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Potentiel des télëmultiplexeurs pour réduire le

coût et la complexité des câblages dans les centrales nucléaires

par

A.J. St i r l ing et J.V.R. L'Archevêque

Résumé

Les câblages de contrôle et d'instrumentation constituent près
de 1% du coût en capital d'une centrale CANDU (Canada Deuterium Uranium).
Etant donné que 68% du coût :ias câblages est attribuable à la main-
d'oeuvre, on s'intéresse de plus en plus au récent développement des
techniques de tëlémultiplexage pour réduire les dépenses. Cependant,
l'étude des besoins en câblage, des méthodes employées et de leur coût
pour les réacteurs nucléaires a montré qu'un concept efficace et des
économies de taille rendent le câblage du CANDU l'un des moins coûteux
parmi ceux employés pour des applications comparables. Bien qu'ils
soient intéressants dens d'autres types de réacteurs, les systèmes de
tëlëmultiplexage commercialement disponibles ne sont nas encore
économiquement attirants pour leur emploi généralisé dans les centrales
CANDU.

Ce rapport qui comporte un tableau complet des dispositifs
de télémultiplexage et une analyse des méthodes de câblage, décrit une
façon de >"ëévaliier le remplacement éventuel des câblages conventionnels
par les techniques de télémultiplexage en fonction du changement des
conditions d'exploitation.
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Abstract

Control and instrumentation cabling accounts for
nearly 1% of the capital cost of a CANDU (Canada Deuterium
Uranium) generating station. Since 68% of the cabling cost
is labor, recent developments in remote multiplexing tech-
nology appear attractive as a means of reducing expendi-
tures. However, this study of cabling requirements, methods
and costs for nuclear reactors, shows that efficient design
and scale economies make CANDU wiring costs (per field
point) among the lowest for comparable applications. Al-
though attractive in other reactors, commercially available
remote muliplexing systems are not, as yet, cost effective
for general use in CANDU stations.

The report, with its comprehensive tabulation of
remote multiplexing equipment, and analysis of cabling pro-
cedures describes an approach for re-evaluating the trade-
off between remote multiplexing and conventional wiring as
conditions change.
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1. Objectives

Control and instrumentation cablinq accounts for
close to one per cent of the total capital cost of a CANDU*
generating station. The interest in techniques that can
help reduce cablino cost and complexity is therefore running
hiah. Several factors contribute to the high cost of
cabling in nuclear power stations.

The complexity of the nuclear reactor demands that many
parameters be measured for control and monitoring
purposes.

The centralized approach to control requires that all
signals be transmitted to the control room.

Stringent licensing regulations dictate the use of high
quality cabling materials.

In the case of CANDU reactors, cabling is particularly
expensive because of the many fuel channels and of the long
signal transmission paths in multi-unit stations.

In principle, the cost and complexity of cabling
could be reduced substantially if control equipment were
decentralized or if signals were multiplexed to share com-
munication?) channels. Distributed processing and control
systems are becoming available (refs. 1 - 4 ) and are under-
aoina considerable development and investigation because of
changing cost/performance trade-offs in control system design
(ref. 5). Remote multiplexers, more compatible with current
system structures, are also becoming commercially available;
reactor suppliers and utilities in the U.S.A. are supporting
a major study of their use in nuclear power stations (ref. 6).

As part of an effort to improve the cost-effective-
ness and performance of high reliability systems, CRNL is
engaged in two projects (CRIP (ref. 7), and RF.DNET (ref. 8))
which involve distributed "intelligence" and multiplexing.
The study described in this report complements these projects
as it considers specifically the potential of these techni-
ques in reducing cabling cost and complexity in nuclear power
stations.

The objectives of the study were as follows.

(a) Review commercially available equipment that offers
some potential for reducing cabling cost.

* Canada Deuterium Uranium
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(b) Assess the possible impact of developing technology
on cabling costs and procedures.

(c) Analyse current and future cabling requirements and
associated costs for Canadian nuclear power stations.

(d) Define, if appropriate, a work program to enable
Atomic Energy of Canada Limited to take advantage of
distributed control or remote multiplexing to reduce
cabling costs and improve flexibility and
performance.

2. Remote Multiplexing and Distributed Control

2.1 Current Status

Industrial plants frequently require monitoring
and control over a wide geographical area while concentrating
some process information at a control centre for efficient
operation, protection from hostile environments, or to share
expensive equipment.

The trade-off between locating equipment in the
field or the control room depends on many practical factors
and is influenced by the technology available for signal
transmission and processing. The digital computer has
provided greatly expanded control capability but its high
cost and intolerance to plant environments have traditionally
required that it be shared between many tasks and located in
a control room. Consequently, this has further reinforced the
need for centralized control and dedicated centralized wiriny
{see Figure 1(a)).

In some industries, where the distance between the
information source and destination is large, e.g. pipelines,
railroads, etc., centralized hardwiring has never been prac-
ticable. Two alternatives have been used: distributed con-
trol and remote multiplexing.

In a distributed control system (see Figure l(b))
control sub-centres are located near the transducers. A
control sub-centre performs all of the functions which do not
require the facilities of the major centre. Only a small
number of information channels are therefore required between
the major centre and the sub-centres. Until recently, avail-
able technology has limited the capability of control sub-
centres, thereby restricting the degree of distribution
possible.
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AND REMOTE MULTIPLEXING
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Remote multiplexer systems (see Figure l(c)) can
eliminate most of the point-to-point wiring without disturb-
ing the centralized control structure. Multiplexers and
demultiplexers scan individual field transducers in turn so
that information is carried over most of the distance on a few
time-shared communications channels*.

Increased popularity of distributed control and re-
mote multiplexing in a variety of applications has been
prompted by technological developments in Large-scale Inte-
grated Circuits (LSI). The availability, for instance,
of inexpensive microprocessors decreases the incentive to
share central computers fref. 9) while new data conversion
products reduce the cost of remote multiplexing (ref. 10).
Distributed control and remote multiplexing are no longer
compromise's for industries where long distance data
transmission is necessary. These approaches are now beinq
selected, because of their technical and economic values, for
applications where point-to-point wiring has been traditional
(see refs. 5, and 11 - 15 for examples).

Both distributed control and remote multiplexing
have the potential for reducing nuclear power station cabling
costs. Each has profoundly different implications on equip-
ment location and maintainability. This report considers
remote multiplexing only** because it represents the least
departure from the centralized hardwiring approach.

2. 2 Incentives for Remote Multiplexing

Although remote multiplexing is frequently justified
on economic considerations alone, it is often selected to meet
specific performance requirements. Examples of engineering
factors which may dictate the use of remote multiplexing are:

mass of cable (in aircraft), and
availability of communications channels (in existing
plants or satellites).

*Techniques to transmit many channels of information over a
single wire using frequency, phase and pulse modulation
schemes are also described as multiplexing.

**An exception is made in Table 10 which summarizes the
responses to a survey of commercial equipment. Some vendors
do not distinguish between distributed control and remote
multiplexing equipment or offer systems which combine both.
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In addition, since most remote multiplexers transmit data
digitally, the following characteristics of digital trans-
mission are often attributed to remote multiplexing:

high transmission accuracy in the presence of noise,
and
compatibility with digital control equipment.

The primary economic incentive for remote multi-
plexing is the reduction of capital costs for cabling. The
magnitude or cabling costs in a number of industries is
demonrtrated in Figute 2 and Table 1 (see also refs. 9, 13, and
16-22). For cable runs of 100 - 200 m, wiring costs range
from approximately $50 to $1000 per field point. The costs
depend on wiring requirements in each industry as explained
in Table 1. Hardwiring for some installations can exceed
$5 million (ref. 21). While these cost data do include both
termination and length-dependent components, a simple analysis
shows that cabling costs per pair-metre range from $0.37 to
$8.15.

In principle, remote multiplexing can drastically
reduce the number of pair-metres of cable required. The extent
of cable reduction ir. illustrated by considering a cluster of
n field sensors connected to a distant point (see Figures 3(a)
and 3(b)). If all signals are multiplexed on one pair, the
length of instrumentation wire is reduced by the factor (1/n).
The linear and two-dimensional arrays are more representative
of physical plants (see Figures 3(c) and 3(e)). In these
cases, multidrop multiplexing (see Figures 3(d) and 3(f))
reduces cable length by the factors (2/n) and (1/ /~n) re-
spectively, compared to point-to-point wiring (see Appendix
1). "Multidrop multiplexing" refers to a single pair con-
necting all field points through the shortest possible
distance.

It can be seen from Figure 4 that multidrop multi-
plexing represents a lower limit on the wire length, while
remote multiplexing (of clusters) would be somewhat less
effective. Therefore, multidrop multiplexing can be used to
calculate the maximum savings in cable cost that can be
achieved. For example, the ccst of wiring a linear array of
100 sensors, each 10 m apart, at $1 per pair-metre would be
$50,000 for point-to-point wiring, compared with $1,000 for
multidrop. Considerable effort has been devoted in industry,
to design low-cos' multiplexers to take advantage of this
savina.
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SEE TABLE 1 FOR
EXPLANATION OF
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FIGURE 2 COST COMPARISON FOR 100-200 m CABLE RUNS



Data
Point
(Pig. 2)

Pairs
per
Cable

32

36

36

Wire
Type

N/S

20 AWG
Copper

Thermo-
couple

Length
(m)

152

152

152

Not Specified

N/S N/S 152

Number
of

Points

32

850

85U

4000

400

Not Specified 1000
(esti-
mate)

50

6&12

6S12

16 AWG
Copper

12 AWG
16 AWG
Copper

12 AWG
16 AWG
Copper

205 29400

100

100

Other Costs
Included

central multiplexer

trays (estimate
only)

trays and conduits
(actual cost)

terminations

Application

General

Cost*

Oil refin-
ery

Oil refin-
ery

N/S

Electric
Power
Utility

trays, terminations | Nuclear
CDF, design j Power

Station

9200

9200

trays, terminations
space, hardware,
design

trays, terminations
penetrations, space
hardware, design

2.57

0.37

0.77

6.73

0.43

Information Source

Burr Brown

Fluor Corporation

Fiuor Corporation

Referenco

16

13

American Multiplex
Systems

H. Keyes,
Taylor Instrument

Southern California
Edison

AECL Power Projects

Thermal
Power
Station

Nuclear
Power

7.00

8.15

E. Weidemar,
I/C Engineering Co.

E. Weideman,
I/C Engineering Co.

18

19

20

21

21

•Installed cost per pair metre in ($1976) assuming 8% annual cost escalation between 1970 and 1915
•lOmitted because cable length not specified

TABLE 1: Explanation of Cabling Cost Comparison Shown in Figure 2

I
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N-PAIR CABLE

JL N POINTS

(a) REMOTE CLUSTER; POINT-TO-POINT WIRING TO A REMOTE POINT (R)
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(b) REMOTE CLUSTER; REMOTE MULTIPLEXING TO A REMOTE POINT (R)

n
(c) LINEAR ARRAY: POINT-TO-

POINT WIRING TO MOST
REMOTE POINT (R)

R
t M l -H- t t

(d) LINEAR ARRAY: MULTIDROP
MULTIPLEXING TO MOST
REMOTE POINT (R)

R

( e) TWO-DIMENSIONAL ARRAY:
POINT-TO-POINT WIRING
TO MOST REMOTE POINT

R J
(f) TWO-DIMENSIONAL ARRAY:

MULTIDROP MULTIPLEXING
TO MOST REMOTE POINT

FIGURE 3 REDUCING CABLE LENGTH THROUGH REMOTE MULTIPLEXING
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(SEE FIG.3(c))
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TO CONNECT flLL FIELD
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FIGURE 4
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10,000
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2.3 Commercial Remote Multiplexing Equipment

Thirty companies responded to a request for litera-
ture describing products for reducing cabling costs in in-
dustrial plant applications.

A summary of commercial remote multiplexing systems
is given in Appendix 2, together with the names and addresses
of the manufacturers (see also refs. 6 and 22). The equipment
available has been divided into four categories corresponding
to four separate industries which have contribuced products to
the marketplace.

(a) Industrial control
(b) Digital Computer manufacturing
(c) Specialized control/multiplexing
(d) Communications

The wide range of capabilities and quality of the products
reflects not only the varied applications, e.g. from
laboratory data acquisition to chemical and nuclear plant
control, but also the approach peculiar to each industry.

To describe commercial multiplexers, two basic
configurations are identified: the multidrop or party-line
and the star (see Figures 5(a) and 5(b)). Practical systems
often combine the basic configurations (see Figures 5(c), 5(d)
and 5(e)). Various names are assigned by manufacturers to
describe their products but in this report the nomenclature
defined in Figure 5 is adopted.

(a) Industrial Control

Manufacturers: Bailey Meter, CAMAC Suppliers, Cutler-Hammer,
G.E.C. Elliott, Honeywell, Leeds & Northrup, and Taylor
Instruments (see Appendix 2)

The major industrial control manufacturers have
taken a "total systems approach" to minimizing plant wiring
with emphasis on distributed control supplemented by remote
multiplexing. Configured with one or more multidrop lines
linking control centre and sub-centres (see Figures 5(d) and
5(e)) many thousands of transducers can be accommodated. The
multidrop lines are high speed, high volume, bidirectional,
digital data busses including coaxial cables, twisted pairs or
multiconductor cables. Most of these products are distributed
control systems suited to plants with a number of units spread
over several kilometres (e.g. oil refineries). As pointed out
earlier, this report is not concerned with distributed control
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FIGURE 5 REMOTE MULTIPLEXING SYSTEM CONFIGURATIONS
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FIGURE 5(continued) REMOTE MULTIPLEXING SYSTEM CONFIGURATIONS



- 13 -

and these systems are considered only because of their in-
fluence on cabling. It should be noted, however, that the
Directrol (under development by Cutler-Hammer) is strictly a
remote multiplexer which can be described as a ring structure
with local multiplexing centres (see Figure 5(e)).

(b) Digital Computer manufacturing

Manufacturers: C.D.C., Computer Products, DEC, Modular
Computer Systems (see Appendix 2)

Digital computer manufacturers, anxious to apply
their products to process control applications, have recog-
nized the need to transfer information from field transducers
to the control room computer. On the rtrength of experience
with remote job entry, common carrier communications techni-
ques were applied to multiplexing for data acquisition and
control. The Computer Products Inc. remote serial link is
representative of field terminals which handle a range of
analog and digital inputs and outputs, incorporate a modem,
and are treated as remote I/O devices by the computer. For
long distance, low speed requirements, a telephone may be
selected while faster links (19.2 kb.s~J) are available for
limited distances (6 km).

The Modcomp REMAC subsystem is an example of a
remote multiplexer intended specifically for plant applica-
tions. The REMAC subsystem allows the standard analog and
digital I/O subsystem to be located up to 1.6 km from the
computer. A serial link operates at 8.7 kb.s"1 over this
distance, transmitting data in 3-word blocks. The central
computer provides the capability for error checking and
correction.

Remote multiplexers supplied by computer manufac-
turers can be characterized as follows:

they handle only computer inputs and outputs;

they are conceived as subsystems of specific computers
(excepting Computer Products Inc.); and

they generally rely on the host computer for functions
such as error checking.
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(c) Specialized control/multiplexing

Manufacturers: ACCO Bristol, Accurex Autodata, Base Ten, AMS
Analog Devices, Burr-Brown,, CAE, EMC,- ESI, Hybrid Systems,
Larse, I/C Engineering, IPAC and SCI Systems (see Appendix 2)

Electronic equipment manufacturers not specifically
associated with the control or computer industries produce
"wire replacers" for diverse applications. In this category,
the frequency division multiplexers (e.g. the Base Ten
aerospace system) are not normally intended for plant control
applications and have been excluded from this study. Several
manufacturers (e.g. Analog Devices, Hybrid Systems and Larse)
produce modules from which remote multiplexing systems are
configured. These modules are listed in Appendix 2; their
performance depends on configuration and typical system pro-
perties are covered in the discussion of stand-alone products.
One manufacturer (EMC) offers analog multiplexing equipment
for plant control. This approach is used for multipoint
monitors in chemical plants but is limited to data acquisition
only. The remaining products considered are digital time
division multiplexers which include field digitizing, coding
and switching units and a shared supervisory unit(s). The
Accurex Autodata (Vidar) and Burr-Brown products are repre-
sentative of field locatable data acquisition systems with no
output control capability. The ACCO Bristol, CAE Electronics,
ESI and IPAC systems are designed to eliminate human super-
vision at remote plants, e.g. hydroelectric power stations 100
km from the control centre. In principle, these could be used
within a plant, but the multiplexer is really intended to
provide the link to a distant supervisory station.

Using the ACCO Bristol Model 425 as an example, 63
multiplexers, each accepting 63 discrete inputs can transmit
data at 2.4 kilo-Baud over an unlimited length of telephone
line. The central supervisory unit performs error checking to
confirm the integrity of the data. Relatively small numbers
of I/O points, and low data rates are typical of this class of
equipment which does not address situations where high speed
sequence-of-events recording or millisecond response is
required.
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Plant monitoring and control which involves thou-
sands of analog and digital inputs and outputs and millisecond
response can be handled by AMS, I/C Engineering and SCI remote
multiplex systems. The I/C Engineering Uniplex 600 is parti-
cularly relevant in this study as it is being offered by
nuclear steam systems suppliers* (ref. 23). It is used as an
example in cost comparisons in section 5.

Uniplex 600 is a dual multiplexed multidrop configura-
tion (see Figures 5(e) and 6) which handles 64 (or 255) Uni-
plex Field Multiplexers (UFM). Each UFM is able to receive or
transmit 188 channels of data up to 1.6 km over the 462 kb.s""1

twinaxial line. The UFM's handle analog inputs and outputs
with 12-bit resolution, and also monitor contact closures and
provide digital control signals- Since a redundant transmis-
sion line is routed along a separate path, the probability of
failure through cable severance is very low. The Central
Control Unit (CCU) and its redundant partner,

(a) direct computer bound signals to the computer input,

(b) direct signals destined for analog control boards to
be demultiplexed by control room multiplexers, and

(c) provide data and system diagnostic checking.

The Uniplex Field Multiplexers are designed for location
at inaccessible areas of a plant, can operate in adverse
environmental conditions, (e.g. steam) and meet appropriate
seismic qualifications.

In summary, the only stand-alone remote multiplexing
products suitable for widespread use in a nuclear power sta-
tion are those whose capabilities and quality are comparable
with the Uniplex 600 system.

(d) Communications

Manufacturers: Collins Radio, ISI and Mitre (see Appendix 2)

The communications industry, which has long
experience in multiplexing voice, video and data signals, is

*l/C Engineering literature states that "Combustion
Engineering offers the Uniplex as an option.... The option
has been exercised on several system 80 NSSS units, ....
Remote multiplexing will be used in the WPPS#2 plant, to be
installed in late 1976."
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the source of several products with potential for plant con-
trol applications. For example, the Collins Radio mine moni-
toring system is a multidrop network {see Figure 5(a)) in
which voice communications and data are transmitted on a
coaxial cable. Similarly, the ISI "In-plant Communications
Information Utility" uses CATV technology for voice, video and
data transmission. The configir -ion is "multiline, multi-
plexed, multidrop" (see Figure ->(e}) and terminal units for
analog and digital inputs and outputs are available. Although
the communications industry products are not specifically
designed for plant control, their importance is seen when
reviewing the impact which developments in high volume data
busses will make on remote multiplexers.

2.4 Technology Forecasts

The existence of this large array of remote multiplex-
ing equipment reflects the favorable climate for developing
equipment to reduce cabling costs. These activities are help-
ing to fulfil the predictions that A/D conversion of signals
will be distributed, that process system interfaces will be
achieved by distributed multiplexing, and that small multi-
function packages will replace simple sensors (refs. 2, 5, and
10 respectively).

Considerable advances in remote multiplexing pro-
ducts can yet be expected because developments are based on
active technologies which are being pursued for other reasons.
For example, the progress being made in:

(a) LSI digital circuits and microprocessors (ref. 9);

(b) IC data conversion products (refs. 10 and 24); and

(c) high volume, high speed digital data busses including
fibre optics (refs. 7 and 25 - 31),

can be expected to lead to lower cost and more sophisticated
multiplexers. Likewise, new technology will make distributed
control more attractive and distinctions from remote multi-
plexing will probably lessen. Together, distributed control
and remote multiplexing can be expected to reduce cabling cost
and complexity in many applications where point-to-point
wiring has been traditional.
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3. Cabling in Canadian Nuclear Power Stations

3.1 Functional Classifications

Within a nuclear puwer station cabling is required for
power distribution, control and instrumentation, safety sys-
tems and audio and video communications. In principle, remote
multiplexing could reduce cabling in most of these applica-
tions. This report deals only with control and instrumentation
cabling since it represents over 80% of the wiring load. In
this study the word "cabling" refers to all wires between field
transducers and control or equipment rooms which pass through
the Central Distribution Frame (CDF) (see sec. 3.2 for
description of CDF).

Control and instrumentation signals can be grouped in
several ways, e.g. by function (reactor control, process control,
building monitoring, etc.) or by signal levels (low voltage,
relay, H O V AC, etc.) These distinctions are irrelevant in
this study since they are not reflected in the wiring practice.
However, it should be noted in comparing with other studies,
(refs. 32, 33) that all the control and instrumentation cables
have been included in this analysis.

3.2 Control and Instrumentation Cabling (Bruce A
Generating Station)

The approach to cabling in Canadian nuclear power
stations is characterized by hardwiring all field points to a
central control area through a Central Distribution Frame.
The cabling at Bruce A follows a mature engineering procedure,
incorporates economies based on previous experience and is
representative of the other stations. Since the most recent
cost estimates available are for Bruce A, it is taken as a
reference design in this report (ref. 20).

At Bruce there is provision for 29,400 field points
(80% of which are wired) in each unit. Wires from the turbine
halls and reactors run an average of 206 m to the central
service area* (see Figure 7). Eighty one per cent of the
field signal lines penetrate the cono ete nuclear containment
shield; the remainder are located in the conventional areas of
the plant. The signals transmitted (see Table 2) include low
level dc from sensors, 45 V dc for instrumentation loop
signals, 48 V dc for relay logic and 120 V ac for small motors
and solenoids. Less than 12% of the field wires are connected

*There are 12,100 km (7500 miles) of control and instrumenta-
tion cabling at Bruce.
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DESCRIPTION

Low level analog and digital inputs
and outputs for temperature
radioactivity,'conductivity and other
monitoring.

Instrumentation loop signals
associated with tra smitters,
indicators, controllers, transducers
and switches.

Control Logic associated with relays,
indicators, handswitches, limit
switches, solenoid valves and lights-

Solenoid valve, chart drives, alarms
and special instrument power supplies.

Signal
Level

low level
dc

45 V dc

48 V dc

120 V dc

% of Total
Conductors

22%

6%

65%

7%

TABLE 2: Functions of Field Wiring at Bruce A
(See reference 20)
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to the two digital control computers while the remainder are
connected to control panels or equipment racks in the central
service area. Vital inputs are connected independently to
both computers to improve system reliability.

The use of a CDF is a dominant feature of the field
wiring in Canadian nuclear reactors. Its purpose can be
understood by referring to Figure 8 which shows two methods of
implementing simple three component circuits (see Figure
8(a)). In this example, the components must be located in
three different areas; the plant, the control room and the
equipment room. Point-to-point wiring requires interconnec-
tions between each of the three areas (see Figure 8(b))
whereas the CDF (see Figure 8(c)) provides a common location
in which all cross connections are made. Although the CDF
approach requires more wires and more terminations, the
uniformity in materials and procedures yields considerable
cost savings in design (refs. 34 and 35) and greater
flexibility and convenience at installation.

Field wiring at Bruce A radiates from the CDF
in cables of 25 or 50, 16 AWG twisted pairs (see Figure 9).
These trunk cables are not flame retardant, have a single
ground sheath, and are laid in 30 and 61 cm cable pans with up
to 16 other cables. Wiring between the CDF and the control
room or equipment room is identical to field trunk cabling. In
the field runs, the cables which must penetrate the
containment are fed through gland-seal* fittings, while the
interstices between pairs are impregnated with epoxy to form
an internal seal.

Strategically placed junction boxes, each with 100
terminals, are provided to terminate trunk rabies and to
marshal the wires from individual transducers. Smaller
cables (usually 1, 3, or 7, 16 AWG twisted pairs) are run in
conduits between junction boxes and transducer terminations.

3.3 Requirements for Future Stations

In future stations, design changes and licensing
requirements will influence the field wiring practices. If
the size of turbines increases, for instance, the length of
cabling will be affected. Recent changes in licensing

*The cable is not cut at the point of penetration. The outer
jacket is stripped and an annular seal is compressed around
the bundle of wires.
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requirements dictate the use of flame retardant cable and it
is expected that seismic qualifications wilL be needed in the
future. One design study has considered the installation of
underground concrete tunnels to protect trunk cabling (ref.
33).

Future requirements will increase the cost and
complexity of cabling, reinforcing the incentive to investi-
gate alternative approaches. In section 4, the field wiring
practice used in Canadian reactors is compared with:

(a) the prevalent methods used in U.S. reactors; and

(b) remote field multiplexing.

4. Other Cabling Approaches

The alternative cabling approaches discussed were
published in a comparison between hardwiring and remote
multiplexing by I/C Engineering Corp (refs. 21 and 23). That
study is relevant since it applies to a nuclear power station
design, and it is instructive because it shows how wiring
costs can vary widely depending on the application and
approach. The engineering data are derived from an architec-
tural/engineering analysis made for a Gulf-General Atomic*
high temperature gas reactor with 9200 field points, on
average 99 m from the control room.

In the hardwiring analysis, interconnections are
point-to-point, and 1 or 6 pair 12 AWG cables are used in
control circuits while 1 or 6 individuallly shielded pairs are
used for instrumentation (see Figures 8 and 10). Wires which
enter or leave the containment are terminated on both sides of
the wall at penetration assemblies.

In the remote multiplexing analysis, Uniplex Field
Multiplexers (UFM's) replace the junction boxes and are con-
nected in a multidrop configuration as discussed in section
2.3 (see Figures 6 and 11).

5. Comparative Cost Analyses

A number of assumptions and some normalization of
data were made to permit meaningful comparisons between
cabling costs for:

(a) current CANDU reactors,

*The reactor for which the study was made was never built as
Gulf-GA discontinued its nuclear design operations.
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(b) future CANDU reactors,

(c) the hypothetical Gulf-GA reactor, and

(d) remote multiplexing.

Transducer cabling (i.e. cable between transducers
and junction boxes or UPM'sj has been separated from trunk
cabling. The implementation of transducer cabling is more
variable and the readily available data ace correspondingly
less accurate. The cost for transducer cabling is therefore
only an order-of-maqnitude estimate, conservatively calcu-
lated. In any case, only the trunk cabling cost is affected
by the introduction of remote multiplexing.

However, the cost data for trunk cabling are con-
siJered reliable (refs. 20, 23 and 33) and have been confirmed
by independent sources (refs. 35 and 36). A distinction is
drawn between engineering data and cost data in calculating
both the trunk and transducer cabling costs. Consequently,
the basic data used to calculate cabling costs are listed in
Tables 3 to 5 as follows.

Table 3: Engineering assumptions (trunk cabling)

Table 4: Manpower and materials cost assumptions (trunk
cabling)

Table 5: Engineering assumptions (transducer cabling)

Table 6: Manpower and materials assumptions; (transducer
cabling)

Line entries in Tables 3 to 6 permit comparisons to be made
item-by-item, and are numbered to show the origin of data used
in the total cost calculations shown in Tables 7 and 8. The
only arbitrary assumptions made are:

(a) to assign 10% of capital costs for design and
project management in the AECL example; and

(b) to eliminate costs attributed to building space from
the Gulf-GA example.

All basic data came in Imperial Units, so apparent minor
discrepancies are due to round-off errors in conversion to
SI units. Costs are in 1976 dollars and no inflation or
technology independent changes in productivity ace assumed in
future.



E20

Source of data
Configuration
Number of field points
Average home run length (m)
pair»m of cable required (El x E2)
Nuclear control signals
Nuclear instrumentation signals
Non-nuclear control signals
Non-nuclear instrumentation signals
Cable pan width
pairs per pan. Nuclear control

s per pan. Nuclear instrumentation

AECL
Present

Non-nuclear control
Non-nuclear instrumentation

s per pan
s per pan,
s per pan, all signals

Average no. of pairs per pan (see E4-E7)
No. of pairs per tunnel
Number of wires per control signal
Number of wires per instrumentation signal
Average no. of wires per signal (see E4-E7)
Number of terminations per wire
(included in materials cost estimate)
Number of terminations per signal (included
in materials cost estimate (Ei9xE18) )
Number of terminations per wire
(included in labor cost estimate) in
(a) Nuclear area
(b) Non-nuclear area
Number of terminations per wire in CDF
Average no. of terminations per wire
excluding those in CDF
Number of terminations per signal (excluding
CDF) (E1BXE24)
Average number of terminations per wire
within CDF
Average number of terminations per signal
within CDF
Number of wires per perforation
Average number of sign ,1s per penetration
(see E18)

106

ref. 20
see fio.
29,400
205.74
6.0468 x
,24,000 or
181.6% of El
•5,4000 or
'18.4% of El
61 cm

750
750

2
2
2
4(b)

5
5
2
5

10

3

6

1,000
500

AECL
Future (a)

I/C
Gulf-GA

refs. 20 and 33
see fig. 9
29,400
226.31 (1)
6.65363 x 10s

•24,000 or
•81.6% of El
15,4000 or
'18.4« of El
61 cm

750
750
29,400
2
2
2
4(b)

5
5
2
5

10

3

6

1,000
500

(2)

10
ref. 23
see fig.
9,200
99.06
9.11352 X 10 s

12.5% of El
37.5* of El
12.5% of El
37.5% of El
61 cm
292
706
205
646

569

2
3
2.75
4(b)

11

9
5
0
7

19.25

340
123.6

00

Note: (a) AECL future estimates assume all conditions remain as at present except for,
(1) 10% longer cable runs (an arbitrary estimate) and
(2) use of tunnels to house trunk cabling.

(b) Only 4 of the terminations are included in the cost estimate since the costs
of the remaining 3 are not known. The error in the total cost is negligible but
the assumption permits meaningful comparisons between cabling approaches.

TABLE 3: Engineering Assumptions (Trunk Cabling)



Line
No.

E30

E31

E32
E33
E34
E35
E36

Item

Average Distance between transducer
termination and junction box (m)
Pair m of transducer cablinq required
(E30xEl)
Conduit diameters (cm)
Cable types (pairs)
Number of terminations per wire
Number of wires per transducer
Number of terminations per transducer
(E34XE35)

AECL
Estimate

15

4.41x10

5 - 1 0
1,3,7

3
2
6

Explanation
of Estimate

Ref. 33

Ref. 20
Ref. 20
Ref. 20
Ref. 20
Ref. 20

to
10

TABLE 4: Engineering Assumptions (Transducer Cabling)



Line
No.

Item

Ml General labor rate ($/hour)

Cable materials ($/pairTn)

H2 Nuclear control, 12C/12AWG
M3 Nuclear instrumentation, 6pr/16AWG
H4 Non-nuclear control, 2C/12AWG
M5 Non-nuclear instrumentation, lpr/16AWG
H6 All signals 50pr/16AWG
H7 Average Cost (see E4-E7 and M2-Mo)

Cable pulling manpower (man-hours per
pair>m)

M8 Nuclear control
M9 Nuclear instrumentation
M10 Non-nuclear control
Mil Non-nuclear instrumentation
M12 ! Average for all signals (see E4-E7

| and M8-M11)
M13 i Average cost of cable pulling

(S per pair-m of cable (Ml2xMl)

Cable pan and/or tunnel materials

M14 61 cm cable pans ($/m)
M15 Tunnels (S/m)
M)6 Cost of cable pans and tunnels/pair-m

of cable (see E14, E15, M14 and M15)

M17

Cable pan installation manpower

Installation of 61 cm cable pan
(man-hours/m)

M18 ! Installation cost (MlxM17)
M19 Installation cost/pair-m (see M18, E14)

M20

M21

Termination materials

Transducer terminations, junction boxes,
panel termination racks
Terminal strips in cable spreading area
or CDF (cost per termination)

AECL
Present

15

0.09370
0.09370

0.0032152

0.048228

29.199
0
0.038932

1.3779

20.669
0.027559

not included

0.16458

AECL
Future (a)

15

0.187399(b)
0.187399

0.0038582

0.057874

29.199
1968.6(d)
0.10589

1.3779

20.669
0.027559

not included

0.18458

I/C j
Gulf-GA

20.90

1.00158
1.31232
1.17125
0.55446

0.972896

0.05468
0.06562
0.09842
0.09842
0.08065

1.68568

11.155
0
0.019605

6.5616

137.14
0.24101

not included

i 0.75

o

TABLE 5: Manpower and Materials Cost Assumptions (Trunk Cabling)



Line
No.

Item AECL
Present

AECL
Future (a)

I/C
Gulf-GA

M22
H23
M24
M25
M26
M27

M28
M29

M30
M31
M32
M33

H34

H35

Termination manpower

Man-hours per termination (general)
Man-hours per termination (in CDF)
Cost per termination (general) (MlxM22)
Cost per termination (CDF) (MlxM23)
Installation of cable spreading racks
Cost of installing CDF bays (each)

Penetration material

Cost per penetration assembly
Cost per signal penetrating containment
(see E29)

Penetration manpower

Man-hours to install penetration assembly
Man-hours to install cable (hours/signal)
Labor rate for penetration work (?/hour)
Cost to install assembly, per signal
(M32XM30/E29)
Cost to install cable per signal (M31XM32)

Design, Documentation & Project Management

% attributed to D.D.SP.M.
Total cost attribted to D.D.&P.M.

0.15
0.14
2.25
2.10

-
240

0.18(e)
0.17(e)
2.7
2.52

-
240

0.5
-
10.
_

not

45

included

small
small

small
0.02
11
small

0.22

small
small

small
0.02
11
small

0.22

10%(f)

7930
64.159

460
0
19
70.712

16.7%
1136200

I

Note: (a) AECL future estimates are based on all cost and manpower assumptions remaining as at present,
except as described in notes (b) - (f):

(b) flame retardant (FR) cable costs 2 times present
(c) pulling FR cable takes 20% longer (ref. 33)
(d) tunnels cost S1968/m (ref. 33)
(e) terminating FR cable takes 20% longer
(f) D.D.&P.M. cost is an arbitrary estimate
(g) all costs are expressed in ?

TABLE 5: Manpower and Materials Cost Assumptions (Trunk Cabling) (cont.)



Line
No.

M36
M37

M38
M39

M40
M41

M42

M43
M44
M45

Item

Unit cost of signal cable ($/pair'm)
Unit material cost for conduit ($/m)

Average number of pairs per conduit
Conduit material cost ($/pair-m
of cable)(M37/M38)
Cable pulling cost ($/pair>m)
Conduit installation cost ($/m)

Conduit installation cost ($/pair»m)
(M41/M38)
Materials cost per termination
Labor cost per termination
Design, documentation and project
management

AECL
Estimate

0.1874
8.2

20
0.41

0.096
16.73

0.84

0.165
2.25
10%

Explanation
of Estimate

2 times cost/pair of 50 pair cable
Assumes average unit cost = cost of
6.35 cm conduit.
Arbitrary estimate

Arbitrary estimate (2 y. M13)
Ont. Hydro estimate for 6.35 cm
conduit (ref. 35)

Line M21, Table 5
Line M24, Table 5
Arbitrary estimate

to

TABLE 6: Manpower and Materials Cost Assumptions (Transducer Cabling)



Line

Al
A2
A3

A4
A5

A6

A7

A8

A9

A10
All

A12
A13

A14

A15
A16
A17
A18
A19

A20
A21
A22

A23
A24
A25

A26

A27

A28
A29

A.E.C.L. (Present)

CABLE, CABLE PANS AND CABLE TUNNELS
Length of cable required (psir«m)
Average unit material cost for cable (S/pair.m)
Total cable material cost (A3=AlxA2)

Average unit labor cost to pull cable (S/oair-m)
Total cable pulling cost (A5=AlxA4)

Average unit material cost of cable pans & tunnels
($/pair*m of installed cable)
Total cable pan & tunnel material cost (A7=AlxA6)

Average.unit cost of cable pan installation/
pair-m of installed cable
Total cable pan labor cost (Afi=AlxA8)

TERMINATIONS
Number of field points or signals
Number of terminations/signal included in
materials estimate
Average cost per termination
Total cost of termination Materials
(A13=A10xAllxA12)

Average number of terminations (excluding CDP
cross-connections) per signal
Cost per termination (excluding CDF)
Average number of CDF terminations per signal
Cost per CDF termination
Installation of 98 CDF bays
Total termination labor cost i
A19=A10(Al4xA15+A16xA17)+A18 1

PENETRATIONS j
Number of signals penetrating containment '
Cost of penetration hardware per signal '
Total cost of penetration assemblies (A22=A20xA21)j

Cost per signal to install penetration ]
Cost per signal to install cables in penetration |
Total cost of installing penetrations
(A25=A20(A23+A24))

292,

235,

167,

000

000

000

6.05 x 106

0.0937
S 567,000

0.0483

0.0276

29,400

8
0.165

10
2.25

! 6
j 2.10
I 23,520

39,000

1,055,000

24,000
not included

not included

negligible
0.22

DESIGN, DOCUMENTATION s, PROJECT MANAGEMENT
Total cost of design and documentation

Total trunk cabling cost

Cost per signal
Cost per pair-m

$2,

$
$

236,

596,

88
0

000

000

.30

.43

A.E.C.L

6.65 x
0.1875

0.058

0.106

1
| .0276

j 29,400
1

i 81 0.165

I
1 10
2.7
6

i 2.52
23,520

. (Future)

106

$1,248,

385,

705,

167

39

1,262

000

000

000

000

000

000

j
| 24,000
not included

not included
negligible
0.22

1

I
j

381

$4,192

,000

,000

,000

S 142.54
$ 0.63

IC/GULF

9.11 x
0.973

1.69

0.0195

0.241

9,200

11
0.75

19.25
10.45
0
0
0

4,600
64.2

70.7
0

10 s

$

1,

l

1

$6

$
$

- G

887,

537,

18

200

76

851

295

325

,136

,325

A

000

000

000

000

,000

,000

,000

,000

,000

,000

687.37
6.94

REF(a)

E3
M7

Ml 3

M16

M19

El

E20
M21

£25
M24
E27
M25
H27

E4-ES
H29

M33
M34

M35

CO

(a) References indicate line numbers in tatles 5 and 6.

TABLE 7s Trunk Cabling Cost Comparison



Line
No

Bl
B2
B3

B4

B5

B6

B7

B8

B9

BIO
Bll
B12

B13
B14

B15

B16

B17

B18

CABLE and CONDUIT

Length of cable required (pair.m)
Average unit material cost for cables (S/pair,m)
Total cable material cost (B3=BlxB2)

Average unit labor cost to pull cable
($/pair.m of cable)
Total cable pulling cost (B5=BlxB4)

Average unit material cost for conduit
($/pair.m of cable)
Total conduit material cost (B7=BlxB6)

Average unit labor cost for conduit installation
($/pair.m of cable)
Total labor cost for conduit installation
(B9=BlxB8)

TERMINATIONS

Number of terminations required (B10="'";'»-El)
Unit material cost (S/termination)
Total material cost for terminations
(B12=B10xBll>

Unit labor cost for terminations ($/termination)
Total labor cost for terminations(B14 = B10XB13)

DESIGN DOCUMENTATION & PROJECT MANAGEMENT

% attributed for design, documentation and
project management
Cost of design, documentation and project
management

TOTAL TRANSDUCER CABLING COST

Transducer cabling cost per field point

AECL Estimate

4.41 x 105

0.1874
S 83,000

0.096

42,000

0.41
181,000

0.84

370,000

1.754 x 10"'
0.165

29,000

2.25
397,000

10%

110,000

$1,212,000

$41

REP (a)

E31
M36

M40

M39

M42

M21

M24

M45

(a) References indicate line numbers in tables 5 and 6 .

TABLE 8: TRANSDUCER CABLING COST CALCULATION
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Total cabling costs include materials and labor for
cable, cable pulling, cable pans, terminations, penetrations
and design and project management. The total cost of trunk
cabling for a single unit at Bruce A exceeds $2.5 million and
transducer cabling accounts for a further $1.2 million. Based
on the purchase price of $400 million per Bruce A unit the
control and instrumentation cabling represents close to 1% of
the total investment.

Apportioning costs to individual field points the
trunk cabling cost is currently $90 per point and the
transducer cabling is an additional $40 per point. In the
future, trunk cabling costs will increase to $140 per point to
meet new licensing requirements.

By comparison, the cost per point for hardwired
trunk cabling in the Gulf-GA example is $687. The large
difference between the AECL and Gulf-GA costs is even more
striking when costs per pair-metre are compared. The AECL
(future) cost of $0.63 per pair-metre is a factor of 11
smaller than the Gulf-GA cost of $6.94 per pair«metre.
However, cabling cost differences of this magnitude have been
widely reported (see Figure 2 and Table 1). In this
comparison, the lower cost for cabling in the Canadian reactor
is explained by,

(a) extensive use of 50 pair cable (rather than single and
6 pair cable),

(b) no terminations at the penetration assembly,

(c) less labor involved in terminating wire, and

(d) slightly lower labor rate.

The costs for remote multiplexers in the Gulf-GA
example are quoted in ref. 23 and can be assumed to be
representative for equipment which meets the specifications
for nuclear power stations. On an individual signal basis
remote multiplexing costs $260 per point, intermediate between
the AECL (future) cost of $140 per point and the Gulf-GA cost
of $687 per point. The remote multiplexer supplier claims
that installation costs are only 9% of the system purchase
price but does not break down the remainder between materials,
labor and amortized development changes. By comparison, labor
represents 68% of the wiring costs at Bruce A (see Figure 12).
The remaining components are materials whose costs are
unlikely to be reduced by technological developments in the
forseeable future.
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Hardwiring costs (see Figure 12) include length-
dependent components (e.g. wire) and fixed components (e.g.
terminations). The cost of wiring, plotted as a function of
cable length is shown in Figure 13. Remote multiplexing costs
are almost independent of length and are shown as constants in
Figure 13. For a typical CANDU reactor (future) the break-
even point is reached for trunk cables approximately 500 m
long, more than twice the average length of Bruce A trunk
c ab 1 e s.

6. Summary and Conclusions

6.1 Summary

(a) The study includes a comprehensive tabulation of
commercially available remote multiplexing equipment. Appe
dix 2, with names, addresses and product descriptions, con-
tains the necessary information to identify possible supplier
for specific applications. The technical merits of remote
multiplexing are reviewed (sec. 2.2) while for a more de-
tailed discussion the reader is referred to the recent F,PRI
study (i:̂ f. 6). Remote multiplexing equipment which meets the
technical and licens.i'-g requirements for nuclear power sta-
tion use is available and will be installed in one nuclear
station by 1977 (ref. 23).

(b) Examples of cabling costs in a number >f industries
are documented showing that costs per pair»metre vary from
$0.37 to $8.15 depending on application. When compounded with
differences in the length of cable runs, costs per field point
vary over an even greater range. The cost of remote multi-
plexing equipment (per field point) is intermediate in the
range covered by hardwiring. Put in this perspective, remote
multiplexing is an attractive means to reduce cabling costs
for some applications. In others, it can only be justified by
considering technical advantages (see sec. 2.2).

(c) The breakdown of cabling costs for a CANDU reactor
(see Tables 7 and 8) helps identify areas where cost reduc-
tions would be significant. For instance, doubling the cost
of termination material would only increase the cabling cost
by 1%. However, if the termination could be made in one half
the time it would lead to a 20% cost reduction. It should be
noted that this analysis covers the total trunk cabling system
in considerable detail rather than a specific part.

(d) The cost studies for U.S. and Candian nuclear power
stations show that cabling in the Canadian reactors is a
factor of 10 less expensive per pair«metre. The reasons for
the difference are explained in the detailed analysis (see
sec. 5). However, the magnitude of the discrepancy explains
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the higher degree of interest in remote multiplexing for
nuclear applications in the U.S.A.

6.2 Remote Multiplexing in Future CANDU Reactors?

Trunk and transducer cabling costs account for 1% of
the total capital cost of CANDU reactors. Even so, the
current wiring practices make use of efficient design and
scale economies which make CANDU wiring costs among the lowest
for comparable applications. Simple changes to the wiring
procedure are unlikely to result in major cost savings.

If, while retaining the present cabling approach,
the control and/or parts of the eauipment rooms were moved
near the reactors, trunk cabling costs could be cut by
approximately 35% (see Figure 13 for cost of 100 m cable
runs). However, this cost reduction would be set against
costs associated with building and staffing more than one
control and equipment room. The analysis of current and
future cabling costs in CANDU reactors (see Figure 13) shows
that, over a plant-wide average, remote multiplexing is not
cost effective.

In the immediate future, remote multiplexing in
Canadian nuclear power stations can only be justified for:

groups of sensors which are located much farther from
the control room than the average distance,

non-critical applications, where multiplexers of lower
cost and reliability than the I/C Engineering example
wou^d suffice, or

applications where the technical merits of remote
multiplexing outweigh cost considerations.

In the longer term, the cost of remote multiplexing
can be expected to drop, since most of it is in digital elec-
tronics and development, while hardwiring costs increase. A
cross-over point wiJl be reached, but the time prediction is
uncertain. Based on i-he rapidity of advances in the semicon-
ductor industry during the last decade, the economics of re-
mote multiplexing could change faster than the time to build a
nuclear reactor.

6. 3 Distributed Control

Although the subject of distributed control was not
included in this study (see sec. 2.1), the analysis permits
some general conclusions about the effect of distributed
control on cabling costs.
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(a) Partial distributed control (i.e. locating control
eauipment in the field but retaining some trunk cabling) could
not reduce cabling costs by more than 50% using present mater-
ials and procedures. In practice, the need for more rugged
equipment would be set against the savings.

(b) If the only incentive for introducing distributed
control is to eliminate all trunk and transducer cabling
costs, then the transducer interface (i.e. controller, trans-
mitter, power source, etc.) should not cost more than the
cabling it replaces (viz. $180 per installed transducer for
future Canadian reactors). While such a target may be met as
electronics costs further diminish, it is unrealistic at
present.

(c) The motivation for introducing distributed systems
for reactor control and safety cannot be based on the reduc-
tion of cabling costs but rather on the ability to meet speci-
fic performance requirements. However, it is likely that the
implementation of distributed systems will have an influence
on cabling procedures.

6.4 Associated Research Development and Demonstration

A practical conclusion from this study is that AECL
must maintain a window on the use of remote multiplexing
equipment. The use of remote multiplexing in power stations
will increase as the technology continues to develop.

It is therefore recommended, that some remote multi-
plexing equipment be installed as part of the NRU/NRX data
acquisition system (REDNET). The equipment will serve a
useful purpose by simplifying wiring additions in an existing
reactor. The operating experience will enable AECL to remain
at the forefront of this technology and maintain contact with
other organizations interested in remote multiplexing (e.g.
EPRI and manufacturers).
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Appendix I: Cable Length Calculations

(a) Dedicated wiring from one end, to n points in a linear
array, spacing a (see Figure 3(c)).

where LD_ is the total wire length

for dedicated wiring.

L DE =

Since

z
E i •
i=0

L DE =

n-1
a X) i

i=0

z(z+l)
2

(n-1)(n)
a 2

(b) Party-line wiring from one end, to n points in a linear
array, spacing a (see Figure 3(d))

L.,E = a (n-1) where L ™ is the total length of

wire for party-line wiring.

(c) Reduction factor for replacing dedicated wiring by
party-line wiring.

(d) Dedicated wiring from one corner of a two dimensional
array to each of n2 points, where n = r\2, spaced by
distances a (see .'figure 14) and assuming wires are
permitted only in axial directions.
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COLUMN

(I) (2) (3) (V)

FIGURE 14 TWO-DIMENSIONAL ARRAY OF 772 POINTS
SPACED BY DISTANCES a

T,.,, = total dedicated wiring

= L D E (col. i) + L Q E (col. 2) + na + ..

where Ln_ is defined in section (a)

T D E = a n + na (1 + 2 + 3..n-l)

(col. n) + n(n-Da

n2(n-l)

= an2(n-D

Party-line wiring from one end to n2 points in a two-dimensional
array, each spaced at distance a.

T,™ w n2a where T M E is the total xt:ngth of wire for

party-line wiring

Reduction factor for replacing dedicated wiring by party-
line wirina.

ME 1

(n-D

for large values of n
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Appendix I I ; Coroner?_i_al_JLLo_<iH£t Survey (details)_
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TABLE 9: Names and Addresses of Companies Supplying
Remote Multiplexing Equipment for Industrial
Control Applications

1. ACCO Bristol of Canada Ltd., 234 Attwell Drive,
Rexdale, Ontario

2. Accurex Automata, 485 Clyde Avenue,
Mountain View, California, U.S.A. 94042

3. American Multiplex Systems Inc., 1600 Orangethorpe Way,
Anahiem, California, U.S.A. 92801

4. Analog Devices, Inc. P.O. Box 280,
Norwood, Mass. U.S.A. 02062

5. Bailey Meter Co. Ltd. (representing Bailey Meter of
Wickliffe, Ohio) 205 Brunswick Blvd.,
Point-Claire, Quebec, Canada H9R 1A5

6. Burr-Brown Research Corporation,
International Airport Industrial Park,
Tuscon, Arizona, U.S.A. 85734

7. CAE Electronics Ltd., P.O. Box 1800,
St. Laurent, Montreal 379, Quebec, Canada

8. Collins Radio Group, Rockwell International,
Dallas, Texas, U.s'.A. 75207

9. Computer Products Inc., P.O. Box 23849,
Fort Lauderdale, Florida, U.S.A 33307

10. Control Data Corp. 4455 Eastgate Mall,
La Jolla, California, U.S.A. 92037

11. C itler-Hammer Inc., P.O. Box 463-464,
Milwaukee, Wisconson, U.S.A. 53201

12. Digital Equipment Corporation (Canada),
100 Herzberg Road,
Ottawa, Ontario, Canada

13. Electronic Modules Corp., P.O. Box 141,
Timonium, Maryland,U.S.A. 21093,
(Represented by William Pass Associates,
Toronto, Ontario, Canada)
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TABLE 9: continued

14. Engineered Systems, Inc., 3017 West Fairmont Avenue,
Phoenix, Arizona, U.S.A. 85017

15. G.E.C. Elliott (Represented by English Electric-AEI Canada Ltd.,),
766 King Street West,
Toronto, Ontario, Canada M5V 1N7

16. Honeywell Ltd., 1775 Courtwood Crescent,
Ottawa, Ontario, Canada K2C 3H3

17. Hybrid Systems Corp., 87 Second Avenue,
Burlington, Mass. U.S.A. 01803

18. IC Engineering Corp., 3221 South La Cienega Blvd.,
Los Angeles, California U.S.A. 90016

19. IPAC Group Inc., 3047 Industrial Blvd.,
Bethel Park, Pennsylvania, U.S.A. 15102

20. ISI Systems Inc. 3980 Varsity Drive,
Ann Arbor, Mighigan, U.S.A. 48104

21. Larse Corp. 1070 E. Meadow Circle,
Palo Alto, California, U.S.A.

22. Leeds and Northrup Co., Sumneytown Pike,
North Wales, Pennsylvania, U.S.A. 19454

23. Modular Computer Systems, 1650 W. McNab Road,
Fort Lauderdale, Florida, U.S.A. 33309

24. SCI Systems Inc. 8620 South Memorial Parkway,
Huntsville, Alabama, U.S.A. 35802

25. PCS, 5467 Hill 23 Drive,
Flint, Michigan, U.S.A. 48507

N.



COMPANY S PRODUCT

Bailey Meter

CAMAC
(Serial)

Cutler-Hammer
Directrol

G.E.C. Elliott
MEDIA

Honeywell
TDC 2000

Leeds and Northrup
Continel 2050

Taylor Instruments
Quick Scan Link

ONFIGURA-
ION(a)(b)

*e

e
(ring)

IV

*d

e

*e

TYPICAL
APPLICATIONS

Accelerator labs
Aluminum smelter

Chemical plants

oil refineries

Industrial
control

TRANSMISSION

Various transmission
media , synchronous
transmission, 10 or
11 bit bytes.

Twisted pair,
190 kilo-Baud,
12 V p-p bipolar
pulses,
8 bit 'vords

Active hwy- Passive
hwy, & passive dis-
tributor; multiwire

Serial passive dis-
tributor .

Coaxial cable (75!J)
210 kilo-Baud,
+ 0.9V p-p bipolar
pulses,
31 bit word,
BCH checking

Various transmis-
sion media,
240 kilo-Baud (max.)
31 bit words
BCH checking

4-wire,
1.6 ms/analog point,
P.CM.,
BCH checking

NO. OF PROCESS
POINTS/LENGTH

62 crates
unlimited length

4096 signals max.
100 km

500m (active to
passive highway
limit)

5000 transducers
4.5 km

63,000 remote
stations

2048 control
stations,
3 km

COMMENTS

Under development. No
details released.

Generic equipment from
many suppliers.

Under development.

Designed at ICI for in-
ternal use, developed
by GEC-Elliott, re-
leased april 1975.
Total digital monitoring
and control.

Total distributed con-
way connects field
loop controllers, pro-
cess interface units,
computers and peri-
pherals.

(a) letters refer to diagrams in figure 5
(b) *indicates distributed control rather than remote multiplexing .

TABLE 10; Products of Industrial Control Manufacturers Which Include Distributed Control or Remote Multiplexing



COMPANY 6. PRODUCT

CDC 1590
Remote I/O
Subsystem

Computer Products Inc.
7420/31 Remote Serial
Link

Digital Equipment Corp.
PDM 70

Modcomp
Modac/Remac
Subsystem

CONFIGURA-
TION (a)

b
(eight mul-
tiplexers)

e

b

d
(plus

hierarchy)

TYPICAL
APPLICATIONS

Process Control

Data acquisition
and control

Laboratory
instrumentation

Measurement and
control,Energy
generation.
Industrial con-
trol. Laboratory
control

TRANSMISSION

Coaxial cable, at
2.4 mega-Baud,
4-wire at 2.4K
baud,
32 bit word,
BCH checking

Twisted pair,
19.2 kb.s"1

any two level code

Telephone wires,
asynchronous ASCII

Coaxial cable,
8.7 )c words/s
BCH checking

1

NO. OF PROCESS
POINTS/LENGTH

approx. 30,000
binary inputs,
5.6 km (high speed)

approx. 2,000
analogs,
6 km

4 analogs per
PDM 70

224 analogs per
MODAC, 16 MODACS
(max.). Total 3584.
1.6 kr.i

COMMENTS

A CDC 1700 control
computer subsystem.

A MODCOMP I/O subsystem.

o

(a) letters refer to diagrams in figure 5

TABLE 11: Products Associated with Computers which Provide for Remote Data Acquisition and Control



COMPANY & PRODUCT
i CONFIGURA-
| TION(a)(b) ;

TYPICAL
APPLICATIONS TRANSMISSION

NO. OF PROCESS
POINTS/LENGTH

ACCO, (Bristol of Cana-
da) , Model 425
Supervisory Control
System

I

Accurex Automata

b
(63 mul-
tiplexers)

Oi1 pipelines,
switching sta-
tions, sewer
plants

Telephone oc TTY
lines,
2.4 kilo-Baud,
PDM in 33 bit words,
BCH checking

63 discrete inputs
pec remote,
63 remotes,
unlimi ted length

Laboratory data
acquisition

Telephone or TTY
lines,
200 analog points/s

700 analogs per
remote

,Data acquisition systems
:which connect to computers
i via TTY port.
| No output facilities.

American Multiplex
Systems

I (i) Minimux 200

: (ii) Mux 2000

Analog Devices
Serdex Modules

Base Ten Systems
pDAS

Building monitor- j Twisted pair
, ing 1

i

Production moni-
toring.
Process control,
Laboratory
instrumentation

Pipeline monitor-
ing , inventory
control, labora-
tory data logging

• Aerospace

3 twisted pairs,
150 kilo-Baud,
1 V p-p biphase PCM,
oth?r transmission
media also available

256 contacts
1.6 km

8000 data points
several km

I Contact inputs; only.
A building monitoring
'• system for ait condition-
1 ing & security purposes.

iPull production and pro-
j cess control remote
multiplexing system.

Twisted paii, : expandable in
4.8 kilo-Baud (or upj groups of eight,
to 20 kilo-Baud j 3 km
where line allows), |
ASCII j

Set of modules from which
;remote multiplexing sys-
I terns are configured.

Radio link
PCM transmission

iData acquisition only.

Burr-Brown
Micromux

Industrial Data
: Acquisition

Level 1:
4-wires,
serial ASCII
Level 2:
frequency coded
analog

512 analogs per Data acquisition only
communications I/F,
1.5 km

TABLE 12: Specialized, Stand-alone Remote Multiplexing Systems



(cont.)

COMPANY S PRODUCT

CAE Electronics
Datapath 5

Electronic Modules
Corp.

(i) Mite-Mux

(ii) Dataspan 1000

E.S.I.
CH4000

EyDrid Systems Corp.
DELTAVERTER

IC Engineering
Uniplex 600

IPAC
Series 1500

CONFIGURA-
TION(a)(b)

b
(several

multiplexers)

d

b
(multi-
line)

b
or e

var ious

d

d

TYPICAL
APPLICATIONS

Oil & gas pipe-
lines* power

heavy water
plants

TRANSMISSION
NO. OP PROCESS
POINTS/LENGTH

Vario-s transmission ;
med i a, ]
8 bit cyclic code !

; security

i

!

i
Data acquisition j Analog transmission
in oil refineries :

Analoq transmission

512 analogs
6 km

Central monitor- ] Telephone lines, or 400 parameters
ing and control, j radio,
security monitor- ' 300 baud, j
ing ' FSK, 11 unit TTY

L characters

; 2-wire,
pulse rate modula-

i tion, (analog) ,

Nuclear Power,
electrical sub-
stations, oil
refiner ies

Twinaxial cable,
462 kb.s"1 ,
FSK, 40 bit words,
geometr ic checking,
other transmission
media

Telephone 1ines,
9600 baud,
dedicated wires,
50 kilo-Baud
Cyclic redundancy
check

188 channels per
remote,
255 remotes,
(47,940 max.)
1.6 km

112 analogs per
remote,

; 300 m (dedicated
wires at 50

i

COMMENTS

Data acquisition only i

i

Modules for multiplexing
many signals onto a
single communication \
line-pair.

j Remote data acquisition
and control unit.

TABLE 12: Specialized, Stjnd-alone Remote Multiplexing Systems
(cont.)



(cont.)

COMPANY S. PRODUCT
CONFIGURA-
TION(a)(b)

TYPICAL
APPLICATIONS TRANSMISSION

NO. OP PROCESS
POINTS/LENGTH COMMENTS

PCS
Micropac 80

j b Industrial
I (several j process
! multiplex- ;control
i ers) or
!

Twinaxial cable,
! 1.2 to 80 kilo-Baud
telephone lines,
9.6 kilo-Baud

24 process control j Microprocessor based pro-
modules/remote, ' cess control modules
2.4 km (twinax) I communicating with

I central CPU.

Larse Corp.
SEN and REDE modules

d | Alarm and control j Various transmission unlimited expan-
and others i systems | media, AM tomes, FSK ; sion

I j (1.2 k bit/s), |
33 bit data words i
Larse code checking j

Modules for encoding,
transmitting and
receiving.

(a) letters refer to diagrams in figure 5.

TABLE 12: Specialized, Stand-alone Renote Multiplexing Systems

(concluded)



COMPANY & PRODUCT1

Collins Radio
ATX and Mine Monitor

I.S.I.
In-plant Communications
Information Utility

Mitre Corporation
MITRIX

CONFIGURA-
TION^) (b)

TYPICAL
APPLICATIONS TRANSMISSION

NO. OF PROCESS
POINTS/LENGTH

a Telephone systems Coaxial cable
' Mine monitoring

•

COMMENTS

No applicable process
I/O available. Audio
and video transmission
also available.

Production moni- Coaxial cable (CATV) ' wide bandwidth communi-
torinq, process 260 MH2 bandwidth, cations channel with
control, general f'DM & TDM up to j i some process control
communications 1 megabit/s : I/O facilities.

Wideband communications
channel

en

(a) letters refer to diagrams in figure 5.

TABLE 13: Communications Industry Products Associated with Remote Multiplexing
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