which is similar to
Alternative 3 except that a removable, operable radic is installed
in each car, be considered during final design. This PATCO
configuration eliminates the administrative costs of a constant
check-in/check-out activity, minimizes the reliability/loss/damage
problems assoclated with freqiieént insertion into the mounting, but
does not, however, realize the capital cost savings due to fewer
transmitters/receivers fleet wide. Because of these factors the
cost effectiveness of this additional slternative should be
examined more closely.
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Chapter 3

Tﬁtg?goﬂE SERVICE ANALYSIS

INTRODUCTIOR

The telephone facilities may be broken dovn into three categories
for analvsis:

o Teléphone instruments
o Cable transmission system (outside cable)
o Central switching equipment (PBX)

The first category of equipment includes telephone sets, terminal
blocks, distribution panels, and the corresponding interconnecting
wiring. The second category, outside cable, providés the
conductive comnection for carrying signals to and from the
telephone instruments. The third category is the PBX* equipment,
which makes the connection between the calling~- and
called-telephone 1ines- :

Thisg chapter of the report is concerned with the cost of
installation and maintenance of the first and third categories of
equipment, including telephone plant, telephone instruments, and
PBX equipment. The second catégory or outside cable is the
subject of a separate section of this report (see Chapter 5).

Fanctional Requirements

The telephone service will provide a means of communication to
serve the following three functions:

A. Administrative calling. This function will be provided by
telephones ‘located in Metro Rail offices, stations, shops, and
Central Control. They will be used for placing calls to and
receiving calls from other Metro Rail telephones, exchange
telephones in the Los Angeles extended area, and telephoneés
réached over the toll telephone and state private-line
networks.

Stands for private branch exchange; sometimes also referred to as PABX
for private auntomatic branch exchange.



3.2

3.2.1

3.2.2

3.2.3

3.3

B. Maintenance calling. This function will be provided by
telephone sets located in sheps and equipment rooms, and by
telephone test gets which plug into weatherproof jacks located in
signal bungalows, on wayside signals, in the fare collection
areas, ventilation shafts, and in traction power substations.
These telephones will be used for communication between
maintenancée personnel,

C. Emergency calling. This function will be provided by
telephones located on station platforms and other critical
locations. They will be used for calling Central Control.
These telephones will have no pushbuttons or dials but will be
provided with automatic ringdown sent by removing the handset
from its cradle.

L

If administrative and maintenance telephones alsoc have the
capability for emergency calling to Central Control, they will
have ringdown sent by pressing only one dual-tone multifrequency
(DIMF} key on the instrument.

DESCRIPTION OF ALTERNATIVES

The following paragraphs describe the options studied for
telephone service:

Alternative 1: Three Separate Exchanges

The three telephone services may be provided by installing
separate exchanges for each function including separate
instruments, lines, channels, and switching arrangements for their
interconnection.

Alternative 2: Two Combined Exchanges

Two services, administrative and maintenance, combine calling on
one exchange with emergency calling on another exchange. Separate
instriments, lines, channels, and switching apparatias are supplied
for each exchange.

Alternative 3: One Combined Exchange

All three services are combined into one exchange with all
telephone calling with common lines, channels, and switching
apparatus. Instruments for emergency phones are separate.

APPLICATION HISTORY

Recently constructed heavy=rail transit properties have similar
telephone service needs as those required for Metro Rail. Table
3-1 provides a comparison of the facilities {nstalled on BART,
MARTA, and WMATA.
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Table 3-1

COMPARISON OF TELEPHONE FACTLITIES

BART

 MARTA

3-3

WMATA
'EMERGENCY
TELEPBONE
Type Automatic ringdown Automatic ringdowm Press "*" pushbutton
Ability to
Call Central Control Central Control Central Control
Central Nene--telephones None--calls are Combined PBX
Office from each station handled by one-way
Switching appear on a separate ringdown apparatus
: "press-and-hold" and appear on comnscle
button on console communications panel
MAINTENANCE
TELEPHONES
Type Plug~-in Plug-in Plug-in
Able to Party on own Party on own Party on own
Communicate line line line
with
Central None None None
Office
Switching
ADMINISTRATIVE
‘TELEPHONES
Type DTMF pushbatton DTMF pushbutton DTMF pushbutton
Ability Any admin. Any admin. Any admin.
to Call telephone telaphone telephone
Central  Separate PBX Separate PBX Combined PEX
Office
Switching



3.4

3.&-1

METHODOLOGY

The evaluation factors discussed in Chapter 1, Section l.4. were used
in the analysis of the alternatives. The primary evaluation factor in
the study of the telephone service alternatives is the annual
equivalent cost. This cost is composed of two components--the annual
capital cost of the installed equipment plus the maintenance expense
of the installed equipment.

Cost estimates for the telephone equipment are based on averaging data
obtained from various suppliers of telephone equipmenit. The annual

+maintenance expense is calculated from expense ratios applied to the

cost of corresponding categories of telephone equipment. These ratios
are based on the experience of typical small telephone utilities
operating in Southern California.

Design Assumptions

Under all alternatives, the telephone service will provide the
following functions and facilities:

A. Emergency telephones. Separate emergency telephones will be
installed at public locations where required. These telephones will
be without dials and will be provided with automatic ringdown to
Central Control activated by removing the hendset from its cradle. A
separate line or channel will comnect each telephone to the PBX at
Central Control, which will have access to the required number of
answering lines at the attendant's console.

B. Administrative and maintenance teléphones. Administrative and
maintenance telephonés with maintenance jacks will be installed, where
required, with DIMF dialing and access to all other

administrative and maintenance telephomes. Call waiting, call
forwarding, and call conferencing capabilities will be included.
Access to Central Control for emergency calling would be possible

by pressing a2 single "*" pushbutton. Each teleéphone or jack

location will have a separate line or chanmel to the PBX at Central
Control..

Table 3-2 shows the distribution and function of the telephone
apparatus assumed for the alternatives studied. It shows the
nupber of telephones and jack locations that would be required if
separate exchanges were to be provided for each function, and the
number required for the alternatives which combine more than

one function into a single exchange. The chart alsc shows the
total number of circuits, including the allowance for trunk
circuits which are required for calls made to telephomes

served by other exchanges.
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Table 3-2

DISTRIBUTION OF TELEPHONES

Separate Exchanges (1) Combined Exchanges (2 & 3)
Emerg. Admin. Maintenance Emerg. Admin. and Maintenance
Ringdown: Telephones Telephones  Jacks Ringdown
Telephones Telephones Telephones Jacks
Each Passenger Station -
Platform 6 - - ' 3 6 - 3
Ventilation shaft 1 - - 2 1 - 2
Fare collection area 2 - - 2 2 - 2
Equipment room 1 2 2 2 - 2 2
Attendant's booth 1 1 - - - 1 -
Power substation 1 1 2 4 - 2 4
Tunnel cross-passages 12 - = = 12 - =
TOTAL/station 24 4 4 13 21 -5 13
TOTAL/16 stations 184 64 64 208 336 80 208
Wayside Locations _
Signals - A - - 28 - - 28
Switch machines - - - 38 - - 38
Central Control
Control room ) - 65 2 12 - 65 12
Equipment room - 5 2 32 - 5 32
Yards and Shops
Signal bhungalows - - - 20 - - 20
Yard signals - - - 35 - - 35
Signal towers 3 12 3 25 - 12. 25
S5.& I. Shop - 32 12 - - 32 -
Maintenance shops - 50 18 - - 50 -
TOTAL Telephones & Jacks , 387 228 101 398 336 244 398
Required PBX Lines & Trunks: 387 274 599 336 770

*Figures include an allowance for outside trunks of approximately 20%Z of the number of telephone lines connected exce
for the emergency telephone service where outside calls are not anticipated.
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3.5 RESULTS

3.5.1 Capital Costs

The capital costs are the total of the procurement and installation
costs. Table 3-3 provides the unit costs which are used in
developing the total capital costs for each option.

Table 3-3

*
COST DEVELOPMENT DATA

Material
Telephone instrument, DIMF pushbutton ) $ 55.00
Telephone instrument, wall-mounted, without
dial for automatic ringdowm 36.00
Telephone jack 16.00
Electronic PBX:
100-400 line capacity, per line 450.00
400-800 line capacity, per line 400,00
800-1600 line capacity, per line 350.00
Labor
Install telephone instrument, each ~ 50.00
Install PBX equipment, per line 40.00

Table 3-4 shows the capital cost for each altermative based on the
material and labor costs given in Table 3-3.

*
See Appendix E, Telephone Service Data, for backup costs.
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MATERTAL

Emergency Exchange
Ringdown instruments
PBK line equipment

Admin. Exchange
Telephone instruments
PBX line equipment

Main./Combined Ex.
Telephone instruments
Telephone jacks
PBX line equipment

TOTAL MATERIAL

INSTALLATION

Telephone instruments
and jacks

PBX equipment, per
line

TOTAL INSTALLATION

TOTAL Material
and Installation

ROUNDED CAPITAL COST

Alternative 1

Table 3-4

CAPITAL COSTS

Alternative 2

Alternative 3

Number Unit Number Unit Humber ‘Unit

Required Cost  Amount Required Cost Amount Required. Cost Amount
387 $36 5% 13,932 336 $ 36 $ 12,096 336 $ 36 §12,096
400 450 180,000 350 450 157,500 - - -
228 55 12,540 - - - - - -
300 450 135,000 - - - - - -
101 55 5,555 244 55 13,420 244 55 13,420
499 16 7,984 398 16 6,368 398 16 6,368
600 400 240,000 800 400 320,000 1200 350 420,000
$595,011 $509, 384 $451,884

1215 50 60,750 978 50 48,900 978 50 48,900
1300 A0 52,000 1150 40 46,000 1200 40 48,000
$llz,750 $ 94,900 $ 96,900

707,761 604 ,284 548,784

$710,000 $600,000 $550,000



3.5.2

3.5.3

Operating Costs

A. Labor. The cost of operating personnel is not included
because all the equipment operates unattended. Any "operator
assistance” which may be required would be performed by the same
Centtal Control personnel, irrespective of the alternative
selected.

B. Energy. The cost of electrical energy used in electromic
telephone systems is very low compared to other types of
electrical power loads. The largest telephone exchange considered
in this study would have a power requirement of only 2,000 watts.
Supplying this load on an annual basis would represent an
insignificant amount in the overall cost of the alternatives
(approximately 1%). R

Maintenance Costs

A. Labor. Unless telephone service is obtained from The Pacific
Telephone and Telegraph Company on a monthlv-charge basis,
maintenance will be performed by Metro Rail technicians. The same
crews will maintain other electrical and electronic apparatus in
addition to the telephone apparatus. It is necessary, therefore,
to estimate the amount of time and and material that will be used
in the maintenance of the telephone equipment.

As an approximation of this cost, the expense ratios were derived
from the experience of public utilities engaged in providing
gsimilar telephone service.* Data obtained from the files of the
California Public Utilities Commission have shown that, for the
telephone companies examined, the ratio of expense of instrument
repairs to the plant value of telephone instruments ranges from
17.8 to 18.7 percent. Similar ratios for expense of repair
central office equipment (PBX) to the plant value of central
office equipment ranges from 9.9 to 10.3 percent.

The values-judged appropriate for use in this study and the

‘resulting maintenance expense estimates are shown in Table 3-5.

*
See Appendix E, Telephone Service Data, for backup costs.
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Table 3-~5

ANNUAL MAINTERANCE EXPENSE

Al;grnative 1 Alternative 2 Alternative 3

Telephone instruments $101,000 $ 80,800 $ 80,800

Mzintenance (18% of 18,200 14,500 14,500
capital cost) .

PBX equipment | 607,000 524,000 468,000

Maintenance expense (10% of 60,700 52,400 46,800

capital cost)
TOTAL ESTIMATED ' -
MAINTENANCE $ 78,900 $ 66,900 $ 61,300

3.5.4 Annual Equivalent Costs

For the analysis of the telephone service, the total annual
equivalent cost consists of the ammualized capital cost plus the
estimated annual maintenance expense. Table 3-~6 shows the
combination of the capital costs from Table 3-4 as modified to
obtain the annual cost, and the estimated maintenance from Table
3-5 to obtain the amnual equivalent cost for all three optioms.

Table 3-6

TELEPHONE ALTERNATIVES COST ANALYSIS

Alternative 1 Alternative 2 Alternmative 3

Capital Cost (Table 3-4) $710,000 $600,000 $530,000

Annualized Capital Cost 87,500 74,000 65,300
Estimated Annual Maintenance

(Table 3-5) 78,900 66,900 61,300
ANNUAL EQUIVALENT COST ~ $166,400 $140,900 $126,600
SAVINGS (compared - 15% 247

to highest cost)
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3.5.6

3.5.7

Reliability

The central switching equipment (PBX) used in this comparative
analysis comprises small electronic switching systems (ESS).
Experience with ESS equipment has shown that it is more reliable
and requires less maintenance than the electromechanical PBX
equipment used previously, and its reliability may be further
increased for larger electronic PBX installations. For units of
1,000 lines or more, it is possible to add a redundant central
processing unit (CPU) to the PBX apparatus to assume operation in
case of malfunction of the primary CPU. This can be obtained
without appreciable increase in the cost per line.

For many years telephone instruments have been considered fairly
rugged and reliable. Their reliability has dlsc been increased by
replacing the rotary dial, which is susceptible to dirt
contamination and to mechanical maladjustment, with touch-tone
dialing.

Overall, the only option which offers an advantage in reliability

is the option that will be able to profit by the redundant
features offered in the larger PBX units; that is, Alternative 3.

Technical Risk

inclioding a receiver, t:ansmitter, hybrid coil, ringer,
switchhook, and DTMF dial. The basic apparatus has been in
general use for over 30 years and the touch-tone feature has been
in general use on telephone company exchanges in Califormia for
over 15 years.

Electronic PBX installaticns began replacing electromechanical PBX
plants approximately 12 years ago and have since become standard.
For these reasons there is little technical risk with any of the
telephone service altenatives considered.

Availability

The availability of telephone equipment is very broad. Telephone
instruments and PBXs are available from many vendors offering
apparatus manufactured in a number of European countries, Japan,
Canada, and the United States. The equipment for any of the
alternatives should therefore be obtainable with little
difficulty.
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3.6

3.7

CONCLUSTON

This analysis concludes that the alternative offering the lowest
annual equivalent cost is that which combines into one exchange
all telephone calling with common lines and switching apparatus.
The analysis showed that this configuration offers a 241 savings
in annual equivalent costs over the separate exchange alternative,
and a 157 savings over the partially combined exchange
alternative. These savings are obtained by minimizing the
quantity of telephone instruments and PBX line equipment required,
as well as by taking advantage of the lower cost per line
available with larger PBX equipment.

Additional savings will be realized in the CTS through the use of
a combined exchange, because fewer telephone lines will be
required to carry signals to and from Central Control. Under the
combined exchange configuration, emergency telephone service would
be provided in public areas by separate wall-mounted telephones
without dials, arranged to ring at Central Control when the
handset is removed from thé switchhook.

All telephones in this analysis sre single party line units. Each
telephone has a dedicated circuit to the central PBX. In this
way, there would be no interference caused by a telephone line
being shared by maintenance or administrative personmel.

RECOMMENDATION

The recommendation is to combine all telephone requirements into
one exchange using common switching apparatus and lines
(Alternative 3). Emergency phone instruments are separate. This
installation would offer the lowest equivalent annual cost and
fully meet the requirements of the Metro Rail System telephone
service.
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4.1

4.2

Chapter 4

CLOSED~CIRCUIT TELEVISION MONITOR ANALYSIS

INTRODUCTION

The use of closed-circuit television (CCTV) surveillance on
transit systems as a deterrent to crime has been an accepted
practice for many years. All of the newer operating rail systems
(BART; MARTA, WMATA, and PATCO) employ some form of CCTV
surveillance. Systems under comstruction or in the desigh stage,
such as Miami, Baltimore, and Houston, are including CCTV for
their future operation. The extent to which each of these systems
use CCTV varies from property to property and is based upon the
uniqueness of each property.

An example of factors which influence the extent of CCTV usage on
a8 system are: the operating environment through which the system
traverses, physical constraints of the systéem, manned or unmanned
stations, budget limitations, and others. Once a decision is
reached to use CCTV on a system, several critical issues must be
addressed, such as: areas of system to be monitored, the
monitoring technique to be used, and local or remote monitoring.
All of these issues must be addressed early in the design as they
greatly impact the design of facilities,

This analysis of monitoring techniques reviews the advantages and
disadvantages of three viable alternatives to dedicated monitors
for each camera, and provides sufficient cost data to enable an
economic comparison of alternatives.

DESCRIPTION OF ALTERNATIVES

Several techniques for CCTV monitoring are available in the
marketplace, each with advantages and disadvantages. These
techniques include:

o Dedicated monitoring

o Multiple camera sequencing

o Split-screéeen projection

o Sequential split-screen projection

The initial screening of the alternatives eliminated dedicated

- monitoring as a further consideration as a result of the high cost
~of providing such a system. Dedicated monitoring for the SCRTD

system would require an array of 216 CCTV monitors with a large

" monitoring staff. Elimination of this alternative is comsistent

with the transit industry trend toward providing an effective
system at a reasonable cost. The three remaining alternatives,
which are described below, will be analyzed.
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41212

4.2.3

4.3

Multiple Camera Sequencing (Alternative 1)

Multiple camera sequencing is a method in which several scenes are
projected on one monitor in automated sequential order. The
normal range of scenes is from 2 to 5. For this alternative, the
system 1s designed to sequence &4 cameras on each monitor. Large
or small monitors can be dsed. This method, which requires 3
monitor screens per station, additionally allows the viewer to
'select and hold a specific scene desired, ‘and can be likened to
changing a channel on a television set. Normally, the sequencing
rate can be adjusted from 2 seconds te 3 minutes of viewipng time.
A block diagram of Alternative 1 is shown in Figure &4-1.

Split-Screen Projection (Alternmative 2)

Split-screen projection is a method whereby 2 or more scenes are
projected on a single monitor via a splitter. Two scenes per
monitor were selected as the basis for the stiudy of this
alternative. This method would require 6 monitor screens per
station. A block diagram of Alternative 2 is shown in Figure 4-2.

Split-Screen Sequencing (Alternative 3)

The split screen sequencing method would use a combination of
apparatus to permit three camera images to be seqoenced in
rotation on a split screen showing two displays. Two monitors per
station would be required. A block diagram of Alternative 3 is
shown in Figure 4-3.

APPLICATION HISTORY

In the transportation indastry CCTIV is being used for monitoring
activities at passenger stations and facilities. The Illinois
Central Gulf Railroad uses Alternative 1, multiple camera
sequencing. Each monitor is dedicated to 5 fixed cameras which
are sequenced every seven secounds. Port Authority Transit
Corporation (PATCO) uses one monitor screen per camera, as does
the Washington Metropolitan Area Transit Authority (WMATA) and the
Port Authority of New York and New Jersey. A review of the above
properties and BART, Baltimore, Miami, and MARTA determined that
the Metro Rail System will monitor by far the largest number of
cameras in a single Central Control center.
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METHODOLOGY

The alternatives are analyzed using the evaluation factors
described in Chapter 1, Section 1.4. Addipional qualitative
factors; observation continuity and TV monitor personnel work
load, are discussed in Sections 4.5.5 and 4.5.6. The SCRTD
Architectural Standards for Communications and the APTA Guidelines
for Transit Security were reviewed, and a possible configuration
was developed for the Metro Rail System.

Design Assumptions

The following assumptions were made for the purpose of this
analysis: -

o Closed circuit television surveillance of stations shall be
required on a 24-hour a day basis.

o Two TV surveillance sites are added for the purpose of
wonitoring two storage vards.

o The primary location for monitoring the CCTV system is the
Centtal Control faciliry.

o CCTV monitoring personnel are alsoc responsible for
answering the public assistance telephones.

o Twelve fixed TV cameras will be provided at each
passenger station and at each shop/yard.

o No CCTV coverage of a central revenue-counting facility is
considered becauge of its specialized function and separate
monitoring location.

o Areas subject to CCTV surveillance include: fare
collection, handicapped/service entrance and egress,
security telephomes, fire emergency telephones, patron
assistance telephones, toilet room entrances, stairs at
terminations, escalators at terminations, station platforms
at termination of vertical circulation elements and at
platform ends and at corridors, and pedestrian bridges and
underpasses within stations.

o No video recorders are included in the analysis since the
costs would be similar for all three alternatives.
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4.4.2 Operational Assumptions

The SCRID operational concept for CCTV siurveillance established to
date requires that Central Control will have the primary
responsibility for monitoring the CCTV surveillance system.. Each
station will be provided with twelve fixed cameras which will send
images of various areas within each station to Central Control.

An array of monitoring equipment combined with dedicated
monitoring persomnnel will be located at this facility. Additional
TV monitors will be provided for the surveillance of two vehicle
storage yards located at each end of the operating line.

Provisions for one additional monitor in each station will be
included in the design of stations. It is expected that if
stations are manned, CCTV monitoring will not be a primary duty of
the station agent. Central Control will advise the station agent
of any situation which is 6ccurring at his/her station which may
necessitate further investigation or assistance. The station
agent may then switch a single video monitor to the appropriate
image for further viewing.

Both of these policies agre in accordance with the recommendations
of Closed Circuit: Television in Transit Stations: Application
Guidelines.*

4.5 RESULTS

4.5.1 Capital Costs

The capital costs for equipment for each of the three alternatives
are shown in Table 4-1. These costs have been obtained from the
manufacturers and include only the cost of the basic equipment.*#*
The costs associated with the installation of equipment and the
procurement and installation of cabling from stations and yards to
Central Contrecl have not been included in this analysis. For
Alternatives 1 and 3, no cost was included for the master
sequencer function since it is anticipated that the timing will be
established at each station and no additional hardware is
required. The detailed cost data for capital equipment is shown
in Appendix F.

* See Appendix F, CCIV Backup Data, for more information.

#*Component costs were obtained from Panasonic CCTV Products and GE, with
the Panasonic data used as the basaline. See Appendix F, CCTV Backup
Data, for more information.



Table &4-1

CAPITAL COSTS

1) (2) (3)
Multiple Splic- Combination
Qty Camera Qty Screen Oty Split-Screer
Sequencing Projection Sequencing

TV cameras at each
station, automatic
light compensation
lens, scanner control '
(81,260 ea.) 12 15,120 12 15,120 12 15,120
Camera sequencers
at each station
(5280 ea.)
a) Four image 3 840 - -
b) Three image - 4 1,120
TV monitors, 12",
automiatic control
($360 ea.) _
a) Central Control 3 1,080 6 2,160 2 720
b) Each station 1 360 1 360 1 360
Camera splitters
at each station
(5360 ea.)
a) Two image - 6 2,160 -
b) Three image - - 4 1,440
TOTAL STATION COST § 17,400 $ 19,800 § 18,760

. ,
TOTAL SYSTEM COST $313,200 $356,400 $337,680
ANNUALIZED CAPITAL COST $ 38,611 $ 43,937 $ 41,602

*16 at passenger stations and 2 for thériardé.

Closed Circuit Television in Transit Stations: Application

Guidelines was published by UMTA in August 1980. This report
discussed life-cycle costs of CCTV installations. The report
stated that "Depending on size, pricing policies, construction
requirements, and many other factors, a CCTV transit station
security system can have a purchase cost of anywhere from $1,500
to $20,000 per camera/monitor installed." This was for a one
camera to one monitor system.
large tolerance on the anticipated cost of CCTV installations.
The costs shown above are within this range but on the low side
since combined monitoring, minimum functional requirements, and a
competitive bid process are anticipated. Also, the data

transmission equipment is not included.
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4.5.2 Qggrating Costs

The labor cost associated with monitoring a CCTV system is
inevitably a major factor in the selection of a surveillance
system. The only cost item in this category consists of
personnel to monitor the televisions at Central Control. Table
4=2 shows the total quantity of monitor screens required in
Central Control for each alternative, and the number of
employees needéed for each operating period and the number of
monitors each employvee would watch.

Table 4-2

ggployees Required in Central Control

Alternative 1

Alternative 2

Alternative 3

TV Monitors at Central
Screens per station
Total screens

108

Off-Hours Period
10 pu=6 am,
7 days/week

Sunday Base Period
6 an~10 pm,
1 day/week

6-10 am & 2-6 pm,
5 days/week

Base Period
6 am—10pm,
6 days/week

Total employees in
Central during peak period

TV Monitors
per employee during
peak pericds

11

13.5




The number of employees per shift is based upon a review of
related transit property studies and actual’ experience of Kaiser
Engineers persomnel. The calculations used to determine the
number of personnel required are shown in Appendix C,
Calculations. The following factors determine the number of
employees required:

Sequencing or nonsequencing

Other employee duties

Distance emplovee is from TV screens
Configuration of TV screens

Level of activity on the display screens

0O 0ODOO

Closed Circuit Television in Transit Stations: Application
Guidelines discussed, "in Section 3.3, the number of monitors
which can be viewed by each "operator." It conclades that 9 to
16 is the reasonable range of monitors for each employee.

These numbers of employees convert to a total staff level and
annual operating costs for the three alternatives as shown in
Table 4-3, Only labor costs are included because a cost
comparison of energy costs between all these alternatives showed
only a slight cost difference. The labor costs arée based on
2,080 total paid work hours per year and 1,920 total productive
work hours per year.

The staff levels are established around four system operating

time 2zones. The base period consists of two eight-hour shifts: 6
am to 2 pm and 2 pm to 10 pm, six days/week. The peak period
consists of two four-hour periods: 6 am to 10 am and 2 pm to 6
pm. The off~hour pericd consists of the eight-hour period from 10
pm to 6 am, seven days/week. The Sunday base period comsists of
two eight-hour shifts: 6 am to 2 pm and 2 pm to 10 pm.
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Table 4-3

ANNUAL OPERATING. COSTS (LABOR)

(1) (2) (3)

Multiple Camera Split-Screen Combirdation
Sequencing Projection Split-Screen
Sequencing

Peak Periods

6-10 an & 2-6 pm,

5 days/week, : : _

8 hours/day 112,320 112,320 74,880

Employees/yr (3) | 3) (2}

Base Periods
6 days/week,
16 hours/day 299,520 599,040 299,520

Emplovees/yr (8) (16) (8)

0ff-Hours Period

10 pm=6 am,

7 days/week, '

8 hours/day 74,880 74,880 74,880

Emplovees/yr (2) (2) (2)

Sunday Base Period

7 am-10 pm,

1 day/week, 37,440 74,880 37,440
16 hours/day

Employees/yr (1) 2) 1)

TOTAL EMPLOYEES 14 23 13

TOTAL OPERATING COSTS $524,160 $861,120 $486,720

4=-11



4.5.3

Maintenance Costs

Table 4-4 shows the maintenance costs for all three

"altetnatives.

A. 'Labor. The labor costs are establighed around two time
zones: the Monday to Saturday (6 day) coverage over a 24-hour
period and the Sunday only 24-hour period. For Alternatives 1l
and 3, during the é-day period at least onme technician would be
stationed at Central Control and one other technician wéuld be
avdilable for on-site maintenance at the stations. During the
24-hour Sunday period, one technicidn would cover the complete
system. For Alternative 2, because twice the number of monitors
are required,. the number of technicians has been appropriately
increased as shovm. The backup data is shown in Appeéndix F.

B. Spares. The cost of spares is based upon 10% of the base

equipment cost for each alternative as recommended by both

Panasonic and GE. The backup data is shown in Appendix F.
Table 4-4

ANNUAL MAINTENANCE COSTS

(1) (2) (3)
Hultipie Camera Split-Scréén " Combinatiom
Sequencing Projection Split-Screen
Sequencing
Labor )
a) CCIV Technicians
24 hrs/day
6 days/week 321,152 481,728 321,152
Technicians 8 12 .8
b) CCTV Techniclans
24 hrs/day , '
Sunday 40,144 80,288 40,144
Technicians 1 2 1
Spares 38,840 36,360 33,600
TOTAL MAINTENANCE COSTS 5400,136 §598,376 $394,896
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4.5.4 Annual Equivalent Costs

Table 4-5 provides the annual equivalent cost comparison data for

the three configurations.

The annual equivalent costs are

computed using the formula showm in Appendix C, Calculations.

Table 4-5

CCTV COST ANALYSIS

(1) (2) (3
Multiple Camera Split-Screen Combination
Sequencing ' Projection ‘ Split-Screen
Sequencing
Capital Costs: 313,200 356,400 337,680
Operating Costs (annual) 524,160 861,120 486,720
Maintenance Costs (annual) 400,136 598,376 394,896
Total Operating and
Maintenance Costs $924,296 $1,459,496 $806,736 -
Annualized Capital Costs $ 18,611 $ 43,937 $ 41,602
ANNUAL EQUIVALENT COST $962,907 $1,503,435 $923,218
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&15-5

415-6

Observation Continuity

All 12 TV cameras at each station are energized 24 hours a day.
Patrons are not aware of whether the image seen by the camera

is being observed by a Metrc Rail employee. It is therefore
possible to achieve the crime deterrent affect without having

an employee actually look at each camera scene 24 hours a day. The
operating scenarios for each alternative are discussed below:

A, Multiple Camera Sequencing (Alternative I). With this
alternative the scene from each camera is shown on the TV
monitor only 257 of the time. If the scenes are sequenced
every 6 seconds, then each area being monitored would appear
on the monitor for 6 seconds, then be off for 18 seconds.

In the event that a TV monitor or sequencer failed, the
scenes from 4 cameras would be lost until repairs were made.

B. Split-Screen Projection (Alternative 2). With this
alternative each scene from each camera is showm 1007 of

the time on one-half of the monitor screen. The images are
therefore one-half the size of those available for observation
using Alternative 1. In the event that a TV monitor or splitter
fails, then scenes from 2 cameras would be lost until repairs
were made.

C. Split-Screen Sequencing (Alternative 3). With this
alterndtive each scene from each camera is shown one-third
of the time. If the scenes are sequenced every &6 seconds,
each area being monitored would appear on one-half the
monitor for 6 seconds and then be off for 12 seconds. In the
event that a sequencer failed, scenes from 3 cameras would be
lost. If a splitter or monitor failed, scenes from 6 cameras
would be lost until repairs were made.

A potential solution for monitor failures for any of the
alternatives would be to provide redundant monitoring

capability. The plan would require an additional number of

spare monitors which would permit monitoring persomnel to switch
the images normally seen on the failed monitors to the spare
monitors. Equipment which would permit thiz redundancy has not
been developed at this time, but the possibility should be analvzed
upon selection of the alternative. In general, the best continuity
is provided by Alternative 2, followed by Alterhative 1 and then 3.

TY quitorJPersonnel Workload

Closed Circuit Television in Transit Stations addresses

personnel work schedules, including the number of TV screens
each employee can effectively monitor. The report concludes
that if a lot of activity were present one person could monitor 9
screens. If there were little activity then one person could
monitor 4p to 16 screens. In the report's discussion of constant
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4.5.7

4.5.8

4.6

U.S. sequential monitoring modes, the constant monitoring mode is
the preferred method. However, the report does state that
sequential monitoring woald be acceptable for unusually lew
activity areas and in areas where there were extreme limitations
on space. The number of employees has been adjusted for an equal
work load (see Table 4-2) for each alternative, thus the labor
costs reflect any variation in work load.

Technical Risk

The use of splitters (Alternatives 2 and 3) is a somewhat new
technology for widespread commercial use and must be considered
a greater risk than the sequencing mode (Altermative 1}.

Availability

Based on conversations with both G.E. and Panasonic, splitters are
not as commercially available as sequencers. This limitation may
not be a factor by the time of the procurement stage.

CONCLUSION

Alternative 1 requires the least amount of equipment, which is
reflected in the total equipment dollar value. This is a direct
result of sequencing four images onto one monitor, signifi-
cédntly reducing the number of monitor screens required. This
method requires 3 TV monitor screens per passenger station.
Sequencing has a proven track record in the transit industry,
with off-the~shelf hardware available from most vendors.
However, due to the sequencing feature, periods of unobserved
time are a characteristic of this method; the condition could
be compensated for by providing the operator with a device to
stop and hold a particular scene.

Alternative 2 is not an attractive alternative due to the intensive
labor requirements. A total of 37 employees makes this plan the
most labor intensive, because the split screen showing omnly 2
images per monitor significantly increases the number of monitors
required per station, which increases the labor force. The plan
also has the highest equipment cost due to the increased number

of units required.

Alternative 3 has the lowest: labor requirement of all three
alternatives, due to the optimum use of a single TV screen by
splitting the screen and sequencing the projected images. These
features require less monitoring personnel. A disadvantage is
that combining all these features results in a2 "busy” IV screen
and could possibly result in operator monotony and fatigue.
Equipment cost ranks second when compared to the other plans.
This alternative has no track record and is not conveniently
available from vendors.
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4.7

RECOMMENDATION

It is recommended that Alternative 1 be implemented. Althoagh
this plan is not the least expensive overall (ranked second),

it is only 5% more than Alternative 3, its proven track record and
availability makes it the best alternative. It has the least
equipment cost of the three alternatives, and effectively
implements the fullest potential of a single TV screen. Once

the final decision to have or not to have a station attendant is
made, the final criteria for CCTV can be established. Further
analysis at that time would determine the optimum CCIV
configuration, :

During detailed design, certain cameras (scenes) may be appropriately
sequenced in monitors while other scenes may require continual
surveilliance. Thus, a combination of Alternative 1 and the "one
camera-one monitor" approach may be logical. Also, slow scan
transmission, as described in Closed Circuit Telévision in Transit

Stations in Section 4.6.2 may also be an alternmative for certain

scenes (see Appendix F).
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CHAPTER 5

CABLE TRANSMISSION SUBSYSTEM ANALYSIS

5.1 INTRQPUCTION

On October 26, 1982, Kaiser Engineers Corporation of California
issued a letter of intent to enter into a contract with De
Leuw, Cather & Company to perform certain preliminary engineer-
ing studies and tasks associated with the Cable Transmission
Subsystem which will be the basic backbone communications
subsystem which ties passenger stations to Central Contrel

in the Los Angeles rapid rail line.

Task I of the work inveolved performing a comparative evalua-
tion of three alternative methods of configuration for the
cable transmission subsystem. These three alternatives were

stipulated by Kaiser Engineers and are briefly described as
follows.

1, Alternative I - All voice, data and control func-
tions would be connected between Central control
and each passenger station via copper wire pairs
without repeaters. Videco signals would utilize
coaxial cables and repeaters where necessary.

2. Alternative II - Voice, data, control circuits and
video would be connected from Central Contrel to
the passenger stations via coaxial cable. Either
frequency division or time-division multiplex
techniques could be used. The cable transmission
subsystem must provide for ringing, supervisien
and all signaling for the circuits carried.

3. Alternative III - The communications signals all
may be transmitted by light waves over optical

fiber -cables with appropriate terminal eguipment
and repeaters.

The f&ctors to be considered in the evaluation were specified
to be:

1. Cost Factors
a. Capital Costs
b. Operating Costs
C. Maintenance Costs
2. Ouantitative Factors
a. Technical Risk

b. Hardware Availability
c. Relevant Judgemental Factors
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Task II of the work involved preparation of detailed subsystem
description, preliminary specifi¢ations and drawings, and
definition of interfaces.

The following material pertains to the evaluation of the
alternative subsystems.

5.2 DESCRIPTION OF ALTERNATIVES

Figure 1 is a composite of the system which has been construct-
ed from information contained in the scope of services
pertaining to the number of circuits for each terminal loca-
tion, from the recommended alignment drawings dated 9-16-82,
and from Kaiser supplied Figure 5-1 entitled "Cable Align-
ment . "

5.2.1 Alternative ¢#1

Alternative 1 utilizes dedicated copper pairs for each tele-
phone, voice or data circuit between the central control
facility and each terminal location. 1In addition, each
passenger station is equipped to transmit a minimum of four
video signals to the central contreol facility at which loca-
tion certain areas of each passenger station will be
monitored on closed circuit television (CCTV) monitors.

This alterhative contains only CTS cabling between Central
Control and the terminal points. It does not include any
cabling between PABX or cother subsystems and the CTS, nor does
it include station circuits at the terminal locations.

Most PABX equipment can tolerate & loop resistance of 1,200

to 1,500 ohms where subscriber equipment is connected dlrectly
by copper wire pairs. The PABX to be used in the Los Angeles
RTD system is not yet specified. Therefore, a loop resistance
of 1,500 will be assumed.

The loop resistance is a function of the wire giage and the
temperature, and is the sum of the resistance of both conduc-
tors for the length of the circuit. Telephone cable with

large pair counts can be obtained in standard wire gauges, AWG
26, AWG 24, AWG 22 and AWG 19. Where circuits must be extended
for great distances, economics dictate that the smallest wire
gauge that can satisfy the reguirements be tused. Because of
the environment which exists along a rapid transit wayside,
wire gauges smaller than AWG 22 are not considered adequate.

Because the cost of copper cable increases rapidly with
increases in wire gauge, devices have been developed which
effectively increase the loop resistance that can be handled
by a PABX or central office. Such devices are called long
line adaptors or loop extenders. These devices are used to
overcome the resistance to direct current flow.
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In voice circuits, there are other losses that must be con-
sidered. One of these is the audio attenuation in the cable.
Telephone circuits are considered to have a band pass ranging
between 180 Hz and 4,000 Bz. Between the conductors of a pair
of wires in a multiconductor cable, there exists mutual capaci-
tance. Techniques of cable construction have been developed
such that the capacitance is minimized and is approximately
0.083 microfarads per mile. However, in every long circuit,
there is sufficient capacity between conductors to cause
nonlinear attenuation of a complex voice signal. Higher
frequencies in the voice signal are attenuated at a higher
rate than are the lower fregquencies.

The least expensive method of treating a cable to improve its
frequency response is to load the cable with lumped induc-
tance for each pair at periodic intervals. One standard
loading scheme allows the addition of BB mh coils at: intervals
of 6,000 fet +0%, -6%. This treatment results in a fairly
flat response between 200 Hz and 3,200 Bz with a cutoff frequency
of about 3,600 Hz. Each added co11 will increase the loop
resistance by about 8.5 ohms. For this study, H-88 loading
will be considered. When AWG #19 or AWG #22 wire is used,

thé maximum length of a telephone circuit without loading is
18,000 feet.

Finally, even with loop extenders and loading on the cables,
some circuits in the RTD starter line are of sufficient
length to require amplifiers to overcome the effects of
overall signal attenuation.

If we assume that the conduits from the guideway to the
communications equipment areas are to be standard 4° pipes,
the maximum size cable that can be put into the cableway for
the cable transmission subsystem can have a diameter of not
more than 2.5 inches for 40% fill of the conduit.

AWG $#19 communications cable suitable for direct burial or
duct installation can be procured in pair counts of up to 300
pairs with the diameter less than 2.5 inches. A standard
reel length is 1,000 feet for this pair count.

AWG #22 communications cable suitable for direct burial or
duct installation can be procured in pair counts of up to 600
pair count is 1000 feet.

Cables with smaller pair counts in both gauges can be procured
in longer reel lengths. Jumbo reels that hold 6,000 feet can
be obtained in either gauge in a 75 pair count.

The cables which make up the various circuits for Alterna-
tive 1 in this study will utilize AWG $#22, where possible, to
reduce the cost. Composite cables utilizing lengths of #22
and #19 gauge wire have been calculated to produce loop
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resistances which can be used with the loop extenders and
loading plans.

For each cable, where entrance is made to a passenger station
to drop circuits, all circuits which terminate at the station
will be wired to protector blocks. Through-circuits will be
wired to standard terminals and jumpered through to continue
to the next station. All circuits at Central Control will be
terminated on protector blocks.

The material immediately following will describe each of the
separate circuits which make up the Cable Transmission Sub-
system in Alternative I, Each circuit is accompanied by a
figure showing the terminal points, distances and circuit
reguirements.

5.2.1.1 Circuit #1 - Central Control to Main Yard

This circuit provides for 400 telephone subscriber circuits
and ‘ten voice grade circuits for other purposes between
Central Control and the Yard. The 10 percent spare require-
ment raises the total pair count requirement to 450 pairs.

Two separate cables will be installed for the primary cir-
cuits. One cable of #22 AWG gauge wire will contain 300
pairs, and the second cable of #22 AWG gauge wire will contain
150 pairs.

No loading, long line adaptors or other special treatment is
required on any of the pairs in this circuit.

The redundant cirucit will be identical to the primary
circuit.

5.2.1.2 Circuit 2 = Central Control to Seventh & Flower

This cable circuit provides for 209 voice grade circuits to
be dropped at Union Station, Civic Center, Fifth & Hill and
Seventh and Flower stations. Requirements for each station
are as shown on Figure 3. A 300 pair, #22 AWG cable will be
installed between Central Control and Union Station. Leaving
Union Station, a 200 pair #22 cable will continue to the
Civic Center Station. Between Civic Center and Fifth and
Hill, a 150 pair #22 AWG cable will be installed. Seventy-
five pairs of #22 wire will be required between Flfth and
Hill and Seventh and Flower.

The cables reguire no loading, long line adaptors or special

conditionaing. Because of reel length restrictions, splices
will be required.
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5.2.1.3 Circuit $#3 - Central Control to La Brea

The distance for each of the drop points on this circuit is
greater than can be handled with an unloaded circuit. However,
with proper selectior of cable size and splice points, the

loop resistance, including the loading coil resistance, can

be held to 1,500 ohms. The PABX can work with this loop
resistance without long line adaptors or amplifiers.

For this circuit, #22 AWG gauge is used between Central and
Western. Between Western and La Brea, approximately 5,000
feet of #22 will be installed, and approximately 6,000 feet
of #19 cable will be used. With this arrangement, the total
loop resistance to the farthest point will be very close to
1,500 ohms.

A 300 pair cable will be installed between Central Control
and the Alvarado station, and also between Alvarado and
Vermont. Between Vermont and Normandie, only 200 pairs will
be required, and a 150 pair cable can satisfy the needs
between Normandie and Western. The composite #22/19 cable
between Western and La Brea need only be 75 pairs.

5.2.1.4 Circuit #4 - Central Control to Studio City

This circuit is a total of 92.839 kilofeet. A éable of #22
AWG would result in a total loop resistance of 3,360 ohms
not including loading coils. Even with #19 AWG wire, the
total loop resistance minus loading coils would exceed the
1,500 ohm capability of the PABX equipment. Thus, it will
be necessary to use long line adaptor techniques which will
provide the capacity for the PABX to work with as much as
3,500 ohms total loop resistance. The cable will require 14
loading points., Each coil will add 8.5 ohms of resistance.
The total loaded loop resistance for the farthest circuit
will be 3,479 ohms which is within the capacity of the loop
extenders. Voice frequency amplifiers will also be reqguired.

A 300 pair cable will be required between Central Control
and Fairfax, extendlng on to the Beverly station. Between
Beverly and Santa Monica, a 200 pair cable will be required.
Between Santa Monica and Studio City, a 75 pair cable can
satisfy all requirements.

5.2.1.5 Circuit #5 - Central Control to the North Yard

This circuit is a total of 109.05 kilofeet. It will require
loading at 17 points with H-88 loading coils. Therefore,

the total wire resistance which can be tolerated while
remaining within the 3,500 ohm capability of the loop extenders
would be 3,356 ohms. The circuit must be a mixture of #22

and #19 AWG wire. The most economic arrangement utilizes
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76,080 feet of #22 gauge wire, and 28,504 feet of #19 wire to
reach the North Hollywood station. This much of the circuit
will require 200 pairs in the cable. From the North Heollywood
Station to the North Yard, a 150 pair cable of #19 AWG gauge
will be required. Voice frequency amplifiers will be reguired.

5.2.1.6 Video Transmission - Alternatives 1 and 2

By agreement, the video transmission techniques and elements
were established as being the same for the wireline subsystem
-Alternative 1 - and the coaxial cable subsystem - Alterna-

The video circuits discussed in this and succeeding paragraphs
in Section 5.2 are applicable to Alternative 2 as well as
Alternative 1,

Because of the noise environment inherent in electrical rail
transit, frequency modulation technigques have been selected
for this alternative subsystem study. Despite the require=
ment for additional bandwidth when FM is used rather than the
Vest191a1 Sideband AM modulation technxque normally employed
in CATV systems, the 10 dB signal to noise ratio improvement
over AM modulation in the same carrier-to-ncise enviornment is
sufficient to warrant utilizing FM modulation. 1In additien,
FM systems display a very high immunity to impulse noise
because of the inherent discrimination against AM signals,

The choice of cable size wil materially affect the overall
subsystem costs. CATEL applications engineers have stated that
the twenty-mile starter line can be cperated with a coaxial
cable of 1/2 diameter. While this will result in a greater
nunber of trunk amplifiers, the larger diameter cables would
increase the total cost were they to be used. There are,
however, some practical limits on the number of amplifiers
which can be cascaded on a common circuit.

In the Los Angeles CTS subsystem, trunk amplifiers must be
placed where they can be serviced. This will mean installa-
tion of amplifiers in the cross passages in the subway areas,
and these cross passages will occur every 600 feet along the
rail system. Getting out of the cable tray and into the cross
passage will involve cable length in addition to the normal
linear run length. 1If we assume that each trunk amplifier
installation will add 50 feet to the cable length, and that
each pair of connectors will add 1 dB of loss, the 400 MHz
loss of a 1/2 inch cable will dictate that amplifiers be
located every 1,200 feet (every other cross passage).
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The subsystem will be designed for a 27 dB loss maximum in
each span to the extent that this possible with the cross
passage spacing of the rail system. The higher frequency
carrier assignments will be allocated to stations closest to
Central Control. 1In this manner, as the cable gets farther
from Centrol Contrel, the modulator frequencies will continue
to decrease. Since Cable losses are calculated on the basis
cf the highest frequency in use, greater spacing may be
possible between amplifiers in the sections of cable where
the frequencies are lower than 400 MHz.

Vldeo will be transmitted within the 50 to 400 MEz band with
video channels on 14 MHz spacings. Within this band, 25
video channels can be multiplexed on a single cable via
fregency-division techniques.

Because the attenuation of the video signals is greater at
the higher radioc frequencies, it will be necessary to intro-
duce eqgualizers at each amplifier location. These devices
serve to equalize the signal levels across the total spectrum
prior to introducing the signals into the trunk amplifiers.
Thus, the amplified signals enter the cable following each
amplifier at egual levels.

Figure 7 shows a typical station arrangement for CCTV. Video
from each camera (or sequencer, if employed) is fed intc an FM
modulator. Each modulator operates on a different RF frequency.
The signals are combined in a "splitter" network, and are
introduced into the cable via a dirctional coupler where they
join signals from passenger stations more distant from Central
Control and share the same cable path.

Figure 8 shows a typical section of coaxial cable passing
through several passenger stations. Figure 9 depicts a
typical setup for receiving and demodulating video s1gnals
from a passenger station.

Redundancy in the CCTV transmission facility will be through
an arrangement where two separate cables are fed from the
same source material toward the terminal point. At the
terminal point, the carriers on each cable will be monitored.
Loss of any single carrier should result in an alarm condi-
tion. Loss of all carriers on a cable should cause an alarm
condition and switch all service to the redundant cable.

The redundant cable will be monitored in the same manner as
the main cable. Should a failure occur in the redundant
cable while the main is in use, an alarm should be sounded,
and switching to the failed facility should be inhibited.

Figures 10, 11, and 12 show the cable citcuits and typical
fregquency plans for the inbound video service.
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5.2.2 Alternative #2 - Coaxial Cable for Voice/Telephone/Data

For Alternative 2, the video transmission syster will be
identical to that shown for Alternative 1.

For voice circuits, Pulse Coded Mcdulation of the FM carriers
will be used rather than freguency-division multiplexing.
Wwith hardware that is available today, PCM will likely be
somewhate less expensive, and will provide the added benefit
of increasing the immunity of the voice and data to the noise
ehvironment prevalent along an electrified railway. PCM
modulation on FM carrier equipment should provide extremely
goeod immunity from noise.

VIDAR has successfully used a 12- -port multiplexer which it
offers as an off-the-shelf hardware item to combine three T-2
carriers at 6.3 Mbps into a 19 Mbps bit stream to transmit
288 voice channels over one 16 MHz wide carrier channel.

There is a reguirement to transmit 979 voice channels from
Central Control toward the North Yard. By utilizing a scheme
in which up to 288 channels may be multiplexed on a single
carrier, the number of carrier frequencies needed is reduced.

Figure 13 is a simplified schematic of the outbound cable for
coaxial voice and data subsystem. In this scheme, the same
radio frequency channel is monitored at several suceeding
stations. At each location, the l12-port multiplexer demod-
ulates the bit stream and feeds the time-division multiplexed
signals to the appropriate T-l1 carrier terminals. By employ-
ing this scheme, only the four lower freguency channels are
used on the outbound cable. This allows trunk amplifier
spacing to be maximum and reduces the costs.

Figure 14 is a simplified schematic showing the arrangement
for connecting T-1 carrier terminals at Central Control into
the. 12-port multiplexér for transmission on the coaxial
cable. Figure 15 shows the station arrangement for demodu-
lation. .

Figure 16 is a simplifjed schematic of the inbound cable for
coaxial veice and data. In this scheme, each passenger
station is assigned its own carrier channel. As was done in
the CATV cable, the coaxial cable enters each passenger
station where that station's carrier is injected into the
cable via a directioal coupler. At Central Control, carriers
are separated by frequency division multiplex techniques,‘pnd
each carrier is demodulated via a 12 port multiplexer which,
in turn, feeds its assigned T-1 carrier units.
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Redundancy in this scheme is achieved in the same manner as
in the CCTV coaxial cable scheme. The data will be fed into
both the primary and the redundant cable for both the inbound
and outbound cable paths. At the receiving end, the carriers
will be monitored, and loss of the carriers will cause a
switch to the redundant cable.

5.2.3 Alternative 3 - Fiber Optics

AS described in the Scope of Services, Alternative 3 will
utilize a pair of fibers for each voice link between Central
Conitrol and a terminal point. 1In addition, one fiber will be
required between each passenger station and Central Coéontrol
for each television circuit. As a minimum, then, six fibers
are required for each passenger station, with seven being the
minimum required for three of the stations. A pair of fibers
will satisfy the requirements for the Main Yard and the North
Yard.

For the purpose of this study, we will assume a cable with
high guality, graded index, fiber having losses of not more
than 3.5 dB per kilometer due to attenuation. Repeater
spacing will be about 10 kilometers (see design assumptions
5.4.1).

ITT reports that it has supplied fiber cables with up to 35
fibers for its customers. A single cable to carry all of the
circuits in the first link of the rail starter line would
require 89 fibers between Central Control and Union Station.
Because there is a lack of informatlon concerning the tensile
strength and pulling problems with a cable of almost 90 fibers,
this study will be based on cables with a maximum of 38 fibers.

Full motion television can be transmitted at a 6.3 Mbps rate
(T-2 carrier with 96 channel capacity). The equipment to
allow this is desighed to interleave television and voice
signals into a common bit stream, and it is quite expensive.
Since the fiber vptic alternative described in the Scope of
Services stipulates a separate fiber for each television
signal, this study will utilize the T-3 carrier television
encoder and transmission rate of 44.7 Mbps.

Voice signals will be transmitted at the standard T-2 rate
for 96 channels - 6.3 Mbps - over a separate pair of fibers.
One fiber will carry the outboind signals, and the second
fiber will carry the inbound signals.

Figures 17, 18 and 19 show the cable arrangements for each of
the fiber optics circuits. Because fiber cables are made-
to-order, each leg of the circuit contains only those fibers
which are required for stations beyond.
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5.3 APPLICATION HISTORY

Of the three technologies involved in the three alternatives
under study, the utilization of wire pairs - Alternative 1 =is
the oldest and most mature. Largely because of the Bell
Telephone System, the standards for telephone performance are
such that all of the hardware required for the first alterna-
tive is available from a large number of suppliers. However,
circuits of the length required in the RTD starter line are
generally avoided because of noise problems.

CATV technigues which are recommended for the video transmis-
sion in both Alternatives 1 and 2, and for the vecice, data ang
contreol circuits in the second alternative are quite mature,
and video modulators, trunk amplifiers, combining circuits and
directional couplers are available from a number of suppliers.
The number of scurces for FM modulators and demodulatdrs is not
as numerous as for AM hardware.

The Pulse Coded Modulation eguipment which is used toc translate
the veoice, data and control signals from an analog signal to a
binary bitstream is avaible from a number of telephone equip-
ment manufacturers. Perhaps as many as 200,000 T-1 carrier
systems are in use in interexchange service for trunking in
telephone systems in this country alcne.

It has only been within the last year or so that fiber optics
systems have begun to be designed and installed in system
applications which are not, to some degree, experimental.
Prior to that time, most of the system, applications were
largely experimental or test applications between telephone
exchanges in this county. The crowded conditions of many
existing cable ducts within metropolitan areas makes the small
fiber cable size and the inherent very wide bandwidth of the
fibers extremely attractive for telephone service expansion
and for cable replacement.

Fiber optic technology is maturing rapidly, and standard
hardware is now available from a number of manufacturers.

There are several sources for the type of hardware postuiated
in Alternative 3.

By the time when a CTS subsystem might be specified, procured
and 1nsta11ed, lasers and photodiocdes will be available which
operate in the longer wavelength region of 1.3 micrometers
will be as readily available as those now available for opera-
tion in the 0.850 micrometer wavelengtb.
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5.4 METHODOLOGY

The methodology which led to the development of the individual
subsystem configurations which were studied as Alternatives

l, 2, and 3 in this report is largely explained in the
portions of this report which describe the three basic
configurations, There are, however, some assumptions which
were made, and some calculations to support the basic study
designs which will be presented here.

5.4.1 Design Assumptions

1. The PABX equipment will handle & loop resistance of
1,500 ohms for a subscriber line.

2. The maximum temperature'in a ductline or cableway will
not exceed 50 degrees Celsius or 122 degrees Farenheit.

3. The resistivity of annealed copper is 10,371 ohms for
one foot of wire having an area of one circular mil.

4, Each station entrance adds 100 feet toc the cable length.
Each station exit adds 100 feet to the cable length.

5. Telephone circuits will be two-wire.

6. Emergency telephones are to be located at cross passages
at intervals of 600 feet. At each cross passage, two
telephones will be located. Each phone will be a part
of a separate system. These two telephones will constitute
the redundancy for emergency telephones along the
guideway.

7. Emergency telephones within the passenger station are
included in the 24 telephone channels stipulated for
each passenger station.

8. Emergency telephone circuits will be fully supervised
by equipment which is a part of the emergency telephone
subsystem, and any such supervisory signals inherent in
the subsystem can be used to switch CTS circuits upon
failure.

9. DTS circuits will be four-wire because of the full-
duplex requirement. DTS equipment will be self-supervis-
ing with automatic switchover.

10. Redundancy with automatic switchover for the Radic and

P.A. control will require that those circuits be four-
wire.
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11.

12,
13,

14.

15,

16.

Complete redundancy, as stipulated in 3.12.1.E of the
Design Criteria implies that there will be redundant,
physically separated; cable facilities connecting

Central Contrel to the passenger stations and to the

yard areas.

Within each separate cable facility; certain channels
will have independent redundancy at the channel level.

Each cable should have a minimum 10% spare pairs terminated

at each location.

Cables with standard pair counts will be used.

AWG $#22

wire cable can be procured in pair counts of 6, 12, 18,

25, 50, 75, 100,

150, 200, 300, 400 and 600 pairs. AWG

$19 wire cahble is not put up in the 600 pair configura=-
tion, but can be obtained in the other pair counts as

shown for AWG #22,

Video Frequency Modulation has a 7.4 dB advantage in

signal-to-noise over Vestigial Sideband Amplitude Modulation

when standard to five times the number of cascaded
amplifiers in a trunk cable over that possible with AM,
(See "2 Fregquency Modulation System for Cable Trans-
mission of Video or Other Wideband Signals," Court,

Patrick R. J., et al, April 1720,

1977,)

High quality, graded index, fibers will be used, and
these can be procured cabled in lengths up to one mile

without splices.

5.4.2 Calculations

Repeater spacing in the fiber optics subsystem configuraticon
is based on the following:

Type of Light Source:

Coupling Less into Fiber:
Connector Loss:
Splice Losses:

Type of Detector:
Required Bit Error Rate:
Required Receive Power:
System Margin for Aging:
Allowable Link Loss
Cable Attenuation: '
Link Attenuation Limit:

Injection Laser B50 nm -
S5mw = 7 dBm

3 dB per source

1 dB

0.25 dB splice (Assume 1
mile = 0.155/km)

Avalanche Photo Diode
45 Mbps
=53 dBm
10 dB

39 4B

3.5 4dB/km

39/(3.5 + .155) = 10.67 km

The system bandwidth for the fiber optics link is a function
of the link rise time, and has been calculated using the
following parameters:
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COMPONENT RISETIME RISETIME
Light Source . 1.5 ns 2.25 ns
Fiber Dispersion 5.0 ns 25.0 ns

- Receiver 3.0 ns 9.0 ns

NN N

SUM OF SQUARES 36.26 ns
Link Rise Time = 1.1 (sum of 'squa_r:es)l/2 6.2 ns

System Bandwidth = .35
6.2 X 10~9

56.4 MHz

5.5 RESULTS

. 5.5.1 Capital Costs

The capital costs for the three alternative CTS subsystem
concepts were developed on the basis of the cost estimate
sheets contained in Appendix iii. Copper wire costs were
obtained from Okonite for the part numbers shown, and are
current quotations. Similarly, many of the hardware items
were priced on the basis of telephone quotations for specific
items. Coaxial cable costs were based on 1981 catalogue
price lists which were escalated 15 percent. Where necessary,
other catalogue prices were escalated to reflect more nearly
current pricing.

All of the costs contained in this analysis were developed
on the basis of preliminary configurations of hardware
items. As such, they are gquite suitable for comparison
purposes. Detailed engineerlng of the various alternatives
would almost certainly result in somewhat higher costs for
each, but would not result in reversal of the relative
positions of each of the alternatives.

5.5.1.1 Alternative 1 Cost Summary

Circuit %l - Wireline Veoice

Central Control to Main Yard 67,371
Circuit 42 - Wireline Voice )
Central Contrel to Seventh & Flower 67,362
Circuit #3 - Wireline Voice

Central Control to La Brea 325,909
Circuit #4 - Wireline Voice

Central Control to Studioc City 512,918
Circuit #5 - Wireline Voice

Central Control to North Yard - 612,829

TOTAL WIRELINE 1,586,389
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Video Circuit $#1

Central Contrel to Avlarado 246,907
video Circuit #2

Central Control to Beverly 408,101
Video Circuit #3 _

Central Control to North Hellywood 506,982

TOTAL VIDEO

Redundant Wireline 1,586,389
Redundant Video 784,394

1,161,990

TOTAL COSTS - ALTERNATIVE #1 5,119,162

5.5.1.2 Alternative #2 Cost Summary

Outbound Coaxial Voice Cable 476,578
Inbound Ccaxial Voice Cable 518,636
Central Control RF Hardware 68,753
PCM Multiplexers & T-1 Carrier 1,392,288

COAXIAL VOICE CABLE
Video Circuits

Redundant: Coaxial Voice

Redundant Video Cable

TOTAL ALTERNATIVE #2

5.5.1.3 Alternative #3 Cost Summary

Circuit £1

Fiber Cable Installed 181,547
Circuit #2 |

Fiber Cable Installed 891,586
Circuit #3 '

Fiber Cable Installed ~ 676,029
Circuit #4 ,
Fiber Cable Installed 21,081

TOTAL FIBER CABLE COST

£=35

\

2,456,255
1,161,990
920,913
784,394
5,322,552

1,770,243




Voice Circuit Optical Hardware 201,267

Voice Digital Carrier Hardware 1,104,795
CCTV Optical Hardware 2,398,704

TOTAL HARDWARE COSTS 5,273,742
Redundant Fiber Cable Circuits 1,770,243

TOTAL ALTERNATIVE #3 COSTS 7,043,985

5.5.2 Operating Costs

Operating costs pertaining to the overall communications
system have been defined elsewhere by Kaiser Engineers as
consisting of:

a. Labor for Operators
b. Off-hour surveillance labor
c. Energy

5.5.2.1 Labor Costs

The CTS subsystem will be operating 365 days a year, 24-hours
per day. The choice of subsystem type is not likely to effect
the quantity or guality of the operators. Thius, all three
subsystem configurations are considered to be equ2l in terms
of operating labor reguirements.

Similarly, there appears to be no requirement for a different
amount of off-hour surveillance for either of the alternatives
considered. All of the systems will be equipped with failure
alarms.

5.5.2.2 Energy Costs

At this preliminary level of engineering, estimates of power
consumption for each alternative subsystem would only represert
the roughest order of energy requirements for one subsystem as
opposed to another. The CCTV transmission subsystems are
precisely the same for Alternatives 1 and 2, and the require-
ments for transmission of information in one alternative
subsystem do not change from those of the others.

For purposes of this study, we consider the energy require-
ments equal for all three alternatives.

5.5.3 Maintenance Costs

Based on historical information relative to the maintenance of
small public telephone systems, it is estimated that the annual
costs for maintaining the subsystem configured as Alternative
#1 would equal approximately 3.4 percent of the capital cost.
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. Recognizing that a significant amount of the hardware requlre-
ments in Alternative #1 are met by the PABX equipment, it is
estimated that the maintenance for Alternatives 2 and 3 would
likely be at least 30% greater than for Alternative 1.

Utilizing these factors as a basis for estimating the mainte-
nance and spare parts costs for the three alternatives, the
costs are as follows:

Alternative #1 174,052 per year
Alternative $#2 235,257 per year
Alternative #3 311,344 per year

5.5.4 ANNUAL EQUIVALENT COSTS

The annual eguivalent costs for the three alternative subsys-
tems are those capital costs for subsystem acquisition annu-
alized over the system lifetime at some time value for the
capital dollars plus annual operating and annual maintenance
costs,

For purposes of this analysis the system lifetimes are consid-
ered to be a period of 32 years, and the time value for the
investment is considered 12% annually.

5.5.4,1 Annualized Capital Costs

Annualized capital costs have beén defined by Kaiser Engineers
as follows:

i(l + i)"

ACC = Capital Costs x
(1 + i) -
Where i = interest rate
n = subsystem lifetime

For the parameters previously cited concerning lifetime and
annual percentage rate for money, this formula yields the
following multiplier:

ACC = Capital Costs x —12(1 + 0. 12) = 0.,123280
(1 + 0. 12) 1

The annualized capital costs for each of the three alterna-
tives are as follows: -

Alternative #1 5,119,162 x 0.123280 = $631,090
Alternative #2 $,323,552 x 0.123280 = $656,287
Alternative #3 7,043,522 x 0.123280 = $868,325
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5.5.4.2 Relative Standings of Alternatives

The relative standings of the alternatives based on cost

factors can be found by adding the annualized capital costs

for each alternative to the annual operating and maintenance
costs. Since the operating costs are considered equal for all
alternatives, the annual equivalent costs for the three alterna-
tives are: :

Alternative #1 631,090 + 174,052 = § 805,142
Alternative #2 621,945 + 235,257 = § 891,544
Alternative #3 868,325 + 311,344 = $1,179,669

5.5.5 RELIABILITY

This alternative study has been based on very preliminary
engineering. Therefore, there will be no attempt to assess
the reliabilities of the subsystem configurations in a guanti-
tative manner.

From a relative standpoint, Alternative 4§l utilizes very
mature technology, and hardware to implement that configu-
ration is highly standardized and has been in use for a very
1ong time. Based on these facts, it would appear that Alterna-
tive §1 should experlence fewer failures per unit time that
could be expected in Alternatives 2 and 3.

Since Alternatives 2 and 3 both utilize digital carrier tech-
nigues to transmit the voice signals, much of the hardware for
this purpose is common to both subsystems. It does not appear
that either of these two alternative subsystems has a relia-
bility advantage over the other, .

5.5.6 TECHNICAL RISK

5.5.6.1 Alternative #1

The technology involved in Alternative #1 is that of the
telephone indiustry. As such, it is very mature, and little
technical risk would be involved provided that the subsystem
were within normal operating limits for the technolegy.

Many of the circuits in the Alternative #1 configuration are
sufficiently long to reguire specialized treatment of the
telephone pairs that make up the circuits. The Scope of

Services which sets forth the various subsystem alternative
stipulated that the circuits utilize no repeaters. All of the

circuits beyond LaBrea will reguire voice frequency amplifiers
or repeaters.
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In the environment which will exist along the electrified
rapid rail system, Alternative #l1 involves technical risks in
that the voice circuits which extend beyond the LaBrea station
are likely to be very noisy. The amplifiers necessary to make
the circuits workable will alsc amplify any induced noise.

Certainly expansion beyond the North Yard location would
worsen this problem, and there are finite limits beyond which
a subsystem configured as Alternative #l1 will not work.

5:5.652 Alternative $2

The technology involved in Alternative 2 is basically that of
the CATV industry. Bundreds of systems with thousands of
miles of trunks are in daily operation. The majority of these
systems utilize Vestigial Sidband AM modulation because the
narrower bandwidth reguirements will allow a larger number of
channels to be transmitted on a single cable. The noise
environment inherent in electrified rapid rail transit is such
that there is a high risk of inducing hum and noise impulses
into a trunk cable which utilizes AM modulation techniques.
The FM modulators utilized in this Alternative should provide
a large measure of protection agalnst ncise. The reduced
bandwidth capabilities when FM is used will limit the number
of channels on a common cable to less than that available with
AM. However, utilizing separate cables for veice and video
will provide a measure of protection from interference to the
video from digital signals in the voice system.

The hardware necessary to implement Alternative $2 is readily
available, although theere are not so many suppllers of the FM
modulators as there are of the AM modulator eguipment.

5.5.6.3 Alternative #3

The technology involved in Alternative #3 is relatively new.
However, the technigues for transmitting both veoice and video
information over fiber cables are quite mature in terms of
multiplexing techniques. Developmental work has continued in
the manufacture of glass fibers, and in improving the trans-
m1tt1ng and receiving equipment. Manufacturers are now deliver-
ing transmitters and receivers which operate in the 1.2 to 1.3
micrometer region at which teday's glass fibers have a very

low attenuation rate.

Telephone companies in this country and abroad are now begin-
ning to construct new interexchange trunking facilities utiliz-
ing fiber optics. 1In locations where wireline duct capacity
has limited growth, wire pairs are being replaced with fibers
which vastly increase the bandwidth and conseguently the

number of voice circuits which can be handled in the physical
space coccupied by the cables.
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By the time that the CTS subsystem is constructed for the RTD
starter line, the technical risks associatd with a relatively
new technology will have been minimized.

5.5.7 AVAILABILITY

5.5.7.1 Alternative #1

Hardware with which to construct a subsystem such as described
in this alternative is readily available from numerous manu-
facturers and suppllers of eguipment to the telephone industry.
The equipment is generally very standardized because most

. telephone companies specify that hardware be compatible with
and meet the Bell System Standards.

5.5.7.2 Alternative #2

Hardware to construct a CATV distribution system is readily
available from a number of sources. All CATV sources have AM
modulatoré available. Not every supplier can provide the FM
modulators specified for Alternative #2.

5.5.7.3 Alternative #3

Hardware to construct a fiber optics subsystem is available
from several manufacturers. Not only is the number of manufac-
turers of fiber optics hardware more limited than Alternative
1, not every item utilized in Alternative #3 as specified
herein is available from every manufacturer. BHowever, there
are sufficient sources to assure that competitive procurement
can be undertaken.

5.6 CONCLUSION AND RECOMMENDATION

The circuits in Alternative $#1 are stretched to the maximum

for direct operation from a PABX. On the longer runs, amplifiers
will be required enrcute, and any noise accumilated between
Central Control and the terminal points will be amplified

along with the voice signals. Because of the Electromagnetic
Interference (EMI) assoclated with signal and communications
circuits along an electrified railway, Alternative #1 is not
recommended for further consideration.

Alternative #2 is a feasible approach to the Cable Transmission
Subsystem design for the RTD starter system. There are some
limiting considerations. The basic design which was considered
in this study uses a 1/2 inch coaxial cable. Were the basic
starter line to be lengthened, or if longer rail segments are
later constructed, a larger copaxial cable would be required.
Increasing the diameter of the coaxial cable with a RULON low
smoke jacket from 1/2 inch to 7/8 inch would increase the

cable cost per foot from 2.02 to about 5.00. While not all of
this would be increased costs for the system - the lower

5-40



attenuation would mean fewer trunk amplifiers - the costs for
a CTS subsystem along a longer transit line would be more
expensive on a per mile basis than the optimum system discuss-
ed in this report. it is not possible to continue adding CCTV
trunk amplifiers without limit to meet the reguirements of
longer circuits. As the rail segments get longer, the costs
per mile for CATV techniques are going to more nearly approach
those for the third alternative.

Alternative #3 is a feasible approach to the Cable Transmis-
sion Subsystem. Prom a noise environment standpoint, the
fibers themselves are immune to the types of EMI normally
assocjated with cable systems along an electrified railway.
However, the transmitters and receivers associated with the
optical system are not designed to be specifically immune to
the effects of induced or impulse noise. ITT recommends that
these devices be installed in shielded enclosures when systems
are operated in heavy EMI environments.

High speed operation on fiber cables generally requires that a
laser diode be used as a light source. Laser diodes are
somewhat more pure in spectral output than are the Light Emit-
ting Diodes (LEDS), and the pulse stretching that occurs with
broader spectrum light sources is minimized when lasers are
used. Lasers, however, must be cooled, and lifetimes are
guoted on the basis of accelerated tests at which the laser
diodes have been operated at higher than recommended tempera-
tures, On the basis of accelerated testes, lifetimes of
100,000 hours are projected..

5.,6.1 Recommendation

Alternative #3 is recommended for implementation because it
will provide the greatest flexibility for growth and change
within the CTS subisystem. . Were a rail system longer than the
RTD starter line considered for Alternative #2, larger cable
would be required, and Alternative #2 Annual Eguaivalent
Costs would more nearly equal those for Alternative #3.

Once the fiber cables have been installed along the starter
line, they will represent a fixed facility which cannot
readily be discarded. As such, it might be difficult to
retrofit the starter line should a new and dramatic break-
through in fiber technology occur within the lifetime of the
system., However, on the basis of the known requirements,
there should be no reason to consider replacement of the
fibers during the system lifetime.

Future rail extensions will not be bound by existing fiber
optics hardware and fiber technology. Improved transmitter/-
receiver and fiber technology can be utilized on each new rail
segment when the CTS for that segment is designed.
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It is recommended that the fiber optics approach be pursued,
but that the design incorporate available hardware and tech-
nigues which can promise to reduce the acquisition cost. The
CTS system need not necessarily employ a dedicated fiber for
every function at every terminal. Utilizing existing techno-
logy, the number of fibers in the cables can be reduced. This

would materially reduce the cost for this alternative sub-
system,
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APPENDIX B

LIST OF SOURCES

Kaiser Engineers contacted various vendors, users, and associa;es in the
process of the communications system alternatives analyses. This appendix
details the organization or company and, where applicable, the person
contacted,

VENDORS
Radio Service:

General Electric Company, Mobile Radio Communications Division:
Hank Williams, Glen Gelineau, Jack Miller, and William Nye
Motorola Electronics and Communications Division: Larry Hamilton
and Kristine White

Telephone Service:

Frontier Electronics (CSC): Tim Moses

General Dynamics (Stromberg-Carlson)

General Telephone & Electronics: Frank Jett

Pacific Telephone: William K. Hendley, Jr. and Jim Picker
ROLM Telecommunications: Phil Mackey and D. Miller

Closed Circuit Television:

COHU Closed Circuit TV: Julian J, Peck and G. Kintz
General Electric: William Nve

Javelin Electronics: David Gibbs :

Pacific International Corporation: J. T. Booth

Progress Research Organization (Panasonic): R. E. Johnson

Cable Transmission Service:

Anaconda Telecomminications: R. Glisson

Anixter-Pruzan: Roland Watkins and Guy Stuart

Artel Communications Division: Richard Cerny

ITT, Electro-Optical Products Division: Dale, G. McBride

Leeds & Northrup: Peter Kraus

Pirelli Communications Products Division: Michael Salisbury and J. W.
Johnston

RFL Industries: Pete Tarbell

Wescom: H. L. Robinson



USERS

American Natural Resources, Detroit, Michigan: W. L. Johnson

Bay Area Rapid Transit District (BART): G. Austin, J. Schiro, and J. Allen

Chicago Transit Authority (CTA): J. Stewart

Grumman Aerospace Engineering and Manufacturing, Bethpage, Long Island: Ji
Mooney

Mass Transit Administration (MTA): D. Wellington :

Metropolitan Atlanta Rapid Transit Authority (MARTA): J. Tucker and R.
Miller ‘

Metropolitan Dade County Transportation Rapid Transit System: J. Abbas, R.
Maguire, and W. Brownson _

Naval Ocean Systems Center, San Diego, California: R. A. Greenwell and D.
N. Williams

Naval Submarine Base, Kings Bay, Georgia: E. J. Clarke

Navy Public Works Center, San Diego, California: Ed Murdock and Jack
McClanahan

New York City Transit Authority (NYCTA): €. Kalkhof

San Francisco Municipal Transit Authority, San Francisco, California: T.
E. Hopkins

ASSOCIATES
Kaiser Engineers
Tony Kan

Jan Van Buuren
Roy Yamada

B-2



APPENDIX C

CALCULATIONS

ECONOMIC ARALYSIS PARAMETERS

In the tables, all costs are based on 1982 dollars.

Annualized Capital Cost (ACC)

i(1+ i)N

ACC = Amualized Capital Cost = CC x = CC x 0.12328

(1 + 1)N-1

CC = Capital Cost
i = Interest Rate (12%)
N = Economic Life (32 years)

Annual Operating Cost (AOC)

Communications equipment installed in stations and central control will
operate for 365 days/year based on 24 hour operation for a total of 8760
hours a year. Vehicle radios will operate for 365 days/year based on 20
hours operation.

Labor (cost for operators) = 18.00/hour
Off-hour surveillance labor cost = 15.00/hour
Energy (cost of electricity) = 0,07 /kWH

Cperating costs shown in this report are based on equipment data power
consumption redquired to perform its intended functionm.

Annual Maintenance Cost (AMC)

Based on service contracts offered by the manufacturer of radio equipment,
102 of capital cost will be the annual maintenance cost, including labor
and parts. Maintenance for other communication services will be by the
Metro Rail Project persomnel with the following rate:

Labor (cost for technicians) = $19.30/hour

Annual Equivalent Cost (AEC)

The annual total cost can be obtained from the following equation:

AEC = Anmual Equivalent Cost = ACC + AOC+ AMC
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GENERAL &P ELECTRIC

@

April 5, 1982

Kaiser Engineers
300 Lakeside Drive
P.0. Box 23210
Qakland, CA 94623

Attention: AP (Jun) Adela dJr.
Dear Jun:
As per you request pTease find the attached budgetary pricing for the

equipment in your consideration for use by SCRTD PROJECT. If you should
have any further questions regarding this equipment please do not hesitate

( - an)
0 to call me.

Sincerely,

LaP

" Glenn ¥. Gelineau
Major Account Sales Agent

560 San Antaonio Road, #201
Palo Alto California 94306

GWG:rac
Encl



GENERAL D ELECTAIC

Kaiser Engineers
April 5, 1582

Jtem Qty

1 1
2 1
2A 1

CP2BKK6EKEN 6 watt VHF MPR Portable-
Radio, equipped with GE STAR toggle

6 Frequency capability
eauipped to operate on 1 frequency with

switch encoder.

.Descriotion

Channel Auard.

354C3AIK MPR VHF vehicular Charger,

includes MNTG accessories,speaker
and microphone. .

P3AKEAG Power Master.

power amplifier for use with MPR Vehicular

Charger,

60 watt UHF

Unit Price

$ 2,595.00
$ 350.00
$ 510.00



SENERAL &3 ELECTRIC

Kaiser Engineers
April 5, 1982

Item Gty Description Unit Total
1 1 MC6EKAUGEA Mastr I1 Mobile Radio $ 2,285.00

65 watts VHF, B frequency capabil-
ity. Equipped for single frequecy
operation, Channel Guard, and GE-Star
encoder, includes speaker, microphone
1/4 wave antenna, and MNTG hardware.
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APPENDIX E

TELEPHONE SERVICE DATA




CAPITAL COSTS
Unit costs were obtained from the sources indicated below:
Push-button telephone ifistrument: The Pacific Telephone and

Telegraph Companv inventory price list mailed to customers of record in
Southern California, November 1982.

Wall-mounted instrument without dial and test set jack: GTE Automatic
Electric Company, Milbraé, Califortiia estimating prices provided by sales
representative. o

Electronic PBX: This item of cost presented the most difficulty in
obtaining. Most PBX apparatus is sold by communication consultants or
contractors who freely quote approximate turnkev estimates of $1,000 per
line. Two suppliers, however, were willing to quote approximate costs of
PBX equipment only. The figures used in this report were obtained from a
representative of Northern Telecom in Pomona, California. The prices

quoted were as follows:

Size of PBX Cost.gange
400 lines $150 to $200,000
1400 lines 550 to 600,000
1400 lines 650 to 700,000

Substantiation was obtained from a sales representative of GTE Buginess
Communications Systems in Reseda, California who quoted an equipment omnly
price for a 400 line PBX at $500 per line.

Labor to install: GTE Business Communications Systems in Reseda, ‘
California, sales representative stated that $80 per line was appropriate.
Universal Communications Systems, Culver City, California, sales engineet
indicated cost to install each line was §100.

MAINTENANCE COSTS

Maintenance expense data were derived from information in the annual .
reports of telephone companies on file with the State of California Public
Utilities Commission. Reported data was obtained from two smaller
telephone companies which serve Southern California. The two companies
are CP National Corporation and Continential Telephone Company of
California. The date of the annual reports are December 31, 198l1. Data
from plant accounts for central office equipment and station apparatus
provided the base for which corresponding expense accounts, repairs to
central office equipment, and repairs to station apparatus were compared.
The ratios developed are as follow:



Central 0ffice Station

Equipment Ratio Apparatus Ratio
CP National Corporation 10.3% 17.7%
Continential Telephone Co 9.97% 18.7%
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MULTIPLE CAMERA SEQUENCING

(ALTERNATIVE 1)

OPERATING COST (LABOR)

CCTV Monitoring Personnel (Central Comtrol)
Base Period
6 am-10 pm, 6 days/week, 16 hours/day
3 monitors/hr x 16 hours/day x 312 days/year=-1,920 work hours/year = 7.8
say 8 television monitor employees.

Rgak Period

6-10 am & 2-6 pm, 5 days/week, 8 hours/day 7
2 monitors/hr x 8 hours/day x 260 days/year < 1,920 work hours/year = 2,1
say 3 television monitor employees.

Qff-Hours Period

10 pm=6 am, 7 days/week, 8 hotrs/day
1 monitor/hr x 8 hours/day x 365 days/year == 1,920 work hours/year .= 1,5
say 2 télevision monitor employees.

Sunday Base Period

6 am-10 pm, 1 day/week, 16 hours/day
2 monitors/hr x 16 hours/day x 52 days/year - 1,920 work hours/year = .8
say 1 television monitor employee. .

TOTAL MONITORING PERSONNEL , 14

Annual CCTV Operating Personnel Cost

14 employees x 2,080 paid work hours/year x $18/hr
TOTAL OPERATING COST - $524,160

MAINTENANCE COSTS

Spare Parts

22 TV cameras @ $1,260/camera $ 27,720
8 Sequencers @ $1,120/sequencer 8,960
6 12-inch TV monitors @ $360/monitor 2,160

TOTAL SPARE' PARTS $ 38,840
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Labor

CCTV Maintenance Pergonnel

2 CCTV technicians/hr x 24 hrs/day x 312 days/yeatr =—1,920 productive
work hrs/year = 7.8 say 8 technicians

1 CCTV technician/hr x 24 hrs/day x 52 days/year = 1,920 productive work
hrs/year = .65 say 1 technician

TOTAL MAINTENANCE PERSONNEL 9

Anntial CCTV MAINTENANCE Personnel Cost

9 CCTV Technicians x 2,080 paid work hrs/year x $19.30/hr

TOTAL MAINTENANCE PERSONNEL $361,296

TOTAL MAINTENANCE COST $400,136



SPLIT-SCREEN PROJECTION

{(Alternative 2)

OPERATING COST (LABOR, INCLUDES FRINGE BENEFITS)

CCTV Monitoring Personnel (Central Control)

Base Period

6 am-10 pm, 6 days/week, 16 hours/day
6 monitors/hr x 16 hours/day x 312 days/year <= 1,920 work hrs/year = 15.6
say 16 TV monitor employees.

.

Peak Period
6-10 am & 2-6 pm, 5 days/week, 8 hours/day
2 monitors/hr x 8 hours/day x 260 days/year —— 1,920 productive
work hours/year = 2.1 say 3 TV monitor employees.

Qff-Hours Period

10 pm-6 am, 7 days/week, 8 hours/day
1 monitor/hr x 8 hours/day x 365 days/year -i- 1,920 productive
work hours/year = 1.5 say 2 TV monitor employees.

‘Sunday Base Period

6 am-10 pm, 1 day/week, 16 hours
3 monitors/hr x 16 hours/day x 52 days/year <= 1,920 work hours/year = 1.3
say 2 TV monitor employees.

TOTAL MONITORING PERSONNEL 23

Annual CCTV Operating Personnel Cost

23 employees x 2,080 paid work hours/year x $18/hr
TOTAL OPERATING COST $861,120

MAINTENANCE COSTS

Spare Parts

22 TV cameras @ $1,260/camera _ $ 27,720
11 2-image camera splitters @ $360/splitter 3,960
11 12-inch TV monitors @ $360/monitor 3,960
2 12-inch TV monitors @ $360/monitor 720

TOTAL SPARE PARTS COST $ 36,360
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Labor

CCTV Maintenance Personnel

3 CCTV technicians/hr x 24 hrs/day x 312 days/year - 1,920 productive
work hrs/year = 11.7 say 12 technicians

2 CCTV technician/hr x 24 hrs/day x 52 days/year <~ 1,920 productive work
hrs/year = 1.3 say 2 technicians

TOTAL MAINTENANCE PERSONNEL 14

Annual CCTV MAINTENANCE Personnel Cost

14 CCTV Technicians x 2,080 paid work hrs/year x $19.30/hr
TOTAL MAINTENANCE PERSONNEL $562,016

TOTAL MAINTENANCE COST $598,376

F-5



COMBINATION SPLIT=SCREEN SEQUENCING
ALTERNATIVE 3)

OPERATfﬁg_FOST (LABOR, INCLUDES FRINGE BENEFITS)

CCTV Monitoring Persommel (Central.Control}

Base Period
6 am~10 pm, 6 days/week, 16 hours/day
3 monitors/hr x 16 hours/day x 312 days/year<-1,920 work hours/year = 7.8
say 8 TV monitor employees. .
' Peak Period

6~10 am & 2-6 pm, 5 days/week, 8 hours/day
1 monitor/hr x 8 hours/day x 260 days/year =—1,920 work hours/year = 1.08
say 2 TV monitor employees.

.Offiﬁours”Periqd

10 pm-6 am, 7 days/week, 8 hours/day
1 monitor/hr x 8 hours/day x 365 days/vear = 1,920 work hours/year = 1.5
say 2 television monitor employees.

Sunday Base Period
6 am~10 pm, 1 day/week, 16 hours/day
2 monitors/hr x 16 hours/day x 52 days/year == 1,920 work hours/year = .8
say 1 TV monitor employee.

TOTAL MONITORING PERSONNEL 13

Annual CCTV Operating Personhel Cost

13 employees x 2,080 paid work hours/year x $18/hr
TOTAL OPERATING COST $486,720

MAINTENANCE COSTS

Spare Parts

22 12-inch TV cameras @ $1,260/camera $ 27,720
8 3-image camera splitters @ $360/splitter 2,880
8 3-image camera sequencers @ $280/sequencer 840
4 12~inch TV monitors @ $360/monitor 1,440
2 12-inch TV monitors @ $360/monitor 720

TOTAL SPARE PARTS COST § 33,600
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Labor

CCTV Maintenance Personnel

2 CCTV technicians/hr x 24 hrs/day x 312 days/year ==1,920 productive
work hrs/year = 7.8 say 8 technicians

1 CCTV technician/hr x 24 hrs/day x 52 days/year —-1,920 productive work
hrg/year = .65 say 1 technician '

TOTAL MAINTENANCE PERSONNEL 9

Annual CCTV MAINTENANCE Personnel Cost

9 CCTV Technicians x 2,080 paid work hrs/year x $19.30/hr
TOTAL MAINTENANCE PERSONNEL $361,296

TOTAL MAINTENANCE COST $394,986
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4.4

4-.4-'1

Monitor Display Technigue
Since the indicated camera gquantities reflect presently

anticipated requirements;, the monitor display board must
be large enough to accommnodate the monitors required for
initial use as well as the future potential growth. There
are four basic methods that may be employed individually
or possibly as a combination of twe or more, namely:
1. Individually dedicated large screen monitors,
one for each camera, |
2. Individually dedicated small screen monitors,
one for each camera,
3. Split-screen projection on a large screen monitor,
viewing two, three or four cameras, OY,
4. séquencing of several cameras (2 to 5 max.) on

each large or small monitor.

Dedicated Monitors

Three of the four transit authorities currently employing _
the CCTV surveillance technigue, reference 3, favor employing
one mﬁnito: dedicated to each camera. One of these
authorities use € inch and 19 inch monitors (at different
zone centers} while the other two employ 9 and 10 inch

monitors respectively.

Each authority felt that the size of monitor they employed
adegquately revealed the degree of surveillance desired.

Although the larger screen (19 inch) projected a larger

~]19-

F-i4



4.4.2

»

pictu;e than did that of the small screens, each had egual
resolution (624 lines). In general, the sm#ll Bcreens
displayed a sharper picture, however, this was partially

due to the use of more advanced eqguipment. Based on the
CCTV camera and monitor display and ensuing discussion

with an equipment supplier, arranged by Bechtel, the lack

of clear display by 19" screens was attributed to the fact
that they provided only 624 lines of resolution reflecting
014 equipment. The recommendation was made to employ 21
inch monitors having 1200 + lines of resolution (the cﬁrrqnt

suitable monitor for the qpplichtion under consideration),

Split~Screen Projection

Split-screen projection, employing large screen monitors

is another technique for effectively accomplishing nultipie
camera viewing within a limited space. Although this
approach may at first be considered undesirable since the
requirement for additional eguipment means ahdéd cost, the
savings that will be realized in requiring less monitors
may more than compensate. This technigue will énable the
projection of 1, 2, 3 or 4 pictures on one monitor. BY

employing the recommended 21 inch monitor, the diagonal

~ viewing display achievable would be 10.5 inch picture when

4 pictures sre projected. In areas where a camera is re-
quired to view a widé area and a corresponding wide monitor-<
ing area is desired, a two picture split-screen projection
(horizontal or vertical) may be employed resulting in a
viewing display of 7.4 inches x 14.85 inches. gingle picture
projection may be employed when desiring better definition

and/or video taping.




4.4.3

Seguencing Multiple Cameras

Sequencing is vet another method that may be employed to
minimize the quantity of monitors in the zone center.
Although other authorities have considered the applica-
tion, Illincis Central Gulf was found to be the only
authority currently employing sequencing of camera
coverage; and found it to be acceptable. The sequencing
rate is adjustable from two seconds to three minutes of
viewing time. The bne,major drawback-to this approach is
that during the period after a camera transmission has
been terminated and until it is once more transmitting

on screen, dependent upon the sequencing rate and number
of cameras dedicated to a given monitor, the activity
within the purview of the camera will go unnoticed. fhen
more than two cameras are sequenced, this situation then
involves all but one camera dedicated to a particular
monitor. As related in the trip report.reférence 3, such

an occurrence was detected during one evening of observance.

This technigque should not be considered for the MARTA system.
With the Avondale Zone Center initially responsible for
observing 33 cameras, the seguencing of two careras per
monitor would reduce the guantity of monitors to 17.
Sequencing four cameras per monitor would result in a

need of nine monitors. If a three second seguencing rate
vere employed, the first consideration would result in an
unobserved period of three seconds with the second con-

gideration resulting in a nine second unocbserved period.

F-lC



4.5

Inc;easing the sequencing time period would result in a
corfespondingly longer uncbserved period of time, which

would permit undesirable activity to ensue.

There &re several possible monitor arrangements that

may be employed for effective surveillance. An assess~
ment, alsc considering maximization ©f effectiveness and
minimization of guantity on the pa:t of observers, indicates
that the arrangement should be based on the overall sur~
veillance reguirements ané intensity of activity that may
occur. By arranging the monitors in two major groups,
namely platform and concourse, the optimal balance can be
achieved relative to operational activity. The group con~-
taining platform viewing camera monitors will be gfeater
in number since more cameras are so located. Since com~
munications will.élso be a major activity of the zone
centers,.and the patron assistance calls are anticipated
to comprise the greatest éctivity of communications, the
combination of a lesgser quantity ©f monitors to view ;n
the concourse group plus the'involvement‘with patron
assistance should approximately balance the effort of
observing the greater number of platform dedicated monitors
and the associated communications involving public. address
and security telephones.

The proposed monitor applicaticn and arrangements for the

Avondale and West Lake zone centers, as considered necessary

- d=-
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to satisfy the four zone center concept, are shown on
drawings CMX110 and CMX210. Since the West Lake zone

center will have interim jurisdiction for four stations

and later have other stations added, a rearrangement of

the monitors will be required as shown on drawing MX220.

By arranging the monitors and cameras as shown on the
drawings, the observers can achieve and maintain orientatien

of the assigned sector.

T™wo major factors were considered in establishing the
rationale for arranging the monitors for stations and
their respective cameras. In most cases, the station
monitors were arranged such that at the Avondale center,
the extreme upper left monitor would be assigned to the
-extreme west station (Georgia State) and extend to the'
right, reflecting_adjacent stations to the east. However,
when a station requires two or more:mpniégrs, the desired
arrangement must be compromised. The West Lake center
arrangement is reversed such that the upper right monitor
is assigned to the easternh most staticn (Five Points), then
progressing to the left for stations progressively west.
This format is duplicated, to the extent possible, for
both concourse and platform sections of the display board.
The second factor involved is specific camera/split-screen
assignment. The monitors will display an arrangement

based on the type of camera(s) dedicated. Cameras having

F- 18
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Chapter 6, but are referenced here so that the designer can plan for them in
the layout of operator workplaces. It is important to have an eppropriate loca-
tion for storing those documents, end flat surfaces for using them. In addition,
space should be made available for storing expendable items like writing supplies,
new end used cassettes, labels, bulbs, and other articles that are necessary for

dey-to-day operations.

3.3 PERSONNEL AND WORK SCHEDULES

The questions to be addressed when planning for personnel in the monitor-
ing center include: (1) how meany monitor screens can an operator view effec-
tively; (2) whet hourly, weekly and monthly shifts are best; (3) how many
operators, supervisors and other personnel are needed on each shift; and
(4) which other’ jobs can operetors be expected to perform? To answer these
questions, current practice and the research literature have been reviewed. As
a result, it is possible to provide some general guidelines, but each transit secu-
rity system must also eccommodate its own sets-of resource constraints and
varietions among its own personnel when considering those generalities. For
instance, it may be idea]l to use trained young police officers, working in 6-hour
shifts of 1/2 hour on = 1 hour off, viewing no more than 8 video monitors, with
no duties other than interacting with the passengers under surveillance and the -
responding units, but. this ideal option could require ingenious planning or be pro-
hibitively expensive to implement. One then needs to know what kinds of com~
promises with the ideal are reasonable. It is the intent of this section to
provide & sense of operating ranges around the ideal design parameters.

3.3.1  Number of Monitors Viewed per Operator

The practical upper goel that is most frequently established by CCTV
transit security personnel contected during the preparation of this document is
16 video monitors per operator. However, the actual number at which perfor-
mance (detection and interpretation capability) becomes unacceptable depends
upon many feetors, including: (1) how crowded the scene is and how much
gctivity is taking place; (2) whether or not multiple cameras are sequentially
scanned on individual video monitors; (3) how far into the work shift the opera-
tor is; (4) what other duties the operator must perform; end (5) operator
experience. (10)

Of over a dozen existing CCTV security syStems examined, the number of
monitors in the control center ranged from 2 to 55, and the number of operators
ranged from 1 to 3. In some of these Systems, the number of operators varied
during the day as & function of predicteble peak activity levels. As a represen-
tative example, the second largest system examined has 38 monitor screens (no
sequencing) and employs 2 civilian operators most of the time, going up to 3
operators during rush hours in the morning (7:00-8:45 AM) and afternoon (4:00-
6:30 PM), and dropping to 1 operator efter 10:00 PM. This particular system is
"shut down" {rom 12:30-5:30 AM, but & police duty officer is present and can
observe the screens during thet period. The operator's responsibilities, other than




the video monitors, include patron assistance telephones, police telephone and
radio, remotely controlled access to rest rooms, intrusion alarms, elevator tele-
phones and thé public address system. Sequential switehing of 2 to 3 cameras
per monitor screen was tried and rejected when it was found to degrade operator
attention. To help reduce fatigue, operators receive a 10-minute break ambout
every 1 to 1-1/2 hours.

Relatively few researchers have conducted relevant scientific studies on
the number of video monitors one operator can view effectively. Target
numerosity studies on air traffic contro) type displays have demonstrated the
degradation of detection and recognition as the number of significant targets,
or even the number of irrelevant forms, increases. More applicable studies involv-
ing outdoor television scenes of people and vehicles showed that police officers
were better than civilians at detecting critical incidents; near incidents were
detected more reliably than distant incidents; and learning what to look for
masked fatigue effects (even after 4 hours). (5, 24, 26, 28)

The most relevant research studies involved the problems of monitoring
numerous video displays for one or two hours. In one study, 16 and 24 television dis-
plays showing little movement were observed. In the other, 16 chsplays showmg
a great deal of movement were observed. Both required the detection of inei~
dents in prison environments, by civilians and police officers. The video display
monitors were 40 x 30 mm (about 19 inches diagonal) in size, and typically
arranged in @ 4 x 4 or wider 4 x 6 array at a distance of 13 feet from the
observer. In some parts of the tests only 1, 4, 8 or 9 of the video monitors
were used, but the array was maintained. It was found that, for scenes involving
a great deal! of movement, a 100% likelihood of detecting incidents requires view-
ing only one monitor display. If it {5 necessary to watch more than 1 screen
with a great deal of movement, then no more than 8 shOuld be viewed by one
person. The likelihood of detecting incidents on 9 monitors was 83%, and on 4
monitors it was 84%—no significant improvement by going from 9 to 4 monitor.
screens. However, for 16 monitors that figure dropped to 64%. If very little
movement is present in the viewed scenes, then 16 monitors is the recommended
maximum number by the authors, When 24 monitors with very little movement
were viewed. the likelihood of detection dropped from 97% {(for the 16) to 88%
(for the 24). 1t is recommended that these same guidelines of 2 maximum of 9
or 16 monitor screens per operator be followed by transit systems as well, for
the high and low movement conditions, respectively. (25, 27)

3.3.2  Viewing Time and Shifts

Where security of busy transit stations is the primary mission, eyes should
be kept on the sereens virtually full time; non-viewing activities increase the '
probability of missing the detection of a brief critical incident and lengthen
reaction time generally. In one large department store examined, detective-
operators only attend the monitor sereens for just one hour at a time, rotating
duties with other roving store detectives throughout the full workday. The ten-
dency among existing CCTV transit security organizations is to maintain the con-
ventional, non-rotating work shift of about eight hours' duration. However, these
organizations recognize the need for breeks from the routine of watching monitor
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screens. Such breeks are provided in more or less formal ways, by either sched-
uling &an ectual relief (e.g., for about 2 to 10 minutes per 1/2 to 1 houf) or by
designing the operator's job to include non-viewing activities such as found in
the role of communicator or police desk officer. For meny systems, the shift
assignments gre determined and specified through terms negouated with a

transit workers' union. In the 38-monitor system referred to in the previous
section, for instance, the agreement permits from one to three operators to be
present during the operating period of 19 hours per dey. A 30-minute lunch
bresk is required end epproximately 5-10 minutes per hour or so are provided for
g rest break. (22)

The reseerch on optimum viewing time indicates that vigilance can be
maintained for about one hour, and then begins to degrade noticeably. This one-
hour criterion is borne out by objective meesures of missed incidents and by sub-
jective preferences reported by viewers. For example, the previously cited
research study involving eight monitor screens and & great deel of movement
showed & 71% likelihood of detecting incidents during the first hour, dropping to
62%. in the second hour. The authors concluded .that the maximuin d&sarable
length of wateh is sbout one hour. Two hours is certainly too long. Half an
hour gives us edvantage over one hour. In the research study involving 16 moni-~
tor screens showing little movement, no objective time comparisons were mede,
but interviews with the viewers revealed that 50 out of 65 considered that 1 hour
was not too long a viewing period; 7 considered 1 hour to be ebout the meaximum,
while 8 felt it to be too long. Opinions about the length of a regular viewing
period included duretions from 1/2 to 3 hours, and 55 observers considered that it
should not be more than 1 hour. (22, 27)

In summary, the maximum recommended wewmg time is about 1 hour.
When longer shifts are used, it is recommended that viewer personnel be pro-
vided with 5 to 10-minute rest periods each hour, or rotate jobs with other non-
viewer personnel esch hour.

When operators work in shifts, ususlly of eight hours each, the issue of
changing or rotating shifts must be considered. Typical shifts run from 8 AM -
4 PM,4 PM-12 M, and 12 M - 8 AM, give or teke an hour and some overlap.
While most police and transit departments have experience with shift ehanging,
it mey be helpful to consider some of the researeh findings on this subject. ot Bio-
logicel rhythms and personality attributes have been found to be associated’with
the ability to adjust successfully to shift changes. Certain types of people adjust
more. easily than others to shift chenges end night work. Since those adjustments
can teke up to two or three weeks for some people, frequent (e.g., weekly, bi-
weekly) reassignment of an individual's work shift is not appropriate under ordi-
nary circumstances. Several studies of individual circadian rhythms have shown
that evening-type people adjust better than morning types to night work. Studies
of personality have shown that extroverts adjust better than introverts, espe-
cially if those extroverts have certain neurotic tendencies. The ability to sleep at
unusual times of day, and to overcome drowsiness, is likewise characteristic of
those who edapt better among the general population. Interestingly, the indica-
tions are that most people, if given the opportunity, will tend to choose the
shifts that best fit their combined biological, psychological and social situation.
"Permanent" or long-term shift assignments have met with great success in such
cases. Finally, there is some eerly research underway which is investigsting the
use of drugs to alter biological eyecles end possibly aid adaptation to shift
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4,6 TRANSMISSION LINKS

4.8.1 Methods of Transmitting Video Signals

The Direet Wire system is the most eccmmon end economice] approach for
CCTV signel trensmission. In this method, the video signsl is cerried directly from
the camera to the monitoring center by ~oaxiel ceble. No license is necessary,
but one mey have to obtain rights of wav to cross certain properties. This method
is limited in distence of transmission, unless egualization and amplification are
used. It is also quite susceptible to interference, especially over long distances.

The other methods of transmission generally make use of radio frequency
(RF) carrier signals onto which the video signal is pleced electronicelly through &
process known as modulation. The modulated carrier signal ean be transmitted on
e coexial cable, in which case the method can be referred to es an RF (Wire)
transmission system. Several seperate video signals (e.g., 12 or more) can be ‘
trensmitted on e single coexial ceble by this methed. Like the direct wire method,
no license is necessary, but rights of way may need to be obtained. When the modu-
lated carrier is transmitted over a wireless, RF (Microwave) system, & license is re-
quired from the Federal Communications Commission (FCC), but rights of way be-
come unnecessary. These radio links are limited to line-of-sight arrangements, so
that repeater stations may be necessary if long distances or terrain obstacles are to
be traversed. Although the RF (Microwave) link is typically limited to a single
channel (or camere signal), multiple channels (or camere signals) can be transmitted
on the UHF (Ultra—ngh—Frequency) system. The UHF system is like the RF (Miero-
wave) system in the other noted characteristies. Finelly, the Opuca.l Transrnission
system is one of newest techniques for transmitting video signals. One method does
so over & modulated laser or light beam. Unfortunately, this method is presently
subject to weather variations such as precipitation and fog. It requires line—of-sight
clearance (though mirror relays are possible) but may have an all-weather limitation
of about 1,000 feet. This method is convenient for traversing railroad yards, park-
ing lots and other locations where cable installation may be a problem. No license
or rights of way are required. Development is cirrently continuing on optical fiber
transmission systems which have relatively unlimited distance capabilities for mumple.
channels cerried in cables of optical fiber bundles. Ssatellite Transmission, pow in its
mfancy, will probably become available in the next several years for those willing to
pay the price for it. (8,8)

4.6.2 Slow Scan Television Transmission . -

Standard telephone lines, ordinary paired wires or other existing "narrow-band"
transmission systems can be used to transmit "frozen frame" video images. These
special systems typically provide & sequence of still pictures with rates verying from
one frame every 0.5 to 300 seconds. To speed up the process, some systems may
also reduce resolution from the normal 525 lines to less than half that number. Under
favorable conditions, transmissions up to a mile are practicel with some individual de-

vices and repeaters can be used to inerease that distance to the extent that noise or
resolution levels become obJecnonable. These systems are useful only where brief

tolerated. An extreme version of this slow transmission method would be to make
an "instant® photograph of the CCTV monitor screen and then place the photograph
on 8 facs:mn}e seanner for transmission to another location. (6)




6. OPERATORK MONITORING AND RESFONSE PATTERNS

6.1 GENERAL .

It is the expressed belief of many security officials that any erime coun-
termessure or safety system must be perceived by those served es providing ra-
pid and certdin response, or its credibility will be questioned, confidence will
falter and the consequent value of that system will be seriously diminished. The
purpase of this chapter is to provide the reader with information about appropn-
ate operating procedures and action sequences that typ:cal transit CCTV monitor
personnhel employ in the course of their day-to-day activities. These activities
include routine monitoring of displays, response sequences to representative inci-
dents, communications procedures in working with related services and the pub-
lie, the use of automatic capabihtles and the keeping of records. The informa-
tion presented in this chapter is a further development of the operator issues
addressed in Chapter 5. (Personnel Practices). It is considerably more specific,
however, about step-by-step procedures employed-when detections are made on
the monitor displays.

6.2 ROUTINE MONITORING

6.2.1 General

The continuous, routine human activity most essociated with CCTV
station security operators is the monitoring of television screens for the purpose
of detecting events requiring a response. This activity is an essential part of
maintaining an overall awareness of the security and safety status et each loca-
tion. Typically, the function of routine monitoring is carried out er<trely by the
human operator, although there are certain conditions which permit the use of
automatic detection devices which can alert operators by distinct - larms when
conditions change. This section on Routine Monitoring addresses ly the continu-
ous monitoring of conditions by the human operator. Automatic r nitoring and
detection capabilities are the subject of a subsequent section in t! .s ehapter.
The response sequence following the detection of a significant seci ity or safety
event is also treated in a subsequent section.

6.2.2 Patterns of Station Activity

After the system has been operating for some pemod of time, monitor opera-
tors will begin to notice the existence of certain trends or patterns which are char-
acteristiés of each station and its various surveillance zones. Each station will
usually have some cameras that observe an abundance of activity while others may
show Activity only during certain time periods of the day. At certain times, there
may be a predominsnce of particular types of pessengers (e.g., school children,
elderly, shoppers, office workers, etc.), so that other types stand out as different
from the majority. Some of these routine patterns may contribute to reduced vigi-
lance or even boredom. ,

79
F-27




5.2.3 Maintaining Vigilance

The administrator’s continuing chellenge is to help the operators over-
come those tendencies towerd degraded monitoring performance created by
routine and boring activity petterns. Overail alertness and awareness must
be maintained so that thrests to security of safety are reedily and reliably
recognized. The operator's ability to detect significant events can be sustained
even when facing routine and boring patterns by sensitizing him/her to expect.
such events and to be accounteble for recognizing them. One way such sensi-—
tization is accomplished in certain CCTV security systems is to inform opera-
tors that periodic training and testing of the entire system (including operators)
'will be carried out using unennounced events staged before the cameras at rpan-
dom times. These events are actually carried out, operators ere later informed
of their occurrence and response patterns are reviewed.

6.2.4 Adherence to Geometrical and. Numerical Guidelines

Routine monitoring is influenced by the degree to which the operator's
physical, perceptual and cognitive cepacities are respected. Found elsewhere
in this dotument are guidelines for the geometrical arrangement of CCTV dis—
plays before the monitor operator and the number of monitors one person ears
monitor effectively. Should those guidelines be violsted, the reliability of rowstine
monitoring and detection can be degraded because of resulting fatigue, task ower-
loading, eyestrain or other conseguences of the mismatch between operatars ;and
equipment under the given conditions.

-

6.2.5 Redeployment of Police Surveillance Patrols

| To the extent that the CCTV surveillance system eccomplishes its fune—
tion; the use of police patrols for broad surveillance in all areas of the transit
stations can be reduced. Those police officers should be deployed instead to
other locations where CCTV surveillance is not as effective, or from where tihey
can make more rapid responses and more certain apprehensions (such as near
exit gates). It is not recommended that police patrol activity be stopped, but
rather that the emphesis be shifted if CCTV surveillance is effective. Impliedit
in this guideline is the need for good communications between the CCTV monui-
tor operators and the police patrol units. Police patrol units can even visit vhe
monitoring eenter to gein a perspective on station and system status prior to
- initiating their patrol tour.

6.2.6 Local Monitoring and Central Monitoring

Some systems which are staffed by people (e.g., police officers, ticket
agents, change-makers} at each station, may encounter technical or administre—
tive circumstances which necessitate that monitoring functions be shared or
otherwise divided between those local individuels and personnel in & cemntral mmoni-
toring loeation. If such a compromise is necessary, it could be executed on the
basis of relative workloads at given times of day (or week) or the relative hours
of operation for certain positions or functions. In the event that routine momi-
toring and detection functions are so shared, jt is essential that eppropriate equip~
ment and procedures be provided to insure effective monitoring performanee.
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For example, it may be necessary to locate smell CCTV monitors and & video-
tape recorder in an agent's booth, along with an audio capability for communi-
cating with other system personnel or with the public. As protection for such
an agent, it is also possible to keep an open audio link to another agent, in a
form of ™buddy" systems, thus meking the source of detection and alarm am-
biguous to a potential asseilant. In local station security booths, one-way mir-
rors facing the station can provide & similar sense of ambiguity, whereby & po-
tential cffender or fare evader will remain uncertain if & police officer or other
official &s present in the booth.

6.2.7 C,ombihed Audio and Visug]l Remote Surveillance

To help overcome the tedium that sometimes occurs in visual CCTV sur-
veillance alone, generally quiet stations can also be monitored by an eudio sys-
tem. -In this case, the control center operator would be alerted to observe some
significanmt events on the CCTV monitor upon hearing unusuel sounds or commo-
tion over the speaker system. Typically, this approach does not insure that all
types of fincidents will be detected and it is really limited to use on one or, at
most, a few stations having unusuauy low background noise levels. Once the
background! noise becomes annoying, the operator is likely to turn off the asudio
monitor umtil it is needed. (2)

6.2.8 Attention to Vulnerable Passengers

The CCTV monitor operator should usually be alert to the types of people,
numbers of people and kinds of movements seen on the monitor screen. For
example, hendicapped, elderly and infirm passengers are highly vulnersble targets
for criminals and may require extra attention. Sleeping passengers ewaiting the
arrival of their trein are vulnerable; as are lone passerigers in isolated areas and
intoxicated passengers. Acceierated getivity &t the time of boardmg and un-
boarding of vehicles may provide special opportunities for certain kinds of crimes
(e.g:, purse or necklace snetehing, fere evasion). Eech geographical! area and transit
system has its own segments of the population and types of circumstances that
may require special attention because of an increesed likelihood of people being
victimized or hurt. The local police unit is usuelly in the best position to train
monitor operators in recognizing those higher risk passengers and circumstances
as well as the types of individuals who are likely to commit offenses.

6.2.9 Constant vs. Sequential Monitoring Modes

Most operators interviewed during the preparation of this guidebook ex-
pressed a strong preference for one constant, individual camera’s pictures on
each CCTV monitor, rather than sequentially switching from one eamera to an--
other on a single screen. In speciel circumstances, the sequentially switehed
cameras viewed on & single monitor are acceptable. These circumstances include
extreme limitations of space, unusually low activity levels being monitored and e
high likelihood that the events requiring a response would teke plece over long
enough periods of time $0 as not to be missed by the sequential monitoring pro-
cess. A typical sequential mode could include as meny as six cameras, with about
three seconds of monitoring on each one in succession. Of course, the operator
must have the capability to stop the sequencer and display only the picture from
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any one cameres at will, when necessery. Obviously, the other camerzs may be
going unattended et thet time, unless the system is designed to continve the se-
quentigl display on one monitor screen while using & second monitor screen to
dwell on the one selected camera. As noted elsewhere in this guidebook, the dic-
edventage of sequentiel swiiching of cemeras on & single monitor screen is that it
virtually eliminates the possibility for an operator to make good use of movement
on the screen es & cue to be more attentiVe to whet is happening at the station.

6.2.10 Experienced vs. Inexperienced Observers

- There is some air-defense research which indicates a difference in the way
skilled and unskilled observers view television-type situation displeys. Unsophis~
ticated viewers tend to be stimulus oriented rather than response oriersted. That
is, the unskilled observers tend to make judgments in terms of stimulls charac-
teristics rather than in terms of what the situation requires of them. Certain
characteristics of complex situations tend to be selectively ignored, ¢and the ob-
server concentrates on only one or two characteristics. While no sirnple guide-
lines can be presented at this time, it may be helpful to the systerr. designer
and trainer to be aware that there are complex relationships betwet:n the char~
acteristics of a display (number and forms of things seen) and the i ~dividual's
perceptual style (how things are scanned, discriminated and assesse¢ and cogni-
tive style (how perceptions are integrated and processed for a respo -se). (3,7,8)

6.3 RESPONSE SEQUENCES

6.3.1 General Sequence of Events

The generalized response sequence for the CCTV monitor ope+ator begins
when he/she detects a suspicious activity or event on the displey. Usually the
operator will immediately start the videotape recorder for the &b :priate eamera

(and sudiotape, if aveailable] while attempting to further ree _ad identif
what is actually taking place. Based upon this determination it s oceurring,
the operator next evaluates the need for a response based upt ner knowledge
of aveileble options. Those options range from minimal respo: .g., doing no-
thing, making a brief announcement over the public address Sys: to complex

responses involving coordination with personnel of other departm- = (e.g., police,
fire, train operations, medical, etc.). Often the detection, identific .ion and evalu-
ation functions occur almost simultaneously. The operator next ¢. -ies out the
response, taking responsibility for its completion unless that respor .bility is legi-
timately essumed by another authority. After the crisis period is ver, the opera-
tor must frequently follow-up the incident with the preparation ol . written notation
or report. In more complex situations, the operator's follow—-up re<: onsibilities may
also include the preservation of videotape evidence and possible eou:"t appearances

as a witness to, or even a participant in, the incident.

6.3.2  Incident Recognition and Identifieation

Upon detecting an event thet must be further examined, the operator should
start the videotepe recorder {(and audio recorder, if used). A time and date generator
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should be overlaying its information on the upper or lower edge of the image
at the same time. The operator must determine where the incident is occur-
ring, its nature and secpe, who appears to be involved, and how it is develop~
ing. ‘To aid in this function, the image should be switched to the largest avail-
able monitor. Often, that is the one which monitors whatever is being recorded
on the videotape recorder. To help identify what is occurring, the operator
should also make use of any edditional informetion available, such as elarms,
prior knowledge from the supervisor, and verbal reports from passengers or other
system employees. At this time, the operetor should also teke advantage of any
special capabilities available, such as camera pan, tilt and zoom features. In
unclear situations, an officer or other individual may need to be dispatched to
the incident locetion in order to make a final determination of what is taking
pl.ace.

6.3.3 Ineident Ev.a.luation

One of the first assessments to be mede by the operator is whether the
identified situation is e life-endangering one. If it is, an immediate call for po~
lice response is usually appropriete. In some systems, the police will then initi-
ate and coorrdinate contacts with all other outside organizations like {ire or emer-
gency medienl services. In other systems, the operator or his/her supervisor must.
initiate those contacts. If no life is endangered, the Loperator may still determine
that a police response is needed, especially if the incident is eriminal in nature.
Other respomses, which the operator could determine & need for, include notlﬁca—
tion of tramsit system personnel or direct contact with the passengers with no
other depar:ments involved. The implication of all these evaluastion options for
response to an incident is that pre-determined response procedures and communi-
cations link to related services and passengers are essential if the response is to
be most effective. For systems with small monitors (e.g., 12 inches or less), the
identifieation and evaluation functions can usually be asided if the scene can be
switched to a larger monitor (e.g., 19 inches) such as one used in conjunction with
the videotape recorder. CCTV systems having pan, tilt and zoom cepabilities on
its cameras can make use of those capabilities to carry out these functions. (6)

6.3.4 Planned Réggonses and Job Aids

The more structured and pr'e-planned the response procedures are for each
kind of incident, the less likelihood there is of an inappropriate response by the
operator. It is helpful to heve & book of prepared instructions describing the spe-
cial actions to be taken for the different kinds of incidents that could be encoun-
tered. It is also helpful to have a readily aveailable list of telephone numbers of
persons to call in different types of emergencies. For certain kinds of incidents
the operator should also have maps of the station, showing all access features,
camere surveillance zones, end other important fects. Responding police officers
also require these handy facts and should have them readily available (e.g.; as
part of the small loose-leal notebooks they carry with them at all times).

6.3.5 Response Authority

In some monitoring systems, especially those staffed by civilian rather than
police operators, it may be necessary to notify a higher level supervisor or sworn
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police officer of the incident. As & result the operator may either reiey re-
sponse. instructions or may hand over management of the incident to that higher
authority. .

6.3.6  Response to Suspected Crimina) Activity

The videotape and audio recorders should be in continuous operation during
every significant event, especially if 8 crimingl incident is taking place. The
operator should be recording the event using the camera that shows the eclearest
image of the suspect, the victim, the suspected criminal getivity, the responding
officers or civilians and the apprehension or escape process. Police procedures
and control center capabilities will dictate particular steps to be taken, such as .
calling & second officer if an epprehension is taking place, using sutomnatic gate-
loeking devices to contain the suspect, stopping of elevators and esceglators, closing
(or opening) of selected doors/gates, re-directing of vehicles in the system and
using existing contingency plans (e.g., for station evacuation, bomb threats, hostage~
taking). In the events of system failures, all automatie locking devices should have
reliable (but secure) methods for manually bypassing such locks. Manyw transit sys-
tems are inherently designed to make apprehensions relatively essy, since they typi-
cally restrict escape to the exit gates or to tracks and guideways. Direct communi-
cation between the CCTV operator, or someone (like a desk officer) with the same
monitor coverege &5 the operator, and the responding police officer is essential if
accurate information for apprehension is to be made available rapidlyr and if escape
is to be prevented. (6)

6.3.7 Availebility of Responding Officers

When gh officer is on pstro! at the station, the operstor (or sxperior offi-
cial) must establish radio, telephone or public address eontaet with him/her and
direct thet officer to the incident location. When the station is pert of a multi-
station patrol area for the officer, 8 more difficult and slower sequence mey re-
sult. Good communication fecilities are essential, and the eontactec: officer must
then use his own resources in getting to the scene as quickly as possible. In some
systems, where the transit vehicles are used to conduct the patro! and long head-
ways are sometimes in effect, it may take considerable time (20-30 minutes) to
reach the scene. Often, the use of & radio patrol ecar (or even a helicopter) travel-
ing between stations can reduce that response time significantly. This may or may
not be adequate, depending upon the incident in progress (e.g., rape ws. purse snatch—
ing). The operator should know vehicle schedules and the location of &ll police offi~
cers and transit personnel in the system. More or less complex and sophisticated
techniques are avsilable to asccomplish that purpose (from simple phome-in to costly,
automatic radio transponder tracking). Considering the countermeasures potential of
the CCTV surveillance system and rapid communications techniques, everything possi~ .
ble should be done to shorten the time required to get a palice office to the scene..
Once a suspect escapes from the transit property and is on the streets outside,
local police usually must be called with a description to aid in the apprehension.

6.3.8  Inhibiting Effect of CCTV on Responding Officers

~ With the prevailing concern over charges of "police brutality,” some police
officers meking an apprehension in a criminal incident hesitate to use pecessary
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force to subdue a resisting suspect, if those officers know they are being ob-
served on camera and being videotaped for possible evidence purposes. This
could result in injury to officers and others. Police administrators should re-
mind pohce officers of their right to use whatever force is necessary to arrest
the resisting suspect.

6.3.9  Direct Contact Responses Between Operators and Passengers

In cases where the operator is to respond directly with passengers or
suspects, the use of a one-way or two-way audio system is generally necessary.
This can be one that is non—private (e.g., the Public Address Systef) or it can
be private (e.g., the Passenger Assistance Telephone). One way of establishing
contact with a specific passenger is to use the public address system to direct
that individual to go over and pick up the passenger assistance telephone (e.g.,
"That man in the leather jacket who just cocked the turnstile, please go to the
wall on your right and pick up the yellow telephone”). A firm, but polite dis-
cussion can then be carried out to find out what the problem is and to direct
subsequent praper action. In other cases, such as if a person goes onto the
tracks or guideway, the one-way public. System may provide the only immediate

eapability. The public address system can also be used to signal police
officers {(using codes or calls to the telephone) if no radio is available for that

purpose.

Depe:nding on the transit system design and the purpose of the CCTV
operation, many other interactions can take place between operators and passen-
gers. Some> of these interactions would have more to do with passénger con-
venience se-rvices than with security or safety. For example, passengers mey
call to resuest direetions for reaching their destination or to report a Jost child.
Pre-plamed procedures may be necessary for some of these types of inquiries or
services. {(3)

6.3.10 Response Failures Due to Lack of Confidénce

It is essential that operators develop confidence in the surveillance systems
and the organizations responding to it. That confidence can be seriously diminished
by excessive equipment failiires, false alarms, lindependable individuals needed to
aid the response, inadequate support and follow-Up resources or other reasons. For
example, a major department store in a very large Eastern city recently suffered
an unrecognized after-hours burglary in its jewelry department, despite its CCTV
monitoring system. The perpetrators had simply turned the cameras to look at the
eezlmg The security force assumed that this was just a continuation of a recent
series of camera malfunctions and chose to do nothing about the inappropriate
images on the television monitors. Even the best system is likely to suffer similar
costly consequences if the attitude and confidence of its operators is poor.
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8. COSTs

8.1 LIFE-CYCLE COSTS

8.1.1 Genersl

To mid the reader in calculating the costs of & potential CCTV transit
station security system, this chepter identifies typical categories of costs and
provides some representative dollar ﬁgures of possible items for whieh one must
pay. It is concerned only with economic costs. In the earlier chapter on system
evaluation, non-economic (e.g., social and political) costs were addressed, and
those glso shou!d be kept in mind.

Depending on size, pricing policies, construction requirements and many
other factors, a CCTV trensit station secturity system can have a purchase cost
of anywhere from $1,500 to $20,000 per camera/monitor installed. For example,
e very low cost, recently installed system covering a single platform, & waiting
room and & ramp areeg, using eight monochrome cameras and eight. 10-inch moni-
tors, an automatic sequentiel switeher, a videotepe recorder and 17-inch monitor,
& two-way audio system, and no special installation problems, at low prices based
on authorized Federal supply schedules (General Services Administration), ectually
was purchased for about $12,000 ($1,500 per camera/monitor). This is considered
an unusually low cost, and should not be the expected purchase cost of most
systems. It is also essential to note that many other development, operation,
and meintenance costs are incurred, which could easily and rapidly exceed the
purchased equipment costs. This chapter provides some perspéctive on all of
those cost components.

8.1.2 Cost of Ownership

To estabiish a comprehensive framework for estimating gll economic costs,
the life eycle of a2 transit system can be used to define a seriés of stages, and
then costs can be computed for each stage. The life cyele of & transportation
system has been classified by others, and is depicted in Table 8-1. Most "advanced”
transit systems will go through all of these phases. "Conventiongl" systems will
require little, if any. RD&D, and "revolutionary” systems ganerally will be con-
fined to RD&D until they probably become "advanced” systems. The CCTV secu-
rity system planner must determine which stages of the life e¢ycle are relevant
to his/her cost computations. In most instences, it is expected that the Acquisition
end Use periods would include the applicable cost categories. (3, 5, 6)

T —




TABLE 8-1. LIFE CYCLE OF A TRANSIT SYSTEM

PerioZ Phase I Stage
Researeh, Design | Novel System | Concept Formulation and -
end Development | Development Definition
(RD&D) .

Technology Development
: : and Demonstration.
Acquisition Revenue ! Concept! Selection
System o
. , System Definition and
Engineering Planning
Deteil Design and
, Development _
Property Construction, Febricetion,
Development | Assembly, Test and
.| Checkout
Use Operation Operation, Maintenance,
Modification, and Removal

Within each category one must consider the costs of purchased items
(equipment end meterials), labor (designers, operators, technicians, and other
system employees), travel expenses (transportation, per diem, ete.), outside
services {(consultants, etc.), and any other miscellaneous expenses (e.g.. lessed
items). One possible way of classifying those costs is in terms such as shown
in Table 8-2. Obviously, eech planner or designer will be subject to the general
planning and budgeting practices followed in his/her agenecy.

. TABLE 8-2. COST FACTORS IN EACH STAGE OF THE LIFE CYCLE

1. One-time costs, such as purchased equipment. These costs ean often
' be depreciated or amortized over the useful life, in aceordance
with generally accepted accounting principles. They include office
equipment as well as CCTV apparatus. Upon system removal, e
scrap value credit may be realized.

2. Fixed costs, such as needed to meintein and operate the activities at
any stage of the life cycle. They include weges, employee bene-
fits (holidays, insurance, etc.), utilities, insurance, leasing and
renting costs. These costs cen increase if the gross activity
level requires more permanent personnel.

3. Varieble costs, which are incurred in eccordance with activity level at
any stage. They include repeir and replacement costs, office
supplies, ete.

4. General and administrative expenses, which are allocable to the system
activity in accordance with generally accepted accounting
prineciples.
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CONTROLLED APERTURE EVALUATION




Kaiser Engineers California oy

Kaiser Engineers (Canlormin Cotooration

£ Subsiz.ary of Raymeng Kaiser Engineers inc. Job #: 81152-403
£2¢°SC. = Main Street B1r Floor W-BS # . 14 CAC

Les Angered. Cabtornia 90013
{213 9726033

DECEMBER 21, 1982

MEMORANDUM TO: W. J. Rhine

FROM: P. M. Burgess WM

RE: ALTERNATIVE ANALYSIS -- COMMUNICATION SYSTEM

This is in response to a December 20, 1982 request. by your
staff to write you a memo to be inserted in the appendix of
our revised WBS #l4 CAC report. The desired purpose of the
memorandum is to confirm that alternative analysis woxrk, on
the subject of controlled aperture CCTV for dimly-lit areas
versus higher illumination, was suspended after the technology
assessment phase of the alternative analysis showed that
moderately priced cameras are available with apertiire control
range that precludes the need for extra illuminationm.

On March 17, 1982 we confirmed, by memo, that we would evaluate
six commmications alternatives under task WBS #l4 CAC. On
June 14, 1982, we included the controlled aperture CCTV alter-
native in a composite list of altermative analysis subjects
that we had analyzed or were continuing to analyze.

On April 27, 1982, we discussed with Metro Rail stasf
sumnarized results of the analysis work completed r > that
date. Our May 28, 1982 memo to you advised that w had
suspended the TV camera apérture control alternmati = analysis
because we had verified that a readily available, : =asonably
priced, general purpose camera with automatic ligh compen-
sation would accommodate the range of minimm emer_ =ncy
lighting to maximum illumination for passenger station appli-
cation.

Our July 19, 1982 WBS #14 CAC draft report summarized the
analysis work that had been done and the significant results
and conclusions.

As requested, we will append these written communications to
our WBS #14 CAC final report, including a copy of Chapter VII
of our draft report.

cci C. Fisher
D. Wellington
A. Adela
D. Schuler

PMB/1m &-2



IOQIS'ER

ENGINEERS
KAIGER ENGWEERS, NG,
425 SOUTH MAIN STREET
Bth FLOOR
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File: 81152-100
WBS: 11DAF A/2439
MEMO T0: W. J. Rhine
FROM: P. M. Burgess 747f W/é”d
SUBJECT: Composite List of WBS 14 Alternativqg?

Following is a list combining the eight separate lists of

.alternatizgﬁgégiﬁ I forwarded to you with eight memoranda

all dated’ 1982. This composite list is being prepared
as a convenient reference document for use in keeping track of
alternatives that have been deferred or eliminated during the
alternative analysis work and for kedping track of changes in
terminology.

* This is a Basic Data Subject ,

. -
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ALTERNATIVES

Date Delivered
Passenger‘Vehicle WBS: 14CAA .- "March 17, 1982

1. vVehicle Configuration
A. Semi-permanent dependent palrs (shared equlpment).
B. Quick separable dependent pairs (shared equipment).
C. Double-ended single cars (controls each end).
D. Single-ended single cars {controls one end only).
2. AC (60Hz and 400 Hz) vs. DC Auxiliaries.
3. Chopper vs. Cam Controlle:. -
4. Disc vs. Tread Brakes (or both). _
S. Wheel Diameter (28 lnch minimum to 34 inch maximum).
€. Roof ¥s. Undercar A;rcond;t;on;ng.

7. Material ahd Structural (steel, aluminum, or combination).

Train Control  WBS: 14CAB March 17, 1982

l. Reverse Running:
A. PFull protection for close following moves. - '
B. Headblock to headblock with no following moves between
interlockings.

2. Automatic Vehicle Identification:
A. Passive - intermittent (only reads labels for vehicle
~and train lnformatlon).

B. Act;ve - Also rntermittent but can be used for:
1.  Automatic track switching.
2. Control of station destination signs.
3. Control of train arrival and boarding location
indicators.

3. Central Cbntrpl:
A. Mimic Panel vs. banked CRT display.
B. 0perator interface via CRT vs. control consdle.

4. Platform Train Destination Signs:
A. Signs triggered by wayside AVI.
B. Signs controlled by Central CPU (possibility of having
equipment cost underwritten by advertising).
C. No platform destination signms.

5. Scope of Starter Line ATO:
A. Automatic speed regulation.
B. Programmed station stops.
C. Automatic station dispatching.
D. Automatic door closing.

G- 4



Page 2

Commnnications WBS: 14CAC March 17, 1982

1.

o~

_ ¢ :
Vehicle radiogs fixed or removable, as in a combination
having an installed handset.

2. PABX, maintenance and emergency telephone systems, Separate
or combined employing common equipment.
3. Lease vs. purchase of telephone systems.
4. ’Controlled aperture CCTV, for dimly lighted areas, vs.
higher 1llum;natlon. _
5. TV monitors sequenced or split screen, or combination.
6. Cable transm1551on via fiber optlcs, vs. multl-conductor
cable, vs. coaxial cable. . o
Electrificatlon:‘.Systern' WBS: 14CADI1 " March 17, 1982

Tractlon Power

1. Substation configuration single unit vs. double unit.
2. Substation spacing and location at passenger station vs.
intermediate other locations.
3. Substation cooling system, self-cooling vs. forced coolzng,
dry vs. liquid. _
4. Contact rail, aluminum with stainless steel cap vs. steel
.rail with extruded aluminum sides. L U
S. Switchgear overload protection, breakers vs. fuses.
6. Cable and raceway system in tunnel exposed conduit vs. embedded.
Auxiliary Power WBS: 14CAD12 March 17, 1982
1. Primary power supply integration with traction power vS.
separate feeders from utility company.
2. Secondaryipower distribution, radial vs. dual selective.
3. Emergency standby power supply, DG/UPS vs. turbine-generator/UPsr_
4. Tunnel lighting fixture, fluorescent vS. 1ncandescent or |
high intensity discharge.
5. Secondary distribution equipment panelboards vs. switchgear.
6. Secondary distribution transformer, liquid vs. dry, self-cooling
vs. forced cooling.
7. Low voltage switching system, large ACB vs. fuses, insulated case

ve. fuses, molded case vs. fuses, drawout vs. fixed.
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Fare Collection WBS: l4CAEll March 17, l¢%e2

l. Self service vs. barrier.
2. Flat fare structure vs. graduated.
3. Bus fare compatibility.

4. Special fares capability.

Auxiliary Vehicles WBS: 14CAE13 : March 17, 1982

l. Self propelled malntenance and service vehicles vs. locomotive
and unpowered vehicles. (Types of self-propulslon might
be 3rd rall. diesel or. both) )

‘2.“Ra11 grlndlng and track alignment equlpment procured during
construction or deferred. (Equipment could be purchased or -
leased; it will be needed before start of revenue operations
and again after approximately two to five years of operation).

Escalators and Eievators WBS: 14BAG | March 17, 1982

Escalators
l. One standardized width for all stations vs. s;zed accord;ng .

to projected patronage..

2. Treadle operated vs. supervised Starting and stopping.
3. ALong escalators vSs. segmented design.
4.: Incl;ned mov1ng srdewalk vs. escalator for short rlse.

Elevators
1. No laternative developed in WBS 14BAG.

vehicle Maintenance _ .
shop Equipment. © WBS: 14AAGII} March 17, 1982

1. In-floor vehicle hoists vs. portable jacks for lifting
vehicles. _

2. Shop stinger system vs. self-propelled car switcher.
3. Shop lubrication‘system vs. portable lub carts.
4. Shop air system vs. electric powered tools.

S. Lathe vs. milling method for wheel truing.



To
AT

P. M. Burgess

KAISER
ENGINEERS

{INTEROFFICE MEMORANDUM

DATE

g, e

_7‘5____; p¥ L,LJ FROM

March 22, 1982

A. P, Adelj

comss e VR 1 AT OB 601 - Oakland
sy PEE RS ,
o z!: E"‘ i _fo8 NS 81152-403
susitcr  RTD METRO RAIL PROJECT

Attached is an outline for WBS 14CAC Deliverable to be prepared. This
outline will be used unless a standard format has been prepared. I
also would like to amend the alternatives previously sumitted to e

delete the following:

1. 1 footcandle level of lighting as against aperture contrel

of TV cameras

for higher FC light level.

There is no operational and cost difference involved. The
type of camera with automatic light compensation applicable

for 1 FC and 2 FC or more is the same.
cameras will be used with options.

follows:

Type of Camera Sengitivicy

General Purpose

Normal Light

Range 0.1FC - 1FC

Low Light Level 0.01FC ~ 0.1FC

Very Low Light Level 0.001FC - 0.O0LFC

General purpose
The ranges are as

1FC ~ 100 FC. Svouws Kread (/ FC - /OOOF('.)
Cremmpripd Fre Tele (tv: & Jow

/

et

2. Mastercloek programmable agdinst non-programmable control unit.
There is no considerable difference in the functions required.
Programnable control units are more compléx and expeunsive as

against a non-programmable.

The following features envisioned

to be required for the Masterclock System are standard tc both

types.

1. Central reset

2. Hourly correction

3. Instant reset after power failure
4, Pre-set timer for standard and daylight savings time
5. l2-hour correction

Please advise if you or the clients disagree with this motion, otherwise,
we will proceed as outlined.

/spt
attachment
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KAISER AR IR (W

ENGINEERS e - 7T NS
~ - . /‘f b /‘ :
INTEROFFICE MEMORANDUM v . ‘
M. Burgess . oare April 27, 1982
AT KE - los Angeles
rvo A, P. Adela, Jr.

COrIES TO

. QrJ
Ed Freeman, UII .
AT OB=~601

wene. 81152-403

SUBJECT

COMMUNICATIONS SYSTEM
tBS 1& CAC DESIGN _ALTERNATIVES

This 1is to confirm our recent meeting with the client regarding
the verious design-alternatives to be evaluvated.

l. Radio Service - Psssenger Vehicle

8. Fixed

b. ZRemovable
1. XNon-~-operable
2. Operable

2. Telephone Service
Equipment Configuratioen

8. PABX, PAX and Emergency Telephones as sepafate equipment.
b. Combine two or three services in one common equipment or
instrument

Method of Acquisition:

8. Lease
b. Buy

3. Closed Circuit Television ECCTV)

a. Sequencer
b. Split Screen
¢. Combingtion

4. Cable Transmission Service (CTS)

8. Fiber Optics
b. Paired Cables
¢. Coaxisl Cebles

The following criteriz heas been evaluated to further enlighten
the reagons for dropping the alternastive for CCTV on the aperture
control as against the light level.



P. M. RBurgess -2 - A, P. Adela, Jr.

KE

1.

= Los Angeles April 27, 1982

The requirements for emergency lighting ere prirmarily
established by NEC and Section 5 of the Life Safety Code
(XFPA 101), which states that the light level shall neot

" be less thenm 1.0 foot candle measured at the floor.

The locomotive headlights clessified by the Federal
Reilroegd Adninistration are classified &8 roed service
giving BOO ft. object visibility. Each lamp projects a
beeam about 5 degrees wide of 300,000 cendelas.

Using & 10 ft. disiance from the light to camera lems, with
direct exposure, the verticel 1liumination level will be;

FC = Candlepower x sin &
Distance Squared
= 300,000 x sin 5° - 26147 = 281 FC
104 100

Although the calculeted illuminetion level is high, the
cemerés lens won't be directly exposed to the headlight.
The actual light level will just be & spill from rhe 261 FC.

A8 previocusly mentioned in my memo of March 22, 1982, the
general purpose camera with automatie light compensetien
will be &able to handle the minimum emwergency lighting level
of 1.0 FC and & maximum of 1000 FC.

APA/31n .
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ENGINEER. et LV B
NEERS 5(91\, 7
KAISER ENGINEERS. INC.
mwu'ru WMAIN STREET
9 e P
May 28, 1982 : TELEPHONE: @13 9724033
File: 81152-403
WBS: 14CAC A/2439
MEMO TO: W. J. Rhine o A _
f- %%
FROM: P. M. Burgess /7 //7V"‘/
. ," -
SUBJECT: WBS l14CAC Telephone Lease vs Buy

Alternatives Analysis

A meeting was held June 25 between représentatives of Pacific
Telephone, Kaiser Engineers and your staff to obtain telephone
leasing information for our lease vs buy alternatives analysis.

We were informed by the telephone representatives that a
recent anti-turst court ruling against the telephone company
precludes any‘éﬁ;antee that Pacific Telephone will be in

the leasing busipess during the time we will be procuring
telephone services or egquipment. Therefore, as discussed with
Jim Trani and Mike Becher, we have discontinued the analysis
of ‘the lease versus buy alternative.

‘_. We plan to address the lease vs buy subject again in WBS 16CAC
werk when we expect to have more definite information regarding
the possible deregulat;on of communication utilities and its
effect on leasing vs owning options.

Oour WBS 14CAC Alternatives Analysis report will include a
narrative of the previous work that was done on this alternatzve
subject.

Coincidentally the report will briefly address the subject of T.V.
Camera aperture control versus increased illumination on which

we suspended the analysis because our technology assessment
showed that moderately priced cameras have recently become
available with ‘aperture. contrecl range that precludes the

-need for extra illumination.

‘!' PMB:mea
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7.1

7.2
7-2-1

7:2.2

7.3

CHAPTER 7

CLOSED CIRCUIT TELEVISION APERTURE CONTROL EVALUATION

INTRODUCTION

The intent of this analysis was tc assess the capabilities of
current CCIV camers lens technology for providing good TV coverage
of areas where illumination levels differ widely, as they do in
transit gystem stations and yards. The analysis was suspended after
the initial technology assessment ghowed that moderitely priced
cameras have recently become available with aperture control range
wide enough to accommodate the entire range. Following are details
of the information obtained and the results concluded.

DESCRIPTION OF ALTERNATIVES

1.0 Footcandle of Lighting

According to the Life Safety Code, 1.0 footcandle should be the
minimim level of lighting for emergency purposes. Camera lenses
should conform to this lighting level to provide clear and usable
images.

Higher Level of Lighting

Nommal lighting in stations and concourse areas is maintained at a
level of 100 to 200 footcandle. The cameras intended for these
areas do not require highly sophisticated control functions as long
as the lighting levels are maintained.

RESULTS:

The requirements for emergency lighting are primarily established by
NEC and Section 5 of the Life Safety Code (NFPA1Ol), which states
that the light level shall not be less than 1.0 foot footcandle
measured at the floor.

The greatest amount of localized light intensity that can be
expected in a transit traimnway is that of a locaomotive headlight.
These are classified by the Federal Railroad Administration as road
service headlights giving BOO-ft cbject visibility. Each lamp
projects a beam sbout 5 degrees wide of 300,000 candles, which
converts to 261 footcandle as shown below.

< E RN



Using a 10-ft distance from the light to camera lens, with direct
exposure, the vertical illumination level will be:

candlepower x sin (theta)

fc &
distance squared
300,000 x sin 5° 26147
s‘ - = 261
102 100

Although the calculated illumination level is high, the camera lens
will not be directly exposed to the headlight; the actual light
level will 3just be a spill from the 261 footcandle,

The type of camera with automatic light compensation applicable for
1 footcandle and 2 footcandle or more is the same. General purpose
cameras, with options, will be used. The ranges are as follows:

Zng of Camera Sensitivity
General purpose 1 fc - 1000 fc
Normnal iight range _ 0.1 fc = 1 fc

Low light levél 0.01 fc - 0.1 f¢c
Very low light level | 0.001 £c - 0.01 fc

G-z
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KAISER e rard

F ' . 5 a
ENGINEERS WA e
KAISER ENGINEERS, INC. D
425 SOUTH MAIN STREET [\
$in FLODA
May 28, 1882 -, YELEPOME i prodamy
File: 81152-403
WBS: 14CAC A/2438
MEMO TO: W. J. Rhine -
FROM: P. M. Burgess g"
FROM:. . M, ge s M?Mﬂ/
SUBJECT: WBS 14CAC Telephone Lease vs Buy

Alternatives Analysis
A meeting was held June 25 between representatives of Pacific
Telephone, Kaiser Engineers and your staff to obtain telephone
leasing information for our lease vs buy alternatives analysis.

We were informed by the telephone representatives that a
recent anti-turst court ruling against the telephone company
precludes any gurantee that Pacific Telephone will be in

the leasing business during the time we wWill be procuring
telephone services or equipment. Therefore, as discussed with
Jim Trani and Mike Becher, we have discontinued the analysis
of ‘the lease versus buy alternative.

We plan to address the lease ¥s buy subject again in WBS 16CAC
work when we expect to have more definite information regarding
the possible deregulatlon of communication utilities and its
effect on leasing vs owning options.

Ollr WBS 14CAC Alternatives Analysis report will include a
narrative of the previous work that was done on this alternative
subject.

Coincidentally the report will briefly address the subject of T.V.
Camera aperture control versus increased illumination on which

we suspended the analysis because our technclogy assessment
showed that moderately priced cameras have recently become
available with ‘aperture control range that precludes the

need for extra illumination.

PMB:mea
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6.1

6.2
6.2.1

6.2.2

6.3

CHAPTER 6

TELEPHONE SERVICE.

LEASE vs. BUY EVALUATION

INTRODUCTIOR

In this alternative, Kalser Engineers was to analyze leasing
and purchasging options for the telephone equipment.

DESCRIPTION OF ALTERNATIVES

Lease

Leasing the PABX and PAX main frames, including lines and telephone
instruments, i1s the current trend of major business industries.
This equipment, installed on the Metro Rail premises according to
the Metro Rail system specifications, will be furnished and
maintained by the local telephone company.

Buy

This alternative presents an advantage to the Metro Rail system in
purchasing the telephone system, because it could be precisely
engineered and specified to meet specific requirements.

RESULTS

A preliminary functional specification was prepared by Kaiser
Engineers and presented to the telephone company for a lease
quotation. A meeting was held at the Metro Rail project premises
and was attended by representatives of Pacific Telephone, Kaiser
Engineers, and the Metro Rail Project staff.

A recent antitrust court ruling against the telephone company
precludes any guarantee that Pacific Telephone will be 'in the
leasing business when the telephone system for the Metrc Rail
project is installed. As a result of this discussion, the analysis
of this alternative will not be inclioded in this report until more
definite information is gathered.
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HEAVY DUTY
OPTICAL FIBER CABLE

These optical fiber cables are especially suited for empioyment in voice, video-and data transmission
applications which require ruggedized cables. High cable strength, crush and abrasion resistance, and
moisture protection characterze the rugged nature of these cables. (See installation Suitability Table)

The optical fiber cables are available in two types which are described as General Purpose and Heavy
Duty. The General Purpose cables incorporate standard ITT optical fibers which have 0.5 millimeter outer
jacket diameters. These cables are generalty intended for installation in ducts. cable trays, or similar appi-
cations. The Heavy Duty cables incorporate ITT optica! fibers having outer jacket diameters of 0.95
milimeter. The additional butfering materia: on the fibers provides an additional measure of ruggedness
which makes these cables well suited for direct burial or aerial instaliations. Both cable types are
characterized ty high tabie strength and excalient abrasion resistance. Eithér cable type can incorporate
up to nineteen optical fibers.

Both cable types are comprised of an inner core of optical fibers over which is extruded a black poly-
urethane jackel This inner jacket is surrounded by helically laid Keviar® strength members over which
the outer jacke! o! polyurethane is extruged.

The Heavy Duty cable is designad for aerial installation by lashing to a messenger wire. It is also suitable
for duet instafiation using standard duct-pulling techniques. This cable is available with an optional void-
filing compound appiied within the inner cable jacket as well a5 an aluminum tape armor with an outer
polyethelene jackel. This cabie complies with the “REA General Guidelines for Fiber Optic Communi-
cation Cables, Issue 2.” With the addition of thiese options, the cable :s swlable for direct burial by plowing
or trenching.

Since the optical fibers used il these cables are inherently strong (coatinuous proof tested at 100 kpsi
loads) and special aftlention has been paid to increased cable strength in cable designs, standard cabie
instaliation techniques can be ysed without damaging the optical fibers in the cable. Additionally,
termination of the strength member and optical ﬁber is enhanced by the ﬂexlbilny and imtarnal sfructure of
the cables.

These cables can be ordered with any ITT muttimode optical fibers. Fibers in a wide range of atlenuation
and dispersion are available. As an option, the fibers can be color-coded in accordance with “REA
General Guidelines for Fiber Optic Communication Cables, Is5ue 2." These cables are available in
lengths up to one kilometer. Longer continuous lengths can also be provided on special order.

€1379. Imernational Telephone
and Telegraph Corporation




GZINERAL FURFUSE ACMEAL LiReC i BURIAL
OPTICAL FIBER CABLE OPTICAL FIRER CABLE OPTICAL FIBER CABLE
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INSTALLATION SUITABILITY
CABLE TYPE - TYPES.OF INSTALLATION ‘
Intrabuilding Aerial Duct/wet Duct/dry Direct Burial
Meavy Duty _
Unfiled. unsheathed . .
Filled, unsheathed: .
Filled, sheathed . .
(Gieneral Purpose . .
CABLE SPECIFICATIONS
OPTICAL
Numerical Aperture Refer to Optical Fiber Data Sheets
Attenuation @ 0.85 um Refer to Optical Fiber Data Sheets
Dispersion (= 3dB Inlermodal) Refer to Optica!l Fiber Data Sheets
MECHANICAL _ ) o ‘
GENERAL PURPOSE HEAVY DUTY
Unsheathed Sheathed
Jacketed Fiber Diameter 0.5 mm - 1.0mm  1.0mm
Cabie Diameter 6.1 mm -~ 7.0mm 9.7 mm
Weight 30 kg/km 39 kg/km 58 kg/km
Minimum Bend Radius 4cm Sem 10cm
Short-Term Tensiie Strength 150 kgf 150 kgf 150 kgf
Number of Fibers 10 7* 107" 1t07*
*EiQht to nineteen libers can be specified on specal order.
CABLE ORDERING INFORMATION
(Cable Part Number is grefixed by the letter *T"'. followed by
a three-element number as follows: T-XXXX-YY-ZZZZ - see below.)
XXXX Yy 27222
Cable Type Number of Working Fibers Fiber Type Number
Heavy Dutyt
Filled, unsheathed 2500 Specify 0110 19 See Optical Fiber Data Sheet*”
Unfilled. unsheathed 2501 Soecify 0110 18 See Optical Fiber Data Sheet™
Filleg, sheathed 2502 Specify 0110 19 See Optical Fiber Data Sheet*™*
General Purposett 3500 Specity 011019

See Optical Fiber Data Sheet™
+Formerly designated types T-491 tp T-499 .
1 Formerly designaled types T-411 1o T-419
=Deiete "T" prefx

*==For color-coded libers, add sutix “C" atier Fiber Type Number

EXAMPLE: T-2502-07-1208 i a filed. sheathed seven fiber cable using graded index fiber with an outer jacket dismeter of 0.5 mm
axhibiting 4.00B/km maximum attenuation at 0.B5sm, and maximum = 3 dB intermodal dispersion of 0.5 ne/km 210.9 um.
{fiber type. fiber outer jacket ciameter. sienuation, snc disoersion are taken from Gracted Ingex Optical Fider dxta sheet )

5B

ELECTRO-OPTICAL PRODUGTS DIVISION ITT

7635 Plantation Rd., Roanoke, VA 24018, Telephone (703)563-0371
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T(ansmission

hpds

-Ten (10} Kilometers Without Repeaters Using

£1981 inernanona! Telephone
and Telegrann Corporation.

maE

s
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High Quality Video Transmission to

., -t
1, e

Designed to accommodate a wide range of cusiom
systern requirements, ITT's Video Laser Transmission
System is a single, modularized package that expands
to satisfy multiple channel transmission of simpiex or
duplex signals. The standard 5% " x 19" equipment
shelf has provisions for accepting up to four (4]} video

. channe! units and an AC péwer supply unit. Superior

video quality for signai bandwidths to 10 MHz is com-
bined with the ability to transmit over nonrepeated fiber

. optic links up to ten (10] kilometers.

A low noise, _P_i}gh linearity fiber optic transmission
system, the IT1 VLT unit employs F.M. modulation to
provide a signal-10-noise ratio {weighted) of greater
than 60 dB and differential gain of less than 1.5%.

Easy 1o install and maintain, it is an ideal transmission
system for video and other wideband analog signals
where the signal quality is critical. -
Uniquely suited 10 new system configurations, the

ITT Video Laser Transmission Systen bypasses the
traditional installation problems associated with copoer
cable systems and is capable of transmission in high
noise environments, because it is inherenty immune
to radio frequency and electromagnetic interference.

? —
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Video Laser A~ J _
ransmission - . |
d:.ys*tc-:-m N e |
e Features |

a S / b _ *10 k:iomher nonrepr.atered links R A
RN SEn) N T . ’LOWHOISEIhIghllneamy 3 T
".‘:'-_-':- RN B _ s . - 'Moduiarconstrucn -k FRTI e
. i ‘ 3 ERERNE. -RSZSOC compaubi

rnlatnbie ‘Jf.&-

] -NTSCcu

Fxber Optic: Cable -+
v (Up To 10 Km Langm)

e U opseal 7 Optcar
Modutator: . Transtwuer{-r.,-. ..~ - Receiver '
O T6122 ;_:-;- < 76120 -, “_;) Tet0 . Temz -
T61 20/61 70/ 1:1 22/61 72 ROy . e hhibaiantal
Electncal l \ _ ‘ ' For Additional Inflormatlon
Inpyt impecande — ' 75 m Write or Calr T '
OutL:’:\ut impedahce J N B .75 Q.1 h‘d’ielp :\_Ar:-il_rketmg Departme t~__,
E'rgg%elpcy Response (11 adB) I R 10 <1a§ Electro-Opfical Products Division, -+~ |-« -
__Welgn.ted_SELaLm_Ba.nda:cLNmse | <A0aR |7 SHn!at:nRoad _ -
Difterential Gain .<1.5% 65 i — T
Differential Phase <1.3 Roanoke irginia 24019 L
Power Requirements 117 Vac =10% Telephons (703} 56310371 . -
Telex 829458
Ophcal
umﬂw-ﬁepresented-ew ' i .
Transmitter Ou(put Power_| >0 dBm (1 mW) -
Receiver Sensitivity | <—46 dBm (25 nW)
Receiver Dynamic Rangeé >20dB
Optical Fiber .50 m core, graded index
I IUEI Ba! Idvﬂm "U]HHIIIIUH }"““ T Wru .
Mechanical /
Video Modulator. 76122 N.24"x4.75" x 8. 56"
Wideband Transmitter, T6'|20 0 87" x4.75" x 8.56" ’ /
Wideband Rereiver 158170 OR7"x 475" x B 56"
Video Demodulator, T172L______1.24"x4.75" x 8.56" | N
Power Supply—117 Vac, T6904 __ 556" x 5.22" x 10.758" | .
Video Chassis, T6902____ 19, 00" x525"x1575" :
%Iectncl:al Connection______ = : %%C Connector /
—ptical ! _L—'___
licg] Connect , annon FOT Connector - ELECTRO-OPTICAL PRODUCTS DIVISION
: 5 1 i 4 7635 Plantstion Rd. Rannoke. Va. 24016, Telephone (703) 563-037
' n { -~
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® . . CATEL

VFMS 2000 SYSTEM

VFMM Video FM Motulator
TR with Audio Module

VFMD Video FM Demodulator
with Audio Module

Video/FM Coaxial Cable Transmission System-

FEATURES: DESCRIPTION

Greater than 60 dB Signal to Noise

Improved Impulse Noise Immunity

Longer Transmission Runs with Less Distortion
No Gain and Tilt Compensation Required

Low Maintenance, Solid State Design
Minimum Cross-Modulation Effect

High Level Signals

Improved Group Delay Performance

Ideal for PCM Multipiex

Lower Cost than Comparable AM Systems
Minimum Effect from Intruded Signais—FM Capture E fect

The Catel VFMS Video FM Transmission System consists.of
a VFMM-2000 Video FM Modulator and a VFMD-2000 FM
Video Demodulstor. Frequency range is available from 18 10

293 MHz with standard bandwidth of 14 MHz. (Special
bandwidths optional} .

Due 1o the noise immunity advantages inherent in FM, the
system is capable of long distance transmission of high speed
data, television pictures and facsimile with minimum
distortion.



Unique Advantages of FM/Video Transmission...’

Special features of Frequency Modulation make it ideally and improved overall transmission of high speed data,
suited for wideband cable transmission applications. television pictures and facsimile.

First, the high signal to noise and impulse noise immunity Secondly, the straight-torward, design of the FM system
characteristics of FM provice improved performance in lowers purchase price, maintenance costs, and reduces the
three greas: longer runs with minimum distortion, mujtiple number of additional active elements in the system.

regenerstion in cascaded systems with fewer amplifiers

“Ot.Air" Video ) “OH-Air"” Video
: Figure A . Figure B

Figure A shows AM video display from input through 8
amplifier cascade. Figure B shows improved characteristics
of FM-transmission within the same parameters.

Versatile, Modular Design Concept.

The chart shows various combinations of Catel video

and audio bandwidth modules which make up specific . MODULATOR
. frequency- and application-tailored systems. Full pricing -
available on request,
~
. &
A -25' ) ‘g? ’
& § o
) &
oy P &
& o 5
| B b Ng
VFMS-2000 ) R S R
DATA MODULES S & &F -
Cabinet with tamper-guard panel CAa2100 | XXX XXX XXX
_Power Supply PS2500 . XXX XXX XXX
Vides Medulator VFMM2000 XXX . XXX XXX
Video Demodulator | VFMD2000 )
Down Converter TC25000 XXX XXX
Band Pass Filter BPF2100 . o \
Audio Modutater FMX2100° ' ' XXX N
Audic Demodulator FMRX22007 - - -
Panel Spacer - “ £52000 XXX XXX4

17wo way suSio/visusl Talecanterencing Modem—a1 8 Much lowsr TArMinsl pr.ce than convantianal AM System.
’ﬁ:ﬂeuﬂ Coatel Augio Mogulator 'Demodulstor.
3Requires two CaoAeTE
SReouires 1wo sDaCET.

i-f6



SPECIFICATIONS

VEMS-2000 Vides FM Syrtam
lrtqu-ncv Renge . ............ BRI
Inoul Bawe Banawigrh Cpvioms . ... ..........

Channsl Bendwidth .. o...... e e

Channal Guer@ Band. . ... . ...t

Besse Bandwigrh Responme. ... .. P, e

Oittarentiol Gain. .. ........... P

Signal 10 Nolss Rﬂ.o e aa e e resa s
Syne THY. .. .v v .. e e e

VFMM-2000 Video M Modulstor

FreQUENCY SHBIITY ... ...... s P

HumM BRI NOIBE . . . ... .. e s
Input Bendwiarh Optioms . .. ...............

Spurious Qutpur . ... ........ O
Powar ReQuirdmenTs. . . ...... . cvuvutuuans

VFMQ-ZDOOIBPF 2100 V‘cdoo FM Domodulﬂor
InBuT Lavel . .

Outout Leval. . . ... .ou...... e e e
OutDuT IMDEdanes .. .......oovvenn v .

P5-2500 Power Supply
POwer IAPWY . ... ... ...... meerate e
Powst OUTPUT . .. e e innnnnrirananan

RODUIBTION - .. ... e i e v s e e

L - o) - T

OPTIONS: Specisl Bencwidths
Pramivm Spec|fications
oc Couplmg for Datws Tramamisnon
BNC Connecton

AUDIO MDDULES

FMX-2100
Owtout Control
Aesoonew ... .0
Mogulation . e e C et
Moouiation Ctnobllhy ....................
Hum and NOise . ............ e e
InBUT Lewel . ... e
IROUY IMNPROBNTE . ... .. iv it naasnnnnnn
SOouriows SiPRaIs . .l e haaan
Froqusnry AT ... ... .. . iiaaanannns
OuTDMT LoV . ottt i e Y
Fesqueney STabBility .. ..o i inn
Power Reguirements. .. ... . Y -

FMRX.2200
Fraguancy RBnDe . .. ..o viinrinnnaerreaan
AvdioOutput. . . ... e

Spurioul AeIDONME ... .. i e e
UM end NDISE . . ... i iiiin i
Stagility . . ... e e 4 e e r e e s e e
mlgc R'].B!lﬂﬂ M resssrtaEr e s e
B IVITY .. i vt invanarararnnrarannnean
Sllmlvlw. e e e aaa e

Paszband . F et ssrrrae e
AM R.}octwn TR e saaneaad e e
H.rl'nﬂm: DBYOTEION ... ci vetcnevnecnninsanns
Coprurs RSTID . . ... ..uvnnnt T I -
Sighal pius Noise/Noise. . ....... [ e
Porwesr ARQUIrEMEnTS. . .. v i s

OPTIONS: #00 Onm Balanced Audio Qutbut

19 M2 10 203 MHI = Svstem (Spacity)
TD =3 10 500 kHE Min.

10 =X t0. 5 MMz Mex.

14 Mm3

1.5 Me3 ot mazifum bandwidth

- 2¢0.5dB.30 HZ 10 4.2 MHZ

£80 nsec 30 Mz to 4.2 MMT

0.5 ap

£1°°3.58 MMz .

B0 EB Minimum Bask 10 Back [ Unweighted) +15 dBm tndut
2% Max.

1.0V Paak-Pask Adjuttabis over 0.75 10 2.0V Raenge
75 Onm Unksisnced

20 48 Return Loss
.75 OAm Unbslanced 16 dB Return Lot

B4 gBmV (Lovals »s High as 72 aBmV Avsilabia on Spacisl Order)
0.1%

7008 Oownet M= 1.6

10 m2 10 50D k Mz Min.

10 Mz Yo 5 MHT Max.

60 aB Minimum Beiow Pesk Carriar Level Outside 14 MHZ Bandwidth

w10 dBmV Min. yo +30 OBmMY Mex.

75 OhMm Termineting Unbaslanced 18 gp Arturn Lon
#igh Impadante Loop Througn (Specity)

T V Pask-10-Paak Adjustabla

75 Onm Tarminating 20 dB Return Lom

108 1o 125 VAC, B0 miz (230 Vv..B0 W2 Optional]
12.8 VOC at 1.0 Arnperes

(=15 VOC at .2 AmbDere}

Lesi than 1 mV

Elsétronit {).B.)

Input=Fused

Output=Eisctronit Short Circult Protetted

L S
-
-
-

Continvautly Variapla

t1 9B ot 78 M:croucund Pre-emphezis curve or 50 Hz to BD kme {optional)
. Oven repuistes VCO

75 &k M2 deviation

60 98 beiow Max. outBuUT

=10 gBm (pre-smp svailabid}

5000 Ohres unbsiances or 600 Ohry batanced

S0 g8 BEIow Max. SUTBUT

14-300 M4z

+45 @B MV

. 0.D05% {crystal cantrolied! .

12.6 VOC. 180 'mA averaps: 220 mA max. (POwersd by PS2500 Powsr Supply)

4.0 Mz 10 300 MMZ (Specity)

2.8 v Paak ab-Peak int0 $00 Onma Unbalanced, +10 dB with 500 Ohm
{Balanced option}

. ~B0 dB Minimum

80 a8 Minimum -

.. 0.005% (Cryswal Controtied)

3 uV for 30 B Quisting {1 HF)
Less than 160 kHZ o1 30 0B down
Len then 250 k2 a1 50 g8 down
200 emz (Caramic Filter)

50¢8

Lot than 1% {30 H2 10 15 xH2}
2.5d8

S0 0B

. 128 VvOC. 118 ma (Powersd by PS2500 Power Suppiy)

CATEL

DR OF
WTED S0 i CORFDRAND

14000 RTIFRLIN ADAD
*.0 QX130
MOUNTA Viln, £4 Ba2a2

TRASHMD - TWE §16 31848

Litho InU.S.A. 3778
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GENERAL

-

DCC's T-3 Rate Fiber Optic Transmitter FT-3201
shown in Figure 1, accepts differential ECL inputs. it
is capable of operation from DC to 100MB/s. The
equipment meets telephone standards for high reli--

AL tmahidren Y
WMAVIOAT KUV = gl

£
TR

B _‘_‘%.‘M‘
oA T, <
T

abilty transmission of telephone, data, or video
traffic. The FT-3201 has been designed for use in
DCC's FT-3 and FT-3C fiber optic transmission
equipment. A block diagram of the transmitter is
shown in Figure 2.

FEATURES

@ Injection Laser Diode Source

e DC 10 100 MB/s Operation

¢ 10 Bit Scrambler

¢ Optional Thermoelectric Cooler

e Major and Minor Alarms

¢ Optical Feedback—Preventive
Maintenance

Excellence in Telecommunications Engineering
Digital Communications Corporoﬂon
A MACCY. COMPANY

11717 Explorohion Lone
Gerrmentovn. Monviond 20747 1-8
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General
Transmission Rate

Electrical Signal Interface

Optical
Light source
Operating Wavelength
Fiber Pigtail

Average Optical Power
(at bulkhead connector)
Extinction ratio

Electrical Power
Operating voltage levels
Electrical power consumption

- Mechanical

Size

Mounting

Temperature

Humidity

Laser Temperature
with TEC Cooler

SPECIFICATIONS

DCto 100MB/s
optimized for DS-3 and DS-3C operation
NRZ-L. ECL-Level, Differential

Injection Laser

820 nm (typical)

125 ¢ mdia. 50 «m core

NA = 0.21 graded index fiber -
OdBm. (typical)

>10:1

+B8vdc
10 watts (max)

8.75"H x 1.375"Wx 8.5"D
18.inch terminal tray

0°C to 50°C

0-85% (no condensation)
30°C.(Max)

mitter equipment.

In accordance with standards established by the Bureau of Radio-
logical Health, DHEW, each of the labels below are attached to trans:

wxtwrvr DANGER **2 v ®

INVISIBLE LASER RADIATION
WHEN OPEN
{CONNECTOR REMOVED)
AVOID DIRECT EXPOSURE
TO BEAM

DIGITAL COMMUNICATIONS CORPORATION

MANUFACTURED
COMPLIES WITH 21CFR 1040.10 & 1040.11

Digital Communications Corporation
A MATTY COMPANY




INTRODUCTION .

The Model 6013 Digital Television Codec is a low
cost, bandwith efficient digital video codec, It provides
good quality digital NTSC color video at one-
half the bit rate of standard PCM encoded video,

The Model 6012 Digital Television Codec offers TV
transmission capability over digital iinks at the Bell
System Standard T-3 rate of 44.736 Mbps. Its primary
application is video transmission over fiber optic
cable but will operate over other digital links as well.

KEY FEATURES

= High quality television transmission.
* Two-to-one compression of the digital
video using Differential PCM
(DPCM) techniques.
¢ Interframe coding with adjacent pixel
as well as previous line prediction.
¢ Line substitution for lines received
in error.

 Adaptive quantizer (based on buffer
-memory fill status).

* Program audio (mono or sterec).

* Standard T-3 frame compatibie
(allows use of Standard T-3 rate
monitoring equipment on digital link).

¢ Alarm LEDs on front panels.

e Front panel test points.

* Intemnal or-external 44.736 MHz clock.

There are two versions (network quality and CATV
quality) of the Mode! 6013 Digital Television Codac.
These two dittfer in their video performance specifica-
tions which result from ditferent hardware impiemen-
tations. The CATV quality version is upgradable.to the
network quality version by adding the Entropy Encoder
Module and Buffer Memory Module to all en
coders and by adding that Entropy Decoder Module
and the Butfer Memory Module to all decoders. Addi- -
tional jumper changes are also required. The CATV
quaiity version has been given the designation 6013C

and the network version has been given the designa-

tion 6013N.

R W
7Y 3 \ANN
g

Excellence in Telecommunications Engineering
Digital Communications Corporation
A mAITt COMPANY

41747 Expicrotion Lone

Germentown, Moryiond 20767 1-10
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SPECIFICATIONS

(BNC Coaxial Connectors)
. NTSC (coior or monoghroma)

VIDEQ INTERFACE
Signal Type ..co.. v

Amplitude .. .. e 1.0Vpp
impedance............ 75 ohms unbalanced
Polarity .,...... reas .. Black negative
Bandwidth .......... v 042 MKz
AUDIO INTERFACE (Terminal Block)
Impedance......v.00n- 600 ohms balanced
lnput ahd.Output Le\vel . 0 dBm (nominal)
(+ 6 dB adjustment capability)
TRANSMISSION
INTERFACE (BNC Cosaxial Connectors)
Bit Rate . . 44,736 Mbps = 20 ppm
{Standard T-3 raté)
Clock , . ...ueues . oo+ INternal crystal oscillator or
external ECL level reference
VIDEQ PERFORMANCE

Model 6013C Model 6103N

(CATV Quaiity) (Network Quality)

‘Subjective Equivalent
Signal-to-Noise Ratio
(Peak signal to

" RMS weighted) . ....... ve.Z450B .ererveon-.. 2540B
Ditterential Phase ........ -6°max. .....o.... ... 4°maAX.
Difterential Gain ........12% max. ............8% max,

P S R N e el

LY A ANNNN A g NN

NS L L NSRS A m-- .

-q-\_‘ ——— Sl N

AUDIO PERFORMANCE

Signalte-Noise

(Weighted). . ... e 62 dB

Harmonic Distortion

(4W HZ) ..... e sraare s e e 50.5_%

Total Distortion .............. =0.75%
BER REQUIREMENT .......... 1%10-8
BERTHRESHOLD........... .. Good quality operation

at1Xx 10=6

MECHANICAL
Modular Arrangement

— Two sets of encoder Modules, or

= Two sets of decoder modules, or

— One-set of encoder Modules and one set of
decoder modules {shown in photo)

Size
© CodecTray ..o v cins v e n .. 8757 X 19" X 187
PowerSupply ................. Varies depending on
configuration
ENVIRONMENT
Temperature ...... oo een..... 100 Ct040° C
Humidity ... .o e e v viee ven .o 10% 1O 50%
' (noncondensing)
Power .......cccoveaaeen.. .. 115230 VAC, 50/60 Hz,
i 48 VDC option
. ‘ available
OPTIONS

» Extender boards {two types)
* Mouynting rack and blower
+ Redundant power supplies

information is preliminary and subject to change.

(1, LS ) Digital Communications Corporation

COMPANY
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1/2” FOAM-DIELECTRIC
HELIAX® CABLE, TYPE LDF4-75

“FTANDREW

BULLETIN 1259

Driang Park_1L U.S.A, 60482

This 75-ohm LDF saries foam-dielectric HE LIAX coaxial cable

provides a combination of strength, flexibility, and efficiency
not available in other cablés. The proprietary low-loss foam
dielectric offers artenuation perfcrmance equalling that of air-
dielectric. cabies of similar size. An annulariy corrugated outer

CHARACTERISTICS FOR TYPE LDF4-75

conductor, in conjunction with the connector Q" ring seals,
provides 8 longitudinal moisture block. Differential expansion
is eliminated by mechanically locking the outer conductor and
bending the inner conductor to the dielectric.

The connectors feiture a unigue self-flaring désign for superior
electrical contect, high resistance to connector pull-off and
twist-off and.easy assembly with ordinary hand tools.

LDF4.75 is ovailable in long continuous lengths for easy
installation and maintenance-free service. The rugged black
polyethylene jacker makes the cable suitable for direct burial
or for' installation in corrosive env:ronments The cable is
suitable for mstallatuon down to -40°C (-40°F) and for
operation upto BO°C |175 Fh

Nommal Slze 172 Jacket Spark, volts, RMS 8000
Characteristic Impedance, ohms . 75 Capacitance, pi/ft (m) 15.4 {50.5)
inner Conductar Cooper-Clad Aluminum Inductance, u h/ft {m) 0.087 {0.28)
Outer Conductor Cobper Diameter over Jacket, in. {mm) 0.64 (16)
Maximum Frequency, GHz 10 Minimum Bending Radius, in. (mm) 5 {125)
Velocity, percent 88 Cable Weight, Ibs/ft (kg/m} 0.14 (.21)
Peak Power Rating, kW 13 Bending Moment, ft-lbs (N + m) 2.8(3.8)
D.C. Resistance, ohrms/1000 ft (1000 m) Tensile Strength, Ibs (kg) 200 {90.7)
Inner 1,22 (4.00) Fiat Plate Crush Strength, Ibs/in {kg/mm) 110 {2. 0)
Outer 0.60 (1.97) Number of Bends, Minimum 15
D.C. Breakdown, volts 4000 Typical 80
]
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Northem Sres 20 % PUibt AMPIL
Telecom Kabehverk
Northarn Siovers
Mmean ¢ mesn ¢ Tolecom Kabetverk
Specifisd mazimum 5.0 5.0 megn ¢ mash ¢
On drums 29 05 2 Q2
After ixying 30 05 33 03 Specifisd maximum
Change et 03 o2 02 3 ns/km 1.5 .5
On drums 13 02 12 07
After taying 19 B3 4 08
Changs -] 6t 02 03
Table 4 Table 5
Mansured sttanuation of the fibrs lengths con- Monund dlapersion of the fibre longth at 850 nm
veried to lﬂ AM wavelength nnhngth
P T e e Teeyar TS T LTS dmmensiele e e B
Cablalength . = _._-,-,_-...__.T;uuq Al 'Y C
o v ’ I.nan Lenp Lmo ‘Mean l.nop l.ocp \.m Mean
Aftenumtion 68 - 31.7 zu zn 29 - _40.1 aa:: 17.2 sa.7
Dispersion a1 50%. 08 . 44 49 49 . 47 54 54 9. .
MMH: -101 8 .08 _'52 85 85 I AR
. T N L L T
')Nocompuabhmmnmmmuhmwhbh . RO
e S L VS 35 RN Gl S -t S --—-._‘.—.—h_u-—u-«-—uh-. e ar e e .
Tabie 8
Transmiasion dats ot § and 10 km.
Waevalangth 850 nm. NT cable
L L i - :'w—- ,_"--—-?_P ..
Cablalengty’ . -0 - skm s $0km
CoL Il L e - l.nop l.oop uun l..anp lz..nnp Is.non Menn *
AttenustiondB- ' 325 - %7 su -ns' ‘ ao 422 ¢ M3 423
mwuwnm 42 &6 - 48 £1 - 84 8.4 8.7 59
O e T S i S O -
Table 7
Transmisgion dota st 8 and 10 km. -

w-uhnglhlsnnm.mmh -

DATA SHEET ERICSSON GROUP
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HANDWRITTEN NOTES

TELEPHONE COST ESTIMATES

HANDWRITTEN CALCULATICNS
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Need quotation (budgetary} for Okenite RIT-MR cable in following quantities

Guage

$22
§22
£22
822

#19
£19
219

Pairs Length

300 80,000°
200  170,000"
150 30,000
75 6,000
200 60,000
150 9,000
75 22,000

ii-¢

Okeonite Product

707-15-3300
707-15-3200
707-15-3150
707-15=-3075

707-15-4200
707-15-4150
707-15-4075

HeF e f1.
2391 /%F
128/ % A7
P70 [ f 74

4a¢2q;4%/2f
SH2/% (7
178 S f
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J00 uo."_..‘iiﬁazﬂn_.,___

DelLEUW ,Sussecy ___ COST ESTIMATE
CATHER WIRELINE - ALTERNATIVE #1 - PRIMARY CIRCUIT #1 oF
g:n:':l:‘l:g' g:;!';::-t :f-:’?ﬂf:‘.’.. MAQE BY DATE CHECKEOD BY . DATE
no | 'TEM)  oescripTion. - ] NOTES QUANTITY [uNiT | MRy | AMS
" . | 4
1 _Cable AWG -#22, 300 pair OKONITE 717-15-3300 - B.4 _Kft | 3609 ] 3o0fx
2 | cable ' AWG #33, 150 palr OKONITE 717-15-3150 8:a | xee] 1820 15'| 28¢
3 Splice Casesn For Armored, buried cable: 6 EM 18 jlot
4 Splice Sleeves 5400 A | o.10 |.540
5 | Protector Blocks 4 X2 17 Ea | 167 2! 83
Total Material 49! 091
!
. ‘ '
_INGTALLATION COSTS 1
1 Equipment Rental e 8 hrs / 1,000' cdble 67.2 HRS | 27,70 2 ',;' 52
2 LABOR Pull Cable, Electrician 40 HRS/1,000° 320 | Hms} 27.70 8 B64
3 Splice Cable Electrician @ 0.033 HRS/Splice 180 urs| 27.70 | a ,'986
q - Terminate Cables Blectrician @ 0.083 HR§/pair 75 HRS | 27.70 2‘.;0:78
: - | l
Total Installation 18 bag
To xcuit Cost 674371

L i e e o o el o e S - _-L‘ul-.




' JOD NO.'

3469-00

DelLEUW sunjecy ___COST ESTIMATE v
M ]
CATHER WIRELINE - ALTERNATIVE 1 - PRIMARY CIRCUIT #2 SHEEY 140, oF 8
De Leuw, Colher & Company -,
Consulling Englinesrs snd Mannors MAOE BY. OATE CHECHEOD BY . DAYE
| 1Tem - SR uNIT AMO!
o |! E | , ‘
N NO. DESCRIPTION NOTES QUANTITY | UNIT PRICE ‘ $
]
1 Cable AWGH22, 300 pair, OKONITE 717-15-3300 . 5,124 ket | 3609 18] 49
2 cable AWGH22, 200 pair, OKONITE 717-15=3200 4,139 xee | 2398 9l 92!
3 cable AWGH22, 150 pair, OKONITE 717-15-3150 © 2.826 ket | 1820 5} 14
4 Cable AWGHE22, 75 pair, OKONITE 717-15-3075 2.826 Kft 970 2| 743
5 Splice Cases Buried Cable. .4 ER 18 : 7.
6 Splice Sleeves 2800 EA § -0.10 | 28:
7 Terminal Blocks Bee hive 7 ER 16 ! 13
8 Protegtor Blocis 4X 26 24 EA 167 4 iOOB
. t
- I
' MATERIAL COSTS a1 la9
’ ;I
. {
A I
i
1| Equigmens Rental @ 8 hrs/1,000' 119 urs| 35.00 4]165
2 | mabor Pull Cable Electricianl@ 40 hrs/1,000 597 urs| 27.70 | 16l537
3 Splice Cable Electrician @ 0.033 hrs/splice 93 Hrs{ 27.70 2i576
4 Terminate Cables Electrician @ 0.083 hrs/pair . 95.5 Hrs| 27.70 2:645
1
Total Installation 25,;923
!
t
TOTAL COST CIRCUIT #2 671362

e e b B T I Y




JOB NO.’

DelLEUW , SUBJECY _COST ESTIMATE - 346900
CATHER WIRELINE - ALTERNATIVE #1 - PRIMARY CIRCUIT #3 SHEET NO. oF r '
Q&f&mfﬁf.‘f.: ."..3?'.3{'.:2!.. MAOE BY DATE. CHECKEOD BY — ii.ne

no [TEMI  oescaipTion NOTES ausNTITY |uNiT | pRiE g | AM!

. 1
1 | _Cahle =18-13100 26212 KEL —1609_—04161
- 2 Cable . MWG#22, 200.pair OKONITE 717-15-3200 wi__s:;__am__s}n
' 3 Cable AWGH22, 150 palr OKONITE 717-15-3150 2.6826 Kft | 1820 5f 14:
4 Cable AWGH22, 75 Pair OKONITE 717-15-3075 5.0 kee [ 970 4l 851
5 Cable AWGH19, 75 pair OKONITE 717-15-4075 - 6,0 Kft] 1766 1q' 59(
6 | Splice cases Buried Cable 15 EA 18 | 27
7 Splice. sleeves _ 9000 EA 0.10 ! 90«
8 | Loading Coils 88nh, 300 stack 4 EA | 832 1 23
9 Loading Coils 88mh, 200 stack 1 BA | 585 E_sa!
10 Loading Coils 88mh, ~ 75 stack 1 BA | 215 121
11 Terminal Blocks ‘Bee Hive 10 EA 16 i 161
IZ"| " Protector Blocls 4% 26 - 22 ea | 187 1l674

: | i
| Material costs JJL}J.BA.

. i'

_INSTALLATION COSTS L

1 Equipment Rental @ 8 hrs/1,000" 255 | ursl _35.00 g lgoe
2 Labor Pull Cable Electrician @ 40 hrs/1,000°* 1276 HRS| 27.70 35 '|345
3 Splice Cable Electrician @ 0.033 hre/splice 300 HrRs| 27.70 ‘331310
4 Terminate Cable Electrician @ 0.083 hrs/pair - 174 HRS] 27.70 ’ 4;!!;._'2
5 Mount. Coil Stacks @ 4 hours per location, _24 HRS] 27.70 __;_6_6_5_

4 | . 1
Total INstallation 56!065

) _ i
- Total Circuit Costs 191,987

. . | |




31469=-00

DelLEUW sunjecy __ COST ESTIMATE
CATHER WIRELINE - ALTERNATIVE #1 - PRIMARY CIRCUIT § 4 or ‘t
g:n:':l::é 3&'::53 mﬂ:::n MADE BY: DATE. CHECKED BY ; I:'!AIE |
no [EM1  pEscripTioN NOTES auantiry fumir |y | AMS!
1 | le AWGH22, 300 pair OKONITE. 717-15-3300 55.218 KEt { 3609 199;282
2 | cavle AWGH22, 200 pair OKONITE 717-15-3200 - 5.452 | ket ] 2398 13107+
3 Cable AWGE22, 75 pair OKONITE 717-15-3075 '32.169 | Ket| 970 3 20/
4 Splice Cases Buried Cable ' 61" EA 18 1 09
5 Splice sleeves ' . 35350 EA 0.10 ﬂ 53¢
6 | vroading coils 88mh, ‘300 stack 9 - EA | ‘832 7| 48!
7 Loading Coils - 88mh, 200 stack 2 EA | 580 q 16
8 Loading Coils ~88mh, 75 stack 5 EA 215 1 P75
q nmg_nmﬂaptnr__ Mndex 300 EA 167 50 :1&0
10 | amplifiers ‘ \!"ojlce Frequency 300 Ea | 116 34 800
11 ]| Equipment Racks 7 feet tall, 19 inch panel 4 En | 200 }ao’o
12 | card Shelves 10 card, 19 60 EA 64 3laao
13 | power Supply 48 volts N 1 EA | 560 560
14 | Fuse panels 1 13 Ea| 68 {aaa
15 | Fuses 300 EA | 0.35 jlo!
1e Terminal Blocks Bee Hive -9 EA . 16 114¢
17 Protector Blocks 4 X 26 24 Ea ) 167 4i1001
MATERIAL TOTAL 322¢51°

TATF 1



COST ESTIMATE i

© 3469-00

DeLEUW , SUBJECT . . J0D NO.’
CATHER WIRELINE - ALTERNATIVE #1 - PRIMARY CIRCUIT #4 SHEET NO. oF
Coeion Emgiuert wod et MADE BY DATE. cHECKED BY - OATE 3
| wo | e oescaipion NOTES QUANTITY funiT [ uRTy | AMO!
i _INSTALLATION COSTS: ‘l
1 Equipment Rental at 8 hrs/1,000* 743 Hrg | 35.00 Gl’ 5
2 Labor puil Cable Electrician @ 40 hrs/1,000' 3714 Hes | 27.70 | lo2187¢
3 { Ssplice Cable Electrician @ 0.033/splice 1178 HRS | 27.70 - | 32l6m
4 | Terminate cable Electrician @ 0.083 hrs/pair . 1436 ues | 27.70 | aloas
5 Mount Load Coils 4 hrs per location 64 HRS | 27.70 7173
6 Mount Racks . 2 HRS/rack ' 8 Hrs | 27.70 122
7 Install Shelves ‘ 1 Hr/shelf 60 HRS | 27.70 1 P62
8 | install caras ‘Wire backplane @ 1 hr/card 600 wes| 27,70 | 16 p20
o | power supply Install and wire to racks ‘24 wis| _wrs| 27.70 bes
10 Fuse Panels Hojunt in racks and wire, 1/2 hr each fuse 150 HRS 27.70. 4 il.SS
. ' | | !
: TOTAL INSTALLATION | ﬁno.jsss_
Vo {
“TOTAL CIRCUIT 4 513 :mz

N s R --T




DeLEUW  SUBJECT COST ESTIMATE 08 NO._____3469-00

CATHER WIRELINE - AL SHEET NO. or K
3:..'.“.511.?. gﬁﬂ:ﬁ:f&%’:ﬁ:&. MADE Y DATE CHECKED BY . DATE.

no |TEM|  oescripTioN NOTES QUANTITY funIT | oot | AMQY
1 | cable AWGH22, 200 pair, OKONITE 717-15-3200 - 76.080 Kft | 2398 192'440
2 Cable | aWG#19, 200 pair, OKONITE 717-15-4200 28.504 | kee | 4405 136! 962
- 3 Cable - AWGE19, 150 pair, OKONITE 717-15-4150 ~ 4,467 kft | 3412 15,r241
4 Splice Cases 'Buried Cable o 34 EA 18 {612
5 | splice sleeves ' . 13500 en | o.10 1 hso
6 Loading Coils 88mh, 200 stack 18 ER | 580 10 pdo
7 Long Line Adaptor loop extender 200 EA 167 33 Poo
Amplifier Voice Frequency 200 EA | 116 23 izoo
Equipment Racks T feet high; 19 inch panel 3 EA. 200 :600
1o Card Shelves ].'O-carﬂ, 19 inch panel 45 EA 64 2 beo
. 11 Fuse Panels T 8 ER 68 '[51431
1 12 | ruses 200 EA | 0.35 ! 70
13 | power Supply , " en | seo 'isso
14 | Terminal Blocks Bee Hive ! .2 EA 16 { 32
15 Protector Blocks 4x 26 14 EA 167 21338

TOPAL MATERYAL.

ARNENE _'_é_.__




COST ESTIHAT!:

3469-00

DelLEUW , SUBJECT : 908 NO,’
CATHER WIRELINE - ALTERNATIVE #1 - PRIMARY CIRCUIT #5 SHEET NO. OF :
3&55?&-2&‘3:’.: fnﬂ?ﬂﬂ!n' MADE BY DATE CHECKED BY. —— ii.me‘

No | ITEM DESCRIPTION. - NOTES quaNTITY funiT | e | AMS

_INSTALLATION COSTS ;
1 Equipment Rental @ 8 hrs/1,000" 347 | #rs| 3s.00 5% )
2. Labor pull CAble, Electrician @ 40 hrs/1,000' ‘5563 HRS | 27.70 154109
3 Splice Cable Electrician @ 0.033 hrs/splics 450 ars | 27.70 - | 12046
4 | Terminate cable Electrician @ 0.083 hra/pair 562 ues | 27.70 | 1s'se
5 Mount Load Coils @ 4 hrs per location 72 HRS | 27.70 li 99.
6 Mount Racks 2 hrs/rack 6 HRS | 27.70 !16!
7 Install shelves 1 hrs/shelf 45 HRS 27.70 1! 24
8 Install CArds Wire backplane € 1 hr/card 400 Hrs | 27.70 11: o8t
9 ‘Power Supply . Install and wire to racks 24 HRS | 27.70 ! 66!
10 Fuse Panels Mount in racks and wire 1/2 hour/fuse 100 HRS | 27.70 zi Th

. !

L |
! __TOTAL INSTALLATION 204,19,

P ‘

TOTAL CIRCUIT #5 612 98:

PR SR PR S T R R VA QU 1. N . S -
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DelLEUW _sunsect _ COST ESTIMATE son NO..— _1469-00 ' CoN
CATHER VIDEO CIRCUIT #1 - ALTERNATIVES 1 & 2 A GHEET NO.__—__ OF ' ;
Oe Leuw, Cather & Compon . -
COnsulllni; Englneers -nd'riann:n MADE BT DATE CHECKED BY . . DATE

UNIT AMgt

TeM1  oescripvion - o . NOTES - quANTiTY | uniT | il
1| MODULATORS FM. SINGLE CHANNEL, NTSC ' : zz___zL_z'm__nilso
2 DEMODULATORS FM SINCLE. CHANNEL , NTSC . 22 " Ea_| 2966 65257
3 TRUNK AMPLIFIERS 54400 Mhz ' U 18 EAn | 1050 1a!-9oo
4 EQUALIZERS : : 18 EA | 240 . 4( 320
5 CABLE CORXIAL 1/2", 75 ohm . 22,321 rr | 2.02 | asloss
6 | CABLE CONNECTORS CATV 70 FIT TRUNK AMPLIFIERS . : 38 En | 1l1.00 | (418
7 SPLITTER 4-WAY Combiner . 3 EA | 750 2! 25¢
8 SPLITTER 0 4-WAY SEPARATOR 3 .l EA 750 :! 250
9 SPLITTER | 5-WAY Combiner , ’ - ‘2 EA 900 1:-800
10 | SPLITTER 5-WAY SEPARATOR - 2 EA | 900 800
11 | racks | 7 feet tall, 19 inch panels: 10 | ea| 200 3 000
12 | powem suppLY, DG | FRUNK AMPLIFIERS ‘ 1} 305 ; 395
13 | DIRECTIONAL COUPLERS ' 5 _EA |} BS 425

MATERIAL COSTS : ‘ 4 2041 43¢

L TR L B N WP B T R B W




DeLEUW sunsECT COST_ESTIMATE 308 NO. 3469-00
\ v f,
CATHER VIDEO CIRCUIT #1 - ALTERNATIVES 1 & 2 SHEET 1O, oF N
Oe Leuw, Cather & Company -
Consuliing Enginesty and Plannere MADE BY DATE: CHECKED BY .. DATE
JTEM . AT UNIT AMOU
NO NO. DESCRIPTION. NOTES QUANTITY |UNIT PRICE $- $
— T
1 | TInstall Backs 2 hrs per rack 20 ues § 21 In | 554
—1 2 1 Modulator g/demoduls gtall and Wi 44 2770 lgﬂq
3 Trunk Amplifiers Install @ 2 hrs each 36 HRS | 27,70 1.997
4 Equalizers Install @ 1 hr each 18 HRS| 27.70 | 499
5 Ancillary Equipment Inst‘:all & Test @ 40 hrs/site 240 HRS| 27.70, 6 : 648
6 cable pull In Cable Electrician @ 40 hrs/1,000' 893 urs| ‘27.70 | 24f136
7 Cable - Attach connectors @ 1 hr each k1 HRS| 27.70 1! 053
8 Cable. Equipment rental € 8 hrs/1,000' 179 HRS] 235.00 4 26%

INSTALLATION COSTS

.
- uerd o L, S I e om et anp o g e e e o A ST ol — ME- pu ey
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DelLEUW sunJECT COST ESTIMATE 308 NO." 346900
) v J .
CATHER VIDEO CIRCUIT A2 - ALTERNATIVES 1 & 2 SHEET NO. oF g
De Leuw, Cather & Company- ‘ . :
Consulting Enginesrs snd Planners MAOE BY OAYE. CHECKED BY - DATE
ITEM ' T | . T uniT . | AMol
NO NO. DESCRIPTION 3 NOTES QUANTITY JUNIT PRICE $- $
; - " 7 |
1 FM. SINGLE CHANNEL, NTSC 29 2780 sal 5o
2 DEHQDHMIQBS'__—_EHLWM NISC ' JL EA_ ) 2699 ‘ Bt
3 TRUNK AMPLIFIERS 541400 MHZ" ‘ E 38 EA | 1050 391.90(
4 | EpuaLizERS ' - 8 EA 240 - of 12
5 | casLe | coaxtal cable, 1/2*, 75 ohm | s4e18 er. | 2.02 | 11073
6 CABLE CONNECTORS _CATV TO ATTACH TO TRUNK AMPLIFIERS | 78 EA § '11.00 | 85¢
7 SPLITTER | 4-wAY, COMBINER - 5 EA | 750 3_!1.5(
] SPLITTER. _ 4-WAY, SEPARATOR : 5 ] Ba ] 750 3 75¢
- : )
9 SPLITTER 5-WAY, COMBINER ' 1 ean | 900 1 90
10 | sPLITTER: S5-WAY, COMBINER p2gereFaos 1 | ea] 900 ! 90
. |4 - L .
11 | racks 7 FEET TALL, 19 INCH PANELS 12 EA | 200 3 400
12 | POWER SUPPLY | ' EA [ 395 L 30
13 | DIRECTIONAL COUPLERS | , ' 6 Ea | 85 3T
. ! 1
MATERIAL COSTS 316! se:
|
3
|
T
1
'|
1
'
i
= F 4
' - )
' 1
|
1
¥
: l
|
T . - '
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DelLEUW , SUBJECT COST ESTIMATE Jo8 MO, 1469~ L
CATHER VIDEG CIRCUIT #2 - ALTERNATIVES 1 & 2 - SHEET NO. oF. ' 2
g:n:':luu:o' gl:gtlhn:::fn:“l:l'::::n MADE BY OATE CHECKED BY , . DATE
vo | M| oescaipTion TR NOTES QUANTITY [umiT | e o | AN
1 | mopuamop/oEMonnraToR | Inatall & wird, @ 1 hr/unif 50 | mrq ) 22,70 | 1 ;n
2 | macks Install @ 2 HRS EACH 24 mesb2ran | e
3 TRUNK_AMPLIFIERS INSTALL @ 2 HRS EACH : 76 HRS | 27.70 2 :g
a__| PQUALIZERS INSTALL @ 1 WR EA : 38 nrs | 27.70 - | 1Mot
5 ANCILLARY EQUIPMENT | INSTALL & TEST @ 40 HRS/SITE | 280 wrs | 27.70 | 1}7
6 CABLE INSTALL CONNECTORS € 1 HR EACH 78 urs | 27.70 2 11¢
7 CABLE PULL IN - ELECTRICIAN @ 40 HRS/1,000' 2193 HRS | 27.70 60 L?
8 CABLE * _EQUIPMENT RENTAL € 8 HRs/1,000' a9 .| wrs] 35.00 | 1513
INSTALLATION COSTS 91! 2;
. ' i
' ' __POTAL CIRCUTT COSTS l

P W ket el d bl e e bl o -‘F-E




COST ESTIMI\@

3469-00

DeLEUW  SUBJECT 100 NO.’
CATHER VIDEO CIRCUIT #3 - ALTERNATIVES % & 2 SHEET NO, oF
g:::::::ﬁ‘g:;:;:: f.:.'?-.".f.'.l'.'.. MADE BY DATE CHECKED BY _ : ii.AtE
no |TEME  pescripTion NOTES quaNTITY Junir [T o | AN
. : |
1 MODULATORS FM, SINGLE CHANNEL, NTSC - 12 EA } 2780 1 33|«
.2 DEMODULATORS ‘PM. SINGLE CHANNEL, NTSC 12 ga_| 2966 | 3slse
3 trunk amplifiers 54400 MHZ 50 EA | 1050 52} 5¢
4 EQUALIZERS 50 EA 240 12| or
5 CABLE COAXIAL 1/2", 75 ohm " 104384 FT 2.02 | 210 8
6 CABLE CONNECTORS CATV TO FIT TRUNK AMPLIFIERS - 102 EA | ‘11.00 i1
7 | serrrrEr 4-WAY COMBINER 1 EA | 750 42
8 SPLITTER 4-WAY SEPARATOR 3 EA 7150 2
9 RACKS 7. FEE? TALL 19" PANELS 6 BA | 200 2
10 POWER -SUPPLY . ' 1 EA 395 <
11 | DIRECTIONAL COUPLERS ‘ ' 3 en | ss 2
]
' 5¢

+ MATERIAL COSTS

L B BE IR N R — e e _—lﬂﬁ"ih-——ﬂh“ -r‘-luq
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DeLEUW SuBJECT COST ESTIMATE Jou NO.____3469-00
) v . .
CATHER . VIDEO CIRCUIT #3 - ALTERNATIVES 1 & 2 SHEET NO. oF . o
De Leuw, Calhier & Compsny e P2
Conaulting Englnesrs. and Planners MADE BY DATE. CHECKED ll'l" - DATE
ITEM ' : L ' e Juwr | am
NG. DESCRIPTION. _ : NOTES | QUANTITY |UNIT PRICE $-
" ‘ ‘ T
1 RACKS' INSTALL AT 2 HRS each - 24 WRS [27.70 bt
2 nooummns/nﬂmonummnsﬁ INSTALL & WIRE @ 1 HR ' 24, 1 nrs _j27.70 ‘ ke
3 TRUNK AMPLIFIERS INSTALL @ 2 HOURS PER AMPLIFIER © 100 ¢ "HRS: 127.70 z}-r.
q EQUALIZERS INSTALL @ 1 HR EA . 50 urs |27.70 1e:
5 ANCILLARY EQUIPMENT INSTALL & TEST AT 40 HOURS/ 320 MRS §27.70 .} ‘B8
6 CABLE | CONNECTORS INSTALL: @ 1 HR EA 102 nrs f27.70 | 2le:
7 CABLE ~pUL IN @ 40 HOURS ELECTRICIAN/1,000' - , 4175 1 HrRs | 27.70 '115!6.‘
8 CABLE- EQUIPMENT RENTAL € 8 HOURS/1,000' 1l 835 .| #rRs: | 27.70 2311:
. .. - 1
a ; 1
TOTAL INSTALLATION COST  |. _ : 156! ac
[] i
— !
v ‘ - TOTAL CIRCUIT COST | 505,' ot
'
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COST ESTIMAQ

' 3469-00

DeLEUW , SubJeCT 2 JoB NO.’
CATHEH VIDEO CIRCUITS = : = SHEET NO, OF \
De Leuw, Cather & Compean L
Oomu,lliqo. Enginsers and P:':nn:w MAOE DY DATE CHECKEOD BY - 'D'AYE
ITEM - s UNIT AL
NO NO. DESCRIPTION. NOTES QUANTITY | UNIT PRICE * .

" _ 1

1 CABLE 1/2 INCH COAXIAL, 75 ohms 181,523 FT -2.02 | 366
2 CABLE CONNECTORS 218 |ea | 11.00 2 b
: . . 1
3 TRUNK AMPLIFIERS 54-400 MHZ © 106 EA 1050 111
4 EQUALLZERS. 106 | EA 2a0 | 25 I@
5 | POWER SUPPLY 3 EA 395 . 1y
6 | coupLErs DIRECTIONAL | 14 Jea | 85 1:1
7 __| SWITCH, AUTOMATIC, COAXIAL WITH LOGIC J | EA | 6870 | 2IJf
. . ' |

: - . |
. MATERIAL COST ATH

: I

~ :

INSTALLATION COSTS {
1 CABLE EQUIPMENT RENTAL @ 8 HRS/1,000 feet 1452 urs | 35.00 soiI 2
" LB
2 CABLE PULL IN ELECTRICIAN @ 40 HRS/1,000 7d61 HRS | 27.70 201).1
3 CABLE CONNECTORS @ 1 HR EACH | 218 HRS | 27.70 G'Lr
4 TRUNK AMPLIFIERS INSTALL @ 2 HRS EACH 212 HRS_] 27.70 5:(
5 EQUALIZERS INSTALL @ 1 HR EACH 106 _HRS. | 27.70 21¢
6 | ANCILLARY EOUIPMENT _ 12 | #erg | 27.70 ]_:c
7 COAXIAL SWITCHES INSTALL & TEST 96 HRS | 27.70 2le
: |

1
INSTALLATTON COSTS . 27 ¢

]
) ~
— ITOTAL_BEDLINDM:IL_EAM.E_CQST : 181 4

' !

- '}

| |

- {

)

— T — :




! COST ESTIMATE: Jop no.___ 3469-00

DelLEUW , SUBJECT L

CATHER . OUTBOUND CORXIAL CABLE - ALTERNATIVE #2 SHEET NO. oF
De Leuw, Calher & Company . 6,“5.

Comsutiing Engineers and Planness MADE DY DATE CHECKED BY

" -
pr U

UNIT

o |TEM | pescripTion NOTES QUANTITY [umIT [ ATy “:"‘
1 | coaxiar casie COAXIAL, 1/2",~75 OHMS 119,352 | #r. | 2.02  ]241 po
2 | camLE connECTORS CATV TO MATE. WITH TRUNK AMPLIFIERS . 66 | Ba | 11.00 b>
3 | AMPLIFIERS, TRUNK 54+400 MHZ 32 EA | 1050 33 B0

4 EQUALIZERS 20 EA 240 4 80
5 DEMODULATORS 17 | EA 2966 50 :4?
6 DIRECTIONAL COUPLERS 16 EA | - 85 1 j36
7 RACKS 7 FEET TALL, 19 INCH PANEL " 16 EA 200 3_'&c

‘ . ;

- — — ]
. ‘ : MATERIAL COSTS 304J95
. ' . ;!

INSTALLATION ' i

n | . }

1 RACKS  INSTALL AT 2 HRS EA ' 32 | urs | 27.70 ;ms
2 EQUALIZERS @ 1 HR EACH | 20 | urs | 27.70 _Esq
3 TRUNK AMPLIFIERS @ 2 HOURS EACH 64 | urs | 27.70 1177
4 DEMODULATORS INSTALL AND WIRE @ 1 HR EACH ) 17 | wms | 27.70 147
5 DIRECTIONAL COUPLERS | @ 1 HR EACH 16 | ues | 27.70 | 44
6 CABLE PULL_IN ELECTRICIAN @ 40 KRS/1,000' 4774 HES | 27.70 137 24
7 | casLe EQUIPMENT RENTAL @ 8 HRS/1,000"" 955 HrS | 35.00 13! a2
8 CABLE CONNECTORS @ 1 HR EACH’ 66 HRS | 27.70 1} 82
~ ‘P
) | *°  INSTALLATION cosTS : 111; 61

TOTAL COST OUTBOUND CARLE

s —



T A ! .- .
CATHER REDUNDANT OUTBOUND COAXIAL CABLE - ALTERNATIVE 2 - VOICE GIRGUITS oF 5
De Leuw, Cather & C .
G;IMIW‘En.ﬂkMI‘lIn:':"I'::::u MADE BY. DATE CHECKED BY DATE
ITEM S uNIT AMOQUN
NO NO. DESCRIPTION NOTES QUANTITY JUNIT PRICE §- $
‘ - | p—
1| canre 1/2. INCH COAXTAL, 75 OHMS 120,152 Fr] 2 0> Joa3hn :
2| caprr CONNECTORS CATV TYPE TQ FIT TRUNK AMPLIFIERS B2 rrl 11 rm__'ln;n:p__1
3 TRUNK_AMPLIFIERS 54-400 MHZ ' 40 En| 1050 42 000 |
a__| mouALIZERS ' a0 g&__aio___ﬂl_ﬂm_'
: . N
5 DIRECTIONAL COUPLERS 16 EA 85 . y 360:
i
MATERTAL COST REDUNDANT OUT 296 973 1
| |
. : 1 1
INSTALLATION COSTS 1
1 TRUNK AMPLIPIERS INSTALL @ 2 HRS EACH 80 wry 27.70 | 2216 1
- | | .
2 DIRECTIONAL COUPLERS | @ 1 HR EACH 16 uml.. 27.70 faa3 !
- 1
3 CABLE CONNECTORS: @ 1 WR BACH 82 mzsl 27,79 | g:zz 1
4 CABLE PULL IN ELECTRICIAN 40' HRS/1,000" ag1g | lasq !
5 CABLE _ | eourpMENT RENTAL @ B whs/1,000" 979 _ 34265 4
: |
TOTAL INSTALLATION COSTS 1721654 :
b

TOTAL COST REDUNDANT OQUTBOUND VOICE

e SRR B U I ) e
. A smlan S aEm S a



oMy

CosT ESTIMO

* 3469-00

,SUBJECT Jon NO.’
CATHER INBOUND COAXIAL CABLE - ALTERNATIVE 2 - VOICE CIRCULTS ..o oF
Da Leuw, Cother & Compeny . -
Consulling Englnesrs snd - Plannors MADE By DATE CHECKED DY . DATE
ITEM ; o -1 uNIT A
NO ND. DESCRIPTION. | NOTES . QUANTITY JUNIT PRICE $-

™ 1
1 CABLE .1/2 INCH COARXIAL, 75 OHMS 120,352 { FEET 2.02 243 |
2 | casLE CONNECTORS CATV TO FIT TRUNK AMPLIFIERS . g2 |er | 11.00 |
S . . |
3 TRUNK AMPLIFIERS 541400 MHZ 40 EA 1050 42 [
a | eguarizess 40 EA 240 9l
5 MODULATORS FM, SINGLE CMANNEL, NTSC 16 EA 2780 44.:-
6 DIRECTIONAL COUPLERS ’ 16 EA 85 1]
_ . ' ‘ |
1 ~BACKS . 2 FEET. 19 INCH PANEL 16 EA ] 200 } 3}
L] ' ' : ' ’ l

. — — r
. MATERIAL COSTS 344

- ]

: — }

INSTALLATION COSTS: [

. ‘ A
1 |} RACRS .32 _HRS ] 27.70 —fi!
_2 | CpoLE CONNECTORS | @ 1 WRS EACH ! : _82 ) HRs | 21.70 2
3 TRINK_AMPLIFIERS | @ 2 HrS EACH ! 80 urs | 27.70 2'L'.
4 MODULATORS INSTALL & WIRE @ 1 HR 16 urs | 27.70 l.
- {
5 DIRECTIONAL AMPLYFIERS| INSTALL @ 1 HR EACH 16 _HRS } 27,70 L
6 | _capLg PULL IN ELECTRICIAN 40 HRS/,000° 4818 ues | 27,70 | 133
L CABLE _EQUIPMENT RENTAL @ 8 HRS/1,000' 979 Hes | 35.00 3
. - 1
INSTALLATION COSTS ] 173 ¢

]
: -~
. } °  roraL rmBoUNO cImrCUIT . 518 €

' ]

i

. ' r

5 {

I.‘

—f 1




supjecr.___ COST ESTIM:iE
\ 13

' 3469-00

DelLEUW J0n NO.'
CATHER REDUNDANT INBOUND COMXIAL CABLE - ALTERNATIVE 2 VOICE CIRGHEFSio. oF
De Leuw, Cather & Company o
Consulling Englneers ond Plannors MADE DY :DATE CHECKED DY l).ATE
' ITEM on . . AN UNIT Al
NO NO. DESCRIPTION. NOTES WMTlW UNIT ¥ onice $.
" ]
1 CABLE 1/2 INCH, COAXIAL CABLE, 75 OHMS 119,352 Fr_ | 2,02 la4a1}
2 CABLE CONNECTORS | caTv TYPE TO FIT TRUNK AMPLIFIERS . 66 En_| 11.00 |
3 TRUNK AMPLIFIERS 54,400 MHZ 32 Ea | 1050 33%
4 | EguanIzZERS 20 ER | 240 4l
. |
5 DIRECTIONAL COUPLERS 16 EA g5 .| 1y
]
i ' 1
MATERIAL COSTS 4281}
!
- * l
INSTALLATION COSTS - 1
1 CABLE CONNECTORS @ 1 HR EACH ' 66 | urs | 27.70 1l
0 !
2 TRUNK AMPLIFIERS @ 2 HRS EACH 64 HRS | 27.70 1f°
3 COURLERS @ 1 HOURS EACH .- 16 urs | 27.70 L
- ¥
4 CABLE PULL IN ELECTRICIAN @ 40 HRS/1,000" 4374 Hrs | 27.70 132} :
5 CRABLE EQUIPMENT RENTAL @ 8 Hms/1,000" 955 HRS | 35.00 33{:
' 1
" .
} 169 7

INSTALLATY

TOTAL COST REDUNDANT INBOUND CABLE

451} 2

o, e o, ey g o | o e :- —




D&UW suosect COST ESTIMA!E Jon no._____3469-00
\ i ) ' e .
CATHER COAXIAL CABLE.~ ALTERNATIVE 2 ~ CENTRAL CONTROL VOICE gery no. or
De Leuw, Cother & Company L
Comuumg":l-:nglr‘nm I_lnd-l’lplnnou MADE DY : DATE CHECKED bY DATE
ITEM - - AR UNIT A
NO | "o DESCRIPTION. NOTES QUANTITY | UNIT | ppiee 4.
MODULATORS FM _SINGLE CHANNEL . 5 LEA 2780 13
2 DEMODULATORS FM SINGLE CHANNEL 16 EA _ |2966 47"
—‘ . . {
3 RACKS 7 FEET. 19 INCH PANELS 3 EA ] 200 1)
, | :
{
. I
‘ |
a INSTALLATION )
1 RACKS' @ 2 HRS EACH 10 1 urs | 27,70 :
2 MODULATORS. INSTALL & WIRE @ 1 HR BACH 5 HRS §27.70 I
3 DEMODULATORS INSTALL & WIRE @ 1 HR EARCH 16 HRS | 27.70 !
* ]
4 INTERCONNECT. VIDEO MODULATORS TO MULTIPLEXERS 160 HRS { 27.70 4]
5 TEST _40 HRS | 27.70 : 1:
! ) |
i P e )
- 0TI IS TN ST 2
OTAL INSTALLATION_COSTS Q:_
]
TOTAL RF EQUIPMENT COSTS eel
1
1
1
]
. C
1
- N |
: I f
— -~ : 1
|
i
]
[
|
i




v COST ESTIMAT O
L]

DelTUW , BUBJEC . 108 NO.-.___3469-00

CATHER COAXIAL CABLE - ALTERNATIVE 2 VOICE CIRCUITS GIILET NO.. oF b
g:n:':u:::o f.?J.'?.‘.Z.’: f..ﬁ'??.‘.i‘.‘,!.. MADE DY OATE CHECKED BY ' 5_‘“"5
vo (TEMI  oescaipTion NOTES quanitry funir | R | A
I
' Tl 2 J
. | centraL conrror INCLUDES CHANNEL UNITS ;@_:
MAIN YARD INCLUDRS CHANNEL UNITS 161
UNION STATION INCLUDES CHANNEL UNITS 224
CIVIC CENTER _INCLUDES CHANNEL UNITS zz_.:-
FIFTH & HILL ) .ES ANNEL UNITS _ 221!
SEVENTH & FLOWER _INCLUDES CHANNEL UNITS ) —Zih
ALVARADO INCLUDES CHANNEL UNITS 231
VERMONT INCLUDES CHANNEL UNITS 229"
NORMANDIE INCLUDES CHANNEL UNITS 22
WESTERN INCLUDES CHANNEL UNITS 25"
LA BREA INCLUDES CHANNEL UNITS ) 23!:
FAIRFAX INCLUDES CHANNEL UNITS: ' 24l 2
BEVERLY | mcwnr,é CHANNEL UNITS ! 23!L3
SANTA MONICA _INCLUDES CHANNEL UNITS aah
STUDIO CITY INCLUDES CHANNEL UNITS _2_5_{_9
NORTH HOLLYWOOD INCLUDES CHANNEL UNITS | 231
NORTH_YARD INCLUDES CHANNEL UNITS e
: I
L PCH MATERIAL COSTS 1} 07 6
- l

INSTALL & TEST | é 80 nours PER T-1 TERhINAL 11360 urs | 27.70 | 3146
: : COST FOR PCM VOICE EQUIPMENT 1§ 392 2t




JO8 NO-._Jﬂ.ﬁﬂ_ﬂn_— =

De_LEUW , SUNJECT —COST ESTIMATE
CATHER FIBER OPTICS -~ ALTERNATIVE 3 ~ CABLE CIRCUIT 1 oF
De Leuw, Cather & Company . .
Gonsuiting Englineers and Plannors MADE BY' :DATE CHECKED By DATE

ITEM ‘ e UNIT AMO!
NO. DESCRIPTION. NOTES QUANTITY funNiY PRICE g $

) - T
1 | FIBER CABLE 38 FIRERS. RODENT SHIELD 1.5 kM) 32480 | d4al6ac
2 ) pypep caprr | 32 fibera, rodent shield 1.2 Jsu_.__zmn__n:m
3 FIBER CABLE 25 FIBERS, RODENT SHIELD 0.8 M| 21500 | 174200
4 FIBER CABLE 18 FIBERS, RODENT SHIELD 0.8 KM | 14490 11 Isac
5 FIBER CABLE 12 FIBERS, RODENT SHIELD 2.0 ¥ | lo2éo 20'.'»;2(
6 FIBER CABLE 6 PIBERS, RODENT SHIELD 1.6 xm ‘5890 9l42¢

f
!_
MATERIAL COST 140l04s

: |

. 1

INSTALLATION COSTS: !
' K I
1 EQUIPMENT | RENTAL @ 919/KM 1.9 m___qm____:{m
2 LABOR PULL CABLE @ 3637/KM_ 7.9 _ KM 16317 281710
3 -SPLICES 1.000° REELS : 511 ‘EA 10.00 1 slao
4 CABLE BOOTS EACH .SPLICE LOCATION | 4 EA 50,00 l1‘:200

|
INSTALLATION COSTS 41}&502

}

]
TOTAL CIRCUIT COST 1811547

1

t

t

]

: t

| 1’

1

i

L |

{

!

T o |

1




COST ESTIMATE

108 NO.-3469-00

DBLEUW sunJecY )
CATHER FIBER OPTICS ~ ALTERNATIVE 3 = CABLE CIRCUIT 2 SHEET NO. oF
De Leuw, Cother &:Compan S
C:nwni:a e.?qin:m lnd!‘:ﬂnn:u MADE BY DATE CHECKED BY i : o'me
' ' - R - UNIT AM:
no | 'TEM I pescRiPTION - NOTES QUANTITY | UNIT { pRICE $.
. —
_FIBER CABLE 37 FIBER, RODENT SHIELD 8.7 Ju____u.ﬁnL._?JA{_q
2 FIBER CABLE | 31 rIBER, RODENT SHIELD 0.8 k.| 26800 1 21,4
3 FIBER CABLE 25+ PIBER, RODENT SHIELD 3.3 km | 21500 70 P5
4 FIBER CABLE 19 FIBER, RODENT SHIELD 1.6 ™ | 15290 24l 4
5 FIBER CABLE 12 FIBER, RODENT -SHIELD - 2.3 M 10260 23',6
6 FIBER CABLE 6 FIHER, RODENT SHIELD 1.6 KM 5890 94
7 LINE REPEATER T-2 CARRIER 12 EA B300 99l e
B LINE REPEATER T~3 CARRIER 21 EA 12000 252 o
|
- |
' MATERIAL COST 776! 3
T . L}
|
]
! t
INSTALLATION COSTS ' ]
1 EQUIPMENT RENTAL @ 919/KM | iy | M| 919 148
2 LABOR 'PULL CRBLE @ 3637/KM 18.3 | 361 | eds
3 LINE REPEATERS _T-2 CARRIER, INSTALL @ 16 HRS EACH 192 urs | 27,70 ' Ql 3
3 LINE. REPEATERS T-3 CARRIER, INSTALL @ 16 HRS EACH 252 HRS| 27.70 d o
, T
4 SPLICES 1,000 REELS 1646 EA 10.00 164
s | .spLICE BOOTS EACH SPLICE LOCATION 60 | Ea | so.00 3 o
. N | ]
)
. INSTALLATION COSTS 115: 1
| . 1
: [
POPAE-CEREVEP-COOY BOY 56
[ " L '
J
— - L
E




J0BNO.____1469-00

Del.LEUW  SUBJECT _COST ESTYMATE
CATHER PIBER OPTICS - ALTERNATIVE 3 - CABLE CIRCUIT 3 SHEET NO., oF. .‘
De Leuw, Cather & Compeny ., .
Consulling Engingers and Planners MADE BY DATE CHECKED BY . PATE

no | ITEM DESCRIPTION NOTES QuANTITY [unIT | R AM:
|, | rreer caBLE 14 FIBER; RODBNT SHIELD .28.1 x| 11640 |327 o0
2 | p1BER CRBLE 8 FIBER, RODENT SHIELD 3.7 wm | 7330 21 o
| 3 PIBER CABLE 2/ FIBER, RODENT SHIELD 1.3 ™ 3650 a :'n
4 LINE REPEATER T-2 CARRIER ' 6 EA 8300 | 498
5 LINE REPEATER T-3 CARRIER. . -8 EA 1200 96 :m

]
MATERIAL COST ’ agol 6:

: !

INSTALLATION : ]
1 EQUIPMENT RENTAL @ 919/KM 33.1 - ™ 919 3ol 4
2 | uaBor PULL CABLE @ 3637/KM 33.1 | 3637 | 120 3
3 | LINE, REPEATERS T-2 CARRIER, INSTALL @ 16 HRS EA ) 96 HRS| 27.70 36
4 | LINE REPEATERS T-3 CARRIER, INSTALL 8,16 HTS EA 128 HRS{| 27.70 q 5.
5 SPLICES 1,000' REELS b 1395 EA | 10.00 13 9
6 SPLICE BOOTS EACH' SPLICE LOCATION 109 EA | 50.00 5 4!

:
INSTALLATION COSTS 174 4
~_TOQTAL CIRCUIT COSTS - 67¢ O:

Loty BB R ) i D R ¥ e S




_3469-00

DelLEUW  SuBsECT COST ESTIMATE so8 Ho._
CATHER PIBER OPTICS ~ ALTERNATIVE 3 - CIRCUIT § ' SHEET NO. oF
De Leuw; Colher & Company -
Consuliing Enginesrs and Planner MADE BY DATE CHECHED BY . DAYTE.
ITEM - : PR UNIT AN
NO NO. DESCRIPTION. NOTES QUANTITY UNIT‘ PRICE $-
) ||
1 FIBER CARLE 2 FIBFRS, RODENT SHIELD 2.5 _EM__ | 3650 9 |
. ' ' |
. . . i
' _ " MATERIAL COBTS - 9{
INSTALLATION COSTS : (
1 UIPMENT RENTAL @ 919/KM 2.5 KM 919 2 :
2 LABOR PULL CABLE @ 3637/KM 2.5 km | 3637 9.
3 | sprices 1,000 REELS' 16 en | 10.00 !
4 CABLE: BOOTS EACH SPLICE LOCATION 8 EA | 50.00 |-
- ]
. ]
|
INSTALLATION COSTS 11y
s 1
1
‘ 2 (

TOTAL CIRCUIT COST

oninl o S e b gy

o e ot o | . _.‘r




;
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JOB HO..

3469-00

DelEUW sunsecr . COST ESTIMATE _ /
: v T : . -
CATHER FIBER OPTICS - ALTERNATIVE 3 - CCTV EQUIPMENT SHEEY HO. of
De Leuw, Cather & C arn -,
Consulling Engln:ﬂs ln?lnl:I‘:nn:u MADE BY DAYE. CHECNED BY . DATE
ITEM A - AT : UNIT AN
NO NO. DESCRIPTION NOTES QUANTITY ] UNIT PRICE $-
. _ 1
1 T—3 ENCODER {CODEC) _ ITRANSMIT END ‘(ITT) ‘59 | Ea 12,000 |708.k
2 T-3 DECODER (CODEC) RECEIVE END (ITT) 59 EA _] 9,000 }531 b
v . . , ]
3 MULTIPLEXER T-3 OPTICAL TERMINAL - TRANSMIT & RECEIVE 118 EA 8,720 11028
- N - l
. . {
TOTAL MATERIAL : 20 267 Jo
: |
!
-
- INSTALLATION :
_TRANSMIT ENCODER. | INSTALL @ 24 HOURS EACH TERMINAL 1416 | uns | 27 70 aal2
. b . . l:
2 | CE DE W 1416 HRS | 27.70 3942
3 T-3 MULTIPLEXER INSTALL @ 16 HOURS EACH TERMINAL 16888 HRS. ] 217.70Q 5212
Ll ) L
; ; )
1 TOTAL INSTALLATION ' 130]7
. A L
TOTAL CCTV HARDWARE 2] 398l7.
|
-
|
I
)
}
=
|
]
- | .
‘ |
—r ' L
|
—— i
L}
. {
-
3 - [l
L




o

CATHER

supsect COST ESTIMATE
A ¥ ..
FIBER OPTICS -~ ALTERNATIVE # - FIBER TERMINAL COSTS

SHEET -NO,

OF

JOD No,___ 3469-n0

8:..5:.1‘;; E.?,'f:.’.:: f:::::?&:o. MADE BY. DATE CHECKED @Y . ii.hms
No | ITEM DESCRIPTION. - NOTES auanmry Juniv | T AN
- T
1 -3 opr1 TERMIN | MAIN YARD : 1 _ga 1 8720 _al
2 12 OPTICAL TERMINALS | CENTRAL CONTROL 14- | =a_| 4509 | '
3 | T-3 OPTICAL TERMINALS | CEWTRAL CONTROL 2 Bn | 8720 17«
a T-2 OPTICAL TERMINALS | PASSENGER STATIONS & o 14 EA | 4500 63l
S | T-3 OPTICAL TERMINALS | NORTH YARD .. By ea | 8720 Bl
' |
MATERIAL COSTS- ‘ 160;9
. | !
1
1
1| sNSTALL T-2 TERMINAL @ 24 HOURS 612— )| uns | 23,70 mlfe
2 | gnsrary T-3 Temurwan | @ 36 pouss 62} upe) a3 90—} ls
] 7 ' ;
' INTALLATION COSTS 1) _20k3
4 . {
TOTAL OPTIC HARDWARE 201l 2

-‘-.-—-Ih.—— i anies e == —-—4r—l




Jopno.____2469-00

DeLEUW supsecy _ COST ESTIMATE
CATHER FIBER OPTICS - ALTERNATIVE 3 - T-1 CARRIER MULTIPLEXERS SHEET NO. of
g:ﬂ::tm fﬁﬂﬁ&fﬁ"ﬁﬂ:ﬂ. MADE BY DATE CHECKED BY : ii‘Al'E
ITEM ) oescripTion NOTES QWANTITY Junit | oD o | AMG
T=1_CARRIER MILTIPLEXERS BY LOCATTON I
1 T1-MULTIPLEXER . ‘ 1 _ | s, 399'41
2 T1-MULTIPLEXER MAIN YARD COMPLETE WITH CHANNEL MODULES 24 LS 144(13
3 ' UNION STATION COMPLETE WITH CHANNEL MODULES 3 LS 14l 25
4 _CIVIC CENTER- COMPLETE WITH CHANNEL MODULES -3 LS 13: 82
5 FIFTH & HILL COMPLETE WITH CHANNEL MODULES 3 LS 13i 82
6 SEVENTH & FLOWER COMPLETE WITH CHANNEL MODULES 3 LS 15! 33
7 . ALVARADO ‘COMPLETE WITH CHANNEL MODULES 3 1S 14) 68
8 VERMONT COMPLETE WITH CHANNEL MODULES 3 LS 13 82
° NORMANDIE COMPLETE WITH CHANNEL MODULES 3 LS 13! 82
10 wz's-rm COMPLETE WITH CHANNEL MODULES 3 . 19[" 85«
11 ' LA BREA COMPLETE WITH CHANNEL MODULES 3 LS 14 68
12 - PAIRPAX COMPLETE WITH GHANNEL MODULES 3 1s 151' 55:
13 BEVERLY COMPLETE WITH CHANNEL MODULES 3; 1s. 14 68
14 SANTA MONICA COMPLETE WITH CHANNEL MODULES ] 3 LS 24 42
15 STUDIO CITY COMPLETE WITH CHANNEL MODULES "3 LS. 17 28
16 NORTH HOLLYWOOD COMPLETE WITH CHANNEL MODULES 3 LS 14 47
17 NORTH YARD COMPLETE WITH CHANNEL, MODULES 5 LS 2d o7
)
L
_ MATERIAL COST 790 12
. :
. . INSTALLATION | . i
1 INSTALL T-1.CARRIERS | INSTALL, WIRE G INTERCONNECT @ 80 HRS/T-1 TERMINAL 11360 urs| 27.70 | 31d 67
. . - . . i
, TOTAL; PCM_HARDWARE COST 1,101 79




