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Chapter 1

_Summary

This report is a compilation of the result of a technical study

on the navigation systems suitable for the water areas of Indonesia,

particularly Lombok-Makassar straits and Malacca-Singapore straits,

and on the way that such systems should be, and alsc a study on the

appropriateness of such systems from the economical point of view.

This report describes the desirableness of newly establishing 6

Decca chains to chiefly cover Lombok-Makassar straits and Malacca-

Singapore straits with high degree of accuracy, and for newly

establishing 3 medium wave radio beacon stations, 10 Ramark stations,

1 radarbeacon station, 10 lighthouses, 5 light beacons and improving
2 lighthouses,l light beacon.

The report also mentions that such

new establishment or improvement is technically feasible.

The total cost of construction of this project is approximately
14,300 million yen or almost 51 million U.S. dollars, which is broken

down as follows:

Number of Amount Amount
Classification | stations {in mil- {in ten Remarks
{ or chains) [lion yen) thousand
U.58.8%)
Decca 6 chians 12,619 4,507
Medium wave
radio beacon 3 stations 130 47
Ramark 11 stations 552 197
Radarbeacon 1 station 42 15
Lighthouse, including
eta. 18 lights 959 342 improvement
of 3 lights
Total 14,302 5,108

The role of an aid to navigation 1s to contribute to the prevention

of marine accidents and the promotion of operational efficiency

of vessels, and, in addition, provide vessels with information on

thelr exact positions at sea which is very useful to the develop-

ment of fishing industry and promotion of ocean development.

1-1




It is extremely difficult, however, to attempt to evaluate

or assess the benefit provided by aids to navigation, in terms
of monetary value. The prevention of marine accidents means
not just the protection of hulls and cargoes, but also the
protection of invaluable human life at sea and the prevention
of environmental destruction by secondary disaster from oil

spillage or other accidents,.

The shortage or inadequateness of aids to navigation is not a
direct cause of marine accident, Or, however perfectly aids
to navigation may be furnished, marine accidents cannot possibly

be eliminated completely.

A marine accldent occurs when various unfavourable conditions
are piled up, such as narrow channels, poor visibility, traffic
congestion, lack of navigational information and artificial
mistakes, The means to remove these unfavourable conditions
should be considered from an overall point of view. The
establishment of an electronic navigation system is considered

an extremely effective measure to cope with these situations.

It is true that navigation systems, electronic navigation systems
in particular, have many important advantages, but it is also
true that they require a great amount of investment. It is
advisable therefore to install such systems gradually according

to the order of priority.

What requires special attention on the assumption of the above
1s that these systems should be operated in good condition, and
an actilve study should be made as to the promotion of standard
of electronic technology, ensuring of proper operation of the
systems and appropriate measures for securing the safety of

navigation.

1-2
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Chapter 2 Recommendations

In promoting the economic growth and building up the national power of a
country, the development of foreign trade is certainly indispensable.

In order to achieve this objective, it is essential to consolidate port
and harbour facilities as well as to furnish a sufficient number of aids
to navigation ﬁo ensure the safety of shipping traffic in or around the

waters of that country.

Indonesia is one of the leading maritime nations in South~East Asian region
and promotion of shipping will contribute greatly to the national economic
development also in Malaysia and Singapore. Of the waters of the three
countries concerned, Malacca/Singapore and Lombok/Makassar straits are
recognized especlally as an important place of marine traffic. In other
words, Malacca/Singapore straits are complicated in sea bottom configu-
ration and a place hard to pass where many kinds of over 50,000 vessels

a year are navigating. The marine traffile in the area concerned has a
tendency to congest increasingly and there will be in danger of occuring

a marine accident. Lombok/Makassar straits have relatively wide channel
for navigation and in the present situation there are not so many vessels
navigating there. However, it is estimated that the amount of navigation
will increase rapidly with the future development of the coastal areas on

the straits.

The required position fixing accuracy level in these sea areas is considered
approximately 50 metres in the most adverse area of Malacca/Singapore

straits and 100 metres to 1/4 miles in Lombok/Makassar straits.

In the present situation of the navigation aids system, the considerable
visual aids to navigation have been established in Malacca/Singapore

straits but they are still insufficient and those in Lombok/Makassar straits
are extremely insufficient. For both sea areas, it 1s required that
additional visual aids to navigation and high accurate electronic navigation

ailds systems be established.
A long-range plan should be prepared taking into consideration the existing

marine traffic situation, economical development and future marine traffic

trend. Each system should be selected on the basis of careful study as to
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its functional application, reliability, economical character,future

possibility and worldwide commonness, ete,

SELECTION OF SEA AREAS TO BE CONSIDERED

(Malacca/Singapore straits)
{Lombok/Makassar straits)

L

S5TUDY OF PRESENT SITUATION ARD FUTURE TREND OF MARINE
TRAFFIC CONDITION AND ENVIRONMENT

Prediction and present situation of marine traffic
Prediction and present situation of marine accident

Present situation of navigation aids

Others

STUDY OF NECESSITY OF NAVIGATION AIDS SYSTEM
SELECTION OF NAVIGATION AIDS SYSTEM
Visual aids

Electronic navigation aids system

Hyperbolic navigation system

1l

NAVIGATION AIDS SYSTEM ESTABLISHMENT PLAN

Other systems

o
ANALYSIS OF FEASIBILITY OF ESTABLISHMENT PLAN

Technical aspect

Economical aspect

After this careful study, the team has prepared the navigational aids system
establishment plan on the basis of the results of the site survey. of

the electronic navigation aids systems, the team has selected the Decca
Navigator system as the suitable hyperbolic navigation system and the

medium wave radio beacon, Ramark and radarbeacon as appropriate electronic

2-2



navigation systems. A plan to furnish these systems and a plan to provide
visual aids to navigation have been put together to produce an overall
programme. In the field of hyperbolic navigation systems, two systems,
Decca and Loran-C, are functionally competitive, so the proposed site survey
was carried out for both systems and a detailed comparative study has been

made in various aspects.

The Decca Navigator system 1s suitable to coastal and narrow channel waters.
On the other hand, however, it is thought that Loran-C suitable for long
range can provide accuracy required for both straits if special consideration
is taken into the transmitting station configuration, etc. Generally
speaking, both svstems have merits and demerits and have no absolute
superiority recognized. When concentrated on Malacca/Singapore and Lombok/
Makassar straits, the Decca Navigator system is more suitable on the
complehensive judgement. The detailed comparative study between both system
is described in 5-1-3.

2=1 Overall programme

2-1-1 Decca chains

The configuration plans for Decca chains have been prepared, laying
special emphasis on the Lombok/Makassar straits and Malacca/Singapore
straits. The reason for this is that these strailts are particularly
important as viewed from the amount of shivping traffic in all areas
of the three littoral countries} Indonesia, Malaysia and Singapore.
Depending upon the progress of the overall development plan of
Indonesia, the establishment of an additional chain would become
necessary to be planned to cover the area from Sunda Strait through to

the Java Sea.

1) Lombok/Makassar straits

Waterways in these straits are fairly wide. The amount of
marine traffic is not very big at the present time as explained
later. However. this wide water area. with hidden reefs. cannot

possibly be covered just by visual aids to navigationm.
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2)

It is considered appropriate to have an electronic navigation
system installed since the rapid development of the coastal
area is éontemplated in the future. In these Straits, it is
not necessarily to have so accurate as in Malacca/Singapore
straits, but the Decca Navigator System is reasonable in view

of a unified system.

In order to cover almost all of the area of these straits with
Decca with adequate degree of accuracy, at least three chains
should be established; Lombok Chain, South Makassar Chain and
North Makassar Chain (all tentative names). A standard Decca
chain is composed normally of four stations, but, for the time
being, a three station system is suggested for the one proposed

as South Makassar Chain.

There are many mountains on the coastal area of these straits,
particularly on the islands like Bali and Lombok and on the west
coast of Sulawesi. Because of this the area connot be said to
be in very satisfactory configuration conditions, and yet the
foregoing plan is considered most appropriate, considering the

required service area.

Malacca/Singapore straits

This is an area situated in the very critical point of navigation
with its complicated sea bottom topography, narrow falrways, many
intersecting waterways where many kinds of vessels are navigating.
The Decca chains for this area, therefore, have been configured,
placing more importance on the accuracy in position-fixing and
considering so as to enable vessels to navigate as far as possible
on a gingle line of position. Consideration has also been given
so that in the event of accldental off-alr at a slave station of

a chain, other pattern or chain is utilised to provide continuous

service.

In order to cover the area from the east of Horsburg Lighthouse
to the west of One Fathom Bank with Decca with required accuracy,
at least three Decca chains should be installed which will
tentatively be called Singapore Stralt Chain, Malacca Strait
South Chaln and Malacca Strait North Chain.

2-4



2-1-2 Medium wave radio beacons

Medium wave radio beacons for marine use cannot provide expected
accuracy. However, all vessels of 1,600 gross tons and upwards
are required, when engaged on international voyages, to be fitted
with radio direction-finding apparatus under the International
Convention on the Safety of Life at Sea, and for these vessels
medium wave radio beacons are an effective system for coastal

navigation because the system can be utllised with simple receivers.

A considerable number of medium wave radio beacons for alrcraft

use' (which are referred to as NDB's) are already in operation.

These stations are using the frequency band adjacent to that of
marine medium wave radio beacons and therefore vessels can also

use NDB's. Many existing NDB stations are situated in the positions
which are available also for marine use. It would therefore be
more economical and effective to use these NDB's as they are, and
egtablish new radio beacon statilons for marine use in other eritical
places. There are many NDB's which are in operation during the
limited time. It would be all the more efficient if all these

stations could provide a 24-hour service.

Incidentally, it is generally known that the International Hydrographic
Bureau has decided in its resolutions to chart the positions of

the radio beacons for aircraft which can also be used by vessels.

In establishing a medium wave radio beacon station, it is adequate
from the viewpoint of maintenance and administration to select a

station site close to an existing lighthouse.

Under these points of view the medium wave radio beacon stations have
been configured as shown in Fig. 5-1-29. The scale of the stations
is rather small and no actual survey was conducted during the recent
survey, but before making final decision on the site, preliminary

survey must be made to find the suitability.



2-1-3

2-1-4

Ramark and radarbeacon

Plans have been made to establish ramark beacons and radarbeacons

as landfall beacons or obstruction beacons. The working frequencies
of marine radar are mostly in the band of 9GHz. It would be
sufficient therefore if the frequencies of these micro-wave beacons
could be made in the band of 9GHz. A tentative plan to installation

of these radio beacons is as shown in Fig. 5-1-29.

Visual aids to navigation

Visual aids to navigation can be utilised by all vessels ranging

from huge vessels to small sailing craft. No special instruments
are required to measure such aids. They are most basic aids to
navigation, requiring no great amount of expenses to install, operate

and maintain.

The number of visual aids for every navigable coastal line in the
area concerned is extremely small except for Singapore Strailt.
There are places where two-point bearings cannot be taken or where
even one-point bearing is unavailable because of the dead angle
produced between the two aids. A table appended hereto shows a
tentative plan for establishing visual ailds to navigation, taking
into consideration the amount of shipping traffic, important
turning points, fishing vessels operation area and area of many

occurrences of marine accidents.

Survey for execution plan

During the recent feasibility study, survey was conducted to find
the technical and economical appropriateness of various systems, and,
through the good offices of the Governments concerned, much fruitful

result could be obtained for a relatively short period.

Before implementing the plan, however, a detailed execution design
survey should be conducted, such as precise position measurment of
the possible sites, radio wave propagation survey at some representa-
tive places, including execution design of buildings and aerial tower,

ete common to each chain.



Frequency plan

The electronic navigation systems proposed in the present report

are Decca, medium wave radio beacons, ramark and radarbeacons.

The frequency bands and frequency allocations by the Radio Regula-

tions annexed to the International Telecommunication Convention

are as shown in the

table below. The frequencies are internationally

allocated and protected.

Frequency Band

110~130 kHz

System Frequency band Remarks
70 ~ 90 kHz
Decca

Medium Wave

Radio Beacon

285~325 kHz

Ramark

9 GHz band

Radarbeacon

9 GHz band

The Loran-C system which has been studied in this report in

parallel with Decca and other systems is indicating the trend of
being used for coastal navigation in recent years, but this system

was originally developed as a long range navigation system and is

using the frequency band secured for that purpose.

Table of frequency allocations

Frequency band

Region (kHz) By type of business
Maritime mobille
70 - 90 Radionavigation 162
3 Fixed
90 - 110 Maritime mobile

Radlonavigation 166,167

2-7




Fixed
Maritime mobile.

110 - 130 Radionavigation 162, 167, 168
and 170
Fixed
160 - 200 Aeronautical radionavigation
3
200 - 285 Aeronautical radionavigation

Aeronautical mobile

Maritime radionavigation
285 - 315 {(radiobeacons)
Aeronautical radionavigation

Maritime radionavigation
315 - 325 {(radicbeacons)}
Aeronautical radionavigation

Aeronautical radionavigation

325 - 405 Aeronautical mobille

Radionavigation

405 ~ 415 Aeronautical mobile

Remarks:
162
166

Limited to continuous wave systems.

The development and operation of long distance radio-
navigation systems are authorized in this band, which
will become exclusively allecated, wholly or in part,
to the radionavigation service for the use of any one
such system as soon as 1t is internationally adopted.
Other considerations being equal, preference should be
glven to the system requiring the minimum bandwidth for
world-wide service and causing the least harmful inter-
ference to other services. If a pulse radionavigation
system 1s employed, the pulse emissions shall neverthe-
less be confined within the band %0 - 110 kHz and shall

not cause harmful interference outside the band to stations

2-8



operating in accordance with the Regulations. In Regions
1 and 3, during the period prior to the international
adoption of any long distance radionavigation system,

the subject to agreements between administrations whose
services, operating in accordance with the Table, may be
affected. Onée established under such agreements,
radionavigation stations shall be protected from harmful

interference.

167 Only classes Al or F1, A4 or F4 emissions are authorized
in the band 90 - 160 kHz for stations of the fixed service
and in the band 110 -~ 160 kHz for stations of the maritime
mobile service. Exceptiovnally, class A7J emissions are
also authorized in the band 110 - 160 kHz for stations of

the maritime mobile service.

168 Aeronautical stations may use frequencles in the bands
110-112 kHz, 115 - 126 kHz and 129 - 130 kHz on a
permitted basis for high-speed communications to aircraft.

170 In the tands 112 - 117,.6 kHz and 126 - 129 kHz, the
radio-navigation service is the primary service and the
fixed and maritime mobile services are secondary services,

except in Japan and Pakistan.

Execution plan

In implementing this plan, conslderation should be given to a
gradual furnishing of the systems according to the degree of urgency
and consulting with the budgetary limitations. It is advisable

to follow fhe tentative plan indicated in the attached Table 5-6-2.

It is also suggested that contracts with the suppliers of equipment
be made in bulk by the turn-key system, thereby expediting the work
of construction and clarifying where the responsibility for the

work lies.
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Administration plan

In order to enable the systems to give full play to their functions,
it is essential to have good administration of them. In the

case of the Decca Navigator system for Malacca/Singapore straits

in particular, the system is spread over the three littoral countries,
and it would be desirable to have a technical agreement of mutual
operation and maintenance concluded among the countries concerned.

It would be very useful in promoting smooth operation and mutual
understanding among the stations to make direct communications

possible among these stations.

It would be also important to establish an administrative organi-
sation within each country and for each system it would be required
to carry out In good order the preparation of operation and main-
tenance, rule making of technical regulations, logistic support
system, establishment of back-up organisation, personnel training

programme, system evaluation plan and guidance of users.

It is also important to notlfy each vessel of such information as
the system mulfunction, but the method should be discussed with

the international navigational warning system.

Charts

The three coastal states; Indonesia, Malaysia and Singapore have,
in co-operation with Japan, initiated a project to prepare common
Datum charts. Decca charts should also be prepared on the basis

of the common Datum charts.
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Introduction

Purpose of the survey

The purpose of the present survey is to select the integrated
navigation system most suitable for the waters of Indonesia,
Malaysia and Singapore particularly of Lombok/Makassar straits
and Malacca/Singapore straits, and to study the appropriate-
ness of such systems from the technical and economical point
of view, and to prepare an overall improvement programme on

the basis of such study.

Progress of the survey

In compliance with a request from the Republic of Indonesia

to conduct a feasibility study related to the improvement of
electronic navigation systems in Indonesian waters, the Govern-—
ment of Japan organised a survey team with the Japan Inter-
national Co-operation Agency (JICA) as the executive organ
conducted a preliminary survey for 27 days from February

1976 and a regular survey for 117 days from October, 1976.

The envisaged navigation systems in the Malacca/Singapore
stralts area involve the three 1llttoral countries - the
Republic of Indonesia, Malaysia and the Republic of Singapore,
and it therefore became necessary to conduct syrvey in these

three countries under their agreement,

Policy of the survey

This survey was carried out in 1line with the Scope of Work
agreed upon at the time of the preliminary survey, This
survey consisted of the field survey and the work in Japan.

In the field survey, survey was conducted on the present state
of shipping traffic and navigation systems, the selection of
possible sites for systems, the measurement of radio noise and
other matters necessary for the construction of the systems

and for the operation and maintenence programme.
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In the work in Japan the requirements for the navigation
systems applicalbe in the various sea areas concerned were

on the basis of results of the field survey, the most suitable
systems were selected, the configuration plan, construction
plan and administration plan were prepared, and estimated costs
were calculated, A study was also made on the economic
feasibility of the present project. The actual survey was
conducted chiefly in the Lombok/Makassar and Malacca/Singapore

stralts area,.

Formation of the survey team and the work in the team's charge

In order to conduct the survey effectively, the survey team
was divided into four groups of A,B,C and D, and to each group

wag agsigned work to perform.

Group A 4 members Hyperbolice Lombok/
navigation Makassar
systems straits

Group B 4 members Hyperbolic Malacca/
navigation Singapore
systems gtraits

Group C 3 members Visual alds and electronic

navigation systems
Group D 2 members Transport and economy
The members of the survey team are as follows:

Organisation to which

_Group: —Name: the member belongs
Head of
Maritime Safety Agency
the Team Shigeyoshi Toyofuku Headquarters, Tokyo
B Yoshio Nawa Maritime Safety Agency
Hqs, Tokyo
c Shyojl Kaneko Maritime Safety Agency
Hgs, Tokyo
c Akiyoshi Arai Maritime Safety Agency
Hgs, Tokyo
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Yoshio Tanimoto

Masamitsu Kobayashi

Makoto Washizu

Terutaka Terakado
Hidenobu Morohashi

]
Yoshio Horile
Makoto Nikaido

Eiichi Sato

Wataru Ohashi

Nobuwaka Yamakawa

Hiroshi Tsukada

7th Regional Maritime
Safety Hgs.

4th Regional Maritime
Safety Hgs.

Ministry of Transport

Ministry of Posts &
Telecommunications

Ministry of Posts &
Telecommunicationz

Cona Co., Ltd.
Cona Co., Ltd,.

Oki Electronic Ind.
Co., Ltd.

Fujitsu Limited,

Pacific Consultant
International Ltd.

Japan International
Co-operation Agency

3-5 Itinerary of the survey
An outline of the itinerary of the survey of each group was
as follows:
Group Oct 76 Nov bec Jan 77 Feb 77 Number of days
A 96 days
B I 117 days
¢ t ) 66 days
D —f——=— 30 days
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Co-operation of the Government concerned

The Governments of the Republic of Indonesia, Malaysia and

the Rebublic of Singapore kindly extended to the Japanese
survey team very efficient and friendly co~operation throughout
the term's survey and contributed to the success of the

survey, under the sympathetlic and zealous understanding of the

mission of the team.
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Chapter 4§ Navigation alds systems

It is one of the basic requirements for vessels in general, while navi-
gating, to find their positions at sea, in order to ensure safe and efficient
navigation. Shapes and lights have long been used as alds to navigation of
vessels and will no doubt continue to be very useful in the future. It is,
however, true that there are certain functional limitations to these visual
aids. The range normally covered by light is no better than 30 nautical
miles, and in time of poor visibility the light cannot be sighted even from
a short distance. It is for this reason that from olden times a great

number of vessels have lost thelr courses and met with accidents and disasters.

It is only 50 odd years since radio waves were utilised to cope with the
situation as aids to marine navigation, during which peried electronic
technology has made quite a remarkable advance, introducing and putting
into practical use various new systems one after another. The hyperbolic
navigation systems that were developed in the 1940's made it possible

for vessels to find their positions with high accuracy. It was indeed
great strides from the system by means of direction finding with relatively
big errors.

The greatest advantage of the navigation systems using radio waves is that
‘they can be utilised at all times even at a long distance without

sight of land or in poor visibility. With a rapid increase in the amount
of shipping traffic incidental to the worldwide economic development in
recent years, varlous types of new systems are developed as occasion demands
and put into practical use. At the International Meeting on Marine Radio
Aids to Navigation 1946 London, a tentative criteria was indicated, with
international agreement classifying such systems into the following three
groups; those to be used for ocean, those for coastal waters and those for

port and harbour areas.
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Function

Ald to ocean
navigation

Aid to
approaching
coastal
navigation
and port
approach

Ald to
harbor
entrance

General order Distance
of depth of from near-
Water est danger
Over 100 Over 50
fathoms miles
20-100 Between 50
fathoms miles and
3 miles
Up to 20 Less than
fathoms 3 miles

Order of Order of time
accuracy available to
required obtain position

+ 1 percent
of distance
from danger

+ 1/2 mile to
+ 200 yards

+ 50 yards

15 minutes

5 minutes to
1/2 minute

Instantaneous
position and
track required

The ocean area lies far distant from shore and is therefore almost free

from hidden reefs and other obstacles.

However, such area, of course,

needs navigation systems to ensure safe navigation of vessel, which systems

are in fact contributing greatly to the improvement and promotion of opera-

tional efficiency of the vessels, by informing them of the most economical

course to follow.

In normal cases errors of 2 to 3 nautical miles in

position-fixing are no serious problems in the navigation in the ocean.

There 1s no need for continuous position fixing either.

As electronic navigation systems that have hitherto been used in the ocean,

Loran A and Loran C have been playing a major role, but in recent years

the Omega Navigation system has been developed and put into practiecal use

as a worldwide system.

a major role as system to be used in the open sea.

been a tendency that users are shifting from Loran to Omega.

For some time to come, the Omega system will play
There has already

There 1s a system comparable to Omega, which utilises artificial satellites

system.

system of this type in practical use.

At the present time NNSS of the United States Navy 1is the only
However, NNSS would rather be used

to reinforce other systems because the time interval between measurements

is too long for ordinary navigational purposes, especially in low latitude

area,

It will take some years before satellite navigation system which

will have shorter time interval between measurements, 1s put to practical use.
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Coastal waters are areas which include water routes from the ocean to ports,
from ports to the ocean, or from ports to ports along the coast line and

are usually congested with vessels, large and small. The accuracy in
position-fixing, which is required for these waters is less than half nautical
mile or even a few hundreds of metres depending upon the circumstances, and

in addition, position-fixing should be carried out as frequently as possible.

Navigation systems for use in coastal waters include medium wave radio beacon,
Decca Navigator and a few other systems. In the United States, it has
recently been announced that the Loran C system which used to be for the
ocean and chiefly for military use would now be used to cover coastal waters
of the United States while the ocean would be covered by the Omega system.

In order to make Loran C avallable for general users, efforts have been made
to reduce the prices of the receivers. Studies are being made in the United
States also on a possible use of this system in ports and harbours and

narrow channels.

The Decca Navigator system, on the other hand, has been originally utilised
for coastal waters and has proved its utility in ports, harbours and narrow
channels. This system is used in almost all area of Europe and gradually
spreading to many other areas of the world. It 1s of course desirable
from the users'point of view to have a unified system for coastal water

use all over the world, but unfortunately it will not be possible to have

such system for sometime to come.

With respect to medium wave radio beacons for marine use, the International
Convention for the Safety of Life at Sea, 1948 stipulates that all vessels
of 1,600 gross tons and upwards, when engaged on international voyages,

are required to be fitted with radio direction-finding apparatus. The
Convention also requires each Contracting Government to arrange for the
establishment and maintenance of alds to navigation including radio beacons
and electronic aids as the volume of traffic 1s considered to justify.
Partly because these beacons can be utilised even with relatively simple
equipment, there are more than 700 beacon stations currently in operation

around the world.
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Ports and harbours and narrow channels are areas where conditions of
navigation are most stringent, with the hidden reefs, shoals, bends and a
great number of large and small vessels. Most of the marine accildents
occur in these water areas. There is also a danger of secondary desaster
by oil spillage. The accuracy of position-fixing in these waters should

be within several tens of metres and vosition-fixing should be made continously.

Systems in practical use under these conditions include the foregoing
Decca Navigator system and the harbour radar system which provides vessels
with information on the movements of vessels, from ashore.

There are also ramark and radar beacon systems; the former being a system
to indicate the bearing of a prominent place on the shipborne radar screen

and the latter to display the positions of obstacles to shipping traffic.

What is usually required of a modern port is the consolidation and furnishing
of wharfs, loading and unloading facilities, warehouses and transportation
facilities, but it is the furnishing of navigation systems that counts most,

to ensure safe passage of vessels to and from such port.

A typical example of this can be seen in the No.l port of the world,
Europoort, the Nethlands. This port adopts a unique configuration of the
Decca Navigator system to cope with the approaches restricted and bended
fairways to the port, and vessels equip themselves with Decca receivers with
 simple Brown Box attached, to detect deviation from their course. In
addition. there are radar stations to watch the movements of vessels at all
times. Pilots on board keep contact with these radar stations to ensure
safe navigation of the vessels thev pilot. There are of course well
furnished lighthouses and also leading lights at critical points to show
fairways to the port. The adept combination of these varilous types of alds
to navigation has contributed immensely to making the port a safest and

greatest port of the world.

Thus, there is a bilg difference in the accuracy required by vessels in
position-fixing according to the object of navigation and environmental
conditions, and in selecting a suitable navigation syatem, careful study
should be made of any systems needed by vessels on the functions, univer-
sality, future possibility, reliability and overall economical character
of such system. In addition, the establishment of a system should be

planned on the basis of a long term view as & part of the national policy.
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Chapter 5 Establishment of electronic navigation systems

5-1 System design

5-1-1 Criteria for selecting electronic navigation aid system

e

(1) Matters to be considered in the selection of a system

Major requirementsto be considered in selecting optimum elec—

tronic navigation systems are generally as follows:

1)

2)

The system should be of universelity

The users of such system are vessels navigating in waters

of the world. The safety and effectiveness of navigation,
using such system, have been appreciated and selected
historically by the users across the world. A comparative
study should also be made on the situation in which such
system in being used, i.e. in what country 1s such system
being used? . Who 1s operating and maintaining such system?
What about servicing for the system and who are the users of
the system? Besides, it would be necessary to foresee the

future trend.

The system should have superior performance

Under the due consideration of the waters in question, the
required performance of the system should be defined by the
type, tonnage and size of the vessels using it and the
navigable width of the channels they are using, and then the
optimum system for the waters should be selected to meet

the requirements.

a) Capability of obtaining the required accuracy in
position fixing

The accuracy required in the sea area in question
should be established in the first place. Then the
accuracy of each system should be calculated theo-
retically and compared with that of other systems.

The factors to influence the accuracy are roughly
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b)

c)

divided into the following three groups:

1) Those by the performance of transmitting equip-

ment

1i) Those by propagation paths of radio wave

111) Those by the performance of receiver

These factors should be considered collectively to
find out a system which could provide the required

absolute accuracy and repeatability,

Capability of obtaining required and sufficient

service area

There is naturally a limitation in the effective area
of propagation of radio wave. The service area

changes with the way of propagation of the radio wave
which the system in question is utilising, with fre-

quencies, transmission output and type of transmission,

It 1s of course desirable that the system can cover _
wide service area, providing users with high degree
of aceuracy in position-fixing, but the general
objective 1s to obtain required accuracy in the re-

quired sea area.

High reliability and easy maintenance

However high the accuracy a system could provide
theoretically may be, such system would be insignifi-
cant in practical use if it cannnot provide stable
service at all times. Most of the factors that would
affect the stability of a system are envirommental
conditions of the equipment and fluctuations in the
state of radioc wave propagation. The fluctuations
are particularly severe in the tropical zone and this

must be carefully studied in considering the reli-
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ability of a system, It is also necessary to make a
comparative study of the effect on the system by a
trouble in the equipment and the easiness or difficulty

in taking counter-measures therefor.

3) The facility should be economical

In considering the relative difficulty of the effect
and method of investment, comparison should be made
on the capital cost and operation/maintenance (0/M)
cost of the transmission side (shore facilities) and
the capital cost and 0/M cost of the recelving side
(shipborne equipment). In a system widely spread in
the world, users are already equipped with receivers
for such system, and therefore once the equipment on
the transmitting side 1s completed, the system will

be used by many vessels.

(2) Required accuracy for position-fixing

In (1) 2) a) above reference was made to the required accuracy
in position fixing of vessels, but what would the actual

value be?

The required accuracy in position-fixing varies with the area;
Whether it 1s a narrow channel, coastal waters or wide sea

area.

In 1946 the International Meeting on Radio Aids to Marine
Navigation was held in London and at this meeting the
following criteria of the requirements for electronic

navigation systems for marine use were indicated:
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Requirements for electronic aids to navigation

entering port

1 Shortest Required Time re-
Distance Functions distance acgurac quired for
. to obstacle ¥ position-fix
Long Aids to navigation | 50 nautical + 12 Within
distance | in outer sea miles or oven - 15 minutes
Alds to navigation + 1 n.m
gidt:m e in the approach to | 50 3 n.m. or 200 ;/gi;into
stanc land or port metres
) Aids to navigation
Short in port and harbour; + 50
distance { or at the time of Within 3 n.m metres Instantly

For the first time the criteria were clearly

classifying electronic navigation systems by

usages.

established for
thelir different

In the following paragraphs a few remarks will be made

about the required accuracy in a narrow channel where require-

ments are most strict.

1) The sketch below 1llustrates the case where a vessel

navigating in Waterway (1) is driven out by wind and

current to Position (2) and there the vessel takes notice

of the deviation in the course and tries to shift the helm.

The helm, however, does not work immediately, and after

certain seconds, the helm now works and the vessel starts

to manoeuvre at Position (3), resuming its original

course.

Navigation in fairway

/////'// ////////////"//'/

Wb

54

SRR AU

$Nl Qentral line of
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2)

The required width of the waterway in this case 1s ex-
pressed by the following formula:

W= Z(Wl + w2 + WS) + Wy + 2(w1' + wz' + W3') + Wb' + WS-
cesanees (1)

Where W = Width of waterway

Wis Wl' = Required accuracy indicated by
probability of 95% wvalue

(' indicates cases of huge vessels)

Wy, W,' = Ranges of delay according to the
manoeuvrability of a vessel

Wq, W3' = Amount of kick at the vessel's
turning

Ir

Wp» Wp' = Bank clearance

Ws = Ship clearance

In a narrow channel, when wind velocity {(V,), tidal current
(Ve), manoeuvrability (T), breadth of the vessel (B) and
wind pressure co-efficient (C) are taken into consideration
in the above formula, the formula in the case of one way
traffic will be:

W=2 {Wl + (CVg + V)T + O.QB} + 1.8B s.vveinnees (2)

Suppose a tanker of 200,000 tons transits a narrow chanmnel,
and V3 = 20 m/s, Vo = 0.5 m/s, T = 2005, B=50m, W=
1,000 m and C = 0.06, and then the required accuracy should
be

Wl = 70 metres

This appears to be quite logical, but is nothing but a
tentative plan.

There are several elements for determining the reduced
scales of a chart, and vessel position-fix entry error

is one of them. The scale of the Japanese chart of
Singapore Strait was decided to be 1/50,000 after consul~
tation with-old-timer shipmasters of the Japan Captains’
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3)

Assoclation., A position-fix error of lmm on the chart
would be 50 metres in actual error. This value is con-

sldered to be the minimum value of the required accuracy.

Apart from the foregoing, Japanese captains were once
asked about the accuracy they considered necessary in
transiting the Strait of Singapore, and they answered the
accuracy should be something similar to the breadth of

the vessel. The breadth of a 200,000 ton-class vessel is
approximately 50 m. This appears to be an unscientific
value, relying just wpon the "hunch" of the old-timer
shipmasters, but the hunch of the well experienced captains

is considered to be considerably reliable in most cases.

The report {1974 No.12) prepared by the International

011 Tanker Committee (IOTC) cites an example of navigation
in Rotterdam traffic route, in which the maximum diver-
gence in the ship's position against the route axis proved
to be almost -equal to the breadth of the vessel, 1i.e.
approximately 50 metres in the case of a 200,000 ton

vessel,

Here is another way of expressing the hunch of the experi-
enced captains. When they were asked a question about
the required accuracy for position-fixing in the event of
the separation scheme being established, they answered
that when they would be alone in the route, the accuracy
should be 1/4 of the width of the route and when more
than one vessel would be present in the route, then the
accuracy should be 1/10 of the route width. The above-
mentioned international organisation IOTC expresses the
required accuracy the other way around; the minimum width
of the separation route should be four times the breadth

of the vessel.
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From all the above 1deas, 1t can be considered that the
accuracy in fixing vessels positions in a narrow channel

should be something around 50 m.

Incidentally, the repeatable accuracy required by a
fishing vessel dragging a fishing net is said to be 50 m
to 100 m, although this accuracy is slightly different

in meaning from the accuracy discussed above.

Accoding to the captains, a quarter of a nautical mile
would be quite enough for the accuracy in position-fixing
in a relatively wide sea area such as in Lombok and

Makassar straits.
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5-1~2 Selection of hyperbolic electronic navigation systems

(1) Introduction

The hyperbolic electronic navigation systems which are con-
sidered applicable in the area in question are the Decca
Navigator system and the Loran C system. 1In this section is

made a comparative study of these two systems.

(2) Principles of hyperbolic navigation and comparison of systems

The principles of hyperbolic navigation and the two represen-
tative systems of hyperbolic navigation, Decca and Loran C and
comparlson between these two systems are described in detail

in 5-1-3.

{(3) Errors

It is a usual practice to evaluate errors of these systems in
the form of circular errors just for the sake of convenience.

In this section an analysis has been made on errors of both
Dececa and Loran C, using computer in accordance with thé method
of analysis described in Chapter 2 of Appendix A. The result
of the analysis i1s as shown in Fig. 5-1-1 through Fig. 5-1-4 for
the Decca system and Fig. 5-1-5 and Fig. 5-1-6 for the Loran C

system.

(4) Redundancy of the system

Normally, a Decca chain is so designed that it will cover accu-
rately a small area, For this reason, redundancy is somewhat
added with regard to the configulation of the chain. For example,
in the event of an off-alr in one of the Singapore stations as
shown in Fig., 5-1-10 through Fig. 5~1-12 consideration is taken so
as not to stop the whole service although it will degrade to some
extent the positioning accuracy. In the transitional area
between the Decca stations in Malacca Strait, both Decca chains

can be used.
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5-1-3

Comparison between Decca and Loran-C

The Loran-C system is an electronic navigation aids system suitable
for covering a large area with medium accuracy and the Decca system
covering a relatively small area with high accuracy. The Loran-C
system has developed for the purpose of extending the coverage of
Loran-A system. Almost all Loran-C stations in the world have

been established and operated by the United States Coast Guard.

Recently, the U.S.C.G. has decided to adopt the Loran-C system as
the navigation aids system for the coastal confluence zone of the
U.S. under the National Plan (Federal Register Doc. 74-16557), and

discontinue the operation of Loran-A stations.

They had compared several systems for their suitability to high
accuraéy coastal navigation aids system. Those systems were Loran-C,
Decca and Differential Omega. Loran-C was chosen mainly because
there were economic advantages gained by a minimum number of trans-
mitting statlons to cover the entire US coast line. Decca was the
2nd choice and the 3rd system studied namely Differential Omega
obtained only a small support. Loran-A was excluded because of

its lack of accuracy.

In the past, the Loran-C system was not a preferable navigation
system for commercial use because of high price of the receivers,
ete. However, the U.S.C,G. had made great deal of effort to cut
down the cost of Loran-C receiver and to stabilize the performance
of transmitting equipments. As the result, the Loran-C system

became to satisfy the requirements for the purpose.

In selecting a hyperbolic navigation system suitable for Malacca/
Singapore and Lombok/Makassar straits, it was concluded that both
of the Loran-C system and Decca Navigator system should be studied
here as the candidate systems 1n recognition of its performance
and all circumstances in recent years. Therefore, the proposed

site survey was conducted for both systems.

The following is a comparison between the two systems in various



points of view such as performance, reliability, universal char-

acter, economical efficiency, future possibility, etc:

(1)

(2)

(3)

(4)

(5)

It is thought that both systems will be able to provide the
accuracy required in Malacca/Singapore and Lombok/Makassar
straits if special consideration is given to those configu-

rations.

In the case of a general configuration, Loran-C has the
abllity to cover a large area (For example, all of the Indo-
neslan, Malaysian and Singapore waters), and Decca has the
ability to cover relatively small area (For example, Malacca/
Singapore and Lombok/Makassar strait waters) but with a higher

accuracy.

When we consider the construction cost and 0/M cost with the
coverage area, Loran-C will have an advantage compared with
Decca. But when we concentrate our eye on a required small
area, Decca will: have the advantage. The value of the addi-
tional coverage outside the area of the Straits provided by
Loran~C is worthwhile. But it is the worldwlde trend to use

the Omega system for the ocean navigation.

It would be possible to configurate the Loran-C stations

(For example, establishing many shortened base-line chains,
the so-called minor chains) to obtain nearly the same accuracy
as Decca In a certain small area such as a narrow channel,

but the construction and O/M costs would be increased and

there would increase the risk of cross rate interference.

In a general concept, the service area of Decca is smaller
than that of Loran-C. This means Decca will need to construct
more stations than in the case of Loran~C. However, taking
another point of view, the Decca configuration has a redun-
duncy advantage, that is, a failure of a slave station would
reduce the overall coverage but by a small amount and still

provide fixing coverage of a lower accuracy. With regard to
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the Decca chailn construction schedule, it is possible to

establish this in stages according to chain priority. In

other words, it i1s possible to invest in stages and, therefore,

it 18 easier than Loran-C to make a construction plan.

(6)

systems of high accuracy.

Certainly, Loran-C and Decca are two coastal navigation

However, considering the expansioh

of Decca chalns and Loran-C chains and the number of users

throughout the world, the Decca System will be more practical.

(7)

system have merits and demerits and there is no absolute supe-

riority in them.

Comparative tables between two systems are as follows.

Decca system should be recommended.

1) Universal character

However, a comprehensive study shows the

Comparative item

Decca

Loran-C

Time of when put in
practical use

Developed in World War
IT and introduced in
1946 as a civil navi-
gational aid.

Practically used from
1956 as a military
system,

Operating states

Number of countries
operating

Number of chains in
operation

22 countries

42 chains
(8 new chains are under
construction in 4
countries)

2 countries

14 chains
{2 chains of U.S.S5.R.
are not opened to
public)

Number of commercial
type receivers in
use

23,000 sets approx.

3,500 sets approx.

Users of the system

Passenger ships, freight
ships, tankers, fishing
vessels and so on.

Passenger ships, freight
ships, tankers, fishing

vessels and so on.

Expansion of the
system
(1972 - 1976)

14 chains

4 chains
( 5 chains opened )
1l chain closed

'5-11
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2)

Specifications and dimensions

Comparative item

Decca

Loran~C

General

Mode of propagation
Frequencies

Band width

Type of modulation

Radlation power

Ground wave
70~130 KHz
10 Hz

Continuous wave
multi-pulse

200 w (nominal)}

Ground wave
100 KHz
20 KHz

Pulse

400 kw (nominal)~ 1 Mw

Transmitting
equipnent

Transmitter output

Cooling system

1.2 kw
Natural air-cooling

570 kw~1.5 Mw

Forced water-cooling

Transmitting Aerial

Type
Height

Earth system

Umbrella aerial sup-
ported by guyed tower

110 m

Buried radial earthing
(approx.100m in radius)

Umbrella aerial sup-
ported by guyed tower

190 m

Buried radial earthing
(approx.100m in radius)

Receilver

Single superheterodyne
linear amplification
4 channel system

Mostly hard limiting
amplification 1 channel
time shared system

Configuration of
system

Suitable to cover a
small area such as
narrow channel with
high accuracy since
the short base~line is
at the advantage in
principle.

Suitable to cover a
large area with a long
base~line.
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3

System error

Comparative item

Decca

Loran-C

Effect of propa-
gation path

Decca 18 less affected when
the electric constants(€,s)
of propagation path change,
because of a small service
area and, therefore, the
error is small.

The absolute error based on
change of secondary phase
factor can be diminished to
neglectable degree by carry-
ing out correction at a
monltor station because of
short propagation path,

Loran—-C 1s largely affected
as compared with Decca when
the electric constants(g,o)
of propagation path change,
because of a large service
area and, therefore, the
error is big.

Because of a long propaga-—
tion path, Loran-C is largely
affected by variation of
electric constants in mixed
path of land and sea, and

it 1s difficult to provide
proper ECD over coverage
area with data from limfted
monitor stations and re-
sults in incorrect cycle
identification giving larger
error.

Skywave effect

Skywave effect is unavoida-
ble during the nighttime at
the point of more than a
certain distance from the
station.

This system can eliminate
skywave effect in medium
distance. Theoretically,
this system is never bothered
by skywave, but in practice
the capability of the Loran-
C receiver's ground/skywave
identification range can be
greatly reduced according to
the characteristics of trana-
mission paths,

Resolution on
base line

4.1m (red pattern)

5.5m (green pattern) 15m
3.5m (purple pattern)
Effect by noise
(Band width) {narrow) (wide)
Impulsive noise Small Large

Inductive noise

Interference
between chains

Scarcely affected

Not exist

Badly affected

Exist (especially at night)
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(4) Reliability

Comparative item

Decca

Loran—-C

Reliability of
transmlitting

equipment

Off-air hours
by failure

Wave~-form dis-
tortion of
radiation
power

Others

Less than 10 minutes

annually according to
the Decca chain fileld
data throughtout the

world.

No problem because
of continuous-wave

Multi-module system
is adapted and in the
event of failure in
one of them, the
off-air does not
occur,

More than 7 hours annually
according to the Loran-C
chain field data in
Europe.

Because a constant, Q,etc.
in the aerial system
changes according to change
of weather conditions,
which is difficult to be
conpensated fully, dis-
tortion in the wave-form
occurs and, therefore the
arror 1s caused by this,

Because of pulse trans-
mission system it is
difficult to adapt the
multi-module system,

Rellablility of
receiving
equipment

Specifications
of receiver

Standardised by the
specifications of
the Decca Navigator
Company throughout
the world,

Because lack of stand-
ardised gpecifications,
accuracy is different
between receivers.
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5) Economical efficiency

Comparative item Decca Loran~-C
Transmitting
equipment
General Construction and main- Because large coverage area
discussion tenance cost per station can be obtained with less
of the Decca system 1is number of the stations, in
much lower than that of the event that the large
the Loran-C system, and coverage area is required,
in the case of a system Loran~C is more economical
to cover relatively a than Decca.
small area, Decca is
more economical than
Loran-C.

Expenses

Suppose 23 Decca stations or 9 Loran-C stations will be established
in Malacca/Singapore and Lombok/Makassar straits, the ratio of
total cost of transmitting equipment (facilities cost + 10 year
operation/maintenance cost) will be as follows:

Total cost 575 720 (720/575 = 1.25)
Facilities 13 40
cost/St.
10 year 0/M 12 40
cost/St,
Total cost/St. 25 80
Receiver
Price Economical type:
72 /year as High-class type (recelver
a rental value for military use):
$20,000 ~ 100,000
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5~1-4 Medium wave radio beacon

(1) Its importance and role

Medium wave radio beacon is one of the aids to navigation
sultable for coastal use. It has an advantage that relatively
accurate bearings can be obtained by this beacon for longer
ranges than visual aids as well as even under the poor
vigibility conditions.

The importance, role and requirements of the medium wave
radio beacon are similar to those of the visual alds, but
the conditions under which this type of beacon should be
established are as follows:

1) There are many medium wave radlio beacon stations for air-
crafc use (NDB's) in the areas concerned, Vessels can
utilise the service provided by these stations. These
NDB's should therefore be properly charted and also listed
in the Light List or list of Radio Signal Stations.

This is clearly indicated in the International Hydrographic
Bureau (THB) Technical Resolutions B37 and E6.

2) The existing radio beacon stations for aircraft use which
are located in the places vital also for marine traffic
should advisably be made to provide a 24 hour service
and made available to vessels navigating in the area at

all times.

3) Medium wave radio beacen stations should be established
in the approaches to the straits or important turning
points to enable vessels to take two points bearings,
while taking into consideration the types of vessel
and peculilarity of the area.
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4) A medium wave radio beacon station shall be installed
in the proximity of an existing lighthouse. It would

' thus be convenient for the maintenance and operation.

5-1-5 Ramark

Ramark is a radio navigation ald to indicate the direction of
its station by a bright dash line on the shipborne radar PPI
{(plan position indicator). It is advisable to install this
éystem in an existing lighthouse where personnel and electric
power are available for operating this system. During the
recent field survey, the survey team could not hear comments
from radar-fitted vessels and obtain photographs of radar
images and other data. Efforts will be made to continue study
of this system in the future,

5-1-6 Radarbeacons

Radarbeacon is a radio navigation aid by which a vessel fitted
with radar can find its position on PPI, The purpose of this
station 18 to indicate hazard, a small land or rock which are

the useful target for navigatilon. The conditions under which
this type of system should be installed are quite gimilar

to the Ramark mentioned above.

5-1-7 Configuration plan

(1) Introduction

The following principles have been taken into consideration
in making the configuration plan:

a) For the sea area in the offing where two point
bearings are unavallable by visual aids to navigation,
medium wave radio beacons should be installed so that

bearings may be found by inexpensive recelvers.
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b) The frequencies of the existing air beacons are
close to those of marine medium wave radic beacons
and because of this they can be utilised by vessels
as well, Therefore, medium wave radio beacons

should be established for marine use.

The configuration plan as shown in Fig. 5~1-7 has been

prepared on the basis of the above consideration.

It would involve many economical problems to implement all
the foregoing plans at a stroke. The plans should be more
advisably put in practice gradually, keeping in perfect step
with and a little ahead of the progress in marine and air

transportation and fishing industries.

(2) Configuration of the Decca system

1) Planned Decca chalns

The configuration of the Decca chains to be recommended

ié as shown in the following table:
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Table 5-1

Decca chains to be recommended

Name of chain Type of Name of place Latitude Longitude
station
Lombok Strait Master Karangasem 08 29s 115 15E
Chain Red slave Tg. Luar 08 478 116 29E
Green slave | Kangean 07 118 115 52E
Purple slave| Grajagan 08 -~ 33§ 114 - 13E
or Petaju 08 - 495 115 - 06E
South Makassar Master Pare Pare 03 - 588 119 38E
Chain Red slave | Takalar 05 - 255 | 119 - 25E
Green slave | Majene 03 - 335 118 ~ 57E
North Makassar Master Siboang 00 32N 119 52E
Chain Red slave | Buol 01 - 10N | 121 - 26E
Green slave | Tg.Mangkalihat | 01 - OON 118 - 58E
Purple slave| Donggala 00 39s 119 43E
Singapore Strait| Master P. Tekong 01 - 25.1N} 104 - 04.9E
Chain Red slave | Rimba Terjun | Ol - 30.2N| 103 - 27.1E
Green slave | P. Mas 00 - 53.0N| 103 ~ 46.2E
Purple slave | Telukdalam 01 - 09.98 | 104 ~ 34.9E
Malacca Strait Master Sungal Aiam 01 - 27.28; 102 09.2E
South Chain Red slave | Selat Panjang | OL - 02.4N | 102 — 45.2E
Green slave | Bukit Kangkar 02 10.7N | 102 331.7E
Purple slave | Tg. Punak 02 - 06.2N | 101 - 41.0E
Malacca Strait Master Morib 02 - 44,6N | 101 - 27,7E
North Chain Red slave Ujong Permatang| 03 - 23.7N | 101 - 15.2E
Green slave | Sinaboi 02 14,2N | 100 ~ 59.7E
Purple slave | Batu Tengah 02 20.7N | 102 04.2F

The configuration of each chain for Mallaca/Singapore Straits,

where busy traffic is involved, has been so planned that even

in the event of off-air in one of slave stations, the

5-19




functions of the whole chain would still be available as shown

in Figures 5-1-10 through 5-1-12,

2) Error of each Decca chain

Error figures calculated in accordance with the method of
analysis described in Chapter 2 of Appendix A are listed
as shown in Table 5-2, As shown in Fig. 5-1-8A and
Fig. 5-1-9A is digitalized expression of error as for
part of the area covered by Fig. 5-1-8 and Fig. 5-1-9.

3) Latice chart of Decca chain

As seen from the suggested Malacca Strait North Decca Chain

and Malacca Strait South Decca Chain, the configuration is

made so that the chains are composed of stations traversing

the straits. One of the these lines of position is expected
as going along the fairway as shown in the lattice charts

of Fig. 5-1-24 and Fig. 5-1-25 and thus navigation of vessels
would be easy. In addition, the errors in the direction of
fhirwgy width can be improved to something between 50% and

70% of the value indicated by circular errors. For reference,
lattice charts of Decca chains are shown in Figs. 5-1-23
through 5-1-28,
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Table 5-2

Identifying| Type of
no. of System Name of chailn Day/Night Remarks
drawing
5-1-8 D
Singapore St.
5-1-9 N
5-1-10 D Red-Green (Off-alr at Purple)
5-1-11 Singapore St. D Green~Purple {Off-alr at Red)
5-1-12 D Red-Purple (Off-alr at Green)
Decca
5-1-13 D
Malacca St. South
5-1-14 N
5-1-15 D
Malacca 8t. North
5-1-16 N
5-1-17 D
Lombok
5-1-18 N
5-1-19 D
South Makassar
5-1-20 N
5-1-21 D
North Makassar
5-1-22 N
5-1-8A D
Singapore Strait Digitalized expression of
5-1-9A Central part N error
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5-2-1

Selection and layout of sites for Decca Navigator
transmitting stations

Criteria of the selection and layout of sites for
Decca Navigator transmitting stations.

(1) General requirements

The area of each site should be reasonably flat and level,
and free of obstructlions such as trees, buildings, etc.
The conductivity of the soll comprising the site area
should be as high as possible in order to. provide the
greatest efficlency of transmission. The site chosen

should preferably be on high ground.

{2) Obstructions

Ideally, no hill or other similar obstruction should

subtend an angle of greater than 2° from the site.

(3) Decca Slave and Monitor Stations

It i3 essential to observe certain minimum clearances

(given below) from overhead wires and obstructions in

order to prevent variations in the phase of the received
locking signals. The clearance required 1s stated in

terms of minimum distance from the recelving aerials located
at the transmitter building. No specification is stated

for clearance from the transmitting aerial, since such
obstructions will not normally cause any operating
difficulty for Decca equipment. There may, however, be

a considerable induced wvoltage on overhead wires in the
close proximity of the transmitting aerial which may render
the removal of such wires desirable. In general all fence
wires, etc. In the immediate area of the transmitting aerial

should be effectively bonded to the earth system.

1) Telephone Wires

No overhead telephone or similar wires can be permitted

within 200 metres of receiving aerials.
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(4)

(5)

2)

3)

4)

Overhead telephone cables enclosed in a screened outer
cover may be permitted at a closer spacing providing

the screening cover is effectively earthed at each pole.

Power Cables

Overhead power cables at a tension of less than 3 KV to
earth camnot he permitted within 200 metres of receiving
aerials. Overhead power cables at higher tension may
require increased clearance owing to the high noise
radiated by certain feeders. Clearances of the order

of 2000 metres are advisable from lines of more than 100
KV tension.

Railway tracks

Electrified railway tracks may give rise to considerable
interference, and a minimum spacing of 2000 metres is

recommended.

Trees

No tall trees can be permitted within 200 wetres.

Master Station

There 18 no restriction on the proximity of overhead cables

to the Master transmitting station.

Site layout

The spacing between the transmlitter room and the transmitting

aerial mast is normally taken more than the distance equal

to the height of the aerial mast. This separation may be

increased if required by site conditions, but should not be

reduced. Site requirements for this type of aerial are as
follows:

110m aerial 400m x 400m
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5-2-2 Results of site surveys by each site

This report has been prepared on the results of surveys conducted
at sites in thelr order listed in the table below. Those sites _
which are considered suitable as the master or slave (or secondary)
station sites respectively are indicated as such in the report.

The evaluation of each site on its suitability as possible station
site has been conducted on the basis of results of the survey
carried out by the survey team at the site and the calculation by
electronic computer of the accuracy to be provided by the proposed

chains. The grades of evaluation are as follows:

A. Site for which the results of calculation are good and

construction work will be relatively easy.

B. Site for which the results of calculation are good but
the construction of a transmitting station will be difficult.

C. Site which is not considered particularly superior to
other sites from the view point of both results of calcu-

lation and easiness of the construction work.

D. Site for which construction work will be easy, but the results
of calculation show it is not possibly a good site.
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Schedule I LIST OF SITES SURVEYED No.1
Sﬁg?t Drgﬁfng Name of site Assigned chain Z;ZEErEE;/ Remarks

1 A-3 Karangasem Lombok Str. M

2 A-5 Tg. Luar " rzd

3 A-2-2 Kangean " jrien
4 A-1 Grajagan " puiple
5 A~4 Petaju " puiple
6 A-9 Pare Pare South Makassar M

7 A-8 Takalar y e

8 A-10 Majene " grzen
9 A-13 Siboang North Makassar M

10 A4 Buol L o
1 A-16 Tg. Mangkalihat " grien
12 A-12 Donggala L Juiple
13 A=17 Banjarmasin Loran C M

14 A-6 Saleh Bay " 5

15 A-15 Makut " "

16 B-1 Bengkulu H "

17 B-3 Singep " M

18 B-5 Letung " S

19 B-4 Lubuhanbilik " n

20 NIiL Karangasem Lombok Str. {Site)
21 " Tj. Luar N (")
22 A2-1 Kangean " ¢" )
23 NIL " " ")
24 n Petaju’ " «¢" )
25 " Pare Pare South Makassar Str. «" )

* Either one will be selected.

*k Drawings are in Schedule IT,
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No.2

Page Dr;t;j-.ng Name of site Assigned chain Eizzirg;/ Remarks
26 NIL Takalar South Makassar Str. {Site)
27 i " " «" )
28 A-11 Mamuju " ")
29 A-7 Bulukumba " ¢" )
30 NIL Siboang North Makassar Str. ¢" D
3l " Tg. Mangkalihat " ("
32 " Donggala " (")
33 " Bengkulu Loran C (" )
34 " Banjarmasin " (" )
35 " " " "
36 " Saleh Bay " ")
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Page Dr;:fng Name of site Agsigned chain z;:s:rég;/ Remarks
101 s-1 P. Tekong Singapore M
102 M-13 Rimba Terjun " r:d
103  B-6 P. Mas " grzen
104 B-17 Telukdalam " pu:ple
105 B-11 Sungal Adam Malacca Str. south M
106 B-9 Selat Panjang " er
107 wM-10 Bukit Kangkar " gr:en
108 B-13 Tj Punak " puiple
109 M-6 Morib Malacca Str., north M
110 M-3 Ujong Permatang " rzd
111  B-15 Sinaboti " grien
112 M-8 Batu Tengah H pu:ple
113 NIL Kijang Singapore Str. (Site)
114 M-12 Senggarang " " )
115 B-~7 Ransang Malacca Str. south «" )
116 B-8 Ransang " " 2
117  B-10 Simpengayam " " )
118 B-12 Kundur " ")
119 NIL Dumai " «" )
120 M-11 Minyaku Buku " ")
121 M-1 Rungkap Malacca Str. north (" )
122 M-2 Huntang Melingtang A (" )
123 M-4 Batu Tiga " «" )
124 M-5 Dengkil " ")
125  M-7 Kg. Menyala " (" )
126 M-9 Telok Mas " (")
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No. 1

Name of system: Decca

Name of chain and station: Lombok Decca Karangasem

Location: P. Bali, Karangasem Prasi

Lat. & long.: 08-39 S, 115~35 E

Description of site: Approx. 5 km SW of Karangasem. Best place
available in this vicinity. A gentle slope in NE direction, with
palm and banana fields and paddy fields according to the ground
levels, Level difference is 17m from centre of aerial to the site.
Not very good for a site. Ground endurance seems to be 5 to 10t/m.
Close to the City of Karangasew and living environments are good,
but the roads are bad with rocks exposed here and there, very
difficult for traffic except jeeps. The place 1is owned by Gushi
Rehna Merdu and three other people.

Description of site from system requirements and construction work

The elevation angle toward base line direction is 2.5°, which may
present problems in synchronisation. The highest place on this
island, Volcano Agung is seen at 10° elevation. The construction
equipment may best be unloaded at Port Benoa and then carried by
land. The road is mostly paved and pavement works still underway.
Care must be taken in transporting heavy equipment, for some bridges
on the way are not very strong. Macadams and concrete frame timber
of good quality are procurable here. Only one hotel is available in

Karangasem for engineers.

Overall evaluation and accompanying documents

Evaluation A Drawing WNo. A 3



_No. 2

Name of system; Decca

Name of chain and station: Lombok Dececa, Tj Luar
Location: P, Lombok Montong Blai

Lat. & long.: 08-47S, 116-29E

Description of site: Almost flat area on Lombok Island situated

on the way from a good port of Mataram to Tj. Luar on the opposite
side; would satisfy the requirements for a station site including

the elevation angle. A small village and weather station on the
gsouthern side, Good water available from wells. Wholesome living
can be expected. At present the place is paddy fields, with elevated
ground of 3.5m, about 400m in the eastern part. The ground is firm
with presumed seoil endurance 10—20t/m2. The only trouble is a
mountain, G. Rinjani, rising 3,726m high to 355° north with elevation
of 4.5°. The place 1s owned by Ngganya and five other people.

Description of site from system requirements and construction work

There 1s no elevation existing on the base line which would present
particular obstacle. No adverse conditons either except G. Rinjani
mentioned above. Construction materials can be unloaded at Maturam
on the west coast. Macadam stones can be procured from nearby
Cactus Hill. A weather station is very near, with defectlve billets.
Understand the personnel of the station are living in a woeden house
built to replace the old billets. Special consideration should be
required for the fact that both local engineers and labourers lack

experience in making concrete buildings.

Overall evaluation and accompanying documents

Evaluation A Drawing No. AS
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No. 3

Name of system: Decca

Name of chain and station: Lombok Decca Kangean
Location: Jawa Timur P. Sapanjang

Lat, & long.: 07-118, 115-52E

Description of site: To get to Tj. Kiaok on Sapanjang Island
situated at eastern extremlity of Kangean Archipelago, a boat of
about 1 ton with engine is used up to 100m from shore and then
wade in the shallow waters to the shore. The whole island is
situated just above the water surface. The highest place seems
to be not more than 3m. Almost all inhabitants are engaged in
coconut farming and coastal fishing, Even nails for building

houses are obtained from Surabaya by sea.

Description of site from system requirements and construction work

So long as this archipelago is concerned, survey has been conducted
on two islands, taking into consideration the effect of the geo-
graphical position of this place in relation to the master station
on the accuracy of the proposed system. The conclusion was; it is
not advisable to build a station on this island for the following
reasons:

(1) Measure to counter high water is necessary.

(2) TImpossible to obtain water other than rain water.

(3) New building of wharf and road is necessary.

(4) Difficult to procure labourers in the locality. Surabaya

should be used as a base,

Overall evaluation and accompanying documents

Evaluation B Drawing No. A2-2
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No. 4

Name of system: Decca

Name of chain and station: Lombok Decca Grajégén
Location: Java Timur Grajagan Gaul

Lat. & long.: 08-335, 114-13E

Description of site:

On Java main island. Three kilometres to north from Grajagan.

The place is the Government's teak-wood reforestation area. Good
trees with a girth of 15cm at the height of human eyes at intervals
of a tree in every square metre. A railroad runs through the place
from east to west. Houses are found scattered, with most of them
having a well of good quality of water. It is about 70 minutes
from Banjuwangl. Fairly level land. No elevation exceeding the
limit of elevation angle. There is a telephone line hung on the
trees along the road. A single wire earthing. The soil endurance

gseems to be well over 10-20t/m2.

Description of site from system requirements and construction work

No adverse conditions are detectable in the direction of the master

station, which would particularly affect the accuracy of the system.
Construction equipment and materials can be transported on land from
Jakarta, but recently the Port of Banjuwangl has been well furnised

with facilities and in addition, roads are relatively good, the use

of this port should be advantageous especially when damage to

equipment caused by land transport is taken into consideration.

Overall evaluation and accompanying documents

Evaluation A Drawing No. Al
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No. 5

Name of system: Decca

Name of chain and station: Lombok Decca Pecatu {or Petaju)
Location: ©P. Bali Petaju

Lat. & long.: 08-495, 115-06E

Degcription of site: A gentle hill about 1 km west of Kuto via
Petaju. On the south side of the road is a relatively flat area
450m in east/west direction and 250m in south/north directiom.
The southern side of this area is a somewhat hollow place with
thicket of assorted trees and wilderness. A fairly wide area
could be obtained if all these are included. No problem about
the elevation angle. The s0ll consists chiefly of rising coral
reefs, 1.e. silt clay mingled with conglomerate of lime stone.
The soil endurance of 20-40t/m2 can be expected. Six dwelling
houses are on the site. The land owner was unknown during the

recent survey.

Description of site from system requirements and construction work

No particlular problems could be seen for making this place a
possible site of a slave station. So far the place has been
regarded as having not much spring water and there are therefore
manﬁ facilities for colleting rain water. However, a recent boring
has revealed that water of good quality is available at 80m below
ground level. Water is now being supplied to Denpasar. If excess
underground water is supplied to local dwellers there will be merit
in our investiment. Power is also procurable if power line is
extended by about 2 km. The construction equipment and materials

can be unloaded at Benoa and transported on land therefrom with ease,

Overall evaluation and accompanying documents

Evaluation A Drawlng No. A4
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No. 6

Name of system: Decca

Name of chaln and station: South Makassar Decca

Location: Sulawesi Parepare Soreang

Lat. & long.: 03-58S, 119-38E

Description of site: Situated in a meadow of a few hundred ares

on both sides of the national highway. A long stretch of hills on
the eastern side of Parepare Bay. There are several other places
than the place surveyed, where conditions are similar with ups and
downs. It i1s about 20 minutes from Parepare via a good paved road.
The owner of the place is recorded as the State, but in fact, there
seems to be a great propiletor of the meadow who owns this place.

This matter should be investigated further in the furure.

Description of site from system requirements and construction work

Nothing particular can be found which would affect the configuration
of a Decca chain. Equipment and construction materials can be

brought here either from Ujngpandang by land or through Port Parepare
by sea. In view of the possible damage to the equipment and materials
by transhipment, it would be better to transport by lorry directly
from Ujngpandang to the site.

Overzall evaluation and accompanying documents

Evaluation B Drawing No. A 9
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No. 7

Name of system: Decca

Name of chain and station: South Makassaf Decca Takalar
Location: Sulawesl Takalar Ballok

Lat. & long.: 05-26S8, 119~25E

Description of site: Approx. 3 km north of Takalar. A farming

area on the southern side of the road extending straightly from

the residential area toward the sea. With the residential area
nearby, living conditions are relatively good; procurement of

daily necessaries can be done easily and school can be reached easily.
The degree of flatness is within f lm, but when a station building

is to be built, the construction site might be required to raise

the ground. The elvation does not exceed the restricted limit in

all directions,

Description of site from system reguirements and construction work

Good traffic condition from here to the Port of Ujung Pandange.

No particular problems in transporting equipment and materials. It
is not necessary to build a new road leading to the site. No factors
which would possibley affect the system configuration can be found.
It is also possible to procure sufficient amount of fresh water by

boring wells.

Overall evaluation and accompanying documents

Evaluation A Drawing No. A 8
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No. 8

Name of system: Dececa

Name of chain and station: South Makassar Decca
Location: Sulawesi Majene Leppe

Lat. & long.: 03-335, 118-57E

Description of site: A plateau east of Majene consists of rising
coral reefs. Good quality of water springs out at the nearby
seaside, providing drinking water to the inhabitants. There are
several brick factories here and there. The flatness is satis-
factory, but so far as elevation angle is concerned, a group of
mountains with a peak of 4° are observed in the direction of 320°.
In the direction of the base line, all elevation angles are less
than the required 1limit of 2°.

A considerable amount of good water can be expected by boring

20m deep. The pressumed soil endurance is 15—20t/m2.

Description of site from system requirements and construction work

Work on a large scale is under way at Port Majene to consolidate
the port facilities so as to enable vessels of 2,000 tons to get
alongside the wharf. Almost all concrete and brick buildings in
this port city were destroyed in an earthquake about 10 years ago.
Today even Government buildings are built of wood. One of the
reasons for this devastation was lack of sufficient administration
and design of ferro-concrete buildings, and it would be impossible
to obtain experienced engineers and labourers in this field.

Overall evaluation and accompanying documents

Evaluation A Drawing WNo. A 10
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No. 9

Name of system: Decca

Name of chain and station: North Makassar Decca Siboang
Location: Sulawesi, Siboang, P. Maputi Pangalasiang
lat. & long.: 00-3IN, 119-52E

Description of site: An island situated west of Siboang. A small
village near the point of landing. To get to the site, a steep
slope should be climbed up. There is just one farm house on the
site. Very sparcely inhabited. The reason is that water is very
difficult to obtain. Water and daily necessaries are brought here
from Munte on the opposite side of the river. The level difference
within the site is f 3m and the soil endurance is presumed to be
8-15t/m2.

Degcription of site from system requirements and construction work

There is a mountain peak of +3° in the direction of 64° which seems
to present a problem in terms of elevation angle, but if slave
stations are to be built in Bual and Donggara: there 1s no other
sultable place than this in the area. The depth of water near,
this island is very great and it is impossible for a large vessel
to be anchored. Many problems are foreseen in transporting equip-

ment and materials.

Overall evaluation and accompanying documents

Evaluation C Drawing No. A 13

5-36



1.

_No. 10

Name of system: Decca

Name of chain and station: North Makassar Decca Buol
Location: Kali Bian Buol

Lat. & long.:01-10N, 121-26E

Description of site: A section of an area with a Hindu high school
approx. 3 km SE of Port Leok along the coast. This is the only
possible site in this area from the view point of elevation angle
and a sufficient size of land for a Decca transmitting station,

As shown in the attached map, there are Kechamatan Biau, the primary
school and the high school on the site, but these must be accepted
as inevitable facilities.

Description of site from system requirements and construction work

There is hardly anything whose elevation angle exceeds the required
limit in the direction of the master station, but careful considera-
tion may be needed to expect stable synchronisation. Of the const-—
ruction materials only sand is procurable in this locality, All
equipment and materials should be transported by sea via Port Leok.
The water in this port 1s shallow to a distance and no dredging
work has ever been carried out. A vessel of 1,000 tons must stay

at anchor in the offing. Even a launch from our survey vessel
cannot get alongside the wharf. Lorries are not available, and so

we must rely on sea transportation only.

Overall evaluation and accompanying documents

Evaluation B Drawing No. A 14
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Name of system: Decca

Name of chain and station: North Makassar Decca Tj. Mangkalihat

Location: Tj. Mangkalihat-1

Lat. & long.: 01-00N, 118-58E

Description of site: An area extending on the west side of an inlet

used as anchorage for small craft, approx. 1.3 km north of Mangkalihat

Lighthouse. A primeval forest with big trees and a small lane runs
through it. Because of big trees, the place is damp, but the soil
endurance is presumed to be 10-20t/m2. These trees prevented the
survey team from conducting survey of elevation angle. There is,
however, nothing that would exceed 1° as viewed from the lighthouse.
The place is owned by the State, and therefore there will be no
problem in acquiring the land.

Description of site from system requirements and construction work

Nothing particular can be observed that would affect the Decca
system configuration electrically. Equipment and materials can be
wnloaded at small craft anchorage about 1 km north, but repairing
work is required of bridges on the way from the anchorage to the
site. The personnel of the lighthouse stay in the lighthouse on

a two month shift bases. Nelther hotels nor stores are available
in the vicinity. Supply of a considerable amount of daily
necessaries, ete. will be necessary in the future, to say nothing

of the period during which construction work is carried out,

Overall evaluation and accompanying documents

Evaluation B Drawing No. A 16
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No. 12

Name of system: Decca

Name of chain and station: North Makassar Decca Donggala
Location: Sulawesi Donggala Lapaloan

Lat. & long.: 00-39N, 119-43E

Description of site: An area wheih was formerly an air field,

1 km west of Donggala. It is now a pasture and farm. This place
was originally reached on foot from north by the considerably damaged
road in the directicn of the lighthouse. Probably a jeep can go into
the area from south, but the local guide did not give clearcut answer
to the survey teams question to that effect. At present drinking
water is brought from 2 km south, but good water could be obtained

by boring to a certain depth. The soll endurance of 15—20t/m2 could
be expected. It is about an hour ride by car from Palu Airport to

Donggala, in both of which hotels are available.

Description of site from system requirements and construction work

No problem with sea transport with the good Port of Donggala as relay
base. Macadams and concrete frame wood are procurable at the river
20 km south of this place. However, clvil engineering and bullding
techniques are not very high in this locality. To cite an example,
the survey team members witnessed the local labourers cutting a

great number of steel bars (224} one by one by hand-saws.

Overall evaluation and accompanying documents

Evaluation B Drawing No. A 12
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No. 13

Name of system: Loran C

Name of chain and station: Banjarmasin

Location: Pulau Sari

Lat. & long.: 04-21S, 114-39E

Description of site: Situated at 5 km from the turning point
near Pulosarl (Pulau Sari), 37 km south of Banjarmasin. Gentle
ups and downs on the southern side of the road, which is mostly

a primitive field. Just a part of it is a farm. There are traces
of lorries running at the site. The nature of ground is silt clay
mingled with conglomerates of reddish brown colour. The soil
endurance seems to be sufficient for constructing station bullding
and aerial tower. The landowners are Temhori and 3 other people

all of whom seem to be living in a nearby village.

Description of site from system requirements and construction work

There are no particulay problems except for the land area in the
direction of the master station which would present some electrical
problems. The length of the road from Banjarmasin is approx. 50 km.
The time required is about an hour and a half. It would be easy
for the engineers to commute and transport equipment and materials.
Timber can be easily procured. Equipment and materials other than

timber seem to be brought from Banjarmasin.

Overall evaluation and accompanying documents

Evaluation A Drawing WNo. A 17
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No. 14

Name of system: Loran C

Name of chain and station: Saleh Bay
Location: Soembawa, Sumbawa Bonts
Lat. & long.: 08~445, 118-00E

Description of site: A long stretch of hills with very gentle
slopes extending on the east side of the road leading to Bonto
from Kaparadesa, south of Pelau Paki on Sumbawa Island. Part of
the place are meadows and farm fields, Each fileld covers a
relatively wide area. Almost all farmers commute from Keparadesa
and Bonts. The flatness of the whole area is fhm and good, but
there is what appears to be Mt. Tambora on the opposite shore,
whose maximum elevation angle is 4 degrees. The soll endurance

of 10—20t/m2 can be expected.-

Description of site from system requirements and construction work

The only worry about this place as a possible site is the exlstence
of a peak with big elevation angle in the direction of 280 to 340
degrees. It is very difficult to utilise the nearby seashore as

a base for bringing equipment and materials here. It would perhaps
be better to unload them at Port Badao and to use lorries to carry
them therefrom, but this involves a distance of over 100 km and,

in addition, the road conditions are unknown in many places on

the way.

Overall evaluation and accompanying documents

Evaluation C Drawing No. A 6
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No. 15

Name of system: Loran C

Name of chain and station: Makut
Location: Tj. Mangku Padi

Lat. & long.: 01-05N, 118-48E

Description of site: There is a camp of Maranti Samarind Kaltim
Timber Co., Ltd, the Japanese-Indonesian joint concern, 5 km NW

of what appears to be Makut, Felling work is under way on a large
scale. The work area extends to several kilometres upstream of
the Mangku Padi river. Through the good offices of the camp
personnel, survey could be conducted of this place. The atrea near
the seashore is relatively low and a damp area extends nearly 1 km
to the sea, No inhabitants are seen at Makut. The whole place
used to be owned by the State, but seems to have been sold to the
above-uehtioned company. When the felling work is completed,
heavy equipment and buildings are likely to be left as they are

at the present positions.

Description of site from system requirements and construction work

The flatness of the place, elevation angles and the soil endurance
are all satisfactory for site for a station, aerial system, etc.
The equipment and materials can be transhipped at the estuary to
a small motor boat of 2 or 3 tons. If the existing wharf could
be available, unloading would be easy. At present a great amount
of lauan timber floating nearby. A sufficlent amount of wood is
procurable for construction workers' billet bulldings. Food and

daily necessaries should be brought from Tarakan Island.

Overall evaluation and accompanying documents

Evaluation B Drawing No. A 15
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No. 16

Name of system: Loran C

Name of chain and station: Loran € Bengkulu
Location: Bengkulu, Bengkulu Utara, Bengkulu
Lat. & long.: 03-45S, 102-16E

Description of site: This 1s a former site of an air field of

the Imperial Japanese Army, 11.5 km SW of the City of Bengkulu.

A good approach from Bengkulu, The central part of 300 x 300m

is almost flat, but 1f a Loran C station i8 considered, the possible
site would include the space where level difference is 5m. The
ground consists of sand clay. The soil endurance is presumed to
30tlm?. By digging ground uwp to the depth of 70 cm, water springs
forth, but this water is not good for drinking. Approx. 2 km

away 1s an airport. Local law should be studied to find if it is

necessary to have aircraft warning light.

Degcription of site from system requlrements and construction work

There 1s nothing to affect the Loram C system configuration, expect
for the legal requirements that might be imposed in connection with
the above-mentioned air field. Other conditions are relatively
good, and so this site is better than Site (A) Loran C Bengkulu.

Overall evaluation and accompanylng documents

Evaluation B Drawing No, B 1

5-43



No., 17

Name of system: Loran C

Name of chain and station: Loran C, Singkep
Location : Riau Kepulauan Singkep Kg. Bukit abun
Lat. & long.: 00-28,85, 104-32.6E

Description of site: A former site of the State-run tin mine,
situated at 4.2 km SW of Port Dabo on Singkep Island. The place
is a plateau long in south/north direction and short in east/west
direction. In all directions there is no object whose elevation
angle exceeds 1.5 degrees. The level difference is within 2.5m.
A power line of 450m in length runs from the centre of the site.
There is a high school and a private house. The ground is good

and soil endurance is presumed to be SOtlmz.

Description of site from system requirements and construciton work

After a comparison had been made between Lingga Island and this
site, the latter was selected as a possible site because it is
better also in regard to the system configuration. The power
line, however, must be relocated or buried underground, to avoid
its effect. The equipment and materials can be unlocaded at the
quay of Port Dabo and brought to the site along the good road.

Water can be obtained from relatively deep wells.

Overall evaluation and accompanying documents

Evaluation A Drawing No. B 3
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No. 18

Name of system: Loran C

Name of chain and station: Loran C, Letung
Location: Letung Jemaja Kep. Riau, Riau
Lat. & long.: 02-58.8N, 105-43.6E

Description of site: A coco-nut palm plantation facing NW coast

of Djemadja Island, approx. 70 km NE of Singapore. The place is
flat. Except for the direction of seashore, the place is surrounded
by mountains whose elevation angles exceed the elevation limit.

The level difference is within 3m. The soil is sand with its
endurance is presumed to be 30t/m2. Transportation to this site

is by ship on irregular run twice a month from Tanjung Pinang.

The place is owned by the State, but the trees are privately owned.

Description of site from system requirements and construction work

This is the best place on this island. As stated above, there are
mountains and their elevation angle is 2 degrees, which might present
a problem, The road from Letung to the site is one metre wide and
its inclination exceeds 10%, and there are exposed granite rocks

here and there, and these will make the transport of construction

equipment and materials considerably difficult.

Overall evaluation and accompanying documents

Evaluation C Drawing No. B 5
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No. 19

Name of system: Loran C

Name of chain and station: Loran €, Labuhanbilik

Location : Sumatera Utara Labuhan Batu Panaitangah Telegasuka
Lat. & long.: 02-30N, 100-10.9E

Description of site: Situvated at approx. 200 km SE of Medan in

the northern part of Sumatera Island. This site can be reached

by small craft from Tj. Sicapiapi through Berembang. A flatland,
3m above sea level, consisting chiefly of puddy fields and forests.
There are a few dwelling houses. There 1s also a lumher mill in
the neighbourhood. The ground consists of hard clay and soil
endurance is presumed to be 15-20t/m2. The place is privately

owned but detalils are unknown.

Description of site from system requirements and construction work

This site has been selected as an alternative of Berembang, but
there is no problem in the system configuration. If the existing
berthing faclilities could be extended so as to accommodate vessels
of 300 tons, unloading would be easy, and if also the existing

road could be furnished further, the transport of equipment and
materials would be easy. A required amount of water can be obtained

by shallow boring.

Overall evaluation and accompanying documents

Evaluation B Drawing No. B 4
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_No. 20

Name of system: Dececa

Name of chain and station: Lombok Decca Karangaseﬁ
Location: P. Bali Pipid

Lat. & long.: 08-225, 115-35E

Description of site: Approx. 7.5 km NW of Karangasem. There is
Pipid Village having rich resevoir on the left side of the road
to Amed. The people here are strong in faith of Hinduism. There
are Hindu temple and chapels here and there. The place surveyed
was a gentle slope with paddy fields and palm farms of average of
32. Thirty houses within the area. The maximum elevation to the
direction of base line is 4°. Volcano Agung, the highest mount-
ain in this locality has an elevation of as much as 14 degrees.
The soil here is of reddish brown, silt clay. The presumed soil
endurance seems to be 10—20t/m2 at 1lm underground. The landowner

is sald to be one named Made Peringge, but not sure about this.

Description of site from system requirements and construction work

The place can be said situated in an extremely difficult position
from the system configuration. Anywhere you go, Volcano Agung is
close in toward you, but still in a better position for building

a station than other places in Indonesia because the access road

ls relatively complete and transport of equipment and materials

is easy via Port Benoa. Good water and concrete frame materials

are available. The fact that there are many people living here

who are strong in faith in Hinduism and that there are buildings

and structures related to Hinduism may present some peculiar problems

in acquiring a station site.

Overall evaluation and accompanying documents
Evaluation C Drawing None
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No. 22

Name of system: Decca

Name of chain and station: Lombok Decca Kangean
Location: Java Timur P. Kangean Pabean Ardjasa
Lat. & long.: 06-508, 115-19E

Description of site: Situated on the NW side of Kangean Island.
Approx. 4 km from the wharf. A spring nearby with good water,

but the people living here do not use this water. They have

wells dug near their houses. The surface of earth is of greyish
white colour, apparently sand clay of voleanic ashes. The presumed
s0ll endurance is 10-20t/m2. The degree of flatness within the
site 1s ¥1.5m and the elevation angle is within 2 degrees which

is the required limit., The place is almost all of corn fields.

Houses are scattered in the vicinity. Environments are good.

Description of site from sytem requirements and construction work

Special attention should be paid to the drainage because a consi-
derable amount of water flows on the road surface during the rainy
geason. On the other hand, good water seems to be obtalnable from
shallow wells. All equipment and materials should be brought by
sea, but the wharf is o0ld and the water is so shallow that even

a small boat would touch sea bottom when loaded with heavy goods.

Some steps must be taken to cope with this shallow waters.

Overall evaluation and accompanying documents

Evaluation C Drawing No. A 2-1
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No. 23

Name of system: Decca

Nmae of chain and station: Lombok Decca Kangean
Location: Java Timur P, Kangean Pabean Ardjasa
Lat. & long.: 06-52S5, 115-19E

Description of site: Situated on Kangean Island. Approx. 5 km
from the wharf. We can get to the place by a motor-lorry. An
area consisting of several gentle slopes is mostly palm and corn
fields. A lower place in the southern part is paddy fields and
a reservolr. Apparently, water of good quality is obtainable
from shallow wells. There are small hills whose elevation angle
1s exceeding 2° in the directions of 130° and 210°. The surface
soil is clay sand probably from coral reefs. The soil endurance
of lO--lSt/m2 could be expected. Ten houses in the area. The
land is owned by 5 people.

Description of site from system requirements and construciton work

Nothing particular can be seen in the direction of the master
station, which would affect propagation or synchronisation.
However, study must be made to find out the effect of the geo-
graphical position of this place against the master station on the
accuracy that is provided by the system. Equipment, materials and
dally necessarles are brought here by sea from Surabaya, but the
wharf bullt during the Dutch administration is now considerably
damaged. The water is very shallow to a great distance from shore,
and even a 1-2 ton boat touches sea bottom in low water. Specilal

facilities should be provided to unload mast material and generators.

Overall evaluation and accompanying documents

Evaluation C Drawing None
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No. 24

Name of system: Decca

Name of chain and station: Lombok Decca Pecatu (or Petaju)
Location: P. Bali Pecatu

Lat. & long.: 08-495, 115-06E

Description of site: Down south from Kuta and to west to Tj.
Batuput, and Pecatu is reached. One kilometre west therefrom

is an area with a farm and a meadow. Situated 25 km from Denpasar,
this place has good roads and an airport with many facilities such
as aids to alr navigation and satellite relay station, ete. This
peninsula consists of gentle slopes with rising coral reefs surround-
ing G. Ungasan in the centre. The degree of flatness is 15m.

The maximum elevation angle is 1.5°. While it will be possible to
obtain soil endurance of 0.5m underground, 30-40t/m2, the const-
ruction work would be difficult. The place is owned by I. Made
Rugeh and 4 other people.

Description of site from system requirements and construction work

Nothing electrically defective can be detected as a site for a
Decca station. The only thing conceivable is the existence of
big rocks which would affect the excavating operation for radial
earth. Very close to the Port of Benoa, the place is convenient
in transporting equipment and materials. Commercial power line
comes near the site because of the existence of the air nav aid
nearby. Approx. 5 km of additional line, and steady supply of

power can be expected.

Overall evaluation and accompanying documents

Evaluation A Drawing None
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No. 25

Name of system: Decca

Name of chain and station: South Makassar Decca Parepare

Location: Sulawesl Parepare Battae

Lat. & long.: 03-535, 119-38E

Description of site: Approx. 1.5 km on the national highway to

Amasangang, north of Port Parepare and 3 km farther therefrom

to the east, and the end of the road is Battae village. The ground
is fairly level at the site. There are pineapple and banana fields.

Many stones 20 cm long are scattered here and there, and the grouwth

of farm products is not very good. There are also bamboo woods at
places. The ground is damp, but the base is firm. Soil endurance
of 10--20t/m2 can be expected. The land owner is the State. Three
or four farm families, but there are no dwelling houses on the site.
Because of trees, elevation angles could not be confirmed, but

presumably within the allowed limit.

Description of site from system requirements and construciton work

Because of the lack of precise map, details of the area and its
vicinity were not available, but there is a transmission line
along the national highway, whose voltage and earthing system
were not known either. The exlstence of bamboo woods and copses
prevented our survey team from ovserving directions and distances.
Considering the neccessity of repairing works involved, perhaps
we had better look for some other place as a site. It is only
some 30 minutes by car from the good port of Parepare and land

transportation from Ujngpandang is also possible.

Overall evaluation and accompanying documents

Evaluation C Drawing None
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No. 26

Name of system: Decca

Name of chain and station: South Makassar Decca Takalar

Location: Sulawesi Takalar Ballok

Lat. & long.: 05-265, 119-25E

Description of site: Situated along the road 2 km north of
Takalar. There are paddy fields, corn and palm fiels., The level
difference of the required site is +1.5m. Elevation could not be
measured because of the existence of trees, but it is presumed by
map study that there is nothing whose elevation is more than 2
degrees. With dwelling houses and the town of Takalar nearby.

The living condition is good. It is not possible to obtain a
required site in Swern part of the area closer to the sea, because

the avea is mostly damp.

Description of site from system requirements and construction work

No problem in the system configuration except for the elevation
angles which require confirmation. No problems in contruction
work either because equipment and materials can easily be trans-
ported by land from Ujung Pandang. The only trouble is that there
are many private houses on the site which will require a great

amount of compensation for changes of the houses.

Overall evaluation and accompanying documents

Evaluation B Drawing None
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No. 27

Name of system: Decca

Name of chain and station: South Makassar Decca Takalar
Location: Sulawesi Takalar Ballok

lat. & long.: 05-~258, 119-25E

Description of site: Flelds extending on both sides of the
straight road toward the sea from the residential area of Takalar
via Ujung Pandang. During the recent survey, the area on the south
side with better conditions was surveyed. Both the elevation and
flatness of the area were perfect. There is a brick factory nearby,
and this indicates the soil there must be clay. The presumed soil
endurance is 5-10t/m2 at lm below ground level. With residential
area nearby, procurement of daily necessaries, school and other
public organisations are available in the town of Takalar. The

land owners are H.Rukkh and four other people.

Description of site from system requirements and construction work

Ujung Pandang should be an adequate relay place for the equipment
and materials of construciton work. The road is good except for a
few wooden bridges on the way where heavy equipment and materials
sould be divided into several parts. Good quality of water may be
obtainable by boring of some 20m, judging from the existing wells
in the vicinity. No particular hindrance can be detected for this

gite in the Decca system configuration.

Overall evaluation and accompanying documents

Evaluation A Drawing None
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No. 28

Name of system: Decca

Name of chain and station: South Makassar Decca Mamuju
Location: Sulawesi Mamuju P.ﬁamuju

Lat. & long.: 02-38 S, 118-42 E

Description of site: Situated on a small isle on the opposite
side of Mamuju. There is a village of some 50 dwelling houses.
The only public structure is a primary school building. Teachers
commute from Mamuju by small boat. The building of an airfield
was planned before but the plan has not been inplemented because
of the smallness of the place. On the northern side is a cliff
approx. 20m high. A soccer field within the site. At present
potato 1s grown. Water of good quality was detected spring out
at the seaside, but the inhabitants do not use it.

Description of site form system requirements and construction work

Except in the NW direction, mountains of Sulawesi Island on the
opposite shore come close in and the degree of flatness of the
place is not very good, but this is the best available site in this
vicinity. In transporting the building materials for Decca station,
it would be better to transship from big ship into small boats
because there is no facilities even for a small beat to get along-
side, in the Port of Mamuju. It would be better to build a
temporary floating wharf near the site and build a road. Hotels

are available in Mamuju and so englneers can commute by boat from

Mamuiju.

Overall evaluation and accompanying documents

Evaluation B Drawing No. A 11
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No. 29

Name of system: Decca

Name of chain and station: South Makassar Decca Bulukumba
Location: Sulawesl Bulukumba Ara

Lat. & long.: 05-305, 120~-25E

Description of site: Situated on a coral reef area, 37 km east
of Balukumba. Wilderness with a small part of corn field. On
the southern side across the road are a few farm houses., During
the present survey, only the wilderness part was surveyed. Many
parts of the road leading here are considerably damaged. There
are places on the road, where only jeeps can go. The personnel
of Ara village office, to say nothing of those of Bulukumba city
office seem to know nothing about detail of the road condition.
Re~-checking of the rocad would be needed before construction work

is commenced.

Description of site form system requirements and construction work

There is a small hill in the north of this place. The elevation
angle suddenly increases. No other adverse conditions are
detectable in relation to the Decca configuration, but if this
place is connected with the master station in Parepare, the path
would pass through relatively steep mountains. The problem of
synchronisation 1s now under review and study. Before commencing

construction work, full investigation will be needed to find out

a possible break of embankment in time of flood and other conditions

of the access road.

Overall evaluation and accompanying documents

Evaluation B Drawing No. A 7
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No. 30

Name of system: Decca

Name of chailn and station: North Makassar Decca Siboang
Location: Sulawesi Siboang

Lat.. & long.: 00-29 N, 120-02 E

Description of site: An area of palm wood extending on the south
side of Siboang on Sulawasi Island. There is a stream on the way,
which is fordable.

There are mountains in the direction of Bucl slave station, the
greatest angle of elevatlon of which well exceeds 6.5 degrees.
The place is therefore not very recommendable. It is not very

good either for Donggala.

Description of site from system requirements and construction work

It 1s not desirable for a possible site to have high mountains in
the direction of a slave station. In addition, much cannot be
expected of the soil endurance of this place. It is extremely
difficult to find a possible site for the master station in the

Siboang area.

Overall evaluation and accompanying documents

Evaluation C Drawing HNone
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No. 31

Name of system: Decca

Name of chain and station: North Makassar Decca Tj. Mangkalihat
Location: Tj.Mangkalihat-2

Lat. & long.: 01-00 N, 118-58 E

Description of site: An area composed of small hills, approx. 2.3
km north of Mangakalihat Lighthouse. A small stream runs through
it. Corn and potato fields extend toward the sea shore. Dwelling
houses are scattered. WNeothing particular can be detected to present
an obstacle in regard to elevatin angle in the direction of the
possible site of the master station, but in order to acquire a
sufficient size of land, the ground must be levelled. Here and
there on the site are places where level difference is 110m.

The place cannot be said to be a good site.

Description of site from system requirements and construction work

There 1s nothing on the site, whose elevation angle exceeds the
required limit for Decca system configuration., As stated above,
however, there are several small hills which will make the trans—
port of equipment more difficult and expensive. In addition,
there is no denying the fact that this place is far inferior to
the other places surveyed in the terms of construction of steel

tower and earthing system.

Overall evaluation and accompanyilng documents

Evaluation B Drawing None

5~57



No. 32

Name of system: Decca

Name of chain and station: North Makassar Decca Donggala
Location: Sumawesl Donggala Ganti

Lat. & long.: 00-41 S, 119-43 E

Description of site: An area comprising gentle hills that extend
north passing through Lapangan golf course, 7 km west of Donggala.
The place involves such problems as the sudden hollow of land on
the east side, passing through the golf course and the existence
of G.Gawalisi in 150° direction, which presents an elevation angle
of 4.5°.

The whole area of Donggala consists of rising coral reefs, and from

this the soil endurance of 15-20t/m2 can be expected.

Description of site from system requirements and construction work

As stated above, the mountains of G.Gawalisi stand in the direction
of southeast. The golf course must be passed throught. Judging
from these, the place cannot be said any better than another place,
Lapoloan, that was surveyed. The road to the site from Donggala

is considerably damaged. A great deal of repairs should be made

to the road before heavy equipment and materials are transported.

Overall evaluation and accompanying documents

Evaluation C Drawing None
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No. 33

Name of system: Loran C

Name of chain and station: Loran C Bengkulu (A)
Location: Pedai, Bengkulu Utara, Bengkulu

Lat. & long.: 03-45 5, 102-16 E

Description of site: A plateau about 10m above sea level, at

5 km north of the City of Bengkulu. The level difference in

the area required for a Loran C station site Iis 5m., The maximum
elevation 1s 2 degrees in the direction of the master station.
The ground is sandy elay. The soil endurance is presumed .to be
15t/m2. Most of the inhabitants have come to live here from Java

Island. They are engaged in banana plantation.

Description of site from system requirements and construction work

There is nothing particular to affect the system configuration,.
Utllisation of commercial power may be possible, but procurement
of good water cannot be expected from wells., At least drinking
water must be obtained from railn water. The national highway
requires raising of the ground level for a distance of 200-300m
for transporting equipment and materials. In addition, a conside-
rable amount of levelling work is required for the whole site.
Some bridges on the way are too small to allow big and heavy
equipment to cross. The equipment and materials should be divided

into small pleces.

Overall evaluation and accompanying documents

Evaluation C Drawing None

5-59



No. 34

Name of system: Loran C

Name of chain and station: Banjarmasin

Location: Pulau Sari (formzerly Makuba Airfield)

Lat. & long.: 04-225, 114-38E

Description of site: Situated at the former Japanese military air
field, 34 km south of Banjarmasin. The level difference is within

one metre and a sufficlent size of land can be procured to comstruct

a station. There are 50 to 100 big holes of 8m in diameter and

1.3m in depth made by bombs. Inquiry was made of the native about

the disposal of unexploded bombs, but no definite answers were
received from them. There seem to be people who dismantle such

bombs and take out steel materlals. Some people became victims of
unexpected explosion, It seems to be a state~owned place, but details

of its custody was unknown during the recent survey.

Description of site from system requirements and construction work

The flatness and other conditions of this place are extremely good.
The trouble is that the scattered bomb holes must be repaired and
that precise information on unexploded bombs must be obtained. It
would be very dangercus and expensive to construct a Loran trans-

mitting station which requires a big space of land.

Overall evaluation and accompanying documents

Evaluation B Drawing None
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No. 35

Name of system: Loran C

Name of chain and station: Banjarmasin
Location: Bahagal

Lat., & long.: 04~27S, 114-43E

Description of site: An almost flat field, 6 km NE of Batlbati.
There is an indication of tree planting in the past on the western
wide. On the eastern side are a number of newly dug holes probably
for trial digging of ores. Water seems to be very scanty during
the dry seasbn. Some trees are seen dead. The place is owned by

a single person named Bodiantosh, but the size of the area and

other information are unknowm.

Description of site from system requirements and construction work

There are no particular electrical problems at this place. From
the traces of trial digging of ores, as stated above, there is fear
that some facilities which produce noise or radio wave disturbance

might be established in some sort of development project. According

to Government officials, aircraft taking off or landing at Banjarmasin

frequently pass over this place. Inquiry was therefore made as to
the possibility of limitations imposed on the place by the Indonesian
Government, but no answer was recelved. Considering these points,

this place cannot be sald to be any better than other places surveyed.

Overall evaluation and accompanying documents

Evaluation B Drawing None
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No, 36

Name of system: Loran C

Name of chain and station: Saleh Bay
Location: P. Soembawa, Sumbawa Sukadami
Lat. & long.: 08-265, 117-18E

Dezcription of site: Approx. 10 km WNW of Soembawa. A hilly place
extending in southern direction from the seashore of the Sea of
Flores. This must be the best place in this ares. The only trouble
1s great inelination which makes it difficult to procure a sufficient

space for a station.

Deseription of site from system requirements and construction work

This is a very good place for a possible site so long as it is

viewed from the point that there 1s the sea immediately adjoining

in the direction of the base line, and the road to the new port of
Badas is comparatively good. The only défect is that it dis difficult

to secure a sufficient space for a statlon.

Overall evaluation and accompanying documents

Evaluation B Drawing  None
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No. 101

Name of system: Decca

Name of chain and station: Singapore Strait P. Tekong
Location: P. Tekong Basar, Singapore

Lat. & long.: 01-25.1 N, 104-04.9E

Description of site: A hillock with gentle ups and downs at the
east end of P. Tekong Basar. Approx. 10m above sea level. The
level difference is 7m or less within the site. There is no
object whose elevation angle exceeds 2 degrees. The ground is
sandy hard clay and soil endurance is presumed to be 30t/m2.

The present state is a thicket of assorted trees including abandoned
rubber trees. 45m steel tower for weather observation and a few
other facilities, but these other facilities are not in use now.
From Singapore, transportation is 3 miles by sea from Changi to
the west pler of P. Tekon and therefrom 6 km by car. No power
and water available. Independent power plant and rain-collecting

apparatus should be required.

Description of site from system requirements and construction work

There is nothing detectable which would affect the system. No
particular problem in transporting equipment and materials by the
route mentioned above. The weather observation tower must be

relocated and the other facilities be removed.

Overall evaluation and accompanying documents

Evaluation A Drawing No. S1
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No. 102

Name of system: Decca
Name of chain and station: Singapore Strait Decca Rimba Terjun
Location: Rimba Terjun, Johor Baharn, Johor

Lat. & long.: 01-30.2N, 103-27.1 E

Description of site: A flat land extending in the basir of the .

5. Pontian Kechil. The ground is seoft and about 3m above sea
level. At the point 6.5 km NE of Pontian Kechil along the river,
the road leading to Johor Baharn abuts. Except for G. Pulai

(2147 ft high) in the NE direction, whose elevation angle is 2.4
degrees, there is nothing exceeding the elevation limit. The site
is owned by COee Sing Estate and used as rubber and coconut palm

plantation.

Description of site from system requirements and construction work

A power line of some 30 KV runs at 2.2 km north of the site, in the
direction of east and west, but it will not affect the system
configuration. As stated above, the ground 1s soft, and so a
boring survey was conducted during the recent survey to find that
some sort of pilling will be required to make the ground firm.

No problem in transporting equipment and materials because the

good port is nearby and the road is well furnished.

Overall evaluation and accompanylng documents

B M13
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No. 103

Name of system: Decca

Name of chain and station: Singapore Strait Decca P. Mas/Sugi
Location: Riau, Riau Kepulauan Berurawak

Lat. & long.: 00-53 N, 103-46.2 E

Description of site: Situated in the central part of a small isle
north of P. Sugi, 75 km west of Tunjung Pinang. The height above
sea level is about 10 m. The place is a thicket of assorted trees,
with gentle slopes. The level difference within the site is 5 m
or less. The soll is soft clay and its endurance is presumed to
be 5t/m2. This place was selected as a possible site because the

elevation angle of P. Sugi exceeds the elevation limit.

Description of site from system requirements and construction work

There is no problem is making thig place a possible site for a
station. Equipment and Materials could be unloaded from vessels
of 200 tons at a possible quay built on the west geashore. This,
however, will require the bullding of a new road. As for the soil
endurance, support floor can be expected at 10 m underground, and
if adequate steps could be taken, it would be possible to construct
an aerial. This place can be reached by ship from Tj. Pinang to
the site through Moru,

Overall evaluation and accompanying documents

B B6
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No. 104

Name of system: Decca
Name of chain and station: Singapore Strait Telukdalam
Location: Kampa Telukdalam Kep. Riau, Riau

Lat. & long.: 01-09 N, 104-34.9 E

Description of site: A flat lot with hard ground facing the north
coast of P, Bintan. There is no problem in the elevation angle.
The ground consists of sand with hard rocks here and there. The
s0il endurance is presumed to be 20*425t/m2. From 2.5 km south

of the site and ahead is a hillock with ups and downs of 50100 m
in height. At present plantation of coconut palm 1s under way.
Privately owned land. To get to this place is use land trans-
portation from Tj. Pinang. One half of the 60 km road 1s not
available to car traffie. No berthing facilities, and in addition
the coral reefs exist to a great distance. Water can be obtained

from wells. Power is procured conly by independent power plant,

Description of site from system requirements and construction work

No particular problems in the system configuration. The construc-
tion work should be relatively easy, but the bad condition of the

road will require a considerable amount of expenses.

Overall evaluation and accompanying documents

B B17
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No. 105

Name of system: Decca

Name of chain and station: South Malacca Strait Decca Sungaiaiam
Bengkalis

Location: Riau Bengkalis, Bengkalis, Sungaiaiam

Lat. & long.: 01-27.2 N, 102~09.2 E

Description of site: A perfect flatland, about 2 m above sea level

at 6 km SSE of Bengkalis. There is a 5 m wide road running from
Bengkalis, and so the place is easy of access. At present the
place is a privately owned farm. The ground 1s clay, and there
is a brick factory adjoining the site to utilise the clay. The
s0il endurance 1is presumed to be leJISt/mz. This place can be
reached by ships of regular run once a day from Bengkalis. It

takes 7~8 hours.

Description of site from system requirements and construction work

Good topographical conditions and convenient transportation.

There is no problem in constructing a station.

Overall evaluation and accompanying documents

A Bll
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No. 106

Name of system: Decca

Name of chain and station: Malacca Strait Decca Selat-Panjang

Location: Riau Bengkalis Selat-Panjang

Lat. & long.: 01-02.4 N, 102-45.2 E

Description of site: A flatland facing Selat Hitam in the central
part of P. Ransang. The inhabitants are mostly fruit growers.
There are some who work at a nearby lumber-mill. The site is
perfectly flat, and the elevation angle is good all over the place.

The underground water level is - 5m in the dry season and - 3m in

the rainy season. Water from wells is not good for drinking, and
the people rely on rain water. It takes 6 to 16 hours by ship on
regular run from Selat-Panjang. The place is privately-owned, and

there may be the problem of compensation for farming.

Description of site from system requirements and construction work

There is nothing to affect the system configuration. 0f construc-
tion equipment and materials, frame timber can be procured f£rom
Malaysia and nearby islands. Cement, steel, etc. must be brought
from Medan or, in some cases, from Jakarta. The unloading of all
equipment is possible at Port Selat-Panjang, and this helps in a
way save the defects of this place where many items of equipment

and materials are needed for foundation work.

Overall evaluation and accompanying documents

B B9
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No. 107

Name of system: Decca

Name of chain and station: South Malacca Strait Decca Bukit
Kangkar

Location: Bt.Kangkar, Selom Muar, Johor
Lat. & long,: 02-10.7 ¥, 102-33.7 E

Description of site: Situated close to the arterial road, 15km
north of Muar. To get to the site, you must proceed 500m along

a private road of 2m in width from Bt.Kangkar. A private lane
runs through the middle of this place. This is a part of a
hillock with gentle slopes, with the highest place is 10m above
the sea level. The level difference in the required space of
land is almost 6m or less. A rubber plantation at present.

The ground is sand clay and its endurance is presumed to be 20t/mZ.
The rubber wood prevented the survey of the circumstances, but
there seems to be no object whose elevation angle exceeds 2 degrees,
except for G.Leading (4,187 ft high) whose elevation is calculated
as 3 degrees in the direction of 23km NNE. The place is owned

by Fourty Estate.

Description of site from system requirements and construction work

Nothing particular can be detected which would affect the Decca
system. The soft ground in the basin of the S.Muar was avoided
during the recent survey, and therefore there will be no problem

in performing construction work. Equipment and materials can be
transported easily by the good road from the port to the site.

As stated above, however, 500m of the private road must be repaired

and transferred from the middle of the site to other place.

Overall evaluation and accompanying documents

A M10
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No, 108

Name of system: Decca
Name of chain and station: Malacca Strait Decca Tj. Punak
Location: Rian Bengkalis, Rupat Tj. Punak

Lat. & long.: 02-06.2 N, 101-41 E

Description of site: A relatvely flat land about 2m above sea
level, at NE end of P. Repat. Puddles form during the raing
season, There is a 70~80m long beach on the seashore. Possible
to land by boat. This is a site originally planned for a Decca
station by Pertamina. The stone marks still remain. Soft clay
and soil endurance is presumed to be 2t/m2. The place is owned

by Pertamina. At present, just a wilderness with a few plam trees.

Description of site from system requirements and construction work

There are no big problems in the system configuration. Equipment
and materials for construction work can be transported 150km along
the bad road from Dumai, but a better way would be transport by sea
from Dumai and further by small craft to the site. The ground is
soft and this will require all sorts of equipment and materials and

a great amount of expenses for foundation work.

Overall evaluation and accompanying documents

D B13
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No. 109

Name of system: Decca

Name of chain and station: North Malacca Strait Decca Morib
(Rechar)

Location: Kg. Tg. Pechah, Morib Kuala Langat, Selangor

Lat. & long.: O02-44.6 N, 101-27.7 E

Description of site: Ten kilometres NE of Kanchong Laut, approx.2
km up north from a diverging point of the national highway connecting
Kelang with Sepang, and this place can be reached. A perfectly
flat land 2.5m above the sea level and in spite of the flat land,
drainage is very good. No high place whose elevation angle exceeds
the required limit. The place 1s currently owned by Duson Durian
Estate, but there will be no problem in acquiring land. The surface
soll is clay and the soil endurance of 1m underground is presumed
to be 15~20t/m2.

Description of site from system requirements and construction work

No factors can be detected which would affect the system configu-
ration. The existing road is avallable to lorry transport between
the arterial road and the site. It is easy to carry the equipment
and materials to the site. By addition of a certain length of
leading line to the existing power line, power can be procured.
Water can be obtained from a small scale of boring as in the case

of other sites in Malaysia.

Overall evaluation and accompanying documents

A M6
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No. 110

‘Name of system: Decca

Name of chain and station: North Malacca Strait Decca Ujong
Permatang

Location: Ujong Permatang, Kuala Selangor, Selangor

Lat. & long.: 03~-23.7 N, 101-15.2 E

Description of site: Situated at 5.5km north of Kuala Selangor.
Approx. 2,.8km after turning to the left from the arterial road to
Kelang from Telok Anson. Perfectly flat with of course no high
place whose elevation angle exceeds the required limit, The soil
is sand clay and endurance is expected to be 15t/m2. Only a few
trees within the site. No power line or railroad tracks are
detected in the vicinity which would disturb radio waves. The

place is privately-owned; 5. Terap Estate 1s the owner.

Description of site from system requirements and construction work

Nothing particular to affect the system configuration. Equipment
and materials can be unloaded at Port Kelang and carried by lorries
100km therafrom. A part of the road has not been paved, but no
problem for lorry transportation. Two metres above sea level, and
so there is nothing to worry about damage by floods. A high
voltage line runs along the arterial road. A leading wire of 3km,
and good quality of power could be obtained.

Overall evaluation and accompanying documents

A M3
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_No. 111

Name of system: Decca
Name of chain and station: Malacca Strait Decca Sinaboi
Location: Riau Bengkalis Bangko, Sinabot

Lat. & long.: 02-14.2 N, 100-59.7 E

Description of site: A flat land mainly to puddy field about one
metre above sea level. It is approx. fkm NW of Dumai. The
ground is soft clay and soil endurance is presumed to be only 2t/m2.
Most of the inhabitants in the vicinity live in wooden houses of
Bagan on the water or damp area. Water from wells is bad, so
facility to collect rain water should be required. There are
traces of trial oil digging here and there, Transportation is

by ferry boat twice a week between Bagan Silapiape and Dumai. No
commercial power 1s avallable, and the people living in about 30

houses have their own independent power plants.

Degcription of site from system requirements and construction work

There is nothing to affect the system configuration. Equipment
and materials for civil engineering and construction work are
supplied from Pekanbaru, Jakarta, Singapore, etc. Port Sinaboi
has berthing facilities for vessels of 100 tons to get alongside,
As stated above, the area is a terrible damp and this will require

a considerable amount of expense for foundation work.

Overall evaluation and accompanying documents

B B15
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No. 112

Name of system: Decca

Name of chain and station: WNorth Malacca Strait Decca Batu
Tengah

Location: S. Batu Tengah, Northern Malacca

Lat. & long.: 02-20.7 N, 102-04.2 E

Description of site: A hillock consisting of rocks, 25m above the
sea level, situated at 37km by land and 26km NW of Malacca. The
required space of land for a site is almost flat. Most part of

this place is wilderness with only a small part used as rubber
plantation, The ground is sandy rock and soil endurance is presumed
to be well over 50t/m2. Private owned land, but exact owners are
unknown. The maximum angle of elevation measured was 1.8 degrees

in the vicinity, which presents no problem.

Description of site from system requirements and construction work

Two systems of power line run in the directions of NW and SE at
2.5km northwest of this place but these seem to affect the system
configuration. There is a quarry in the neighbourhood and it is
eagy to procure frame materials for concrete, but, on the other

hand, a fairly good amount of expense will be required to perform
grounding work, particularly digging holes. Equipment and materials
for construction work can be unloaded at Kuala Lumpur or Malacca

and therefrom carried by land.

Overall evaluation and accompanying documents

A M8

5-74



No, 113

Name of system: Decca
Name of chain and statlion: Singapore Kijang (Kawal)
Location: Riau Kepriau, Kijang, T]. Emot

Lat. & long.: 00-50 N, 104~ 36.5 E

Description of site: A plateau which was formerly a bauxite ore
stope, situated on the south coast of P. Bintan. The place is
approx. 20m above sea surface and almost flat in the area of 150m

in radius. Outside this area, the level difference is 10m at
maximum. There is a mountain whose elevation angle is 3° in the
northern direction (335°), but there is nothing that would exceed
1°. The soil endurance is presumed to be lOOt/mz. Transportation
to this place 1s alrborne up to Tj. Pinang via Palembang and there-
from 30km by car. The road 1s good. The owner of this land is

state-run bauxite company.

Description of site from system requirements and construction work

Because of the firm ground and with the good port of Tj. Pinang
nearby, the transport of equipment and materials is easy.

Commercial power 1s available. Water can be obtained from the
waterworks. All these will make the construction work much easier.
The trouble is that this site lies closer to scuth which will present
problems in the system configuration. This matter should be care-
fully reviewed.

Overall evaluation and accompanying documents

C Drawing None
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No. 114

Name of system: Decca

Name of chain and station: Singapore Strait Decca Senggarang

Location: Senggarang, Minyak Beku, Batu Pahat, Johor

Lat. & long.: O0l1-46.3 N, 103-27.1 E

Description of site: A completely flat land situated at 15km SE

of Batu Pahat. It is 2.4km north of the turning point at Senggarang
on the national highway leading to Kukup. No object to exceed
elevation limit. Approx. 2m above sea level. The ground is soft.
A boring survey should be made to find if it is too soft. There

is an airport at 6.5km WSW, but both approaches and angles would not
affect the system. Mainly rubber plantation but also coffee and
banana plantations are there at present. Privately owned place,

and there will be no problem in acquiring the lot.

Description of site from system requirements and construction work

Since it 1s a perfectly flat land and there is no high mountain
and no source of noise, which would affect the system configuration.
The road condition is good and makes the transport of equipment

and materials easy.

Overall evaluation and accompanying decuments

B M12
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No. 115

Name of system: Decca

Name of chain and station: Malacca Strait Decca Ransang

Location: Riau Bengkalis Tebingtinggi Ransang Tengah

Lat. & long.: 01-04.5 N, 102-59.6 E

Description of site: Situated at the central part of Malacca Strait

of P. Ransang. Traffic and economy of this place are closely
related to Selat-Panjang and Tg. Balal. The whole island looks
as though it were situated on reedy marshes. The site is a
perfectly flat land and ideal electrically. At present, palm
plantation is in progress. The height above sea level is only
one metre. Water can be obtained from wells, but is not good for

drinking. This place can be reached by ship from Selat-Panjang.

Description of site from system requirements and construction work

No problems in the system configuration, but because of the soft
soll, a considerable amount of expense will be required and many
problems will be involved, for piling operation, even if a quay
of 500m in length protruding seaward is newly built.

Overall evaluation and accompanying documents

c B7
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No. 116

Name of sytem: Decca
Name of chain and station: Malacca Strait, Ransang
Location: Riau Bengkalis Tebingtinggi Sungai Ransang

Lat. & long.: 01-09.1 N, 102-48.2 E

Description of site: A perfect flatland about 2m above sea level,
situated at the north end of P. Rangsang. Traffic and economy

of the inhabitants of this place are closely related to Selat-Panjang.
At present, coconut palm plantation is in progress. Soil erosion

1s going on at the seashore at a rate of 3~8m per year. The

ground is extremely soft and soil endurance is presumed to be lt/m2

or less. Water must be procured from rain water.

Description of site from system requirements and construction work

No problems in the Decca system configuration. In addition to
the extremely soft ground, the erosion at the seaside is very bad.
Much time and expense would be necessary to counter these adverse
conditions.

Overall evaluation and accompanying documents

c B8
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No. 117

Name of system: Decca

Name of chain and station: Malacca Strait Decca Simpengayam,
P. Bengkalis

Location: Riau Bengkalis, Bengkalis Miskum

Lat. & long.: 01-34.8 N, 102-02.7 E

Description of site: A perfect flatland,'approx. 2m above sea level
at west end of P. Bengkalis, This site can be reached by ship

from the City of Bengkalis for 10 miles, landing at Perapat Tunggal
and walking 3km of a road not available for vehicles. At present
the place is a wilderness with a few trees. A stream 1s not
availlable for the transport of eduipment and materials. The ground

consists of soft clay and the presumed soil endurance is 3t/m2.

Description of site from system requirements and construction work

No problem related to the elevation limit and no adverse conditions
to affect the system. Equipment and materials for construction
work are brought from Singapore, Tj. Pinang, etc., but a wharf for
small craft should be built at the unloading place and the road
should be made wider to allow traffic by small lorries. A great
amount of expense should be required for foundation work to over-—

come the soft ground and furnishing of transport routes.

Overall evaluation and accompanying documents

C B10O
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_No, 118

Name of system: Decca
Name of chain and station: Malacca Strait Decca Kundur
Location: Riau Riau Kepulan Tanjung Baru Kundur

Lat. & long.: 00-48.4 N, 103-23 E

Description of site: A plateau with gentle slopes, approx. 30m above
sea level, at NW end of P. Kundur. The level difference within the
required area is 3m or less. Nothing to exceed the elevation angle
of 1 degree. The ground consists of sandy eclay. The presumed

soil endurance is 30t/m2. Judging from the condition of exposed
rocks in the vicinity, there may be foot rock within 10m below the
ground surface. The place is owned by the State, but the farming
rights are rested with the inhabitants. Transportation to this
place 1s by ship twice a week from Pekanbaru for Tunjunbaru (takes

24 hours) and therefrom 30km by car.

Description of site from system requirements and construction work

The condition of the land is generally good and the road requires
just minor repairs, and therefore it is possible to comnstruct a
station without great difficulty. Sand and gravel for construction
work can be procured at Kundur, and cement and steel materials at

Singapore, Pekanbaru, Tj. Pinang, etc.

Overall evaluation and accompanying documents

c B12
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No. 119

Name of system: Decca
Name of chain and station: Malacca Strait Decca Dumai
Location: Riau Bengkalis Dumai

Lat. & long.: 01-38.5 N, 101-25.8 E

Description of site: A hillock with gentle ups and downs, about
10m above sea level, 7km SSW of Dumai. Forest and the level
difference within the site is 5m or less. No object exceeds the
elevation angle of 1°. There is a runway of Dumai Airport 4km
away, but it is not in the direction that would affect approach.
The ground is sand and soil endurance is presumed tc be 50t/m2.
The whole area is owned by Pertamina and C.P.I. This place can

be reached by car on the good road from Dumai.

Description of site from system requirements and construction work

There are no adverse conditions to affect the system configuration.

Because of the good ground and good road and, in addition, of

equipment and materials being available in the locality, construction

work can be carried out easily. Commercial power will also be

available.

Overall evaluation and accompanying documents

B Drawing None
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No. 1320

Name of system: Decca

Name of chain and station: South Malacca Strait Dececa Minyaku
Beku

Location: Minyaku Beku, Batu Pahat, Johor

Lat. & long.: 01-47.8 N, 102-34.53 E

Description of site: Situated on the right coast near the estuary

of the S. Batu Pahat and along the arterial road down south of

Minyak Beku. Tt is in a good position, keeping off from G. Banang
towering in the NE direction. This place is a part of hillock with
gentle ups and downs. Geographically, it is situated at the southern
end of the above-mentioned mountains. The level difference is about
10m in the required lot. The elevation angle exceeds 2 degrees

in true bearing 70~-100°. G. Minabuku in true bearing 79° has an
elevation of as much as 7 degrees. The ground consists of hard sand
and its endurance is presumed to be 30t/m2. Privately-owned and

utilised now as rubber plantation.

Deseription of site from system requirements and construction work

In selecting this site, all points where elevation angle exceeds the
limit, likely to affect the Decca system configuration were kept
clear of asg far as possible. The equipment and materials for
construction work can easily be transported from Batu Pahat by land
for 8km along the first class national highway. it is not necessary
to worry about possible damage to the equipment and materials on the
way. Power can be obtained from a nearby power line and, as for

water, a required amount could be obtained from rather shallow boring.

Overall evaluation and accompanying documents

c M1l
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_No. 121

Name of system: Decca
Name of chain and station: North Malacca Stralt Decca. Rungkap
Location: (Malaysia) T.0.L. Rungkap, Rungkap Perak Hiler

Lat. & long.: 03-56.8 N, 100-42.3 E

Description of site: Situated at 35km WSW of Telok Anson. A
flat land, about 1.5m above the sea level along the coast, covered
by. mangrove trees 6 te 7m tall. The ground consists of soft
water clay and the soil endurance at 1lm underground is presumed

to be 20t/m2 or so.

Deseription of site from system requirements and construction waork

The whole area 1s relatively low, and there is an embankment in the
adjacent S. Rungkap. A water gate 18 provided and mechanical
draining is carried out, but the site surveyed does not enjoy such
benefit. In transporting equipment and materials, it is possible
to go through Land Rover, but the road to the site from the crossing
point of Simprang Empat Rungkop must be repaired for lorry trans-
portation. State-owned place. Power can be obtained from power
line of about lkm newly installed. Convenient, but difficult

for construction work.

Overall evaluation and accompanying documents

B M1

5-83



No, 122

Name of system: Dececa

Name of chain and station: WNorth Malacca Strait Decca. Huntang
Melintang

Location: (Malaysia) Huntang Melintang, Perak Hiler, Perak

Lat. & lomg.: 03-51.6 N, 100-57.4 E

Description of site: A flat land approx. 2.5m above sea levelz 18km
SSW of Telok Anson. The length of the road is 22km, and required
time is some 40 minutes, A section of the coconut tree plantation
estate. Almost perfect flat land with drainages furnished in all
directions. The ground is firm, and soil endurance is presumed

to be 30t/m2. The land is owned by Flemington Estate. There is

no high place whose elevation angle exceeds the required limit.

Deseription of site from system requirements and construction work

There are no factors detected which would affect the accuracy of the
Decca system. The road from Telok Anson is perfectly furnished,
which makes the transport of equipment and materials easy. Water
should be obtained from wells. Power can be procured from the
power line between Telok Anson and K. Selangor. This place i1s
superior to Rungkap in respects of road conditions, flood and

foundation work.

Overall evaluation and accompanying documents

A M2
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No. 123

Name of system: Decca
Name of chain and station: North Malacca Strait Decca Batu Tiga
Locatlon: Batu Tiga, Damansara, Kelang Selangor

Lat. & long.: 03-01.7 N, 101-34.6 E

Description of site: Situated at 19km SW of Kuala Lumpur, this
place is a well-kept rubber plantation owned by Seafield Estate,
A plateau with gentle ups and downs, about 20m above the sea
level. The level difference is a few metres within the site.
Except for Bt. Lanchong (489m) observed 2.4 degrees in the
direction of 185°, there is no other object whose elevation
angle exceeds the required limit. The soil is hard eclay, and
s80il endurance is presumed to be 20t/m2. It is situated at

18° ten kilimetres away from the approach of Kuala Lompol Airport,

and there is no fear that the locatlon violates the national law.

Description of site from system requirements and construction work

A power line of presumed voltage of 30KV is laid in 25m south of
this place and a railroad track for unelectrified trains runs

at a point 5km north, but these lines will present no problems.
The distance is only 24km and so the place can be said to be a
convenient place. And, power can very easily be obtained.
Except for the problem of water which must be procured from wells,

the place is one of the best possible sites for a station.

Overall evaluation and accompanying documents

B M4

5-85



No. 124

Name of system: Decca
Name of chain and station: North Malacca Strait Decca Dengkil
Location: Dengkil, Kajang, Ululangat, Selangor

Lat., & long.: 02-52.4 N, 101-40.4 E

Description of site: Situated at 30km south of Kuala Lumpur, 48km
by land. A flat land 9m above the sea level. The existing
condition of the place is that the land is overgrown with weeds and
miscellaneous trees. There 1s a mountain, Tebing Tinggi (260m), in
the direction of 350°~20°, whose elevation angle was observed as
3.2 degrees, The ground is sand and soil endurance is presumed to
be 15t/m2. The whole site is Choong Keow estate and no problem

is foreseen for acquisition of land.

Description of site from system requirements and construction work

A power line seemingly of 30KV is laid at 3km in the north direction,
but this is not considered to affect the Decca system configuration.
The equipment and materials for construction work will be unloaded

at the port and carried to the site by lorry. The road is well
furnished and so no problem. Water should be procured from wells,
but it is possible to obtain required amount of water from shallow

wells,

Overall evaluation and accompanying documents

B M5
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No. 125

Name of system: Decca
Name of chain and station: North Malacca Strait Decca Manyala“
Location: Pasia Panjang, Port Dickson, Negri Sembilan

Lat. & long.: 02-26.2 N, 101-52.7 E

Description of site: Four kilometres NE of Cape Rachado, and in
between Port Dickson and Malacea. The site can be reached by going
1.3km up north from the guide-post on the road. The place is a
killock with gentle ups and downs. The level difference within the
site is less than 10m at maximum. At present the place is a well-
kept rubber plantation owned by Siginting Estate. No high objects
can be detected whose elevation angle exceeds the required limit.

The soil is hard clay and its endurance is presumed to be 30t/m2.

Description of site from system requirements and construction work

No particular problems are found which will affect.the Decca systen
configuration. The equipment and materials can easily be broﬁght
via the arterial road running between Port Dickson and Malacca.

It is also.easy to obtain commercial power. Water can be procured

by relatively shallow boring.

Overall evaluation and accompanying documents

B M7

5-87



No. 126

Name of system: Decca
Name of chain and station: North Malacca Strait Decca Telok Mas
Location: Telok Mas, Contral, Malacca

Lat. & long.: 02-10.9 N, 102-19.9 E

Description of site: Nine kilometres ESE of Malacca, and 13km down
south and 2km up north along the road of 5m in width, and an area

with shrubs and miscellaneous trees can be reached. Partly cultivated
as pineapple farm. Approx. 25m above the sea level, A few ups

and downs of about 5m. The mountain ridges extend in north and south
directions. The surface soil 1is clay mingled with conglomerates,

and s0il endurance is presumed to be 50t/m2. There is nothing in

the vicinity to exceed the required limit of elevation. The place

1s owned by the State and so no problem in acquiring land, but a
certain extent of compensation may be needed for the cultivation of

the farm. The farming condition is not very good.

Description of site from system requirements and construction work

There is nothing particular in the place which would affect the Decca
system configuration. Equipment and materials for construction
work can be brought from Malacca which is very near and the road

is good. It should be added that a power line runs from NW of

the point 1.6km SE in the direction of SE. The southern end of

the runway of Malacca Airport is 12km away in the direction of 314°,

and so no problem.

Overall evaluation and accompanying documents

A M9
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5-3 Designing of station

5=-3-1 Transmitting station building and billets

(1} Layout

Layout of the site has been so designed as to locate the

transmitting aerial at the core of the site with the

transmitter bullding arranged, outside the earthing area,

to occupy the place where is eonvenient for taking the

equipment in and out and for the maintenance as well.

The place for the communications aerial has been selected

under the consideration of the pair statlons and the effect

of transmitting aerial of the Decca Station, to which the

communications facilities belong.

(2) Scale and structure of the transmitting station building

1)

Plane

The station bullding area is divided into two parts;

work area and living quarters. The layout of the

rooms described in the table below has been so designed
that they may give full play to their respective functiens
and may also be satisfactorily situated. The engine
generator room has been arranged to be made independent

of other rooms lest it should affect the function of the
station or physiological conditions of persomnel by the

noise and vibration of the generators in operation.

The total floor space is 386.4m2, The dimensions of

each room are as shown in the table below.

Table 5-3-1 Decca transmitting station buillding

(Master and slave stations)

Name of room area No.of Remarks
room
Power building
Engine generator 96m2 1 Accommodates 3 engine gene-
room rators to be operated alter-
natively to supply power to load.
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Radio building

Transmitter
room

Battery room

Storage room

Office room

54m2

8m2

6m2

12m2

20m?

In addition to the 3 engine
generators, non-breake power
supply unit engine, generator
contrel panel, power distri-
bution panel, etc. are also
housed.

In this room also is a noncom-
bustible gas fire-extinguisher.

Wiring trenches are provided
underneath the floor.

Room to perform operation and
maintenance of electronic equipment.

Accommodates Decca transmitters,
phase power distribution control
rack, switching gear panel,
communications transmitter/
receiver, terminal equipment,
teletype, and remote control/
monitoring console.

Alsc housed are measuring appara-
tuses for testing and mainte-
nance of various types of equip-
ment ,

Wiring trenches are provided
underneath the floor.

A battery room for non-breake
and other power supply equip-
ment.

The storage batteries are accom-
modated with supporting frames.
Tools for outdoor work,

Steel shelves are prefabricated.

Office for station personnel.
(Desks, chairs and library.)
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Chief's office

Rest room

Locker room

Janitor's room

Alr-conditioning
equipment room

Facilities for
joint use

Entrance and
recreation
hall

Lavatory and
shower bath

Corrideor

Dining kitchen

20m2

9m2

14. 4m?

12m2

20m?2

37.5m

15.75m2

18m?

25m2

Office for the chief of the
station (desk, chair and sofas).

To be provided with lodging
and resting facilities.

To be used as a changing room
by personnel and also as a
store-room for personal pro-
perty.

To be used by employees work-
ing on miscellaneous duties

For cooling of electronic equip-
ment and air-conditioning of
the living quarters.

Package, condenser water pump
should be provided

The hall should be of lobby
type and used also for recrea-
tion and resting for personnel.

A toilet stand, wash stand,
changing and shower bath should
be provided

Personnel on night duty eat
here. -

A small water boiler,AtableS,
dish packs and chairs should be
provided.
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Gas cilinder 1.6m? 1 Gas for cooking and shower bath.
storage
Coil house Total floor space is 32.1m2.

Vestibule 2. 7m? 1 To house the distribution panel.

Transformer 3.12m2 1 ?o accommodate Austine trans-

room former for ailrcraft warning
light.

Coil room 26.27m2 1 To house the loading coil,
A.T.AM, unit and matching unit.

2} Structure

The station building has been designed as a one-storied
and wall-type ferro—concrete structure with high floor

to facilitate natural draught. The foundation, roofs

and walls are all made of ferroconcrete. The height

from the floor to the eaves 1s 4.8m for the radio building
and 4.5m for the power building. In view of the grave
importance of the facilities, the building has been
designed to be earthquake-proof. The coil house is

from 1its peculiar usage, of reinforced concrete block.

3) Finishing

Special consideration has been paid in finish designing

of the roofs for the heat isolatlon and water-proof, and
the materials for the finishing of the inside and outside
of the building are those to be easily avilable, to be
easily maintained and to be satisfactory both-economically
and functionally.
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4) Pacilities

a) Electric equipment

The following types of equipment are provided:

i)

ii)

iid)

iv)

Power supply equipment

The power for the station is 200V 50Hz 3 phase,
which i1s uded directly for the electronic
equipment, and also transformed into the voltages
which meet the local power conditions in 3 phase
4 1ine type for such general uses as illumination,

air-conditioning, etc.

Power board

The power transformed is supplied through the
power board to the illumination, air-condition-
ing, ventilating, water supply, cooling, oil
supply and other equipment.

Electric lights and outlets

The major rooms in the work section of the
building (engine generator room and transmitter
room) are lighted with illumination intensity

of about 500 luxes. The lighting of the various
rooms In the 1iving quarters is planned according
to their respective usages. Fluorescent lights
are mostly used, and in some places incandescent
electric lamps are used. A required number of

outlets are also provided.

Telephone and interphone

Interphone sets are provided in the main rooms
of the work section and living quarters and in
the coil house to accommodate the internal
communications, and commercial telephone is also

provided.
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v) TFire alarm system

Smoke and heat detectors are provided in the
three areas of work section and living quarters
and the coil house to give warning at the time
of a fire.

b) Air-conditioning equipment

1) Cooling system

The central cooling system is provided for the
living quarters while the independent cooling
system is provided for the work section.

Water is supplied from the underground water
tank to the cooling towers built outside for
both systems.

ii) Ventilation equipment

The engine generator room and the storage battery
room require the forced-ventilation equipment.

The equipment with alr-filters are provided.

c) Water supply, etc.

i) Water supply system

Rain and well water is collected in the under-
ground water tanks, pumped up and supplied via

the pressure tanks.

ii) Hot water supply system

Small water heaters using propane gas are
installed to supply hot water to the kitchen,

wash stand and shower bath.

iii) Sanitation facilities

Various types of sanitation ware are installed

in the lavatory, shower bath and other places.
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The urinal is a flash valve type and the close

stool is a low tank cleaning type.

iv) Sewer and draining

All the draining inside the building is of
natural flow type. The soil pipe and draining
pipe are connected to the underground sewage
tank outside the building to perform draining

by permeation.

v} Fire extinguisher

A fixed type of non-combustible gas fire
extinguisher is dinstalled in the engine generator
room. Portable fire extinguishers are pro-

vided for other rooms.

(3) Ancillary equipment

1) Water reservoir

Rain water collected is disinfected and supplied for
drinking. The tennis court is also used in collect-
ing rain water, Water from wells is used for the
lavatory, shower bath and air-conditioning equipment
and for other miscellaneous uses. The rain water
tank has the effective capacity for 3 month's supply
the pump house is made of reinforced concrete. The
water reservoir built under the ground of the pump

house is made of ferro-concrete.

2) 0il Tank

Fuel oil tanks are provided outside for the engine
generator. The capacity of the tanks is made for
3 month's supply. For the safety and easy initial
transportation, the capacity of each tank is limited
to 17.5 kl. Four tanks are installed at a station

where no commercial power 1s available.
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3) Other facilities

i) Septie tank

Two septic tanks of different capacities
are installed for the transmitting station
and the billets respectively.

ii) Propane gas cylinder storage

The gas cylinder, storage is capable of
storing the cylinders necessary for 3 month's
supply for cooking and shower bathing, and
built independent sufficiently separated

from other structures for safety.

111) Access roads and environment conservation

Access roads to each facility are built at
the station site, and a gate is built for
the approach to the station premises.

Trees and lawns are planted for the environ-

ment conservation of the station premises.

(4) Basic plan

See Annex 1, Drawings of basic plan.
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5-3-2 Transmitting aerial of Decca station

(1) Electric design of Decca transmitting aerial

1)

General requirements

The general requirements for the transmitting aerial

of a Decca statlon are as follows:

a)

b)

c)

d)

e)

£)

Only the ground wave is used in the Decca system,
and the skywave 1s regarded as harmful element in
the same aystem. For this reason, the vertical
radiation pattern of an aerial should be of the

characteristics of low angles.

The area of use of the Decca system is unrestricted
in direction and therefore the horizontal directivity

of an aerial should be omni-directional.

The effective height of an aerial should be made
high and the electrostatic capacity be made over
3,000 PF.

-As it is necessary to perform multiplex feeding of

five frequencies for lane identification, the resonance
frequency of the aerial should be made 300 KHZ or

more and the gradient of reactance should be made small.

The aerial loss (earthing loss, conductor loss,
dielectric loss, corona loss, etc.) should be made

as small as possible.

Changes in aerial constants to be caused by changes

in weather conditions should be few.

These requirements have been considered, and the
umbrella type aerial with cage has been dicided to
be most suitable for the transmitting aerial of a

Decca station.

5-97



Fig. 5-3-1

TOWER

TOP HUT_ 16

CAGE 12

70.000

12,000




This type of aerial consists of a steel tower about

110 metres tall, an umbrella type top-hat frnm the

top of the tower and a cage of several metres in

diameter attached to the tower. The umbrella type

top-hat extends aerial wires athwart from the top

of the steel tower toward ground.

The dimensions and shape of the transmitting aerial

of a Decca station, designed under such concept are
shown in Table 5-3-2 and Fig. 5-3-1.

Table 5-3-2

Type of steel tower

Guy system

Helight of tower
Type of aerial

Cage Diameter
Number of wire
Wire

Top~hat Length

Number of
radial
Grounding

System
Number
Radius
Wire

Base insulated type guyed steel truss

tower

Four level guy system
The topmost level also serves as an

aerial
110 metres
Umbrella type aerial with cage

6m
12

110 mm2 almoweld strand

62m
16

Radial earth
120
110m

2.9mm copper wire
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2)

Method of design and expression of aerial constants

For an electrically short aerial (whose electrical
effective length from the aerial base to the end of
the top hat radial 1s /8 or less), accurate design
is possible on the basis of the results of experiment

by means of scale model.

The electrical characteristics of the aerial which
are measured at the scale model experiment are effective
height, effective electrostatic capacity and resonance

frequency.

The aerial taken up in this report has been designed
on the basis of the results of study of the aerilals in
practical use at Decca stations of the Maritime Safety
Agency of the Japanese Government and the scale model

aerlals of the same Agency.

The effective height and other constants of an aerial can

be obtained by the following expressions:

a) Effective height: he

_Ed A
he = To0 T 1o
or
R
Ei

where Tb is Aerial current at base (A)
E is Field intensity at point of
distance d (v/m)
A 1s Wave length (metre)
d is Distance between the aerial and
the point of measurement (metre)
Vi 1s Open circuit voltage of an aerial (v)
Ei is Field intensity at the point (v/m)
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3)

b) Radiation resistance Rr

Rr = 16072 (h%)z

¢) Current at base Ib

_ [ B
b = [

where Pr is Radiation power

d) Voltage at base Vb

Vb = Vt [1 - (:é )2 ]

Where Vt is Voltage at end of top hat (v)

f 1s Transmitting frequency (Hz)

Jccis Resonance frequency (Hz)

e) Voltage of top-hat Vt-

P
Ve =
\/6.95 x 10713 co? ne? §4

Where Co 1s effective electrostatic capacity (PF)

£) Inductance of tower Lt
1

2 f, 2 co

Lt =

g) Reactance at base Xb

oo (4

2ECof h

Electric characteristics of top loaded aerial

The composition of an umbrella type top loaded aerial

is as stated above, and by adopting this type of aerial
it is now possible to increase the effective height and
electrostatic capacity of the aerlal. By an increase
in the effective height of an aerial is meant the impro-

vement of radiation efficiency of the aerial, as shown
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in the foregoing expressions. On the other hand, the

electrostatic capacity becomes larger and the insulation

becomes easy.

As a result of the design, the elctric characteristics

of the aerial system at frequency of 100 KHZ are calcu-

lated as follows:

Effective height

Effective electrostatic capacity
Resonance frequency

Radiation réaiatance

Efficiency

Reactance at base

Voltage at end of top-hat
Voltage at base

Current at base

he
Co

f,

n

Xb
vt
Vb

Ib

63 m
3770 PF
380 KuHz
0.71 £2
25%
390 (2
8.7 Kv
8.2 Kv
21A

The voltage and current at the time of lane iden~

tification show five times the above figurea at the

time of peak and twice those on an average because

of the multiple transmission of five frequencies.

The electric characteristics of an umbrella type

aerial are influenced by such other factors as given

below. They have been taken into consideration for

producing the best design of the aerial system given

above.

(a) Shape of top-hat radial

Following are items which influench the electric

characteristics:

a) Number of top radials N
b) Height H and diameter d of tower
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¢) Distance between the base of the tower and anchor
point of the radial L (indicated as multiples of

the tower)

d) f is the total length L of the top-hat radials, JZ’
the active length, and % the projection of the
height H, then as can be seen from Figure 5-3-11.

NG

X

TR S SR

Changes in the effective height, effective electro-
static capacity and resonance frequency for these
various values mentioned above are as shown in Fig.
5-3-2 through Fig. 5-3-10.

(h) Cage

The cage attached to the tower affects to increase
the elctrical effective diameter of the steel tower
and to decrease the reactance gradient in the working
frequency band. The effective diameter a' of the
cage 1s indicated by the equation shown below. To
take the foregoing aerial as an example, of which the
diameter of cage conductor is 1.35cm, radius of the

cage 300cm and number of cage wire 12, the effective
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diameter of the cages becomes 2.3m, and this indicates

the cage has great effect.

1
s (aczb,) n-1 (Sin .lfl_.) (sin 2—}) ..(sin .(n—i)m) }T

a: Radius of cage conductor
b: Radius of cage

n: Number of cage wire
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(2} Structure of Decca transmitting aerials

1) Introduction

The structural features of Decca transmitting aerial
are that the tower has 12 cage wires along the tower
mast, which are arranged in a circle in a cirele of

6 metres in diameter surrounding the tower, and also
it has 16 lines of a large scale umbrella type radials
extended in all directions from the cop of the tower,
The details of the aerial are shown in the annex.

2} Tower body

The body of the steel tower is of steel tubular tri-
angular truss structure and its dimensions are as

follows:

a) Sectional dimension

Regular triangle of 1000mm side length

b} Main posts

Diameter 114.3 m®
Thickness 4.5 mm
Material STK 41

JIS G 3444 (Carbon steel
pipe for natural

construction)

c¢) Diagonal mumber
Round bar 20 mm P
Material S 20C
JIS G 4051 (Carbon steel
members for mechan-

ical works)
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d)

Lateral members

Channel
Material

100 x 50 x 7 nm

85 41

JIS G 3101 (Rolled steel members

for natural construction)

e) Blocks and Joints
The tower mast is broken down into four kinds of
blocks: standard block, guy fitting block, base
block and top block. Jointings of these blocks are
friction coupling by high tensile bolts.
" £) Sectional charactistics
Table 5-3-3
Geometrical Sectional | Radius of
Section moment of area gyration | Weight
(mm) inertia (cn2) | of area {(kg/m)
(cm?) (cm)
3-PIPE
114.3¢x 4.5 77,600 46.56 40.82 120
3) Guy and aerial
a) Type of guy 3 direction 3 level

b) Type of aerial

1) Extending umbrella type of aerial in

16 different directions from the top

of the tower

11)

6 metres in diameter surrounding the tower.
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¢} Specifications of materials for guy and aerial

Table 5-3-4
Type Diameter (Sectional | Breaking| Weight Young's
{cm) |area load (t) (t/cm) modulus
(em?) (t/cm?)
=5
1 Spiral 2.2 2.9 39.8 2.38 x 10 1600
' TOopPEe . -5
Guy 1T A x 37) 2.2 2.9 39.8 2.38 x 10 - 1600
III 2.2 2.9 39.8 2.38 x 10 1600
Umbrella 7/4.2 of -6
type aerial almo- 1.26 0.95 10.65 [6.45 x 10 1600
weld
774.5 of _
Cage wire almo~ 135 | 11 | 1178 [7.41 x 107%| 1600
weld

4) Ladder, etc.
a) Ladder
To be fitted inside the truss.

b) Platform

To be fitted inside and outside of each guy step.

c¢) Obstruction light

Obstruction lights are fitted on two places of
top, I, II and III
(3) Design

1) Design criteria

The wind velocity adopted as design criteria is

35 metres/second.

5-106




2) Computation of stress of tower

The stress of the tower has been calculated by using
in the method explained in the Appendix B,

The summary of stress of wind load on the tower and
guys is as shown in Tables 5-3-5 and 5-3-6.

Table 5-3-5
Stress diagram of tower
30,1} 2125 ~1.30 12.65
o 227 / ~316.% \ 169 31.90
N 1358 '\ - 146
1 1 5.0 < -249.3 \ 153 47.18
>—I4 5.8 - 1,3
L 7.6 _“1-289.0 \ 140 6099
Nl-242.0 \ -123
\ oo
Displacement Bending Shearing Axis force
(cm) moment force {ton)
(t.cm) {ton)
Table 5-3-6
Stress of guy
Level |Direction | Tension Guy f£itting Position
of of of Guy anchor Initial
Buy guy guy (ton) Tower (ton) tension
(ton) (ton)
Uplift] M N Wind | Normal} Vertical
1 4.66 1.32 ¥.11 0.06| -2.11] 3.54 2.17
1 2 7.53 2.4 .77 ~-0.00 6.76 0.00 3.32 5.06
3 4.66 1.32 K/.11| -0.06| ~2.11| -~3.54 2.17
1 3.72 1.72 2.63 0.09} -1.41) 2.28 2.59
I1 2 7.68 4.16 |5.77| -0.00 5.71| 0.00 5.13 4,03
3 3.72 1.72 [2.63] -0,09] ~1.40/| -2.28 2,59
1 3.85 2.22 {2.18 0.12] -1.22 1.90 3.12
II1 2 9.51 6.48 [5.93 0.00 5.80] 0.00 7.54 4.39
3 3.85 2,22 z2.18] -0.,12| -1.22} -1.90 3.12
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3) Main materials and their allowable unit stress and

safety factor

Table 5-3-7
Place where Tensile Yielding | Allowable
materials Materials strength point 2 unit R X
are used (t/cm?) (c/em™) stress emarxks
(t/cm?)
Tower STK 41 4.1 2.5 2.1
Body
SM 41A 4.1 2.4 1.5
Casted
SC 46 4.6 2.3 1.3 steel product
Hardware
Plate
for guy 5SS 41 4.1 2.4 1.2 material
Pin
SNCM-2 9.5 8.5 4.1 material
Anchor 55 41 4.1 1.4
frame

4) Computated results by computer

Part of the computed results are attached to appendix B

(4) Design plan

As shown in the attached drawings
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5=-3-3

Pier and road

1)

2)

Landing pier

A pler, where necessary, consisting of simple piles should
be built for unloading of the construction equipment and
materlals at the time of station construction and for the
logistic support. General design for a pier is shown in
Annex (Drawing No.K064). It should, however, be noted
that due consideration be glven to the soil conditions for
the piling and to the tidal level for a pier. The piles
are of pre-cast type and the structure of the pier should
be ferro-concrete, Fender should be provided for vessels

in getting alongside.

Road

A road for vehicle traffic from the major road or the pief
to the station site is desiged as is 3.5m wide and asphalt-

concrete paved.
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5-4

5-4-1

Designing of equipment

Decca transmitting equipment

(1)

Composition

The Decca Navigator system is composed of a phase control
equipment to synchronise the phase of transmitting radio
wave, a transmitter to amplify the power to the required
transmission level, an aerial coil assembly to effectively
feed electric power to the aerial, a monitoring and switch-
ing equipment to monitor the operational status of a station
and a central monitoring eguipment to monitor the opera-

tional conditions of the whole system.

The components of the tramsmitting equipment are as shown
in Table 5~4-1 and Table 5-4-2 below, and the Decca Navi-
gator system configuration is illustrated in Fig. 5-4-1.

Table 5-4-1 Transmitting equipment components
(cf: Table 5-4-2)

Quantity

Name of item Master Slave station Remarks

station {each station)

Phase control One set consists of 3

equipment

1 et
set 1s racks

Transmitter
equipment

One set consists of 5
1 set 1l set transmitters for each
frequency (5 racks)

Aerial coil
asgembly

1l set 1 set ATAM unit is inecluded

Monitoring and
switching 1 set 1 set
equipment

One set consists of 2
racks

Central moni-
toring control 1 get —_—
equipment

Monitoring receiver
(monitor site), remote
control console and
data logger
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The outer view of each equipment is shown in Figs. 5-4-2
through 5-4-17.

(2)

Main ratings of the transmitting equipment

An outline of the specification of the transmitting

equipment is as follows:

1

2)

3)

4)

5)

6)

Transmission frequencies

Five specific frequencies are used for a Decca chain.

They are as follows:

5f One frequency in the band of 70,083~ 71,587 KHz

6f " 84,100~ 85,905 KHz
8f " 112,134 ~114,540 KHz
8.2f " 114,940 ~117,400 KHz
9f " 126,150 ~128,860 KHz

Master oscillator

Rubidium osclllator system

Frequency stability

Within *3 x 10_ll/month

Transmitter output

1.2 KW for each of 5f, 6f, 8f, 8.2f and 9f

Type of emission

AD

Transmission mode

MK-10 system
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Table 5-4-2

Station equipment components

N £ it Quantity R
ame o en Master Slave Control |Monitor ating Remarks
Red | GreenPurple| Center site
Phase control
equipment 3 3 3 3
; Wire or whip
] type for phase
Recelving 4 4 4 4 5m control equip-
aerial i
1 ment and sta-
! tion monitor
i
i Monitors on 14
Monitoring i items and se-
and switching 2 2 ! 2 2 lects optimum
equipment phase control
rack
;
kw | 5£, 6f, 8f,
Transmitter 5 5 5 5 1.2 8.2f and 9f
Accommodates
PA, exciter
Spare rack 1 1 1 1l spare unit and
dummy load
Aerial coil 1 L L Multiple feed-
assembly . ing for an
i aerial
A.T.A.M. unit 1 1 1 1
(Automatic . 5 frequencies
Tuning And 7 simultaneously
Matching) f
]
Data recorder j 1
{
|
Remote con-— | 1
trol console i
Monitor 1 Including re-
receiver ceiving aerial
UHF transmit- 1
ter/receiver
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(3

Phase control equipment

In the Decca Navigator system, the phase of the radioc waves

transmitted from all slave station should be synchronised

with that of the master station.

The phase control equipment is a device to synchronise the

phase of the radio waves and to centrel the time of trams—

mission.

The phase control equipment in a slave station is slightly

different Iin function from that of the master station.

The former is required to be cperated synchronously with

the latter by receiving radio signals from the master

station, Figs. 5-4-3 and 5~4~4 show the outer view of phase

control equipment in the master and slave stations.

1) Functions of the phase control equipment

a) In the master station

i)

i1)

1i1)

Generation of basic frequency and reference

phase signal of a Decca chain.

Generation of reference time signal of a Decca

chain and of time signal of own station.

Feeding of phase-shnchronised radio signals of

5f, 6f, 8f, 8.2f and 9f to the transmitter, on
the frequencies.

b) In a slave station

i)

ii)

iii)

Reception of radio waves from the master
station and generation of the signals whase
phase 1s synchronised with that of the master

station.

Generation of the time signals of own slave
station, which are synchronised with those of

the master station.

Feeding of phase-synchronised radio signals
of 5f, 6f, Bf, B.2f and 9f to the transmitter
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equipment on the frequencies as in the case

of the master station.

2) Composition

Tabele 5-4-3 Phase control equipment components

Quantity
Name of unit Master station }Slave station (each)
Master oscillator (Rb 0SC) 3 3
Drive unit 5f 3 3
" 6f 3 3
" 8f 3 3
" 8.2f 3 3
" 9f 3 3
Time slgnal generator 3 3
6f recelver 3
8.2f recelver 3
Frequency synthesiser 3 3
and clock
Power supply unit 3 3
Phase shifter 3 3

(4) Transmitter

The transmitter functions as a power amplifier to amplify
the radio signals of 5f£, 6f, 8f, 8.2f and 9f which are fed
from the phase control equipment, and to provide an output
of 1.2 KW of each of these frequencles, In Fig. 5-4-5 is

shown the outer view of the transmitter.

1) Funections

a) The transmitter amplifies the signals from the
phase control equipment to 1.2 KW and feed them
to the aerial through the aerial coil assembly.
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b) The transmitter compensates the fluctuation of
input signal from the phase control equipment
and fluctuation of load with the aim at insuring

the optimum operation at all times.

¢) The transmitter PA of each frequency consists of
12 units and can be operated almost with the rated
power even in the case of failure of two units
out of them. The alarmsignal will be sent in the
case of failure in a fan unit exclter units of
two or more and 8 transistors in PA units (warning

signal in the case of 4 transistors.)

2) Composition

Table 5-4-4 Transmitter components of each frequency

Name of unit Quantity Remarks
Exciter unit 4

Power amplifier unit 12

Tuning unit 1

Fan unit (1) 1

Monitor indicator 1

Alr filter 1

Aerial/dummy 1

load changer

(5) Aerial coil assembly

The aerial coll assembly is a matching and tuning device
to feed the radio signal power from the tramsmitter to

the aerial effectively. The outer view of the aerial coil
assembly is shown in Figs. 5~4-6 through 5-4-11.
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1) TFunctions

a) The tuning coils enable the aerial to be tuned

simultaneously to the five frequencies.

b) The matching unit matches the coil assembly input
impedance to the characteristic impedance of the

feeder cable.

¢} The change of aerial .impedance, caused by environ-
mental conditions is automatically compensated by
the functioning of A.T.A.M.

d) In order to control the phase of each radio wave,
phase of the aerial current is fed back to the phase

control equipment,.

2) Composition

Table 5-4-5  Aerial codil assembly components

Quantity
Name of unit for each Remarks
station
Loading coil 1 set Five coils
Matching unit 5 cases For each frequency
Feeder corrector unit | 1 set For five frequencies
Tuning condenser 24 pieces
Phasing loop trans- 1 set
former
ATAM unit 1 set

(6) Monitoring and switching equipment

This unit is a device for monitoring the operating
conditions of the phase control equipments. In case any

abnormality occurs in the set on duty, the unit detects
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it and selects the optimum phase control equipment and
switches automatically. In Figs. 5-4-12 and 5-4-13
are shown outer views of the monitoring and switching

equipment of the master and slave stations,

1) Functions

a) Detection of abnormality of the phase countrol
equipments and of itself.

b) Automatic (or manual) switching of the phase

control equipment.
¢) Indication of the abnormality

d) Monitoring of station operation

2) Composition

Table 5-4-6 Monitoring and switching equipment components

Name Quantity
of Name of unit Remarks
rack Master Slave
for each
Indicator unit 1 1
Switching unit 1 1
Auto selector 1 1 For phase control
Changer | unit (1) equipment
Auto selector : 3 3
unit (2)
Frequency counter 1 1
unit
Interface unit 1 1
Power unit 1l 1
Indicator & Control 1
unit
Monitor
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Monitoring unit 1 1 0.2f & 6f com-
parison unit, 05C4,
MK-10 identifica-
tion unit (master
station)

Monitor Station monitor
receiver, MK-10
identification unit
(slave station)

Monitoring receiver
unit 1 Zone, subzone
indicator

Aerial current
metre unit 1 1

Interface unit

Power unit 1

(7} Central monitoring equipment

This is an apparatus to monitor the operation of
a chain. It consists of the monitor console, monitoring
recelver, data recorder, etc. The outer view of each

component is shown in Figs. 5-4-14 through 5-4-17.

1} Tunctions of remote monitoring conscle

Monitoring of chain operation by the monltoring receiver

2) Composition

Table 5-4-7 Remote monitoring console components

Name of -unit Quantity Remarks

Display unit (1)
Display unit (2)
Reception data unit Including D/A converter
Interface unit (1)
Interface unitc (2)

Power unit (1)

R

Power unit (2)
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3) Other equipment

The monitoring site and the remote monitoring console
are connected with each other by UHF link to perform

the transmission of phase control signals.

4) Functions of the monitoring receiver

a) This receiver receives radio waves transmitted
from the master station and slave stations and
obtains pattern value, L.I, and zone data of each

of the red, green and purple pattern.

b) These receiving data are transmitted by UHF
transmitter to the remote monitoring console in

order to monitor and record such data.

5) Composition

Table 5-4-8 Monitoring receiver components

Name of unit Quantity Remarks
Receiver ‘ 2 Five frequencies
Receiving aerial 2

D/A Converter 1

Power unit 1

5-119



\/5

Va3

FRAME

BOBBIN

TROIDAL CORE

o
=
g
-
&)
w
A
ja]
g
©

BASE PFLATE

PHASING LOOFP UNIT OUTER VIEW

Fig. 5-4-1

A3




| 8og T'0

CHANGERl MONITCR
° ¢ ° a o of [l @
NO.IG 8 & & & —a
ND.2d B8 o % 0 -4
NO3E & & & o—0Q © ®
° 5 7% &-&'9
g b .(3'). ° @
o
e OO 3 O P9 2 o)
@ © a
pogon (o O
oooo S S 9 959 @ @ ¢ 0o¢
s 10O == e -} © o & 0© oQo o)
@ e L :i
° , [ ® (l, 1 [
coco “‘; @ L_-E-]
¢ ° R °
AR ' ° (eo - Ee
EERINEER
ggﬁoooo ﬁot %gﬁoooo g o
eleg o © : €4 o ®
- o = = = '
! 1 00 t20 450110
Fig. 5-4-12 MONITORING AND SWITCHING EQUIPMENT OUTER VIEW FOR MASTER STATION

2 l A3 [ s | | AN | ©




+
| 8og =10

2 ! Vs 4 s
CHANGER MONITOR
P &3 &% o |l e
Notb &8 e TEE
NO.20 & & 8 o -
ND.3S & 6 & b -& ° °
2 & i & -6 9
[" =) o °
a ‘®: ® a -]
crm
2 - a C 9 ? gJ LO QJ
* oo o= o0 5 ) | o
5258 5 SISES
eopo 25 999 o o °
( A o} o 000
-] W1,
oo
D e,
5 &
@
0 00 o
o ol o O % .
\_ _J S o
re T ° T T —
. M) et @
o) ¢ S
Qo0 -@- S .__‘&‘ 5
° 9 ° 2
[a of |fo o)
Q 9 e aJ
[oe ' Ee re&a ; ; E@
EEDliiiEED
%gﬁoooopo géﬁoooogo
@eqg o aj [ eﬁ o 2
. J
] )8 = Y ) o
[ 1og 20 450310

Fig. 5-4-13 MONITORING AND SWITCHING EQUIPMENT OUTER VIEW FOR SLAVE STATION

z A& | T T & e ] s




h A< [

4 [ V5 l <]
+=!0
DISPLAY UNIT (1) DISPLAY UNIT {2) 800
rd
{'{5'— T - ) 5} W
 omneen | s o |
| v | e | o |
s 9 o o @
[ ]
o @&o
1<) -9
INTER FACE — ‘ |
UNIT (1) F——— == -=9 INTER FACE
N | | UNIT (2)
B I o
1 i I 11 =
i | r’ H
' a
I [
:_ ________ j """ -
f i f
It il il i
It il ! il
U if 1y uj
| | | |
L_.,;,______ Lo
_;/ g \ [
POWER SUPPLY m// \ POWER SUPPLY (2)
teso £
Fig. 5—4—14 OQOPERATION CONSOLE OUTER VIEW
1 2 | A3 /N 5 6




+ df 1
O e NO. 1
T [ MONITOR RECEIVER (FIVE FREQ.)
OPRe> REF
[ #‘J b
o N
= vo.z
cee. oo [ MONITOR RECEIVER (FIVE FREQ.)
e
OPR &= REF
A J|
. 9]
. A/D CONVERTOR
LOCAL
REMOTE +
n B
> +
IEEXN
POWER SUPPLY UNIT
%%’ qoooo ? o
‘-090 Eo
- o =Y
)
Fig. 5-4-15 MONITOR RECEIVER OUTER VIEW AT REMOTE MONITOR STATION

A2z 4 l I N\ 5 8




| Vs \/5
o= [aal
=l
g%
DUP )
@ | |m
ok
n f
: @El i
TRANSMITTING ?F”J—T]
MODULE
RECEIVING oflof| ]
MODULE :
J il
zlellE]E
ST L. L 4
o W[ ]
o o dreé fe oJ L
1] Qs
al {*]o
LOGIC 0] |<[o i
BF
|I —[l
bs 4 -Bo)f-08
4|
260 245
Fig. 5-4-16 UHF TRANSMITTER/RECEIVER QUTER VIEW
| A3 | FANEE:




ALARM CONTROL UNIT

A A< a /5

NORMAL PATTERN RECORDER

DIGITAL PRINTER FOR
ZONE AND L.1. READING

POWER SUPPLY

DATA RECORDER
.
- 4]
N E WE---LI- 4
NN YT
I—I—.J_O—l—l.—'
o ——- o
N \d ST 4y
\& +
X
\\14’ *‘2 -Ev-"l
e * 3
— o
09 29
& 4]
- ¢
il )
- L — === ]
'f
B =IE3)
& oo
+10
570

Fig. 5~4-17 DATA RECORDER OUTER VIEW




/5 & 7
RECEIVING
ANTENNA TRANSMITTING
ANTENNA
Y \V
AERIAL _ COIL _ ASSEMBLY
CONTROL _UNIT NO. { TRANS MITTER )
. = JIMING
~I| 8.2 REC. | JS,GNALGEN_? o] 51 DRIVE = DRIVING |+ Pow. aMP ¥ 51 TUNING ! AM
! ~ - )
[ 316f DRIVE DRIVING Ly pow, aMP |+ 61 TUNING |-+ 4
| ] UNIT - F_EP&D&% MATCHING LOADING COIL
FREQ : . T ! R UNIT AND TUNING UNIT]
61 REC. —uf JFHASE SYNTHESIZER [Sl8f DRIVE [ DRIVING sl pow. AMPL [ 81 TUNING |- | t
) K : = - -
i
L SWITCHING L | {8.2f DRIVE (5 Dﬁlp‘{llq-e POW. AMP 8.2t TUNING 1% PHASING |
4 - - - . LOQP
POWER SUFPLY] S Rb. OSC [3]9t DRIVE [ DRVING [ Pow. AMP [ 9f TUNING* -
{
ALARM i} i i -
PHASING LOOP HUMMYLOAD —i|—~J
NO.1 0.2 REC. ANTENNA
N
CONTROL UNIT NO.2 NO.2 O.2f
2 - ] . NO.3 0.2f
> 5{~9f DRIVING —-» MONITORING EQ.
i SAME AS NOi Y
ALARM >
AUTOMATIC PHASE
»{ SELECTION COMPARATER RECEIVER
' — % ¢
) BUTO. NOTCH
A CONTROL
Q7 ! . L
SWITCHING RELAY
DISPLAY
CONTROL UNIT NO.3 CCT. cer
- & - - il
5t~9f DRIVING —+b !
> SAME AS NOj
ALARM > —— . S +
| COUNTER INTERFACE EONER,
) ) 4 k
CENTRAL MONITORING / TERMINAL EQ
Fig. 5—- 4- 18 BLOCK DIAGRAM FOR DECCA SLAVE STATION
[ 2 A3 | « T [ N5 | 6 | 7




2 ¥ a | /5 6
V TRANSMITTING
ANTENNA
- - . - PHASE LOOP
T
Frecuency] 961 [TPHASE | 961 0.2¢ DRIVE . PHASE I 51 { ,
SYNTHESIZES SHIFTER[ ~ P| NOTCH ™ Tamp P MODULATION SWITCH 2 TRANSMITTER] {
T | I |
1 MHz | @»
et AToR »{ TIMER ] FEEDBACK 6f DRIVE UNIT
LA AMP
NO, !
Uy e ———
CENTER |—. | APC |, CONTROL TS SASE i 61 1
DETECT DRIVE AMP P MP G T T e SWITCH ﬁmmsm-rrsn}—"
; &> FTmm B
- DRIVE UNIT
_,|FEEDBACK 8f bR
AMP |
e |
DRIVE PHASE
_ —® “amp MODULATION SWITCH (_;Emmsmrrenl' — 1
G L
’Bf DRIVE UNIT
FEEDBACK
g T
| sof !
DRIVE . PHASE 8.2 {
+ ) L e J
E 8.2f DRIVE UNIT
FEEDBACK
P Amp
e
DRIVE PHASE - | of !
P Camp L IODULATION—™] SWITCH TRANSMITTER
= L]
—* amp
) . \
NO. 2 (SAME AS NO. 1) }—
- - ]
: NO.3 (SAME AS NO. 1) I____
Fig. 5-4-19 PHASE CONTROL EQUIPMENT BLOCK DIAGRAM FOR MASTER STATION
2 I A3 ] 5

| JAN




h £

7 |
Y rransmiTTING
ANTENNA
. . PHASE LOOP
RECEIVING —————— N
ANTENNA 8.2 ¢ PHASE | ogf 021 v PHASE | 5¢ !
RECEIVER TIMER SHIFTER = NOTCH D?ulupe MODULA =1 SWITCH r—-.'rmar\|5|w||'n'ER;
96f —‘i' ( R
FREQUENCY] 11 _ N
NTHESZER ———'T} [FEEDBACK Bf DRIVE UNIT '
1 MHz |= "1 aMP
Rb i
61 6f i
RECEIVER PSCILLATOR }:
1 ————
CONTROL APC
DRIVE PHASE | 6f |
: < - —
NO. ! AMP DRIVE P OOULATION SWITCH TRANSMITTER!
PATTERN| &t '
AMP @ e
EDBACK 6f DRIVE UNIT
AMP
| B |
DR’L\.;E PHASE SWITCH 8f | I
A f
i TRANSMITTER,
| I |
CEEDBACK 8f DRIVE UNIT '
! AMP
—8"2_1‘—-:
DRIVE . PHASE swiren )
AMP T ANSMITTER |
& .
—TT B8.2f DRIVE UNIT
AMP
Jare
PHASE 9f.
' ORMP DULA SWITCH | TRANSMITTERI————"—
I
AMP
- |
NO.2  (SAME AS NO. 1) I__
i |
NO.3 (SAME AS NO. 1) |___~_
[
Fig. 5-4-20 PHASE CONTROL EQUIPMENT BLOCK DIAGRAM FOR SLAVE STATION
2 | As ] ~s 7




f 2 | h A< 4 | \/5 6 7
A
VR!—:CEWJNG
TEST KEY DISPLAY ANTENNA B
- i ) REFERENCE & COMPARISON
[ 1 DECOMETER 5
| et § o
:NO.I CONTROL | o] FAILURE RATE ' 51,61, 81,91 w °F. BF, 9F r—o '
! EQUIPMENT ] ’.- DETECTOR RECEIVER DISCRIMI NATOR
b TIME SUBZONE
COMPARATE : DECOMETER | -
______L__ 8.2t "1 I F
"NO.2 CONTROL AUTO RECE IVER wl DISCRIMINATOR
L _EQUIPMENT | SELECTOR ]
'f | 'f ' ZONE
| ANTISTATIC DECOMETER ¢
CIRCUIT HETERODYNE | | e 0.2F
J L ! OSGILLATOR DISCRIMINATOR
P, J
| NO.3 CONTROL | — o] cHaneer | L ) i i ] _
| EQUIPMENT CONTROL —
J) NOTCH -
AUTO/ ‘COMMAND
MANUAL
i
0.2 f NOTCH
CHANGER COMPARATOR ™ conrtroL [ b
! Jl )
y
_________ W
FANTENNA COUPLING |
L _EQUIPMENT |
Y
FREQUENCY
—-
COUNTER INTERFACE DISPLAY INTERFACE -
Fig. 5=4-—21 MONITORING & SWITCHING EQUIPMENT BLOCK DIAGRAM
F
2 l A3 AN 6 7



/8 |

NO.1~NO. 3

PHASE CONTROL

EQUIPMENT

AGC SIGNAL

POWER
AMPL

—

POWER
AMPL

rn

POWER
AMPL

w

COUPLING

- POWER
TRANSFORMER 1

AMPL

b

-

EXCITER 1

POWER

. AMPL

[+3

=l
=i
—i-

INPUT
NETWORK

B

EXCITER 2

POWER

] AMPL

EXCITER 3

TANK

SPARE RACK

UNIT

POWER

] AMPL

-]

IHALF POWER |

EXCITER 4

= Ll
o 'EOE'THOL RELAI;

POWER

- AMPL

w

COUPLING
TRANSFORMER 2

FPOWER
AMPL

HALF POWER

™ RELAY DRIVE

POWER
AMPL

10

LEVEL
MONITOR

POWER
AMPL

I

11

MONITOR &

L OAD
SWITCH

>

COMMAND UNIT

{FAN UNIT}

) POWER
AMPL

= FAILURE SIGNAL

PA OUTPUT LEVEL

/< RE OUTPUT B POWER SUPPLY LEVEL

Fig. 5-4 -22/¢y DECCA TRANSMITTER BLOCK DIAGRAM

L

AERIAL
COIL ASSY.

MONITOR
EQUIPMENT




v 3 ] 4 l | V5
—z .
-|¥!r~ -—
- UHF L UHF
Emmsce;vm TRANSCEIVER —|
FIVE (1] L_
FREQUENCY PCM | — PCM = DISPLAY /
RECE IVER TERMINAL [ TERMINAL CONTROL
3
A/D 5/A
CONVERTER l— CONVERTCR

FIVE (2) l
FREQUENCY ANALOG DIGITAL
RECEIVER RECORDER RECORDER

MONITOR SITE

Fig. 5-4- 22/2

MASTER STATION

MONITORING SYSTEM BLOCK DIAGRAM

A3




S5=4-~2 Power supply equipment for Decca Navigator system

(1) Introduction

1)

2)

3)

4)

5)

This power supply equipment is a device to supply power
to the transmitting equipment, irs ancillaries and other

units for use with the Decca Navigator system.

It roughly consists of the no-break power supply
equipment which supplies uninterrupted power to the
Decca transmitting equipment and the general power supply

equipment which supplies power to the ancillary equipment.

The general power supply equipment is classified into
two different systems, depending upon whether commer-
cial power 1s available in the area where the equipment

is installed; Sytem A and System B.

a) System A is used in the area where commercial power
1s not avallsble, Engine generators are installed
to supply power to the load at all times.

b) System B 1s used in the area where commercial
power 1s available. Engine generators are also

installed but for emergency use.

The standards to be followed are as follows:

a) JIS Japanese Industrial Standards

b) JEC Standards of the Japanese Electrotechnical
Committee

c) JEM Standards of the Japan Electrical Manuy-

facturer Association

The environmental conditions are as follows:
a) Ambient temperature 10 ~ 45°C

b) Relative humidirty 40 ~ 95%
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(2) Composition

1) General power supply equipment

a)

b)

In the case of System A

The general power supply equipment in this system
comprises the units enumerated below and the
connectlon diagram is shown in Fig. 5-4-23,

The skeleton diagram is as shown in Fig. 5-4-24.

The number of sets given below is for a Decca station.

i) Engine generator 3 sets (Shown in Fig.5-4-34)

A set of engine generator consists of the

following units:
AC generator 1

Diesel engine 1
ii) Engine ancillaries 1 set

i1ii) Engine generator control panel 1 set
(Fig. 5-4-24 & 5-4-30)

The control panel is composed of eight panels

as follows:

Generator main circuit panel 3
Automatic starter panel 3
Automatic changeover panel (Type A) 1
DC source panel 1

iv) Power distribution panel 1 set (Fig. 5-4-27
& 5-4-30)

In the case of system B

The general power supply equipment in this System
Comprises the units enumerated below and the

connection diagram is shown 1in Fig. 5-4-23 and the
skeleton diagrams are as shown in Figs. 5-4-25 and
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5-4-26. The number of sets given below is for a
Decca station.
1) Receiving panel 1 set(Fig. 5-4-33)

The receiving panel 1s composed of three panels

as follows:
MOF panel 1
Circuit breaker panel 1

Transformer panel 1

11} Engine generator 1 set

The same composition as that of System A
111) Engine anclllaries 1 set

iv) Engine generator control panel 1 set(Fig.5-4-26
& 5-4-30)
The contreol panel consists of four panels

as follows:
Generator main circuit panel 1
Automatic starter panel 1
Automatic changeover panel(Type B) 1

DC source panel 1

v) Power distribution panel 1 set (Fig. 5-4-27
&  5-4-30)

2) No-break power supply equipment

The composition of the no-break power supply
equipment is as enumerated below and the skeleton

diagram is shown in Fig. 5-4-28.

The specifications of this equipment are the same for
both System A and System B.

The number of sets given below is for a Decca station.

i) No-break power supply unit 2 sets
(Fig. 5-4-32)
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(3)

ii)

144}

The no-break power supply unit is com-

posed of two panels as listed below. The

number of sets given below is for a set of

the unit.

Input contrel panel 1

Output contrel panel 1

Transmitter power source panel 1 set

(Fig.5-4-31)

Spare parts and repair tools 1 set

Functions and ratings

1)

Receiving panel

a)

b)

Type of panel:

Functions

Self-stand metal enclosed

1t receives commercial power (3% 50 Hz, 6.6 KV) and

after stepping down the voltage to 200V by trans-

former, supplies power to the load through the auto-

matic changeover panel and power distribution panel.

The functions of each panel are as follows:

1)

ii)

iid)

MOF panel:

Circuit
Breaker(CB)
panel:

Transformer
panel:

5-123

Panel to lead in commercial power

and monitor the power supply status.

Panel with a circuit breaker unit
inside. It also accommodates a

single phase transformer.

Panel with two single phase trans-
formers. These two transformers
and the one in the CB panel are

connected in delta form.



2) Engine generator rating

a) AC generator
Type of protection: Protected
Type of excitation: Brushless
Cutput power: 125 KVA
Voltage: 200 v
Frequency: 50 Hz
Phases: 3
Revolutions: 1500 rpm
Poles: 4
Power factor: 0.8 (lag)
Rating: Continuous
Insulation class: F
b) Diesel engine
Type: Vertical, single acting,
4-cycle, pre-combution
chamber type
Output: 160 ps
Revolutions: 1500 rpm
Number of cylinders: 6
Starter: Motor

Cooling system:

Fuel:

Water cooling with outside

radiator

Diesel or heavy oil

Fuel consumption rate: 200g/ps-h

3) Engine Generator control panel

i} Generator control panel

On and off of output power, automatic regulation

of output voltage, monitoring of output.

i1) Automatic starter panel

Automatic starting and stopping of engine generator,

and other cntrols.
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4)

5)

iii) Automatic changeover panel (Type A)

Automatic changeover of three engine generators.

iv) Automatic changeover panel (Type B)

Automatic changeover between commercial power

and engine generator.

v) DC source panel

This panel has two sets of storage battery
and two sets of charger for use as control power

source for the engine generator.

Power distribution panel

a) Type of panel: Self-stand, metal enclosed

b) Functions: It receives the output from
the automatic changeover panel

and supplies power to each load.

No-break power supply unit

a} Type of panel: Enclosed.

b) Functions: It receives AC input power from
the power distribution panel
and supplies non-break DC power

to the transmitter.

i) Input Control Panel

AC power is converted to DC power, which is
supplied to the Output control panel, and
simultaneously charges the outer battery
using the battery charger accommodated in- the

panel,

In case of AC power cut-off, the output of
the outer battery intervenes until the engine

generator builds up.
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11) Output control panel

DC power from the Input control panel is
re-inverted to the stable DC power of
required voltages, which is supplied to
the load.
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5-4-3 Communications system

(1) Introduction

The Decca Navigator system can provide the users of the
system with highly reliable service only when its master
station and three slave stations transmlt the synchronised
and stabilised radio wave.

The Decca Navigator system is required, because of its
being a highly reliable system, to inform the user of

any stoppage of service due to "off-air", with promptitude
and certainty.

In order to maintaln good operation of Decca stations,
the mutual communicatlions system between stations and
the communication channel to the administrative organ
should be eatablished.

To ensure the prompt contact between the stations, an
exclusive radio communications network is preferable to
a commercial line. However, it is not wise for a Decca
station to have a radio operator assigned on exclusive
duty of conducting telecommunications. In additdion,
for better mutual understanding between the parties,

a volce communications system should be adopted. As the
atomospheric noise level in the tropical zone is very
high, single side band (SSB) system would be the most
suitable one for these purposes, 1In some cases, there
would be a necessity to record and file the contents

of communications, such as important directions or re-
ports. For this purpose, teletypewriter or facsimile
system is considered to be adequate. Here in this
report, the plan is composed of using teletypewrlter

system.

Accordingly, the volce communications and teletypewiter

communications will be used properly by the purpose.
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{(2) Establishment of communications network

As stated in the preceding paragraph, communications re-
quired for the operation and maintenance of the Decca
Navigator system are roughly divided into the liaison
between the stations themselves and the transmiseion of
orders or reports between the stations and their senior
organs. The former is called "inter-station communica-
tions system" and the latter is referred to as "adminis-
tration communications system”". A typical network is as
shown in Fig. 5-4-35.

As shown in Fig. 5-4-35, the inter-station communications
system has been contemplated to be composed of the SSB
telephone only while the administration communications
system, from its purpose, has been so designed to have
both SSB telephone and teletypewriter capable of being
switched over to each other. Slave station 3 shown in

the Figure is assumed to be located in a different country
or region from other 3 stations and has a communications

channel to its own district office,
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Fig. 5-4-35 Standard Communications Network
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(3) Channel plan

1) Inter-station communications network

Frequencies to be used should be selected according to
the distance between the stations, and then 2 MHz band
is recommended for the distance of less than 100 km and
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2)

3)

4 MHz band for the distance of more than 100 km.

As a general composltion, two frequencies, each chosen
from two different frequency bands are planned so that

they may be used properly in day and night.

Administration communications network

The frequencies to be used in this network are desir-
able to be commonly used with those of the inter-
statlon network, in view of the effective use of radio
frequency, the VHF band 18 used for the short range
communications and 9 MHz band 1s used additionally for

the network whose distance is very long.

Propagation mode

The propagation characteristics are largely afifected
by the ground condition of the propagation path. For
the short distance communilcations, groundwave will be
used effectively. TFor the loné distance communications,
skywave, mainly 1 Hop F2 or occasionally 1 Hop Es will
be used. Therefore, aerial must be carefully designed
to effectively radiate the power at an optimum angle
according to the propagation mode. The aerial for
skywave communications will be a dipole extended at
the height of less than a half wave length in order

to obtain the high injection angle. The aerial for

ground wave communications will be a vertical aerial.

Fig, 5-4-36A and Fig. 5-4-36B show experimental ex-
ample of propagation characteristics in Japan and
Table 5-4-16 through Table 5-4-20 show usable fre-
quency band by hour.
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(4) Aerial system

With regard to the design of an aerial, horizontal and
vertical directivity of radiated power should be con-

sidered in order to meet its purpose.

Fgr example, the aerial for skywave communications should
be a dipole extended at the height of less than a half
wave length in order to get the high injection angle. 1In
the horizontal directivity, the lobe should be put toward
the direction of the partner station.

To obtain ideal directivity, however, would make econom-
ical burden big because it would require an additiomal
number of aerials. So, in practice, one aerial should

cover as many statlons as possible.

A plan has been prepared for the aerial, therefore, taking

these into consideration, as shown in Table 5-4-9:

Table 5-4-9 Plan for standard aerial

Communica-

tions system Aerial Remarks

Dipole or inverted L-type
according to the propaga-
Inter-station tion path. The tower
should be 20m tall and
made of steel mast.

Required number of dipole.
Administration | The tower is 30m tall and
stayed truss type.

Some example of typlcal configurations of aerlal are shown

in the following figures:
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(3

(6)

Channel design

The longest channel in the administration communications
network 1s approximately 700km between Tj. Mangkalihat
and Banjarmasin, Indonesia., In order to maintain satis-
factory communications over this distance, it would be
required to use three frequencies between 4 to 9 MHz in
proper way. The individual design for each Decca chain
is as shown in Figs. 5-4-43 through 5-4~48 and Tables
5-4-10 through 5-4-15 also attached hereto.

Communications equipment

In the present channel design, the transmitter output of
100W or 200W will be used in the case of shortwave ac-
cording to the distance between the stations and that of
25W will be used in the case of VHF. Fig. 5-4-40 through
5-4-42 show the composition of representative euqipment

used for channel design.
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Fig. 5-4-40
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Control
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Teletype— |
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‘ 1
b oo e Fig. 5-4-41 Composition of equipment for

short distance communications
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Fig. 5-4-42 Composition of VHF station equipment

for short distance communications




Fig. 5-4-43 Communications network
for
Lombok Decca Chain

* Either Grajagan or
Petaju will be used
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Fig. 5-4-44 Communications network
for
South Makassar Decca Chain
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Fig. 5-4-45 Communications network
for
North Makassar Decca Chain
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Fig. 5~4-46 Communications network
for
Singapore Strait Decca Chain
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Fig. 5-4-47 Communications network
for
South Malacca Decca Chain
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Fig. 53-4-48 Communications network
for
Malacca Strait North Decca Chain
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Table 5-4-16 Usable frequency band by hour

Distance = 100 km
Equinox day

Sunspot number R = 25
1 HOP Fy

a8 = 80°

Ant = Dipole

and Aerial gain.

™ local

time | 00~04 | 04~07 | 07~10 | 10~12 | 12~14 | 14~16 | 16~18 | 18~24
Frequency 4 4 (4 4
band

iz 7 7 7 7 7
Absorption] O 0~8 | (8~29) (18~35) | 35~0
loss o 4~13 | 13~16 | 16~14 | 14~8 | 8~1.5

101 101

Path loss

—dB 105 105 105 105 105 101
A:;ial b x 2 4 x 2 4 x 2 4 x 2 4 x 2 4 x 2 4 x 2 4 % 2
Eain, ip
System 93 93~101 96.5~93
1°“°‘3__dB 101~110 | 110~113 | 113~111 | 111~105 |105~98.5
Noise 95~98 38~108 103~95
power N R N ~

~dB (W) 113~118 | 118 | 118~115 | 115~113 | 113~111
Required |, 20 20 20 20 20 20 20
SIN 45
Required
recelving| .5 ;3 | 7888 | 93~98 98 98~95 | 95~93 | 93~81 | 83~75
power

—dB (W)
Required
transmit-| g 45 | 15.13 8~12 12~15 | 15~16 | 16~12 l12~17.5|17.518
ting power

dB (W)
Remarks System loss is the total of Absorption lossa, Path loss
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Table 5-4-17

Usable frequency band by hour

Distance = 200 km
Equinox Day

Sunspot number R=25
1 HOP F2Z

A = 720

Ant = Dipole

1¢td
L8 77 0004 | 04007 | 07~10 |10~12 |12~14 |14~16 |16~18 |18~24
Frequency band 4 4 4
MHz 7 7 7 7 7
Adsorpotion losg O 0~9 40
-dB 4~13 |13~17 |17~15 |15~9 9~2
Path loss 102 102 102
~-dB 106 106 106 106 106
Aerial gain 8 8 8 8 8 8 B 8
+dB
System loss 94 94~103 98~94
~dB 102~311;1211~115/115~113|113~107; 107~100
Noise power 95~98 | 98~108| 113~118; 118 118~115{115~113| 113~111 103~95
~dB (W)
Required S/N 20 20 20 20 20 20 20 20
dB
Required reci~ | 75~78 | 78~88 | 93~98 98 98~95 195~93 |93~91 | 83~75
ving power
-dB (W)
Required trans- . -
mitting power 19~16 | 16~15 9~13 |13~17 |(17~18 |18~14 (1l4~9 |15-~19
dB (W)

Remarks

Sytem less 1s the total of Absorption loss, Path loss

and Aerial gain.
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Table 5-4~18 Usable frequency band by hour

Distance = 100 km
Equinox day

Sunspot number R = 25
1 HOP Fyp

A = §3°

Ant = Dipole

local
time{ 00~04 04~07 07~10 10~12 12~14 14~16 16~18 18~24
F 4 4 4
requency
band
MHz 7 7 7 7 7
Absorption] 0 0~9 4~0
loss
—dB 4~13 13~17 17~15 15~9 9~2
102 102 102
Path loss .
d 107 107 107 107 107
-dB
Aerial 8 8 8 8 8 8 8 8
gain +dB
System 94 94~103 103~95
loss
-dB 113~118 118 118~115 | 115~113 | 113~111
Noise
power 95~98 98~108 | 113~118 118 118~115 | 115~113 | 113~111 | 103~95
—dB (W)
Required | ,, 20 20 20 20 20 20 20
8/N dB
Required
recelving | ;5.8 | 78~88 | 93~98 98 98~95 | 95~93 | 93~91 | 83~75
power
~dB (W)
Required
transmit- | 1496 | 16~15 | 10~14 14~18 | 18~19 19~15 | 15~10 | 15~19
ting power
dB (W)
R K System loss 1s the total of Absorption loss, Path loss
emarks and Aerial gain.
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Table 5-4-19 Usable frequency band by hour
Distance = 500 km
Equinox day
Sunspot number R = 25
1 HOP F2
4= 50°
Ant = Dipole
Local time
00~04 | 04~07 | 07~10 |10~2 12~14 | 14~16 16~18 [18~24
Frequency band 4 4
MHz 7 7
9 9 9 9
Absorption 0 0~6
loss —dB 3~15 12~11 ([11~#6 6~2 3~0
9~12
Path loss 103 103
-dB 108 108
110 110 110 110
Aerial gain 8 8 8 8 8 8 8 8
+dB
System loss 95 95~101 | 103~115(110~114|114~113|113~108 |108~104| 103~100
-dB
Noise power 95~98 | 98~108 | 113~118| 121 121~118|118~116 |116~115 | 111~106
~dB (W)
Required S/N 20 20 20 20 20 20 20 20
dB
Required recei- | ;5 ;g | 7888 |93-98 | 101  |101~98 {98-96 |96~95 {91~86
ving power
~dB (W)
Required trans- 20~17 | 1713 | 10~17 |10~13 |13~15 [15~12 |12~9 |12~14

mitting power
dB (W)

Remarks

System loss is the total of Absorption loss,
Path loss and Aerial gain.
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Table 5-4-20

Usable frequency band by hour

Distance =

Equinox day
Sunspot number R = 25

700 km

1 HOP F2
A= 40°
Ant = Dipole
Local time
00~04 04~07 07~10 10~12 12~14 14016 16~18 18-~24
Frequency band 4 4
MHz 7 7
9 9 9 g
Absorption loss 0 0~7
-dB 3~17 3~0
1013 13~12 12 ~7 7~2
Path loss 105 105
B 109 109
111 111 111 111
Aerial gain 8 8 8 B 8 8 8 8
4+ 4B
System loss 97 97~104 | 104~118{113~116;116~115|115~110 |110~105{104~101
- =dB
Noise power 95-~08 98~108 | 113~118( 121 121~118|118~116[116~115}111~1.06
~dB(W)
Required S/N 20 20 20 20 20 20 20 20
dB
Required recei=| ;5 75 | 7g.88 [93-98 | 101 |101-98 [98~96 [96~95 |91~86
ving power
~dB (W)
Required trans=| 5, 19 | 17,06 |11~20 |12~15 [15~17 [17~14 |14~20 [13~15
mitting power
dB (W)

Remarks

System loss 1s the total of Absorption loss,
Path loss and Aerial gain,
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5-4-4 Lightning protector of Decca tramsmitting equipment

(1)

(2)

Introduction

The aerial coil of Decca transmitting equipment comprises total
of 5 colls of A,B,C,D and E which are ritz wires honeycomb-
wound on the wooden frame to increase the efficience of the
coils. Normally, the lightning arrester of transmitting
system in a radio station is to incorporate an arrester in
parallel with the transmitter at the base of an aerial, In
the case of Decca tramsmitting equipment, it 1s difficult to
protect the colls against lightning only with usual arrester
because of small endurance in the thermal and mechanical aspects
due to the afore-said structure, The lightning may give the
colls burning damage or mechanical damage according to its scale,
The lightning protector as shown in Fig. 5~4-49 has been
developed and put in practical use for the Decca stations in
Japan, which is much effective to protect the lightning impact.
The principle of this lightning protector is so as to protect
the colls as follows: the fuse will be cut at the initial stage
(before a critical point where the coils can endure in the
thermal and mecanical aspects) by selecting a proper fusing-
point of the fuse inserted beﬁween the colls and the aerial
corresponding to the lightning stroke current in dotted 1line
shown in Fig. 5-4~50, and thereby the circuit will be cut and
all of the lightning current will be led to the earth through

the arrester.

Selection of fuse in the lightning protector

Selection of fuse in this lightning protection circuit has

a significant mean, in other words:

1. it fuses at about t= 1Q/us against the lightning

stroke current.

2. it does not explode by the thermal energy when the
lightning current passes.

3. it has a large fusing capacity to cut fully the circuit
when fusing.
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The fuse satisfying following specifications is used.

1. Type: Wide range fuse.
2. Nominal Voltage: 36 kV
3. Nominal Current: 40 A
4. Fusing capacity: 250 MVA

5. Structure: As shown in Fig. 5-4-51.
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Fig. 5-4-49 Schematic diagram of Lightning protector

Antenndg

W

Changer, 3
=i

[

J Tranmitter

Chan%er
-§ )

5

(,Arrester

1

, Arrester
' switch
_Fuse _  _Fuse_ __ _|
on Stand-by on Dut
Command
signal
Control
Panel

Fig. 5-4-50 Timing of fusing

Approx. 100300 uS
Lightning stroke current

Fusing current
»

-

~-i
‘-._.._._

Fusing poin

Peak value of
lightning current

Im:
Fuse terminal voltage

End of fusing Is: Value of breaking

current

Pilot
element Porcelain
Arc-suppress
Break Fuse fillers Metal cap
indicator element




5-5-1

5-5-2

Unmanned Decca system

Introduction

A Decea -transmitting chain can be unmanned by adding to it a monitor
site,a control centre and by incorporating monitor and control
functions into each station. There are two cases in the unmanned
system; one is a system which comprises an unmanned master and
slave stations and a station established in a different site which
incorporates the monitor site and the.control centre, the other is

a system which comprises the control centre annexed to the unmanned
master station and the monitor site. It is desirable to man the
master station because a failure in the master station might cause
the off air of the whole chain. It would, therefore, be advisable
to have the latter system. This system is also adopted to the
unmanned chain in Japan. Periodical go-around inspection and
maintenance are carried out at three unmanned slave stations.

The interval of 15 days will be enough. In case the unmanned Decca
system was employed, i1t may be able to reduce the number of engineers
for operation and maintenance and to cut down construction and main-
tenance expenses thereby. On the other hand, however, there would
be a serious question in taking a measure to the trouble as compared
with the manned system. That is, in the event that the man power
would be required to recover the system, it takes some time for the
engineer to get in the station and consequently it will deteriorate
the serviecing quality. Therefore, when the unmanned system is
adopted, full conslderation should be taken into the administration
organisation ensuring more able engineers them those in the manned

system and better accessibility.

Explanation of the system

In the unmanned system, as shown in Fig.5-5-1, the navigational
frequencies radiated from each station are received at the remote
monitor site and are transfered to the control centre via UHF radio
link. The overall system monitor is carried out at the control
centre. The operating states of equilpment are monitored at the

control centre using the coded B8.2f signal from each slave station.
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The control of each slave station is carried out, as necessary,

by the control centre using the coded B.2f signal of the master
station. The monitor and control of equipment in the master station
are carried out as same as the slave station through the line co-
nnected between the control centre and the master station. The 8.2f
frequency can only be used for data transmission when it is not re-
quired for "pattern" or "guard" functions, The remaining period of
the 20 second cycle is divided between the three slave stations as
shown in the transmission timing diagram of Fig. 5-5-2. The time

of 8.2f frequency to be used for monitoring and contiolling slave
statlons is asigned on the basis of zero time (the end of the master
8.2f guard transmission) as follows:

Report message time from- the red slave is from 8.4 to 10.92 seconds
{(in the case of command message to the red slave, it starts at

8.28 seconds). Report message time from the green slave is from
11.16 to 13.68 seconds (in the case of command message to the green
slave, it starts at 11.04 seconds). Report message time from the
purple slave is from 13.92 to 16.44 seconds (in the case of command
message to the purple slave, 1t starts at 13.8 seconds). As—

for monitoring and controlling the master station, report message
time is from 3.36 to 5.88 seconds (in the case of command message

to the master, the signal starts at 3.24 seconds).

Normally each station is sending information on the equipment opera-
tion states to the control centre. When the control centre sends

an intervene signal to a station, the corresponding station stops
sending report message and changes to automatically the recediving
mode of command message and then is controlled by the command message.
The bit capacity of a command message is 22 bits and the first bit

is for the intervene signal. The bit capacity of a report message
is 21 bits and the duration of a bit is 120 mS respectively. The
data transmission reliability is improved by parity check or repetition
check and a specific bit for noise detection.
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5=5=3 Functions of the control centre

1)

2)

Overall monitoring of the system

The normal pattern and mutipulse pattern received at the
remote monitor site are displayed on the LI metre and de-
cometre each for red, green and purple assembled in the
monitor console and at the same time they are recorded on

the monitor recorder. Thus the deviation from the normal
value is at all times monitored, Provision is made on the
monitor recorder to provide an alarm in the event of any
pattern changing in phase by more than a predetermined amount.
The amplitude and timing of received signal are also at all

times monitored at the monitor console.

Monltoring of operation states of each station equipment

The operating states of equipments of each station are trans-
mitted by 21 bit report message signal to the control centre.
16 bits are used dor transmitting 22 items of monitoring
information and one bit for noise check, four bits for parity
check., These 22 item are displayed on the remate caontrol
and display unit at the control centre. The remote control
and display unit carries four control panels, one for each of

the four stations. These indications are listed below;

(1) Phase control equipment No.l on duty
(2) " " " Ne.2 "™ "
(3) " " " No.3 ™ ™
(4) Normal pattern indicator lst stage
(53) Multipulse pattern lst stage
(6) Power supply indicator lst stage
(7) Main power supply off alarm
(8) Phase control alarm, lst stage (1 unit locked out)
(9 Normal pattern alarm 2nd stage
(10) Low aerial current alarm
(11) Multipulse pattern alarm 2nd stage
(12) Power supply alarm 2nd stage
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(13) Phase control alarm 2nd stage

(14) Standby power supply alarm (for example, diesel
not started)

(15) TRemote control channel A or B in use
(16) Final M.P. fault

17 A.T.A.M. fault

(18) Loss of zero time

(19) Coil protect fuse No.l on duty

(20) " No.2 "
(21) " No.3 "
(22) " No.4 "

The first stage information (4) and (5) indicate a module
failure causing not more than a 30% power loss on the normal
pattern power amplifier or on any one of the four Multipulse
channel power amplifiers respectively. The second stage
alarms (9), (11), cater for any further loss of power amplifier
capacity. To guard against the possibility of failure in

one channel masking a further fault in any of the remaining
three channels of the Multipulse L.I. system, such an alarm
circuit (11), is provided in this instance.

The primary phase control equipment (8) operates in the

event of a failure of any sort on one phase control equip-
ment which causes this equipment to be locked out of the
automatic switching system. To permit a degree of monitor
over the remaining two equipments after such an ocecurrence,
the 2nd stage alarm (13) is provided to indicate that a
discrepancy has occurred between these units. The alarm(1l6)
covers any subsequent fault condition in the pultipulse signal

when the final phase control equipment is in operation.
The 1st and 2nd stage power supply alarms indicate respec—

tively a fault of no immediate urgency in the power system

and an urgent fault in this system requiring prompt action.
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3)

By inclusion of an indicator channel (15) ot show which

of the two remote control channels (A,B) is in use at each
station, a check can be maintained on the serviceability

of both channels, as these are automatically switched into
service alternately on a predetermined schedule, Further,
an intermittent fault indication can be identified as a
remote control system fault if it is transmitted on one of
the two channels only. A further alarm condition i1s
obtained if a fault occurs in the overall transmission
channel ("loss of message'): this is augmented by indication
(18) when such loss of message is due to a synchronization
failure. In order to prevent damage to the aerial couls at
the time of lightning strike, four protective fuses are .
provided in the aerial system. The operating states of
protective fuses are indicated by (19), (20), (21), (22).

Control of equipment of each station and maintenance of

system functions

According to the data obtained by overall monitoring of

the system and by monitoring the operating states of equip=-
ment of each station, the control centre carries out control
as necessary for maintaining at all times the normal functions
of the whole system. For this purpose, a message containing
21 bits is transmitted from the control centre to the four
stations. 20 bits are used for transmitting 10 item signal

and the remaining one bit for nolse detection.

The remote control facilities are nine in number and one is spair:

(1) Change duty phase control rack
(2) System reset

(3) Reset 'notch' (i.e. phasing of Multipulse
transmissions)

(4) Suppress lock-out system

(5) Switeh off Multipulse transmission
(6) Switch off all transmissions

(7) Start diesel
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(8 Initiate half-power signalling
(9) Change duty coil protect fuse

Operation (1) permits the operator to bring into duty any
one of the three phase control racks at will in order to

check its performance by reference to the monitor receiver.

Operation (2) overrides the lock-out system, resets standby
phase control rack synchronising and resets the transmitter
switching (5) and (6) if either of these operations have
been performed and unless the appropriate control switch

1s still set to 'off'. If a Multipulse phasing error
exists, the duty rack can be readjusted by operation (3).
It should be noted that, due to the need to rephase, if
required, at the zone pattern frequency of 0.2f, which
could demand up to 29 cycles or 'notches' at 6f, 3 of the
avallable 8 bits in the control transmissions are used to

minimize the number of operations necessary for this purpose.

Operation (4) 1s necessary as oterwise a failure, for example,
of one of the Multipulse amplifier channels could cause a
complete lock-out of the phase control equipment switching
when no phase control equipment fault exists. Operation (7)
provides back-up protection for the automatic diesel-generator
control system. Operation (8) is provided, if required, to
operate an engineer call system in which field engineers are
equipped with a speclal receiver which gives an alarm signal
in response to pericdic changes to half power of the normal
pattern transmission. In the protective fuse on duty is

defective, operation (9) changes to the spair protective fuse.
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4) Data collection for analysing failures

In order to recover the failures of equipments at the earli-
est time, it is important to detect the failure location and
to seize correctly the conditilons. For this purpose, it

is required to obtailn information on the operation states of
equipment until such failure has come to happen and the
phencmenon occurred.

In the case of manned station, the operator confirms the
operation states of equipment as 'routine work and can easily
specify the failure location when a fault occurs. However,
in the case of unmanned station, the special functions should
be provided in place of the above function, that is; at the
control centre and unmanned stations, functions to record
conitinuously the necessary data and to analyze the failure
comparing between both recordings. At the control centre,
facilities are provided to record periodically in usual con-
dition the normal and multipulse pattern signals received at
the monitor site, the operating states of equipments of each
slave station sent via 8.2f transmission signal, the operating
states of equipment at the master station sent via line and
any failure or changing in performance. At each unmanned
station, facility is provided to make a continuous record of
detailed operation states of each equipment other than those
to be sent to the control centre.

The earliest recovery of the gystem is made possible by mutually
comparing and analysing these data and specifying the failure

location.

5-5~-4 Equipments to be required for the unmanned system

In the unmanned Decca chain, the following equipments other

than those of the mamned Decca chain:
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Table 5-5-1

Quantity
M s CcC

Item of equipment Remarks

Line terminal equipment 1 0
Data recorder
Interface unit 1 1 1 in register rack
Sending/receiving register
Timer
Interface
Monitoring and control console 1
Monitor receiver display

Control panel

The whole composition of these equipments is as shown in Fig. 5-5-3 and the

control centre equipment composition is as shown in Fig. 5-5-4.
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5-5-5 Unmanned Decca station equipment

(1) Composition

In the unmanned Decca system, the control centre annexed

to the master station monitors the whole system and the
operating states of each station equipment and controls

the equipments as necessary. For this purpose, the equip-
ments stated in parvagraph 5-4-4 are required, composition of
those equipments In the unmanned station is as shown in
Table 5-5-2 and composition of the manned station equipments
are also included thereto for the comparison purpose.

Functions of these equipments are as follows:

(2) Monitoring and switching equipment

This equipment is provided to monitor the operating states
of the phase control equipment in the same way as the manned
Decca system, and select and switch to an optimum rack auto-
matically when a faulr exists in duty rack. In addition to
these functions, this equipment sends out the status infor-
mation on the phase control racks to the control centre and
selects and switches to the rack according to the command
signal from the control centre.

The outer wview of the equipment is similar to that of the
manned system shown in Fig. 5-4-12 and Fig. 5-4-13.

The 8.2f coding/decoding circuits to send/receive signals
to/from the control centre is incoporated in the interface

unit shown in the same Figures.

1) Functions

a) Detection of abnormality of the phase control equipment
and of itself.

b) Automatic switching of the phase control equipment

(Automatiec or manual)

¢} Indication of the abnormality
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Table 5-5-2 Manned/Unmanned Station Equipment Components
Unmanned Manned
Item Remarks
M | 5(for|{C.C[R.M.5 | M |[S(for | R.M.5.
each) each)
Phase control 3 3 3] 13
equipment
zgiii;ing 4 b Wire or whip for
phase control rack
and station monitor
Monditoring In unmanned station
Switching 2 2 21 2 It needs interfacer
equilpment for monitoring and
command signals
Transmitter 5 5 5 5 5f, 6f, Bf, B.2f,
9f
Spare rack 1 1 1} 1 PA, EX Spare unit
and Dummy Load
Aerial ceoil Multiple feeding
1 1 1|1
assembly for an aerial
ATAM unit 1 1 1] 1 5 frequencies
simultaneocusly
Monitor Including receiving
receiving 1 l aerial
equipment
UHF Trans-
mltter/Receiver 1 1 Data transmission
Line terminal 1
equipment
Operation
console
Monitoring & 1
control console
Sending/recei-
ving Register 1
Rack
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Data Recorder
Rack for control 1
center

Data Recorder
Rack for station |1 1
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d) Monitoring of station operation

e) Sending/receiving of the report/command message
to/from the monitoring & control console at the

control centre.

2) Composition

As shown in Table 5-5-3.

(3) Data recorder rack of each station

This equipment is provided to record automatically the
operating states of each equipment at a station. The

outer view of the equipment is as shown in Fig. 5-5-5.

1) Functions

a) Recording the transmitting aerlal current on the

analogue recorder.

b) Recording the report/command to or from the control

centre on the digital recorder.

¢} Recording all the alarm conditions.

2) Composition

As shown in Table 5-5-4.
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Table 5-5-3

Monitoring and switching equipment components

Name

Quantity
of Name of Unit , Remarks
Rack M S
Changer | Indicator Unit 1 1
Switching Unit 1 1
Auto selector unit (1) 1 1 ‘
for phase control eguipment
Auto selector unit (2) 3 3
Frequency counter unit 1 1
Interface unit (1) 1 i including Sending/Receiving
Register, Timer, etc., for
8.2f cording/adecoding
Power unit 1 1
Monitor | Indicator & control 1 -
unit
Monitoring unit 1 1 comparison units of 0.2f &
6f, osec 4, MK~-10, Identifi-
cation unit (Master station)
Station monitor receiver,
MK-10 Tdentifiecation unit
(Slave gtation)
Monitoring Receilver - 1
unit
Antenna current meter 1 1
unit
Interface unit (2) 1 1
Power unit 1 1
Table 5~5-4 Data recorder components
Name of rack Quantity Remarks
Aerial current recorder 1
Digital printer 1 For record of equipment
states
Timer 1 For control of Digital
printer
Power supply 1
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(4) Line terminal equipment

This equipment will be required in case that the control’
centre is established in a different place from the master
station and is an impedance conversion unit to prevent deteriora

tion of the signal to noise ratio on the line.

(5) Monitoring and control console

This console 18 provided at the control centre to receive
the monitoring signals Efrom the monitor site and to carry
out the phase comparison, etec. and to display the results
of the comparison and AGC levels, etc. This console is
also provided to make remote control of equipments of each
station in order to monitor the operating states of the
whole chain and to maintain the chain functions. Fig.5-5~

6 shows the outer view of this conscle.
1) Functions

a) Display of the operating states of the phase

control equipment

b) Indication of the abnormality

¢) Indication of normal pattern, multipulse pattern
and AGC levels

d) Switching of phase control equipment and sending/

receiving report/command message

2) Composition

As shown in Table 5-5-5.
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Table 5-5-5

Monitoring and control console components

Name of unit Quantity Remarks
Display unit (L
Display unit (2)
Reception data unit 1 ineluding D/A convertor
Master station 1
control unit
Red station control 1
unit
Green station control 1
unit
Purple station control 1
unit
Timer 1 Digital printer (1)

Interface unit (1)
Interface unit (2)

Power unit (1)
Power unit (2)

(Record of Zone & LI)
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(6) Register rack
This rack 1s provided to send and receive the remote monitor
control signals between the control cetnre and the four stations
and consists of the sending/receiving register and the timer
controlling them. The outer view of the rack is shown in
Fig. 5-5-7.

1) Functions
a) Recoding the report signals from each station

b) Coding the command signals

2) Composition

As shown in Table 5-5-6.

(7) Data recorder rack for the control centre

This rack is provide a record of the operating states of
a chain and to provide an alarm when a fault occurs.

The outer view of this rack is shown in Fig. 5-5-8.

1) Functions

a) Recording normal pattern on the analogue recorder

b) Recording LI patterns {Zone and LI) on the degital

recorder

¢} In the event of any pattern changing in phase by
more than a predetermined amount, an alarm is

provided

d) Recording report/command messages on the digital

recorder

2) Composition

As showm in Table 5-5-7.
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Table 5-5-6

Register Rack components

Name of unit Quantity Remarks
Register channel A unit 1 for each station
Register channel B unit 1
Timer unit (1) 1 for register channel A unit

" (2) 1 B "
Power unit 1

Table 5-5-7 Data recorder rack components

Name of unit Quantity Remarks
Alarm unit 1
Normal pattern recorder 1
bigital printer (1) 1 L.I. & Zone readings
Digital printer (2) 1 report & command message
Timer unit 1 for digital printers
Power unit 1
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5~5~6 Power supply equipment of unmanned Decea station

The power supply equipment of unmanned Decca station is almost

identical to that of manned Decca station except in the capacity
of engine-generator in a slave station.

capacity will be enough with 50 kVA due to the reduction of power

consumption in unmanned station.

The power supply

A comparison between unmanned and manned stations is shown in
Table 5-5-8.

The outer view of 50 kVA engine-generator is shown in Fig. 5-5-94A

and Fig. 5-5-9B.

Table

5-5-8

Unmanned station

Manned station

Remarks
Capacity | Quantity Capacity | Quantity
Engine= 50 kVA 3 125 kVA 3 Slave
generator station
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5-5-7 Building of unmanned Decca station

Building of unmanned Decca station has only a change in the

slave station, in other words, there is a reduction in the area

required for the transmitting building and in the personnel

quarters.

A comparison between unmanned and manned transmitting buildings

is shown in Table 5-5-9.

The design drawing of unmanned trans-

mitting bullding is incorporated in the attached drawings.

Table 5-5-~9 Comparison between unmanned and
manned transmitting buildings.
Area (mz)
Remarks
Unmanned
station Mag;iio
(Slave only) S n
Power supply
building included
T
ransmitting 202 386 in the case of
bullding
manned station
Power supply
room 90 96
Transmitter
break- room 40 54
down
of
Battery
lmajor room 11 8
part
Storage 18 18
Area of veranda
Livi ace
an: sihigs 43 210 excluded in the case
of manned station
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STARTING MOTOR EXCITING
OUTER VIEW OF ENGINE-GENERATOR FOR
COOLING WATER RATING CONTINUITY UNMANNED DECCA STATION
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5-6-1

5-6-2

Construction schedule

Introduction

According to the configuration programme shown in Table 5-1,

Decca chains will be constructed in consecutive order.

A schedule for constructing a Decca chain will be described
in the following section 5-6-~2 and the whole schedule will be
explained in 5-6-3.

Construction schedule for a Decca chain

Table 5-6-1 attached herewith shows a typical schedule for

constructing a Decca chain which consists of a master station,

three slave stations and a menitor station annexed to the master

station, It normally takes two years to complete the construc-—

tion of a Decca chain, assuming that road construction is completed

in 3 months, and its service will be provided in the third year.

Before the construction of the first Decca chain preparation period

for execution design, propagation survey and position surrey of

the whole chain will be required. Following is an explanation

of the important items appearing in the attached table of schedule.

(1)

(2)

Execution design

Prior to the construction of a Decca station, 1t is essen-

tial to prepare detailed design needed for the execution of
construction work for the station bullding, steel tower and
other facilities, and contract preparations on the basis of
such design. The design 1s made common to all the stations

of a chain.

Site survey and design of access road

Survey of each station site and for the construction of a
road (and in some cases a pler also) should be carried out
and execution drawings for the construction work should be
prepared. The period required for this work varies with
local conditions of each site, but normally it takes three
months including field and desk work.
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(3

(4)

(5)

The nature of ground of each site should also be examined
and, 1f necessary, detalled soil investigation should be
carried out. During the two months following such survey

all sorts of contract for construction should be prepared.

Preparation of site and construction of road

According to the results of the previous survey, levelling
of the ground is easy at each site. However, there is a
big difference in the situation of the sites in regard to
an approach to them from the arterial road or the sea.

At some sites the existing road is available for immediate
use by vehicle traffic while at other sites a pier should be
newly built for unloading equipment and materlals for con-
struction work. This situation is described in detail in

the results of survey by each site. (5-2-2)

In the typical construction schedule appended hereto, the
period required for completing the preparations of sites

and roads 1s shown as three meonths. However, at a site
where it i3 expected to take more than three months for such
preparations, work should be commenced well ahead so that

the preparations may be completed within the scheduled period.

Construction of station building, etec.

The construction of the station building and coil house should
follow the completion of the access road and is estimated to
be completed in nine months, i.e. they will be completed
before the 18th month of the schedule when the installation

of transmitting equipment 1s commenced. The construction

of the coil house must not be carried out at the time of
erection of the aerial tower. The annexed facilities such

as oll tanks, outside drain, etc. which are not related
directly to the equipment installations, may be completed by
the end of the 21st month of the schedule.

Construction of aerial system

In constructing a Decca transmitting aerial, the following
points should be borne in mind:
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(6)

1)

2)

3)

4)

Manufacturing of steel tower and accessory materials

The steel tower materials are the tower elements,

wire ropes for guys, insulators and metal fittings and
anchor metal fixtures. It will take eight months in
total to prepare manufacturing design, to procure

materials, to manufacture and to conduct inspection.

Construction of foundation and anchor lumps

Four months are required for this constretion including
piling work. This period could be reduced by about

20 days at a site where the soill conditions are good.

Earthing

A period of three months 1s estimated for earthing work,
though it depends on man-power and soil condition.

The earthing system is 120 radial wires of 120 metres in
length and buried 30 cm under the ground. The work

should not concur the timing of the tower erection.

Erection of steel tower

Four months of field work are required for the erection
of the tower and the extension of the umbrella-type radial
and cage wires. It would be best to organise two groups

of the workers, each to take care of two of the four
stations in consideration of constrction schedule and

the effective use of the construection workers and
equipment, since the scale of the transmitting tower is

big as compared with that of others such as receiving aerials.

Manufacture of equipment

A total of twelve months is required in completing the
manufacture of electronic equipment; the three months

are for designing, five months for procuring necessary
materlals and parts, three months for assembling and another
month for adjusting and inspection. The power supply equip-

ments can be completed in eight months, but one set of

the power supply equipments must be completed in time for

the adjustment of Decca transmitting equipment at the factory.
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5-6-3

(7) Installation and adjustment

A total of three months is required for the installation
and adjustment, which include the power supply equipment,
Decca transmitting equipment and communications equipment.
After the completion of installation and adjustment of each
station, the overall adjustment of the system should be

performed - simultaneously for the four stations.

(8) Preparation of charts

A period of approximately a year is required in the prepa-
ration of Decca charts, assuming that the position of

transmitting aerials are already fixed.

In the area where geodetic nets are well furnished, it would
be sufficient to fix the position of a Decca station by

the triangular survey, but in the area where such nets are
not well furnished or in the case where stations are situated
in the area of different Datum, survey using satellites

should be necessary.

Whole schedule for Decca chains

Table 5-6-2 appended hereto lists the whole schedule for Decca
chains. Chains should be constructed in the order of priority,
taking into consideration the amount of fund and the number of

engineers available.
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5~7 Construction costs

5-7-1 General

(1) Introduction
The total costs of construction required for this project
except the visual aids is 13,343 (million ven) (or thousand
US$ 47,654), which are broken down as shown in Table 5-7-1.
Table 5-7-1 Total costs of construction
Fund
Classificacion Total Foreign fund Local fund
Million Mil.yen Mil.yen
11,4707°" 8,753 2,717
A*
Hyperbolic Th"usggg Th.US$ Th.US$
electronic 40,964 31,261 9,703
navigation
system 1,149 0 1,149
(Decca B*
system) 4,102 0 4,102
12,619 8,753 3,866
Total
45,066 31,261 13,805
Other electronic 724 529 195
navigation
systems 2,586 1,889 697
Mil.yen
13,343 9,282 4,061
Total
Th.USS
47,654 33,150 14,504
*

Note A: Expenses required for the construction of facilities

(such as transmitter room, englne generator room
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and coil house of the station bullding and various
types of aerial) and for the equipments (such as
Decca transmitting equipment, communications and
power supply equipment), needed directly for

operating Decca stations.

B: Expenses required for the construction of fa-
cilities and for the equipments {such as office
room, hall, etc.) other than those mentioned in

A above.

A tentative plan for the personnel billets is
shown in the annexed drawing. An estimated

cost of construction of billets per station is
¥84,000,000 ($299,000) or ¥113,000,000 ($464,000)
in the case of 7 or 10 personnel respectively.

The amount required for billets is not included in
the total costs of construction as shown in

Table 5-7-1.

(2) Terms of calculation of construction cost

1)

2)

Calculation has been done as of June 1977.

The calculated sum may be required to be modified
depending upon possible delay in the time of commence-
ment of work or extension of the period of the whole
project. The sum may also be modified in the event

of big fluctuations in the movements of international

market.

The exchange rates of currencies used in this report

are as follows:

US$ 1 = ¥280
RP 1 = ¥0.7
M§ 1 = ¥120
S$ 1 = ¥120
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5-7-2 Construction costs of Decca chain

(1) Costs related to whole chain

The costs related to the whole chaln are as shown in
Table 5-7-2 below.

Table 5-7-2 Costs related to whole chain

Fund
Class Total

Forelgn fund | Local fund
Mil.yen Mil.yen Mil.yen

190 190 0

Costs related A
to whole Th.US$ Th.USS Th.USS
chain 680 . 680 0

This is a total sum of the costs related to the fields of

work common to all chains or work considered economically

advantageous if carried out simultaneously.

1)

Radic wave propagation survey

The radio wave propagatlon survey is conducted to in-
vegtigate in detail the peculiarity of radio wave
propagation and atmospheric noise in the tropical
zone, ensure the accuracy in the design and thereby
make the Decca system fulfill dits function under such

conditions.

This survey is conducted at a representative area.

An outline of the method of survey is this: Measure-
ment is conducted at the possible sites of slave
stations and various points within the coverage of
the chain, of the electric fleld intensity of radio
wave transmitted by the tramsmitting equipment on an
experimental scale {(consisting of 60m tall umbrella
type aerlal and 600W output transmitter) installed at
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2)

3)

the possible site of the master statlon. The measured
field intensity is then analysed to confirm the

accuracy of the system, effective area of thd chain, etc.

Survey of position

The proposed Decca chailns are situated either spreading
over the area of different geodetic Datum or in the
area where triangular net is not fully furnished, and
therefore the position of the aerial is surveyed by
utilising satellites. It would be more economical
and effective to conduct this survey at one time at

all possible sites of the present project.

Detailed design cost

This is a cost for consultation relating to the gystem
design such as detailled design of the aerial tower

and building, etc., common to all stations.

(2) Construction costs of each chain

(3)

(&)

The detailed items of construction costs of the Decca Navigator

system by each chain are as shown in Table 5-7~3.

Construction costs by each country

The detailed items of constrction costs by each country are
as shown in Table 5-7-4.

Constrction costs by each gtation

The detailed items of construction costs by each station are
as shown in Table 5-7-5 from (1) through (4).

Table 5-7-5 (1) and (2) are as for Local fund,
Table 5-7-5 (3) and (4) are as for Foreign fund.
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Table 5~7-~3 Construction costs of each chain

Name of chain

Total sum

Fund

Foreign fund Local fund
Mil.yen Mil.yen Mil.yen
2,034 1,546 488
A Th.USS Th.USS Th.USS
7,264 5,519 1,744
200 0 200
Lombok B
713 0 713
2,234 1,546 688
Total
7,977 5,519 2,457
1,503 1,166 337
A
5,365 4,162 1,203
South 150 0 150
Makagsar B
535 0 535
1,653 1,166 487
Total
5,900 4,162 1,738
2,047 1,561 487
A
7,311 5,574 1,737
North 200 0 200
Makassar B
713 0 713
2,247 1,561 686
Total
8,024 5,574 2,450
1,981 1,518 463
A
7,074 5,421 1,653
Singapore B 200 0 200
Strait 713 0 713
Total 2,181 1,518 663
7,787 5,421 2,366
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1,990 1,516 474
A
7,108 5,415 1,693
Malacca 200 0 200
Straitc B
South 713 D 713
2,190 1,516 674
Total
7,821 5,415 2,406
1,915 1,447 468
A
6,838 5,167 1,671
200 0 200
B
Malacca 713 0 713
Strait
North 2,115 1,447 668
Total
7,551 5,167 2,384
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Table 5-7-4

Construction costs by each country

Fund
Name of country Total sum
Foreign fund | Local fund
Mil.yen Mil.yen Mil.yen
5,584 4,272 1,312
Lombok A Mil.RP Mil.RP Mi1.RP
7,977 6,103 1,874
South 549 0 549
Makassar B
785 0 785
North 6,133 4,272 1,861
- Makassar Total
Republic 8,762 6,103 2,659
of
Indo- Singapore 2,989 2,302 687
neslia Strait A
4,270 3,202 982
Malacea B 300 0 300
St.South 428 0 428
Malacca 3,289 2,302 987
St.North Total
] 4,698 3,288 1,410
8,573 6,574 1,999
A
12,247 9,391 2,856
B49 0 849
Total B
1,213 0 1,213
Mil.yen Mil.yen Mil.yen
9,422 6,574 2,848
Total Mil.RP Mil.RP Mil.RP
13,460 9,391 4,069
Mil.yen Mil.yen Mil.yen
A 2,364 1,766 598
Th.M$ Th.M$ Th.M$
19,702 14,714 4,988
250 0 250
Malaysia B
2,081 0 2,081
Mil.yen Mil.yen Mil.yen
2,614 1,766 848
Total Th.M3 Th.MS Th.M$
231,783 14,714 7,069
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Republic
Singapore

Mil.yen Mil.yen Mil.yen
533 414 119
A Th.S$ Th. S8 Th. 5%
4,443 3,449 994
50 0 50
B
416 0 416
Mil.yen Mil.yen Mil.yen
583 414 169
Total Th.S% Th. S8 Th. 5§
4,859 3,449 1,410
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(3)

Clagsification of construction costs

The construction costs are roughly divided into two parts:

Yoreign fund part and local fund part, "foreign fund" refers

to fund for the purchase of equipment outside the country and

"local fund" refers to the provision of works, bulldings, tower
construction, etc., which could be conducted within the country

siting the project.

parts as follows:

1) Foreign fund part

a)

b)

c)

d)

e)

£)

Consulting service

Cost for consulting service required for implementing
the present project. This service covers system design

including basic design for civil engineering and archi-

tecture, preparation of specifications, review of bidding

documents, management for the progress of work.

Radio wave propagation survey

Cost required for the work deseribed in 5-7-2 (1) 1).
Survey of position

Cost required for the work described in 5-7-2 (1) 2).

Electronic equipment

Cost required for purchasing Decca transmitting equip-
ment, communications equipment and special installa-

tion materials.

Power supply equipment

Cost for purchasing no-break power supply equipment,

engine generator, etc.

Adjustment

Cost for instruction of installation of electronic
and power supply equipment and for adjustment for

those.
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2)

g)

Steel tower

Cost for manufacturing steel tower elements and
accessory materilals for transmitting aerial and

costs required for guidance in the erection work.

Local fund part

a)

b)

c)

d)

e)

£)

Civil engineering and construction

Execution design of civil engineering and archi-
tecture in connection with sites and roads, in-

cluding survey and boring, and construction works.

Tower construction

Cost for construction of foundation structure and
anchor lamps and erectlon of transmitting tower and

cost for manufacturing and constructing all steel poles.

Installation

Cost for installation of electronic equipment and

power supply equipment.

Commercial power leading-in

Cost for installation of power line for area where

commercial power 1s available.

Transport and custody

Cost for domestic transport and storage of all
equipment (costs required for transporting equip-
ment to the desired position within the site).

Charts

Cost for preparing charts is not estimated.
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5-7-3

Contents of construction costs

1

(2)
1)

2)

3)

4)

Table of budget

The table of budget by each station and chain is as shown
in Table 5-7-5 (1)~ (4)
Calculation is based on following items

Costs for manufacturing equipment

The manufacturing costs of the equipment and tower
materials in the foreign fund part are calculated on
the basis of CIF port in the eapital city {or port
nearest to the capital city).

Costs for civil engineering work

Cdivil engineering works such as construction of roads
and piers and construction of station bulldings are

carried out by local fund.

Installation and adjustment

a) Installation of electronic equipment and power
supply equipment is carried out under the guidance
of engineers from the manufactures of such equip-
ment with local fund. The expenses for the adjust-
ment of the equipment which follows the installation

are covered by foreign fund.

b} The expenses required for the erection of the trans-
mitting steel tower are covered by local fund, but
in order to solve possible problems in the erecting
work, the estimates include guildance by engineers

with foreign fund.
Cost for purchasing lots of land

Costs required for purchase of lots for site and roads

(local fund) are not included in the present estimates.
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5) Extra costs

Extra costs to cover increase 1n constructlon costs due
to modifications of original plan or rise in commodity

prices are not included in the estimates.
6) Other costs

a)} Monthly pays and other expenses for travelling,
communications, consumption goods for Government
personnel exclusively engaged in planning and
administration of this project are not included

in the estimates.

b) It has been estimated that the existing building
would be available for use as monitor station, but
the costs for the equipment and aerial of the

monitor station are included in the estimates.
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Construction cost by station (Local fund)

(Unit: Thousand yen)

5-7-5 (1)

Name of Name of Pier and Station Station Steel Instal- Pover Transport [Site survey | Station Chain
chain station road work admin tower lation lead-1in or custody |[and design total total
Karangagsam 17,521 56,656 49,949 31,651 20,008 0 3,167 5,000 183,952
Tg. Luar 583 56,656 49,949 28, 651 12,699 0 2,111 5,000 155, 649

Lombok Kangean 32,036 56,656 49,949 31, 651 12,699 0 2,111 5,000 190,102
Grajagan 486 56,656 49,949 31,651 12,699 0 2.111 5,000 158, 552
Total 50,626 226, 624 199,796 | 123,604 58,105 0 9,500 20,000 688, 255
Pare Pare 6,813 56,656 49,949 31,651 19, 509 0 3,167 5,000 172,745
South Takalar 0 56,656 49,949 28,651 12,699 0 2,111 5,000 155,066
Makassar |\ jene 970 56, 656 49,949 31, 651 12,699 0 2,111 5,000 159,036
Total 7,783 169,968 149,847 91,953 44,907 0 7,389 15,000 486,847
Siboang 7,702 56, 656 49,949 31,651 20,008 0 3,167 5,000 174,133
Buol 945 56, 656 49,949 31,651 12,699 0 2,111 5,000 159,011
ﬁg;;gsar | Tg. Mangkalihat 5,487 56, 656 49,949 41,651 16,629 0 2,111 5,000 177,483
Donggala 17,520 56, 656 49,949 31,651 12,699 0 2,111 5,000 175,586
Total 31, 654 226,624 199,796 | 136,604 62,035 0 9,500 20,000 686,213
P. Tekong 3,420 56,656 49,949 31, 651 19,432 0 3,167 5,000 169, 275
Rimba Terjan 6,813 55,536 49,949 28,651 15,111 11,000 2,111 5,000 174,171
STOBAPOTE | p. Mag 2,836 56,656 49,949 31,651 16,130 0 2,111 5,000 | 164,333
Teluk Dalam 0 56,656 49,949 28, 651 12,699 0 2,111 5,000 155,066
Total 13,069 225,504 199,796 | 120,604 63,372 11,000 9,500 20,000 662,845
Sungai Aiam 5,840 56, 656 49,949 28, 651 19,509 0 3,167 5,000 168,772
Selat Panjang 5,686 56, 656 49,949 31,651 12,699 0 2,111 5,000 163,752
gﬁi:;ca 5t.| Bukit Kangkan 8,759 55,536 49,949 28,651 15,111 | 10,000 2,111 5,000 | 175,117
Tg. Punak 8,190 56, 656 49,949 31,651 12,699 0 2,111 5,000 166,256
Total 28,475 225, 504 199,796 | 120,604 60,018 10,000 9, 500 20,000 673,897
Morib 0 55, 536 49,949 28,651 18,490 1,500 3,167 5,000 162,293
Ujong Parmatang 0 55, 536 49,949 28, 651 11,680 15,000 2,111 5,000 167,927
giiiﬁ“a St Sinaboi 7,216 56,656 49,949 31,651 16,130 0 2,111 5,000 168,713
Batu Tengah 3,406 55,536 49,949 28, 651 11, 680 12,500 2,111 5,000 168,833
Total 10, 627 223, 264 199,796 | 117,604 57,980 29,000 9,500 20,000 667,766
ﬁZﬁﬁliiim 142,229 | 1,297,488 | 1,148,827 | 710,973 346,417 50,000 54,889 115,000 [erand total | 3,865,823
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Construction cost by station (Local fund)

(Unit: Thousand US dollars)

5-7-5 (2)

Name of Name of Pier and Station Station Steel Instal~ Power Transport |[Site survey | Station Chain
chain station road work admin tower lation lead~in or custody |and design total total
Karangasem 62.7 202,3 178.3 113.0 71.5 0 11.3 17.9 657.0
Tg. Luar 2.0 202.3 178.3 102.3 45.3 0 7.5 17.9 555.6

Lombok Kangean 114.4 202.3 178.3 113.0 45.3 0 7.5 17.9 678.7
Grajagan l.7 202.3 178.3 113.0 45.3 0 7.5 17.9 566.0
Total 180.8 809.2 713.2 441,3 207.4 a 33.8 71.6 2,457.3
Pare Pare 24.3 202.3 178.3 113.0 69.6 0 11.3 17.9 616.7

South Takalar 0 202,3 178.3 102.3 45.3 0 7.5 17.9 553.6

Makassar | y.iene 3.4 202.3 178.3 113.0 45.3 0 7.5 17.9 567.7
Total 27.7 606.9 534.9 328.3 160.2 0 26.3 53.7 1,738.0
Siboang 27.5 202.3 178.3 113.0 71.5 0 11,3 17.9 621.8

North Buol 3.3 202.3 178.3 113.0 45.3 0 7.5 17.9 567.8

Makassar Tg. Mangkalihat 19.6 202.3 178.3 148.7 45.3 0 7.5 17.9 619.6
Donggala 62.5 202.3 178.3 113.0 45.3 0 7.5 17.9 626.8
Total 112.9 809.2 713.2 487.7 207. 4 0 33.8 71.6 2,435.8
P. Tekong 12,2 202.3 178.3 113.0 69.4 0 11,3 17.9 604. 4

Singapore Rimba Terjan 24.3 198.3 178.3 102.3 53.9 39.2 7.5 17.9 621.7

Strait P. Mas 10.1 202.3 178.3 113.0 57.6 7.5 17.9 586.7
Teluk Dalam 0 202.3 178.3 102.3 45.3 7.5 17.9 553.6
Total 46.6 805.2 713.2 430.6 226.2 39.2 33.8 71.6 2,366.4
Sungal Aiam 20.8 202.3 178.3 102.3 69.6 0 11.3 17.9 602.5

Malacca St. Selat Panjang 20,3 202.3 178.3 113.0 45.3 0 7.5 17.9 584.6

South Bukit Kangkan 31.3 198.3 178.3 102.3 53.9 35.7 7.5 17.9 625.2
Tg. Punak 29,2 202.3 178.3 113.0 45.3 0 7.5 17.9 593.5
Total 101.6 B05.2 713.2 430.6 214.1 35.7 33.8 71.6 2,405.8
Morib 0 198.3 178.3 102.3 66.0 5.4 11.3 17.9 579.5

Malaceca St.|-Ulong Parmatang 0 198.3 178.3 102.3 41,7 54.0 7.5 17.9 600.0

North Sinaboi 25.7 202.3 178.3 113.0 57.6 0 7.5 17.9 602, 3
Batu Tengah 12.1 198.3 178.3 102.3 41.7 b44.6 7.5 17.9 602.7
Total 37.8 797.2 713.2 419.9 207.0 104.0 33.8 71.6 2,384.5
Total by 507.4 4,632.9 | 4,100.9 | 2,538.4 1,222.3 | 178.9 195.3 411.7  |Grand total | 13,787.8
each iltem
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5~7-5 (3)
Construction cost by station (Foreign fund) (Unit: Thousand yen)

Name of Name of Electronic| Power Adjust- Steel | Consultant| Interim Interim Spare Measurement Total Total
chain station equipment supply ment tower service total total of parts equipment for for
equipment chains station chain

Karangasem 236,495 73,100 | 23,527 37,455 8,000 378,577 27,359 8,207 | 414,143
Tg. Luar 206,826 73,100 | 23,179 37,455 8,000 348, 560 24,492 4,094 | 377,148

Lombok Kangean 206,826 73,100 | 23,179 37,455 8,000 348, 560 24,492 4,094 | 377,146
Grajagan 206,826 73,100 | 23,179 37,455 8,000 348, 560 24,492 4,094 | 377,146
Total 856,973 | 292,400 | 93,064 | 149,820 | 32,000 1,424,257 | 100,835 20,489 1,545, 581
Pare Pare 232,971 73,100 | 23,759 37,455 8,000 375,285 26,807 8,181 | 410,273

Szgzgsar Takalar 206,826 73,100 | 23,679 37,455 8,000 349, 060 24,492 4,004 | 377,646
Majene 206,826 73,100 | 23,679 37,455 8,000 349,060 24,492 4,094 | 377,646
Total 646,623 | 219,300 | 71,117 | 112,365| 24,000 1,073,405 | 75,791 16,369 1,165,565
Siboang 239,496 73,100 | 24,007 37,455 8,000 382,058 | 27,359 8,207 | 417,624
Buol 206, 826 73,100 | 23,679 37,455 8,000 349,060 24,492 4,094 | 377,646

North Tg. Mangkalihat| 216,028 73,100 | 24,007 37,455 8,000 358,590 25,212 4,127 | 387,929

Makassar | 5o ooala 206, 826 73,100 | 23,679 37,455 8,000 349,060 24,492 4,094 | 377,646
Total 869,176 | 292,400 | 95,372 | 149,820 | 32,000 1,438,768 | 101,555 20,522 1,560, 845
P. Tekong 236,531 73,100 | 23,418 37,455 8,000 378,504 27,163 8,245 | 413,912
Rimba Terjan 207,503 46,700 | 20,882 37,455 8,000 320, 540 22,020 4,118 | 346,678

gigg:g°re P. Mas 209,503 73,100 | 23,257 37,455 8,000 351,315 24, 660 4,101 | 380,076
Teluk Dalam 206,826 73,100 | 23,179 37,455 8,000 348, 560 24,692 4,094 | 377,346
Total 860,363 | 266,000 | 90,736 | 149,820 | 32,000 1,398,919 | 98,535 20,558 1,518,012
Sungai Aiam 232,971 73,100 | 23,257 37,455 8,000 374,783 26,807 8,181 ' 409,771
Selat Panjang 206,826 73,100 | 23,179 37,455 8,000 348,560 24,492 | 4,094 | 377,146

alacca St puic Kangkan | 210,503 | 46,700 | 20,822 | 37,455 | 8,000 | 323,480 24,660 4,101 | 352,241
Tg. Punak 206,826 73,100 | 23,179 37,455 8,000 348,560 24,492 4,094 | 377,146
Total 857,126 | 266,000 | 90,437 | 149,820 | 32,000 1,395,383 | 100,451 20,470 1,516, 304
Moxib 229,971 46,700 | 20,882 37,455 8,000 343,008 24,167 8,181 | 375,356
Ujong Permatang| 206,826 46,700 | 20,804 37,455 8,000 319,785 21,852 4,094 | 345,731

palacea St o nabot 209,503 | 73,100 | 23,257 | 37,455 | 8,000 | 351,315 24,660 4,101 _| 380,076
Batu Tengah 206,826 46,700 | 20,804 37,455 8,000 319,785 21,852 4,094 | 345,731
Total 853,126 | 213,200 | 85,747 | 149,820 32,000 1,333,893 | 92,531 20,470 1,446,894
Total 4,944,387 1,549,300 | 526,473 | 861,465 | 184,000 8,065,625 | 569,698 | 118,878 8,753,201
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Construction cost by station (Foreign fund)

(Unit: Thousand US dollars)

5-7-5 (4)

Name of Name of Electronic| TFower Adjust~ Steel |Consultant| Interim 'inzeiizf Spare {Measurement %otal iotal
chain station equipment eqﬁ?ggégt ment tower |serivce total cgains parts |equipment SZZtion CEZin
Karangasem 844.6 261.0 84.0 133.7 28.5 1,351.8 97.7 29,3 1,478.8
| Tg. Luar 738.6 261.0 82.7 133.7 28.5 1,244.5 87.4 14.6 1,346.5

Lombok Kangean 738.6 261.0 82.7 133.7 28.5 1,244.5 87.4 14.6 1,346.5
Grajagan 738.6 261.0 82.7 133.7 28.5 1,244.5 87.4 14.6 1,346.5
Total 3,060.4 | 1,044.0 332.1 534.8 114.0 5,085.3 359.9 73.1 5,518.3
Pare Pare 832.0 261.0 84.8 133.7 28.5 1,340.0 95.7 29,2 1,464.9
‘South Takalar 738.6 261.0 84.5 133.7 28.5 1,246.3 87.4 14.6 1,348.3
Makassar | . Jene 738.6 261.0 84.5 133.7 28.5 1,246.3 87.4 14.6 1,348.3
Total 2,309.2 783.0 253.8 401.1 85.5 3,832.6 270.5 58.4 4,161.5
Siboang 855.3 261.0 85.7 133.7 28,5 1,364.2 97.7 29.3 1,491.2
Buol 738.6 261.0 84.5 133.7 28.5 1,246.3 87.4 14.6 1,348.3
et | Tg. Mangkalthat|  771.5 261.0 85.7 133.7 28.5 | 1,280.4 90.0 14.7 | 1,385.1
Donggala 738.6 261.0 84.5 133.7 28.5 1,246.3 87.4 14.6 1,348.3
Total 3,104.0 | 1,044.0 340.4 534.8 114.0 5,137.2 362.5 73.2 5,572.9
P. Tekong 844. 7 261.0 83.6 133.7 28,5 1,351,5 97.1 29.4 1,478.0
Rimba Terjan 741.0 166.7 74.5 133.7 28.5 1,144.4 78.6 14.7 1,237.7
giﬁgig°re P. Mas 748.2 261.0 83.0 133.7 28.5 1,254.4 88.0 14.6 1,357.0
Teluk Dalam 738.6 261.0 82.7 133.7 28.5 1,244.5 88.1 14.6 1,347.2
Total 3,072.5 949.7 323.8 534.8 114.0 4,994.8 351.8 73.3 5,419.9
Sungai Aiam 832.0 261.0 84.0 133.7 28.5 1,339.2 95.7 29.2 1,4664.1
Selat Panjang 738.6 261.0 82.7 133.7 28.5 1,244.5 87.4 14.6 1,346.5
giii;ca 5t Bukte Kangkan 751.7 166.7 74.3 133.7 28.5 1,154.9 88.7 14.6 1,258.2
Tg. Punak 738.6 261.0 82.7 133.7 28.5 1,244.5 87.4 14.6 1,346.5
Total 3,060.9 949.7 323.7 534.8 114.0 4,983.1 359.2 73.0 5,415.3
Marib 821.3 166.7 74.5 133.7 28.5 1,224.7 86.3 29.2 1,340.2
ﬁiiﬁ§°a St Ujong Permatang|  738.6 166.7 74,3 133.7 28.5 1,141.8 78.0 14.6 1,234.4
Sinaboi 748.2 261.0 83.0 133.7 28.5 1,254.4 88.0 14.6 1,357.0
Batu Tengah 738.6 166.7 74.3 133.7 28.5 1,141.8 78.0 14.6 1,234.4
Total 3,046.7 761.1 306.1 534.8 114.0 4,762.7 330.3 73.0 5,166.0
Total 17,653.7 | 5,531.5 1,879.9 | 3,075.1 655.5 28,795.7 | 2,034.2 424.0 31,253.9
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5-7-4

Construction costs of unmanned Decca chain

Construction costs of unmanned Decca chain containes as increase

required for unmanned Decca equipments-as stated in 5~5, on the

other hand, however, due to reduction of slave station building

and thereby decrease in power supply capacity, the balance per

standard chain compared with a manned Decca chain 1s as follows:
Reduction: 155 million yen (2,968 thousand US$)

Comparlsons of construction costs between manned and unmanned

systems are shown in Table 5-7-6 and Table 5-7-7 by station

and chain respectively.

In addition, due to decrease of

12 in number of personnel per chain in the case of unmanned

Decca system, reduction of approximately 180 million yen

(642 thousand US$) will be estimated.

Table 5-7-6 Comparison of construction costs per station between
manned and unmanned systems

Manned Unmanned Balance Remarks
station A | station B B-A
1. Local Fund Th.yen Th.yen Th.yen
1) Transmitting Master 106,605 106,605 0
i
Building Slave 319,815 | 131,733 | -188,082 | Number in blan—
(3 stations) | (106,605) (43,911) ' kets is for a
station
Subtotal 426,420 238,338 -188,082
Total 426,420 238,338 -188,082
2. Foreign Fund
1) Electronic Master 236,495 256,995 20,500 | Inclusive equip-
i ment of Moniter
Equipment Site and Control
Center in case
of the unmanned
system.
Slave 620,478 641,778 21,300
(3 stations) | (206,826) | (213,926)
Subtotal 856,973 898,773 41,800
2) Power Supply Master 73,100 73,100 0
Equipment Slave 219,300 | 210,300 -9,000
{3 stations) {3,100) (70,100).
Subtotal 292,400 283,400 -9,000
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Total

1,149,373

1,182,173

32, 800

Grand Total

1,575,793

1,420,511

-155,282

Note:

Costs common to manned and unmanned stations are excluded.

Table 5-7-7 Comparison of construction costs per chain between
manned and unmanned systems

Name of Manned station Unmanned station Balance
chain
Mil.yen Mil.yen Mil.yen
Lombok 2,234 2,079 155
Th.Us$ Th.USS Th.USS
7,977 7,425 552
1,653 1,594 59
Makassar South
5,900 5,692 208
2,247 2,092 155
Makassar North
8,024 7,472 552
Singapore 2,181 2,026 155
Straits 7,787 7,235 552
Malacca 2,190 2,035 155
Straits NMorth
7,821 7,269 552
2,115 1,960 155
Straits South
7,551 6,999 552
Mil.yen Mil.yen Mil.yen
12,620 11,786 834
Total Th.USS Th. USS Th.USS
45,060 42,092 2,968
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5-8

Plan to furnish medium wave radio beacons and other systems

5-8-1 Plan to furnish medium wave radio beacons (MWB)
Type of aid Place lst.vear 2nd.vear Total
Th.yen Th.yen Th.yen
MWB Mankalihat 47,500 47,500
MWR Tg.Layar 40,900 40,900
MWB Pu.Mankai 42,000 42,000
Total 47,500 82,900 130,400
5-8-2 Plan to furnish Ramark
Type of aid Place lst.year 2nd.vear Total
Th.yen Th.yen Th.yen
Ramark One Fathom Bank 41,500 41,500
" Segenting 55,000 55,000
" Horsburgh 57,000 57,000
" Rob Roy Bank 50,100 50,100
" Sekara 47,000 47,000
" Kalu Kalukuang 47,000 47,000
" Medang 57,000 57,000
" Mebuhi 49,400 49,400
" Giliselang 49,400 49,400
" C. William 49,100 49,100
" Pasang Kayu 49,100 49,100
Total 346,000 205,600 551,600
5-8-3 Plan to furnish radarbeacons
Type of aid Place lst.year 2nd.vear Total
Th.yen Th.yen Th.yen
Radarbeacon Takong 42,200 42,200
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Chapter 6

Visual Aids to Navigation



Chapter 6 Visual Aids to Navigation

6-~1

Roles of Visual Ailds

Visual aids to navigation are marks or signals artificially
set up to ensure the safety of navigation and promote the
operational efficiency of vessels, along with charts and

sailing directions.

Roughly, a visual aid to navigation is required to satisfy
following demands:

(1) to ensure gsafety navigation -

A visual ald indicates an obstacle, a traffic route, a
remarkable point, etc., necessary to keep safety
navigation and prevents marine accidents and ocean

contamination.

(2) to improve navigational efficlency -

& visual aid enables vessels to pass through a new route,

a shorter route and the entrance of a port at night.

(3) to support the ocean development -

A visual aid enables mariners to find theilr accurate
positions in the ocean researches for a development of

the ocean and fishery resources.

(4) to stimulate related industries -

The combination of various fields of industry is necessary

in establishing, operating and maintaining aids to
navigation, and this leads to a furtherance effect on

steel, civil and electronic engineering.
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6-2-1

Malacea/Singapore straits

Qutline of the straits

The Malacca/Singapore straits provides the shortest route from
Europe and Indla to the direction of the South China Sea and
the Far East. There are such big ports of foreign trade as
Penang, Klang, Singapore, Belawan and Dumai along the straits.
Each of the straits is on an important position of the shipping
traffic between the East and the West.

The depth of water is sufficient throughout the straits for
the navigation of large vessels. The channel normally used
by navigating vessels deviates at Malacca Strait to the northern
side. The channel branches out into the main strait and
Phillip Channel in the vicinity of Singapore.

Shallow waters extend to the north coast of Sumatra Island.
There are good fishing grounds, and the bottom of this sea
area consists of sand waves of 5 to 10 metres high and the
tidal current here, both northwest and southeast current,

seldom exceeds two knots.

There are many fishing stakes on the both sides of Malacca
Strait, There are also set nets made of trees and twigs at
the bank at the depth of 6 to 10 metres in the neighbourhood

of the estuary.

These set nets serve as land marks to distinguish the estuary,
but their positions change quite often, making navigation

along the coast at night dangerous.

There are not many storms, but during April through November
squalls named "Sumatras'" hit this area with sudden gust of
20 metres per second blowing and heavy rain falling for an
hour to four hours continuously. In July and August such
squalls strike the area six or seven times a month and

visibility becomes less than a few hundred metres.



6-2-2

Present gtate of wvisual aids

The lighthouses built on the critical cape on the west coast
of the Malay Peninsula has long been well furnished and is
giving its functions into full play, but the one that has been
built in the vicinity of the estuary for the.primary purpose
of aiding vessels in entering and leaving the port, has too
short to be detected from the offing,

In Singapore Strait there are various types of visual aids;
the aids to assist vessels in the approaches to port and
harbour, the leading marks to show fairways and anchorages,
the coastal lighthouses to make mariners in the offing take
a compass bearing, and the light buoys to indicate shoals.
Almost all of these visual aids are on the north side of the
strait, and when viewed at night from the offing of the Port
of Singapore, they are hard to be distinguished from lights

in the background industrial zone and cities.

Near the east coast of Sumatra a long shelving bottom extends,
and there are few ports in this area., Most of the visual
aids here are light beacons or light buoys to show shoals and

reefs.

Generally the light buoys in this area very often change
thelr prescribed positions or turn their lights off due to
strong tidal currents, inclined sea bottoms, or collisions

by vessels.

It 1s said that insufficient maintenance and repair work on

those buoys make these aids less reliable.

When the traffic separation scheme is established in the near
future, a sufficient number of ailds to navigation should be
placed mostly in the vieinity of One Fathom Bank, Singapore
Strait and Horsburgh. The potential coastal aids will be
utilized fully by vessels in these traffic routes.



6-2-3

Plan for establishment of visual aids

It needs a lot of fund to estalbish aids to navigation for
indicating all obstacles which may cause a hazardous
situation and remarkable points which assist in vessel

positioning by two optical bearings.

Moreover, some problems may exist in maintaining the

facilities.

Therefore, site selection must be made for the most indispensa-

ble in view of navigation.

The recommendable places for visual aids to be newly established

- or lmproved are as follows.

The numerical order means the priority, the scales discribed

are referred to the standard designs for each site.

It is necessary, however, to conduct detailed execution survey

before implementing the plan.

(1) Tg. Piai (01° 16' N, 103° 31' E)

The southern most end of the Asian continent and the west

entrance to Singapore Strait.

It also stands near the junction of Phillip Channel and
the Main strait. There are many fishing stakes in the
offing. The shore is thickly grown with mangroves. The
sea bed up to about 180 metres off from the end of the
mangroves dries up at the low tide. A light beacaon
(LB-1) having visible range of approximately 12 n.m.,
with a set of the radar reflectors, should be newly
installed.
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(2)

(3)

(4)

Tg. Babi (01° 12' N, 104° 06' E)

On the south side of Singapore Strait where Batan Island
and Bintan Island locate, there are few aids to navigation.
The cape Tg. Babi stands near the entrance to Riouw

Strait for which an aid should be newly installed. It is
proposed to establish a lighthouse (LF-1) having a visible
range of approximately 20 n.m. since this cape is in the
middle point between Horsburgh and Raffles lighthouses.

The Nongsa River runs approximately 300 metres west of

the cape. The depth of water at the estuary is about

0.5 metres and there is a village named Nongsa in the

neighbourhood.

Pyramid Shoal (02° 27' N, 101° 30' E)

This is a sand patch at the depth of 3.6 metres and locates
in the middle of Malacca Strait, the north side of which

is the traffic route. Approximately 10 n.m. southeast to
this sand patch, a deep water route runs in the south/north
direction, providing a very important turning point for

a deep draught vessel. A light beacon (LB-1) having a
visible range of about 12 ~ 15 n.m., with a set of the

radar reflectors, should be installed here.

Tg. Parit (01° 31' N, 102° 28' E)

The offing of this cape is far away from any of existing
aids and in a dark sea area. There is an important port,
Dumai, between Medan Island and Bengkalis Island. A
visual aid should be installed to show the entrance of

Dumai along with Tg. Medan lighthouse.

Shallow waters extend to the northwest direction of this
cape and many fishing boats come in the fishing season.
The shore is thickly grown with grass. Muntai Village
is in the neighbourhood.

A lighthouse (LF-2) with a visible range of approximately

20 n.m. would meet the requirements,
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(5)

(6)

Tg. Beting Tyamar (Larangan 03° 54' N, 98° 41' E)

It 1s essential to have a visual aid which could show
the entrance of Belawan Port and the anchorage at about
10 n.m. off the shore and which could alsoc be used by

vessels navigating In coastal waters.

This cape has a shelving bottom. Even small crafts

find the difficulty to approach at the low tide or in
rough weather, On land, alsc an approach road should

be constructed. The shore is a sandy beach with palm
trees. There are many fixed fishing stakes between this

offing and the entrance to the Bay of Belawan.

A lighthouse (LF-2) with a visible range of about

20 n.m. would satisfy such requirements.

Tg. Gabang (02° 41' N, 101° 29' E)

This cape locates between Port Klang and Port Dickson.
No aid to navigation is in the offing and the fairways

are in a dark sea area.

Besides the coast line has a low ground level, which
makes the radars on vessels difficult to detect the

coastal line.

There are shallows in the offing. A light beacon (LB-1)
having a visible range of approximately 12 ~ 15 n.m.
with a set of the radar reflectors should be established.



)

(8)

South Sands (02° 43' W, 101° 03' E)

This 1s one of the shallows scattered on the south side
of the strait., It is a sand patch at the depth of

3.6 metres and very close to the traffic route. Shallows
at the depth of less than 10 metres extends to the
northwest and southeast directions in parallel with the
channel. A light beacon (LB-1) with a set of the radar
reflectors and with a vigible range of about 15 n.m.
should be installed to match the One Fathom Bank

light which is situated almost in the northern
direction, to indicate the main shecals in the

vicinity with its sector.

Southwest of Pu, Pisang (01° 23" W, 103° 08' E)

Situated between Fair Channel Bank and Long Bank, the
traffic route runs near the north side of this
9.1 metre shoal, There are many banks in parallel

along the route and no aids to navigation.
A light beacon (LB-1) having a visible range of about

15 n.m. with a set of the radar reflectors should be
installed.

6-7



Functions of Each Alds

Place Outline of Function Remarks
Tg. Piai Elevation; 12.5 Metres
Light-beacon | Light intensity; 770 cd
Visible range; 12 n.m.

Sollar battery, small type lantern,
LD*. type lighting apparatus, radar

¥ refer to

reflector Fig. 6-5
Tg. Babi Elevation; 50 Metres
(20 M above G.L.)
Light-house Light intensity; 5,400 cd
Visible range; 19 n.m.

Sollar battery, middle type lantern,
lighting apparatus.

Pyramid Shoal
Light~beacon

Elevation; 12.5 Metres
Light intensity; 770 cd
Visible range; 12 n.m.

Sollar battery, small type lantern,
LD type lighting apparatus, radar

reflector

Tg. Parit

Light-house

About 70 Metres
(40 M above G.L.)

250,000 ed
22 n.m.

Three engine-generators, middle type

Elevation;

Light intensity;
Visible range;

lantern, Rotary beacon apparatus,

Tg. Beting
Tyamar

Light-house

Elevation; 40 Metres
Light intensity; 250,000 cd
Visible range; 18 n.m.’

Three engine-~generators, middle type

lantern, Rotary bheacon apparatus.
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Place

Outline of Function

Remarks

Tg. Gabang
Light-house

Elevation; 13.5 Metres
Light intensity; 3,500 cd
Visible range; 12 n.m,

Sollar battery, small type lantern,
LD type lighting apparatus, radar

reflector
South sands
Light-beacon Same as Tg. Piai
5.W. of
Pu. Pisang
Light~beacon Same as Tg. Piai
Note:

The visible range is referred to the
smaller range in two possible
definitions; the geographical range
and the optical range.

The optical range 1s difined as 23
miles in the meteorological visibility
and 2 x 1077 lux in the visible

illuminance.
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6-2-4

Maintenance of visual aids

The reliability‘of aids to navigation depehds on the quality

of operation and maintenance.

It is essential to keep the facilities checked regularly in

normal operation and promptly in case any accident.

Therefore, the important unmanned aids should be watched in a

real time made with a method preferable.

Particularly, in Singapore Strait where aids to navigation of

the three coastal countries are placed closely one by one,

establishment of mutual communication system should be taken

into account,

Followings would be proposed as the tentative steps

(1) to establish a buoy base near Bintang Island and station
a large buoy tender in order to serve for the whole area

of Singapore Strait.

(2) to furnish the communicative capability in manned

lighthouses between buoy bases, depots, and/or headquarters,

(3) to stock enough spare parts of equipment,
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6-3-1

Lombok/Makassar Straits
Qutline of the straits.

Situated almost in the centre of Indonesia, the straits are
on critical area of domestic shipping traffic and at the same
time very important route connecting the Pacific Ocean with

the indiau Qcean.

There are good fishing grounds in the shoal west of Kalimantan
Island, offing of Makassar Port and Lombok Strait. During
daytime, many small sailing boats are engaged in fishing.

At night many lights of the fishing stakes near the coast are

seen from the offing.

In Makassar Strait, the effect of the seasonal wind is
negligible and the wind 1s not heavy. There is, however, much
rain from December through March. Many squalls and thunder-
storms are in December. The sea current flows at an average
speed of 0.5 knot from south. There is a counter current

along the coast of Kalimantan.

In Lombok Strait, there are many days of weak wind in the
daytime during the period of southeast seasonal winds. At
night heavy southern wind blows and south current surpasses,
During the seasonal northwest wind period, violent squalls
hit the area sometimes, causing high waves in the viecinity

of north entrance to the strait, and north current surpasses.

Sometimes violent overfalls, eddies and tidal race are
encountered in the south entrance to the strait and along the
coast of Bali Island. 1In some cases, the speed of the south

current attains as fast as eight knots,
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6-3-2 Present state of wvisual aids

Makassar Strait extends approximately 700 nautical miles in the
south/north direction and more than 100 n.m. in the east/west
direction. Shallow water area and low coral reefs exist here
and there. There are several visual aids on a small scale
installed in the port and harbour, The visible range of the
existing coastal aids for wvessels navigating in the offing

and the aids indicate coral reefs are insufficient.

The aids installed in Lombok Strait are only for harbour use.

There are no coastal aids.

6-3-3 Plan for establishment of visual aids

These stralts embrace a vast sea area. Since it is not
economical and impossible to establish a lot of aids to cover

the whole area.

It 1s therefore suggested that the indispensable and minimum
number of aids should be newly set on and existing aids should

be improve their function.

New lights should be placed on an appropriate islands along
the straits at intervals of approximately 60 n.m., sc that
in order to position fixing can be carried out at least once

in every watch duty of four hours.

The places newly established or improved are shown below in

approximate positions.

The places are listed according to the order of priority.

The scale of the aids is according to the standard design

shown separately.
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It is necesgsary, however, to conduct detailed executlon survey

before implementating the plan.

(1)

(2)

(3)

Shibbalds Bank (05° 46' s, 117° 07' E)

The present small 1light staff is hard to be observed both
by day and by night and also difficult to be detected by
radar. This point is at the intersectjon of the domestic
route running in the east/west direction between Surabaya
and Makassar and the deep water route runuing in the
south/north direction, used by large vessels. The light
staff should be improved to be a light beacon (LB-1)

having visible range of 15 n,m. with radar reflector.

Sekala (06° 58' §, 116° 15' E)

Situated at a critical point of domestic shipping traffic
route. This is the first mark for vessels going
north/south ward in Lombok Strait and situated midway
between Lombok Island and Shibbalds Bank.

The west side of the island is studded with sunken rocks

and shoals.

There are many fishing boats in the vicinity,

A lighthouse (LF-2) having visible range of about 20 n.m,

wlth Ramark beacon should be established.

Kalu Kalukuang (05° 12' 5, 117° 38' E)

Situated approximately 50 n.m. northeast of Shibbalds Bank
Light Staff. On the east side of the line between this
island and Shibbalds Bank is a shelving bottom, and on the
west side of this island is a deep water route about 30 n.m.
wide. This place is on a critical point to show the northern
entrance to the route., A lighthouse (LF-2) having visible
range of 20 n.m. with Ramark beacon should be established.
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(4)

(5)

(6)

(7)

C. William (02° 37' s, 118° 52' E)

Situated on the west coast of middle Sulawesi Island,

this is a turning point to show the north entrance of

the narrow portion of deep water route of Makassar Strait.
The acetylene gas light should be changed to electric
light and improved by increasing the 1light intensity to
obtain the visible range of 24 n.m. The Ramark beacon
should also be fixed.

Mebuhd (09° 50' 5, 115° 06' E)

Situated at the sourtheast end of Bali Island in the
south entrance to Lombok Strait, this place shows vessels
navigating northward in the strait from the Indian Ocean
the entrance to the strait. 1In general, there are few
coastal alds to navigation on the south side of Java
Island and Nusa Tenggara Islands, so it is difficult to
find out the entrance of this strait.

A lighthouse (LF-1), with visible range of approximately

20 n.m. and a Ramark beacon should be established.

Glliselang (08° 24' §, 115° 43' E)

Situated in the north entrance of Lombok Strait and on the
east end of Bali Island. There is no navigational mark
between this cape and Sekala Island for approximately

20 n.m.

A lighthouse (LF-1) with visible range of about 20 n.m.

and Ramark beacon should be established.

Pasang Kayu (01° 10' S, 119° 22' E)

There are almost no navigational aids on the west coast
of middle Sulawesi Island and moreover, the coastal line

is complicated and hard to fix positions for vessels.

A lighthouse (LF-1) with visible range of about 25 n.m.

and Ramark beacon should be established.
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(8)

(9)

(10)

Kangean Island (06° 50' 5, 115° 15' E)

On the north side of this island is a shelving bottom and
the shallow water area is a good fishing ground.

The deep water area on the south side is a eritical point
of east/west traffic connecting the Java Sea and the
Flores Sea, A lighthouse (LF-2) having visible range of
about 20 n.m. should be established,

C. Mandar (03° 35' 5, 118° 57' E)

Situated at the remarkable diverging point of Lombok Strait
from/to Makassar Port. The light here should be improved

to have visible range of 24 n.m.

Madura (06° 52' 5, 113° 59' E)

Along the north coast of Java Island is a deep water area
suitable for navigation of large vessels. There are

many vessels in the vicinity of Madura Island, which
enter or leave the Port of Surabaya, but there are no
alds along the north coast of this island. A lighthouse
(LF-1) with visible range of about 20 n.m. should be
established at near Boetoe Timoer in the northeastern

part of the island.
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Functions of Each Aids

Place

Outline of function

Remark

Sibbalds Bank
Light beacon

Improvement

Elevation; 15 M

Light intensity; 2,500 cd

Visible range; 12.5 n.m.

Sollar battery, middle type lantern,

s0il survey
should be

carried out

*¥ refer to

LD* type lighting apparatus, radar Fig. 6-5
reflector.
Sekala Elevation; 40 M

Light~house

Light intensity; 250,000 cd
Visible range; 18 n.m.
Three englne-generators, large type

lantern, Rotary beacon apparatus

Kalu Kalukuang

Light-house Same as Sekara
C. William Improvement
Light-house Elevation; 98 M

(21 M above G.L.)
Light intensity; 19,000 cd
Visible range} 24 n.m.
Three engine-generators, small

type lantern, lighting apparatus

Tg. Mebuhi

Light-~house

Elevation; 44 M
(14 M above G.L.)

Light intensity; 800,000 cd
Vigsible range; 18 n.m.
Three engine-generators, large type

lantern, Rotary lighting apparatus.
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Place

Qutline of function

Remark

Giliselang

Light-house

Elevation; 80 M
(20 M above G.L.)

Light intemnsity; 800,000 cd
Vigible range; 24 n.m,
Three engine-generators, large type

lantern, Rotary lighting apparatus.

Pasang Kayu
Light-house

Same as Glliselang

Kangean

Light-house

Elevation; 40 M

Light intensity; 250,000 cd
Visible range; 18 n.m.

Three engine-~generators, middle

type lantern, Rotary lighting

apparatus.
C. Mandar Improvement
Light-house Elevation; 105 M

{25 M above G.L.)
Light intensity; 19,000 cd
Visible range; 24 n.m.
Small type lantern, lighting

apparatus.
Madura Elevation; 44 M
(14 M above G.L.)
Light intensity; 250,000 cd
Visible range; 18 n.m.
Three engine-generators, middle
type lantern, Rotary lighting
apparatus.
Note:

The visible range is referred to the smaller range in two possible
definitions; the geographical range and the oﬁtical range,
The optical range is defined as 23 miles in the meteorological
visibility and 2 x 1077 lux in the visible illuminance.
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6-3-4

Result of site survey

CZTZEE;iil Water Nature
Places avail- of Landing Others
power able soil
supply
Shibbalds Bank coral 608 metre
(existing) nothing nothing reef of depth
sand Population of
about 1,000,
Sekala Island nothing wells and sand beach 1 primary
coral
rock school.
flat land.
sand- ball-stone rivate house
Giliselang nothing wells beach is P s
stone near are near
sand Surrounded Population of
and by coral about 3,000.
Kalu Kalukuang nothing wells reef. 3 primary
coral | . nding b hool
rock anding by schools,
rafe, flat land.
Surrounded
C. William enough by coral 80 metres above
(existing) nothing rain- rock reef. sea level
water landing by ’
raft.
About 15
enocugh Km from
%éxgzziﬁr) nothing rain- rock Madjene. 80 mitrei above
& water road 1is sea level.
exlisting
Sedihing no reada b
{(Nusa Penida not surveyed approach by
Island) ship is
difficult,
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6-3-5 Maintenance of visual aids

There are a thousand of islands scattergd in the vast sea area
in the vicinity of Lombok/Makassar Straits and the density of

alds to navigation in this area 1s extremely small.

The maintenance and administration of these aids to navigation
are performed chiefly by buoy tenders, supply vessels and
watch boats. In order to settle the problem of time loss
resulting from long distance navigation, these vessels should

be operated effectively and promptly.

At the present time the buoy bases which have buoy tenders
stationed, are in Dumai, Surabaya and Tg. Priok. At Samarinda
and Sorong, the work to furnish bases is delayed, and Surabaya
base 1is taking care of aids to navigation in the eastern sea
area of Makassar Strait, the loss in the time of navipation is
big.

It is extremely efficient to built a buoy tender, tonnage of
1,500 tons, in order to promote the efficlency of buoy tending
work. This vessel should be given multi functions as picking
up large ocean buoys, repairing of mooring buoys and inspection
of alds in general, and should alsoc be given the role of a
factory ship capable of performing repair work on beard. The
buoy tender should also be used in providing medical aid to

remote places.

It should be essential to improve and promote living environ-
ments of 1light-housekeepers, and to install communications
equipment in the light-houses and to consider the promotion of
technical ability of the personnel by re-training.

It is desirable to increase the number of watch boats and

shorten the intervals of go round aids so that the aids may be

checked at least once a month.
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6-4 Construction Costs of Visual Ailds

Type of aid Place Thiigazga;en Thgzgazsa;en Thzzzzid yen
Light beacon Tg. Piai 62,600 62,600
Light beacon Shibbalds Bank 68,300 68,300
to improve
Lighthouse Sekala 52,500 52,500
Lighthouse Tg. Babi 75,000 75,000
Light beacon Pyramid Shoal 55,000 55,000
Lighthouse Kalu Kalukuang - 52,500 52,500
Lighthouse Tg. Parit 52,500 52,500
Lighthouse C. william 11,800 11,800
to improve
Lighthouse Tg. Mebuhi 60,000 60,000
Lighthouse Tg. Beting Tyamar 52,500 52,500
Lighthouse Giliselang 64,300 64,300
Light beacon Tg. Gabang 55,000 55,000
Light beacen South Sands 55,000 55,000
Lighthouse Pasang Kayu 64,300 64,300
Light beacon S.W. of Pu. 60,000 60,000

Pisang
Lighthouse Kangean 52,500 52,500
Lighthouse Madura 59,300 59,300
15?2523232 C. Mandar 5,500 5,500
Total 542,700 415,900 958,600
Th. US$ Th. Us$ Th. US$
1,938 1,485 3,423
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Block diagram of LD type lighting apparatus

Diode matrix

Batteries Constant Sun Oscillator Character
~— voltage 4 switch (4 and frequency | forming
circuit circuit divider circuit circuit
]
Flashing
Crystal oscillator controller
Transistor )‘circ?it
switching /
Lamp
changer
Note: LD type lighting apparatus is used for

lighted buoys, small lighthouses and

light beacons to which commercial

electric power cannot be supplied.

Fig. 6-5
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Chapter 7 Administration plan

Navigation systems are entrusted with an important mission of
ensuring the safety of navigation. They must therefore be placed
under well administered conditions at all times, so that they may
fulfil their functions sufficiently.

In order to enable each system to demonstrate its ability ful}y,

it i1s first of all essential to give the system good operation and
maintenance and to complete arrangements for repairing any troubles
to the system at once, and to notify the users of the system of
any'abnormality in the system. It is also necessary to secure a
sufficilent number of excellent personnel to maintain the system

in good conditions, and furthermore, a continious effort should be

made for the training of personel.

Technical agreement

In the case Decca Navigator system for Malacca/Singapore straits,
in particular, the system is spread over the three littoral countries.
It would be desirable to have a technical agreement of mutual

operation and maintenance concluded among the countries cencerned.

Personnel plan

In calculating the required number of persomnel, it is a general
practice to analyse the actual state of the work, labour condition,
working setup and organisation, but here in this report caleculation
has been made of the number of personnel required to man the statilons
of the navigation systems proposed to be newly established, on the
basis of the actual results obtained from the existing stations

elsewhere.
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Name of system

Unit

Number of personnel

Decca

Medium wave
radio beacon

Ramark beacon
Radar beacon

Lighthouse

1 station
1 station

1 station
1l station

1 station

10

Note:

that each system was established individually.

In this

The numbers of personnel in the above table are those in case

plan, however, Ramark beacon and radar beacon are planned to

be attached to lighthouses and just one person has been added

and, therefore, 6 persons are planned to operate and maintain

a lighthouse and Ramark beacon, etc.

No personnel have been

summed up for unmanned systems which will be maintained by

perlodical go~-around inspection.

The number of personnel newly required by each year has

been tentatively calculated as following Table 7-1.

Table 7-1 Number of personnel newly required by
each year

Type of } Name of lst year | 2nd year | 3rd year | 4th year j 5th year | Total
system chain .

Lombok/

Makassar st.

Lombok 40 40
Decca North

Makassar 40 40

South

Makassar 30 30
Total 0 0 40 40 30 110
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Malacca/

Singapore

Singapore 40 40
Decca Malacca

north 40 40

Malacca

south 40 40
Total 0 0 40 40 40 120
Medium
wave
radio
beacon 6 12 18
Ramark 3 10
Radar
beacon
Light-
house 20 35 55
Total 0 33 50 83
Grand Total 0 33 130 80 70 313

7-3  Personnel training plan

0f the varilous navigation systems, availalbe today, visual aids

to navigation are a system for which the competent authorities of
each country have endeavoured to train personnel requilred to man
or take care of such adis. It is advisable to consolidate and
expand the existing training courses, for training of personnel
is important to ensure satisfactory operation and maintenance of

the systems.

For the electronic navigation systems proposed in this report, 1.e,
Decca Navigator, medium wave radio beacons, Ramark, and radar beacon,
a tentative plan to train the required personnel has been made as
follows. Trainees should be graduates the electronic or communi-

cation engineering department of a Technical high school or the equi-
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7-3-1

7-3-2

7-3-3

7-4

7-4-1

valent, and the training should be given the charactor of "training

of instructors'", and then the training in future years should be

made as autonomous training of the countries concerned.

Overseas training of Decca

A 60 day overseas training has been planned, which includes 30
days (175 hours) in classroom, 10 days (56 hours) at factory, and
20 days (119 hours) at Decca station. The number of trainees in
one training course should be 16 and: 6 such courses should be

conducted.

Overseas training of medium wave radio beacons, Ramark and

radar beacon

A 30 day overseas training has been planned which includes 14
days (84 hours) in classroom, 6 days (35 hours) at factory and
10 days (56 hours) at station. 10 trainees at one training

course and 3 such courses should be given.

Practical training of Decca at the site

During the first two years of operation at each Decca chain, an
expert on the operation and maintenance should be invited to each

chain from abroad to give instruction to the personnel.

Operation, maintenance and other costs

The costs required for the operation, maintenance and traning

are tentatively calculated as follows:

Operation and maintenance costs

The rough estimates of costs required for the operation and
maintenance of each system per year are shown 1In the 7-2,
The costs required for the first five years of operation and
maintenance are as shown 1n the attached Table 7-3. All

these costs should be defrayed by local fund.
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The basis of calculation of these costs per year is as follows:

(1) Salary

The monthly pay for personnel to be assigned for the
operation and maintenance at Decca stations, and the
medium wave radio beacon statjions, Ramark stations,
radar beacon station and visual aids to be newly
established; has been summed up. Incidentally, the
monthly pay for a station master has been tentatively
calculated as 120,000 yen and that for a member of a

station as an average of 80,000 yen.

(2) Cost to maintain buildings

Cost required for repair of buildings. 300 yen for

every square metre.

{(3) Cost to maintain roads and plers

Cost required for repair of roads and piers, and
calculation has been made as 800 yen for every metre

of road and 120,000 yen for every piler.

(4) Cost to maintain lot

Cost required for trimming of lot for station site.

It was estimated at 5 yen per square metre.

(5) Cost to maintain aerial and steel tower

Mostly cost required for painting of the steel tower

and adjustment of aerial and guy tension and other items.
Calculation has been made on the basis of actual results
obtained from similar work. In actual cases, these works
are not necessary carried out every year, but cost has

been distributed equally to each year,



7-4-2

7-4~3

{6) Cost for repairing equipment and for purchasing spare parts

Cost required for repairing equipment and for purchasing
of spare parts. Calculation has been made on the basis
of actual results obtained from similar cases:

Provided that the cost required for purchasing spare
parts is not required for about three years, for which
period cost of spare parts required has already been

summed up 1in the cost of construction of stations,

(7) Cost for operation of engine generator

This is a cost of fuel for engine generators for power
squrce. Estimates have been made on the basis of 18
yen per litre of light oil and 70 yen per litre of
gasoline,

(8) Cost of electric power

Cost of electric commercial power calculated as 15 yen for

every kWH,

Cost required for overseas training

Expenses required for overseas trainings are as shown in the
attached Table 7-4. All these expenses are to be pald by foreign
fund.

Cost required for practical tralning of Decca at the site

The expenses required for stationing foreign technical expert at

each Decca chain is as shown in the Table 7-5.
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Table 7-2 Operation/Maintenance cost per year

(Unit: Thousand

yen)

Niﬁ:izf giﬁiigi Personnel | Building Road Pier Lot i;;:i Equipment Fuel Power Parts Total
Decca Karangasem 10,080 123 1,920 120 800 2,073 4,642 11,906 0 7,300 38,964
Tg. Luar 10,080 123 64 800 2,073 4,198 11,906 0 6,800 36,044
Lombok | Kangean 10,080 123 3,200 800 2,073 4,198 11,906 0 6,800 39,180
Grajagan 10,080 123 48 800 3,073 4,198 | 11,906 0 6,800 36,028
Total 40,320 492 5,232 120 3,200 8,292 17,236 47,624 0 27,700 | 150,216
Siboang 10,080 123 160 120 800 2,073 4,642 11,906 0 7,300 37,264
Buol 10,080 123 0 120 800 3,073 4,198 11,906 0 6,800 36,100
et o | Ta. Mangkalihae| 10,080 123 480 120 800 2,073 4,198 | 131,906 0 6,800 | 36,580
Donggala 10,080 123 1,920 0 800 2,073 4,198 11,906 0 6,800 37,900
Total 40,320 492 2,560 360 3,200 8,292 17,236 47,624 0 27,700 | 147,784
Pare Pare 10,080 123 744 800 2,073 4,662 | 11,906 0 7,300 37,668
;:;;:sar Takalar 10,080 123 0 800 2,073 4,198 11,906 0 6,800 35,980
Majene 10,080 123 104 800 2,073 4,198 | 11,906 0 6,800 36,084
Total 30, 240 369 848 0 2,400 6,219 13,038 35,718 0 20,900 | 109,732
P. Tekong 10,080 123 64 120 800 2,073 4,642 11,906 0 7,300 37,108
Rimba 10,080 123 744 0 800 2,073 4,198 go | 0,855 6,800 34,753
Singapore | P. Mas 10,080 123 4] 120 800 2,073 4,198 11,906 0 6,800 36,100
Teluk Dalam 10,080 123 0 0 800 2,073 4,198 | 11,906 0 6,800 35,980
Total 40,320 492 808 240 3,200 8,292 17,236 35,798 | 9,855 27,700 | 143,941
Morib 10,080 123 0 0 800 2,073 4,642 8o | 9,855 7,300 34,953
Ujong Parmatang| 10,080 123 0 0 800 2,073 4,198 8o | 9,855 6,800 34,009
gi%ﬁggih Sinaboi 10,080 123 480 120 800 2,073 4,198 11,906 0 6,800 36,580
Batu Tengah 10,080 123 368 0 800 2,073 4,198 80 | 9,855 6,800 34,377
Total 40,320 492 848 120 3,200 8,292 17,236 12,146 | 29,565 27,700 | 139,919
Sungai Aiam 10,080 123 640 0 800 2,073 4,642 | 11,906 0 7,300 | 37,564
Malacca Selat Paniang 10,080 123 320 120 800 2,073 4,198 | 11,906 0 6,800 36,420
St.South | 5 kit Kangkar 10,080 123 960 0 800 2,073 4,198 80 | 9,855 6,800 34,969
Tg. Punak 10,080 123 104 120 800 2,073 4,198 11,906 0 6,800 36,204
Total 40,320 492 2,024 240 3,200 8,292 17,236 35,798 | 9,855 27,700 | 145,157
Grand Total 231,840 | 2,829 12,320 1,080 18,400 47,679 99,218 | 214,708 | 49,275 159,400 | 836,749
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Chapter 8 Economic Analysis

8-1

General

The safety of navigation 1s the first role of the navigation

alds system.

In the previous chapters varlous navigation ald systems required
for the safety of navigation in the Malacca/Singapore Straits
and the Lombok/Makassar Straits were studied in the technical

aspect.

The wvisual and electronic aids to ﬂavigation in these straits
cannot be recognized sufficient te the safety of navigation.
If such aids would be established appropriately and operated
properly, they would facilitate the position fixing of vessels
and they would bring such effects as prevention of marine
accidents, improvement of the operational efficiency, saving

operational costs and relaxing overstrain of crews.

Indirectly, it could contribute to the improvement of producti-
vity of fishery and other marine industries. From a wider
aspect positive effects are also expected for industries which

rely on marine transportation.

Other indirect effects could be expected for the improvement
of the employment situation and also for the acceleration to

the development of electronics technology.

It is extremely difficult however, to attempt to evaluate or
assess the benefit provided by aids to navigation, in terms

of monetary value. Generally, establishment of navigation

aid systems should be planned on the basis of ensure the
safety navigation, however, it ls preferable if a quantitative

analysis of the effects accrued by the project is made in



§~2

the planning stage and this should be as objective as possible.
In this chapter the effect of the Electronic Navigation Aid
System 1s analyzed quantitatively on the limited items however,
it should be noted that the calculated benefits account for

only a portion of the total effects and the figures are no more
than a reference due to the limited amount of data available.
So, 1t is inadequate to evaluate the project solely by the
Benefit/Cost ratio calculated from insufficient data and bearing
in mind the particular importance of safe navigatlion qualitative
effects should also be taken into consideration when evaluating

the project.

Summary of Existing and Future Maritime Traffic

The existing and future maritime traffic on the Stralts are
detailed in the Appendix D of '"Maritime Traffic on Malacca/

Singapore Straits and Lombok/Makassar Straits',

This section discribes the result of the above study, necessary

for the economic analysis.
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Table 8-1:

Malacca/Singapore Straits

Estimated Maritime Traffic on

(Vessels/year)
Year 1975 | 1980 | 1985 | 1990 2000 2010

Large Tankers 528 643 781 1,046 1,873 2,772

General Tankers 11,326 | 13,763 | 17,262 { 20,385 | 29,975 | 41,056
________ s e ] — e e e e e e e e e e —

generated traffic 6,840 | 8,304 | 10,623 | 11,498 | 14,063 | 17,504

passing through 4,486 | 5,459 | 6,639 | 8,887 | 15,912 | 23,552

" General Cargo Vessels| 41,664 | 51,397 | 63,442 | 86,563 | 159,340 | 249,440
| generaced crateic | 5,578 | 7,480 | 10,035 | 15,077 | 31,343 | 60,008

gi:;;gg through 36,086 | 43,917 | 53,407 | 71,486 | 127,997 | 189,452

Total 53,518 | 65,803 | 81,485 | 107,994 | 191,188 | 290,516
| enorated craftic | 12,018 | 15,754 | 20,658 | 26,575 | 45,06 | 77.512 |

paselng through 41,100 | 50,019 | 60,827 | 81,419 | 145,782 | 213,004




Table 8-2;

Estimated Maritime Traffic

on Lombok/Makassar Straits

(Vessels/year)
Year 1975 1980 1985 1990 2000 2010
Large Tankers 31 38 46 61 110 163
General Tankers 1,811 | 2,356 | 3,128 3,468 4,357 5,447
generated traffic 1,811 | 2,356 | 3,128 ] 3,468 4,357 5,447
passing through _ _ _
traffic - - -
General Cargo Vessels 2,058 | 4,116 | 4,635 7,822 14,449 23,879
generated traffic 2,058 | 4,116 | 4,635 7,822 14,449 23,879
passing through _ _ _ _ _ _
traffic
Total 3,900 | 6,510 | 7,763 | 11,351 18,916 | 29,489
generated traffic 3,869 6,472 7,673 {11,290 18,806 29,326
passing through
traffic 31 38 46 61 110 163
8-3 Measurement of Effects accrued by the Investment

There are several methods for estimating the economic effect of

an investment quantitatively.

Analysis' and 'Impact Study' are generally preferred.

Among these, the 'Cost/Benefit
The

former is applied mainly for the calculation of the direct

benefits of an investment, and the latter is used for estimating

mainly for indirect benefit.

sufficient and eligible data are indispensable.

84

For either method however,
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Generally, 'Before and After Comparison Method' and 'Regional
Comparison Method' are mainly practiced in the 'Impact Study'.
The 'Cost/Benefit Analysis' and the 'Impact Study' are often
used together to evaluate both direct and indirect benefits.
However, because of the nature and paucity of the data obtained
for this project, and the lack of sultable examples of similar
projects, the measurement of the economic effects largely

relies on the 'Cost/Benefit Analysis',

Economic Effects of Navigation Aid System

Categorization of Benefits

The benefits of the navigation aid system are categorized as
shown in the Table "EFFECTS OF NAVIGATION AID SYSTEM".
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Also, they can be classified intoc three groups according to
their degree of diffjculty of measurement as follows:

Group-Ib (Benefits not measurable):

o Reduction in loss of human life;

0 Reduction in loss of irrecoverable environmental destruction

Group-Db (Benefits difficult to measure):

0 Benefits which spread over different fields and are difficult
to integrate.

o Benefits brought about by the combined effects of other
causes, where 1t is difficult to identify attributable to
any one individual project.

Group~-Tb (Benefits measurable with a sufficient amount of data):

CONCEPTUAL DIAGRAM OF BENEFIT

"\ Total effects = Ib + Db + Tb

Those which are trying to evaluate quantitatively are classified
into Group~-Tb and they are namely:

1) Reduction of loss of property and vessels by prevention of

marine accidents;
2) Economize in navigation costs;

3) Improvement in fishery productivity.



§-64-2

Premises for Economic Analysis

Whether or not projects effects are quantifiable the following
premise conditions are necessary. in order to extract the

aforesaild effects.

Firstly, adequate operation and administration of the system is
maintained throughout the project period by the personnel and
the facilities mentioned in Chapter 5 and 7.

Secondly, it 1s important to estimate the rate of utilization.
Undoubtedly, 1t is desirable for any vessels, large or small,
to equip with the implement of this kind.

In fact however, we will learn that the dissemination of

recelving equipment has, partly because of the certain expenditure
for devices in need, a common pattern which is seen in almost

all any other systems, i.e., moderate spread from frequent to

rare mariners in the area, and from large to small vessels.

Now since, the estimation of user's tendency can be hardly made,
we present for information, an example which was observed in
Japan at the beginning term of the operation of the similar

gystems,

Thirdly, the future vessel traffic volume is estimated based
on the appropriate data in the water area concerned, and the
volume of future cargo movement obtained by various economic

indices.



10.

11.

12,

13.

List of referred data is as follows:
- LIST OF DATA -

"ANGKUTAN Lautbarang Antar Pulau Tahun 1973 Di Indonesia"
¢ Biro Pusat Statistik

"Interisland Seatransport, Republic of Indonesia, 1972"
: Biro Pusat Statistik

"Report of Belawan Port Master Plan"
: Direktorat Jenderal Perhubungan Laut {(Directorate General

of Sea Communications)

"Annual Report, 1974"

: Port Master's Department, Singapore

"Press Release
: Statistics on Ports of Singapore
¢ Port of Singapore Authority

"Cargo Loading and Unloading at Ports in Indonesia'" 1970-1974
: Biro Pusat Statistik, Jakarta-Indonesia

"Statistical Pocketbook of Indonesia, 1976"
: Biro Pusat Statistik, Jakarta

"Statistical Pocketbook of Indonesia, 1972/1973"
: Biro Pusat Statistik, Jakarta

"Statistical Year Book of Indonesia, 1975"
: Biro Pusat Statistik, Jakarta

"Indonesia Second 5 Year Plan"

: Indonesia Japan Associlation

"Malaysia 1974, Official Year Book"

t Department of Infofmation, Malaysia

"Trade and Economy of Malaysia"
: JETRO

YAnnual Statistical Bulletin, SARAWAK 1975"
¢ Department of Statistics, Malaysia Kuching, Sarawak
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14,

15.

16,

17.

18.

19.

20.

21,

22.

23.

24,

25.

26.

27.

28.

"Annual Bulletin of Statistics, SABAH 1974"
: Department of Statistics, Malaysia Kota Kinabalu

"Third Malaysia Plan 1976-1980"

¢ Government of Malaysia

"Economic Report 1976/1977"
! Ministry of Finance, Malaysia

"Economic Survey of Singapore 1974"
: Mindistry of Finance, Republic of Singapore

"Economic Bulletin, December 1975"

: Singapore International Chamber of Commerce

"Annual Report 1975-76"

: Singapore Fconomic Development Board

"Report in Brief, Singapore Mass Transit Study, Phase I"
: Wilbur Smith and Associate, 1974

"Singapore '72"
¢ Ministry of Culture, Singapore

"Singapore" March, 1977
: JETRO

"Tg. Priok Port Master Plan" Final Report, July 1975

: Swan Wooaster Engineering Company Ltd., Canada

"Marine Accidents Data"
: Direktorat Jenderal Perhubungan Laut (Directorate General

of Sea Communicatdions)

"Marine Accidents Data"
: Direktorat Jenderal Perhubangan Laut (Directorate General

of Sea Communications)

"The Economic Value of the United States Merchant Marine"

¢ The Transport Center at Northwestern University

"Proyeksi Penduduk, Indonesia 1971-1981"
: Biro Pusat Statistik, Jakarta

"Value of Marine Fishery Production by Province, 1972-1974"
"Number of Fishing Boat by Category and Province, 1968-1974"
"Marine Fishery Production by Province, 1968-1974"

: PERIKANAN
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8-4-3 Effects on Reduction of Marine Accldents

A marine accidents usually occur when various unfavorable
conditions are plled up. It 1s doubtless that the Electronic
Navigation Aid Systems 1s considered one of the effective
measure to remove these situations. By using electronle zid to
navigation with visual aid, it is expected that the number of
strandings and collisions which occupies a large portions of
marine accldents are considerably reduced, Nevertheless,
reduction in accidents depends largely on the degree of
experience of a captain and it postulates various and essential

data to quantify such effect.

In this study a method of analysing the case of each specific
accident in the past is employed. It aims at estimating the
number of cases which could have been avoided if the Electronic
Navigation Aid Systems had been in operation, and it could be
reasonably effective if sufficient data was avallable. Although
the collection of data is not satisfactory for good accuracy of
estimation, a best attempt can be made to analyse accident

reduction with this method.

According to the data available 212 cases of marine accidents

were recorded in the water area coacerned during the period

from January to August, 1976. Among them 23 cases (10.8%) of
strandings and 12 cases (5.7%) of collisions which has certain
possibility to prevent by using aids to navigation are recorded,
and so respectively 35 cases/year for strandings and 18 cases/year
for collisions and 53 cases/year as total are considered to be

the annual figures.

The regional distribution of the total marine accidents are as

follows:

o The Malacca/Singapore Straits 16 cases (30%)
¢ The Lombok/Makassar Straits 2 cases ( 4%)
o Others 35 cases (66%)
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When the total number of vessel navigation in 1976, estimated on
the basis of 1974 records, the frequency of accidents is

calculated as follows:

o Malacca/Singapore Straits 16 cases/55,770 vessels (0.029%)
o Lombok/Makassar Straits 2 cases/4,306 vessels (0.046%)

From other sources of the Indonesian Directorate General of

Sea Communications during 1976 the number of marine accidents

in the Malacca/Singapore Straits and the Lombok/Makassar Straits
1s 25 cases. Among them strandings were 6 cases (24%) and
collisions were 12 cases (48%) accounting for 18 cases (72%) of

the total accidents.
The distribution of above figures by straits is as follows:

o Malacca/Singapore Straits 17 cases

o Lombok/Makassar Straits 1 case

The frequency of accidents in both Straits are calculated

as follows:

0 Malacca/Singapore Straits 17 cases/55,770 vessels (0.030%)
o Lombok/Makassar Straits 1l case /4,306 wvessels (0.023%)

Furthermore, the record of marine accidents in Japan indicates
that the frequency of strandings and collisions compared with
total number of navigation 1s 0.017% for each in narrow channels
and bays, and 0.001% for each in open seas. When those Japanese
figures are applied to the aforesaid situations, the number of

accidents in both Straits is estimated as follows:

o Malacca/Singapore Straits 55,770 vessels x 0.02% = 11.2 cases
o Lombok/Makassar Straits 4,306 vessels x 0.002% = 0.1 cases

Due to the lack of appropriate data on the monetary value of the

accidents Japanese data are also referred.
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Items Strandings Collisions

Large Vessels (10,000 ton " 95,000 ton) ¥20,000,000 | ¥9,500,000

(Average Tonnage: 27,000 ton) ¥740/ton ¥350/ton
Small Vessels (500 ton ~ 1,000 ton) ¥ 3,700,000 #%3,000,000
(Average Tonnage: 750 ton) ¥ 4,930/ton | ¥4,000/ton

In this study, as a unit extent of damage ¥550/ton/case for a

tanker and ¥2,800/ton/case for a cargo vessel are applied.

For estimation of the future reduction in number of vessel
traffic accidents the growth rate of the number of vessel
trips, the rate of the Electronic Navigation Aid Systems
utilization and the rate of the number of accidents which could
have been prevented by the Electronic Navigation Aid Systems

have to be assumed.

The number of future vessels for each water area is assumed as

mentioned in 8-2 'Summary of Present and Future Vessel Traffic'.

The rate of the Electronic Navigation Aid Systems utilization

is assumed as follows:

o Large Tankers 100%
o Foreign Vessels 90%
(excluding large tankers)
o Domestic Vessels
v 1985 3%
1986 ~ 1990 15%
1591 ~n 50% .
o Rate of Accidents which could
have been prevented by 50%

Electronic Navigation Aid Systems
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On the basls of the records of marine accidents in Japan
mentioned before, the number of marine accidents in the future(l)
and the number of those which could have been prevented in the

future(2) are estimated as in the Table 8-3.

The ratio of foreign and domestic vessels are assumed to be each

887 and 12%, obtained from the observed data on Singapore Strait.

Table 8-3: Estimation of Future Accidents
and Their Prevention

Cases/year)

Year 1980 1985 1990 2000 2010
Area & Items

(1) 13.2 16.3 21.6 38.2 58.1
M/S Straits

(2) —_ 7.1 9.4 17.0 26.1

(1) 0.1 0.2 0.2 0.4 0.6
L/M Straits

(2) — 0 0.1 0.1 0.2

(1) dindicates estimated total accidents: (2) indicates

estimated preventable accidents

From those figures in the above Table and the average tonnage
mentioned previously in the Appendix D of vessel traffic survey
the benefit by reduction of marine accidents for each year is

calculated as follows:
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Malacca/Singapore Straits

Year
Item 1985 1990 2000 2010
Benefit by Reduction
of Accidents 792.0 1,046.9 1,935.5 2,998.0
(Us$1,000.00)
Lombok/Makassar Straits

Year | 1485 1990 2000 2010
Item
Benefit by Reduction
of Accidents 0 7.1 8.3 18.2

(US$1,000.00)

In this analysis of marilne accidents, large accidents which

rarely happen are not included,

Even though the forecast of

such large accidents is quite difficult, however, we cannot

deny the possibility of these accidents.

In the last 10 years,

10 large accldents are recorded In the world and the average

losses in human lives and properties were 22.6 deaths and

US$17 million respectively.

But the extent of secondary

disasters such as oill pollution is usually very diversified due

to the various circumstances.

to evaluate such damages.

Therefore, it is quite difficult

On account of the above reasons the analysis has been excluded

to the concelvable prevention of large accidents and their

secondary disasters.
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8-ty

Effect on Economize the Navigation Costs

The expected effect accrued by the Electronic Navigation Ald
System are mainly the improvement of navigation speeds impelled
by poor visibility conditions and to the effective correction

of meandering.

Generally, vessels have to reduce their speeds in a poor visible
conditions as squalls, however, by the assist of electronic aid
to navigation, vessels will enable to keep the normal speed in
such conditions. The operation cost savings due to this
difference in speed can be considered as a benefit. Hence,

it is assumed that the vessels passing through Malacca/Singapore
Straits and Lombok/Makassar Straits come across-squalls for

30 minutes per navigation on average and reduce their speed

from 12 knots to 9 knots accordingly.

The relationship between the speed and navigation costs
(excluding port costs) is estimated from the study "The Economic
Value of the United States Merchant Marine" and 1s summarized

in the Table 8-4 below.

Table 8-4: Relationship between Speed and Navigation Costs

(valid for case of voyage of 30,000 Nautical
Mile, 13,500 ton vessels)

Speed Economic Navigation Costs per 10,000km
(knot) |  per 30,000 M (§/ton) (§/ton) (3/ton/hr)
10 16.07 54.32 9.77 0.0181
12 14.70 49.68 8.94 0.0199
14 14.00 47.32 8.52 0.0221
16 13.58 45.90 B.26 0.0245
18 13.58 45.90 8.26 0.0244
20 13.60 45,97 8.28 0.0307
22 13.84 46.78 8.42 0.0343
1959 price 1977 price 1977 price | 1977 price
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a)

b)

General Tankers and General Cargo Vessels

The navigation cost at 9 knots is estimated from the above
table to be 0.0167 $/ton/hr. Therefore, a unit benefit
derived from the improvement of speed under poor visible

conditions is calculated as follows:

0.0167 x 0.5 - 0.0199 x 0.5 x E% = 0,0008875 (§/ton)

The annual benefit is therefore given as follows:

[0.0008875 ($/ton)] x [Av. vessel size (ton)] x [traffic volume]

¥ [Receiver Installation Rate]

Large Tankers

For large tankers, the unit benefit for an average tanker

size of 200,000 DWT 1s estimated from the following data.

vegsel size (1,000 DWT) Navigation Costs per hour (US$/hr.)

230 926
140 744
200 865

(Economic Navigation Costs: 735.3 USS$/hr.)

Therefore, the navigation cost savings by normal speed
operation (12 knots) instead of reduced speed (9 knots)

entailed by a 30 minutes squall per navigation is estimated

as follows:

(0.5 - 0.5 x T9) x 735.3 = 91.9 (US$/trip)
The above equation assumes 0.85 as the conversion
factor to derive the economic costs, and also that

the change in speed does not reflect on operation

costs.
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The total navigation cost savings on both Straits
are tentatively calculated in the Table 8-5,

Table 8-5: Total Navigatlon Cost Savings

[Malacca/Singapore Straits]
gap (Unit: US$1,000/year)

Year 1985 1990 2000 2010

Benefits | 1,021.3 | 1,330.5 | 2,328.2 | 3,500.2

[Lombok/Makassar Straits]
(Unit: US$1,000/year)

Year 1985 1990 2000 2010

Benefits 86.6 | 113.0 | 189.8 290.5

Also, meandering caused by lack of aid to navigation will be
effectively corrected by the Electronic Navigation Aid Systems
and this can be enumerated as one of benefits. However, on
Malacca/Singapore Straits, considerable number of visual
navigation aids are already installed though they are still
insufficient, the range of meandering will be relatively small.
On the other hand, visual aids to navigation in Lombok/Makassar
Straits are extremely insufficient. It is conceivable that

the Electronic Navigation Aid Systems could afford navigation

cost savings by the correction of meandering.

However, the degree of meandering in general depends on the
degree of experience of the ship's captain and other conditions.
Besides, there is no tangible data available on such matters.
For these reasons, navigation cost savings brought about by the
correction of meandering was not calculated into the project

benefits.
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8-4-5

Impact on the Improvement of Fishery Production

Before proceeding further study, it should be mentioned that
the analysis on this subject refers to Indonesia since adequate
data on fisheries in Singapore and Malaysia was unobtainable.
Although the impact on fisheries in these countries should not
be neglected in this report deals only with the case of

Indonesia.

The present fishery in Indonesia, especially marine fishery,
has not yet attained a high level of development from the view
points of fishery facilities and production. According to

the data from PERIKANAM, the production of marine fishery in
1974 is recorded as about 949,000 ton or 131.7 billion Rp.
(317.4 million US$) (See Table 8-6 and 8-7). The portion which
powered boats contributed to the total production is not
available but the statistics of 1974 on boat ownership indicate
that the powered boats account for 4.8% (13,009 in number) of
the total fishing boats (270,173 in numbers). (See Table 8-8
and 8-9).
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Table 8-6

Value of Marine Fishery Production by Province in Indonesia, 1972 -~ 1974

Unit: Rp. 1,000

Province 1972 1973 1974

Total 105,392,297 106,418,145 131,743,648
SUMATERA 42,826,650 46,444,470 58,630,657
D.I. Aceh. 4,098,725 4,492,600 5,348,700
Sumatera Utara 12,296,195 13,580,487 19,505,620
Sumatera Barat 977,375 1,392,548 2,063,874
Riau 20,064,120 19,167,492 21,492,289
Jambi 1,319,583 2,616,430 3,523,388
Sumatera Selatan 1,746,930 1,458,295 2,396,546
Bengkulu 333,217 400,308 284,740
Lampung 1,990,505 3,336,310 4,013,500
JAWA 15,129,810 11,153,094 13,505,263
DKI Jakarta 387,800 363,201 484,635
Jawa Barat 5,880,570 4,248,688 4,657,796
Jawa Tengah 5,952,155 3,494,928 4,380,548
Yogyakarta veee 23,513 31,369
Jawa Timur 2,909,285 3,022,764 3,950,895
BALI - NUSA TENGGARA 2,399,575 3,209,593 5,443,963
Bali 265,200 253,015 415,705
Nusa Tenggara Barat 976,205 1,036,541 1,504,956
Kusa Tenggara Timur 1,158,170 1,920,037 3,523,302
KALIMANTAN 13,877,005 11,953,322 12,997,654
Kalimantan Barat 6,383,570 3,912,346 5,035,327
Kalimantan Tengah 2,233,500 667,268 1,010,762
Kalimantan Selatan 3,084,590 3,072,747 1,407,229
Kalimantan Timur 2,175,345 4,300,961 5,544,336
SULAWESI 19,835,775 18,982,197 23,651,980
Sulawesi Utara 2,394,450 3,280,920 3,309,255
Sulawesi Tengah 2,321,665 1,087,523 1,755,374
Sulawesl Selatan 13,936,290 14,173,665 17,994,591
Sulawesi Tenggara 1,183,370 490,089 592,760
MALUKU - TRIAN JAYA 11,323,482 14,675,469 17,514,131
Maluku 6,749,050 10,278,880 11,481,690
Irian Jaya 4,574,432 4,396,589 6,032,441
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Furthermore, it has been postulated in Indonesia that the
production owed to the powered boats covers about 35%

of the total production value. Therefore it can be
envisaged that the contribution of the powered boats

to production in the future will keep on rising.

Taking this into consideration, the percentage of total
production by powered boats in the whole products in the
future is estimated as shown in the Table 8-10.

Table 8-10: Proportion of Total Fishery Production
Attributable to Powered Boats

Year 1975 1980 1985 1930 2000 2010

Percentage 35% 40% 457 50% 70% 70%

On the other hand, the future fishery in Indonesia is projected
to increase 30% in production volume during the next 5 years,
which is an average annual rate of growth of 5.4%. The annual

rates of growth in future are estimated as follows:

Table 8-11: Annual Rate of Growth in Fishery
Production in Indonesia

Period Growth Rate/year Mulzigigiggogg§tor
1975 ~ 1980 5.4% (1.301)
1980 ~ 1985 4,3% (1.606)
1985 ~ 1990 3.4% (1.898)
1990 ~ 2000 2.7% (2.477)
2000 ~ 2010 2.2% (3.079)
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Based on the previous data the estimated production value

attributable to powered boats is given below:

Table 8-12: Estimated Production Value by Powered Boats

Year 1975 1980 1985 1990 2000 2010

Total Production
(1,000 ton) 1,000 1,300 1,600 1,990 2,480 3,080

By Powered Boats
(1,000 ton) 350 520 720 950 1,740 2,160

By Powered Boats
(million US$) 117.1 173.9 240.8 317.7 582.0 722.4

To forecast the future number of vessels rigged with receives
for the Electronic Navigation Ald Systems 1s not easy but the
percentage of total fishing boats equipped with receivers is

empirically assumed as follows:

Table 8-13: Estimated Proportion of Receiver Equipped Fishing Vessels

Period Percentage
" 1990 3%
1991 ~ 2000 10%
2001 30%

The dgree of improvement on fishing productivity accrued by
the Electronic Navigation Aid Systems is supposed to result in
about 12% - 15% increase in production. In this report 6%

was adopted and then, a total factor affecting Indonesian
fishery attributable to the Electronic Navigation Aid Systems
is summarized in the Table 8-14.
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Table 8~14: Total Factor Affecting Indonesian Fishery Attributable

to the Electronic Navigation Ald Systems

Year 1985 1990 2000 2010

% 0.18 0.18 0.6 1.8

The value of fishery production made in the area of Malacca/
Singapore Stralts accounts for 40% of the total value, and for
the Lombok/Makassar Straits, 22% (See Table 8-6). These
percentage are assumed to remain constant in the future and the
effect on fishery brought about by the Electronic Navigation
Aid Systems is, therefore, estimated as shown in the Table 8-15.

Table 8-15: Effect on Fishery Production Brought about

by the Electronic Navigation Aid Systems

a) Malacca/Singapore Straits Area
(1,000 Us$)

Year

1985

1990

2000

2010

Benefits

173.3

228.7

1,396.8

5,201.3

b) Lombok/Makassar Straits Area
(1,000 US$)
Year 1985 1990 2000 2010
Benefit 95.3 125.8 768.2 2,860.7
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8-4-6

Summary of the Effects Accrued by the Establishment of the

Electronic Navigation Aid Systems to Both Straits

The values of effects enumerated in sections 8.4.3 - 8.4.5 are

summarized in the Tables 8-16 and 8~17 for further economic

analysis.
Table 8-16: Summary of Effects Concerning
Malacca/Singapore Straits
(Unic: US$1,000)

Year 1980 1985 1990 2000 2010
Saving by
Accident 646.6 792,9 | 1,046.7 | 1,935.5]| 2,998.0
Reduction
Navigation
Cost 823.5 | 1,021.3 | 1,330.5 | 2,328.2{ 3,500.2
Saving
Fishery
Benefitr 125.2 173.3 228.7 { 1,396.8 | 5,201.3
Total 1,595.3 | 1,987.5 1 2,606.1 ] 5,660.5}{11,699.5

Table 8-17: Summary of Effects Concerning
Lombok/Makassar Straits
(Unic: US$1,000)

Year 1980 1985 1990 2000 2010
Saving by
Accident 0 0 7.1 8.3 18.2
Reduction
Navigation
Cost 66.2 86.6 113.0 189.8 290.5
Saving
Fishery
Benefit 68.8 95.3 125.8 768.2 2,860.7
Total 135.0 | 181.9 | 245.9 | 966.3 | 3,169.4
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8-5 Economic Cost-Benefit Analysis and Sensitivity Analysis
8-5-1 Construction Costs and Operation/Maintenance Costs

As explained in the Chapter 5, the construction costs of the
Electronic Navigation Aid Systems including engineering costs are
calculated in 1977 prices to be US$25,243,700 and US$23,889,200
in Malacca/Singapore Straits and Lombok/Makassar Stralts
respectively.

The annual maintenance and operation costs incurred from the
completion of the project in 1985 are estimated to be
US$1,404,800 for Malaceca/Singapore Straits and US$1,482,300
for Lombok/Makassar Straits. Also, 15 years after opening
all equipment are supposed to be replaced and such additional
costs in the year 2000 are estimated to be US$12,180,100 for
Malacca/Singapore Straits and US$11,528,500 for Lombok/
Makassar Straits.

The cost to equip a vessel with a receiver for the use of the

Electronlc Navigation Aid Systems was not taken into account.

For the analysis of economic construction costs, an 85% local
currency portion is assumed and USS$1 = ¥280 is taken as the

conversion rate.
8-5-2  Economic Cost-Benefit Analysis

The annual costs and benefits are summarized in the attached
inventory. The discount rates used in this report are 8%, 10%
and 15% for Malacca/Singapore Straits and 0.5%, 10% and 15%

for Lombok/Makassar Straits. The Tables 8-18 and 8-19 show the
Net Present Value of the project, B/C ratio and IRR on each
Straits.

On Lombok/Makassar Straits, however, costs and benefits were

not balanced at fairly small discount rates, so that the IRR

was merely indicated as zero.
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Table 8-18:

Malacca/Singapore Straits

{Uss1,000)
Discount Discounted Discounted Net Present Benefit/Cost
Rate Cost Benefit Value Ratio
8% 29,028.2 29,489.0 460.8 1.016
10% 24,229.0 19,900.1 -4,328.9 0.821
15% 16,659.3 8,455.2 -8,204.1 0.508
IRR = 8.15%
Table 8-19: Lombok/Makassar Straits
(Us$1,000)
Discount Discounted Discounted Net Present Benefit/Cost
Rate Cost Benefit Value Ratio
0.5% 75,253.5 38,325.8 -36,927.7 0.509
10% 24,052.2 3,396.2 -20,656.0 0.141
157 16,476.3 1,248.9 -15,227.4 0.076
IRR =10
Table 8-20: Both Straits
(US$1,000)
Discount Discounted Discounted Net Present Benefit/Cost
Rate Cost Benefit Value Ratio
3.5% 96,273.3 100,038.2 3,764.9 1.039
10% 48,281.2 23,296.3 ~24,984.8 0.483
15% 33,135.6 9,704.1 -23,431.5 0.293
IRR = 3.95%
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8-5-3

Sensitivicy

Analysis

Four cases are taken for a sensitivity analysis, they are:

1) Construction costs increase by 102

2) Construction costs decrease by 10%

3) 10% reduction in the navigation cost savings

4) Delay of Start of Conmstruction by 5 years

The results of these cases are expressed in the Table 8-21

using B/C ratios.

Table 8-21:

Summary of Sensitivity Analysis

(B/C Ratio)

1072 10% 10% 5 yr.
Discount Constr. Constr. Reduction Delay
Rate Cost. Cost Navigatien in
Increase Decrease Cost Savings | Constr.
8% 0.923 1.126 0.975 1.417
b
e
H 10% 0.746 0.911 0.787 1.118
w)
2
= 15% 0.461 0.536 0.485 0.806
0.5% 0.460 0.563 0.502 0.858
bt
p
B 10% 0.128 0.157 0.138 0.204
wi
Z
= 15% 0.069 0.084 0.074 0.132
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(Inventory of Costs and Benefits Discounted for Malacca/Singapore Straits)

Costs Benefits 8% Discount Rate 10% Discount Rate 15% Discount Rate
Reduction | Operation
gg:i;' Cgéfs gg:;i in Cost Sub-Total I?E:ﬁzr;n B;gizits Costs Benefits Costs Benefilts Costs Benefits
Accidents Saving

1980 324.0 324.0 257.2 243.4 213.0

1981 5,351.4 5,351.4 3,933.4 3,655.0 3,059.6

1982 8,513.1 65.4 8,578.5 5,838.4 5,326.6 4,265.0

1983 7,325.1 539.4 7,864.5 4,956.0 4,439.3 3,400.0

1984 3,730.1 964.1 4£,694.2 2,739.0 2,408.9 1,764.7
1985 1,404.8 1,404.8 792.9 1,021.3 1,814.2 173.3 1,987.5 759.0 1,073.8 655.4 927.2 459.2 649.8
1986 1,404.8 1,404.8 843.7 1,083.1 1,926.8 184.4 2,111.2 702.8 1,056.1 595.8 895.4 399.3 600.1
1987 1,404.8 1,404.8 894.5 1,145.0 2,039.5 195.5 2,235,0 650.7 1,035.0 541.6 861.7 347.2 552.4
1988 1,404.8 1,404.8 945.3 1,206.8 2,152.1 206.6 2,358.7 602.5 1,011.6 492.4 826.7 302.0 507.0
1989 1,404.8 1,404.8 996.1 1,268.7 2,264.8 217.6 2,482.4 557.9 985.8 447.6 791.0 262.6 464.0
1990 1,404.8 1,404.8 1,046.9 1,330.5 2,377.4 228.7 2,606.1 516.5 958.3 406.9 754.9 228.3 417.6
1991 1,404.8 1,404.8 1,135.8 1,430.2 2,566.0 345.5 2,911.5 478.3 991.3 369.9 766.7 198.5 411.5
1992 1,404.8 1,404.8 1,224.6 1,530.1 2,754.7 462, 4 3,217.1 442.,9 1,014,2 336.3 770.2 172.6 395.3
1993 1,404.8 1,404.8 1,313.5 1,629.8 2,943,3 579.1 3,522.4 410.1 1,028.2 305.7 766.06 150.1 376.4
1994 1,404.8 1,404.8 1,402.3 1,729.6 3,131.9 695.9 3,827.8 379.7 1,034.5 277.9 757.3 130.5 355.7
1995 1,404.8 1,404.8 1,491.2 1,829.4 3,320.6 812.8 4,133.4 351.6 1,034.4 252.6 743.4 113.5 334.0
1996 1,404.8 1,404.8 1,580%1 1,929.1 3,509.2 929.6 4,438.8 325.,5 1,028.5 229.6 725.8 98.7 311.9
1997 1,404.8 1,404.8 1,668.9 2,028.9 3,697.8 1,046.4 4,744.2 301.4 1,017.9 208.7 705.2 85.8 289.8
1998 1,404.8 1,404.8 1,757.8 2,128.6 3,886.4 1,163.2 5,049.6 279.1 1,003.1 189.7 682.4 74.6 268.3
1999 1,404.8 1,404.8 1,846.6 2,228.5 4,075.1 1,280.0 5,355.1 258.4 985.0 172.5 657.9 64.9 247 .4
2000 13,593.9 |13,593.9 1,935.5 2,328.2 4,263.7 1,396.8 5,660.5 2,315.3 964.1 1,518.1 632.2 56.4 227.4
2001 1,404.8 1,404.8 2,041.8 2,445.4 4,487.2 1,777.3 6,264,5 221.5 987.9 142.5 636.0 49.1 218.9
2002 1,404.8 1,404.8 2,148.0 2,562.6 4,710.6 2,157.7 6,868.3 205.1 1,002.9 126.5 633.6 42.7 208.6
2003 1,404.8 1,404.8 2,254.3 2,679.8 4,934.1 2,538.1 7,472.2 189.9 1,010.3 11.7.7 626.9 37.1 197.3
2004 1,404.8 1,404.8 2,360.5 2,797.0 5,157.5 2,918.6 8,076.1 175.9 1,011.0 107.0 616.0 32.3 185.5
2005 1,404.8 1,404.8 2,466.8 2,914,2 5,381.0 3,299.0 B8,680.0 162.8 1,006.0 97.3 601.9 28.1 173.4
2006 1,404.8 1,404.8 2,573.0 3,031.4 5,604.4 3,679.5 9,283.9 150.8 996.4 88.5 585.3 24 .4 161.2
2007 1,404.8 1,404.8 2,679.3 3,148.6 5,827.9 4,060.0 9,887.9 139.6 982.6 80.5 566.7 21.2 149.3
2008 1,404.8 1,404.8 2,785,5 3,265.8 6,051.3 4,440.4 10,491,7 129.3 965.4 73.2 546.7 18.4 137.8
2009 1,404.8 1,404.8 2,891.8 3,383.0 6,274.8 4,820.8 11,095.6 119.7 945.4 66.5 525.5 16.0 126.8
2010 1,404.8 1,404.8 2,998.0 3,500,2 6,498,2 5,201.3 11,699.5 110.8 923.0 60.5 503.7 14.0 116.2
2011 1,404.8 1,404.8 3,104.3 3,617.4 6,721.,7 5,581.7 12,303.4 102.6 898.7 55.0 481.6 1z2.1 106.2
2012 1,404.8 1,404.8 3,210.5 3,734.6 6,945.1 5,962.2 12,907.3 95,0 873.0 50.0 459.3 10.5 97.0
2013 1,404.8 1,404.8 3,316.8 3,851.8 7,168.6 6,342.6 13,511.2 88.0 846.1 45.5 437.2 9.2 88.2
2014 1,404.8 1,404.8 3,423.0 3,969.0 7,392.0 6,723.1 14,115.1 81.5 818.5 41.4 415.1 8.0 80.2
25,243,7 |55,902.0 |81,145.7 | 59,129.3 70,748.6 129,877.9 |69,420.1 199,298.0 (29,028.2 | 29,489.0 (24,229,0] 19,900.1 | 16,659.3 | B8,455.2
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{Inventory of Costs and Benefits Discounted for Lombok/Makassar Straits)

Costs Benefits 8% Discount Rate 10% Discount Rate 15% Discount Rate
Reduction |Operation
gg:i;' Cgéfs ggi;i in Cost Sub-Total Igg:ﬁgr;n B;giiits Costs Benefits Costs Benefits Costs Benefits
Accidents Saving

1980 324.0 324.0 319.2 243.4 213.0

1981 5,414.4 5,414.4 5,307.5 3,698.1 3,095.7

1982 8,682.5 121.4 8,803.9 8,587.1 5,466.5 4,377.1

1983 6,648.5 700.6 7,349.1 7.132.4 4,148.4 3,177.2

1984 2,819.8 1,149.2 3,969.0 3,832.8 2,036.7 1,492.1
1985 1,482.3 1,482.3 0 86.6 86.6 95.3 181.9 1,424.3 174.8 691.5 84.9 484 .6 59.5
1986 1,482.3 1,482.3 1.4 91.9 93.3 101.5 194.8 1,417.2 186.3 628.6 82.6 421.4 55.4
1987 1,482.3 1,482.3 2.8 97.2 100.0 107.5 207.5 1,417.2 197.4 871.5 80.1 366.4 51.3
1988 1,482.3 1,482.3 4.3 102.4 106.7 113.6 220.3 1,403.2 208.5 519.5 77.2 318.6 47.3
1989 1,482.3 1,482.3 5.7 107.7 113.4 119.7 233.1 1,396,2 219.6 472.3 74.3 277.0 43.6
1990 1,482.3 1,482.3 7.1 113.0 120.1 125.8 245.9 1,389.2 230.5 429 .4 71.2 240.9 39.9
1991 1,482.3 1,482.3 7.2 120.7 127.9 190.1 318.0 1,382.3 296.6 340.4 83.7 209.5 45.0
1992 1,482.3 1,482.3 7.3 128.4 135.7 254.3 390.0 1,375.5 361.9 354.9 93.4 182.2 48.0
1993 1,482.3 1,482.3 7.5 136.0 143.5 318.5 462,0 1,368.5 426.6 322.6 100.5 158.4 49.3
1994 1,482.3 1,482.3 7.6 143.7 151.3 382.8 534.1 1,361.8 490.7 293.3 105.6 137.7 49.7
1995 1,482.3 1,482.3 7.7 151.4 159.1 447.1 606.2 1,355.0 554.2 266.6 109.0 119.7 49.0
1996 1,482.3 1,482.3 7.8 159.1 166.9 511.3 678.2 1,348.3 616.9 242 .4 110.9 104.1 47 .6
1997 1,482.3 1,482.3 8.0 166.7 174.7 575.5 750.2 1,341.6 679.0 220.4 111.6 90.5 45.9
1998 1,482.3 1,482.3 8.1 174.4 182.5 639.8 822.3 1,334.9 740.5 200.4 111.2 78.7 43.7
1999 1,482.3 1,482.3 8.2 182.1 190.3 704.0 894.3 1,328.3 801.4 182.2 109.9 68.4 41.3
2000 13,010.8 |13,010.8 8.3 189.8 198.1 768.2 966.3 {11,600.7 861.6 1,453.0 107.9 59.5 38.9
2001 1,482.3 1,482.8 9.3 199.9 209.2 977.5 1,186.7 1,315.1 1,052.8 150.5 120.5 5L.7 41.4
2002 1,482.3 1,482.8 10.3 209.9 220.2 1,186.7 1,406.9 1,308.5 1,242.,0 136.8 129.9 45.0 42.7
2003 1,482.3 1,482.8 11.3 220.0 231.3 1,396.0 1,627.3 1,302.0 1,429.4 124.4 136.5 39.1 43.0
2004 1,482.3 1,482.8 12.3 230.0 242.13 1,605.2 1,847.5 1,295.6 1,614.7 113.1 111.0 34,0 42,6
2005 1,482.3 1,482.8 13.3 240.1 253.4 1,814.5 2,067.9 1,289,1 1,798.4 102.8 143.4 29.6 41.3
2006 1,482.3 1,482.8 14.2 250.3 264.5 2,023.7 2,288.2 1,282.7 1,980.1 93.5 144.3 25.7 39.7
2007 1,482.3 1,482.8 15.2 260.3 275.5 2,233.0 2,508.5 1,276.3 2,159.9 85.0 143.8 22.3 37.3
2008 1,482.3 1,482.8 16.2 270.4 286.6 2,442,2 2,728.8 1,270.0 2,337.9 77.3 142.3 19.4 35.9
2009 1,482.3 1,482.8 17.2 280.4 297.6 2,651.5 2,949,1 1,263.6 2,514,1 70.3 139.7 16.9 33.7
2010 1,482.3 1,482.8 18.2 290.5 308.7 2,860.7 3,169.4 1,257.4 2,688.4 63.9 136.5 14.7 31.5
2011 1,482.3 1,482.8 19.2 300.6 319.8 3,069.9 3,389.7 1,251.1 2,861.0 58.1 132.7 12.8 29.3
2012 1,482.3 1,482.8 20.2 310.6 330.8 3,279.2 3,610.0 1,244.9 3,031.8 52.8 128.5 11.1 27.1
2013 1,482.3 1,482.8 21,2 320.7 341.9 3,488.4 3,830.3 1,238.7 3,200.8 48.0 124.0 9.7 25.0
2014 1,482.3 1,482.8 22,2 330.7 352.9 3,697.7 4,050.6 1,232.5 3,368.0 43.6 119.1 8.4 23.0
23,889.2 (57,968.7 |81,857.9 319.3 5,865.5 6,184.8 38,181.2 44,366.0 |75,253.5 |38,325,.8B | 24,052,2 3,396.2 {16,476.3 1,248.9
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B-6

Conclusion

It is extremely difficult to evaluate and assess the overall effects
of establishing the system of navigational ailds since the system
would strongly influence the many aspects stated above as well as

involve outside factors.

The benefits expressed in figures in this chapter are only a part
of the total and should be used only for comparative purposes as
they had to be calculated after making assumptions and on the basis
of limited data.

However, this kind of assessment is a prime requirement and it can

be sald these figures are very useful to provide relative values,

The important benefit which cannot be expressed in figures is the
value of the navigational aid system to ensure safe navigation;
these non-inclusion of this benefit must be kept in mind when the

figures are consldered.
The full assessment of total value of the navigational system should

be made in the light of the nation's policies and attitudes towards
maritime safety, fishery and technological development .,

"8-33



Appendix

Hyperbolic Navigation
Aid System

Analysis of Guyed Towers

Limitation of Decca Service

Area Due to Noise

Present and Future Maritime
Traffic on Malacca/Singapore
Straits and Lombok/Makassar
Straits



Appendix A

1.

2.

Table of Contents

Hyperbolic Navigation Afd System ...ccoiveveronrnsennsnas

Decca Navigator SYStem sverersavrstserronnsensavnnans

1-1

1~2
1-2-1
i-2-2
1-2-3
1-2-4

1-2-5

1-3-1
1-3-2
1-3-3
1-3-4

1-3-5

IntroduCtion sesevsotecaresenesanssonaasaascncsss
Decca Navigator SyStemesrseresacrssacsrssanonsans
Principle of Decca sSystemeceseeseceoecnsnernnann
Decca chaArt cverecrsrascrsrrsoravssrassccosansonss
Lane identification .cerieserivinrossassancssnoss
Frequency channels ....cccervecrieacscsarssannsas
Sexrvice dred «+cvevesessvescissvocrssnnssanosensss
Operation of Decca transmitting eﬁuipment-------
Phase control equipment ssssssavarnsscnsacasnsssn
Switching equipment «scsvecevrecivetsnrecannnanss
TranSMitbeY cecceerreasressosssionsasonsnvossncsss
Aerial coll assembly serresrrrriersanriariserernas

Central monitoring equipment «v-veeveeenivaceass

Outline of Loran C SYStEM sre-roearersstrvescrsersonncs

2-1
2-1-1

2-1-2

2-1-3
2-1-4

2-1-5

Loran C transmitting equipment ...e.-vevueevenaen

Principle of Loran-C SyStem *+reerrerrssasircnaas

All functions and features of
the transmitter equipment «.«:sereverecascnarncs

Composition of tramsmitting equipment «ec........
Main ratings of the transmitting equipment +.....

Cesium frequency standard oscillator .--.....v...

A-1

A-1

A-1

A-3

A-6

A-9
A-12
A-13
A-13
A-14
A-15
A-16

A=17

A-18
A-18

A-18

A-23
A=24
A-24

A~25



2-1-6 Timer equipment«ssveecrisacrarssstesscenannnssss A=25

2-1-7 Transmitter contTol Seb...e.esesssersuusuaneas. A=25
2-1-8 Auxiliary rack.resveesecossnsnrereracanaarenraas A=27
2-1-9 Composition of the auxiliary rack....eiceeeeee. A=27
2-1-10 Remote control interface unit..;............... A-28

2-1-11 Mailn actions of the transmitter................ A-28
2-1-12 Components of the transmitter......csveseeees.. A-29

2-1-13 Aerlal coupler v.vevesesrresrsarcsserreasannsss A=29
2-1-14 Composition of aerial coupler..isseceassssnssees A-30
2-1-15 Electrical aerial dummy load ..... teresressrees A=30

2-1-16 Composition of electrical aerial
dummy 1oad ...vesreviveansscoverrsnrssannseneas A=30

2-2 Loran C receiver ..veeveercrrornrrascsnsanarares A~32
2-3 Power supply equipment for
Loran C navigation SYySLEM ..i-cvecretvasrracrass A-34
2-3-1 Introduction ..eveerianrrrnaronssansennennassas A=34
2-3-2 CompoSition. e s v cinnnnessonnsvsnnnnnasssss A=34
2-3-3 Junctions and ratings .....cv0cviiereisrenanse. A=35
2=4 Reliability of Loran C SYSteM...eesrssissassess A-37
2-4-1 Propagation path.....vvevinrarsvravennscscneeas A=37
2-4-2 Transmitting equipment......c.vvvvivinunennenss A-39

3. Accuracy of Decca system and Loran C system ............. A—42

3-1 Accuracy of Decca BYStem .....vevvavavacasnasss A=42
3-1-1 Introduction, .. vovviisniarnecvnrssnsannsnnnaees A-42
3-1-2 Random @TLOLS..veuitesnvacasnsncroarassnseasssenas A=42
3-1-3 ByStem error ........eveessecncsccccssnsnseeses A=4B
3-1-4 Estimated accuracy of Decca system

in the low latitude zone ,.....:ve000eneen eiiees A-52



3-2 Accuracy of Loran C SYSLeM .vesessrvessarsrseas A=55
3-2-1 Introductlon suvevesessvrrasossasessssnnsasscasas A=D5

3-2-2 Estimation of accuracy of Loran C system
in low latitude zone ....svievvevesinesanesoese A=55

Appendix B

Analysis of guyed toOWers ....ivvvevvescerosssunacserssnae B=L

Appendix C

Limitation of Decca service area due to noise .v..vevue.s C-1

1 Origin and nature of noise ....vvvsvvviinnninneriene.s C=1

2 Interpretations of coverage
diagrams based on noise limitations ..v.evvereeccrea. C=1

3 Determination of effective range‘of a Decca
transmitter under gilven conditdons ........ccivuv.v.. G=2

4 Limitation of range by
skywave at right (Mark 10) ..ccivvenerscnncsrsssnaass G4

5 Graphs of typical conditions ...vevvieversssnoassnsse C=4



	Cover
	Title page
	CONTENTS
	Chapter 1 Summary
	Chapter 2 Recommendations
	2-1 Overall programme
	2-1-1 Decca chains
	2-1-2 Medium wave radio beacons
	2-1-3 Ramark and radarbeacon
	2-1-4 Visual aids to navigation

	2-2 Survey for execution plan
	2-3 Frequency plan
	2-4 Execution plan
	2-5 Administration plan
	2-6 Charts

	Chart 3 Introduction
	3-1 Purpose of the survey
	3-2 Progress of the survey
	3-3 Policy of the survey
	3-4 Formation of the survey team and the work in the team's charge
	3-5 Itinerary of the survey
	3-6 Co-operation of the Governments concerned

	Chapter 4 Navigation aid systems
	Chapter 5 Establishment of electronic navigation systems
	5-1 System design
	5-1-1 Criteria for selecting electronic navigation aid system
	5-1-2 Selection of hyperbolic electronic navigation systems
	5-1-3 Comparison between Decca and Loran C
	5-1-4 Medium wave radio beacon
	5-1-5 Ramark
	5-1-6 Radarbeacon
	5-1-7 Configuration plan

	5-2 Selection and layout of sites for Decca Navigator transmitting stations
	5-2-1 Criteria of the selection and layout of sites for Decca Navigator transmitting stations
	5-2-2 Results of site surveys by each site

	5-3 Designing of facilities
	5-3-1 Transmitting station building and billets
	5-3-2 Transmitting aerial of Decca station
	5-3-3 Pier and road

	5-4 Designing of equipment
	5-4-1 Decca transmitting equipment
	5-4-2 Power supply equipment for Decca Navigator system
	5-4-3 Communications system
	5-4-4 Lightening protector

	5-5 Unmanned Decca system
	5-5-1 Introduction
	5-5-2 Explanation of the system
	5-5-3 Functions of the control centre
	5-5-4 Equipments to be required for the unmanned system
	5-5-5 Unmanned Decca station equipment
	5-5-6 Power supply equipment for unmanned Decca system
	5-5-7 Unmanned Decca station building

	5-6 Construction schedule
	5-6-1 Introduction
	5-6-2 Construction schedule for a Decca chain
	5-6-3 Whole schedule for Decca chains

	5-7 Construction costs
	5-7-1 General
	5-7-2 Construction costs of Decca chain
	5-7-3 Contents of construction costs
	5-7-4 Construction costs for unmanned Decca chain

	5-8 Plan to furnish medium wave radio beacons and other systems
	5-8-1 Plan to furnish medium wave radio beacons (MWB)
	5-8-2 Plan to furnish Ramark
	5-8-3 Plan to furnish radarbeacons


	Chapter 6 Visual aids to navigation
	6-1 Roles of visual aids
	6-2 Malacca/Singapore straits
	6-2-1 Outline of the straits
	6-2-2 Present state of visual aids
	6-2-3 Plan for establishment of visual aids
	6-2-4 Maintenance of visual aids

	6-3 Lombok/Makassar straits
	6-3-1 Outline of the straits
	6-3-2 Present state of visual aids
	6-3-3 Plan for establishment of visual aids
	6-3-4 Results of site survev
	6-3-5 Maintenance of visual aids

	6-4 Construction costs of visual aids

	Chapter 7 Administration plan
	7-1 Technical agreement
	7-2 Personnel plan
	7-3 Personnel training plan
	7-3-1 Overseas training of Decca
	7-3-2 Overseas training of medium wave radio beacons, Ramark and radarbeacon
	7-3-3 Practical training of Decca at the site

	7-4 Operation, maintenance and other costs
	7-4-1 Operation and maintenance costs
	7-4-2 Cost required for overseas training
	7-4-3 Cost required for practical training of Decca at the site


	Chapter 8 Economic analysis
	8-1 General
	8-2 Summary of existing and future maritime traffic
	8-3 Measurement of effects accrued by the investment
	8-4 Economic effects accrued by navigation aid system
	8-4-1 Categorization of benefits
	8-4-2 Premises for economic analysis
	8-4-3 Effects on reduction of marine accidents
	8-4-4 Effect on economize the nevlgation costs
	8-4-5 Impact on the improvement of fishery production
	8-4-6 Summary of the effects accrued by the establishment of the electronic navigation aid systems

	8-5 Economic cost-benefit analysis and sensitivity analysis
	8-5-1 Construction costs and operation/maintenance costs
	8-5-2 Economic cost-benefit analysis
	8-5-3 Sensitivity analysis

	8-6 Conclusion




